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Summary

Objective: This study was designed to describe the spectrum of epilepsy phenotypes in Koolen-
de Vries syndrome (KdVS), a genetic syndrome involving dysmorphic features, intllect
disability, hypotonia and congenital malformations, that occurs secondary to 17921.31
microdeletions'and heterozygous mutationKAMNS_1.

Methods: We'were invited to attend a large gathering of individuals with KdVS and their
families. While'there, we recruited individuals with KdVS and seizures, afa'med thorough
phenotyping.sAdditional subjects were included who approached us after the family support
group brought-attention to our research via social media. Inclusion criteria werie tgsigtg

results demonstrating 17921.31 deletioikK6NS_1 mutation, and at least one seizure.

Results: Thirty-one individuals were studied, age®@2+years. Median age of seizure onset was
3.5 years, and 9/22 had refractory seizures two years after onset. Focal seizures with impaired
awarenesswere the most frequent seizure type occurring in 20/31y usteprominent
autonomicfeatures. Twenty-one patients had prolonged seizurest intks, refractorgtatus
epilepticus.EEG showed focal/multifocal epileptiform discharges in 20/26. MRI studies of 13
patients were reviewed and all had structural anomalies. Corpus callosum dysgenesis, abnormal
hippocampi and dilated ventricles were the most common, though periventricular nodular
heterotopia, focal cortical dysplasia, abnormal sulcation, brainstem andliceneddenormalities
were also observed. n® patient underwent epilepsy surgery for a lesion that proved to be an
angiocentriesglioma.

Sgnificance: The typical epilepsy phenotype KVS involves childhoodnset focal seizures

that are prolonged and have prominent autonomic features. Mul&&oibatiform discharges

are the typical EEG pattern. Structural brain abnormalities may be universal, including signs of
abnormal neurablast migration and abnormal axonal guidance. Epilepsy surgery should be
undertakenswith care given the widespread o@uatomic abnormalities; however, tumors are a

rare, yet important, occurrence.

Key Words: Koolende Vries syndromeé{ANSL_1; Epilepsy; Brain malformation; Corpus

callosum; Periventricular nodular heterotopia
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I ntroduction

Koolen-de Vriessyndrome (KdVS; OMIM #610443)ffects multiple organ systems and
uniformly involvesintellectual disabilityand characteristidysmorphic facial featureghich

may includerlong face, upslanting palpebral fissures, abnormally formed nose, large and
prominen ears{ everted lower lip, epicanthic folds, and a large and/or broad foréhead
Individuals may also have cardiandrenal/urologic malformationgryptorchidism, skin
pigmentation abnormalitieend an amiable personality. The syndrome was initially described
in association.with microdeletions at the 17q21.31 [b%hswever heterozygous mutations in
KATS8 regulatory NSL complex subunit KANSL1), a gene within the common deletion region,
canproducefié phenotype as welf Theprevalencef 17g21.31 deletionis estimated to be
0.64% in patients with unexplained mental retardation, however the overall population

prevalence of KdVS ianclear*

This article is protected by copyright. All rights reserved
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Phenotyping studies have noted that roughly half of individuals with Kt¥® seizures during

their lifetimgl2°°

however the epileptologgmairs poorly understood. Both focal and
generalized seizurdgve been reportetlowever, the epilepsy phenotypic specthasnot
beendefined™**! A typical neuroradiological pattern has not been describeduitistructural
brain abnormalitieare reported in approximately haticluding corpus callosumysgenesis
enlarged lateral ventricles, abnormal hippocampal st@mari | malformatiorand
subependymal*heterotopial®*>** In this study, wanalysed thepilepsy phenotygs ina
cohort of patients with KdVS and seizures, in order to clarify the spectrum of phentbigpes

may occur.

M ethods

Objective

In this study we sought to describe the epilepsy phenotype in individuals with KdVS who have
experienced seizures, with the goal of characterizing the eldetico-radiological

presentationyresponse to treatmenid long term prognosis.

Recruitment.and Inclusion Criteria

Subjectswere recruited atraintemational gathering of 62 individualgth KdVS and their
familiesin the United Stateskive alditional subjectsvere enrolled aftelamily support groups
publicized our research throughsil listsand social medideading families of affected
individualssin‘ether countries to approach usclusion criteriarequired that subjects have a
confirmedgeneticdiagnosis oKdVS with eithera heterozygous 17g21.31 microdeletion or
KANSL1 mutation.

Phenotyping

In each case,.one or more caregivers (usually parents) were interviewed by a pediatric
neurologist{(KAMfor 30 cases and GR fone). Each interview involved a thorough history
surroundingrseizure patterns and treatment responses, as wedlasnaof thepregnancy,
delivery, developmentafieneral medicand family histories A validated seizure questionnaire
was used? All available medical records were obtained from the subjects or their medieal

teams, including neurology clinic notes and reports from genetic, EEG and neuroimaging

This article is protected by copyright. All rights reserved
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studies Seizures and epilepsy syndromes were classified accordingltdeh@ational League
Against Epilepsy lassifications of seizurésandepilepsy syndrome$:*’

Subjects who were interviewed at letwsd years following their initial seizure had epilepsy
course classified g#&\) “early seizure freedom(seizurefree withinsix months of starting
treatment)(B) “delayed seizure freedongseizures not immediately controlleg medication,
but became seizuifeee at some point afterx months)(C) “fluctuating course’{periods of
seizure freedom of more than 12 months, interspersed with relapdd), refractory” (never

seizurefree for a continuous 12 month period) following the method defined by Bebdie®

The reports‘oRI findings were obtained for 26ases. For3cases, the images discwere

analysedyy apediatric neuroradiologigSAM).

Ethics
The HumamyResearch Ethics Committee of Austin Health approved the studyt(Rmjec
H2007/02961):Written informed consent was obtained from all participants or

parents/legal guardians in the case of minors or those with intellectual disability.

Results

Fromthe initial gathering26 subjectssolunteered to participaie the studyrepresentingt2%
(26/62) of attendeesWe were only aware of one individual with seizures whose family opted
not to participate. Following the gathering, an additidival subjectsvere enrolled after their
families eontacteds. Twenty-sevensubjects had microdeletions in the 17921.31 region, with
theremainingfour having heterozygous mutationskdANSL1 (¢.2725-1G>C, p.(?);
c.531_540del, p.Gly179Leufs*20; c.2066G>A; p.Trp689*; ¢.808_809delCT;
p.Leu270Valfs*11). The mean age at time of studyas 9.8 y (range 2 to 35.yJcenetidetails

for each sulgct are irSupporting Information

Median age of first seizure w&s5 y (range 4 m to 24 yClinical daa for e&h individualare

summarized in Table

This article is protected by copyright. All rights reserved
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Seizure Types

The most common presentisgizure type was focal impaired awareras)31 (65%)

subjects.Six subjects also hadcalto bilateral tonieclonic seizures No definiteauras were
described Autenomic signs including pallor, vomiting and oxygen desaturation were frequently
reported (14/20) Case 24ad received a diagnosis of Panayiotopoulos syndrome based on this
seizuresemiologin combination with tonic head deviatio@ase 30 had a silegseizure with
confusion;“drooling and unilateral facial clonic movemedts.EEG showed independent,
sleepactivated, centrotemporal spikesinsistent witrchildhood epilepsy with centrotemporal
spikes (CECTS).

In addition to thedefinite focal impaired awareness seizures)specificstaring spells were
reported in_20/3individuals(65%), usually starting in infancy. Onlyasel2 hadstaring spells
captured orieEG and confirmedo be seizure@bsence witkeyelid myoclonias).For the
remainingstaring splls captured during video-EEG monitoring, reports usually noted no
change, theugh non-diagnostiicdings were noted iiwo patients generalized decremeint one
case and-amcrease in frequency of interictal dischargea second The clinical significance
of these staring spells was often unclear, and may have representedml@miic phenomenon

in some cases.

Other seizurettypes were uncommon, but included generalizedctonicwithout clear focal
onset (631)pdrop attacks (2/31tonic (1/3), absence with eyelid myoclonia (1/3hdinfantile
spasns (1/3). Seizure type was confirmed via ictal video EEG recording in four patients.

Prolonged, Seizures and Status Epilepticus

Twenty subjectg65%) hadstatus epilepticus (seizuxe30 min, seizure > 5 min requiring
medication.te’stop, or niiple seizures within 30 miperiod without return to baseline status

and an additienal child experienced seizures lasting up to 14 minutes that stopped spoyptaneousl|

Two subjects had only experiencst@atusn the context of febrile illnesses.

Epilepsy Course

This article is protected by copyright. All rights reserved
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Long term gizure control could be assessed irs@Bjectan whom seizures had begahleast
two yearsprior, based on the Brodie classification system defineddthods'® Of thesenine
(41%)had ongoingefractoryseizuregD), nine (41%)delayed resolutio(B; did not become
seizurefree until more thasix monthsafter starting treatmehthree (14%)jmmediate
resolution(As=seizurefree within six months of starting treatmeatjdone (5%) dluctuating
course C; periodsof at least 12 months seiztiree, interspersed with relapses)

Response to " Specific Medications

Based onicaregiver report, some trends were observed in medication effecti@rersdl,
medications with primarily GABAergic mechanisswof action (i.e. benzodiazepines, valproic
acid, phenobdital) werereported agffective, as were the closely relasatium channel
inhibitors carbamazepine and oxcarbazepibevetiracetammay havea relative lack of
efficacy, only reported to reduce seizure frequen@ynmnorityof casesA summaryof each
medication’sreportedeffectiveness iprovidedin Supporting Information.

EEG

Of the B easedor whichEEG reports were availabl20 (77%) showed focal or multifocal
epileptiform™discharges, often potentiated in sleep. The pattern of focal discharges was variable,
though centrtemporal and parietalccipital dischargs were more commonly observed.

Background activity was usually normal, though mild focal or generalized background slowing
was reportedirightcases, with cas29 havingnfantile spasmsnd hypsarrhythmia. Four

patients had-=normal EEG reports. Two cdsebgeneralizedpileptiform dischargesonsisting

of spike-wavewith frequency 34 Hz.

Neuroimaging

Based ommedical recorddVIRI abnormalitiesverereportedin 15of 27 subjectSupporting
Information«Of the fourremainingpatients, one had not had neuroimaging and the remaining
three had brain MRI that was reportedbe normal by their parents. However, on detailed

review by an experienced academédiatric neuroradiologist of the 13 MRI studies obtained on
disc, we found subtle abnormalities present in all subjects. Age at the time of MRI in these cases

ranged from 7 days to 21 years.

This article is protected by copyright. All rights reserved
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All patients showed some degree of corpus calldgsenesisHigure 1A-1E). The callosal
abnormalities included dysgenesis/absence of the rostrlifdi8(85%) and posterior
body/splenal abnormalities ir8/13 (62%). Ventriculomegaly with colpocephalyas seen in

11/13patients(85%), rangingrom mild to severe.

Eleven patients'(85%) had dysplastic hippocanypically involvingoval andmalrotated
morphologywith' T2 hyperintenisy and loss of definition aheinternal architecturé-igure 1F-
1J). Periventricular nodular heterotopia was identifie@/it8 (46%), five of which involved
small, solitaryyunilateral frontal or peritrigonal nodulEgure 2A-2C).

The brainstem morphology was abnormal fit3andividuals (46%).Six (46%) had a relatively
thick appearance to the medulfagure 1A), one a “molar tooth” configuration of the midbrain,
one a long.flat pon@-igure 1D) and another a short pon€erebellar abnormalities were found
in 5/13 (386)princluding fourpatientswith abulky cerebelim with large vermigFigure 1E) and

low lying cerebellar tonsilsand oneawith cerebellar dysplasia.

Whenolfaetory nerves weradequately imaged, they wesmall n 7/11patientg(64%). An
ectopic posterior pituitary was noted in one patient. Case 14 had findings consisiéocal
cortical dysplasia, including unusual sulcation with transmantle &iglge 2F). Two children
hadareas eftuinusual sulcal pattern and tiae unilateraBylvian fissure elongatiot?” Case
31 had a T2:hyperintensecal cortical lesior{Figure 2E) resectedvhich wasan angioertric
glioma on pathologic analysiS¢pporting Information

Two other patients had neurosurgical intervention based on radiologic abnormélages20
had a third.ventriculostomy for an apparefiv@ntricular arachnoid cyst which was thought to
be obstructive and contributing to hydrocephalus (Figure 2D). Case 4 was thought to have
obstructive*hydrocephalus due to ventricular dilatation and abnormal CSF flow on nuclear

medicine study, and subsequently had a ventriculoperitoneal shunt placed.

Devel opment

This article is protected by copyright. All rights reserved
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Developmental impairment or intellectual disability was present in all individuals studied
ranging from mild to severeGlobal impairment was considered to be mild or aildderate in

six patients, moderate in eight, and modes&teere or severe in the remaining Al buttwo
patiens (aged 2.5 and 5.9 y) ambulated independently (mean and median ageEX@rgssive
languagemilestones werenoredelayed, compared to gross and fine mekalts, in 15
individuals,(48%) includinghreewho were non-verbal (aged 2.5, 6.7 and 11.5 y). Four patients
had diagneses of autism spectrum disorder, though not all children had undergone formal
evaluation.Regressiorfloss of skills)was reported in 18/31 individuals (58%ften at the same

time as seizure onsdiut many showed ongoirlgictuation in skills

Discussion

The gilepsy inKdVS typically presentsvith earlychildhood onset focal seizures that are often
prolonged and have prominent autonomic features. EEG studies show multifocal discharges
which predominate in the posterior quadrants and centrotemporal rdgiRhbrain

demonstrates+a constellationsbfuctural abnormalitiesith a spectrum of corpus callosal
dysgenesis and unusual hippocampal malformat®gizures can be refractoryimitial medical
treatments;.but are controlled in the long term in more than half. Our findings shd(Yis
associatedwith focal epilepayndstructural brain malformatiohe epilepsy does not fit within

a known epilepsy syndrome such as CECTS or Panayiotopoulos syndrome, although there are

shared features in some cases.

Although thissis not a prospective study of seizures of KdVS, our cohort pkedents a
representativeicture of the epilepsy spectrunthe family gatheringnabled us tstudya
relatively large population of affected individuals based on their syndromic diagfidsss
approachminimizesselection bias that might occur if individuals were drawn solely from an
epilepsy ar.neurology clinicOf the totalgathering attendee42% participated in this seizure
related studyyfoughly the same percentage that are known to have seizures i Kdkiss
our cohort'sheuldomprisearelativelyunbiased, representative sampléowever, we cannot
exclude a degree of ascertainment biasirtue oflimiting our study tadamilies who elect to

participate irfamily conferenceand social media.

This article is protected by copyright. All rights reserved
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When achild with KdVS presents with a first seizure, initial tests should include an EEG and
MRI brain, given the high rate of structural abnormaliti€sregivershould be counseled that
the range of possible outcomedroad, but thaseizures are likely to be difficult to control in

the short term. At two years, oved% of cases are seirefree on or off medication.

The observational data in this study suggeat®pts may have bettegspoiseto GABAergic
anti-epileptic'drugs, carbamazepine and oxcarbazedomeae escue benzodiazepinsould be
strongly considered given the high frequency of status epilepticus. Development should be

closely manitored athe majority of childrenwill experience regression.

All M RI studieshave subtle abnormalities, including nodular heterofdpat were sometimes
missedon the official radiology report. These findsngmphasize that neuroradiolcgfudies
should be reviewed and reported by experienced neuroradiologists who are aware afdhe typi
abnormalities seen in individuals with KdV®espite the unusual hippocampal appearance,
these individuals did not have temporal lobe semiology thatleted with the structural

findings.

Tumars have not previously been reported in KdVS, emphasizing the importance of case 31 with
an angieentricglioma. Thistuma typewas first describeth 2005%%*? and most commonly
presents with refractory seizures in childhood. Altoaggiocentric gliomas amnsidered

low grade tumaors, they can transform intorecur as, more malignant tumadhnsit eventually

lead to fatality”® Of the 83 published cases of angiocentric glionmme were associated with a
genetic syndrome. In genergliomas are rarely associated wianetic syndsmes

neurofibromatosis 1 and 2, tuberous sclerosis, Turcot syndrome, Li Fraumeni syndrdmee are t
primary genetic.syndromes in which there is a clear increased glionfa fisle ceoccurrence

of angiocentricglioma and KdVS in case 31 is unlikely to be coincidence given the intlividua
rarities of the'two diseases, but more study is necessary to determine if there is a significant

increased risk,of this or other tumor types in KdVS.

There was no clear difference in epilepsy phenotype between individuals witded&tions
and those withiKANS_1 mutations. This comparison was limited by the small number of

This article is protected by copyright. All rights reserved



Myers;12

individuals with mutations (4), but is nevertheless in line with previous studiekave shown
that the specific genomic abnormalitges not correlate witbverall KdVS phenotyp&

Most cases of KdVS are diagnosadnfancy when a comparative genomic hybridiza{icGH)
microarray_is.ordered by a pediatrician or clinical geneticist dagdmorphic features,
hypotonia,.developmealtdelayand multisystem abnormalities. However, the non-neurologic
abnormalities'may be subtle in some caseba microarray not considered prior to seizure
onset® Testingmay be considered in cases of Panayiotopoulos syndrome or CECTS, if the

patient has developmental delaysmorphic featuresr suggestive MRiindings.

The underlying pathophysiology of epilepsayKdVS maybe complex given the broad role of
KANSL1 in regulationof multiple gene$® Neurobastmigration and axonal guidance may both
be abnormal, potentially leading to epileptogenic foci such as nodular heterotopigsypile
surgery must be undertaken with caution given that diffuse brain abnormalitiessanet prén
additional eansideration is the relatively lareportion of individuals who have spontaneous

resolution of seizures following an initial refractory period.

Despite its«distinctive dysmorphology, KdVS is not widely recognised by neurclogisis its
epileptology known. Here we shaemmonelectraclinico-radiologicalfeatureswith

management implicationgAs more cases ardentified with increasing use dGH microarray

and next generation genetic testing, epilepsy management can be tailored to the swittirome

the use of more efficacious amfpileptic therapies. Ideally a research trial comparing different
treatments may establish the optimal treatmattt pAdvanced radiologic techniques such as
diffusion tensor.imaging could be used to investigate the apparently complex pattern ofabnorm
neuroblast migration and organization. Understanding the clinical phenotype of epildpsein t
patients is.crual in order for neurologists to providg@propriate management and counseling

for patientsand their families.
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Figure L egends

Figure 1 —TypicaNeuroradiologic Phenotyp# Individuals with Koolen-de Vries Syndrome

and SeizuresT he rangef corpus callosum dysgenesigismonstrateth A-E (Cases 3, 30, 9,

11, 20). _Foereshortened corpus callosum with small clubbed splenium shown in A.
Foreshortened corpus callosum is also seen i@ Bnd E demonstrate absence of posterior body
and splenium. Absent rostrum, clubbed genu, short and irregular posterior bodies and
rudimentary*spleniurare seen in D. Dysplastic brainstem features arenalisal in A, with
thickened medulla and absence of normal pontomedullary junction, and D with thickened and
elongated pons. Bulkgerebellumwith large vermiss also apparent i. Typical hippocampal
malformations are shown in F-J (Cases 3, 31, 9, 11, 20). Hippocampi are generally oval shaped,

malrotated.and.show T2 hyperintensity and loss of normal internal architecture.

Figure 2 Periventricular Nodular Heterotopia and Othess Common Neuroimaging
Abnormalities,in Koolen-de Vries Syndrome. Periventricular nodular heterosogi@wn in A-

C (cases 14, 20, 19). A cystic lesion occupying fAeéntricle and compressing and displacing
the mammillary bodies is seenlh(case 20) Focal T2 hyperintense lesion in the right frontal
regionis seen in E, diagnosed as an angiocentric glioma on pathalagy 81 F shows a focal

This article is protected by copyright. All rights reserved
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Table: Epilepsyrand Developmental Featur es. Medications were classified as “effective” if

caregivers reported at least partial improvement in seizure control, and “ineffective” if there was

no apparent improvement. Refer to Methods for definitions of Brodie clasBjAJ) and

(D). “Prolonged seizure” idefined as > 10 min or rescue medication given after 5 min to stop.

“?” denotes parents could not recall the timing of the milestone.

# | Sz | Sz | Seizure | Aut | Pr EEG Epilepsy | Effect | Ineffecti | Developme
Sex/ | ons | TypgpFriggers | ono | olo Course ive | veMeds ntal
Age | et es mic | ng (Brodie | Meds Milestones
W/ | (y) | (pre feat | ed class) (sat/walked
D€ senti ures | sz? [fir st wor d)

or ng ? Severity of
Mut type Intellectual

in Disability
bold (Estimated)
)
1F/ | 15| T None. N N | Leftand | (A) Sz PB - 8 m/19 m/3
4/De right free on y
I frontal/cen| medicatio Mild -
tral sharp | n. Moderate
waves.
2IM/ | 3 | F- Stress, | N Y [ N/A (B) Sz free| VPA LEV 8 m/16
11/D EG, fever. off m/18 m
el DA, medicatio Mild
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SS nsince 7y
of age.
3IM/'| 5 | F- lliness, Left (D) LEV - 3 y/4 yINV
11/D A, .| fear/anxi temporal | Incomplet Severe
el SS ety, sharp and | e sz
dehydrati SW. control.
on,
fatigue,
temperat
ure
change
a/F | 2 | GT Sleep. Normal. (B) Sz free| CLN KD 12 m/2.5
21/D C, off yl25y
el SS medicatio Mild -
nsince 9y Moderate
of age.
5/FI | 5 |F- Sleep Left (D) OXC, LEV 2yl3yl5y
9/M EGy | deprivati posterior | Refractory| VPA, Severe
ut F- on, SW and CLN
IA, stress. slowing
SS initially,
later
multifocal
SW and
generalize
d slowing.
Sz have
occipital
onset.
6/F/ | 5 |F- Sleep. Multifocal | Refractory| ZNS, LEV 12 m/3 y/5
7IM A, SW, PSW OXC y
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ut SS, and Moderate
DA slowing Severe
(mainly
left
posterior).
7/F | 1.5 | GT None. Multifocal | (D) CLB CBz, 11 m/2.5
9/De C, sharps, left Refractory LEV, yl2'y
I A, posterior LTG, Moderate
F- and right TPM
IA, frontocent
SS ral. Focal
ESES.
8/FI| 2 |FS Fever N/A (B) - LEV 16 m/28
5/De (F- and viral Resolved m/3y
I |A) glrillnesses. spontaneo Moderate
usly.
9/F/ | 0.3 | GT Viral Sharps Sz ZNS, - 18
2/De C, illnesses. synchrono| controlled | LEV M/NW/NV
I F- us and on ZNS. Severe
IA, asynchron
SS ous in
frontal
regions.
10/F | 0.8 | FS Fever, Multifocal | (D) Sz LEV, - Im/i2y/l2y
/9/D (HC sleep. spikes, controlled | CLB, Moderate
el ), predomina| on VPA
HC, ntly right | medicatio
abse central. n, but
nce Continuou | ESES
with s focal and| refractory.
eyeli generalize
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d d SW
myo during
cloni sleep
a (ESES).
Absence
sz with
eyelid
myoclonia
11/ | 2 | F- Sleep. Multifocal | (C) Rare LEV - 11 m/18
M/71] A, sharps, Sz on m/4.5y
Del SS activated | LEV. Moderate
in sleep. Severe
12/F| 25 | GT None. Left (A) Only LTG - ?212.5y/?
135/ C posterior | one Moderate
Del slowing, | definite Severe
sharps and event.
spikes.
13/F| 0.5 | F- Viral Normal. Sz free on| TPM LEV 10 m/20
12/D A, “}illnesses. medicatio m/13 m
el SS n. Mild -
Moderate
14/ | 6 |GT None. 3-4 Hz Only one | VPA - 9 m/13
M/6/ C, generalize | definite m/NV
Del SS d SW. event. Moderate
15/ | 8 |GT None. N/A Onlyone | LEV - 6 m/12
M/8/ C, definite m/3.8 'y
Del SS event. Moderate
16/ | 2 | F- Sleep. Multifocal | (D) LEV, - 15 m/3 y/18
M/8/ A, epileptifor | Refractory| LTG, m
Del HC, m OXC, Moderate
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SS discharges CBZ, Severe
(central TPM,
parietal). VPA
17/F| 4 | F- None. Mild (C) Sz free| CBZ, - 10 m/2 y/4
[7/D A, backgroun| with DZP, y
el F- d slowing | addition of| PHT Moderate
EG and focal | PHT. Severe
spikes in
left
Rolandic
region.
18/F| 1 |GT None. N/A (A) Only CBz - 7 m/13
116/ C one event. m/Unclear
Del Sz free off Mild -
medicatio Moderate
n.
19/F| 4 |SS None. Right Medicatio - - 12 m/18
/8/D centrotem | n not m/4y
el poral started. Sz Moderate
spikes and| q3-6 mths.
sharps,
potentiate
d in sleep.
Mild
backgroun
d slowing
20/F| 2 |GT Viral Normal. (D) Sz CLN LEV, 12
/5/D C, illnesses. freeon LTG m/NW/18
el SS medicatio m
n. Moderate
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Severe

21/ | 0.8 | FS, Viral N/A (B) Sz free| PB CBz 12 m/3 y/6
M/2 SS | illnesses, off y
2/De fever. medicatio Moderate

I n. Severe
22IF| 6 |F- lliness, Focal (B) Sz free| CBZ - 11 m/2.5
111/ A, sleep. slowing, | on yl25y
Mut HC, spikes and| medicatio Moderate
SS SWifrom |n.
right
posterior
region.

23/ | 4 | F- None. Bilateral | (B) Sz free] CBZ LTG 3yldyldy
M/1 A independe| on Severe
0/De nt sharp | medicatio

I and SW. |n.
24/ 17 | F- None. Normal. Sz freeon | LEV - 18 m/4 y/3
M/2 | A medicatio y
1/De n. Moderate
I Severe

25/ | 4 |F- None. Backgroun| (B) Sz free| TPM, LEV 7.5 m/18
M/1 A, d slowing. | on VPA, m/2'y
7/De F- Left medicatio | OXC Moderate

I EG centrotem | n. Severe
poral
sharps.
26/F| 5 |SS None. Multifocal | Started on - - 8 m/22 m/3
/6/D sharpslow | VPA y
el and SW, | based on Moderate
mainly EEG; no
central, definite
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temporal | clinical
and events.
parietal.
27/F| 3 |SS, .| Dehydrat Right (B) Rare | VPA, - 7 m/21
111/ F-IA ion, centrotem | sz on CBz m/14 m
Del illness, poral SW | medicatio Mild
sleep. n.
28/F| 4 |F- None. Frequent | Only one - - 9 m/34
14/D A centrotem | event. m/17 m
el poral Moderate
epileptifor Severe
m
discharges
, activated
in sleep.
Consistent
with
BECTS.
29/F| 0.3|1S None. Hypsarrhy | (B) ACT - 18 m/2.7
/3/D thmiaw/ | Spasms H, yldy
el # IS. resolved ai KD, Severe
~13m. Sz| TPM
free off
medicatio
n.
30/F| 2 |F- lliness Mild Sz freeon| OXC - 11 m/2.8
13IM A, and backgroun| medicatio y/18 m
ut SS fever. d slowing. | n. Moderate
31/F| 3 |F- Fever. Right Sz free on| TPM, LEV 14 m/25
14/D A frontal medicatio | LTG m/4y
el (FS spikes, n. Severe
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HC) polyspikes
and sharp
waves.
Right
frontal
slowing
and fast
activity.
Subclinica
| sz
originating
at F4.

Abbreviations: A (Absence seizure); ACTH (Adrenocorticotrophic hormone); CBZ
(CarbamazepineECTS (Benign epilepsy with centrotemporal spik€$)B (Clobazam); CLN
(Clonazepam);zDA (Drop attacks not better delineatedP (Diazepany, EEG
(ElectroencephalographyiESES(Electrical status epilepticus in sl§ep-EG (Focal seizure
with evolution'to generalized tonaenic); F-IA (Focal seizurewith impaired awareness=S
(Febrile seizurgs GTC (Generalized toniclonic seizure)HC (Hemiclonig; IS (Infantile
spasmy KD (Ketogenic diet)LEV (Levetiracetam)L. TG (Lamotriging; N/A (Not available;
NV (Non-verbal) NW (Not walking}y OXC (Oxcarbazepine)PB (Phenobarbitat) PHT
(Phenytoin).RPSW(Polyspikewave); Sz (Seizurg; SS(Staring spells not better delineae8W
(Spikewave);. T.(Tonic seizure) TPM (Topiramatg ; VPA (Valproate); ZNS (Zonisamide).

# Patient 29 published previousfy.
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Key Points

- Seizuresqn Kooleme Vries syndrome are usually focal, and are frequentiipnged with

prominent autonomic features.
- EEG typieally’'shows focal and multifocal epileptiform discharges.

- The commaongpattern of brain malformation comprises corpus callosum dysgeesis a

hippocampal malformation.

- Ventriculardilatation, perivericular nodular heterotopia and olfactory nerve hypoplasia are

also frequently<observed.

- 9/22 patients(41%) had refractory seizures two years after onset.
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