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Summary and key words
OBJECTIVES:To review clinical evidence on the as@pileptic effects of deep brain stimulation (DBS)
for drug-resistant epilepsy, its safety, and factors influencing individual ouscome

METHODS:A.comprehensive search of the medical literature (PubMed, Medline) was conducted to
identify relevant articles investigating DBS therapy for dragistant epilepsy. Reference lists of these

articles were“usedto'source further articles.

RESULTS:Stimulgion of the anterior nucleus of the thalamus (ANT) and hippocampush&seen
shown to decrease the frequencyedfactory seizuredalf of all patients from clinical studies
experienced/a 46 90% seizure reduction with ANT-DBS, and a 485% seizure reduction with HC
DBS. The efficacy of stimulating other targets remains inconclusive due to lack of evidence.
Approximately threequarters of patients receiving ANT, HC cgntromedian nucleus of the thalamus
(CMT) stimulationare responderexperiencing a seizure reduction of at least 50%. Time course of
clinical benefit'varies dramatically, with both an initial lesional effect@mgbing stimulation effect at
play. Improved guality of life and changes to cognition or mood may also occur. Side eHeotsilar

in natureto_those reported from DBS therapy for movement disorders. Several factorseate byt
associated with'stimation efficacy, including an absence of structural abnormality on imaging for ANT
and HC stimulation, anélectrode position relative to the targéertain seizure types or syndromes may
respond more favorably to specifargets, includingANT stimulaion for deep temporal or limbic

seizuresand CMT stimulation for generalized seizures and Len@astaut syndrome.

SIGNIFICANCE:We have identified several patient, diseagand stimulation factors which potentially
predict seizure outcome following DBBore largescale clinical trials are neededdxplore different
stimulationparameters,-evaluate the indications for DBS, and identify robust predictors of patient

response.

KEY WORDS: refractory, intractable, seizures, efficacy, predictors

OUTLINE
1. INTRODUCTION
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2. CLINICAL STUDIES ON DBS FOR DRUGRESISTANT EPILEPSY
I.  Anterior nucleus of the thalamus (ANT)
ii. Hippocampus (HC)
iii. Centomedian nucleus of the thalas(CMT)
iveCerebellum (CB)
v. Other targets

3. SAFETY"AND ADVERSE EFFECTS
i. Safety of DBS in general
ii. Safety of DBS for drugesistant epilepsy

4. DISEUSSION
I. | Efficacy of DBS for drugresistant epilepsy
il._Predictors of efficacy

5. CONCLUSION

1. INTRODUCTION

Approximately 50 million peoplbave epilepsyvorldwide, of whom more than 20%tiffer from aug-
resistanepilepsy: The International League Against Epilepsy proposed thatmsigtant epilepsy be
defined as a failure of adequate trials of at leastamteepileptic drugs which are appropest chosen,
used and tolerat€dPeoplewith refractory seizuresarryagreat burden of disability, withoor quality of
life as well asncreased morbidity and mortalityhe firstline treatment for drugesistant epilepsy is
resective surgerjHoweverwhensurgeryis contraindicated oineffective,deep brain stimulation (DBS)
has emerged as an important treatment option, along with other neurostimulatipresheduding
vagal nerve stimulatioWNS) and responsive newstimulation(RNS).

Deep brain, stimulatiomvolves the delivery of a préeterminedopen-loop)rogram of electrical
stimulationto.deep brain structures via implanted electrodes conne@equlilse generatdfollowing a
recent clinicalfial;2 DBS of the anterior nucleus of the thalamusl{A has beempproved for the
treatment ofé&fractory epilepsy ifturope, Canada and Australi®BSis also usetherapeutically in
movementdisorders such as Parkinson’s disease, essential tremor and dystonsaslhowrhaotential
in treatingneuropsychiatric disorders such as depression and obsesgipeilsive disordet.

The antiepileptic effects of DBSvere first studied in th&#970s and 8052 yet the current evidence
base emains modest with only one large-scale randomized controlle@R@al) of ANT stimulation —
the SANTE trial2 Promising though variable arepileptic effects have been observed femaller
studies ofstimulationtargets including thalamic nuclei, the hippocampus, anddtebellumMost
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significantly, itremains a mystery why some epileptic patients respond well to DBS but others do not,
and theexact mechaisms bywhich DBS ameliorates seizures atso poorly understood.

Currently,a clinician may consider DBS for patients with dregistant epilepsy when they have
failed reasonable attempts at agpileptic drugs and are unsuitable for surgery. Reasons facalurg
contraindicatioen.include bilateral widespreadeizure activity, proximity of ictal zone to important
functional areas, and lack of anatomical abradityion imagingAppropriateness of DBS therapy also
depends on other factors, includiiagure orcontraindication to other neurostimulation therapaes] the
lower surgical ristof electrode implantatioroenpared with resective surgefy!

Although DBSxfor drugesistant epilepsy is prescribed wthlliative rather than curative intent
betterepileptiecontrolmayleadto improvements in quality of life, independence, and cognitid.
Seizure redugtionmay also allow the tapering of anti-epileptic drugs, reducing medicatiorféédes’*
15> Surgical and.stimakionrelated adverse effecasesimilar tothose observed from DBSrfmovement
disorders’ However morelargescaleclinical trials are needed, especidliyestigation of factors which
might predictiorimprove individual patient responses to DBS.

This review focuseon clinical studiesnvestigatingDBS in patients with drugesistant epilepsy.
Resultsareorganizedoy DBS target, with emphasis on controlled clinitéls overless rgorous open-
labelstudies Safety data is also reviewed, followey discussion 0DBS efficacy and factors which may
influence this.

2. CLINICAL-STUDIES ON DBS FOR DRUG -RESISTANT EPILEPSY

We identified10 RCTsand 48 norcontrolled studies investigating DBS for drrggistant epilepsy.
Seizure outcomes*from RCTs are shown in Table 1. Study characteristics and primary outcomes are
summarized/in Tabl2 (ANT), Table3 (Hippocampus), Table 4 (Centromedian nucleus of thalamus),
Table5 (Cerebellum), and Supplementary Table 1 (Other targettsdr @table observations from non-
controlled sudies ardisted in Supplementary Table 2.

I. Anterior nucleus of the thalam(&NT)

As part of themedal limbic (Papez circuit, the ANTconnects to the hippocampus the mammille
thalamic tracand fornix, before projecting to thengulate cortexand neocortex. Givernis circuit is
thought tojbe involved in emotional processing and seizure propagation, high frequency ANAtistimul
may inhibit the spfead of focal seizures to cortical at&4s:**'Current evidencéor ANT-DBS
includes ondargescale RCT®and 16 non-controlled studfes>23 (Table 2).

Controlled clinical trials

In 2010, the landmar8ANTE (Stimulation of Anterior Nucleus of Thalamus for Epilefsyl was

published This wasa multicenterRCT wherel10 adult patientsuffering refractoryocal seizures with
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or withoutbilateral spreadeceived DBS of the ANTAfter the threemonthblinded phaseseizure
frequenciedell by a median of 40% in the stimulation group versus 15% for controls when compared
with baselineThe stimulated group weralsomore likely to report subjective depression and memory
impairment. Interestingly, seizures were reduced by around 22% in both groups during the dine mont
post-implantatiompre-stimulation phase, perhapsflecting a‘lesionaleffect’ — an immediate seizure
reduction cauSed'by lesioning of neural tissue fetestrode implantatiah

All participants then received unblinded DBS therapy for lwrg:follow-up, whichrevealed
ongoing andyprogressive seizure improvement with a median seizure frequency reductiorafi&69%
five years. 68% of patients achievegizure reductions of at least 50%, and there were significant
improvementsiinsseizure severity and quality of life scores across the.tthort

Subgroup/analysis showd#tht treatmengfficacy varied with the region of seizure origin. Temporal
onset epilepsiewere more responsiy&ith a 44.2% improvementith stimulationduring the blinded
phase compared with 40% for the whole stimulation gr8upilarly, after fiveyears patients wh
temporal seizurenset experienced a 76% improvement, compared with 59% for frontal epilepsies and 68
for other location§!® The adverse effects from this trial will be discussed later.
Noncontrolled studies

See Table 2.
li. Hippocampus«(HC)

The hippoecampus is an attractive target for DBS given its role in the Papez circuit. Hippocampal
stimulation maydirectly attenuatgat low frequencies)r interrupt(at high frequenciegpileptic ativity
originating fromthe madl temporal regior- the origin of mostocal impaired awareness
seizure$:**1% Thys researchers hawampiricallytrialed HGDBS exclusivelyin patients with medial
temporal lobe epilepsy (MTLE), some with MRI evidence of medial temporal (hippocampal) sclerosis

3438 and ninenon-controlled studigg143%47

Current evidencencludes four RCTs (one trialingRNS),
(Table 3.
Controlled clinical trials

In 2006, Tellez-Zenteno and colleagues conducted a double-blind, multipleoeesdRCT involving
four patients'with refractory MTLE suffering agdst fourseizureper monthA 15% (-13 to 47%)
median seizure reductiamas reported when comparing stimulation directly with sham stimulation,
though this was not statistically significant. Possible explanations incluaeiation of stimulation effect
due to changes to anti-epileptic drugs, treatment and washout periods being too shoitt acfuletdtect,
and small sample size. Additionally, HC stimulation did not modify the severityctropgaymptom®f
seizures, nor improve qualiof life or depression measurés.
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Velasco’smonth-long double-blind randomized trial in 2007 on migfeadory MTLE patients found
that seizure frequencies decreased by a median of 40% in the stimulationesugd% in the control
group(values estimated from graph8)l patients achieved seizure redioas of at least 50% during
unblinded follow-up. Notably, gtients with a normal MRI experienced a faster and more significant
seizure decreasmmpared to patients thi hippocampal sclerosis9% versus 63% respectively at 18
months. Neuropsychological outcomes trended towards improvement, with no memory aecbated
to hippocampaimplantation and stimulatiofr*°

In anotherdoubl®lind, crossover randomized trial, stimulation reduced seizures in two MTLE
patients by ansaverage of 33%The modest response svattributed to shorter followp, and selection
bias(e.g.pre-selection of patients based on positive responseartier trial stimulation®* The patient
with a normal MRI responded better than the patient with medial temporal s¢lsupgsrting Velasco’s
earlierobservations>*®*However findings from this trial arerhited byits small sample siz¥.

Thesethree RCTsll concurthat HC stimulation decreases seizures, though sample sizes were small,
and there was"betweaitudy variability in the placebeffect (Table 1" The trial with the largest
sample size (N=9Y'did not report values from its blinded phase direotlyheir clinical significancé>>°
Thus, brger welldesigned trialsnaybe required to provelinical efficacy.

It is worth_noting a recent multentre RCT (N=191which demonstrated thRNS of seizure foci
(HC or otherwisis efficacious for refractory epilepsyRNSemploys a closetbop paradignwhere
stimulation'is-delivered only in response to epiiform activity, as opposed to scheduled (open-loop)
DBS. Seizures were decreaseyl 38% in treated individuals versus 17% among the sham group during
the 3-month blinded phad&with a subsequent reduction of 53% after two years of tajeei-
stimulation?®/Notably, comparableesultswere observed among the subset of MTLE patients (N=95),
further supporting theherapeutic value of HC stimulatidfi*®
Noncontrolled studies

See Table 3:

iii. Centromedian nucleus of the thalamus (CMT)

The CMT is connected to the ascending reticular system, with wide projectiomdical regions
(especiallysfrontal), insula, arzhsal gangliaCMT stimulation maydesynchronize and inhikedectrical
conduction through these pathways, potentially interrupting or decreasing the ristucé sei
activity.***®’Current evidenceonsists ofwo small RCT$*°andsevennon-controlled studi¢§®232°*
>*involving patients with refractory epilepssome of whom suffer from, or have cheteristics of
LennoxGastaut syndrome a childhood epilepsy featuring tonic and atonic seiz{iraisle4).
Controlled clinical trials
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In 1992, Fisher and colleagues published the results of a double-blinebeersgtidy involing seven
patients with focal and generalized epilepsy, of wiwathhad Lennox-Gastaut syndrome. Though
seizures were reduced by 30% with stimulation compared with 8% for sham stimulation, these results did
not reach significanc¥.

Velascos.group’also founthat CMT stimulation did nagignificantly reduce the frequency of total
seizures or specific seizurnges.However, EEGrevealed a significartecrease in generalized spike
wave and secondary'synchronous discharges, and focal spikes from frontal areasrrhonglinded
stimulationwas more efficacious in patients with LenA@astaut syndromeayith an average 81.6%
seizure eduction versus 5728 for patients with primarily focal epilepsiesdditionally, betteroutcomes
were associated.with radiological and electrophysiological confirmation of correct elgamodment on
at least one $id®.

Both RCTsfailed to produce evidence in support of CMT stimulation for refractory ssizaiteough
Velasco's trial revealed better logrm responses in patients witannoxGastaut syndrome.
Non-controlled studies

See Table™4:

iv. Cerebellum (CB)

Low or high frequency stimulation of the CB is thought to activate inhibitory outputs of the

superomedial cerebellar corteggulating electrical activity within motor corticahdamygdalo-
hippocampal-region¥:*’ Current evidence includes two small RET8and six operabel studies
involving patients with refractory focal and generalized sei2urés”° (Table 4).

Controlled clinical‘trials

Wright's 1984trial found that CB stimulation did not ameliorate seizures among nine patients with
guantifiable results. Although the authors note that 11 of their 12 patients thoughafthad helped
them”, these ‘subjective statements cannot be validated.

A more recent-RCT by Velasco’s group in 2005 treated five epileptic patré¢htbilateral
superomedial CEBBS. Compared to baseline, a 67% mean seizure reduction with stimulation versus 7%
without stimulation was observed during the blinded pefibgse benefits carried over into the leng
term, with @76% reduction in generalized tonic-clonic seizures, and a 57% reductioic seizures®

Notably, the findings from these two RCTs are discordant, which could have sevesiabérpis.
Wright's trial added some observercorded major seizures to patient seizure diaries, after noting that
patientswerelesslikely to record major seizurésanminor seizures, and vice verka observers®
Given that three patients were also exeld from analysis due to incomplete records or unquantifiable
seizures, Wright's results may be affected by the unreliable nature of seizure®fectot® discussed
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later. Though Velasco’s trial was more stringent, using a parallel rather thaioeeogsotocolthe
effect of selection bias cannot be excludsdhere were only five patients (3 treated, 2 comf@ye to
these limitations, the benefits of CB stimulation remain uncertain
Noncontrolled studies

See Table 5.
v. Other DBS'targets

Other stimulation‘targetsave been explored for the treatment of dregjstant epilepsylhe

subthalamic nucleusSTN) plays a critical role in motor control and modulation. Ind&3Jd\ stimulation
is used clinically in the treatment of movement digos such as Parkinson'séaseTherefore STN-
DBS may desynchronize motor circuit$;'”and has been empirically trialed in patients with motor-

related seizure>46+%°

67,68

Additional targets studied include the caudate nutf&tiand nucleus accumbe(i$A) in the

69.7%caudal zona incerd,and forniX* (Supplementary

basal gangliathe posterior hypothalam(sH),
Table 1).
Controlled clinicaltrials

A double-blind, crossvertrial (N=4) found that refractory seizures were decreasetBby during
stimulation _periods versus 14% during placebo periods (values derived from ad#taysHowever, the
frequency of seizures with impaired awareness increasekledly in one individuaNeither additional
nor alternative-ANT stimulation improved efficacy, suggesting both ANT and NA stionlate equally
effective in some patients. Mean seizure reduction over the entire fofigeriod was 23%
Noncortrolled studies

See Supplementary Table 1.
3.SAFETY AND ADVERSE EFFECTS

i. Safety of DBS in general

The main.cemplications of DBS can broadly be divided into three categ@iggieal, stimulation
related, and equipmentlated. Surgical complications includemorrhage, wound infection, and implant
site pain. Stimulation effects include worsening or new seizures, ngioall symptoms (e.g. pesthesias
and dizziness), and neuropsychological changes (e.g. memory and cognitive changes). Ecglgtexnt-
effects may include lead displacement or migration, lead fracture, erosimhequipment infectiorts.

Most DBS safety data comes from patients with movement disorders such as Parkinson’sldisease.
one study of 728 patients receiving DBS for various movement disorders, the main sumisitations
werehemorrhage (4.9%) and wound infection (1.7%). Equipmelated complications included loss of
effect (2.6%), lead malposition or migration (1.7%)d hardware discomfort (1.1%)Another article
This article is protected by copyright. All rights reserved
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looked at a stratified sample of 20% of all patient discharges across thaitt8$.332 patients, they
reported an overall complicationteaof 6.5%, with hemorrhage or infarction in 1.2% of patients, and
mechanical complications in 3.1% of patiefit& detailed singlesenterreport of 319 patients reported
headache (15%) and confusion (5%) as the most common post-surgical adversealevenigth
stimulationrelated dysarthria (4%nd cognitive disturbances (4%), and equipnretdted
complications’such as infecti@4.4%) and lead fracture (3.8%)Three more articledescribesimilar
rates of equipmntrelated side effects includirgguipment infection, electrode fracture, skin erosions,
and lead migration or disptement>’’ Overall, DBSpresentsninimal rates of short and lorigrm
complications

li. Safety of DBSfor drugesistant epilepsy

The safety of DBSor drug+esistant epilepsy is less well documented dumrtioeld patientlata
Nonetheless, similar adverse effects were observed oveydarefollow-up of the SANTE study
population'® The most common device or stimulatioelated side effects weparesthesias (22.7%),
implant site pain(20.9%), and implant site infection (12.7%). Other common congigaicluded
hardware discomfort (9.1%), ineffective product (8.2%), lead misplace@@at) and sensory
disturbances (8.29%%.Extended followdp revealed no significant deterioration in cognition or depression
scores’® Importantly,two deaths due to sudden unexpected death in epilepsy (SW2EP)eported,
consistent with the expected rate amongst the underlying population, and three ethefaidrelated
causes:’®

Of the smaller clinical trials, one reported implant site infestiothree patients who received HC
stimulation®*<%and another reporteth asymptomatic intracraniaéfmorrhage in onpatientreceiving
CMT stimulation?® Acrosstwo smaltscale trialof CB stimulation CSF leakoccurred inone, wound or
equipment infections occurred in three, dmeepatients had lead disglement requiring re-
positioning®:°

The most=cemmon @mplicationsamong non-controlled studiggereintracranial emorrhage (often
asymptomaticF>***3lead displacemerit;**and skin erosiorié*®**or implant site infectioft>***often
requiring explantationAdditionally, one study noted reversible memory impairnweitih strong HC
stimulationj?and another reported transient psychiatric symptoms in 3 of iEhisateceiving ANT
stimulation® Thefisk of complicationsnaydecreasesaequipment and surgical techniques continue to
improve over time.
4.DISCUSSION

I. Efficacy of DBS for drugresistant epilepsy
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The most frequently studidaBS targets are the ANT and HRobust clinical trials demonstrate
seizure frequency reductions of 40% following shierth ANT stimulatior?, and 26 — 40% following
shortterm HC stimulatiorf!’
range from 50% — 7694 for ANT-DBS, and 45% — 9394° for HC-DBS anong non-controlledtudies

spanning menths.to yeatadeed, aecent metanalysis found statistically significant reductions in

in patients with primarilffocal epilepsiesin the longterm,reductions

seizure frequency secondary to ADBS (highquality evidence) and HOBS (moderateuality
evidence), bat'et for any other targ€t®ur poled analysis of patients for whom individaiata was
available(Figure 1)revealed thahalf of all ANT-DBS patients experiendea 46 — 90% declif&**#
242621810 seizures, and KHaof all HC-DBS patients experienced a 485% decreasg>*>%4+*
(interquartile rangesPooled esponder rates (seizure reductkii9%) were greater than 70% for both
ANT 9181928242633 3 HCstimulated®'**+*****" patients. Notably, there is marked variaiitcross
individual responses.

Stimulation ofthe CMT, CB, STN, and other targets remains inconclusive due to a lack of evidence.

Smallscale controlled trials failed to demonstrate benefit f@vir-nBS °-°°

were contradictory for
CB-DBS>*andshowed a favorable outcome for BBS ° Other operlabel pilot studies show
promise ovef longer periods of stimulatiGri->#°1%459"fut should be interpreted very cautiously.

Given the evidence base consigimarily of openiabelstudiesrather than doublétind RCTs (listed
in Table 1) therevare many limitations tbe discussion pointaised in this articleOpenlabel DBS
studiesarelexposed to confounders, investigator and patient biases when igseidures, and the
potential selection of patients more likely to respond (e.g. due to seizure types\ehikory, or
demographicfactors). They also cannot distinguish between placebo efféteattdatment effect. A
combination these factors may explain why outcomes froon-controlledstudiesvary substantially
and tendo be greatethan controlled trials. For instance, the SANRET noted a40%decrease in
seizures WithAANT stimulation (versus 15% for controfsompared with reductions of 53% and 80% in
an operlabel'studybf two patients over an equivalent 3-month peffofdditionally, changes to
stimulation parameters and aapileptic medications were often allowed at wilhtentiallyinfluencing
individual responses.

The most'fobust RCTs to dateethe SANTE triaf (N=110) and th&NStrial*® (N=191), reporting
remarkably similariresponses during blinded evaluation andtengfollow-up periods. Both RCTs
provide Class | evidence supporting ANDBS and HCGRNS respectively for the treatment of refractory
focal seizures. In contrast, smaller stud@m(rolled and norontrolled) are more vulnerable to

selection bias, and the unpredictable temporal course of seizure activity.
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Moreover, all studies dPBS fordrugresistant epilepsgre limited by the unreliable nature of patient-
recorded seizure eventsjown to be markedlinconsistent with events detected by an implanted seizure
advisory systerfi’ Therefore, our observations and conclusions should be interpreted with casition
they are drawn from a heterogenous collection of studies which vary in quality, paaeatteristics,
follow-up times;.data collection, and outcome reporting.

Certain seizuretypes asgindromes appear more amenable to stimulation of specific tdfgets
instance, HC"stimulation has been empirically traileddorporal epilepsies:**3*3"3%4" and CMT
stimulation seemmore effectivefor LennoxGastaut syndrome and in generalized seizUr€$H
stimulation mayalso reducaggressive behaviout$’® Furthermore, the dffacy of DBS iscomparable
to other formswef.neusiimulation with an average ongear seizure reduction of 41% for ANOBS,
versus36% farVINS, 37% for trigeminal nerve stimulation, and 4466 RNS*

Many studies observed a lesional effect, that is, an immediate decrease in afiumaplantation
but before stimulation, possibly due to lotiabue damage from electrode implantafftbhe SANTE
trial reported@median post-implantation seizure reduction of 22% alongside astimbénefit, with
the control grotip“experiencing additional improvement after initiation of unblinded dionula
However, two small RCTs of HC stimulation found no lesional effettSimple electrode inserticaiso
decreased seizures by 67% in openlabelstudy? and by 3299% for 2-4 months in more than half
the participants'ofianother stutTo what extent thelinical benefis of DBS are derivedrom an initial
lesional effecbr-anongoing stimulation effect remains toethecidated.

DBS may continue to reduce seizures for up to@drs with progressive improvements reported
across the SANTE coho#t41% after one year, 56% after two yearsj 69% after five years of DBS®
However, there is evidence of temporal variation in respamsag individualskor instanceseizure
frequenciesn one study were initially variable before stabilizing after 15 months of stimuf&tion
Possibé reasons include differences in patient characteristics, changesepibamiic medications or
DBS parameters.during stimulation, and adverse events requiring cessati®8.of D

Another question, ishether chronic DBS has any permanent effect on epileptogenesis besides
network modulation. A recent study observed the effect of battery depletion in newpatith
refractory epilepsy treated with at letisteeyears ofDBS. After six months of battery depletion, some
patients’ seizures returned teedDBS baseline levels, some experienced a partial rebound, whereas
others noted no change in seizure frequéfcy.

Somestudies also highlighthanges irsecondary outcomeANT stimulation reduces seizure severity
and improves quality of life, but worsens subjective depression and memory impairrhemtever these
measuresnay be ureliable?® Reduction of myoclonic seizures with STN stimulation may improve gross
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and fine motor skill§* Cognitive improvements have also been repdrte@aNT, CMT and STN
stimulation®*>*?Despite the role of the hippocampus in memory processing, transient memory
impairmentwasonly observed followingtrong HGDBS.*? Neuropsychiatric symptoms and sleep
arousals both decreased with nocturnal DBS voltagectiesh, suggesting cognitive side effects may be,
in part, a corisequénce of stimulatioduced sleep disruptidf.

ii. Predictorsof efficacy

The anti-epilepticeffects of DBS vary extensively among individuals from exigtidges, yet the
reasons remain unknoww/e attempted tadentify potentiafactors associated with the efficy of DBS,
in the hopes of guidinturther researcfirable 6) Understanding these determinantd enable
clinicians to bettepredict which patients will respond well, attdselect the most suitable DBS target
and parameterf@r each patient.

Demographic factors

No studies have explicitly reported an association betweewlation efficacyand demographic
characteristies'such age and gender. However, inspection of individual patient data in tevelaipel
studies, one @fC*DBS'’ and another of CMDBS>®, revealedan apparent relationship between
younger age and greater seizure reduction. A better response in the younger of twowitti€mnesset's
syndrome receiving ANT-DBS was attributed to an “aging effect”, whereby a longsiotuof
refractory seizlifes may render them more resiét@onversely, some studies found no association
betweerfavorable-outcome and demographic factdrs.
Epilepsy history

Patient responses to DBS treatment may be influenced by features of tlegisyepiktory, including
seizure type (or onset zone, etiology, duration of epilepsy, and age at dwesetislevidence that ANT
stimulation is more effective for tempoegilepsies Subgroup analysis of the SANTE study population
revealed a marginally better response in patients with temporal seizureddisetfer one year, 76%
after five yeats)versutbe wholecohort (41% after one year, 69% after five ye&f&An opentabel
study found that ANT stimulation was more effective for temporal or limddeted epilepsies versus
extratemporal epilepsies. Specifically, those suffeffimcal impaired awareness seizuoésleep
temporal orffrontal limbic origin withowtnatomical abnormalitgn MRI (e.g. dysplasia or atrophy)
responded better, amldose with frontetemporal ictal onset and limbic spreduk to neecortical lesions
responded pooréf.

Additionally, CMT stimulation is more effecterzin LennoxGastaut syndrome compared with focal
onsetseizures? and ingeneralized seizuresmpared with frontal seizuré$Unilateral focal epilepsies
alsorespond biger to HC stimulatiorthan bilateral onset epilepsi&However, the investigation of HC-
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DBS exclusivelyin temporalepilepsy and STNBBS primarily in seizures with motor featurgsecludes
observation of associations between response and seizure syndrome

PreviousVNS or resective surgery did not affect efficacy, and patients who added medicatien whil
receiving DBS performed no different from those who did*i®There were also no correlations
between outéome/and seizure onset zone or etiology (cortical dysplasia versus encéphatitgjeof
onset or priorduration of epilepsy.

Investigation“findings

Concerning MRI findings, follow-up frortwo small RCTof HC stimulatiorrevealedstrong
correlationsbetween MRI normality and outcori&’ In one, patients with a normal MRI (ndéesional
medial temporal.epilepsy) had an impressive 99% mean seizure reduction after 18 roonhsed with
63% for patiénts with MRI evidence of medial temporal sclerB$fPerhapgor HC stimulation, it is
worthwhile considering two distinsubpopulations — one with normal MRIs, and the other with
hippacampal sclerosis with the hypothesighatneuronal reduction and/or electrical resistaince
sclerosed nedfaltissmeay hinderstimulation®>*° In contrastthe inverse relationship was true of
participantsnan‘epeniabel study?’ Patients without struatal abnormality on MRI also responded
better to ANFDBS?® though another study found no such associdtion.

The clinical utility of “evoked potentials” has been gathering interest. Evokedtatteare EEG
waveforms recorded in responseattriggering electrical stimulusuch as stimulation of a deep brain
structure An-early-study found that loirequency ANT stimulation 2L0Hz) elicited a “recruiting
rhythm” on EEG only in those participants who went on to achi€0es seizure reduction.'® More
recently, hippoeampal evoked potentials were used to confirm proper placement ofeahddes’’
However,it has beerargued that evoked potentials are of little localizing value, as reprodeeitited
responses of variable morpholoig@iled to correspond with correctly positioned electrddes.

To date, evoked potentials have been employed as a means of confirming correct elexenaenpl
The idea that.eveked potentials might somehow predict DBS efficacy in humanswgtesistant
epilepsy is yet to be explored.

DBSrelated factors

Stimulation parameters have thus far been chosen empirically based on previessasidd
investigatorexperience Theeffects of frequency, voltage, current, pulse width, unilateral versus bilateral
stimulation, and cycling versus continuous stimulation on efficacy are poorly understood.

In general, it is thought that low frequency stimulaiilmreases seizure risk by lowering seizure
threshold and enhancing epileptogenic discharges, whereas higher éfegdesynchronie electrcal
activity and reduce seizurisk **®**Common stimulatiopaameters are100Hz at 1-10V for ANT
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stimulation,>130Hz at 1-5V for HC and STN stimulation, moderate to high frequency stimulation at 1—
10V for CMT stimulation, and low (10Hz) or high (200Hz) stimulation for the CB (Tables 2 lo%
frequency (4-8z) high cxcling ANT stimulationcould also be effectivé.

Most significantly,descriptive analysis of stimulation parameters used during theidomgfollow-
up of the SANTE.€ohort found no favorable parameters in frequency, voltage, or puls&Avittthg
non-controlled studies, evidence suggests that hippocampal sclerosis patients maysegoger”
stimulation— eithér higher voltage or quadripolar stimulatieto achieve a respon&gYet, low
frequency (5:Hz) HC shulation seemed optimal in athpatients with hippocampal scleroéfs.

Therewere nadifferences between cycling and continuous stimulafidner an association between
output voltagesand seizure reductf@i€omparison of unilateral to bilaterairaulation also yielded
conflicting reSults3* Interestingly, concordance betwesponse to closddop (responsive)
stimulation and longerm DBS suggests that inpatient closeob trials may help identify optimal DBS
parameter$? It is difficult to draw conclusions without more rigorous investigation of stimulation
parameters.

Positioning efDBS electrodesppears significant, asNT-DBS electrodes located anterioffor in
the antereventral subdivision of the AN were correlated with a better outcarer HC stimulation,
one study found no relationship between response and distance from active electroddeduadcta
though good réspenders had active contacts <3mm from the subiulumother study noted that all
responder§to-H®BS had electrode contacts withihre hippocampal formation and the gyfti€orrect
electrode placement as confirmed radiologically (MRI) and electrophysiologically (EEG) was als
important for€MTstimulatiorf?>°
5. CONCLUSION

Deep brain stimulation (DBS) &n importantreatment optiono consider for patients suffering
drug+esidant epilepsy unsuitable for resective surg@uyrrent evidence demonstrates ttahulation of
the ANT and HGeduces the frequency of refractory seizutiesugh the benefits of stimulating other
targets remains inconclusivén ensemble of patient and procedural factors may influence the effitacy o
DBS. Seizurés of deep temporal or limbic onset are perhaps more amenable tirfl&tien>#*°and
LennoxGastaut syndromend generalized seizuremy respond better to CMT stimulatitit Lack of
structural abnormality on MRI could favor better outcoR1€s?’ along with higher voltage or
quadripolar HC stimulation in patients with hippocampal sclefésied correct electrode
positioning*?393339445%he |imitations of these conclusioasediscussed earlier.

Given the infancy of the current evidence base, more-Brgke clinical trials are needed in this area.
In the era of personalized medicitlee ability totailor DBS therapy to thimdividualis imperative This
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includes refining imestigations to help select the most suitable patiantsdeveloping a better
understanding of the stimulation targets best geared towardedrspécific seizuréypes. A range of
different stimulation prameters should be explored, as innovation ought not be impeded by onerous
regulationsOf course, the accessibility of bulk data is crueiahproved data collection and aggregation
will greatly aSsist.the identification of potential factors associated with efficacy.

Novel strategies of predicky a patient’s response to DBS, such as the use of evoked potentials, or
inpatient trials of open-loop stimulation, should also be explored. It will be woltimrestigating
combined stimulation of multiple targets, a@RNS of deep brain structures. Ongoing development of
surgical implantation techniques and improvements to software and hardwaaksevide important.

Current indications recommend DBS only in patients with dasistant epilepsy unsuitable for
resective surgery, but we might be missing the opportunity to modify the desadisein its course
Perhaps failure of drug theragsgelf increases the likelihood stibsequently failin@BS therapy-a
reflection ofthe increasetteatment resistance of seizures secondary toaheal progressioof
epilepsy As such;"widening the indicatiofar DBS or prescribing it earlier in the disease process may be
more beneficial;targeting seizures when they are most susceptibtedulation.

Future research will hopefully sharpére role ofDBS & a valuable tool in the clinician’s arsenal for

tackling drug-resistant epilepsy and its debilitating egongnces.
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KEY POINTS

—

e Longterm ANT and HC stimulation decreased seizures by 946% and 48 — 95% among ha
of all patients studied; DBS of other targets remains inconclusive.

e More than 70%of patients receiving ANDr HC stimulation among existing studies are
respondersgxperiencing a seizure reduction of at least 0%

e Side effects'and*complications of DBS for dmegistant epilepsy are similar in nature to those
observed from DBS therapy for other indications.

e Individual-responses vary markedly etential predictors of efficacy include seizure syndrome,
absence of structural abnormality, and electrode position.

e More robustlinical trialsare needed to investigate the determinants of efficacy, and
personalize BS therapyfor patients with drugesistant epilepsy.

None of the authors has any conflict of interest to disclose. We confirm that we ddeerdournal’s

position on issues involved in ethical publication and affirm that this report Estent with those

guidelines.
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TABLE 1: Summary of data from randomised controlled trials

DBS RCT QOutcomes during the blinded phase
target Stimulation compared with baseline | Sham stimulation compared with baseli
ANT Fisher et al. 2010 40.4% median SR 14.5% median SR
HC Tellez"Zenteno et al. 2086 26% median SR -49% median SR
A. Velasco etal. 2067 40% median SR 0% median SR
McLachlan-et al=2010 33% mean SR 4% mean SR*
(Morrelletal201%) # 37.9% mean SR 17.3% mean SR
CMT Fisher.et.al. 1992 30% mean SR 8% mean SR
F. Velasco étal. 2060 No statistically significant SR (values not reported)
CB Wright.et al. 198% No statistically significant SR (values not reported)
F. Velascosetal. 2Focal 67% GTC mean SR 7% GTC mean SR
onset00®
NA Kowskiretralz 2015 48% mean SR* 14% mean SR*

*Values calculated fromidataror graphs presented in the original article.

#5006 of participants received HC-RNS; the remainder received RNS of cortical areas.

SR (seizure reduction), ANT (anterior nucleus of the thalamus), HC (hippocampus), CMT (centromedian nucleus of the @Blé&eushellum), NA

(nucleus accumbens).
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Table 2: Clinical data on ANT-DBS for drug-resistant epilepsy

Study N Mean Seizure types & onset DBS parameters Results
(RCTs in bold) age Focal onset | Generalized Onset zone Freq |[Voltage| Pulse | Timing | Mean Primary outcomes
(yrs) seizures onset seizure (Hz) V) width | (mins) FU (Bold if during blinded phase)
(ps) (mo)
Upton, 6 24 | FIA — NR 60-70 3.5-3.8 300 NR >36  4/6 "significant clinical control"
1987 l
|
Hodaie, 200 5(+1) 30 FIA FBTC  GTC, AB, AT Uni-F, GN 100 10 90 lon/50ff 4-7 55% (24-89%) MSR after 15mo
Andrade, 2008 = of 8 | | Altsides years 5/6 RR
Kerrigan, 5 = 36FFA, FIA, — Uni/Bi-F, Bi-T, Multi 100 1-10 90 lon/doff 20 50% (-57 to 98%) MSR in
2004° | IFBTC Alt sides "serious seizures" assoc with fa
Lee, 3 ‘w22.FIA FBTC TS Bi-F, Multi 130 37 90 lonSoff 6  75% (50-91%) MSR
2006 l Alt sides 3/3 RR
| A A
Lim, 4 .27 |FA, FIA, GTC Bi-F/T, Bi-F, 90-110 45 6090 Cont& 42  51% (3775%) MSR
20072 | FBTC Bi-T, GN Cycling 1/4 RR
Osorio, 4 31 _FA, FIA, AT Bi-T 175 4.1 90 lon/5off 36 76% (53-93%) MSR
2007 FBTC 4/4 RR
|
Andrade, 2 | 29,45 FA, FBTC GTC, MYO Bi-F, GN NR NR NR NR 10 98% FBTC SR in 29yo
2010° DRA | years  66% total SR in 45y0
Fisher, 110 | 36" IFA (67.3%) GTC (4.5%) T (60.0%);F (27.3%); 145 5 90 lon/Soff 3  40%(ON) vs 15%(OFF) MDSR
2010 | FIA (92.7%) GN (9.1%); blind
(SANTE trial) | | FBTC (77.3%) Other (9.1%); 24  56% MDSR & 54% RR by 2yrs
| P (4.5%); O (3.6%) total
1
Salanova, 2018 g5 _NRTNR NR NR 60  69% MSR
(FU of SANTE) I | 68% RR
Lee, 15 31 FA FIA, GTC Various: Multi, F, T, 100-185 1.5-3.1 90-150 Cont 39  71% (0-100%) MSR
2012¢ l FBTC FIT, CIP, PIO 13/15 RR
-
Oh, on 33 FIA, FBTC — Various: Multi, F, T, 100-185 1.5-3.1 90-150 Cont 35 58% (36-90%) MSR
2012 ' ' FIT, CIP, PIO 7/9 RR
Van Gompel, 2 26732 FA, FIA, — NR 48 354 90 O4son 3  80% SRin 26yo
20157 | IFBTC 10.1s off 53% SR in 32yo0
Piacenting 6 |_ 38 FIA, FBTC  GTC T, FIP, FIT, GN 140 4 90 1lon/4off >36 3/5“responders” (1 died)
2018° | |
Voges, 9 - 37 |FIA, FBTC — T,F P, FT, TP, I 145 5 90 lon/5off 28  7/9 RR; Nocturnal voltage
20158 reduction | sleep disruption
Lehtimaki, 15 35 AR NR Multi, F, T, FIT 140 5 | 90 lonSoff 25 10/15RR
2016° | |
Krishna, 16 W32 FA FIA, GTC, MYO, NR >100 247 90 NR 52  65% (-500 to 99%) MSR at 3yrs
20167 ‘EBTC AT 11/16 RR
Franco, 2 51, 48 FIA, FBTC — Uni-F/T, Uni-T/P/C 145 5 90 NR 18, 12 61% SR in 51yo
2016 (SBH) 75% SR in 48y0
Valentin, 1 15 FA — NR NR NR NR NR 12 >60% SR
of 3
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20172

Seizure types: GTC (primary generalized tonic-clpm@ (absence)AT (atonic seizure / drop attack); TS (tonic seizure); MYO (myoclonic seidthe);
(focal aware- previously simple partial); FIA (focal impaired awarenegseviously complex partiglFBTC (focal to bilateral tonic-clonie previously

seondarily generalized tonic-clonicPRA (Dravet’s syndrome); SBH (subcortical band heterotopia).

Seizure onsetGN (generalized or not localized); Multi (multifocaB (frontal); P (parietal); O (occipital); T (temporal); C (central); | (insular); Uni

(unilateral) Bi (bilateral);
DBS parameters: Alt (alternating sideSpnt (continuous).

Results: FU (followdp); mo (month); yo (years old in age); SR (seizure frequency redydit8R (mean seizure frequency reduc}iddDSR (median

seizure frequency reductipfRR (responder rate (> 50% reduction).
Other: NR (Not reported-— (seizure type not present).

MAll 83 patients in Salanova et.al. 2015 are followed up from Fisher et al. 2010; 6 patients in Oh et al. 2012 & dtaxh 2012.

This article is protected by copyright. All rights reserved



Table 3: Clinical data on HC-DBS for drug-resistant epilepsy

Study N Mean Seizure types & onset DBS parameters Results
(RCTs in bold) age Focal onset | Generalized Onset zone Freq |[Voltage| Pulse | Timing | Mean Primary outcomes
(yrs) seizures onset seizure (Hz) V) width | (mins) FU (Bold if during blinded phase)
(ps) (mo)
A Velasco, 2008 10 24 | FIA, FBTC — T 130 0.2-0.4 450 NR 16  7/10 SF after 6 days
M Velasco, 2008 | mA days
[
Vonck, 3 33 FIA — T 130 1 450 NR 5  78% (50-96%) MSR
2002* | ' 3/3RR
Vonck, 7 = NRW™INR NR T NR NR NR NR 14 4/7 RR (1/7 SF)
2005* |
| ) |
Tellez-Zenteno, 4 32 FIA, FBTC — Uni-T (3/4), Bi-T (1/4) 190 NR 90 Cont 6  26%(ON) vs -49%(OFF) MDSR
2006 | blind
= | |
Boon, 100 .NR |FA, FIA, — T 130-200 2-3 450 Cont 31 60% (0-100%) MSR
2007 | FBTC 7/10 RR (1/7 SF)
A Velasco, 9 29 _FIA, FBTC — T 130 03mA 450 1lon/4off 1  40%(ON) vs 0%(OFF) MDSR
2007°% ' blind

| 18 83% (50-100%) MSR at 18mo;

| total 9/9 RR at 18mo

McLachlan, 2 45, 54 | Focal - type — T 185 NR 90 NR 3 33%(ON) vs 4%(OFF) MDSR
20167 l NR blind
)
Boex, 20142 8 | 34 | FIA,FBTC  — T 130 052 450  Cont 44 67% MSR (0-100%);
Bondallaz, 201% [ median 6/8 RR (2/8 SF)
1
Morrell, 2011% | 191 | 34:97FA, FIA, — Bi-T (36%); 200 0542 160  RNS; 3 | 38%(ON) vs 17%(OFF) MSR
(RNS trial) | (95 HC)u(18:66)1FBTC Uni-T (14%); mA Bursts of  blind  29%(ON) vs 27%(OFF) RR
100
Heck, 2014° Other (50%) ms 53% MDSR & 55% RR at 2 yrs

(FU of RNS trial)

=
Vonck, n NR FIA, FBTC — T (10/11), 130 1-31 450 NR 102 >90% MDSR;

2013 ' ' Bi-regional (1/11) 8/11 RR (3/11 SF)
Cukiert, 9 ws7'FA FIA, _ T 130 1-35 300 Cont 30  60% MSR (-50 to 100%);
2014° | IFBTC 7/9 RR

Jin, 3 r NR __FIA FBTC  — T 130-170 1-25 450 = Cont = 35  93% (91-95%) MSR
2016°

_ |

Lim, 5 35 FIA FBTC  — T 145015 1 90 lon/5off 38  45% (22-72%) MSR

20167 3/5RR

Seizure types: GTC (primary'generalized tonic-clprii& (tonic seizurg FA (focal aware- previously simple partigl FIA (focal impaired awareness

previously complex partigl FBTC (focal to bilateral tonic-clonie previously secondarily generalized tonic-clgnic
Seizure onset: T (tempoyalUni (unilatera); Bi (bilatera).
DBS parameters: Cont (continugus

ResultsFU (follow-up); mo (month; SF(seizure freg MSR (mean seizure frequency reducliddDSR (median seizure frequency reducjidRR

(responder rate (> 50% reduction)).
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Other:NR (Not reportedt — (seizure type not presgnt

A3 patients in Boon et al. 2007 from Vonck et al. 2002; 10 patients in Vonck et al. 2013 from Boon et al. 2007.
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Table 4: Clinical data on CMT-DBS for drug-resistant epilepsy

Study N Mean Seizure types & onset DBS parameters Results
(RCTs in bold) age Focal onset | Generalized Onset zone Freq |[Voltage| Pulse | Timing | Mean Primary outcomes
(yrs) seizures onset seizure (Hz) V) width | (mins) FU (Bold if during blinded phase)
(ps) (mo)
F. Velasco, 5 181y FIA GTC, MYO, NR 60-100 0.8-20 100 1lon/4off 3  80-100% GTC SR
19871 [ AT mA Alt sides 60-100% FIA SR
[
Fisher, 7 28  FIA GTC, TS T, FIC, FIT, GN 65 | 0510 90 lon/off 9  30%(ON)vs 8%(OFF) MSR
19929 @LG) ' blind ' but not statistically significant.
| 12-22  34% (-33 to 92%) MSR;
| total 3/6 RR
F.Velasco, 13 |\, 19 JFIA,FBTC  GTC,AB  NR 60 46 NR 1londoff 3  No significant SR;
2006° (8LG) | Altsides  blind
| 41 82% (53-100%) MSR for LG;
| total | 57% (13-99%) MSR for PS
Chkenkeli, 5 2140 \FA, FIA, GTC,TS  F,FM,T 20130 2-4mA 200 ContOR <I8  4/5 "worthwhile improvement”
20042 of 54 range{FBTC cycling 1/5 "no improvement"
A Velasco, 13 13.2 — GTC, AB NR 130 2-3 450 1on/4off 18 80% (30-100%) MSR;
20067 | Alt sides 10/13 RR
|
Andrade, 2 NR FA, FIA, GTC NR 100-185 1-10 90-120 ContOR <7  0/2 RR; no long-term benefit
20062 of8 | | FBTC Cycling ' years
Cukiert, 4 gl GTC, TS, AB, GN 130 2 | 300 Cont 24  80% (65-98%) MSR
2009° @ Le } ' AT, MYO
Valentin, 11 37 | FA, FIA GTC, AB F, GN 60 <5 90 Cont 6 6/6 RR in GS group;
2013* : | blind ' 1/5 RR in frontal group
35 84% (49-100%) MSR GS group
total  47% (0-95%) MSR frontal groug
-
Valentin, 2 10,8 |— GTC, TS, AB, NR NR NR NR NR 48, 18 >60% SR in 10yo
20172 of 3 AT, MYO No significant SR in 8yo

Seizure types: GTC (primary-generalized tonic-clprA@ (absenck AT (atonic seizure / drop attg¢k'S (tonic seizurg MYO (myoclonic seizurg FA

(focal aware- previously simplespartial); FIA (focal impaired awarenegseviously complex partial); FBTC (focal to bilateral tonic-clonjoreviously

secondarily generalized tonic-clonit)3 (Lennox-Gastaut syndrore

Seizure onsetGN (generalized or'hot localizgd= (fronta); T (tempora); C (centra).

DBS parameters: Alt (alternatijjgCont (continuous

Results: FU (followdp); mox(month; SR (seizure frequency reduct)pMSR (mean seizure frequency reduc}id®R (responder rate (> 50% reduction).

Other: NR (Not reportgg==(seizure type not presgnt
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Table 5: Clinical data on CB-DBS for drug-resistant epilepsy

Study N Mean Seizure types & onset DBS parameters Results
(RCTs in bold) age Focal onset | Generalized Onset zone Freq |[Voltage| Pulse | Timing | Mean Primary outcomes
(yrs) seizures onset seizure (Hz) V) width | (mins) FU (Bold if during blinded phase)
(ps) (mo)
Cooper, 15 29 |FIA, FBTC GTC, MYO, NR 10 or 10 NR 8 min 27 10/15 improved (4/15 SF)
1976 | AB 200 intervals
[
Van Buren, 5 27  FIA, FBTC GTC, MYO  Various, mainly F/T/C 10or 1014 NR 8 min 1521 No significant SR
1978 l ' 200 intervals  range
Levy, 6 o 201 GTC Uni-T, GN 10 110 NR 8on/8off 720 2/6 RR
19797 | Altsides  range
| ) |
Bidzinski, 14 'Netavailable 10 1-7 | 1000 30-60per 10-16 13/14 improved (5/14 SF);
19878 day  days 1/14 no change
= | |
Wright, 12 .30 [ FIA GTC, AT, F, T, GN 10 1-7mA. NR ContOR 6 No significant SR
1984° | AB, MYO int blind
Davis, 27 Not available 10180 NR NR NR 17  23/27 improved (12/27 SF);
1992° years 4/27 no improvement
Chkenkeli, 11 | 2140 _FA FIA, GTC, TS F,FT,T 50-100 2-4mA 200 ContOR <18 5/11SF
2004? of 54 wrangemtFBTC cycling 5/11 "worthwhile improvement"
| 1/11 "no improvement"”
F. Velasco, 5 | 26 I__ GTC, TS, AT, Bi-PIT, Bi-F/T, 10 228 450 4onoff 3  67%(ON)vs 7%(OFF) GTC SR
2005° AB, MYO  Bi-F/P, GN blind
| |
I 24 76% (62-89%) GTC SR;
| total  57% (24-90%) TS SR;

Seizure types: GTC (primary generalized tonic-clprd (absencg AT (atonic seizure / drop atta¢l'S (tonic seizurg MYO (myoclonic seizurg FA

(focal aware- previously.simple partial); FIA (focal impaired awarenegseviously complex partial); FBTC (focal to bilateral tonic-clonjgreviously

secondarily generalizedstonic=clonic).

Seizure onseGN (generalized ornot localizgd- (fronta); P (parietd); T (tempora); C (centra); Uni (unilatera); Bi (bilatera).

DBS parameters: Alt (alternating sidile€ont (continuous

Results: FU (followsp); mo (month); SF(seizure freg SR (seizure frequency reduct)pRR (responder rate (> 50% reduction).

Other: NR (Not reportég-— (seizure type not presgnt
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TABLE 6: Possible predictors of the efficacy of DBS for drug-resistant epilepsy

Target | Evidence base Possible factors associated with efficacy
ANT 1 large RCT e Anterior electrode locaticfr®®
16 open-label.studies. e Seizures of deep temporal/itemporo-frontal limbic of&&t,
 Normal MRI without structural abnormalify.
« Efficacy with trial of closed-loop stimulatidi.
HC 3 smalFRCTs'6f HC-DBS  Normal MRI without hippocampal sclerosfss’
(+ 1 largerRCTincluding HC-RNS) « Electrodes close to subiculuther within hippocampal formation and gyriis
9 open-label studies. e “Stronger” stimulation for hippocampal sclerosis.*?
CMT 2 small RCTs. e Electrode placement confirmed radiologically and electrophysiologitZfly.
7 open-label studies. « Patients with Lennox-Gastaut syndrorfier generalized epilepsy.
CB 2 small RCTs: ¢ None identified.
6 open-labelstudies.
Others | 1 small RCT for NA. ¢ None identified.

Openlabel studies for STN (6), PH (2),

CN (2), NA'(1), CzI (1), & fornix (1).

RCT (randomized controlled trial), ANT (anterior nucleus of the thalamus), HC (hippocampus), CMT (centromedian nuclebalafrths), CB

(cerebellum), STN (subthalamic nuclei), NA (nucleus accumbens), PH (posterior hypothalamus), CN (caudate nucleasylaCZoiia incerta).
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Subthalamic nuclei
62% (32% — 78%) SR
67% RR
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Hippocampus
74% (48% — 95%) SR
74% RR
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