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15AAUYNAUNGANTIUNISIN
(Epilepsy and psychobehaviour)

AU ANANE USTUnIa
NAIYIDIYIANEAT ALSUNNEANENS
UNNINY1AYHIVATUATUNS

Ismaudniumniansanegvdndudiaziluninninlsraudn nanfewdleilseuiisulUielsnaudn

AuandnanilunuingUaslsaaudnazianuraunisuaiten (cognitive deficit), 191115911930 (neuro
. . IS a dIQ a . Y 1 1 = ¥ a v

psychiatric symptom) wagdngsinssuniauns (abnormal behavior) (FI9819UU ANILYULATT N1ILINNAIIR
U5 liA wazeefady) donsn1s@edin (Mea1nn138i1dInig (suicide) Layn1sa18og198uNaW (SUDEP)
gandauund uenanilgUlslsrandndsillontaniamumsfneaind dlemadisnuannniayldusey
= o v ! o = A o 8§ v ~ Ao dad
finsounsivesnit Wnungasanveanissnuilsnaudnasnisnagyi v UledanunmdIanady daganin
FInverUreduivratedade laun anuianduasenisiineinisdn anuaunsalun1slddinuwasiidaay
ANINNAIAFONALANVDIBIADTNNIYNIAIUAN &) AUTIUAIRBNITANTITIA 2INN15ANWITUBARNUIN

nssnwenstniiesegiaielilavieinlvinunmadinavu uwidesin1ssnwaIn1seuaus SNl

81N15NANTIUN1TN (psychobehaviour) tluein1snnuldveslugUlelsnaudn lngianizaiie
Fuasn wazdululadedAgivilinaunindisuwdadlaglinuanuduiiusivauduarAnuguisavensdn

AatuunndnguadUlglsrautnaisneteunagiladunnsduailudielsaaudnasusiiiug

9ININYANTIUNIITN (psychobehaviour) TAuainnate TuunaNUtIzidulanIzI 09N 1IEELAS

Jumaniiesananztinulduesiign

AUsTTAIAYAIUNAY

- NTUANNYNVBINIETUATan1sEdImelugUelsaaudn

. NTVAUNATBINISAANIENEANTIUN9RA (psychobehaviour) lugUaelsmaudn
- MFANNETUSTENIN I TIATITUDINTSTN

- NFIUUIMINMIARNTBIN AT TugUelsAauTn

- NIUTHATDIRAMUENRUSAUNTIZ NG ANTINNITA (psychobehaviour)

N U0 A W DN -

- n3IIMsinwangdueslugUislsraudn
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AUYNLARUANITAIVEN1ILNAANTTUNITN (psychobehavioun)Tulsaaudn

INNITANYINNAIUANIENGFNTIUNAN (psychobehaviour) TugUrelsaaudniinnnuunndiaiuuin

o
Y v

MNWIBTNSANYT NgUUTEINT Srslafidny) Aot inainTItade uagdsnissnuilsnaudn daduy
= a o v N =~ Y o & DA ¢ v o & I~
Judunmseinfiavihdeyauilisuiisuiu luunanuatullagniuieanngduaduisaindunnieidaa

AOAMAINTINUINKALINISANYITUEE1INTIIUIN

nmsAnylupdtinlsaautnlulssineanszowsnimuanugnveineduasilulsaautnussuin
Yovay 50 wazifloTouiisuiuusznsilunuinielsnaudnazdannuynuesngduaiiunnnings
2.77 wih dn3fnwigiudeya (national health service) luans1991013n591U3U 10 SugIuteyanyuid
HUrglsmaudnd relative risk ¥@9@URAN15VBINITAANIETUATY 2.54 Wi uaziUeTuai1asil relative risk
yesgUinisalvedlsaaudn 2.04 wir luuszmalnedns@nunlugUaelsrandnlunaléfununisinuily

TSINEIUIAFVANUATUNSNUNMETULAS1S DAY 20

Jaymnunisaindanig annn1snwidseannsiudseimaanssawsninuin guielsaaudniddnsinig
giimeunniUszrnsialulssina 3.3 wih uidlelddaguaelsnaudniiilsanadanysmesnainnis
Anvmuinguaelsrandnddnsnisendmedsyann 2.8 windeSeuifisuiussnnsily wazdiasen
fuhelsraudniidlsasiumsdnnwmuingihelsnautnilsnsnissndimeuszanm 13.7 wdlewSsuiieuiu
Uszrnsialy Tutssmelnedilafimsfinyimedd

AUUAVIINITAANIIENYANTTUNI9TA (psychobehavioun)lugUaelsaaudniinateanme (3 1)

1. griutnndgvsvinlminn1zngAnssuniedn (psychobehaviour)
a v o aa <6 ¢ -

2. M3aavevgae1eiutnidgrslunisauauensual (mood stabilizer)

3. rudnenanseRuliUiglsmaudniiiugnssuidewielsndniiy (genetic susceptibility) Tviiin
91n13M19300% Felugthenguilwivsnenendudniueiliamnsavihlieinismdansiy

a va t4 A v I o & a o o A o 4 [

4. prfauandRnTEAuNsadudIin1vinauYed cytochrome P450 WudsdAgasyilinissnw
91M3Ne3Innglailanad

5. 9INTNNANENYANTIUNITN (psychobehaviour) 9193giRIINNTAAIVANTAIAAT LTSN
“force normalization

6. N1ITNHANTIUNINAN (psychobehaviour) tiNI1NA1IETN (interictal, peri-ictal kag post-ictal

symptoms)3en1ssnensieeiutnaztievinlien1stnnia3nnsavu

e SPW @W’h 2017 ; issue 3 : September-December



Antiepileptic

Genetic susceptibility Epilepsy
Psychobehaviour Force normalization

Intericatal, peri-ictal and post-ictal
Behavioral manifestation physical side effect

Pharmaco-interaction side effect

UM 1 wanemuduiusvean1iengfinssuniedn (psychobehaviour) funiiedn

LYY

AUFUNUSTENINNIETUASINUNISTN NUAMUFUNUSTURI

. Tud@minnassnia1nsenanagnuININ1IETULFSISIUMY

. AINASANYINAIUIEUIAINGINUINNITANNTIETULATIILLANANULEBIVDINITTN

1

2

3. yastiAnnnusmiiiinneduaidarudssweamsdnifiuiy

4. feiinnrduaiiaziinisiia unprovoked seizure legenindsznsiily
5

. ATUESWBINIAA unprovoked seizure IMNUUANUAIIUTULTIVDIN1ILTLULAT)

UadeiH89v0en151AAN1IENEANTIUNITN (psychobehaviour) TugUaglsaaudn

1. Genetic susceptibility

: history of psychiatric conditions

: family of epilepsy or psychiatric problems

: nature of specific prior psychiatric problems predisposing to the particular types of psychobehaviour
2. Disease related risk factors

: Q’U’JaLﬁﬂﬁﬁﬂﬁgmmqaaﬁ@mLLazmsSau (learning disability) 9zideeson1izngAinssamnedn (psycho

behaviour) finseAuMeeiudn

3. Seizure/epilepsy related risk factors

- U35 febrile convulsion
- 1U521A secondarily generalized tonic-clonic convulsion, absence %39 intractable seizures

: 1Ju temporal lobe seizures 714l bilateral EEG abnormality fadudadsidesvesnisiineiniiniein
(psychosis) :

: fln1g intractable seizure waaiin seizure free Fafutaduidvsvoinisiine1n159193a (psychosis)
Inglanznislasuen topiramate, vigabatrin Fasenn1giian “force normalization”

e) gpfef/a/lj CDW 2017 ; issue 3 : September-December



91NUTNN91AAMUFUNUSAUNISNANIZNEANTIANIGIN (psychobehaviour)

Hyperactivity, agitation, irritability, aggression, anger A& insomnia

Phenobarbital
Vigabatrin
Clobazam
Felbarmate
Lamotrigine
Zonisamide
Topiramate
Levetiracetam
Perampanel

Gabapentin (wuldtes dnwulusnidloym learning disability)

Felbamate Phenobarbital
L trigi i [
amotrigine Tiagabine
Vigabatri i
igaoatrin Topiramate
Topi t
opiramate Zonisamide
Levetiracetam
Perampanel

Levetiracetam

Topiramate

Zonisamide

Vigabatrin

Phenytoin (toxic)

Ethosuximide (force normalization)

°) (%PAW @uj,e/a/t 2017 ; issue 3 : September-December



nalnfignnudniinlitinn1zngAnssuniedn (psychobehaviour)

1. ﬁﬂ’gmﬁﬂﬁ'ﬁ learning disability fuualtiufiaziina1ie irtability, aggression w3 hyperactivity
oguda nuinertudniiesngninszsdu GABA p19vgviliinrnsvnadalddietu fioninane “release
phenomenon”

2. nalnmsiinnmzduasiaineniudnuiazidunavesenassuu GABAnergic

3. Levetiracetam, topiramate #3© perampanel 92iin15U5UdAIW (moderate) AMPA receptor

grfiudnIulndiunisifinn1engAnssuniedn (psychobehaviour)

gudnsulnindldlulssinalvennugifinisalvesn1aznginssumnedn (psychobehaviour)ldueslaun
81 levetiracetam, zonisamide Way topiramate @UEIAUTNAIDUNLNARDNITNYANTIUNNTH (psycho

behaviour) wagshifiilulszmalnelaunen eslicarbazepine

Eslicarbazepine

: Krauss uagAny 3189130 A.A. 2018 TInuNTMIENgAnIIINI3A (psychobehaviour) fidesas 1.9 270
3 nsfnwdu randomized controlled trials ifnwgANLTUsDEAUTN (tolerability)

. Biton wavame $1991ulud a.e. 2017 Tuilelden eslicarbazepine 7 1,200 fiadndu 2zNUNMETULAS
Yoway 2.9 Wisuiisuiudesay 2.1 lunquitldevaon usdeldervuin 400 fadndu aglinunaiinnng

FULAST VUM 800 LAANSUILNUNILTUAS15088L 0.7 VAULNYINADNILTNUNILTULAS1508aY 0.2)
Brivaracetam

: INATTTIVTINTBYAN 6 NIANBINUNISIAANE iitability Sesag 3.5 @9U0IN158U 9 N9TIANY

Tanwuinuanensanevasn (Lattanzi 2016)

Perampanel
- nNsANELU phase Il Wuag irtability Sesay 12 wazSesay 20 1u;§ﬂaaﬁ1é’m perampanel UM
8 fiadn3u waw 12 fadn3u mudidu dufitheildsusmannunnsiifioudiosos 3
: AMEYN9IRTITULSS (serious psychiatric) wudesas 1.2 Tufthedldevuin 12 fadndu luvaziiduae
ldemasnnutesay 0.9 laglusuauiinne aggression wuldvesiian furefiinamsdumaiaudomyas

fudnnudiwiu 3 Auan 54 Aunlasuen waznugUienianufneginsnminieg 31uU 3 ANIIN 47 AU

wWisuisuennudnusaziafdinanan12enginssunie’dn (psychobehaviour)

PnMsAnwlugtienlasueiutnnuing levetiracetam AAELIMBNSANNIZNEANTINNIIAN
(psychobehaviour) snn#ian (Seuag 22.1) 81 zonisamide WUIDIAINIADIOYAE 9.7 87 carbamazepine,
clobazam, gabapentin, lamotrigine, oxcarbazepine, phenytoin k8¢ valproate HUNISLIANTILNEANTTY

14938 (psychobehaviour) %eg (Chen 2017)

e SPW @»f}wt 2017 ; issue 3 : September-December



ANNTANYILUU observational prospective Iuﬁﬂwﬁijui’l Qﬂ’mﬁiﬁ%’um ethosuximide, #3® laco

. o oA a v % d' = ~ YN A v Aa <

samide WHYAYIDUUDTIIINDINTIINNIAUDY (o¥az 1.9) Lll’e]L‘lJiEJ“UL“VIEJ‘Uﬂ‘UQ‘lJ’JEJV]i@TUEJ'WINﬂﬁIﬂﬂ"IiE)E]ﬂq‘l/lﬁ

aweE 1elnen topirmate, levetiracetam, pregabalin, zonisamide, perampanel Fwuninnifsosay 8
(Stephen 2017)

IINMIANYUUTIUTITBY AU INSANYmTlanudngnlasuen gabapentin uag lamotrigine 9%

\inN1ENgANTIUNNGAN (psychobehaviour) teeningthenlasuen levetiracetam (Weintraub 2007)

LUUNAFIULNBNISANNS DY

AurelsmaudnnnauasiinsEhse Tuaginmue1n15veImnedn naenseuziaisnulsaaudnyiadiaey
agprvaneIN1stnlivsadugiaeiinesanissnw msdnuseiRdudeddgiian wenaniinislduuunaaaui
winganlunsAnnsestisUsndanatwnmdginwasta ludagtuiivuudansewaievila W PHQ2, PHQY,
Hospital anxiety depression scale slatin1suvailuntwnlneuas anunsaldlade difles 14 Ao wisesn
I3 o N Yo = v a [ v a A A A . . .

WU AManunlganngaae1nIsauLesn, AgIannala IuﬁaquuMLﬂiaamasua Neurological depression disorder
inventory for epilepsy MmuLNdmsUANNTRINMzdATdmsulsrantnlnelany Usznauludie 5 Aranu

du qlaefimudunig (specificity) Sowag 90 wazaull (sensitivity) Sovay 81

o Y v ao a a . 1 < (4 4
n33nedUaglsaaudnfniiniizngfinssun1edn (psychobehavioun)wisaaniun1sinulsnaudn wasns

NWINITNANTIUNI9IN (psychobehaviour)
1. nmsdnwlsaaudnlugdleniiannimian

1.1 enfutnimhazmuzanlugienduil louwne carbamazepine, valproate, lamotrigine, gabapentin,
pregabalin, WL oxcarbazepine
1.2 erfiudniianssedinsg TaludUaemeand (walilsdudemulunislden) leun topiramate, zonisamide,

levetiracetam, perampanel, phenobarbital, &8 vigabatrin

2. mssnwnnsduairlugUislsaaudn

aUANMsalvesnsTnlugAlasuefuuas (antidepressant) wulaUssanasesay 0.1 feewas 4 uaz
ﬁﬂuiwlujl,ﬁm’mm maprotiline, amoxapine, imipramine, buproprion Wag escitalopram Eﬂﬂ&ju SSRIs fWa
ﬂ'ﬁz(;]:ums*ﬁlﬂﬁasm’i’l tricyclic antidepressant mﬂ%’ayjamiﬁﬂmuw randomization WuU3181 sertraline,

citalopram, fluoxetine, fluvoxamine, venlafaxine Wag mitazapine wumil,ﬁmsi'j’nhjLmﬂsmmﬂﬂfjummu

SEUEAlUNSSNYILUU acute treatment Tunmg@uasiAeuszunm 6-12 ey waoidfieanisnaudu
11NN 3 A3 ASlEIATNYILUL maintenance daluBnagneas 1 U TunsaliiflonnsBauasnguus (severe
depression) #3elANNANKIDNITNENERINY 81998RRsliNITSnElUnaenTIn Lazlunsalnazansnsne

Agaues limsanelunsaifgieaglugag stress

° SPW @»f}wt 2017 ; issue 3 : September-December



Asia VNS Workshop, South Korea

w.ey.Alssnil ga5saulef dendugunmifinuvisunumsidd

WANGY.A0 §2550UANA Tsanerunanszusngindn

lasin153nUseas VNS workshop SeWIeTud 24-25 Ay W.A.2560 i Serverance Hospital, Seoul,

[

South Korea fajUunanulasiusinuseibudifgannisussyunsal ielimsuludsdndsi

Vagus Nerve Stimulation (VNS) Aenisiinsaedosiionunmidndednedsnseualnitilunsesudulszam
@:‘ﬁ 10 (Vagus nerve) U30iA® szhsjmmmmsﬁwmﬁﬁmﬂﬂﬁmamszLLa"LWﬂﬂuamaq (gﬂﬁ 1) lngidudszam
it Usgneude uleUszanmindn (afferent fiber) ninfesay 80 Midndyanaudnlugsdiussquasanes
HuVNg nucleus tractus solitaries €19119 thalamus waglUdsausingg vesaues dwaliseduansdouszam

#1199 Wasuwla wazlinnuduiiusiunismiuaunsiniinuy

MEGATIVE ELECTRODE
POSITIVE ELECTRODE

ANMCHOR TETHER

AaMuduntazdausrlunissnendae VNS

NS fmssidaafusnlidnunginelseaudnluadiusn dlod a.a 1988 Tag Penry and Dean wdsnii
lainsshwfiuegaunsanslaglasun1ssessuaInNesfinIsemshasen Useineanigowsng (FDA) aunsaly
Tudnergannndt 12 U Afanednianziuaziodesfudnuagliannsosnmdoridalfizunsuidauuy
Lesionectomy %38 Mesial temporal lobectomy LLasa'ﬁ’cjmﬁaLﬁauﬁquJu U A 2017 Firuun FDA 18
Usulildldludindlengannnd 4 Biulu? uenaindd VNS 8sldsunissusedlunssmunlsadanash (Depression)
wazi$19i Sefissaudt flheiliEnduuy vegetative state ndsanlésnudae NS annsonszsulsigiie

NANUNTIA AL IANFININTY 2
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o '
(Y A Ay

middlefifouuzdifiuduieniunsld VNS Salddnsnumuissanssusazthuiesidiadia Tag
ANuluasans Neurology 1a5un1s Approved lng the Guideline Development Subcommittee dlofudi
12 uns1Au U A6, 2013 : 1ne the Practice Committee WioTuii 7 NUALS U A.f. 2013; wavlay the AAN
Board of Directors ilafuil 11 figuwieu U a.A. 2013 91ANSANTUNLNUNAINULAETIUTINTBYAVNIETA
Aenfunisld NS wazuuameiilesunissusediag American Epilepsy Society (AES) ﬁaﬁlpﬁ%lﬁwumu
55BUNTIATUNARLENT 1,274 Feduazdnideonimdeiiios 216 nasu Ineynaddesfedinisussiiuvesitag

[
v a o a o [ 0.143

LENBBNLIANIMINAINNTUTEEUIABYARINTNINITUNNE AaliA1a133TedAays 8 Janieiumall

Clinical Questions Conclusion Recommendation Clinical Context
1. JwsnARnnzlspandn n13 | VNS anaazil VNS 219TNNINAT8U | VNS 21992 10N0
§neFng VNS iHaanAnd | dsrdansninlunisas | iuniaaanlunig NansaunIndse Tl

Tunaedn Mnawmtandinisld | avndluniadadn | fnwnveslsrandnly | fihadinnguiniininzhe

v A 1 b4 1Y [~3 09: ‘SI 1 o v a

1% VNS visaly 1ANNNI%5e8ay 50 - | NRINITULLANIZN | Aen1ssnEIAqesnLasi
55 (95% Cl 51%-— wazdinyiama (Level C) | wialiinanuanissni

59%) FneREN13EN AR IR viTe

ST
ngunIsNFinlailseay

ATNANLTS

2. Tufiloangy Lennox- VNS 8194z VNS 219921110 The responder rate

Gautaut Syndrome (LGS), & | Usz@nsnwlunisan | Nansounldluiihend | dwiufihend LGS Tl

VNS 11n195N = NN LAY AN luNNaiadn n19% LGS (Level C) WUANLANFNNAIN
gnunnanA N lundnld | (nndngesaz 50) A dszansialilunguind
An31nn7ldlE VNS vizalyd %a8a% 55 (95% Cl AazAamaNfutn

46%—64%)

responder rate.

3. Tugfilosandnnisld VNS | NS anaazdoeinli | Tuilug@ld vNslu | - nnasdiuasuiuniai
dogininsufutlpensunia | nasvinldiansualnan | nasinunlanandn wulivesTugiaengs
EVEGIHY Tunqui{luny. anaazillsylemd Tspandn

W lunl¥ine | -UNS anaazitlssTemiTl

2
r- |

Uiutlpaensunin wiraennIineuaz
(Level C) e sanlEaulE
filoeunggne agnglef
panlszlemTluiacding

81740 A2TTN
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AansauuansLngag
2A4R7NNITNANTTUN (3D
UDINNTABLANNITNE
dumerananlunng
N1

o 1y o
-9 laiRd ey aaiuayy
TALAUIT VNS @11190
UFuilgeansuniléiaing
Wuennalulseanng

1 dgldld o Vv

naguinRANdUfaunes

19m

4. lufiilaelsnandnnacunn
n1sdnsiae VNS duwusiy
nM3AUANNNZEN LB AN

tinuliisaly

HaRARINNNTETNEA
= =) o
AN 1 19 5 U MAINI9S
faasaensyéulvii
VNS 1szannbasay
7 819 NNWEIL
ANTANAULBINITAR
dl a s
AND LUNNFRATN

(1NN313eEas 50 )

VNS a1aagi
Usv@nanininnanlu
7 dl Yo 3
HilaelAFuntsinm

nanatl (Level C)

al a a

- N3Gy AU ITANTNIN

. o 4 de
PRIRNNUTN LTIUEFDINTN
PEFAANITINH ITARNTN
S MBIV RGN
tsz@nsn nlugzasenn
LALLU THNANTWENWN NN
1% VNS fluanniaaan

11195010

5. TugtlalFFunnsuingn
Fndqe VNS N969A0

v 1 [~3 a al
NITAUaLNTINET (7 U
“on” WAL 30 AU “off”) A

doanlianAunluni9dn

P <
IAANIINNIAIATLLL

annNIAnELile
fananniannny
LANAN9IEMININNIR
ANITHUBL NI
WAZULUNNIATIIU

Tallszaumanugnia

AMNLHNZAaN11N9AN
VNS galsiiduiguidn
LL@zﬁqmwéfﬂgm

. a4
atiuayunNesna Ly
ANTHUETN 3R9N1769

AN WLILINTAFIUNTERY

ANFANIDLUDIIGATAENN
Winauadulunng

= A &
AU BTITITL
IR
patisna e
tsr@naninlunig 14

AENIGIRARIAITNATIUN

Anel VNS azldsiansesiu

NITHUAIUNIUAN NN

N1INTLHULNIAN

ANAAZANNUSAUNNT

a

[ o

=X v
ALLUSUITNNITNISR U

AREILHUAN B9

NIRTFIU (30 FUIW “on” and | visaLilunI9AIAn ANTEHAUBENNTIAIET | NEUNI9A%AD
a = a A ' QI 2 d‘ s Ly
300 37 “off") azavizalyl Erlli! Weanginn1snines
n1sdn (Level U)
6. lufihenlfifunisinun | -mavgenisindes | ilaeialfsy

639%% @W’h 2017 ; issue 3 : September-December




| 1 44‘ a o ai a
yirald Walannisdninia
utaan1siinaavisauiLh
o v A A .
ABuaN9En WaieuiL
nsn i 1Nz siu Tuas

a | = a o
A1SLNABBINNS DVULISU]

91N15%n

AALAUAITRINNT
g VNS
-N195NEIANENIG
NITAURNIUANTDY
VNS anaaztlszunn
NNTARERATINNTLNATN
15 1/4 - 2/3 289013
Fvianun ilal

wmdnnseiulugag

eadiesiunisugadn
I
el ludaeniendn
(Level C) hagnauielm
o v ¥ 1 [~3
dnAeNIF I hman
ANRANANUTALNNT
AALAUBIFANITINE

A8l VNS (Level C)

FnNaasgI
7. lufithanldsunsindnds | -Taquiui T
1 o o v
VNS Wi sdanassydedinug | Sdusies
& Al oo wasuulassany
ANUaaase ludfAaLsAng v

Usziiuafagavise

w03f{tlhanld VNS Tu
U 1 o/

T RARET

- N3M993AAL AN
ANDILATAALINAN

o A o

#iala NHNTENWUL
Tninanaazinioy

latRendassng

>3t

4
o o a

Wua1aENATUN
v o 1 dal
uengrlaenguil
aanly
-ANHANATY

o

Tun1sanamnsnnig
\BedimuuL SUDEP
Wenansiull 1
ANNANNUSALNNG
Fnfog VNS
-ANNANATYNY

ARUNTANLTZANT NS

SPW @W’h 2017 ; issue 3 : September-December




989 VNS luiiasnis
nepvnelarniz ey
PALLAZNIITNHNEN
laifpian, wiaag

svaimavdaNeniunng

4
oA

1% VNS lunnssamnil

8. wadinameslunsld VNS
Tunguijtlaefnumnsigann

nauguajviseld

SLANBIRAZIL AN
dl = a
VAL LN TN ALEARA
dsj v 1 U ]
dalfunnndnglug)
\HaaNNgANTIN
YRILAN
-ATTEHATE AL
RARNN N1IZNTAA

TaluLan

Javinulunisly VNS

AUaeniiuseIRiGn bilateral or left cervical vagotomy dudtieniidaymanuiaunivesiila vse

chronic lung disease msazAtlaTuNMIUTTIUlAe eI M QaNIENanaUmNIIEnaINTvie v vk e
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AUNUSNU dose dependent kazdNILDINITAVUUBDUIU parameter NLAUZELU

VNS 3udngn 106 Aspire SR® (Autoseizure detection)

VNS juangadilauiuiiinssuy autoseizure detection lnenuinseuay 82 veaUieniin1izdnazlions
nsuresiilaiFitu aslunisvhaulusuiifainszuunsnsdudnsnmsiiuresila dnisiiuvesiala

WHTUN baseline 1W1g detection threshold Ni5agay 20-70 LA30sazINULNavEAtNnlulA lagwudn

Sowaz 60 vosrthwansaneadnla (3UN 2) 4
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Seizure cessation during automatic stimulation
was observed in AspireSR clinical trials

Stimulation-associated desynchronization of focal seizure”
20% Threshold for AutoStim

e sce Automatic Stimulation

0 g A 0
e +- Over 60%
b R TES  Of seizures treated
o i 0 i i 0 o v i i A o _
1 r T R ©nded during
STt T s 2 A T A A AN DT v o e s ] (M i s e s
£ M T I RRI AT E |  automatic
£ ! ol AT stimulation
@ [ Ll iy i
]' G : [mibn 1| _1 _:
=l T i e (28/46 treated seizures
ecs Indadu bbb b L L S L L L LML LA ABALL o 14 patients)

Heart rate
6 rise detected Stimulation-associated desynchronization
80 BPM 96 BPM

*Single study patient example. Indiidual results may vary.

=

5UN 2 Aauanuazad VNS 3 106 Aspire SR® letiiuilsdu automatic stimulation wieagUieinigiilany

@

@ 1

Srsuiunnetn Inenuindesay 60veUie anunsavgadnla 4

UUINNNTSIE TuauIAN

Y
v v £

UNS Sanafumadentunissnelsraudndinessefudnuasssfieniddolmg Adnwnieatu VNS
agwiaiiles 01

- %’ayjaLﬁmLamLﬁ'mﬁ’m'ﬁ%’ﬂmpﬁﬂ'aaiiﬂam%’ﬂﬂg«?fﬁupﬂmwj (primary generalized epilepsy in adults)

- dogafufuiatumasimvenaienfiodiuysyansnmlunisnulidninb

- watalun1sann1sanalagniyluLin
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Epileptogenesis
ASTUIUNISA LA LSAANTN

WIUWNBIUAY plalnigy
T59NEIU18A89T5175 TNIAUATATSIININY

nszvuNsAialsnandn (epileptogenesis) Aansyulunisnvilrasesunfinareduaneinuniuay

AplAARlsAALTN

nszvumstAstulutsnafigilifionisvedseandn fsnuuansdifiuinanesildsunisund
(uanlsanaondenaies gifvmaues fewidosen msfiadeluszuutssamaunan vionmednsaiilos)
veseslsnsuAnnnimuinisiaunfiveswadaves iWuanudesenssuiunsiidalsaaudnluiaansieg
Al [1-3] FadufinvesnsdumedaziBonseiuwad wagluana Wieflazisdesiunszuiunsiin
Tsnawdnlugthefifinnudeavand

Mnefnauisagiuldfinmsfunuasddglussiuuiimuauanuvainvatsvesnssuiunsinialse
autn Wwneluns@nwde desmamsunedaisginerduia nsinw Jesiu vdeluansinmillazas
siolsnandn ufife MicroRNA (miRNA) [4] Fadungalaananiglusnaniguuindn (Ussana 22 nucleotides
noncoding RNA) 2g¥MaUduiusianzasiyu messenger RNA(MRNAS) Tngaznumssudanisuanseanuaznns
as1elusiuunsi nelunssuauniswasiaiugnesy (translation Juedtusiudimsneiiun (5] mavhauves
mMIRNA Hudududenisussgiadulisundudaiu RNA (RNA-induced silencing complex : RISC) [6]
ntungulusfiumadurzdum mRNA Whmnelasfuidnfisuntaatzasfivmzauuu mRNAs (3'untrans
lated region (UTR) of target mRNAs ) udangulusiumaiiuagnseduli mRNA euanmuieviganisua
swatugnssuveslUsiufiindinzadne ddustumaifianudndusonssuiunisdalsraudn wWunssuiunis

AOUAUDINDNITINLEU NISHUILAR N1SUSUANINYDWAE N1SAnevadwas Wusu faznaiitaall

miRNA biogenesis miRNA targeting approaches
= miRNA duplex

Agomir (mimic)

Antagomir T

- miRNA
\—') = . miRN \ LA S —

e e TATTTRTRTRTRTRTAIOTY

pri-miRNA \ {

Nucl
e Target de-repression Foiancec
target repression
Microprocessor M AAA

Drosha
DGCRE

Recruitment of other proteins
Translation repression and mRNA decay

i
s
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=o0]llz]e Y 1Y 1T

FUT 1 4anansyinauYes mRNAs Wag N5EUIUNNTATIe mature miRNA, Uanssgazden nalnnisviausui
294 RISC+ Argonaute 2 F9duginsanevensia@vad mRNAs, nsaenld miRNA agomir (mimicdnly vinlsiia
ANNERBNNTYINILTBY MIRNA. AAA=poly(A) tail (§U31n Lancet neurology Volune 15 December 2016 :

MicroRNAs in epilepsy: pathophysiology and clinical utility)

nsfnwluszezusnqandunsineiludnineassuarluseduiude grudeyansnifisatu miRNA Tu
Tsaudn (EpimiRBase) [7] Judugruteyaluansiiarsruuideniviuaiouasdumls dmsumsAnuwiusnues
miRNA Tulseaudnuesau ffssiadusn @ wa. 2553 Ifmenuindnisfiutuvessedu miRNA-146a wagdian
Fuiugfuruaunssniau (nflammation) luawesdu Hippocampus faitlémsaa autopsy wamutuiosetn

Yo U7eHl Hippocampal sclerosis iguiunguaiun (8]

WYIFEITING1VDINTTIAALSAANTN T ULDIN18UES

nvae Msfnwludaineassinseiulidnuienseiuludnsioiio [9] wuinurazding 5iude
nszvIuNInLlalsnaudnAan18nLa@ulsass (chronic neuroinflammation) [10,11], MsAev0dwaaUTEEm
(neuronal death/apoptosis) [12] , msmmmmmamaaﬂmmgu (epigenomics) [13,14], AsUsuLUAsuUanIN

Indvoawaauszam (altered neurogenesis) [15] LagNIZUIUNITOUS)

Epileptogenesis

Synaptic structure and function
T TR vy Neurogenesisand neuronal migration

miR-137— BCL2L13 |nf|a mmation

miR-203—1 GyR-B miR-124—| NRSF/REST | miR-146

miR-128 }ERK pathway

Transcription

1I-1p pathway
miR-128—| Phf6 miR-22

miR-139— NR2A

miR-124— NRSF/REST [Wg| [ (2115

miR-134— DCX

miR-132—1 CREB miR-34a
miR 19— SIRT1/PS3 m,R_m]‘ o

5U7 2 uananmsiia miRNA, 1Wwne uagnszuiumsiiiialsaaudn (3U7n G.P. Brennan, D.C. Henshall,

» £ W
% < % v

microRNAs in the pathophysiology of epilepsy, Neurosci. Lett. (2017)
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1. N159NLEULSR5Y (chronic neuroinflammation)

ﬁmu%’afiawﬁwﬁﬁﬁuwudwmsﬂszﬂauhLaqaﬁﬁm%’amauﬁu proinflammatory cytokines JU3uu
LﬁmqﬂﬁﬁumrﬂuaumﬁLﬁmmw%ﬂsimﬁ'm Tudiuvas miRNA fisneeuuansisU3ana miRNA-146a Wiasnndy
othasaiiladlumadanes astrocyte vasmylduaudn uarlufedrseiisaussesinelsnauindna temporal
lobe epilepsy [16] %&ﬁlmﬁumﬁi’lmmﬁﬂ miRNA-155 Tulsa motor neuron disease [17] wun1snasa
ﬁuqﬂiiuﬁﬁ?ﬂL“fJusiaﬂ'mLamaaﬂ%aLsaaé microglia sian1sdniaukasiiioarliliAn neurodegeneration 3l
Antagomir 989 miRNA-155 wiiel# microglia fusvheuldsnass ludruvadlspandnlationnisvaasdluny
Tnedn Antagomir Wilulnseauesneufiazli pilocarpine ﬂiz@jﬂﬁﬁﬂmw%’ﬂﬁimﬁaﬂ (status epilepticus)
WUdﬂWQﬁﬂiiMﬂ@d%H%ﬁlﬂ%’ﬂasﬁu 18] dluaunuindniiulseaudnsoidoniuinstinieuluves miRNA-
155 [19] Sanavosnisiniieuluzas miRNA-155 sonssniauvasssuudszamdsliniuuidn Saunsiiay
nsAinwAualdelulusuiam

Tudagdunudn miRNA-124 finadnwaglunisdediunisdnaulaganizluwad microglia lulse
multiple sclerosis [20,21] usiAfidoldudrindesannuimyiifdagnnseduliiAnlsnandnudals miRNA
Agomir (mimic) W1lU dn1smevausslaenisianiesnved pro-inflammatory effect e?fﬂﬁwmwﬁayjmfuaﬂdﬁ

MIRNA-124 8133znseAulilAANSEnLa [22]

2. AsANEYTBLHRNENNYRIaaUSZEM (neuronal death/apoptosis)

aeluasesdu Hippocampus \ufutuuresnsnwizosnisidenveawaduszamiioninases
vinndiinnudedeninielsraudn Welifnnnmadeaunaresnissudauasniansedudn Snsnisdewus
aflassnglovszamilvaivoswadiivdent lnslannzuina CA1,CA3 wwiinsgadowaduszamldielng
awgn1siniinesion1sinu (refractory epilepsy) HU83ar09 MIRNA umsJaéwqﬁmuqmazmumﬁmmﬁ
WU MIRNAs -132 [23], miRNA-34a [24], miRNA-184 [25], and miRNA-124 [26], miRNA-134, miRNA-23a [27]
fuandliiuidnsemuaulifinmafistusazanasuensvuiumsmeuazmaidestesgadlsyam uanaini
g38152AU MIRNA-345 miRNA -365 Lﬁugqsﬁuaéw%’mLﬁ]umﬂmiﬂszéjuauaadau amygdala Tulsmaudn temporal

lobe [28-29] Sapn5797 1
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Summary of functional studies interrogating miRNAs in epilepsy models.

miRNA Expression Effects/targets
miR-128 Downregulated Governs neuronal excitability
Regulates neuronal migration via Phf6
miR-134 Upregulated Reduces spine density and alters epileptogenesis
miR-124 Downregulated in whole Regulates pro-epileptogenic NRSF and modulates
hippocampus inflammatory responses.

Upregulated in dentate gyrus Functions co-ordinately with miR-137 to regulate early
neurogenic response following seizures through regulation
of BCL2L13

miR-146a Upregulated Regulates astrocytic inflammatory response

miR-137 Upregulated Regulates early neurogenic response with miR-124

miR-139-5p Upregulated Regulates NR2A

miR-23b-3p Downregulated Neuroprotective in the mouse KA model

miR-203 Upregulated Reguiates GLRB, inhibition reduced spontaneous seizures
in pilocarpine model

miR-199a-5p Upregulated Regulates SIRT1-p53 axis and protects against seizures in
rat pilocarpine model

miR-22 Upregulated in contralateral Regulates P27 receptor expression, inhibition of miR-22

hippocampus in increased seizures
intra-amygdala KA model
miR-132 Upregulated Regulates CREB following SE
Inhibition is neuroprotective in intra-amygdala KA model
miR-324-5p Increased association with Regulates Kv4.2 and contributes to seizure onset

RISC following SE

miR-34a Upregulated Activated by status epilepticus, role unknown
miR-184 Upregulated in an epilepsy Modulator of seizure-induced neuronal death

preconditioning

dl U ! . d‘ U U 6 o ! o a v
A197197 1 LERIUNNAI9819989 MIRNA Aidusiusiunisnanidalulsaaudn

3. msadrawaauszam (altered neurogenesis)

fdoyaiidefignildlitanuhnmsaihasedlsramfinduduamevdodunavenssuiunisiualan
autn [30-33] Ing miRNA fifinsAnwnnniign fe miRNA-9 waz miRNA-124 [34-35] Fanusnnluaseauaziiy
nalandniiddnlunsmmunrzanssuveawadlunisutsii nsded wagnsysanmssNiuYewad nng
gy miRNA-124 egensluadUszamduiaintu asduaumeiviliiansadhagadilanamuaniiunis
anewad [34] wagnudndin1sviausauiuves miRNA-124 wag miRNA-137 lunsviliiAnnisasiawading
vosnstndeiiiedlingn [36] uoniniesd miRNA-128 idusmdnluniseuaunisnssduaduszam n1s

mdeudneNveaduarn1snseAunsluwad [37]
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4. MsUTUANMIULUUVBINTWRNARYRAdUEAM (synaptic remodeling)

fin1sAnwAgiulsmaudniliAefiu synaptic remodeling #aiiAnudusiusaiu miRNA -132 [38] uag
MIiRNA -134 [39] Tun135§38n15v9ureaadUsyanusim cortex 1agdin1SiNAMNRUILLLTULAZ VUG
w84 dendritic spine unTu [40] wagdin1sia locked nucleic acid (LNA) &l antagomirs 909 miRNA-134
= 0 Y a o v g = Y] a ) o 1A ' P a .
wenaldlviianistnlununasesliduna 2 eu Mdnfinsedunistnsdeiiaslivgasionisia intra-

amygdala kainic acid wag protected against pilocarpine) [41-42]

TUpregulated
1 Downregulated
--- Previously identified miR-target
pair in epilepsy

TmiR-199a — SIRT1

Excitatory terminal ImiR-124 C/EBPa

CREB

TmiR-146a !

IRAK/TRAF pathway

Inhibitory terminal

TmiR-22 — TmiR-210

GAD

GAT-1
GABA,Ral
T miR-203 — | TmiR-184

Gly-B E

Microglia

Dendritic shaft

5UT 3 uniinsuansesniasnalndnenin ved miRNA luranesunisiduiusiulsadn
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5. N1IAIUANNITLEA9aNVBEY (epigenomics)

Tumyneaesiinssdulifnnisdnuuusiewiodlingadeans kainic acd t nund histone acetylation
294 MiRNA-124 gene locus anad i hippocampus [43] HUNNNSANBINUINAMUEUNUSTZNINTZAU MIRNA
Tulsraudnuas methylation 83 DNA lunnsufisduwes methylation DNA TnendnudrazyinliiAnniseauy
Y89 chromatin LagAITANAIYBINITANABNIWANUTNTIY (transcription of genes) ﬁ@?%miiaifuﬂ Twilede
hippocampal vastielsaaudn temporal lobe epilepsy WUIHANUWANFANAUYBINTEUIUNTT methylation
YBITVATUTNTIUYDI MIRNA angdimerii [44]

[

P2ANNAVBINISANBIAIUNTEUIUNSANTALSAAUTN

UagudaliilunnsuwidaisihumisEinduues miRNA wagn1sAnaensianuenssuveswas luanes
lugafiniialsnandn windanudanunainouilfe miRNA In1susuusslaeassuildoudimunela was
nsa3ulameisaaufuAe PCR-based techniques

G

= Y1

fadlsmaudnasdionnisiageinisiansrainalsiniu ﬂizmuﬂﬁﬁugmmaﬂﬂizmumiﬁwLﬁﬂiﬁﬂ
autnazidnvazadefussfinarnandisiu dszdielinldfunuinismsa maguasnu waznsesiulsa
Igluewian feene Wy mIRNA-134 w3 miRNAs afiasnsgorafudmneveinissnuiluewianiiiesainnns
yhlsziuanasenadssamunstnvieiiansuiuivasunsaniuvedisald a Jagtunumsussauanudia
raudalu 2-3 M3finwdild LNA antagomirs Tunsaauas miRNAs Gsnsdinsunaniiaziilugnisdnulsa

autnNuaulalusuag
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_.Interesting Case .

P WL

Supplementary Motor Area (SMA) Syndrome

UNATNTIE 29EeaTuns
MAIYIAERT AsTneuna

nsedasnulseautnifunstnendidennasimie lesewgedisddunsdlinafiiadnoguinaide
amaﬂdﬁuﬁﬁﬁﬁﬁﬁﬁﬁ’lﬁm (eloquent cortex) WUsEUU motor, sensory, language Wag visual cortex U7
fhogsfiazinauese lUlidudtaefifBsuunanuesguasswiiidnweginsuseme Sunsdfineiida
YnmesanIsmIRnLlatn LaYNANEINTERUNIITIASIIMEIIINNISHIEALS I Supplementary Motor
Area (SMA)

Case

Fuaevds 01y 15 U atdafiern snstnidudausiony 3 9 Snvauznistnduanddaeiiensdans
TneSuanundroundiauunfiunadwarasinndenudiu enmsnintuduing Wesuldsunsdidade
Julsa paroxysmal muscle spasm aunsesia91y 5 92U BIMSNTITMAUNTEANFTaNAIITIUI NI ULAY
Tunthsauiuflonnis bilateral tonic clonic seizures 3aldSunsUdsuntasnisitadelsalu focal epilepsy
Ataelesunsinwiseeniudnuatevdawsinldanunsaauaueinisinle

qunsyiiseny 13 ¥ {ueldunsnsnduiuifinduienisindalsnaudnuaznuingin MRI brain wu
AL19UB4 focal cortical dysplasia tag abnormal sulcus i right precentral gyrus (motor cortex) leg
Pniuanesdmniifinifidfay (eloquent cortex) FaannsensindniiesannagilimAnnisfinis (neurological
deficit) gfihedslalldsunssindn uazgnaswinand Cleveland Clinic temmumaedulunisinu

ﬁﬂ%ﬂlﬁ%’Uﬂﬂiﬁﬁ Non-invasive evaluation fssialUil

1. Scalp EEG WU
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b. Ictal: repetitive spikes associated with epilepsia partialis continua of left foot clonic seizures.

There was a very short latency between EEG spikes and clonic jerks of the left foot of 20-30 milliseconds

FSEME 10 FE CIU LE CLE AL “50)

Voshars=] |

shwine=] |

e Lo Sown - .

o
™ dasene EMG S5Z EPC el koot EMG

2. MRI brain: abnormal sulcus of right mesial precentral sulcus with bottom of sulcus dysplasia

— Lesion
--- Central sulcus
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3. Voxel base morphometry (VBM) also
confirmed bottom of sulcus dysplasia in

the right precentral sulcus

a@3U non-invasive evaluation aduayuindiieiyanilatnain bottom of sulcus dysplasia in the
abnormal right mesial precentral sulcus nafiuiuauaisiiagly Stereo EEG ileflagm epileptogenic zone

AUTASINTINTYN cortical stimulation TuusuaInan

Stereo EEG (SEEG) implantation

= |lesion (bottom of sulcus dysplasia)

Seven electrodes of SEEG were implanted as in the pictures. Electrodes L, and S were put into

the lesion. P electrode was put in the posterior margin of the lesion.
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Interictal and ictal SEEG findings
showed epileptogenic zone arising from
L4-5 and S2-4 contacts which were in

the right supplementary motor area (SMA).

W& Cortical stimulation FIg@tuaywI

epileptogenic foci aglu SMA 931 lafla primary
motor cortex %aﬂj”llﬂzﬁjmﬁﬁﬁmmﬁﬁﬂmsmﬁm

Wesnnesnusnn SMA duliitilugnnig permanent deficit

TuUreseillafunisiidalaeds cauterized ablation U3kafana1 MRI post operation Ldus3u
molil

fanavasnissndatu fuawlifiernsdndniaevdsings uftasdiennsseunsiasidie MRC grade
0/5 Fsrmsseuusereitunely 12 a1y MRC grade 4/5 en1ssouussianaradileiuaae SMA
syndrome @saznandely wiannnsdaineniiaviiulddn n1sm epileptogenic focus Sudiryagnads Tugdae
3185@@1%’;31&5’;1@1%@14 good candidate for epilepsy surgery Lﬁaqmﬂiaabﬂasﬂﬂﬁ w‘%amﬁ]agjﬁ
primary motor cortex usifiae technology n1sauAuviligUheiilenalasunisiidn wasliaumnisdnaesnm
lsaandnlveuinle
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Supplementary Motor Area (SMA) Syndrome

TuunAnuilazgenanie anatomy of SMA wazdnwazaes SMA syndrome ualilasauis SMA epilepsy

Anatomy of supplementary motor area (SMA)

Penfield waz Welch lamuuagy
Seonsunts SMA Huafausnlusyud
Tul A.A. 1949 9101391 cortical
stimulation (1,2) USIAINE1IDE
mesial frontal i"sio paracentral

lobule USHIad Brodmann area 4 ag 6

Ui’mgmiajﬁwumﬂmaﬁﬂ cortical stimulation (1) 999 mesial frontal area WUINUIINUUDI SMA 2
§19910 Primary motor cortex (Brodmann area 1,2,3) Tu paracentral lobule m\i‘ﬁ' SMA ﬁ]zﬁ@ﬂ‘ﬁﬂizLLﬁlWﬁ
q\‘im'ﬁ Primary motor wazdlanwazuad complex postural movement 9849 proximal muscles in all
extremities %ﬂu primary motor cortex az1du clonic jerk of distal muscles uaﬂiﬂmﬂ‘ﬁl SMA stimulation
ganellAne 13 speech arrest, vocalization, negative motor, autonomic symptoms saadaneliAn
sensory symptorns li8néne Saduiivraulafisdunu SMA 91nn159 cortical stimulation wnudiazidunis

AN gross anatomy

pouladn1siuuaveulnes SMA lag Talairach Taanisldusnaues mesial surface of superior

frontal gyrus N108j5eW314 vertical anterior way posterior commissure line (3) Aannsoluil

Y
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Border of SMA between vertical
line through anterior and
posterior commissure.

VAC = vertical anterior
commissure

VPC = vertical posterior
commissure

These lines are perpendicular to
the AC-PC line.

WS UUYDUATDS SMA 398

- posterior border Ju precentral sulcus
- inferior border \Ju cingulate sulcus Lae gyrus
- @7u anterior wag lateral border Hulsdnlau wsa1n cortical stimulation Wu31 SMA fa1u817

Uszanel 5 wuRlaIniife precentral sulcus (3)

L>

SUPPLEMENTARY SENSORY

Functional anatomy

Tng?l functional anatomy (4) agWu NS
USHInuve3n (lower extremities) A¥agN19ANY <
a4 (posterior) WAy USNIMUUDIATEELAZLIU
(head and upper extremities) 3¥8¢11991U
111 (anterior portion of SMA) Tnewnifives

ROLANDIC
€ gensoRy

SMA tiuagenuAu proximal muscles Tngmse
H1un1sludunda (spinal cord) urvedsany
M%%JMUQ@J distal muscles 61UN49 primary
motor cortex §ﬂ6ﬁguwﬁﬂ

SECOND
SENSORY
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SMA syndrome #a3n15616a (5)
SMA syndrome Usznausie 3 seeg il
1. swesdi 1 (1st stage):
- ayaglurag dawid 1 uaz 2 ndansindin
. pnseeuLssaziusnnauunuvdulalle
2. szesdi 2 (2nd stage):
. 9IMIEULITAT R TInSu TN
. 9193edaiymueanisindeulin (spontaneous movement) g0
3. s38di 3 (3rd stage):
- Lifindaniosouuss widditaymuesmsvhnuiiasdeavesndmunile wu rapid alterate movement

28U
Y

nalnn1sWUFITe9 SMA syndrome Hugilinsiuiudn winaninaInn1TUsEaunUNLINTUYes SMA
Hansedny way SMA Mwvidesglaieniu lagdnsinisiludiegniesay 41 luduamiusn ansevar 41 Tuduasi

7 2 way ndaway 18 MndeasNuimnadann 1 woauluwad (6)

N139192391019% SMA syndrome Tussuzusniunnasn1sHIdn 1nen15ms13 intraoperative cortical
stimulation yiufinasN15:dn Mndansesiu cortical stimulation lownilowds azyeduduladn windenis

PULIININNTHIAA TNILAAIINA1IE SMA syndrome Lazdnsin1siumiaziineg1a53n57

d3U: nsedmlspandniuiinnudsaiagiinnisfinig (neurological deficit) gasnnvngadiiladnegiile
auasininiddsy (eloquent cortex) waitunemsaiudiy mnawnsavenliinganidadnegusiandus 7
IndvAssualalgusiu eloquent cortex lngnsa n1snensallsadnaganslundvenisaiuaunIsdn wagnis

AN1FINANITHIAA
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Management of Epilepsy Due to Hypothalamic Hamartomas

Pediatric Neurology 75 (2017) 29-42
Ayaz M. Khawaja MD., Sandipan Pati MD., Yu-Tze Ng MD.

155N lsAaNYnaIN Hypothalamic Hamartomas

BeuSedag W.E.RMAIT BATINE 1,2 WU.HAT ITANAAY 1,3
1. gudanududalsnandnasuieas lseaneruiaguiansal,
2. Uszannane 21g5A1ans lssnerunagunasnsal |, 3. NUsYAEas lssne1uragniainsal

NI

Hamartoma Yumnedsnsfins e ssaduseliedoneluston: LazHaNWYALYINITATYVI
L%aéﬁ?uqiugmwuﬁﬂmma (disorganized) @1%¥uU hypothalamic hamartoma ﬁ”’uLi‘JuiiﬂﬁﬁgﬂqumiLﬁﬁag
dulnveawadly hypothalamus finuiinund wuldlidvestnuszanas 1 Tu 50,000-100,0000 A fvangIuns
Anananduiivgiuingadidiavesmsdn (epileptogenesis) Hsnannelufou hamartoma tas Sanssfiudn
fumsinuneuntihifiueniaiudisvesmsdniduiesnanauosdiu cortex (cortical phenomenon) Wiy
%qaumagwﬂmjﬁlﬁ%’umiaﬁfuaigumﬂwawmuﬁ’aﬁﬁﬁm sudadonsdalviluaues (depth-electrode)
nuingatuiatneaninaindeu hamartoma, finstnuiin gelastic seizure ndsnsnszdudalnd wagnu
hyperperfusion lu ictal SPECT UShiauas hamartoma tJusu ﬁ]’mauuag’luﬁﬂﬂé’lﬁﬂﬁa’i’l hypothalamic
seizure 3N glufou hamartoma uazanansanszanslldenatesudinnbun wu frontal uag temporal
v‘fﬂﬁlﬁmmsmﬁmﬁﬂﬁlﬁmﬁ;mﬁwLﬁﬂ%’ﬂ‘imjﬁﬁl,mmﬁ 2 Fuwn (secondary foci of epileptogenesis) NANgIU
waniilsunanmstuiindalailufousdmuadulnidaund v nadenauesaesiumiiilndid ety
hypothalamus é’ﬂwmzﬂﬁulw%auawaﬂ@’ﬂw hypothalamic hamartoma ﬁuﬁwmagmmu wazdulug)
pattern vae gelastic seizure Huarldnwunsiasunlamwesaiulniauesuazdn mm%gamsmamﬁ%ﬁm%’ﬂ
fuonalisumisiiianan (false localization) lfandesitavesnsasialnendulniiaues dufunstudy
n13313d8 hypothalamic hamartoma tudafudsfiendemindunnsiinuldlives as m%’auﬂmﬁlmau
Pnneenausivanliin (magnetic resonance imaging MRI) n1sW18inLe1AaU hamartoma panialutag
usnéaliifufisensuinmin sudlesinsfnyinuingadidamsdnuanaelushreudsilinshdaduideu
1Nty nsKRReenieu hamartoma aaﬂﬁy'us]’qﬁmaslﬁaﬁ{]zyiy,wm;g'ﬂwﬂé’umﬁ%u wazglntyninig
ngRnsINUUsEMaTY #1381 01nevuiunduuay ATude vilnnag hypothalamic hamartoma Hude
\Ju reversible epileptic encephalopathy Fatu mi%’ﬂmﬁL%"J%v‘iﬂﬁmamaams@u%ﬂﬁﬂdw PNNIIANY LAY
n9ATannITenNsuNIETATY shlfannsoutsnguues hypothalamic hamartoma WaganunsaiSeuiiiey
mssnunluusiasds waskareIn1sinw dwznansely
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Classifications

Classifications based on the anatomic relationship of hypothalamic hamartoma and

surrounding structures

Boyko waamg LU hypothalamic hamartoma senidu 2 wfin munisinzdnvestou laun

1. Sessile danwarfnguwuulidiivy wiesgnielu hypothalamus lnednisnalnlassainasoudng
Fagnduusnunmstnuaznnzailygyionnoy
2. Pedunculate fanwagAnguuuuivy biinsidenlasaineseudne dsduiusiunneminainewiy

(precocious puberty)

Mahachoklertwattana wazanz TUadunnil YuInveInaUUIEIaN YU IIAaTNlAANTILUINILNIT
Inzfnuasnau lnsruindouiiluguinninusewingu 10 fadwns azduiusiunisiionnstnwaienuy suds

gelastic seizure WagABUTWIAGNNI 10 Tadiwas dnldduiusiuenisdn

dun1sfineves Arita wazane nuinsiussialagldnisineinvesiautueviivediinuazuuin
naule iaanndeyanindne3adan original description Tuafnlifinisusseeliognsdnauiiione Jeauais

WU classification aantduLuy

1. Para-hypothalamus %1889 hypothalamic hamartoma tiuLNzfinfiuiuwes third ventricle Wy
mMetuisegun nivisedu ngldneden ventricle duiusiunngmitanneuiy (precocious puberty)
2. Intra-hypothalamus #1889 hamartoma ﬁagjmsﬂu hypothalamus wagnatden third ventricle

way hypothalamus duiusiunzdn Arudinisneaatyg) wazdgmamunginsy

FanswuskvutidianudAglunsinviiionnanisnivannewivuuausasnwlvimeuinlalagly
go3luu gonadotropin releasing hormone (GnRH) analogs ¥tz epilepsy 3nnIzdluLnIzhonefugn
warerasndufiagsnwmensindaenieusen en1stnanunsaiiadulaudlidfinisnaden third ventricle

<
AN

Classifications based on size and treatment options

Valdueza uagpuy lawussinues hypothalamic hamartoma lagWa1501970 UM AIWAUS (tuber

cinereum, mamillary bodies) n1stng@n (sessile, pedunculate) waz n1snaLen hypothalamus
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¥9n la wa b Tvueteullosendnisuiunansuaziiinu Ineivda la duiunginiu hypothalamus

o/ v

duila Ib Munziniu mammillary bodies @474 la wag b Uduiusiu aemiuanneudy

wiin I Aedivueneulugnin 15 Tadwasuaslignuiniginny third ventricle waz mammillary bodies
Inguusgasaanidu lla uag lib e lla 4y hypothalamus aglignnalen vaed IIb in1snaden third

'
a f o Y

ventricle wazdndunusiu gelastic seizure waznzaflaginund FuinAaelasun1IIen

o

]
a

Delalande wag Fohlen s hypothalamic hamartoma eeniu 4 wila (5U71 1) iilelivangiuis
n3EAR Lag ¥ta | hamartoma 23R nsLUILaURRLUAY hypothalamus wagau1sanIdaNIU pterion 161
%l Il hamartoma Aafusuinawes hypothalamus wazeglu ventricle Fsanusaniialasnisdendosls
il Il Juwdailfifne | uaz I Fsanunsarrdalnenisaesndosuazidiru pterion v IV 18w hamartoma

umlngnlidnisadandwiziuule

NTUUIYDY Regis LagAne
1eUs hypothalamic hamartoma
Ju 6 ¥iln viin | Ao oglu hypo-
thalamus (intrahypothalamus)

way i aiﬂu ventricle (intraven-

tricular) F9998299U AN @150

Type 1 Type Il v o as
- Usually a horizontal or lateralized orientation to - Usually a vertical orientation iﬂ‘lg}’]@]"]aﬂ’]iw’]mﬂiﬂﬂjﬁ Gamma_
hypothalamus - has an intra-ventricular extension i
- No intra- icul . = 9] a | v
il knife Fan155nwlneiddosnasy

wazrume callosum Huifaly
ABNIEUNTNTOUA9Y YA 1]
neSanmagfifiuves ventricle
A1U1905N IR IBNITHIRALAEAS
gamma knife wWuiu sia IV Aoy

aa I a )
NUFIUBYUILINU interpeduncular

fossa @u1san 1R aAlasn1stda

. Type Il Type IV A %
= GuhiesTeores W T Syes 1o | O stsig nglnanuazmIuA183s gamma

knife vila V naudnegla hypo-
thalamus WAugUYe4 stalk T
N135NYEgesluu GNRH WaraINInSNwIRIE3S Gamma knife #ae Widala vlia VI Aeudvuinlvgfides

Snwlnenisilarnnglnantazenannunie3s Gamma knife
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AnuzHWeueatulnlynisuuaves Delalande wae Fohlen wag Regis o9 MnN1shUamadilnamnis

$nwn Felannandiuditeaaie epileptologist ey Uszamfasunng

Y

A155NWN

AN35NYINLEINULNLAZTDSLUY GnRH

ns¥nwndeeniudniinegliisvaunadise enn1sinuuy celastic seizure shazaoseeniudn usfeed
nsAnwfinunadugniveseniudnuisdafisigu carbamazepine war clonazepam finy fisneaiuysdl
UsgAvBnmwessesluu GnRH Tunsinwinngminanneuisuaznizdn ns@nwiusnidfiud 1unisfnu
Tudn 10 Aulagld GnRH analogs (luteinizing hormone-releasing hormone) nunlakaRAluAN 9 AL WBNAN
“ﬁlﬁﬂ’liﬁm&ﬂwﬁﬂmq 1 ﬂﬁﬁmazwﬁimnﬁaufmmzﬁ hypothalamic hamartoma ¢1e long-acting hormone-
releasing hormone-analog leuprolide acetate depot nudlvuinvesiauana LLasﬁswmuQ’ﬂw 2 510l
amgmjuamnouiouazinuln gelastic seizure Welvinmsdnwimuionsinmeluuazanansanganmgmuan
rewfeld faudindslinsunalnfiuidn uiandn GnRH sengrdkunITUuAsuasAoUsEam was/m3e

[
v v

SUTINATDITDS LUULDALATLAU

Negaki wazan l9Baunansinugtae 2 51 Afnwlaensiieesluusmiunseindn sausingi
anusanganmguanteuteld wasdwhliaitynAdu Juandvidiuin hypothalamic hamartoma tu
L‘ﬁumasmjmmmiﬂmﬂﬂaﬁuaaammﬁmmm%’wﬂﬁﬁ%ﬂé’ (reversible epileptic encephalopathy) fi51897u
nathaResn GnRH TduAmaistulmivesennsinssriumsin @whannmenuduiivenitaunsndne
AMzdnla) 111EdUTULTI (morbid obesity) Usednasuunoy (oligomennorrhea) AMIgTLLATIBE1ITULSTS
(severe depression) kaze15uaikUsUsau (emotional lability) Wudu dnsshwdegesluuliaisaniuny

amzlunyuannawiala nsidnetadielunisshundudnaly

N195N¥1RI8D1%15 Ketogenic diet

fenundausn 210 Palmini uazauz Télinsldemsgaslandeludtasdinety 12 Uy hypo-
thalamic hamartoma waglasunsinwilaensidnluue wionstndsdied nenasli ketogenic diet Wy
9IN3AIUte Tn1933m9Ua8 hypothalamic hamartoma 6 AU wud1 4 Aufiomsdnanasednedes Souay
50 daudhn 2 Aufifauinislulsedeuidu Snsdnulasth micro-electrode lusufinmnisaduszamaintou
hamartoma fifiaeennuiriinisanasvesdnsinsaiienszualiii (firing rate) luanesvasgtieiiagldsuns
$nwlnga1ms ketogenic diet Hannouviinisfine 5 Tu 7 au 9nn1sdunuiidudoatuayuiiewmsgns
Alaldaa1n130idNsn¥11A159n1N hypothalamic hamartoma 91
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N155n¥1laen1sHIeA (surgical interventions)

NM15EFASNYY hypothalamic hamartoma assusnAndulud a.a. 1960 A5nsHdntulinainmaiey
Juegivgiuvesnouiulassainelagsaukarvunvesiow mnnanlaeniludamsuisvenIsiIfAn aunsauus
pondunaiinainuuasais (top-down scheme) ﬁm%’maa‘[iﬂﬁagﬂu hypothalamus (intrahypothalamic
lesions) nsevinlaen1TaRInandendoscopic kazimalla transcallosal anterior interforniceal (TAIF) @un1s

v a a A a X ° Y a A 1y v v
NIANBNNALAADBNIINANTYUUU (bottom-up scheme) @NUTUNEITANINNDEYAIUVIY hypothalamus el
WATANEIUNG orbitozygomatic, pterional, subtemporal, supraorbital %38 subfrontal lamina terminalis
Whungvesnsindaiesnnaueonilavanun ®I9An9aTNISWBNADAN hypothalamus tag mammillary

. = W 9 & & 9 a Y ~ | & a ) v
bodies Fsnsrdntofoussnuuatu I lululavin nsdinsulivuinlng uarluaruduaiainisdnieinou
paniiesuNdLeaLisanedonisanltliiinen1stnla deilinisiidaiiodnisasnisweusdesiaiiniy
E‘i”lﬁﬁg@i@ﬂ’ﬁﬂwﬁ’ﬂu’mﬂ’j’]ﬁmﬁauaaﬂwm A1sWauReved mammillothalamic tract, anterior thalamic nucleus
wag anterior cingulate gyrus dususiun1staszlunuUnfnagn1stnafiniiisie (gelastic seizure) AU

vinumsnandndudmunedrdglunisiide

nsudallanglnandsee (open surgical interventions) Anae3slawn TAIF approach, pterional
approach, orbitozygomatic approach, translaminar terminalis approach waze123in15¥11 minimally invasive
endoscopic surgery Tneamegdmsuioudid intravententricular component Wagfanu hypothalamus &
WIAteeN 10 Nadluns wazanunsaiulaniu endoscopy Inennseenaties 6 Hadwns 31nuilaw0a third
ventricle LLazuaﬂﬁ]’mﬁawﬁmﬁﬂmﬁ?EJ Vagus nerve stimulation Iuﬂ’sﬂ:mﬁlﬂu poor surgical candidate
@133 sterotactic radiosurgery U less invasive ﬁWM%J‘Uﬂdﬂﬁlﬁﬁﬂﬂ?ﬁﬂ%ﬂwﬂﬁjEJﬂ’l'iBi’l(?fﬁVLéf lauA gamma-
knife surgery, interstitial radiosurgery, linear accelerator stereotactic radiosurgery, stereotactic radio-

frequency thermocoagulation (SRT), stereotactic laser ablation (SLA) tHu@u

AMUAATILNInUNMIZNgUaINsRAUNAYasENDY Mina1nn15Yn (epileptic encephalopathy) fiiin

210 hypothalamic hamartoma

Hypothalamic hamartoma Jungueinisinunfvesauesiiiinainnsdn dwaliinnisannsesiiu

v v v

aflgguazngfnssy nsAnwinuiinalnvesn1stnuufe1eIi uAIs Uiy AMPA HIUNIILARLTY

a

Hypothalamic hamartoma #1991NAMERAUNRTOIFNDITILANAINNITTNDUS tHBIANENITaRLUILTNNS AW

' [ (%
a2

TimewalaanfineanRuaAlsLug waren1sAneTeuiaenIsinunaTuesltedAgynluusandon
nslE8Inuazseavan Uy ludiiendaindidn deddladndagluuuvesnisiidn uienissnuiniegeslau
GnRH 571897189 Ng Uazan Minn15:1siagUle hypothalamic hamartoma 4 AUAIETBUITNIAIUIALIY

9E9TUMS VaaARNUIEUe Ty mmuAnnYRTueg TR fsunsHadntusTesusnAelia N ALie
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dinlenaaudnsavesnissneuniu guieifissdunsinuniediamioneddadninagliusslemiiu
anlyayuasngAnssuainnissne egalsimuigmiduanudiealifdulugiieuisse wuldlugdaed

$nYPENNSHIRALTUANZIMANUINNINNNSHIARLUUADINADIhas AR ATy S9d
R

nsSnwlsAandn?iiinain hypothalamic hamartoma An1swaunluilusgnsunn wmalansundind
AuA TN Tunsauiuinsldseuuiif (stereotaxy) wagnsEFALUULKALAN (minimally invasive
techniques) Famadawartiluniudaniiniiazaueinistn Anuinuimennaes@auuwivanvosaues
o8 v & = ~ o va s Y a Y al .
MlAuANLazIBeAY09T08lTANDILNUNIT N laRATW nskdauuullanglnanlanadlu hypothalamic
hamartoma ¥#a? | way Il MuN1SKUIes Delalande way Fohlen waginisiidalagnsdesndaslananiu
hypothalamic hamartoma ¥#iad Il nsENIN1sHIdRGIUINUSeRlaNIAARAIZLNINGDUNIN TABLaNIE hypo-
thalamic hamartoma afa# IV nsi1dalaele5ed (radiosurgery) Midumadenfivasadsuazivss@nsam

n13ld stereotactic laser ablation ﬁmiﬁmﬂsﬁmﬂ%uiuvlﬂﬁuﬁ@maﬂ hypothalamic hamartoma

TuusagiBnssnwenvdsnatnadssigunssldiivu vasadenass nziinnfvessionl$vio e
anas uaziduuszavanaslasuuiady ﬁqﬁumﬁﬂmﬁﬂwLuﬂ'aziwmﬁ]LLmﬂﬁmmuﬂﬁaﬁmaﬁuw UaqUu
Fnaduiondestuludonsiidainnisindaefousenuuavionisindauagamesilideusuiuwuulad
asdutmnglunsinw dadefivsueniazaunsongaeinstnlaldun meitedelutisusnvesennis feu
flowndn Juisengdes szeznandulsaaudnliviunazainsanidndausanlivun wenwioarnnisau
1M sTNlARN waﬁmmmﬁamwa@ﬂﬁgmﬁLLasﬂaqué’quﬁﬂﬁuﬁsfu etk hypothalamic hamartoma 39

JunmznguenisinUnfvesaussiiiinannisdniiaunsasnelinduanavule
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ZOOMit, newly discover of MRI lesions

W.R.NIYIUT DUINA

University Medical Center Knappschaftskrankenhaus Bochum
Bochum, Germany

Junsalnwedulavees dmsuiiielsnantdnililu sood candidate Tun1svi1 epilepsy surgery #
Joyanu presurgical 11319z semiology, interical uay ictal findings sauAUAAUNRAIY neurology
waz neuropsychology aanadasiuluynusznis (highly concordant) wandamseslsanis lesion FuMAves
Tsmaudnliiiae ulinandeya presurgical 9xUsginseslinugegnsd gyrus Huq uagyin MRI Minallnavidun
(3 tesla, thin slide 1 mm) Adsldauisanseslsaiae EEﬂQEJU’Ni’IEJE]’mﬁ source analysis Y84 interictal
discharges F1eiiutoya w38in15lY postprocessing programs viavianey ey VBM %38 MAP uina18ase
@ v 1 o PR a [ [ 1, . 1 1 a . .
Agslisiamau Tuussenldddgynisiuasegiugild intracranial electrodes wiag19M%351U intracranial
electrodes 191l sampling bias 8¢ d1ldl lesion 8N UeATIRFRALlIEININIFBIARaNEIRDNNIN
toaiiosls nadlil (wmSedraey) ictal EEG U localized 71 functional area AvzBadulaym dewmni lesion
P d' 1a a 3 a v« o Aa a d;{ PN 1 =
Mdunaulaagegnusnnlnures MRI Ui TunanguIsnane1e1uimun sequence NANLINTY NIENA1IAS
Tuunanuilie ZOOMit (11ag1191n zoom it ?) Faluindu sequence Aslunsiannluaenis epilepsy waisuil
nsdnldlunseddnlunisnsiaitladeluededgee wu brain, prostate, pancreas, spine uag joints ag
v 1% Py v o = s & v P . Y & . 1
U Imeaums iesng e udussaunisalinuliugUigu1esneivin ZOOMit kel lesion 8ee@Igay
SRR RIS RRINE

Y

ZOOMit %38 Synco ZOOMit v8u zoom function Tu MRI fiinanniswmuiesnalulad Tim TX
Trueshape FealFnm MRI ﬁﬁﬂmqua, distortion wag blurring ey, motion way flow artifacts %oy 533
wildnanlumsitesnin f51891u5U38 3 90 7 5787ld ZOOMit parallel transmit T2 sequence isotropic
0.5 mm voxels, 3 Tesla MRI Scanner (Prisma, Siemens, Erlangen, Germany) Tun1591 FCD 1IB kagaun
Tun13s5nwee stereotactic radiofrequency thermocoagulation (RFTC) (Wellmer et al. 2016) ilesan
standard MRI protocol Iﬁ{‘ﬂ'a;&ﬂmﬁ&mwa g7 surgical outcome M1 Engel classification Guaaﬁgqmmwﬁ
aeladfdn Ao 3, 4, 1b MUy 18U PINIsTARTUIINTLLY hypermotor seizure 11#&d® dystonic U84
wvurinadien vdsnmgadnly 22 Weu wigideaiainduain incomplete coagulation S1efi@es vuInYea
FCD gnuszifiufinnainus postoperative ZOOMit Hheliusaifiuvauiniini1awansves FCD ndafuiilu
standard MRI (1 mm) n1evdan13vi open resection wauziftaevgatn (Engel 1a) 1nanndi 12 ey 11
'qmﬁw 12 1hounad RFTC @393y subclinical seizure waz frequent spikes 59U UShafivin RFTC nnemds
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M3339) preoperative ZOOMit Snadanuddl dysplastic tissue 6uLU crown of gyrus AsIRUMWWUIAT
frequent spikes ﬁﬁaﬂqmﬁaagjhﬂﬁ coagulate eiuandlifidiuin Zoomit 3 sensitivity ﬁlaﬁﬂﬂd? standard
protocol Tun15Aum small lesion 8819 FCD waguaunvadiiu 51891101518 ZOOMit 31U source analysis
Y94 EEG uar MEG ludnwaiy multimodal approach Afilviiuegdns (Aydin U, et al. 2016) Aaliazidu

Mg UieanUsraunmsaliideu

feeneil 1 fuhevdseny 29 U adeenmamiudug Aderendrearululng smufensemnuaudis
1o w 10-20 Fundt 1 BuTuar 8-10 afeatu druunnluneunansiu EEG wu small interictal spikes uag
ictal activities 71 right centro-parietal #7523 standard protocol MRI laiwu lesion (§Uuu, flair) WiguAy
ZOOMit (EUUU%}W: lesion M1AGNAT) WU hypersignal intensity lesion fifiuves postcentral gyrus fnruil
hyposignal tract #oe1adu18 ventricle avde FCD Faanndaaiuna source analysis 781 interictal spikes

(5Uan9)

30-FLAIR_sunray_1
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fa08197l 2 fUnsmeeny 28 U infaornisindauudiesautuernmamduun 1 unit iu 34 afe
siafu d@uunnlumeuuoundy nsa9 EEG lawusis interictal way ictal epileptiform activities 71593 standard
MRI naunf source analysis ladanansaviliiiiosanasavldny interictal activities MRI T2-ZOOMit WU extra
sulcus 7] grey-white blurring agj‘wﬁwia motor cortex (hand knob) (E‘LJGEJJWE-J: lesion M1UgNAs) WU hyposignal

streak 817910MUYBY sulcus NasdERAUNG aaiauasa ventricle (5Uv31: gnas)

12.03.1990
MR 30 - 17

Zoom 213%

Breite 786

Mitte 347 12_space_tra_iso_ZOOMit | Mitte 302 FA 12 space_tra_iso ZOOM:

vaiunidudeyares ZOOMit windifiluiagtu dessegiuseluinlusuanasiindnguativayunsld
ZOOMit Tun1séum epileptogenic lesion LiinAunnteaiiesls Uiy nonlesional epilepsy 819gn

wWasunsitladeuidu lesional epilepsy Aulaluniewas

wunewe Jlsuiaraseuniilildiinausslemiviaduiudiuiuuidnndnnies MR

Y
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Highlight

Highlight from International Conference (l)
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MAYINUITIVANEAS AUSUNNEAENS
U INeaeeelni

Turasuane® wa. 2560 Mmsvszyuifsatulsnautniidrdgeuniede 71s Annual meeting of
American Epilepsy Society FadntuszwineTuit 1-5 Sureu A 2560 o N3¢ Washington, D.C. 91398113
Uspralunsiliivansidesihinaula widwiusdasassromnisusssalundsdvodonunanuiidaedsinn
aule WuRedesiiiieatu genetic in epilepsy %Q’Luszawé’wsLﬁudﬂﬂszLﬁuﬁmﬂ’uﬁqmam‘w% genetic 1
dhsnfunumilunnuruswesnmsunmg uazasiesitlageniuiuiusemelneansaBuyinnismsafstuies
genetic l¢thausifidslinsaungulusziununisinmadtas arudilugiuuedsndesiugmansoranssios
duanniulusziunsdeunsaeuresmglussmalnsuasasudududlussduindnuunmg osessu
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l. Genetic testing in epilepsy: When, What and Why 188N Prof. Sameer Zuberi

N138401373 Genetic for epilepsy mﬂiuaﬁmuﬁqﬁwﬁuﬁmiwﬁauuﬂaﬂﬂmuﬁﬁu Bulutiusne
awifugaves channelopathy CHRNAG HuBususniifinsdunuiiieadesiu ADNFLE (autosomal dominant
nocturnal frontal lobe epilepsy) AounfinisdunumuRaUnATIAE M asu sodium channel 30 GABA
receptor Wazazilaguistisnarfiuifinsdnuiiu genetic iisfnusinasonuiluguuuy negative Tutlaqiiu
N1589M 3NN genetic test for epilepsy L‘fJuEgﬂ‘?Ja\i next generation sequence Aauanslu g“dﬁ' 1 (Curr Opin
Neurol. 2013 April; 26(2): 179-185)

NNsEIRTINALAUAITU genetic test for epilepsy Tullagiuannsansialavanesunuuuasiiveusy

v
Yo A

waneinanude Asagulansil
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"NGS bubble7

/
Microdeletions /

“Dark Ages”
Channelopathy Era //—‘1/
GABRB2Z | > 100 association studies with
/' negative or not-reproducible
SCN1A, results

CHRNA4 .~
-

- L ||
sUN 1 T T ) o ey ey e g—
v

1995 1997 1999 2001 2003 2005 2007 2009 2011

v

1. @979 chromosome study Tuuuiiugusdnyiiuun §3n159599 chromosome wuufodu
N139533 karyotype Mifgsnduanudiungyvesiuanawasliisnsuesinundeganssal n13nsIa karyotype
fanefiunumegtnuwiasumetinnisnsantuiugiu MsnsavdeiidunsueananuRauniluwivessiuau
YAwAzALe TsrautnienansianuauiaUnAmuiusmansaemallaldlaun ring chromosome 20 @4
lspantnilaziianwels refractory epilepsy Fa9w10u focal seizure type Tuu1ensIe1ad status epilepticus 19
o =~ A B v oA 1% 1Y) a X N A gy
HUrgaziionnstnlansvaeiusasvau ddgymauiauiniswazaddygyn gUise1vsivseluiidnuuues
dysmorphic facies AURAUAR ring chromosome 20 fdnagtdu mosaics 11nn31 non-mosaics pattern Tu

ud onset vaslsmantninazilulunuiesazues ring chromosome MUgUulu mosaics pattern

| a A = 1 1 [y 19 ¥ . . . S '

dun13n 5198 nvilndedioidun15ms1a karyotype wufwsly high resolution technique 9158077
extended banding chromosome studies @meLnalintiazaoidin1siaaen chromosome nounsasIndussey
nauunILAIzaNsailiiuanuRaunfidngnlianunsaiulaainn1snsiawuu routine chromosome

analysis

BNINUUGINN15M5I9M58n11 Fluorescence in situ hybridization (FISH) @udun13ns5i3uwuy
molecular cytogenetic technique 14 florescent probes fuA11uAAUARY8Y chromosome 313 specific

segment of DNA Naulaegviall Fensnsiaazanunsanuanuinunfnsludiuiuurinnseiiu
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2. Chromosomal microarray analysis (CMA, array CGH, SNP array) nsnsevdeiidunismeni
HAUAR microdeletions %38 duplications flyamsonsianuldainnsnsa karyotype 1713@1uLLUUUﬂ§M‘%aLLUU
high resolution #3eusinszianuAnUnfiuuu small change 71 FISH ldanunsansianuld  CMA avanunse
MSIAINU copy number variations (CNVs) lausi CNVs Tuunsnsdifiedndungu benign Tuureadanuiinanis
n319 CMA aziilamlunisudanamsizusiaznudu pathology waliilu definitive agnslsinunisnsiafive
%ﬁ@ﬁ,ﬁwﬁﬂiﬂwﬁﬁﬁu@ﬂaSﬁﬁﬁwmmﬁm AUenguaudn, multiple malformation, no obvious syndrome
CMA a13ldiaunsardia point mutation, individual mutation, tiny duplication/deletion wngUhedlaymeau
Tuwdvosinuiamnig yield of CMA azas wid {Uaeilulsaaudn yield of CMA ﬁiﬁﬁmau%agﬁﬂizmm

Saway 5

3. Single gene sequencing MsdwmITTndtuiamEME1Le Fosasdoidasiuainoinismis
matisndeuiinddsaiugnssueiialm esanmadmmasiatmnmauaviunneddlildlsnunmdads
wailaildvsneauinguaelalldidgmmeiugnssuusedndls fegresngulsafiaunsansiaan single gene
sequencing lﬁﬁ?ulﬁuﬁﬂfjuﬁﬂmkﬂau%ﬂ @1 SCN1A Tu Dravet syndrome, PCDH19, KCNQ2, ﬂa:m metabolic
disorders u Glutl deficiency (SLC2A1), B6 dependency, ﬂEjﬂJ progressive disorders with epilepsy L

neuronal ceroid lipofuscinoses, Lafora disease, POLG-related disorder

4. Whole exome sequencing (WES)
Uni exomes tufioiludndiudonay 2 709 DNA Havaaveas) N150599 WES 98Rs19ianzusandi
Yy coding regions (drufiad1elusiu) was adjacent regions agdlUszane 4,000 fufienansaldann WES
wATiBnnT1 20,000 Buiilsianansansaldanmedai nsnsaa WES tagyilunsdlasde genetic disorder 311
phenotype, flaudnnateaulupsoundiiefuiinaunivioiusy TRussluedon d Snesidennsnsianuy
WES il genetic test 30 metabolic test Buqlinuaufiaund nsudana WES danuddaiifedlds

U

Wemauarldnannulunisudana laenald yield ves WES Tugiislsnrautnizesnussunasosay 35
TuswazlduneaniigIiuANURAUARTILNAIN exomes Ul 119 genetic tests B1AEINITONTITLANY

LU targeted exomes, clinical exomes Wag whole exome sequencing (WES)

5. Whole genome sequencing +Jun151533 human genome s Jaguumnenisunvddalianug
NN ludIU non-coding DNA AU 99IAA AINUTRUITEIMSUNISIEDNEIRT29THA whole genome

sequencing §3lidntau
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6. Gene panels & Jagiuiinisnmamanuiaunaaeqdunseuiuluusenensulagldinada next
generation sequencing (wilou WES) Tuusazu3svenansinanuiaunils 20-70 8u n3dlil phenotype vos
Fuaeladpiau n1smsra WES azdszudalddnelduinniinisdmen gene panels usnantumngihendy
syndromic uidennisdmsaadu cene panels Aazvilndsslddnefivniiusilunazonarilinsitady
ad1drenssenantsansan mnauAnUnATinudy variants of uncertain significance (VUS) tuasdosl

clinical interpretation 71#8nA33 lnevily gene panels aglifmauiiannsnesuiganmnvesUislasosay 20

WelinsniateaanuiaUnfieItuiugnssy n1sulanavresiniugmanse1auue grade Vo9

WULRBUUY MU classification of variants Ly

Grade 1 = Benign

Grade 2 = Likely benign

Grade 3 = Uncertain significance (VUS)
Grade 4 = Likely pathogenic

Grade 5 = Pathogenic

Il. Developmental and epileptic encephalopathies lagnens Prof. Ingrid Scheffer

Anensna1i ILAE Classification U .6 2010 7inan331 epileptic encephalopathy Tuduiingu
YuRa1 6 epileptic activity 109 @wnsaviliiia cognitive Way behavioral impairment lauenuilaliain
underlying pathology maaﬁﬂwimﬁgumaq d7u developmental and epileptic encephalopathy ﬁ?u #7
development component Wy independent 11U epileptic encephalopathy Inallgni developmental
delay Jusainduneu seizure onset LLazﬁgﬂ%ﬂumjmﬁ%ﬁ co-morbidities saua28lAlU cerebral palsy,
autism spectrum disorder, intellectual disability @%3U outcome GUEl\‘w:\JTiJ’JEJ developmental and epileptic
encephalopathy ﬁulaiﬁaUaﬁfﬂLLﬁdw%muaummi%’ﬂmméﬂwﬁ éﬁ’ﬂﬁuiwEnmLﬁuég’mmﬂﬁmﬁﬁaﬁﬂﬁﬂw
futufuidnuuvostheduegidlsuansieguil 2 dwiegsadtsaiioglungues developmental and
epileptic encephalopathy 5uLLaﬂﬂ1ugUﬁ 3 (Lancet Neurol 2016; 15: 304-16) ?ﬂﬁﬁ’]ﬁmﬁuwwéﬁmﬁﬂmm
111931 epileptic syndromes Fulsimiloutiu eenetic disease s1zluung epileptic syndrome tuil self-

limited epilepsy Anennslaasulundvas gene way syndrome ¢iail

@ (%Jomﬁe/f% @W’h 2017 ; issue 3 : September-December



d1ghnlignt

Developmental and epileptic encephalopathy
Use whichever term is appropriate

Epileptic
Encephalopathy
Epileptic
= encephalopathy-
sun 2 it
v Remediable
component?
Early myoclonic Dravet syndrome
encephalopathy SCN1A
PIGA, SETBP1, SIK1, SLC25A22 GABRA1, GABRG2, HCN1, KCNA2, Epilepsy with myoclonic-atonic seizures
SCN1B, STXBP1 SLC2AT
SLCEAT

Early-onset epileptic

Infantile spasms
ALG13, DNM1, FOXG1 duplications, GABRAL,
GABRB3, GRIN1, GRIN2A, GRIN2B, IQSEC2, KCNT1,

MAGI2, MEF2C, NEDDL4, NDP, NRXN1, PIGA, PLCB1,

PTEN, SCA2,SCN1A, SCN2A, SCN8A, SETBP1, SIK1,
SLC25A22, SLC35A2, SPTANI, ST3GAL3,
STXBP1, TBC1D24, TCF4

GABRA1, GABRG2, SCN1A, SC(N1B

Lennox-Gastaut syndrome
ALG13, DNM1, FINA, GABRB3, GLI3, HNRNPU, SCN1A,
SCN2A, SCNBA, STXBP1

encephalopathy [
KCNQ2 CDKLS
AARS, CACNA2DZ, | §(N2A
NECAP1, PIGA, STXBP1
QARS, SCN8A GNAO1
ARX, DOCK/, SLC25A22,
SLC35A2, WWOX
KENQ2 :
KCNT1, PIGQ
Early infantile epileptic
encephalopathy
(Ohtahara syndrome)

KCNT1
SCN2A, SCNIA

Epilepsy of infancy with migrating focal seizures

PLCB1, QARS, SCN8A, SLC25A22, TBC1D24, SLC12A5

Epilepsy-aphasia spectrum
GRIN2A

Other predominantly myoclonic epilepsies
Onset O-1years: EEF1A2, MEF2C, SCN1A, SLC2A1, SPTAN1, SYNGAP1, TBC1D24
Onset >1year: CHD2, MEF2C, SYNGAP1, UBE3A

Other predominantly focal or multifocal epilepsies

Onset 0-6 months: ARHGEFY, DEPDCS, SCN1A, TBC1D24, PNKP, SLC2A1

Onset 6-12 months: ARHGEF9, DEPDCS, FOXG1 mutations, MBDS, PIGO, SLC13A5
Onset =1year: ARHGEFY, DEPDCS, MBDS, PCDH19, POLG, TNK2, ZEB2

3 months

6 months

lyear 2 years 4 years
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- one gene @315aENIATIULIALUY many syndromes ekl SCN1A §Uhgunesigenadianuynizua
mj'll genetic epilepsy with febrile seizure plus LLGiUNSWEJmﬂﬁmﬂﬁL%WﬁJUﬂzj:aJ developmental and epileptic
encephalopathy (91 Tu Dravet syndrome, epilepsy with myoclonic atonic seizure, epilepsy of infancy

with migrating focal seizures)

. one syndromes @wsatinanauRaunflanatsduiulu epileptic syndrome %fin epilepsy of
infancy with migrating focal seizures FuaunsanuanuRaunilaann KCNT1, SCN2A, SCN8A, SCN1A,
SLC12A5, PLCB1, TBC1D24, QARS 1Judu

msfunndanunsalinsitadeiiadulung genetic AzfivseleviluFoinislisnweinistn wuglae
AMURAUNFAN SCN1A a1adeamdnidesenlungy sodium channel blockers usivnngUaeiiaauinun@ian

SCN2A, SCN8A lsasinazaruaulafanitatneitungy sodium channel blockers

¥
v @ a

Tsalungu SCN1A Mluvaueliunmd SuazAuinguas3ananvazvasliniuaty Ineinslanariuisly

19azLDuAUDY SCN1A DNAIH

+ $avow 80 inuanuRauniandull e1n1svesitaednldiy Dravet syndrome

. Joway 10 Wuﬁﬁ'ﬂwmw}jﬂ’mﬁﬁﬂﬁﬁu genetic epilepsy with febrile seizure plus

. Sovaz 5 Wuﬁﬁﬂwmwgﬂwﬁﬁﬂﬁﬁu epilepsy with myoclonic atonic seizure

. BUnU SCN1A fifldnwaizues early infantile epileptic encephalopathy ﬁﬁﬂwafm%tﬂuﬂﬂmu
6-16 FUniusnuesdinuandeaintuaziidnuae profound delay, non verbal wag non-ambulant 811158
wiEuiiongUszana 8-12 §Unsi wudnwazeinistnldvatssuuuy samvisenadl movement disorder Iéidlo

918 9 §UA9i-20 LAou

Tsalunga SCN2A fionadildidunfuasiin InenslabisvasiBeadinfinegraiiaulaln spectrum

¥ ¥
v A A v Y

vodlsaanduill Avissy benign uagiu severe (Wuiiedfufy SCN1A) Tag SCN2A fidnwazdiiefiasny
Iail

+ 3988¥ 7 unknown pattern

« 3888% 16 intellectual disability, autism, no epilepsy

. Sowaz 15 benign/self-limited neonatal-infantile seizure

. $owaz 36 early onset developmental and epileptic encephalopathy (< 3 months) Fawulglu
Ohtahara syndrome, epilepsy of infancy with migrating focal seizures Dudu

. Foway 26 developmental and epileptic encephalopathy (> 3 months) Fanulaly West

syndrome, Lennox-Gastaut, epilepsy with myoclonic-atonic seizure udu
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lll. Focal epilepsy: is it time for genetic testing laeinenns Prof. Douglas Crompton

L?Nﬁﬂﬂimmﬁa genetic testing Tu focal epilepsy @seninasAnininanseslseluanausiiiiesedng
e Usloviflasiiniuainn1snsaa genetic test auiulusunisesunefivane nsliruinyau genetic
nM54den3nsSnwn nsmanides investisation 7ilaisdu dulunivesdesdaslunisdududi cenetic testing
Tu focal epilepsy ﬁ?u%l,ﬂuiumﬂm (high cost in low yield setting), variants of unknown significance,
mnufAnAnvesiswilunisdsiuiugnssufiiaund uaz mssnwiienalifinsidsunaaiensiunansie
Anensldinandednuaizaes focal epilepsy iddnyuIsUsenns fin1sas genetic test a1afidmeuluniseduie

A lanadl

« FFEVF families 1184 familial focal epilepsy with variable foci %ﬂmﬂﬁgﬂ’mﬁﬂizﬁﬂiaUﬂ%
Fana1s BufienanuanuRaundlddeninufinun@ii chromosome 22q11 way DEPDC5 (GATOR 1 gene i
chromosome 22q12.2-12.3) (Q’ﬂw%ﬁé’ﬂwmz band heterotopia, bottom of sulcus dysplasia, familial
cortical dysplasia type IIA)

« FLE families

« GEFS+ families

« ADEAF families (autosomal dominant epilepsy with auditory features)

[ AN T
o a A

lneagu dmsulusnauszinanisyi genetic testing fia1u mainstream epilepsy practice wavatidl
fleinennslunans iudiyaides genetic testing Asigasuunanuiuduussifuddyangussesfonisds
nIrTuRg iU UNTRIwa s AV e luusaz s FauunitivensitiugiAedosy limitation vaqusiay
M3dansaa uenmionmiufiosiasiunsuinnidensinvesmsdmsraniedendtas g furiavonis
dw913 Hedndfaveenuiudnoudmiudihenetugiaglias fddadnusadufonisdmmanis genetic
test VisoehdluseUszmaiu SguraniessuudssiugunmluunsUssmelinssesiualiinefifniu

winAnwuiudnluiin1san9INN13n59 genetic testing 71 ILAE Ialiruuzinliasudmandlugud 4

Atulun15dIngIa genetic test for epilepsy Tuuszmalnensdssiansunusslesdlunaiggaiuiay

VRTU SIUNINITUNDIAN T8N ARV LU
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Genetic testing algorithm for patients with
unexplained epilepsy

UNINFORMATIVE ¢

(Phenotype appopriate) epilepsy gene panel

UNINFORMATIVE &
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Highlight from International Conference (ll)

Epilepsy Surgery and Cognition

3nens Prof. J. Helen Cross
Presidential Symposium: Complex Issues Beyond Seizure Management

v £
SeuSeday W.0Y.810163 gaER
nusUsEamINgT danvudssamIne,

SAIAYRINTEIUS

- Wielvinsgmindedafinenisnnmssnwimenisidalsraudnludnuasyive)
- ielinsenindsnnuinduveamsdwelaaisuiienssnvilsaaudnaenisiidnlud e nilsnay

Fnastin focal onset Lilelnani1ssnwuaRleygyn

Wnuneva9In1sHIAnSNE lsAaNDn

O

o Whunneusn As Ten1stnmea wie anad
o Wnwned 2 Ao nsshwnsimunsauaityan way Inladsanlnnay

duvantinievuluszezevdaindavse b

Outcome from epilepsy surgery

Seizure outcome Socialisation
Medication load 5:’::::;?:! -
Cognition Family impact
Mental health Behaviour 7
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Long term Seizure outcome from epilepsy surgery De Tsi et al Lancet 2011;378:1388-1395

Tisi JD. wavnnsz lula.a.2011 lAnwmanisinwernstnmasindnssezenlugUae 615 au sluin
wazianuidUleniesas 52 uag 47 Sandliifionntstn 5 U war 10 U ndsniidia anuddiu Turasi short

term seizure free 2 UnAWwIAR anterior temporal lobectomy Usesnaiovaz 70-80

Long term consequence of epilepsy Helmstaedter & Elger Brain 2009;132:2822-2810

Helmstaedter uavamy U A.A.2009 lHANuILUY cross-sectional 1ABfunaszerenivesausly
HUaelspaudn temporal lobe epilepsy 1156 Ay tiguiuauUn# 1000 AU Lﬁamaauaugagmdﬂmawﬁﬂ
temporal lobe fiuasonruduinnitnudisuslamesauewuengifistuluauinfiosidls oo
dlsmautninaronslasuulasanudnnnnitnavesoigiiuias asiunsmvesanud lungulsnandni
anaeee1959n5 wilun1ansadn 91nn1sAnEfikIL Helmstaedter and Elger, 1999 wuiinsiwvesainy

vadlsmaudnuazauunfszsuiuiu lngdnwsesuanuuansaviigy luusagengiUligaziiaudugniinu

Un# ﬁaﬁ?uﬁaaLaﬁaudﬂiﬂam%ﬂhﬂﬁﬁmaﬁamsL‘LJSsmuﬂawamamai’wmumq wiagUINALLANANYDIAY
Slufthelsraudniuaulnd RefignEusureseimsdn Tnsameditudnlutsegiios Tunmsinwil (n3w)
U ﬂuﬂﬂaﬁwﬁﬂﬁLﬁusﬁu%@\‘lﬂﬁL%EJU%LLﬁ%ﬂ’J’]ZJﬁT’]ﬁ]uﬁﬂmq 22-23 Y LLazﬁaaﬂamawé’qmﬂﬁ?u NA991N0Y
25 U nymlsgauanudnvesUlglsaaudnuazaudnfszvuiuiy @nsanaswesaiudilndineaiu) aunengy

] 3

50 U fithenieuaudnd asdanuuansiisanas Welinsginguitieinuas SoguazifiuinnisSouiiayanud
lianasafistuldmiiouauund uiasdiuldgegeluraseny 16-17 U wasdisedusnirauunilutisenyd uas
uansnafusnnfigailonny 21-25 ¥ 91nnansAnwInuIn verbal learning uay memory lailddinegians
duasiladrewinduy wudw@’ﬂwﬁtﬂu temporal lobe epilepsy AMuvATANURAUNRUAY WATAIIUTUKSS
To8n71 WaTNUIIAMULANATITARUTeeTe-197 (left-risht difference : lateralization) Tusnu verbal
learning war memory wulunguisjusazying uilinulunduinuazioys wandiiuinanuiaunfves
verbal memory tag material-specific affection Tu left temporal lobe epilepsy Anluawesii mature ud
wazifle hemispheric specialization auysad wuInludeysn material specificity vostgymanudnlunis
lateralized TLE welU 9193ziuainnisanasues memory resources 114’385 %ﬂﬂﬂﬁaﬂﬁﬂwmam aqﬂmams

NWHKANIAININTINYY verbal learmning wag memory TugUaelsaaudnudin temporal lobe Tuaigmngg

=) S 3

finnswasuuwdas Fuibiesuredvinlsaandnlaladu progressive dementing disease ustIv01g7IFuTn
inanseNuAUNIT maturation vesaNssrdinansznuson sauInuaAtyy Tuszezyagiinanising

= | a WO = e A A Yy o DX aa = & | a A
ANULELIRONTSIAR premature dementia fatuTednTunzfeesnwEUle TLE NilAAEEIALATLLINAT

9111370 eesiunanu negative cognitive development Tusgazena

nnan1sAne wusuuzbiiueuldlalugaduduvedlsaaudn nisaugueInIstnedssInsding
iedasfiunisiauimsandwagnmsvitavanesveiisenetiey
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Outcome following temporal lobe surgery in adults Thompson et al Seizure 2015;29: 41-5

Tun15ANwIv83 Thompson way Aazlul A.A. 2015 $83 cognitive outcome W dAlsAandnly
FUheeegannnin 50 Y $1uu 55 Mewuin Jgpmanudneuidindudeinuinnianlunguiitaefienguiniian
wazdurtusiuszesnaniifulsaandn anuansalunssiteasininlunguilGudulsrandnillenrgannniy
Jymenududamdandanuaniianlunguiionguinnin Inefitdymd verbal memory, naming and
subjective ratings 98135ty N1IWIAA temporal lobe é’wu%’wﬁmmLa"angé’m%’uﬂ@mﬁmmmﬁwLLaz
nsideudamdsingn Japniiu cognitive lallddniusuusnananssnmennistn 1Q wie e1sualvesiiiae
nawin a3 Hanisinwensinudsnnnsindalseandnidlefisuiunguiiensteslndidsaiu uslus
Hyarmdesinu cognitive 1nmsrindalunguigiengigenilasianzlunguiisinda left temporal lobe

v =2

Aidednausuuglinisusediu cognitive outcome aadadudsdnduludatonguaznanisnsianawndn

'
o a

Wudeideahunfiansame n1sanasifiendntosroininusidedidaymiuanounidnudietalinanonis
TH3aUszdTuvesdgeeny waz Sndudesidadotasanisiifn asiinsfnwinavesnisidnlsmaudn

dwsudUrelsrautnngurgeenaifideym cognitive vulnerable group sialy

Intellectual functioning (IQ) in children with TLE Cormack et al Epilepsia 2007;48:201-204

Cormark waz Auglud A.A.2007 ladAnwinanisnaaeuaudnineineundny Uislsaaudnyin
temporal lobe Tuifin 79 518 1lefnw1i1 01gfiEudn szegnatvesnsin vianerdanm wag 1efiindn
finasio 1Q vvelal wui Sevay 57 vesdtheddaymieuaidya (1Q < 79) LLazmqﬁEu%ﬂLﬁuﬁawmmaiﬁa
ﬁqmﬁﬁma&iaaaﬂmmwaq@ﬂw winiFutdnlurasauusniianuiinunfvesadtyaunniian (fevay 82.4)
Mnnsfnsiuandiifiuiieinsdnfusineeiansiingn temporal lobe diAnlugatenytosfiamis
lAnauinundduaityaisinde Jdunsfnvduilifeatueinisdnues temporal lobe iEaluts

dﬁf a ! a a v o a 1 a I 1 1
mqmnw%mamammmﬂﬂmmummmmeasmmmmumuiwm

Neurodevelopment in children undergoing epilepsy surgery

Neurodevelopment in
children undergoing

epilepsy surgery

Van Schooneveld & Braun.

Brain & Development 2013

[Modiﬂed after: van Schooneveld & Braun. Brain & Development (2013) ]
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Wwnanuazinladslasunisiidalsmandniuy re-sective #3e dis-connective 1nagdiRAIUINITAIU
anestAsiianeuvziionn1stn warAnNawIsalunIsHRLIvetataLAnmaIlazgnIafeALRaUN
YospduaNdn Weuanuuana1avesszRuaityy1veiUlenguiliiugUle stable encephalopathy Ngalulad
Tsmaudn waz WinUnfaziiudaaunnniuaiueny (@udsslunm) Weliennstniiadu Wauinisanuaityay
zgad ke lugnseaiuIN1TIenAnesNINTY (FMWVUSILEUELAY) WBRINANTULIIVEIBINITIN
1 catastrophic epilepsy lugUaeiwanil ILAE task force on classification 3sldfimuadiieuves epileptic

2 a A a a a v a ' o v X & A A
encephalopathy fie AgirdulnihavesiiaunfviinaudninasenisimuinistvesiUlsnnmeaiil 81019
ziinnlspandnlaviatevila 3nENn13ve4 epileptic encephalopathy tausuuslinisnganduaudng
RAUNR WU MIWdR 81a9sviliiauinIsmsausmaaaniay Ivanetadefiiinaseoniswauinisauaiyan
vosinlsnantnialunieiilasunisiidn duisnnlsaaudnussanaiesas 25 daAtygyininiiunid (1Q<80)
UadpdrdgyiinuduiidninaseafUgyqlulsraudnliun o1gncudn anmuedlsraudn epileptic encephalo
pathy wazn155ny lnaanizoreiisudniiuladeddydidniienydeseziinnuinunfvesimuinisau
afdyayraunnvu Ingliiduegiv epileptogenic pathology inidnfilennistnunuukasinsusdnsiinamnTs
41n31 wazinla?ll epileptic spasm zauin1stindauiilifiennistnuuuil §Uaeiiilu symptomatic

. IS 4 d‘ I LY ° 1 Y Q‘I Y 1w . d‘d v 09.11

epilepsy fuwiliuiaziiszau 1Q d1ni TuUielasun1ssisin extratemporal resection 91n158NATIMIN
no1gteuniuaziulsaaudnunuiuninneunidnazdsyavanlyarnussifiunewisnainit Tunsfnwives
D’Argenzio Wui1 el Laz @nguadaudn Inaneszavailyginoudidn Inewuin iandsdl 1Q And 1in
731 low-grade tumor 1 1Q Migand1 uenanil Fuuvlaertudnneuidaduiusiuseduaidyyinourisn
Ao 1 1 v o o A aa 1 a P < 1 1w o I~ A a o a

N asundadud Ay gaiiinareai Uy veswthenniourdnlsaaudn fie 9187i5udn neSan1nves
auesilidn sveznarilulsraudn e1n1stnaila epileptic spasm SrurusineAudndld e wazanae
epileptic encephalopathy szvaRlgeaneurisinduiusiunan1ssneuaRtyanainsidn asutadey

AenanLensJudiivuaNadWsu0e postoperative cognitive outcome measures Fsagnaisely

Greater functional recovery after temporal lobe epilepsy surgery in children

Gleissner et al Brain 2005;128:2822-9

Gleissner wagatdg TuUA.A.2005 laAnw nan155nwlsaaudn temporal lobe A8NISHIAR M UATU
Anus1veUaein 30 518 weududlug 30 518 9 3 waz 12 iWoundwindn nuinlungudUaeiinidn
temporal lobe é’m%’wﬁguﬁml,awﬂmy 7i 3 Feundwmndinfinisanasves verbal learning capacity uAndsIn
Anmsieluauasy 12 iou ifissnguiinfianunsaitundulfaudsszdureuinda Tuvaeiidlvgd 1 Induwidn
Fapefiszduarnusfiiaunfiuinnineusidn d1wsun1sHse temporal lobe AuvIKlnegy visual memory
udadluszey 1 Indandn luvneiinaziinnusiitu Tudndsinadu attention saviswusluiinanisven
FnfinI1 (Engel outcome | : 1 UNAINIFR 63% vs 80% flney vs 10n) MnWanIsAnwIkandiiuInand

plasticity wae compensational capacity Ainddlueg) Sswuziilinisfiarsardaiiesnuilsrandnliisatu
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Long term memory outcome from temporal lobe resection in children

Skirrow et al. Neurology 2011;76:1330-1337

Skirrow wazang Tula.a. 2011 laAnwinani1ssnuisserevelsraudnuiln temporal lobe ANy
aaﬂiymwawﬁﬂ’wLﬁﬂﬁiﬁ%’umimé’m 42 518 famudusvevnanade 9 U Im&ﬁauﬁ’umjuﬁiﬂé’mﬁm 11 570
s famunanisinuiosay 86 Tesnguindaneatn uazdesar 57 anunsavgaedudn Sn1iuiuves I
ogfiteddylunguindavdinnuensnainisianuedisies 59 maUdsuulames 1IQ Anaulinulungy

laidaiae 1Q Mindudsduiusiunmeaeiudnuasnsuaeuiuas MRI-derived gray matter volume 6138

1 ¥
a A

wanINTlungurfndessnunanuInlawardind SINANAMATIANATY Feduiusiu seizure freedom

DYNTALIU

Temporal lobe surgery in childhood and neuroanatomical predictors of long-term declarative

memory outcome Skirrow et al Brain 2015;138:80-93

Skirrow wag Anzluda.a. 2015 ladnwnidadeimensalnassezenlusurnudivesUisnnlsaaudn
wiin temporal lobe MASUNSHIFATIWIU 42 578 Ta8N1SUTHRUNANITNAGDUTEAUANTIAUUINIUNIS
N8N (anatomical integrity) U89 temporal lobe memory system “Uaﬂ;}:ﬂ’sﬁl 5’1&5&%%%@3&6%&@%@ laun
(1) visual and verbal memory in relation to side of surgery; (2) episodic memory outcome with post-
surgical mesial temporal and hippocampal integrity; and (3) semantic memory outcome with anterior
ventral and lateral temporal integrity. uazitAT1z9UINIATVBS hippocampal resection 91A T1 W MRI
noulaznaIlIAnNoUTELU temporal lobe integrity WadH1An Wag AT language lateralization 31A
Functional MRl #an1sfinwinuinlifinisanasvesanuinnasiidaiisuiunewindn Tunimssiulungud
HARR right temporal lobe nduiinMudNIU verbal ATY war NAUNHIAA left temporal lobe # visual
episodic memory ATu uansfisauas temporal lobe duitlilandnvinuATurasaneatnusednanas
msdvunUasuesnnud luladuiusAuneInIATe@NaIdUs WANUIN verbal memory ATUFLTUSUUIIIM

0 dl I ! Y I ) % 0 d'ddy L LY 1w

989 hippocampus Mtaave IugJJU’JEJ left side surgery @1%13U semantic memory NATUFNNUTAUNITHING
& a v ' = " . A ! v a1 w v

WeanssoanlulTunutsunImazil temporal pole integrity maamﬂmﬂugﬂawmm temporal lobe AU
F1e Faladuiusiusedu IQ way language lateralization MaIHAR @3UNANISANYILAAITN SEAUAIINIIVDY
v Ql'ddg” VU v Y v A 1 v 1w [l < [ A a (% .

HUnenRTuduiuSiuanes temporal lobe muiiRegvasdn agalsiniuinuinlamnudeulesiu anatomical
integrity Y84 temporal lobe memory system wanalifLinIn compensatory mechanism TunuusunaLile
\eodsdaundongludnuiindniie Auiunisiidnlsnaudn temporal Tuinalsazeanuuumuanumzvedlsa

WinlnaeUsunailoauasdeiinasan1siuAINNINaINIFn UL eZe1 IR LU
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Longitudinal data

Cross-sectional data at follow-up
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25 e

—Story Recall

—Nisual Memory
x £

Interaction Side x Task: F=23.7, p<0.0001
combined immedate & delayed recal

independent of FSXQ charge
No change in controls (n=10)

- No change in memory subserved
by operated side
- lmprovement in memory

L]
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subserved by un-operated side

Visual

Story

Skirrow et al Brain
2015;138:80-93
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Development of memory in temporal lobe epilepsy surgery candidates

Skirrow, et al. BRAIN 2015: 138; 80-93

Helmstaedter & Elger (2009): Memory development in temporal lobe epilepsy

h i — —
/
-
Lo -~ Release of memory function
S -~ gl after seizure reduction
g o & M P
‘g Ae.,eW - i Post-surgical verbal memory
g “o(‘“a\ - Visual memory no surgery development linked to
§ - ~ L integrity of left temporal lobe
. " Verbal memory no surgery memory structures
‘. — Verbal memory after surgery
\
1
1 Time
! -
1 1 1
Surgery 1yr 9yrs

Post-surgical period

Gleissner et al. (2005): Post-surgicol decline resolving after 1 year

INANESUIEINMIEANUTIUABLLUaINBULaL AN SRR lsAaNtnYin left temporal lobe Tuidn
Dunsnunudeyavesnisfinusineg ikuniiessuisnsimunisiuanudivesdnisraudnuia temporal

lobe Augne

Tuiin?idu temporal lobe epilepsy MlFFuNSHIFA WUT1 memory outcome duiusiulassadieves
auaqﬁﬁagjmmdﬁmim?iwLLﬂaﬂmmﬂé’qmimé’@ wansliiiudle compensation Way recovery processes 1u
nsituslusserenvesanoninuarfoiu deuandrsinglug@atiuin memory loss ndskFadusiusiy
volumetric brain change (Baxendale et al., 2000; Graydon et al., 2001) Lﬁaamﬂﬂ’]iﬁﬂmumaqauaaé”m
nwsinazgliaey lateralized Tunsel early-onset focal epilepsy 1ws1zazd developmental plasticity uag
compensatory process luiinfidulsaaudn Ssdauyfgruidemauaionsaziinaviliian bilaterality of
memory function Tuidinuinnanglngy %aaﬁuauummmiﬁﬂwmaa Helmstaedter and Elger, 2009 way
Cormack et al., 2013 wuaverbal memory deficit Iuéimﬁy:%dwuiuiiﬂau%ﬂ temporal lobe 9191811127

v 1 1 @ [
YWV LLWI&JWUIULﬂﬂLﬁﬂ

NNTANYINUIINAUINTATUANUTIRTULUELDS temporal lobe muntlilanadin Fuansten1suan
UaounsnaIuInN1geee cognitive function 91nn138n Tun1snenil declarative memory outcome AgdNNUG

AUUSINUURLLoENDITILIERURY temporal lobe AUNHIARAIY A9lLanIIDILILTNTHUAIVDIAINLTINAS

' ]
A =

rsntugein winvuiulleenfedlu hippocampus wag temporal neocortex TusnuinifingIe wanddn

[
[

g A da ° | Ao =g o A o 1y 1% ° o 1w
Lu@LU@V]Laﬂﬂ’]ﬂiumqLL'VTUQ‘V]?{']QiU'UlINaﬂUﬂ’]iwumjsﬂ@qﬂ’]i‘WGl]u’]ﬂ']i@’]u@')r]ll"i]’]waqN’]C‘]@Iu53858q3
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Impact on tailored resection in adults Helmstaedter Epileptic Disord 2013;15:221-239

Preoperative impairments? Postoperative changes (1 year)®

Domain n L TLE (%) R TLE (%) n L TLE (%) R TLE (%)

impairment=x<m-1.5 SD v () v t
Verbal memory 732 69 46%** 732 40 14%** 27 29
Figural memory 716 49 59x* 707 31 27 28 23
Attention 717 21 29* 709 " 3645 1k 40***
Language 653 39 32 613 21 27 14 LY
Motor function 717 30 40 449 16 e bida 16 J7EEY
Visuo-construction 602 19 21 554 10 352 13 S
Vocabulary - 1Q 591 8 11
Atypical language 320 41 2
dominance (IAT)

3y? (note that the table displays % but that statistics were calculated for patient numbers).

bWilcoxon Signed Ranks Test.

IAT: Intracarotid Amobarbital Test; L TLE: left temporal lobe epilepsy; R TLE: right temporal lobe epilepsy.
*p<0.05; **p<0.01;***p<0.00; downward arrow=significant loss (p<0.1); upward arrow=significant gain (p<0.1).

mﬂms'mLLamﬁqmsL‘U?{EmLLanaqszﬁuaﬁﬂmmmé’qmﬂmﬁmslu;:{ﬂ’saiiﬂam%’ﬂ temporal lobe 732
5787 Bonn UA.A1989-2007 Helmstaedter et al.,, 2007 wuihdeuas 78 vouUaedilaym cognitive ladnazidy
verbal, figural memory %38 attention/executive functions NauN16n 1fl09371nn15 localisation a0 epilepto-
genic vosaNasfiduiusTunsTUILNITANR v cognitive ﬁwuﬂaaﬁqmaa temporal lobe epilepsy A9
verbal wag figural memory aumetlyinIun1el attention wag motor and visuo-constructive functions.
PINNSENETRLIN WU lateralisation-dependent U89 verbal memory impairment &g atypical language
dominance §UWUsAU left sided TLE wag Jeywnwes figural memory and attention wulu right-sided TLE
uana N lateralization UadBiFos egfiGutn (Franarfiaussdeiinisiam) viinvemensanin (neoplastic
vs developmental) Hadeiluvesiiiae 1wy 18 e waz nMsAnw wag aavine endudniliuazaniizeinis

v [y .

Fnilnariu cognitive capabilities YosRUisusazsne ndnEen 1 U Sevar 65 veutheliiienisdn wui

a a Ao AaX Y £ a a o a o
finswWaguuasndaruiatulusu extratemporal non-memory functions #n15geyidennudindaianly
HU2e temporal lobe epilepsy Auteunnitnued ludUleindulsnautn temporal lobe fiugeveil

auAnUNAiuN T Turae Mg Miluinuenfiuw i un T RTUMAINGR
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Verbal memory and surgical approaches in left temporal lobe surgery

Preoperative Pre/postoperative
Correct words
)
14 S
12 o ._,/\\
10 ﬁ,{:‘
8 A [ _’_‘4/
6 Memory
4 nory
2
0
1 2 3 1 5 d 6 7 rcf -
Trials # \x/!".“':-""*
- Learning Mefmory
— Controls N = 40
2/3 ATL resection
R KA
Lateral lesionectomy —— " / s -\’\
-___V_./
Postoperative Learning Mefnory

PMNANLERININTIUTBUTIBUNANITS N ElIAaUtnAIEN1SHIsinTila temporo-mesial wag temporo-
lateral Tuau verbal learning Wag memory Iuéﬂwﬁﬂhﬁmﬁ?ﬁ% cortical lesionectomy @dliAeniu mesial
structures ey I%T‘t'J?EJ arnmons horn sclerosis Bwndngeds selective amygdalo-hippocampectomy (SAH)
$58 anterior temporal lobectomy Helmstaedter et al., 1996; Helmstaedter et al.,1997 INNANISANYI
wuin lunguiliu left TLE fihevnsieazidamenu verbal memory Aauridn usndsindinaziitama
Sunnsstulundazngy wuilunguiindiauu lesionectomy awilmnugapdetiosiign SAH aziinasionin
15882817 Y99 verbal learning wag memory el ATL 9edinaiu short-term waw working memory U89
verbal learning wag memory 21618 LazannNsAnEIRau T 2003 ®8I1NAAMINAITSAYINT 2-10 U WU
éfdlrnuiaundigudy uandiiufaainafsssuadluging ammons horn sclerosis kA anterior

temporal lobectomy (Helmstaedter et al., 2003).

msenanlsaandnluifnueaniuiiaan temporal lobe surgery Harvey et al., Epilepsia 2008;49:146-155

wuuenuilean temporal lobe surgery Asinunsidnnnuliuesigaluinudatiu frontal lobe
. 2 I v Ao 1 @) o o W I ) | 1
surgery, VNS uag hemispherectomy Aiuniseisinniviuesiduannuiinu druaimvnvedlsraudnuudiulg

< . . [l A & [~ o o W
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Beyond temporal lobe surgery
The spectrum of paediatric epilepsy surgery

Hemicphersotomy —— | % Cortical Dysplasia I 42 4%
Murilodar Tumor I
Fronts! IEE—— 7% Atrophy/Stroke
Parietsl mmm Gliosis/N —
e Tuberous Sclerosis Il
Hypothalamic i

Slesirodes Oty S Hypo. Hamartomalill
Multiple Subpial Trane ) Sturge-Weber Il
Vagal Nerve Stim. I— 1 6% Rasmussen Syndromelill

Corpue Callocotomy M Vascular ll :

0 20 4 & 3 10 120 140 0 10 20 » @ 0
Number of Cases Percent

Harvey et al, Epliepcia 2008;49:148-166

Long-term outcome of hemispheric surgery at different ages in 61 epilepsy patients

Althausen A JNNP 2013;84:529-536

Althausen A waganiy Ia.m.2013 IfAnwinanissnulsaandnluguaofilddunissinda hemispheric
neurosurgery Tua1 medical cognitive-behavioural wag psychosocial long-term outcome (RAR1UNT
$nw1 1.1-19.4 U 108 9.4 1) Tnsuvstherlu 3 ngumuengilésumsiida Ae ey teendn 79 7-16 U uas
> 16 U 9nnsinaufesay 74 vesithengatn uaziesay 79 veuthe swAUIQ AeurdamniAaABLA
dulvgndsihdaazsiniutuieusindn nauilldaiiigaanmsindaluduinwenisindediheiindaroe
o1wtien ($oway 90 ngadn) Fuaeiinidaenguiniu (LATE SURGERY) axdiadtlyqeusazndarindnganit
wasdinmedndirudnit ainmeseinuisssuaityateuidmdutiadeneinsaifindmiussauaitoyan
wdarndn sedvaitlyasneunifn way quw%’nué’amﬁmzwmﬂifﬂisé’uaﬁﬂzgzgﬁﬁﬁﬁwﬁqmmh&fm
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Intelligence Quotient Improves After Antiepileptic Drug Withdrawal Following Pediatric Epilepsy
Surgery Boshuisen et al Ann Neurol 2015;78:104-114
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Boshuisen kaz Aang Tula.A.2015 Ta@Enuw 1Q scores noukaznastidnlspaudnlulfin 911U 301
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EEG Quiz

BLAULN.ETA 52550
AMAIYINUITRVAEAT A3I1TNEIUA

A 16-day-old full term infant had frequent episodes of jerking and brief body stiffening. An

overnight video-EEG monitoring was performed as shown in Figure 1- 4.
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Figure 1: tracing during wakefulness
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Figure 2: tracing during sleep
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Figure 3: tracing during jerking
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Figure 4: tracing during body stiffening

©)

Question: What is the most likely diagnosis?

1. Ohtahara syndrome
2. Early myoclonic encephalopathy

3. Severe myoclonic epilepsy in infancy

4. Epilepsy of infancy with migrating focal seizures
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Answer 98 2. Early myoclonic encephalopathy

msniflennsinlutag 1 iweuusnesdin sauiull EEG fllanweauwidu suppression-burst (SB) pattern
Felldnwad bursts of high voltage activity with multifocal spikes 1-3 Ju19 @duAuy99il background
suppression ¥1u 3-5 37 Aauanslu Figure 2 lsaninulavsefignazied 2 1sa laun Ohtahara syndrome

(early infantile epileptic encephalopathy; EIEE) wag early myoclonic encephalopathy (EME)

Snwawues EEG ludedsaiazunndnsiudnidos Tng EME shavwu SB pattern owizluvasndu uas
fivefl suppression AoutswIUNT EIEE wagliny SB pattern Tuvaueiu uanshu Fisure 1 (continuous mixed
frequency activity with multifocal sharp waves) d1%3U Ohtahara syndrome %39 EIEE the ¥NU SB pattern
Igisluvasndunasiu

9 MsTvanluYINUes EME Al myoclonic seizure wanslu Figure 3 fianwaue diffuse high voltage
polyspike-wave @auluszyzaauo1anueIn1sTnLUUdUlALU tonic spasm Aalandlu Figure 4 ddnwuy
desynchronization with low voltage fast activity and evolving pattern @43y EIEE dupinisinudnlugig

WSNA® tonic spasms

Uy EME 1nLAN1A metabolic WU nonketotic hyperglycinemia (NKH), organic acidemia, #3©
pyridoxine dependency \Uufu d@u EIEE mm&lﬁwuﬁmﬁmmﬂ structural brain lesion 1@u focal cortical

dysplasia %38 hemimegalencephaly Dudu

Tuthgiusinsnymaiusnssufiuanndu EME enansranuauiiaUn@ives ErbBa gene 1 Tuvnid
EIEE WuANuRAUNRT84 gene tananguiladu syntaxin binding protein-1 (STXBP-1), Aristaless-related
homeobox (ARX), SLC25A22 gene @ tudu
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differences in regional cerebral blood flow |
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APPENDIX

1. EEG rating scale to predict brain injury and outcomes in neonates with hypoxic is:.'chemic

encephalopathy undergoing therapeutic hypothermia lng Natrujee Wiwattanadittakul wazauy 370

George Washington University i Department of Pediatrics, Chiang Mai University, Thailand

EEG rating scale to predict brain injury and outcomes in neonates with hypoxic ischemic encephalopathy undergoing therapeutic hypothermia

Natruj iwattanaditt

1ang, MD3, Tammy N. Tsuchida, MD, PhD*

Background

Hypouxic ischemic encephalopathy (HIE) is a
: af tong tarm disabilities in
Early recognition of sutcome can help in family and
medical decision making, Prior studies have classified
EEG inte good or bad prognostic patterns but the
graded relationship between EEG i
classified by ACNS terminalogy and brain injury has
not been studied.

Te examine if there is a graded relationship
| between ACNS EEG background rating terminology and
MRI pattern of infury in term neonates with HIE

Method

Between 2009-2016, 85 newborns underwent
therapeutic hypothermia at cur tertiary level IV
neanatal ICU. EEG backgraund was blindly scored at
onset of EEG recording (10, 12 hours of life (HOL)
{T12), 24 HOL (T24), and 60 HOL (T60) by authors (NW
£ TNT). The EEG background was categorized into six
patterns using ACNS neonatal EEG terminalogy: 1
Continuows with or without state change, 2-
Drscontinuous normal for age with or without state
change, 3-Excessively discontinucus with state change,
A- Excessivily discontinuous without state change, 5-
Low valtage suppression or burst suppression or
inactive, 6-5tatus epdepticus. EEG background
cantinuity/amplitude was rated in the first hour of
wach time paint. State changes waore ratad for the first
three hours after each time point. Brain MBI were
Wlindly scored using the Barkovich system (Barkovich
et al, AINR 1998) for basal ganglia (BG, 0-4 seale),
watarshed (WS, 0.5 seale) or combined BG/WS injury
(04 teale) (GV). Bivariate analytet with Paarson chi
SQUATe tests were used to evaluate the relationship
between MR rating and EEG score. Analyses were
parformed using SPSS Statistics v13 for Windows (IBM
analytics, Armonk, New Yaork, LSA)
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Figura 1: EEG background and BG MRI Injury pattern at T0, T12, T24 and TG0
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Figure 2: EEG background and WS MR injury pattern at T0, T12, T24 and T60

MRI scoring system; basal ganglia (BG)

0= Normal or isolated focal cortical infaret

1= Abnormal signal in thalamus

2= Abnormal signel in thalamus and lentiform nucdeus

3 = Abnormal signal in thalamus, lentiform nucleus, and perirolandic cortex
4 = More extensive involvernent

MRI scoring system; watershed (WS)
0 = Normal
1 = Single focal infarction
2 = Abnormal signal in anterior or posterior watershed white matter
3 = Abmormal signal in anterior or posterior watershed cortex and white matter
4 = Abnormal signal in both anterior and posterior watershed zones
5 = More extensive cortical invohvement

MRI scoring system; basal ganglia/watershed (BG/WS)

0= Normal

1 = Abaormal signal in basal ganglia or thalamus

2 = Abnormal gignal in cartex

3 signal in cortex and basal nucled (basal ganglia or thalami)

o
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Table 1: Demographic data in MRIBG score Table 2 : Demographic data in MRI BGWS score
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4 = Abnormal signal in entire cortex and basal nucled

©F 85 neanates, 11 died prior 1o abtaining brain MRI, Average gestational age
wat 386 (range 34-23) weeks, 43(58%) were male, and mean birth weight was
3.2410.64 kg. 48 [65%) were born by Cesarean section with mean Initial pH of .95+«
0.1, base deficit 1867 + 4.91. Median Apgar score a1 5 and 10 minutes of life was 4
[range 0-9) and § {range 09}, respectively. EEG recording began at a median 116 hours
of life (HOL; range 4-21). There were 44 recordings at T0, 30 at T12, and 73 recordings
ot T24 and T60, EEG background at TO and T24 predicted MRI injury pattern based on
the BG (p=0.039 and p= 0,001, fespéctively) ard the combened BGWS Barkovich scores.

(£=0.006 and peD.00L. respectivelyl, Az T50, EEG background only predicted BG injury
[p=0.004).

Conclusions

ACNS eategorization of EEG background at 24 HOL shewed carredation
with degree of M| injury in th t
Further study is needed to d
outcome in this population.

if this scale predi I I
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2. Age-related Clinical Onset with Volume of Brain Imaging in Focal Cortical Dysplasia and

Hemimegalencephalyof Intractable Childhood Epilepsy 1ag Sirorat Suwannachote Wagauy 911 George

Washington University Wag Department of Pediatric of Queen Sirikit National Institute of Child Health,
Thailand

THE GEORGE
WASHINGTON
UNIVERSITY

WASHINGTON, DC

of Intractable Childhood Epilepsy

Age-related Clinical Onset with Volume of Brain Imaging in Focal Cortical Dysplasia and Hemimegalencephaly

Sirorat Suwannachote, MDY %, Natrujee Wiwattanadittakul, MD? 3, Xiaozhen You, PhDZ, Tammy N Tsuchida, MD, PhD?, Dewi-Depositario Cabacar, MD?, Tesfaye Zelleke, MD?2, John Schreiber, MD?, Joan A
Conry, MD2, Amy Kao, MDZ, Thuy-Anh Vu, MD?2 Luca Bartolini, MDZ2, Chima Oluigho, MD?, Katie Havens2, Emanuel Boutzoukas?, Matthew Whitehead, MD?, William Davis Gaillard, MD?
Division of Child Neurology, Children’s National Medical Center, George Washington University, Washington DC, USA!, Department of Pediatric, Queen Sirikit National Institute of Child Health? and Rangsit University, Bangkok, Thailand?

RATIONALE

Focal cortical dysplasia (FCD) and
hemimegalencephaly (HMEG) are
malformations of cortical development
(MCD) and are important causes of
intractable childhood epilepsy.

We aimed to determine the association
of clinical features, lesion volumes , and
location to seizure onset age among
FCD and HMEG children wheo
underwent epilepsy surgery.

METHODS

Retrospective study of patients with
cortical malformation (CM) including
FCD and HMEG through the pediatric
epilepsy surgery program database at
Children’s National Medical Center
between January 1, 2009 — December
31, 2016.

We reviewed charts for clinical data,
therapeutic interventions, MRI, for both
FCD and HMEG groups. All patients
underwent resective surgery and were
confirmed by histopathology. MCD
volumes determined by an ROI
approach from 1.5T and 3T MRI T2 and
SPGR images; in addition to estimated
volume of the lesion, lesion location
identified from the ROl center of mass
was co-registered in common space.
The data were analyzed by descriptive
statistics, Mann-Whitney U-test, and
Fisher’s exact test, as appropriate.

»  Sixty-two patients were identified: 55 with FCD (29 males) and 7
with HMIEG (6 males). Median age of seizure onset was 18.96
months (range 0.02 months to 16.0 years) in the FCD group and

median age of seizure onset was 0.24 months (range 0.04 to

4.92 months) in HMEG group (p = 0.0005).
* Median age of surgery was 7.84 years in FCD group (range 2.89

months to 24.45 years) versus 5.92 months in HMEG group

(range 4.0 to 56.0 months).

» CMin FCD was located frontal 21 (38.18%), temporal 15

(27.27%), parietal 10 (18.18%), and occipital 3 (5.45%) or was
multilobar 6 (10.91%) while HMEG involves approximately 60-

80% of the hemisphere assessed.

» In the FCD group, 45.5% occurred in the left hemisphere

whereas 85.7% in HMEG occurred in the left side.

7 (6 males; 85.71%)

Sex (n) 55 (29 males; 52.72%)
Aol ony 18.96m (0.02m - 16y)
Age of seizure distribution n=55 %
<ly 24 43.63
1-<3y 11 204
3-<5y 9 16.7
25y 10 185
.:ng: d?::';;‘;;‘" 7.84y (2.89m - 24.45y)
Side of lesion (left) 25 45.45%
Volume of actual FCD lesion (cm?)
Median 11.25
Range 0.87-342.49
Large size (250 cm?) 8 14.54%

Table 1. Comparison of characteristics between FCD and HMEG. Statistical significance, p <0.05

0.24 m (0.04m - 4.92m)

n

o o o~

5.92 m (4.0m - 4.67y)

6

7

7 %
100

0

0

0

85.7%

395.16
227.66-722.29
100%

0.0005

0.0005

0.0065
0.192
0.247
0218

<0.0001

0.045

<0.0001

<0.0001
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Figure 2: Size of FCD among each age group

Figure 1: There was negative correlation (-0.30) between age of seizure onset and size of
lesion (p=0.018), The red circle demonsirated HMEG group.

Larger lesions were associated with earlier age of seizure
onset. There was significant correlation between age of
seizure onset and location.. (Figure 1 & 2)

In the FCD group with age of seizure onset <1 year there
was a trend for onset from the frontal area, whereas the
temporal lobe was the most prevalent focus in the patients
with age of onset of seizures >5 years (Picture 2). Median
volume of CNS lesions differed between groups: 11.25
cm3 (range: 0.87 to 342.49 cm3) in FCD and 395.16 cm3
(range 227.66 to 722.29 cm3) in HMEG group (p<0.0001).

3-5yrs

<lyrs

1-3yrs

Picture 2: This map demonstrated the common locations of FCD among each age group
(the overlay color revealed >20% of all patient)
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CONCLUSIONS

HMEG is more predominant in males
and in the left hemisphere. HMEG is
associated with earlier onset of seizures
and younger age of surgery.

FCD seizure onset before one year old
is more likely to arise from a frontal
location, while seizure onset after age 5,
occurs more often in the temporal
regions —observations that may reflect
brain maturation or regional differences
in clinical symptoms with seizures.

REFERENCES

Blumcke I. Thom M, Aronica E, Armstrong DD,
Vinters HV, Palmini A, et al. The clinicopathologic
spectrum of focal cortical dysplasias: a consensus
classification proposed by an ad hoc Task Force of the
ILAE Diagnostic Methods Commission. Epilepsia.
2011;52(1):158-74.

Ahmed B, Brodley CE, Blackmon KE, Kuzniecky R,
Barash G. Carlson C, et al. Cortical feature analysis
and machine learning improves detection of "MRI-
negative" focal cortical dysplasia. Epilepsy &
behavior : E&B. 2015:48:21-8.

Woo CL. Chuang SH. Becker LE. Jay V. Otsubo H.
Rutka JT, et al. Radiologic-pathologic correlation in
focal cortical dysplasia and hemi lencephaly in
18 children. Pediatric neurology. 2001:25(4):295-303.
Besson P, Andermann F, Dubeau F, Bernasconi A.
Small focal cortical dysplasia lesions arc located at
the bottom of a deep sulcus. Brain : a journal of
neurology. 2008; 13 1(Pt 12):3246-55.

CONTACT

Email: sirorat.s199@gmail.com




3. Hyperperfusion in arterial spin labeling magnetic resonance imaging and seizure foci in
neonates with seizures lag Rapeepat Thewamit Laganlz 310 George Washington University wag

Department of Pediatrics, Prince of Songkla University, Thailand

HYPERPERFUSION IN ARTERIAL SPIN LABELING MAGNETIC RESONANCE IMAGING AND

N SEIZURE FOCI IN NEONATES WITH SEIZURES

Child rents 1Department of Neurology, Children’s National Medical Center, Washington, D.C., >
.

&

i
R Thewamit!3, T Chang!, MT Whitehead?, WD Gaillard?, TN Tsuchida® Q}%

2 “Department of Radiology, Children’s National Medical Center, Washington, D.C.,
Natlonal 3pepartment of Pediatrics, Faculty of Medicine, Prince of Songkla University, Thailand

Rationale |10?with CEEG seizures and MRI a5l.|

, o
“ry g W

Conclusions

Arterial spin labeling (ASL) magnetic - ASL MRI often demonstrate
resonance imaging (MRI) can demonstrate | g ? increased cerebral blood flow in
differences in regional cerebral blood flow 60 with 9 with 38 with g s newborns with seizures.
(CBF). Similar to ictal SPECT, MRI ASL has increased CAF ‘ decreased CBF normal CBF ‘ L .
identified seizure foci in case series of @ - II ¢ s 4 There can be concordance
adults and children with epilepsy. o | |:| |_“ -. between the regional increased
It is unknown whether regional increases in £2 55 8338 2 ¢ |CBF in ASL MRI and the EEG
CBF on MRI ASL correlate with seizure 5 £8E8E 3 g location of seizure onset in
location in newborns. 29 with 4 with §s 2 £ 5 = newborns
concordance concordance =g ‘B & z

| 58 =5 = = =

n || e
g~ Further study is needed to

All newborns presenting with EEG-confirmed
seizures between January 2013 and March | Fig. 1 Flow chart newborns with seizures Fig. 2 Newborns with cEEG seizures distribution by etiology
2017 to our tertiary care Level IV neonatal ICU |
were examined. Continuous EEG (cEEG) and
brain MRI using a 3T magnet to acquire ASL
images by pseudocontinuous ASL (pcASL) with | [No T CeF
segmented 3D fast spin-echo (FSE) readout
was performed as part of routine clinical
evaluation of newborns with seizures by our 1+ CBF
MNeonatal Neurocritical Care Service.

evaluate confounding factors that
can cause increased cerebral blood
flow such as underlying pathology,
time interval between last seizure
and MRI ASL, and seizure burden.
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Long-Term Seizure Control in Epileptic Patients with Obstructive Sleep Apnea using Positive Airway Pressure Therapy
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Introduction

* Sleep disturbances are more commen in people with epilepsy (PWE) vs. age-matched
contrals (Van Geld EG, 2011).

= Obstructive sleep apnea (0SA) affects >40% of PWE (Lin Z, 2016).

« Treatment of OSA with Positive Airway Pressure (PAP) therapy reduced seizures in small
series with limited follow-up duration (Pornsriniyom D, 2014).

Objectives

To compare change in seizure frequency between adults with epilepsy and OSA treated
with PAF, untreated OSA and without OSA at one year and last follow-up.

* Retrospective study of adults with epilepsy who underwent polysomnography (PSG)
between 1997-2015.

« Collected demographics, epilepsy characteristics, PSG data and PAP adherence
(subjective- Cleveland Clinic Knowledge Program; =4 hr per night =5 night per week;
objective- device downloads when available; =4 hr per night =70% of nights).

« Classified patients as 1) OSA (apnea-hypopnea [AHI] =5) on PAP therapy, 2) OSA
without treatment, and 3) no OSA.

» Seizure outcomes: 1) responder rate (% with =50% reduction) if not seizure free over
6-mo baseline, and 2) successful outcome (seizure free at both baseline and follow-up or
=50% reduction if not seizure free over 6-mo baseline).

+ Groups compared using Chi-square tests, ANOVA models, Kruskal Wallis tests. Logistic
2 used to evaluat at 1 year and last follow-up. Analyses performed
using SAS software (V9.4;Cary, NC).

Thapanee Somboon®®, Noah

‘Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH, USA

+ 197 patients (age 43.9x14.8 y, BMI 318 kg/m?, 58% female, 70% focal epilepsy, 54%
seizure free at baseline} were included.
122 (62%) with OSA and 73 (60%) treated with PAP therapy.
50 (72.5%) patients with subjective adherence data and 12 (50%) with objective adherence
data were adherent.
Mean follow up 5.4+4 y.

» Anti-epileptic drug (AED) levels not different between groups.

Sample Characteristics
Treated OSA Untreated OSA No OSA
( 3) (N=49) (N=75)
37.7(14.5)1 <0.001*
27.5(6.9)'# =0.001*
58(77.3) <0.001¢
48(64.0) 0.26°
36(48.0) 0.40¢
1.711.00,3.2] 1.4[0.92,2.5] 0.84%
11.9(8.6,18.5]** 0.9500.30,1.91'*  <0.001°
87.0(84.0,900° 91.0(88.0,93.0'! <0.001*
18(39.1) 23(32.4) 0.68°
0.50[0.00,3.4)° 0.00{0.00,0.401'¢ <0.001*

47.9(13.5)

31.1(6.8)
25(51.0)
34(69.4)
27(55.1)

Age 47.6(13.8¢°
BMI 34.6(8.15°
Female 32(43.8)
Focal 52(712)
Seizure free 43(58.9)
STD dose 1.4(1.00,2.71
AHI 19.9(12.8,35.5)%*
$p0, nadir 85.0[80.0,89.01*
ESS = 10 28(38.4)
TST<90% 1.4(0.10,9.4)°

Staistes poesentnd 35 Masn (5], Mion (P25, PTSL o N fogiusmn %)
Pasti b . v e

Predictors of Successful Outcome at 1 year
Effect 0Odds Ratio Lower Upper P

Treated OSA vs No OSA 3.66 1.39 9.63 0.009
Untreated OSA vs NO OSA 0.38 0.14 1.06 0.064
Treated OSA vs Untreated OSA 9.58 3.05 30.2 <0.001
Baseline Seizure Free 20.88 7.76 56.23 <0.001
Baseline STD Dose 0.74 0.55 0.99 0.041
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Seizure Outcomes at 1 year Seizure Outcomes at 1, 3 and 5 years
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* Patients with OSA were older, had higher BMI and more likely to be male than those
without OSA,

= At 1 year, PAP treated OSA had better seizure outcomes than untreated OSA adjusting
for AED standardized dose and seizure frequency, measures of disease burden.

« Seizure outcomes at follow-up periods beyond 1 year were not different, however sample
sizes were small.

Conclusion

« This largest-to-date series found better 1-y seizure outcomes in PWE with OSA treated
with PAP vs. untreated OSA and no OSA groups.

« This research provides further support for the beneficial role of sleep disorder therapies
on seizure control in PWE.
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Introduction

- Increasing awareness about nonconvulsive seizure requires continuous EEG (¢cEEG).

- EEG interpretation requires a highly-specialized skill as well as this is a labor and time-intensive process.

- Continuous EEG screening using qEEG trend guide by neurological residents and technicians who expectedly lack
extensive EEG training and experience, has shorter review times with minimal loss of sensitivity for seizure detection
when compared with visual analysis of raw EEG.

Objectives
= In this study, we aimed to investigate the diagnostic utility of these methods by neurology residents and technicians
for electrographic identification in the critical care adult.

Methods

- Two neurology residents (who had formal EEG training before the study) and two EEG technician that assessed
the gEEG. None of them had previous experience ¢EEG training.

- All participants were in group training sessions for 2 hours. The training material contained theoretical knowledge
and samples of EEG trends.

- Thirty-four patients were collected retrospectively from ICU underwent transformation into qEEG trend.
Four qEEG panels (6 hours each) for each patient were included to study.

- EEG trends consisted of the amplitude intergrade EEG, density spectral array, asymmetry index and rhythmic
spectrogram.

- Epileptologist reviewed raw EEGs to identify seizures to serve as the gold standard. Two neurology residents and
two technicians reviewed raw EEG and qEEG simultancously and marked seizure timing.

- We evaluated sensitivity for seizure detection, false-positive rates for seizure detection and median review time
compared conventional review by epileptologist.

detection

Neurology Unit, Department of Medicine, leltyofmnc. Prineeol’wh University, Hatyai, Songkhla, Thailand

- Ictal recording with lower amplitude, ictal intermixed with frequency artifacts, slow frequency ictal recording and
background with periodic pattern were more likely to be miss. Median time were shorter for gEEG guide review
compared with page by page review (7 minutes vs. 18 minutes; p < 0.001).

Reader sensitivity | specificity | PPV Accuracy
Resident-1 0.87 064 08 071 080
Resident-2 0.75 0.67 0.82 0.57 0.72
‘Technician-1 0.80 0.69 084  0.64 0.75
Technician-2 0.69 0.53 0.75 0.46 0.64

B EERReWOs T |

Fig | Seple qEEG penel. Each EEG panc] was | bowr duraton and
comsisted of the following QEEG tools. chythmsity
i s | Gisplayed for the JeN und righs bomispheres), color density
A spectrnl array (displayed for the left mnd right hemispheres)
et mymmetyy e (displied as both absolute snd relative value),
e aFEG (displayed for the 1At and right hemispheres)

Conclusions

- A qEEG trend guide review cEEG can be used by neurology resident and technician to shorten EEG review time,
good sensitivity and low false positive rate.
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A Data-driven Characterization Of High Frequency Oscillations Based On Time Series Anomaly Detection
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