ot 1
L)

An _:L_D'_f

'-'UMF ot EpllepsysSocietytoignaiidno

8 -

.I:" .:.-q'l'c.l 1 . J.
aunaulspaudnuvisUseinalng i
91A15RAINITUIS o U U 7 1aufl 2 YeBguias

'
WAKIBYINE NFUAN 10310

Epilepsy Society of Thailand -
7thﬂoor, Royal Golden Jubilee Building, Soi Soonvijai, New Petchburi Ro_ad,' |
Huaykwang, Bangkok, Thailand 10310

Tel. (662) 716-5114 Fax. (662) 716-6004

E-mail: EpilepsyO9@gmail.com www.thaiepilepsysociety.com



( Vol.3, September-December, 2016

cornie
((,\e : /;/O

CONTENTS
USTEUITNITUOAY ©  W.ay.nu52T504 NAEYRYIeA 1-2
Hot topic 1 : Novel medical anti-seizure treatment : wea.uw.a53¢ 352958 3-5
Hot topic 2 : Epilepsy Surgery: Made It Easy :  wA.un.usswe &nsuiugassu 6-26
Epilepsy Continuum: Localizing and Lateralizing Signs in Epilepsy : 2136
UN.YIAT JUNTENA
sumsspAr s tvesmnaylsandnn . sras

A new Lacosamide monotherapy and other clinical applications

WEY.NATITIOU NATYEYIA

Highlight International Conference : wagy.Als3nu gas50ulu 46-52
EEG quiz: uw.yénd Al 53-57
Journal watch: Diagnostic accuracy of the Salzburg EEG criteria 58-64

for non-convulsive status epilepticus: a retrospective study

w.e0. 83091 Uadeyeyana uae uw.ynd aludie

Original article: Factors Related to Neuropsychological Outcome 72-82
after Epilepsy Surgery : uw.vafdnil nsnae

P1UsEVIFUNUS 95



BeuvinuauBnaunaulsnautnT wazvinudaulannvinu

. N v A o w 1 - A [ 1 4 =
Epilepsy Digest atvuivinuidssuegiiiluiaunaunasiduiaugaiievasy
w.A. 2559 nauiiazyudnsvindludadu wnudndvinudaruazldealau digest
A 1 1 1 Y N Y o il 1% 1 <
uiiianvazeudluiaivainisdainetindeusulinaluuda agrelsiniunienas
a < o Y 1 Y1 1 a =, Ny o o
ussansnsindelivinugsrunnvinudssauuitenq Tullnaiddumnaiu

Tud w.a. 2559 mL{‘Juﬁwsquﬁuﬁﬁemmqq;Lﬁﬂﬁuéalw@maaﬂuﬁaLLNuau Wan
sgadenszamnensdsuiuiiindavesarsvurilng wssumanfawssUsiiuns
UNDANARAAUATUAAATSLUATINNSUAINTURUAUNTHENTUNTITINVUTUUIAUNNT
wszasdviuldnssauminlunane e funasasvaisvewinuielarudusgvas
Uszvvurnineldeginufuasiinanunsgiiviadieulssmadu ddduuszns
ndsurnfsnufunsunnduazasisuegy fauuiindudasnadeanugyide

sudslugusiuszansnnugmanladealansduiiazianuilidnasiuFsudnuie

=

Feslngy ieduauudsulumaianuinuseswenalsduly nszuansesnvmsa
vionszususilvamluefnlunatsq Temadududuadesdamisrinlaioadne
ANAYDIYAAALUYIA NBIUTIAUNGNTS Epilepsy Digest 3900dugywszususYIMm
YansTUmFLRINszIagginaenasriwssuulunuwssuUS e
Unsuvninendeasunsunsilsn Wlodudl 22 Squieu w .a. 2522 iialimvaunnd -

1 Y v & a vag ya a ¥ o Sa : o v A ¢ a\
viugeulddunuamalualisianusyirmiluidauassauleimiiveuwnnd

1 da‘ tg 1 S 1 74 = = a .&/ ) g }
vasulingswusaluuaziidiusaulunisguadinuliiadnuannuanuiny feil

RS Jvar
- - [

September-December 2016 ((])I](’])Sy Dlg()Sf




“... mavinulag Tidnan Tug $1e 81 Srdendouainanuiiasualeinid
°o & o % o v 2 = o2 g ] ° '
zdusaReuTasiunaild n1siniuANiNes Dannusngazidnmiasdaiuin ua
waldiesauduiidouds Aaznduilundsdrdgiineenseduiiou Tiinauegna
a o L a { % Y a X i ¥ &
35939 faglasnize wasdialanasvasanuiiesuuiniy WauunsunNIwaien
dsaldlagdteuazsanGa ..

o -1 . . v o o ' 1 [
dmsuilannvas Epilepsy digest aUuilsdauiudlganninianiiunnas
ARIZNBIUTIANITNITABIYBNITIVVBUNIEAUNNE{ 1B uunaunnviuilaueu
a a t:lldy J dyd a a a = «
unAunIIgInsidnaulann a Adluaudiinnunawnadalaesid original
article 3nn1s3deinguEUlelsaaudnunliiBeuisuiuaeny

W.EJ.NUTITIOU NARYEUISA

U58UI5N1S

S1PUNUIDAULNDIVUTIUENNS Epilepsy Digest

UTTUIBNNT: W.LANTITION NAYWA

&Na,

HUI8UIINGENIT  WRLNUNITI UsyeuiiAg

NBIUTIUIBNIS
’{' - W.0.0001AT Qe Tan unyfng aluvie
W.EY.NEYIUT BUINA UN.Jugr AIARSITN
N WALWIHT AnSuugssa UNWATIA 59550
Y W.ey.ARINE Terwyamtiun uNNquuty Yuln
. wW.AMANSE Us1unia WNYIAT Tuniana

September-December 2016 ((])Z/(‘])S_l/ DlgPSf



Hot Topic |

Novel medical anti-seizure treatment

v v aa 1 v o '
gafudnidagludagUuiidauiuninnda 20
vilalaunldSheduqelsnautn wadidnuaugUoe
Uszunudosay 30 M kinauauaenagInusnusa by
#10150AUANDINTTTNLA AeuunIsAnwIAuAdIen
Audnvialniunsalisnissnelsrandnuwuulunsiuga
] v o =S A Y4 E 7 1 dy
nssfnsneddiusslevulunisauasnenduiengudl
Tuitiagvananinsenviialnsinenavrunldsnerannis
In wsan1zInAaLilagla luauIAnfall

1. Allopregnanolone (neurosteroid)
2. Valnoctamide and sec-Butylpropylacetamide
3. Cannabidiol

Allopregnanolone

HO™

Allopregnanolone (SAGE-547)

Neurosteroid asaanqwé‘ﬁ gamma-amino-
butyric acid-A (GABA-A) receptor weludauvas
synaptic LLag extrasynaptic receptors L‘i’fluﬁwﬁu
funalusndiefensdndaflonduaiuiuasyinli
synaptic GABA-A receptor \wWagunUasiuvinsluly
cytosol vinliinasldenngu benzodiazepine lailéua 2
win1sUAsusUassanann lifinada extrasynaptic

receptor
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Allopregnanolone (metabolite ¥84 pro-
I3 ' ., oAavy
gesterone) Wuengu neurosteroid #ldnaluns
Snwnensdnludnineaes

Hagtusinsldeniluduasiiinnizdndeitias
| aNALNUEINGY anesthetic agent findsABYY
angnasaungag wudnlugdae 4 18 ({lug) 2 518
1fin 2 518) Afin1ssees Idnafarnnislien allo-
pregnanolone lifian1sdngn *° deiuluauian
allopregnanolone 11aziiusglevilunsinendiae
ilnnazdndaiiiasitliinauaussdesingu benzodia-
zepine uddassansAnwIRNANNS A UUsTENS-
MNLazNadIABIR19Unaly

Valnoctamide (VCD) and
sec-Butyl-propylacetamide (SPD)

CH, CH, CH, CH,
\ / \ /
CH,— CH CH,— CH
\ \3

*/ CHCONH, * /CHCONH2
CH3_CH2 CHZ_CHZ

CH,

(VCD) (SPD)

Valnoctamide LfJumn?ju second-generation
39 valproic acid (VPA) Taedu CNS-active chiral
constitutional isomer Y84 valpromide (amide
derivative of valproic acid) a2 SPD iuansfiiia
carbon 1 #2 210 VCD




91nN1SANEINUTT VCD SlqnaSneneinisdn
11nN31 VPA Uszanas 3-17 win anansadnluasngus
Tuawaslddninen VPA Tagaanqvsii GABA-A receptor
Lwicfi'lLmﬂaﬁaanqméﬂw:L“fluﬂua:s‘f'nmﬂaﬁ'um ben-
zodiazepine vinlvianaldnalun1sinugUie benzo-
diazepine-resistant status epilepticus ¢ &@2u SPD
Reangnsi GABA-A receptor Wuiieafuuazdiana
Ul Snunlsalunsuldans 7 srvsansuialafinng
drumaasslszdndaanlunissneieinisynludnd
naasswuIsaasrialdnailudninnassiifionnisdn
dauluniztndadissnudn SPD Tuvungslanaluns
Snennnaztndeiisdudaimaassiiuwiniu propofol
wag pentobarbital TnganansavgaainsinldiFauila
Thennnelu 20-60 uniindsansuinzdndediswmas
aunsalidanenduiiold uenainddanusn sPD
ﬁ@mauﬂ'ﬁ neuroprotection LAy cognitive sparing

: v q
3IUNY

1@din15ude1 VCD umaaas (phase 1) Tuns
o/ Y I 1A 1 14 =
$nefUae acute mania wudinisnusaalags &
v o av o & o Y
nad19Ae e lisunse wananiannisAnerludnd
naaasnulnemsaasriialiny teratogenic (neural
tube defect) uaz hepatotoxic effect idlaunnulu
81 VPA 82 filiilueniifilanainanldunu VPA lalu
& i v o o £ o '
auran e sidueniudnfieangunsnidnawmiiouiuws
IS a a = 1 v = d' 4 1
fUszandsnmAnIuazNat1LAgstaundn

Cannabidiol

S &

lusnniidayanivainiyymsediulsznay
s

luiywrenvaziignsinwiainisdnld Jedigin can-
nabidiol (CBD) Juifiuansdawisluguunfnu
waiuludadnaasswudn CBD ldunalunisnun
9111590 1° yananiidanuiniigndsiunissniay
wazlinquauUR neuroprotective 39u69e '

nalnnseangqaves CBD Selsidmau urens
Jululgann 3 nalnssluil *

1. i]‘1/|'§‘r anti-neuroinflammatory lagns
fudannsadis TNFQ waznsiu potent inhibitor
Y84 adenosine uptake

2. i‘|1/|"§ anti-glutamatergic fivinannis
WA suuUasuas Voltage Dependent Anion
Channel-1 (VDAC-1) @sfinasia intracellular
calcium mobilization

3. NARNBITUIUVBY transient receptor
potential (TRP) channels

MNNFANYITIUTINTIUNSI Ry iisl
CBD Uswaannusnegulelsaaudnnuinlanas
TugUaslsnaudniidonanisinuidaseafudn 1
faulANN155IUTINTIBUNAVRINTT BT CBD Tu
fureiinuazlugiidulsaaudn wudin Jevas 61
f9n1stnanag 2

nuan1sAneangavaanisli CBD Lile
%’ﬂmmms%'n‘lu;jﬂ'm tuberous sclerosis complex
18 519 wu*j'lQ"ﬂ'JmJizmmﬂéwﬁaﬁé’msﬂmwau
dusfragnagnetioy 50% dloRnaudiszeznan 1 Y
wazWUIIfiszezIaT 3 ey Q’ﬂwﬁlﬁ%’u CBD 5724
fiu clobazam ﬁmimauaumﬁﬁndwﬁ'ﬂwﬁlﬂﬁ%’u
81 clobazam 323678 (58% Ay 33%) '
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Jaguld i uin1s@nwiuuu randomized n1snusieen CBD Tudninaaas uazdoyawna
placebo-controlled vaen1514 CBD lufthudinfidu  dhafesdimuliveslugiaedin lilduansreaniiny
Dravet syndrome uag Lennox-Gastaut syndrome  Tugnfudnulingue daunadrafseiizunsaty nase
iaAnu1UszAnSaw uaznadufsevasen Jefens  Msiauzise nasensduiug dufesandenisinen
fosRnnuNanIsAnufaly Su BRIy
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Epilepsy Surgery: Made It Easy

WA.UW.USSWQ &NSuNugossnu
awduds:annAagmans MadsAagmans
ANUIWNEAAAS ASS1IsWeNUIa umdnenaauihaa

Lﬂuﬁwiﬂuﬁuﬁ'jﬂiﬂau%’nﬁwanszwwmﬂadwﬁa@’ﬂaaﬁy’amaé’quéwma InUszam deau widinseu
wazAanadn ' fuielsrandndrulugnauauasisesiiudn aunsanuaunistnlan egrslsinudosas 30
19 40 %aaﬁﬂwknau%’naznmm’ﬂuiiﬂau%'n??am (drug-resistant epilepsy, medically intractable epilepsy,
refractory epilepsy 38 pharmacoresistant epilepsy) &4 International League Against Epilepsy (ILAE)
Task Force fianaiuinmsldandn drug-resistant epilepsy dwneidlsaautnaeeniinnumunzauuinni
1514141 intractable epilepsy %38 refractory epilepsy Hi8929nA131 intractable waz refractory sinld
Tunsaifilsaliflenamenina Snsldieuvedsaaudnieslireuthaanvane deuvedsrandnioendald
fusgreunsuanedolsaaudnilinovsussdesiuinfimunzauncus 2 alatulunalusdedn vua 33n15l%en
muﬁy'aé'ﬂ'wmmsnwuwa%'ﬂaLﬁﬂwaam‘lﬁ Tnsenfutniilasuanaldenfiazaiin (monotherapy) wialdvane
wilandounu (polytherapy)®

TunguiUaedidulsraudniast fguasdwrundsdadudUasiimuzaudmiunisindalsnaudn
(surgical candidate for epilepsy surgery) LLWME‘J’Q’@u,a%'ﬂw'w:iﬂw‘liﬂau%'nﬁﬁLﬂuﬁaaﬁﬂmuitf“{mﬁumsﬁm
nsesiheimunzaudmunmsindauazdsiagiiaeluddsmenunaiififneammlunisasayssidiuisunisindn
(presurgical evaluation) wazwfinsnulsaaudn n’mﬁanQ’ﬂ%ﬂﬁmm:auﬁw%’umsw’qé’mLﬂuﬁaﬁﬁﬁwu%aﬁﬁlﬂ
guan1sinuniia fuasilenafiasmeanlsnaudnlduiafinnusuussvasnsdnanas sauvissigunmaindiaty
nsnTaUsziiuneunsindalsnautndeasulunisnei 1 nizﬁﬁwamsma%ﬂizLﬁuﬁauﬁqﬁmﬂﬁ'jﬂﬁﬂwmm::au
dwiunsrndalsnautn Seazinmaidenisnisrdafivanzausiely

ﬂa:uiiﬂam'fnﬁmmm%'ﬂwﬂﬁiﬂﬂnﬂsﬁﬂﬁﬂ (surgically remediable epilepsy syndrome) l@un hippo-
campal sclerosis, focal cortical dysplasia LﬁlaqanauaaﬁlqLﬁm%’aaﬁ’ﬂsﬂau%’n W dysembryoplastic
neuroepithelial tumor (DNET), ganglioglioma Tsaviaanidanauasduisadasiulsaandn Wy cavernous
malformation (cavernoma) Iiﬂau%'ne?}ﬂﬁmmamnﬁuaﬁﬂLam (hemispheric epilepsy) U hemimega-
lencephaly, Rasmussen's encephalitis A151971 2 agUifafungulsaaudniianunsainunldlaenisiidasay
nemadenlumsidavasusaslsn
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Non-invasive study

Invasive study

Clinical evaluation History of seizure
Semiology

Antiepileptic drugs

Electrophysiological Scalp EEG
evaluation Video-EEG monitoring
MEG

Invasive
electrophysiological
evaluation

Subdural electrode
Depth electrode
StereobEG

Invasive video-EEG monitoring

Intraoperative electrocorticography

Structural brain imaging MRI brain (high resolution)

CT brain (for calcified lesion)

Neuropsychological Neuropsychological testing
evaluation Wadsedk
Functional brain imaging Functional MRI

SPECT

PET

Co-registration study SISCOM (SPECT + MR}
PET + CT or PET + MRI
EEG + functional MRI
EEG + MRI

MEG + MR

Psychosocial evaluation Psychiatric evaluation
Family

Occupation, learmning

Cortical mapping

Cortical stimulation and mapping

CT = computerized temography; EEG = electroencephalography; MEG = magnetoencephalography;

MRI = magnetic resonance imaging; PET = positron emission tomography;

SISCOM = subtraction ictal SPECT co-registered with MRI; SPECT = single proton emission computerized tomography
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1] 4 =1 [ o ., -
nqulsananunsaRasanehanlilnestde non-invasive study

1sm

madenlunsshén

Unilateral hippocampal sclerosis or mesial temporal lobe epilepsy

Standard anterior temporal lobectomy

Selective amygdalohippocampectomy

Structural epileptogenic lesion 1%u brain tumor, cavernous malformation,
cortical dysplasia fiegjuinwielaifouriu eloquent cortical area

Lesionectomy

Intraoperative electrocorticography

Hemispheric epilepsy Wu hemimegalencephaly, Rasmussen’s
encephalitis, Sturge-Weber syndrome, hemispheric hypoxic-ischemic brain

injury

Functional hemispherectomy
Anatomical hemispherectomy

Hemispherotomy

Lobar uwag multilobar lesion wu cortical dysplasia

Lobectomy, multilobar resection

Lobar disconnection, multilobar disconnection

Multifocal epilepsies

Corpus callosotomy
Vagus nerve stimulation

Deep brain stimulation

Landau-Kleffner syndrome (acquired epileptic aphasia), epileptogenic
lesion #inglndwiatautu eloquent cortical area

Multiple subpial transections
Responsive neurostimulation

Unilateral hippocampal lesion with ipsilateral dominant memory
Unilateral mesial temporal lobe epilepsy with normal hippocampus

Hippocampal transections

' = L i A = P
ngulsananliuieserdy invasive study WeRarsIMsEnan

1sa

madenlunisHndn

Bilateral hippocampal sclerosis or mesial temporal lobe epilepsy

Intracranial EEG for lateralization of epileptogenic side

Standard anterior temporal lobectomy or selective
amygdalohippocampectomy on epileptogenic side

<l P s ar o '
Tsaaudnit non-invasive study Idkadaudetuviolsraudhitliamasniyye

Auiiadnlaon scalp EEG

Intracranial EEG for localization of epileptogenic focus

: T
Resective surgery w3 topectomy Tunsdii aunsasey

yoaiuiiadnldan intracranial EEG

Structural epileptogenic lesion ﬁaﬁ‘lﬂé‘u‘%ﬂiﬂuﬁu eloquent cortical area

Intracranial EEG with extraoperative cartical mapping
Awake craniotomy with intraoperative cortical mapping

Multiple subpial transections

Responsive neurostimulation

Focal epilepsy with normal MRI (non-lesional focal epilepsy)

September-December 2016 Epllepsy @lg‘PSf

Intracranial EEG for localization of epileptogenic focus

Resective surgery w36 topectomy lunsiiit ANInTHY
gafuingnlaann intracranial EEG
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1. Resective surgery #3® curative surgery \uniseindiaiandswaligUasmevinanlsaautn wén
nsdfyAensinganlintnluauadaan Wi lesionectomy, selective amygdalohippocampectomy

2. Functional surgery %38 palliative surgery \Junsindasianssualiinnuunsuazanuiivenis
tnanas lWldndwmalinevinainlsrandn dnwarsanniskaviiniludUiglsaautnilimanzaudinsy
resective surgery nsindnsiialiudseanliidu 2 viia laund

2.1 Disconnection procedure fan1sAn29asnaanluduas 1wy corpus callosotomy,

multiple subpial transections

2.2 Neurostimulation fansedinilsgunsainsedussuuyszay wu vagus nerve stimulation,

deep brain stimulation

d [} o L. 4
713199 3 NSLUITHANSHIARLIAALTN

Resective (curative) surgery Functional (palliative) surgery
Temporal lobe Standard anterior temporal lobectomy Disconnection Corpus callosotomy
surgery Selective amygdalohippocampectomy procedure Multiple subpial transections
Lesionectomy Hippocampal transections

Tailored resection

Extratemporal lobe  Lesionectomy Neurostimulation Vagus nerve stimulation
surgery Topectomy Deep brain stimulation
Lobectomy Responsive neurastimulation

Multilobar resection
Lobar disconnection
Multilobar disconnection

Tailored resection

Hemispheric surgery  Anatomical hemispherectomy
Functional hemispherectomy

Hemispherotomy

Combined surgery Lobectomy plus corpus callosotomy Topectomy plus multiple subpial transections

Lobectomy plus multiple subpial transections
Corpus callosotomy plus vagus nerve stimulation
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Temporal lobe surgery

[J a

Junsrirdalsraudniisiganiintnaglu temporal lobe 1Ju resective surgery fivirfiusnniigauas

9

Tawalun1sSnuwlaesaudniingy extratemporal surgery

A. Standard anterior temporal lobectomy (ATL) un1sin lateral temporal lobe n1sdaunsin
$2UNU mesial temporal structure %ﬁ‘l@]’uﬁ hippocampus, parahippocampal gyrus kag amygdala (mwﬁ 1)
T#lun155nw1 mesial temporal lobe epilepsy (MTLE) wiu hippocampal sclerosis, hippocampal tumor,
amygdala tumor soumslu MTLE fiflanufinunfives lateral temporal lobe 321678

Tuns@n lateral temporal lobe %aeauaa%ﬂaﬁtdutﬁmﬁumm (language-dominant hemisphere)
zAnliiiy 4.5 LszmaLumiﬂﬁl"fﬂﬁl’mﬂmﬂwﬁ’lfm (tip) V@4 temporal lobe Tuwu2v89 middle temporal gyrus
Tuvaizfiaussdreiilduisafiunten (language-non-dominant hemisphere) aansasaldiiududy 5
wuiwas Tnenialuanuenaluniséa hippocampus azUssana 3 \BURLIATINVUNENGAYDY hippocampus
uATeYas Joo uazanzlul a.A. 2005 wuinguguae MTLE 913 seizure freedom nasndnsIA2INEIVS
hippocampus (32.7 + 7.7 fadwuns) unndnguguae MTLE filaidi seizure freedom wassinga (25.1 + 7.3
fadung) agreltedrAgynieana (p=0.002) Tnefi extent 984 hippocampal sclerosis wazaue1lunsdn
lateral temporal lobe Lifinasio seizure freedom ® luvauzfiacnudsevas Helmstaedter wazanzlud a.a.
2011 $9891UIANNYIIVBINITAA hippocampus 1azU3NIM5V89 hippocampus ﬁgné‘fﬂaaﬂlﬂﬁwada seizure

outcome asNIAN

AT 1 AN A: MRI brain (FLAIR, coronal view) ?Jaﬂﬂﬁﬂ’m hippocampal sclerosis 919418 (anes) I?:J:‘I'J’JEJ
lasun1seindna standard anterior temporal lobectomy a1 B: MRI ¥2efU385181ag3iunaslasun1snicin

uansduvasaNaInlaTunIAn (anAs)
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B. Selective amygdalohippocampectomy (SAH) tunsidendaanie mesial temporal structure
Tneftlilésn lateral temporal lobe (0w 2) Wiananideenzunsndouiionaiinainnsen lateral temporal
lobe WU verbal memory decline 21011507 inferior temporal gyrus %38 basal temporal gyrus wag
contralateral visual field deficit 91nn156n Meyer’s loop (temporal optic radiation) %aagﬂud@uﬁﬂ%\i
lateral temporal lobe ftlasfivunzaudiuiunakdnisd Tdud fuas MTLE 9namasineg flifiaanufa
UnAvay lateral temporal lobe ﬁm%’uL%ﬂﬁﬂm‘sshﬁmﬁadh‘lﬂ’gj mesial temporal structure dua1835 lawn

transsylvian SAH, transcortical SAH U trans-T1 (superior temporal gyrus) SAH, trans-T2 (middle

temporal gyrus) SAH a2 subtemporal SAH

AWl 2 CT brain 9898128 mesial
temporal lobe epilepsy %aﬁmmq
210 hippocampal sclerosis 419418
#aelasun1sHIAn selective amygda-
lohippocampectomy H&andUVD4
auasiildSunisda (gnes) Wisuiiey
iU mesial temporal structure 414
ased1u laun amygdala (Am) waz

hippocampus (Hpc)

wargMsANEIUSEUIBUNANT153NYY MTLE Taen1sendn ATL wag SAH wulinkifiannuuanateiuagng
ﬁﬂ'ﬂﬁ’lﬁ'@,w’mﬁaaﬁ'ﬂuud seizure freedom waz neuropsychological outcome %#adu1An >7 ualun1sANEN
WUU systemic review 989 Hu wazauzlud a.A. 2013 e'i’iamumu%’agamn 13 97U79% (prospective study 3
UATBUAZ retrospective study 10 91UAT8) FefiRuszningd a.A. 1990 uaz 2012 ﬂsznaué’wpﬁﬂwﬁ‘lﬁ%’u
NsHAAA ATL 745 T18Ua SAH 766 518 wudnguitldsunisiinda SAH sileniatin seizure freedom taenan
nguiléunssnda ATL agneifaddyneadin (OR 0.65, 95% Cl 0.51-0.82, p=0.0005) usiagnalsiniunis
\WasuiieuauLANATIYasANSHR T ae 35 AR 991HBNM53SBMUL randomized controlled trial 1o

ngaddaly uasnisfnuilnudnlifianuuansedrelidedfgnisatifves intelligence nésrfnsEnInengy
nlgsunseinfa ATL uag SAH °
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C. Lesionectomy LﬁunﬂsﬁﬂsaakﬂiuauaﬁaLﬁuaqmmjmkﬂau%ﬂ (epileptogenic lesion) Wy
cavernous malformation, DNET, cortical dysplasia #1%3U temporal lobe 813Wu epileptogenic lesion
1§U3taas temporal neocortex, white matter waz mesial temporal structure (1w 3) nsdifinusaslsadi
1nazlu epileptogenic lesion 2 sa8lsa (dual pathology) s'z’iaagﬂuﬁ']Lmﬁaﬁmmsachﬁ'ﬂaan‘lé‘lumsmé‘f@]

ASILAY7 WU hippocampal sclerosis 324U cortical dysplasia U3tau lateral temporal lobe A73NAITAUN

9,10

NANSa815ANIEBIaBNNANULaN1ENI8VINANLSAANTN

Anfl 3 A: MRI brain (T2WI, coronal view) %aﬂﬁﬁﬂwﬁﬁiaﬁﬂiﬂﬁ hippocampus U198 (aneiq) ﬁﬁﬂ’m‘lﬁ%’u
A13N16A lesionectomy 5081507 hippocampus HaNIINEIENISATIIMIINESInenTu dysembryoplastic
neuroepithelial tumor (DNET) 719 B: MRI suaaajﬂwi'mLﬁaaﬁuuﬁalﬁ%’unﬂisiﬂﬁ'ﬂLtamdqwaaauaaﬁlﬁ%'u
n3AR (gnAs)

D. Tailored resection L‘flumiéfﬂdquwaﬁauaﬂﬂﬂmﬁaﬁagamn intraoperative electrocorticography
(ECoG) wiaUsznaunisiiansanlunsiaudnavesaues aziansandaiioaussudnaiinsany epileptiform
discharge @atiufinlfiann intraoperative ECoG d13U temporal lobe @111590573 intraoperative ECoG
19?1"17?\1 lateral temporal cortex, basal temporal cortex, hippocampus ez amygdala 49310AV04 tailored
resection Aaldtaanlun1snsa intraoperative ECoG Lﬁaﬁuﬁﬂ cortical activity Mlszezatlun1snign
&n’mm%u ‘J’Juﬁ’:\‘l epileptiform discharge finsaanudu epileptiform discharge ﬁtﬁﬂﬁwmzﬁ‘lajﬁmsifﬂ
(inter-ictal epileptiform discharge) Us¥usnafinsaanuy discharge fananaudu irritative zone #3813
13il9f epileptogenic zone fiufia3efigoanisaziin UrenUISeIBURBaRUUseivas intraoperative ECoG
Tunsiiiy seizure freedom WasHIGA 1114
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Extratemporal lobe surgery

(3

<, "W o o a . P Y s
Wunsianlsaandniiiganuiiadnaguan temporal lobe lanalun1sinulaesauluifivin temporal

lobe surgery Aunisganniintndrulvgaghn frontal lobe 81anuf parietal lobe, occipital lobe uag

insula TugUasunesigananuganlindniiauasnane lobe (multilobar involvement) 16

A. Lesionectomy un1sfn epileptogenic lesion WulRgnunu lesionectomy Tu temporal lobe
surgery Lﬁmmnqﬂﬁ%ﬁﬂﬁﬂu extratemporal lobe epilepsy 813%ausiuiu eloquent cortical area fratiu
FearsRasandudnafissinisiidadu eloquent cortical area wazanunsadinsanldlaeUasasiensall
wana1nil epileptogenic lesion °lw§ﬂ'aﬂuwi'ma'm§°uu'mLé"nw’%aagjﬁnaéﬂ,ﬂmnﬁfaauaw‘l’ﬂﬁ’msmiaa‘liﬂﬁ
dasn1saneaniitlaen anvldgunsaldmiumdumisseslsaluauasagunsaiiiiinlunisindassuuyseam
(neuronavigation system) iiagiaeiinaanuwiugrlunismiuisseslsafidosnsdnoan (nndl 4)

AM# 4 AW A: MRI brain (T1WI, axial view) vasfjUraianndgiany 1 Ynuseslsauiiaas frontal lobe 431
(anAs) JUqelasunisenina lesionectomy Iaea1de neurovavigation system a1 cranial CT-MRI fusion
o o ' oy o aa & . 4 v
INDITYAUMUIYRITRElIANARINTAN NaN1IATAN1INE5INeNTY cortical dysplasia AW B: MRI Y9528
FgRENUNAIlATUNTTHIRA uansduvasaNalasunsin (anAs)

B. Topectomy sunsiausiaaiitauaanizyn (focal cerebral cortex) 3nauasdau frontal lobe,
parietal lobe %38 occipital lobe (nw# 5) lagnlunrsnidunuganilindnuas extratemporal lobe
" C% [ 1'% 1 o o %4 o i H
epilepsy dnazinlaennndn temporal lobe epilepsy lsnan1ssneldfiein temporal lobe epilepsy 528
T5Aflgn1sW1Andsil 1Wu focal cortical dysplasia, polymicrogyria, lissencephaly, hamartoma gUa8uns
3189190599 LinUseelIAva9EN8991n MRI 8193 1Tudedld intracranial EEG lunsseysitunisvasauasil

v o
A839IN13IN1 topectomy
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5

AT 5 MRI brain (T1WI, axial
view) vasUreinnndsany 14 U
WUUS1284989 cerebral cortex i
RAUNR (gnes) A B: SPECT brain
(interictal, axial view) WUU3SLI8
Tk hypoperfusion (anfis) Fanse
AUANLMLIYR95a81sATUAIN A; AN
C: MRI brain vag{Ua8581fgany
R9lASUNISHAR topectomy WA
druvesauasitldsunisdn (gnes)
NAN15AS2AN19Ne15 Inedy

cortical dysplasia

C. Lobectomy iJumssindauvasaussaanig lobe farsasiinluseifiganfiadniduuiianniaeu

lobe #Hl9va9aNa9 (AMNA 6) WU cortical dysplasia, hypoxic-ischemic brain injury 1afa8uain1suIAnAD

nsideiaenvuzHIRaLazIdeUSUNIASURIEANDITINAIHIANAZE cerebrospinal fluid WNILNUNENBIUSLIUN

andnganiy
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A9 6 AW A: FDG-PET brain
(axial view) vasitheiiinyieang
7 Yadulsraudniesuasliny
AMuAAUNATY MRI brain (MRI-
negative drug resistant epilepsy)
WU hypometabolism ¥4 glu-
cose Tuauastrsdrelagianie
left frontal area A1 B: §U7e
lasun1swaaa left frontal
lobectomy 32U preservation
of anatomical Broca’s area
A C: druvasanasiitdsunis
fiNDON NANITNTINIINYIDINE
1Ju cortical dysplasia
AW D: MRI brain vaeUa831e
LAYINUNAINIA ALEAIEIUVD
auasiildsunisda (gnes)




D. Multilobar resection {un13findiuvasauadaanuinndi 1 lobe Warsaniinluseniiaaniliagn
WuusSiundraunnnia 1 lobe 517 (nwil 7) W cortical dysplasia, hemimegalencephaly, hypoxic-
ischemic brain injury f79819299N15HIANISY LU frontotemporal resection, parietotemporal resection,

anatomical posterior quadrantectomy (temporoparietooccipital resection)

A 7 a7 A: MRI brain vasgUaaiingeany 1 Ygadu occipital lobe epilepsy dsdisnmnain cortical
dysplasia (anfis) AW B: SPECT brain (interictal, axial view) wuu3staaunil hypoperfusion (ganfs) @039
fluduniaassaslsalunIn A A C: MRI brain vasiagseiigafiunegeldiuniskian multilobar resection

(temporo-occipital resection) uansdiuvasanaslasun1snn (gnas) Nan15AIaNNeN5Inedu cortical
dysplasia

. i < Y a ' 1 1 a e O a o o ]

E. Lobar disconnection tUun13anN196nna3s1#I98UVDIEUB lobe iUUIANUABNNUANDIAIUY
= [ o 1w g Y A 1 v o o P = [
au Wun1siAFULUUNSHIANABAN lobectomy YaRAraIN15HIAA lobar disconnection WilatUsguLiguiy

=) = =) [Pk 4 1 1 a 1w o & v < )
lobectomy AardaidenvuziiantioaniinazliideUsuinsvasauss vuzdfadndufaanu artery Lag vein
] a ) y [ 19 ¥ a = [ 1w Y v
YaIaUdIAUNQN disconnect Metesiuladliiian1izaussvindonnazaussUINRAINIAN ToABYVDINTT
W1fnA® inadequate disconnection silidinsnasmdanistned n1suIAIUYes artery uag vein 913vinli
NANIIZANDIVIALADALAZANDIUINNAINIAALA A29819989n15W1ANASH 1WU frontal lobe disconnection
("M 8), occipital lobe disconnection

=t
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AW 8 MRI brain Ty axial view (Wa3uu) uae sagittal view (1a3819) vagUelsaaudnaaennilanmunain
cortical dysplasia 84 right frontal lobe #asl@sun1seidia right frontal lobe disconnection wansUsLIMU
Nl@asun1s9i disconnection (gneis)

F. Multilobar disconnection iun1sianisdndaszuinedruvasanssdadugaduiadnuinnda 1
lobe Auanasdudy defuasdadosvasnisidamiautuvas lobar disconnection f28819M15HRASEE
l@uA functional posterior quadrantectomy (extended anterior temporal lobectomy a2 hippocam-
pectomy $2UNU disconnection of posterior temporal, parietal and occipital lobe wag posterior
corpus callosotomy), peri-insular posterior quadrantectomy (disconnection of temporal, parietal wag

occipital lobe, amygdalohippocampectomy wag posterior corpus callosotomy)

G. Tailored resection {unisandiuvasanaslagaidedoyanin intraoperative ECoG Wuifigniu
tailored resection Tu temporal lobe surgery (mwﬁ 9) \flosanauasdu extratemporal fiusaiindng
191 temporal lobe 1111%n15m$73 intraoperative ECoG Lﬁ'aszqﬁﬁLmﬁwaagﬂﬁqLﬁm'}’nmavi’ﬂé'mﬂndﬂ
swﬁ’ﬁimaﬁ%’aﬁﬂﬁ'ﬂlumsmqasaaiiﬂ%aaﬁqauaw’%nmﬁagﬁn WU bottom of sulcus dysplasia a814lsAau
1U1991u35EY TN LUVeN epileptiform discharge HAMUFUNRUSAU seizure freedom &SGR

~0  September-December 2016 Cpilepsy Digest




SaaAA T

S T M A Vot in ¥ -..-_\__JJ#"L\.JV"—\W‘W
A T NS NN 9

A0l 9 Tailored resection lagande intraoperative electrocorticography A1% A: Subdural electrode Tu
N197M373 electrocorticography AW B: Electrocorticography &g epileptiform discharge Fansranudian
dua9 (gneAs)

Hemispheric surgery

WJumseidnlsmaudniifigainiinanaussdnadien (hemipheric epilepsy) i hemimegalencephaly,
Rasmussen's encephalitis, Sturge-Weber syndrome, hypoxic-ischemic brain injury, hemiconvulsion-

. . . & e 1 o Y <
hemiplegia epilepsy syndrome mmaumwmunwﬂugﬂwmn

A. Anatomical hemisphrectomy Wunsanauaedqu frontal lobe, parietal lobe, temporal lobe,
occipital lobe wag insula Yosaua9T19LRY Tnefigafiuauasdau basal ganglia waz thalamus 13 (m‘wﬁ 10)
foRvasmsindndsirenadnaduiadnluanasdraieisenlfosrauysaivinliiilonangadnudarindags
13jﬁﬂcy,ml§a\1 incomplete disconnection G'Z:i\‘lwu‘lmu functional hemispherectomy a2 hemispherotomy
Lifldymdesauesunmdsidaiismnnsiidaiosueseaniuiluudnuniie dedesvesnisindnfoniside
\Fenvaiziafa n1sideuSuinsuasauas 151 auvasaNas (brain shifting) A19¢ superficial cerebral

hemosiderosis @9913M1UU1H28 spontaneous intracerebral hemorrhage 14 1u‘f]ﬁ]igﬁ’umivh AUl
ﬁaaauﬁaemngmmuﬁé‘w functional hemispherectomy wag hemispherotomy
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A9 10 AW A: MRI brain 983gUasianyieany 11 Weudadulsaaudnieenfiiannnain hemimega-
lencephaly ¥84 left cerebral hemisphere 2w B: N15616A anatomical hemispherectomy LandaNDIEIU
left cerebral hemisphere flau1alugin3a1UnA AW C: haAIEIUVDIENBINIATUNITHIAN anatomical

hemispherectomy

B. Functional hemispherectomy 1Uun1saauUan1senfa anatomical hemispherectomy tiaan
Tonansiin superficial cerebral hemosiderosis wazann1staeUININTVBIENDY N1SHIAATSUUTZNBUARY
N5ANENDIDDNUNNEIUIINAU disconnection duasdrunlilinnesn dussdrunlasunisaneen laun central
cerebral cortex (frontal wag parietal operculum), temporal lobe 524914 mesial temporal structure was
insular cortex auasdauNlAsuN1591 disconnection l@un frontal lobe, parietal lobe, occipital lobe uag

a & W v
corpus callosum (nn# 11 waz 12) Yunsuluniseifnlsznaunae
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AT 11 AW A: MRI brain va4
gUreiinugeony 7 Udulsnandn
ﬁamﬁﬁmmqmn Rasmussen's
encephalitis Y89 right cerebral
hemisphere AMW B: SPECT brain
(interictal, axial wag coronal
view) Wu1a13l hypoperfusion
U4 right cerebral hemisphere
FansatudumiaanuRnunfiny
Tunaw A nw C: n1swnda func-
tional hemispherectomy gAY
f1949d7U right cerebral hemis-
phere ffiloduasianaziddn
n31UNA AW D: LEAIHIUVDY
auasilésuniswaga functional

hemispherectomy

A9 12 MRI brain ¥835Ua8
Tunil 11 naslasuniskinm

functional hemispherectomy

Temporal lobectomy Parieto-occipital lobe Central cortex resection
disconnection

12

i. Suprasylvian stage lawn resection of central cerebral cortex, transventricular corpus
callosotomy, frontal lobe disconnection, parietooccpital disconnection 8 insular cortex aspiration

ii. Infrasylvian stage léun resection of temporal neocortex ag amygdalohippocampectomy

danvasnisnifnfanisiivauaslivisdau annisiieusuinsvesaues anlananisiin superficial
cerebral hemosiderosis 1afagvaIN15HIAAAD incomplete disconnection yiligUledensiinsdnudeeinin
duasduilAsun1s9i1 disconnection azRaliU artery wag vein fidesauasdrutuliivadasiunisiin brain

infarction wag brain edema %#AINIAA
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C. Hemispherotomy Uun15ann15AnaNaauaziiiunisii disconnection wisnzdmius1end brain
atrophy ki Rasmussen's encephalitis kag hypoxic-ischemic brain injury agglsimuaranansanvinlu
hemimegalencephaly %38 Sturge-Weber syndrome léisaradinanuidesnonisiia brain edema %#asH16n
drunsarfnisilalaedinieiutisvesduas (peri-insular %39 lateral hemispherotomy) (A Wi 13) 3

v v . . agda o oy .. . 2 & %
WINNANUUY (vertical hemispherotomy) 25VU8NNTAB peri-insular hemispherotomy 4UUNUUIENBUNIY

Al 13 Peri-insular hemispherotomy TugiUaennudeny 5 YFululsraudnfiaeriidannnain hemi-
megalencephaly 484 right cerebral hemisphere AW A: N13W16A peri-insular hemispherectomy WaAY
du94&U right cerebral hemisphere Nflvualugina1Und A B: wansdIuvaAUBINIATUNITHIGA peri-

insular hemispherectomy

i. Suprasylvian stage laua n1510n suprasylvian window USt284 central cerebral cortex il
U1 disconnection U31ieu corona radiate, transventricular corpus callosotomy, frontal lobe discon-

nection, parietooccipital disconnection W8 insular cortex aspiration

ii. Infrasylvian stage léud n15:0a infrasylvian window U3taau lateral temporal lobe sivaidnluvin

amygdalohippocampectomy, posterior hippocampotomy a2 temporal lobe disconnection

Y a Yy v W P o . ! ' a W &
VIAALVINBYVBINITHIAAMULDUNUVDY functional hemispherectomy WANISEUALHNANIAATINNG
. o Y & ' O o o (] = v X
YUIAYDY craniotomy d@1u1sanlalanninves functional hemispherectomy vinlaanisideidanlauinau
Y ¥  do w . T . .
VNdENEINEYYDI hemispherotomy AB incomplete disconnection
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Disconnection procedure

Wunsamsasmadenluauaaivedasiulyily epileptiform discharge anauasinuvitmileanszanglu
deruasunnay Hasanlurirlusenldaunsadaganuidadnlaanauvadie q wu lseaudnnsdyanidadn

waneAALe (multifocal epilepsy) wiagannliadnilusumis eloquent cortical area

A. Corpus callosotomy Wunsen corpus callosum Lﬁaﬂaﬂﬁu epileptiform discharge %ﬂﬁ"ltﬁﬂ
nauastrwiansrangluinenseing Sdeusdlun1sdnen atonic seizure luge Lennox-Gastaut syndrome,
West syndrome, infantile spasm, secondary generalized epilepsy tae multifocal epilepsy fidinns
N38318Ud4 epileptiform discharge drudng Tﬂ&lﬁ’a‘lﬂﬁﬂuﬁﬂﬁ]u anterior corpus callosotomy ﬁﬂlﬂumsﬁ'ﬂ
corpus callosum MedunsiUseana 2 Tu 3 ¥es corpus callosum avian (Awi 14A) ldnadlunisinu
atonic seizure uag infantile spasm #13N3NAATIUIUATIVBINTTN AMUTULSITBINMTTNLATSZEZIATIE e
finnsiinunfivasdnle agrelsnanunawsidadUiasazdsnsinistnvasndoagding Tomasneunanendnasil
Atioun ﬁﬂqaﬁﬁaﬁmi‘ij’nwﬁamé’ﬂ anterior corpus callosotory a1aldsunsrndanSsiiaasitesin posterior
callosotomy nanesliu total corpus callosotomy @ee19g28aan1s¥nldunty luuresantusiafiansan
total corpus callosotomy (nnd 14B) tJun1SRAGAR SuAATIusn m'J:Lmsnez?'auiumsehﬁ’ﬂﬁé’ﬂﬁ'zyﬁa
disconnection syndrome Tnaanizlusnedfivi total corpus callosotomy WU apathy, hemineglect, alien
hand syndrome a%iw%ﬁmﬂwﬁﬂwﬁﬁ cognitive function ﬁlﬂﬁum@'ﬂ’wﬁﬁ mental retardation azwWu

disconnection syndrome latiow

B. Multiple subpial transections Wunseindag sy disconnection Qﬂﬁ']lﬁﬂ%’ﬂﬁag’iv‘%nm eloquent
cortical area wewanidodlailfiin permanent neurological deficit saumnsanunsaldlunisinsnisdnly
Landau-Kleffner syndrome (acquired epileptic aphasia) mimﬁﬂ%g‘ﬁﬁﬂﬂﬂw probe #@1%35U multiple
subpial transections @slidnwazwiiounzvaunsituinaussasluudran probe Tuiioansaduuundsanniy
RAEUDIVUIUNURANY 9 LUI WAazUUIN19AUUSEUNa 5 Haaluns 8191Y multiple subpial transections
saufunisinganiiadnluauasduiilily eloquent cortical area I¢ anzunsndauiiddny 1y focal

subarachnoid hemorrhage, focal brain edema a2 transient neurological deficit

C. Hippocampal transections %38 multiple hippocampal transections \Hun59in disconnection

=1

1 hippocampus fvausdlun1ssnen mesial temporal lobe epilepsy Tusnenlad hippocampal atrophy
=] = o ¥ a & o a s 3 v o a [ o

#391UsS189 hippocampus mmﬂuqmn’uuwmﬁu hippocampus 9199NLAUNEINUAIUAT (Memory-

dominant hippocampus) tianantage memory deficit #a61AN NISHIRANNLY intraoperative ECoG LN

M593%1 epileptiform discharge # hippocampus wag amygdala A1SNIAANIKIaUAU SAH a1 luna

hippocampus 31UUIN15TUAN ECoG wazld probe Feianuwaizsidulauniunans JuIALNSEIUAIY84
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hippocampus TunuIR RN AY hippocampus #a18 9 uu2laguAaziui1nuUszaIu 5 Jadlunsaundn
epileptiform discharge fidudinlem hippocampus gzl nsdiitliny epileptiform discharge i amygdala
aralisndudasin amyedalectomy Tumenssfiudrunsdifinsaanu epileptiform discharge 10 amygdala
A257W31501%1 amygdalectomy 591R78

14

A 14 A7 A: MRI brain maqpﬁﬂqmﬁnﬁtﬂu Lennox-Gastaut syndrome naul@sun1s#1faa anterior corpus
callosotomy 21 B: MRI brain wasiUaglunm A nasl@sun1siidina anterior corpus callosotomy (aneis)
AN C: MRI brain %aa&i’ﬂ’mtﬁnﬁn‘s’mﬁ!,flu Lennox-Gastaut syndrome naulasun1senfn total corpus
callosotomy 2% D: MRI brain ¥asgUagTunin C asl@sunswida total corpus callosotomy (gnis)

Neurostimulation

Junsirdeileaunsalnszdussuuuszamiiamuviuesing o lnendwaliinuiunsuazanusumsaveg

AsTnanas Ransanvinlusrenluimunzaudnsu resective surgery wag disconnection procedure
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A. Vagus nerve stimulation sunisindnisgunsalnszdu vagus nerve fivsiiaanae dadumsiidn
neurostimulation #vannfigauazinisideaniigadiuiuinelsaaudn hinsrunalniiwidalunisaanisdn
\¥991 vagus nerve inszuauszamuda (afferent pathway) WiluTuasasdausing o n1snszeu vagus nerve

o q va o . . . . X & a ¥ o o g v
Y IALNTS1AS serotonin Waz nor-epinephrine 310 dorsal raphe nuclei ¥nIUFANadIUNTTNLAZIN T

caf & v a a a = &
DITUAUAVUY UBNAINUNIINITAU vagus nerve afinaiuUsunandaniiluiaes cerebral cortex wag thalamus
s2unsviliiiAa desynchronization w84 epileptiform discharge finaguginisdnld Tuniseindnazidanciifn
vagus nerve T1edhenauanaiiasaniiwuusiiluauaniilatiosndndneua vinliadinisnsedu vagus nerve
Fr9vne1amuaudeslunisifia bradyarrhythmia 6 Wiawu vagus nerve @sagiaiglu carotid sheath
a ° v v o oW Y = Y o
USNUAIRBIA2921Y electrode F9HANWAIZIANIZIUTIU vagus nerve 3MNUUIHD electrode 1INV pulse
=% va v o v = @ g o Yy wy o w. =

generator sazilslilafantauTianmiien (Al 15) aunsauFuring o vaunaIansequld WerUaeil aura
wsalinstnaunsalduimanddfidnvazanizguianianiauiianiils pulse generator 1iazfinisusas
nszualniruinduuaznszduuiuaurinlilasiunistnusevinlingadnld anazunsndauainnisnsedu vagus

nerve wuldtos W deauwnu mMufunelaganu waunsy bradyarrhythmia

15

AT 15 Vagus nerve stimulation AW A: LEASUNAKNIAAUSIIAAIABA UG 1BLAZLNANIAAUS IUKTEN
AW B: WAAY vagus nerve NLKNAUSIIUAIABAUGIY A1 C: WEAY electrode (gnAs) N1919%UTBU vagus

Yy v o ' o = ya o
nerve 919918 AN D: LENINSIWaNABAN electrode U89 pulse generator (anes) ma:gmw‘l’ﬂmmwm
UsauNaNuinen
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B. Deep brain stimulation iJun1sirdnilsgunsainszduanasdaudndqelnin Jaguuldlumssnen
Tsan9szuvUseamnaielsa Wi Parkinson’s disease, generalized dystonia s2unslglun1ssnenlsaaudn
° ' =] y A o v av v o ' o 1 Ao ] a a . .
AunuIvasaNasnnszduinasnelsaandniildvarediunus duwndsndinaslduiniigafa anterior thalamic
nucleus Y89 thalamus AMLKALIBY ¢ WU hippocampus, centromedian nucleus Y84 thalamus, subtha-
lamic nucleus uaz cerebellum n1561ARYNIABAT stereotactic surgery 1ald electrode Wluluauas

o | Ay v Y Y o P va v a v

funisnfiasnisnszduudasioniy electrode WU pulse generator @3asilalilafaniausnamiiien dwnse
USursng ¢ vauasansduls deuideineanuniskifa anterior thalamic deep brain stimulation Tun1s
SnwUaelsaaudn 110 918 Wadnnuly 5 Undsrdanuindinisanasvasnisdniosas 69 '° arzunsndau

o L 1

d1fyuaINTHIRe Wy N1siRaungavalgunIalLaznIsinavalaunsal

C. Responsive neurostimulation Wunsendnilsgunsainszduaaindadndaelnin Mawsusne
partial onset epilepsy finaen Fesundsiidugainiiadnasnaidldvunzausionisii resective surgery i
QUszasARaduel epileptiform discharge naufiaziinn1dn n1swAnvinlae19 subdural electrode U
Aoawasdiiluganifiandniuseld depth electrode WiluTuauasduilugaiiadnudasoss electrode

Y o = v = ¢ o = v = ' oA
WU pulse generator @sazanelinsanglnanfsue vazgunsaliineuaziinisuudin ECoG agesalliaslag
electrode uidedtyeuraluds pulse generator Waganlintnizuuanlaas epileptiform discharge aanun
nauiaziin1sdn electrode azFuilans epileptiform discharge Asndnauddedaysyrauluds pulse generator
A . . . a X & ' Py [y P
214 epileptiform discharge WNAVYULY pulse generator ﬁ]zﬁauauaﬂﬂﬂmiﬂaaﬂﬂi&'LLﬁlWﬁﬂﬂaunauuﬁﬂizﬁgu
ganlintneIunie electrode adugsliliganiiadnuanudas epileptiform discharge finavinlsilyiin
n139n #1315009A1989UnTallA31 epileptiform discharge jUnuulafiagli responsive stimulator
ADUAUDY

Combined surgery

ﬁf{{l'misﬂawi'fﬂuwsﬂﬂa'mi"]Lf]ué’aa1é’%’unﬂseiﬁﬁ'mwaﬁsJ'“J%i"mﬁ'mﬁa’[,ﬁ’wams%'ﬂmﬁ%u i frontal
lobectomy Lﬁaﬁmqﬂﬁm,ﬁﬂ%'nﬁ frontal lobe $9uAU multiple subpial transections U384 motor cortex
L‘ﬁaﬂaaﬁ'u permanent motor deficit Q’ﬂ’m Lennox-Gastaut syndrome ‘ﬁ‘lﬁ%’umsmﬁﬂ corpus callosotomy
WarNRA atonic seizure MelUwdausn1sEnudndudsdensioendsldsunsunda vagus nerve stimulation
vinlinsdnviiaduanas visegiheitigaidadniuusinuniianasdrmildlésunisinga frontal lobectomy
$9uNY corpus callosotomy wiadaaiulyls epileptiform discharge mnaumﬁmﬁa%uﬁuqﬂﬁqLﬁm{fn
nszangludsanasdnansedng (nwd 16)
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B\

e X B, JE T 9
£x _-antd I}qectomy E

AWl 16 7w A: MRI brain vasfUasiinyiseny 6 dudulsnautniasniifiannnain extensive cortical
dysplasia Y94 right cerebral hemisphere ﬁﬂ%aﬁaﬂnﬂi%’ﬂﬁ'ﬂLLUU focal seizure Wae generalized tonic
seizure A B: PET brain (axial view) Wu31dl hypometabolism ¥a4 right cerebral hemisphere Fansefiu
funtsanuRaunafinuluniw A 2w C: uaasaussdau right frontal lobe vauzHdaFiivualvgndtuni
A D: fUaelasunsiada right frontal lobectomy 323U corpus callosotomy AW E: WaRA983UYaS
frontal lobe #ilé3unisendia nan1snsaamanensinendu cortical dysplasia

unesu

nsshdalsaaudnidetlumsinulseaudniios maUssfiureuindniiaidandisfivanzausinay
dftyriananssne NFHIAALUL resective surgery WisnaligU1em18aINN15TN N13AA epileptogenic zone
sanldunazldnanisinuindian ajﬂ'naﬁ‘lajmmzaué"m%'u resective surgery 81331581 functional surgery
FeilivaneITNoUTIMAMUTULTIVINITTN
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Epilepsy Continuum | J
P | T #L

2INISHAZDINISHAAMUIA ULt Az U919 I UlsAaUTN
(Localizing and Lateralizing Signs in Epilepsy)

UW.IAS dunsana
TSDWEHUWGHS‘DII“IW

91M134N (seizure) tinannszualnifiauniluauss denaligUqeiionn1smioainsuaniniufiunis
vasaupnifinszualwilrAnuniuu Feaunsadwunilu 4 Ussnnlvgjq fell

amsnnedasiuszuulszamiuamian (Sensory sphere)
21N15%3INSUERITINYITRINUSTUUUSZEMEINTS (Motor sphere)
21N5%391N15uENINNYIVBINUSTUUUSZEMINLULR (Autonomic sphere)

P D=

- a Yy W % o .
21N1TNIBDINTITLLEAIN LﬂEJ'J’LIaﬂﬂUﬂ'J']ﬁJEaﬂﬂ'J (Consciousness)

ma'lu'lmi%’%’ay,mjaammmazmmsu,amﬁLﬁﬂ%uizwiwmi%'n (seizure semiology) Tun1susziiiu
i liiAnain1sdn (symptomatogenic zone) Tnglanizannisiitindulussezusnvasernsdn
inazaguinanfeaiunialilnaaindundsinfindn (epileptogenic zone) Wuuseleuidmiunisuszifiu
Q’ﬂwLﬁ'amimﬁm%'ﬂwﬂmau%'n

nailunistnusiagszes fUaeanafionsuinnimileUssnnsauiu wu feinsinsanszansauiulizan
#3 (motor sphere + loss of consciousness) FaMITunUsznvaseINIstnITRRINDIMITAUNINTUNEN

amsuansvnzdndiuselevilunisusdiunus (localizing) uazusdng (lateralizing) lulsaaudnaasi

v
=1

AMAUNURRS
1. @nsaseyladng dawu Lifianuuandisiusendnegussiiuanniin (high inter-rater reliability)
2. Foadusnisuansusndaindulutaeusng ﬁ;ﬁﬂfwﬁmmiﬁn \flasanennisuansdamdonaiia
snmsfinaudnnszateaanluudn
3. fsrenuisunisdivilfiiaoinistniidedold lasunstuduanuaned wazdndululd awnsa
iliiinensaenalalagnisnseduiilsneluiiusinniiiauaslagnss (cortical stimulation)

A a P o @ Vs
mmswLnenmaanuswuﬂsxmmummgaﬂ (Sensory Sphere)

21N13LABUNTINTY (Somatosensory aura)

=1 N YR Aa o ) o) a a é’ o a a =
AMU3ANYT (numbness) 3a3dn8U9 (tingling sensation) MAnduTUWIzUTIUlAUSIIMMITIYRY
3719n181Us282UINVD99INTTN dNNT5aUITDIALNLINT IRINABIN15TNUSIIEUENB9E9U primary somato-

v %
sensory cortex Nansedny
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aa A a a £ a A a & ' =1
lunsaifianuidnvinsedue aduluusnundrmiaiionn1sniaasd1evessneniy 91auas
Aunuanvinliiine1n1senUSIIIENe9dIU supplementary sensorimotor area (SSMA) %38 secondary
somatosensory cortex (S2) %aagmaﬂﬁmuumm Sylvian fissure %38 posterior insula

F8A25539 NMINTTRUUIIIU motor area liusaunn FedsliviliAanisinIaisenseantuauuaiu
Iananeuen anavinligUasuvananisiindraniienseaniune Wuanuidndue e

=1 Y o ! o 1 v v () o o 1 Ao Y a o
AUSEnYMeAT wIaszyduwlelild Lifiusslevilunisseydumisnvinlvitineanisdn

21N15:MauUN19n1 (Visual aura)

Auaefivaadiuluuannu wiawududnieg WuuaeszBusedu wiandaulnaldluatuaien (elemen-
tary visual aura) Usdnemunudsivinliiinenisdnusiiaauasdau primary visual cortex (Brodmann’s area
17 uaz 18)

Y Y v = 7N a a <3 a dy y d! y ]
dduneanansaliiseazidealadianuraunfivainisussuindululmisdslavasauaisnt azvae
UL Ny NAaIN15 TN USIMaNaIRens ULy

AUneuneseananashiviuluvasifisnnisdn (ictal blindness) Fsanazdusimsiiiaunieniysznn
nilanld vseevaziduain1sndsenistn (post-ictal symptoms) AinTundeaINaINIsHaUNIA F98IN5

fanan1usrnenurLavin liiineIn1sTnUSIMENa a9 primary visual cortex Uiy

aa v < v oy =1 . . . =) 1 Ao gya o 1
nsmmgﬂwmumwmu%wu (complex visual hallucination) vstemunisivin liiinean1senludau

visual association cortex U384 parieto-temporal area

21N AaUNINT5LABY (Auditory aura)

gUlenlagudeaney Tun (tinnitus) Tuszezusnveaseinsdn (simple auditory hallucination) &u13e
Usfeumniaiin liiinen1senusaaauasdau Heschl’s gyrus %38 transverse temporal gyrus Iaggdauunn
% Y ] Y = o/ v o/ 1 = =) L( v L% Y
LLa?QﬂﬁﬂﬂgluﬁquqiﬂiquﬂqqLﬁﬁl\‘lﬂ\‘l&lqﬂqﬂﬂ‘;mq\iﬂlﬂ E]'lﬂ']iﬂ\3ﬂa']'Ti]\111]Nﬂiziﬁl?jui‘IJﬂ'ﬁizUﬂl'NﬂJqﬂ‘Uﬂ L1
v A v v =& & a [P Y
JUagazduduindeanandrdadramieidinazislinesld

a a oo & o : a a a o Y
nslagudesidudonyuluszezusnvasoinisdn wu laguludesauns Fesauaeiu (complex
auditory hallucination) 819Us¥AsARUINAANBINSTNUIIE temporal association cortex WA
P oA Ay 1 " . . .
UIyandUdYN1 simple auditory hallucination u1n
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2IN15LAdUNI9NAY (Olfactory aura)

JUredulngsinudeinnduiilasudunduqu ndulinsszasd naufiliveula nduenslud eanisifiou
mandulivlelunisseydne uasinnuldlugdqeniiannisdnlu mesial temporal lobe epilepsy laggiumiisil
vinliAnens¥nsinaguiians amygdala %38 orbitofrontal part ¥as gyrus rectus

21N15LMBUN9NT55UTE (Gustatory aura)

= o

HUnednsreeudnidntesaunnlaineyseasd (unpleasant taste) Fes1usausdadnunisiivinliitin
9IN15VNUSIIUEND987U insula 8IN1saenadlitivslevilunisuetng

21N15LABUN19IN (Psychic aura)

v = - a ' yeg L ea ¢ . . veg o =

§U28U1951881151AaUN9TA WY AMUZENARTY (déja vu) uEd] (jamais vu) $8nINANGT %38
NBWAUNINVABY LHURIDINIBUNNE VBT eNBuenaanluaesdy SEnmiauiygyiavansaniuainiig
a1n1saenasinnuly temporal lobe epilepsy Ingdilsdfiuselovulunisustng

21N15%3INSHERINLNYITBINUSEUUUSZEMEINTS (Motor Sphere)

° v a a v v [ . Y & '

ISIEIUTTATIUNBINTVNTINITBINUTEUUUTAMEINTS (Motor seizure) oty 2 Yssianlugiq anu
AMuFudauvaInIsiAaaulrg fell

1. Simple motor seizure %38 Elementary motor seizure fia an1sdnfisinisiadaulualigudau

) <] . . . . = =1 a X ¥ P
WY 81131034 (tonic seizure) n3EaAN (clonic seizure) FamM1smarilausaiadulaannisldliniinsedy
AUDIUIIY motor area lagnATY
[ = N~ i oy 0

2. Complex motor seizure ua1n1sdndainainnisindsuluafidudau (gestural motor signs)
wazhianusaldlniinszduanasdaulaliiineinisainanauld mswndeulunlstaglusssuvid (integrated
gestural motor behavior) lunsiadeuluainuelaluauuni wu duvnniiouduinsenu (pedaling) 1y
(kicking) #39913328N1591919 (stereotypy) Wu tAnzdawnq vinunvyuviv TugUlieuiesse nsindaulng
a19gliidusssuyfuniin (nonintegrated gestural motor signs) Wu fin1svdudamnesa iwdnudane
Judu

Simple Motor Seizure

21M3Unazeae (Myoclonic Seizure)

< v da v & ] 1 A _aa P Y 4 2
L‘Llummi?jn‘wuminssqn%aﬂnmuL‘ua UIUUBYNI1 200 UARIUMN NﬂWUTu generallzed epilepsy
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21N15%nNLN39 (Tonic Seizure)

2 v a a < v g oA a o v a g 1Y) P~

Wuen1sdniiinannisinisvasnduilasaiiiasuiunatsIuai TaglugUaenidulsaaudnianizi
(focal epilepsy) sinaziiannisinTevasnanutiladudu (proximal muscle groups) Tnganaaziiann1stnaien
M3eaaetenld Fedrfionnsneaesdredinaslsiauunnsiu (asymmetric tonic seizure)

o S da X v ¥ 2 a ] a a ¢ ' A 1 A= o 1 Ao v a
2IN15TNNFIMNAVUL9 D19 LGN 91 0Re9 TUsElevdunTun15UIdne ABUTDILALIvn AR
a1n15Unlugauaelansadny

TunsalfifUlsiionnisiniaisaastndlagbigadeninuidnda aunsadsdsiumisivinliiAnainisdn
USLed supplementary motor area (SMA)

=]

Tuemsdnaniziianisnszangluianeaues (secondarily generalized seizure) ;:d'ﬂ'wﬁ’nﬁmil,ﬂﬁ'au
wUaswasanisuansfitisadasiuszuutszamdainadusuuunutanu Tnesinasduanmsidseeiuludadda
F1amils (versive seizure) muungagainsniavasluniin (face pulling or face tonic seizure), WinBnuuy
JumiiawmSeuaziluaiu (fencing posture) uazuvmn3ansaastralnedilisuunasiu inluguiav 4 (asym-
metric imb posture or “figure of four sign”) @saMN1sTAATUTUsETevTlunsUsdsvasRumisivinlhAn

[

21N15%N A9l

Versive seizure: @uaIransanudunuasyeiiuniniy
Face tonic seizure: aua9H9nINUTINNUBINTYN
Fencing posture: aduasdanssiudnuiuuyunendy

Figure of four sign: anasienssnudrunuuuNiden

21n139nnsEAN (Clonic Seizure)

& v o v A 2 a = Y . a P ' = o A
Wuainistnndinisnszanvasnauiladng lagiade 0.2 89 0.5 ATEBIUIN A15aUTD AU
M lAnINSBNUSIMEND9EIU primary motor cortex Hansednu

Tugfas temporal lobe epilepsy findiansnseanusiaailunti a1 uasile fauvn WesINN1INTLANY
vaunszualWiiaInuiin temporal lobe lUfsauasdunnruANaaIzaInaIInau

gUaenfennisdnnszanleeiilildgaydeanuddndudueinisusn Ysddn dundsiniiadn (epilepto-

genic zone) agliivi19a1n primary motor cortex 1NN

Tuenistnianziiniinisnszareglunansauss (secondarily generalized seizure) duasdneiiidu
dundanidadnidnag “81” neuanasilnsesdy vinlviguasdeasiiannisdnnszanusnauvuvidianeliuauad
a & o 1 o a_ a_ a P = b L » X Y v ' a
Mdumunisnniatnaeluladnszezuils (“end of seizure paradoxical clonus”) N1INTEANAIEANIUNDUN
Ynazngn (last clonic jerk) evreustnevasdmunisiiliiineinisdnainauadafadnu
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Post-ictal paralysis

2IMIBUNIANGRINDINTTN Tnwulandsannisngilestiannistnuuu simple motor seizure 81013
aenandldanunsatsinuisindinannisdnld udanunsadieusindludsauesdanssiraiudreniguaedudunin

Complex Motor Seizure

Hypermotor Seizure

Huamsdniifimaedeulnvesndudafidudou finvsfinnnuguuse Tuunseisenazaidusssuvd
willeumaiafioulvaund wu fihsenaazgnduunis videfuvuwiioutudnseiu Wudu ensdndandrsinia
Jurziiguaeindmay viaddtasiuagantasisnsdindavusiiionnisdn anmadnussnudanariteteds
suntsiivinlfifinannistnudm frontal lobe Tagtanne orbitofrontal #3a mesial frontal regions

Automotor Seizure

\Wuansdnusznniiinisiadoulagng Tnslanizvasuauvidiutans vasn vievasdu Tnegiae
daulvigindn 95% azlsiddndrlussuineiifionnisdnussanil ennmsdsnanadauuinwulugiae temporal lobe
epilepsy Ltdﬁawaama‘lﬁlu;ﬁ{haﬁﬁﬁwLmﬂqﬁ%ﬁﬂ%ﬂag% frontal lobe TagszaziIanfivin automotor seizure
294 frontal lobe ﬁn%ﬁgun'jwaq temporal lobe

fUefifiann13uas automotor seizure sinazfinnsdniinduniouiunsaesdng §1fuaedionnisdn
Ussniliadudndladnadaiissirafien svdaevstrwesiumidivhlfenmsdnenaussdhafientu Wedn
nﬁﬁpjﬂ'wﬁﬂ'ﬁm?iau’l,m%m Frafgatiu unnnsiuvurterdunseuetaiinisindauu dystonia vinls
Liigwsavduld Fsnmaindedsnaradunaanannisnszduvesauasianseday

dwnngUleidnaaluvasnienistnuuundeulunigig azgreusddsiundamvinliinainistnuiian

#399d9U non-dominant mesial temporal lobe

31nN15ANYIVDS Bonini wazauz 1aeld sterecelectroencephalography (SEEG) tauszifiunay
FUNUSTZNRIN99INTUEARN5EMI19TN (seizure semiology) ‘lums‘u'w‘hLmijaﬁv‘iﬂﬁl,ﬁﬂa1n’1’5°i'1’n1u&3’ﬂ’;EJ frontal
lobe epilepsy Wu31 complex motor seizure @1asinNENRUSAUAUMUsANdatn Tuauaswuuly spectrum
Taedrdnunananssdiuiidsagnisdunimnnuinla @ddndiuuia prefrontal cortex unwinla) n1siadeu
ImezBadusssuvfuniuwiniy wazdiduiaiiadndslndfusiumus motor 158 premotor cortex N5
wasulwifazBedudoutionas
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INISUNUUIIIE (Gelastic Seizure)

1Mzl Aautisaziwiziu hypothalamic hamartoma laganansanuAuEaUNg
aana13lu MRI ldunda 50% agelsinna fuqedaulissanaiionnisdnusznnilain extrahypothalamic
localization Iagdisngaruniswuiiwndeanlagnainusien anterior cingulate gyrus, frontal lobe, temporal

lobe 8 parietal lobe

2INTSNAIUNTE

a v = A o . R o o 1Y) y &
nsfifUaegadeanuansaniemenlusznindeinisdn (ictal aphasia) Wsandsaindnluudaiiu
(post-ictal aphasia) iUszlevilnnlunisusdeluds language-dominant hemisphere ¥a3gUas

nudgUae temporal lobe epilepsy asiiszaziianlun1siuddvasauasnsanensuiundgioe
frontal lobe epilepsy 41N

b4

v o o Yy A a v P o Y @ . ' =
@Uaawﬂaﬂeaﬁuﬁsnwuﬂqalﬂmuauﬂﬂmm6] ‘I/IQiUuLﬁﬂﬂ’NﬁJ;Jﬁﬂﬂ’J‘l‘U (ictal speech) 813%98U904 non-

dominant temporal lobe epilepsy

nsfigdredadeusiiissegafedlaeifsliilunen (vocalization) Tifiuszlevilunsusdumia

= [
RIDUIVNN

91N15%3001NSUEASTINEITRINUSTUUUSE M LULNR (Autonomic Sphere)

21M159NVaITTULYsTAMENTUIR (Autonomic seizures) Avansdniiisnisuansuanidunisiuiey
wlasvasszuuUsEamaniugia lasasdasdivangiuusingtnnu wu nsidireiidnsnisduvesidlasavuly
szudnefifionnisdn \Judu

f1981928991N15TNVDITTUVUSLAMDAUIA 52uaUs e luN15UIAILAUL Az U9T19989810153N
anunsaagUlaneil

9IN5LAAUNISEUUYUSTEMINLULR (Autonomic aura)

HUrelsraudnuiesieaaiinladu witesean ieauan Tussezusnvasainistn aansaenansdndy

v
vac a1 a

91MsiaunesEULUsEamanludAndaillounndnunang uvaseInisainatnny wu rdulniiialadiug,
A nuTnasAusITu ansanaaUsiwdeivinlfinensdnusnm insula
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271N15BUN199189 (Abdominal aura)

v v o = a 1y a Y] & 2w v v =]

JUrelsmautndulunileussengaimsiiondnidn aauld wedanzay dadaluies wiuvias Uandus Tu
% v Yot Y - ddé’ a " v Y o o X v o o =1 = o
o Vealdlulau Sanmiiouliideduagluiies Fanindeslsauauuainies WasnsnenaiTuuiaudeszau
wiianvisena fUrednazvunad aanisaenardnulduinlugiae temporal lobe epilepsy usnasnsanuly
§U78 extratemporal epilepsies lawwuiu (Iaganizly frontal lobe epilepsy ag insula) lngdnuviad
iniiAne N sinvesensiiiaunisiasagnuiiin insula

21 35TUUUIUGN (pilomotor seizure)

KU28213801M5UUNAUUT IR Y89319N1Y Uazanvazaunsadieduniald adedunisthuuy
Jacksonian march

AunLIva9e1n1sTn: ldfivselevilunisusinumns

$havesonsin: sniRatuiudirufsavesennisin

DABUTLNRINNTUN (ictal vomiting)

FLLRUSUDI8IN15UN: Temporal lobe
41998991015%0: v

ANANUIABTERINNITUN (ictal spitting)

ANLLY991N158N: Temporal lobe
d19v991n15%0: e

aneluaszninenistn (ictal hypersalivation)

ANLLLIYR991N158N: mesial temporal lobe
41999991n159n: duasd19nliAY (non-dominant hemisphere)
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v [

= a A Yy .
aqﬂqiﬁiaaqﬂqsuﬁﬂﬂ%Lﬂﬂ?sﬂa\‘iﬂUﬂ?qﬂlgﬁﬂﬁ? (Consciousness)

91N154113i9521319n158n (dialepsis) Aa n1sngUaegadeaiuidnaaluszndnaniionnisdn wagly
Ausadmansalszninetnlanasainrgadn

Aundsnvin liiinanstnvesensdnuuumsliedinazagyineann primary motor %38 supplementary
motor area L899N#19ALLABINTTNNIAINUTLIN motor area HUIBINALADINITUAAININTTUUNISIATDY
Tn3 W nszan 159 anreu

5282178199991N15UNUUUAND (dialeptic seizure) AUszlavudnsusnurdsvasaIn1sdn lnetniitin

211 mesial temporal structures 3zia1N15WNBY1ININFNNNIAIN frontal lobe

aamstnuuumsiagianaluainisvas generalized epilepsy 14 1Wu absence seizure Fstagiuds
lidnsrunalafivinliiinennisimsielu absence seizure FALaU UABIIN57AE generalized epileptiform
discharges vl#lAinn1s8ugan1sineuves cortex WWuustauninesriunig corticothalamic networks

[

Table 1: @3 localizing and lateralizing values ¥8991N1504AZAINITUEAITENINTNNE1ATY

ity Lateralization Localization

Sensory Sphere
- Somatosensory aura

Unilateral sensory aura Contralateral Primary somatosensory cortex
- Visual aura

Hemifield visual aura Contralateral Primary visual cortex
- Auditory aura

Simple auditory aura Heschl's gyrus
- Olfactory aura Mesial temporal lobe
- Gustatory aura Insula
- Psychic aura Temporal lobe
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it

81113

Lateralization

Localization

Motor Sphere

Simple Motor Seizures

- Clonic seizure

- Tonic seizure

- Secondarily GTC seizure
Versive seizure
Facial tonic seizure

Fencing posture

Figure of four

- Last clonic jerk

- Post-ictal paralysis

Complex Motor Seizures

- Automotor seizure
Unilateral automotor seizure
Automotor seizure with

preserved consciousness

Contralateral

Contralateral

Contralateral
Contralateral
Contralateral to
raised arm
Contralateral to
extended arm
Ipsilateral

Contralateral

Ipsilateral

Non-dominant

Primary motor cortex

SMA

SMA

Mesial temporal lobe

- Hypermolor seizure Frontal lobe

- Gelastic seizure Hypothalamus
Language

- Ictal speech Non-dominant

- Ictal aphasia Dominant Language area
Autonomic Sphere

- Autonomic aura Insula

- Abdominal aura Insula

- Pilomotor seizure Ipsilateral

- lctal vomiting Temporal lobe
- Ictal spitting Temporal lobe
- Ictal hypersalivation Non-dominant | Mesial temporal lobe
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Luncheon Symposium 599 A new Lacosamide monotherapy

and other clinical applications

ANYINT : SA.UN. FUANA LTABULAT IMNAUSUNNYANEAT NWIINYIRYVDULAY

Professor William E Rosenfeld 310 The comprehensive epilepsy care center
for children and adults, St Louis, Missouri, USA

asumsussenglag ©.WNJ. NUSISSU NANYNYIOF
ACLIWNEANEQS UKDNENAEIBEDIKL

se.uw. audnd Wieann Menantludssduinuszmdalnenasnisiinauvesanansdladdausuly
global clinical trial Tunanslassnisaaudd a.a. 2001 Fefivszlon Ifuszaunmaninsein A lfiiunudnuns
lanzuaztayavasenlunatssuuuy v1 lacosamide (LCM) tuldfinnsiusasnfausnannumeilsglavluiou
Ausneut a.f. 2008 é’qa%'aﬂa‘f? adjunctive therapy U84 partial onset seizure in adults mﬂﬁ”ﬂulﬁau
nanaudliieaiu FDA meilsansgauinilésusesdiedevadifientu antiulud a.a. 2014 me FDA awizawisn

9 &9 &9

Afuseaiuinludausiuas monotherapy lu partial onset seizure in adults Ltaxwwéllaqis‘uﬁl,'%u%'usaﬂu
Hausiieauvas monotherapy ¥ae LCM Tl A.d. 2016 Uagtuiinin 49 Uszmanalandilgld LcM 3
FaruunvasuiazUszmaatainnuuanasiuthadndes Juseusd a.a. 1990 fenfudn new generation
W 4 a1n 16 ¥dadldsunsiuseady initial monotherapy in adults l@wn Topiramate (TPM), Oxcar-
bazepine(OXC), Lacosamide (LCM) wag Eslicabazepine (ESL) @sszwmalneiasen LCM dldSunisiuses
1141 partial onset seizure in adults siawfaumensu U a.a. 2014 wazluniewdsszmdalveiiuses LCM
ﬁ‘lé’%’usad’lun'ns’mugﬂquﬁﬂ‘w’%awﬂLmu"lugﬂLLUU%’UUszmﬂuﬁ’aﬂeﬁme monotherapy Tu partial onset

seizure in adults Wunu

ANUT58N8VBN Professor William E Rosenfeld 389 A new Lacosamide monotherapy and other
clinical applications agulaadnueAnylanail

Tuilosduvasnsussene Inenslditiugrinnsld Lom Tuuszmalnetusnunsaldly monotherapy uas
adjunctive therapy lufjthsfifiang 16 Viuludauniioutumeilsglsuluvnsiitlsanigauiniesdulidangunn
n91 17 Dduduly nmsldlugvuvuinlunsdldmaunusuuuuiuussmutuiidoyadrquasiAvasevides
sUnuuil bioequivalent #iviniu

Tudszmaansgauimiiduaslsaautnidudiuauunn nulddsdesas 1-3 vasszunmerundslagnis
Uszunanngaanawiniu 2.2 §1uau JedndiuvesiUaeazidy partial onset seizure fivszanaiasas 60 waz
fiauldlwsilsmaudinde 150,000 audal (W3adl 1 Tu 26 Aufionaldsunsidadelulsaaudnldlutrmilveseny)
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N13AN®1984 Brodie MJ uazamglul a.fA. 2012 duvilisildnsiuinduaslsaautniviaznauauassia
gINUTALUY initial monotherapy fUssunaidaeas 49.5 waziaeazvasnisnaudussazivasulUdiadinsiiasu

v o o o ege M v Y Yo aa 1 v v aa o [
gnsenudniiie initial monotherapy lildna uddnaziifUqeninisnavauasseeriudniaanldlunangsg
wiruUaziluvasnmneuauaniinazaasirsuiu awuiuluaudrdyiintsesdensnudnlimvunzeay
o o oy & R o = . & ' v o <
dmiugUlenauddiunvanisinel n1sAny1ves Brodie Uuuanis13n1slden second drug finasidu add
on therapy uazidlagiUrsnauauasinazaseasuluidu second monotherapy uinndnfiasivdesuluiiu
second monotherapy A4LAYI9USN INBINSITUINIMMINATABUEURENUTN Tunane qAdan T ldUseau
Aua5 919vzRasmilsdanisihenluguuuunisindalsaaudnderuniu

Tundvassmnvaslsnaudntu Saanuuandnslutaseny wmnidudiaedluglnsianizenguinnii 64 9
suvnaramnantlan vascular disease uifdftasmaniuanalifivsziafifeafulsavasnidonstisiaay
usidnmane MRI brain IUgvnues white matter Asindefsamgan vascular If dwsugiaeinmsnusn
Ananmavaslsaaudnarsunaniyymannnisaaeaudalsanis metabolic disease uazluiniilndunnidntdos
fifiuse 3 febrile seizure uaznguiliilalatuinarvszdunguiionnsdniilifilédadungu mesial temporal
sclerosis ¢ ffUaenfinany 4-6 VidlasinnsiansaunuszTauneenaudenaasdesss Ssamgain absence seizure
d1fUawany 14-16 VlienrsdninienseanazdesiansanituiassuwaagUaeu primary generalized tonic-
clonic seizure %39 partial onset seizure luanigaiusnidUieiiany 18-30 Yazdesszeaiunlsnandnilan
31N traumatic injury LLaxﬁmq 40-50 ?Jﬂnﬁmmm'm primary brain tumor §7U metastatic tumor Alinay
wulugihefiongfiunnnds 50-60 B Wudu uenaniflugitaelsaaudndsfidgmisavas comorbidities Ifitufu
ai9d192u depression w3angu pain disorders 1wy fibromyalgia °luLL¢i°uaqms*ﬁ'u%'mwmumaqQ’ﬂwkﬂ
audnlulssmaanigausnuudufiunguansvasigiug luiginsaiaenatmualiidesidennisdnuiu
soifiasi 18 1oy udusigonadmualiifissuasnineinisdnd 3 iweuwindu dsdulneiialuminlsidsnlu
929 6 1Rauds 1 U Tuangouinminazeaulidudomummugld dnlulssmadluarnifuieniunsiudeny
wwuzaaendniuFuanlusenliduienunvuzldmnlifionnsindelioaduszaziaa 2 U

a =X ' N o a ] aa v . a 1 & o ' o ' Y .
Wensnafengulsansinaziinislvinisidadeiadntulsnaudn ngulsanena1nliun sleep disorder,
paroxysmal movement disorders, syncope, acute vascular disorder, panic attack, psychogenic non-
epileptic attacks wazn12e hypoglycemia Wudu Felldavainguledasas 20-30 fidadruusnuiluy epilepsy
U Y
center A181504 refractory epilepsy wiia3eua2liilyi504 epilepsy @aunndaraazdasndayastgiedug
o o v

fiansaundayalaidnaziu routine EEG, sleep deprivation EEG #38 video monitoring EEG wazfid1Agydas
lsinUana normal benign EEG variants 31.Juanuiinunfvadlsaaudn

gnslananiinnislidlenadmsurtinvadlsaaudnanaasulumugaasisuiinisldadn psycho-
motor seizure, temporal lobe epilepsy, complex partial seizure w3alutlagUu focal seizure charac-

terized according to their features ununu
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Tuanigowsnmaziifiteuszann 1 Sruaudel Nluiununaniduuaziifis 170,000 aunldsunsdulfidu
JUqelu fifevaz 16 vasUrelsnaudnudlinisifiadeilu non-epileptic event daawuiu lungu frontal

lobe seizure {ufaagnevas misdiagnosis 14

ynegluaniufifianunsariinis monitor §Uaeld davsduasnisii continuous EEG monitoring
(cEEG) Tufftleflundae altered mental status Huagldudduaniifiuseianadulsaaudn sl Auctuating
YB93ZAU consciousness N15UUTLIA acute brain injury LAZNITATIVINNIYNUAN WY stereotyped activity
W paroxysmal movements, nystagmus, twitching, jerking, hippus, autonomic variability finnsAnwnveY
Friedman D uazanzTud a.a. 2009 wuinilfedesas 37 vasgiaeiieglun1az coma Tu ICU Senistnuuy
non-convulsive seizure dsaunsafigarfldainnisin cEEG wananiiniavin cEEG dufinadenisdnulsidnas
\un1sGals AED msuUFuen AED w3annsvignen AED

lun15us5818Y9MR9Ya9INYINT Professor William W Rosenfeld latufgaiudayavasnisly LCM
fadaagunail

. LCM gnunsaianTdladu monotherapy %38 adjunctive therapy Tu partial onset seizures Tu
fUawany 16 VuluTuuszmelneuasuszmameglsy Tuvasiianansaliluguaeeny 17 Yaululuanigawizn

v Y o v = D v % = .. . ] y &
%a%a%anguuuwa%q\iLﬂﬂquaﬂuqﬂiuﬂqu mood LLaZNav19A8eYdY suicidal idea UUABUVIIAN

. $ounaululuafin n1sAnw adjunctive therapy w83 LCM 3u112710015@ne14UU multicenter,
placebo-controlled uag double-blind clinical trials 37u2u 3 n1sAne Wuszezian 12 dUasi (1. Chung S
wasAe, 2. Halasz P wazauy, 3. Ben-Menachem E Llagaue) %’ayjaﬁu%aemsﬁmﬂ’lm&h‘ﬁlfﬂumii’wi’m
{98 partial onset seizures 1,294 5187 lianu1sanruaneINsindasentutn 1-3 vila (with or without
VGN stimulation) Tnegfinenguiifiennistinideudredlneasfionnsin 11.5 afdluszinan 28 Fu lu 3 s
AnwnilazAnen LeM flvunauansnafulagfinen LCM 200 , 400 va 600 me/day Tnewfisuiu placebo wuin
50% responder rates 989 LCM Wiasfiauiiu placebo ﬁuagﬁ%waz 33-41 anenuluaunisAneLazunn
g iile (Slide 1) uanmﬂﬁ'umsﬁnmé’l’qwu%'agamm median percent reduction in seizure frequency per
28 days from baseline to maintenance phase agjﬁ $peaz 33, 37 wag 39 Ty LCM 200, 400 wag 600
me/day AuaRU (Slide 2) wonANBUEIWU seizure free rate dmsungu completers Tuya9 maintenance
agilfouas 2.7, 3.3 uazd.8 WU LCM 71 200, 400 uaz 600 me/day Auadu (slide 3) diidoyalunguisl
>50% response rate tuaznauauasldalutae dasenfindusnuesnisdulden Lifldeunndnsasnis add-on
LcM Ty previous AEDs sy Tundvasnatnaesiunudn dizziness tuanunsanulduazaraguiuvunn
v99 LCM 7l wazanadunasiunvasnadnafiesvasen AED fildsauiiu (91 1-3 ¥fin) headache nausea uae
double vision Anul&andayanisinuyail linunsiitymiwdniuviaanainnisly Lo

i8
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ADJUNCTIVE THERAPY

VIMPAT® Demonstrated Significant Control of Partial-Onset
Seizures With or Without Secondary Generalization'-

=50%c responder rates from baseline with VIMPAT vs placebo'**

4%t 1%t
38%!
-g £0
2
@ 29
= £L
€ 0
o 10
g _|
|
=
n
Al
Chung Halasz Ben-Menachem
n=104 n=201 n=159 n=160 n=158 n=96 n=107 n=107
INTENT-TO-TREAT “‘Per 28 days from baseline to maintenance
TP<0.05.
=== Current therapy + mmm Current therapy + m— Current therapy +
placebo VIMPAT 200 mg/day VIMPAT 400 mg/day

& = .

Fi N Please see additional Important Safety Information within this presentation. =~ VIMPAT

lrll Please refer to full Prescribing Information provided by the UCB Representative, “lll‘.ﬂSﬂl‘IIldB]@
hid and visit www.VIMPAT.com/hcp.

Slide 1

Pivotal clinical trials pooled :
Efficacy: Seizure Reduction (ir1 n=1294)

Median Percent Reduction in Seizure Frequency per 28 days from Baseline to
| Maintenance Phase

45%
40% - " i
5 35% A * 37%
5 30% - 33%
§ 25% A
€
S 20% A
& .
E 150/0 i 13/0
g 10% A
5% A
Dofo R T T T
Placebo Lacosamide 200 Lacosamide 400 Lacosamide 600
=359 mg/day n=267 mg/day n=466 mg/day n=202
Adapted from Chung et al Poster at AES 2008
ry ;
S Slide 2
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Pivotal trials:
Seizure freedom during maintenance (Pooled data)

Seizure-free rates for completers Median change in percentage of seizure-
14 14 free days during maintenance phase
12.1%
12 = 12 -
E 10 4 $ 104 9.3%
E S
= Q
S 8- & 84 7.4%
a o
a [3)
o - = 4 54%
e 6 a8% g © :
g 5=
S5 4+ 3.3% O 4 -
I 2.7% . =
w
291 0.9% I 29
o+l : , 04 . : :
PBO 200mg 400mg 600mg PBO 200mg 400mg 600 mg
n=326 n=225 n=366 n=124 n=337 n=244 n=393 n=142
Lacosamide Lacosamide
400 mg/day is the maximum recommended dosage
PBO=placebo
1B i
et Slide 3

. MsAnwdaidneInsiiaing1afa The vitoba study (vimpat added to one baseline AED) &4
tWunsAnwnves Noack-Rink M wazame Tag added on LCM TUfiu one baseline AED in epilepsy patients
with or without secondary generalization in clinical practice in Germany miﬁnmﬁlﬂu prospective
study 1Huszeziann 6 ey Tuftiae 500 au Tas 81 AED background Hugnidenlasuwnddvinnisine fiae
nguiiudiazlailingy intractable epilepsy wifloufiunsfinuiBuduvas LCM udnanisnausuasiiasysaidiu 4
11NNI150% Hag >75% reduction in seizure , 9 global impression of change score (CGI-C) nazUssialy
emergent adverse events dauan1sAnwlagagUaIN 2nd interim analysis wudn3aeas 70.2 uag 59.9 vas
{288l 250% uaz 275% reduction in seizure AuEIRY uanINYuURATIABTinUSliguLss inuldde
fatigue, vertigo, headache, nausea (slide 4 ) uanmn‘ﬁiumsﬁ'\ subgroup analysis Tu vitoba study Wu1
mmﬁané’ﬂ’mﬁﬁ shorter duration of therapy (<5 U) wazfUaeTungugeany wsa LCM iUy 1st adjunctive
therapy ‘S‘u §i7 = 50% responder rate waz Seizure free rate ﬁuazﬁau%’wgﬂ (slide 5)
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VITOBA ...2%t Interim analysis

Results : In this second interim report, efficacy (n=329 patients)
and safety (n=367 patients) data are reported.

Reduction in seizure > 50 % reduction : 70.2% patients

frequency compared to > 75 % reduction : 59.9 % patients

baseline

Seizure freedom Seizure free for at least 3months :40 7 % patients

Clinical Global impression ~ “Very much improved” and “much improved “ :

of change (CGIC) 66.4 % patients
Treatment emergent Overall TEAEs incidence :48.8 %
adverse events (TEAEs) Related to lacosamide :30.2%

Discontinuation due to TEAEs : 12.5 %
Common AEs Fatigue, vertigo , headache , nausea

Slide 4

VITOBA ...2" Interim analysis

SubanalySIS . In this second interim report, efficacy was seen to be
better in elderly age group , in patients having less than 5 years
duration of epilepsy and in patients where lacosamide was used as 15t
adjunctive .

Better results noted in

A) Elderly (= 65 years , n=55)
> 50 % responder rate : 78 %
® Seizure free rate : 54 .5 %

B) Lacosamide is 15t adjunctive (n=112)
> 50 % responder rate : 81.3 %
® Seizure free rate : 55.4 %

C) Shorter duration of therapy ( < 5 years n=130)
> 50 % responder rate : 75.4 %
® Seizure free rate : 48.5%
Slide 5
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. M3AN®¥1 LCM as monotherapy 33lunsvinnisfinei3uusnvas monotherapy Lmuﬁﬁmﬂmjﬂmﬂ
WunisAnekuy historical-controlled, multicenter, double-blind, randomized trial (s578aztd8nluisn1s
ﬁﬁﬂﬂiﬁnvﬂaﬂuﬂiad'}uLﬁutaulﬁmn Wechsler, RT, Li G, French J, et al. Conversion to lacosamide mono-
therapy in the treatment of focal epilepsy: Results from a historical-controlled, multicenter, double-
blind study. Epilepsia. 2014; 55(7)1088-98) msﬁnmﬁﬁlumi@ﬂﬁsmauauaa%aaaﬂ LCM fivunn 400 %3e
300 mg/day lneraeUdauaIn baseline AED ihandu LCM (Iﬂﬂﬁ;:iﬂ'aaaz‘lé’mmmaqmﬁ'u%’nmﬁmau < 50%
989 minimum FDA-recommended maintenance doselugnnudnviiaay) ludruvesnadiafgsnuan
wiSlauiuns@neuwuy adjunctive therapy 8ns3u insomnia finuannninfinannindesas 2 duunaazuvas
ASANYINUT LCM #i 400 me/day thuluszansamlunsineuuy monotherapy dn15%1 post-hoc analysis
vasmsfnuniilaegiaefifinismeuduaduuy > 50% reduction of seizure frequency per 28 days tiugdl
Uszunas $ewas 60 uazngu = 75% reduction of seizure frequency per 28 days agiifesas 36.9 uazdngau

seizure free U post-hoc analysis agjﬁ%aﬂazltl

. A1SANYILUYU monotherapy ¥89 LCM °1ugﬂuuu5mfu WUINN1SANYIVBY Lattanzi S wazAmz
ANuUNlY Seizure T a.f. 2015 miﬁnmiﬂumiﬁnwﬂuﬁﬂw 58 aufilun1sAnewuu prospective follow
up 114!%'{]’3&1 partial onset seizure fi3uusn$neUU LCM add on therapy wazil 1-year seizure free 10
Yuasuundu LCM monotherapy lussezinandn 1 U Tnenauen AED siiafiusandne nansanewuin
fUae¥evas 63.8 MnnsAnudsaainislen LCM monotherapy sgagnssaiilos uaziseas 55.2 fiseizure
free Tngaurnuas LCM agjﬁ 400 mg/day Tnefinadadeslsisnsainnmsdneiinanalidnedu

.+ N15ANYI long-term efficacy and safety of LCM monotherapy in the treatment of partial
onset seizure: A multicenter evaluation Ing Giraldez BG uasanuzTudl a.a. 2015 1Hu retrospective review
Tu 6 centers luszezinangegn 54 tau 5wudias 66 elasudadunguusngias 18 sediliiaglden
futndumndeunazngy 2 Tfiae 48 Tefiesldiunsinudiseniudneiingu Jeisaasnguily fivszanm 6
WWou uag 12 iWeuvasnsussifiuty f¥esas 77.6 uas 72.3 vaUaeiifl seizure free audIRY HathaiAss
liuandrgannsinundu udfiuandnsde dose w9 LM iildTnsiadedulsigeunagd 204.2 melunguiilsiiae
I§Fusnfudndu wazil 270.8 mg Tunguiline¥nwndaseiudndu

.« N15AN®IYR4 Villanueva V wazamzlul a.A. 2015 From early add-on LCM to monotherapy
conversion: results of really study sﬁamiﬁﬂmﬁazg efficacy wae tolerability ¥84 LCM as early add on
therapy in a large population of patients with partial onset seizures Wunan 19 %ﬂﬂ’liﬁﬂiﬁﬁiﬂﬂﬁ@ﬂ
WU lUsTELIaN 1Tlﬂaeé'ﬂqaazaﬂuﬁmdaaG]Lﬂ?iaumn add on therapy Uiy monotherapy ¢ Tngvauy
il#5un155nILUY monotherapy Adl seizure free ludndaufininnindasas 70 natradeslivandieain
mMsfAnendy

Cj  September-Decemner 2016 Epilepsy Digest



- Angnsidnannienisine LCM Tneanzvasinuineinsiesdadunisfinendfidadissnainnisine
WUU add on therapy vain1sAnenguvasvinu laen1sAnwiazilu open-label extension study wuu
ongoing lA8uUIAYBY LCM agjﬁ 100-800 mg LAZVUINVDY AED 5'u6]alz°i'%jluﬁ’mmwsjp§%'ﬂm lngaguiisonas 77
vaafUeifsnsaglunsAnyuuy long term patient retention fiszaziaan 1 U waz¥evas 56 fiszeziaainis
Anwft 2 U (> 30 wWaw) Sinan1sAne = 50% response rate fiuszanadaas 60-65 luninatnufesuanwie
210 dizziness ﬁ”umnndﬂﬁaﬂzy,mwm cardiology wudnildagain LCM Turunidy dose-related 1y
ﬁ’m'ﬁmﬁu PR interval 1§ (2-7 milliseconds) ﬁaﬁ’mmﬁﬂqaﬁqu 2nd %59 3rd degree heart block An1s
azndnAeansly LCM usdndu 1st degree heart block Yunasasiinisiiansansni Fedrulug) cardiologist
fnuuziidn 1st degree heart block Huiilanaiaziiin 2nd degree heart block muunlétios daeauiu
Frufavesinginsiesazidentin EKG luffirsunanguiiidymilsaussirdaiudulsailesgudveluduie
4918 2139N15A393 EKG 9ndayaluadndnd PR interval winlus

« LCM intravenous dose ﬁmiﬁﬂmﬁgﬂa@u phase lllb Wuu multicenter, open-label, intravenous
loading dose uasliFuuszmusatiiasfrsvurawinfunddl bid Tuszeziaan 6-7 Susisiilasdnun Tneiifiae
wvadu 4 nga 163U LCM loading uag maintenance vunauang1aiy Tagagunudn LCM 200 mg loading
wazduUsEUf 100 mg bid azdurunaiivasase mnﬂlmmmmgandqﬁﬁﬂwmaﬁmmi dizziness 1Aagn4
Faau (slide 6 )

LOADING DOSE

Trial Results Support the Safety
of a VIMIPAT® 200 mg Loading Dose’

Safety and tolerability’ e

+ The most common 200 mg loading dose AEs 25% in the 15-minute infusion loading dose study
included dizziness, headache, paraesthesia, and gait disturbance

Loading dose administration?

+ VIMPAT may be initiated with a single loading dose of 200 mg (oral or injection) followed
approximately 12 hours later by 100 mg twice-daily (200 mg/day)
= Based on individual response and tolerability, the dose can be increased at weekly intervals by
50 mg twice-daily (100 mg/day), as needed, up to the recommended monotherapy (300 mg/day
to 400 mg/day) or adjunctive (200 mg/day to 400 mg/day) maintenance dose

¢ The loading dose should be administered with medical supervision considering the VIMPAT
pharmacokinetics and increased incidence of CNS adverse reactions

15T DOSE AFTER 12 HOURS
200 mg single dose
i S . For complete dosing and titration,
- _— L please refer to full Prescribing
o (P - ‘ : Information provided by the UCB
— — Representative.
(Formulations not shown at actual size.)
Reference: 1. VIMPAT® (lacosamide): US prescribing information. Smyrna (GA): UCB, Inc., June 2015 A~ \v)
Y Please see additional Important Safety Information within this presentation. = ='® VIMPAT
+h Please refer to full Prescribing Information provided by the UCB Representative, (|ucosum|de)€

L J and visit www.VIMPAT.com/hcp. Sllde 6
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- definsAnen LM Tuguuuuendadn 2-3 mseinw edwlugiidunsldnauwnuludieilianansald
luguuuusuusenu szezanlunisiienluguuuulatuaglutae 15-60 wiil delaifidayaninuuasndenvuin
1NN 600 mg dulngvasnisinunlaisiteyvnves burning venous site lugnuuuuda

Tngasy

1. dose w83 LCM Tu adjunctive therapy 234l 50 mg bid LLazﬁaﬂqU%'U%uvgn 1-2 §Uansk uly
1U8e 200 mg bid (F9vu1nvasenazUsyunas 200-400 me/day uazuusliannss ) d9u dose vae LCM lu
monotherapy aBud 100 mg bid LtazﬁaaﬂLﬁunﬂﬁﬂﬂﬂﬁLfJu 150 mg bid waz 200 mg bid Tu dose ’s‘jﬂ‘ﬁ"]&l
(300-400 mg/day)

2. 91309lin15UFU dose vas LCM TugjUhe severe renal impairment wazgUe mild to moderate
liver impairment luag'ilfaaé’fen&h’;ﬁ’ﬂé’%’umﬁﬁé’nwmmi‘]u enzyme inhibitor f@ CYP 3A4 uag 2C19 Nfaq
o o q v ' o =1
S2IUNS1ZA A expose fia LCM AiunTUu

3. 81 LCM hirsesiUgynisunue1duluwdvas drug-drug interaction 81 LCM @1unsasulssniu
wiaunsauenainiieannnsld Ingemnsazliinadenspaduvasen

4. 81 LCM #idauusznauves phenylalanine ftiugUae phenylketonuria 81933faeas39

5. wiiUgyvasuuwWiuy DRESS uuiindulddssunuaiisngauiadudmiveniudnialy asuumn
indeyin skin reaction duAsugae1 LCM wazususasuduendudnuindu
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Highlight from Con

i

Highlight from International Conference

wry. Alssau gossnulisc
amuuguMwIaNIKOBIAUKNSBU

n15UszyuUseI1UYee American Epilepsy Society (AES 2016) Saduilatuil 2-6 Suanau w.A. 2559
24 George R. Brown Convention Center Wiiosgau $giiinds Ussmasuigatasni fiadefiduiiunaula 1dud
Bos Radiosurgery or Open Surgery for Epilepsy (ROSE) Trial: Efficacy and Adverse Events lag Nicholas
Barbaro, M.D. Professor and Chair of the Department of Neurological Surgery at the Indiana University
School of Medicine uazi3a39 ROSE (Radiosurgery or Open Surgery for Epilepsy) Trial: Efficacy and
Adverse Events: Secondary Outcomes and Health Care Utilization Tng Mark Quigg, M.D. Professor of
Neurology, head of the EEG/EP/Intensive Monitoring laboratories, and member of the Comprehensive

Epilepsy Program at the University of Virginia

Tagtuduiinsuiuddn msidadudnislumsSnundirelsaaudniinassedudn wenwlisluainns
Suusgmueniudn@aluissnwman nsuiungfinssu (Behavioral therapy) #3an15U3ugnsanums (Dietetic
measure) dmiun1sHdnlulainIswaulIagerallaunalilausznsnngegalunisshun annisiianiie

v = o aa ' aa P a o =
unsndounsannwanIn wazandnsin1sideddIn Tudae 20-30 YnkuanladinsAnwuaziinnswaunluizeswes
Neurodiagnostics Tnganng Structural waz Functional neuroimaging 8% n1sWaWA PET scan $24AUN1S
1 MRI Tun1suszdiugUasnaunseida tinaladayandnwizuindu n1sld EEG dasdududunisvasganiiia
nsdn waensld SPECT, MEG, waz fMRI TunguiUeiliiiiuseslsa wu hippocampal sclerosis Tungudivdu
mesial temporal lobe epilepsy (MTLE) @utfganu malformations of cortical dysplasia (MCD) lngtanng

& 2 & & P a o ) [ o N = G v v & o
nauanIsnuazanian delitiesdnluguanissnenn widwatsaunindinifvesgUaelsnautn nedean
ansIMIaWNanINLazansINsieTInannsHdndnae anuftmthdenatrlugnisialenialunis
SnelvinugUaelsaaudn vinliguaeladilentasnerdiensitdanindy aiusanansanlinisinenlaens
WrdnludUasinidulsaaudnldunntu wazialanialunisldsunissneiiivszansawliawseuiisuiu
31ANEMIUVUTEIMANTNTNINITINNADNAE
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74 ¥
C 1

dwmsunisendninelsaaudnnesnndiedludagiuiuiustiuviinuazuazdiuniavas Epileptogenic

u

region NSHIAANNULDEAINISIN 1

Anterior temporal lobe resection

Amygdalohippocampectomy

Neocortical resection

Lesionectomy

M13199 1 wansn1saalugilglsaautninudas
Hemisphrectomy/Hemispherotomy

Multilobar resection

Corpus callosotomy

Muliple subpial transection

Stereotactic ablation

m'iché‘fﬂLﬁa%'nmi'a'ﬂawffﬂmmmLLﬂanzjulﬁLﬂu standard resections, tailored resections, discon-
nections L@z stereotactic surgery @71 deep brain stimulation tag responsive cortical stimulation 84
lindafslufitl fagnanssdauuy Standard resection fivinasiign fio nsrindafiuiadumis anterior
temporal lobe (ATL) resection uazH1AnATAUARNES 5-6 ¥Y. AU lateral temporal cortex waziSaqiad
38nmsndindedvunaidnnda smaller standard resection @sgaudtaaipole & mesial temporal structure
w i lunane qaantu daunmsiidasindus Wy Hemispherectomy/Hemispherotomy 1Wudiu dau Tailored
resections finazdun1sindawuu neocortical resections an1sUssiunaunsidnliiiesud epileptogenic
zone wWitunAddasUsziiudoswawwauwalunisridndngae wulun1iz MTLE daun1s§n¥nuuu Discon-
nections WuN13%1 corpus callosotomy %ﬁmsmﬂumjuﬁ'lﬂu diffuse bilateral epileptogenic abnor-
malities Felduszfiuudrinluduaenguillifisoslsafiannsasindald Tnetlagtuil vagus nerve stimulation
(VNS) I@dnandunuimmawnunisyin corpus callosotomy wudaifissunainnismslinanisinundilainnediu
UazdIMIUNISHIAALLUY Stereotactic ablative procedure ﬁﬁﬂﬂﬁ?jﬂﬁa Gamma knife surgery (GKS) tdu
stereotactic radiosurgery (SRS) Uanauasluyinane epileptogenic tissue laglutaausnuassinaziiannisuau
(edema) uazanaiianatrufesfilifeUszasdld daunanisshenduaziaussansnniinanduiouvdenaied
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Tuunaaaiiaznanails Stereotactic radiosurgery (SRS) Fetfumeustin.a.1949 1finswannineg Lars
Leksell fagunnduszaminervniadiou udsantulula.g. 1967 1§din1swaun Gamma Knife wialdlu
stereotactic radiosurgery Jufigandiu Karolinska Institute waziinnsldfuegnaunsvany g IngUsainvas
N5l stereotactic radiosurgery Lﬁa%'nmLLazmuqmaﬂI‘sﬂﬁﬁ%mﬂLﬁﬂ”[,uaum ualdarunsarfnlaauas
wuuundld Taglidasnsliauasdruduldiuanudoneludie wunisldineaiugunisnszaievasasisly
auasfiivuadnuaziveuwntaau, meningioma, schwannoma wag pituitary adenomas {]Qqﬁu‘f’l’ﬁmi
warazilUlglunsrdaanadnu wu

- Tumors: brain metastases, vestibular schwannoma, glioblastoma, acoustic neuroma,
meningioma, WLy pituitary adenomas
- Vascular: arteriovenous malformation (AVM)

- Pain & movement disorders: essential tremor, trigeminal neuralgia

Fwsudinelsaaudnlddinsianiuazihanldlula.e. 1995 Regis et al. IdARuUNAIUGEDINIHARR
A8 Gamma knife TuU8 medial temporal lobe epilepsy (MTLE) anntuldfinisAnuuazisednans
f1ud1s (5U1) wudavain1sinen temporal lobe epilepsy 1ag stereotactic radiosurgery fanuvatnvangy
WANUTIIEINTAANIZNNYN IGaEelitua1AYAI8 Gamma wuIa 20-24 (Gy) (Neurology 2010;74:165-172)

Summary of peer-reviewed SRS of MTLE: seizure / 'E

remission
Seizure-
Study N Dose(Gy)  Vol(ml) F/U(m) free
Regis 1995 7 25 6.25-6.9 24 6 (86%)
Regis 2004 21 24 55-90 24 13 (62%)
Srikijvilaikull 2004 5 20 6.1-8.7 24 0 (0%)
Cmelak 2001 1 15 NA 2 0 (0%)
McDonald 2004 5 20-24 4.3-5.2 27 0 (0%)
Kawai 2001 2 18 6.2-8.7 18 0 (0%)
Hoggard 2008 8 25 6.2+0.7 24 3 (37%)
Barbaro 2010 17 20 55-7.0 36 10 (77%)
13 24 55-7.0 36 10 (59%)

UM 1 nsfneUTeuLiisun1siifnsendng Stereotactic radiation and open surgery dusun1sineduae
lsrautnviln TLE YiRanagnnutn
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finnsAnw SRS vas NIH FadumsAnenanvansaaitusasiiulaseinisirseavss SRS (Barbaro et al
2009) Wui dleAnmunisinuniissezioan 36 weulaensld Engel’s Classification difUnegnineglu Classi-
fication 1B visafndwiniuiesas 67 (20/29) 11 36 Wau uaznsrindadenslduasauin 24 Gy asugudnld
#¥eway 77 Tuvniziinslduas 20 Gy aruaunisinldfasay 58.8 danswiil 1

Clinical time course

== Seirures
- Auras

N3N 1 LARBATIEIUNITVYAYN

(Engels class IB or less) dlafiaany

Jaquinp ueay

fafiaan 36 Loud2833 SRS Wudn
(Barbaro et al 2009)

o
=
o
m
om
E
=1
=
e
=
1)
bt
=
O
o

Months

= Ada . . A o ' y A '
LaZANNITANIARNUN UINTES Epilepsia tauna.fA. 2011WU21 secondary outcomes AMUDUS LYU
1 \ ' = o a o Na ' af I Ay A o
nasaatsualvasfUlrenudnliinsiasuwlasaniauiinunindinvasUlsndulunguinliiiennisdn uas
dmiunadadiuanuianudilasvalulungugsuidenldsunsiidnvasauasdrausu verbal-memory
(verbal-memory dominant-hemisphere) wui13agas 25 anudrladiuatwingas (lun1snsaa 1 as9)lae
A518N15M529A199 (cal Verb Learn Test, Wechsler Memory Long term Recall), 50882 16 anudnlannu
af & A a v . . . v '

Muadu (lun15ns23 1 AS9) WaNasauIAU historical comparison WUI13288% 60 wgaslun1snsia 1-2
A34 trail-making tests Wagz Boston naming testliwuliauiuasunlag

d5Una31n NIH pilot study Wuan

Seizure outcomes:

o 2/3 seizure free Lﬁmﬂ%ﬂmﬁﬂuﬁunéu open surgery 281 36 fiau
o MslguasTUIA 24 Gy AUszansamnn

o Inflammatory response (T2) volume %28WgINIAIl5AR

Morbidities:
v Yas . o Y o
o 3o8ay 50 vaeAUldlAsU steroids waziln12TUNSNYaUTIATIA
o dauluejil auras %38 complex partial seizures du¢
o Visual field (VF) defect lsiansin9ainn1sunaauuuuni

Neuropsychiatric outcomes:

o lifinauuansnsagnedituddnludtu verbal memory WaiFeuiisuszuinanisinfingdas Anterior temporal
lobectomy (ATL) waz Radiosurgery (RS)

o lziﬁmsqcyLﬁaﬂmumqﬁflssazé"uI

o auAWTAnRTusediaulunguiiveadn
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ﬁam‘lﬁﬁmsﬁmmtmﬁé’ﬂL?'\Imﬁ'm'ﬁ%'nm;ﬁﬂ'wau%'ﬂ%ﬁm unilateral mesial temporal lobe epilepsy
(MTLE) 9133484331 Radiosurgery or Open Surgery for Epilpesy ( ROSE) finannainusruiioannwane
da1tuideuaziiun1sAneluy prospective, randomized trial Ing1l% Gamma Knife radiosurgery (RS)
Wisuisunun1sHAnA833 anterior temporal lobectomy (ATL) ém%’wﬁﬂqaﬁﬁqu unilateral MTLE

'3’mqﬂs:mﬁ°umn'mnﬂam:

TugUrsusazseazlafunisusailiunasnisitade unilateral MTLE aghefiunnsgiu Asunisidnsuns
rdannau dUrennauadasldsunisnsrafianiuluszesaan 36 WHaunaINIIiNEIRI8n19HIAn AUTLER

¥
[ =

YBIN15IWUL 4 Usen15unan Av

1. Wiguliiey §nsN1sueadnnaIN1ssnel wazauRaUnivaInIssneIfle radiosurgery lneiusau
Wiguiu ALT @eausfgnunaniiadinissneqie3snis radiosurgery Lidiaandin1siiindae3s lobectomy
diawSeuiisugnsnnisugadniiiaan 25-36 Waunaenssnen wianisugatni 1 Ynaeankildldgnunduam

2 U lnedl power of allowance 15%

2. wW3suiigy verbal memory lunguiilinisidnsauasvasgulsdreiiidu (dominant hemisphere)
Iuaelasunisshwwuulaniiauaunsadiuneianastiesndn

3. awSsumisuanniinvagUlelagisuinsgiuuasiinisusadiu functional outcomes 1WUN13
UsH N159NINIY

4. Wiguigualga18uazyszansnnlun1ssnennIimiansLazni1eeau A2e3%5 radiosurgery Wiy
= v ad
WMyUNUIS lobectomy

UagUu ROSE agludunaunsidevu 3 iwaiTeuliisu temporal lobectomy fiu radiosurgery lag
M5 GK 24 Gy Haantusauide 14 wisludszsmaanisni 2 wisludsemadufsuas 2 wisluansivorandns
P a o o o Y Y aw o v v & ' o v
1391398 9UU 234 518 (KT Tevualugilesaindesnisuansliiviuda n1sdnedin
[ VM YY 1 1 v Y ad a
radiosurgery hildfagniiniseinfinaie35una)

NAN1SIVY WU mu‘ﬁ'mqﬂszmﬁmnﬁu 153501928 radiosurgerylaildnaglundinisundauuu ATL
wdl SRS Wuanssnuniiafionan 18 ey (it ALT IWuasnundinnaudinan 3 Weundwinda) waz SRS
snansaandnsn1sinlddind uaziinan 36 Wwoundsinda Tinalunisaruaudnlduszanniosas 74 oy
ndndadisuiudesas 85lunisinendag ATL (nsfi 2)
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Selzure remission and
'Y,

relapse
8 _,—'_|—'_|_n—|_l_l 85
< 0
E_“:‘ 74 a ] Y
2o NN 2 waRINISIUSIUNBUNANISSNEI
[+
@ 1 lﬂl = v
< 0. %9719 ATL 1Lag SRS LUaAANINNITINEN
= = SRS " DA 4 -
g0, — ATL WuaneaLilasil 36 Hau
]

0.0 .

0 3 8 9 12 15 18 21 24 27 30 33 36

months after surgery

SRS patients experience a latency to sustained seizure remission that
peaks at 18 months and gradually improves with time, but remained lower
than ATL by the end of the trial

dwfunarliRneuszasdiiinannnisinundaeds srs daulngjiinnazaussuan (cerebral edema)
$auRuaIn15UInATEE i new neurological deficits Wan1sdndansnuazinfinlugag 9-16 Woundwinga
Tuwnuzit ATL daulugiiinenislifisUszasdil 3 Wouusnandi nisiniWefiunnunaiividsdses aaxideasan
THidevuanas (subdural hematoma) w3an1ziduidendgasiu (deep vein thrombosis) 715197 2

-
iy F
fr=-

Adverse Events: “Definite” adjudicated

Arm
SRS ATL
Serious Mot serious  Serious  Not serious

[nerease or emergence ol new
headache

Cerebral edema

Meurological deficit

SeiZUre iNcrease

Pin site infection

et | | s | |
— | | et | B3| -

Subdural hematoma 1
Deep venous thrombosis 1
Postoperative wound infection 2

715197 2 waRINISUSEULABUDINSLINIUTEa9ATE1RI19 ATL waz SRS afnniun1ssnenduaisaiiiod
36 LHDU

ilafiansundunsly steroids arnlaseinsiserseafunuinginasld steroids Tumsnuinizasas
vaiifienisurafsusludig SRS wudndosas 65 (20/31) 1H3umsinuiag steroids (Raudndanisinundag
SRS a1 3 eunazAesiunsHnniigallanaszunn 15 iWeu ndsniusasnisldanas) iaisuiu
3l steroids MiiesUszanuosas 26 (7/27) e 3 iRauvasnisinundaeg ALT
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ngu SRS wulinstndngriugas Tugdae 2 18 Nszasiaan 10 uag 27 Wweau dmiumsAneniisaswy
A -1 o = o
Ifinstninuwuugnsan 9-15 1heu

d1usuleyin13ues VF defects U3Laas upper superior quadrant wu31lungu SRS wuiasas 34
(10/29) way ATL wudesas 42 (11/26)

d3Un15Anw1dl Phase IIl ROSE wud1 SRS fiaandn ATL lusnunisaiuaudniiszesiaan 25-36 thouiiia
AnnuN153NET daun1glinIUszaRnnUlALIN1ITaNDIUININHEVDITIHIINNTFNYIAIY SRS HATWUNIZ
v ' a & = W . Vv A A
unsndaulun1shadisuaziionaan 31NN1sKIRA ALT wazlinuaauwnnsd1ediu verbal memory wafigy
n133nwAae ALT waz SRS gavinenimaasanssaingulvinasenmnmdinnnay (Iag ALT 810091 SRS) #@an
ARDINUNIIUYATNY
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EEG Quiz Question

o.uW.3ANAa Alune

_____ — AugnUIDUIGAMOMSIWNEISAAUBNASUIDDS
Isowenunapwhaonsnd anmisalng

’ A 63-year-old lady was admitted to the hospital for elective surgery due to T12 compression fracture. She \\
: underwent discectomy with fixation and decompression with uneventful perioperative period. Approximately one
| month after the surgery while being still hospitalized for rehabilitation and pain control, she developed two episodes \
: of bilateral arm and leg tonic posturing associated with eye rolling up and loss of consciousness. These lasted about
| 2-3 minutes. She became drowsy and slow to response to the verbal commands after the events. Intravenous
' levetiracetam 500 mg was given, followed by 500 mg IV every 12 hour. On the following day, she became more
l, alert, but still drowsy and tended to sleep most of the time. Electroencephalogram (EEG) was performed and

/ revealed the findings as the picture below (Figure 1).

| Question 1

What is the next step of management you should perform, in addition to finding the cause of seizures? /

\ A. Watches and sees the clinical course /
/A
\ B. Prescribes intravenous phenobarbital

4 C. Prescribes intravenous levetiracetam /
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ed ity: 10 LP Filter: 70 Motch Filter: 50 HP Filter: 0. rrent epoch: 43m
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Question 2

After another 500 mg of intravenous levetiracetam was given, she became alert and oriented to
time, place and person. A follow-up EEG study was shown as below (Figure 2)

According to the Salzburg EEG criteria 2016 for nonconvulsive status epilepticus (NCSE), what is
the final diagnosis of this case? (You can review the Journal Watch Chapter “Diagnostic accuracy of the
Salzburg EEG criteria for non-convulsive status epilepticus: a retrospective study”, before answering this

question)

A. Nonconvulsive status epilepticus
B. Possible NCSE
C. Epileptic encephalopathy without NCSE
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+ v |18 Run1 v 4+ [Recordedas:: Montage:Run 1 Sensitivity: 10 LPFilter: 70 Notch Filter:50  HP Filter: 0,50 | [Current epoch: 42m 35s | [Study start: 21/11/2016 13:05:03 | [Study end: 24/11/2016 14:19:17 | [Recorded duration: 01h 00m 08s |
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Answer

Question 1: C

When we encounter with the patients clinically suspicion for NCSE (depressed level of consciousness
particularly after convulsive seizures) and the EEG findings reveal epileptiform discharges, according to the
Salzburg EEG criteria repetition rate (frequency) of the epileptiform discharges is an important element to
help define NCSE. In this case, the frequency of the epileptiform discharges is 20 cycles in 10 seconds (2 cycles
per second). Given the frequency < 2.5 Hz, a therapeutic trial with non-sedative intravenous antiepileptic drugs
should be prescribed since if the patient shows both clinical and EEG improvement after AED treatment, a

diagnosis of NCSE can be made, according to the Salzburg EEG criteria.

Question 2: A

According to the Salzburg EEG criteria 2016, a diagnosis of NCSE can be made in this patient since the patient
shows repetitive 2 Hz spike-and-wave epileptiform discharges along with both clinical and EEG improvement

after a therapeutic trial with intravenous levetiracetam.
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Journal Watch- =~

Diagnostic accuracy of the Salzburg EEG criteria
for non-convulsive status epilepticus:
a retrospective study

Markus Leitinger, Eugen Trinka, Elena Gardella, Alexandra Rohracher, Gudrun Kalss, Erisela Qerama,
Julia H er, Alexander Hess, Georg Zimmermann, Giorgi Kuchukhidze, Judith Dobesberger, Patrick B Langthaler,
Sndor Beniczky

awuwiuosans Lancet Neurology U a.A. 2016
auuA 15 KN 1054-62

wW.0J.8509s0 Uadnyouina
o.UW.sANa Alure

AuginoIDUIAAMDMSIWNEISAAUBNASUODDS
Isowenuagwhaonsnd anmisiaing

o =
NUNVBINTIIANTWAN

AMmzaIn1sTnaaLinawuu convulsive status epilepticus (CSE) anunsaifdaselddneainainisuans
Tuvaiziinsidsenizdnderiasuuu non-convulsive status epilepticus (NSCE) tuvinldenn NCSE vaned
aeiifinisasunlasvadinfnauasiivededn wiUqelaisiannisuanensadionsuanevasaIn1sinies
\Enifes datun1sdaden1ny NCSE Sedesande electroencephalogram (EEG) tiayaelun1sidiade

Tugag 20 Viikusnldfinisauainaainis3fiade (diagnostic criteria) Aednsaifiasuuy NCSE 13
VAU UanugnAvsusiugl (accuracy) wazasndede (reliability) Yaanasin1sAdasemanidslais
nsAneagnaduszuu Tun1suszau London-Innsbruck Colloquium on Status Epilepticus adeit 4 fidlas
Salzburg UszinAaaainse Wadudi 4-6 wwneu U a.a. 2013 Winsanasadulunsimuanasinisidese
anzdndaifiasuuu NCSE Tnengufieavigludut Tas The Salzburg EEG criteria fignisuaduil 183
A1ANY (EEG terminology) 149 910 SCORE consensus statement (1) $24AUAIANAA The revised
terminology for Critical Care EEG (2012 version) ¥84 the American Clinical Neurophysiology Society
(ACNS) 2

[ 3 =
QQQﬂizﬂﬁﬂﬂlaﬂﬂ’ﬁﬂﬂ‘U’]

¥
S Y o

lun1sAinwaselldvinn1sfnendesnisusziliuniugneas (diagnostic accuracy) Tunis3tiadeasdn

Y
v

fatlosuuu NCSE Taald Salzburg EEG criteria lagiu3autiisuaa1ula (sensitivity) waga21u3nnIe
(specificity) TugUaenfiannisuansivinliasdantizdnsaiiiaawuu NCSE (clinical suspicion of NCSE) fiungy
HUaenlaifianisuananvinlissde NCSE udtinniuiausnivaspaulniiaas
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ada v
5739
= A = v [V . A< v '3

nsAneiilunsAneuuudiounas (retrospective study) Mnudayaann 3 gudluvssmealnuuniauas
296LA38 Ad Danish Epilepsy Centre L{ia4 Dianalund Uszind Denmark @adugudwenuiassaunfani
(tertiary referral center) dayafildangudiiiiudoyavesfirefifionguinniwingu 4 \iou doudnaesgud
Jumadyuszamineriilinsguadiasanidumsssuuyszamlaun Paracelsus Medical University a9
Salzburg Uszwe Austria waz Aarhus University Uszina Denmark Fsdayaiildainaasgudiiludoyaves

gUqwangannnimsawiniu 18 U
= oy oo X v " & N =
nsAneildidengUisuudanialugasngudell (egun 1)

1) Validation group UugUaeniionnsuansivinlidsdenizdndaiioqwuu NCSE Tnaiin1sanadvag

nWnsUayeymseseAuaIuiAa (cognitive performance or consciousness) 11AN3%38LINTU 10 U#

2) Control group UugUaelifionnisuansiivivldasdonttzdnsaifioswuu NCSE uanuiinaulvia

ANDINAAUNR

nsuusuandulniiauasinlaed@etvignvue 9 vinunsaulunisfnuil innsdneeangUaelunsaln
AaulWHauadl artifact aulianusandanald wislunsaindinistuiinaauliiiauessiioandn 20 i

Valldation group Control group

[ 120 etigibie patients | | 100 eligible patients |
| Salzburg criteria applied to 120 patients | | Salzburg criteria applied to 100 patients |
| [
[ | | 1
| 50 fulfilled Salzburg criteria | | 70 did not fulfilled Salzburg criteria 3 fulfilled Salzburg criteria | 97 did mot fulfilled Salzburg criteria
I 50 had reference standard available | | 70 had reference standard avallable | 3 had reference standard available I | 97 had reference standard avallable

reference standard (TP) reference standard (FN) reference standard (TP) reference standard (FN)

l | I [

& had NCSE not confirmed by | 69 had NCSE not confirmed by 3 had NCSE not confirmed by 97 had NCSE not confirmed by
reference standard {FP) reference standard [TN) reference standard (FP) reference standard (TN)

| 42 had NCSE confirmed by | | 1 had NCSE confirmed by | | 0 had NCSE confirmed by | | 1 had NCSE confirmed by |

U7 1 msudangulunisfinen
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Aifvavgiivhnsulanasduluiiauesazlinsuainisuazeainsuans sausansidedsvasdiaed
Whsaunsanenil (blinded) Tngld The Salzburg criteria TunisuUananaulnifinauss msifaseazudseen
\Juanunga Aennzdndaiilasuuu NCSE, asdaniizdndaiilaauu NCSE (possible NCSE) uaglailiniazdn
saLilasuuu NCSE (not NCSE) raulwiinaussvasiiUasusazseazgnudanalasdifisaviy 2 vinuetradu
Saszdanu nisulskatudidermyarlfiasuuuniu The Salzburg criteria winmsulanalisenndosiu axl
Jdleavg 2 viruusuUarasuduiamdennas wivanliaunsamdennadld w1 WenvgBavinuiou
wlanauaznndonnas

lun1sfnemAlugnfAas (diagnostic accuracy) ¥as The Salzburg EEG criteria Yu nsAneidld
reference standard Tun1s33aganednsaiiioswuy NCSE Tnglidoyaludiuvas clinical waz para-clinical
data Fesaudednuazvasnaulnihauasdingany @LildUsadiuniu The Salzburg EEG criteria), Nan15ms79
119§ UAN"5 (laboratory data), HaYRININS987nS29NU (neuroimaging data), N1sMaUAUBIRENITSNEI
(therapeutic response), N15tAAAI1LD111T (follow-up) u,a:waé’wéqﬂﬁ’qwé’ua%aé’umﬁnm (final
outcome)lousziiiugiaelagld reference standard fsfinanadnsdunds azuvsdfredu 2 ngu Ae fiae
fifinnazdndeiiieanuy NCSE wazduaeiilifinnazdndeiiloauu NCSE (non-NCSE) uaziilasarnaia The
Salzburg criteria §9lifinnsiuassazatvesanuiaUsnfivesaiulnirauasfidnaeivas NCSE Tunns
Anwnilgiinsfnunislfutdisseznanvasanafinusnindulwinausady 3 ngu #a 10-30 Funil, 31-60
U9 uaz uINnI 60 I

| Epileptiform discharges I: I Clinical suspicion of NCSE ’——-| No epileptiform discharges

‘ ¢ Continuous (quasi-) rhythmic delta-
| Frequency > 2.5 cycles per s | | Frequency € 2.5 cycles per s | theta activity with frequency >0.5
l cycles pers
IV AED
T Subtle clinical ictal Fluctuation
i ev'?)Iutien i phenomenon during the EEG without definitive
EEG patterns mentioned above v evolution
EEG and clinical EEG without
improvement clinical
after IV AED Improvement No
after IV AED
No other secondary criteria are fulfilled |
v v v l v
NCSE Possible NCSE No NCSE

UM 2 uanuuInienisItdadentzdnsaiiiasiuu NCSE laglyd The Salzburg EEG criteria
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[

1ne The Salzburg EEG criteria lun153daaen1iztnsaiilaauu NCSE lanvuaneil

o/

é’m%’u@'ﬂ’mﬁ‘lgjﬁqu Epileptic encephalopathy $3ud28 n153988 NCSE tJunsll

1. A99INU epileptiform discharges (sharp waves and spikes) 4131 2.5 Hz (cycle per second)
#50431U7U epileptiform discharges 11nn31 25 cycles Turaan 10 Uil 3o

2. M37ANU epileptiform discharges fiavudldidu 2.5 Hz W8 WU continuous (quasi-) rhythmic
delta-theta activity #ifiaa1u011nA91 0.5 Hz (0.5 cycle per second) srunuiianuweazaiiey 1 tadsalull

2.1 fnmsmavaussiintunseInsuanazaaulniinauss (Clinical and EEG improvement) %#adld
gIuUtNNIIRaanLden (intravenous antiepileptic drugs)

2.2 finnsuansvasainistnidniisefisindensdans (subtle clinical phenomena)

2.3 4 typical spatiotemporal evolution vasnaulniiiRaUsnd

o

A153148 possible NCSE 1Junsil

1. finsmavauasanizaaulnfnauss (only EEG improvement) fiagniudnnisiaaniaon luidl
N13MdUAUDIVDIBINTTUENY (no clinical improvement)
2. # fluctuation vasanwazvasraulinauas Nsldidninaeivas evolution

dmTugUaeniniig Epileptic encephalopathy 394978 WuN1531d8 NCSE wananldinaeiaaningn?
Yy v a YRR Y o . . Yy o & v aA ' v Y o &
P19iu wllaurugunenliliniig epileptic encephalopathy udadtusasiidnagnelas 1 dadssialull

1. fnseeudussnfvunaInsuansuazaaulWiiauess (Clinical and EEG improvement) #aslagn

AutnN19anaLaan (intravenous antiepileptic drugs)

2. WUINISNI9AANNKE AL BAIUANTBANRAUSNRYBIanwuzAR U T aNaInRaUsSnATN ded8UY
UINVUNIDLAUTATY

=1

dmsun1sfnelfUaelungu possible NCSE a1 The Salzburg EEG criteria gndnlvaglunguiign

(Y S

AAYINANLVNFDLUIBILUU NCSE

NANISANE

fisuuduaesianan 220 98 idrsamunsinuntl Tasuvaduftassiuau 120 9e fieglu validation
group uazgUaedn 100 Tedlaglu control group HaaMNIsANYINUIENY reference standard fisfingn
Fredulunisitiaduandzdnsiaiiiesuuu NCSE figfiaesauau 43 518 (36%) T validation group aglun1azdn
aviasiuy NCSE waziileldf Salzburg criteria azwuinlusiuauil (43 s1e) $1{Uae 42 187U true positive
fiffUaeiiles 1 s1eMidu false positive (nd17@8 Salzburg criteria szydnduniizdnderiiaawuy NCSE ue
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reference standard szy3laisinnnzdnderilosuuy NCSE (non-NCSE) 91ngftae 42 s1eiidlu true positive
wuindthedaulvg (37 $18) Wninawinis3dadema EEG criteria Tneiiszazinanvesanuiinusnivasnaulih
AUBIUIUIINNTY 60 Tl weidlousziliu area under the receiver operating curve (ROC) azwudnnisidszes
nawssraulnAiRnUsnAagneiies 10 Funil azvilild AUC unfigade 0.94 (Kagudl 3) Tnedill sensitivity
84 usi specificity aztiosniilariieufiunsliszesnavaseaulwiniiiausnAuy 31-60 3unil wazumuannndn

60 U

ROC for 10s, 30s and 60s epochs

10 105 o

0.8

0.6

sensitivity

0.4 ‘

0.2

AUROC estimate = 0.9427 i
1-specificity

U7 3 uane ROC vasszaziaInuinUsnavasndulWinauasildly Salzburg criteria

Tu Validation group disldszazinanvesnaulwifiiausnifiuviusgnsios 10 Fundiidunasily
A53Tady WU sensitivity vas Salzbure criteria Tunsifasuniazdnsaiiaswuu NCSE wirdu 97.7%
(95% confidence interval (CI) 87-9-99+6) wag specificity ¥inAU 89.6% (95% C| 80+8-94+6);
overall diagnostic accuracy AU 92.5% (95% Cl 883-97-5); positive predictive value (PPV)
WU 84+0% (95% Cl 74+1-91+5) 1Laz negative predictive value (NPV) YU 98+6% (95% ClI
94-4-100) wazAaqiililunisnisusaifiunnugniesuas Salzburg criteria wigniilifiannuuansag
sgnslifudrdgnisadadlotluldluduaeludnwasdiegfu isldszaznarvesmaulniiiaysnii
YIUNINNTT 303U waz 60 AU AINAIAUITINTA sensitivity 989 Salzburg criteria Tun13534aaw
AzdnsaLiosuy NCSE anas 9.3% waz 11.7 % museu udazinli specificity wndudu 1.3%
Was 2.6 % MUY waz PPV 1YY 0.4% uay 2 % NPV anad 5.3% was 6.3 % Auafy
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nsAnuilldsmgiasiidinasinisifads possible NCSE Teglunguilldsunisidadunzdndeitias
wuu NCSE 91n31uaugiae 42 s1¢lu validation group fdu true positive wudguae 13 518 (31%) 103y
n15913d8 possible NCSE wazdiguae 6 518310 8 518Tungu false positive 30132 possible NCSE usidiodn
Tgaeiildun1s3tiady possible NCSE Tsaglunga non-NCSE a¥ili specificity tAutiu 7.8% PPV ifiuiu
10.4% L8 sensitivity 3zanad 18.6% NPV anad 9.3%

v

KUne 8 5181y validation group iy false positive wu7n 2 i'laﬁsffnL’ﬂm;mu,eis:swwafléy'uuaz%'ﬁ"a
szwinedinusiazads Favmanana ILAE definition d1gavas NCSE fihemanidslsidinusilunsifiadaniagdin
siarfloquuu NCSE uinudrnufausnivasaduluivasduasmaniidunusinsidaduanisdndeiiauy
NCSE ilald Salzburg criteria dqug{Uae8n 6 s1enwuitauiaUsnAvesndulniinausadaléiu possible
NCSE Tanaviuadi fluctuation udlai evolution vasdnumzanufiaUsnivesadulnihaes

Wiald Salzburg criteria Tun1s3tiadevilvinsasuudasmisinenluduiednuiu 42 518 (84%) 3N
Uiy 50 518l validation group daulugUae 70 e liiinaeini Salzburg criteria in13
WasuLlaIn1sIned1uwIu 11 519 (15.7%)

Tu control group s?i'aﬁai"\mu@'ﬂ'w 100 578 Wu3ndisiies 3 s1efdu false positive AoaruRnUsni
vasndulnRrauaadldiun1az NCSE anu Salzburg criteria (specificity 97-0%; 95% Cl 915-99+0) u#i
reference standard s¥ydngfUaewmanillifinig NCSE

dyuna

3INN13ANBINUIN The Salzburg criteria dinnugnaasgelun1sitadenidzdnsaiiliosuuu NCSE
TugUreniiansuansivinliasdaniaz NCSE (clinical suspicion of NCSE) Jamsnzaanazianldlu clinical

practice

YDLAUBBULINYINUAINUNYDDBVBINITANEIY

dlasamnanuinUsnivasadulniinauas (EEG findings) Wudaunilsiildidu reference standard u
3309880192 NCSE wae Salzburg EEG criteria (index test) fildanuRausnivasndulvianasunisifiede
NCSE ety index test uaz reference standard 3sliidaszsany e?iaazdwaiﬁfiwmqﬁuanﬁamwgné\’awm
Salzburg EEG criteria v laidnandu sensitivity %38 specificity finouindededosas
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Inferesting Case

Interesting case from interhospital
epilepsy conference

uw.novliao Wolknd, Wry.whas ansunuaossiu, Uw.Jeisu BuodnJis
SW.WS:UDNNINAN

nU.uegelne Tan 918 45 U atiavan

9 M3dAeY : Honswsiatls nszwiumn sswiaieaewns e 7 Yoy

Uszifdaguu : U w.A. 2552 Laauluengy mmzagjﬁhqﬂssLwﬂ?uﬁ'qaqmnm‘lwLﬁa‘lﬂs?}’ammsl,%'w YUzl
Sutszmuans fe1maqu Aewy Wuasiulizenmns teuBenlsisinda wianhdatusanenuia wisntus
21113 INSensEANIeR Uszunas 30 3undt lifidlaanae geansesin wdeddnda ftheswwanisalnoufiasvunad
a6 lafiuandsue lufiduaulag wmzagjﬁ 5. léns19 Fnlevazaduluiinauss, CT brain Und udal@lden
valproic acid (200) inFuusenu 1 e Whuaniy udsandufindulsemealne wd lilgAuendeiios vandn
Auudrivdadeufser ndntuidnasiionnisanwioass Wusing srufuideatn Tasannzandulseniu
padliiuiy wintuazgdug Jadeudsue dedn 5-10 il udlifienisdninienszanisiadnies ae
\utszanm 2-3 ass deifieu

U w.a. 2554 fUaedindienniswsieasslunng sauiuainsiaeauin lagrnienaSuusenIueImis
Jadh Janfun1sinend swawssuengingn ladaguaeiierin nlauasadulninauss dnasenudndainisdn
wilounenad JsuTueniudnaeil

Carbamazepine CR and slowly titrate to 800 mg/day with partial response.
2. Levetiracetam 500,1000,1500 mg and maximum tolerate to 2000 mg/day.
3. Zonisamide 100 mg and titrate to 200 mg/day.

Y9usNZU carbamazepine waauANtnlaag 2-3 oy anuugUlednditnagainaue i ATmils
A % v v W £ o a X A ' R
Heguasluiniaulaeliiifnda aunseisuSusiutuzaslisuisaniuauainsinla

Uszifionn : hifiuseiRldgednludenn wialdsuuialduiidses Wauinisund
UszinAsaunia : Uasusziflsrautnlunsaunia

[ 1

Uaenszaudn : ¥95uAEIMTIAN

71329319n18 : Normal systemic examination and Neurological examination
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INVESTIGATION
MRI brain
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Video EEG Monitoring 2012
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Clinical Left Right Non lateralization
lateralization 0 0 6/6
EEG ictal onset/ Left Right Non lateralization
lateralization 06 6/6 0
Interictal EEG Left Right Non lateralization
25y F7T3 75%F8T4 0
SEMIOLOGY

+ Seizure 1: ictal EEG: rhythmic theta activity over the right frontotemporal region (F8F4) and
then increased in amplitude with changing in amplitude and frequency. After that it spread to the
right hemisphere and bilateral hemisphere consecutively. This electrographic seizure take about 70
seconds (7 pages). The ending of ictal discharge composed of sharp and slow wave over the left

hemisphere and only slowing(delta) over the right hemisphere (65 sec)

+ Semiology: Happening at sleep period. Abnormal hyperkinetic nonrhythmic bilateral legs

movement with occasional leg rolling.

Conclusion of video-EEG monitoring

EEG : Background shows bilateral symmetrical synchronous posterior dominant alpha activity
with attenuated by eye opening. EMG, eye blink and electrode artifacts are observed. Sleep
architecture reveals normal. IEDs have been found more over the right temporal area and rarely

over the left temporal area. Electrographic seizure as figures above X 5 times
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VEM and SPECT EEG 2014

Start seizure 11.14.35 and then inject 11.14.49.
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Three eating induced dyscognitive seizures were captured by the VEM. Ictal EEG showed
focal epileptiform discharges originated from the right mesial temporal lobe. These abnormalities

suggested right temporal lobe epilepsy with right amygdala abnormality.
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SPECT (13/03/2014 ) : Abnormal increase
radiotracer accumulation at right temporal
lobe, right parieto-temporal lobe ,parieto-

occipital lobe .

PET Scan 05/08/2013 : showing bilateral
hypoperfusion bilaterally
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WY : Eating related seizure with right mesial temporal lobe epilepsy.

ANSSNEAN

Surgery : Right anterior temporal lobe and Hippocampal lobectomy.

Histopathology : Hippocampal sclerosis , Focal cortical dysplasia (FCD type 2A).
a18n on antiepileptic agent : levetiracetam (500) 1*2 , carbamazepinel (200) 1*2, Zonisamide(100)
1*1 hs

Prognosis post operative : Engel’s class I.
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Factors Related to Neuropsychological
Outcome after Epilepsy Surgery

Chonpivat Treepong, MD;' Pinnakarn Srisarakorn, MSc;' Charcrit Sutthisewan, MD; 2
Teeradej Srikitvilaikul, MD;' Kanjana Unnwongse, MD'

1. Neurology Department, Prasat Neurological Institute, Bangkok, Thailand
2. Phayathai Hospital, Bangkok, Thailand

Abstract

Objectives: Neuropsychological test determines a functional deficit zone, one of the five
cortical zone required for identification of epileptogenic zone. Additionally, it offers functional
prognosis after surgery. Our study aims to evaluate post-surgical neuropsychological outcome and

identify factors related to deterioration.

Methods:

Records of 141 epilepsy patients with refractory focal epilepsy who underwent epilepsy
surgery from January 2010 to March 2016 were revealed. Sixty-four patients had completed pre-

and post-operative (at least 6 months) neuropsychological data (WAIS-IV& WMS-III) were recruited.

Results:

Overall, 75% (range 64-88%) of patients have post-surgical improve or unchanged level and
56% (range 40-75%) have improve or unchanged raw score after surgery. Among all indices full scale
IQ (FSIQ) and verbal 1Q (VIQ) are amongst intelligence indices were more frequently affected while
immediate memory (IM), memory index, was most commonly affected. FSIQ (by level) and VIQ (by
level and raw score) were found to have significant declines, however perceptual reasoning (PR) has
improve substantially after surgery. Gender, higher education year, history of GTC, and left temporal
surgery are independently predicted post-surgical delay auditory memory (DAM), delay visual memory
(DVM) and general memory (GM) worsening. Female gender (OR=13.4, 95% Cl 1.7-107.1) and high
education year (OR 1.7, 95% Cl 1.1-2.6) were risk factor of post-surgical DVM regression but presence
of GTC showed protecting effect to DVM (OR=0.1, 95%CI 0-0.7). The impact of GTC towards GM was
found in similar direction (OR 0.03, 95% Cl 0-0.4). Lastly left side resection was a great risk of DAM
declining after surgery (OR 6, 95%Cl 1.2-30.7).
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Conclusions:

Epilepsy surgery in refractory focal epilepsy generally renders satisfactory neuropsychological
outcome. Specified factors comprising of demographic profile, education level, seizure attributes,

and side of resection predict worsening of neuropsychological indices.

Introduction

In epilepsy, which is refractory to antiepileptic drugs, epilepsy surgery is an acceptable choice
of treatment in standard epilepsy care (1,2). Epilepsy surgery could offer curative or palliative
treatment, depending on individual types of epilepsy. Information of five cortical zones are principally
required during pre-surgical evaluation to identify epileptogenic zone, an area needed to be resected
to render seizure freedom. Neuropsychological test is a non-invasive, time-required tool determining

a functional deficit zone, one of five cortical zone (3).

Besides efficacy and complication of epilepsy surgery, patients and families usually wonder
about post-surgical disabilities that might occurs. Deterioration of neuropsychological function post-
operatively, in particular memory, is largely affected in resection of temporal lobe and dominant
hemisphere (4,5). Previous researches have declared several factors, associated with declining auditory
memory such as left temporal lobe resection (5,6), high preoperative verbal or auditory memory
performance (6), normal imaging findings for the ipsilateral hippocampus, insufficient functional
integrity of the contralateral temporal lobe, older age at surgery, and late onset of epilepsy (7).

Right side resection is only factor, associated with declining visual memory (5).

In our institute, we have been performed epilepsy surgery for drug-resistant focal epilepsy
since 2010, using neuropsychological data, obtained from Weschler Adult Intelligence Scale-fourth
edition (WAIS-IV) and Weschler Memory Scale-third edition (WMS-III) tests which were translated into
our language, Thai. However, it is uncertain whether this data has localized functional deficit zones
accurately or has given reliable prognosis after surgery. In this study we thus examine our neuro-
psychological outcome, comparing pre- and post-surgical and reveal factors, predicting deterioration

of neuropsychological function postoperatively.
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Methods

Patients

We recruited 64 patients who have completed pre- and post-surgical neuropsychological testing,
according to our following criteria from 141 patients with drug-resistant focal epilepsy undergoing pre-
surgical evaluation and epilepsy surgery in Prasat Neurological Institute during January 2010 to March
2016. Their demographic data, seizures history and evolution, and treatment were retrieved. All
patients have gone through basic pre-surgical evaluation including video-EEG monitoring, MRI of brain,
psychiatric consultation, and neuropsychological testing. High cost investigations e.g., ictal SPECT,
PET scan, or intracranial monitoring were performed in selective cases, whose basic test results were
discordant. Each of patient data was discussed among multidisciplinary team before giving out

consensus of treatment options.

Neuropsychological Test

Montreal Cognitive Assessment (MoCA) test was done to allow evaluation of attention. Then
Weschler Adult Intelligence Scale-fourth edition (WAIS-IV) which include full scale 1Q (FSIQ), verbal
IQ (VIQ), perceptual reasoning (PR), and Weschler Memory Scale-third edition (WMS-III) which comprise
immediate memory (IM), immediate auditory memory (IAM), immediate visual memory (IVM), delay
auditory memory (DAM), delay visual memory (DVM), delay auditory recognition (DAR), general
memory (GM), working memory (WM) were employed in Thai. Pre-surgical neuropsychological test
was performed within 1 year before surgery and post-surgical test was performed in at least 6 months

after surgery.

Neuropsychological outcome was defined as improved, declined, and unchanged, using
qualitative (level) and quantitative (raw score) comparison. Qualitative (level) outcome was graded
as following: very superior (>130), superior (120-129), high-average (110-119), average (90-109), low-
average (80-89), borderline (70-79), and extremely low (<69). Neuropsychological outcome was
classified qualitatively as declined or improved if at least one level decrement or increment attained,
when comparing of pre- and post-surgical result. Whereas quantitative outcome was straightforward
comparison of raw score. For example, one patient, his pre-surgical score is 108 (high-average) and
post-surgical score is 88 (average), outcome in this case would be unchanged qualitatively but

declined by quantitative scoring.
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Study factors embracing age, gender, handedness, year of education, age at seizure onset,
seizure duration, seizure frequency per month, aura, generalized tonic-clonic seizure (GTC), con-
cordant of electro-clinical characteristics and anatomical abnormalities on MRI, number of anti-
epileptic drugs taken, surgical side, lesional MRI, standard anterior temporal lobectomy performed,

hippocampal sclerosis pathologically, and surgical outcome as defined by Engel classification (8).

Statistical Analysis

Data was analyzed on SPSS version 16, using paired t-test and Wilcoxon Signed Ranks test for
comparison of raw score and level changes between pre- and post-surgical neuropsychological results
correspondingly. Testing of predicting factors was employed, via independent samples t-test and
Pearson Chi-Square or Fisher’s Exact tests for univariate analysis and for multivariate analysis, binary

logistic regression using backward stepwise method was used.

Results

Of 64 patients who completed pre- and post-surgical neuropsychological tests, 36 (56%) are
female and mean age is 39 (17-70) years old. Fifty-seven (89%) patients are mainly right handed
and they have average year of education of 14 (0-21) years which is equivalent to diplomate degree.
Seizure onset on average is at age of 20 (1-65) and seizure frequency is about 7 (3-91) per month.
Presence of aura and GTC are 34% and 72% accordingly. Concordant of electro-clinical characteristics
and imaging data is found in 81% of patients. MRI of brain shows abnormalities in 94% of cases.
Average number of pre-operative and post-operative anti-epileptic drugs usage are 1.9 (1-3) and 1.8
(1-3) respectively. Left hemispheric resection are performed in 42% of cases. Anterior temporal
lobectomy is commonly performed (77%) and the rest are resections in temporal and extra-temporal
lobes in comparable amount. Pathological result shows hippocampal sclerosis in 63% and others less
common pathology are vascular malformation and abnormal of cortical development. Engel class |

can be accomplished in 64%, class Il, lll, and IV are found in 18%, 13%, 5% accordingly.

Overall neuropsychological outcome postoperatively showed improved or unchanged in
average of 75 percent (range 66-86) of patients per level (qualitative) comparison and this number
is fairly down to 56 percent (range 40-75) on average when measuring raw score (quantitative) changes.
By mean of raw score comparison, FSIQ and VIQ were amongst intelligence scales most commonly

declined, in which more than 50 percent of patients affected. With the same measure, IM was the
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only memory index mostly altered. In contrast, DAM and DAR, memory indices, were less frequently
declined, about 30 percent of cases affected. However, with using level assessment, the most common
memory indices, declining were IVM and WM with affecting approximately 35 percent of cases.
Conversely PR and IM were uncommonly disturbed by the same mean (Figurel). In pair comparison
of pre- and post-surgical raw score and level in all 11 indices, significant decline of neuropsychological
changes were found in FSIQ by raw score measuring and in VIQ by both raw score and level criterions.

Significant increment post-surgically was observed in PR via level comparison (Table 1).

Factors related to decrement of specific intelligence and memory indices were shown on
table 2-4. Older aged patients have significantly declined WM after surgery (p=0.01). Women and
higher education years have remarkably declined DVM postoperatively (78% vs 48%/p=0.03, 16 vs
13/p=0.03). Later seizure onset was fairly associated with declined WM and IVM (25 vs 17/p=0.05,
26 vs 17/p=0.05). Patients with smaller number of seizure frequency likely had declined DAM (4 vs
8, p=0.02), while those with fewer rate of GTC had declined DVM and GM (50% vs 80%/p=0.02, 48%
vs 78%/p=0.02). Smaller number of post-surgical antiepileptic drugs dispensing was found in patients
with declined WM (1.6 vs 1.9/p=0.01). Patients underwent left side surgery had markedly declined
DAM (69% vs 35%, p=0.03). Hippocampal sclerosis was more likely found in patients whose PR
declined (100% vs 61%, p=0.03).

wwhﬂ;i EEEE—— Figure 1 shows proportion of patients stratified
oMy ——— by qualitative/level (1) and quantitative/ raw
GM1) || .
Mg [ score (q) neuropsychological score changes
1M o — after surgery on each intelligence and memory
DAR{q) |
DAR() T — indices
1V M(gp) e
IV A1) — |
1AMq) |
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Table 1 Neuropsychological outcome changes stratified by qualitative (level) and quantitative

(raw score) measurement

Intelligence and | Mean (SDyof pre- | Mean (SD) of post- Mean difference | Significant Mean (SD of pre- Mean (SDjof post- | Significant

memory Indices | surgical raw score | surgical raw score SD difference (p- | surgical level surgical level difference (p-
value) value)

FSIQ 797 (126 77514 22732 0.02 314 214 022

VIQ 81.7(139 78 (14T 3384 0.003 315 21-4 003

PR 806 (12.1 824 (124 1883 011 2(1-5 315 003 +

IAM 79179 81.8(21.3 28 202 029 215 3% 013

IVM 78.1 (163 743 (172 38 d4.4 0.05 215 2% 083

M 748 (174 738 (19.6) 1138 0.58 215 207 055

DAM 794 (187 81.321.2 1.8 (15.8 037 3o 3% 046

DVM 76.7 (165 74.4(15.9) 23157 026 214 216 031

DAR 802 (167 789167 13 145 048 315 316 059

GM 744 (175 743 (179 01 4 097 215 2(1-5% 059

WM 876162 87.5(15.5 002 14.1 099 316 316 096

Abbreviation: 1: extremely low (6%, 2:borderline (70-79), 3: low-average (80-8%, 4: average (90-109), 5: high-average (110-119), 6:superior (120-129), 7:very superior (71130

Table 2 shows characteristics of patients who have improved/unchanged and declined (qualitative)

scores of full scale 1Q (FSIQ), verbal IQ (VIQ), and perceptual reasoning (PR)

Factors FSIQ VIQ PR
Improved, Declined Improved Declined Improved, Declined
Unchanged Unchanged Unchanged
Age 384 4038 384 412 386 389
Female 28 (5494 8 ©1.5% 24 (533w 11 64.7%) 29 (56.9%4) 5625w
Right handed 47922% 10 (769 41 911w 14 (824w 45 8824 8 (100w
Education year 136 14 136 14.4 133 151
Seizure onset (yr 204 19 206 192 205 179
Seizure duration (yr 157 193 15 198 158 186
Seizure frequency per | 69 63 6.6 74 6.5 111
month
Presence of aura 16 314w 6 46.2% 15 333w 7 412w 18 353w 337.5%
Presence of GTC 38 (74.5% §61.5% 34 (7560 11 64.7% 37 (72.5% 5162.5%
Concordant data 41 82w 11 (84.60) 34 (756w 16 ©94.1% 42 (82.4v 5(62.5%)
No. pre-op. AED 19 19 1.9 19 19 1.8
No. post-op. AED 13 1.7 18 1.7 1.8 19
Left side resection 21 412w 6 462 18 40w 8 @7xl 23 451w 1(12.5%
Lesional MRI 48 96 12 92.3% 43 95.6%) 158824 48 941+ T (87.5%)
Anterior temporal 39 (76.5% 10 (769% 36 (304 12 (70.6% 39 (76.5% 8 (100w
lobectomy
Hippocampal sclerosis | 32 69.6u 8 (61.5% 31 (689w 8 @71 31 60.8% 8 (100v+
Engel Class I 32 (653w 8 ©1.5% 30 (66. 7% 9 (52.9% 33 4.7 4 (50v%)

Abbreviation: =univariate analysis shows significance at p<0.05
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Table 3 shows characteristics of patients who have improved/unchanged and declined scores
(qualitative) of general memory (GM), delay auditory memory (DAM), delay auditory recognition
(DAR), and delay visual memory (DVM)

Factors GM DAM DAR DVM
Improved Declined Improved: Declined Improved Declined Improved: Declined
Unchanged Unchanged Unchanged Unchanged
Age 385 393 384 409 385 393 311 419
Female 24 (522w 12 (80 28 (54.9% 8 (61.5% 19 4224 6 37.5%) 22.47.8% 14 (77 8200
Right handed 41 891 13 (867 45 (8820 12(923% 41 911w 13 (812w 41 (89.1% 16 (88.9%)
Education year 136 153 135 145 14 14.1 13 155400
Seizure onset (yn 199 203 206 18.4 19.7 207 195 217
Seizure duration (yr; 163 168 156 19.7 163 167 157 181
Seizure frequency per | 6.8 63 17 3.5+ 67 68 73 56
month
Presence of aura 16 3482 6 @0 17 333w 5 (385w 15 (333w T @3.8% 14 (30.4% 8 (44 4oy
Presence of GTC 36 (783w T 46, T ao 38 (74 5% 8 61.5% 33 (733w 10 62.5% 37 (80.4% 9 (50%et
Concordant data 39 (84.8+) 10 667 42 (82,40 10 (833w 38 844w 11 68.8w 39(86.7w% 13 (7224
No. pre-op. AED 19 19 19 19 19 19 19 18
No.post-op. AED 18 1.7 18 18 18 18 18 1.7
Left side resection 18 (39.1%) 8 (533w 18 (35.3%) 9 (69 2%t 17 (3784 9 (562w 19 (41.3%) 8 (44.4%)
Lesional MRT 43 (93.5% 14 9334 47 94y 13 (1000, 41 911 16 (100 44 (95. 7% 16 94.1%
Anterior temporal 37 (804 10 66. 7% 40 (7840 969.2%) 36 (80w 11 68.8: 5(761% 14 (77.8%
lobectomy
Hippocampal 32(533% T @6 33717 7 (53.8% 32 (689 T 384 29 (6% 11 64.7
sclerosis
Engel Class I 31 674 8 (533w 31 63.3% 9 (69.2%) 29 64 .4u) 10 62.5% 30 (6820 10 (55.6%)

Abbreviation: univariate analysis shows significance at p<0.05+, at p<0.01+, multivariate analysis shows significance at p<0A05a, at p<0.01 o

Table 4 shows characteristics of patients who have improved/unchanged and declined scores
(qualitative) of immediate memory (IM), immediate auditory memory (IAM), immediate visual

memory (IVM), and working memory (WM)

Factors M IAM IVM WM
Improved: Declined Improved/ Declined Improved Declined Improved, Declined
Unchanged Unchanged Unchanged Unchanged

Age 391 374 377 418 376 41.1 36 44 54

Female 21 @38 4 30.8% 27 (58.7 9 (60w 22 (53.7% 14 (T0w 25 (59.5% 11 (50

Right handed 43 (89.6% 11 (84.6% 40 87w 14 93 3% 37 (902w 17 (85w 38 (90.5% 19 (86.4%)

Education year 138 147 14.1 13.7 135 151 13 15

Seizure onset (yr1 196 212 20 199 171 259. 174 254.

Seizure duration (yr 17 141 154 195 181 13 162 16.8

Seizure frequency per | 62 88 7 ) 6.8 65 63 79

month

Presence of aura 17 354 5 38.5w 17 374 5333w 15 36.6%) 7 35% 13 31 9 (40.944

Presence of GTC 35 729 8 61.5% 35(76.1% 8 (533w 31 (7565 12 604 33 (786w 13 (59.1

Concordant data 40 (83.3% 9 692 39 (84.82 10 (66,7 33 (80.5% 16 (80w 33 (80.5%: 19 (86.4%

No. pre-op. AED 19 19 19 19 1.9 18 19 18

No. post-op. AED 18 18 18 18 19 17 19 16-

Left side resection 20 41. 7 6 (462w 18 39.1% 8 (533w 19 463 7 35 17 (40.5% 10 45.5%)

Lesional MRI 45 938w 12 923%) 42913 15 (100w 38 927 19 95% 39 951w 21 95.5%

Anterior temporal 38 (792 9 692w 37 804w 10 (66. T2 32 (78w 15 5% 35 833w 14 63.6%)

lobectomy

Hippocampal 31 6469 7 (538w 31674 7 @467 27 ©59%) 11 (35w 28 (75T 12 (54.5%

sclerosis

Engel Class I 32 (667 7 (538 29 (63w 10 66.7%) 28 683w 11 (55%) 26 (65%) 14 (63.6%)

Abbreviation: univariate analysis shows significance at p<0.05+, at p<0.01+, multivariate analysis shows significance at p<0.05“, at p<001°*
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However, after multi-variate analysis, only gender, education year, and history of GTC were
independently predicted declining of post-surgical DVM and GM, while side of surgery and seizure
onset were independently related to DAM and WM worsening after surgery accordingly. In conclusion,
female gender (OR=13.4, 95% Cl 1.7-107.1) and high education year (OR 1.7, 95% Cl 1.1-2.6) were
risk factor of post-surgical DVM regression but presence of GTC showed protecting effect to DVM
(OR=0.1, 95%CI 0-0.7). The impact of GTC to GM was found in similar direction (OR 0.03, 95% CI 0-0.4).
Lastly left side resection was a great risk of DAM declining after surgery (OR 6, 95%CI| 1.2-30.7). There
were no significant factors were found related to decline score post-operatively in other 6 indices
including FSIQ, VIQ, PR, IM, IAM, and DAR.

Discussion

There were previous studies have looked at FSIQ score changes after surgery (9-11). They found
about 18 percent of patients improved and 8 percent declined after left temporal surgery and
improvement in 13 percent of patients and worsening in 16 percent after right temporal lobectomy.
These changes however were not statistical significance. We found overall, 14 percent of patients
having non-significant FSIQ declining qualitatively which is comparable to results from previous studies,
though when looks at quantitative measure, we found declining in 37 percent of cases and a significant
decrement of FSIQ with mean difference of 2. However, in our experience this change might not lead
to clinically significant. Of note, our result has heterogeneity as they derived from both temporal and
extra-temporal lobe epilepsies (25%) thus comparison with other studies may imperfect. Full scale
IQ (FSIQ) is basically an integration of verbal comprehension (VIQ), perceptual reasoning (PR),
processing speed, and working memory index scale. Therefore, it is obvious that VIQ is likely respon-
sible FSIQ score worsening in our cohort since VIQ is substantially dropped by 3 quantitatively and 1
level qualitatively. Surgery in temporal lobes where language networks situated could be our first

hypothesis causing VIQ changed.

Previously PR was reported declining in 5-10 percent of patients with temporal epilepsies.
This is comparable to our result, in which 8 percent of patients had PR score falling (9,10) However
when focusing on score changes, we demonstrated meaningful improvement of PR with 1 level and
1.8 increment by qualitative and quantitative measure respectively. Verbal memory (DAM) was
formerly observed worsening in 38 percent in left temporal and 18 percent in right temporal surgery,
in contrast to our data in which declining was seen in only 14 and 20 percent according to our
qualitative and quantitative comparison (12). In term of mean difference of score in each indices,
our data has shown insignificant gain of DAM and IAM raw score by 1.8 and 2.8. Because of other
indices namely IM, IVM, and WM measurement have not been found separately in literatures so

discussion of their changes could be made precisely.
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Older age at surgery and late onset of epilepsy also related to DAM decline after surgery but
this could not be established from our data (6,13,14). Nevertheless, our results showing that later
seizure onset tended to associate with specific post-surgical WM and IVM declining. This may depend
upon pathologies that underlie epilepsy, which have distinctive natural courses affecting onset of
each epilepsy disorders. Some acquired pathologies such as infection or autoimmune process may
happened later in life and left extensive consequence behind. DAM decrement have been reported
in 37-50 percent of patients who attended left temporal surgery but less declining range from 11 to
34 percent have been observed after right side surgery (9,12,16,17). This is in line with our result,
patient who underwent left temporal surgery has 6 times more to have DAM score drop than those
with right side surgery. This effect nonetheless is more pronounced than one from systematic review
of which, a risk to auditory memory with left temporal surgery was twice as high as the rate for right
temporal surgery (5). Other factors such as high pre-operative DAM (higher than average level),
normal MRI finding of ipsilateral hippocampus, and insufficient functional integrity of contralateral
temporal lobe were found related to post-operative DAM decline, though these apparently were not
founded to be risk factors for our cohort ( 6,14,17).

For DVM, our result showed side of surgery was not determined DVM losing after surgery which
is comparable to pooled estimates that risk of loss was both right and left surgery (23 and 21 percent
respectively) (5). In addition, we found female gender has predicted DVM worsening for 13 times.
This might be explained by the fact that men generally had higher level of visual memory performance,
therefore more preserved after surgery (21). One longer educational year have predicted DVM worsening
for about 2 times. We have hypothesized an explanation for this unexpected result that patients who
have higher visuospatial abilities may have more to lose than those who have lower abilities. Lastly,
patients with history of GTC had 11 times of protective effect on post-surgical DVM deterioration.
Likewise, GTC has shown much obvious protective effect, 33 times, on post-operative WM. In our view
GTC maybe a great warning sign, letting patients to seek for immediate medical assistance. We did
not find any previous evidences supporting these latter phenomena. Our limitations are heterogeneity
of epilepsy disorders, small number, using translated neuropsychological batteries, and short term
follow-up of neuropsychological outcome. Furthermore, it is interesting to know relationships of

these objective neuropsychological result and self-reported cognitive declines after epilepsy surgery.
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Conclusion

Epilepsy surgery is a standard treatment for refractory focal epilepsies, which provides
favorable clinical outcomes on seizure frequency but leaves some changes on neuropsychological
functions. As a result, specific intelligence and memory indices may well improve, unchanged or
decline. Certain endogenous factors like gender, age of seizure onset, and presence of GTC as well
as some external circumstances such as education level and surgical procedures, to some extent

have effects on patient’s cognitive outcome.
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