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HOT.TOPIC 1

Insular Epilepsy

W.0.8A1 ISENALAY
audaududalsnaudnasuiees lsaneruiaguiainsal
NU1TBANENT L3aneuIaguIansal

Insular cortex Huduvasanasiiogluuinmdinudnyes sylvian fissure fignasounquiieioaussdn
frontal, temporal Wag parietal opercula (1,2) Inwil central insular sulcus Wuiuenaussdiu insula 1u
drumiuardunds anesdu insula ¥emAeadeatu neocortex U3HMAN9Y wazUsTANUIUAUANBIEIY
basal ganglia, thalamus, limbic structure wag olfactory cortex 8nee 109970 insular lobe FauAedes
ﬁuauaqﬁ%mﬂﬁuﬂ WANERILIALS insula FeimnuigTesturtnfint s uatee gy somatosensory,
auditory, language, visceral/autonomic sensory k&g motor area e supplementary motor area (1,3)

Ine7id@Iuves insula Utz RnRefUaNDIEIUNTNIUALIVDIAU cognitive Uag socio-emotional processes

TuvneAd1undved insula =fncaRUALDIAIUNSIRAAEITDIAUAIU sensorimotor functions LHunan

Insular epilepsy «Ju focal epilepsy wiianilsiienstnidnuaeadiefueinistnandunisdue 3
ﬁﬂﬁgﬂmaﬁmu‘%nmﬁ’lﬂiﬁﬁaﬁgu insular epilepsy anaLdunidluaivaueaniig epilepsy surgery failure 16
9819l5AMUNME pure insular epilepsy wuldlduse warlngdiuluguaioinisvesnnizdnain insular gniin
NNsAsEAEBInsELalinan insular lUdsusnalndifeslaaangludiuues opercula 1513991938057

pnstnmaililu operculo-insular epilepsy

ANWAILAINISUYNVBY insular seizure

\flosanavesdiu insula Inthilisadeuagnisusranunusvatemalsdin 01n15uanweeN3HN
Faflldvanvaneguiuy Tneo1NsEuLsnUeINsTNaNU3ne insular anadunssuianuiinuniivanegguiuy
i ANLFENTNINE (somatosensory) AMSAnveseTerzAely (visceral) Mssundu (olfactory) Ms¥usa
(gustatory) N335 (vestibular) W8udu aanstnanauesdlu insula Sseneiidnvasiindeadeainnsdn
NAWDIUIIU temporal lobe, parietal lobe #3930 frontal lobe Tngennsuansanausamaieranuld
Iuﬁﬂwﬂﬁjmﬁ'ﬁ perisylvian seizures, temporal plus epilepsy, hypermotor seizures, MRI-negative frontal

%39 parietal lobe epilepsies M%aiuﬁﬂwﬁﬁiaakﬂﬁﬁ%nm insula (4-6)

©
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Somatosensory aura

91M15sieu (aura) Ainuldvesiianlu insular seizure Ao somatosensory aura WAE@INTTINUUBE AL

= ] . . yeg 1 = . e Yy a ] A o =
81M194887%1 (tingling) $AngU ¥1 A (tension) anusdnaaeinszualnAsluuilusianie vdelionn1siiudan
p1nsoaluiiusnauurvseusMadunaaty vsnuseulnlaun SURUIn Ane AU Ao viseuShaviten
wanas lngoniseraluusnaunuselduusnauaugeu vshaluuth e wuu Wi v wiu wazeinisenad
nInszatenuinamildignuinamilald lnednvauzaeseinisniiiinegresinsisauiunisnudeenge

AaralulastiatuayuanuagyeIn1stnan insular 11NNI19NEUOIEIU primary somatosensory area (S1)

} 4

1. 9msyffinsindueinisfieusuwuudueiineg9sinslugausn wu anuAaunfveinisius
W Anusanvetadetzniglu (visceral) n155undu (olfactory) N33UTa (gustatory) ¥3833AUNTS
198U (auditory)

< a v
. msniuuinuning
- 9N TUTERIUYRIsNNIY

2
3
a. mamzmmaqmﬂflsﬁmﬁlﬁﬂszmsjmugﬂuw Jacksonian march
5. 91MsUn

6

. INSANUSIUAU throat constriction

Tudvein1s lateralization arnspnsinidusunssduduganiianisdn wienaduiaesdnls wieany
tesunnduinan insular Prufeaiu nefigaidanisdndndulusumiaves insula drumeas Tngenisi

AU TUDINSVBINSTNIINENDIUS A0 temporal %38 frontal

Viscerosensory aura s Visceromotor symptoms

ns¥udmnuiBnuesaturzniely (viscerosensory) Wa 8111533 visceromotor udnenmsiinule
Tugiausnvesnsdnann insula nuidnveseieizniglueraluninuidnniegluvies 9nvasnemis e1n1sumn
1ites Aduld wiumiien wieeinisludine eanisadieddn visceromotor symptom 814k 81015150
Tos¥es vfeu WieeRuU p1MIMETEeNINUTILTUBINITNT Viscerovegetative 113 visceropsychic A
mmimﬁaa melad1un ANNATIaNIENaI LgeINISVes viscerosensory, visceromotor, viscerovegetative
%30 visceropsychic %Ua%ﬁwqﬂﬁwLﬁﬂsuaqms%’mﬁmmﬂauaw'%nm anterior insula IA8L319713LENDINITTNIN
mesial temporal lobe finszaeluil insula senaneIn1stnan insula nszanglud temporal lobe lagn
wienafifeivsdenadunsinann insula tesld wunsdfifithedanudfunilurisusnvesnisin wasdiennis
514‘]‘1/11\‘1 somatosensory, auditory, gustatory, vestibular, autonomic manifestations, face grimacing Lﬁﬂsﬁu

] < =l A . . R A A o . Y
98194990157 ¥3eNUIE early tonic and dystonic posturing #3583l secondary generalization latUey
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Hypermotor behaviors

Hypermotor seizure lngyluiintismdunaratadu dystonic movement ¥098NRILALUIUYT %50
Ju complex motor behavior 11 pelvic thrashing, bimanual/bipedal repetitive movements, kicking %39

rocking

TagylU nocturnal hypermotor seizure QLWUTINAU orbitofrontal seizure, medial frontal seizure,
dorsolateral prefrontal seizure, temporal pole %38 parietal lobe SLuﬂm;ﬁ’uﬁfJuﬁm’mﬁ’u'jw insular seizure
pnaliomsuanaduiuu hypermotor tauiulaensdnsinduainusnm anterior dorsal insula %38 fronto-

operculo-insular area

I1suanseineg fedeludonahliAndeeinistnainasesudna insula W §Uedid predominant
nocturnal seizure SaufuuanSaiinisdngaenansiu (diumnal seizure) Tnefiennisiiewdu visceral, somato-
sensory, gustatory %39 auditory aura Imammsmdﬂﬁt@qﬁawwﬂu nocturnal seizure g1 Iuéﬂwmﬁﬁmmi
Wsedlpn1sueenauaril hypermotor behavior fae1atdun1sdnann insula lalagenaAnienisinain anterior-
superior insula ?z'ﬁL"wa‘hmeﬁﬁmmLﬁ'mﬁaaﬁwﬁﬁﬁmmauaﬁsﬁugq (higher cognitive processing) 4aAAIN
dnnsdl latency (8 819 20 Au17) 5¥114 electrical onset (#38 clinical arousal) kay delayed hypermotor

behavior 87129 lARTIN1THNNTU extrafrontal onset WUN1STNINALDIUSIA insula e

INSUFAIIU)

9INSLFau (aura) dugAnulaly insular epilepsy laun nsladu (auditory) nstanau (olfactory) #se
NN35USd (gustatory) AnUnd Tngennsimanfionafnnengusenusiuiulanaiseinisila lae auditory aura
snnuidu simple sound A2 auditory illusion wulaliuse wagmaudndniAnanaNesusan temporal

operculum 11NNI1INUIKIU frontal operculum

ﬁf{ﬂ?&lﬁlﬂu insular seizure 9133 reflex seizure 19 ImaﬁﬂﬂizﬁumﬂLﬁmiﬁmﬂwa’laaﬂ’mﬂiu sensory,

somatosensory %38 auditory 1189910 insula Antiilusuves multimodal sensory integration

Getastic seizure 210 insular epilepsy wuliivey I%ﬁi’]mm@ﬂmﬁwu epileptogenic zone Tuusiu
984 anterior insula (7)

a a A

Ecstatic aura (m’mfﬁﬂﬂaﬂum, UPNFY) Usznaulumiy feelings of well-being, intense serenity,
bliss wag enhanced self-awareness @saunsanulalu temporal lobe epilepsy wazaranulalu insular

seizure M3aTnNNsEAelUNUSHI antero-dorsal insular cortex

wena1ntl insular seizure 8131lUgAE life threatening autonomic disturbance Wy ictal atrio-

ventricular block Wlawutmsemlaneasuls (8-12)
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Noninvasive investigation

n1snsIRendulniauss (scalp EEG)

Interictal epileptiform discharge ®1anulausie frontal, temporal %38 central region 1H18331n
insula ag‘luu‘%nmﬁauﬁmaa sylvian fissure waguenstionaldanansanu epileptiform discharge 31NN157TIA

yuRnauasle

Turaeiifionnsdnlaeaniznisdnuuy simple partial seizure fienaliny epileptiform discharges 18
uiteanuLA muscle artifact tnsiannznisdniduwuy hypermotor seizure Uansdlo1anuARLTNTTiEn W
nszaeifunaninieventuiiiinndudnlalidaiau udlnevily ictal change Smunisiasuutasnniign
2NUIIU frontal, temporal %38 central region lnge1anudnwale flattening, low voltage fast activity %39

rhythmic slow waves Laga1any clearly lateralized %30 bilateral with ipsilateral predominance 161 (5,13-16)

N1IATIVAIULATDIAS N INABAUULAANTWAY (MRI)

MRI anunsanuseelsafinerifinnisdn (epileptogenic lesion) 91nauesdan insular 1§ figeg1anis
ﬁﬂmwﬁqmmmﬁﬂwﬁlﬂu insular/peri-insular epilepsy 48 518 funasafinadinlsrautn nan1snsiase MRI
brain wuseelsainuniian 1). fuidesen (Goear 27) 2). malformation of cortical development (5owaz 21)
3). vascular malformation (588ag 19) 4). atrophy/sliosis 210 acquired insult (5oway 17) 5). I’iﬂgu"‘] i

Rasmussen encephalitis &g nonspecific T2 signal abnormality

Feuar 56 HUeauasinazResosiudn laglanzed1e8alugUlenil malformations of cortical
development ‘Wmﬂﬂﬂiﬂumj:u atrophy/gliosis M'%alu&:iﬂwﬁlﬂmﬁmaﬂ LLaﬂwEﬂwﬁﬁ vascular malforma-
tions (17)

Ictal Single-Photon Emission Computed Tomography (ICTAL SPECT) &g Interictal (18)

Flurodeoxyglucose-Positron Emission Tomography (PET scan)
fins@nwAediu PET uag SPECT Tu medial temporal lobe epilepsy nateni1sanu usideliiivoya
wnwely insular epilepsy agslsinuiisnsaudeyaniseluil

NN5ANEIEe Weil wazang TudUlannidu operculoinsular-perisylvian epilepsy surgery Wusl
Y

concordant insular hyperperfusion 7 lu 13 579 (18)

nnsAnelag Dylgieri kazAtdy WUl hypometabolism 89 PET scan UStad operculoinsular focus

Wes 1 518 lnsuinaziivauwminndunsoiluratediwnualusn 6 57¢ (19)

INM3Anwlag Gras-Combe wagan TugUheautngvajlungy non-tumor wuil hypometabolism

910 PET scan lugthevianum 5 519 (20)
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aﬂm'ﬁﬂﬂmwﬁqﬁﬂuéﬂw 18 518718 good sureical outcome Fiunndn 12 iew wuin ictal SPECT ok
Snwaisid maximal hyperperfusion Tusauag 65 %aﬂﬁgﬂiﬁl Yy multifocal non localizing So8az 18 dui
wideilu false localizing Tusumisiilassadhavientihiinedy insula 1wy mesial temporal lobe, orbitofrontal
gyrus, cingulate gyrus Wag insula T19RTITN §1%SU PET scan wull localized hypometabolism Tuginuius
n30lnanu operculoinsular $e8ag 29 waxdl lateralized hypometabolism 11 operculoinsular region uag
fronto-temporal area 7ln&ifes¥onaz 18 Tngldnud hypometabolism S88ag 29 wazil falsely localizing

hypometabolic area $o8ay 24 (5)

Ing5u ictal SPECT aglviuszloviiunnninlunsalinu hyperperfusion Tugnunisdueg sauae 1ieean
nsneiiiingzavresndutnet195inisa (rapid spread) luvagd PET scan azlausylovitnonin wazdides
nsnsAnwlugieduundulusuiag

Magnetoencephalography (MEG)

Magnetoencephalography Junsasraiie map brain activity laen153a magnetic field NaNead
vilvAalae epileptiform discharges Taevialy (MEG) 2% sensitive iU neuronal activity 31NA2@193111N77
UShadIUan Wi MEG spike 1838131507 insular way peri-insular source 19 waglun15usiis insular seizure
focus M3ld MEG azlideyalsifiniinisld PET vi3e SPECT nslideyadilsann MEG Tunsindndnunlsnandn

dudnlinamsaudnlaflaeanizidiala complete resection 98¢ MEG cluster (5)

N15M529928 Invasive EEG

N15M539938 invasive EEG sinlidu depth electrode Inatan1znisly Stereo-EEG 1nge19214 electrode
45 8 electrodes luuwa orthogonal Taen1sadlunuriiavanunsasiils sampling insula U3t frontal,
temporal %30 parietal operculum 1§ @11n15219 electrode wuUlUAU insula cortex Tuuuadss (oblique)
arannsaviiduiindeyaannuiians insular cortex lidl 6 fia 8 contacts Ing31aleida 5 electrodes WiN13INe
dheAsilianunsatufindeyauiiam operculum 1¢ uananienalinisnsraifiuiuy combination vasisaes

trajectory 16 (21)

Ictal patterns dniududnuue low-voltage fast recruiting activity 1Waswdu rhythmic high-
frequency spikes agjﬁu‘%nm insula ianeduniiauds 2 uifineuiinszaneselufididugues insula, opercular
uag frontal structures Lein supplementary motor, cingulate cortex %38 precentral gyrus (16,22,23)
N1THIAR

nsudne3 i dunsiUnedn (open skull surgical resection) w3eliiu SEEG-guided thermolesions
%39 MRI-guided laser ablation 1@ (24-27)
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unasy

Ingasy Q’ﬂ'gaiiﬂau%’ﬂﬁﬁaﬁiamﬁ’u%’ﬂdauuﬁﬁ] epileptogenic zone NELBDIAIU insula UNNIAITHLA
214 insular epilepsy Iuﬁgﬂ’mﬁﬁmﬂmmmmmmi%’ﬂwmﬂwmﬂmmLLiﬂﬁ]maami%’ﬂ U AIRAUNFYDINTT
SudmNusANNIINTg (somatosensory) A3aNvede eIzl (visceral) 91115119 motor WU tonic posturing,
early tonic-clonic movement 38 hypermotor behavior uanmﬂﬁué’aafméfaqf‘f’]ﬁﬂﬁﬂuﬂﬂwﬁﬁ MRI-negative
perisylvian epilepsy ﬁﬂ%sﬁﬁﬁﬂwmzmi%ﬂiumju temporal plus, sleep hypermotor M%@Iuﬂﬁjmﬁﬁaﬁﬂﬁ
Aang frontal 39 parietal lobe epilepsy sﬁa;ﬂaméjmﬂ semiology ﬁlmﬁusﬁayjamﬁmﬂ MRI, SPECT uag MEG
wlidoyaifiuAnilotislunsusveninfiieelainazdigaiidansthanuiefisadeaiuanediu insula

= o & i v a . Y] Y
uazdinudnduaesly depth coverage U insula Tun1saukunIsHnAnlsAaNgn
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Non convulsive status epilepticus (NCSE)

WIUNNBWUAY plalnigy
T59N81U18A8T5175 TINIAUATATSIINITNY

ANANNAAINY

Non-convulsive status epilepticus (NCSE) @o anzdnsiaiiiaanlifionnisinia uwaz/m3ee1n1snszen
Ty wsagnuensikansianuinunfvessyuuUszamduda Anudn n1535anda ngAnssu wienshud
lnyszeianveseInsinundvesaiiosUseunns 5-10 Wil (1-3) wagluseitlavinnisnsiandulniaues

(electroencephalography, EEG) wuilpautneasnuissiilasuiunii 30 ui

AItUNITUTZIIUNTIY NCSE 3931 3 dundifgy (1-3) Ap Ao
1. 91115 lnglanizanudsuiuaeas wingsy 3nla wag/v3e A1zAuIans,
2. mawdsunvawesadulniihauss Wudeulefidndurenisitadonnyi

3. BNANVBINISLARNIDBNYRIDINTSUI PR UINHNELDY NTSTULIA1EIUIUNEIND

AsulsUsznvasnnazdindaiias (Status epilepticus : SE) (3)

Tugesgegnaniiiiuussana 20 U lainns dauiswiiauaztinauennednaeilonluraneguiuy
lganan ILAE U a.f. 2015 IAUUIRIRNITIS

Classification of status epilepticus (SE)

(A) With prominent motor symptoms

A.1. Convulsive SE (CSE, synonym tonic-clonic SE)
A.l.a. Generalized convulsive
A.1.b. Focal onset evolving into bilateral convulsive SE
A.1.C. Unknown whether focal or generalized
A.2. Myoclonic SE (prominent epileptic myoclonic jerks)
A.2.a. With coma
A.2.b. Without coma
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A.3. Focal motor
A.3.a. Repeated focal motor seizures (Jacksonian)
A.3.b. Epilepsia partialis continua (EPC)
A.3.c. Adversive status
A.3.d. Oculoclonic status
A.3.e. Ictal paresis (i.e. focal inhibitory SE)
A.4. Tonic seizures

A.5. Hyperkinetic SE

(B) Without prominent motor symptoms (non-convulsive SE, NCSE)

B.1.a. NCSE with coma (including so-called “subtle” SE)
B.2.b. NCSE without coma
B.2.a. Generalized
B.2.a.a. Typical absence status
B.2.a.b. Atypical absence status
B.2.a.c. Myoclonic absence status
B.2.b. Focal
B.2.b.a. Without impairment of consciousness (aura continua, with autonomic,
sensory, visual, olfactory, gustatory, emotional, psychic/experiential or
auditory symptoms)
B.2.b.b. Aphasic status
B.2.b.c. With impaired consciousness
B.2.c. Unknown whether focal or generalized

B.2.C.a. Autonomic SE

gUAN13alvaIN19% NCSE

wugtAnsaireuinags uinmsitedusinvilden esanany NCSE flenisuazennisuansiivannvany
fesiansgnuatiaennts vilmAamssnuiiaiuaziinanzunsndouiilianansavilighonduAunmilen
Uniilel wedisnanuanvaienisfinynininnuynlagyssana 18.3-85 A so Useyinis 10 auausiel (4-7)
Tnennginuludasnnyingaldusznniesas 8 (8) vimsanunuiilufiiefiiinnzdndeiiles (SE) Suasd
amzdndeiiledilifionnisnie motor (NCSE) mamnussanaifosas 25-50 (9) uazlugvaedifionnisdn i

N3¥ANENTARL NUNINNINToEar 14 A¥ilon1suasnisdn(postictal) kuu NCSE (10)
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dunnvas NCSE

augYesn1y NCSE Aautrsdudeu auvmiinutesqiniAinananuiaunfimasaiuedn (metabolic
disorder), lsAn13n18 (systemic disorders), dupsv1nandiai (hypoxic ischemic encephalopathy), QURALAe
Aswe (traumatic brain injury) Wudu (11-13) yenaniinsldsueunssin laun g1U T UNNGY 1
cephalosporins %38 quinolones %ﬂizéjumazﬁlﬁ (14-16 ) msasueniudnegrdlimusaunuveslu guae
s TAlsrandnegud Tnolamzgtaeiienginiy 18 U fuunliuagny SE légs (17-21)

INTUANINIIVUTUA

A3y NCSE donsilddaau unndauanseaulnddnetanedunglaingUlsioinisegiley wieq

AINTEAN asdy witlosinde nimnsen3usowlos Faali Wusae
Generalized Typical Absence without coma

Typical absence status fia dn1endUiewe luiidndisgenseriuiu anusuusvadlsadlonaie
LY g.J/ = Y B a ! 1% £ @ Aa a [ = < [ [ 7
seaularuNAsIoaiintinndsbnsiumela sseghanenaduiud Wuiu vieluduaiila HUIBUNIIWDD
LY <@ 3 Y 1% dy 1 D a2 o o 1 .. . .
NUBINTTALNSINIAINIUL LA m’gzuwwaa‘l,u@ﬂmmuisﬂamnwlwsmmma (idiopathic generalized
epilepsy) WU absence seizure 39 juvenile myoclonic absence seizure s‘ﬁqmmmmzéjuﬁaa nslasuen

=

fudniladngaunuissa a1agld welads wwsh Audiu vie seunanin nensallsavenguildnash

Generalized Atypical Absence without coma

Atypical absence status 8139g18nN81191NNTL typical absence ?iﬁimeifmﬁammiﬁﬂﬁa%ﬁmﬂﬂa
Tneglhefomangnes inviufiuasionissuuss fornsdudnuinndt wilimaznszwiu lumiaedadealude
adulninauesves atypical absence status tilaunv ictal EEG U84 typical absence status gy
interictal period madéjﬂaﬂﬁlﬂu atypical absence status 9%il background fisthazdnnan (slow background)

Fangnsallsalunquilinazlifiuashedosniudn
Myoclonic Absence without coma

Myoclonic absence status {unnzAinvusslunndu idiopathic generalized epilepsy ®1113L&A3
senfelinduilonseanidudivizi sauiuseaunsidndianas lnenanuillenszanazgguusindy wazdiniie

ANSAUFINANAY
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Focal NCSE without impairment of consciousness

PR P " @ = | . va Yy a 2 o a a
Athedionnswalididunionnlign (aphasia) Manakaznislagu n1skandu nisueaiu Ianuliaund,
919191N15UINLIUYIBY, NNILITVUUTZAMIRLWIRLUTUTIY, MITUdNRaRaUng, 91sualuasnginssuiaieuly

Y v a0 o ' a 1 a 1 .
ﬂ?f}dﬂ?ﬂllLLf""IEJ'm'ﬁ‘IJ’]E)?J’NLG]EJ'JI@EJIN&JEJ']ﬂWiLLﬁ@Q b38NIT aura continua

Focal NCSE with aphasic status

Junag NCSE sUnuunilsnnuliives s1eamasausniag Bender lud 2509 (22) fUaeiinsnarauni

avsieilos wiolugvies e1nsiivareguuuu leun sensory, motor, or mixed aphasia 81n1571919NUT

Py
D

¥

Aetindnunilensganianties wesiiunwlidaluai@nvse sounsuluin inswirseelsandugainiatney
MUTnUENDIEIUNTILAZAIUT19TDENDIR LAY (dominant hemisphere) nsaTiardulnaneswuunsLiio
aggaemItansuarn1ssnwdusg1aunn (23) dunmaneeneisdansso1any high signal intensity Tu DWI

Usnusaelsa wasansulennis (24)

Focal NCSE with impaired consciousness

amzanuiandaifiiaunfasdulsnanesyiu uasdthsaziinginssuuazanindslafiinundsiuse Tng
aduludnune duau ssne Ju 9wy 0113 Gev sifeliifiaus vnands wadie wieenaasiinmafsaun
vauviiy visediovdugndnlaifigavane (automatism) szvrinsiidngiheasvmmnuavlasdedaunndenviedeans
fufausaudng ldansaquadaies vdsmnmamsaiaulufthsasdldldinfney lstuuasdnaedanuifndeou
Wiy szevnmveseimaansndudeiestusidilumie u viaduiou wionsarusamasldies Tuung

5180199 dvintnLUUDUNALAQE

Unknown whether focal or generalized

oA sruvUszamdnludfnlsusiuuwuusieilies Fanuveslungueinis Panayiotopoulos syndrome
(25,26)

aa o v .o av < = a 1Y)
ﬂ'ﬁ?uﬁlaﬂﬂqqg‘ﬁﬂﬂaLua\‘]‘l/l‘lilﬁ»la']ﬂ']iluﬂ'i\‘iLLﬂz/‘Vﬁaﬂigﬁ!ﬂVlEULL‘JQ%ﬂLT\]u

sosenduanudilalueinisuareinisuansvesUlsuazaiulniauesiiudsunladluiluegned aans

a2 8 I3 o v a & A Ao A o ] P v | aa wvvi X |
N ‘Uuslﬁ‘] L‘Uu@qﬂqiﬂqﬂﬁy EJﬂVNﬂaubLWﬂqalI@QV]llﬂausﬁﬂ@aﬂll']ijlmqﬂLLa?ﬂ‘r\]gslnﬂ?u‘i]ﬁalﬂﬂﬁlﬂmumqﬂ EJ?J'NvLﬁ
< A

Anupauliihauesiinunfienaaziluainaus encephalopathies waz/wse anefutniibiseld aslasy
N137I9E0VTUTUDNNN
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Y]

aa o < 3 v P
mMaladyanunsausnesnity 3 Ussinundanlassilde
Tunaudl 1. seyliladn flhedanuhasdeinsdunnei

Junaud 2. asrarauliiausauusaLilnImerIna Nk UT AR Y

[%

JUADUN 3. M5IEDUUTLIRNNITENNIANNDINITAANENINITNAUBAZAIINNITATIVPAU WA ELD A7

Qe

mndalianunsanagitadun1izlld fenafarsanaedieniudnmedudonsudignisnovauss

fiveyannisfnulugirelunesfviamnitdndnnidnuuuininseanunswiesy gUiedining
sAndUdsusdadlueniuuegiesiailion Inemnizuiwiundy 10 w1 arsasasduniied (27,28) Tunsdl

(%

AUaeTuEn (coma) iegthelianuidndafiugasSens Aasezlindaniziienlinie (8,29,30)

HAug11971n The European Society of Intensive Care Medicine waz The Neurocritical Care
Society of the US 31 nsasiandulnihaueswuuseiliosnisiludszdnidesintugiieniinnegingfnig

syuuysyan (31,32)

a av = a Y} Y= | oA Yoo v

fvanenTednwifeatunisasiainaduliihatesuusiaies loun Claassen uagany (19) lidaya
Tmsanunautniovar 88 Tundundnassusnnielu 24 Fluausnvesnisnainedulninausssieliios wazay
Wudududesar 93 Wevenessuzainsiadu 48 $alus uslusieauves Shafi wasans (33) LaEhdunmnis

[ d{' v a1 o < ! P2 J 1A A o '

arvinaauliihavedugUlsnludionnstninTanneunsednunsnneu nuidnnsianuadudnlalugg
30 wiusnSesay 74.3 wazanlinuadudniaslu 4 lusvesnisihdunaasilomansianusdelulasuin uas
ndeyawmariifidelanuziidndululdnisnsataniuliihavedy ICU winaelu 48 Falusdausidueu
Tsmmeuia lnsanigededesingUiedivseifinisdn 1n3e nseanuuuiuusvismsuiulinngnisidndifnanas

%’ﬂLa]uma%mEnmmm‘im’mwﬁuaumaaﬂL‘fJ‘u 72 L3

anweae EEG Tun11z NCSE

dnwazadudninannraisguuu Sadlffinerewazdavihsuuuuiifureuwadanuvesnisszyindy
ampiituan utanvangqmsinudnamisaenadesuagnoaues (30-38) lud ae. 2014 lifinsdausey
afsl 4 vas London- Innsbruck Colloquium on SE Tu Salzburg Usginrooainiy ﬁ;ﬁl,%a’;mﬁgmﬂﬁ"’ﬂaﬂl,%ﬁ
Uszyuriu ladnvi EEG terminology and criteria for diagnosis of NCSE (138031 Salzburg Criteria) uaglad
nstluneaedddauguagiund a.e. 2015 (36) 1wl a.e. 2016 ladRun nsiivteyadeundaninnsly
Salzburg Criteria Lﬁaﬁué’umeﬂﬁaﬂ (39) [validation cohort sensitivity 97-7% (95% Cl 87-9-99-6),
specificity 89-6% (80-8-94-6); overall accuracy 92:5% (88-3-97-5). Positive predictive value 84-0% (95%
Cl 74-1-91-5), negative predictive value 98-6% (94-4-100)]
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Salzburg Criteria wisaanidu 2 d2u fe

1. Iuijﬂ"saﬁiﬂﬁ epileptic encephalopathy

1.1 drfinsfing1vespdudn audiu 2.5 Hz agdnduindu NCSE Aeeguuiiugiuresdayaniu
91N1INARTNKALARFUIUNIILIAN

1.2 ffmautnAnudtesnindas 2.5 Hz asun vsaidumauindiuauinnia 0.5 Hz sruduilagnatas
1 U9UBNUNNTHNAU

1.2.1 21NSNNAANN WAy EEG AUU AaIntieiusn
1.2.2 9n1sAkandeaniviloudnidntios

[

1.2.3 1N5tUAsULUAID8 190U NI9HWALILALLIAT U9 EEG fall

- TureSuaulaedn1SINTUYBINIAUD LA YUINVDIAAUTN

]

- dmsdguwdasguuuuvesrdudn (nuiudeusinnit 1 Hz visewfeuudassiumia)

2

. finsanasiernuduasrunvanautntut s dugavese1nisdn

o)

2. lu {Uenifin1ie encephalopathy disnneuuds sgindulainiu NCSE dusiesgnisideuna
Y9401N1INNAFTNEUTUeINSRAANYRsE e wAnMAN1Tl MITLTUYRIANgMAzALAveIRAUTNY

W3aN3ATUYRIRINISNAATnkar AGUTN AN tREMEATN(40)
vumaulumslienfudninetienisatde NCSE (41)

- Asden: Laaﬂﬁﬂ’sﬂﬁﬁ rhythmic %30 periodic focal %39 generalized epileptic discharge 94 EEG

$9UAU impaired neurological function
o = v o = ¢ v d' o Y} v v & A
- ﬂ']iﬂ@WﬁEJiJE\JU'JEJZ ﬂ@L@iSNQUﬂiﬂJ TAYNAT ﬂaulWﬁ'TV]'ﬂﬂ FOAIUAU I9DDNYLIULUININNTITANTIR

- YINsRneAUtAIUIRFINL rapid- onset Waz short-acting benzodiazepine, Wi midazolam
(1 mg #ioATY)

- UsziuennsNIenatneay EEG SN IsRngIwiazasa

- nyndneiilo
(n) EEG fusgnasiaiiios
(@) o1msmeraanlasunsEus ATy
(A) namsmela anusuladinsas MeeLRaNatAEwe e
(9) lagnufiavuingegauas (Wu midazolam 0.2 me/kg )

- msulanagavinefie uaninlin1iz NCSE weiin1snnaluvesndulviiitauesninunfinaze1nisnig

patnNAvTY wseladulnihauesRndunndulng ursadulndraRaunFmglunseinislufvu enaazuantile
udunselaidu NCSE
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Epileptiform discharges 4— Clinical suspicion of NCSE — No epileptiform discharges

v | :

¢ Continuous (quasi-) rhythmic
Frequency >2-5 cycles per s* Frequency =25 cycles per s deltactheta activity with %

l frequency >0-5 cycles pers
Typical Subtle clinical ictal IV AED Fluctuation
spatiotemporal phenomenon during the EEG without
evolution® EEG patterns mentioned above* definitive

evolution®
v Y

EEG and clinical EEG without clinical P No

improvement improvement

after IV AED* after IV AED™

v

No other secondary criteria
are fulfilled

|

v

UM 1. uanstunaunisindula mu Salzburg Criteria

EEG A29814

Mmm-auwm-mnw-mwmm (PF: 350H: BEEEE 7 BEE Mocopclar 16 = ALAD « @ EF10040 o]
=

gﬂﬁ 2. t::\fﬂw‘m&l 8¢ 66 ¥ 104 ischemic anoxic encephalopathy, moderate coma S2uAUl NCSE, EEG

Nubilateral periodic epileptiform discharge with intervals of 0.8-1 s
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gﬂﬁ 3. E:\Jljﬂ’JEJGU’lEJ 8¢ 78 Y 0u cardiac arrest #d9an cardiopulmonary resuscitation , moderate coma
with NCSE; the right side of his face was involuntarily twitching. EEG: Sharp waves, delta waves, and
theta waves were observed during the burst period. The amplitude in the suppression period was less

than 10 uVv
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(Neonatal Electroencephalogram)
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nmsulanaraulnihaussazmaialunstuiinedulnihauedumsnusniiaduianuuanaimingn
Tnvseluglvg) Wosanvuefsweveamsniivuadnuasanesdiuntiiuiium frontal lobe Saaseyluid I EEG
activity e nsvuiinadulnvhauesslumsnusniindsiinisanduau electrode a4 lngszuvainanlife The

international 10-20 system of electrode placement (1) AYLEA4

yennilumsUufinaaulninauesmisnusn
Andadidonissyiaiiosmnmisndadn nmsuduainnig
wiela nmsduvesila nsedeulnivesnimi dau
wldiAnedusuniulu EEG Ieviadu sajudsdeudn

electrode NHMWAUIDULNULGL WU USHIUNDINI DN

anLiveg respiratory pattern #3auUsanilanlemLiie
7 eye movement s3uvistun1sduiinadulviraues

AIsINALEULINTINMBLNOLEN artifact #1195 sucking

artifact patting artifact eananaauliiranesRinUns

A Y oa
VIBYIQPN

anuseludeyannrmsuieunsulananaulnihauedumsniiddyme

1. 919AT3AY0IN IesnavesvewnIniimiaLueasid adulwihaussunsguiuuiing
o1vfedusnunzunilutasenguiluderadudnuaeifaunivinnuludndsoignidld fafudsdiamuddy
ffulanandulilihavesfemaueangassduesmannetulasfiotmsniifengasss (gestational age, GA)
windy 37-42 &t lumsniiraeaasuimun dumsniiengassddesnit 37 dasildumsniinaenneu

A (Preterm) wagnas 42 dani Wumsnilaaeanasivun (post-term) Tusienuisasiuseduiounss

©
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aavhelilinudavieusedndounnliainane ililiamsoduan gestational age 910 last menstrual

period (LMP) 1 919¢aafinnsl4 Ballard score Ustifiumsnetuniiievssinuengasss lnsengifldluns

Ussilupdulnliihauesie postmenstrual age (PMA) Saruaaildann 918ATINNTO gestational age (GA) fitfy

Mndszdfiouniageving nufueigaimasaannoonuudfiendt chronological age (CA) (2) Fpehadu
nsuvananraulwinauesvosmisnasssy o7 1 Aaeafienyassd 35 dUai Tuvazilagtueny 5 Uami
Fatfu PMA = 35 (GA) + 5 (CA) = 40 &Un1vi 1187l 2 Aranfiongassd 39 dai vnilagtueny 1 &
PMA= 39 (GA) + 1 (CA) = 40 msulananaulwihavesumsnisassmeiiFaniioutuiominun PMA 1§
40 §UAW [uLReai

2. Behavioral state paulwaneslugig wakefulness waz sleep fanwazvosndulwinaussiisneiu
Tngludrmduidauvadu active way quite sleep mstufinmauliiauesvasmsnusniiaastuiinlilane
[l . 1% = [ 1 a a ay v a 1 [ al
433 quiet sleep 778 WosNuginumuinundliuniga egralsinundulniiraneswamisnusnens
HerenldanunsauenlaindutrmduniefunieniSenin indeterminate 5o transitional TunisnaasnAsu

o [ qy v Y 1 a = [ ! 1 :s' A I a a
muuporanvdnwazdlatauamnnuludiinasnnuseldudiulngvesadulnianesaziondaung

3. Medical status g1u1esfinfigUaelasuevdmanandulnianes wugiuilinngy fentanyl,

morphine %3981 UNNGY benzodiazepine

v A | 1% 1 [ A | 2 (% a v
AainaEuaIIINsiavesrauliiasesdulunueigassdvemisn ndwninsudeyasiy
AIALAT NsuUana EEG background Tumsnusniin@siniansun Usenauniy

1. Continuity
Normal Continuity %1889 background vesmaulwiranesinnuasiiieswsaiinig interrupt Ak
AU 2 3un

Discontinuity #1884 background vesadulninanenidnvauyldneilioslneidnwaidu higher
voltage “burst” @duniutsiidl lower voltage “inter-burst” (voltage < 25-50 pV, u1nna1 2 udl) laesees

v 6

naveaeiilu lower voltage 138n71 inter-burst interval duration (IB) %é’uwuﬁﬁumqmiﬁ‘wmm’ﬁﬂ

« Normal discontinuity

Tugasusnvesnisniifiongasssneuiiviun EEG background e1afidnwazilu discontinuity wazdl IBI

81 TumsnAaeaneuriuafazanansanuanwuswuillateiluanuund aviSen EEG background anwauy

be

191 Trace Discontinue lngsiax IBl 92ADE9aARIAINDIEVDINITNALAAILUAIT1IN 1 uwdpulinuA1e
discontinuity Tumsnfifiengasuivumas a1anulaiiiednas quiet sleep Winluf EEG background agl

dnwalg discontinuity (3)
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A15797 1 WAAS Inter-burst interval duration wag voltage Tulmazy19 Postmenstrual age

Postmenstrual Age Maximum Inter-burst Interval duration Voltage of Inter-burst
Interval
< 30 weeks 35 seconds <25uv
30-33 weeks 20 seconds <25puv
34-36 weeks 10 seconds ~ 25 pv
37-40 weeks (Full-term) 6 seconds >25 pv

EEG background #flanwauzaas Trace Discontinue agnulafawsvas PMA 26 dUanaudlonisniiany
WNTY Bl 9zdUad voltage 8 IBI NFNEITU JUNTIYIPMA 34-36 dUn1i voltage Vo4 1Bl 9z11nN91 25 pV
Feazasunndudnwaueiionin Trace Alternant wuldlueae quiet sleep auiaPMA 46 dUanvi Aldasny

Snwaugwad discontinuity lalianiaia)

+ Excessive Background Discontinuity

ARANYAUZVY EEG background % 1Bl 1nndimsnulunisnit PMALUS) %39 amplitude w99 1Bl 611

nnAsaztduG) inwulunisnivrenselasuuindunauss
» Burst Suppression

Judnwaizues EEG background il discontinuity faunfunau Tng 18 voltage < 5 pV uagluaing
993 burst 3¢l abnormal waveform Tunnseuadulnfinauenisesune amplitude 283 burst 1dedain
AaUn@ (> 100 pV %130 < 100 V) uonanilutag EEG 713 burst suppression EEG backeround awildnwase
in-variability Fao3lduenitu excessive backeround activity fiasea burst 9l EEG waveform 7iunfiuas
EEG 9843 variability wag reactivity 16
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gﬂﬁ 1 (A) Trace Discontinue, (B) Trace alternant, (C) Excessively discontinuous in term infant, (D) Burst

suppression; abnormal activity in burst and prolong IBI (AinLUasa1n Clancy and Wusthoff, 2011 (5))

2. Symmetry

Tumsnun@ aduliirauesisaestnsluusnasunuafeIiy Asslanvugiuilouduns frequency,
voltage 1y voltage 81afinuuanaeiulatng uniu 50% fe3Rnund (abnormal asymmetry) Ganulaly

focal lesion U stroke, abscess

3. Interhemispheric synchrony

onset ¥4 burst activity Tuaueswisansdnsiumsiindunsaunuieiesiulaiiu 1.5 3ud lnewaun
n1svesaaulniianes Turweny PMA 27-29 dUamitupaulniinauesas synchronous AUNINLA kazsaNn9Y

fifnwaue asynchronous Tugi9e18As3a 30-37 dUanilasnasauanulaAyUszansagas 30 ¥as background

TNUALAZILANAIIUTIBIYATIAATUAMUAN EEG background #ad synchronous Msun (6)

gﬂﬁ 2 (A) Interhemispheric asymmetry due to scalp edema (right);lower amplitude in right hemisphere,

(B) Excessive asynchronous in ¥115na18) PMA 46 dUa1
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4. Voltage
TumsnAasaasuAIvun amplitude vesndulihaussDwAnIUIBWINY 25 PV TdYnduniesu

winsiin1sulana voltage a1adessyiatadunesusnfiviiliadulniranes amplitude dnnanuduase wu

scalp edema, cephalhematoma, poor electrode impedance %38 subdural hemorrhages
Borderline Low Voltage munedsnaulniiauedid amplitude 9E5¥1IN9 10-25 vV

Abnormally Low Voltage nunefspaulniinauesiil amplitude oenin 10 pv lasenadadulnd

aueIgandn 10 pv tatheuddaalsiiu 2 Ui (1) Ysuaniis severe neurological dysfunction

Electrocerebral Inactivity lilunsainiaduluiauesiduninlifigieg amplitude genimiewiriy
2 uV 1ae (7)%388131538A71 electrocerebral silence 5o isoelectric ag19lsAnIUNNTINATY brain death Ao

Ttuneunazmaiaildene slaildnanisluiid (CAN brain death)
5. Variability
wnefansasuwlamwesndulniauesdsdise internal stimuli Wu sleep wake cycle Tngaziduiy
Faus PMA 25 §Uni mswdsuuasiuorafumswasuudasly amplitude, frequency w3 continuity fils
6. Reactivity

nnedansdsuuwlasveseiulniiauss@elisie external stimuli W N13nTEAY NMIWABULUAITY
91998 3UNUBINTDY1DU WU 389l%, EMG artifact pattern, mamelafildeuly Tng reactivity Sadiun PMA
Uszanas 30-32 §Uavi @ Dysmaturity Jurndildlunsdiirdulnihavesiinuiiongnssdtdosnineiynssdass

P Y] ' e aM o
FUINATUIVINDINEINTAULSANIIALDIN IR (8)

aaulinauasunfiduaiaunsanuldlunisn

Monorhythmic Delta Activity wulalugis PMA 24-34 dUansi wiuiludnweug high voltage delta

wave (amplitude up to 200 pV) nulRunusn occipital, temporal, central wANULBEUNLUUSHIA frontal

Delta Brushes %30 ripple of prematurity 439 spindle-like fast waves wuunlutis PMA 24-36
duat ududnwaizes 0.3-1.5 Hz slow wave (50-250 umV) wag superimpose M8 fast activity (8-12 Hz
%39 18-22 Hz) Tuaing PMA 32 é’ﬂmﬁs‘z’quummm‘lwﬁw active sleep AouAEWUNINTUYIN quiet sleep AU

099739 PMA 40 dUa1919gnutasaInuansu (9)

Rhythmic Temporal Theta Wity burst ve4 theta wave il amplitude Uszuned 25-120 pV wu

11nTug9 PMA 29-328Un% Lage1anuusiiad vertex #3e occipital lalguriu
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Anterior Dysrhythmia Snwaizifu delta wave 7181 amplitude Uszanad 50-100 pVwuuIhu frontal

area 01ANULDUS WAL 9138 runs Ale 3N symmetry wag synchronous wuldsaws PMA 32-44 duUansi

Encoches Frontales \Jupaudnuas diphasic wave (0.5-0.75 seconds, amplitude 50-100 uV) £in
WUSIUAU anterior dysrhythmia WuuShe frontal area wuldae PMA 34 -44 gUanvi wunnly transitional

sleep lngang active sleep a;l quiet sleep (5, 6)

|||||||||||

gﬂﬁ 3 (A) Monorhytmic occipital delta activity,

(B) Anterior Dysrhythmia admix with Encoches frontales (arrow)

Y} A 4 ° = Y} s Y o w w & a «
YaINNNBIU background ﬂauvLWﬁ']aﬂJ@QLLagu’]N']LWEJUﬂU@"IQﬂiﬁﬂLLﬁn aqﬂUﬂﬂlﬂﬂ@ﬂ'ﬁWﬁ]’ﬁm’] AU

Tianesnuianuinunfves epileptiform discharges w3oli lnglumsneranuadulwiaussididnwey
AANE sharp wave 1A@2138n91 sharp transient aznanseaziduacaly

Sharp waves transient

Tumsnunftesasnudnuvarveseauliihauesiidu sharp transient 16 @yl positive waw negative
wave lnedgmitnuAedlodosfiansanii sharp wave ﬁ?mjwaﬂﬁammﬂ@ﬂﬂaﬁalm%é’aasﬂummsﬁﬁwﬂﬁ
Huund nedenissy Tegrusndaiiomnlunserueiuliiauemsnifuinduedulnihaveady 15 mm/
second Tu%mzﬁﬂﬁﬂv\lﬁ’laumLﬁﬂimw%;ﬂﬁaj fingufinads 30mm/second Viliiudnuae background
@Lmauﬂ’hm’lmﬂuﬁa mnliuilanasta duration vesnausiu Tne spikes < 100 milliseconds Turaued sharp
waves 2¥0gjfi 100-200 milliseconds TagU3anavea sharp wave fiedfiaund fagulumsned 2 uenainid
SnwaigBugiivaslun1sifiadfe sharp transient fiunfisinwulusiumis central, centrotemporal g terporal
WAVNNNUUSIAY W frontal, occipital w3e vertex SinasRnUnd vsevnnuluaueafissinaies (localize/
lateralize) sinaziaUnd
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51991 2 wams Abnormal number of sharp transients (10-12)

Term Preterm
Negative sharp waves >13/hour >11/hour
Positive sharp waves >1.5/hour >3/hour

Brief Rhythmic Discharges (BRDs)

Wudnwauzaes rhythmic runs Naneiu seizure wawulaiiu 10 Jun9i(13) Shwusauiu background
PRAUNA TUN9189UIDUATIENAAN BRD YN LANADUASIERDENDILALANUNNISIASUMNAU seizure Wity
Yagtudalifivoasuidniau

Neonatal seizures

amzdntumsnusnie wiadu clinical seizures, electroclinical seizures uay electrographic seizures
Tnednuaizeadn sharp waves/spikes vi3e adulnlihavssfoninuiundt 10 3undl & amplitude Wnnivie
Wiy 2 pv waziings evolving wu narudvionszaelvlusumidndides lunsdeunaussersadulni
dupIATESUNEMLISTAnT ndEITY diffuse W3 focal TaTiassas Al mNATesdn eansTiiuaIndnle
dlosnlunisnusniine1adl movement uvvegaiiviliasdeindudnly FanisdessyTilun1sitads neonatal

seizure HIn7g

T T
BERR
wr A

S

‘&J o U 1 ‘ﬂl dy 2/ a d‘ 1 ¥ ¥
‘U‘VIWQWNULUUWUE’]UﬂW‘Vﬁ‘Uﬂ?i@’]ﬂﬂﬁﬂlﬂﬂ?ﬁw@ﬂiquﬁﬂL‘UEJ\‘IG]‘L! 3'1868L@H@ﬂﬂﬁ?ﬁﬂ?%ﬂﬂﬁuaiﬂlﬂu
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Intracranial vascular malformations

o £, .
HAUNANRAND JurTHs
AAIYITIFINGT AUSENNYAENS UnNINeaeeelnd

Introduction

NTULUBEATBY vascular anomalies f14 International Society for the Study of Vascular Anomalies
(ISSVAX1) anwnsaunussiangulsneenlmduaangulvgdudsznousie

1. Vascular tumors LA hemangioma, hemangioendothelioma, Kaposi sarcoma, angiosacroma Wazdiu)
2. Vascular malformations Usgnausae

a. Simple vascular malformation lgun

i. capillary malformations (CM) U cutaneous/mucosal CM (MieWillwiSen “port-wine”

stain), telangiectasia, nevus simplex
lymphatic malformations (LM) 9u micro LM, macrocystic LM (cystic hygroma), primary
lymphedema
iii. venous malformations (VM) 1% common VM (aka cavernous hemangioma), cerebral
cavernous malformation (CCM)

iv. arteriovenous malformations (AVM)

v. arteriovenous fistula (AVF)
b. Combined vascular malformations
Anomalies of major named vessels U arterial hypoplasia 139 ectasia, persistent embryonic
vessel, anomalous origin/course of vessel

Vascular malformations associated with other anomalies 11 Klippel-Trenaunay syndrome,

Parkes Weber syndrome, ez Sturge-Weber syndrome

nsnLlinvesasaiien (vascular morphogenesis) UsznoumedninIzuiun1sianae vasculogenesis
FaRan139 mesenchymal cell fing differentiate naneilu hemangioblast cell wagfinisisesdanenudu
primitive vascular channel 7ifi3ai38n41 primary capillary plexus figainiuagingnssuIuiaesNizeni

angiogenesis Fafonsii primary capillary plexus Imsiauseludy artery, capillary, vein Wag lymphatic
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IR8NIUATZUIUNT remodeling, pruning lumen formation Way spouting ﬁﬂﬁ?u vascular malformation 39L7in
MnATIRnUARYBINITUIUNTS vascular morphogenesis faLATas embryo Imaﬁﬁamzﬁﬂﬁ cell FiRnUnFLAR
A3 remodeling uazutssfinaiisunfiielindu vascular malformation Tutisnaniunnsseenlulugiiae
LAY AL ﬁﬂﬂizﬁuﬁdaiﬁﬁﬂ vascular malformation tawn vascular thrombosis, trauma, hormonal

modulation, endovascular therapy waz partial resection (2)

Intracranial Vascular Malformations

Tea1150uUInY rheologic character (fast-flow & slow-flow) way Finvaanasnidondisianiy
Aaundlaldu
Arterial hypoplasia, ectasia, aneurysms, persistent embryotic arteries laivananseaziden o i
Arteriovenous malformations (AVM) Tnsuenges laidu nidal wag fistulous type
Capillary telangiectasia

Simple venous (cerebral cavernous) malformation (CCM)

Developmental venous anomalies (DVA)

S

Vascular malformations associate with other anomalies siuA Sturge-Weber syndrome

Cerebral arteriovenous malformations (Pial or brain AVM)

ADAMURAUNANILARAINNTANADUDINADALEDA artery WAz vein lngUsiAaInaoniaen capillary fiu

nae @ansawvsgeslafuassilianiudnuuenie angioarchitecture Hu

1. Fistulous type A9 Un15AnmlaunIIuas artery Laz vein

(%
[y

2. Nidal type Ao dnguvesvaandanfiiauni (AVM nidus) NUsEnIng artery Uag vein (5UN1)

S

g‘d‘ﬁl 1. k@n9 angiogram W84 brain AVYM (A) 7l nidus(n) fusewing arterial feeder(a) was draining vein(v)

Wi uLBufiu angiogram Y04 pial AVF (B) lin13ensiave arterial feeder(a) WAlABATIU venous pouch(v)
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AVM §18m51n15wUrD9 symptomatic AVM 1.1: 100,000 A wansensldmaus Towindeaseny usdau
Ingjuansenisneusiy 40 U guledesay 45-52 finsenisuanenddniiiinainnisiiiensenluates
91MIUARsTOsANNADINMITINUASesas 25-38 warierar10 vesitheare sUIndswy Tasdauann AVM
finnudu solitary lesion wag liwuiinsanenaaniaiugnssu (3-6)

Multiple AVMs g@rusanulalugeslsafe

1. Hereditary hemorrhagic telangiectasia (HHT) %aL“fJummﬂmﬂﬂaﬁﬁmsmwamvmﬁuqmzmwu
autosomal dominant 1agmAsIaNUANURAUNAVBIEY ENG, ACVRLL, SMAD4 @1311509%U mucocutaneous

telangiectasia 1n5mAU visceral AVM Manelulen Hoevinuay seuulsea (7)

2. Cerebrofacial Arteriovenous Metameric syndrome (CAMs aka Wyburn-Mason syndrome) R
AN1N5ONU brain AVM 52uAU AVM i optic nerve, maxilla ag mandible #1140 metameric distribution U84

procencephalon, mesencephalon Lag rhombencephalon LLaﬂaJ'WUﬁmimawammaﬂiﬂw’mﬁuﬁqﬂim

MMIATIAINSTEIEEMTUNTIRAGY brain AVM aansavinlalagly n15ms2avs brain CT angiography
(CTA) uaz MR angiography (MRA) wsin15nsaaftieidu cold standard wazanunsaliseazideniid1fydmsu
NITINUNUNTSNBTIUNNZEN AD digital subtraction angiography (DSA)

MIFENAIIYeY AVM nidus Lieilugnisnnaununissnw euuuaiy

1. Lobar AVM laeuustosaanidu
a. Cortical AYM
b. Corticoventricular AYM

2. Deep-seated AVM lgilin AVM 7i basal ganglia, thalamus, periventricular region W& corpus

callosum

3. Infratentorial AVM l@uA AVM fiegii brainstem uag cerebellum

U

351155011 brain AVM finane3susenaunig

1. Microsurgical resection wiangdmiuUieni AVM vwadinuagegludumisnnisiidnas linel

NABINITANURAUNANIITEUUUTEAM (Spetzler Martin AVM grade | - 1) (8)
2. Endovascular embolization F9HiU19u18019550 @8I UUAD

a. Curative embolization WilNzdmsu AVM Yuatdnfisuiunasndontieslunidu
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b. Partial embolization
i Preoperative embolization Lileansnsmsideidenszinsiide nie gn AM Tu
dudnvesanesiinsidadndadiuin
ii. Pre-radiosurgery embolization \ieanuIATes AVM nidus ABUNITANENES
iii. Targeted embolization Iﬂaﬂﬁqmau angiographic weak point 983 AVM Falgun
prenidal and intranidal aneurysm LieansnIINITUANTDI AVM Lazsanadmnsy
definite treatment faly (9)

3. Stereotactic radiosurgery Wag stereotactic radiotherapy @3 curative rate q&ﬁﬁaaaz 70-80
= 1% = o A Y o v v aa o E o A
AZUNAVINALININNTITINYINIADUY A VBNDHUYDIITAITINWIUABUTLYLLIATDADYNAINITRIELEINIIN AVM

eiinsgeruegvauysal Feldnanlaundeuszana 3 U uay AVM deillenmawandlalugisaisenssil (10-13)

4. Combine treatments ABANSHNANUITNITINEN 1 1 D9 3 LNDAANAYILALIIINAITSNELASLAALID

WU N5 stereotactic radiosurgery LiaSN®I@IUVDI AVM lG831nN15HIARYKIE embolization

5. Conservative treatment lunsalfinadnufiganaiinann1ssnugenindnsiaandesd AVM uan

| MU non-rupture AVM Tugthegeengitliifionnisiinunilag (14, 15)

Cerebral Proliferative Angiopathy (diffuse nidus type AVM)

Wu vascular malformation Nilanwazidu fast-flow wazdl arteriovenous shunt walsAtNiiA1

wANA1991n brain AVM Taevialulurane g dnwauzhe

1. 9nsuansvesrUlediulng Ae 4n Uinfsye uaz transient ischemic attack #461431n brain

AVM TidagUssanansanilandigein1sainnisiidensenluaues

2. nuiiviaenaenfiinuninszansluauasatvdiulnedveunlitaausasnuiiladuaan und

WNINAIY TENIINguaeaianfilaUNR
3. f9uuLazIWINYee draining vein Mipguazauindniloisuiurunves AVM filug)

4. wudl transdural supply 1UWs#i malformation uaziiloauesdudiung (16, 17) (gﬁ‘ﬁZ)
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gll‘ﬁ 2. e CT brain (A) left ICA angiogram (B) wae left vertebral angiogram (C) w89 cerebral proliferative
angiopathy Tngiingunassdeniiinunivunslvainelu temporal, parietal waz occipital lobe $amAuTivwn
¥4 draining vein (v) fidnidleawieufurunn nidus wazd transdural arterial supply (T) annvertebral artery

IUIUNA

19N31N brain AVM uag cerebral proliferative angiopathy §awudl intracranial fast-flow vascular
malformation dnaeswiiafinulu neonate wag infant laalanwiz Ao Vein of Galen aneurysmal malformation

(VGAM) wag Dural sinus malformation with AV shunt s18azidenvesaadlsatiazlivenan a i

Capillary telangiectasia

o slow flow vascular malformation ﬁﬂ’izﬂaw’f’wﬂdmm thin-walled vascular channel unsneg
sevhadloavesiiund Tnsdunnitaelaifionsuansnnlsauasiinnuseslsalnetiaday nu malformation Tu
posterior fossa lugUaelasesay 60-70 LLﬁ%WUU@SﬁEj@ﬁ pons N153Hd8Ylalag contrast-enhanced MRI
Tnenudnuaiy enhancing area WNAENY 7 isointense signal T T1WI %38 NG ved radiating vessels fifnde
fiu single collecting vein sa8l5AlU T2*W sequence AguaAs hypointense signal INNSNT deoxygenated
blood Tu dilated capillary n1elu malformation (gﬂ‘ﬁ?))

@ 810,&@@, @W 2017 ; issue 2 : May-August



E‘U‘ﬁ 3. WeMININ axial FLAIR (A) coronal post contrast TIW (B) MRI ¥84 capillary telangiectasia (§nf9) 7
Aug18v09 pons LAl hyperintense signal Tu FLAIR wagiidnwalg radiating vessels enhancement Tuaw
18392n contrast

. -~ .
Cerebral cavernous malformation (cavernoma 198 cavernous angioma)

\Ju slow flow vascular malformation ﬁﬂisﬂauﬁaaﬂdm%aﬂ thin-walled dilated capillary space
(sinusoid) Mhidileaueuninsenineseslsa seglsalvunlnduannisil re-bleed Mmeluseslsa fUlglag
drunnlifiennisuazasianulagdaudsy mnuisesay 20-30 vedUhee1avsiienniswanduldiionis vin

fiswy 9n Wwag acute stroke 91nN153 intracerebral hemorrhage

cavernous malformation @1315aWUlANSLUU sporadic wag familial form FULUUNSIELITANUAIM
RaUNAUDIEY CCM1, CCM2 way CCM3 kagdnnuilanuiu cavernoma #angsy

nsidasuanunsarilalngldite CT scan waz MRl Tnewiusoelsadiu rounded hyperdensity Tunm CT
fionanudl calcification ameluseslsa i enhancement wianulndifesiiu developmental venous anomaly
(DVA) NM3959388 MRI anansalinisifadoldfnit CT Inawiuseslsadu popcorn-liked lesion 2100157l
LﬁamﬁﬁmqLLmﬂﬁiwqﬁuﬂwaluiaaIiﬂ 39UAU N33 complete hypointense hemosiderin rim (g‘d‘ﬁ 4) 91Nl
enhancement ¥03508l5ALA susceptibility-weighted pulse sequence anunsauandlifiiiu cavernoma wunA
Enldeindn TIW w3e T2W pulse sequence seglsaiiliianuisauiuldainnisnsia cerebral angiography faiu

Tugthenlianansamanmsidenseniuauestiain angiography A3lATUNI5MTIa MRI dialiiefum cavernoma

N135n¥NIRsgINEMSU cavernoma ABNIIHIAR Famasvindleseslsaiinis re-bleed Uoes v3aiilalyl
aunsamuANeINSENMmeAudnle
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gﬂﬁ 4. wans sagittal TIW CT (A) axial T2W (B) MRI 984 cerebral cavernous malformation % ponslagi
anwzAdTY popcorn INMsTidanaewnnd1aneluseslsnsuiull complete hypointense hemosiderin

rim Tunn T2wW

Developmental venous anomalies (DVA)

ﬁﬂﬂﬁuﬁﬁmﬁu normal variation ¥®4 draining vein wazlaendndelAudede venous angioma 38

venous malformation e ldliAnauduauindy pathologic vascular malformation

DVA da10u cerebral vascular anomaly ﬁwuﬁaaﬁqm 1agnunIs drain Y89 medullary vein #1197
13 venous collector wnufiazinidn superficial %130 deep cerebral vein #1UUNF JAN1TWU cavernoma 323
T§Uszanamitsluanesnuldiinusl DVA uenanniianansany DVA Tésauifu cortical dysplasia, schizencephaly,
venous 38 lymphatic malformation filuntiuazae DVA Tnsdruunnlaviliiernisiaun eanisdauann
Ana1n cavernoma Aimudanity DVA Tuunanssanunsoftesdinsudsvaadenmelu DVALY Seilsiinedinng

Towidlauilnie cerebral venous thrombosis

nsafladeanunsavilalnen1smsan CT with contrast, MRI wag cerebral angiography lagn1snunay
294 dilated medullary vein MUaL1 single collector vein ylmsuseslsamiloufsyeves medusa (caput
medusa) %38 53 (umbrella-liked) Tnest medullary vein 1Wu lasesudeuseu collector vein Aduniauduy

TUATINAN (FUT 5)
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gﬂﬁ 5. a@nan1w axial T2W (A) sagittal post contrast TIW (B) MRI 98¢ developmental venous anomaly
(DVA) wae associate cavernous malformation 7 right cerebellum (c)lne DVA Usenausie dilate medullary

veins Msanu collector vein (@uﬂﬁi)

Sturge-Weber Syndrome (SWS)

Lﬂuiiﬂﬁagiuﬂfjmaﬂ intracranial vascular malformations associate with other anomalies i cardinal
features AOWU capillary malformation 7l upper face Wag vascular anomalies 7t choroid Y8R LAY
Hu leptomeninges suaﬂl,?jaﬁ:mm lngdulivgruininainnisasyinunfves primitive neural crest cell fiau
figlusaudaiu mesoderm-derived endothelial precursor cell LﬁaLﬂ%mﬁialﬂLﬂu meninges retinal choroid

way facial connective tissue (2) AnuRAUNARa1LTaNUlALlL SWS TaukA

1. cutaneous features

Tu typical case 99 SWS 2wy capillary malformation(CM) fiusim upper eyelid agsupraorbital
area (V1) laedi CM 9198gAUaYAIUIU leptomeningeal vascular anomaly uaNNASEnsany CM 167
&1 auUIn pharynx uag larynx Tuﬁﬂwﬁ'ﬁ oM Aluniiduuinunirmdeilundiaeds aunsed
leptomeningeal vascular anomaly 1uamaﬁﬁgdaa\‘i%ﬂlﬁ AUNONU extracranial CM lateiegay 52 laganunsa
wu capillary stain l#fine @16 wazuwuw soft tissue overgrowth wuldlugitae SWS fesay 50-70 Tnegmuls

UaganfiuInnsuruInkaz LAY
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dmfugUneinu cardinal features lalasuns 3 Yaljuiainuilauniiveiasnidonnnuasauodi

typical dw5u SWS usiliinu CM Ailunthazisennguitiewaniilu Struge-Weber spectrum

2. skeletal features

@1115anU calvarial thickening %58 facial bone overgrowth lanausnadsl CM 1a Ineagiiunis

WasudntuidlesUieeeuniu wu overgrowth vadnseanmaxilla lauseiian(2)

3. ophthalmologic features

(%

~ d Aa av ¥ a . . . Ao . . a a
anansanuiviaeaiieniliaun@Alauiiin conjunctiva, episclera 19U retina kg choroid 81N13HAUNG
nuUeeigainaInn1I glaucoma Feanusananionslanauadaifnian (infant) Asludadinisuuzdliih
o @ = = < - v o o ' =
N1IRTIANAANTBINTI glaucoma Ludnfinuil CM 91 V1 dermatome tluszegs) Woaglavinissnwinounen

TUDA

4. neurologic Features

AMURAUNANINTEUUUTEAMLANAIN hypoplasia ¥4 cortical vein TIUAUNU abnormal leptomeningeal
vessel Fanaluiin localize poor cerebral venous drainage waz venous hypertension auyili arterial
perfusion anasIULAA cortical wag subcortical ischemia %aoﬁamﬁﬁuuﬁuﬁluaumdauﬁm&J p1msinidueins

PN 1 = a v & 5 =3 =3 a ad d‘ v =
nsszuuUszaminuveslu SWS geanansaialanudisiinan anudaunisus anulade e1n1suindsyy

intellectual impairment Wag focal neurological deficit

AMUAAUNRNIINITATIINIGSIF NG

nsATIATAINTaNUANNRAUNALALUSTYELSAAB brain MRI with contrast Fanull leptomeningeal
enhancement AURENDIEIUTRAUNG Sa0AUS BUIRUBS choroid plexus RaLABIRLNlaTU wonaNTfEIL1Te
wuil accelerated myelination vevasslsiifivasnidoaiaunila AnuRaunfmailenanuiiulaneuidvay
= o a X ] = . . . . . = |
Azfionstniintu Tussegnaisenagwull focal brain atrophy wag gyriform cortical calcification #wuvoe
zjﬂiuamaﬂ?iau temporal Wag occipital lobe wazlanwauilu "tram-like" %38 "trolley track” calcification Tu

MnangsIFveenslrandsee (SUN6)

U
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fg‘tJ‘f/'ll 6. WAMININ axial post contrast brain CT (A, B) Wag coronal reconstruction bone display(C) maaé’ﬂw
Sturge-Weber syndrome(SWS) #iwudl capillary malformation fiusies V1-v2 vaslunin@nuan am CT wan
choroid plexusﬁﬁummimg (Qﬂﬂﬂumw A) cortical calcification # right parietal lobe WaZN1IUUIAIVDY

P Aa o & | A . .
nelnanAsweNdnnUIlaauadunil calcification (AW C)
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N159LAS1ZALaINILEavaIRaU lWNaNdn

(Electric Source Analysis)

W.HY.NYIUT DUA
University Medical Center Knappschaftskrankenhaus Bochum

Bochum, Germany

MIlesgiiarasnnuraaiiaadulgin
a3 (Electric Source Imaging, ES) figmsjavsneiiiom
undartifin (epileptic foch) LagN1sUNINIEABVEIATY
Tiraudnaiunan (propagation) HadwsauITaLLN
Tflunszuunmsmanvguedlsaaudnlalagseuiiey
AUATBU 9 N15919uNWY intracranial recording wag
nsRaceTsrandn egslsfnunislnseidesly
auysaiuuuiin esnndesduszaunisaivesdiutana
\ioidenauuAguiivngautazfaunadnsluuIun
vasslsn wenanidiidesinludesmlives EEG

wazldaunsananiaesdasuniu (noises) Y9aINNNBUBN

waznelula

nan1sAnwluefanuin ESl trelunsieseimunassnidavesndulnihaudnldegnimels finny
Th¥oraz 84 wazaURNITAIzaSeray 88 TnsthrunisideszdldiuSoudiousumunsiilasunsiiga
WATNANEVAINTTHIAR (Brodbeck wazaniy U a.e. 2011) WiiN153ATIeY propagation Mg ESI dngnsuniu
A8 noises waladn1sigauluwinisviungveaun (extent) wazaududeulsnaudn (Fischer, Scheler, &
Stefan U A.A.2005) %ﬁﬁﬂﬁlﬁaaumﬁgﬂﬁiwﬁmﬁuawﬁmuwmiwﬁgﬂdm%aag”Lu@hLmu'alﬂammasﬂsﬂ (epilepto-
genic lesion) Tu MRI wavdwaldlonameanaudnuiindu (Vadera uazane U a.d. 2013) wenand ES| &
Faglunnsvinune Lwia'qﬁwLﬁmﬂ?ﬂ‘ulw%awﬁ’ﬂluﬁﬂwﬁﬁsasﬂsmm&ﬂmﬂ (Brodbeck, Lascano, Spinelli, Seeck
way Michel ¥ a.e. 2009), soalsavianasumus (Stefan wavay O a.a. 2004) waelifiseslsafiuondiulgoeg
#8nee (Rheims, Jung, & Ryvlin T #.#.2013) ESI faflusslemdlunmsmunassniaveseduliiihaudnlused
finsunsnszanensIng (Rosenzweig uazanis U a.f. 2014) vidoynngaedesnnsnisussidiuge intracranial
recording usiflesmnuvasiiiinegluuialndifssty functional areas waRlATIEAAN ESI @ansadielums
2asunele intracranial electrodes Awiugrdu warluuinsdenaraeeniunisy intracranial recording
U161 (Yamazaki wazaeug U A.A. 2012)
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nsrUIUNMTIATIEiunasilavesnd ulwinaudnilasaguuuu 7159097 forward wag inverse
forward solution fe n1smuILmAdUliaudnuariudInuasaauNAT Tdnvazane S ui
N51UR vauEdl inverse solution fie NMsFWILMANBIaNEYRMAT Ln NS TRRdulihathuasnns
wsnszanedienariuly 98 fdecitioisldlunis s ludinade wuusiasssineg Aldly Esl Usznauly
sheduiinils source model Wiauuuiassmamguiiiiiussanauvasiidawazdnuvazvesnduliinaudn
Tunsdlveslsnandn focal epilepsy wuuiaasfifidnunziiugn (point-like source) MiFund1 "dipole” BnaLiles
we dwilans Ao source space viiaUTINAsHuNIsluMmguifeorafuuvasiuvesadulihaussaudn lng
UnfudrasminedsUsinmnsues intracerebral samun uwilunuusiassfiazidenuntuazidonusdines erey
matter Wiy dauftaiufe volume conduction model FudufuuuUinsiiadrsduandeyaain MRI ifte
Uszanumaifioidoriag Tuusuns intracerebral vanuaiifinadenisusinguesuvassidalwihaudnuuiiy
fAauosiiinlddng EEG fuuuUdunnsseazBenunniigade "finite element model’ (FEM) Fatiio1deya
MeAnAvesiUisufar eI AR ILUY drugeting Ae leadfield IuwunAamandinmansdadouse
Fumlaiiseingg luuSinmsumaludadali 66 Tusumssing sumisunfswe

Dipole localization {u3snshnsieviiidentd dipole undu source model gnldegnaninevandly
ﬂ'ﬁﬂjmé’a;ﬁﬂaaﬁl,ma'ﬂﬁwLﬁ@ﬂﬁuIWWwam%’ﬂLLUULawwzﬁ (focal epileptic foci) dipole L“fjJuLLumﬁaawﬁmﬂ 1ng
fhshuleseSuneia location orientation wag amplitude w84 epileptic activity N13531A3124 31N dipole #
LLiﬂ%Qﬂﬁ’]mmImJﬁmumiﬁa%mEJ@mé’wmzﬁaﬂmﬁ%m?{ul%lﬂwawffﬂ (first dominating activity) @uil
widefiigunin residual sggninluAwandu dipole Faiians awsisly §938nsinseRiiEendn (principle
component analysis, PCA) distributed source models 11 source model SnaudiadifnnsTdtuunn e
Trunaanudaflianwagiduluu patch of activity wuUsansiiniayliuendnuazues location wax orientation
294 epileptic activity lnvaziduamilouiuuuu dipole munRaInateva distributed source models Yo
ag]ﬁ"uLLmﬁﬂmﬂﬁmﬂaﬁmmam%ﬁgﬂﬁ’mﬂ% WU Minimum Norm, LORETA (Low-Resolution Electric Tomography),
CLARA (LORETA Classical Recursively Applied) wag sSLOFO (Standardized Corrinking LORETA-FOCUSS)
Hhudu Femsidenlinuasiuiuin middinszsiunasidauuulmg §1u focal epileptic foci wuusass
CLARA fduiifiey drunsiinsizd ictal epileptic activity Seulduuusiassila distributed source 11nAT
WU LORETA

© ILAE 2014 VIREPA - EEG in the diagnosis & management of epilepsy — Advanced Course,

Source Analysis — Part 2: Dipoles & distributed source models
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FfomGermanvawitniove

fegetag fudeny 32 U endwdenwdasys adndlothannn Budnadusndleany 13 9 ennsdn
Huuvuinduauaestns sntu nvrudunii@indis fiheddndd fernsuuuiiedtu Wuuae 5-6 adaetu
lgsunsshwmeevanesiia e1nstnanautugagg udndunndumdoudy MR asaanuauRaunfaues
Hedne pRuaLes (EEG) wu independent epileptic activities right and left fronto-central Wag non-localizable

ictal activities 1119997103 movement artifacts 110

Nan$I9 EEG 30 W1¥ WU independent epileptic activities 7 left (10 spikes) wag right fronto-central

(8 spikes) wag left fronto-temporal (3 spikes) i 1 spikes averaging
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W& source analysis U89 spike ﬂ?ju‘ﬁ 1 (left fronto-central spikes) dipole wag CLARA localized ii
Usad left anterior cingulate (m‘wﬁ 2) vuneme CLARA localization WU ghost source 7 right temporal

b /
Tiaraparncy 100%
n : g Fiplelsls]
(=

8] [ Skl 0] el LA 8
5 =

W& source analysis UBY spike ﬂq'u‘ﬁ' 2 (right fronto-central spikes) dipole localized fiusa left

supplementary somatosensory cortex (AWl 3) %ﬂ@@j‘lfiﬁﬂ@ia encephalomalacic lesion #iwulu MRI
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W& source analysis U89 spike ﬂq'uﬁ 3 (left fronto-temporal spikes) dipole localized fiusia left

frontal operculat cortex (0wl 4) CLARA localized 71 left frontal wag temporal

 Medel | Fesidual | §Ostaf [T PEA Modase: EEG) sV Enegy [ MinDist — Weight by Imuge_fioe [t b
y Filwes - Fo 2[R iy e

nistUana ESI Na%ml,%aﬁaqaﬁ'l dipole wag CLARA
Fa¥u source model 7lHlgRLY focal epilepsy Tnafilnduies
i Ty spike NNl 1 uag A7 RV (FAuasuuL) fvauen
i residual e dauves activity 7 lieSuedae dipole
fusnBsmsasdidosnit 10 egrdlsfifan RV Aigeifuers
An9n noises Tugtes1eil ESI 928lunns localize spike
(spike ﬂfjllﬁl 2) 7l EEG Uni false lateralize lUgnunsety
39970 fast propagation ¥4 epileptic activity fiflunas
fuilal frontal lobe (neLme CLARA localization ¥4
spike ngufl 2 Mavely)
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HIGHLIGHTS

Highlights From International Conference

3.A.N.Q.NUNITI UYUNALG
NMAIYI1YIAEAT ANTUNNEAIENS ASINYNEIUTER

Tugranansendnedui 2-6 fuengu w.e. 2560 AN1UNNEN1TUsEYUAAYAD 32nd International
Epilepsy Congress 9nUu 4 1ilpa Barcelona Useineaiuu @Sy presidential symposium @y symposium
drdnylusuussyutil lana1ifs ILAE classification wete1n1stnuaslsaandn Fadinumily Epilepsia 31adutil

Wideilanandslu symposium NdAgUsznaulunie

« Developing a classification: lessons from history a8 Professor Solomon L Moshe

The ILAE classification of seizure Iag Professor Sameer M Zuberi

The ILAE classification of the epilepsies Ing Professor Ingrid E Scheffer
« The new classification: cultural context and implications for people with epilepsy Ing

Professor Satish Jain

quwm’mﬁ%"uaﬂénaqﬂ L%EN The ILAE classification of seizure itay The ILAE classification of the

. 1
epilepsies AU

New operational classification of seizure types by the ILAE

Tuda.a. 2017 ILAE Tonauanishualseinneasani1sdniug wWuesasnndaann ILAE classification of
seizures NillYogifiuAuUA.A. 1981 Faanmsvinlviaaznssun15ved ILAE foen1susuusmsuunssinnues

ansntvd lawn

1. 91M39nUNTia WU tonic seizures, epileptic spasm pradulana generalized onset seizure

=l .
1198 focal onset seizure

2. M3kingv onset MMaulidauusussnneinstntaenidield classification tixludn.m.1981
3. nsaudseindeunds luvaeasilianunsavenlatansiafvesyUae vinliwusssianlaann

4. @ninldly classification Wnuedn Lilasuniseensu visedlalaendmu flisuazaunily wu

psychic, partial, simple partial, complex partial dyscognitive

5. panstnusriandanud1Agydslisilu classification LA

A

N
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ILAE 2017 Classification of Seizure Types Expanded Version !

[ Focal Onset J [ Generalized Onset J Unknown Onset J
Aware | Impaired Motor \ /" Motor
Auareness tonic-clonic tonic-clonic
clonic epileptic spasms
/ Motor Onset tonic Nodimatas
automatisms myoclonic
atonic 2 myoclonic-tonic-clonic \_ behavior arrest
clonic myoclonic-atonic
epileptic spasms 2 atcf]nlct.
hyperkinetic epileptic spasms [ . 3 ]
myoclonic Nonmotor (absence) Unclassified
tonic typical
Nonmotor Onset atypical
autonomic myocionie
A eyelid myoclonia
behavior arrest
cognitive \ /
emotional

\ sensory /

[ focal to bilateral tonic-clonic}

gﬂ‘ﬁ 1 1a598519999 The ILAE classification of seizure types 2017

v

TaauusUsznnuasaIn1siniduy 3 Yssnnluaiseil

Y]

1. Focal onset seizure laiA 81n159n1H9nNLIAINATOUBNUTIAA UKL VBIawDT
2. Generalized onset seizure l¢in 8159nATinszaeee19TnElUN 1AToUeT @R IlNvDENDS
3. Unknown onset seizure lawn a1nsdndalddnauinduenisdneiia focal onset 3o generalized

onset

N5IALUIUTENNVDIDINSTNANY ILAE classification Up.e. 2017

1. Focal onset seizure

Focal onset seizureltnudni partial seizure Tu classification 1A wagdinslUA1ve1Y aware wag
impaired awareness d1suussgngienisianvesUisluvueiiennisdn Feldunudidn simple uag complex

Tu classification Wy sua1GU

AMENTINAISVOY ILAE ARI1nSIEAIIT aware Wag impaired awareness dudaiaunagziiladtelngla
Aalla WeisuduAANAe simple kag complex wazlu classification Up.A. 2017 wnnderaazlidosussens

' o . wa o ! P a Y a A '
91 aware %38 |mpa|red awareness ‘Vnﬂﬂ']ﬂUsz'N’]EJQINV]?WU'JWNﬂ'ﬁLﬂaﬂuuﬂaﬂﬂaﬂﬂqﬁzﬁ@ﬂialll
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Focal onset seizure wUingumuanuaizen1suaizn1sdn Wu 2 ngu laun

1.1. Motor oA

o Automatism o Atonic
o Clonic o Epileptic spasm
o Hyperkinetic o Myoclonic

o Tonic

1.2. Nonmotor laun

o Autonomic o0 Behavioral arrest
o Cognitive o Emotional
o Sensory

'
=< o

FarFnnNIglu ILAE classification Ua.a. 2017 ureadudwsilug Inaiidnasuie dakandlunisian 1

AW ANUNN
Automatisms | a1n1sdnidenisuanitlunisnaeulmnnlnanfialalnednluinlaangilos
v =R o 1 =% o = U = o a Ay o o O
1a5@nsn wuniaiAtnln auRenesdnr) iseanaazilunisvinianssy NUaande
1 aa o 1 o o & Ay v ooAa
aganuznBuansinselaadnudmnanfiaalabas

. o aa [ [ e 1 o Y a a

Autonomic | @1nnsinnEansuaniduaInmIsruLlseanan luds 1wy W lasiuialng
. A % a 1%
seizure Aauld a11Reu Uaaviad
. o aa [ % g 1 o o . v %
Emotional a1n13inRen1svaniuainimisansual Wiy naa i (gelastic) $a3li
seizure (dacrystic)
Cognitive 2n13ENNReINIANITUANNAR 1iaANRAUNFATDINIINA AIINAT L1 Déja vu,
seizure jamai vu, aphasia, acalculia,
Behavioral | aanisdnndainsuaniduainisgatisanzinasminfianssulaas
arrest
seizure
. . o aaA o = I = ] A o
Hyperkinetic | aannsdnnNaIn1suaniiuaIn1sfuisaiAaanluLaLINe NI I IRaIN 194N
seizure
A19199 1 Awnluddnlelu ILAE classification T 2017
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d1m35U partial onset with secondary generalization a4 ILAE classification Tul a.f. 1981 Tu
classification Tl 1alilgéns “focal to bilateral tonic-clonic seizure” Wy LiOIIUEINIINTZILVBIDINTHN
nyalaganiisluanedluvisanivesresanes Funns1anA191 generalized tonic-clonic seizure Magltlunsel

generalized seizure 11U

2. Generalized onset seizure

wUIngunudnwarensvarnstn Wu 2 ngu laun

2.1. Motor lawn

o Tonic-clonic o Clonic

o Tonic

O

Myoclonic
o Myoclonic tonic-clonic o Myoclonic-atonic

o Atonic

O

Epileptic spasms

JodannfAad1nsu atonic seizure uag epileptic spasms a1aLdulasis focal onset seizure #3o
generalized onset seizure uL&mAALlaLazN1INIZIBYRINITN Tuftheusdazsie

2.2. Nonmotor (absence) lawn

o Typical o Atypical
o Myoclonic o Eyelid myoclonia
3. Unknown onset seizure

eun e1mstniivennisdauuentaindueinstnaiialadmsuiviesetu uidvldvsudganie

WUV focal onset 38 generalized onset o819

3.1. Motor U
o tonic-clonic o epileptic spasms
3.2. Nonmotor

o Behavioral arrest

4. Unclassified seizure

a1nsdndslidanuinduainistneialaliotnnideyasinuseinluiisane wialiauisadad

UszLAneea i19sule
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ﬁ@ﬂﬂ%ﬁuLLﬁlﬂﬁiﬁﬂ%aﬂ ILAE classification ¥ 2017 210 classification Liy

[y o

nsasulUasidAydmsu classification vy WelUTeuliouny ILAE seizure type classification
Up.a. 1981 1w

1. 1WawuaIn partial \Uu focal onset seizure

2. 9IN15TNUNTUA mmmlﬂulﬁ‘ﬁﬂ focal onset seizure #38 generalized onset seizure %39
unknown onset seizure

3. o1mstnidslimaugasiuiinindu generalized onset wio focal onset Ssamnsagnuususziamle
1% unknown onset tonic-clonic seizure

4. §4ldn133aR Tun1suwususzunm focal onset seizure ({lu aware %30 impaired awareness) u#e19
srlaideananiansiad Aldmndeyadsliieans

5. sndnnmstdEniduildly classification 11 léwn dyscognitive, simple partial, complex partial,
psychic Wag secondarily generalized

6. dnsrnuadnNansUUIZLANUDY focal seizure vl WU automatisms, autonomic, behavioral
arrest, cognitive, emotional, hyperkinetic, sensory Wag 1n1519 bilateral tonic-clonic seizure wnu
secondarily generalized seizure

7. atonic, clonic, epileptic spasms, myoclonic iLag tonic seizure anunsaduleiia focal nde
generalized onset seizure

8. fnstmuadnsilnsdmsuussinvues ceneralized seizure Ussinwluadiilaiily classification v

1% absence with eyelid myoclonia, myoclonic absence, myoclonic-tonic-clonic, myoclonic-atonic seizure,

epileptic spasms Inadansdnsiiulidmsu typical absence, atypical absence, tonic-clonic, myoclonic seizure

UIFTUIUYNIA

1. Fisher RS, et al. Operational classification of seizure types by the International League Against Epilepsy:

Position Paper of the ILAE Commission for Classification and Terminology. Epilepsia 2017; 58:522-30

2. Fisher RS, et al. Instruction manual for the ILAE 2017 operational classification of seizure types. Epilepsia

2017, 58:531-42
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The ILAE classification of the epilepsies

Tuln.A. 2017 ILAE Ta@fsn positional paper 301 classification of the epilepsies Iﬂ&JLﬂum’iU%'UUqﬂ

NMsLUIUsEanvadlsaaudnireglainauenazinuilule.a. 2010 Augyinuyalmived ILAE commission

for Classification and Terminology 1a¥1n13 USuusan1suuslssinvvedlsaaudn uazfifiuviontine Tuda.a.

2013 \ielilimsviusswiiansel wazlinsesnanuiunng@emglsaaudnaininlanneuiaeiinisuiuly

waEARUWILUN

1A398519%04 ILAE classification of the epilepsies 2017 (g‘dﬁ 2)

Generalized Unknown

.

Etiology

Structural

Epilepsy types

‘ Combined
& Focal

Infectious

Co-morbidities

Epilepsy Syndromes

Unknown
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1A598319984 ILAE classification Tusiusenaudie 3 dau tawn
1. USTNNUa9InIsyn
LUIUTELANAY ILAE classification of seizure 2017 1Hu

» Focal onset seizure
» Generalized onset seizure

o Unknown onset

2. Ussnvadlsaaudn
wUsUsEAmdu

 Focal epilepsy

+ Generalized epilepsy

. Combined generalized and focal epilepsy 1Tu term Tddwsulsmandn fiormasiiviednuaizoinis
7y generalized seizure wax focal seizure i Tu Lennox Gastaut syndrome Sufnwnmdiinasfitym
Tun1sdauualspaudn Ussnnaangin

a

- Unknown epilepsy \Uu term filfillounndulaindiedulsnaudnuadslul deyaunnifisaneniae

Y

venlaingUaeilu focal epilepsy 3o generalized epilepsy wWu Usziflidniau

3. Uszinvuay epilepsy syndrome

vinefanauvedlsnandniidnwaurveseinisdn dnvuzaduliinaues dnvuzvesnmane¥sdndeiu
91gfiEuTonnsdn mInevaussie n133nw saemaunensallsalndifsaiu fausidUaefidneglu epilepsy
syndrome Infuenaaziiavldvanvatounnsisiu ma ILAE SslallsiydfRsedoves epilepsy syndrome
Aluunaui widnuueInaTindiddnyves epilepsy syndrome filufivenfufiuunsvans suvnloudans
911159n wazamAuAnUnAves adulwiinauesiinuly epilepsy syndrome wiintiu anunsadnunldain

. c{' o o vy A ] v a o . =i . . .
website 1 ILAE %@VHVL’JLW@LNBLLWiﬂ’J’]&JELﬂEJ’JﬂU epilepsy syndrome 1 www.epilepsydiagnosis.org

a3 classification Ya.a. 2017 lain1sweenuldsuldasadniniagldisen epilepsy syndrome

119910 Tu classification Ly WU

- Idiopathic generalized epilepsy

Aulti5en generalized epilepsy filinsruanve daaunagoraiawaietostu Wugnssu udly
classification Wi findén idiopathic Susimumneinay Taidaau Sauusilald term genetic generalized
epilepsy wnu TugUelsnandniiflavgnie fugnssudaau ogralsfnudadiiBornalsnandnuazunme
Fruruanniidasiosnns 1iasAn17 idiopathic generalized epilepsy 13 114 Task Force Fagfsaugalild term

idiopathic generalized epilepsy 13d143u epilepsy syndrome 4 wtin lauwn
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« Childhood Absence Epilepsy « Juvenile Absence Epilepsy

« Juvenile Myoclonic Epilepsy + Generalized Tonic Clonic Seizure Alone

- Self-limited focal epilepsies

T¥unu term benign @3U focal epilepsy Aiflnensallsafifanunsameldndaan Freaimnis wu
self-limited focal epilepsy with centrotemporal spikes T%unu benign focal epilepsy with centrotemporal

spikes

N133aUsENamMAvaslsAaNdn

[

Uszianvesanmguadlsnaudnaiu classification T uwualunadl

Structural etiology

lownghenfianmguedsraudnidudnuvugnedanimdanu awnsansia wuldlaenisanennisd 9
anUINenSanIne1aineIn seelsaanesaInn1sinie auRime vsesealsaiiluuudinlamu cortical

dysplasia #1399 MN&@ANIHUGNTTY

Genetic etiology

LoungUaenfiannguodseandndulsameiugnasy Jse1vvziulsraudni awnsadenanlnensilag
N A PR ' v da o o - & DX = wa 9 o A i
gusien viselunquuadlsaaudnifiiiesladodosiuay mngtieivseTRlsaautnluaseuns wugelungy
childhood absence epilepsy #3@ juvenile myoclonic epilepsy wiin1senenanniiiugnssuduwuu complex

inheritance

Infectious etiology

IoungUaelsmaudniifiannnuiainlsafiole vienedan ninuumds msialsafadge daduaime
NaAglunateuszina §198199U neurocysticercosis, tuberculosis, HIV, cerebral malaria, toxoplasmosis,

viral encephalitis %39 N15AAGBTUATIA W Zika virus, cytomegalovirus

Metabolic etiology

[

IoungUaelsmaudniifiannnaintsanisuniludn Adenstnilueinisiddy veslsasiniu wu

o

porphyria, aminoacidopathies, folate dependent seizures
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Immune etiology

loungUaelsraudndanvgunanlsangy autoimmune Wi anti NMDA receptor encephalitis, anti-
LGI1 encephalitis
Unknown etiology

loungurelsaaudnidslinsuanvnvedlsaaudnidniau

Comorbidities

New ILAE classification lalinnudrdgiulsansen1izdniinsiudulsnaudn wazenaslanvei

WNentasiulsraudnuesiUle wu lsansdnng Jymauersualuazngingsy Jaymiiauinis leglideuly

(%
v v I

Augfiuanvaugvedsraudniugtieme weliwnmddaua lansendnisanudfgyvesn1izmani

Yy

Aneinad7isilalu ILAE classification Ua.f. 2017

Epileptic encephalopathy

& Y U o 8§ Ya o O A oA 0§ Y a X
AanMzilsmantnviliiine n1stnueensivsesiaiiies auvlminn1ie encephalopathy lugtae lag

MsmaudnludUlesetueiaiamedu structural, genetic, metabolic W3aawnaueile

Developmental encephalopathy

A - a v o Y a a a o a & A [ v

AongilsanluanmguedsraudnilifinauiaUnivesnisinuresausaiinduiz ey auril
AtheiinnuiaunfAvesinmuinis vieauvinliiinn1ie encephalopathy nefigUisease lilatennstnuse
asantel wu lulsaaudnanamgniaiugnssuuialse

Self-limited wae pharmacoresponsive

14fu epilepsy syndrome fdusenduy benign epilepsy syndrome Lﬁaﬂmﬂﬁmmisﬁjﬂmﬁgumd
muALY wazinensallsaild wiogslsinudmiuiilaovansau benign syndrome Afsfinansenusoguam
Fnuazdindsyafu sauvkenafirnudsuedaiiviundiaudnd 3R self-limited w3 pharmaco-
responsive LNUA1IT benign WU self-limited childhood epilepsy with centrotemporal spikes Tatnu

benign childhood epilepsy with centrotemporal spikes

UITUIYNIU

1. Scheffer IE, et al. ILAE classification of the epilepsies: Position paper of the ILAE Commission for Classification

and Terminology. Epilepsia 2017;58:512-21
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Interesting Case

Adult-onset focal epilepsy
with intracranial calcification

Chutanat Yotsarawat, M.D*., Chusak Limotai, M.D*.

* Chulalongkorn Comprehensive Epilepsy Center of Excellence (CCEQC),
King Chulalongkorn Memorial hospital, The Thai Red Cross Society

* Division of Neurology, Department of Medicine, Faculty of Medicine, Chulalongkorn University

A 26-year-old right-handed unemployed Cambodian lady presented adult onset epilepsy. Her
seizure began at age 24 years. Her first seizure was accompanied by fever and was characterized by
eye rolling up associated with entire body and limb tonic stiffening lasting for few minutes, followed by
postictal confusion lasting for another 30 minutes. She experienced 5 episodes of seizure with similar
characteristics prior to being controlled with an antiepileptic drug (AED). Initial AED was sodium valproate
(VPA) at a dose of 750 mg per day. This was subsequently switched to levetiracetam (LVT) due to
intolerable side effect of hair loss. Current dose of LVT is 500 mg per day. Significant past medical history
included a mild head injury resulting in brief period of loss of consciousness (uncertain duration) at age
7 years, otherwise she had been healthy. She denied history of febrile convulsion nor central nervous

system infection.

Upon examination, she has short stature with a height of 149 centimeters, round face, obesity,
and brachydactyly. Her weight is 54 kilograms. She has normal neurological exam including cognition.
MRI of the brain showed relatively symmetric hyperintensity on T1-weight sequence (T1WI) at caudate
nucleus, globus pallidus, putamen, dentate nucleus, and subcortical white matter of frontal lobes,
susceptibility weight images (SWI) revealed markedly depleted signal on the same areas. This abnormal

signal likely represents ferromagnetic-calcium material deposition, see Figure 1 (T1WI and SWI).
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Figure 1

Background EEG consisted of well-developed posterior dominant 9-10 medium amplitude alpha

activity, symmetrical over bilateral occipital regions. Sleep EEG recording revealed normal sleep (NREM

stage I-1I) and symmetrical sleep architectures. Other findings revealed frequent independent intermittent

slow waves over left and right temporal regions. EEG revealed independent interictal epileptiform discharges

over left and right temporal regions, more pronounced over the left, maximally at F7T3 > FT9 > F7, see

Figure 2.

Fpl1-F7
F7-T3
T3-T5
T5-01

Fp2-F8
F8-T4
T4-T6
Te-02
Fp1-F3
F3-C3
C3-P3
P3-01
Fp2-F4
F4-Cd
C4-P4
P4-02
Fz-Cz
Cz-Pz
EKG

WW\M

Figure 2

Blood tests showed hemoglobin 12.1g/dL, mean
corpuscular volume (MCV) 91.9 fL, white blood cell 7.96*10%/uL,
platelet 3.69*102 /uL, sodium 141 mmol/L, potassium 3.3
mmol/L, chloride 100 mmol/L, bicarbonate 28 mmol/L, calcium
6.4 mg/dL (normal range 8.5-10.5 mg/dL), phosphate 6.5
mg/dL (normal range 2.5-4.5 mg/dL), serum glutamic-
oxaloacetic transaminase (SGOT) 18 U/L (normal range 5-35
U/L), serum glutamic-pyruvic transaminase (SGPT) 12 U/L
(normal range 0-40 U/L), ceruloplasmin 30 mg/dL (normal
range 20-60 mg/dL), para-thyroid hormone (PTH) 146.3 pg/ml
(normal range15-65 pg/ml) (technique of hormonal assay is
immunoassay (intact PTH, The Elecsys 2010 assay from
Immulite), 25-hydroxyvitamin D blood level 29.7 ng/mL
(normal range 30-40 ng/mL).
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Endocrinologist has supplemented with vitamin D and calcium. Follow-up blood test in the next 8
months showed increased calcium to 7.5 mg/dL and reduced phosphate to 5.5 mg/dL. Mildly decreased
vitamin D in this case could not account for elevated PTH since in order to activate increment of PTH, 25-
hydroxyvitamin D should be less than 20 ng/ml (50 nmol/L) (4). In addition, there has been no report of

intracranial calcification secondary to low vitamin D level.

The features of short stature, round face, brachydactyly, along with the presence of hypocalcemia,
hyperphosphatemia, and increased levels of circulating PTH are keeping with “pseudohypoparathyroidism
(PHP)”. PHP has a picture of hypoparathyroidism i.e. hypocalcemia and hyperphosphatemia, but the
pathophysiology is not due to deficiency of PTH. PHP is instead a result of end-organ PTH resistance.
Neurologic manifestations of PHP that could be related to hypocalcemia are epileptic seizures. A radiologic
finding of PHP is a calcification of basal ganglia. As a result, some patients with PHP manifest with
extrapyramidal symptoms. Cortical calcification can be seen in chronic hypocalcemia due to pseudohypo-
thyroidism (1). Intracranial calcification can be physiologic or secondary to many pathologic conditions.
The latter includes congenital, infectious, endocrine and metabolic, vascular, and neoplastic diseases (2).
Predominant bilateral basal ganglia calcification has been reported in Fahr’s disease and other hormonal
disturbances of the PTH including hypoparathyroidism, hyperparathyroidism, and pseudohypoparathyroidism.
Among PTH-related diseases, calcium accumulation is demonstrated primarily in the bilateral basal ganglia,

dentate nuclei, and peripheral subcortical white matters (3).

Most patients presenting with epilepsy in adult life have a form of focal rather than generalized
epilepsy. Although the clinical seizure and MRI finding in this patient cannot differentiate between two types
of seizure but her interictal EEG finding is helpful. There is no typical pattern in generalized seizure e.g.
generalized spike/wave discharge in her EEG study. Therefore, focal impaired awareness tonic seizure

with underlying structural brain lesion is the most likely diagnosis.
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Journal Watch

Predictors of outcomes and refractoriness
in status epilepticus: A prospective study

Atmaca MM, Bebek N, Baykan B, Gokyigit A, Gurses C.

91215615 Epilepsy Behav. 2017 Oct; 75:158-164

wlaunanulay
W.AY.NHAN BAIITAY kAL W.0.VIYTAU NIINANAUAS

AUNVBINTISANEI

v J al . . ) a aa o a Ao [
ANZINABLUBY (status epilepticus) LUUNNMLANRAUNNTEUUVUIZEMNNINTINTESTINGS N1911UY

£

Tsadnlnguegfuaivnueanainnnedndeilles wu nsdliinanmsiuueanesed wioannsuinefutn
SasnsdeTininezlifuosas 10 luvagiidranvnuesniztndeideainanlsavasnidenaismuin
IRIIITOUAE 26.3 TTAUNABUSHAUNANUINTINNETEaY 31 Larn1IgaLIuIneandiau (hypoxia/anoxia)
Snamegannisdenas 60 uendninisnensallsavesnnedndedesssiuegfussaznavesmsindeies
Mssnwitandn szﬁUﬂaﬁuﬁﬁﬂﬁj 21Y i’mﬁgqmiwu periodic epileptiform discharges INNIATIVAAUEANDS

(electroencephalography, EEG) D

mazsﬁ’n&iaﬁmﬁﬂﬂé’mﬂ (refractory status epilepticus) #1889 m’;z%’ﬂﬁiaLﬁaaﬁlajmmia@ﬂé’uﬂ
%Wf%ﬂﬂumjm first-line benzodiazepines ag second-line antiepileptic drugs (AEDs) 1 phenytoin,
valproic acid, levetiracetam waz phenobarbital W& w3enzdnaewileiiauiunia 60 i A1
refractory status epilepticus (RSE) wuldseway 24-43 1u;§ﬂ’;&ﬁﬁmaz%’miaﬁaﬂ &4 RSE 9nn5AnwIni
AnwuuUdounds (a retrospective study) eauaMdeTingaieiosas 16-23 uay nnsAnuniled
ANWILUU prospective study WUSNTIAN8YBY RSE 9031 non-RSE agailtiedAeynieadia (RSE Sevay 39
WBUAY non refractory SE Se8ag 11,p=0.001)

mMs$hwingdnsedesdedanudidy lnswmensidotudnieansnnisdedin wivasifoatu
Aillemadosannmadnndssweseniudn dafu Status Epilepticus Severity Score(STESS), modified STESS
(MSTESS) wag Epidermiology based Mortality in Status Epilepticus (EMSE) %ﬂgﬂﬁ@umu’nﬁauaﬂwmﬂiaﬂ
Tsalugthefifinnedndeiilos
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WA tladesiegianansatisviiunsnisnensallsauazdadeniamuduiusiunishensnisinwilu
Amednaeliles saudeUsziliu nsuiazwuy STESS, mSTESS, EMSE anldlunisweinsalnaeinissne

A5n1sAnE

Y

W132UNTSANE

eXe

n1sfnwillunuu prospective cohort AinmnugUrefifinnzdnaaifesivun 59 Aussnitwfou
AUAMUS A.A. 2012 3 AN A.A.2013 dUaedionentud 17-90 U (Aade 50.9 T, SD18.3) Wwmnane 31

AU (5o8ay 52.5) WazlwAndl 28 Al (3o8ay 47.5)

Subtypes of status epilepticus

Convulsive status epilepticus (CSE) #1889 A1eNtn1sn (WUU convulsion) %iaAS wsetnaninss
woilifieneuliidnsa dellieseteley 5 unil
Epilepsia partialis continua (EPC) vitngfia n1gfdinsinuuy focal parts Ndinegiieseiunilaves

] a 1A ! v = 1Y) vee o @ i I3 a
TNNY LNANBDLUDIDYINUBDY 30 U Iﬂﬂi%@‘Uﬂ'ﬂNgﬂﬂmeUﬂaﬁﬂumm%ﬂﬂ@

Nonconvulsive status epilepticus (NCSE) sanegis anazfinsranuadudnainnisnsranaulniiaues
Tngliusinguangiuvenisiniinsenssnnuaenauila (without convulsive movements 3ladelusiendl

ANURAUNAYEIAINNSENGT TaufunuAuRnUNRYeInRUELRY

Myoclonic status epilepticus (MSE) 31884 n158nuunanuiiionsenniang Sanusuiuseauaiy
ijjﬁﬂﬁﬁﬁﬂﬂa wsollile (Generalized myoclonic jerks with or without impairment of consciousness) Ju

NA19E19UPY 30 WU

#WMRVRINITNANITINFBL LY

a1 ueInIsianzdnaewlaadanu ILAE’s classification Jawtailu acute, remote, progressive

symptomatic kag unknown

LY

nnsfnwd udsamgesmsiiannizdnseiiies seniu 2 nqu

1. nquil potentially fatal etiologies viuefia AednAAinaINa ARl acute large vessel
occlusion, acute cerebral hemorrhage, acute central nervous system infection, severe systemic infection,

malignant brain tumor, eclampsia L8z AIDS with CNS involvement

2. NRUANavUeNMiaaINAINa13919AU potentially nonfatal etiologies
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Electroencephalography (EEG)

msAnw il 14 21- channel EEG amiinternational 10-20 system wuadu postictal EEG ("fu‘ﬁl 0-1 %&3

NYNABLLBY) interictal EEG (Ma991AN1STNSIDLNDY 1 LAaW) War/v5e ictal EEG (197dn159nsamwiia)

wensallsafiliifiann EEG (poor prognosis findings in EEG) #1889 N13959aWu Periodic epileptiform
discharges %50 burst-suppression patterns

[

PANLNAUN I UNITININY NCSE Heail

HUreniseduauidnuisusias viengdnssudsunlainiu sgiedes 30 uil Iaglaiusing
Mé’ﬂgmmaamiLﬂ%fw?aﬂszaﬂsuaaﬂéﬁmﬁa (without convulsive movements) hazdl epileptiform patterns
9g19tpy 1 vanwnalul

1) Repetitive focal or generalized epileptiform activity or rhythmic theta or delta activity 411111
2 Hz

2) EEG a1t 1) dunii 1 Hz uanfduvsemeslundeainlasu intravenous antiepileptic drug

3) A temporal evolution of epileptiform or rhythmic activity 110101191 1 Asia3uIA suAuiinig

WaguwUasewiwmle (location) 130AUD (frequency) UaIAAUTN
TunsAnwnil ldledn Salzburg Consensus Criteria unldd1msuitads NCSE wiasan Wunisdnw

Toyaseninad a.A. 2012-2013

N135N¥N

finsldeniudnaunuinisufua lae wiadu

Protocol I: first-line antiepileptic drugs: diazepam (5-10 mg IV bolus, max. rate 5 mg/min @1u158
enlden 1 ads au 20 me)

Protocol II: second-line drugs: levetiracetam [30 mg/kg (range: 15-30 mg/kg, IV load>10min)],

phenytoin [18 mg/kg (range: 15-20, IV load max rate 50 mg/min)] %38 valproate [30mg/kg (range: 15-30,
IV load 3-6mg/kg/min)]

Protocol Il mjm refractory SE ﬁaﬂﬁjumﬁ%‘u anesthetic drugs 1w barbiturates, midazolam %3

propofol 1ag titrate dose ﬁluﬂizﬁmqm seizure activity 98191y 24 Fla9
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ANsweINsallsa
MsAnwRlgAZUY STESS, MSTESS way EMSE Tunnswneinsallse

STESS score : fimsuseidiu #ail 1) 918 (018 <65 T = 0 udfy, 81y >65 T = 2 wii) 2) UseTRdnluedin
(history of previous seizure) (Ufjias = 0 uay, UseiR vie lamsu = 1 udy) 3) A3ANG3 (consciousness)
(alert %50 somnolent/confused = 0 WY, stuporous #3e comatose = 1 Weiw) 4) worst seizure type (simple
partial, complex partial, absence, or myoclonic = 0 s, generalized-convulsive = 1u#s, NCSE in coma
= 2 uAy) n1sudana 81 STESS 0-2 LAY uanaien1swennsallsaf, STESS 1INNIUIBINAY 3 WAL LARASEY

AMsNeNIIls AR bR

Modified STESS ldgniiunld Tasifia modified Rankin Scale (mRS) wialsinensallsaldfidu 4o
LANGE191N STESS score Ap 9187114 (918<70 T = 0 udfy, 812700 = 1 Usia) wag MRS (MRS 0 = 0 Wil MRS
1-3 = 1 4y, MRS > 4INNTIMTBWIAU 4 = 2 udw) Nswlana mSTESS 0-2 iy wansdadnsianes (low
mortality), mSTESS 3-4 Wsiy uanIieens1m1eUIunans (interrmediate mortality) kag MRS > 4 LAAIEIONT
A1egs (high risk of death)

Epidemiology-based Mortality in Status Epilepticus score (EMSE) Tun1s@nwil 190y 2 wuu fe
EMSE-EAC (etiology, age and comorbidity; cut-off i 27 WAL) ay EMSE-EACE (etiology. age, comorbidity,
EEG; cut-off 71 64 wdia) EMSE-EAC 1nnnin 27 uiu w3e EMSE-EACE 11nnin 64 ugiu Usuendemensailsaiilali

Outcome Uszifiudu 2 wuu Ae 1) poor short-term outcome fe N1stdsTInnIoflnaunsndounis
sguulsraniilesannnnizdneelilasiu 30 Ju  2) poor long-term outcome 1883 N15I@BTINNIOANE
unsndounisszuulszamilosainnnednsoiieslurnssuznanfnaunisinsoiios vazin1zdus) Nusn

= S aa = 1% = o 1A v &
WUBINNTSLESVINNIDNAVIUALINNTEUUUTEEIMNIINANLINABLUDY Qﬂ‘ﬂ@lL‘Uu gOOd outcome

NaN1sAN®EN

a N A o 1A Iy . & N &
ﬁ]’mmimmmm&ﬂwwmmammmammmau 59 AUWUU prospective WUsTeeIaafy 13.6 tAou

(SD4.6) 1oy wugthe 1 Audedinneunigluna 1 iwieu

wuEnsasuunsiavenzdnseosldell convulsive status epilepticus 33 AU (§988% 55.9)
(with focal onset 22 AU, with generalized onset SE 8 AW Wag unknown onset SE 3 AU) ¥ila myoclonic
status epilepticus (MSE) 4 au ($a8az 5.9) (without coma 3 AL Way with coma 1 Aw) ¥ila focal motor SE
13 Au (Soway 22) way NCSE 9 au (5evag 15.2) (generalized NCSE 3 Al coma 4 AU Wag focal NCSE with

impaired consciousness 2 Au)

awnvainstndiulvgnuinfnan Wesenluaues [9 au (Sevar 15.2)] ANuRnUNAvaLnfaus [7 AU
(Souaz 11.9)] uavlsAviasniionaysd [6 AU (Fauay 10.2)] aNsBue WY MIAAWDNTEUUUTEA NSAAWE
lus1en1ey n1EUINeanTlau viaealiansniau hippocampal sclerosis, multiple sclerosis kagdUeTIUIU

12 au (Feuay 20.3) Nllaunsoduduanngvainstn
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umssnm faeduu 7 au Gesas 11.9) asnsamgadnldluuiiihiunssnululsmetuia fiae
Alasunssnusee diazepam sgradieafivdu 15 au Gegay 25.4) GSun1snudieen levetiracetam 16
A1 1#5081 valproate 1 A wawdl 6 Aufild¥usieen levetiracetam uaz &1 phenytoin $auifu eAdeldsuen
Teauwile (levetiracetam, phenytoin, W valproate) 1 AU ﬁriﬂé’ﬁum levetiracetam La¥ topiramate M9

ANS5UUTENIU BIUN9E18819 NG 1 AU

AUae 12 Ay (Segay 20.3) ldaunsaniuaue1nsdnle ausesin coma induction 4 Au (Feeay 6.8)
lanansamuanenstnlawiazlasuenaau [anesthetic drug (super-refractory SE)] f3dulavinnsiueuliiey

AUaenlasun1ssnwmeen levetiracetam IV (n = 16) Wiguriu phenytoin IV (n = 12) nwuiten levetiracetam

[

aunsaveatneeiiiedls Sesar 68.75 Wisuiugn phenytoin Sevae 83.3 lnglinuanuuansseeeditudfy

o
¥

aa = 1 1 v o a < 14 d' =
NN (p=0.334) 33&0\‘111]WUV’T3’]3JLLG]ﬂGﬂQI‘H@']UEUQQ FUNANTIITNNTULIN AMLLIRINTS e 21YNUINVY

winuIlungunlasyu phenytoin fanwmgueen1stnniaAu uLsanINauitls levetiracetam welinuaiy

Y

LANANIREN9tdudNA

[

WN9eia (p=0.09) AsanslunIsen 1

Table 1
Comparison of patients who were given levetiracetam or phenytoin in terms of response,
having potentially fatal etiology, age, and delay before treatment.

Levetiracetam Phenytoin p
(n=16) (n =12)
Response 0.334
Yes 11 10
No o 2
Having potentially fatal etiology 0.09
Yes 3 6
No 13 6
Age (years) 0.666
265 years B 3
<65 years 12 9
Delay before treatment 0.727
<1h 8 7
>1h 8 5

NANINTIAMAUALDY (electro-encephalography, EEG) Lﬁuﬁayjmmuswzé’u waLdu ictal EEG 20 Ay
Tmenuin 9 audunis¥nuuy NCSE, post ictal EEG 31 AU wag interictal EEG 26 AW wuIndlanway EEG 191

lafu PEDs Tuauld 6 Au waznlanu burst-suppression 1 A
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Table 2
The relationship between clinical, demographic, and electrophysiologic features of the
patients and their short-term outcomes.

Good outcome  Poor outcome  p value

(n = 46) (n=13)

Sex 0.403
Male 26 (56.5%) 5 (38.5%)
Female 20 (43.5%) 8 (65.5%)

Age (years) 0.001
265 9 (19.6%) 9 (69.2%)
<65 37 (80.4%) 4 (30.8%)

Known epilepsy 0.067
Yes 28 (60.9%) 4 (30.8%)
No 18 (39.1%) 9 (69.2%)

Level of consciousness at admission 0.54
Alert or confused/somnolent 27 (58.7%) 9 (69.2%)
Stupor or coma 19 (41.3%) 4 (30.8%)

STESS 0.157
0-2 30 (65.2%) 5(38.5%)
3-6 16 (34.8%) 8 (61.5%)

Delay before treatment 0.999
<1lh 17 (37%) 5 (38.5%)
>1h 22 (47.8%) 8 (61.6%)

Duration of SE 0.106
<24h 33 (71.7%) 6 (46.2%)
>24h 13 (28.3%) 7 (53.8%)

Type of SE 0.256
CSE 27 (58.7%) 6 (46.2%)
EPC 10 (21.7%) 3(23.1%)
NCSE 5(10.9%) 4 (30.8%)
MSE 4(8.7%) 0(0)

Refractory SE 0.013
Yes 8 (17.4%) 7 (53.8%)
No 38 (82.6%) 6 (46.2%)

MR/BT 0.892
Normal/unrelated lesion 18 (39.1%) 6 (46.2%)
Related lesion 28 (60.9%) 7 (53.8%)

Etiology (ILAE) 0.263
Acute structural-metabolic 19 (41.3%) 8 (61.5%)
Others 27 (58.7%) 5 (38.5%)

Etiology 0.055
Potentially fatal 14 (30.4%) 8 (61.5%)
Potentially nonfatal 32 (69.6%) 5(38.5%)

Poor prognosis findings in EEG* 0.001
Yes 2(4.3%) 5(38.4%)
No 37 (80.4%) 4 (30.8%)

The EMSE-EAC 0.274
<27 points 22 (47.8%) 4(30.8%)
227 points 24 (52.2%) 9 (69.2%)

The EMSE-EACE 0.06
<64 points 38 (82.6%) 7 (54%)
=64 points 8(17.4) 6 (46%)

The mSTESS 0.28
0-2 22 (47.8%) 3 (23%)
3-4 17 (36.9%) 7 (54%)
>4 7 (15.2%) 3 (23%)

Chi-square is used in univariate analysis. If more than 20% of expected values are below 5,
“Fisher's exact test"; if not, “Continuity Correction” is accepted as p value. If “Continuity
Correction” is not calculated and if less than 20% of expected values are below 5, “Pearson
Chi Square” is accepted as p value. The p values <0.05 were written in bold.

* We could not get EEG in some of the patients.
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Table 3

Logistic regression analysis on variables related with poor short-term outcomes in the
univariate analysis.

Variables n (%) Poor outcomes (%) Odds ratio (95% CI)  p value

Aged 265 years 18 (32.2) 9(50) 17.68 (1.57-198.42) 0.02

Poor prognostic 7 (11.9) 5(71.4) 0.24 (0.02-2.97) 0.27
findings in EEG

RSE 15(254) 7(46.7) 9.4 (0.69-127.29) 0.09

The p values <0.05 were written in bold.

Tudauvesnismensailsalusserdu wudgUaediweinsallsalufluszoedu (poor short-term
outcomes) Gafid1uau 13 A (Foaz 22) WU univariate analysis Tanuduiuiungui forgunnnd 65 T
(p=0.001) ﬁm’szfﬂﬁimﬁaﬂﬁﬂﬂﬁmﬂ (RSE) (p=0.013) LLazﬂchuﬁ poor prognosis EEG (6 PEDs, 1 burst
suppression pattern)(p=0.001) usiiilat13An logistic regression analysis wuin ﬁLﬁmLLf-ﬁmqﬁmmﬁﬂ 65 U
finvenuduiusiunennsallsauglusyerdu (o = 0.02,0R: 17.68, 95% Cl: [1.6-198.4]) (A9 2-3)
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Table 4
The relationship between clinical, demographic, and electrophysiologic features of the
patients and their long-term outcomes.

Good outcomes  Poor outcomes  p value

(n=32) (n=27)

Sex 0377
Male 19 (59.4%) 12 (44.4%)
Female 13 (40.6%) 15 (55.6%)

Age (years) 0.002
265 4(12.5%) 14 (51.9%)
<65 28 (87.5%) 13 (48.1%)

Known epilepsy 0.007
Yes 23 (71.9%) 9(33.3%)
No 9(28.1%) 18 (66.7%)

Level of consciousness at admission 0999
Alert or confused/somnolent 20 (62.5%) 16 (59.3%)
Stupor or coma 12 (37.5%) 11 (40.7%)

STESS 0.061
0-2 23 (71.9%) 12 (44.4%)
3-6 9(28.1%) 15 (55.6%)

Delay before treatment 0352
<1h 14 (43.7%) 8 (29.6%)
>1h 14 (43.7%) 16 (59.2%)

Duration of SE 0.065
<24 h 25 (78.1%) 14 (41.9%)
=24 h 7 (21.9%) 13 (48.1%)

Type of SE 0.029
CSE 21 (65.6%) 12 (44.4%)
EPC 4(12.5%) 9(33.3%)
NCSE 3 (9.4%) 6 (22.2%)
MSE 4 (12.5%) 0(0)

Refractory SE 0114
Yes 5(15.6%) 10 (37%)
No 27 (84.4%) 17 (63%)

Recurrence of SE 0.164
Yes 11(34.4%) 3(11.1%)
No 21 (65.6%) 19 (70.4%)

MR/BT 0.797
Normal/unrelated lesion 14 (43.7%) 10 (37%)
Related lesion 18 (56.3%) 17 (63%)

Etiology (ILAE) 0.138
Acute structural-metabolic 11(34.4%) 16 (59.3%)
Others 21(65.6%) 11 (40.7%)

Etiology <0.001
Potentially fatal 5(15.6%) 17 (63%)
Potentially nonfatal 27 (84.4%) 10 (37%)

Response to treatment 0.045
Response to protocol-1 and 2 25 (78.1%) 15 (55.5%)
Response to protocol-3 3(9.4%) 9(33.3%)

Poor prognosis findings in EEG* 0.001
Yes 0 (0%) 7 (25.9%)
No 28 (87.5%) 13 (48.1%)

The EMSE-EAC 0.002
<27 points 20(62.5%) 6(22.2%)
227 points 12(37.5%) 21 (87.8%)

The EMSE-EACE <0.001
<64 points 31(96.9%) 14 (51.8%)
>64 points 1(3.1%) 13 (48.2%)

The mSTESS 0.063
0-2 18 (57.6%) 7 (25.9%)
3-4 10(31.2%) 14 (51.8%)
=4 4(12.8%) 6 (22.2%)

Chi-square is used in univariate analysis. If more than 20% of expected values are below 5,
“Fisher's exact test”; if not, “Continuity Correction” is accepted as p value. If “Continuity
Correction™ is not calculated and if less than 20% of expected values are below 5, “Pearson
Chi Square” is accepted as p value. The p values <0.05 were written in bold.

* We could not get EEG in some of the patients.
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wa

Logistic regression analysis on variables related with poor long-term outcomes in the

univariate analysis.

Variables n (%)

Poor outcomes (%)

Odds ratio (95% CI)

p value

Aged 265 years 18 (30.5)

Potentially fatal 22 (37.3)
etiology

De novo SE 27 (45.8)

EMSE-EACE 14 (23.7)
264 points

SE subtype 22 (37.3)
(NCSE or EPC)

Poor prognostic 7 (11.9)
findings in EEG

14 (77.8)
17 (77.3)

18 (66.7)
13 (92.8)

15 (68.2)

7 (100)

7.7 (0.9-65)
11.7 (1.3-103)

1.3 (0.17-10)
0.07 (0.003-1.67)

1.17 (0.14-10)

0 (0-)

0.061
0.027

0.79
0.16

0.89

0.99

The p values <0.05 were written in bold.

vaueEUheninensallsalaifluszesen (poor long term outcomes) wuls 27 Au (Feway 45.8) Lo

¥ univariate analysis wu1daudNRUsHU §UeRe1gu1nnd1 65 U (p=0.002), de novo SE episode (p=

0.007), SE subtype (p=0.029), having potentially fatal etiology (p < 0.001), EMSE-EACE 11AAINAI8LVINAU

64 points (p < 0.001) wag poor prognostic findings in EEG (p = 0.001) (9151391 4-5) usiilefn logistic

regression WUINHLNEY mjmﬁﬁmLmﬁqw,l,saﬁﬂﬁl,ﬁm?ﬂﬁiaLﬂm (potentially fatal etiology) 1utladeifiend
duiusiunennsalsafinglussazens (p = 0.027, OR: 11.7, 95% Cl: [1.3-103]) (A5 4-5)
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TuduvesaziuumsUsziiunisweinsalse linuirdanuunndssumennsallsalungui STESS score
> Innivizewindy 3 Weiflsuifungudl STESS score < 3 sieluszezdu (p = 0.157) uaeszaven (p=0.065)
sadalinuanuuanaslununisneinsallsalungy mSTESS = 2, 3-4,ag >4 walusserdu (p = 0.28) way
sverem (p = 0.063) SaufuliinumuuAnswes subgroup vty STESS way mSTESS wiilodmuanauldly
naa EPC 9an nuiilusuldings STESS score snnniwvidewiriu 3 finennsallsaluszezeniugnin nguil STESS
score < 3 (p=0.025) ustlaifimuunnsndugunswennsaflsasserdu (p=0.077) Wity mSTESS score
0-2 wsin wuiriinensailseluszazendianiingy mSTESS 3-4, >4 ufy )p=0.017 uslifmuunndrdlugy
nsnensallsaszadu (p = 0.216)

Tungudl EMSE-EACE 11nnividewinfu 64 wiu uaz EMSE-EAC snnndnvidewitiy 27 wdu wuiiladl
auuansnslunmsnennsallsalussezdudedioutu naul score ¢ (p = 0.06 Wag p = 0.274 ANFIFU) U
wui1 Imsnensallsaiugninlusseyenegaditodfylunguil EMSE-EACE annniviewindu 64 ud uay
27 wfitl (p < 0.001, p<0.02 MudIFU) Wiawieu AuduRussewing SE subtypes (CSE, EPC uway NCSE) way
EMSE scores nuEtan CSE i EMSE-EACE annniwidewhiu 64 usfu fnensallsafiugninluisssozduuas

[ a

5088 (p =0.014 Wy 0.012) eehaiitfodfamnaada Tuvasdigiae CSE 71l EMSE-EAC smnnndnvSewindu 27

o

N v o

sy nudl wennsallsasverenaugninednaditedfnymieaia (p=0.03) ualiunnnslussezdu (p=0.186) Ju
Minauladn lunqud subtype NCSE wag EPS n1swensallsalaifiaanuduiusiu EMSE scores sl §vins
A3elalléisan MSE subtype analysis iasannilauldlunquiliesus 4 au

Tunguues refractory SE @siifftasduau 15 au (Fevay 25.4) Usznausmemane 6 au (Fovas 40)
wazinevids 9 au ($oay 60) wuidifiae 7 au Gevas 46.7) Aidwensallsnszorduu way 10 Au (Sovay
66.7) Amennsallsaszazeniug Wevinns univariate analysis wuin gtefiflenalin refractory lén ngai
EEG winldfudnuaeves PEDs (p=0.004) waz EMSE-EACE 1nninueinfu 64 wiy (p=0.004) wletufe

logistic regression Wu31 Hiiie4 ﬂfjmﬁ EEG {fidnweszaes PEDs fiduiusiuleniaiiin refractory (p = 0.032,
OR: 13.7, 95% CI[1.3-148.5]) [1n514716, 7]

=/ 8}1A/€efm/gr @W 2017 ; issue 2 : May-August



lournalyvatch

Table 6
The relationship between patients’ clinical, demographic, and electrophysiologic features
and refractoriness.
Refractory  Nonrefractory p value
(n=15) (n= 44)
Sex 0.408
Male 6 25
Female 9 19
Age 0.549
265 6 12
<65 9 32
Known epilepsy 0.326
Yes 6 26
No 9 18
Level of consciousness at admission 0.104
Alert or confused/somnolent 6 30
Stupor or coma 9 14
STESS 0.395
0-2 7 28
3-6 8 16
Delay before treatment 0924
<1h 7 15
>1h 8 22
Types of SE 0.44
CSE 6 27
EPC 3 10
NCSE 4 5
MSE 1 3
MR/BT 0.999
Normal/unrelated lesion 6 18
Related lesion 9 26
Etiology (ILAE) 0413
Acute structural-metabolic 5 22
Others 10 22
Etiology 0.999
Potentially fatal 6 16
Potentially nonfatal 9 28
Periodic epileptiform discharges in EEG? 0.004
Yes 5 1
No 8 34
EMSE-EACE 0.004
<64 points 7 38
>64 points 8 6

Chi-square is used in univariate analysis. If more than 20% of expected values are below 5,
“Fisher's exact test”; if not, “Continuity Correction” is accepted as p value. If “Continuity
Correction” is not calculated and if less than 20% of expected values are below 5, “Pearson
Chi Square” is accepted as p value. The p values <0.05 were written in bold.

4 We could not get EEG in some of the patients,
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[ |
v Al

onguasaulinngdndeiiies 7 > 65 U vavendansnensallsaluszozduilaid wagavgueanisiia
amzdnsaileaduthdvddnlumemennsallsaluszozen lnenguiitiaumnisinfisuuseinensallsaluszoy
g19iugnin MsUszidiuse STESS wag mSTESS ladamnsavsuenianeinsallsaluauliiinneinseiios us
Lﬁaﬁ’mwﬂﬂuﬁﬂumjm EPC 880 N5 STESS, mSTESS danuintieluniswensallsalussaseile walivelu
swovdu vty n1sld EMSE score ansnsawennsallsalusvezenldfindn STESS uay mSTESS Tnemuin
annsavenmsnensallsaldmugasidnuuy CSE walsifimnuduiudriulungy NCSE wag EPC - anzgfdnvh
Juauouuglifluuvdseiuimneaundielingnsallsaeuldlungy NCSE wag EPC Tudiuves EEG wud1 s
AI9NU PEDs Usdiaslonawesnisiin refractory SE 16 wag EMSE score §egunsaaneuseidiy refractory SE
IHiduiu nssnendheentudn wuin nsld phenytoin IV 1138 levetiracetam IV lainunanissnunfiauuanstg

o w a

Auot 9 ttyd1 AN SanA

JoLAUULINEINUAMNUYDNVDINISANEIY

Waganlunmsdnedl 1ulasinns monitor EEG WUU continuous f9adualin1swensailsanieis EMSE-
EACE @9809ldn1s5Useiliu EEG 5718 satiunisuanneinsallsranaiimnuaaiamaauls swudeniswseuiieu
Usedvisua (efficacy) voseniudnuila phenytoin IV wag levetiracetam IV Tunis@nwiiinunddadssuniunis

wUanaraefi AstuNanisanelukdin1sSeuisuUseansnavesevisansvinenalianunsalanale
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Kamornwan Katanyuwong M.D.
Division of Neurology, Department of Pediatrics

Chiang Mai University Hospital

In this episode of EEG quiz, there are 3 patients of interest. Figure 1-3, 4-6,

7-9 represents patient No. 1, No. 2 and No. 3, respectively. Age at EEG study is 11
years in both patient No. 1 and 2, while patient No. 3 is 8 years old.

Question 1. Which patient has EEG abnormality?

Question 2. How to describe EEG findings in all these 3 patients?

Question 3. Will you prescribe anticonvulsant for patient No. 1 and No.2?

Question 4. How to correlate significance of focal slowing from EEG

and MRI finding?
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Patient 1 Figure 1 Bipolar montage in wakefulness
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Patient 1 Figure 2 Average reference montage in wakefulness
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Patient 2 Figure 4 Bipolar montage in wakefulness(1)
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Patient 2 Figure 5 Bipolar montage in wakefulness (2)
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Patient 2 Figure 6 Bipolar montage in sleep
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Patient 3 Figure 7 Bipolar montage in wakefulness (1)

Patient 3 Figure 8 Bipolar montage in wakefulness (2)
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Patient 3 Figure 9 Bipolar montage in wakef
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Question 1. Which patient has EEG abnormality?

Answer 1.

Patient No. 1 and patient No. 2

Question 2. How to describe EEG findings in all these 3 patients?

Patient No. 1: Figure 1 and 3 is a tracing of bipolar montage in wakefulness and sleep.

®

Sensitivity is reduced to 20 and 30 pV/mm for reviewing. There are high amplitude
polymorphic delta activities with phase reversal over the right frontal region (F8), black
arrow. Eye movement artifact is seen. In figure 2, average reference montage, there are
high amplitude delta activities over the F8 (maximum negativity), Fp2 and F4, black
arrow head. Three epochs of EEG tracing indicate right frontal focal slowing. Phase
reversal area and polymorphic delta activity in the right frontal region is suggestive of
focal abnormality. Throughout the whole EEG recording, there is no focal epileptiform
discharge.

Patient No. 2: Figure 4 and 5 is a tracing of bipolar montage in wakefulness and
figure 6 is a tracing of bipolar montage in sleep. Sensitivity in the tracing is reduced to
15 pV. There are high amplitude slow delta activities over the right frontal area, black
arrow. A good example of eye movement to the right is seen in Figure 5, arrow head.
Throughout the whole EEG recording, there is no focal epileptiform discharge.

Patient No.3: Figure 7-9 is a tracing of bipolar montage with reducing sensitivity to
15-20 pV. Eye movement artifacts are seen. Eyes looking toward the left is seen at the
black arrow. A good example of eyes looking toward the right is seen in Figure 9, arrow
head. For the entire EEG recording, there is no focal epileptiform discharges or focal
slowing. Therefore, this patient has a normal EEG study.
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Further medical history in 3 patients is given below:

Patient No. 1 had first onset of focal impaired awareness clonic seizure. His MRI scan is
shown in Figure 10. (Flair and Gad technique). Brain pathology is consistent with growth-

hormone producing pituitary adenoma.

Figure 10

Patient No. 2 had a history of ruptured AVM with surgical removal of a blood clot at age of
5 years. At that time, seizure was the presenting symptom. She did not receive anticonvulsant.
Recently, she had a clinical focal to bilateral tonic-clonic seizure. Her CT scan is consistent
with encephalomalacia from previous stroke and is shown in Figure 11. (axial and coronal

view).

Figure 11

Patient No. 3 does not have clinical seizures but does have an emotional disorder. He has
difficulty in mood control. EEG is requested to rule out epilepsy in association with psychiatric

problems.
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Question 3. Will you prescribe anticonvulsant for patient No. 1 and No.2?

Anticonvulsant should be prescribed in both patients due to reasons below:

Patient No. 1 has brain tumor-related seizure. Between 30-50 % of patients with brain
tumor will first present with a seizure. Because of the high risk of recurrence, anticon-
vulsant treatment should be strongly considered after a single seizure. Epilepsia, 54
(Suppl. 9):97-104, 2013

Patient No. 2 had an acute symptomatic seizure at the time of AVYM bleeding. Her
recent onset of seizure was the first unprovoked seizure. With this condition, she has a
high risk of seizure recurrence for the next 10 years. Therefore, anticonvulsant should
be considered. Epilepsia, 55(4):475-482, 2014

Question 4. How to correlate significance of focal slowing from EEG

and MRI finding?

Answer 4.

Seventy percent of children with non-syndromic epilepsy and focal slowing and 56%
of focal interictal epileptiform discharges in their EEG had a brain MRl abnormality.
There was a high concordance with a laterality of the slowing and the presence of
lesions on MRI, but not with location. Focal delta slowing can be seen in cortical white
matter lesions and also in multiple layers. Epilepsia, 54(3):455-460, 2013
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