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(Status epilepticus: Medical and surgical management)
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\Junitslunnazgnidunieszuulszam (neurologic
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2. Usziamzasnizdnuuusedio (Classification
of status epilepticus)

3. qunwaammiﬁnLme'infnLLuusiaLﬁaa
LLUUVLaJLﬂ%ﬁﬂizﬁln [prevalence of nonconvulsive seizure
(NCS) and nonconvulsive status epilepticus (NCSE)]
waznsMANwIAIaL 19U

4. nalnmstianazdnuuuratiios (Pathogen-
esis of status epilepticus)

5. wnUfiBnsiinissnuanisdnuuusaiies
AN 2016 American Epilepsy Society (AES) guideline
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ﬁial,‘ﬁ;aﬂ (Recent studies in status epilepticus manage-
ment)

8. nsin1stnfinaduluiranesuuuraiio
(continuous electroencephalography monitoring; cEEG)
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9. N135NEIN1IETNLUUABLEIRIBNIIHG R
(Surgical treatment of status epilepticus)

10. unagy uaznsiluldniemdan (Summary

and clinical implications)

1. nsauloan (time frame) Al6Tun1sdtodsua:ns
$nun1o:Bnuuusialiiovn I 2015 ILAE Task Force

(Proposed two operational dimensions)
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clonic status epilepticus) LLazL%NiﬁJﬂ’ﬁ%’nH’uLUUﬂnz
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dnuuusaiiias WegUlsdiannistnuuuinienszan
(tonic-clonic seizure) WIKABLHAY > 5 WIN HIDY
Uaaian19dnranenss (repetitive seizures) (WHaZ
AI9NAWIBIDENTT 5 WIH) UATZAUAIINIANGIBDY
dtheluszninednusazasslanauganimannawin
2701580 Wt = 5 W17 @IWN1ITANLUUFABLHEILUU
"Laim%ani:ﬁ;n (focal status epilepticus with impaired
consciousness) HN3aULIATN LIS IRadeA1zEn
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doNaLdgFaN1TNIIwnS e lwAANISA18289L38 8
Uszan’® AahilnA1TSN¥INIEINRUURBLEY ab-
sence status epilepticus L31AI5NAISMUIDELANDATT
wlamsinldgiaeiinnnazunsndauainnisinen
WHININTITTNVIABAISIANITIRIRBUAZAITINEN A
159678 benzodiazepines (lorazepam %38 diazepam)
Waz¥38 valproic acid® fUhedmlnanaudnafinanis
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m1519% 1 n3aULIAT (time frame) NlFlun1siRaneLaz
N193NE¥INZANUUUABLHEIAIN 2015 ILAE

Task Force
Type of status epilepticus (SE) t T
Tonic-clonic SE 5 min 30 min
Focal SE with impaired 10 min > 60 min
consciousness
Absence status epilepticus 10-15 min unknown
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2. Us:inngavma:Bnuuusialiion (Classification of
status epilepticus)
Neurocritical Care Society guideline NaIANNN

=] 10 1 s 1 dl
a[‘HﬂJ A.A. 2012"° LUIUILANIDINISTNLUURABLILDY

[t =} . .
aantUw 2 UsziAn Aa 1) Convulsive status epilep-
ticus (CSE) A1 convulsion NX18H4 N13NTTRANABY
NaxLiba (rhythmic jerking of extremities) waz 2)

Non-convulsive status epilepticus (NCSE) Zananaile

A15191 2 Ussinnaasnisdnuuusatitad (Classification of status epilepticus) B1# 2015 ILAE Task Force

(A) amsdnasinnsiadaulng
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(With prominent motor symptoms)

(B) axmsgnilasinnsiadaulwainusni (Without
prominent motor symptoms) &t aIn1sdnsEaLilasuy

1ﬁtﬂ‘§0ﬂisl§;ﬂ (Nonconvulsive status epilepticus, NCSE)

A1 21msindaLitesiifinisinganszan (Convulsive status
epilepticus)

A1 .a.E]']ﬂ’ﬁLﬂ%ﬂﬂinﬂﬁgﬂﬁ’J (Generalized convulsive)

A1 .b.aﬁﬂﬂ‘iﬁlﬂm%\ir’l‘isﬁlﬂLQW’ISﬁﬁﬂ’Iiﬂi:ﬁ]']Eﬂﬂﬁgﬁ
B (Focal onset evolving into bilateral convulsive status
epilepticus)

Ac. lansuwddadnduainisdninienszanianie
fififinsnszanelunies wialuennisdnioimousiuen
(Unknown whether focal or generalized)

A2 9In1sdnuuuNdNLHaNIzHNa (myoclonic status
epilepticus)

A.2.a #81n15lANNSINGE (With coma)

A.2.b. Taifiannslmainsansiae (Without coma)

A.3 aﬂﬂ’lsﬁﬂLﬂ%ﬂn’i:ﬁ;ﬂLQW’lzﬁ (Focal motor status epi-
lepticus)

A.3.a. El'lﬂ'l'iffﬂLﬂ%ﬂn’ixﬁgmaW’lxﬁLLUUﬁ'}’] (Repeated
focal motor seizures (Jacksonian))

A.3.b. mnﬁﬁ’ﬂl,ﬂ‘%\‘mizﬁ;nmwwﬁl,mu Epilepsia par-
tialis continua (EPC)

A.3.c. omstniifiannisindeinnalusunite (Adver-
sive status)

A.3.d. 9In1sEnfifinisnszgnassgnanllsunis
(Oculoclonic status)

A.3.e. 9IN15ENARBINNTBOMUTIAEMLTN (Ictal paresis
(i.e. focal inhibitory status epilepticus))

A.4 mmsﬁ’ﬂﬁﬂmn'lil,n'%a"l,aiﬂixﬁ;nﬂam,l,ﬂmw (Tonic
status)
A5 a1n1sEnfsinisiAdenlrannialsn (Hyperkinetic

status epilepticus)

B.1 anstnilafinisimdenlmfausnafifionnislasi
N6 (Nonconvulsive status epilepticus with coma)
B.2 ansdndlafnisiadenlnifiausnduazlafionnis
Tmsin3aum28 (Nonconvulsive status epilepticus without
coma)

B.2.a. AAnlNFanasuuuTsanasluanzifainis
#n (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. mawlnFnanasuuvianzfiluansifionnisan
(Focal)

B.2.b.a. lalfimnafinUsnfiaasssAunnusanaIsIn
p9el (Without impairment of consciousness) L 81N15
\ouzasannisdniinsiaiiios (Aura continua)

B.2.b.b. a1n1sdnsaiiasiigiaelsisansnyale
(Aphasic status)

B.2.b.c. HAINAAUINFADDITLAUAIMNIANAITIN
pagl (With impairment of consciousness )

B.2.c. lansuundainduornssniifinaulniases
wuulanzfindenanlwihaneswuunveaaasaonausnly
“&lmz‘ﬁ'ﬂmmi‘ﬁ’n (Unknown whether focal or generalized)

B.2.c.a. 81n139naaLiiasasszuulszamaalugs

(Autonomic status epilepticus)
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Azfifinsisnulasaasraulninanasiivededn
(electrographic seizure) wagUaelafiannsuanszag
Fnliidn

ﬂ%auwﬂ%ﬁlﬁmmiﬁﬁl’m (subtle motor move-
ments) 1% N13NIzRNLANKBEZBIlUNEN BF8 N19in5e
gasnantitani lusulaswaite n1sudsUszinnaag
Neurocritical Care Society TadlAsanfieann1sdnuuu
focal motor status epilepticus W epilepsia partialis
continuua (EPC)

paxlull A.A. 2015 ILAE Task Force® lalawa

ANSHUIUSZLANABIANEENLUUABLEIATNANTIN 2

3. ADWENYaVaIMsBnua:n12:Gnuuusisldonuuu
TuinSons:an [prevalence of nonconvulsive sei-
zure (NCS) and nonconvulsive status epilepticus
(NCSE)] ua:nsrifinunsmoagnoulos

InnanunIwnsAnsidusnagnaduszuy
LAZNISILATIZABANIY (systematic review and
meta-analysis) 289{L38wLog (Limotai C uazAME)
WUTIAHYNZB9 NCS/NCSE L¥iAu 3.1-32.9% 1w
fUaefissAuAINNsEnfIanas (depressed level of
consciousness) ﬁgﬂﬁtm'lmjﬂ?lm NCS/NCSE #1n
wosnniinauanaeiwlunna g iinldgiae
flszsuAnasdngaanas’ nudrlnesinlugiaedis
STAUAINIANAIBAAI9zNU NCSE (6l 15.6% AN
gnazanduluguiefiszauanaddndolinaug
AzUsniinasanniine1nisdnuuuinienszen (post
convulsive seizure) gUhefisziuANa3EnGaanaseIn
ﬂ'ﬁﬁﬂL%ﬂi%ixUUﬂizmﬂdJ%ﬂmﬂ (central nervous
system infection) wazfUiefiszauAIN3AndIana
ﬁéhil’ml,ﬁﬁm’l'wﬁﬂﬂ%qmﬁ% (post cardiac arrest)
WU NCSE & 32.9%, 23.9%, Uaz 22.6% AINAIAU
dangtaefiszauanasinmanaiainanizanasn
\88m (acute ischemic stroke) #nlawy NCSE (AN

gn 3.1%) SMIUUIENATZAUANHIANAIARRIAIN

nnzideneanlulwsenzlnandswe (intracranial hem-
orthage) Zosinaglunisguasnunaasunnduszan
Tagr1an3 lawn A1zn13lasungunseaIngusime
fiflswe (traumatic brain injury) A13ziionaaniwile
s34 (intracerebral hemorrhage) Azidanaanldiia
NANB9EI (subdural hematoma) LAzN1IzAaR
aan"lﬁl,?iaﬁuaaqmﬁ”'unma (subarachnoid hemorrhage)
WU NCS/NCSE 16 10.1-13.4% n3atszanmundiels
furasfihefifissAuanasdnmanaiainn1izinan
o (mw*ﬁ 1)
nsrufAnuMoagulUoY
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szi5ataninniosaaeszuuszandaunans (primary
central nervous system Iymphoma) Lflla 3 Unaw was
Ta5un1sHARsLisenaananaNasdIw parietal
area Sutne naINTWIASUNSR BUAITi N8 (cra-
nial radiation)

uan1sms9s9ne; gUrefudnm usfionnis
FusnluiZoszaoial @anwil uazdyarasaudng
Tals Tivineadngds winssnoddefiladudan deaw
LIINIBLAZRNTN291 (B1N1380uuIIANTBITiEU
fussusndennsnanes) gnanagasenaislaifinasn
alusulusunite giwanewiariiwlssam 3
fafiumnane 2 uasnauawaisoudelsng unnsey
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wazyalAnavuiisas
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AW 1 AIINYNAB nonconvulsive seizure (NCS) WAz nonconvulsive status epilepticus (NCSE) f;*l’]s\lﬂ'lm&;ﬁﬁﬂﬁﬁﬂw
flszuanusdnmanas InnanumunsAnefidwanegnduszuuaznisiinssiadiann (systematic
review and meta-analysis) 2895138189 (Limotai C WazAne)'' FreiaudninIINgnN2as NCS/NCSE filsann
n3AnuIRlENIATI9RAR NN N SLUUT B d [(routine electroencephalography (rEEG)] da%a11ilauans
AINYNZBY NCS/NCSE fildannnsdnwnildnisnsamiulniinanasuuusiowtas [(continuous electroen-

cephalography (cEEG)]

1. aan1sauawdnanie 2 Twnawnils
NEIUTA

2. BAWUIIUIWLAZANTNINAILANAIHGRE NS
3 Unaunilsoneuia

3. NzL%aﬂuﬁﬂL%ﬁaﬂﬂaﬁzuuﬂszmwdmnmo

4. l#5unsindainitasansanananasdin
parietal area AWANE ¥aIINELIATUNNTANBULET
dx@9 (cranial radiation)
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1. El']ﬂ'li?nfﬂLLU‘lJle'Lﬂ%ﬁﬂizﬁlﬂ (nonconulsive
seizure) ﬁ'%am'wifnsiatﬁamuulaim‘%aﬂizqn
(nonconvulsive status epilepticus)
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10 wi#l (dmlnegoagludiesening 30-90 Twfl an

s a

AUARAZ8981N199N 8INISTNLUULANIZANH U860

v s

367 (simple partial seizure) Fz8z1Ia19nUsENIU 30
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partial seizure) 282198718NUITNIE 60 TN &I
o NaAnuULINGINsEANNIRA szezaEnUsEa0 90
Funft 27 TudthemefininuszsTRgennsduanusiaz
AsolaliAn 5-10 wif Sedadululdnernisdususe
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dwan liaNsarInTsmaudwassausslile (hippus)
Jusw nsiadenlmizesgnanfiinuand wdw nan
aananlusunitedumie 9 (intermittent eye devia-
tion towards one side) ﬂ’]iﬂizﬁqlnﬂa\‘igﬂmﬂﬂﬁ’luﬁﬁﬂ
Wwgnne (nystagmoid jerky movements) ¥#38 1130
sewsumdunng (repetitive eyelid blinking) n3aus
nseviannanszanidn s jaaanduiiielufisng jaa
$19me ugthemeiasalinuoinisuanosing e
it

ﬂ’amﬂméwqmﬂm International League Against
Epilepsy (ILAE) Task Force lull m.A. 2015° fia
pIMsAninSenszanfiuinnit 5 wifindeeinisdnd
paduwnd1 5 wi usgaeliAuszsunnusdnsaw
11 5 wift Wuensdnseiitas (convulsive status
epilepticus) daua1nisgnuuulaiinienszanlvitiosses
pIsEnfiannndt 10 wift @waniednuuudeias
(nonconvulsive status epilepticus) Tnszndnonanlss
wenu1anUd fiunedisaanfigiasfionnisduawwin
N1 10 wit vesawwBudalue doiuninenis
FuanaoaUaesientasunisiuduindueinisdn
wuulaiinenszan azfialadnguiefinnizdnuuuse
wiasuuvlain3anszan

2. MIENAALEIRANDIZIALRBALUUTIATT
(transient ischemic attack)

NMsAnwIfgItuNIznaALEaARHEITA
deauuudiasalulsonenvia (laldnisdnenl
AnW) NUITTEZIARREF89AIENADALRDAFNEY
PPLEEALUUTIAT1Y Uszanal 2 dalng (207 wifl)
lnasaeaz 50 waegiqedszeziia1zeen1izviaen

H 4 215,16

LROAENEI2IALEDA HINNIT 30 WIN AITHUE
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d o =1
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' [
1 o oA

Uoswnmeaglndrnawminll agrelsinunssoeld
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@
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WUUTIATIINNNIFIEDINITADULTS ATHIANTIRG
Usné nswanAaUsna NsNaRWIRAUINE 81n19
LEBATHZLAZNITNIIAINEAUSNA" §I%01N15UER
dl [ U 1 QQIJ é
Anulaives TAuA AznnAafgIAs12 (syncope) 4
WU WG U28NNTI8A1IenNATRAIATIT ATIANY
AenasInduvasafanaNaIIALRDALUUAIATIY
Teuszanm 1.5-20 wsluwunenisdnwinulagais
7%'® @1Wa1N1SFUERNLARININA1ILHADALREAFND
21ALEDALUUEIATIIANU UL dWLA SN BILAT
F9aNaINLNBLARNIzI AL ALAIGUIBIZNE I
a1nsduanlaun dnaednlaian (non-dominant
hemisphere) 1%U%L’Jﬂ&‘2l8x‘1 parieto-occipital Lmﬂ%
USLI04284 frontal area MIaANBIANLAK (dominant
hemisphere Tvm%nmm occipital area Imaiaﬂfiﬂﬁ
US04 frontal area 289aN8IAN LalLAKINNIFY 81N1T
guauuuulalinane (hypoactive delirium) dagsaelsn
7AUSLI0W parieto-occipital area ATNIFILDINITHUAN
wuujwIne (hyperactive delirium)'®

a do w | = &

feridanlnnisdisuaniniuwanierasniion
ANDIIIALABALUUTIATIINS D LNABNI5MFI9519N
neszuvlszanadeaziden wuinlugUieniiz
VROALADAFNDIZIALADALUUAIASIINNIAIL T U
FIUATHIATIINURDINTDWLSIZBINAWANANAE T
919891N1980 WS NEgL AN KIDB19MTIANUANNIL
[=) 1 QI U v U d! 1
WinieRadinInaans1wd1e (neglect) d901n71911a"
& d a a I &
wlwan1sninainseslsnzasanadnluisw d9An
damlngAadnan TugUiesiedainnisnsiaininie

1 =1 1 o o d‘ a

ag19azd R lHNUANNARUSNANI9SEUUU S EINALAR
é’ 1 1 =1 ) I a gfv 11 >
Anlna 91N1580WUsITNAINT oL ANAILALTGR

d' a & 1 3 wd'

LaNANTNInaAIzwuUINA T wlUlANE1NS
) =, PR & I
duaniUn g 92e9Urg518wasiUnainnnIzvaan
o a @ I v o A
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S2ELIANDIDINISHUAWE Y SINAUBINISFUANNLAR
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MAAZwlrN ae819l5AATNADINNITATITNLABLNG
1838w nlsARIENISANEAINSIRAIRERDAE
RaNNILABS (computed tomography) ¥SaAWLENENS
1o (magnetic resonance imaging)

3. Amzidenaanlaiiaiuanasduns (sub-
dural hematoma)

HU28ETNISONINULNNEF1881N15IND (de-
lirium) w3aa1n13duaw lalaeanizluggeag™ uaz
81n1suaRINinaInnziienaanlmians1a1n1sn
a & | & Y a
LR wd9dw e wamnelaluszeziial 5-10 wif
WATUNASIBNIWIBNINNTT 30 W1712% 2" ANERUSHA
N19520UUSE AN U M8 9N AiRaNAzLEamABan

o o da o & |

Tii8agsNiseamaniigada a1nsyalaioan (ex-

. . L2l é/ £ o 1
pressive aphasia) lwgU28518%AIABIANISAEATN
SIFdINARDIAgAaNNIRaSINEI8 I RaRe AT

4. 811508 (delirium) 910172 metabolic
encephalopathy

) g o o I~

21N UARI WA RN T BTz 21787987118 T 1
Falng 0198 ANNTWULIININTDBUANA1 WL W 29610
20970 L7% NRAINSFUFNNIN BTN EULAZNATIA

Us1ngnsaitiienin “sundown syndrome” Zeazwule

vaglugihegeangnfinnizanaadonsineie® giie
.:3’ s 3 1 6’5 [N=1 s .3

BNV W T WAI98% ) wazlilan1TauawIw )

89°92173199% Al ldAATIN1IzdUaNIINEINISING

(delirium) M1LAiRA1NAT2 metabolic encephalopathy

wansavldenna:suasngdevsu

o 31lnASH 22% LHALAEAA717 19,000 cells/
uL (polymorphonuclear cell 89% ), WNARLREA17,000
cells/uL

e A302H1h 0.6 mg/dL

o a @ o a gj U as

e szaUBLANINSlaFUINANINNAENLINIZAUZDY

uRNALNET 0.33 mmol/L uazlwunaidensn 2.3

mEq/L

msnsaollAslliagosstodslsa

1. Awexensla (MRI) WUHl extensive bilateral
white matter lesions Tuaumﬁy’qaaqﬁw LAWY hemo-
siderin deposit Ausailasunsusaf parietal area
suge Tawuseelsalna (il 2 n uaz 2)

2. Electroencephalogram (EEG) 59aWU81N198N

wuulaindenszan winAsIUszHIN 1-2 WITl WAy

o ) . d Hos o ETe e doa
AINN 2 N. Fluid-attenuated Inversion Recovery (FLAIR) LASBIANTEQNAST FAAnUS A lASUAISHAR AiuSiam

parietal area AWANE LASDINNIBEINIVIAENLERAY extensive bilateral white matter lesions MAENBINIFBIIS

2. AW gradient echo LA3DINHNNEGNALERAY hemosiderin deposit USIIaNLATUNSHNAR liwUsaslsAlraaINAN

GEGREL)
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o
a & =]

UsgAssRaingunn 5-10 wifl lagluszninednusiaz
AssgUheldAnszauANNSENAINAUNLANAN Todn L6
IgUaeaglunzdnsetosnuulsiininszen e1ns
dnluamzfinsranuninlWianesiidausnife guae
Tanouanes wAaNn1 13anlaiIaATNAIET n5zNSU
A0 (repetitive eyelid blinking) waztAgaUIn (lip
smacking) (AAnIWHNaNaslwamzTnLERIAINATN
o
71 3 nN-9)
oo s s 1 o 1 [~}
n1s3fianelsm: anzdnseiesuuulainge

n3z6N (nonconvulsive status epilepticus)

4. nalnnasiinna:6nuuusioliiov (Pathogenesis

of status epilepticus)

nalnivinldiinnisifswulasaine1nisan

. 3| as ! o .
(seizure) Na1eLUnN1IETNRUURBLLEY (status epilep-
ticus) WwHAMNTUZDU (complex interaction mecha-

- |

nism) Fousznavlusie 2 a@ﬁﬂﬁzﬂauﬁémmﬂa N9
WasnuwUadlussiuigaduszam (cellular level) uag
nsiasuuUassziuinsadneangaduszan (net-
work level)?®
4.1 nswdsundasluszauigasuszain
(cellular level) ann1sAnwluERINAaas Tagiu
iwansudfinisiuisundasiidfasosialus
4.1.1 nswisuuUainisrineuges Na' /K
ATPase pump Tpn122UsN AT Na' /K ATPase pump
azvimifisneAndIniamesinfiioisad (resting
membrane potential) T#AAUszN 1 -66 mVZ* TR
19 pump 3 Na’ ion 28NANNLTAE 6[%‘&(14:“7% pump 2
K'ion linnelwaas denaldrndlwinaneluaaaie
waenin (Wwav) Weifieuiudndluiinaneuanizad
wazn1snAnsininamsinfidoizadfinninau as
vinlWiaadegluvnnzfignnszgulfiindnezam (action
potential) laenn uazvinlwlaagluniizlmanisnse
Ru29L2aaUseaIM (neuronal hyperexcitability)*® 514

BHWNI1SNIUNARUSNH289 Na'/ K™ ATPase pump 2

vinlWizaduszamegluniedilidamanssguuazsinly
gnsdsuuuaainainisin (seizure) Thnaneidu
AzdnuuUsewtes (status epilepticus) e

4.1.2 nsAsRaNURN1YIlALAR excitatory
synapse Lﬁaﬁm’iﬂ’izﬁuﬁ gamma-aminobutyric acid
(GABA,) receptor (sustained excitatory GABAergic
signaling) lunnazusninwiilafinianszduil GaBa,
receptor 9L ARNTTIWALE1289 Chioride (CI) LA gLaas
wazvinliAm inhibitory synapse 1gagazaglnnnizign

U v °

ﬂi%ﬁl%v[,ﬂ‘c’l']ﬂLLﬂ$ﬂ']i“/]']ﬁ’]%?lﬂ\ﬂ“dﬁﬁﬂi%ﬂ’]‘ﬂfﬂzﬂﬂﬂﬁ

q

o o d

nalnfidAtyfivinlw GABA, receptor ¥invisindl inhibitory
synapse Aanafigadananansnunusana o nelu
LARAIAAIRADALIAN (maintaining low intraneuronal
CI" levels) ianSeansansianisinaidnzes o luams
ffinn1snszduil GABA, receptor 3nnnsANu TNy
wuingaguszamasimyivisraen (Wisuiieuls
AulgaaUszaImaganIsnusnAass) asiusnim cI
melwaadge inlWidefin1snszdudl GABA, receptor
azfinn1sinasanyes o unuienduwnisinaudi deua
Trndluinndagasianduuin (Fdlainaneln
aasAdwuin) washilviin excitatory synapse
wwagaglun1izgnnszguledie ia gant depolar-

_ o
)?°"%® 115N immature neurons

izing potentials (GDPs
fusam o melugadgenuwiinainnisineuaas
Na“-K'-CI~ cotransporter isoform 1 (NKCC1) o
NlARN1sInaLEEaaaee Cl- ANIAU Na' waz K+

ion®®*° WU excitatory synapse MLiRAINAIINTZAWN

o as |

GABA, receptor 1w immature brain ﬁﬁﬂ?ﬂuﬂﬁﬂ@ma
W IN19289LA3aANeEaaUs281N (development of
neuronal network) w998t waziianylagn (1iegu
vao oA =3 o d o va @
Tanuiiianuwdlagu) azfzuannisivinlvinisdu
- o 3 § 1 v o v i
Cl” sanwandanINAw3ae 7 danalnn1siinifnaes
GABA, receptor A JiaEna1NN1591#ALAR excitatory
synapse nateLl inhibitory synapse F92UI%N15%

ﬁlﬂff neuron-specific K'/ClI” cotransporter isoform 2
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(kee2) Twn1sdu o sanainied AlUAU K ion Lite
MlAUSHm cl- melwgasegluszauni annunIs
ffiusanmmes NKCC1 anadlu mature neurons
Tunzfiianendnmdfiasuszanlulsasieg
TngianizlwanazfiviliAnainisdn wudfimnwie
UsnRze9n15919 %289 KCC2 laein1svinenanas
(downregulation) 289 KCC2 denalyin1sduaanaas CI
anas MlRRnsndugnsUSia ci- melugaguas
#inl#ifin excitatory synapse L@adaglun1izgnnszem
Tgiine wananinuinluguaelsrandnetafinnain
UsnBizas NKCC1 wwhfanisfifiusanm NKCC1 &in
(upregulation) wifloudwiufinulu immature neurons
donalrtinnislraidnzes ci- wannelwgadann
A donalizadaglunnizlsonisnazgu®
4.1.3 AnuiaUsnAzaanie laglanie as-
trocyte azfnaligyfonisaugnaniizanga (ho-
meostasis) 289N1TATIUAZNITARTINAINW N9
dszluundidenaanainnnenanidas (potassium
buffering) wazU3n1ae glutamate %qqmﬁ’wué’aﬁm
THigaguszanineuiinlsnd sawlufenisvinldifa

%
(% s

sansdnuazlsnandn Anangiwnsludninaasuaz
TunywdianuiaUsnfzaanfenmieidasiunaln
nsiinlspandn®® =
4.1.4 msifewiiasaanisuaisdadszdan
. a d @ s da 1
(neurotransmitter receptor) NLEBVHNLAAN 1138111
UIBAIT “receptor trafficking” 31NNISANWIWTRT
naasdnudn aloin1sdnfieniwn (winlunsou
LaIwINNIwIN) azdin1aifenulasaassisuasde
Uszann lpefifin15anaseas GABA, receptor baasfifl
NI9LANIWADI N-methyl-D-aspartate (NMDA) recep-
tor MBaviuigas denalwaasaglunzlinonisnse
o & io o
5% JUINNIT receptor trafficking UWABNANAAGY
Nasureseenslinaudnasnae I wdnluwgUiand

da d &

o o o =
811159 NLU LI W L%ﬂﬁﬂjﬂlﬂﬂ‘ﬁiﬂﬂﬂi“jmaﬂaﬁ

289 GABA, receptor vinlAenfiudnfiaangnsf GABA,

receptor LNEIN1SOIUAY receptor Lﬁansziﬂﬁlﬁm
inhibitory synapse L6 >* *°

4.2 mswasundasszauinSadigvasiuas
Us2d (network level)

anmsanuludasnaass wazsaelsafinuain
AN magnetic resonance imaging (MRI) Iuﬁﬂaaﬁﬁ
pInN1sFnnIanzinuuURaLiias wulnilagadidie
Fniinduiiiasnes (cortex) wazin1snszanezesdn
ﬁ?%mﬁ thalamus %158 hippocampus HI%N 19 cortico-
thalamic %38 cortico-hippocampal pathway LHINA
Slﬁ’Lﬁfﬂmans:@’ué’auné’ﬂﬂﬁgmr‘hl,ﬁmifnﬁﬁaaum

(positive feedback loop) kazl¥iinannistnise

19489 (perpetuate seizure activity)?®

5. nuaufuAMsIAn1s$nuIno:8nnuusioiovmniu
2016 American Epilepsy Society (AES) guideline

fun U guR (guideline) n1slinissnen
A1EFALUUABLHDIRRTAINRAINRATIENIN U
guideline aRvAwion1ssiianldluszauanidn
gN1ANIIEN nIoszAuUsEINA dMSU suideline 7
Favzulusziuniuigni (international guideline)
ﬁ?muﬁa{laqﬂ'uﬁ 4 guidelines lAwA 1) 1993 The
Epilepsy Foundation of America’s Working Group on
Status Epilepticus guideline®®; 2) 2010 The European
Federation of Neurological Societies (EFNS) guide-
line®’; 3) 2012 Neurocritical Care Society (NCS)
guideline'®; Az 4) 2016 American Epilepsy Society
(AES) guideline®®

UNANHIZNE1E international guideline 81gm
289 American Epilepsy Society (AES) guideline Hof
Ruviiiie A.A. 2016 guideline S guideline 115U
ﬂ'lﬂﬁﬂﬁ%‘t:ﬂ convulsive status epilepticus ﬁeTuLﬁn
wazglvig) (Al 4)

FadanmdvsU 2016 AES guideline % 1% third

therapy phase ﬂ'm’l’me[,ﬁ' anesthetic drugs 130879
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Time line Interventions
0-5 min 1. Stabilize patient (airway, breathing, circulation, disability -neurologic exam)
Stabilization 2. Time seizure from its onset, monitor vital signs
phase 3. Assess oxygenation, give oxygen via nasal cannulamask, consider intubation if respiratory assistance needed
4. Initiate EEG monitoring
5. Collect finger stick blood glucose, if glucose < 60 mg/dl then give
-100 mg thiamine 1V then 50 ml DSOWIV
6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant drug
levels
Yes No
Does seizure continue? P [f patient at baseline,
then symptomatic
medical care
520 min A benzodiazepine is the initial therapy of choice (Level A):
Initial therapy Choose one of the followings;
phase IV diazepam (0.15-0.2 mg/kg/dose, max 10 mg/dose, may repeat dose once, Level A OR

IV midazolam (10 mg for > 40 kg, 3 mg for 13-40 kg, single dose, Level A

Yes

Does seizure continue?

No

A 4

If patient at baseline,

then symptomatic
medical care

20-40 min There is no evidenced based preferred second therapy of choice (Level U):
Second therapy | Choose one of the following second line options and give as a single dose
phase IV fosphenytoin 20 mg PE/kg, max: 1500 mg PE/dose, sinle dose, Level U) OR
IV valproic acid (40 mgkg, max: 3000 mg/dose, single dose, Level B) OR
IV levetiracetam 60 mg/kg, max: 4500 mg/dose, single dose, Level Uy
Yes No
Does seizure continue? » [f patient at baseline,
then symptomatic
medical care
40-60 min There is no clear evidence to guide therapy in this phase (Level U):
Third therapy Choices include: repeat second line therapy or anesthetic doses of either thiopental, midazolam, pentobarbital, or
phase propofol call with cEEG monitoring)

i 4wl fURnisidnissnennnzdnuuusaltos 2016 American Epilepsy Society (AES) guideline

I v & & o
a¢jlis second therapy phase 16 IOAIWAUAITHTWLTY
2098119 8nuazANNNSanNazaegUaed lUgualy

intensive care unit nIN&N15LRanly anesthetic drugs

6. JomnavuuouUAlumsmanmALia:uINIONIS
$nyn1a:Gnuuusietiieviaiuisnlslaosolulos
fiusvevus:inAlnelus:Aulsoweurague

'
d o s

Jynnteniaranlunisin guideline #7197 §1
TdlwgfuRasonuie ldainisaldnisguasnunls
AN guideline LHada1nANHNSaxlwLAazlsIne1U1a

Tsitnniw TuwuSunzasussinalnetinszAuAINNns s

2osumazlsoneIuIaiANLANATIAY 11547 inter-
national guideline 811#an9vinlaenn Tnetanizagieda
SaedndnAnzasnismiavgaesnIzinuUUReLiag
wazafinzaseniudnfifldlwusazlsonenuia idemw
wazAmzunndgidetgnaiulsaandnlulsznalne
wazfunwunngUszaninetannlsanenuiadwdl
A 209Usne Tannsinsafwianidonnas
WU JURLWAITAIEUABLAZLKINIINITTNWINIE
Fnuuuseiiteefianansaldlaaselugioflussaulse
weuagudzaslszinalng (mi’mﬁ 3 uaz 4) lae

1938 modified Delphi method l#n15MFaRNRG°
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m15197 3 Famnasuwal Juslunismannezasnizinuuusaiitos

Timing since
seizure onset

(within minutes/hours)

Initial investigations

5 min Oximetry or ABG
5 min CBC, glucose (DTx and serum), serum sodium, serum calcium, serum magnesium,
BUN/creatinine, LFT; urinalysis'; AED levels®
1h Lumbar puncture (LP)**
(ceII count, glucose, protein, gram stain and bacterial culture; HSV type | and II5)
4 n Head CT with contrast study®

Timing since once all
initial tests are all negative
(within hours)

24 h

Investigations when initial tests are all negative

Repeated LP
Serum and/or CSF autoimmune and paraneoplastic antibodies testing, CSF for less
common viral encephalitis7; CSF lactate, serum VDRL; serum TSH, anti-TPO,
anti-thyroglobulin; serum testing for scrub typhus®
Toxicology screen and comprehensive toxicology panel’;

CSF cytology and/or flow cytometry’

48 h

Brain MRI with contrast study6

Timing since once all
previous tests are all negative

(within hours)

Investigations when etiology of status epilepticus remains indeterminate

24 h

1,10, 12.

Serum porphyrins ; serum heavy metals' '?; mitochondrial gene mutation' """ '®

" If clinically indicated

% Only in patients with known history of epilepsy

® Indicated in patients with

- Antecedent infectious symptoms, either fever or hypothermia, or a suppressed immune system
- No alternative etiology for their SE identified after obtaining a history, basic laboratory investigation, and neuroimaging

* Unless the suspicion of CNS infection is high, brain imaging (usually aCT scan) should be performed before a LP is performed

® If there was clinical suspicion (i.e. behavioral changes/ confusion/ psychosis prior to seizures, with or without fever)

® Unless contraindicated (i.e. markedly impaired renal function; in this case imaging studies without contrast study are acceptable)

" i.e. viral PCR for other Herpesviridae (varicella zoster, Epstein-Barr virus, cytomegalovirus, HHV 6, HHV 7), Flaviviridae (dengue,
Zika, yellow fever, West Nile virus, Japanese encephalitis virus, St Louis encephalitis virus, eastern equine encephalomyelitis
virus, western equine encephalomyelitis virus), enterovirus, influenza

® If there was antecedent or current history of fever

°i.e. isoniazid, TCA, theophylline, cocaine, sympathomimetics, alcohol, organophosphate, cyclosporine

"9 With appropriate tests

""If there was elevated CSF lactate

"2 It is optional to be done if the patient’s finance and the hospital’s laboratory capacity are not an issue.

Note: We did not include chest/abdomen/pelvis CT as an early investigation for SE, but it can be done to help for selecting an
appropriate treatment once the patients are serologically proved to have autoimmune or paraneoplastic encephalitis
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Definition

Status epilepticus (SE) is defined as 5 min or more of
(i) continuous clinical and/or electrographic seizure activity
or (ii) recurrent seizure activity without recovery
(retuming to baseline) between seizures

Refractory SE is used to define patients who continue to
experience either clinical or electrographic seizures after
receiving adequate doses of an initial benzodiazepine
followed by a second acceptable antiepileptic drug (AED)

Goal of SE
treatment

Termination of clinical and electrographic seizures

Timing since
seizure onset

Initial management and first-line drug

Monitoring

At 5-10 min Non-invasive oxygen therapy; - O2 saturation, BP, and HR
consider intubation' and/or ICU admission® in some patients (maintain SBP at normal
Give continuous IV fluid® or high-normal levels)
If glucose < 60 mg/dl, give IV thiamine 100 mg and then IV - body temperature®
bolus injection of 50 ml of 50% glucose - periodically check
Administer IV diazepam (DZP)4 at dose of 0.15-0.2 mg/kg/dose, bicarbonate”
maximum up to 10 mg per dose, can be repeated for another dose
if seizures do not stop after 5 min
Timing since Second-line drug Monitoring
giving DZP (i.e. seizures still continue after the first-line drug)
At 15 min Consider administer IV phenytoin®® 7 unless contraindicated - ECG and BP
Alternative drugs: IV valproic acid® and IV levetiracetam®
Timing since Third-line drug'® Monitoring
giving the (i.e. seizures still continue after the second-line drug)

second-line drug

At 20 min

Consider administer IV infusion midazolam'"
Alternative drugs: IV pentobarbital'/thiopental'®, IV propofol'*,
IV lacosamide'®, IV phenobarbital'®

- O2 saturation, BP
- Propofol: ECG, CPK,
bicarbonate

Treatment of super-refractory SE Monitoring
(i.e. seizures still continue after 24-hour
administration of anesthetic agents)
Pharmacological therapies: ketamine'’, corticosteroids, - Ketamine: BP

inhaled anesthetics, and immunomodulations
(i.e. IVIg or plasma exchange)
Non-pharmacological therapies'®: vagus nerve stimulation,
ketogenic diet, hypothermia, electroconvulsive therapy (ECT),
transcranial magnetic stimulation (TMS), and surgical treatment

Drug withdrawal
After clinical and electrographic seizures disappear for

24 hours, anti-seizure drugs are then gradually withdrawn
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Long-term antiepileptic drugs

Indicated in the following conditions;
- known case of epilepsy
- remote structural brain lesions
- If there is no cause of SE identified or in cases with
acute brain lesion, the decision to initiate long-term
AED should be individualized. Epileptiform EEG abnormalities
support a recommendation to start long-term AED

! Intubation should be performed either in GCSE or nonconvulsive SE (NCSE) if airway/gas exchange is compromised or elevated in-

tracranial pressure

? SE patients (GCSE/NCSE) with either intubation or anesthetic agents should be admitted in ICU

® Avoid overhydration

* Administer DZP only to patients with active convulsions [5-min continuing seizures or repeated seizures without return to baseline lasting
more than 5 min in both generalized convulsive status epilepticus (GCSE) and nonconvulsive status epilepticus (NCSE)]. If seizures
have already stopped and the patient’s condition does not fulfill the definition of status epilepticus, instead of diazepam longer-acting
second-line agents (i.e. phenytoin, valproic acid, Ievetiracetam) are preferred

° Phenytoin (PHT) should be diluted in 50-100 ml of normal saline and loaded at dose of 20 mg/kg/dose at maximum rate of 50 mg/
min. After loading if seizures do not stop after 10 min, additional dose of PHT 5 mg/kg/dose can be given, up to the total maximum
dose of 30 mg/kg. Maintenance dose at 5-7 mg/kg/day in three divided dose.

® |V PHT should be avoided in patients with currently known hypokalemia and hypomagnesemia

" PHT should be administered cautiously to patients with known cardiac conduction abnormalities. The PHT infusion should be slowed
or stopped if significant hypotension develops or the QT interval widens or if arrhythmia develops.

® Valproic acid (VPA) should be loaded at 20-40 mg/kg at the rate of 3—6 mg/kg/min, may give additional dose of 20 mg/kg at 10
min after loading. Maintenance dose at 30-60 mg/kg/day in two divided doses or continuous infusion.

° Levetiracetam (LEV) should be loaded at 1,000-3,000 mg at the rate of 2-5 mg/kg/min. Maintenance dose at 2-4 g/day in two
divided doses

"% In case of GCSE and subtle status we should proceed immediately to the infusion of anesthetic doses of midazolam, propofol or bar-
biturates. However, in case of NCSE who are hemodynamically stable and have not required intubation we should postpone anesthetic
drugs and try another not previously used non-anesthetic drugs, i.e. PHT, VPA, or LEV

" Midazolam: 0.1 mg/kg bolus at an infusion rate of 2 mg/min, followed by 0.05-2 mg/kg/h continuous infusion (CI). If there is
breakthrough SE, consider giving 0.1 mg/kg bolus and increasing Cl rate by 0.05-0.1 mg/kg/h every 3—-4 h

'2 Pentobarbital: 5-15 mg/kg bolus at an infusion rate < 50 mg/min, may give additional 5-10 mg/kg, followed by 0.5-5 mg/kg/h
Cl. If there is breakthrough SE, consider giving 5 mg/kg bolus and increasing Cl by 0.5-1 mg/kg/h every 12 h

'® Thiopental: 2-7 mg/kg bolus at an infusion rate < 50 mg/min, followed by 0.5-5 mg/kg/h Cl. If there is breakthrough SE, consider
giving 1-2 mg/kg bolus and increasing Cl rate by 0.5-1 mg/kg/h every 12 h

'* Propofol: 1-2 mg/kg bolus, followed by at 20 mcg/kg/min Cl, may increase up to 30-200 mcg/kg/min Cl.

Use caution when administering high doses (>80 mcg/kg/min) for extended periods of time (i.e., > 48 h)

'® Lacosamide should be loaded at 200-400 mg (200 mg IV over 15 min), followed by 100-200 mg every 12 h. Maintenance dose
at 400-600 mg/day in two divided doses.

'® Phenobarbital: 15-20 mg/kg loading at the rate of 50-100 mg/min, may give additional dose of 5-10 mg/kg at 10 min after
loading. Maintenance dose at 1-4 mg/kg/day in two divided doses.

'" Ketamine: 1.5 mg/kg every 3 to 5 min until seizure stops, up to a maximum of 4.5 mg/kg, followed by 20 mg/kg/min (1.2 mg/
kg/h) Cl. If there is breakthrough seizure, consider giving 1.5 mg/kg bolus and increasing Cl rate by 10-20 mg/kg/min until seizure
control is established. Maintenance dose at 5 to 125 mg/kg/min (0.3—7.5 mg/kg/h)

'® These are optional to be given, depending upon the patient’s finance and current capacity of the hospitals.

? Avoid and prevent significant hyperthermia

® Give bicarbonate only if SE patients have severe metabolic acidosis

Note: The electroencephalography (EEG) was not included in this consensus since this was developed for the Tele-cRCT 40 study where
as the study protocol all patients are subject to be allocated to undergo EEG recording either continuous or routine EEG and also intended
to be generalized to be used in other regional hospitals in Thailand where few of them have EEG service for critically ill adult patients.
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