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Optimal treatment of status epilepticus

Jung Hwa Lee, MD

Department of Critical Care Medicine & Neurology, Ewha Womans University College of Medicine, Seoul, Korea

Status epilepticus (SE) is a common neurological emergency with considerable associated health-care costs, significant morbidity,
and high risk of mortality. The definition of status epilepticus as a prolonged seizure or a series of seizures with incomplete return to
baseline had been considered to establish a more practical definition to guide management. 2015, the International League Against
Epilepsy (ILAE) has proposed new definition of SE. It is as follows: Status epilepticus is a condition resulting either from the failure of
the mechanisms responsible for seizure termination or from the initiation of mechanisms, which lead to abnormally, prolonged seiz-
ures (after time point t1). It is a condition, which can have long-term consequences (after time point 12), including neuronal death,
neuronal injury, and alteration of neuronal networks, depending on the type and duration of seizures. Non convulsive status epi-
lepticus is also increasingly identified in the inpatient setting as the use of extended electroencephalography monitoring becomes
more common place. However, the optimal pharmacologic treatment for status epilepticus is unclear. Recent guidelines on the treat-
ment of status epilepticus from the Neurocritical Care Society in 2012 and the American Epilepsy Society in 2016 highlight areas of
consensus in the treatment of status epilepticus as well as areas of uncertainty. The TRENdS (Treatment of Recurrent Electrographic
Nonconvulsive Seizures) trial is the first prospective randomized clinical trial to evaluate the efficacy of IV antiseizure medications in
controlling nonconvulsive seizures on continuous EEG. Autoimmune encephalitis is an increasingly recognized cause of new-onset
seizures or status epilepticus. Rapid and appropriate treatment can influence patient prognosis and alleviate additional neuronal
injury. For convulsive status epilepticus, there is reasonable consensus on the initial steps. There is less agreement about the manage-
ment of nonconvulsive status epilepticus. In this review, we will discuss the recent advances in treatment of SE including recently
proposed treatment guideline of SE. In addition, | want to discuss about the tailored and individualized treatment strategies consid-
ering four axes of new classification of SE such as semiology, etiology, EEG correlates and patients factors including age, underlying
disease and specific conditions such as pregnancy for optimal treatment of SE.
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(International League Against Epilepsy, ILEA)S 19643
A 2 EReld HAT ASFHE AL A&
ARl HAASAHE WE7] TR = 3 ARE et A
ZEHAY A5 HEE-E= 22 (A condition characterized
by an epileptic seizure that is sufficiently prolonged or
repeated at sufficiently brief intervals so as to produce an
unvarying and enduring epileptic condition,’) 2.2 A 2J&}
ek o] F 19811, "hzto] FHF] 71 ARE F3F A&
A4 SE3] AF wHEFo] wbAtol o] 3]&o] oA
&= A (persists for a sufficient length of time or is re-
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tinuous seizure or (2) two or more discrete seizures be-

>5 min of (1) con-

tween which there is incomplete recovery of conscious-
ness," S A" o] ARME HgEk AR Aol
oA de] welEolx X533 A 2] A
AREEIT 3, A e V)27 R ILAE
Core Group on Classification <= 3_4_ Aol Al 732 71
WERE ROl Frofehs /g1 QAke] Vg (Generalized,
convulsive status epilepticus refers to a condition in which
there is failure of the “normal” factors that serve to termi-
nate a typical GTCS(generalized tonic-clonic seizures)’ )&kl
Agratict.” AaA AuA HHF X423 (Generalized
convulsive SE)2] 7\d 4], 2-8-# 9] A o] o]z}t 1
2t Aol A gTbe| =l Al ARSE AL QA thE @
B o] AT A& ollxd = FAH ] A7 AlA EA] e

RIAAE2l Q0 T2 S R1212| AIZH

Operational dimensions with t1 indicating the time that emergency treatment of SE should be started and t2 indicating the time at which

long-term consequences may be expected

Type of SE

Tonic clonic SE 5min
Focal SE with impaired consciousness 10 min
Absence status epilepticus 10-15 min

Operational dimension 1 Time(t1), when
a seizure is likely to be prolonged lead-
ing to continuous seizure activity

Operational dimension 2 Time (t2), when a seizure
may cause long term consequences (including
neuronal injury, neuronal death, alteration of neu-
ronal networks and functional deficits)
30 min
>60 min
Unknown

a. Evidence for the time frame is currently limited and future data may lead to modifications.
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A. H1= YRt=5(semiology)
Axis 1: Classification of status epilepticus (SE)

(A) With prominent motor symptoms
A.1 Convulsive SE (CSE, synonym: tonic-clonic SE)
A.1.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
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 status
A.5 Hyperkinetic SE
(B) Without prominent motor symptoms (i.e., nonconvulsive SE, NCSE)
B.1 NCSE with coma (including so-called “subtle” SE)
B.2 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

C. 3% |TpAt 2t (EEG correlates)

Axis3: Electroencephalographic correlates

1 Location: generalized (including bilateral synchronous patterns),
lateralized, bilateral independent, multifocal.

2 Name of the pattern: Periodic discharges, rhythmic delta activity
or spike-and-wave/sharp-and-wave plus subtypes.

3 Morphology: sharpness, number of phases (e.qg., triphasic mor-
phology), absolute and relative amplitude, polarity

4 Time-related features: prevalence, frequency, duration, daily pat-
tern duration and index, onset (sudden vs. gradual), and dynam-
ics (evolving, fluctuating, or static).

5 Modulation: stimulus-induced vs. spontaneous.

6 Effect of intervention(medication) on EEG

D. Ml4= A (Age)

Axis 4: SE in selected electrodlinical syndromes according to age

B. M[2= Q! (Etiology)

Axis 2: Etiology of status epilepticus

Known (i.e., symptomatic)
Acute (e.g., stroke, intoxication, malaria, encephalitis, etc.)
Remote (e.g., posttraumatic, postencephalitic, poststroke, etc.)
Progressive (e.g., brain tumor, Lafora’s disease and other PMEs,
dementias)
SE in defined electroclinical syndromes
Unknown (i.e., cryptogenic)

SE occurring in neonatal and infantile-onset epilepsy syndromes
Tonic status (e.g., in Ohtahara syndrome or West syndrome)
Myoclonic status in Dravet syndrome
Focal status
Febrile SE
SE occurring mainly in childhood and adolescence
Autonomic SE in early-onset benign childhood occipital epilepsy
(Panayiotopoulos syndrome) NCSE in specific childhood epilepsy
syndromes and etiologies (e.g., Ring chromosome 20 and other
karyotype abnormalities, Angelman syndrome, epilepsy with
myoclonic-atonic seizures, other childhood myoclonic
encephalopathies)

Tonic status in Lennox-Gastaut syndrome

Myoclonic status in progressive myoclonus epilepsies

Electrical status epilepticus in slow wave sleep (ESES)

Aphasic status in Landau-Kleffner syndrome

SE occurring mainly in adolescence and adulthood
Myoclonic status in juvenile myoclonic epilepsy
Absence status in juvenile absence epilepsy
Myoclonic status in Down syndrome

SE occurring mainly in the elderly
Myoclonic status in Alzheimer's disease
Nonconvulsive status epilepticus in Creutzfeldt-Jakob disease
De novo (or relapsing) absence status of later life

Currently indeterminate conditions (or “boundary syndromes”)

These forms of SE may be encountered prevalently in some age
groups, but not exclusively.

Epileptic encephalopathies

Coma with nonevolving epileptiform EEG pattern

A Behavioral disturbance (e.g., psychosis) in patients with epilepsy
Acute confusional states, (e.g., delirium) with epileptiform EEG patterns

Lateralized and generalized periodic discharges with monotonous
appearance are not considered as evolving EEG patterns

3 9JgiTh oo thsle] 2015\ ILAE Task Forces on
Classification of Status Epilepticust= B A @A HHAZF A

241 (Nonconvulsive SE)S X33} thoksh QA E S

258

sk el gel ol that Aol 7125te] A goli el |
4% AR o5t 9 Tl A8e & ol ¥
Ageye] Relst Eiol that RIME WS
of mhEw HAF ASPEE BAERsd T

Aol sz Qlsf (i1: vAgH o' Wato] A &E= ARt

ox,

>
2
o

T

c

N
o
Ry

“abnormally prolonged seizure.”) H]
SE= ol wate] Freh A& ARl wEt (12: oA}
A &4l ot A71H] dAE sk AlZHtime on-

thetklAntete] 2019 MI38Xt =7et=Th 2

- 7}O|§

o—1="



A Post-convulsive B * Early phase 5-10
« Premonitory SE, Impending SE min

nonconvulsive SE

Convulsive SE
/ (“subtle SE”)

10-30
Status « Established SE :
A Stagell min

Epilepticus i
| Non-convulsive - .
SE N e SET . :{efr:ctor\t/ SE, that continues despite stage I/11 30-60
) " reatment il
P‘N;:i\:'::r::::;:m"y SIEFEI]  Ssubtle SE, Stuporous SE
Non-convulsive SE . Super-refrac?ory SE. that.continues despite >24h
StageIV treatment with anesthetics>24hrs 4
in patients who are
ambulatory

O 1. (A) ™S KSHEQ AMA BHA Q] Hast 25 (Simplified cIinicaI framework for Status Epilepticus). (B) | XZ X|&AEQ
A|ZFAD} 8l X|2EF20] 2 QJAH2 2 (Clinical course of status epilepticus).?
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ol thes 2ol Belsl) BRE Almstel ool meh A mhE AR b 15eRdle] s Tobaa A 2
2 duEEs A AxE ok AU HdE ApefA| o] Fof Follw A&HE HAS A&3H o] B¢
247 A&E5E g 2o A 72 AEg & ‘4'21 A HAS A&7 (Refractory status epilepticus) 2
0] ) Sk 2 AEA) Boekel AU ) AL A 3P Rl 2L 21T o1
o] glofAlaL L=, kX, AR EEolRk An|sHA EA =L HLXLO] ZAEA] b= 739 23X HHJS A&l (Super-
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) HAF RS2 E] (Myoclonic status epilepticus,
MSE)®] -+ 2 9o W}E} o vh2 A Atet
o5, Hukad 9 X583 Fol vh2r Gastauto]] o3|
A A Bl AEEE “true MSE’¢} Th2 Aglo] =
Ao 2 Yel | E="acquired MSE'2 *S &7
°]% true MSEx 1 7|4 A<l ol] w2} AlEshd T’:'IT7]' o]
oA d 2)." H2d 27H) H@Z (uvenile my-
oclonic epilepsy)¥} 22 53] HAA w4 Ay
sh= YAk 20 HAF A& H (primary MSE)= ©]
2o FAHIAL FgHQ] BAE Ho|w Huto] wjAHnr}
5 FGAtolth, SAHA] | AF(symptomatic epilepsy)el
Al YeRdE ol3d 23 H3E A3 (secondary
MSE).‘—_—_ 54)\] iu]ﬁ O /‘* O]_L_ };]J_]_.__ 7]Zi7ﬁl§]_oﬂ [q_g}_
HIA 431 vl A uhE Kol ofEef] Whg-atA|wh Atk E=
897t QAL v AlAsHA Aol wukd 4 Sl HAdS
o] opd T2 Aol o3f 43k HHTo] WA H] W= T
3 2R H S A&7l (symptomatic MSE) 2] 73-9-oll=
ok, 955, dibd Al Sl ofal WA M o] Ff-oll= &
Aol AIE  Holu  HY(Autoimmune  encephalitis,
Subacute sclerosing panencephalitis(SSPE), F-21/35 3}t
3} Eg¥A e (Progressive myoclonus epilepsies (PME),
Alzheimer disease, Wilson disease, Creutzfeldt-Jakob dis-
case (JD) B)°l 15 Aol 714 A% Aol 213
Hwol whe} he ol F-2 weolth, B3] ARAT = AN
5\_@ };]5‘_}\]-3‘ }:ﬂ-/\gﬂ‘—— \3)\]—/\}\6] :.7].;1] quiz ;q_,.)\]-EH
(Anoxic MSE)+= k& EH??J: vhgo] Eekslu 383 v}
573°] 10% U]E'}_E - B3k Ao g Aot AA
2 =2E A8 /\P—‘Jré}tq*i, AR - ) 27 =)
o] A|&Holg} sjrietie, A48 Fof H|u A F5 3 o
FE5 Hol= 397 slen, HutelM th=3t (polyspike) <}
7N 2= (myoclonic jerk) ol 28 ZRIHEMG artifact)
Aloleol| #EEE v AT Oy vl ve 2Z-S Hol=
“flat”st & 1 A& Eo]q_ w3} ﬂ—j—oﬂ‘— :L7]_1;H u]—x_}‘/] o])\]-
FHEE 93 F717) el wheh L FF (type of MSE)
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Milliseconds to seconds *Neurotransmitter release

STAGE 1 lon channel opening and closing
Protein phosphorylation

Seconds—minutes *Receptor trafficking
STAGE 2
ncre. itato

Days—weeks
STAGE 4

Genetic and e p'g netic changes
Gene ex;
DNAms ion
Regulatior fmlcmRNA

12 3. Cascade of mechanisms involved in the transition of a sin-
gle seizure to status epilepticus.
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H 3. ™S X|SAEN =SS F4= Status Epilepticus Severity Score
(STESS)

Features STESS
Consciousness Alert or somnolent/confused 0
Stuporous or comatose 1
Worst seizure type Simple-partial, complex-partial, 0
absence, myoclonic*
Generalized-convulsive 1
Nonconvulsive status epilepticus 2
in coma
Age < 65 years 0
> 65 years 2
History of previous Yes 0
seizures No or unknown 1

Total 0-6

*Complicating idiopathic generalized epilepsy.
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Clinical | Yes : Consider prolonged EEG

concerning | - Normal?

NCSE

Repetitive or rhythmic prolonged EEG
5 Generalized or focal spike, SW, Sharp & o ong:
Frequency>1Hz? - Nermal?
Yes slow wave camplexes No
Rhythmic wave forms last >10 sec
No
Yes
Signif -
gnificant Clinical
Frequency | M| evoution | N | rocaimotor | N | Trial of rapid x
>2.5Hz? Filed, symptom? onset I AED Not NCSE
Merphalcgy,
orfrequency IND
| Both clinical & EEG | e | OMIVEEG
Yes Yes Yes respanse to IV AED? [ | respense te
IV AED?
lm Yes
- - * Porsble NGSE
ssible
[ st | [ ese | [ nese | NeSE Menitor or ong.term

clinical response

I 4. H|ZEY HH™BX
the EEG diagnosis of NCSE)

SAEY FITE 2 112|F (Algorithm for

B 4. H|ZBN HMSK|SAE] CIFRIC7 |Z=(the Salzburg EEG
criteria for non-convulsive status epilepticus)®

Working dlinical criteria for nonconwulsive status epilepticus

Patients without known epileotic encephalopathy

EDs>2.5 Hz, or

EDs<2.5 Hz or rhythmic delta/theta activity (>0.5 Hz) AND one of the following:
EEG and clinical improvement after IV AED #, or
Subtle clinical ictal phenomena during the EEG patterns mentioned
above, or
Typical spatiotemporal evolution b

Patients with known epileptic encephalopathy
Increase in prominence or frequency of the features mentioned above,

when compared to baseline with observable change in clinical state

Improvement of clinical and EEG ° features with IV AEDs

Modified from Kaplan (2007).

EDs, epileptiform discharges (spikes, poly spikes, sharp-waves, sharp-and-
slow-wave complexes); IV AEDs:

intravenous antiepileptic drugs.

®If EEG improvement occurs without clinical improvement, or if fluctuation
without definite evolution, this should be considered possible NCSE.
®Incrementing onset (increase in voltage and change in frequengy), or
evolution in pattern (change in frequency>1 Hz or change in location), or
decrementing termination (voltage or frequency).
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A7) it W] A 5E AT X5 2t JF
7} Fobtt. 7 whebA] HdE AL 3E7E ElEE A4
glo] A =& AlEfelof gk, o]2fgh o] = el A=)
Z 9 Ao hF= 22 Rapid Anticonvulsant Medications
Prior to Arrival Trial (RAMPART) 147} o|FojH+=d] F
z2he] dizAlge s, Wi A AW Wl lorazepam Foio}
midazolam®] 2% W FALE v|we A72 25 Y mid-
azolam F-&J7} A U] lorazepam F-ojvkg whztdAol] &
o) hshele | WA F 2 4% A2 Bl
A ke ol AAeke] St sl 7 e
e Aues guste] PPsATIE ZloR AlRtEc:
(ABC: airway, breathing, and circulation), 245 F53}L
AAEE BUEHE 32 Alzskal B9 fradded o
gt Ed AL, WA 55 Aldgth(finger-stick

glucose and screen for any immediate life-threatening

causes such as meningitis and intracranial mass lesions.
blood for electrolytes, hematology, and toxicology
screen), AAFE 7Hes AAAAR A A o] o] =
2| sels) of 3hv] AefuerRol} BFES ALgdta
slow BES ) ndo] gl 4% W= Y
YA uod

ERgRopilol WU 932 W9 £g F

ojo} 70 Elobyl A7} B asteh 1998 d, A oF
WA 72 zATe o8k, lorazepam TSR,
phenobarbital @5 F¢, diazepam¥} phenytoin FA| &
o], phenytoin &= Fol= W] 7kA] A2 E WS
uj lorazepam F&7} phenytoin @& FojH o} 314 0|
2™, phenobarbital &% Fo] 2 diazepam3} pheny-
toin FAIFA} vjwe v FH 2d &3 WA= vl
g A3kE Bl o, lorazepam®] AW W F]lo] Al&s}
o Helan) AAH ol AV Wl At 01
mg/kg +HO 2 2 mg/min®] £E2 8 mg7tA| FoE &
901 271 4 mg AT A o] A%aA WEA) o 7
39 T FoIT 5 9ok, Th ol WA APl di
azepam 10 mg AW FA43} lorazepam 4 mg F2) F
oS v 47 A = ¥)S53FATH76% versus
89%). Lorazepam ¢ o]Foll= Hdo] 2dHdl 245
A eFdl ol E Fofaitt. Aelo] 2AHAT izt
=, benzodiazepines2] 37} Hol XA 7 Ho| thA| EAY
3k A 7] SlsfiAfolct. ojxfekAl= AW f Fei7t 7}
S35 AR &3 SR el $3Folr) 71e pheny-
toin/fosphenytoin, valproic acid, levetiracetam, pheno-
barbital 5& Jlefghtt. Z1fut 231k o] Jd e ol gk 27

H 5. Comparison between two treatment algorithms from the Neurocritical Care Society in 2012 and the American Epilepsy Society in 2016

Neurocritical Care Society (2012) American Epilepsy Society (2016) Time
Stabilize Patients (Ainnay, Breathing, Circulation) Stabilize Patients (Ainnay, Breathing, Circulation) 0-5min
Finger stick glucose Finger stick glucose
IV access & blood sample IV access & blood sample
Emergent AED administration
Benzodiazepine
IV Lorazepam (0.1 mg/kg up to 4 mg)
IM Midazolam (0.2 mg.kg up to 10 mg)
IV diazepam (0.15 mg/kg up to 10 mg)
Urgent AED 5-10 minutes Benzodiazepine 5-20 min
IV fosphenytoin/phenytoin (20 mg/kg) IV Lorazepam (0.1 mg/kg up to 4 mg)
IV valproate sodium (20-40 mg/kg) IM Midazolam (0.2 mg.kg up to 10 mg)
IV phenobarbital (20 mg/kg) IV diazepam (0.15 mg/kg up to 10 mg)
IV levetiracetam (1000-3000 mg)
Midazolam infusion
Refractory status epilepticus treatments Second AED 20-40 min
20-60 min after second AED IV fosphenytoin/phenytoin (20 mg/kg, maximum 1500 mg)
Midazolam (0.2 mg/kg, infusion rate of 2 mg/min) IV valproate sodium (40 mg/kg, maximum 3000 mg/dose)
Pentobarbital (5-15 mg/kg, may give an additional 5-10 mg/kg; IV levetiracetam (60 mg/kg, maximum 4500 mg/dose) or if
administer at an infusion rate<50mg/min) none are available , IV phenobarbital(15 mg/kg)
Propofol (20 mcg/kg/min with 1-2 mg/kg loading dose) Third line therapy 40-60 min

Thiopental (2-7 mg/kg; administer at an infusion rate<50 mg/min)

Repeat second line therapy or anesthetic doses of thiopental,
midazolam, pentobarbital, or propofol with continuous EEG
monitoring
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B 6. H|AHN HMSK|SAE Q] X|=(Suggested treatment regi-
mens for nonconvulsive status epilepticus)

Type of NCSE

Typical absence status epilepticus
de novo absence status epilepticus
Atypical absence status epilepticus

Suggested treatment

PO or IV BZD, VPA®

PO or IV BZD, VPA

PO or IV BZD, VPA, PHB

PO or IV BZD, VPA, PHT or LEV

PO or IV BZD, PHT, VPA or LEV

IV AD only with caution and in
people with an otherwise good
prognosis

PO or IV BZD, PHT, VPA or LEV. IV
ADs (PRO, MDZ or PHB). Other
options TPM, LCM, or KTM
amongst others b

Nonconvulsive status epilepticus in coma As above, but less aggressive
with subtle signs of seizure activity ~ treatment advocated

Nonconvulsive status epilepticus on ~ Treatment of NCSE is unclear but
EEG in critically ill patients without can worsen prognosis and
signs of seizure activity should be used cautiously

Simple partial status epilepticus
Complex partial status epilepticus

Subtle status epilepticus

°All suggested treatment regimen include identification and correction
of potential precipitants when possible.

®Modified from Shorvon and Ferlisi**

AD, anesthetic drugs, BZD, benzodiazepines, IV, intravenous, KTM,
ketamine, LEV, levetiracetam, MDZ, midazolam, PHB, phenobarbital,
PHT, phenytoin, PRO, propofol, TOP, topiramate, VPA, valproic acid.
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Nonconvulsive Seizures) $37-ol|4] NCSEZHA}O|A] lacosa-
mide ¢} fosphenytoin®] &35 B3}, H 22 A&
4 e PE ol 8% APEL A9 AL fos
phenytoin-& 20 phenytoin equivalents/kg IVE AF&-5}
31 lacosamides= 400 mg IVE ARE3}ATE, o] A+to o]}
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Fe Aol PeA] X5 o] &gt wold

o,

(Treatment of Recurrent

Proposed drug treatment of SE in patients with liver disease

Benzodiazepine 1%t dose
IV access 2 IV Lorazepam 0.1mg/kg (max 4mg) No IV access = Midazolam 0.2mg/kg (max 10mg)

Smin

Benzodiazepine 2nd dose

Repeat dose as above, Skip this step if there is concern for excessive sedation or seizures are not considered severe

Smin

IV Levetiracetam 40-60mg/kg loading dose
Maintenance of 20-60mg/kg/day divided in two dose
10-20min
IV Lacosamide 8-10mg/kg or 200-400mg loading dose
Maintenance of 2-10mg/kg/day divided in two dose or 100-200mg twice a day

‘ 10-20min

proceed to ICU management

Drug induce coma with midazolam infusion.
Propofol may be considered if IICP suspected.
Pentobarbital may be considered if midazolam fails.

J7 5. e X0 M 2 MBS XIS 2| X|=(Proposed drug
treatment algorithm of status epilepticus in patients with liver disease).
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Status epilepticus®] 74-¢-

m 7. Xp7He
encephalitis)

o] X|Z(Treatment regimens of Autoimmune

Treatment Regimen
First-line Immunotherapy
Methylprednisolone 1 g daily, for 3-5 days

Intravenous immunoglobulin -~ 2 g/kg over 5days(400mg/kg/day)
Plasma exchange/ 1 session every other day for

immunoadsorption 5-7cycles
Second-line Immunotherapy
Rituximab 375 mg/m” weekly IV infusion for
dweeks
Cyclophosphamide 750 mg/m” monthly for 3-6 months
Alternative theraphy
Tocilizumab Initially 4 mg/kg, followed by an

increase to 8 mg/kg monthly based
on clinical response
Low dose interleukin 1.5 million [U/day, 4 subcutaneous
2(adesleukin) injections with 3 week interval
Steroid-sparing agents used for maintenance therapy
Azathioprine Initially 1-1.5 mg/kg once daily or
divided twice daily target 2-3 mg/kg/d
Initially 500 mg twice daily, target
1000 mg twice daily

Mycophenolate mofetil

&= ¢ dukAel Status epilepticuse] x| & 7Fo]=2}ol
= 22 A7t vk, 53] AUFAE AR
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t}. Febrile infection-related epilepsy syndrome (FIRES)
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SE in pregnancy

L ]
r

Maternal management

Stabilization Airway,/Breathing/Circulation :
Turn Woman on her left side
Administration  Thiamine = dextrose

RSE/SR SE/ Severe Eclamsia
Use of drugs with high teratogenicity

¥
|z the cause Eclamsia?{HTN/Proteinuna)

v

RCH Mo

v

Magnesium sulfate control i ineLoR/DTE
BRE(Hydralazing or Labatalsl) Benzoma!ﬁﬂ‘:{ﬁ /DZP)
2nd line AED |
PHT}PB"LW .ch' continues or
(5-30min)

5z continuas
persistent confusion

v
Continuous EEG menitoring
rfo PNES, rfo NCSE

Sz continues |

Choice between trial additional AED or
Intubation & anesthetic agents | Midazalam/ Propofol/Thispental
(30-60min)
5z continues i
MV + Anesthetic agents
(60min and above )

Immunotherapy

* Steroid, IV 1gG, PP

T

Fetal management

¥
M trimester M
1 &1 11}

¥
RSE/SR SE/ Severe Eclamsia

‘Yes v Mo
' Mo
v L
Regular monitoring ~ Deliver Gestational Age
Delivery near term
24-32 weeks 34-37 weeks <37 weeks
Steroids Steroids Deliver

Regular manitoring Regular monitaring
Deliver after 34weeks Deliver after 48hrs
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H 8. LTS A MK E AEE X of2|shd £ (A AL A, B. A7 A, C. ZEEU7Hs HIA)
A. Injectable antiepileptic drugs
Loading Maintenance On;et Therapeutic  Elimination ~ Metabolic Vd(L/kg)
/duration of . /Protein Adverse effects
dose dose ) level half life pathway -
action binding(%)
Midazolam 0.2mg/kg  0.75-2.9mg/kg/  2-5min 80-250 11 hr Hepatic 0.7-1.2(L/kg) Respiratory depression
over several hr /50min ng/ml CYP3A4 196% hypotension
minutes Active metabolite (+)
Pregnancy category D
Lorazepam 4mg 0.02-0.06 15-20 min 20-250 8-15 hr Hepatic 1.0-1.3(L/kg) Respiratory depression
(Ativan ®) 0.1mg/kg mg/kg /360min ng/ml Glucuronidation 190% hypotension
q2-6 hrprn solvent-related acidosis
renal failure in high doses
Pregnancy category D
Diazepam 10-20mg  0.03-0.1mg/kg  2-5min/  100-1000  20-120 hr Hepatic 1-2(L/kg)  Respiratory depression
(Valium ®) q0.5-6 hr pm 20min ng/ml Desmethylation ~ />90% prolonged sedation with
Oxidation hepatic, renal failure,
CYP3A4, phlebitis, sialorrhea
CYP2C19 Active metabolite (+)
Pregnancy category D
Phenytoin 18-20mg/kg  5-6mg/kg/day  10-30min - 10-20 pg/mL 10-60 hr  Hepatic90%  0.75(L/kg)  Cardiac depression,
(Dilantin ®) Not exceed 112-24 hr Major; 190% Cardiac dysrhythmia
50mg/min CYP2C9 hypotension
Minor; Stevens-Johnson SD
CYP2C19 Purple glove SD
Pregnancy category D
Fosphenytoin ~ 20mg PE/kg 5PE/kg/day 5-10min Same as 8-21min Sameas  0.75PE(L/kg) Cardiac depression
(cerebyx ®) at 150 mg /12-24 hr  phenytain phenytoin 170% Hypotension
PE/min Paresthesia
Pregnancy category D
Valproate 20-45 mg/kg 6mg/kg/min [V:rapid ~ 50-150mg/L  9-16hr Hepatic ~ 0.15-0.25(L/kg) Hepatotoxicity
(orfil ®) rapid infusion over syrup CYP1A3/2B7  /70-93%  Thrombocytopenia
5-10 min :15min UGT Hyperammonemia
1.5-3 mykg/min Pregnancy category D
Levetiracetam 1-4.5¢ 2-5mg/kg/min  rapid/4hr  5-45mg/L 4-8hr Renal 0.5-0.7(L/kg) Psychosis, irritability
(Keppra ®) 110% Lethargy, Depression

Pregnancy category C
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lacosamide 200-400 mg 200-400 / 0-15mg/L 13hr Hepatic 0.5-0.8(L/kg) Dizziness, Blurred vision
(Vimpat ®) IV formula mg/day CYP2C19 /<15%  PRinterval
(10 mg/ml) 2 divided doses Pregnancy category C
over 15-30min
*Brivaracetam  50-200mg 100-300  <10-30 min/ 7-8hr Hepatic 0.6(L/kg)  Dysgeusia, hypersensitivity
mg/day CYP2C19 120% Dizziness, fatigue
Leukopenia,
Pregnancy category C
Phenobarbital 20mglkg 1.5-4 5-60min  15-40mg/L  3-5days Hepatic 0.8(L/kg)  Respiratory suppression
mg/ kg /day  /4hr-2days CYP2C9/19 /50-60%  Hypotension
Hepatotoxicity
Megaloblastic anemia
Pregnancy category D
Pentobarbital 5 -25mg /kg 05-3 3-5min  Sedation: 1-5 15-50 hr Hepatic 0.5-1(L/kg)  Hypotension, respiratory
mg /kg/hr /1-2hr ICP Therapy: /59-63%  suppression, liver toxicity,
25-35 pancreatic toxicity
Coma: 10-50 Pregnancy category D
Toxic
level:>10
(pg/mb)
Thiopental 2-3 mg/kg 0.5-5mg/kg/h - 30-40sec/  25-50mg/L  3-8hr Hepatic 1.7-2.5(L/kg) myocardial depression,
(Pentothal ®) 10-30min 172-86% arrhythmias.
respiratory depression,
apnea, laryngospasm
Pregnancy category C
propofol 2-10mg/kg  5-10 mg/kg/h <40 sec/ 1-8pg/mL  1.5-31 Hepatic 3-60 (L/kg)  Hypertriglyceridemia,
10-15 min hours.  glucuronidation. ~ /97-98% pancreatitis hypotension,
Hydroxylation pain on injection, Propofol
CYP2B6/2C9 Infusion Syndrome (PRIS)
conjugation (usually > 4 mg/kg/h for
more than 24 hours)
Pregnancy category C
ketamine 1-3mglkg  0.6-10 mg/kg/h  30-40 sec  Anesthesia: 2-3hr Hepatic 0.3-4 (L/kg)  BPT, HRT, hallucination
1200-2400 N-demethylati ~ /53.5% AU TGA pregnancy
ng/ml on category: B3
Analgesia: By CYP2B6 US FDA pregnancy
70-160 ng/ml and CYP3A4 category: Not assigned
AR AL Le[U2tolME O AIHER 3.
uridine diphosphate- glucuronosyl transferase (UDPGT), ICP: Intracranial pressure
B. Oral antiepileptic drugs
Usual ) . Vd(L/kg)
Initiation dose  Maintenance Tmax(h) I_T: Zﬁ?pe%ﬁ) Ti/2(h) M:Eboallc [Protein Adverse effects
dose(mg/day) VEltHg pathway binding(%)
Carbamezepine Start at 200 mg  400-1600mg/d 4-12 3-12 20-50 Hepatic 0.8-2(L/kg) Gl distress, hyponatremia,
(Tegretol®) bid ay 5-20* CYP3A4 75% mild leukopenia, diplopia,
CBZ autoinduction dizziness, rash/exfoliation,
hepatitis, marrow aplasia
Pregnancy category D
Ethosuximide Start 250 500-1500 1-4 40-100 30-60 Hepatic 0.65(L/kg)/ Gl distress, headache,
(Zarontin®) mg bid mg/day CYP3A4 <10% photophobia, rash,
marrow aplasia,
ESM psychiatric disturbance
Pregnancy category C
Clobazam 10-20 mg 10-40mg/day 1-5 100-300 15-50 Hepatic ~ 0.9-1.8(L/kg)/ Sedative Tolerance
(Sentil®) CYP3A4 85% Fatigue, Drowsiness,
CYP2C19/2B6 Pregnancy category C
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Felbamate Start 400mg tid ~ 2400mg/day 2-6 30-140 14-23  Hepatic<20%  0.75/25% Gl distress, headache,
(Felbatol®) CYP3A4 insomnia, weight loss
FBM 25%esteraase rash, hypersensitivity,
Renal 45-55% marrow aplasia, hepatic
failure
Pregnancy category C
Gabapentin Start 300mg 900-3600 2-3 4-16 5-9 Renal 0.85(L/kg)/  sleepiness, dizziness,
(Neurontin®) qd -tid 0% ataxia, fatigue, weight
GBP gain, rare rash
Pregnancy category C
Lacosamide  Start 100 mgbid ~ 200-400 0.4-5 0-15 12-16 Hepatic ~ 0.5-0.8(L/kg)/ Dizziness, Blurred vision
(Vimpat®) CYP2C19 <15%  PRinterval 1
LCS Pregnancy category C
Levetiracetam Start 1000-3000 1 5-40 6-8 Renal 0.5-0.7(L/kg)/ psychiatric disturbances,
(Keppra®)  500-1000mg bid 0% leukopenia
LEV sedation, fatigue, dizziness
Pregnancy category C
lamotrigine Start 200-500 1-3 4-18 15-60 Hepatic 1.0(L/kg)/  rash, may be higher risk
(Lamictal®) 12.5mg-25mg  50-200*(with UGT 55% with VPA, rare hepatic
TG bid Slow titration VA) CYP1A4 failure
dizziness, headache,
diplopia, ataxia, nausea,
sleepiness, rash,
Pregnancy category C
Oxcarbazepine  Start 300mg 600-3000 3-13 8-20 10-15 Hepatic 45% Rash, sedation, fatigue,
(Trileptal®) bid-tid UGT headache, dizziness, Gl
OXC distress, diplopia,
hyponatremia
Pregnancy category D
Perampanel Start 4-6mg 4-12 0.5-2.5 - 52-129 1.1(L/kg)/95  Respiratory suppression
(fycompa®) % Hypotension
PER Hepatotoxicity
Megaloblastic anemia
Pregnancy category C
Phenobarbital 50-100mg 50-200 0.5-4 10-30 65-110 Hepatic 0.55(L/kg)/45 sedation (adults),
PB CYP2C9/19 % hyperactivity (children),
ataxia
connective tissue
disturbance, rash,
hepatitis
Pregnancy category D
Pregabalin 75-150mg 150-600 1 0-10 6-7 Renal 0.56(L/kg)/0  Dizziness, Headache,
(Lyrica®) % nausea, vomiting
PGB Weight gain, dry mouth,
rash, myoclonus
Pregnancy category C
Phenytoin Start 100-150mg ~ 200-400 2-12 3-20 10-60  Hepatic90% 0.75(L/kg)/90 ataxia, dizziness, diplopia,
(dilantin®) bid Major; % tremor, Gl distress,
PHT CYP2C9 rash/exfoliation, hepatitis,
Minor; marrow aplasia,
CYP2C19 lymphoproliferative

disorders osteomalacia,
gingival hyperplasia, facial
coarsening/hirsutism,
cerebellar syndrome, mild
peripheral neuropathy,
folate deficiency,
Pregnancy category D
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Primiclone 500-750mg 500-1500 2-4 5-12 8-15 Hepatic ~ 0.75(L/kg)/<1 Fatigue, Listlessness
PRM 40-60% 0% Tiredness, Depression
Renal 40-60% Psychosis, Decreased
libido
Impotence
Hyperkinesia (children)
Irritability (children)
Pregnancy category D
Valproate 500-1000mg 500-2500 1-8 50-100 5-15 Hepatic 0.16(L/kg)/  encephalopathy, hepatic
(Depakote, CYP1A3/2B7 70-93% failure, pancreatitis,
orfil®) UGT Polycystic ovary syndrome
VA alopecia, weight gain,
tremor, thrombocytopenia/
thrombocytopathy,
Pregnancy category D
rufinamide 1200 mg 1200-3200 4-6 0-60 6-10  carboxylesterase  0.71-1.14  drowsiness, dizziness, loss
UGT (Lka) of coordination,
35% headache, shortening of
QT interval, Pregnancy
category C
Topiramate Start 50mg bid 100-400 1-4 2-25 12-30 Hepatic 0.65(L/kg)/  cognitive slowing,
(Topamax®) 20-40% 15% nephrolithiasis,
TPM CYP2C19 paresthesia, weight loss,
Renal 60-70% word finding difficulty
dizziness, fatigue,
sleepiness, Pregnancy
category D
Zonisamide 100-300mg 200-500 2-5 10-40 50-70 Hepatic 50%  1.5(L/kg)/  Rash, marrow aplasia, rare
(exegran®) CYP3A4 55% hepatic damage, aplastic
INS N-acetylation anemia, agranulocytosis,
Renal 35% hyperthermia, psychiatric
disturbances
sedation, dizziness,
headache, Gl distress,
fatigue paresthesia,
irritability, agitation,
nephrolithiasis
Pregnancy category C
Vigabatrin 1000mg 1000-3000 0.5-2 20-160 5-7 Renal 80-95% 0.8(L/kg)/0% Visual field constrictions,
(sabril®) Drowsiness, Nystagmus,
VGB Diplopia, Irritability,
Depression Pregnancy
category D
Tiagabine 4mgQD 8-max 56 1-2 0-0.235 2-9 Hepatic 90%  1.4(L/kg)/96 dizziness, somnolence,
(Gabatril®) mg/day divided CYP3A4 % "abnormal thinking",
TGB 2-4 Difficulty concentrating,
tremor, Pregnancy
category C
C. Antiepileptic drugs available for rectal administration
LS bE: Preparation Pharmacokinetics Comments
Usefulness (mg/kg/dose)
Carbamezepine Maintenance  Same as oral Oral Suspension (dilute with Peak concentration 4-8 hrs; Cathartic effect
equal volume of water) 80% absorbed
. . Onset may be too slow for acute
Clonazepam Acute 0.02-0.10mg  Suspension Peak concentration 0.1-2.0 hrs use. Well tolerated.
Diazepam Acute 0.2-0.5mg  Parenteral solution Effect in 2-10 mins; Well tolerated. Nor diazepam
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peak concentraion 2-30 mins

accumulates with repeated doses

Lorazepam Acute 0.05-0.10 mg  Parenteral solution Peak concentration 0.5-2.0 hrs  Well tolerated.
Phenobarbital Acute 10-20 mg Parenteral solution Peak concentration 4-5hrs; Onset may be too slow for acute
90% absorbed use.
! . .. Peak concentration 1-3 hrs
Valproic adid .Acute >-25 Mg Oral ~solution (diute with Peak concentration 2-4 hrs; Cathartic effect
Maintenance ~ Same asoral  equal volume of water)
80% absorbed
B 9. MFEet ZEES0 Q] oFX|el 83 A
ARD Eirr?;ier:; Hepatotoxici ’\i/rlmg;;lt?g Mild to Moderate Severe Hepatic EUx rc"r];?(l) GFR GFR GFR Nephrotoxicity
o ' Hepatic Disease Disease 30-59 15-29 <15 HD
(%) Disease
Hepatic Metabolism Drugs
Diazepam >90%  Half life 1 NSR NSR NSR minimal  No DA No DA NoDA  NSR
needed  needed  needed
Lorazepam >90% Vd T Half NSR NSR NSR minimal ~ No DA No DA NoDA  NSR
life 1 needed  needed  needed
Midazolam 96%  Halflife NSR NSR NSR minimal ~ No DA No DA NoDA  NSR
needed  needed  needed
Clobazam 86%  Halflife 7 NSR NSR NSR 94% No DA No DA No DA None reported
needed  needed  needed Supplemental dose no
needed
Lamotrigine 55%  Halflife T Druglevel  Manufacturer ~ Manufacturer ~ 10% DR needed DR needed DR needed Hypersensitivity
Recommendation Recommendation interstitial nephritis
Mild: none  (without ascites) Consider post-HD
Moderate reduce doses supplemental dose
(without ascites) by~25%
reduce doses (with ascites)
by~25% reduce
(with ascites) dosesby~50%;
reduce '
dosesby~50%;
Rufinamide 34% NSR NSR NSR NSR 4% No No No  None reported
NSR in post HD
supplementation
Valproic acid ~ 80-90% Well Drug level  Notrecommend  contraindicated  1-3%  No DA No DA No DA Tubulointerstitial
established needed needed needed  nephritis; Fanconi
syndrome; hyponatremia
Supplementation not
given; high-flux dialysis
may remove the drug
Carbamazepine 75-90% Well Drug level NSR NSR No DA No DA No DA AHS w/ interstitial
established needed  needed  needed  nephritis; hyponatremia
Supplemental dose no
needed
Ethosuximide 0% Low Clinical or NSR NSR 20-25%  No DA No DA No DA Drug-induced SLE;
consider needed  needed  needed including renal
drug level involvement consistent
w/ LN
60-100% elimination by
HD, Supplementation
Oxcarbazepine  40% Low Clinical or None NSR 50% NoDA  Initiate at Initiate at Hyponatremia
(active consider needed 1/2 of usual 1/2 of usual Insufficient data; may
MHD drug level daily dose  daily dose  monitor levels, proceed
metabolite) w/ caution
Phenobarbital ~ 55% Low Drug level NSR NSR 25%  Usew/ Use w/ Usew/  AHS w/ interstitial
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needed  needed needed  Consider 50% of daily
dose in PD & as post-HD
supplement
Phenytoin 90%; Well Drug level NSR NSR <5% Oral Oral Oral  AHS w/ interstitial
binding established loading  loading  loading  nephritis; Inhibitor of
decreases dosenot  dosenot  dosenot  ADH release
in uremia needed;  needed;  needed; Oralloading dose not
needed; otherwise no
change
Tiagabine 96%  Noknown Clinical or NSR NSR No DA No DA No DA Supplemental dose not
association  consider needed  needed  needed  needed
drug level
Perampanel 95-96% No known Drug level ~ Manufacturer Manufacturer 2% Not Not Not  None reported
association recommendation: recommendation established; established; established Not established;
Child-Pugh class A: : Child-Pugh likelyno likely no DA ;likelyno  supplementation likely
maximum daily ~ class C: NSR DA needed DA needed not needed
dose: 6mg/day needed
Child-Pugh class B:
maximum daily
dose: 4mg/day
Renal excretion drugs
Gabapentin 0% low clinical NSR NSR 80%-  200-700  200-700  100-300 100-200% daily dose
95% mgbid/day mg/day  mg/iday  postHD
with
caution
Pregabalin low 0% clinical NSR NSR 95%  50% DR 25-150mg 25-75mg Replacement dose
25-150mg post HD
Lacosamide <15% Low Clinicalor ~ Manufacturer NSR 40% No DA Slow Slow  Single reported case of
consider  recommendation needed ftitration; titration;  nephritis
drug level for adults: max 300  max 300 50% daily dose as
maximum daily mg daily  mgdaily  post-HD supplement
dose of 300mg/day
Levetiracetam  <10% Low Clinical None Decrease dose  66%  50% DR 50% DR 50% DR Hypokalemia;
by half hypomagnesemia
500/1,000mg daily &
50% daily dose as
post-HD supplement
Vigabatrin 0% Low Clinical NSR NSR 70-80% 25% DR 50% DR 75% DR None reported
50% supplemental dose
post-HD

Mixed
Felbamate 20-25% Well Drug level Contraindicated by Contraindicated 40-50% 50% DR Insufficient Insufficient Kidney stones area rarely
Hepatic<20%, established manufacturer by manufacturer data, data, reported
Renal 45-55% recommendation recommendation reduce dose  reduce

by 50%;  dose by Insufficient data, avoid

usew/  50%; use

caution  w/ caution
Zonisamide 40% Low Clinical or NSR NSR 30-35% No Unclear,use  Unclear, Renal tubular(metabolic)
Hepatic 50%, consider adjustment  w/ caution  use w/ acidosis; nephrolithiasis
Renal 35% drug level needed caution  (CaP04)

Give daily after HD; 50%
supplemental dose may
be needed for post-HD
seizures

Topiramate 20% Low Clinical NSR Decreased by  60-70% 50% DR 50% DR 50% DR Renal tubular (metabolic)
Hepatic 30% acidosis; nephrolithiasis
20-40%), Renal (CaP04)

60-70% 50% daily dose as

post-HD supplement

DR, dose reduction, DA: Dose adjustment; NSR, No specific recommendation.
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