4

S

Management of acute seizure and
status epilepticus

Apisit Boongird, MD

Division of Neurology

Ramathibodi Hospital
Sunday August 27, 2560



Topics
* Acute repetitive seizure

* Status epilepticus



Definition of epileptic seizure by the
International League Against Epilepsy (ILAE)

* An epileptic seizure 1s a transient occurrence of signs and/or
symptoms due to abnormal excessive or synchronous neuronal activity
in the brain.

Epilepsia, 46(4):470-472, 2005
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Acute repetitive seizures (ARS)

e Home
 OPD

* [PD



Acute Repetitive Seizures (ARS)

* The practical definition of acute repetitive seizures has not been established.

* Acute repetitive seizures 1s neurologic emergency and a common clinical
phenomenon describing an increase 1n seizures occurring over a specific
period of time (ranging from several minutes up to 24 hours).

* Acute repetitive seizures may include any type of seizure and may vary in
severity, but by definition there 1s complete recovery in between seizures.

Curr Opin Neurol 2015;28(2):143Y150.



Management of acute repetitive seizures (ARS)

* Stop the seizures
* Identify the etiology of acute repetitive seizures
* Benzodiazepines remain the mainstay of therapy.

* The treatment of ARS includes the usage of extra doses of usual
antiepileptic medications and oral benzodiazepines (diazepam or
lorazepam) for mild ARS.



* A 45 yo presented with first unprovoked seizures a
year ago.
seizure type 1: left face clonic with preserved
awareness
seizure duration: 5 minutes
treatment: LEV 500-500 + tumor removal

* In August 2560, he had ARS for 2 hours.




Outpatient acute benzodiazepine therapy

* Rectal diazepam 1s the only currently marketed treatment available for
use by nonmedical caregivers in the USA, and buccal midazolam is
approved in the European Union.



Outpatient acute benzodiazepine therapy

Diazepam

Midazolam

Lorazepam

Progesterone

oral tablet
rectal gel (FDA approved)

intramuscular
buccal
intranasal

intramuscular

oral tablet
intranasal
sublingual

cyclic natural progesterone

N Engl J Med 1998;
338:1869—-1875. and Neurology 1998; 51:1274—1282.

N Engl J Med 2012;
366:591-600 (The Rapid Anticonvulsant Medication Prior to Arrival
Trial (RAMPART) in pre-hospital status epilepticus

catamenial epilepsy Neurology 2014; 83:345-348.

CNS Drugs (2015) 29:55-70



Oromucosal midazolam (solution Buccolam)

Age range
3 to 6 months hospital setting
> 6 months to < 1 year
| year to <5 years
5 years to < 10 years

10 years to < 18 years

Dose
2.5 mg
2.5 mg

5mg
7.5 mg
10 mg

Label colour
Yellow
Yellow

Blue
Purple
Orange

https://www.medicines.org.uk






Key points

* Status epilepticus 1s a neurologic emergency with high morbidity and
mortality. Its management requires immediate action and diligence to
avold pharmacoresistance and brain injury.

* Status epilepticus represents the persistence of abnormal excitation
and the neffective recruitment of inhibition.

J Clin Neurophysiol1995;12(4):326Y342.



Old definition of SE

* A definition of more than 30 minutes of continuous seizure activity or
two or more sequential seizures without full recovery of consciousness
between was widely adopted, citing neuronal damage in animal
models beyond this timeframe.

Epilepsy Foundation, 1993
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Phase 1: compensation

Cerebral changes Systemic and metabolic changes | Autonomic and cardiovascular
changes
increased cerebral blood flow hyperglycemia increased blood pressure
increased cerebral metabolism lactic acidosis increased cardiac output
increased lactate concentration massive catecholamine release
increased glucose concentration cardiac dysthymia

urine incontinence

J Neurol Neurosurg Psychiatry 2001;70(suppl II):1i122—-ii27



Phase 2: decompensation

Cerebral changes Systemic and metabolic changes | Autonomic and cardiovascular
changes

failure of cerebral autoregulation hypoglycemia hypoxia
hypoxia hypokalemia/ hyperkalemia falling blood pressure
hypoglycemia metabolic and respiratory acidosis falling cardiac output
increased intracranial pressure and hepatic and renal dysfunction cardiac failure

cerebral oedema

consumptive coagulopathy respiratory failure
DIC hyperpyrexia

rhabdomyolysis, myoglobinuria

J Neurol Neurosurg Psychiatry 2001;70(suppl I1):1i22-1i27



A definition and classification of status epilepticus — Report
of the ILAE Task Force on Classification of Status
Epilepticus

*+iEugen Trinka, §Hannah Cock, Dale Hesdorffer, #Andrea O. Rossetti, **Ingrid E. Scheffer,
T1Shlomo Shinnar, {Simon Shorvon, and §§Daniel H. Lowenstein

“Status epilepticus 1s 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 seizures (after time point tl). It 1s a condition, which can have
long-term consequences (after time point t2), including neuronal death, neuronal injury,
and alteration of neuronal networks, depending on the type and duration of seizures”.

Epilepsia, 56(10):1515-1523, 2015



Tonic- clonic SE 5 min 30 min

Focal SE with 10 min > 60 min
impaired
CONSCIOUSNESS
Absence status 10-15 min? unknown
epilepticus

a= Evidence for the time frame 1s currently limited and future data may lead to modifications o
Epilepsia, 56(10):1515-1523, 2015



Classification of SE by the ILAE

* 1 Semiology
* 2 Etiology
* 3 EEG correlates

* 4 Age

Epilepsia, 56(10):1515-1523, 2015



Axis 1: Semiology

* The presence or absence of prominent motor symptoms

* The degree (qualitative or quantitative) of impaired consciousness

Epilepsia, 56(10):1515-1523, 2015



Axis 1: 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.1l.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

Epilepsia, 56(10):1515-1523, 2015



Axis 1: Classification of status epilepticus (SE)

(B) Without prominent motor symptoms (i.e., non- convulsive 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

Epilepsia, 56(10):1515-1523, 2015



Axis 2: Etiology

* 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

e Unknown (i.e., cryptogenic)

Epilepsia, 56(10):1515-1523, 2015



Axis 3: Electroencephalographic correlates

* Currently there are no evidence-based EEG criteria for SE.

Epilepsia, 56(10):1515-1523, 2015
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EEG patterns in SE

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

multifocal.

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

plus subtypes.

. Morphology: sharpness, number of phases (e.g., triphasic morphology), absolute and relative amplitude,

polarity.

. Time-related features: prevalence, frequency, duration, daily pattern duration and index,

onset (sudden vs. gradual), and dynamics (evolving, fluctuating, or static).

. Modulation: stimulus-induced vs. spontaneous.

Effect of intervention (medication) on EEG.

Epilepsia, 56(10):1515-1523, 2015



Axis 4: Age
1. Neonatal (0 to 30 days)

2. Infancy (1 month to 2 years)

3. Childhood (> 2 to 12 years)
4. Adolescence and adulthood (> 12 to 59 years)

5. Elderly (= 60 years)

Epilepsia, 56(10):1515-1523, 2015



American Clinical Neurophysiology Society’s Standardized
Critical Care EEG Terminology: 2012 version

J Clin Neurophysiol 2013;30: 1-27)
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Definition of CSE

* CSE is a convulsive seizure lasting more than 5 min or consecutive
se1zures without recovery of consciousness.

* In the case of convulsive SE, both time points (t1 at 5 min and t2 at 30
min) are based on animal experiments and clinical research.

Epilepsia, 56(10):1515-1523, 2015



Key points

* Principle of treatment
1. Stop both ongoing clinical and electrographic seizures
2. Identify and treat the etiology of CSE

3. diagnosis and treatment of complications of CSE



Time is the brain

* The response to treatment with anti-seizure medications is decreasing with time and
ongoing seizures probably due to the following reasons;

- Functional GABA receptors are decreased due to internalization of GABA
receptors.

- NMDA receptors are up-regulated. This can resulted in calcium influx
intracellularly which makes seizure control more difficult and may causes
cellular damage and secondary brain injury.

- There is the upregulation of drug-efflux transporters such as P- glycoprotein.

- Ongoing status can resulted in an increment of pro-inflammatory agents.

Ann N'Y Acad Sci 2016;1378:166—73. Epilepsia 2009;50(Suppl. 8):19-21.



Choosing the anti-seizure medications

* Age * Anti-seizure medications
- administration

e Clinical seizure type: CSE and NCSE - mechanism of action
- pharmacodynamics

- pharmacokinetics

- efficacy for each seizure type
- recommended doses

- adverse effects

- drug interactions

e Comorbidities
- cardiovascular disease
- liver disease
- kidney disease

* History of drug allergy
- minor rash to SJSs



Treatment phases of CSE

 Stage 1 (early or impending CSE)
- Benzodiazepines are the drugs of choice.

- RAMPART (Rapid Anticonvulsant Medication Prior to Arrival Trial)

IV lorazepam vs IM midazolam™

- AES guideline state that IM midazolam has a superior effectiveness
compared to intravenous lorazepam in adults with CSE without

established intravenous access (Level A)**
*N Engl J Med 2012; 366:591-600

**Epilepsy Curr 2016;16:48-61.



Treatment phases of CSE

* Stage 2 (Established SE) : CSE persisting after first-line treatments

- phenytoin (fosphenytoin)
- phenobarbital

- valproic acid

- levetiracetam

- lacosamide



Treatment phases of CSE

* Stage 3 (refractory CSE): CSE persisting > 60 minutes after second-line
treatments

Hemodynamic monitoring

- EEG monitoring
- Initiation of anesthetic agents
- Midazolam
- Propofol
- Thiopental
- Ketamine
- Goals

- stop ongoing seizure

- EEG background suppression VS burst suppression



Anesthetic agents in refractory status epilepticus

Loading dose Initial rate Maintenance dose Side effects
Midazolam | 0.2 mg/kg IV over 2 to 5 minutes; 0.1mg/kg/hr 0.05 to 2.9 mg/kg/hr Hypotension, respiratory
repeat 0.2 to 0.4 mg/kg boluses every 5 depression
minutes until seizures stop, up to a
maximum loading dose of 2 mg/kg
Propofol 1 to 2 mg/kg IV over 3 to 5 minutes; 20 microgram/kg/min; | 30 to 200 microgram/kg/min titrated | | Respiratory suppression,
repeat boluses every 3 to 5 minutes bolus and increase rate | to EEG with 5 to 10 hypotension, propofol
until seizures stop, up to maximum until seizure control microgram/kg/min every 5 minutes || infusion
total loading dose of 10mg/kg or 1 mg/kg bolus for breakthrough syndrome(PRIS)
status epilepticus
Pentobarbital | 5 to 15 mg/kg infused over 1 hour; 1 mg/kg/hr 0.5 to 5 mg/kg/hr, titrated to Hypotension, respiratory
may repeat 5 mg/kg boluses until maintain seizure suppression pattern || depression, allergic
seizures stop on EEG and a serum level of 30-45 || reactions,
microgram/ml; for breakthrough IMMmMunNosuppression
status epilepticus, a 5 mg/kg must be
given, and the continuous infusion
rate should be increased by 0.5-1
mg/kg/hr every 12 hours
Ketamine 1 to 4.5 mg/kg with supplements of 1.5 mg/kg every3to 5 | 5to 125 microgram’kg/min (0.3-7.5 || Elevation of blood
0.5-2.5 mg/kg every 30-45 minutes or | minutes until seizures | mg/kg/hr) pressure, increased
10 to 50 microgram/kg/min stops, up to a intracranial pressure
maximum of 4.5
mg/kg

Crit Care Clin. 2014 Oct;30(4):751-64.




Therapeutic monitoring

* Objectives
- to monitor the therapeutic response
- to avoid side effects of therapy

* Hemodynamic and respiratory monitoring
- pulse oximetry
- monitor Bp, HR, O, sat
- EKG monitoring

* Clinical neurophysiologic test
- continuous EEG monitoring



Treatment phases of CSE

» Stage 3 (refractory CSE): CSE persisting after second-line treatments

- Anesthetic agents are the drugs of choice for the treatment of refractory CSE. It 1s
required to secure the airway and start mechanical ventilation if the patient 1s not
already intubated for other reasons.

- If no clinical and electrographic seizure for 24- 48 hours, then tapering off
anesthetic agents

- Adequate anti-seizure medications should be prescribed to the patient while the
anesthetic agent 1s being withdrawn.

- avoid anti-seizure medications with a primarily GABAergic mechanism
- avoid > 2 anti-seizure medications
- try anti-seizure medications with multiple mechanisms of action and low

drug interactions |
NeurocritCare 2012;17:3-23.



Treatment phases of CSE

» Stage 4 (super-refractory CSE)*: CSE persisting for more than 24 hours after
administration of third-line treatments

- anesthetic agents

- ketamine

- immunomodulatory therapy
- hypothermia

- new anti-seizure medications

- ketogenic diet*

*Brain 2011;134:2802-18.
**Neurology. 2017 Mar 7;88(10):938-943.



The US Department of Veterans Affairs (VA) Cooperative Study randomized
controlled clinical trial

Five-year randomized, double blind, multicenter trial of four intravenous regimens

518 pts with GCSE

~~

Classified into
1. Overt SE (n=384 pts)
2. Subtle SE (n= 134 pts)

~~ L ~~ ~~

1.Lorazepam 2.Phenobarbital 3.Phenytoin 4. Diazepam
followed by Phenytoin

Conclusions
As 1nitial intravenous treatment for overt generalized convulsive status epilepticus, lorazepam is more effective than
phenytoin. Although lorazepam is no more efficacious than phenobarbital or diazepam and phenytoin, it is easier to use.

N Engl J Med 1998;339(12):792Y798



unn 8
nuonuRIURUGEMsITAdenazsnvino:zdndeolliol
naunon 9 ms3iadenazsSnvnmozdndeilied

1. Aua airway, breathing, circulation (ABC)

o

2. @enlienngu benzodiazepine 1 sl ndadanisil
diazepam, midazolam snawunzen (m1314¥ 18) ;

-h-

nusnIRIUHUGIsAaun B - s |

4. W thiamine 100 mg IV Tuiitgnidesniioymlnmnn whUPST

g.-l h§U l ' w n 6 5. ot 50% glucose 50 mi IV lugilwg) via Th 25% slucose

2 mivkg v Tudtn Tutifhihaadwidosaslils

Clinical Practice Guidelines for Epilepsy 4

= 1. ABC uasmenenumula MAP >70 mmHg Tuglwey Tudin
T manaumy

2. @pnlweuimenngy antiepileptic 1 elinunRiEpnsal:
sue established phenytoin, phenobarbital, sodium wvalproate,
(10-30 uridau) levetiracetamn (Wlunsaiilsmiumiatin eyruemiing
wAay) AR (s 18) dddhivegadnfians
Inifiuenduiin 8n 1 wiin

. #3279 CT v3e MRl uat CSF WlaweAdnuaIsue1s

fndalivendnnielu 0 udi

1. laviewamalawazdnegdaagmenteingd (ICU)

& om

[ - L | [}

2. Finwwmdnninisingd uazangsuwmdvianniwmd
= ) . - . -

auds refractory 4. fisrrsaumin continuous EEG monitoring sraratisd @

(30-60 urHiABn)

5. (fanlvenngy anesthetic 1 slrsndndandai:
midazolamn, propofol, thiopental, ketamine fnarmu

1 (Arsah 18) ﬂﬁﬂ%’uaﬁu@ﬁ'ﬂﬁﬂmﬂﬁu‘lﬂ'ﬁ'ﬂum a

http://thaiepilepsysociety.com



J 1) — ] J "
asuh 18 wuﬁ‘nﬁiiun‘rssnmm:r:mmsﬁ‘nmlua.il.us:ﬂmu1

szez early (5-10 wuinsn)

vilnen wiin
flae

diazepam®  Ifin

midazolam Win

dve)

Tu e loading

wazdn T TvRIn il

0.3 merke IV v
0.2-0.5 mg/kg rectal
fdnsEl < 2 me/min
T denaiudn 10 uidnn
el adn

0.15 me/keg IV
fudnsuda < 2-5 me/min
e dasumidndn 10 wildan
mdslaivgmdn

5 mg IM (i, 13490 kg)

10 mg IM (1> 40 kg)
W38 0.2 me/ke intranasal
W38 0.5 me/ke buccal
Iedenadindn 10 wildnu
el dn
0.2 maskg IM
Thdwsmna@uEn 10 wridaan
tnétliveyadn

IRET

gegnlu

] £
WARIAT

10 me

10 mg

TUIRET
rmaintenance
MA

NA

TUNUTTY
Az IHELE

10 me/2 mlivial
wauden

5 meg/1 mlAvial
Lifauiess

- stinassiuaImiinda
ARnTEIELe wasAI LAY
Tawinsy

- hnaseduerwddnda
anTenEle wazAadY

Tading

W *n1504 diazepam manaentinludn 1A diazepam wiindadndulatld insulin syringe Wu plastic wisdsatemunimasminaandiny sea

2 i Fesenfusasvilugnrsdamsanm 2 il deliuillinaean

http://thaiepilepsysociety.com



ersuA 18 (do) mﬁuﬁ‘nﬁumss‘nm-n:mn‘rsﬂﬁmdmhﬁm:du1
szo: established (10-30 wnfigeun)

viiaw viin YuIRE oading ALY TUIRE TUIRUTTY NUIBMH
o uazdnTuirvamsld gegply | maintenance | uasiBninsuen
usiazase

phenytoin th 20 ma/ke N 1,500 mg 58 me/kg/day 250 me/5 mlivial - seYsmrwiudendh Wl
dnuda < 1 meske/min ol wuslimn B 9. mawlu 0.9%NSS winfy  WuBadne waenme
in 10 me/kg ddslamgadnuds WAWANAITHIMMLA  metabolic acidosis
07 30 U mulu zeulimdd - dAbidimaehbiveesdan
g 20-30 mgrkg IV 300-500 T:f;:ﬁﬁ;l:p wne iy
dns1% < 50 me/min mg/day
uulin 8 2.
phencbarbital 1N 20 melke N 1,000 mg 46 me/keday 200 me/1 mlfvial - seinmnanTanelouae
fms87 < 2 me/ke/min wudlign  waily sterle water  seduAIwEAndS
118N 10 meske il adn 12 . 10 ml fauthwsauiu
wisduen 30 vl 0.9%NSS wia
dn) 20-30 mg/kg IV 180-240 mg/ :%"i;ﬁe
am5187 50-75 meg/min kg/day wiklW
nn 12 1.
sodium th 20-40 megfkg IV MA 1-5 mefke/h 400 me/d4 mlfvial - 5¢7amae hepatotosdc,
valproate dnsud < 1-3 meskesmin uavlu 0.99%NSS w38 pancreatitis, thrombo-
: 5-109%0/W niauudn  cytopenia, hyparammanenia,
W 20-30 ke IV 1-2 h
qiwal my/ks M ithulu 20w - luwody winay < 29

dnsud < 100 me/min
http://thaiepilepsysociety.com



s 18 (do)  enfudinililumssninpsomsndoieslussozchu

szoz established (10-30 uinfideown)

VUIRE
maintenance

VUIMUTTY
war B seEuL

LTRET T

levetiracetam  \fin 30-40 mefkg IV
Tilunan > 15 ui
dlwe 30-40 me/kg IV

Tlunat > 15 uw

s=z refractory (30-60 wnficewn)

viln | vume loading wazdnsnia

Y45 IN

4,000 me

10-30 me/
kg/12h

YU IRE
maintenance

500 me/s mlivial
wadly 0.9%NSS vie
Ringer lactate 3o
B0 DAV MABIALLA?
A3 il vum Tu 24 4,

VUMUTTY
war B seEuL

LT

midazolam  ifin 0.2 mg'ke IV
fudnsdl < 4 me/min
dlwe 0.1-0.3 mgrke IV
fudns 37 < 4 me/min
propofol N 1-2 mg/kg
frudns Sl < 0.05 mefke/min
glwgy 2 megfkg IV

fudng il < 0.05 meke/min

2mg'ke

A

00.2:04
mafke/h

005 - 0.4 mg/
kg/h

2-3 melkesh

5-10 me/ke'h
wAaRaNdy
1-3 me/kg/h
ol

Wlavgadn

5 mg/l rril/vial sasily
0.9%MSS ¥ia 5%0W
wHsAuLA AN

- slinasedumaddnd nams
wwla wavaudulading
- Winaundsmyadmdodindy

yum Ty 24 vy, dway  Iwdhavasuuy burst suppression

Ringer lactate A7514
Tivunlu 4w,

200 mg20 mlfvial
siaulavidly 0.99%NSS
WiB 5%0/MW A5t
wolumetric infusion
purmp Tunsiven uae
NRHANLAIAITH
vty 6 1.

- sphnmseAuAIBIEan
nanwsvanle audulatmity way
nmE propofol infusion syndrome
(bradycardia, rhabd ormvolysis,
hyperlipidemia, metabalic
acidosis) Tananwizlu@nian

- Wensungadnvideiinduliihaues
Wuu burst suppression

http://thaiepilepsysociety.com



ens WA 18 (do) endudnilumsSnvnoimsndeiteslusozdw -
sze: refractory (30-60 wnhcewn) (ao)

vuwme loading wasdnIuia VUIRE TUIMUTTY
maintenance uaE BN TN ELET

thiopental th 5 madke IV NA 35 melkesh 1 g/vial (HauW) - s hnsnanaeie e
Tiluman > 20 Ju waulividly 0.9%NSS wia  mwddadingn
100-250 mg N 35 me/ke/h 59:DAW B sterile water -1.ﬁ£l'1i1lﬂ':i"ﬂqu'ﬁn1ﬁﬂ
TWluna > 20 34t Tslaadindu 2.5% finehilwienasuuy burst
AL 50 mg NN 2-3 U solution suppression
uvyAdn
ketarnine* th 05-2 me/kg IV NA 004 mgkg/min 500 me/10 mlAvial wan - selwraudladings ilauiu
Tividlu 0.99%N5S wia Safindnay waznmy increased

5% DA W38 sterile water intracranial pressure
ity uﬁ_ru 2
rmg/ml MusEun iy

qne) -2 mgfg IV 06-5mekeh  \orboiturate Wit diazepam
aafinnTEnEnay
topiramate #in 1-5 mefke/d MA 20-25 me/ke/d T 25, 50, 100 mg - 32 74N TI¢ metabolic addosis
, tablet uaw hypermmonemia gl
Ao 100 rrg W 12 94, 400-800 me/d 42y sodium valproate
uwitlinn 12 v,

VUL NA: not available, * Aol ketamine L‘.ITI'EI;J':'IJ’JHEJ'JH q'ﬂ'ﬂar;jn’lwﬁq ﬂ’rﬂﬁuﬂuﬂﬁu anesthetic agents (midazolam, thiopental, propofol)
Tusn 24 .
http://thaiepilepsysociety.com



msAsTTIlldnuaTALAMInFaiios
luszez early status epilepticus (1]

- ATeEAMnhealeein complete blood count (CBC), electrolyte, maenesium, phosphate,
renal and liver function tests, arterial blood eas, ionized calcium, antiepileptic drug levels (fnihlsz 3@
Toenfudinanno)

- Tunsdladomeindslnhmmnstenndemiawsiug tadonrirdslumulam
Tionanbludunds

- AIIIwEn I IMEER Winlldas (toxcity saeen)

luszez established status epilepticus (2]
A . o m Iy A -4
- disgthemgasnfiansumidnesd CT wis MR tiawsealmluaue

H " - - w O .
- ﬁ"iF.lTI'|-|'1111a‘u\'Tf'hﬂ.'|.|11E|'l"|ﬂﬂﬁﬂ”ﬂj‘iﬂﬂkﬂu'ﬂﬂﬂﬂ”ﬂﬂmﬂﬂﬁﬁﬂL'H'El“m autoimmune

luszez refractory continuous status epilepticus &
= a - N wr w K
Warseuni1 EEG monitoring TusnhieRamsluil
e ad w O | Ly L | wr P L ' -
1. fadlnrined diswnsslsesulbibaueniiudnldunlaeingy anesthetic agents
2. wyrinlRuauaghedalisd@ndmelu 24§l Ehe convulsive SE wimgainaunsomwy

A711E non-convulsive SE Win subclinical SE laTapas 20)

AsUTUTUIRLINEY anesthetic agents 4]

mﬁﬂ"i‘u'uuﬁﬂmnfjm{ilzgmuﬂ’mﬂﬁuuuﬂﬂwmﬂﬁuiﬂﬂ'ﬁmaauu continuous EEG maonitoring
Tnendiwamemdnluntslienguil fa 1) wen seizure activity Sty 2) Fauliibaedidnsuziu burst
suppression (Usznauluan burst Hafldnmn high amplitude polymorphic activity wag interburst il
dmseuziiiu suppression) murilifszeznm interburst interval aglusaa 5-15 Sunirmilsadhussozien
24 §lua

qunr_l"iﬂﬁ:m anesthetic agents

- ABUATIMERETINGY anesthetic agents N:ﬂ':uaﬂ':uﬂﬁ"s'uawﬁu%’ﬂﬁwﬁﬂuﬂmm-ﬂmﬁmmxi‘lum
sruzwila PrnasEessrdasiusuasSrssfuslionnsa

- Gussendleliflmdhedinion 2448 Fluwaseiulihaedusnadindnamiueoy
burst suppression Wia no seizure activity filA 8EATTATI9 EEG monitoring TI0608

- fineq Wunmenasitesioss sumereiamely 24-98 ki Teenkszdhumnmuazeindiic
dusniluizoz

http://thaiepilepsysociety.com









Fp2-F8

F8-T4

T4-T6

T6-02

Fp1-F7

F7-T3

T3-T5

T5-01

A2-T4 i
T4-C4

C4-Cz '

Cz-C3 '

C3-T3 N | )“
T3-A1

Fp2-F4

F4-C4

C4-P4
P4-02 ‘
F3-C3 ’ |

C3-P3

P3-01 \

ECG MWWWWM“ " T - TN F— .WWAW' ol




P
F7-T7
T7-P7
P7-01
FpZ-Fg8
F8-T8
T8-P8
P8-02
Fpl-F3
F3-C3
C3-P3
P3-01
Fpz-F4
F4-C4
C4-P4
P4-02
Fz-Cz
Cz—-Pz

EKG1-EKG?2
50 wuv L~

H H H H H H H H H H H H H H H H H

I

L

2
4
3
]
!
3 4
3
S
~

S B S

e

L




Evidence-Based Guideline: Treatment of Convulsive
Status Epilepticus in Children and Adults: Report of the
Guideline Commuttee of the American Epilepsy Society

Epilepsy Currents, Vol. 16, No. 1 (January/February) 2016 pp. 48-61



Time Line Interventions for emergency department, in-patient setting, or grehosgital setting with trained garamedbcs

1. Stabilize patient (airway, breathing, circulation, disability - neurologic exam)
2.  Time seizure from its onset, monitor vital signs
0-5 min 3.  Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance needed
Stabilization 4, Initiate ECG monitoring
phase 5. Collect finger stick blood glucose. If glucose < 60 mg/dl then
Adults: 100 mg thiamine IV then 50 ml DS0W IV
Children 2 2 years: 2 mi/kg D25W IV Children < 2 years: 4 mi/kg D12.5W
6.  Attempt [V access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant drug levels
Yes lm No
3 If patient at baseline,
Choose one of the following 3 equivalent first line options with dosing and frequency: then symptomatic
5-20 min Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose, Level A) OR medical care
Initial therapy Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose once, Level A) OR
phase Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose once, Level A)
If none of the 3 options above are available, choose one of the following:
Intravenous phenobarbital (15 mg/kg/dose, single dose, Level A) OR
Rectal diazepam (0.2-0.5 mg/kg, max: 20 mg/dose, single dose, Level B) OR
Intranasal midazolam (Level B), buccal midazolam (Level B)
Yes Does seizure No
continue?
There is no evid based py of choice (Level U): If patient at baseline,
Choose gng of the following second line options and give 3s 3 single dose then symptomatic
20-40 min Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose , Level U) OR medical care
Second therapy Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose, Level B) OR
phase Intravenous levetiracetam (60 mg/kg, max: 4500 mg/dose, single dose , Leve! U)
If none of the options above are available, choose one of the following (if not given already)
Intravenous phenobarbital (15 mg/kg, max dose, Level B)
Yes Joes seizure No
continue? 1
40-60 min There is no clear evidence to guide therapy in this phase (Level U): If patient at baseline,
Third therapy Choices include: repeat second line therapy or anesthetic doses of either thiopental, midazolam, then symptomatic
phase pentobarbital, or propofol (all with continuous EEG monitoring). medical care

FIGURE 1. Proposed treatment algorithm for status epilepticus.
Disclaimer: This clinical algorithm/guideline is designed to assist clinicians by providing an analytical framework for evaluating and treating patients with status epilepticus. It is
not intended to establish a community standard of care, replace a clinician’s medical judgment, or establish a protocol for all patients. The clinical conditions contemplated by this
algorithm/guideline will not fit or work with all patients. Approaches not covered in this algorithm/guideline may be appropriate.
Epilepsy Currents, Vol. 16, No. 1 (January/February) 2016 pp. 48—61



Phenytoin in GCSE

* Efficacy

* Administration
* Adverse effects
* Allergy

* Enzyme inducing properties

NeurocritCare 2013;18:193-200.



Evidenced-base practice

* There are currently no strong data supporting the use of one urgent-
control anti-seizure medications over another.



The Established Status Epilepticus Treatment Trial (ESETT)

» The Established Status Epilepticus Treatment Trial, a randomized controlled,
prospective, blinded, international multicenter trial, 1s currently enrolling patients
with the goal of comparing 20 mg/kg fosphenytoin vs. 40 mg/kg valproic acid vs.
60 mg/kg levetiracetam as urgent-control therapy for benzodiazepine-refractory
convulsive status epilepticus with the primary outcome of clinical cessation of

seizures by 60 min after infusion of the study drug.

Epilepsia 2013;54:89-92.



Lacosamide (LCS)

* LCS has a novel mechanism by selectively enhancing slow

inactivation of voltage dependent sodium channels.

* LCS may be considered as an adjunctive or second-line medication

for refractory status epilepticus.

Epilepsia. 2017 Jun;58(6):933-950.

Neurocrit Care. 2017 Apr;26(2):273-279.




Perampanel (PER)

* PER has a novel mechanism of action. It 1s a first in class orally active, selective, non-
competitive alpha-amino-3-hydroxy-5-methyl-4-1soxazolepropionic acid (AMPA) receptor
agonist.

* Perampanel in patients with refractory and super-refractory status epilepticus in a
neurological intensive care unit

- median initial dose was 4 mg (range: 2—12), titrated up to a median of 12 mg (range
4—12) in increments of 2 to 4 mg per day.

- PER could only ameliorate ongoing seizures in a few patients with refractory and
super-refractory SE.

Epilepsy Behav. 2015 Aug;49:354-8.




* A 63 yo male with PMH of HTN, DLP, and left basal gg hemorrhage s/p
craniectomy with clot removal and EVD was referred from OSH with chief
complaint of prolonged GTCs. The patient developed 4 episodes of 5-minute
GTCs every 10-15 minutes and did not gain his consciousness back to the baseline
normal state. The patient was found to have hypoNa of 128 and GCSE. He was
immediately treated with intravenous diazepam, VPA 2400mg/day, LEV 3000/day,

and midazolam 5 mg/hour. The patient continued to have GCSE and was referred
from OSH.

e Seizures were not under control with the intravenous administration of VPA
3000/day, LEV 3000/day, midazolam 18 mg/hour.



* 1. uncontrolled SRSE
- VPA 3000/day, LEV 3000/day, midazolam 15 mg/hour
- failed ?7?
- drug interactions: VPA
- adverse effects: midazolam (Bp dropped if midazolam > 15mg/hr)
lacosamide 200/day (slow HR and hypotension)
* 2. sepsis
- meropenem

* 3. adrenal insufficiency

e 4. elevated amnonia of 135



* Topamax 200 mg/day

* Fycompa 12 mg/day




Conclusions

* Generalized convulsive status epilepticus (GCSE) 1s a neurologic
emergency with high morbidity and mortality.

* Rapid treatment and 1dentification of etiology of GCSE 1is essential to
improve the clinical outcomes.

* GCSE 1s a dynamic process. Continuous EEG 1s required for guiding
management in cases of refractory status epilepticus and super-
refractory status epilepticus.






Non-convulsive status epilepticus (NCSE)

 Patients with NCSE may have no clinical signs or develop only subtle jerks of the
face, eyes, and extremities.

* NCSE is diagnosed only by electroencephalography(EEG).



Axis 1: Classification of status epilepticus (SE)

(B) Without prominent motor symptoms (i.e., non- convulsive 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

Epilepsia, 56(10):1515-1523, 2015



Salzburg EEG consensus criteria for non-convulsive status epilepticus
(SCNCO)

Patients without known epileptic encephalopathy

e EDs>2.5Hz, or

* EDs <2.5 Hz or rhythmic delta/theta activity (> 0.5Hz) AND one of the following:
- EEG and clinical improvement after [V AED*, or
- Subtle clinical ictal phenomena, or
- Typical spatiotemporal evolution™**

Patients with known epileptic encephalopathy
* Increase in prominence or frequency when compared to baseline with observable change in clinical state
* Improvement of clinical and EEG* features with IV AEDs

* If EEG improvement without clinical improvement, or if fluctuation without definite evolution, this should be
considered possible NCSE.

** Increment onset(increase in voltage and change in frequency), or evolution in pattern(change in frequency >
1Hz or change in location), or decrementing termination(voltage and frequency).

EDs: epileptiform discharges(spikes, polyspikes, sharp-waves, sharp-and-wave complexes)
IV AED: intravenous antiepileptic drugs

Epilepsy Behav: E&B 2015;49(August)158-63  Lancet Neurol 2016;15(September (10)) 1054—62
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* A 17-yo male with past medical history of mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke (MELAS) syndrome
presents to the emergency department with status epilepticus for 30
minutes.
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The modified Salzburg Consensus Criteria for Mon-Coma lsive Statu s Epile pticus [ mSCNC), which is suggested for all patien tswith qualita ive or quantitative disturbance of consciousness
and suspicion of NCSE. The diagnosis of NCSE is the result of combining EEG and clinical d ata. Clinical symiptoms ‘Sgns raising suspicion of NCSE have to last at least 10 min [14.15].

EEG data:

EEG changes fulfilling the criteria have to be continuoushy present for 210 5. Criteria not applicable to physiclegical maphoele ments
A: Patients without known epileptic encephalopathy [at lkeast OME of the criteria 1-3 should be fulfilled for diagnods of NCSE)
1.EDs = 25Hz (ie, =25 EDs in *worst™ 10-second epoch )
2 Typical ictal spatiotemporal evohition® of
—[2a) EDs OR
~[2b) Rhythmic activigy®® (=05 Hz)
3. Subtle ictal cdlinical phenomena®™ with:
—[3a) EDs OR
—[3b) Rhythmic activigy®® (=05 Hz)
4. If criteria 1-3 are not fulfilled, but one of the following patterns is present, apply appropriate AFD (5] after careful consideration ofclinical sisation and document response ™"
—[4a) EDs £ 2.5 Hz with fluctuation™="= OR
—[4b) Rhythmic activity™® (=05 Hz) with fluctuation®==* OR
=[4c) Rhythmic activigy®® [=0.5 Hz) wit hout fluctuation™*=
B: Patients with known epileptic encephalopathy
In addition to the criteria abowve [A), these patients have to fulfill cne of the following
—Increase in prominence or frequency when compared to haseline with ohservable change in clinical state
—Imiproverment of clinical and EEG features with 1V AEDs [see Ad)

Clinical data:

Add clinical information for establishing the diagnosis of NCSE:
~Transition from premorbid to current ill state within minutes to hours
—Patient did not improve significantly in last minutes to hours, apart from waxing and waning.
—Mo information from brain imaging sufficiently explaining EEC pattern (eg. brain stem hemorrhage)
—Mo metabolic/tosxdcological dermngement sufficiently explaining EEG pattern (eg., acute renal or liver failure)

Explaining remarks and specifications:

“Incrementing onset [increase involtage and change in frequency), or evolution in pattern [change in frequency =1 Hz and change in location), or decremen ting termination
[voltage and frequency ], AND ACNS criterion for *evahing™ [ACNS-evadving) *ar least 2 unequivocal, sequential changes in frequency, morphology or locoton defined as follows:
Evolu tion in frequency is defined as at least 2 @mnsecutve changes in the some direction byar least 055, e g from 2 1o 2.5 o 3/s, orfrom 3 to 2 to 1.5/5; Brolutdon in morphology i
defined a5 at least 2 conse autive changes to a novel morphology; Bvoluton in location is defined as sequentally spreading into or sequentally owt ofar least two different standand
10-20 electrode locations. In order to qualify a5 present, a single frequency or location must persist at least 3 cpcles (eg. 1/5 for 3 seconds, or 35 for 1 second )™ [B].

“ACNS criterion for rhythmic delta activity (ACNS-RDA) *Rhythmic = repetiion of o waveform with relatively wniform morphology and duraton, and withowr an interval benween
conse cubive waveforms. RDA = rhythmic activity < 4 Hz. The dunation of one cycle [ Le., the period ) of the rhythmic pottern showld vary by - 50% from the duration of the subsequent
cycle for the majority (=50%) of gycle poirs to qualify as thythmic® [B].

= *Minor twitc hing of mouth, periorbital region, or extremities should appear in dlose temporal relation to EEG pattern (be cautious conceming nonepileptic involuntary
movements as mimics, eg., Parkinsonian tremor, drug-induced myoclonus [eg, opioids), serotonin syndrome,... ).

= *"Reactivity to IV AEDs within 10 min after AED fully applied.

Clinical presentation tested ; improvement is defined as better performance in one of five domains: (i) *soy your sumame®, (i) “repeat 1,237, (i) “raise your arms™(first tell, if

no response demonstrate ), (iv) patent opens eyes to i-iii, and (v) patient looks at the examiner in response to i-iiil If no response, repeat procedure after strong tactile
stimuli on both sides of the body.

EEG tested: improvement is defined as reduction to *ocasional®, i, 1-9% of epoch.
Document response; —Mo FEG improvement and no clinical improvemsnt
—Only EEG improvement but no clinical improvement
—Only clinical improvement but no EEG improvement
—EEG AND clinical imp mvements
For clinical practice: all four constellations qualify for NCSE.
For research projects: patient qualifies for NCSE if EEG and for clinical improvement is documented, provided the clinical context is also in concord ance with that
=***ACNS criterion for fluctuation [ACHS-fluctuation) *=3 changes, not mare than ane minwte gpart, in frequency (by ar least 0.555), =3 changes in morphology, or > 3 changes in
location (by at least 1 standard interelecimode distance), but not qualifying as evolving This inchudes patterns flucnuating from T to 1.5 00 1 fo 1.5/5 spreading in and our of a single
elecirade repeate dy; or alternating between 2 morphologies repastedly™ |8
EDs: epileptiform discharges [ spikes, polyspiles, sharp waves, shamp-and-show-wawe complexes] W AED: intravenous antiepileptic drug

Epilepsy & Behavior 49 (2015) 158163



Differences between Salzburg Consensus Criteria for Non-Comvulsive Status Epilepticus [SCNC) and mod ified SCHC [mSCNC L

SCNC mSCNC Impact of modification
Duration of pattern to qualify for NCSE 10 s 10 5, exception; discontinuwous absence SE Discontinuous absence SE needs further studies
Counting epileptiform discharges (ED]  Not specified All EDs im Swarst™ 10-second epach Clear instructions
Evohu tion Warious options Lame options as SCNC, but ACMS criterion for  Cear instructions
evolving

Rhythmical delta ‘theta activity (RDT]  *Rhythmical® delta and theta ACNS criterion for rhythmical delta activity Clear instructions, significantly fewer false

positives compared to *continuows® activity

Fluctuation of ED or RDT Mot specified ACNS criterion for Fhuctuation Clear instructions
Patterns to apply IV AED ED£25/% ED = 25/ s with fluctuation LPDs amd GPDs without fluctua tions or subtle
ar o ictal climical signs are no longer *“tested™ with
rhythrmic delta ‘theta activity = 05% rhythmic delta‘theta activity = 0.5/s with AEDs; this avoids overtreatment.
fluct vation,
ar
rhythmic delta‘theta activity = 0.5/s without
fluctvation;
How and when to test clinical Mot specified Within 10 min after AED fully applied, Clear instructions

improvemnent from W AED improvement is defined as better performance

in one of five d omains:

[} sy your sumame”,

(i) "repeat 1,237,

[iii] *raise your arms®,

[iv] opens eyes,

(v] looks at examiner.

Within 10 min after AED fully applied, Clear instructions

irmp rovement is defined as redoction of cul prit

graphoelements to “occasonal®, Le., 1-9% of

epoch

Improvement from W AED relevant YES: depending on imp rovement MNO: W AED is applied incriteriond [Table 4],  Patients with treat ment-refractony NCSE no

for diagnoss of MCSE diagnosis of “NCSE™ or *possible bt response monresponse has no impact on knger missed for diagnosis of MCSE allowing

MCSE™ or mo diagnosiz adequate treatment and scientific imiest g tion
MCSE (if no other criterion fulfilled)

How and when to test EEG Mot specified
improvement from W AED

Epilepsy & Behavior 49 (2015) 158-163



Management of NCSE

* The aggressiveness of anti-seizure medication treatment should be
individualized on each patient with NCSE. The following variables
should be considered:;

- degree of impairment of consciousness

- etiology






Epilepsia partialis continua (EPC)
e Prevalence 1: 1,000,000

* 5-10 patients per year at Faculty of Medicine, Prince of Songkla
University

* Segmental myoclonic seizures

* The most frequent distribution of EPC involved the face and arms
(42.7%)

Epilepsy Res. 2012 Jun;100(1-2):179-87.

Paiboonpol S.J Med Assoc Thai. 2005 Jun;88(6):759-62



Epilepsia partialis continua (EPC)
* Treatment
- 1dentify and treat causal or precipitating factors

- anti-seizure medications

- first-generation: carbamazepine, valproate,
clonazepam

- second-generation: topiramate, levetiracetam



Conclusions

* Acute repetitive seizures and status epilepticus (SE) require not only
urgent symptomatic treatment with antiepileptic drugs but also rapid
1dentification and treatment of its cause.



The end



