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Study on motor phenomena in critically ill patients show that 
only around 25% abnormal movements or subtle motor 
phenomena in critically ill patients are epileptic seizures.

In ICU, seizure is often over-recognized and under-recognized

570 patients with altered mental status (89% in ICU)
• 19% (n=110) experienced seizures
• 92% of seizures were nonconvulsive seizure





Acute Symptomatic Seizure (ASS)

• ASS occur in close temporal 
relationship with new-onset 
metabolic disturbances or 
structural brain damage.

• 10-year relapse risk for 
subsequent unprovoked seizures 
after an ASS is around 19%.

• Current guidelines discourage 
long-term treatment with ASM 
after ASS because of relatively 
low seizure-relapse risk.



Status epilepticus (SE)

• SE is a condition resulting either from the 
failure of the mechanisms responsible for 
seizure termination or from the initiation of 
mechanisms 

• (ILAE, 1970) “Seizure that persists for a 
sufficient length of time or is repeated 
frequently enough to produce a fixed and 
enduring condition.”

• (ILAE, 1981) “A seizure that persists for a 
sufficient length of time or is repeated 
frequently enough that recovery between 
attacks does not occur.”

Duration of seizure for defining SE

30 min

10 min

5 min

Definition





Cause abnormally, prolonged 
seizures after time point t1

Result in long-term consequences after time point t2:
neuronal death, neuronal injury, and alteration of neuronal 
networks (depending on the type and duration of Seizures)





NCSE gradually emerges between t1 and t2

簡報者
簡報註解
至少已經是很難自己停下來的情況所以需要更積極地處理



Refractory status epilepticus (RSE)

SE that does not respond to initial pharmacological therapy (one benzodiazepine and 
one non-benzodiazepine anticonvulsant medication) for more than 30 minutes.

Super-refractory status epilepticus (SRSE)

SE continues or recurs despite an adequate continuous infusion of intravenous 
anesthetic agents for more than 24 hours.
High mortality: 30% - 50%.





Kinney MO, et al. Pract Neurol 2018;18:291–305.

NCSE with coma NCSE without coma
(NCSE propers)

Subtle status epilepticus



Clinical Suspicion of NCSE
1. Transition from premorbid to current ill state within minutes to hours
2. Patient did not improve significantly in last minutes to hours, apart from waxing and waning
3. No information from brain imaging sufficiently explaining EEG-pattern (e.g. brainstem 

hemorrhage)
4. No metabolic/toxigologic derangement sufficiently explaining EEG-pattern



(from Leitinger et al., Lancet Neurol 2016;15:1054–62)

Diagnosed by EEG

Modified Salzburg Consensus Criteria for NCSE



Continuous EEG (cEEG)

In critically ill patients, cEEG monitoring is 
recommended in several scenarios:
• Unexplained decreased consciousness, 

especially after status epilepticus
• Evaluation of paroxysmal motor phenomena
• Autonomic signs, such as sudden-onset 

tachycardia
• Abrupt increases in intracranial pressure



Treatment of CSE/NCSE





Thiamin substitution is indicated in 
alcoholism and/or malnutrition
generally, especially in critically ill 
patients.



IV or IM

IV

IV

0.1–0.2mg/kg, maximum 10mg/dose

• Rapid treatment appears to be more critical than the choice of BZD.
• Underdosing results in a lower probability of terminating epileptic activity.
• If necessary, BZD administration may be repeated once (5-10 minutes later).



Italian 9-year cohort: 630 patients > 14-year-old
BZD or non-BZD ASM as first line for SE treatment

Front Neurol. 2025 Nov 12:16:1681483.
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Blood flow limited

Permeability limited

Human cerebral blood flow 
~0.5 mL/min/mg brain tissue

Plasma level of LEV Plasma level of BRV Brain (CSF) level of LEV

Nicolas JM, et al. Epilepsia. 2016;57:201-9.



In NCSE dominant subgroup:
• 30-day mortality was 30.7% (43/140), with no difference between BDZ-treated patients (30%; 21/70) and those 

who received non-BDZ (31.4%; 22/70) (p = 1.000).
• No difference in secondary outcomes, except for a shorter time to SE cessation among BDZ-treated patients.

Front Neurol. 2025 Nov 12:16:1681483.



BZD Used in Treatment of SE

Diazepam Lorazepam Midazolam Clonazepam

Advantage Rapid onset (IV)
Rectal formulation available
Long standing clinical 
experience in adults and 
children
Widespread availability

Rapid onset (IV)
Long lasting effect (>24h) 
after a single injection
Less lipid redistribution
Proven efficacy in randomized 
controlled trials in GCSE

Rapid onset with all 
routes
Water solubility (IB, 
IN, IM)

Rapid onset (IV)
Long lasting 
effect (>24h) 
after a single 
injection

Disadvantage Short action duration due to 
rapid redistribution
Accumulation with the risk of 
prolonged sedation and 
respiratory depression

Rapid development of 
tolerance

Short duration of 
action with risk of 
seizure relapse

Lack of RCTs



台灣無此藥
相較phenytoin:不需使用糖水泡製, 可較快滴注

簡報者
簡報註解
教科書是2011年
VPA: 禁用< 2y/o , pregnancy, liver disease
LEV:(目前在美國核准最小使用年齡為一月大，在台灣則是核准在4歲以上使用)



ESETT trial (2019)
• 384 children and adults with BZD-refractory CSE
• Primary outcome: absence of clinically evident seizures and 

consciousness improvement by 60 minutes after the start of drug 
infusion, without additional anticonvulsant medication.

47%45% 46%



2023 台灣癲癇診療指引建議

• 台灣癲癇醫學會。台灣癲癇診療指引第六版。2023 年 4 月出版。
• Please note: Levetiracetam, Lacosamide, and Brivaracetam are not licensed for status epilepticus. Please refer to local approved package insert before prescription. 

醫院內處理抽搐型時序癲癇發作狀態的藥物劑量參考

較後期（如 stage 2 或 stage 3 之處置應包含較前期（stage 1 或 stage 1 與 2）之處置。
粗體字型為一般較為建議或方便换算的劑型、劑量。

TEAE in this category

Stage 1: stage of early status
(0-10/30 min)

Lorazepam (initial 4 mg slow IV push, may 
repeat once)

Phenytoin (initial 15-20 mg/kg IV infusion at 
50 mg/min, additional Phenytoin 5-10 
mg/kg/day IV infusion at 50-75 mg/min

Midazolam (0.1-0.3 mg/kg at 4 mg/min IV 
bolus, followed by a continuous IV 
infusion of 0.05-0.4 mg/kg/hr)

Midazolam (initial 10 mg IM, may repeat 
once)

Valproic acid (initial 15-30 mg/kg IV 
infusion at 3-6 mg/kg/min, maintain dose 
20-30 mg/kg/day IV infusion)

Phenobarbital (10-20 mg/kg IV infusion at 
100 mg/min, maintain dose 1-3 mg/kg/day)

Diazepam (10 mg slow IV push, may repeat 
once)

Levetiracetam (initial 30-60 mg/kg IV 
infusion, maintain dose 2000-4000 mg/day 
IV infusion)

Propofol (1-2 mg/kg IV bolus, followed by 
a continuous IV infusion of 5-10 mg/kg/hr)

Lacosamide (200-400 mg IV rapid loading 
dose over 3-5 min, followed by a daily dose of 
200-400 mg)

Pentobarbital (10-20 mg/kg at 25 mg/min 
IV bolus, followed by a continuous IV 
infusion of 0.5-3 mg/kg/hr)

Brivaracetam (200 mg IV rapid loading dose 
over 3-5 min, followed by 100 mg Q12H IV 
infusion)

Thiopental (100-250 mg IV bolus over 20 s, 
followed by a continuous IV infusion of 3-
5 mg/kg/hr)

Stage 2: stage of established 
status (10/30-60/90 min)

Stage 3: stage of refractory status 
(> 60/90 min)

Severe renal or hepatic 
insufficiency：劑量各減25%

CKD只要沒洗腎都是單一劑量，HD病
人目前沒FDA approval尚不建議使用





Staged Treatment of SE

Refractory SE

E. Trinka, R. Kälviäinen / Seizure 44 (2017) 65–73 

Analgesics



Aggressive Treatment for SRSE

Journal of Epilepsy Research Vol. 10, No. 2, 2020

簡報者
簡報註解
Journal of Epilepsy Research Vol. 10, No. 2, 2020



Ketamine (S-Ketamine)

Ketamine is being increasingly used for the treatment of RSE
• A strong NMDA receptor antagonist
• Short half-life time: 1-2 hours

2 retrospective case series1,2 and 9 single case reports, reporting 
80 episodes of RSE treated with ketamine:
• Overall success rate was 56%
• Most often used bolus dose: ranging from 0.5 mg/kg to 2 

mg/kg, followed by infusion ranging from 0.6 mg/kg/h to 
maximal 10 mg/kg/h

• Duration 2h to 140 days

1: Synowiec et al, Epilepsy Res 2013
2: Gaspard et al, Epilepsia 2013



EEG before PP and IVIG

IVIg 
A 24 years-old man, diagnosed as NORSE, admitted 
into our ICU for persistent convulsive SE for days. 



One single seizure 















Completing IVIg treatment



• KD is a high-fat, low-carbohydrate, and adequate-protein diet that 
induces ketosis, exerting anticonvulsant effects.

• Classical KD: high fat-to-carbohydrate/protein ratios (4:1).

KD should be considered in adult ICU patients meeting 
following criteria:
• RSE lasting > 72 h, despite treatment with at least 3 

different ASM or diagnosis of SRSE.
• Persistent seizure activity, reflected clinically and/or by 

cEEG.
• Early initiation after ICU admission, preferably within 24 h 

in cases where SRSE is anticipated, to maximize potential 
benefits and minimize treatment delays.

Neurol Res Pract. 2025 Nov 12;7(1):87.



If any of the following conditions persist despite appropriate corrective measures for >48 h, 
KD must be discontinued to prevent severe metabolic complications:
• Severe metabolic acidosis (pH < 7.1 despite bicarbonate correction)
• Uncontrolled hypertriglyceridemia > 1000 mg/dL.
• Hepatic failure or severe hyperammonemia.
• Refractory hypoglycemia despite glucose administration.

Emergency Discontinuation Criteria of KD

Neurol Res Pract. 2025 Nov 12;7(1):87.

In patients under KD, propofol is relatively contraindicated:
• Propofol can impair mitochondrial fatty-acid β oxidation
• In combination with KD (high lipid load), the risk of mitochondrial energy 

failure (and consequent propofol infusion syndrome) may increase

➝ Shift propofol to midazolam pump for seizure control



• Blocking Recycling Pathway: Under normal conditions, acylpeptide
hydrolase (APEH) breaks down valproate-glucuronide (VPA-G) back 
into active valproate, extending its half-life.

• Rapid Elimination: Carbapenem strongly and irreversibly inhibits 
APEH. VPA-G cannot recycle back into active VPA and is quickly 
eliminated through urine and bile.



Mean VPA plasma concentrations before, during, 
and after meropenem treatment in all patients

Mean VPA plasma concentrations in patients 
receiving VPA up to 1000 mg/day

Mean VPA plasma concentrations in patients 
receiving VPA 1000-2000 mg/day

Mean VPA plasma concentrations in patients 
receiving VPA 2000-3000 mg/day

Mean VPA plasma concentrations in patients 
receiving VPA >3000 mg/day

Plasma VPA levels decrease within 24h; remain low at 7 days after stopping carbapenem; 
gradually increase after 8-14 days

J Clin Pharmacol. 2009 Nov;49(11):1363-9.

簡報者
簡報註解
>3000mg/day的患者沒有baseline concentrations，因為沒有患者會在未使用carbapenem的情況下，使用到這麼高劑量的VPA。



Take Home Messages

01
Seizure mimics and chameleons
Not every abnormal movement in the ICU is a seizure, and many ICU seizures are nonconvulsive.

02
Consider EEG when consciousness does not recover
Continuous EEG should be considered when consciousness does not recover as expected or when subtle seizure 
activity is suspected.

03
Treat status epilepticus early and adequately
Rapid administration of an adequate dose of benzodiazepine is more important than the choice of benzodiazepine, 
followed promptly by a second-line antiseizure medication when needed.

04
Escalate early in refractory status epilepticus
Treatment may require continuous anesthetic therapy, EEG-guided management, and selected additional 
therapies such as immunotherapy, ketamine or ketogenic diet.
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