
Assistant Professor. Apisit Boongird

Division of Neurology

Ramathibodi Hospital



Topics 

• Definitions and criteria in status epilepticus 

• Treatment in convulsive status epilepticus (CSE)

• Postanoxic status epilepticus



Veterans Affairs Status Epilepticus Cooperative Study 
(VA study)

• A comparison of four treatments for generalized convulsive status epilepticus. 

• Veterans Affairs Status Epilepticus Cooperative Study Group established the 

primacy of lorazepam over phenytoin alone as first-line treatment of early CSE in 

hospital. 

N Engl J Med. 1998 Sep 17;339(12):792-8. 
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Definition of Refractory Status Epilepticus (RSE) 2011 Lancet Neurol . 2011 Oct;10(10):922-30. 

A definition and classification of status epilepticus--

Report of the ILAE Task Force on Classification of 

Status Epilepticus 

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

Definition of Super-Refractory Status Epilepticus 

(SRSE)

2015

2016

Epilepsy Behav . 2015 Aug;49:131-4.

J Clin Med. 2016 May 19;5(5):54.

Salzburg EEG consensus criteria for non-convulsive 

status epilepticus 

2015 Epilepsy Behav: E&B 

2015;49(August)158–63

Proposed consensus definitions for new-onset refractory 

status epilepticus (NORSE), febrile infection-related 

epilepsy syndrome (FIRES), and related conditions

2018 Epilepsia. 2018 Apr;59(4):739-744. 



ESETT trial in 2019 

Trial of Three Anticonvulsant Medications for Status Epilepticus 

MULTICENTER, RANDOMIZED, DOUBLE-BLIND TRIAL

384 children and adults 

with benzodiazepine-

refractory status 

epilepticus

Levetiracetam 60 mg/kg Fosphenytoin 20mg/kg Valproate 40 mg/kg

Disappearance of clinically 

evident seizures and 

improved responsiveness at 

60 minutes 

47% 45% 46%

In the context of benzodiazepine-refractory convulsive status epilepticus, the anticonvulsant drugs levetiracetam, 

fosphenytoin, and valproate each led to seizure cessation and improved alertness by 60 minutes in 

approximately half the patients, and the three drugs were associated with similar incidences of adverse events.

N Engl J Med 2019;381:2103-13.



A definition of status epilepticus

Type of SE

Operational dimension 1

Time (t1), when a seizure is likely to

be prolonged leading to continuous

seizure activity

Operational dimension 2

Time (t2), when a seizure may

cause long term consequences

(including neuronal injury, neuronal death, 

alteration of neuronal networks and 

functional deficits)

Tonic- clonic SE 5 min 30 min

Focal SE with impaired

consciousness

10 min > 60 min

Absence status epilepticus 10-15 mina unknown

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





SE with prominent motor symptoms

Axis 1: Classification of status epilepticus (SE)

(A) With prominent motor symptoms

A.1 Convulsive SE (CSE)

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 jerks)

A.2.a. With coma 

A.2.b. Without coma

Emergency department at Ramathibodi hospital 
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Most SE patients have no history of epilepsy.



Classification of Status Epilepticus 

AXIS 1

Semiology

AXIS 2

Etiology

AXIS 3

EEG

AXIS 4

Age

Generalized CSE 36 pts

Focal onset evolving to bilateral CSE 35 pts

Myoclonic SE with coma 12 pts

Worawit Sukpakkit
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Type of SE Time (t1) Time (t2)

Tonic- clonic SE 30 min

Focal SE with 

impaired

consciousness

> 60 min

A definition of status epilepticus



Type of SE Time (t1) Time (t2)

Tonic- clonic SE 30 min

Focal SE with 

impaired

consciousness

> 60 min

A definition of status epilepticus

Most SE patients had prolonged t2 and 

subsequently developed SRSE later on.



Type of SE Time (t1) Time (t2)

Tonic- clonic SE 30 min

Focal SE with 

impaired

consciousness

> 60 min

A definition of status epilepticus

Delayed SE treatment is observed. 

Mortality rate is 20%.



Underdosing of  ASM is observed.

Midazolam is the most commonly 
used.

Most common complications are 
systemic hypotension and infection.



StEp Audit

• Most people with SE have no history of epilepsy.

• Outcome depends on etiology.

• First-line treatment was delayed and not in line with current guidelines. 

• Treatment was delayed compared with current SE guidelines.

Epilepsy Behav. 2015 Aug;49:318-24.International Steering Committee of the StEp Audit



SENSE registry

• Factors predicting cessation of SE in clinical 
practice

- Time

- Adequate doses of benzodiazepines 

and anti-seizure medications

Epilepsia.2018 Oct;59 Suppl 2:150-154

The bolus dose is lower than recommended in most 

cases and, in a relevant number of patients, 

benzodiazepines were not used as first-line agents.



• Current SE guidelines recommend a 
rapid stepwise treatment using 
benzodiazepines in monotherapy as 
the first line treatment, targeting 
GABAA synaptic receptors.

https://www.aesnet.org



Are we following the guideline?

• Time to SE treatment ?

• Type and dosage of ASM ?



Cutting-edge treatment in status epilepticus

• Patient and Public 

- time is the brain

- seizure first aid

- increasing awareness and 

education about status   

epilepticus 

• Healthcare professions

- time is the brain

- importance of definition 

and classification of SE

- follow the SE guideline

- novel drugs and treatment 

strategies in status 

epilepticus?



Evidence-Based Guideline: Treatment of Convulsive Status
Epilepticus in Children and Adults

• A benzodiazepine (specifically IM midazolam, IV lorazepam, or IV diazepam) is 

recommended as the initial therapy of choice, given their demonstrated efficacy, 

safety, and tolerability (level A, four class I RCTs).

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



Treatment of Refractory Convulsive Status Epilepticus: A 
Comprehensive Review by the American Epilepsy Society 
Treatments Committee

• No class I or II randomized controlled trials have been performed on the treatment 

of CRSE.

• Mostly insufficient evidence exists on the efficacy of stopping clinical CRSE using 

brivaracetam(BRV), lacosamide(LCS), levetiracetam (LEV), valproate(VPA),  

ketamine, midazolam (MDZ), pentobarbital (PTB; and thiopental), and propofol 

(PRO) either as the last ASM or compared to others of these drugs. 

• Adrenocorticotropic hormone, IVIG, corticosteroids, magnesium sulfate, and 

pyridoxine have been used in special situations but have not been studied for CRSE. 

Epilepsy Currents 2020, Vol. 20(5) 245-264



Adults with super-refractory status epilepticus (SRSE)

Level of evidence Comment

Therapeutic hypothermia insufficient evidence

Vagus nerve stimulation insufficient evidence

Inhalational anesthetics insufficient evidence

Brain surgery insufficient evidence Focal resection of a well-

localized ictal zone in 

noneloquent cortex is 

recommended.

Perampanel insufficient evidence Possible role in the treatment of 

postanoxic seizure

Pregabalin insufficient evidence

Topiramate insufficient evidence
2020 American Epilepsy Society (AES) comprehensive review

Epilepsy Curr. 2021 Mar 10:1535759721999670.



Novel drugs and treatment strategies in status 
epilepticus



Type of SE Time (t1) Time (t2)

Tonic- clonic

SE

30 min

Focal SE with 

impaired

consciousness

> 60 min

A definition of status epilepticus (SE)

Worawit Sukpakkit



Type of SE Time (t1) Time (t2)

Tonic- clonic

SE

30 min

Focal SE with 

impaired

consciousness

> 60 min
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Novel drugs target the underlying pathophysiology of SE

- Brivaracetam 

- Cannabinoids

- Ketamine 

- Neurosteroid

- Topiramate 

- Perampanel

Wannisa Wongpipathpong, MD



Brivaracetam (BRV) Mechanism of action: SV2A modulation

BRV is more selective than LEV with a higher 

affinity to the target. 

BRV is more lipophilic than LEV, and has been 

shown an animal models to penetrate BBB 

more quickly than LEV. 

BRV is very attractive for use in emergency 

situations and critically ill SE patients (SE, 

RSE, SRSE).

Evidence in SE, RSE, SRSE: insufficient 

evidence

Epilepsia. 2019 Aug;60(8):1593-1601.

Epilepsy Behav. 2017 May;70(Pt A):177-181.

Wannisa Wongpipathpong, MD



Cannabinoids Mechanism of action: CB1R, CB2R

A potential treatment in New-Onset Refractory Status 

Epilepticus (NORSE)/ febrile infection–related epilepsy 

syndrome (FIRES) → anti-inflammatory and 

anti-seizure effects*

Evidence in SE, RSE: insufficient evidence

Evidence in SRSE: case report**

*Seizure. 2022 Jan;94:126-128.

**Seizure. 2016 Feb;35:56-8.

Wannisa Wongpipathpong, MD



Ketamine

Mechanism of action: N-methyl D-aspartate 

(NMDA) receptor antagonists

Ketamine is often selected after 5–6 ASMs 

have failed. 

Earlier vs late implementation of ketamine ? 

Evidence in SE, RSE: Ketamine appears to be 

effective on refractory SE (low level of 

evidence).

Evidence in SRSE: Class IV evidence. 

Ketamine treatment was associated with a 

decrease in seizure burden , decreased 

vasopressor requirements without increased 

intracranial pressure, n= 68 SRSE pts.* 

Adverse effects: elevation of blood pressure, 

increased intracranial pressure 

Wannisa Wongpipathpong, MD

*Neurology. 2020 Oct 20;95(16):e2286-e2294.



Neurosteroid

Neurosteroid→ Allopregnanolone (AP),   

Brexanolone (GNX)

Mechanism of action: target GABAA synaptic 

and GABAA extrasynaptic receptors

Neurosteroids could be a therapeutic option for 

SE since they target extrasynaptic GABAA

receptors > GABAA synaptic receptors. 

Neurosteroids are reduced in status epilepticus.

Decreased allopregnanolone levels in 

cerebrospinal fluid obtained during status 

epilepticus*

Evidence in SE, RSE, SRSE: insufficient 

evidence**Wannisa Wongpipathpong, MD

*Epilepsia. 2017 Feb;58(2):e16-e20.

**Epilepsia.2018;59(S2):216–219.



Topiramate (TPM)
Mechanism of action: 

Blockade of the ionotropic glutamatergic AMPA/kainate

receptors 

Blocks neuronal voltage-dependent sodium channels 

Enhancement of GABAergic activity

Inhibition of L-type calcium channels

Inhibition of carbonic anhydrase

The rate of SE cessation attributed to TPM treatment

(27.4%) represents a relevant response given the late 

treatment position of TPM and the treatment latency of 

more than 8 days.*

Evidence in SE, RSE, SRSE: insufficient evidence

Wannisa Wongpipathpong, MD

*Epilepsia. 2019 Dec;60(12):2448-2458.



Perampanel (PER) Perampanel (PER)

Mechanism of action: selective, non-

competitive alpha-amino-3-hydroxy-5-

methyl-4-isoxazolepropionic acid (AMPA) 

receptor agonist

Dosages of up to 32 mg/day have been

assessed with overall good tolerability

Efficacy and tolerability of high dosages at

intervals shorter than 24 h should be studied.

Evidence in SE, RSE, SRSE: insufficient 

evidence*

Wannisa Wongpipathpong, MD

*Epilepsy Behav. 2022 Mar;128:108583.



Treatment strategies in status epilepticus



Convulsive status epilepticus

Receptor trafficking hypothesis 

Changes at the synapse level during SE include a progressive decrease in synaptic GABAA receptors and increase in 

synaptic NMDA receptors. These changes tend to promote self-sustaining seizures, and pharmacoresistance.

Prolonged time (t1)



Convulsive status epilepticus

Receptor trafficking hypothesis 

Prolonged time (t1)

Treatment strategies in status epilepticus

Cardiovascular and metabolic support

Reduced time to SE treatment

Adequate AEDs dosage and administration

Early switch from benzodiazepines to other AEDs

A timely transition to non-benzodiazepine AED

Targeting extrasynaptic GABAA receptor: allopregnanolone

Early polytherapy(limited number of clinical studies)



Early polytherapy for benzodiazepine-refractory status epilepticus

• Limited number of clinical studies

• Currently, evidence is lacking to recommend specific combinations of AEDs.



Posthypoxic status epilepticus



Myoclonic SE with coma

Worawit Sukpakkit

Whether rhythmic and periodic EEG patterns should be treated 

with antiseizure medications, with the goal of improving

the neurologic outcome, is unclear.



(TELSTAR trial)

N Engl J Med 2022;386:724-34.



Conclusion

• Status epilepticus is a time-sensitive, life-threatening medical emergency. The 

sooner treatment is initiated, the better the chances of success, and the lower the 

risk for adverse consequences.

• Achieving seizure control within the first 1-2 hours after seizure onset is a 

significant determinant of outcome.
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