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Convulsive status epilepticus (SE) is a medical emergency associated with high morbidity and mortality. Recently, clinical trials and meta-analy-
ses investigating medical treatment of SE have been published. Benzodiazepine is well known as the first-line treatment for SE. Recent evi-
dence suggests the equivalence of intravenous fosphenytoin, valproate, and levetiracetam for treatment of established SE. There is lack of evi-
dence regarding treatment for refractory SE. Intravenous midazolam is commonly used, and recent evidence supports the use of ketamine. Ad-
ditional studies are needed to improve the management of convulsive SE. 
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Introduction 
Status epilepticus (SE) is a neurological emergency associated 

with time-dependent mortality and morbidity [1]. SE-related 

mortality in Korean adults was 10.2% within 30 days, and 

30.3% within 1 year [2]. The pooled mortality of 30 studies 

with adult patients with convulsive SE was 15.9% (95% confi-

dence interval [CI], 12.7–19.2). SE is a common symptom of 

critical neurological disease, and early recognition and 

prompt treatment are keys to its management [3]. The goal of 

treatment for SE is seizure control as promptly and safely as 

possible [4]. 

The treatment protocol for SE uses a staged approach de-

pending on treatment response [5-7]. Benzodiazepines 

(BZDs) are commonly used as the initial therapy for SE. Ap-

proximately 40% of convulsive SE does not show improve-

ment after BZDs [8,9] and is referred to as established SE. In-

travenous (IV) antiseizure medication (ASM), such as fosphe-

nytoin, valproate, or levetiracetam, then is used to manage es-

tablished SE. However, 31% to 47% of patients with estab-

lished SE are not controlled with ASMs [10,11], a state referred 

to as refractory SE. 

Several clinical trials have been conducted on SE; however, 

there is a lack of evidence regarding its management. Recent 

meta-analyses and clinical trials may help manage convulsive 

SE patients by supporting evidence-based decisions. This re-

view will focus on recent studies regarding convulsive SE 

management. 

Initial treatment: benzodiazepine 
Evidence supports the use of BZDs as the first-line treatment 

for convulsive SE [4]. Guidelines suggest the use of IV loraze-

pam (0.1 mg/kg, up to 4 mg), diazepam (0.15 mg/kg, up to 10 

mg), or intramuscular (IM) midazolam (0.2 mg/kg, up to 10 

mg) for initial management of SE [5,7,12]. Clonazepam, a BZD 

with rapid onset of action and long half-life, is available in IV 

form and can be an effective alternative first-line treatment 

for SE [13]. Add-on IV levetiracetam (2.5 g) to 1 mg IV clonaz-

epam for prehospital treatment of the SE showed no further 

improvement in seizure cessation [14]. Pharmacokinetically, 

lorazepam is less lipid soluble and can persist longer than di-

azepam [15]. However, a meta-analysis comparing the effica-

cy and safety of IV lorazepam (n =  320) and IV diazepam (n =  
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336) revealed no significant difference between the two [16]. 

A recent review of four randomized controlled trials (RCTs) 

with 1,234 adult patients showed that BZDs are safe and effec-

tive for initial treatment of SE, and no significant difference 

was found between IV lorazepam and IV diazepam. Seizure 

cessation was approximately 60% with IV lorazepam and 40% 

with IV diazepam, achieved 2 to 15 minutes after administra-

tion. The seizure cessation rate with both BZDs was higher 

than that of the placebo group, and seizure recurrence was 

observed in approximately 10% of the patients [17]. Respirato-

ry depression was seen in 6.4% with IM midazolam and 10.6% 

with IV lorazepam, which was lower than in the placebo 

group (15.5%). Mortality was 2% to 7.6% with BZD treatment, 

which was lower than that of the placebo group (6.2%–15.5%) 

[17]. 

Approximately 40% of patients with convulsive SE do not re-

spond to BZDs and require further treatment. A recent study 

suggested that BZD resistance is more common in low- or 

middle-income countries than in high-income countries and 

is associated with a longer SE duration [18]. Resistance can be 

genetic through a mutation in the gamma-2 subunit (R43Q) 

of the GABAA receptor [19] or acquired by changes in GABAA 

receptor physiology due to network hyperexcitability [18]. A 

prospective observational study of SE over 4.5 years showed 

that faster treatment initiation and use of BZDs within 30 

minutes of seizure onset were predictive of a shorter seizure 

duration [20]. 

For pediatric patients, intranasal midazolam was reported to 

have similar efficacy to intravenous diazepam for early treat-

ment for SE [21] and was approved by the U.S. Food and Drug 

Administration for patients ≥ 12 years old with seizure clus-

ters. However, use in an adult population is understudied [17]. 

Treatment for established status 
epilepticus: intravenous antiseizure 
medication 
Several IV ASMs have been used as a second-line treatment 

for SE, and there is little evidence that any one option is supe-

rior to the other [4]. However, RCTs of BZD-resistant convul-

sive SE have been reported in recent years [22]. Newer ASMs 

(including levetiracetam or lacosamide) are being used for SE 

management but might increase the change in SE refractori-

ness and lower the chance of a return to baseline condition at 

discharge [22]. 

Intravenous phenytoin/fosphenytoin, 
valproate, levetiracetam 
The guidelines suggest the use of IV fosphenytoin/phenytoin 

(20 mg/kg phenytoin equivalent), valproate (20–40 mg/kg), 

phenobarbital (15–20 mg/kg), and levetiracetam (60 mg/kg or 

3,000–4,500 mg) for treatment of established SE that is refrac-

tory to BZDs [5,12]. Meta-analysis in 2014 showed that the ef-

ficacy of valproate (75.7%; 95% CI, 63.7%–84.8%) and pheno-

barbital (73.6%; 95% CI, 58.3%–84.8%) may be better than that 

of levetiracetam (68.5%; 95% CI, 56.2%–78.7%) or phenytoin 

(50.2%; 95% CI, 34.2%–66.1%) [23]. The ESETT (Established 

Status Epilepticus Treatment Trial), which is a multicenter 

randomized double-blind clinical trial of 60 mg/kg levetirace-

tam (max 4,500 mg), 20 mg/kg phenytoin equivalent fosphe-

nytoin (max 1,500 mg phenytoin equivalent), and 40 mg/kg 

valproate (max 3,000 mg), showed no significant difference in 

the rate of seizure cessation or safety. The cessation of clini-

cally evident seizures after one hour of administration was 

47% (68 of 145) for levetiracetam, 45% (53 of 118) for fosphe-

nytoin, and 46% (56 of 121) for valproate; and the median sei-

zure duration was 10.5 minutes [11]. The efficacy of the three 

ASMs was similar in children, adults, and older adults [24]. 

Most of the recent meta-analyses compared the efficacy and 

safety of phenytoin to those of other ASMs (valproate, pheno-

barbital, or levetiracetam). One meta-analysis evaluating 10 

RCTs published from 1988 to 2018 comparing phenytoin and 

other ASMs (valproate, levetiracetam, and phenobarbital) for 

SE management showed that phenytoin was inferior to ASMs 

overall in terms of seizure cessation. Subgroup analysis, how-

ever, showed no difference between each of the ASMs and 

phenytoin. Mortality or neurological outcomes were similar 

between the two [25]. Meta-analysis of five studies comparing 

phenytoin and valproate showed no significant difference in 

efficacy or tolerability [26]. Levetiracetam was comparable to 

(fos)phenytoin in terms of seizure termination rate, time of 

seizure termination, and drug resistance [27]. Pooled safety 

outcomes were better for levetiracetam than for fosphenytoin 

but not for phenytoin [28].  

A recent review evaluating levetiracetam for SE found no sig-

nificant difference in efficacy or safety among levetiracetam, 

valproate, and phenytoin. The efficacy of levetiracetam for 

cessation of SE was 46.9% to 81.8%, with more cases of psychi-

atric adverse events compared to valproate or phenytoin [27]. 

A multicenter study performed in China comparing valproate 

and phenobarbital for convulsive SE showed that phenobar-

bital was better for termination of clinical seizures [29]. A sin-
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gle-center study evaluated whether a higher loading dose of 

valproate can have a greater effect than a normal dose. Among 

128 patients with SE, 53 (41%) responded to valproate. This 

study showed that a higher loading dose ( > 30 mg/kg) was not 

associated with a greater response rate and suggested that a 

loading dose of 25 to 30 mg/kg appears adequate [32]. 

Lacosamide 
Lacosamide is a recently developed sodium channel blocker 

that acts on the slow activation state in sodium channels [31]. 

It is not approved for treatment of SE, but several studies have 

shown that the drug is effective for adjunctive management 

[32]. A meta-analysis performed in 2017 showed that the suc-

cess rate of lacosamide was 57% with adverse events, includ-

ing dizziness, abnormal vision, diplopia, and ataxia [32]. A re-

cent review comparing lacosamide (n =  115) and phenytoin 

(n =  166) showed similar seizure control rates and adverse 

event rates, but the serious side effect rate was higher for phe-

nytoin than for lacosamide (5.1% vs. 0.8%, p =  0.049) [33]. 

Perampanel 
Perampanel acts on the α-amino-α-amino-3-hydroxy-5-meth-

yl-4-isoxazolepropionic acid (AMPA) receptor to reduce glu-

tamate-mediated postsynaptic excitation. Adjunctive use of 

perampanel to treat refractory SE was reported to be effective 

[34]. There is currently no randomized clinical trial evaluating 

perampanel for SE management. One recent review showed 

that 36.6% of the patients responded to the perampanel dose 

of 2 to 36 mg after 30 minutes to 59 days after SE [35]. 

Brivaracetam 
Brivaracetam is a selective synaptic vesicle protein 2A (SV2A) 

ligand that acts similarly to levetiracetam but with greater af-

finity to SV2A. A retrospective study reported that more than 

half of SE patients responded to the median 100 mg loading 

dose of brivaracetam even when they already received leveti-

racetam. Higher dose ( > 1.82 mg/kg) and earlier administra-

tion improved treatment response [36,37]. 

Treatment for refractory status epilepticus 
Among those with established SE, 31% to 43% are not con-

trolled with IV ASM. Artificial coma therapy is often used, but 

there has been no randomized clinical trial, and the treatment 

has been largely based on expert opinion [38]. A review paper 

evaluated 1,168 patients who received anesthetic therapy; 

midazolam-controlled seizure in 78% of the patients, and 

propofol or thiopental/pentobarbital-controlled seizure in 

68% and 64%, respectively [39]. A systematic review suggested 

a benefit of pentobarbital over midazolam or propofol for 

short-term treatment outcomes; however, pentobarbital more 

frequently resulted in hypotension [40]. 

Another systemic review suggested early use of ketamine, an 

N-methyl-D-aspartate receptor antagonist, for treating refrac-

tory SE because it has minimal adverse events. A prospective 

clinical trial, although terminated early, failed to show differ-

ences between propofol and barbiturates [41]. A literature 

search of six studies using ketamine for super-refractory SE 

showed seizure control in 64.2% and mortality in 38.6% of the 

patients. A recent study using 5 mg/kg/hr ketamine for 2 days 

within a median of 4 days after seizure onset showed control 

of super-refractory SE in 7 of 11 of the patients (63.6%) but 

permanent control in only 3 of 11 (27.3%). 

An observational cohort study showed that the use of anes-

thetic drugs for SE was associated with more unfavorable out-

comes and mortality [42]. However, a recent study showed 

that patients directly treated with artificial coma after BZDs 

were not associated with an increase in complications and 

had a shorter SE duration and intensive care unit or hospital 

stay [43]. 

Ganaxolone 
Ganaxolone is a synthetic neuroactive steroid that acts as a 

positive allosteric modulator of the GABAA receptor and binds 

at a site distinct from that of BZD. An RCT of 8-week ganax-

olone 1,500 mg/day reduced partial-onset seizure and was 

well tolerated in adult uncontrolled epilepsy patients [44]. A 

recent open-label phase 2 trial used a 25 to 30 mg bolus fol-

lowed by continuous infusion of over 650 mg/day ganaxolone 

to treat convulsive and nonconvulsive SE patients. Most of the 

patients were seizure-free for 24 hours following infusion ini-

tiation within a median of 5 minutes [45]. 

Conclusion 
“Time is brain” for convulsive SE. BZD is well established as 

the first-line treatment for SE. Recent studies support the use 

of IV fosphenytoin/phenytoin, valproate, or levetiracetam for 

second-line treatment, and selection of the ASM should be 
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individualized. Recent ASMs, such as lacosamide or peram-

panel, could be used for adjunctive treatment of SE, although 

this requires more evidence. For refractory SE, artificial coma 

therapy is used, and recent studies suggest early use of ket-

amine. Ganaxolone may be an effective future option for re-

fractory SE treatment. 
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