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A B S T R A C T   

Objective: Status epilepticus (SE) is a common neurological emergency that is defined as a pro
longed seizure or a series of seizures which often leads to irreversible damage. Levetiracetam 
(LEV) and valproate (VPA) are second-line anti-seizure drugs that are frequently used in patients 
with established SE (ESE). This meta-analysis compared the efficacy and safety of LEV and VPA 
for the treatment of ESE. 
Method: MEDLINE, EMBASE, Central Register of Controlled Trials (CENTRAL), and clinicaltrials. 
gov were searched by two authors, which identified six randomized controlled trials (RCTs) that 
compared LEV and VPA for ESE. 
Results: The six RCTs included 1213 patients (LEV group, n = 593; VPA group, n = 620). Inte
grated patient data information display LEV was not superior to VPA in terms of clinical seizure 
termination (63.55% vs. 64.08%, respectively; relative risk [RR] = 1.03, 95% confidence interval 
[CI] = 0.94–1.11, p = 0.55), with no significant differences between LEV and VPA in terms of 
good functional outcome at discharge (Glasgow Outcome Scale [GOS] = 4 or 5), intensive care 
unit (ICU) admission, adverse events, and mortality. There was no statistically significant dif
ference between the two drugs in different age groups. Previous multicenter studies have 
demonstrated that VPA was slightly more effective than LEV, whereas single-center studies 
showed the opposite results. In addition, LEV and VPA had similar rates of clinical seizure 
termination, ICU admission, and adverse events between the age subgroups (ages <18 and >18 
years). 
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Conclusions: Levetiracetam (LEV) was not superior to valproate (VPA) in terms of efficacy or 
safety outcomes. In addition, children (<18 years) and adults (>18 years) might have similar 
responses to LEV and VPA. Additional RCTs are required to verify our results.   

1. Introduction 

Status epilepticus (SE) is one of the most severe manifestations of epilepsy and is associated with significant morbidity and 
mortality (annual prevalence: 17–23/100,000; mortality: 24%–26% in adults, 3%–6% in children, and 10% in all patients) [1–4]. SE 
that continues after first-line treatment with benzodiazepines (BZDs) is called established SE (ESE; benzodiazepine-refractory SE). ESE 
is treated with second-line anti-seizure drugs, such as levetiracetam (LEV), valproate (VPA), phenytoin/fosphenytoin, and pheno
barbital. If second-line drugs fail to achieve seizure control, seizures are termed refractory SE (RSE) [5]. RSE is associated with a 
mortality rate of 15%–30% [1,6] and nearly all of the survivors experience relapses [7–9]. If SE lasts for one day or longer after general 
anesthesia, the condition is termed super-refractory SE (SRSE) [10], which has a mortality rate of approximately 36%–40% [1,11,12]. 

BZDs are positive modulators of chloride (Cl− ) channel and permeate γ-aminobutyric acid (GABA) receptors for the treatment of 
SE. However, about a third of patients do not respond to BZDs [13,14]. As a result, one-third of epileptic patients develop ESE, and for 
such patients, aggressive treatment is required to prevent progression to RSE or SRSE. Thus, the treatment of ESE is essential for a good 
prognosis of epileptic patients. 

The failure of BZD treatment for SE prompted the development of second-line anti-seizure drugs. Nevertheless, there is no explicit 
evidence for selecting any single second-line anti-seizure drug. The selection of second-line anti-seizure drug depends on the personal 
choice of the treating doctor. At present, the commonly used second-line drugs for ESE are LEV, VPA, phenytoin, and fosphenytoin. 

The mechanism of action of LEV, a pyrrolidone derivative and piracetam analog, in the treatment of ESE is not clear [5]. LEV acts on 
neurotransmitter release, synaptic vesicle protein 2 (SV2), and Ca2+ signaling, which might contribute to the treatment of SE [15]. 
VPA, a broad-spectrum anticonvulsant agent, has extremely complex pharmacological mechanisms, including various actions on 
GABA, N-methyl-D-aspartic acid (NMDA) receptor antagonism, and histone deacetylase inhibition [16]. 

The main purpose of this meta-analysis was to compare the efficacy and safety of LEV and VPA. Because longer duration of SE is 
associated with worse recovery and higher mortality [17], clinical seizure termination was used to evaluate the efficacy of drugs in the 
treatment of ESE. In addition, the Glasgow Outcome Scale (GOS) is usually recommended to assess the functional ability of ESE patient, 
with a GOS score of 4 or 5 representing good functional status in work and daily life. If a single second-line anti-seizure drug fails to 
control SE, patients are generally admitted to the intensive care unit (ICU) for further treatment. In addition, early termination of 
convulsive SE results in reduced risk of ICU admission [14,18]. Hence, ICU admission can be regarded as another marker of anti-seizure 
drug efficacy. Finally, we selected good functional ability at discharge (GOS = 4 or 5), ICU admission, adverse event rate, and mortality 
as the safety outcomes. 

2. Method 

2.1. Study protocol 

We drafted a research protocol based on the Cochrane Collaboration format before initiating the project [19]. 

2.2. Eligibility criteria 

We set the inclusion criteria as follows: (a) study type: RCT; (b) language restriction: available only in English; (c) participants: 
patients of all ages who have been diagnosed with ESE; (d) intervention: oral LEV therapy alone or oral VPA therapy alone; (e) 
outcomes: efficacy outcomes included clinical seizure termination and good functional ability at discharge (GOS = 4 or 5). Safety 
outcomes included good functional ability at discharge (GOS = 1–3), ICU admission, adverse events, and mortality. The included RCTs 
were requested to supply all the efficacy outcomes and at least one safety outcomes. Inclusion, exclusion criteria and study design, all 
efficacy and safety outcomes are reported in the online supplementary material (Table S1). 

2.3. Information sources and search strategy 

Two authors (SXW and XW) independently searched four databases (MEDLINE, EMBASE, Central Register of Controlled Trials 
[CENTRAL], and clinicaltrials.gov) for relevant meta-analysis, reviews, clinical trials, and case reports. The following search strategy 
was employed: (“levetiracetam” OR “valproate”) AND “established status epilepticus” in title, abstract or keywords. Additionally, the 
reference lists of RCTs, relevant systematic reviews and meta-analyses were also screened independently and manually to ensure a 
more comprehensive search. 

2.4. Study selection and data collection 

According to the eligibility criteria mentioned above, two reviewers (SXW and XW) independently reviewed all titles, abstracts, and 
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full-text articles searched from the four databases and the reference lists of RCTs and relevant systematic reviews or meta-analyses. We 
excluded the duplicates and research articles for which the full text was not available. Discrepancies between the two authors were 
resolved by discussion or, if necessary, by a third author (XT) who did not participate in the data collection. After selection and 
evaluation, a total of 6 RCT articles were selected and included in the final research summary. Finally, the selected literature data, 
including countries, centers, publications, treatment group, patient gender composition, age range, and doses (mg/kg), are presented 
in Table 1. 

2.5. Risk of bias 

Review Manager software (version 5.3) was used to assess the risk of bias for individual studies. The biases included selection, 
performance, detection, attrition, reporting, and other potential biases. We applied the unified standard of the Cochrane Collaboration 
to assess the risk of bias of RCTs. 

2.6. Summary measures and synthesis of results 

We used Review Manager software (version 5.3) to evaluate the data from six RCTs. We categorized statistical heterogeneity (I2) as 
low (<30%), moderate (30%–50%), and substantial (>50%). For this paper, the heterogeneity is generally less than 50%, thus we 
analyzed the dichotomous outcomes using a fixed effects model and presented them as risk ratios (relative risk [RR]; 95% confidence 
interval [CI]). Due to the differences in prevalence of BZD-refractory SE among different LEV doses, age, and number of study centers, 
we performed subgroup analyses to compare the efficacy and safety of LEV and VPA among different age groups (<18 and >18 years) 
and LEV doses (LEV >30 and <30 mg/kg). Sensitivity analysis was performed to assess the stability of the consolidated results. P <
0.05 was deemed to be significant. All tests were two-tailed. 

3. Results 

3.1. Study identification and selection 

We identified a total of 633 records from MEDLINE, EMBASE, CENTRAL, and clinicaltrialsgov.com. We did not find any duplicates 
in the 609 records. After excluding documents that were not related to the study topic, 36 records were left. After excluding 1 non- 
randomized clinical trial, 7 case reports or series, 6 reviews, and 4 unfinished studies, six RCTs remained (Fig. 1). The six RCTs 
[20–25] included 1213 patients (LEV group, n = 593; VPA group, n = 620) who were entered into the qualitative synthesis. 
Disagreement was determined by the discussion or by a third researcher who was not involved in the literature selection. The main 
characteristics of the five included studies are summarized in Table 1. 

3.2. Efficacy outcomes 

In terms of efficacy, two factors, including clinical seizure termination and good functional outcome at discharge (GOS = 4 or 5), 
were used to assess the treatment effectiveness. No significant differences were noted in clinical seizure termination (64.08% vs. 
63.55% for LEV and VPA, respectively; RR = 1.03, 95% CI = 0.94–1.11, p = 0.55; Fig. 2a) and good functional ability at discharge 
(GOS = 4 or 5) (67.86% vs. 68.97% for LEV and VPA, respectively; RR = 0.99, 95% CI = 0.85–1.15, p = 0.91; Fig. 2b) between the LEV 
and VPA groups. However, the heterogeneity in clinical seizure termination was 17%. Sensitivity and subgroup analyses were 

Table 1 
Characteristics and interventions of the included studies.  

Study Country Centers 
(no.) 

Publication Treatment group 
(no. of 
participants) 

Age 
range 

Male (%) Mean age ±SD 
(year) 

Dosage (mg/kg) 

LEV VPA LEV VPA LEV VPA 

Marson et al., 
2021 

UK 69 The lancet LEV (260) vs. VPA 
(260) 

5-95 y 65 64 16.9 ±
11.8 

17.1 ±
12.9 

40 25 

Vignsesh et al., 
2020 

India 1 India Pediatrics LEV (32) vs. VPA 
(35) 

3 mo 
to 12 y 

56.2 60 4.83 ±
4.17 

4.92 ±
3.67 

20 20 

Kapur et al., 
2019 (ESETT 
trial) 

USA 57 New England 
Journal of 
Medicine 

LEV (145) vs. VPA 
(121) 

>2 y 53.1 53.7 33.3 ±
26.0 

32.2 ±
25.4 

60 40 

Nene et al., 2019 India 1 Seizure: European 
Journal of Epilepsy 

LEV (58) vs. VPA 
(60) 

>60 y 58.6 65 68.5 ±
8.0 

66.6 ±
6.7 

20–25 20–25 

Misra et al., 2016 India 1 International 
Journal of 
Neuroscience 

LEV (38) vs. VPA 
(65) 

>1 y 55.3 67.7 39.2 ±
21.2 

34.1 ±
21.3 

20 30 

Mundlamuri 
et al., 2015 

India 1 Epilepsy Research LEV (50) vs. VPA 
(50) 

>15 y 64 56 34.78 
± 13.64 

33.12 
± 11.99 

25 30 

LEV: levetiracetam; VPA: valproate; ESETT: Established Status Epilepticus Treatment Trial. 
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performed to explore the source of statistical heterogeneity. The sensitivity analysis showed that the consolidated results were stable. 
The results of subgroup analysis are presented later in the manuscript. 

3.3. Safety outcomes 

We evaluated the effectiveness of treatment based on the good functional ability at discharge (GOS = 1–3), ICU admission, adverse 

Fig. 1. Study search, selection, and inclusion process.  

Fig. 2. Pooled relative risk of the efficacy outcomes. Diamond indicates the estimated relative risk (95% confidence interval) for all patients. a. 
Clinical seizure termination. b. Good functional ability at discharge (GOS = 4 or 5). 
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events, and mortality. There were no significant differences in good functional ability at discharge (GOS = 1–3) (21.43% vs. 18.62% 
for LEV and VPA, respectively; RR = 1.13, 95% CI = 0.72–1.76, p = 0.60; Fig. 3a), ICU admission (42.29% vs. 39.32% for LEV and VPA, 
respectively; RR = 1.02, 95% CI = 0.83–1.24, p = 0.88; Fig. 3b), adverse events (41.48% vs. 37.80% for LEV and VPA, respectively; RR 
= 1.10, 95% CI = 0.92–1.30, p = 0.30; Fig. 3c), and mortality (4.22% vs. 3.99% for LEV and VPA, respectively; RR = 1.08, 95% CI =
0.62–1.88, p = 0.79; Fig. 3d) between LEV and VPA groups. 

3.4. Subgroup analysis 

Subgroup analysis was performed to assess the efficacy and safety of LEV and VPA at different LEV doses (LEV >30 and <30 mg/kg) 
and age groups (children: <18 years, adults: >18 years). We used a dose cutoff of 30 mg/kg for LEV to divide the patients into two 
groups; these groups were used to compare single- and multi-center studies, as well as studies conducted in developing and developed 
countries. In the age groups, due to the absence of data regarding good functional ability at discharge (GOS = 4 or 5) and mortality in 

Fig. 3. Pooled relative risk of safety outcomes. Diamond indicates the estimated relative risk (95% confidence interval) for all patients.  
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some included RCTs, the three factors (including clinical seizure termination, ICU admission, and adverse events) were used to 
evaluate the efficacy and safety of LEV and VPA. In addition, data from [25] included mainly juveniles so we categorized the data into 
the juvenile group. LEV demonstrated similar effectiveness in children and adults; however, compared with adults, VPA showed higher 
effectiveness in children, these differences were not statistically significant (children: 63.13% vs. 65.93% for LEV and VPA, respec
tively; RR = 0.97, 95% CI = 0.87–1.08, p = 0.55; adults: 63.14% vs. 58.17% for LEV and VPA, respectively; RR = 1.17, 95% CI 
0.97–1.42, p = 0.13; Table 2). In the subgroup analysis of LEV doses and single- and multi-center studies, VPA was found to be superior 
to LEV in multicenter studies and at LEV dose >30 mg/kg. LEV was superior to VPA in single-center studies and LEV dose <30 mg/kg, 
however, the difference was not statistically significant (LEV >30 mg/kg: 57.28% vs. 60.63% for LEV and VPA, respectively; RR =
0.96, 95% CI 0.85–1.07, p = 0.45; LEV <30 mg/kg: 78.72% vs. 68.20% for LEV and VPA, respectively; RR = 1.14, 95% CI = 1.02–1.28, 
p = 0.02; Fig. 4). There was no difference in the incidence of adverse events between LEV and VPA in children; however, in adults, LEV 
had a higher incidence of adverse events compared with VPA, this difference was statistically not significant (children: 33.60% vs. 
32.05% for LEV and VPA, respectively; RR = 1.05, 95% CI = 0.86–1.28, p = 0.64; adults: 24.26% vs. 15.87% for LEV and VPA, 
respectively; RR = 1.37, 95% CI = 0.97–1.95, p = 0.08; Table 2). The incidence of ICU admission was similar between different age 
groups (children: 50.43% vs. 48.08% for LEV and VPA, respectively; RR = 0.99, 95% CI = 0.78–1.27, p = 0.95; adults: 40% vs. 35.71% 
for LEV and VPA, respectively; RR = 1.06, 95% CI = 0.81–1.39, p = 0.66; Table 2). In addition, we found that the heterogeneity in 
clinical seizure termination in the subgroups was acceptable (children: I2 = 40%, adults: I2 = 16%; Table 2) Detailed results are shown 
in Figs. S1–S3. 

3.5. Risk of bias 

The details of bias for the six RCTs are presented in Fig. 5. For random sequence generation, [24] demonstrated high risk of bias. For 
allocation concealment, there was unclear risk of bias in three RCTs [20, 23, 24]. For blinding of participants and personnel, high risk 
of bias existed in four RCTs [22–25]. For blinding of outcome assessment, the risk of bias was high in [22] and unclear in [23, 24]. For 
incomplete outcome data, [20] had high risk of bias. For selective reporting, the risk of bias was unclear in two RCTs [22, 23]. In 
addition, there was unclear risk of bias in four RCTs [20, 23, 24] for other bias. 

4. Discussion 

By summarizing the data from six RCTs, we analyzed the effectiveness and safety of two drugs. We divided the data into juvenile 
and adult groups for subgroup analysis of effectiveness, incidence of adverse events, and incidence of ICU admission according to age. 
The LEV dose was used to categorize the data; this grouping overlapped with single- and multi-center comparisons, as well as regional 
economic development. According to the results of this meta-analysis, we found that there was no difference in the efficacy of the two 
drugs, the results of the meta-analysis showed no difference in efficacy between the LEV and VPA, which was inconsistent with 
previous studies that LEV was superior to VPA. However, in the subgroup analysis, we made some valuable discoveries, even though 
they were not statistically significant, such as: LEV was almost equally effective for ESE in the age groups; however, VPA was more 
effective in treating ESE in children than in adults (children: 65.93%, adults: 58.17%). Meanwhile, during the treatment of ESE, the 
incidence of adverse events was significantly lower in adults than in children, LEV had a slightly higher incidence of adverse events 
than VPA, but these results were not statistically significant (LEV, children: 33.59%, adults: 24.25%; VPA, children: 32.05%, adults: 
15.87%). Safety analysis of the two drugs showed no significant differences between them. 

When the duration of SE exceeds 30 min, BZD receptors may decrease gradually and the therapeutic effects of BZDs may be un
satisfactory [26]. However, it is often difficult for patients with SE to receive appropriate treatment within 30 min, which prompted the 
development of second-line drugs. LEV, a pyrrolidone derivative and piracetam analog [16], has effects on GABA turnover in the 
striatum and causes a reduction in the amino acid taurine (a low affinity agonist for GABA receptors) [27]. In addition, LEV can bind to 
SV2 receptors to affect synaptic release [28–30]. The effects of LEV on inhibiting Ca2+ channels may also play an important role in SE 
[31]. However, so far, the exact pharmacological mechanisms of LEV for ESE are not clear. Meanwhile, LEV was shown to have a rapid 
antiepileptic activity in animal experiments [32]. VPA, a unique antiepileptic drug, is effective against several seizure types and 
epileptic syndromes in children and adults [33]. VPA can improve the transmission capacity of GABA in specific brain regions by 
enhancing GABA synthesis and release [34]. In addition, the excitatory molecules, such as β-hydroxybutyric acid, and activation of 
NMDA glutamate receptors can be reduced by VPA to reduce the excitation of nerves [35]. In addition, voltage-gated ionic channels, 

Table 2 
Age subgroup analysis of LEV and VPA on efficacy and safety (including admission to ICU and adverse events) outcomes.   

Children (<18 years) Adults (>18 years) 

MD (95% CI)/RR [95% CI] p value MD (95% CI)/RR [95% CI] p value 

Efficacy outcomes 
Clinical seizure termination 0.97 [0.87, 1.08] 0.55 1.11 [0.97, 1.11] 0.13 
Safety outcomes 
Admission to ICU 0.99 [0.78, 1.27] 0.95 1.06 [0.81, 1.23] 0.66 
Adverse events 1.05 [0.86, 1.28] 0.64 1.37 [0.97, 1.95] 0.08 

MD: mean difference; RR: relative risk; CI: confidence interval. 
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including sodium, potassium, and calcium channels, can be blocked by VPA to prevent high-frequency neuronal firing [36]. Through a 
combination of the aforementioned mechanisms, VPA can control ESE effectively. In summary, LEV and VPA have significant ther
apeutic effects on ESE, and their effects and side effects have been confirmed after a long period of clinical use, which is why we 
selected it for this meta-analysis. 

This meta-analysis was conducted to compare the efficacy and safety between LEV and VPA groups for ESE. The analysis of 
effectiveness of the two drugs revealed a heterogeneity of only 17%, but with a non-significant p value (p = 0.55). In the subgroup 
analysis for LEV dose, we found that the economically developed regions conducted multi-center studies with a dose of more than 30 
mg, and showed that VPA was superior to LEV. The studies conducted in economically underdeveloped areas were single-center 
studies with LEV doses of less than 30 mg, and the results showed that LEV was more effective than VPA. This may be due to the 
fact that the current RCTs did not include a uniform duration of treatment. In the latest RCT, 520 patients were followed for a long 
duration, and it was found that VPA was significantly superior to LEV in the short term (1 year), but the efficacy of VPA and LEV 
gradually reached similar levels after 2–3 years of treatment. In the previous five RCTS, the duration of course of the two drugs was not 
mentioned, which may be because they were used for long term; therefore, there was no significant difference in efficacy. Finally, we 
divided the patients into two subgroups according to the mean age, and identified acceptable heterogeneity in clinical seizure 
termination in subgroup analysis (children: 40%; adults: 16%). Therefore, the conclusion that there are no significant differences in 

Fig. 4. Subgroup analysis of levetiracetam (LEV) dose (similar to the comparison of single- and multi-center studies, as well as studies conducted in 
countries with different levels of economic development). Diamond indicates the estimated relative risk (95% confidence interval) for all patients. 

Fig. 5. Risk of bias: A summary table for each risk of bias item for each study.  
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clinical seizure termination was credible. No distinct differences were observed between the groups in terms of adverse events and 
mortality. Additional RCTs are required on the efficacy, dose, and duration of LEV and VPA to enrich the data and obtain clinically 
useful results. 

SE in children is usually associated with fever, drug ingestions, electrolyte imbalances, inborn errors of metabolism, low anti
convulsant levels, central nervous system infections, bacteremia, and various neuroimaging abnormalities (arteriovenous malfor
mations, cortical malformations, stroke/hemorrhage, trauma, tumors, and hydrocephalus) [37]. The risk factors of SE in adults mainly 
include encephalitis, massive stroke, and large brain tumors [17]. In addition, the age distribution of SE follows a U-shaped curve. 
Children and older adults (aged ≥60 years) demonstrated the highest incidence of SE [38,39]. The severity of SE differs between 
children and adults [38], so we conducted subgroup analyses to assess the efficacy and safety of LEV and VPA in different age sub
groups (children: <18 years, adults: >18 years). We identified slight differences in clinical seizure termination and adverse events 
among the subgroups, with VPA being more effective in treating ESE in children than in adults. In addition, the incidence and 
probability of adverse events of VPA were lower in adults than in children. Meanwhile, our finding showed that VPA was superior to 
LEV in children. However, the result was not definitive because of several known safety concerns of VPA (eg: cognitive issues in 
children born to mothers taking VPA, hepatotoxicity when given to children aging 0–2 years). Although the different dosages of LEV 
and VPA may lead to heterogeneity within the studies, the heterogeneity in the present meta-analysis was acceptable. However, 
additional clinical trials are needed to confirm the conclusions of this meta-analysis. To sum up, there is no significant difference 
between LEV and VPA in the treatment of ESE, unless economic considerations are taken into account, such as: LEV is more expensive 
than VPA in terms of the cost. 

This is the first meta-analysis to compare the two drugs (i.e., VPA and LEV) based on RCTs only. Most previous meta-analyses and 
systematic reviews of second-line drugs in ESE included both RCTs and retrospective studies or analyzed the combined use of drugs. 
However, the present meta-analysis included only RCTs, which is the best strategy to compare the risk factors between two groups. In 
addition, some previous meta-analyses and systematic reviews focused on not only LEV and VPA, but also other antiepileptic drugs. 
There might be significant heterogeneity and risk of bias in the outcomes of these studies [40–42]. Meanwhile, some studies did not 
analyze the efficacy and safety of antiepileptic drugs among different age subgroups [43–45]. The present meta-analysis compares and 
analyzes the two drugs from different perspectives, with convincing results. In addition, ganaxolone, brivaracetam, and perampanel 
are also common second-line drugs for treatments of ESE [46–48]. The number of clinical trials of these drugs is not enough to form a 
valuable comparison. We hope that more RCTS of relevant aspects can be published to help us further explore more suitable drugs for 
ESE. 

There were several limitations to this meta-analysis, which cannot be ignored. First, only six RCTs [20–25] were included. This 
meta-analysis was performed on the basis of limited data, more RCTs are required to verify our results. Second, we could not analyze 
the time from SE onset to treatment, which may affect the disease prognosis. Third, because of the prolonged treatment cycle, patient 
loss may occur during treatment, which may introduce bias in the data. Finally, the doses of drugs used in different studies was not 
standardized and VPA had several known safety concerns. The aforementioned factors may introduce bias in the study and make the 
results less significant. 

5. Conclusion 

Overall, our present findings demonstrated that LEV was not superior to VPA for patients with established status epilepticus in 
terms of efficacy and safety. This conclusion differs from the previous view that LEV is superior to VPA in terms of cognition. In 
addition, children (<18 years) and adults (>18 years) might have similar responses to LEV and VPA. Additional RCTs are required to 
verify our results. 
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