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medications for status epilepticus
A network meta-analysis
Qishun Zhang, MDa, Shaokang Peng, MDa, Ziyi Wei, MDa, Xiangshu Cheng, MDa,*

Abstract 
Background: To systematically review the efficacy and safety of second-line medications for status epilepticus (SE).

Methods: Electronic searches were conducted in PubMed, Embase, and The Cochrane Library for randomized controlled trials 
of second-line medications for SE from inception to January 2024. Two reviewers independently screened literature, extracted 
data, and assessed the risk of bias of included studies. Network meta-analysis was performed using R 4.2.2 software.

Results: A total of 23 randomized controlled trials were analyzed, examining the efficacy of 5 different treatment regimens: 
levetiracetam (LEV), phenytoin (PHT), fosphenytoin (FPHT), valproate (VPA), and phenobarbital (PHB). The results of the network 
meta-analysis indicated that the seizure control rate ranking was as follows: PHB (98.1%) > LEV (60.7%) > FPHT (40.3%) > PHT 
(33.0%) > VPA (17.8%). The surface under the cumulative ranking (SUCRA) values revealed that PHB had the highest ranking 
(SUCRA, 91.8%), followed by VPA (SUCRA, 69.3%), PHT (SUCRA, 56.1%), and FPHT (SUCRA, 5.9%) for the recurrence of 
seizures within 24 hours. Subgroup analysis revealed that PHB was most effective for seizure control in both pediatric and adult 
populations, VPA demonstrated superior efficacy in children across various indicators, LEV was deemed the safest option for 
children and elderly individuals, and VPA was identified as the safest choice for adult patients.

Conclusions: PHB continues to be a prominent option for managing SE, although its safety profile warrants careful consideration. 
Meanwhile, both VPA and LEV offer distinctive advantages in the treatment of SE, with each demonstrating commendable safety 
profiles.

Abbreviations: AEs = adverse events, AED = antiepileptic drugs, FPHT = fosphenytoin, LEV = levetiracetam, PHB = 
phenobarbital, PHT = phenytoin, RCTs = randomized controlled trials, SE = status epilepticus, SURCA = surface under the 
cumulative ranking curve, VPA = valproate.
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1. Introduction
Status epilepticus (SE) is a common emergency in neurology, 
characterized by prolonged seizures or multiple seizures without 
returning to a normal level.[1,2] SE can lead to neuronal dam-
age, respiratory and circulatory system complications, and other 
adverse outcomes, with high rates of morbidity and mortality.[3] 
Statistics show that the mortality rate of SE is 9% to 22%, and 
it increases with age.[4,5] Early control of SE can reduce neuronal 
damage and lower the risk of related complications and mor-
tality, making the timely termination of the convulsive state the 
primary goal of SE treatment.[6]

Currently, the first-line treatment for SE is benzodiazepines, 
which can control about 70% of seizures.[7] However, despite 
the effectiveness of benzodiazepines as initial therapy, a sig-
nificant proportion of patients may continue to experience 

seizures, necessitating the use of second-line treatments. Since 
phenytoin (PHT) was used for SE as a second-line treatment 
in 1970, several intravenous preparations, including fosphe-
nytoin (FPHT), phenobarbital (PHB), valproate (VPA), and 
levetiracetam (LEV), have been recommended by guidelines as 
second-line treatments for SE.[8] Despite the array of available 
options, determining the safest and most effective medication 
regimen for SE remains a challenge. Each of these medications 
possesses unique pharmacokinetic and pharmacodynamic 
properties, as well as varying profiles of efficacy and safety. 
Factors such as patient comorbidities, concurrent medications, 
and the underlying etiology of SE further complicate treatment 
selection.

For example, while PHB has a long history of use in the 
management of SE and is associated with rapid seizure 

 

The authors have no funding and conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Supplemental Digital Content is available for this article.
a Department of Neurology, Huaihe Hospital of Henan University, Kaifeng, China.

* Correspondence: Xiangshu Cheng, Huaihe Hospital of Henan University, Kaifeng 
City 475000, China (e-mail: qua8561@163.com).

Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 

permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: Zhang Q, Peng S, Wei Z, Cheng X. Comparative efficacy 
and safety of second-line medications for status epilepticus: A network meta-
analysis. Medicine 2024;103:46(e40333).

Received: 15 July 2024 / Received in final form: 10 October 2024 / Accepted: 11 
October 2024

http://dx.doi.org/10.1097/MD.0000000000040333

mailto:
mailto:
mailto:
https://orcid.org/0009-0001-8984-524X
mailto:qua8561@163.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Zhang et al. • Medicine (2024) 103:46 Medicine

control, its sedative properties and potential for respiratory 
depression limit its utility, particularly in critically ill patients 
or those with compromised respiratory function.[9,10] On the 
other hand, newer agents like LEV offer the advantage of 
rapid onset of action and favorable side effect profiles but 
may lack the robust evidence base of older antiepileptic drugs 
(AED).[11]

Furthermore, the lack of head-to-head randomized controlled 
trials (RCTs) directly comparing these agents in the context of 
SE poses a significant challenge in determining their relative 
efficacy and safety. Much of the existing evidence stems from 
observational studies, retrospective analyses, or extrapolations 
from trials conducted in other seizure populations, limiting the 
strength, and generalizability of conclusions drawn.

In light of these challenges, there is an urgent need for 
well-designed prospective studies, ideally employing network 
meta-analysis techniques, to compare the efficacy, safety, and 
tolerability of various second-line treatment regimens for SE. 
By synthesizing data from multiple sources and accounting for 
indirect treatment comparisons, network meta-analysis offers a 
powerful tool for informing clinical decision-making and guide-
line development in this critical area of epilepsy management.

2. Materials and methods
Given that this study employs a network meta-analysis method-
ology utilizing data that has already been published, there is no 
need to seek ethical clearance.

2.1. Inclusion and exclusion criteria

Studies were included if the following inclusion criteria (PICOS) 
were met: population (P): the study population consists of 
patients with SE who have not achieved control following the 
administration of initial AEDs. SE is characterized by seizures 
lasting longer than 5 minutes, with no specific restrictions based 
on patient demographics such as gender, age, race, onset time, 
or duration of illness; interventions (I): the drug regimens under 
examination include two-by-two comparisons or multiple com-
parisons of LEV, PHT/FPHT, VPA, and PHB; outcomes (O): the 
primary outcome indicators include the SE control rate, defined 
as the proportion of SE attacks ceasing within 60 minutes, and 
the recurrences of seizures within 24 hours. Secondary outcome 
indicators encompass the rate of additional AED treatment 
required and the incidence of adverse events (AEs); study (S): all 
relevant RCTs were included.

Exclusion criteria include the following: (1) repetitive studies, 
(2) incomplete or inaccurate study data that is not extractable, 
and (3) literature not written in Chinese or English.

2.2. Literature search strategy

A systematic search was conducted in multiple electronic data-
bases, including PubMed, Embase, and The Cochrane Library 
to identify RCTs on second-line medications for SE from the 
inception of the databases to January 2024. Additionally, refer-
ences of included studies were screened to gather supplementary 
information. Search terms included #1 levetiracetam, #2 val-
proate, #3 phenytoin OR fosphenytoin, #4 phenobarbital OR 
luminal, #5 #1 OR #2 OR #3 OR #4, #6 status epilepticus, #7 
random, #8 #5 AND #6 AND #7.

2.3. Literature screening and data extraction

Two researchers conducted a thorough review of the literature, 
extracting data, and cross-checking their findings independently. 
Disagreements were resolved through discussion or consul-
tation with a third party. The screening process involved ini-
tially reviewing titles to exclude obviously irrelevant literature, 

followed by a more detailed examination of abstracts and full 
texts to determine inclusion. In cases where additional infor-
mation was required, the researchers contacted the original 
study authors via email or phone to obtain crucial but uncertain 
data. The data extraction process encompassed the retrieval of 
various components, such as the basic information of included 
studies (e.g., study title, first author, published journal), baseline 
characteristics and intervention measures of study subjects, key 
elements for assessing the risk of bias, and outcome indicators 
along with result measurement data of interest.

2.4. Risk of bias assessment of included studies

Two researchers conducted an independent evaluation of the risk 
of bias in the studies included in the analysis and subsequently 
verified the findings. The assessment of bias utilized the RCT 
bias risk assessment tool as outlined in the Cochrane Handbook 
5.1.0. Assessed by 2 investigators according to the Cochrane 
Handbook of Systematic Reviews criteria for evaluating risk of 
bias in RCTs, with decisions made through discussion between 
third parties or corresponding authors in case of disagreement. 
The evaluation included: (1) random sequences generation; (2) 
allocation concealment; (3) performance bias (blinding of par-
ticipants and personnel); (4) detection bias (blinded of outcome 
assessment); (5) incomplete outcome data; (6) reporting bias; (7) 
other bias. The risk of bias was assessed according to the above 
7 risk of bias, with low risk of bias, high risk of bias, lack of 
information or uncertainty about the bias.

2.5. Statistical analysis

Evidence network diagrams were constructed utilizing R soft-
ware to visually represent the direct and indirect comparison 
relationships among various treatment regimens. Bayesian net-
work meta-analysis was conducted utilizing the gemtc package 
in R 4.1.0 software, employing 4 Markov chains with 50,000 
iterations and 20,000 burn-in iterations to mitigate the impact 
of initial values. Consistency tests were carried out utilizing the 
node-splitting method. If the statistical analysis showed that 
the discrepancy between direct and indirect comparison out-
comes was not significant (P ≥ .05), it suggested a high level of 
consistency, prompting the utilization of a consistency model 
analysis. In cases where certain nodes exhibited a P < .05, sig-
nifying local inconsistency, direct comparisons for those nodes 
were conducted using Stata 15.1 software. The iterative conver-
gence was assessed through the potential scale reduction factor, 
with a value falling between 1 and 1.05 denoting acceptable 
convergence. In the analysis of binary variables, the risk ratio 
was employed as the effect measure statistic, accompanied by its 
corresponding 95% confidence interval. The calculation of the 
surface under the cumulative ranking curve (SUCRA) and the 
visualization of the SUCRA curve were facilitated by the utili-
zation of the ranking probability matrix table generated from R 
software. A higher SUCRA value signifies a superior ranking of 
the treatment regimen. Subgroup analysis was performed based 
on age, with statistical significance denoted by a P-value of <.05. 
Funnel plots were drawn for each outcome indicator and the 
risk of bias was assessed by Egger test, if P > .05, the risk of 
publication bias is small, and vice versa, the risk of publication 
bias is large.

3. Results

3.1. Literature screening process and results

A total of 859 relevant articles were initially identified. After 
a step-by-step screening process, 23 RCTs[12–34] were finally 
included, involving 3554 patients. The literature screening pro-
cess and results are shown in Figure. 1.
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3.2. General characteristics and risk of bias evaluation of 
included studies

The general characteristics of the included studies are shown in 
Table 1. Publication year ranged from 2006 to 2020. Diagnosis 
included SE, convulsive status epilepsy and generalized con-
vulsive status epilepsy. Age of the patients ranged 2.6 to 81.5. 
Number of the patients ranged from 15 to 152. And the results 
of the risk of bias evaluation are shown in Figures 2 and 3.

3.3. Results of network meta-analysis

3.3.1. Evaluation of iterative convergence. Iterative 
convergence was evaluated for the 4 outcome indicators. The 
results showed that the potential scale reduction factors were 
all between 1 and 1.05, indicating good data convergence after 
50,000 iterations (Figure S1, Supplemental Digital Content, 
http://links.lww.com/MD/N836).

3.3.2. SE control rate. A total of 21 RCTs reported the SE 
control rate (Fig. 4A). The node-splitting method showed 
that the P values between direct and indirect comparisons 
were all > .05, indicating no statistically significant difference 
(Figure S2, Supplemental Digital Content, http://links.lww.
com/MD/N836). The network meta-analysis results showed 
that no statistically significant difference was found when the 
2 interventions were compared against each other (Fig. 4B and 
Table 2).

The SUCRA results showed that PHB might be the treatment 
regimen with the highest SE control rate: PHB (98.1%) > LEV 
(60.7%) > FPHT (40.3%)>PHT (33.0%) > VPA (17.8%), as 

shown in Figure 4C. It can be seen that there is no publication 
bias only on SE control rate (P = .7478, Fig. 4D).

3.3.3. Recurrences of seizures within 24 hours. A total 
of 11 RCTs reported recurrences of seizures within 24 hours 
(Fig. 5A). The node-splitting method showed that the P values 
between direct and indirect comparisons were >.05, indicating 
no statistically significant difference (Figure S3, Supplemental 
Digital Content, http://links.lww.com/MD/N836). The network 
meta-analysis results showed no statistically significant 
difference in the recurrences of seizures within 24 hours between 
the 2 groups (Fig. 5B and Table 3). The SUCRA shows that PHB 
ranked first (SUCRA, 91.8%), VPA ranked second (SUCRA, 
69.3%), PHT ranked third (SURCA, 56.1%) and FPHT ranked 
the last (SUCRA, 5.9%, Fig. 5C). It can be seen that the funnel 
plot is basically symmetrical, and the P-value of Egger test is 
.4541, indicating that there is no obvious publication bias in 
this study (Fig. 5D).

3.3.4. Rate of further AED treatment needed. A total of 11 
RCTs reported rate of further AED treatment needed (Fig. 6A). 
The node-splitting method showed that the P values between 
direct and indirect comparisons were >.05, indicating no 
statistically significant difference (Figure S4, Supplemental Digital 
Content, http://links.lww.com/MD/N836). The network meta-
analysis results showed no statistically significant difference in 
the rate of further AED treatment needed between the 2 groups 
(Fig. 6B and Table 4). The SUCRA results showed that the rate 
of further AED treatment needed might be lowest in the LEV 
group: LEV (76.4%) > PHT (50.6%) > VPA (37.4%)>FPHT 
(35.6%) (Fig. 6C). It can be seen that the funnel plot is basically 

Figure 1. Flow diagram of the literature selection process.

http://links.lww.com/MD/N836
http://links.lww.com/MD/N836
http://links.lww.com/MD/N836
http://links.lww.com/MD/N836
http://links.lww.com/MD/N836
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symmetrical, and the P-value of Egger test is .4541, indicating 
that there is no obvious publication bias in this study (Fig. 6D).

3.3.5. Incidence of AEs. A total of 19 RCTs reported the 
incidence of AEs (Fig. 7A). The node-splitting method showed 
that the P values between direct comparisons of VPA and PHT 

and indirect comparisons were >.05, indicating no statistically 
significant difference (Figure S5, Supplemental Digital Content, 
http://links.lww.com/MD/N836). The network meta-analysis 
results showed that the incidence of adverse drug event (ADE) 
was lower for LEV than FPHT, VPA had a lower incidence 
of AEs than FPHT with statistically significant differences 
(Fig. 7B and Table 5). The SUCRA results showed that the 
incidence of AEs might be lowest in the VPA group: VPA 
(95.9%) > LEV (74.3%) > PHT (52.8%)>FPHT (18.9%)>PHB 
(8.1%) (Fig. 7C). It can be seen that the funnel plot is basically 
symmetrical, and the P-value of Egger test is .5371, indicating 
that there is no obvious publication bias in this study (Fig. 7D).

3.4. Subgroup analysis results

Subgroup analysis was conducted for each outcome indicator 
based on age demographics. The findings indicated that PHB 
may be the optimal treatment regimen for children and adult 
patients in terms of SE control rate, while LEV may be more 
effective for elderly patients. In a mixed patient population, VPA 
demonstrated the most favorable effect. Additionally, for adult 
patients, the SE control rates of LEV, PHT, and VPA were all 
inferior to PHB. Moreover, VPA was identified as the treatment 
regimen associated with the lowest 24-hour epilepsy recurrence 
rate for children and mixed patient cohorts. VPA may represent 
the treatment regimen associated with the lowest rate of subse-
quent AED therapy required for pediatric patients. In terms of 
ADE occurrence, LEV may be considered the most secure treat-
ment option for children and elderly individuals, whereas VPA 
may be deemed the safest choice for adults and patients with a 
combination of age groups (Table 6).

4. Discussion
PHT is a well-established medication endorsed in second-line 
treatment protocols for SE, demonstrating evident efficacy 
and extensive clinical application. Nevertheless, its adminis-
tration rate is constrained by the occurrence of adverse reac-
tions. FPHT, a prodrug of PHT, allows for administration at a 
threefold increased rate compared to PHT. However, as FPHT 
necessitates hydrolysis into PHT to manifest therapeutic effects, 
its efficacy and safety profile do not surpass that of PHT.[35] 
Research indicates that high doses of PHB effectively manage 
SE and reduce the likelihood of seizure recurrence, while VPA 
exhibits favorable tolerability.[36] The emergence of lacosamide 
(LEV) as a novel AED has garnered significant clinical interest 
attributed to its reduced adverse reaction profile and expedited 
administration. Two substantial, methodologically rigorous 
RCTs have investigated the comparative efficacy and safety of 
LEV, PHT, and VPA as second-line treatments for SE, reveal-
ing comparable outcomes in terms of efficacy and AED-related 
AEs.[16,20] However, certain RCTs have indicated that LEV may 
offer superior safety and efficacy compared to PHT or VPA.[26,33] 
Consequently, there exists substantial debate regarding the opti-
mal second-line therapeutic approach for SE.

The findings of this study suggest that the efficacy rankings 
for seizure control rate are as follows: PHB > LEV > VPA > PHT; 
the rankings for 24-hour epilepsy recurrence rate are 
VPA > PHB > LEV > PHT; the rankings for the rate of further 
AED treatment needed are LEV > PHT > VPA; and in terms of 
safety, the ADE incidence of LEV and VPA was lower than that 
of PHT, with VPA > LEV > PHT > PHB.

The subgroup analysis indicates that PHB is the most effec-
tive treatment for seizure control in both children and adults, 
while VPA is preferred for other efficacy indicators in children. 
The analysis further highlights the significant adverse reactions 
associated with PHB, resulting in its limited use among elderly 
patients and a lack of reports on its use in this population within 
the study. VPA emerges as the optimal treatment option for 

Figure 2. Risk of bias graph of the included studies.

http://links.lww.com/MD/N836
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children in terms of efficacy indicators. In terms of safety pro-
files, LEV is deemed the safest option for children and elderly 
patients, while VPA is considered the safest choice for adults and 
mixed patient populations.

The growing utilization of LEV in pediatric and geriatric 
populations can be attributed to their reduced tolerance to 
VPA, which is associated with a higher prevalence of ADEs in 
these age groups.[31] Additionally, as a novel AED, LEV offers 

Figure 3. Risk of bias summary of the included studies.

Figure 4. (A) Network structure diagrams of SE control rate. (B) Forest plot of the SE control rate as compared with FPHT. (C) SUCRA probabilities of different 
treatments for SE control rate. (D) Funnel plot of the different treatments for SE control rate. FPHT = fosphenytoin, SE = status epilepticus, SURCA = surface 
under the cumulative ranking curve.
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Table 2

Efficacy of different comparisons for SE control rate by ORs and corresponding 95% CIs.

FPHT
0.94 (0.71, 1.25) LEV
0.66 (0.42, 1.02) 0.7 (0.48, 1.01) PHB
1.03 (0.74, 1.43) 1.1 (0.91, 1.33) 1.56 (1.09, 2.25) PHT
1.1 (0.78, 1.52) 1.17 (0.93, 1.47) 1.67 (1.21, 2.31) 1.07 (0.84, 1.34) VPA

CI = confidence interval, FPHT = fosphenytoin, LEV = levetiracetam, PHB = phenobarbital, PHT = phenytoin, VPA = valproic acid.

Figure 5. (A) Network structure diagrams of SE control rate. (B) Forest plot of the SE control rate as compared with FPHT. (C) SUCRA probabilities of different 
treatments for the recurrences of seizures within 24 hours. (D) Funnel plot of the different treatments for the recurrences of seizures within 24 hours. FPHT = 
fosphenytoin, SE = status epilepticus, SURCA = surface under the cumulative ranking curve.

Table 3

Efficacy of different comparisons for the recurrences of seizures within 24 hours by ORs and corresponding 95% CIs.

FPHT
1.18 (0.87, 1.58) LEV
1.91 (1.02, 3.62) 1.63 (0.91, 2.96) PHB
1.34 (0.94, 1.92) 1.14 (0.92, 1.43) 0.7 (0.38, 1.25) PHT
1.45 (1.02, 2.06) 1.23 (0.95, 1.6) 0.76 (0.44, 1.27) 1.08 (0.83, 1.4) VPA

CI = confidence interval, FPHT = fosphenytoin, LEV = levetiracetam, PHB = phenobarbital, PHT = phenytoin, VPA = valproic acid.
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the benefits of ease of administration and a decreased likeli-
hood of adverse reactions. Recent research has indicated that 
PHB stimulates gamma-aminobutyric acid (GABA) receptors, 
resulting in heightened frequency of chloride channel open-
ing and prolonged duration of channel opening. Furthermore, 
it has been demonstrated that PHB can decrease glutamate 
release. While PHB exhibits superior efficacy in managing SE 
compared to other AED due to its multifaceted antiepilep-
tic mechanism, its increased likelihood of adverse reactions 
restricts its clinical utility. In contrast, VPA and LEV present 

fewer adverse reactions and benefits in the treatment of SE. 
However, VPA is constrained by a narrow therapeutic window, 
and variations in blood drug concentrations among different 
individuals may compromise safety, particularly in special pop-
ulations. LEV exhibits minimal impact on hepatic and renal 
function within the standard therapeutic range, and there is no 
clear correlation between dosage and adverse reactions. This 
attribute makes it a favorable choice for pediatric and geriatric 
patient populations.

The study is constrained by various limitations, such as the 
absence of detailed reporting on specific randomization meth-
ods, allocation concealment, and blinding in certain included 
RCTs, which may introduce biases in selection and measure-
ment. Furthermore, the predominant focus on studies con-
ducted in Asian regions implies potential regional constraints. 
Moreover, the 2015 redefinition of SE by the International 
League Against Epilepsy, which previously characterized it as 
seizures lasting longer than 30 minutes, has introduced clini-
cal heterogeneity as a result of inconsistent definitions utilized 
in different studies. The limited sample sizes in several stud-
ies may have compromised the reliability of trial outcomes. 
Furthermore, variations in the age distribution of patients 

Figure 6. (A) Network structure diagrams of the rate of additional AED treatment required. (B) Forest plot of the rate of additional AED treatment required as 
compared with FPHT. (C) SUCRA probabilities of different treatments for rate of additional AED treatment required. (D) Funnel plot of the different treatments for 
rate of additional AED treatment required. AED = antiepileptic drugs, FPHT = fosphenytoin, SURCA = surface under the cumulative ranking curve.

Table 4

Efficacy of different comparisons for the rate of additional AED 
treatment required by ORs and corresponding 95% CIs.

FPHT
1.27 (0.62, 2.6) LEV
1.15 (0.52, 2.5) 0.9 (0.65, 1.24) PHT
1.07 (0.47, 2.41) 0.84 (0.57, 1.24) 0.93 (0.61, 1.42) VPA

AED = antiepileptic drugs, CI = confidence interval, FPHT = fosphenytoin, LEV = levetiracetam, 
PHT = phenytoin, VPA = valproic acid.
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across the literature have posed challenges in the comparison 
of findings between studies. Moreover, significant variations 
were observed in the drug dosages administered to various 
cohorts of patients.

5. Conclusions
In summary, current research indicates that PHB continues to be 
a prominent option for managing SE, although its safety profile 
warrants careful consideration. Meanwhile, both VPA and LEV 
offer distinctive advantages in the treatment of SE, with each 

demonstrating commendable safety profiles. VPA is particularly 
recommended for adult patients, while LEV is often preferred 
for pediatric and elderly populations.
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