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Objective: To compare the efficacy and safety of levetiracetam versus phenytoin/fosphenytoin as second-line treatments in children with convulsive status epilepticus (CSE).

Methods: A systematic search identified randomized controlled trials comparing levetiracetam with phenytoin/fosphenytoin to treat CSE in children. Fourteen studies involving 2,197 patients were included in the meta-analysis.

Results: No significant difference was found between the two treatments regarding seizure cessation (odds ratio (OR): 1.18, 95% confidence interval (CI): 0.94–1.48; p = 0.16) or time to clinical seizure termination (mean difference: −0.10, 95% CI: −0.61 to 0.40; p = 0.69). However, levetiracetam was associated with significantly fewer seizure recurrences (OR: 0.60, 95% CI: 0.43–0.84; p = 0.003) and adverse events (OR: 0.59, 95% CI: 0.37–0.94; p = 0.03) compared with phenytoin/fosphenytoin. No significant differences were observed in the need for mechanical ventilation, intensive care unit admission, or hospital length of stay.

Conclusion: Levetiracetam is as effective as phenytoin/fosphenytoin to control seizures in children with CSE and is associated with fewer seizure recurrences and adverse events.
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Background

Convulsive status epilepticus (CSE) is a serious neurological emergency in children that increases mortality and morbidity risks and has an incidence of 10–60 per 100,000 people. CSE requires prompt treatment and termination to obtain satisfactory outcomes (1, 2). Benzodiazepines are the first-line anticonvulsants for CSE; however, 35–60% of patients with CSE do not respond to this treatment (3, 4). Several conventional agents have been proposed as second-line treatment for children with CSE, including phenytoin and fosphenytoin (5); however, these drugs are associated with several adverse events. Levetiracetam was approved in 2006 for children and is a new anti-seizure medication. Recently, several studies demonstrated the safety and efficacy of levetiracetam when used to treat CSE (6, 7). Although levetiracetam has potent antiepileptic effects, there are potential side effects, including behavioral changes and sleep disturbances (8, 9). Various studies have compared phenytoin/fosphenytoin and levetiracetam in terms of safety and efficacy for second-line treatment of children with CSE; however, there is no clear evidence that confirms that one drug is superior to the other. We performed an up-to-date meta-analysis and systematic review of randomized controlled trials (RCTs) to compare the effectiveness of levetiracetam and phenytoin/fosphenytoin to treat pediatric cases of CSE.



Methods

This meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (10). Institutional Review Board approval was not applicable for this study.


Search strategy and selection criteria

Two authors independently performed a thorough electronic search of literature published before 1 January 2025 to identify original RCTs comparing levetiracetam and phenytoin/fosphenytoin treatment for children with CSE. We comprehensively searched the online databases of PubMed, Embase, Web of Science, the Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov. The English search terms included but were not limited to the following: “levetiracetam,” “phenytoin,” “fosphenytoin,” “epilepsy,” “seizures,” “convulsive status epilepticus,” and “antiepileptic.” The search was restricted to human subjects and English-language articles. We also manually reviewed the references of the articles identified in the initial search. Full-text articles and abstracts were included in this study. Retrospective studies, single-arm studies, review articles, case reports, editorials, and letters to the editor were excluded, as were duplicate publications by the same author or agency and studies with insufficient data for the outcome measures.



Outcome measures and data extraction

The primary outcome of this study was seizure cessation within 24 h. In most included studies, seizure cessation was defined based on clinical observation alone, while a few studies incorporated EEG-confirmed seizure cessation. Given this variability, we acknowledge this as a limitation and emphasize the need for standardized criteria in future studies. Secondary outcome measures were time to seizure recurrence within 24 h, termination of clinical seizure, adverse events, requirement for mechanical ventilation, intensive care unit admission, and hospital stays. Three authors independently extracted the following data from the included studies: authors, publication year, sample size, patient age, and etiology. Conflicts regarding data abstraction were resolved by consensus and by referring to the original article. EndNote version X8 (Thomson Reuters, Toronto, ON, Canada) was used to remove duplicate studies.



Assessment of methodological quality and risk of bias

Two authors independently evaluated the quality of the studies. The Cochrane collaboration tool (Center for Evidence-Based Medicine Odense and Cochrane Denmark, Denmark) was used to assess the quality of the RCTs by evaluating methods of randomization and allocation concealment, performance, and detection of bias.



Statistical analysis

All statistical analyses were performed using Review Manager version 5.3 software (Cochrane Informatics and Knowledge Management Department, Nordic Cochrane Center, Copenhagen, Denmark). Odds ratios (ORs) with 95% confidence intervals (CIs) were used to describe dichotomous outcomes. Publication bias was evaluated by the χ2 test and funnel plots. The I2 test and p-values were used to test heterogeneity, which was considered significant with I2 > 50% and p < 0.05. A fixed-effects model was used when heterogeneity was not significant; otherwise, a random-effects model was used. A two-tailed p-value < 0.05 was considered statistically significant. We also assessed the potential for publication bias through a visual inspection of funnel plot asymmetry.




Results


Study selection and trial characteristics

The search identified 217 articles, 21 of which were removed as duplicates; a further 172 were excluded after title and abstract review. Ten additional studies were excluded after applying the exclusion criteria. In total, 14 studies were included in the final meta-analysis (9, 11–23). The selection process and flow chart are summarized in Figure 1.
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FIGURE 1
 Study flowchart for patient selection.


The 14 studies included RCTs involving 2,197 pediatric patients aged between 3 months and 16 years, who were enrolled into two groups (1,117 participants in the levetiracetam group and 1,080 participants in the phenytoin/fosphenytoin group). Among the 14 studies, 8 were performed in India, 3 in Pakistan, 1 in New Zealand, 1 in the USA, and 1 in the UK. All studies were published recently (2014–2023). The dose of levetiracetam varied from 20 to 60 mg/kg, while phenytoin/fosphenytoin was used at 20–30 mg/kg. The risk of bias is shown in Figure 2, and the characteristics of the included studies are shown in Table 1.
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FIGURE 2
 Consensus risk of bias assessment of the included studies. Green, low risk; yellow, unclear; red, high risk.




TABLE 1 Characteristics of included studies.
[image: Table1]



Primary outcomes


Seizure cessation

Data for seizure cessation were reported in all included trials, namely 839/1054 patients in the levetiracetam group and 793/1017 patients in the phenytoin/fosphenytoin group. There were no significant differences between the levetiracetam and phenytoin/fosphenytoin groups (OR: 1.19; 95% CI: 0.78–1.79), with I2 = 58% (Figure 3A).
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FIGURE 3
 Forest plot of the meta-analysis comparing levetiracetam and phenytoin/fosphenytoin. (A) Seizure cessation; (B) Seizure recurrence; (C) Adverse events.




Seizure recurrence

Eleven studies provided data for seizure recurrence for 63/646 patients in the levetiracetam group and 94/612 patients in the phenytoin/fosphenytoin group. Levetiracetam appeared to be associated with lower seizure recurrence rates compared with phenytoin/fosphenytoin (OR: 0.58; 95% CI: 0.42–0.81), with I2 = 52% (Figure 3B).



Adverse events

Ten studies reported 84/853 and 137/839 adverse events in the levetiracetam and phenytoin/fosphenytoin groups, respectively. Analysis showed that the levetiracetam group experienced fewer adverse events (OR: 0.59; 95% CI: 0.37–0.94), with I2 = 61% (Figure 3C).



Mechanical ventilation

Five studies reported the number of patients that required mechanical ventilation. Analysis revealed no significant difference between the levetiracetam and phenytoin/fosphenytoin groups (OR: 0.72; 95% CI: 0.26–2.00), with I2 = 76% (Figure 4A).
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FIGURE 4
 Forest plot of the meta-analysis comparing levetiracetam and phenytoin/fosphenytoin. (A) Mechanical ventilation; (B) Intensive care unit admission; (C) Hospital stays.




Intensive care unit admission

Six studies reported 222/469 patients in the levetiracetam group and 192/432 in the phenytoin/fosphenytoin group who required intensive care unit admission, with no significant difference between the groups (OR: 1.09; 95% CI: 0.68–1.76), with I2 = 39% (Figure 4B).



Hospital stays

Three studies reported data on hospital stays. The analysis revealed no significant difference between the levetiracetam and phenytoin/fosphenytoin groups (mean difference: 0.32, 95% CI: −1.20–1.84), with I2 = 0% (Figure 4C).




Sensitivity analysis and publication bias

The influence of a single study on the overall meta-analysis estimate was investigated by omitting one study at a time. The omission of any study resulted in no significant difference, indicating that our results were statistically reliable. Most graphical funnel plots of the parameters were symmetrical.




Discussion

In the present study, we compared the efficacy and safety of levetiracetam and phenytoin/fosphenytoin for second-line treatment of children with CSE. To our knowledge, this is the largest and most recent meta-analysis of RCTs on this topic to date. Our study showed that levetiracetam has comparable efficacy outcomes and is associated with fewer adverse events compared with phenytoin/fosphenytoin.

For children with CSE, numerous guidelines suggest benzodiazepines as the first-line anticonvulsant treatment (5). Several RCTs have compared levetiracetam and phenytoin/fosphenytoin for CSE treatment (9, 21, 24). A recent RCT showed that levetiracetam was comparable to fosphenytoin as a second-line medication for the management of CSE (21). Similar results have been confirmed in several studies (15, 18); however, this conclusion was not corroborated by others. The ConSEPT trial, an open-label, multicenter RCT, showed that levetiracetam was not superior to phenytoin (9). A different meta-analysis included retrospective studies and RCTs and demonstrated that levetiracetam was superior to phenytoin in children with CSE (1). Another meta-analysis included nine studies with a total of 1732 patients, and showed no significant difference between the two drugs in terms of seizure cessation (25). Compared with previous studies, the strength of the present study lies in its inclusion of the latest RCTs. The most recent study was published in 2023, while others were published within the last decade. Our study showed that levetiracetam was comparable with phenytoin/fosphenytoin; however, CSE remains a complex disease state with diverse presentations and underlying causes, and previous antiepileptic drug usage can affect treatment results. The included RCTs exhibited considerable variability in the definition of seizures and seizure recurrence. In future research, more high-quality, large-sample-size RCTs are needed.

Several adverse events have been reported with phenytoin/fosphenytoin use, including cardiac reactions, arrhythmia, hypotension, and skin manifestations (26). The adverse events of levetiracetam include behavioral changes, sleep disturbances, diplopia, and gastrointestinal manifestations, such as nausea. In our study, 10 RCTs reported data on adverse events, with 84/853 in the levetiracetam group and 137/839 in the phenytoin/fosphenytoin group, indicating that levetiracetam treatment led to fewer adverse events compared with phenytoin/fosphenytoin. However, some studies did not report adverse events, which could have led to selection bias. Additionally, the definition of adverse events varied between the RCTs. Although our study primarily focused on pediatric patients, we acknowledge that the adverse effects of phenytoin may be influenced by patient age and underlying conditions, such as infections. To address this, we have expanded the discussion to explore how these factors might contribute to the observed variations in adverse event rates. Additionally, we recommend that future studies stratify adverse effects based on patient age and comorbid conditions to provide a more comprehensive understanding of these potential interactions.

Although this study included the latest and largest known number of RCT studies, there were several limitations. Firstly, the limited number of studies for some secondary outcomes reduces the statistical power and generalizability of our findings. This limitation may have led to less precise effect estimates, and caution should be exercised when interpreting these results. Future large-scale, multicenter randomized controlled trials (RCTs) with adequate power are needed to confirm our findings and improve the robustness of the conclusions. Secondly, the definition of seizure cessation across included trials. While most studies relied on clinical observation to determine seizure cessation, a few incorporated EEG confirmation. The subjective nature of clinical assessment may have introduced variability in outcome reporting. Future trials should consider implementing standardized seizure cessation criteria, incorporating both clinical and EEG confirmation, to improve consistency and reliability. The studies included in this analysis also varied in terms of the drug dosage and study methods, mainly for levetiracetam (the dosage varied from 20 to 40 mg/kg). Infusion times also differed between studies. Thirdly, Some of the included studies did not report adverse events, which may have introduced selection bias in our safety analysis. The lack of standardized adverse event reporting could lead to an underestimation of the true incidence of side effects. This limitation highlights the need for future trials to adopt uniform safety reporting criteria to ensure a more accurate assessment of drug-related adverse events. Finally, the studies included in the analysis were predominantly conducted in India and Pakistan, which may introduce regional differences in drug availability, healthcare infrastructure, and prescribing practices. Additionally, population-specific genetic factors may influence treatment response, limiting the generalizability of our findings to other regions. Future research should aim to incorporate data from a broader range of geographic locations to enhance external validity.



Conclusion

In conclusion, our study showed that levetiracetam has comparable efficacy outcomes and is associated with fewer adverse events and seizure recurrence rates compared with phenytoin/fosphenytoin when used in the treatment of children with CSE.
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