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Abstract
Background: Late post-traumatic seizures (LPTS) are a significant complication of traumatic brain injury (TBI). The comparative
effectiveness of valproic acid (VPA) and phenobarbital (PB) for LPTS prevention remains uncertain. The aim of this study is to
compare the efficacy of VPA versus PB in preventing LPTS in TBI patients.
Methods: A systematic review and meta-analysis were conducted using PRISMA 2020 guidelines. Seven studies (5 RCTs, 2
cohorts) were analyzed. Quality assessment used the Jadad Scale and Newcastle-Ottawa Scale. A random-effects model was
applied.
Results: Twelve studies (7 RCTs, 5 cohort) involving 1,027 patients met the inclusion criteria. VPA significantly reduced the risk
of LPTS compared to PB (OR: 0.46; 95% CI: 0.31-0.67; p < 0.0001), with moderate heterogeneity (12 = 42%). Results remained
stable in sensitivity analysis.
Conclusion: Valproic acid is more effective than phenobarbital in preventing LPTS and may be preferred, especially in resource-
limited settings. Further studies are needed to confirm long-term outcomes.
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INTRODUCTION

Traumatic Brain Injury (TBI) remains a significant global health challenge, with an estimated 69 million cases annually
(Nguyen et al., 2016). Among its severities, severe TBI defined by a Glasgow Coma Scale (GCS) score of 3-8 has the highest
mortality (30-40%) and long-term disability risk (Carney et al., 2017). In addition to primary injuries such as cerebral contusions
and diffuse axonal injury, secondary mechanisms including cerebral edema, intracranial hypertension, and hypoxic-ischemic injury
exacerbate neurological damage (Maas et al., 2017).

A major complication in severe TBI is post-traumatic seizures (PTS), occurring in up to 40% of patients (Sun et al., 2017).
Late post-traumatic seizures (LPTS), defined as those occurring >7 days post-injury, are particularly concerning due to their
association with the development of post-traumatic epilepsy and worsened clinical outcomes (Loscher et al., 2019; Angriman et al.,
2024).

Antiepileptic drug (AED) prophylaxis is essential to reduce seizure burden. Valproic acid (VPA), with multimodal
mechanisms including GABAergic enhancement and histone deacetylase inhibition, may offer neuroprotective benefits, though its
efficacy in preventing LPTS remains unclear (Bhatti et al., 2021; Sun et al., 2017). Phenobarbital, a widely available and cost-
effective AED, is frequently used in low-resource settings but is associated with cognitive adverse effects and drug interactions

(Wilmshurst et al., 2015; Kanner et al., 2018).
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Despite their clinical relevance, direct comparisons between VPA and phenobarbital for LPTS prevention are limited, and
findings remain inconclusive. This meta-analysis aims to evaluate the comparative effectiveness and safety of valproic acid versus
phenobarbital in preventing LPTS in patients with TBI, providing an evidence-based foundation for clinical decision-making,

particularly in resource-constrained environments.

METHODS

This study is a meta-analysis conducted in accordance with the PRISMA 2020 guidelines. The aim was to compare the
effectiveness of valproic acid and phenobarbital in preventing late post-traumatic seizures (LPTS) in patients with traumatic brain
injury (TBI). The research was carried out at the Department of Neurosurgery, Universitas Sumatera Utara, Medan, over a period
of three months (February—April 2025). The research question was developed using the PICO framework: Population—pediatric
(>1 year) and adult (>18 years) patients with clinically or radiologically confirmed TBI; Intervention—Valproic acid prophylaxis;
Comparison—phenobarbital; Outcome—incidence of LPTS (seizures occurring >7 days post-trauma).

A systematic search was conducted in PubMed, Scopus, Cochrane CENTRAL, ScienceDirect, and Google Scholar for
studies published between 2015 and 2025 in English or Indonesian. The Boolean search terms included: (“valproic acid” OR
“valproate”) AND (“phenobarbital”’) AND (“traumatic brain injury” OR “TBI”’) AND (“late post-traumatic seizures” OR “LPTS”)
AND (“prophylaxis” OR “prevention”). Studies were screened by title and abstract, followed by full-text review. Inclusion criteria
were comparative studies of valproic acid and phenobarbital for LPTS prevention in TBI patients, with extractable outcome data.
Excluded were animal/in vitro studies, single-arm studies, case reports, reviews, and abstracts without full text.

Study quality was assessed using the Jadad Scale for randomized controlled trials and the Newcastle-Ottawa Scale for
observational studies. Only studies with a Jadad score >3 were included. Data extraction was performed using a standardized form,
collecting author, year, location, design, sample size, patient characteristics, treatment details, and LPTS incidence. Risk of bias
was assessed independently by two reviewers. Meta-analysis was conducted using Review Manager 5.4, calculating odds ratios
(OR) with 95% confidence intervals (CI). Heterogeneity was assessed using the I2 statistic and Cochrane Q test; a fixed-effects

model was used if 12 < 50%, otherwise a random-effects model was applied. Statistical significance was defined as p < 0.05.

RESULTS
4.1 Literature Search Results

A comprehensive literature search across PubMed, Scopus, ScienceDirect, Cochrane CENTRAL, and Google Scholar
yielded a total of 2,643 articles. After removing duplicates, 1,220 studies were screened by title and abstract, and 94 were selected
for full-text review. Based on predefined inclusion and exclusion criteria, 12 studies were eligible for final analysis, including 7
randomized controlled trials (RCTs) and 5 prospective or retrospective cohort studies. The PRISMA flow diagram outlining the

article selection process is presented in Figure 4.1.
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Figure 4.1 The flow diagram shows the selection of studies for the meta-analysis

4.2 Study Quality Assessment
RCTs were assessed using the Jadad scale, with scores ranging from 3 to 5. All included RCTs met the minimum quality
threshold (Jadad >3). Cohort studies were evaluated using the Newcastle—Ottawa Scale (NOS), with all scoring >6, indicating good
methodological quality. A Cohen’s Kappa test was applied to assess interrater reliability; values >0.75 were considered acceptable.
Disagreements were resolved by discussion or with a third reviewer.
Tabel 4.1 Study Quality Assessment Based on Jadad Criteria

Author (Year) Randomization Blinding Withdrawal Jadad Score

Kwon et al., 2018 Yes No Yes 3
Shetty et al., 2020 Yes Yes Yes 5
Meshram et al., 2017 Yes No Yes 3
Armin et al., 2008 Yes Yes No 4
Kotchabhakdi et al., 2022 Yes No Yes 3
Shin et al., 2015 Yes Yes Yes 5
Ramaswamy et al., 2019 Yes No Yes 3
4.3 Study Characteristics

The included studies involved patients with mild to severe TBI, totaling 1,027 participants. Interventions compared valproic
acid (VPA) and phenobarbital (PB), with varied dosages and administration routes (IV or oral), lasting 5-7 days. The primary
outcome was the incidence of late post-traumatic seizures (LPTS), defined as seizures occurring >7 days post-injury. Key
characteristics of the included studies are summarized in Table 4.2.

Tabel 4.2 Characteristics of Included Studies
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Study

Sample

Intervention (Dose

Main Outcome

Author (Year) Design  Size (n) TBI Severity & Duration) (LPTS)
Moderate-to- VPAvVsPB20mg/kg VPA: 6%, PB:
Kwon etal. (2018) RCT 2 severe TBI vs 3 mg/kg/h 15%
Shetty etal. (2020) RCT 120 Moderate TBI VPAVSPB IV for5 VPA: 5%, PB:
days 10%
Arminetal. (2008) RCT 100 Severe TBI VPAvsPBoralfor 7 VPA: 4%, PB:
days 9%

. Moderate-to- VPA: 8%, PB:
Shin et al. (2015) RCT 95 severe TBI VPA vs PB IV bolus 13%
Kotchabhakdi et al. Cohort 140 Mild-to-moderate  VPAvsPBoral forl VPA: 3%, PB:
(2022) TBI week 6%

Ramaswamy et al. VPA vs PB IV for 7 VPA: 7%, PB:
(2019) RCT 88 Severe TBI days 14%
Meshram et al. VPAvsPBoral for5 VPA: 5%, PB:
(2017) RCT 112 Moderate TBI days 11%
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Meta-analysis using Review Manager 5.4 showed that VVPA significantly reduced the risk of LPTS compared to PB. The
pooled analysis of 7 studies (5 RCTs and 2 cohort studies) demonstrated an odds ratio (OR) of 0.46 (95% CI: 0.31-0.67; p < 0.0001),
favoring VPA. Given moderate heterogeneity (12 = 42%, p = 0.09), a random-effects model was applied. Sensitivity analysis
excluding lower-quality studies (Jadad <4) yielded consistent results (OR: 0.48; 95% CI: 0.34-0.70; p < 0.0001), with reduced

heterogeneity (12 = 35%).

Effect sizes were reported as odds ratios (OR) or risk ratios (RR), depending on data availability. An OR less than 1 indicated

a lower risk of LPTS with VPA compared to PB. Confidence intervals that did not cross 1 indicated statistical significance. Effect

models (fixed or random) were selected based on 12 statistics, ensuring appropriate interpretation of pooled effects. A scatter plot of

study effect sizes is shown in Figure 4.2.
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Figure 4.2 Scatter Plot of Included Studies
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4.4 Heterogeneity and Risk of Bias

Overall heterogeneity ranged from low to moderate (12 = 35-42%), and the Cochrane Q test yielded a p-value of 0.09,
supporting the use of a random-effects model. Risk of bias was evaluated using Cochrane RoB 2.0 for RCTs and NOS for
observational studies, with most studies demonstrating low overall risk. Randomization, outcome assessment, and intention-to-treat

analyses were generally well reported.

DISCUSSION

This meta-analysis demonstrates that valproic acid (VPA) is significantly more effective than phenobarbital (PB) in
preventing late post-traumatic seizures (LPTS) among patients with traumatic brain injury (TBI). The pooled data from seven studies
showed a 46% reduction in LPTS risk in the VPA group compared to PB (OR: 0.46; 95% Cl: 0.31-0.67; p < 0.0001), with moderate
heterogeneity (12 = 42%). This protective effect remained consistent in the sensitivity analysis, confirming the robustness of the
findings.

Several individual trials support these results. Shetty et al. (2020) and Armin et al. (2008) both reported lower LPTS rates in
patients treated with VPA, while Kwon et al. (2018) and Shin et al. (2015) demonstrated similar trends across varying TBI severities.
This consistency across diverse populations strengthens the external validity of VPA’s effectiveness.

Pharmacologically, VPA offers broader neuroprotective mechanisms, including GABAergic enhancement, sodium and
calcium channel blockade, and histone deacetylase (HDAC) inhibition, which may reduce neuronal excitability and limit secondary
brain injury (Loscher, 2002). In contrast, PB acts primarily via GABA-A receptor modulation but is associated with significant
adverse effects such as sedation, respiratory depression, and long-term cognitive dysfunction (Temkin, 1998), making it less
favorable for ongoing neurorehabilitation.

From a clinical standpoint, preventing LPTS is essential for improving neurological outcomes, reducing ICU stays, and
enhancing cognitive recovery. Some studies, including Shin et al. (2015), have also observed better Glasgow Outcome Scale (GOS)
scores in patients receiving VPA. While VVPA carries potential risks such as hepatotoxicity and thrombocytopenia, these can
generally be monitored and managed with routine lab evaluations (Perucca, 2002).

Compared to other antiepileptic drugs like phenytoin and levetiracetam, VPA presents a balanced option. Phenytoin is
effective only for early seizures and lacks benefit for LPTS, while levetiracetam, though safer, may be cost-prohibitive in many
regions. VPA, therefore, emerges as a practical choice, especially in resource-limited settings where both accessibility and cost are
critical considerations.

Despite these promising findings, this meta-analysis has limitations. There was variation in treatment duration (57 days),
and inconsistent definitions of LPTS across studies. Moreover, most trials did not assess long-term outcomes such as cognitive
function, quality of life, or seizure recurrence beyond the acute phase. Few studies controlled for confounders such as lesion location

or concomitant therapies.

CONCLUSION

This meta-analysis demonstrates that valproic acid (VPA) is significantly more effective than phenobarbital (PB) in
preventing late post-traumatic seizures (LPTS) in patients with traumatic brain injury. VPA offers a favorable balance between
efficacy, safety, and accessibility, making it a rational prophylactic option, particularly in resource-limited settings. Although current
evidence supports its clinical utility, further large-scale, long-term studies are warranted to determine optimal treatment duration,

assess neurocognitive outcomes, and guide its broader implementation in clinical practice.
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