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ABSTRACT 

 

Background: Early post-traumatic seizures worsen secondary brain injury after severe 

traumatic brain injury (TBI). Phenytoin remains the traditional prophylactic agent, while 

levetiracetam has gained popularity because of its favorable safety profile.  

Methods: This prospective randomized controlled pilot study was conducted in the 

Neurosurgical ICU of SKIMS, Srinagar between June 2023 and June 2025. Forty-eight adults 

with severe TBI (GCS ≤8) were enrolled and randomized to receive phenytoin or 

levetiracetam. Five patients died during the early study period and were excluded from final 

analysis, leaving 43 patients (21 phenytoin, 22 levetiracetam). Clinical seizure monitoring 

and EEG assessments were performed during the first seven days after injury.  

Results: Baseline demographics, injury severity, Marshall CT scores, and surgical procedures 

were comparable between groups. Clinical seizures occurred in 9.5% of phenytoin-treated 

patients and 4.5% of levetiracetam-treated patients. No significant difference was observed in 

time to first seizure, EEG epileptiform discharges, ICU stay, neurological recovery, adverse 

effects, or mortality. Adverse effects were numerically more frequent with phenytoin (19%) 

than levetiracetam (9%).  

Conclusions: Levetiracetam demonstrated efficacy comparable to phenytoin for prevention 

of early post-traumatic seizures and showed a trend toward improved tolerability. Larger 

multicenter studies are required to confirm these findings. 

 

Keywords: Traumatic brain injury, post-traumatic seizure, prophylaxis of seizures, phenytoin, 

levetiracetam 

 

INTRODUCTION 

Traumatic brain injury (TBI) is a major 

cause of morbidity and mortality worldwide 

and remains a significant challenge in 

critical care practice.¹ The burden is 

particularly high in low- and middle-income 

countries. A World Bank report highlighted 

that India accounts for nearly 10% of global 

road traffic crash-related deaths despite 

possessing only 1% of the world's vehicles.² 

Following the primary mechanical insult, 

TBI evolves through complex secondary 
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injury mechanisms involving cerebral 

hypoxia, raised intracranial pressure, 

neuroinflammation and abnormal electrical 

activity.¹˒³ Post-traumatic seizures (PTS) 

represent an important complication and are 

associated with poorer neurological 

outcomes, prolonged intensive care unit 

(ICU) stay and increased healthcare 

utilization.⁴˒⁵ PTS are generally classified as 

immediate, early and late seizures according 

to the time elapsed following injury.⁴˒⁵ 

To minimize secondary cerebral injury 

associated with early seizures, prophylactic 

antiepileptic therapy has become standard 

practice in patients with severe TBI. ⁶ 

Phenytoin and levetiracetam are the two 

most commonly used agents. Phenytoin acts 

primarily through blockade of voltage-gated 

sodium channels and has long been utilized 

for prevention of early post-traumatic 

seizures.7 Conversely, levetiracetam exerts 

its effect through binding to synaptic vesicle 

protein 2A, thereby modulating 

neurotransmitter release.8 Compared with 

phenytoin, levetiracetam possesses 

favorable pharmacokinetic properties, 

minimal drug interactions and limited 

hepatic metabolism.8,9 Despite widespread 

use of both agents, uncertainty persists 

regarding their comparative efficacy and 

safety. Several systematic reviews and 

meta-analyses have reported no significant 

difference between levetiracetam and 

phenytoin with respect to prevention of 

early seizures, mortality or overall clinical 

outcomes. 10-14 However, existing evidence 

is limited by heterogeneity in study design, 

small sample sizes and inconsistent methods 

of seizure detection. Most previous studies 

have relied primarily on clinically apparent 

seizures without routine 

electroencephalographic (EEG) 

monitoring.15,16 In critically ill patients 

receiving sedation and mechanical 

ventilation, this approach may 

underestimate the burden of subclinical 

epileptiform activity.⁴˒⁵ Therefore, the 

present randomized controlled trial was 

undertaken to compare levetiracetam and 

phenytoin for prophylaxis of early post-

traumatic seizures in patients with severe 

TBI using both clinical assessment and EEG 

monitoring. Secondary objectives included 

comparison of adverse drug reactions, time 

to first seizure, ICU stay and mortality. 

 

MATERIALS AND METHODS 

This prospective, randomized, controlled 

trial was conducted in the Neurosurgical 

Intensive Care Unit (NICU) under the 

Division of Neuroanesthesia and 

Neurocritical Care at the Sher-i-Kashmir 

Institute of Medical Sciences (SKIMS), 

Soura, Srinagar, India. The study was 

conducted over a two-year period from June 

2023 to June 2025. Institutional Ethical 

Committee clearance was obtained prior to 

study commencement, and the trial was 

registered prospectively with the Clinical 

Trials Registry of India. (Approval No. 

SKIMS 131/iec-skims/2023-251, dated 05-

06-2023). 

 

Study Population 

As this was a pilot study, a formal sample 

size calculation was not initially performed. 

A convenience sample of 48 adult patients 

with traumatic brain injury (TBI) was 

enrolled after obtaining informed, written 

consent from their legally authorized 

representatives. After exclusions and 

dropouts, data for 43 patients were included 

in the final analysis. 

 

Inclusion Criteria: 

Age ≥ 18 years 

Confirmed diagnosis of TBI 

Admitting Glasgow Coma Scale (GCS) 

score ≤ 8 

 

Exclusion Criteria: 

Patients were excluded if they had a history 

of epilepsy or seizure disorder, known 

hypersensitivity to phenytoin or 

levetiracetam, pre-existing liver or kidney 

disease, bleeding disorders, or were on 

anticoagulation therapy. Pregnant or 

breastfeeding women, patients requiring 

neuromuscular blockade (which could mask 

clinical seizures), and those with 
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independent epileptogenic brain pathologies 

(e.g., aneurysm, tumor) were also excluded. 

 

Initial Management and Resuscitation 

All patients were initially admitted to the 

Emergency Medicine Department, where 

primary and secondary surveys were 

conducted. The airway was secured in 

patients with a low GCS, inability to 

maintain airway patency, or signs of 

respiratory distress. Fluid resuscitation and 

blood transfusions were administered based 

on standard operating protocols. Extended 

Focused Assessment with Sonography in 

Trauma (E-FAST) and non-contrast 

computed tomography (NCCT) of the head 

and spine were performed in all patients 

with a GCS < 8. Based on clinical and 

radiological evaluation, patients underwent 

surgical intervention (e.g., decompressive 

craniectomy) or were managed 

conservatively. 

 

Randomization and Intervention 

For this study, the "early postoperative 

period" was strictly defined as the first 7 

days following the initial TBI impact, 

regardless of whether the patient was 

managed surgically or conservatively. 

Patients were randomized in a 1:1 ratio to 

receive either phenytoin or levetiracetam 

using a computer-generated random 

sequence. Allocation concealment was 

ensured using sequentially numbered 

opaque sealed envelopes. The treating 

clinicians were aware of the allocated 

intervention due to differences in drug 

administration; however, EEG interpretation 

and outcome assessment were performed by 

investigators blinded to treatment allocation. 

 

Group P (Phenytoin): Received an 

intravenous loading dose of 20 mg/kg, 

followed by a maintenance dose of 2 mg/kg 

three times daily. 

 

Group L (Levetiracetam): Received an 

intravenous dose of 10 mg/kg twice daily. 

The assigned antiepileptic drug was initiated 

intraoperatively by the attending anesthetist 

(or in the ICU for conservative patients) and 

maintained for at least 7 days. 

 

Standardized Neurocritical Care 

In the NICU, TBI management adhered to 

standard guidelines. Targets included PaO₂ 

> 60 mmHg, SpO₂ ≥ 90%, PaCO₂ 35–45 

mmHg, and serum sodium (Na⁺) between 

135–145 mEq/L. Hemodynamic goals were 

maintained with a systolic blood pressure 

(SBP) ≥ 100 mmHg for patients aged 15–49 

or >70 years, and ≥ 110 mmHg for those 

aged 50–69 years. Decongestants, including 

mannitol (0.25–0.5 g/kg) and/or 3% 

hypertonic saline (2–3 ml/kg), were 

administered based on the severity of 

cerebral edema. Patients were sedated using 

a continuous infusion of fentanyl (50–100 

mcg/hour) and midazolam (2–5 mg/hour). A 

daily sedation interruption (sedation 

vacation) was performed every morning to 

facilitate neurological assessment. 

 

Clinical and Electroencephalographic 

(EEG) Monitoring 

EEG monitoring in the present study 

consisted of a one-hour recording obtained 

during ICU stay. Therefore, the reported 

EEG findings represent snapshot 

assessments rather than continuous 

surveillance. Consequently, non-convulsive 

seizures occurring outside the recording 

period may have been missed. 

 

Sample size justification: 

This was a pilot randomized controlled trial. 

Due to the limited number of eligible severe 

traumatic brain injury patients presenting 

during the study period, a convenience 

sample of 48 participants was enrolled. No 

formal a priori sample size calculation was 

performed. Therefore, the findings should 

be interpreted as exploratory and 

hypothesis-generating. 

 

Statistical Analysis 

Statistical analysis was performed using 

SPSS version 20. Continuous variables were 

expressed as mean ± standard deviation and 

compared using the Independent Student's t-
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test. Categorical variables were expressed as 

frequency and percentage and compared 

using Chi-square test or Fisher's exact test 

wherever expected cell frequencies were 

less than five. A p-value <0.05 was 

considered statistically significant. 

 

RESULTS 

 

 
Figure 1: CONSORT flow diagram.  

 

A total of 62 patients with severe traumatic 

brain injury were assessed for eligibility 

during the study period as shown in figure 

1. Fourteen patients were excluded before 

randomization, including 10 who did not 

meet the inclusion criteria and 4 who 

declined participation. The remaining 48 

patients were randomized equally to the 

phenytoin group (Group P, n=24) and the 

levetiracetam group (Group L, n=24), and 

all received the allocated intervention. 

During follow-up, 5 patients were excluded 

from the final analysis because of 

incomplete outcome data or protocol 

deviations (3 from Group P and 2 from 

Group L). Consequently, 43 patients (21 in 

Group P and 22 in Group L) were included 

in the final analysis. 

The baseline demographic profiles of both 

treatment arms were comparable as shown 

in table 1. The mean age was 42.19 ± 15.83 

years in the phenytoin group and 39.23 ± 

13.97 years in the levetiracetam group (p = 

0.25). Both groups demonstrated a strong 

male predominance (90.5% and 86.4%, 

respectively; p = 0.67). Most patients had no 

pre-existing comorbidities (52.4% in the 

phenytoin arm vs. 77.3% in the 

levetiracetam arm; p = 0.364), with 

hypertension being the most frequently 

reported comorbidity when present. 
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Table 1: Baseline Demographic and Clinical Characteristics 

Parameter Phenytoin (n=21) Levetiracetam (n=22) p-value 

Age in Years (Mean ± SD) 42.19 ± 15.83 39.23 ± 13.97 0.250 

Male 19 (90.5%) 19 (86.4%) 0.670 

Female 2 (9.5%) 3 (13.6%)  

RTA 15 (71.4%) 13 (59.1%) 0.396 

FFH 6 (28.6%) 9 (40.9%)  

SDH 15 (71.4%) 11 (50.0%) 0.203 

EDH 0 2 (9.1%)  

Mixed Lesions 6 (28.6%) 9 (40.9%)  

No Comorbidity 11 (52.4%) 17 (77.3%) 0.364 

Baseline GCS 4–5 3 (14.3%) 1 (4.5%) 0.690 

Baseline GCS 6–7 10 (47.6%) 10 (45.5%)  

Baseline GCS 8 8 (38.1%) 11 (50.0%)  

Marshall Score 3 4 (19.1%) 2 (9.1%) 0.660 

Marshall Score 4 8 (38.1%) 9 (40.9%)  

Marshall Score 5 9 (42.9%) 11 (50.0%)  

 

Road traffic accidents (RTA) were the 

primary mechanism of injury across the 

cohort (71.4% for phenytoin and 59.1% for 

levetiracetam; p = 0.396), followed by falls 

from height. Radiologically, subdural 

hematoma (SDH) was the most common 

primary lesion. Injury severity was closely 

matched, with baseline Glasgow Coma 

Scale (GCS) scores predominantly ≤8 in 

both cohorts (38.1% vs. 50.0%; p = 0.69), 

and Marshall CT scores mainly 4 or 5 (p = 

0.66). Consequently, surgical intervention 

profiles were similar, with decompressive 

craniectomy being the most frequently 

performed procedure (>90% in both groups; 

p = 0.212) see table 2. 

Both antiepileptic agents demonstrated 

comparable efficacy in preventing early 

post-traumatic seizures. Clinically evident 

seizures occurred in 9.5% of the phenytoin 

group compared with 4.5% of the 

levetiracetam group, a difference that was 

not statistically significant (p = 0.73) as 

shown table 2. Regarding the timing of the 

first seizure, the phenytoin group recorded 

both immediate (9.5%) and early seizures 

(4.8%). In contrast, the levetiracetam group 

experienced only early seizures (13.6%) and 

no immediate seizures, although this 

temporal difference was not statistically 

significant (p = 0.25) see table 2. 

 
Table 2: Primary Efficacy Outcomes and EEG Findings 

Parameter Phenytoin Levetiracetam p-value 

Clinical Seizures Present 2 (9.5%) 1 (4.5%) 0.730 

Clinical Seizures Absent 19 (90.5%) 21 (95.5%)  

Immediate Seizures 2 (9.5%) 0 0.250 

Early Seizures 1 (4.8%) 3 (13.6%)  

No Seizure 18 (85.7%) 19 (86.4%)  

EEG Discharge Present 1 (4.8%) 3 (13.6%) 0.450 

EEG Discharge Absent 20 (95.2%) 19 (86.4%)  

No Adverse Effect 17 (81.0%) 20 (90.9%) 0.210 

Deranged LFT 3 (14.2%) 0  

Irritability 0 2 (9.1%)  

Rash 1 (4.8%) 0  

 

Subclinical seizure activity, evaluated via 

electroencephalography (EEG), revealed 

epileptiform discharges in 4.8% of the 

phenytoin group and 13.6% of the 

levetiracetam group (p=0.45). Routine EEG 

analysis consistently demonstrated 

generalized background slowing (delta/theta 

activity) across the cohort, secondary to 

diffuse cerebral edema and continuous 

fentanyl sedation. Breach rhythms were 
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universally observed, corresponding to 

surgical craniectomy sites. 

 

Clinical Course and Mortality 

Neurological recovery during the ICU stay 

was comparable between the two cohorts. 

The best GCS achieved prior to ICU 

discharge peaked around 9–10 for the 

majority of patients in both groups 

(p=0.294). ICU length of stay varied widely 

but was most frequently 11–15 days for 

patients receiving phenytoin and 16–20 days 

for those receiving levetiracetam (p=0.373). 

The overall mortality rate was slightly 

higher in the phenytoin group (28.6%) 

compared to the levetiracetam group 

(18.2%); however, this difference did not 

reach statistical significance (p=0.50) as 

shown in table 3, indicating a comparable 

impact on short-term survival. 

 
Table 3: Interventions and Secondary Clinical Outcomes 

Parameter Phenytoin Levetiracetam p-value 

Decompressive Craniectomy 20 (95.2%) 20 (90.9%) 0.212 

Evacuation of EDH 0 2 (9.1%)  

Depressed Skull Elevation 1 (4.8%) 0  

ICU Stay 8–10 days 3 (14.3%) 2 (9.1%) 0.373 

ICU Stay 11–15 days 10 (47.6%) 5 (22.7%)  

ICU Stay 16–20 days 6 (28.6%) 9 (40.9%)  

ICU Stay >20 days 2 (9.5%) 6 (27.3%)  

Best GCS 3–8 5 (23.8%) 10 (45.5%) 0.294 

Best GCS 9–11 13 (61.9%) 11 (50.0%)  

Best GCS 12–15 2 (9.5%) 1 (4.5%)  

Mortality Yes 6 (28.6%) 4 (18.2%) 0.500 

Mortality No 15 (71.4%) 18 (81.8%)  

 

Safety, Tolerability, and Laboratory 

Parameters: 

Adverse drug reactions were observed more 

frequently in the phenytoin arm (19.0%) 

than in the levetiracetam arm (9.0%), 

though this trend was not statistically 

significant (p = 0.21). Side effects in the 

phenytoin group included deranged liver 

function tests (14.2%) and dermatological 

rash (4.8%). Conversely, adverse effects in 

the levetiracetam group were exclusively 

neurobehavioral, limited to instances of 

irritability (9.1%). Systematic evaluation of 

laboratory parameters revealed no 

significant drug-induced derangements. 

Complete blood count (CBC) variables, 

including hemoglobin, total leukocyte 

count, and differentials, remained 

comparable between groups (p > 0.20). 

Similarly, biochemical liver profiles 

including serum bilirubin, alanine 

aminotransferase (ALT), alkaline 

phosphatase (ALP), and serum albumin 

showed no significant intergroup variations 

(all p > 0.05), suggesting that both agents 

maintained an acceptable hepatic safety 

profile during the acute phase of treatment. 

 
Table 4: Hematological and Hepatic Laboratory Parameters 

Parameter Phenytoin (Mean ± SD) Levetiracetam (Mean ± SD) p-value 

Hemoglobin (g/dL) 10.5 ± 1.32 10.8 ± 1.43 0.494 

WBC Count 12756.5 ± 3377.7 11733.3 ± 3722.5 0.368 

Neutrophils (%) 75.59 ± 10.41 71.31 ± 12.11 0.238 

Lymphocytes (%) 16.53 ± 9.09 20.08 ± 9.44 0.233 

Eosinophils (%) 0.97 ± 1.29 1.07 ± 1.47 0.820 

Monocytes (%) 6.22 ± 1.85 6.92 ± 2.01 0.258 

Bilirubin (mg/dL) 0.67 ± 0.18 0.73 ± 0.18 0.071 

ALT (U/L) 30.94 ± 10.13 30.76 ± 9.71 0.248 

ALP (U/L) 89.03 ± 13.34 89.50 ± 13.07 0.996 

Total Protein (g/dL) 6.36 ± 0.57 6.32 ± 0.61 0.276 

Albumin (g/dL) 3.29 ± 0.43 3.29 ± 0.38 0.900 
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DISCUSSION 

The primary objective of this study was to 

compare the efficacy and safety of 

levetiracetam versus phenytoin for 

prophylaxis of early post-traumatic seizures 

in severe traumatic brain injury. Post-

traumatic seizures are recognized 

contributors to secondary brain injury and 

worse neurological outcomes following 

severe TBI.6,7 Our demographic data, which 

revealed a strong male predominance and 

identified road traffic accidents as the 

primary mechanism of injury, aligns with 

the established epidemiology of severe TBI 

in low- and middle-income countries.⁵ 

Baseline injury severity, reflected by 

comparable GCS scores and Marshall CT 

scores, was well matched between the 

cohorts, mirroring populations studied by 

Jones et al.17 and Szaflarski et al.18. 

Regarding primary efficacy, the incidence 

of clinically evident seizures was low and 

statistically indistinguishable between the 

phenytoin and levetiracetam groups. This is 

consistent with multiple robust meta-

analyses, including those by Xu et al. 19 and 

Yang et al. 20, which reported no significant 

superiority of either agent in preventing 

early post-traumatic seizures. 

Crucially, our study incorporated EEG 

monitoring to detect subclinical seizures, a 

frequently underdiagnosed complication in 

sedated and mechanically ventilated 

patients. ⁶ Subclinical epileptiform 

discharges were noted in both treatment 

groups. The numerically higher but 

statistically non-significant rate of EEG 

abnormalities under levetiracetam therapy 

reflects similar findings reported by Jones et 

al. 17 While efficacy was comparable, the 

safety profiles differed. Phenytoin 

administration was associated with a higher 

incidence of adverse events, predominantly 

dermatological reactions and hepatic 

enzyme derangements. In contrast, 

levetiracetam-related adverse effects were 

limited to neurobehavioral symptoms. This 

observation aligns with findings by 

Karamian et al. 16 and Xu et al. 19, who 

highlighted levetiracetam's favorable 

pharmacokinetic profile and lower potential 

for drug interactions. ICU stay and mortality 

did not differ significantly between groups. 

Mortality rates observed in our study were 

comparable to those reported by Younus et 

al. 21 and McGinn et al.22. Although 

Karamian et al. 16 suggested a shorter ICU 

stay with levetiracetam, this trend was not 

observed in our cohort. 

 

Strengths and Limitations 

A major strength of this study is its 

inclusion of continuous/snapshot EEG 

monitoring within a highly homogeneous, 

severely injured neurosurgical cohort 

(predominantly undergoing decompressive 

craniectomy). This allowed for the detection 

of non-convulsive status epilepticus 

(NCSE), avoiding reliance on purely clinical 

observations that are frequently masked by 

continuous ICU sedation (e.g., fentanyl). 

However, several limitations must be 

acknowledged. The small sample size 

restricts the statistical power required to 

detect subtle differences in rare outcomes 

like mortality. As a single-center study, 

external validity may be constrained by 

institution-specific critical care protocols. 

Furthermore, rigorous EEG monitoring in 

the ICU proved technically challenging; 

issues such as electrode displacement due to 

patient movement, sweat artifacts, and 

interference from the ICU environment 

limited the feasibility of uninterrupted, 

prolonged monitoring. Finally, the absence 

of serum phenytoin drug level monitoring—

critical given its narrow therapeutic index—

and the limitation to a 7-day follow-up 

window preclude conclusions regarding late 

PTS and long-term functional recovery. 

 

CONCLUSIONS 

The present pilot randomized study 

demonstrated comparable efficacy of 

levetiracetam and phenytoin for prevention 

of early post-traumatic seizures in severe 

traumatic brain injury. Although 

levetiracetam was associated with fewer 

adverse effects, the observed differences 

were not statistically significant. Larger 
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multicentre randomized trials are required 

before definitive recommendations 

regarding superiority of either agent can be 

made. 
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