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ABSTRACT

OBJECTIVE: To compare the efficacy of levetiracetam versus valproic acid in children
with status epilepticus.

METHODOLOGY: This randomized controlled trial was conducted at the Department of
Pediatric Medicine, Nishtar Hospital, Multan, from June-November 2025. Children aged 2—
14 years with status epilepticus were enrolled. They were randomly allocated to receive
intravenous levetiracetam (20 mg/kg loading, 60 mg/kg/day maintenance) or valproic acid
(15 mg/kg loading, 20 mg/kg/day maintenance). The primary outcome was sustained seizure
control for >24 hours, and the secondary outcome was immediate cessation within 15-30
minutes. Data were analyzed using SPSS v26, with p<0.05 considered significant.
RESULTS: In a total of 138 pediatric patients, 69 (50.0%) were males, and 69 (50.0%) were
females. The median age was 7.9 years (IQR 4.9—-11.1), with 36 (26.1%) children aged 25
years, 76 (55.1%) aged > 512 years, and 26 (18.8%) aged 13—14 years. Median duration of
seizure onset before treatment was 36.5 minutes (IQR 24.0-48.3); overall median duration of
epilepsy diagnosis was 1.7 years (IQR 0.8-2.7). Sustained seizure control was achieved in
111 (80.4%) patients overall, with 59 (85.5%) in the levetiracetam group, and 52 (75.4%) in
the valproic acid group (p=0.133). Immediate cessation of seizures after drug infusion was
documented in 92 (66.7%) patients overall, including 47 (68.1%) receiving levetiracetam and
45 (65.2%) receiving valproic acid (p=0.718).

CONCLUSION: Intravenous levetiracetam and valproic acid are equally efficacious in
achieving both immediate cessation and sustained control of seizure activity in pediatric
patients with status epilepticus.

KEYWORDS: Children, levetiracetam, seizures, status epilepticus, valproic acid.

Trial Registration: NCT07052136 (clinicaltrials.gov)
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INTRODUCTION

Epilepsy is a chronic neurological condition that predisposes affected individuals to recurrent
seizures. Following an episode of seizure, a postictal state occurs that manifests clinically as a
period of confusion and altered alertness that resolves spontaneously’. Status epilepticus is a
serious medical emergency that is defined as “seizure activity that lasts longer than 5 minutes,
or having more than 1 seizure within 5 minutes, without returning to a normal level of
consciousness between seizure episodes™. Among every 100,000 children, 20 develop status
epilepticus per year’. To treat status epilepticus effectively, the airway, respiration, and
circulation must be evaluated and managed at the same time as antiepileptic medication is
given. The main objective of treatment is to end seizure activity as soon as possible4.
Benzodiazepines are the first-line agents to be used, but when these fail to abolish status
epilepticus, additional drugs are required. For this purpose, both levetiracetam and valproic
acid are appropriate, but which is the best choice as the next step remains a topic of debate.

A study reported that when it comes to a comparison of valproic acid versus levetiracetam,
the frequency of achievement of immediate cessation of seizure activity was higher in the
levetiracetam group as compared to the valproic acid group (94% vs 83%, respectively)”.
Another study reported that although the frequency of immediate cessation of seizure activity
was higher in the levetiracetam group as compared to the valproic acid group (72.5% vs
57.5%, respectively), when it came to the frequency of sustained control of seizure activity,
valproic acid was better than levetiracetam (68.4% vs 66.7%, respectively). Still, the
difference was statistically insignificant (p=0.872)°. In another study, the frequency of
sustained control of seizure activity was higher in the valproic acid group than in the
levetiracetam group (92% vs 78%, respectively)’. In contrast, another study found that the
frequency of sustained control of seizure activity was higher in the levetiracetam group than
in the valproic acid group (68.1% vs 47.2%, respectively)®.

Early and sustained control of seizures is paramount in status epilepticus to save the life of
the patient, and this warrants use of the best drug based on evidence. Since there is a
significant degree of variability in results of previous studies to decide which drug amongst
levetiracetam and valproic acid is the better choice, it is imperative to conduct further trials so
that an evidence-based decision can be made regarding the best and preferred choice of drug
to be used in status epilepticus in case of failed response of benzodiazepines. This study was
done to compare the efficacy of levetiracetam versus valproic acid in pediatric patients with
status epilepticus.
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METHODOLOGY

This randomized controlled trial (NCT07052136 at clinicaltrials.gov) was conducted at the
Department of Pediatric Medicine, Nishtar Hospital, Multan, from June 2025 to November
2025, after obtaining approval from the Institutional Ethical Review Board (letter number:
3605/NUM, dated: 10-03-2025). Inclusion criteria were children aged 2 to 14 years of either
gender with a previously established diagnosis of generalized tonic-clonic epilepsy who
presented with benzodiazepine refractory convulsive status epilepticus. Patients with focal
seizures, those already using levetiracetam or valproic acid, and those with a history of
hypersensitivity to either drug were excluded. Children presenting with a first-ever episode of
status epilepticus without a previous diagnosis of epilepsy were not eligible for inclusion.
Status epilepticus was defined as tonic—clonic seizure activity lasting longer than five minutes
or the occurrence of more than one seizure within five minutes without regaining normal
consciousness between episodes. A sample size of 139 (69 in each group) was calculated
using the WHO sample size calculator software with a level of significance of 95%, with 80%
power, and anticipated proportion of patients achieving sustained control of seizures in the
levetiracetam group as 68.1%, and with valproic acid as 47.2% ®.

After obtaining informed consent from parents or guardians, all eligible patients were
enrolled using non-probability consecutive sampling. Baseline characteristics including age,
gender, duration of diagnosis of generalized tonic—clonic epilepsy, socioeconomic status, area
of residence (urban or rural), body mass index (BMI), and duration of seizure onset were
recorded. Socioeconomic status was determined using the World Bank classification based on
monthly household income, where families with income <11,605 PKR were considered low-
income, 11,606-45,395 PKR as lower-middle, 45,396-140,461 PKR as upper-middle, and
above 140,461 PKR as high-income’. Obesity was determined by calculating BMI, obtained
by dividing weight in kilograms by the square of height in meters, with both measured
barefoot and bareheaded. According to WHO BMI-for-age percentiles, children with BMI
>85th and <95th percentile were classified as overweight, while those with BMI >95th
percentile were classified as obese.

All eligible patients initially received intravenous lorazepam 0.1 mg/kg as first-line therapy
according to the institutional status epilepticus protocol. Failure of first-line benzodiazepine
therapy was operationally defined as persistence or recurrence of convulsive seizure activity
within 5 to 10 minutes after administration of an adequate weight-based dose of intravenous
lorazepam. Patients fulfilling this criterion were considered to have benzodiazepine refractory
convulsive status epilepticus and were subsequently randomized to receive intravenous
levetiracetam or valproic acid as second-line therapy. A total of 138 patients were randomly
assigned in a 1:1 ratio to the levetiracetam or valproic acid group using a paper lottery
method. The allocation sequence was prepared before patient enrolment using identical
folded slips containing the treatment assignments, with 69 slips for each group. The slips
were thoroughly mixed and placed in an opaque container. After confirmation of eligibility
and enrolment, one slip was drawn for each participant to determine treatment allocation. The
allocation remained concealed from the enrolling investigator until the participant had been
enrolled and the treatment assignment was revealed. The levetiracetam group received
intravenous levetiracetam at a loading dose of 20 mg/kg infused over 15 minutes, followed
by a maintenance dose of 60 mg/kg/day in two divided doses over 24 hours. The valproic
acid group received intravenous valproic acid at a loading dose of 15 mg/kg infused over 15
minutes, followed by 20 mg/kg/day in two divided doses over 24 hours. Standard pediatric
seizure protocols were applied to all patients, and their progress was monitored continuously.
The primary outcome was sustained control of seizure activity, defined as complete cessation
of seizures (no seizure activity on EEG and regain of consciousness) maintained for at least
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24 hours following drug administration. The secondary outcome was immediate cessation of
seizure activity, defined as complete clinical cessation of convulsive seizure activity during
15-30 minutes after completion of the study drug infusion, based on continuous clinical
observation during this period. Participants and the treating clinical team were aware of the
assigned intervention because the study drugs had different dosing regimens and
administration requirements. A consultant paediatrician who was not involved in
randomization or treatment administration performed the outcome assessment and remained
unaware of treatment allocation at the time of assessment.

Data were analyzed using IBM-SPSS Statistics, version 26.0. Continuous variables were
presented as mean with standard deviation (SD) or median with interquartile range (IQR) as
appropriate, while categorical variables were expressed as frequencies and percentages.
Stratification was performed for age, gender, duration of disease, and duration of seizure
onset to control for potential effect modifiers. Post-stratification comparisons between groups
for sustained seizure control and immediate cessation of seizure activity were done using the
Chi-square test or Fisher’s exact test, with p<0.05 considered significant.
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RESULTS

In a total of 138 pediatric patients, 69 (50.0%) were males, and 69 (50.0%) were females. The
median age was 7.9 years (IQR 4.9-11.1), with 36 (26.1%) children aged 2-5 years, 76
(55.1%) aged > 5-12 years, and 26 (18.8%) aged 13—14 years. Based on BMI, 92 (66.7%)
children were within the normal range, 14 (10.1%) were overweight, and 32 (23.2%) were
obese. Regarding socioeconomic status, 90 (65.2%) belonged to the lower category, 38
(27.5%) to the middle category, and 10 (7.2%) to the upper category. The median duration of
seizure onset before treatment was 36.5 minutes (IQR 24.0-48.3), and the overall median
duration of epilepsy diagnosis was 1.7 years (IQR 0.8-2.7). Table I shows a comparison of
baseline demographic and clinical characteristics of children between study groups, and no
statistically significant differences were found (p>0.05 for all variables).

Table I: Comparison of baseline characteristics between groups (N=138)

Characteristics Total Levetiracetam Valproic P-
(n=69) Acid (n=69) | value
Gender Male 69 (50.0%) 34 (49.3%) 35(50.7%) | 0.865*
Female 69 (50.0%) 35 (50.7%) 34 (49.3%)
Age (years) 2t05 36 (26.1%) 16 (23.2%) 20 (29.0%) | 0.585%*
>5t012 76 (55.1%) 41 (59.4%) 35 (50.7%)
13-14 26 (18.8%) 12 (17.4%) 14 (20.3%)
Age (years), median (IQR) 7.9 (4.9-11.1) 8.8 (4.7-11.0) 7.6 (4.3-11.7) | 0.3277
Residence Urban 76 (55.1%) 39 (56.5%) 37 (53.6%) | 0.732%*
Rural 62 (44.9%) 30 (43.5%) 32 (46.4%)
Body mass index Normal 92 (66.7%) 45 (65.2%) 47 (68.1%) | 0.848*
categories Overweight 14 (10.1%) 8 (11.6%) 6 (8.7%)
Obese 32 (23.2%) 16 (23.2%) 16 (23.2%)
Socioeconomic status | Lower 90 (65.2%) 42 (60.9%) 48 (69.6%) | 0.349*
Middle 38 (27.5%) 20 (29.0%) 18 (26.1%)
Upper 10 (7.2%) 7 (10.1%) 3 (4.3%)
Duration of onset of seizures (minutes), median | 36.5 (24.0-48.3) 35.0 (24.0-47.0) | 37.0(24.5-50.0) | 0.355"
(IQR)
Duration of diagnosis (years), median (IQR) 1.7 (0.8-2.7) 1.5 (0.8-2.8) 1.9 (0.8-2.7) 0.868"

*Chi-square test; “"Mann-Whitney U test

of the primary treatment outcome, sustained seizure control was achieved in 111 (80.4%)
patients overall, with 59 (85.5%) in the levetiracetam group and 52 (75.4%) in the valproic
acid group, with no statistically significant difference (p=0.133). The secondary outcome of
immediate cessation of seizures after drug infusion was documented in 92 (66.7%) patients
overall, including 47 (68.1%) receiving levetiracetam and 45 (65.2%) receiving valproic acid
(p=0.718), and the details are shown in Table II.
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Outcomes Total (%) | Levetiracetam | Valproic | Relative risk Risk P-
(n=69) acid (95% CI) difference | value
(n=69) (95% CI)
Sustained seizure | Yes 111 (80.4%) 59 (85.5%) | 52(75.4%) | 1.1 (1.0to 1.3) | 10.1% (-3.0 | 0.133*
control to 23.3)
No 27 (19.6%) 10 (14.5%) | 17 (24.6%) - -
Immediate Yes 92 (66.7%) 47 (68.1%) | 45(65.2%) | 1.0(0.8to1.3) | 2.9% (-12.8 | 0.718*
cessation of to 18.6)
seizures achieved | No 46 (33.3%) 22 (31.9%) | 24 (34.8%) - -

*Chi-square test applied. Relative risk was calculated for achievement of the respective outcome, with
the valproic acid group as the reference category. The “No” category represents the complementary
outcome; therefore, separate effect estimates were not calculated.

Stratified analysis of effect modifiers with respect to sustained seizure control showed that no
significant association was found with respect to study groups in gender (p=0.909), age
groups (p=0.790), residence (p=0.986), BMI categories (p=0.726), socioeconomic status
(p=0.425), duration of onset of seizures (p=0.305), or duration of diagnosis (p=0.920), and
the details are given in Table III.

Table I1I: Stratification of effect modifiers with respect to sustained seizure control
(N=111)

Variables Levetiracetam (n=59) Valproic Acid (n=52) P-value
Gender Male 29 (53.7%) 25(46.3%) | 0.909*
Female 30 (52.6%) 27 (47.4%)
Age (years) 2t05 16 (51.6%) 15 (48.4%) | 0.790*
>5to0 12 33 (55.9%) 26 (44.1%)
13-14 10 (47.6%) 11 (52.4%)
Residence Urban 33 (53.2%) 29 (46.8%) 0.986*
Rural 26 (53.1%) 23 (46.9%)
Body mass index | Normal 39 (50.6%) 38 (49.4%) 0.726*
categories Overweight 6 (60.0%) 4 (40.0%)
Obese 14 (58.3%) 10 (41.7%)
Socioeconomic status Lower 37 (50.7%) 36 (49.3%) 0.425%
Middle 16 (53.3%) 14 (46.7%)
Upper 6 (75.0%) 2 (25.0%)
Duration of onset of seizures (minutes), 36.0 (24.0-46.5) 38.5 (24.5-50.0) 0.305"
median (IQR)
Duration of diagnosis (years), median (IQR) 1.5 (0.9-2.8) 1.9 (0.8-2.8) 0.920"

Numbers are given among children who had sustained seizure control. Percentages are calculated
row-wise. *Chi-square test; “"Mann-Whitney U test

Stratified analysis of effect modifiers with respect to immediate cessation of seizures showed
that no significant association was found with respect to study groups in gender (p=0.996),
age groups (p=0.406), residence (p=0.855), BMI categories (p=0.452), socioeconomic status
(p=0.108), duration of onset of seizures (p=0.179), or duration of diagnosis (p=0.705), and
the details are given in Table IV.

J Liaquat Uni Med Health Sci September 07, 2026 doi: 10.22442/jlumhs.2026.01512 Page 6 of 12




ONLINE FIRST

Table I'V: Stratification of effect modifiers with respect to immediate cessation of

seizures (N=92)

Variables Levetiracetam | Valproic Acid P-
(n=47) (n=45) value
Gender Male 23 (51.1%) 22 (48.9%) | 0.996*
Female 24 (51.1%) 23 (48.9%)
Age (years) 2t05 11 (47.8%) 12 (52.2%) | 0.406%*
>5to0 12 28 (57.1%) 21 (42.9%)
13-14 8 (40.0%) 12 (60.0%)
Residence Urban 27 (51.9%) 25 (48.1%) | 0.855*
Rural 20 (50.0%) 20 (50.0%)
Body mass index | Normal 29 (48.3%) 31 (51.7%) | 0.452%*
categories Overweight 5 (62.5%) 3 (37.5%)
Obese 13 (54.2%) 11 (45.8%)
Socioeconomic status Lower 27 (43.5%) 35 (56.5%) | 0.108%*
Middle 17 (65.4%) 9 (34.6%)
Upper 3 (75.0%) 1 (25.0%)
Duration of onset of seizures (minutes), | 36.0(26.0-44.0) | 42.0 (25.0-54.0) | 0.179"
median (IQR)
Duration of diagnosis (years), median (IQR) 1.5 (0.8-2.9) 1.7 (0.7-2.9) | 0.705"

Numbers are given among children who had immediate cessation of seizures. Percentages are
calculated row-wise. *Chi-square test; “Mann-Whitney U test
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DISCUSSION

In this study, sustained seizure control was achieved in 80.4% of the cohort, including 85.5%
receiving levetiracetam, and 75.4% receiving valproic acid (p=0.133). Immediate cessation of
seizures within 15 to 30 minutes was achieved in 66.7% overall, with 68.1% with
levetiracetam, and 65.2% in the valproic acid group (p=0.718). These results indicate that
both agents were effective in terminating convulsive activity and maintaining seizure control,
with no meaningful statistical difference in efficacy. A study analyzed 1213 patients across
six randomized controlled trials, and the pooled analysis revealed comparable efficacy
between levetiracetam and valproate in clinical seizure termination, reporting 63.6% versus
64.1% respectively with a relative risk of 1.03 (p=0.55)10. Regional data studying 110
children with convulsive status epilepticus, and randomized to receive phenytoin, valproate,
or levetiracetam following failure of benzodiazepines, found seizure control at 15 minutes
achieved in 94% of patients receiving levetiracetam, and 83% receiving valproate (p=0.38)".
Their findings substantiate that both levetiracetam and valproic acid provide comparable
seizure termination rates when used as second-line therapy in pediatric populations. The
comparable effect between both agents is consistent with the pharmacological rationale, as
both act via modulation of neuronal excitability and synaptic neurotransmission but through
distinct mechanisms which may converge in achieving similar clinical control during
prolonged seizures.

In contrast, some others reported slightly higher efficacy of valproate when compared with
levetiracetam’. In that study, conducted among 150 pediatric patients with status epilepticus,
seizures were controlled at 24 hours in 92% receiving valproate, and 78% receiving
levetiracetam. While their difference did not reach statistical significance (p=0.115),
valproate appeared to induce faster recovery of consciousness, with a mean time of 75.0
minutes compared with 120.8 minutes in the levetiracetam group (p<0.0001). Differences in
the timing of outcome assessment may explain differences between the present study and
others’. They evaluated seizure control at 24 hours, while the current study used two defined
outcomes, immediate control and sustained control at 24 hours, thus capturing both short- and
longer-term response profiles’. Differences in the loading and maintenance doses, as well as
prior exposure to other antiepileptic agents, may have influenced the observed clinical
response.

The equivalence in sustained seizure control between the two drugs in the present trial is
consistent with another study, where authors studied patients with generalized convulsive
status epilepticus'’. In contrast, local data found a significantly greater reduction in seizure
frequency with levetiracetam in children with early childhood epilepsy'?. Their trial
demonstrated efficacy in 89.7% receiving levetiracetam versus 58.6% receiving valproate
(p<0.05). The discrepancy from the present findings may stem from the different clinical
context, as that study examined chronic epilepsy management over four weeks rather than
acute status epilepticus. The sustained intracellular mechanisms that mediate seizure
recurrence prevention differ from those governing acute seizure termination, explaining why
levetiracetam showed higher efficacy in long-term seizure frequency reduction but not in
acute status control. In children followed for six months, levetiracetam achieved seizure
control in 85% and valproate in 73% (p=0.037), reflecting better long-term tolerability and
adherence to levetiracetam but comparable immediate therapeutic effectiveness'. The current
results also align with the findings of Isguder and collaborators, who investigated refractory
status epilepticus and found no difference in response between the two drugs. However, liver
dysfunction was observed in 12.5% of patients receiving valproate, while none occurred with
levetiracetam (p=0.025)"".
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The median duration of seizure onset before treatment in this cohort was 36.5 minutes, which
reflects realistic emergency presentation times in tertiary care settings within Pakistan. This
duration aligns with patterns observed in other studies where median prehospital duration of
convulsive activity ranged between 30 and 45 minutes'>'®. The comparable response to
treatment despite variation in seizure duration underscores the pharmacodynamic efficiency
of both agents when administered promptly following benzodiazepine failure. The
comparable distribution of socioeconomic and anthropometric characteristics between groups
further strengthens internal validity, minimizing confounding and suggesting that differences
in nutritional or socioeconomic factors did not bias the outcomes'’ . These findings may
suggest that the effectiveness of both levetiracetam and valproic acid remains relatively
consistent across different patient subgroups encountered in routine pediatric practice.21 From
a clinical perspective, this consistency is valuable because status epilepticus requires urgent
treatment decisions, often before detailed investigations or complete clinical information
become available.”** The comparable efficacy across these subgroups indicates that neither
drug requires preferential selection based solely on baseline demographic characteristics,
allowing clinicians to individualize therapy according to contraindications, anticipated
adverse effects, drug availability, and institutional treatment protocols.

The findings of this study also have practical implications for resource-limited healthcare
settings where rapid access to second-line antiepileptic medications may be influenced by
local availability and cost. Since both levetiracetam and valproic acid demonstrated similar
rates of immediate seizure termination and sustained seizure control, treatment delays
associated with waiting for a specific agent may be avoided. Prompt administration of an
available, evidence-based second-line medication is likely to have greater clinical importance
than the choice between these two drugs. Early seizure control reduces the duration of
ongoing neuronal excitation, limits the risk of progression to refractory status epilepticus, and
may decrease the need for intensive care interventions, mechanical ventilation, and prolonged
hospitalization. These findings therefore support the incorporation of either intravenous
levetiracetam or valproic acid into standardized pediatric status epilepticus treatment
pathways, particularly in tertiary care hospitals serving large populations with variable
resource availability.

This study also carries certain limitations. The sample size, while adequate for primary
comparison, may not be sufficient to detect subtle differences in subgroup analyses, such as
variations in efficacy across nutritional or socioeconomic strata. The absence of long-term
follow-up limits the ability to evaluate seizure recurrence beyond the acute period, which
would be valuable in assessing sustained therapeutic impact.
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CONCLUSION

Intravenous levetiracetam and valproic acid are equally efficacious in achieving both
immediate cessation and sustained control of seizure activity in pediatric patients with status
epilepticus. The comparable outcomes across demographic and clinical variables further
suggest that treatment selection can be tailored based on individual tolerance, comorbidity
profile, and resource considerations.
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