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ABSTRACT
Evidence for the use of prophylactic anti-seizure medication (ASM) in traumatic brain injury (TBI) in reducing the occurrence of
early post-traumatic seizure (EPTS) remains equivocal. This study aimed to analyze the prevalence of EPTS in children with TBI,
compare clinical characteristics of thosewith andwithout EPTS, and explore the association between prophylactic ASMandEPTS.
We performed an observational study among 28 pediatric intensive care units in 15 countries from January 2014 to October 2022.
The rate of EPTS was compared between individuals prescribed prophylactic ASM and those who were not. Logistic regression
was used to examine the association between ASM and EPTS. Among 697 children with TBI, 161 (23.1%) developed EPTS and
280 (40.2%) received prophylactic ASM treatment. Use of prophylactic ASM was associated with a lower likelihood of developing
EPTS (27/280 (9.6%) vs. 134/417 (32.1%), p < 0.001). The most frequently used prophylactic ASMs were phenytoin, levetiracetam,
and phenobarbital. Age ≤ 4 years and GCS ≤ 8 were associated with increased odds of developing EPTS (aOR 2.29, 95% CI 1.54–
3.40, p < 0.001 and aOR 1.80, 95% CI 1.18–2.74, p = 0.01). Our data provide evidence supporting the potential protective role of
prophylactic ASM against EPTS.

1 Introduction

Traumatic brain injury (TBI) is defined as structural or func-
tional brain damage resulting from external mechanical forces,
such as blunt trauma, penetrating injuries, rapid acceleration-
deceleration (e.g., motor vehicle accidents), or blast waves, which
leads to disruption of normal brain function [1, 2]. Globally, TBI
ranks among the most prevalent neurological conditions, with
an estimated 50–60 million new cases annually and an economic
burden of approximately $400 billion, placing it within the top
three causes of injury-related death and disability projected to
persist until at least 2030 [3].

Children face heightened vulnerability to TBI, which represents
a major cause of pediatric hospitalization [4]. Moreover, children
have a significantly increased risk of psychiatric issues after
TBI compared with those after an orthopedic injury [5]. Early
post-traumatic seizures (EPTS)—occurring within 7 days of
injury—constitute a significant complication [6]. Data showed
that the rate of EPTS in children with moderate-to-severe TBI is
about 24.3%–34% [7, 8]. This clinical burden is compounded by
inconsistent TBI care practices across acute and post-acute phases
worldwide, with substantial variability documented among cen-
ters, regions, and countries [9].

Anti-seizure medication (ASM) is generally prescribed to treat
EPTS for a short period of time; however, the role of prophylactic
ASM remains equivocal. The 2019 publication of the latest
iteration of guidelines reassessed the evidence supporting the
use of prophylactic phenytoin and levetiracetam in preventing
EPTS. Recent Class III studies have influenced a Level III
recommendation endorsing prophylactic treatment for mitigat-
ing EPTS occurrence [10]. The varying degrees of uncertainty
regarding efficacy result in diverse clinical practices concerning
the prophylactic use of ASM in pediatric TBI [11]. Additionally,
the current evidence is primarily derived from data originating in
North America and Europe [10]. The incidence and risk factors of
EPTS in trauma centers and pediatric intensive care units (PICUs)
in Asia and Latin America are not extensively documented.
Hence, there is an urgent requirement for further extensive
clinical data collection to strengthen the evidence for addressing
this matter. The first Lancet Neurology Commission on TBI, pub-
lished in 2017, emphasized that such inter-center heterogeneity

in TBI management and outcomes creates unique opportunities
for comparative-effectiveness research to strengthen evidence-
based protocols [3]. Nevertheless, current diagnostic and patient
classification methods remain insufficient for precision targeting
therapies to individual needs.

Using data from a collaborative multi-center study across Asia,
Latin America, and Europe, we aimed to analyze the prevalence
of EPTS in children with TBI, compare clinical characteristics
between children who developed EPTS and those who did not,
and explore the association between use of prophylactic ASM and
subsequent development of EPTS. We aim to provide clinically
implementable evidence to address global disparities in EPTS
prevention and inform evidence-based therapeutic optimization
for vulnerable pediatric populations.

2 Results

2.1 Clinical Characteristics of the TBI Children

Among a total of 803 children from 28 PICUs, 94 (94/803, 11.7%)
children were excluded due to incomplete data and 12 (12/803,
1.5%) children due to late PTS (Figure 1). We analyzed 697
pediatric TBI cases with an average age of 5.8 years (SD 4.9) and a
GCS reported as a median of 8 (IQR: 5–11). Detailed information
is presented in Table 1. In summary, EEG monitoring was used
in 17 PICUs (60.7%) involving 208 patients. These patients had
a mean GCS score of 7.0 (vs. 8.5 in the non-monitored group)
and a mean age of 4.5 years (vs. 6.3 years), with no statistically
significant differences. The monitored group included 193 Asian
patients and 15 South American patients.

2.2 Comparison of the TBI ChildrenWith EPTS
andWithout EPTS

In the study, 161 children were identified with EPTS, representing
23.1% of the total sample. Among them, 155 presentedwith clinical
seizures, while six displayed subclinical seizures. The incidence
of EPTS was 25.6% (125/488) in the Asia region, compared to
17.8% (34/191) in Latin America, demonstrating a statistically
significant discrepancy (p = 0.031). Detailed clinical information
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FIGURE 1 Flowchart of participant selection and stratification in
the multicenter observational study on TBI in children. From an initial
cohort of 803 children, 106 were excluded due to late PTS (n = 12)
or incomplete data on PTS occurrence and/or ASM (n = 94). The
remaining 697 children with TBI were stratified by prophylactic ASM
use: 280 received prophylactic ASM (of whom 27 developed EPTS and
253 did not), while 417 did not receive prophylactic ASM (of whom
134 developed EPTS and 283 did not). TBI, traumatic brain injury;
PTS, post-traumatic seizures; ASM, anti-seizure medication; EPTS, early
post-traumatic seizures.

is available in Table 2. A significantly higher proportion of
children aged≤ 4 yearswas observed among thosewhodeveloped
EPTS compared with those who did not (110/161 [68.3%] vs.
245/536 [45.7%]; p < 0.001).

2.3 Association Between Prophylactic ASM and
Subsequent EPTS in ChildrenWith TBI

Of 697 children, 280 (40.2%) received prophylactic ASM. A lower
proportion of children who received prophylactic ASM (27/280,
9.6%) developed EPTS, compared to 134/417 (32.1%) children
in the group without prophylactic ASM (p < 0.001). In the
prophylaxis group, children exhibited notably elevated incidences
of GCS ≤ 8 (median 8 [range 4–8]), skull fractures, utilization
of hypertonic therapy, and requirement for neurosurgical inter-
ventions in comparison to the non-prophylaxis group (median 8
[range 6–10]), as illustrated in Table 3.

In the multivariable analysis, the use of prophylactic ASM
therapy was associated with reduced odds of developing EPTS
(aOR 0.21, 95% CI 0.13–0.34, p < 0.001). Age ≤ 4 years and GCS ≤

8 were associated with increased odds of developing EPTS (aOR
2.29, 95% CI 1.54–3.40, p < 0.001 and aOR 1.80, 95% CI 1.18–2.74, p
= 0.01) (Table 4).

Sensitivity analyses confirmed the robustness of these findings.
Results remained consistent in analyses stratified by geographic
region and in the subgroup restricted to EEG-monitored patients.
In the PACCMAN region (n = 488), prophylactic ASM was

TABLE 1 Baseline information of the patients (total N = 697).

Characteristics Cases (N) Percentage (%)

Age
≤4 years 355 50.9% (697)

Sex
Male 458 65.7% (697)

GCS at hospital admission
Mild (GCS 13–15) 117 16.8% (697)
Moderate (GCS 9–12) 161 23.1% (697)
Severe (GCS ≤ 8) 419 60.1% (697)

Mechanism of injury
Road traffic collision 309 44.3% (697)

Fall 282 40.4% (697)
Abusive head trauma 49 7.2% (697)
Others 57 8.1% (697)
EPTS 161 23.1% (697)
Initial day after TBI 100 62.1% (161)
Day 2 after TBI 21 13.0% (161)
Day 3 after TBI 11 6.8% (161)
Day 4 after TBI 7 4.4% (161)
Day 5 after TBI 9 5.6% (161)
Day 6 after TBI 6 3.7% (161)
Day 7 after TBI 7 4.4% (161)

Mortality in hospital 80 11.5% (161)
Mortality within 7 days
of hospital admission

58 72.5% (80)

Multiple trauma 331 47.5% (697)
Skull fracture 155 22.2% (697)
Intracranial hemorrhage 469 67.3% (697)
Penetrating TBI 19 2.7% (697)
Clinical treatment
Hyperosmolar therapy 487 69.9% (697)
Hyperventilation 64 9.2% (697)
Neurosurgical
intervention

291 41.8% (697)

Prophylactic ASM 280 40.2% (697)
Combined prophylactic
therapy

8 2.9% (697)

Monotherapy 272 97.1% (697)
EEG 208 29.8% (697)

Abbreviations: ASM, anti-seizure medication; EEG, electroencephalogram;
GSC, Glasgow Coma Scale; PTS, post-traumatic seizures; TBI, traumatic brain
injury.
protective (aOR 0.46, 95% CI 0.39–0.53, p < 0.001), with age
≤ 4 years (aOR 2.96, 95% CI 1.59–5.65, p < 0.001) and GCS ≤

8 (aOR 1.53, 95% CI 1.31–1.75, p < 0.001) as risk factors (Table
S1). Similarly, in the LARed cohort (n = 209), prophylactic ASM
demonstrated a protective effect (aOR 0.26, 95% CI 0.19–0.35,
p < 0.001), while age ≤ 4 years (aOR 2.23, 95% CI 1.10–3.65,
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TABLE 2 Comparison of information between EPTS and non-EPTS
groups.

Variables
EPTS

(N = 161)
Non-EPTS
(N = 536) p-value

Sex 0.881
Male 105 (65.2%) 353 (65.9%)

Age (years) <0.001
≤4years 110 (68.3%) 245 (45.7%)

TBI severity at hospital
admission

0.068

Mild (GCS 13–15) 18 (15.4%) 99 (84.6%)
Moderate (GCS 9–12) 36 (22.4%) 125 (77.6%)
Severe (GCS ≤ 8) 107 (25.5%) 312 (74.5%)

Multiple trauma 69 (20.8%) 262 (79.2%) 0.180
Surgical intervention 70 (24.1%) 221 (75.9%) 0.612
Hyperventilation 11 (17.2%) 53 (82.8%) 0.239
Mechanism of injury <0.001
Road traffic collision 52 (16.8%) 257 (83.2%)
Fall 65 (23.0%) 217 (77.0%)
Abusive head trauma 30 (61.2%) 19 (38.8%)
Others 14 (24.6%) 43 (75.4%)

Skull fracture 28 (18.1%) 127 (81.9%) 0.092
Intracranial hemorrhage 100 (21.3%) 369 (78.7%) 0.110
Penetrating TBI 2 (10.5%) 17 (89.5%) 0.274
Target temperature
management

110 (21.8%) 394 (78.2%) 0.197

Hypertonic therapy 106 (21.8%) 381 (78.2%) 0.200
Prophylactic ASM 27 (9.6%) 253 (90.4%) <0.001

Abbreviations: ASM, anti-seizuremedication; GSC, GlasgowComa Scale; TBI,
traumatic brain injury.

p < 0.001) and GCS ≤ 8 (aOR 2.33, 95% CI 1.89–2.75, p < 0.001)
were associated with increased risk (Table S2). In the EEG-
confirmed cases (n= 208), prophylactic ASM remained protective
(aOR 0.23, 95% CI 0.16–0.30, p < 0.001), while age ≤ 4 years (aOR
2.24, 95% CI 1.94–2.48, p = 0.021) and GCS ≤ 8 (aOR 1.80, 95% CI
1.18–2.74, p = 0.010) were associated with increased risk (Table
S3).

2.4 Selection of Prophylactic ASMs and Their
Effectiveness in EPTS Prevention

Among 272 children who received monotherapy, phenytoin was
the most widely used (124/272, 45.6%), followed by levetiracetam
(109/272, 40.0%) and phenobarbital (39/272, 14.4%). A subgroup
analysis conducted on 272 patients in the prophylactic anti-
seizure monotherapy group showed that five of 124 (4.0%)
patients who received phenytoin, nine of 109 (8.3%) patients who
received levetiracetam, and 10 of 39 (25.6%) patients who received
phenobarbital experienced EPTS (p < 0.001). After adjusting for
relevant clinical variables in a multifactorial analysis, signifi-

cant differences were observed among the three medications.
Specifically, levetiracetam and phenytoin exhibited heightened
protective efficacy compared to phenobarbital, as detailed in
Table S4.

2.5 Regional Differences in the Use of ASM

The study included 697 participants, 488 of whom were from
Asia. Among them, 161 (33.0%) received prophylactic ASM.
Additionally, there were 191 participants from Latin America,
with 112 (58.6%) undergoing prophylactic antiepileptic therapy. A
statistically significant difference was noted between the Asian
and Latin American groups (p < 0.001). There was a preference
for levetiracetam and phenobarbital as primary prophylactic
ASM in countries within the PACCMAN region (notably China,
Singapore and Pakistan). China reported the highest proportion
(33.7%) of cases, with levetiracetam and phenobarbital being
used almost equally. Following China (41/103, 39.8%), Singapore
(28/103, 27.2%) and Pakistan (21/103, 20.4%) ranked second
and third, respectively, in levetiracetam usage. Phenobarbital
emerged as the secondmost usedASM inAsia, with China (22/41,
53.7%), Singapore (8/41, 19.5%), Saudi Arabia (4/41, 9.8%), and
Japan (4/41, 9.8%) demonstrating the highest utilization rates.
In contrast, study sites in the LARed group, particularly those
in South America (e.g., Colombia [30/98, 30.6%], Bolivia [24/98,
24.5%], and Argentina [14/98, 41.3%]) exhibited a preference for
phenytoin, as shown in Figure 2.

3 Discussion

In this multi-center study, we found that 23% of patients with
pediatric TBI had EPTS. Younger children and those with a GCS
score of 8 or lower were more likely to have EPTS. The use of
prophylacticASMwas associatedwith a lower prevalence of EPTS
compared to those who did not.

The aim of brain protection strategies post-TBI is to minimize
secondary injury. Prophylactic ASM treatment has the potential
to reduce the risk of EPTS occurrence [12]. During the 1990s,
the findings of two seminal studies on epilepsy prevention after
adult TBI were markedly different. A single-center study of
404 adult TBI patients found that prophylactic ASM treatment
reduced EPTS incidence compared to placebo [13]. However,
another studywith 179 TBI patients showed no difference in EPTS
between groups treated with phenytoin versus placebo [14].

Due to the uncertainty regarding the effectiveness of prophylactic
ASM therapy, there is a lack of consensus on its use. In a 2017
survey conducted by the UK and Ireland regarding the use of
ASM, findings revealed that 53% of respondents did not con-
sistently administer these agents. In contrast, 38% of physicians
indicated they prescribed a 1-week supply of prophylactic ASM.
Additionally, 60% of participants expressed doubts about the
efficacy of medications in preventing seizures [15]. Despite the
increasing evidence base, the quality of the evidence remains
inadequate due to limitations in research scale or scope. Meta-
analyses have examined EPTS in mild to moderate TBI cases [16,
17], and research has delved into risk factors for EPTS in children
withmoderate to severe TBI [7, 8, 17]. Our study, a comprehensive
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TABLE 3 Comparison of information between prophylaxis and non-prophylaxis groups.

Characteristics Prophylaxis group (N = 280) Non-prophylaxis group (N = 417) p-value

Sex 0.035
Male 171 (61.1%) 287 (68.8%)

Age
≤ 4 years 129 (46.1%) 226 (54.2%) 0.035

TBI severity at hospital admission 0.194
Mild (GCS 13–15) 39 (33.3%) 78 (66.7%)
Moderate (GCS 9–12) 63 (39.1%) 98 (60.9%)
Severe (GCS ≤ 8) 178 (42.5%) 241 (57.5%)

Mortality in hospital 25 (8.9%) 55 (13.2%) 0.084
Multiple trauma 162 (57.9%) 213 (51.1%) 0.078
Skull fracture 67 (23.9%) 88 (21.1%) <0.001
Intracranial hemorrhage 201 (42.9%) 268 (57.1%) 0.038
Penetrating TBI 13 (68.4%) 6 (31.6%) 0.011
Mechanism of injury <0.001
Road traffic collision 134 (43.4%) 175 (56.6%)
Fall 114 (40.4%) 168 (59.6%)
Abusive head trauma 7 (14.3%) 42 (85.7%)
Others 25 (43.9%) 32 (56.1%)

Clinical treatment
Hypertonic therapy 213 (76.1%) 274 (65.7%) 0.003
Hyperventilation 27 (9.6%) 37 (8.9%) 0.730
Neurosurgical intervention 136 (48.6%) 155 (37.2%) 0.003
EEG 57 (20.4%) 151 (36.2%) 0.285
EPTS 27 (9.6%) 134 (32.1%) <0.001

Abbreviations: ASM, anti-seizure medication; EEG, electroencephalogram; EPTS, early post-traumatic seizures; GSC, Glasgow Coma Scale; TBI, traumatic brain
injury.

TABLE 4 Multivariable logistic regression analysis of risk factors for EPTS.

Characteristics
Unadjusted
OR (95% CI)

Unadjusted
p value

Adjusted OR
(95% CI)

Adjusted
p value VIF

≤ 4 years old 2.56 (1.76, 3.72) <0.001 2.29 (1.54, 3.40) <0.001 1.075
GCS ≤ 8 1.42 (0.98, 2.06) 0.060 1.80 (1.18, 2.74) 0.010 1.138
Skull fracture 0.68 (0.43, 1.07) 0.090 0.81 (0.50, 1.32) 0.400 1.062
Intracranial hemorrhage 1.39 (0.94, 2.05) 0.100 1.39 (0.91, 2.11) 0.130 1.021
Multiple trauma 0.78 (0.55, 1.12) 0.180 0.71 (0.47, 1.08) 0.110 1.201
Hypertonic therapy 0.78 (0.54, 1.14) 0.200 0.94 (0.61, 1.44) 0.770 1.164
Temperature control 0.78 (0.53, 1.14) 0.200 0.99 (0.64, 1.51) 0.940 1.096
Prophylactic ASM 0.23 (0.14, 0.35) <0.001 0.21 (0.13, 0.34) <0.001 1.098

Abbreviations: ASM, anti-seizure medication; GSC, Glasgow Coma Scale; VIF, variance inflation factor.

multicenter investigation of EPTS in children with mild to severe
TBI in PICU, utilized the initial GCS score at hospital admission
to reflect the children’s baseline neurological status. The results
indicated that 40.2% of children received prophylactic ASM.

Although 117 children in our research initially presented GCS
scores of 13–15, with 17 of them developing EPTS, representing
14.5%. We observed that children with a GCS score of 8 or lower
are at increased risk of developing EPTS. In our survey, 62.1% of
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FIGURE 2 Distribution of primary preventive antiepileptic drug usage by country in PACCMAN and LARed. Each facet corresponds to one of the
regions (PACCMAN and LARed), with the vertical axis representing the three antiepileptic drugs (phenytoin, phenobarbital, and levetiracetam) and the
horizontal axis showing the percentage distribution. Each bar illustrates the case composition for a specific drug within the region, stacked by country,
where the total composition for each region-drug pair sums to 100%. The bars are color-coded by country, with only values exceeding 3% labeled within
each bar. PACCMAN, Pediatric Acute and Critical Care Medicine Asian Network; LARed, Red Colaborativa Pediátrica de Latinoamérica.

patients developed EPTS on the first day following TBI, withmost
experiencing seizures within the first 3 days. Prompt recognition
and termination of the seizure cascade can effectivelymitigate the
sustained seizure activity [18–20]. The high incidence of seizures
on the first day may partly result from suboptimal ASM levels
at admission. Future studies should consider standardized ASM
protocols to address this potential bias.

According to the Centers for Disease Control and Prevention
(CDC) in the United States, the etiology of pediatric TBI differs by
age, particularly at age 4 years old [21]. In our study, classification
based on median age revealed that children aged ≤ 4 years
were at an increased risk of developing EPTS. Prior studies have
consistently shown that children aged 0–4 years are particularly
vulnerable to TBI [22, 23]. At this age, children have delicate
bodies and relatively larger heads, making themmore susceptible
to injuries from falls or impacts [23]. Their high levels of physical
activity, combinedwith limited self-protection awareness, further
increase the risk of accidental injuries. Moreover, children aged
0–4 years are particularly vulnerable to abusive head trauma
(AHT) due to their immature brain development and fragile
nervous systems. Their complete dependence on adult caregivers
heightens this risk, especially as abusive behaviors are often
mistaken for accidental injuries, leading to an underestimation
of AHT incidence and difficulties in early identification [21, 23,
24].

We found that phenytoin, levetiracetam, and phenobarbital were
the most commonly used prophylactic ASM. Drug preferences
varied significantly by country and region. SouthAmerican coun-
tries favored phenytoin,whereas levetiracetamwas preferred over
phenytoin in Asia, particularly in China and Singapore. This
trend mirrors that observed in Europe [25]. The incidence of
EPTS was lower in Latin America than in Asia, potentially due to
differences in the proportion of prophylactic ASM use and med-
ication choices, such as the higher prevalence of phenobarbital
use in someAsian countries. Future studies should conduct more

detailed analyses to further explore these factors across different
sites.

Phenytoin has traditionally been the mainstay in pediatric
patients for preventing EPTS [13, 26]. However, its status as a first-
line ASM has diminished due to its adverse effects compared to
levetiracetam [27–29]. A retrospective analysis also revealed that
early use of levetiracetam was more beneficial in reducing the
risk of EPTS in children compared to phenytoin [30, 31]. In our
analysis of three ASMs, we evaluated potential confounding fac-
tors, including age, GCS score, and injury type. For children aged
4 years or younger, there appears to be an association between
age and EPTS. However, the lack of statistical significance in the
adjusted model suggests that age may not be a primary factor.

The differences in our study results compared to previous stud-
ies may be attributed to several factors. Variations in patient
demographics, including sample size, age distribution, and injury
mechanisms, as well as variations in dosing and timing of
medication administration, can significantly influence treatment
outcomes and drug efficacy [31]. Additionally, healthcare prac-
titioners’ familiarity with the necessary dosing and ability to
manage these medications effectively can also impact clinical
effectiveness. Interestingly, we found that a higher proportion
of male patients received prophylactic treatment compared to
female patients. This may be due to lower GCS scores in male
children (7.9 vs. 8.1 for females) and prior research indicating that
males have a higher risk of PTS, which may influence clinicians’
prescribing practices [32]. Future studies should explore how
different drug characteristics, such as dosing schedules and
administration timing, interact with patient profiles to enhance
clinical treatment strategies.

Our current study has several limitations. First, not all patients
underwent continuous EEG monitoring, resulting in diagnoses
primarily relying on observable clinical seizures. This method-
ology could have potentially underestimated the presence of
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subclinical seizures in the findings. Moreover, the lack of defined
professional, centralized protocol for EEG data analysis may have
introduced variability in interpretation across centers. Second,
this study utilized a retrospective database design with non-
randomized treatment allocation. One limitation was the lack of
detailed records regarding the prescribed ASM, including dosage,
administration route, drug levels, and daily seizure frequency. For
example, some patientsmay not have reached optimal drug levels
on the first day of treatment but still experienced seizures. This
highlights the potential challenges in interpreting the efficacy of
prophylactic treatment in the absence of established therapeutic
dosing or drug levels. Third, the study did not differentiate
specific seizure types; given the varying ASM efficacy across
seizure types, comparisons among the three drugs are limited.
Fourth, regional heterogeneity in patient characteristics and
ASM usage constitutes a limitation: PACCMAN (primarily Asia)
featured higher proportions of patients, which may constrain
extrapolation to other areas. Finally, since we performed an
observational study, we were unable to establish causality. Future
research should include more diverse cohorts, detailed ASM
records (e.g., dosage, levels, and adverse events), standardized
EEG monitoring with expert interpretation, and seizure type
differentiation to better inform prophylactic ASM decisions and
enhance generalizability.

4 Materials andMethods

4.1 Study Setting, Design, and Ethics

We performed a retrospective analysis of a multicenter observa-
tional TBI research database that had been previously established
by two major PICU networks—the Pediatric Acute and Critical
Care Medicine Asian Network (PACCMAN) and the Red Colab-
orativa Pediátrica de Latinoamérica (LARed Network), from
January 2014 to December 2022 in tertiary care hospitals across 15
countries. In January 2021, LARed officially joined the research.
The countries included those from Asia (Chinese Mainland and
Hong Kong, Malaysia, Singapore, Pakistan, Japan, Saudi Arabia,
and Thailand), Latin America (Mexico, Costa Rica, Colombia,
Peru, Bolivia, Paraguay, andArgentina), andEurope (Spain). Sites
were eligible to participate if they had a neurosurgical service on
site.

4.2 Inclusion and Exclusion Criteria

Individuals < 18 years old who were admitted to the PICU with
TBI were included in the study. EPTS are defined as seizures
within 7 days of head trauma [33]. Patients with pre-existing brain
injuries, neurological diseases (regardless of concurrent use of
ASM), late PTS (defined as seizure occurring 7 days or more after
TBI), and thosewith incomplete data on important factors like the
occurrence of seizure or prophylactic use of ASM were excluded.

4.3 Supplementary Definition

We obtained the initial Pediatric Glasgow Coma Scale (GCS)
when the patients arrived at PICU. TBI was categorized into

mild (GCS 13–15), moderate (GCS 9–12), and severe (GCS ≤

8) based on the GCS at admission [34]. Prophylactic ASM is
defined as those given before the first seizure. Patients who
had seizures before ASM were assigned to the non-prophylactic
ASM EPTS group, while those with seizures after initiation were
placed in the prophylactic ASM EPTS group. The selection of
ASM was based on the discretion of the medical team and
could vary according to the geographical location. Clinical and
electrographic seizures (ESz) were recorded in the medical
or nursing files and/or by electroencephalogram (EEG), with
definitions based on the ACNS criteria [35, 36]. Clinical seizure
is an epileptic event characterized by overt clinical symptoms,
includingmotormanifestations, non-motor symptoms, and auto-
nomic changes. ESz is defined as either epileptiform discharges
averaging > 2.5 Hz for ≥ 10 s (> 25 discharges in 10 s) or
any pattern with definite evolution as defined above and lasting
≥ 10 s.

4.4 Variables and Data Management

Data were collected using a standardized electronic data from
REDCap (Vanderbilt University). Data variables included patient
demographics, such as sex and age, GCS score on PICU admis-
sion, occurrence of EPTS, the use of prophylactic ASM, presence
of skull fracture, intracranial hemorrhage, penetrating TBI and
multiple traumas, clinical treatment, including surgical inter-
vention, targeted temperature management (with a threshold
of 36◦C), hypertonic therapy, and hyperventilation within 24 h.
We presented age as a binary variable based on the median
age of the study population dividing between those > 4 years
old and those ≤ 4 years old, according to previous studies
[37].

4.5 Statistical Analysis

Categorical variables are presented as frequencies and percent-
ages, while continuous variables are expressed as either themean
with standard deviation (SD) or median with interquartile range
(IQR), depending on the normality of distribution. Comparisons
between the EPTS and non-EPTS groups, as well as between
the prophylactic ASM and non-prophylactic ASM groups, were
conducted using the chi-square test. A multivariable logistic
regression analysis was performed to evaluate the relationship
between prophylactic ASM and EPTS, incorporating covariates
chosen based on previous research [38, 39] and univariate logistic
regression analysis (p < 0.2) from the initial assessment of
potential predictors. In our multivariable regression analysis,
we assessed multicollinearity using the variance inflation factor
(VIF), ensuring all variables had VIF values below 10 to rule
out significant multicollinearity. To assess the robustness of our
findings, we conducted sensitivity analyses restricted to cases
with EEG monitoring and stratified by region (PACCMAN and
LARed). We presented both unadjusted and adjusted odds ratio
(aOR) with their corresponding 95% confidence interval (95%
CI). All statistical analyses were performed using SPSS software,
version 22.0 (IBM, Armonk, NY, USA), with a p-value of < 0.05
indicating statistical significance.
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5 Conclusion

In conclusion, we found that use of prophylactic ASMwas linked
to a reduced odd of developing EPTS, while age ≤ 4 years and
GCS ≤ 8 were associated with an elevated incidence of EPTS in
pediatric TBI. This multicenter study also reports region-specific
differences in the use and choice of prophylactic ASM. Future
randomized controlled trials are required to test the efficacy of
prophylactic ASM in the setting of pediatric TBI.
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