
Purpose: This study aimed to identify the clinical characteristics and risk factors of post-traumatic 
seizure (PTS) in preschool-aged children.
Methods: This study is based on a retrospective electronic medical record review of 1,576 children 
under 6 years old, who visited our hospital by head trauma from January 1, 2011 to December 31, 
2015. We reviewed demographics, causes of head trauma, radiologic findings, Glasgow Coma Scale 
(GCS) score, and characteristics of seizure. PTS was divided into 3 groups of immediate (within the 
day of head trauma), early (within 7days) and late (after 7days) seizures.
Results: Of the 1,576 head traumas, 3.4% developed PTS of which 32.1% occurred immediately, 
11.3% early, 56.6% lately. The mean age was 2.02±1.63 years and 60.6% was male, 2.6% had fe-
ver at the time of visit, and 2.9% had a history of seizures. The causes of head injuries were blunt 
trauma (34.5%), fall down (29.5%), slip down injury (25.1%), passenger traffic accidents (7.2%), 
pedestrian traffic accident (1.9%), and causes unknown (1.8%). The severity of traumatic brain in-
jury (TBI) was mild in 99.0%, moderate in 0.4%, and severe in 0.5%. On radiologic findings, 88.6% 
was normal, 6.0% had skull fracture, 2.8% had intracranial hemorrhage (ICH) and 2.7% had both 
skull fracture and ICH.
Conclusion: The incidence of PTS in preschool-aged children was 3.4%. The risk factors for PTS in 
preschool-aged children were fever over 38.0˚C, history of seizure, TBI severity by GCS score. Age, 
sex, causes of head trauma, and radiologic findings did not correlated to the occurrence of PTS.
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Introduction 

Childhood head trauma is a major cause of death and disability. In 
the United States, the incidence of head trauma in childhood has 
increased steadily over the last decade, with more prevalence 
among children under 4 years of age [1]. In Korea, 55% of head 
trauma in children under 18 years old occurred in 0 to 4 years old 
[2]. Posttraumatic seizure (PTS) is complication that occur in pa-
tients with head trauma, which is classified according to the laten-

cy, immediate seizures within 24 hours after trauma, early seizures 
within 7 days, and late seizures after 7 days. The overall incidence 
of PTS in children is 5% to 10% [3-5], and the incidence of PTS 
in severe traumatic brain injury (TBI) is 10 times higher than in 
mild TBI [6,7]. Risk factors associated with the PTS include skull 
fracture, brain parenchymal hemorrhage, focal neurologic deficit 
at admission, duration of unconsciousness over 24 hours, exten-
sive brain contusion, low Glasgow Coma Scale (GCS) score, ab-
normal findings in brain computed tomography (CT) scan, and 
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age of 2 years or less [8-13]. Although there were many studies 
about PTS in children of various ages, there is a lack of research 
on the clinical characteristics and risk factors of PTS in pre-
school-aged children. 

The purpose of this study was to investigate the incidence, clini-
cal features, and risk factors of PTS in preschool-aged children 
with head trauma. 

Materials and Methods 

1. Patients selection 
From January 2011 to December 2015, total 1,578 patients under 
6 years of age visited the emergency department or outpatient 
clinic of Wonju Severance Christian Hospital due to head trauma. 
Two patients were excluded due to insufficient medical records 
and 1,576 patients were enrolled in this retrospective study. 

2. Definitions 
Head trauma is defined as any physical injury to the head. And 
TBI is defined as a disruption in the normal function of the brain 
that can be caused by a bump, blow, or jolt to the head or a pene-
trating head injury [14]. In this study, the causes of the accident 
were classified into fall down injury, slip down injury, blunt trau-
ma, passenger traffic accident, pedestrian traffic accident and 
cause unknown. Altered brain function was confirmed by thor-
ough neurologic examination, checking alteration of conscious-
ness, GCS score, focal neurologic deficit. In this study, patients 
with GCS score 13 to 15 were classified as mild TBI, GCS 9 to 12 
as moderate TBI, GCS < 8 as severe TBI [15]. PTS are the types 
of seizures that arise from TBI due to physical trauma [16]. PTSs 
are commonly derived into three classes by latency; immediate 
seizures, early seizures, and late seizures. Immediate seizures refer 
to PTSs that happen at or minutes after impact; PTSs that occur 
one week after head injury are called early seizures, and late PTSs 
are defined as those occurring 1 week after injury [12,17,18]. 
Skull X-rays and brain CT scans were performed if indicated ac-
cording to Pediatric Emergency Care Applied Research Network 
(PECARN) rule or if parents wanted. 

3. Statistic analysis  
The characteristics of the patients with and without seizures were 
compared by t-test at age and chi-square test at the other variables. 
Cells with an expected frequency of 5 or less were compared using 
Fisher's exact test. Chi-square test was used to compare the inci-
dence of generalized seizures, and the Kruskal-Wallis test was used 
to compare the mean latency and duration of seizures. If P value 
was less than 0.05, it was judged to be statistically significant, and 

SPSS version 23.0 (IBM Co., Armonk, NY, USA) and SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA) were used. 

4. Ethics 
It was conducted in accordance with ethical standards in accor-
dance with the “Medical Ethics Guidelines” and was approved by 
the Institutional Review Board (CR318094). Informed consent 
was waived due to the retrospective nature of the study. 

Results 

1. Characteristics of head trauma and demographics 
Among the patients with head trauma, 955 (60.6%) were males 
and 621 (39.4%) were females. The male to female ratio was 
1.54:1 and the mean age was 2.02 years. The incidence of head 
trauma was 388 (24.6%) at 1-year-old, 340 (21.6%) at 0-year-old, 
264 (16.8%) at 2-year-old, 203 (12.9%) at 4-year-old, and 155 
(9.8%) at 5-year-old by age. PTS occurred in 53 patients (3.36%) 
(Table 1). 

2. Clinical characteristics of post-traumatic seizures 
Among the patients with PTS, 17 (32.1%) were immediate sei-
zures, six (11.3%) were early seizures, and 30 (56.6%) were late 
seizures. The median latency was 0 hours (range, 0 to 8) in imme-
diate seizure, median 2.5 days (range, 2 to 5) in early seizure, and 
median 197 days (range, 10 to 2,038) in late seizure. Generalized 
seizure was observed in 20 patients, which was 23.5% in immedi-
ate seizures, 50.0% in early seizures, and 43.3% in late seizures. 
The duration of seizure was 185.0 ± 162.5 seconds in immediate 
seizure, 570 ± 927.0 seconds in early seizure, and 215.4 ± 186.5 
seconds in late seizure (P= 0.796) (Table 2). 

3. Risk factors of post-traumatic seizures 
At the time of admission, body temperature was measured in 
1,447 patients, and 38 patients (2.6%) had fever over 38.0℃. 
Nine of 38 patients (23.7%) with fever, and 38 of 1,409 patients 
(2.7%) without fever experienced PTS (odds ratio [OR], 11.20; 
P< 0.001). There was a history of seizures in 45 of patients 
(2.86%) with head trauma, and 10 of them (22.2%) had PTS, 
while only 43 of 1,531 patients (2.8%) without history of seizures 
had PTS (OR, 9.22; P< 0.001). The causes of head trauma were 
in the order of blunt trauma (34.5%), fall down injury (29.5%), 
slip down injury (25.1%), passenger traffic accident (7.2%), pe-
destrian traffic accident (1.9%). The incidence of PTS was high-
est (4.8%) in slip down injury (P= 0.27). According to the TBI 
severity by GCS scores, 1,561 patients (99.0%) had mild TBI, 
seven patients (0.4%) had moderate TBI, and eight patients 
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Table 1. Comparison of clinical characteristics between seizure and non-seizure group
Variable Total (n=1,576) With seizure (n=53) Without seizure (n=1,523) P value
Age (yr) 2.02±1.63 1.68±1.48 2.03±1.63 0.123
 0 340 (21.6) 11 (3.2) 329 (96.8) 0.309
 1 388 (24.6) 20 (5.2) 368 (94.8)
 2 264 (16.8) 8 (3.0) 256 (97.0)
 3 226 (14.3) 7 (3.1) 219 (96.9)
 4 203 (12.9) 3 (1.5) 200 (98.5)
 5 155 (9.8) 4 (2.6) 151 (97.4)
Sex 0.800
 Male 955 (6.06) 33 (3.5) 922 (96.5)
 Female 621 (39.4) 20 (3.2) 601 (96.8)
Body temperature (˚C) <0.001
 >38.0 38 (2.6) 9 (23.7) 29 (76.3)
 ≤38.0 1,409 (97.4) 38 (2.7) 1,371 (97.3)
History of seizure <0.001
 With history 45 (2.9) 10 (22.2) 35 (77.8)
 Without history 1,531 (97.1) 43 (2.8) 1,488 (97.2)
Causes of trauma 0.274
 Fall down 465 (29.5) 11 (2.4) 454 (97.6)
 Slip down 396 (25.1) 19 (4.8) 377 (95.2)
 Blunt trauma 544 (34.5) 17 (3.1) 527 (96.9)
 In car TA 113 (7.2) 3 (2.7) 110 (97.3)
 Out car TA 30 (1.9) 1 (3.3) 29 (96.7)
 Unknown 28 (1.8) 2 (7.1) 26 (92.9)
TBI severity (by GCS) 0.012
 Mild (13–15) 1,561 (99.0) 50 (3.2) 1,511 (96.8)
 Moderate (9–12) 7 (0.4) 1 (14.3) 6 (85.7)
 Severe (3–8) 8 (0.5) 2 (25.0) 6 (75.0)
Radiologic findings 0.358
 Normal 1,396 (88.6) 46 (3.3) 1,350 (96.7)
 Skull fracture 94 (6.0) 2 (2.1) 92 (97.9)
 ICH 44 (2.8) 3 (6.8) 41 (93.2)
 Skull fracture&ICH 42 (2.7) 2 (4.8) 40 (95.2)

Values are presented as mean±standard deviation or number (%).
TA, traffic accident; TBI, traumatic brain injury; GCS, Glasgow Coma Scale; ICH, intracranial hemorrhage.

Table 2. Characteristics of immediate, early, and late posttraumatic seizure
Characteristic Total Immediate Early Late P value
Total 53 (100.0) 17 (32.1) 6 (11.3) 30 (56.6) <0.001
Interval (from head trauma to seizure occurrence) (day) <0.001
 Mean±SD 214.9±436.8 0±0 3.0±1.3 449.8±514.6
 Median (range) 18 (0–2,038) 0 (0–0) 2.5 (2–5) 197 (10–2,038)
Character of seizure 0.235
 Generalized convulsive 20 (37.7) 4 (20.0) 3 (15.0) 13 (65.0)
 Focal 33 (62.3) 14 (42.4) 3 (9.1) 16 (48.5)
Duration of seizure (sec) 0.796
 Mean±SD 250.94±365.79 185.0±162.5 570.8±927.0 215.4±186.5
 Median (range) 180 (5–2,400) 150 (20–600) 195 (5–2,400) 180 (10–600)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation.
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(0.5%) had severe TBI. The incidence of PTS was 3.2% in mild 
TBI, 14.3% in moderate TBI, and 25.0% in severe TBI 
(P= 0.012) (Fig. 1). Skull X-ray and brain CT scan results were 
normal in 1,396 (88.6%), skull fracture in 94 (6.0%), intracranial 
hemorrhage (ICH) in four (2.8%), concurrent skull fracture and 
ICH in 42 (2.7%), and it was not correlated with the incidence of 
seizures (P= 0.40) (Table 1 and Fig. 2).  

Discussion 

It is known that PTSs occur in 5% to 10% of children, and the in-
cidence recently reported in Korea was 12.3%, among which early 
seizure was 70.7% and late seizure was 29.3% [19]. It has been re-
ported that about 60% of early seizures develop immediately 
within 24 hours after head trauma [3], which is called ‘immediate 
seizure.’ In this study, PTS occurred 3.36% in preschool-aged chil-
dren, among them, 43.4% of early seizures and 56.6% of late sei-
zures occurred and 73.9% of early seizures showed immediate sei-
zures. In previous studies, the study group was set up as an inpa-
tient rather than an emergency room or an outpatient. In this 
study, however, the incidence may have been lowered because the 
number of patients who discharged was included in the study 
population. According to Asikainen et al. [5], the risk of early PTS 
is high in children younger than 7 years and the risk of late PTS is 
high in adolescents and adults, but in this study, the incidence of 
late seizures was higher than early seizures in children under 6 
years of age. This conflicting result is likely to be from the differ-
ence in inclusion criteria. In this study, patients with seizure with 
fever, with previous history of seizure attack, with a history of epi-
lepsy were all included while most of previous studies excluded 
them. Because the current definition of PTS is not clear about the 

history of fever, previous seizures or epilepsy, discussions about 
more clear definition will be needed in the future. 

The latency of PTS is known as an average of 2 years, and in the 
case of early seizure, 25% of the cases appear within 1 hour after 
trauma and 50% of the cases occur within 24 hours after trauma 
[4,6,20,21]. In this study, the overall latency was average of 7.2 
months, with an average of 1 hour in immediate seizure, 3.0 days 
in early seizure, and 15.0 months in late seizure. 

According to Youn et al. [19], 82.9% of generalized seizures, 
17.1% of partial seizures, and 2.4% of status epilepticus were ob-
served in early PTS, while 76.5% of generalized seizures and 
23.5% of partial seizures were observed in late PTS. However in 
this study, 28.6% of generalized seizures were observed in imme-
diate PTS patients, 50.0% in early PTS, and 44.8% in late PTS. It 
is known that in posttraumatic epilepsy patients, the seizure usual-
ly occurs in the mesial temporal lobe or frontal lobe, and not fre-
quently from occipital or parietal lobe [22]. Although PTS can 
occur in all forms, most early PTS show a pattern of generalized 
tonic-clonic seizures [23], about two-thirds of late PTS show gen-
eralized seizures or partial seizure with secondary generalization 
[24-28]. In this study, the incidence of generalized or partial sei-
zures was analyzed but it was not analyzed for more detailed ap-
pearance of seizures, presence of secondary generalization, the re-
lationship between PTS and electroencephalography (EEG) or 
radiologic findings, so further analysis will be needed. 

Mean duration of PTS was 4.2 minutes, which was 3.1 minutes 
for immediate PTS, 9.5 minutes for early PTS, and 3.6 minutes for 
late seizure. The duration was the longest in early PTS group ex-
cept immediate seizure, but the duration of PTS in children has 
not been studied yet. 

This study was the first which analyzed the risk factors of PTS 
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in preschool-aged children, under 6 years. In this study, the risk 
factors for PTS were fever over 38.0℃ at the time of head trauma, 
history of seizure, and low GCS score at visit. However, age, sex, 
cause of head trauma, and radiologic findings were not associated 
with PTS. Because there is little known about the relationship be-
tween fever and PTS, it is noteworthy that fever was identified as a 
risk factor for PTS, especially considering that fever is frequently 
observed in preschool-aged children. Seizures with fever after 
head trauma may be difficult to distinguish from febrile seizures, 
which are common in this age group. Therefore, additional stud-
ies such as EEG, brain imaging modalities, and close follow-up are 
necessary. 

Previous studies have shown that low GCS score in head trau-
ma patients is a poor prognostic factor for TBI and is a risk factor 
for PTS [29-31]. Thapa et al. [32] reported that the risk of PTS in 
severe TBI increased about four times in patients with a GCS 
score of less than 9, compared to patients with a GCS score of 14 
to 15. Similarly, in this study, the risk of PTS was 7.8 times higher 
in patients with severe TBI compared to mild TBI.  

In children less than 2 years of age, the skull is thin due to its an-
atomical structure and it is vulnerable to fractures. In addition, the 
subarachnoid space is narrow so that TBI risk increases. For these 
reasons, PTS in this age group is relatively common, especially 
early PTS [33-35]. In this study, PTS occurred most frequently at 
1 year of age (5.2%), but it was not significant. 

In this study, 60.6% of the patients with head trauma were male 
and there was no difference in incidence of PTS according to sex, 
same as our previous study [36]. 

The causes of childhood head trauma in Korea during the last 
10 years are as follows. For children under 2 years of age in 2007, 
47.4% of fall down injury, 19% of crash injury, 9.5% of traffic acci-
dents were reported [37], and for prechool-aged children in 2015, 
71.4% of fall down injury, 22.1% of crash injury, 6.5% of traffic ac-
cident were reported [36]. And in this study, the causes of head 
trauma in children under 6 year of age were 34.5% of blunt trauma, 
29.5% of fall down injury, 25.1% of slip down injury, 7.1% of pas-
senger traffic accident, 1.9% of pedestrian traffic accident, and 1.8% 
of unknown cause. Because ‘blunt trauma’ and ‘slip down injury’ 
are type of collision, it may be thought that fall down injuries has 
been decreased while injury by collision has increased recently. 

Kim et al. [38] reported 63.2% of cerebral concussion and 45.6% 
of skull fracture in children under 2 years of age according to radio-
logic findings. Kim et al. [39] reported that 83.8% of PTS patients 
under 18 years of age had radiographic abnormalities, of which 
51.6% had brain parenchymal hemorrhage and 45.1% had ICH. In 
this study, radiologic diagnosis of head trauma patients under the 
age of 6 years was similar to that of the previous study in the order 

of brain contusion (88.6%), skull fracture (8.8%), ICH (5.5%). 
The purpose of this study was to investigate the incidence, clini-

cal features and risk factors of PTS in children under 6 years old. It 
is the largest study in Korea, and has identified some interesting 
results presented above, but it has some limitations. First, because 
it was a retrospective study based on medical records, there was a 
limitation in getting more detail history of head trauma, associat-
ed symptoms and in evaluation of TBI severity. Also we could not 
analyze the prognosis because of the lack of long-term follow-up. 
Second, because the results of this study are based on data collect-
ed from a single institution in a city, it is difficult to generalize 
these results as the clinical features of head injury and PTS in pre-
school-aged children in Korea. In the future, a randomized con-
trolled trial in larger population is needed to know the clinical 
characteristics, risk factors, and the prognosis of pediatric head 
trauma and PTS in Korea. 
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