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Abstract 

The present study evaluates the incidence of
early and late seizures after head injury in
patients under 18 years old. Factors correlating
with a high risk of developing posttraumatic
seizures were identified. Such risk factors were
the severity of the head trauma and a Glasgow
Coma Scale of 3-8. In contrast to many studies,
we observed that the incidence of posttraumat-
ic seizures was significantly higher in patients
older than 12 years old (12-16 and 12-18). Most
of the late seizures were paroxysmal electroen-
cephalography (EEG) discharges diagnosed on
a snapshot-EEG during the follow-up examina-
tion of the patients without clinical symptoms.
We suppose that EEG-examination in head
injured children is important to identify
patients with epileptic potentials without clini-
cal symptoms. Epileptic patterns of the EEG
could worsen the diagnosis and clinical out-
come of the children in accordance to studies
performed in the adult population. 

Introduction

It is a major goal to prevent children with
head traumas from secondary brain injury
like posttraumatic seizures. Posttraumatic
seizures occur in as many as 15% of children
with head trauma.1,2 In comparison to studies
of posttraumatic seizures in adults there are
few studies that focus on children. Trying to
understand if the children that have sus-
tained a traumatic brain injury (TBI) would
be in higher risk of epileptic seizures in the
adolescence or mature age, there have also
been made experiments in rats. These
showed that TBI lowered minimal clonic
seizure thresholds at maturity but not during
adolescence. Furthermore, the incidence of
posttraumatic seizures was low despite elec-
troencephalography (EEG) spiking. Because
of children’s more vulnerable brain it is not
possible to adapt to them the results of the

studies performed in adults. It is necessary
to recognize patients at risk of developing
seizures after brain injury because convul-
sions aggravate secondary damage to the
brain by increasing the intracranial pressure
and hypoxia and make monitoring of head
injured children difficult due to postictal
neurological deterioration.2 Recognized
prognostic factors that influence the out-
come of brain injured patients are, hypox-
emia, hypotension, severity of primary
insult, sustained intracranial hypertension,
reduced or hyperemic cerebral blood flow and
frank ischemia.3-7 During the first few days
after trauma the brain is in a vulnerable
state and secondary insults like posttraumat-
ic seizures may worsen the outcome.7

Etiologies of this state are neurochemical
changes as altered glucose and oxidative
metabolism. Seizures and other epileptiform
activity are known to stimulate glycolysis and
similar neurochemical changes and this neu-
rochemical perturbation worsens the clinical
outcome.7-10 Early seizures are viewed as a
predictor of poor outcome from many
authors. A seizure occurring within the first
week after trauma is conventionally termed
an early seizure, and any convulsion after
the first week of trauma is considered as late
seizure.11 One important question is if the
patients at risk of developing posttraumatic
seizures could be identified and what could
be done to prevent seizures. Prophylactic
anti-convulsive medication in children with
severe head trauma [Glasgow Coma Scale
(GCS) 3-8] reduces posttraumatic seizures.12

However, the efficacy of phenytoin in the
prevention of posttraumatic seizures in
adults is discussed controversially. One dou-
ble-blind, placebo-controlled study of pheny-
toin to prevent early as well as late posttrau-
matic seizures in adults was unable to show
any efficacy.13 In another study, seizures
occurred despite initiation of prophylactic
phenytoin on admission to the emergency
room.7 On the other hand, there are studies
that found phenytoin to be effective in pre-
venting early posttraumatic seizures but
ineffective in the prevention of late
seizures.14 In a study using continuous EEG
monitoring in head injured adults it could be
seen that 52% of the patients suffered from
paroxysmal EEG discharges, diagnosed on
the base of EEG alone.7

The purpose of the present study is to indi-
cate factors that identify head injured chil-
dren and adolescents as risk patients to
develop posttraumatic seizures. This is valu-
able for the emergency physician evaluating
a child to predict the risk of posttraumatic
seizures and make decisions about further
observation of the child in the intensive care
unit (i.e. EEG-Monitoring etc.).

Materials and Methods

This study is based on a retrospective
review of 238 children and adolescents
admitted to our hospital between a 6-year
period. Data were recorded regarding the
patients’ age, sex, mechanism of injury,
diagnosis (concussion, contusion trauma,
others like fractures, haematomas etc.),
occurrence of loss of consciousness, vital
signs, GCS score and pediatric GCS score for
children younger than 4 years old, develop-
ment of early and late seizures, cranial com-
puted tomography (CT) if necessary, EEG
examination (in the follow up period and
during the clinical stay a snapshot-EEG was
taken but not continuous EEG-monitoring),
conservative or operative treatment.

Patients were divided into two main cate-
gories based on their age (birth-4 year, 4-12
year, 12-18 year) and on ranges of the GCS
(3-4, 5-8, 9-11, 12-15). The diagnoses were
divided into 3 categories (concussion, contu-
sions, others). Those patients who suffered
from posttraumatic seizures were divided
into 2 major groups of early (trauma event-7
days) and late (after 1 week period) seizures
and each of these groups into 3 subgroups of
generalized, focal and other (non-convul-
sive) seizures. The significance test used
was the chi-square test. An exclusion criteri-
on was a history of seizures.

Patient database 
The age range is from birth to 18 years old.

Sixty-three patients (63/238; 26.5%) were 0-
4 year, 89 4-12 year (89/238; 37.4%) and 86
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were 12-18 year (86/238; 36.2%). The
male/female ratio was 132/106. The diagno-
sis of head traumas was 172/238 (72.2%)
concussion, 50/238 (21%) contusions, 25/238
(10.5%) had other traumas like fractures,
epidural and subdural haematomas. Twenty
nine children (29/238; 12,1%) had a surgical
therapy. The GCS was 3-4 in 3 cases (3/238;
1.2%), 5-8 in 10 and 9-11 in 10 cases (10/238;
4.2%), 12-15 in 215 children (215/238;
90.3%). The examination of the trauma
patients included physical and neurological
examination with control of consciousness,
vital signs and GCS, if necessary EEG and in
most cases with cranial CT. None of the
patients was treated with anticonvulsants.
None of the patients with early seizures
developed late seizures in the year’s follow-
up (Supplementary Table 1). 

Early seizures
We found out that 10.9% (26/238) of our

patients with cranial traumas suffered from
seizures. In the age group 0-4 years there
were 4.7% (3/63), in the age group 4-12 8.9%
(8/89) and in 12-18 17.4% (15/86). Eighteen
percent (9/50) of the patients with seizures
were diagnosed as contusio cerebri (with
and without further diagnosis of
haematomas and fractures), 32% (8/25) had
isolated haematomas and haematomas with
additional fractures and 8.1% (14/172) had
concussion (Supplementary Tables 1-3). 

Forty two percent (11/26) of the seizures
were observed in the first 24 h until 7 days
after the trauma (early seizures) and 58%
after the first week (late seizures). In the
group of the early seizures, 54.5% (6/11)
were generalized, 27.2% (3/11) focal and
18.1% (2/11) paroxysmal EEG discharges
(i.e. there were pathological changes in the
EEG without clinical findings). We diverted
this group into 3 subgroups (generalized,
focal, others) and compared the distribution
of seizures with the age, GCS and the diag-
nosis. Thirty three percent (2/6) of the
patients with generalized early convulsions
were between 0 and 4 years old, 16.6% (1/6)
were between 4 and 12 years and 50% (3/6)
between 12 and 18. Thirty three percent
(2/6) had a GCS of 5-8, 16.6% (1/6) of 9-11
and 50% (3/6) of 12-15. Sixteen percent
(1/6) were diagnosed with commotio cerebri
and 83.3% (5/6) diagnosed with concussion,
whereas 3 of them suffered additionally
from an epidural haematoma (EDH), a sub-
dural haematoma (SDH) and a fracture. The
therapeutic procedure in 2 patients was an
operative one (33%) and in 4 patients
(66.6%) conservative (i.e. observation on
ward). Only 3 patients (3/11) suffered from
early focal convulsions. One in the 0-4-year-
old age group, 1 in the 4-12 and 1 in the 12-

18 (33.3%). One (33.3%) had a GCS of 3-4
and 2 children (66.6%) of 12-15. One diag-
nosed with a commotion, 1 with an EDH and
1 with a generalized edema. In the latter we
performed a decompression craniectomy
and the two others were observed for a cer-
tain time.

Two children (18.8%) suffered from early
other non-convulsatory symptoms. One
(50%) showed a convalsionary cry and the
second child had a pathological EEG (general
changes). None of them needed an operation
because of the diagnosis of concussion in
both cases. In the 0-4-year-old group, chil-
dren with early seizures 1 (1/3) had a GCS of
5-8, and 2 (2/3) of 12-15. In the 4-12-year-old
group, one (1/3) had a GCS of 3-4, 1 of 5-8
and 1 of 12-15. One (1/5) of the 12-18 year
old children had a GCS of 5-8, another one 9-
11 and 3 (3/5) 12-15.

Late seizures 
The second group of patients that was

examined in this study was the group of chil-
dren who suffered from seizures one week
after the trauma (Supplementary Tables 4
and 5). This was the group of the late
seizures (15/26; 57.6%). Five patients
belonged to the age group 4-12 (5/15; 33.3%),
and 10 (10/15; 66.6%) in the 12-18-year-old
group. Ten had a concussion (10/15), 4 had a
contusion (4/15), 3 had an EDH, SDH respec-
tively and one (1/15) a contusion with an
additional fracture. One of the children
(1/15; 6.6%) suffered from generalized con-
vulsion after concussion, was in the age
group between 12 and 18 and had a GCS of
12-15. The therapy was observation. Focal
convulsions were shown in one child (1/15;
6.6%), belonging to the age group 12-18 and
had a GCS of 12-15, and the diagnosis of a
contusion trauma at the frontal lobe with
skull base fracture. The therapy was a fronto-
basal revision. Most of the patients in this
group suffered from paroxysmal EEG dis-
charges without other clinical evidence of
convulsions (13/15; 86.6%). Five (5/13;
38.4%) were in the age group 4-12 and 8
(8/13; 61.5%) in the group between 12-18.
One (1/13; 7.6%) had a GCS of 5-8 and 12
(12/13; 92.3%) a GCS of 12-15. Nine of the
children had a concussion (9/13; 69.2%), 3 a
contusion trauma (3/13; 23%), and one had a
fracture, one a SDH and another one an
EDH. Two were operated (2/13; 15, 3%) and
11 (11/13; 84.6%) were observed on ward.
The age distribution of this patient group
compared to the GCS is shown in
Supplementary Table 5. No patients were in
the age group of 0-4 year. The 5 patients (5/5;
100%) of the 4-12 year had all a GCS of 12-15.
In the group of 12-18 year, one had a GCS of
5-8 (1/10; 10%), and 9 of 12-15 (9/10; 90%).

Only one of all the patients with posttraumat-
ic seizures developed a seizure disorder and
needed an anticonvulsive therapy (1/25; 4%).
All the others had only a unique convulsion
and did not need drug therapy. 

Results

Age
In order to evaluate age as a risk of post-

traumatic seizure development, patients
were grouped according to their age and
incidence of seizures was studied. There was
a significant higher incidence of seizures in
patients between 12 and 18 years old (15/86;
17.44%) of seizures than in the 0-4 year old
group (3/63; 4.7%) (P<0.05). Between the
age groups 0-4 (3/63; 4.7%) and 4-12 (8/89;
8.9%), there was not significant difference of
seizures (Figure 1). The risk of seizure
development is higher in adolescents (12-
18) than in children (0-12).

Trauma type and Glasgow Coma
Scale

A factor, which plays a crucial role in the
development of seizures, is the trauma type
and the GCS. It was aim of the study to eval-
uate if there are differences in seizure inci-
dence and contusion or concussion or in
other types of trauma. Patients with contu-
sion traumas (9/50; 18% contusions) had a
statistically significant higher incidence of
seizures compared to concussion (14/172;
8.1%) (P<0.05). Additionally, there was a sta-
tistically highly significant increase of
seizure incidence in the patient group with
other diagnoses, i.e. fractures and
haematomas (8/25; 32%) than those with
concussion (14/172; 8.1%)(P<0.001).
Between contusion traumas and the group of
other diagnoses (fractures, EDH, SDH) a sta-
tistical significant difference in seizure inci-
dence could not be seen (Figure 2). There
were fourfold higher seizure-incidence in
patients with GCS of 3-8 (5/13; 38.5%) in
comparison to patients with a GCS of 9-15
(21/225; 9.3%). This difference is statistical-
ly highly significant (P<0.001).

Seizure type
It was also a point of interest to investi-

gate the type of seizures developed in early
post-traumatic and late posttraumatic
seizure disorder. When seizures developed
early after the trauma than most of the times
they were generalized (6/9; 66.6%), whereas
in late post-traumatic seizures mostly of the
cases developed non-convulsive seizures
(13/15; 86.6% P<0.05) (Figure 3).
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Discussion

The present study evaluates the incidence
of seizures (early and late) after head trauma
in the pediatric and adolescent patients
admitted in our hospital for a 6-year period.
We were able to find statistical significant
factors correlating with the development of
posttraumatic seizures. 

We found out that 10.9% of children with
head trauma had posttraumatic seizures.
This results correlated with those of other
studies where the incidence is 4.2% and
21%.2,15,16

There are studies showing that the majori-
ty of early seizures (1st week after trauma)
developed during the first 24 h in 59%.11 In
our study 100% of early seizures developed
during the first 24 h after trauma. Only 22% of
the seizures were early seizures but 81.1% of
convulsions (clinical symptomatic seizures)
developed in the early posttraumatic period.
These results are in contrast to other studies
that showed that the majority of the seizures
occurred in the first week after head trau-
ma.1,2 Other studies could show the same
incidence for both early and late seizures.15

The high occurrence of late posttraumatic
seizures in our study is explained in accor-
dance to the high occurrence of non-convul-
satory seizures without clinical evidence of
seizure disorder but only diagnosed with EEG
examination with generalized or focal spike-
waves and generalized pathological changes.
This finding correlates with the results in a
study of posttraumatic seizures in adults
where continuous EEG was performed, that
found out that 52% of the patients with post-
traumatic seizures had non-convulsive
seizures and were diagnosed in the EEG basis
alone.7 Another study using short-duration
EEGs found similar results.17

The patients with contusion traumas and
diagnoses like fractures with SDH, EDH and
intracranial haematomas have a significant
higher risk of developing seizures than
patients with concussion. There was no sig-
nificant difference between patients with
contusions and other injuries like EDH, SDH
and fractures. Similar results were observed
in patients with a GCS score of 3-8 (4 times
higher then in GCS 9-15), which correlates
with worse traumas. Our results agree to
those studies showing that there is a highly
significant correlation with a GCS ⊆ 8 (until
7 times higher)1,18 and the development of
posttraumatic seizures. However other study
groups showed a higher seizure-incidence in
patients with minor head injuries.9 We
showed that a GCS score of 3-8 and a severe
head trauma is a statistically highly signifi-
cant risk factor for the development of post-
traumatic seizures.

A number of studies showed a higher inci-
dence for seizures in younger children than
in older ones.19-23 Other study groups could
not find a difference between children
younger or older than 5 and 3 years.1,21

However we could show that in the age group
12-18 year there was a significantly higher
incidence of seizures compared to children
younger than 4 years. These results are in
contrast to many other studies. The percent-
age of severe traumas as well as a GCS score
of 3-8 was similar in all 3 age groups. Age >12
years as another risk factor for the develop-
ment of seizures. One explanation is that in
contrast to other studies where the age limit
was 16 year, the age limit in our study was 18
year. Six of the 37 patients older than 16 years
had seizures (16.2%) and 9/34 (26.4%) were
between 12 and 16 years old. This difference
is statistically not significant, but we also
observed that the incidence of developing
seizures in the age group 12-16 year in com-
parison with the group <4 year was also sig-
nificantly higher (P<0.001) so that the high-
er age limit of 18 year did not explain our
findings. 

There was one child with a generalized
edema, which developed early seizures, and
the operative treatment with decompressive
craniectomy was indicated. After the craniec-
tomy a second convulsion did not occur. All
our patients with early and late convulsions
after head trauma did not develop a second
one or non-convulsive status epileptics so
that we do not recommend the anticonvulsive
phenytoin administration if the patient only
suffered from an early or a late convulsion.
When continuous EEG-monitoring is per-
formed and epileptic potentials are found,
antiepileptic drugs could be used to stop
these potentials. However, the prophylactic
use of anticonvulsants in children who have
the risk factors of developing seizures is rec-
ommended in other studies1 and was not sub-
ject of our study.

Conclusions

In this study we characterized factors cor-
relating with a higher possibility of develop-
ing posttraumatic seizures in children after
head trauma. These factors are severe head
traumas like contusions, EDH, SDH, fractures
and specially fractures with skull impression,
a GCS of 3-8, and age of >12 years old. We
found that more than a half of the patients
developed late seizures but in contrast to the
patients with early seizures most of them
were paroxysmal EEG discharges found in
EEG examinations, which was in most cases
performed in the outpatient follow up. There
is a need to take EEG examinations in chil-
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Figure 2. Trauma type and seizure inci-
dence. The percentage of seizures in the
groups of different diagnosis can be seen
this diagram. Eighteen percent of the con-
tusional traumas, 8.1% of children with
commotion and 32% with other diagnoses
[epidural haematoma (EDH), subdural
haematoma (SDH) fractures], showed
seizures. Patients with other diagnosis i.e.
EDH, SDH and fractures had a significant
increased risk of developing posttraumatic
seizures.

Figure 3. Difference in seizure types in
early and late posttraumatic seizures. The
difference of the seizure types between
early and late seizures is shown. Most of the
early seizures 54.5% are generalized con-
vulsions, whereas 86.6% of late seizures are
non-convulsive. This difference is statisti-
cal significant.

Figure 1. Correlation between age and
seizure incidence. The distribution of
seizures compared with the total number of
head traumas between the age groups 0-4,
4-12 and 12-18 years is shown in a dia-
gram. In the age group 12-18, there is a sig-
nificant increase in seizure incidence.
Under the diagram are the absolute num-
bers of patients observed.
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dren with head traumas, or if possible, con-
tinuous EEG monitoring, to observe epileptic
potentials, which can worsen the prognosis of
the head, injured children. No one of our
patients was treated with anticonvulsive
drugs. However, none of them having early
seizures developed a second seizure although
they were not treated with antiepileptic drugs
like phenytoin. 
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