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Abstract

Objective: Posttraumatic epilepsy (PTE) is a well-described complication of trau-
matic brain injury (TBI). The majority of the available data regarding PTE stem
from the adult population. Our aim was to identify the clinical and radiological risk
factors associated with PTE in a pediatric TBI population treated in an intensive care
unit (ICU).

Methods: We used the Finnish Intensive Care Consortium database to identify pedi-
atric (<18 years) TBI patients treated in four academic university hospital ICUs in
Finland between 2003 and 2013. Our primary outcome was the development of PTE,
defined as the need for oral antiepileptic medication in patients alive at 6 months. We
assessed the risk factors associated with PTE using multivariable logistic regression
modeling.

Results: Of the 290 patients included in the study, 59 (20%) developed PTE. Median
age was 15 years (interquartile range [IQR] 13-17), and 80% had an admission
Glasgow Coma Scale (GCS) score <12. Major risk factors for developing PTE were
age (adjusted odds ratio [OR] 1.08, 95% confidence interval [CI] 1.00-1.16), oblit-
erated suprasellar cisterns (OR 6.53, 95% CI 1.95-21.81), and an admission GCS
score of 9-12 in comparison to a GCS score of 13-15 (OR 2.88, 95% CI 1.24-6.69).
Significance: We showed that PTE is a common long-term complication after [CU-
treated pediatric TBI. Higher age, moderate injury severity, obliterated suprasellar
cisterns, seizures during ICU stay, and surgical treatment are associated with an in-
creased risk of PTE. Further studies are needed to identify strategies to decrease the
risk of PTE.
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1 | INTRODUCTION

Traumatic brain injury (TBI) is a common cause of mortal-
ity and morbidity in the pediatric population.l’2 In addi-
tion to multiple cognitive, social, and behavioral sequelae,
posttraumatic epilepsy (PTE) is a well-described, long-
term complication of TBI, and one of the most common
causes for acquired epilepsy in both the pediatric and adult
population.3 PTE may have severe consequences on the
quality of life and neuropsychological functions of young
patients.4’5 Even if remission is achieved in adulthood,
social and educational problems may persist. If seizure
remission is not achieved, this group of patients has an in-
creased risk of early death in comparison to their peers.6
Epileptogenesis after brain insult is a complex series of
events, affected by multiple factors, such as age, genetic
and lifestyle factors, and previous morbidity. After the in-
jury, processes, including inflammation, blood-brain bar-
rier disruption, parenchymal loss, and neural plasticity,
among many others, seem to affect the development of
epilepsy.” Some evidence suggests that seizure frequency
is higher and treatment failure more common in children
with acquired epilepsy than in children with congenital epi-
lepsy.7 Furthermore, drug resistance seems to be especially
prevalent in epilepsy following traumatic and diffuse brain
injury, and early prophylactic treatment with antiepileptics
does not seem to reduce the risk of later development of
epilepsy.8

Most of the data on PTE have been obtained from adult
patients. In both adults and children, brain injury severity is
considered to be a risk factor for PTE.”!' The risk for PTE
seems to correlate with radiological findings, such as subdural
hematomas, contusions, and skull fractures.”' "> The onset
of PTE may be delayed for years, or even decades. Patients
with mild TBI may have an increased risk of epilepsy more
than 10 years after the initial insult,“’15 and patients with more
severe intracranial pathologies have an increased risk up to
20 years after sustaining TBI.’ Although the features of TBI
are similar in adults and children, there are some differences.
Different developmental phases of the young brain make the
pediatric TBI population heterogenic.l(’ Consequently, the role
of increased neural plasticity in early childhood has been de-
bated.!” Regarding PTE, the risk of early seizures seems to be
higher in the younger population,14 whereas late seizures seem
to be more common in older children.'!

We aimed to assess the clinical and radiological factors
associated with PTE in pediatric TBI patients initially treated
in an intensive care unit (ICU) after injury. We also assessed
the association between treatment-related factors and PTE.
We hypothesized that clinical and radiological evidence indi-
cating a more severe TBI would be associated with a higher
risk of PTE.

Key Points

e We used a national intensive care unit (ICU) da-
tabase to identify 290 pediatric traumatic brain
injury (TBI) patients treated at four university
hospital ICUs between 2003 and 2013

e Using ICU data, electronic health records, com-
puted tomography (CT) scans, and national drug
reimbursement registries, we investigated the risk
factors for posttraumatic epilepsy

e One-fifth of patients developed seizures during
follow-up

e Older age, moderate injury severity, and oblite-
rated suprasellar cisterns increase the risk of post-
traumatic epilepsy

e Early medical treatment of seizures and surgical
treatment of TBI was independently associated
with posttraumatic epilepsy

2 | METHODS

2.1 | Study ethics and standard protocol

The research committee of Helsinki University Hospital
(HUS/26/2018 §37), the Finnish National Institute
for Health and Welfare (THL/2014/5.05.00/2017),
Statistics Finland (TK-53-1047-14), and all of the par-
ticipating university hospitals approved this study and
waived the need for informed consent. We conducted
the study according to the Strengthening the Reporting
of Observational Studies in Epidemiology Guidelines
(Appendix S1)."®

2.2 | Study setting

We used data from the prospective Finnish Intensive Care
Consortium (FICC) database.!” Finland has a three-tier
level healthcare system in which intracranial neurosurgery
and neurointensive care is provided at only five university
hospitals. Four of the five ICUs providing neurointensive
care, covering approximately two-thirds of the population,
participate in the FICC. All four centers have separate neo-
natal ICUs admitting children younger than 1 year of age,
and three centers have separate pediatric ICUs. Neonatal
and pediatric ICUs do not participate in the FICC. However,
during the study period, all four centers admitted pediatric
TBI patients requiring neurointensive care to the general
ICU.
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2.3 | Study population

Based on Acute Physiology and Chronic Health Evaluation
(APACHE) III and International Classification of Diseases,
10th Revision (ICD-10) diagnoses, we identified all patients
younger thanl8 years of age who were treated for TBI be-
tween 2003 and 2013 in the ICUs of the hospitals participat-
ing in the study. We extracted relevant ICU data from the
FICC database, and we reviewed electronic health records
and radiological images to confirm and specify the presence
of a TBI with a blunt mechanism. We excluded all patients
with missing baseline data, penetrating head injuries, and
missing follow-up data, as well as patients with a preexisting
epilepsy medication.

2.4 | Extracted variables

From the FICC database, we retrieved ICU-related variables
(Therapeutic Intervention Scoring System 76 [TISS], length
of stay, interventions, administration of antiepileptic drugs).
The FICC includes a TISS-76 variable capturing the medical
treatment of a new seizure in the ICU that has been clinically
diagnosed or confirmed by electroencephalography (EEG)
(does not include prophylactic administration of antiepileptic
drugs). We retrieved admission variables, such as Glasgow
Coma Scale (GCS) scores and pupillary reactivity status,
from electronic health records. For intubated patients, we
used the GCS score before intubation; we used the pediatric
GCS for patients younger than the age of 2.2 We re-reviewed
all computerized tomography (CT) scans and classified them
according to the Helsinki CT score (Table Sl).21 We used
previously presented criteria for major extracranial injury.22

2.5 | Definition of outcome variables

Our primary outcome was the development of PTE, defined
as the need for oral antiepileptic medication in patients alive
at 6 months after experiencing TBI. A patient was defined as
having PTE if he/she was being reimbursed for an oral an-
tiepileptic drug (ATC code NO3A*) by the Social Insurance
Institution (Kela). We obtained data on antiepileptic medica-
tion reimbursement through the Kela database, which covers
all Finnish residents who are reimbursed for antiepileptics
and other medications.”*** Because time of antiepileptic
medication purchase may not accurately capture the time of
PTE onset, we only used it as a dichotomic variable (PTE,
no PTE).

We assessed functional outcome at 6 months based on the
electronic health record data recorded by neuropsychologists,
pediatricians, pediatric neurologists, or neurosurgeons. We
categorized functional outcome according to the Glasgow

Epilepsia-*
Outcome Scale (GOS), adjusted for age,25 as follows: favor-
able functional outcome (GOS 4-5, low disability to good re-
covery) and unfavorable functional outcome (GOS 1-3, death,
persistent vegetative state, and severe disability). Patients
whose follow-up ended before 6 months due to no noticeable
disability were classified as having reached a favorable func-
tional outcome. For deceased patients, we obtained the dates
of deaths from the Population Register in Finland (available
for all Finnish citizens).

2.6 | Statistical analyses

We used SPSS statistical software, version 25.0 for Mac OS
(IBM Corp) for all statistical analyses. We used a two-sided
Xz-test to compare the categorical data, and we tested the con-
tinuous data for skewness. We present normally distributed
data as means with standard deviations (SDs); we present
the non-parametric data as medians with interquartile ranges
(IQR). We used a 7 test to compare the normally distributed
data between groups, and we used a nonparametric Mann-
Whitney U test to compare the nonparametric data between
groups.

We assessed the factors independently associated with
PTE using multivariable logistic regression (LR) analysis.
We included variables from the univariate analysis with an
associated P-value of <.10 in the multivariable LR models
to identify the independent risk factors for PTE. We created
a clinical LR model and a separate radiological LR model.
Then, we tested the clinical and radiological variables in a
final LR model, including variables from previous LR mod-
els that had a P-value <.1 (combined model). As a secondary
analysis, we tested the association between treatment-related
factors and the risk of PTE by adding treatment-related vari-
ables to an LR model. We determined multicollinearity by
assessing and reporting the maximal variance inflation factor
(VIF,

max)'

3 | RESULTS

Of 315 patients, 25 patients died within 6 months. Thus, the
study population consisted of 290 patients (Figure 1). Median
follow-up time was 3.4 years (interquartile range [IQR] 1.2-
6.3 years). Of the 290 patients, 59 (20%) developed PTE.
Median time for purchase of an oral antiepileptic drug after
TBI was 125 days (IQR 26-601). Of the patients with PTE,
81% had a favorable GOS after 6 months, in comparison to
91% of the patients without PTE (P = .037).

The baseline characteristics of the patients are presented
in Table 1. Patients who developed PTE were slightly older
(median age 15 vs 13, P = .002) than the patients who did
not develop PTE; they also had a lower GCS score (median



MIKKONEN ET AL.

* |_Epilepsia

Pediatric TBI patients (<18
years) identified from the
FICC database admitted
during 2003-2013, n=370

Y

Excluded if,
Foreigner, n=5

Missing data on admission GCS score, n=7
Missing data on pupillary light reactivity, n=9

Missing data on GOS, n=4

Penetrating TBI, n=4
Pre-trauma epilepsy, n=5
Missing admission CT, n=21

Y

Dies within 6 months of TBI, n=25

\J
Study population, n =290

FIGURE 1
patients. Abbreviations: CT, computerized tomography; GCS,

Flow chart showing the included and excluded

Glasgow Coma Scale; GOS, Glasgow Outcome Scale; TBI, traumatic
brain injury

8 vs 12, P = .004), more often had abnormal pupillary light
reactivity (24% vs 10%, P = .01), and had more CT-detected
intracranial lesions. Furthermore, patients developing PTE
underwent more intensive treatment by interventions, such
as decompressive craniectomy (27% vs 5%, P < .001), pa-
renchymal intracranial pressure (ICP) monitoring (56% vs
26%, P < .001), repeated use of barbiturates (24% vs 7%,
P < .001), antiepileptic treatment (46% vs 13%, P < .001),
higher TISS-76 scores, and longer length of stay in the ICU
(median 4 days vs 1 day, P < .001).

The differences according to GCS score groups are shown
in Table S2. Patients with a higher GCS score were younger
than those with a lower GCS score; they more often had nor-
mal pupillary light responses and they had more acute subdu-
ral hematomas and epidural hematomas; however, they less
frequently experienced traumatic subarachnoid hemorrhage
and intraventricular hemorrhage. Almost two-thirds of pa-
tients were victims of traffic accidents, including pedestrian,
bicycle, moped, and car accidents (Table S3). Moped acci-
dent was the single most common injury mechanism and ac-
counted for 25% of all patients. Fall from height was the most
common nontraffic injury mechanism (16%).

3.1 | Multivariable analyses

In the clinical model, we included age, GCS score, and pupil-
lary light reactivity (Table 2). All these variables increased
the risk of PTE in the univariate analyses with a P-value <.1.
Still, in the clinical model, only the admission GCS scores

of 3-8 and 9-12 independently increased the risk for PTE
(P < .05). The VIF,,,, in the clinical model was 1.31.

Of the six radiological factors that were investigated, only
obliterated suprasellar cisterns and the presence of brain con-
tusions independently increased the risk of PTE (Table 3).
The VIF,,, in the radiological model was 2.09.

In the combined clinical and radiological LR model (Table
4), only age, a GCS score of 9-12, and obliterated suprasellar
cisterns remained statistically significant predictors of PTE.
The VIF,,, in the combined model was 1.39.

3.2 | Treatment-related interventions

After including treatment-related factors in a model consist-
ing of age, the following significantly increased risk of PTE:
GCS score, craniotomy or decompressive craniectomy, and
medical treatment for a new seizure in the ICU (Table 5). The
use of a parenchymal ICP monitor or an external ventricular
drain (EVD), or the repeated use of barbiturates did not in-

crease the risk of PTE. The VIF .. in this model was 1.75.

max

4 | DISCUSSION

In this retrospective multicenter observational study, we as-
sessed the risk factors associated with PTE in pediatric TBI
survivors treated in the ICU over an 11-year period. We
found that obliterated suprasellar cisterns on the admission
head CT scan, an impaired level of consciousness on admis-
sion, and increasing age were associated with an increased
risk of PTE. We also found that craniotomy or decompres-
sive craniectomy and medical treatment for early seizures
in the ICU were associated with an increased risk of PTE.
Moreover, patients who developed PTE also had higher rates
of unfavorable functional outcome.

At the beginning of the study period in 2003, the inci-
dence of epilepsy in Finland was 62.1/100 000 in the O- to
15-year-old age group; thus, 0.06% of this population devel-
oped epilepsy that year. In our population, as expected, the
incidence was significantly higher at 2% per yealr.24

Forty-three percent of our cohort had mild TBI (GCS
13-15). In a multicenter trial of the adult population treated
in the ICU, 36% had mild TBI.?® The slightly higher count
in our cohort could be explained by cautionary measures
when treating children and adolescents. Previous studies
have reported a positive correlation between higher TBI se-
verity and an increased risk of PTE in children. However,
it is less clear if the admission GCS score is a reliable
marker of TBI severity, and, thus, the risk of PTE.'%!427
In our study, we could not find a strong linear relation-
ship between the admission GCS score and the risk of PTE.
When the clinical and radiological factors were combined,
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TABLE 1 Patient characteristics according to posttraumatic epilepsy

Clinical variables
Age, median (IQR)
0-5
6-12
13-17
Females
GCS score, median (IQR)
3-8
9-12
13-15
Pupillary light reactivity
Both react
One reacts
None react
Major extracranial injury
Treatment-related variables
Rx of new seizure in the ICU
Craniotomy
Decompressive craniectomy
Parenchymal ICP monitoring
External ventricular drain
Repeated use of barbiturates
TISS-76 mean per day (median, IQR)
TISS-76 total (median, IQR)
LOS ICU, (median, IQR)
LOS hospital, (median, IQR)
Radiological variables
ASDH
Contusion/traumatic ICH
EDH
Mass lesion >25 cc
tSAH
IVH
Suprasellar cisterns
Normal
Compressed
Obliterated
Midline shift >5 mm
Helsinki CT score, median (IQR)

All (n = 290)
14 (9-16)
43 (15%)

78 (27%)

169 (58%)

87 (30%)
11 (6-14)

105 (36%)

61 (21%)

124 (43%)

254 (88%)
27 (9%)
9 (3%)

110 (38%)

56 (19%)
57 (20%)
28 (10%)
81 (28%)
15 (5%)
31 (11%)
24 (19-34)
62 (37-305)
2(1-8)
8 (5-19)

84 (29%)
163 (56%)
51 (18%)
27 (9%)
91 (31%)
37 (13%)

242 (83%)
32 (11%)
16 (6%)
27 (9%)

2 (0-4)

Note: Values are presented as the number (%) of patients or as the median (IQR).

PTE (n = 59)
15 (13-17)
5 (8%)
7 (12%)
47 (80%)
14 (24%)
8 (6-12)
30 (51%)
17 (29%)
12 (20%)

45 (76%)
10 (17%)
4 (1%)
25 (42%)

27 (46%)
14 (24%)
16 (27%)
33 (56%)
4 (1%)

14 (24%)
32 (23-38)
157 (62-523)
4(1-12)
19 (8-39)

23 (39%)
41 (69%)
10 (17%)
10 (17%)
25 (42%)
11 (19%)

40 (68%)
9 (15%)
10 (17%)

11 (19%)
2(2-5)

Epilepsia-~

No PTE (n = 231) P-Value

13 (8-16) 002
38 (16%) .001
71 (31%)

122 (53%)

73 (32%) 24
12 (6-15) 004
75 (33%) <.001
44 (19%)

112 (48%)

209 (90%) 01
17 (8%)

5(2%)
85 (37%) 43
29 (13%) <.001
43 (19%) 38
12 (5%) <.001
59 (26%) <.001
11 (5%) 53
17 (7%) <.001
22 (18-32) <.001
50 (34-2214) <.001

1(1-6) <.001

7 (5-15) <.001
61 (26%) 06

122 (53%) 02
41 (18%) 89
17 (1%) 02
66 (29%) 04
26 (11%) 13

202 (87%) <.001
23 (10%)

6 (3%)
16 (7%) 006
2(0-3) 001

Abbreviations: ASDH, cute subdural hematoma; CT, computerized tomography; EDH, epidural hematoma; GCS, Glasgow Coma Scale; ICH, intracranial hemorrhage;
ICP, intracranial pressure; ICU, intensive care unit; IQR, interquartile range; IVH, intraventricular hematoma; LOS, length of stay; PTE, posttraumatic epilepsy; Rx,

medical treatment; TISS, Therapeutic Intervention Scoring System; tSAH, traumatic subarachnoid hemorrhage.

patients with moderate TBI (GCS 9-12) had an increased
risk for PTE in comparison to patients with mild TBI (GCS
13-15). Patients with severe TBI (GCS 3-8) did not display

an increased risk for PTE in comparison to those with mild
TBI. Similar to our results, a study on adult TBIs found that
an admission GCS of 9-12 is associated with the highest
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TABLE 2 Results from the logistic regression model of clinical

factors
Clinical variables Odds ratio (95% CI) P-value
Age, years 1.07 (1.00.-1.15) .06
GCS score
13-15 1.0 (reference)
9-12 3.25(1.42-7.43) .005
3-8 2.44 (1.07-5.57) .03
Pupillary light reactivity
Normal Reference
One reacts/none react 0.48 (0.20-1.14) .10

Abbreviation: GCS, Glasgow Coma Scale.

risk of PTE.?® However, the reasons for this are unclear. In
our cohort, there were no major differences in the radiolog-
ical parameters between the patients with a GCS of 9-12
and those with a GCS of 3-8 (Table S2). It is possible that
the strong correlation between a low GCS score and high
6-month mortality masks the association between a low
GCS score and PTE, as some of the patients who would
have developed PTE died. Yet, it is possible that the null
finding between a GCS of 3-8 and the risk of PTE is a con-
sequence of lack of statistical power.

In our cohort, approximately 10% of patients with mild
TBI (GCS 13-15) developed PTE. In comparison, a previ-
ous study on pediatric patients with mild TBI reported a PTE
rate of 4%.” The difference is probably explained by a higher
rate of abnormal brain imaging findings in our cohort (more
intracranial hemorrhages and signs of brain edema). Thus,
the high incidence of traumatic intracranial pathologies in
our mild TBI cohort is most likely the reason for the perhaps
surprisingly high incidence of PTE in this subgroup.

Many large studies focusing on adult and pediatric TBI
have investigated the relationship between intracranial pa-
thologies and PTE. A systematic review of the adult liter-
ature found skull fractures, midline shift, contusions, and
subdural and intracerebral hematomas to associate with the
risk of PTE." Large pediatric studies have found risk factors
to include subdural hematomas and contusions.'"'* These
findings were not supported by our data. When assessing ra-
diological risk factors separately, contusions showed a statis-
tically significant association with PTE, but this association
disappeared when adjusting for clinical variables. In contrast
to defining intracranial pathologies using diagnostic coding
(eg, by ICD diagnostic codes), we reviewed the CT scans,
which allowed us to extract more nuanced information about
intracranial pathologies. This could explain the conflict with
some previous studies. For example, we found that the oblit-
erated suprasellar cisterns had the strongest association with
PTE of all the analyzed factors in our data. Suprasellar cistern
status has been demonstrated to be a strong indicator of TBI

TABLE 3 Results from the logistic regression model of
radiological factors

Radiologic variables Odds ratio (95% CI)  P-value
ASDH

No 1.0 (reference)

Yes 1.10 (0.53-2.27) .80
Contusion

No 1.0 (reference)

Yes 2.21 (1.10-4.46) .03
Mass lesion >25 cc

No 1.0 (reference)

Yes 1.71 (0.49-5.97) 40
Suprasellar cisterns

Normal 1.0 (reference)

Compressed 1.26 (0.45-3.48) .66

Obliterated 4.32 (1.05-17.76) .04
Midline shift, >5 mm

No 1.0 (reference)

Yes 1.55(0.43-5.61) .50
tSAH

No 1.0 (reference)

Yes 1.31 (0.67-2.59) 43

Abbreviations: ASDH, acute subdural hematoma; tSAH, traumatic subarachnoid
hemorrhage.

injury severity, and consequently a strong prognostic marker
of poor general outcome.? Obliteration of the suprasellar cis-
terns is a sign of severe diffuse injury and swelling, and, as
noted before, diffuse brain injury has been associated with
drug-resistant PTE.’

In our study, increasing age was associated with an in-
creased risk of PTE. This is in line with a large Danish pop-
ulation-based study, which found a slight increase in the risk
of PTE with increasing age in a large pediatric cohort."! They
reported a linear relationship between the risk of PTE and
age in mild TBI, whereas the relationship was U-shaped in
cases with more severe TBI. Yet, due to the relatively low
number of very young patients in our cohort, we were unable
to observe this.

In a secondary analysis, looking at the association be-
tween treatment-related variables and risk of PTE, we found
a significantly increased risk for PTE in patients who under-
went either craniotomy or decompressive craniectomy. In the
adult TBI literature, Englander et al found an increased risk
of PTE in adult TBI patients with acute subdural hematoma
who underwent craniotomy vs no intervention.”® Previous
studies regarding pediatric TBIs have found that that 20%-
33% of pediatric TBI patients undergoing craniectomy later
develop PTE**¥ In comparison, 57% of all patients un-
dergoing decompressive craniectomy in our cohort later
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TABLE 4 Results from the combined logistic regression model
of clinical and radiological factors

Clinical variables Odds ratio (95% CI) P-value
Age,y 1.08 (1.00-1.16) .04
GCS score

13-15 1.0 (reference)

9-12 2.88 (1.24-6.69) .01

3-8 1.84 (0.78-4.36) .16
Pupillary light reactivity

Normal 1.0 (reference)

One reacts/none react 0.68 (0.26-1.77) 43
Contusion

No 1.0 (reference)

Yes 1.61 (0.83-3.15) .16
Suprasellar cisterns

Normal 1.0 (reference)

Compressed 1.93 (0.80-4.70) 15

Obliterated 6.53 (1.95-21.81) .002

Abbreviation: GCS, Glasgow Coma Scale.

developed PTE. Apart from the underlying brain insult ne-
cessitating intervention, a possible epileptogenic mechanism
in craniectomy could be parenchymal tear when brain tissue
is allowed to swell and stretch. In contrast to adult TBI, we
did not find an association between the use of EVD or paren-
chymal ICP measuring devices and PTE.”® Furthermore, in
line with previous studies, we found an association between
early seizures or epileptiform activity (medical treatment of a
new seizure in the ICU) and the risk of PTE.'%'*32 However,
given the study design, it is not possible to draw conclusions
as to whether the increased risk of PTE is due to the underly-
ing brain pathology leading to the intervention or due to the
intervention itself. Thus, this secondary analysis should be
interpreted with caution.

Epileptogenesis after brain insult is a complex cascade of
events, and although preclinical animal models have shown
some evidence in support of prophylactic measures to prevent
PTE, such as high-dose losartan,33 no treatments have been
proven to be effective in humans.”

To ensure that future interventional studies are safe and
effective, it is necessary to identify patients at high risk for
PTE; otherwise patients run the risk of being exposed to un-
necessary treatments, which can be harmful to young, devel-
oping brains.>*** We believe that our work can provide future
studies with better tools for improved patient selection and
baseline risk stratification.

Our study has several strengths. It includes four univer-
sity hospital ICUs over a 11-year study period. All data
were retrieved directly through electronic health records or
from the FICC and Kela databases, securing high quality
data.'®?® Furthermore, we independently reviewed all the
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TABLE 5 Association between treatment-related interventions
and posttraumatic epilepsy after adjusting for significant clinical and

radiological variables

Variable Odds ratio (95% CI) P-value
Age 1.08 (1.00-1.17) .04
GCS score
13-15 1.0 (reference)
9-12 2.66 (1.09-6.49) .03
3-8 1.59 (0.64-3.97) 32
Suprasellar cisterns
Normal 10 (reference)
Compressed 1.13 (0.42-3.06) .81
Obliterated 3.52(0.95-13.01) .06
Rx of new seizure in the 3.41 (1.57-7.43) .002
ICU

Craniotomy or 2.14 (1.02-4.47) .04
decompressive
craniectomy

Parenchymal ICP monitor  1.07 (0.56-2.52) .87
or EVD

Repeated use of 1.70 (0.61-4.74) 31

barbiturates

Abbreviations: EVD, external ventricular drain; GCS, Glasgow Coma Scale;
ICP, intracranial pressure; ICU, intensive care unit; Rx, medical treatment; Rx,
treatment.

patients’ CT data, allowing us to examine the effects of le-
sion size, midline shift, suprasellar cistern status, and intra-
ventricular hemorrhage, which are factors that are missed
in register studies that use diagnostic coding to identify
pathology.

However, the study has some limitations. Although in-
cluding four academic university hospitals, together cov-
ering two-thirds of the Finnish population, the size of our
cohort was relatively small due to the rarity of pediatric
TBI in Finland. Thus, we had to combine some of the clini-
cally related variables instead of analyzing them separately
(eg, craniotomy and decompressive craniectomy, EVD, and
intraparenchymal ICP device). The baseline characteristics
of 41 patients were missing; thus, they were excluded from
the study. As described previously, all of the included cen-
ters admitted pediatric patients requiring neurointensive
care after TBI to their ICUs.?! Thus, according to the treat-
ment protocols, all patients with severe TBI were included
in our study. Some patients with a less-severe TBI might
have been admitted to the neonatal ICU (age < 1 year) or
the pediatric ICU (age 1-16 years); thus, they were not in-
cluded in the study. This could explain the lack of infants
with inflicted trauma (“shaken baby syndrome”) in our
data; thus, our results are not generalizable to these pa-
tients. Finally, purchase of oral antiepileptic medication is
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a crude measure of epilepsy. As oral medication provided
in other hospitals is not captured by our data, this makes
estimation of actual onset of disease difficult to estimate.
However, we consider it reliable at capturing long-term
disease.

5 | CONCLUSION
Posttraumatic epilepsy is a common long-term complica-
tion in ICU-treated pediatric TBI survivors. Older age,
moderate injury severity, and obliterated suprasellar cis-
terns were associated with an increased risk of PTE. Early
medical treatment of seizures and operative treatment of
TBI was independently associated with PTE. Future mul-
tinational collaborative studies that identify more detailed
patient-specific and injury-specific factors related to PTE
are warranted.
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