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Abstract

Background and aim: Traumatic brain injury (TBI) is a significant global health concern and an important cause
of mortality and morbidity in children. Understanding injury patterns and outcome variables would indeed help
in better management and neurodevelopmental outcomes. Methods: An observational prospective study was
done over a period of 2 years and the study population included children aged 3 months - 12 years within 72
hours of head injury. Clinical profile, neuroimaging patterns, management, and outcome on discharge were
analyzed. Results: Out of 95 children, the mean age was 4.66 £3.61 years and M: F 1.76:1. Mild TBI was seen
in 70.5%, moderate TBI in 19%, and severe TBI in 10.5% of children. Fall from height was the most common
mode of injury and abnormal neuroimaging was noted in 69.4% of children. Fracture skull was the most
common neuroimaging abnormality found. Conservative management was the main mode of treatment, 30
children (31.6%) required intensive care, and surgical intervention was required in 8 (8.4%) children. The mean
duration of hospital stay was 5.29+6.6 days. Overall mortality rate was 2%, good outcome was noted in
88(92.6%) and poor outcome in 7 (7.3 %) children. The factors associated with poor outcomes were severe TBI,
signs of raised ICP, abnormal neurological examination, and mode of injury by RTA. Conclusions: TBI is more
commonly seen in school-aged children, accidental falls being the most common mode of injury. The majority
of children had mild TBI and the overall outcome was really good. The most effective predictor of poor outcome
was GCS-based TBI severity grading.

Key Words: traumatic brain injury, children, mode of injury, neuroimaging, outcome Running Title: Pediatric
Traumatic Brain Injury

Introduction

Traumatic brain injury (TBI) is one of the most common causes of acquired disability during childhood and has
become a global health problem with high number of cases reported from both developed and developing
countries().

The worldwide incidence of pediatric traumatic brain injury (TBI) is 691 per 1,00,000 population treated in the
emergency department, 74 per 1,00,000 treated in hospital, and 9 per 1,00,000 resulting in death(2). The
unprecedented motorization, urbanization, rapid industrialization, and changing lifestyles along with the absence
of safety policies and program has added further to this burden.

The burden of pTBI in India is unknown. In India, children <15 years constitute 35% of the total population and
available literature on pTBI suggests that it constitutes 20-30% of all TBIs(3-6). Trauma is secondary to falls
and Road Traffic Accidents (RTA) have been reported as the leading cause of pTBI with a mortality rate of 2-
10%(7,8). There are no national guidelines for the management of TBI. Early resuscitation and immediate
transport to a medical facility would have a definite impact on the outcome. Various factors affecting the
outcome are the severity of the injury, children injured in RTA, significant secondary injuries, cerebral
contusions, and diffuse axonal injury on neuroimaging(7-9). Various studies proves that compared to adults,
children with TBI are more vulnerable to long-term cognitive deficits and they need a long-term
neurodevelopmental follow-up (10).

We lack enough data on children on epidemiology and outcome(3,11,12) and there is no national registry for
pTBI in India. Hence, analyzing and understanding the epidemiology, injury patterns, and economic burden is
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essential to guide future prevention efforts and policies. It will also help to improve clinical management and
establish public campaigns. Therefore, this study was undertaken to describe the clinico-demographic profile,
neuroimaging patterns, outcome, and factors influencing outcomes in children with TBI of varying severity.

Methodology

This was a prospective, observational, cross-sectional study conducted at the Department of Paediatrics, Dr D Y
Patil Medical College, Hospital and Research Centre, Pune, India over 2 years duration (August 2019 — July
2021). The study population included children aged 3 months - 12 years admitted to the pediatric ward or ICU
with a history of traumatic brain injury (TBI) of both genders presenting within 72 hours of head injury.
Children presenting after 72 hours of TBI, children with polytrauma, and children who have known cases of
epilepsy, pre-existing significant neurological disorders, bleeding disorders, and previous history of TBI were
excluded from the study. Institutional ethics committee clearance was obtained before the commencement of the
study. Written informed consent from parents was taken before enrolment in the study.

The study sample size included 95 subjects calculated based on an average global incidence of 6.9 cases in 1000
population and our hospital incidence rate of 4.5 cases of pediatric TBI per 1000 admissions in the pediatric
ward (which makes 5.7 per 1000 cases), taking an acceptable difference of 1.5 per 1000 at a confidence level of
95 %. The calculations were done by the WinPepi application.

Clinical details were documented on a structured clinical proforma. It included socio-demographic
characteristics, details of injury like type and mechanism of injury, previous medical history, symptomology and
assessment of sensorium based on Glasgow coma scale (GCS), vitals, general examination, neurological
examination, neuro-imaging findings, details of management and duration of stay and outcome on discharge.
Based on the GCS score at the time of presentation, the severity of TBI was graded as mild (GCS 13-15),
moderate (GCS 9-12) and severe (GCS 3-8). Hemodynamic instability included hypoxia (PaO2 <60 mmHg
and/or SaO2 <90% or suspected by clinical signs such as cyanosis), hypotension (systolic blood pressure <90
mmHg, patients reported to be in shock and/or absent brachial pulse not related to extremity injury) and
hypothermia (documented core temperature <35°C).

All cases were primarily resuscitated and evaluated in the emergency room and were later shifted to the
pediatric ward / ICU. CT Bain was done as per PERCAN guidelines(13) which included a) All children with
GCS <12 or GCS between 13-15 with any focal neurological deficit b) History of post-traumatic seizure c) Post-
traumatic amnesia or behaving not normal as per parent d)Progressive headache €) Loss of consciousness lasting
for more than 5 minutes f) Physical signs of basilar skull fracture g) Repeated vomiting (>3 episodes) or
vomiting more than 8 hours after trauma h) Severe mechanism of injury i)Scalp-hematoma over parietal,
temporal or occipital area j) Palpable skull fracture.

Treatment was individualized as per clinical severity, hemodynamic stability, neurological status, and
neuroimaging findings. Management protocols were followed as per standard institute PICU guidelines.
Neurosurgery consultations were taken in indicated cases and surgical management was done accordingly. The
outcome on discharge was assessed based on the Glasgow Outcome Score (GOS). It is a 5-scaled tool, GOS-5 is
classified as good recovery, GOS-4 as moderate disability, GOS-3 as severe disability, GOS-2 as persistent
vegetative state, and GOS-1 as death. Good outcomes included 4 and 5 scores of GOS and poor outcomes
included 1,2 and 3 scores of GOS.

Data Analysis

Data was entered into Excel spreadsheets and variables for this study were analyzed using IBM SPSS Statistics
28.0.0.0, and the conclusions were at a 5% significant level. To present the data, the mean and standard
deviations were employed. Continuous Variables were calculated as frequency and percentages, t-tests, and
ANOVA. Bivariate binomial logistic regression and multivariate binomial logistic regression were used to
assess the variables influencing the outcome. The selected model results were expressed as an odds ratio, OR
(95% Confidence Interval (CI).

Results

There were 123 patients admitted with traumatic brain injury during the period of 2 years. Out of 123 children,
95 children were enrolled in the study fulfilling inclusion criteria after getting informed consent from
parents/guardians. 28 children were excluded because of various reasons (16 cases were admitted after 72 hours
of TBI, 6 cases had polytrauma, 3 cases had pre-existing epilepsy, and 3 cases were left against medical advice).
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Table No. 1 depicts the demographic features, severity grading of TBI, mode of injury, symptomatology, and
examination findings. The mean age of the study population was 4.66 * 3.61 years and the majority of children
belonged to the 6-12 years age group (39%). A male gender preponderance was noted (M: F - 1.76:1). Majority
of children belonged to the upper lower class (47.4%) followed by the lower middle class (41%) socioeconomic
group. Based on the GCS score on admission, 67 children (70.5%) had mild TBI, 18 children (18.9%) had
moderate TBI and 10 children (10.5%) had severe TBI.

Table No 1 — Sociodemographic and clinical profile of children with TBI

Variable Number of cases Percentage
1. Age group
i 3 months — 1 year 8 8.4%
ii. 1-3 years 22 23%
iii. 4-6 years 28 29%
iv. 7-12 years 37 39%

Mean age 4.66 years + SD 3.6
2. Gender
i. Males 60 63.16%
ii. Females 35 36.84%
M: F-176:1

3. Socioeconomic status
i Upper middle 4 4.2 %
ii. Lower middle 39 41.1%
iii. Upper lower 45 47.4%
iv. Lower 7 7.4%
4, Severity of TBI
i. Mild 67 70.5 %
ii. Moderate 18 18.9%
iii. Severe 10 10.5%
5 Mode of injury
i. Fall from height 53 55.7 %
ii. RTA 14 14.7%
iii. Struck against objects 8 8.4%
iv. Sports injury 14 14.7%
6 Symptoms on presentation
i. Loss of consciousness 27 28.4%
ii. Vomiting 57 60%
iii. Headache 29 31%
iv. Ecchymosis 11 11.5%
V. Scalp swelling 17 17.8%
Vi. Seizures 11 11.5%
vii. ENT bleed 15 15.7%
7. Abnormal Examination

findings
i. Signs of raised ICP 21 22%
ii. Hemodynamically unstable 16 16.8%
iii. Abnormal Neurological | 17 17.8%

examination

RTA — Road traffic accidents, ICP- Intra cranial pressure

Mode of injury
Fall from height was the most common cause of TBI (53.7%) followed by Road Traffic Accidents (RTA -
14.8%) and sports injuries (14.8%). No cases of child abuse were reported in our cohort.

Symptomatology

The most common presenting symptom was vomiting (60%), followed by headache (29/30.5%) and then loss of
consciousness (28.4%). Scalp swelling was seen in 17 children (17.8%), ENT bleeding in 15 children (15.8%),
periorbital ecchymaosis and seizures in 11 children (11.6%), and 4 cases (5.3 %) presented with hemiparesis.

675 ISSN:2093-4777 | E-ISSN:2093-693 1
Vol. 27 Iss. 4 (2023)

© International Neurourology Journal
DOI: 10.5123/in}.2023.4.in72



https://einj.net/index.php/INJ/article/view/237

INTERNATIONAL
NEUROUROLOGY JOURNAL

Clinical examination findings

On admission, 16 children (16.8%) were hemodynamically unstable. Signs of raised Intracranial Pressure (ICP)
were noted in 21 (22%) children and 12 (12.6%) had papilledema. Abnormal neurological examination was
noted in 17 children (17.8%) which included, cranial nerve palsies in 11 children (abducent nerve - 6,
oculomotor nerve - 4, glossopharyngeal and vagus nerve — 1) hypotonia in 10 children, hemiplegia in 4 and
quadriplegia in one child. It was found that the presence of signs of raised ICP, hemodynamic instability, and
abnormal neurological examination were associated with moderate and severe TBI.

Neuroimaging patterns

Neuroimaging was done in all children, CT Brain being the main modality used and MRI brain was done in
indicated cases of moderate and severe TBI. Normal neuroimaging was noted in 29 (30.5%) of children and 66
(69.4%) had abnormal findings. Table 2 depicts the various neuroimaging patterns.

The commonest finding was skull bone fracture (70.5%), followed by intracranial haemorrhage-ICH (38%).
Various ICH included — Subdural haemorrhage-SDH (15.7%), subarachnoid haemorrhage-SAH (10.5%), and
extradural haemorrhage-EDH (10.5%). Cerebral edema was noted in 18 children (18.9%), parenchymal
contusion in 8 (8.4%), diffuse axonal injury in 3 (3.1%), pneumocephalus in 5 (5.2%), and secondary infarcts in
5 children (6.3%).

The commonest skull fracture was seen over the parietal bone (22.1%) followed by frontal bone (18.9%),
temporal bone (13.7%), occipital bone (8.4%), and base of skull (7.4%) in decreasing order. Concurrent injuries
included facial (19%) and spine injuries (1%).

Table No 2 — Neuroimaging patterns of children with TBI

S No | Neuroimaging findings Number of cases Percentage

1 Normal 29 29

2 Skull bone fractures 54 56.8%
3 EDH 10 10.5%

4 SDH 15 15.7%

5 SAH 10 10.5%

6 Cerebral Oedema 18 18.9%

7 Parenchymal hemorrhage and contusion 8 8.4%

8 Diffuse Axonal Injury 3 3.1%

9 Pneumocephalus 5 5.2%

10 Secondary infarct 6 6.3%

SDH - Subdural hemorrhage, EDH — Extra dural hemorrhage, SAH — Subarachnoid hemorrhage

Management

Out of 95 children, 30 (31.6%) required intensive care which mainly belonged to moderate (100%) and severe
grade TBI (100%). Two children with mild TBI (3%) were admitted to the ICU for observation as they were
infants with severe mechanisms of injury. Ventilatory support was required in 9 children (9.4%) (severe TBI — 8
cases and moderate TBI — 1 case). Conservative management was done for 87 cases (91.5%) which included all
mild TBI cases (67), 14 cases of moderate TBI, and 6 cases of severe TBI. Neurosurgical interventions were
required in 8 children belonging to moderate (22.2%) and severe (40%) TBI.

Conservative management included anti-cerebral edema measures (34.7%), antiseizure medications (ASMSs)
(46.5%), and other supportive measures. Commonly used anti-cerebral edema medications were 3% sodium
chloride and mannitol. Steroids were not given to any of the children. 11 children (11.5%) with post-traumatic
seizures received therapeutic ASMs and 33 children(34.7%) received prophylactic ASMs. Commonly used
ASM was levetiracetam (77.5%) followed by fosphenytoin (16.3%) and 4 children had status epilepticus
requiring multiple ASMs. Various neurosurgical interventions done were decompressive craniotomy (6.3% —
SDH, EDH), the elevation of depressed fracture (1% - compound fracture skull), craniectomy (1% - cerebral
contusion with infarct and severe cerebral edema) and atlantoaxial fixation (1% — cervical spine injury).

Duration of stay
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The mean duration of hospital stay was 5.29 +/- 6.6 days. All the children with mild TBI had a duration of stay
of less than 5 days, 18 children (18.9%) had a stay of 6-10 days who belonged to moderate and severe TBI,
while 10 children (10.5%) had a stay >10 days who belonged to severe grade TBI.

Outcome
It was found that out of 95 cases, 88 (92.6%) had complete recovery, while 5 (5.2%) had partial recovery
(hemiplegia- 4/4.2%), quadriplegia (1/1%)) and 2 children died (2%) who had severe TBI.

The outcome was assessed on discharge based on the Glasgow coma outcome score (GOS). Good recovery with
(a score of 5) was noted in 88 children (93%), severe disability (score of 3) in 4 children (4.2%) who had
hemiplegia, persistent vegetative state (score of 2) in 1 child (1%) who had a cervical spine injury and
quadriplegia, and death (scorel) happened in 2 children (2%). It was concluded that 92.6 % had good outcomes
and 6.4 % had poor outcomes.

Factors influencing outcome

Table No 3 demonstrates details of factors associated with poor outcomes. In a univariate analysis, severe TBI
(OR=126, R=0.691, P<0.001), signs of raised ICP (OR-258, R=0.785, P<0.001) and abnormal neurological
examination (OR=126, R=0.691, P<0.001) were found to be highly correlated with poor outcome and thus were
eliminated in step 2 of multivariate analysis. In the final equation, injury by RTA (OR=11.64, P=0.007) and
duration of stay >5 days (OR=7.91, P=0.028) were found to have a significant association in children with poor
outcomes. Age < 5 years (OR=0.8), injury by fall from height (OR=0.45), and abnormal neuroimaging
(OR=0.12) were found to have lower risk and hence were eliminated in multivariate analysis.

Table No - 3 — Univariate and multivariate analysis of factors associated with poor outcome

Parameters Univariate Analysis Multivariate Analysis
Odds Odds p
Ratio 95% ClI R value | p value Ratio 95% ClI value

Severe TBI 126.00 | (2.494,7.179) 0.691 <0.001

5’3‘;;:‘“0” of sty >5 1 7065 | (1.2812,38.9610) 0.260 | 0.025 7.912 | (0.0419,43.7493) 0.028

Injury by RTA 10.400 | (2.0269,53.3630) 0.337 0.005 11.641 | (0.3067,176.3366) 0.007

nglgm by fall from | 4 450 | (0.0948,2.1370) 0105 | 0315

Sign of raised ICP 258.00 | (20.366,3268.458) 0.785 <0.001

Abnormal

neurological 126.00 (12.1057,1311.4477) 0.691 <0.001

examination

Age < 5 years 0.800 (0.1685,3.7991) -0.029 0.779

ﬁbnor.ma' . 0121 | (0.0140,1.0473) 0229 | 0.055

euroimaging
Discussion

In this prospective observational study, 95 children with traumatic brain injury (TBI) were enrolled. The mean
age of the study population was 4.66 + 3.6 years which was in agreement with other studies suggesting the
highest incidence of TBI is reported in school-aged children(3,8,14-16). A male gender preponderance was
noted which has been shown by other studies as well(3,8,11,14-17). A higher incidence of TBI in males may be
due to more physical activities and participation in sports as compared to female children.

In our cohort, the majority of children had mild TBI (70.5%), comparable to various studies (3,12,14,17). Mild
TBI was induced by a variety of causes, whereas moderate and severe TBI were primarily due to RTA. In
contrast, Udoh et al(15) and EI-Menyar et al(18) reported maximum cases of severe-grade TBI in their study
population.

The most common mode of injury was fall from height (54%) followed by road traffic accidents (14.7%) and
sports injury (14.7%). Patients with severe TBI belonged to these three modes of injuries. These findings were
in harmony with other studies (3,4,11,19). Contrary to this, few other authors reported RTA as the most
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common mode of injury(7,9,18). Therefore, we should sensitize parents to be more watchful and diligent as well
as take the proper safety precautions at home and play area.

In congruent with various studies from India (14,20), the most frequent clinical manifestations were vomiting
(60%), loss of consciousness (28.4%), and headache (28.4%). In contrast, few studies have reported loss of
consciousness as the most common presentation (9,12) and Nitnaware et al (21) showed seizures as the most
common presentation.

In the present cohort, we found that the presence of signs of raised ICP, hemodynamic instability, and abnormal
neurological examination were associated with moderate and severe TBI. This is in agreement with the results
of other studies (9,12,22).

Some life-threatening injuries can present initially as mild TBI adding to the challenges in diagnosis and
evaluation of such injuries (23). This was the reason for doing CT brain in all children with TBI in our cohort.
No intracranial abnormality was detected in 29 (30.5%) children on initial neuroimaging. The commonest
findings were skull bone fracture (70.5%), followed by intracranial bleed (38%). The presence of skull fractures,
SDH, SAH, parenchymal contusion, cerebral edema, and diffuse axonal injuries was seen in children with
severe grade TBI. Different patterns of primary and secondary impact injuries on imaging and their association
with the severity of TBI seen in our cohort were in concordance with other studies (3,7,11,14,18,20,21). On the
contrary, Mahapatra et al (4) have reported EDH and contusion as the most common neuroimaging finding. All
the children were managed as per standard management guidelines and agreed with other studies
(3,7,11,12,14,24).

As reported in several other comparable studies, the present study noted good recovery in 88 cases (92.6%) and
overall mortality was 2%. This may be due to a smaller number of patients in the severe TBI group and greater
potential for recovery in children (25-28). The great potential for recovery has been explained by reasons such
as greater flexibility of cranial bones in young children, a higher capacity of traumatic force absorption, and
great differences in the presence of comorbidities (7).

In the current study, the most effective predictor of outcome was GCS-based severity scoring on admission.
GCS is a simple bedside scoring system that will assist clinicians in timely decisions in imaging and
management. This was by findings of other studies stressing the importance of initial GCS scores (16,29). In the
present cohort, other independent variables significantly associated with poor outcomes were signs of raised ICP
(OR-258, R=0.785, P<0.001) and abnormal neurological examination (OR=126, R=0.691, P<0.001). Similar
findings related to poor outcomes have been reported by various studies (7-9,30). Even though neuroimaging
findings were strongly associated with moderate and severe grade TBI, there was no statistical significance
found between imaging and outcome in our study (OR=0.12).

Strengths
We used the Glasgow outcome score, which proved to be a very effective bedside clinical assessment scale to
assess the outcome of children with TBI, and outcome variables were analyzed.

Limitations
Being a tertiary care referral center, the results may not be representative of the general population and might
differ compared to community-based studies.

Conclusion

TBI was more commonly seen in school-aged children, accidental falls being the most common mode of injury.
The majority of children had mild TBI and the overall outcome was good. GOS-based outcome analysis is a
simple bedside scoring system that can be used in our routine clinical practice. Educational and information
campaigns among parents and caregivers should be encouraged to increase knowledge on ways to improve
home, road, and pedestrian safety. A national pediatric TBI registry is needed of the hour which would be very
much helpful in policy making and management.
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