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Introduction: Traumatic brain injury (TBI) is a leading cause of morbidity and 
mortality among pediatric patients. Head Computerized Tomography (CT) scan has 
the undoubtedly benefit of diagnosing TBI lesions but is also associated with 
increased risk of cancer due to radiation.  
Materials/Methods: This study was composed of 190 patients evaluated in the 
emergency setting of a pediatric Brazilian hospital from January 2019 to December 
2021.  
Results: The results of the study demonstrated an increased amount of CT scans 
in patients with mild TBI during this period. Besides, we noticed that many of these 
CT scans showed normal results or clinically insignificant findings such as subgaleal 
hematomas.  
Conclusion: Knowing the risks related to radiation exposure at such a young age 
makes us question the validity of the hospital protocol we are following. Also, we 
believe that a future solution to this issue would be to implement radiation-free 
complimentary exams such as Magnetic Resonance Imaging (MRI) to our hospital 
protocol. Emphasizing the importance of justification of procedures and 
optimization of radiation doses are also crucial to prevent cancer development in 
pediatric patients. 
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INTRODUCTION 

Traumatic brain injury (TBI) is a leading cause of 
morbidity and mortality among pediatric patients [1]. 
Compared with adults, children have several anatomical 
differences that may predispose them to injury including 
thinner cranial bones, a larger head-to-torso ratio, an 
immature immune system, and differences in 
thermoregulation. After initial trauma evaluation, TBI 
investigation should contemplate a complete neurologic 
exam including a Glasgow Coma Score (GCS), pupil size, 
inspection of the head and spine, including the anterior 
fontanel, for gross deformity along with funduscopic and 
otoscopic evaluation. The pediatric GCS is modified 
according to verbal development and should be used for 
children under two years of age. Children over two years 
should be evaluated with the standard GCS measurement 
[2]. Studies suggest that there is an increased risk of cancer 
development from exposure to Computerized Tomography 
(CT) scans [3]. For example, Brenner et al., concluded that 
there could be a potential of 500 extra cases of fatal cancers 

from CT scans performed on children annually in the United 
States, based on estimates of the number of CT examinations 
performed and a single abdominal CT protocol [3]. These 
calculations suggest that there is approximately one fatal 
cancer for every 1000 CT scans performed in a young child 
[4]. It is worth emphasizing two points: it has been common 
practice in radiology to minimize all radiation exposure in 
patients and health care workers, as exemplified by the 
techniques of shielding for fluoroscopy and use of 
collimation (coning) for image acquisition. Second, there is 
no reason to expose children to more radiation than 
necessary, as emphasized by the familiar basic radiation 
safety principle of “as low as reasonably achievable” [5-6]. 
Therefore, considering the risks of radiation exposure in a 
young age, this study aims to evaluate the statistical data 
regarding head CT scan in a pediatric Brazilian hospital in the 
state of São Paulo from January 2019 to December 2021 in 
patients with TBI during this period. 
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METHODS 

The study was composed of 190 patients from 1 month 
to 14 years old evaluated from January 2019 to December 
2021 in the emergency setting of a pediatric Brazilian 
hospital which is located in the city of São José do Rio Preto 
(in the state of São Paulo) and represents a tertiary health 
care reference center with several specialties, receiving 
referred patients from 102 cities (about 1.7 million 
inhabitants) and presenting both public (60% of the patients) 
and private (40% of the patients) health care system. In the 
emergency setting, the decision whether to perform a Head 
CT is considered according to the protocol of the Pediatric 
Emergency Care Applied Research Network (PECARN).  Data 
was organized in an Excel planner and afterwards 
transferred to IBM-SPSS Statistics version 29 (IBM 
Corporation, NY, USA) for exploratory data analysis. The 
exploratory data analysis included descriptive, average, 
median, standard-deviation, minimum value and maximum 
value as numerical variables, and number and proportion as 
categoric values. For the analysis of behavior of continuous 
variables, we considered the descriptive statistics, histogram 
graphics, boxplot, and Shapiro-Wilk test [7-8]. The statistical 
analysis was made through IBM-SPSS Statistics version 29 
software (IBM Corporation, NY, USA). Patient consent was 
not required for this study.  

RESULTS 

The descriptive analysis of the study was composed of 
190 patients, in which 82 were women and 108 were men. 
The age ranged from 0.1 to 14 years of age with a median of 
1 year of age (Table 1). The average of age was 3.19 years of 
age. The severity of traumatic brain injury was classified as 
mild, moderate and severe based on admission Glasgow 
Coma Scale. 184 patients (96.8%) had mild TBI, 4 (2.1%) had 
moderate and 2 (1.1%) had severe TBI. 168 patients (88.4%) 
performed a Head Computerized Tomography (CT) Scan and 
22 (11.6%) of them did not. The indications of Head CT scan 
were based on the hospital protocol and included the 
following: height of the fall, location, mechanism of trauma, 
vomiting, neurological status, age and severity of the 
trauma. The main indication was height of the fall (30.5%) 
(Table 2). 

Table 1. Descriptive analysis of demographic data from the 190 
patients included in the study. 

Age Median (variation) 

 Age, years 1,0 (0,1 – 14,0) 

Sex N % 

 Female 82 43,2 

 Male 108 56,8 

Continuous variables are described as median (minimum – maximum); 
categoric variables are described as number and percentage. 

 

 

Table 2. Severity of TBI and percentage of Head CT scans performed.  

Severity of TBI N % 

 Mild 184 96.8 

 Moderate 4 2.1 

 Severe 2 1.1 

 Total 190 100.0 

Head CT scan N % 

 No 22 11.6 

 Yes 168 88.4 

 Total 190 100 

Indication of Head CT scan N % 

 Height 58 30,5 

 Location 39 20,5 

 Mechanism 29 15,3 

 Vomiting 21 11,1 

 Neurological status 20 10,5 

 Age 1 0,5 

 Moderate TBI 1 0,5 

 No indication 21 11,1 

 Total 190 100,0 

 

The CT findings of the 168 patients that performed the 
exam included subgaleal hematoma (69%), midline shift 
(0.6%), subdural hematoma (14.3%), epidural hematoma 
(1.2%), fracture (21.4%). Three-quarters of these patients 
had one finding or less on CT scan and one-quarter had two 
or more findings. From the 168 patients that performed CT 
scan, 10 of them (6%) also performed an additional exam, 
such as a Head Ultrasound. 19 (10%) of the 190 patients of 
the study also had trauma in other locations other than TBI 
(table 3). 

Table 3. Head CT findings from the 168 patients that 
performed the exam.  

Finding N % 

Subgaleal hematoma   
 No 52 31,0 
 Yes 116 69,0 
Midline shift   
 No 167 99,4 
 Yes 1 0,6 
Subdural hematoma   
 No 144 85,7 
 Yes 24 14,3 
Epidural hematoma   
 No 166 98,8 
 Yes 2 1,2 
Fracture   
 No 132 78,6 
 Yes 36 21,4 
Number of findings   
 0 49 29,2 
 1 77 45,8 
 2 25 14,9 
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 3 16 9,5 
 4 1 0,6 

 Total 168 100,0 

 
The observation period from the moment of trauma until 

hospital discharge was less than 12 hours in 83.7% of 
patients and more than 12 hours in 16.3% of them. The 
descriptive analysis showed that 162 (88%) of the 184 
patients that were classified as having mild TBI performed a 
Head CT Scan, whereas all patients classified as having 
moderate or severe TBI performed this exam. From the 162 
patients that had mild TBI, 111 (68.5%) of them had 
subgaleal hematomas, 23 (14.2%) of them had subdural 
hematomas, 1 (0.6%) of them had epidural hematoma and 
34 (21%) of them had fractures. We encountered that from 
the 4 patients that had moderate TBI, 3 (75%) of them had 
subgaleal hematomas only and one of them had no findings 
on the exam. From the 2 patients that had severe TBI, one of 
them (50%) had midline shift, one (50%) had subdural 
hematoma, one had epidural hematoma (50%), and both of 
them (100%) had fractures. From the 162 patients classified 
as mild TBI, 8 of them (4.9%) also performed an additional 
exam besides Head CT scan, whereas one of the moderate 
TBI patients and one of the severe TBI patients also 
performed an extra exam. One out of the 184 patients 
classified as having mild TBI was a surgical candidate, while 
both severe TBI patients (100%) needed surgical treatment 
(table 4). 

 Table 4. Descriptive analysis of the Head CT findings from the 168 
patients from the study that performed Head CT Scan, according to in-
hospital observation period.  

 
Less than 12 hours 

N = 137 

More than 12 
hours 
N = 31 

Finding N (%) N (%) 

Subgaleal hematoma   

 No 49 (35,8) 3 (9,7) 

 Yes 88 (64,2) 28 (90,3) 

Midline shift   

 No 137 (100,0) 30 (96,8) 

 Yes 0 (0,0) 1 (3,2) 

Subdural hematoma   

 No 137 (100,0) 7 (22,6) 

 Yes 0 (0,0) 24 (77,4) 

Epidural hematoma   

 No 137 (100,0) 29 (93,5) 

 Yes 0 (0,0) 2 (6,5) 

Fracture   

 No 121 (88,3) 11 (35,5) 

 Yes 16 (11,7) 20 (64,5) 

Variables are described in number (percentage).  

 

None of the moderate TBI patients were surgical 
candidates in our sample. The descriptive analysis also 
described a subgroup of patients with clinically irrelevant 
findings on CT scan, defined as patients with one finding at 
most, with the finding being subgaleal hematoma. This 
subgroup included 122 patients from the 168 that did Head 
CT scan. 49 patients (40.2%) had zero findings and 73 (59.8%) 
had only one clinically irrelevant finding (subgaleal 
hematoma). From this subgroup of patients, 118 (96.7%) 
were classified as having mild TBI and 4 (3.3%) as moderate 
TBI.  From the 168 patients that performed Head CT scan, 
137 of them (81.5%) were observed for less than 12 hours 
and 31 of them (18.4%) were observed for more than 12 
hours inside the hospital. From the 137 patients that stayed 
inside the hospital for less than 12 hours, 88 of them (64.2%) 
had subgaleal hematomas, 16 of them (11.7%) had fractures 
and 33 of them (24%) had zero findings. From the 31 patients 
that that were observed for more than 12 hours, 28 of them 
(90.3%) had subgaleal hematomas, one (3.2%) had midline 
shift, 24 of them (77.4%) had subdural hematomas, 2 of 
them (6.5%) had epidural hematomas, and 14 (64.5%) had 
fractures. 

 

DISCUSSION 

CT scans among children and young adults has increased 
significantly since the 1990s [9-10] due to its undoubtedly 
benefits to provide diagnostic information. Despite ongoing 
efforts, evidence suggest that many CT examinations are 
done unnecessarily [11] and dose reductions are possible 
without compromising diagnostic accuracy [12]. 

EPI-CT, a large European cohort study, evaluated children 
and young adults that were exposed to ionizing radiation 
during CT examinations [13]. The first results of this study 
after a median follow-up of five to six years showed a strong 
dose-response relationship between brain radiation and 
dose and the relative risk of all brain cancers combined and 
glioma separately. The translation of risk estimates to the 
clinical setting suggests that for every ten thousand children 
who received one head CT examination, about one radiation-
induced brain cancer is expected during the 5 to 15 years 
following the CT examination [14].  

Reasons for unnecessary CT scans include lack of 
adherence to clinical guidelines, repeated scans, and CT 
preference over other imaging modalities [15]. There are still 
few evidence-based clinical guidelines for the management 
of pediatric mild TBI, in contrast to TBI in adults. The Centers 
for Disease Control and Prevention (CDC) guideline states 
that both head CT scans and brain MRI should not be 
routinely obtained in children with mild TBI, and risk factors 
for intracranial injury should be considered, such as age 
younger than 2 years, vomiting, loss of consciousness, severe 
mechanism of injury, severe or worsening headache, 
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amnesia, nonfrontal scalp hematoma, Glasgow Coma Scale 
(GCS) less than 15, and clinical suspicion for skull fracture 
[17]. 

CDC guideline indicated that symptom scales which aid 
the diagnosis of mild TBI are useful and have the advantages 
of low cost and short time of application [17]; however, it is 
still necessary to be developed age-specific measures, in 
order to address younger children [19]. 

For instance, Grubenhoff et al. used the Standardized 
Assessment of Concussion (SAC) in a pediatric population 
and concluded that the graded symptom checklist was 
reliable for identifying mild TBI in children between 6 and 18 
years old [18]. The application of the SAC took about 5 
minutes and it comprises a grading system, which includes 
the evaluation of orientation, immediate memory, 
symptoms (headache, nausea, vomiting, dizziness, poor 
balance, blurred vision, sensitivity to light, sensitivity to 
noise, ringing in ears, poor concentration, memory 
problems, fatigue, sadness, irritability), post-traumatic or 
retrograde amnesia, concentration, and delayed recall [18]. 

In our study, in the emergency setting, the decision 
whether to perform a Head CT is considered according to the 
protocol of the Pediatric Emergency Care Applied Research 
Network (PECARN) [20]. For patients in all ages with a 
palpable skull fracture or altered mental status or Glasgow 
Coma Scale less than 15 points, a Head CT is recommended. 
For patients under 2 yeas old, loss of consciousness for 5 
seconds or more, the presence of scalp hematoma, not 
acting normally according to the parents, or severe 
mechanism of injury (patient ejection, death of a passenger, 
run over by a motorized vehicle, falls of more than 0,9 m, or 
head struck by a high impact object) are the 
recommendations for undergoing a Head CT. For patients 
above 2 years old, the history of loss of cousciousness, 
vomiting, intense headache, or severe mechanism of injury 
are the recommendations for undergoing a Head CT. 

The use of brain Magnetic Resonance Imaging (MRI) in 
TBI in pediatric population and its indications are not well 
stablished yet. Although it prevents the exposure to 
radiation, MRI has higher costs and it is not available and 
accessible among all the health care centers; in addition, it 
often requires sedation in pediatric patients [16, 17]. 

CONCLUSION 

Our study evaluated the statistical data of pediatric 
patients with TBI submitted to the Head CT scan protocol of 
a Brazilian pediatric hospital in the state of São Paulo from 
January 2019 to December 2021. We reached the conclusion 
that our results demonstrated an increasing number of CT 
scans in patients with mild TBI during this period. Besides, 
we noticed that many of these CT scans showed normal 
results or clinically insignificant findings such as subgaleal 

hematomas. Knowing the risks related to radiation exposure 
at such a young age makes us question the validity of the 
hospital protocol we are following and question the possible 
lack of adherence to the protocol and clinical guidelines. 
Emphasizing the importance of justification of procedures 
and optimization of radiation doses is crucial in the context 
of cancer development in pediatric patients. We believe that 
a future solution to this issue would be to implement 
radiation-free complimentary exams such as MRI to our 
hospital protocol to aid the diagnosis of TBI in children; 
discouraging, however, its indiscriminate use and favoring 
rapid-sequence MRI in order to avoid sedation.  

Limitation Declaration: As a cross-sectional study, it is 
not possible to stablish a causal inference or to determine 
the consequences of excessive CT scan performed in a young 
age in our patients in long term. 
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