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Abstract
Traumatic brain injury (TBI) is a leading cause of morbidity and mortality in children. Head computed tomography (CT) is 
frequently utilized for evaluating trauma-related characteristics, selecting treatment options, and monitoring complications 
in the early stages. This study assessed the relationship between cranial CT findings and early and late neurological outcomes 
in pediatric TBI patients admitted to the pediatric intensive care unit (PICU). The study included children aged 1 month to 
18 years who were admitted to the PICU due to TBI between 2014 and 2020. Sociodemographic data, clinical characteristics, 
and cranial CT findings were analyzed. Patients were categorized based on their Glasgow Coma Scale (GCS) score. Of the 
129 patients, 83 (64%) were male, and 46 (36%) were female, with a mean age of 6.8 years. Falls (n = 51, 39.5%) and in-
vehicle traffic accidents (n = 35, 27.1%) were the most common trauma types observed. Normal brain imaging findings were 
found in 62.7% of the patients, while 37.3% exhibited intracranial pathology. Hemorrhage was the most frequent CT finding. 
Severe TBI (n = 26, p = 0.032) and mortality (n = 9, p = 0.017) were more prevalent in traffic accidents. The overall mortality 
rate in the study population was 10.1%. In children with TBI, cranial CT imaging serves as an essential initial method for 
patients with neurological manifestations. Particularly, a GCS score of ≤ 8, multiple hemorrhages, diffuse cerebral edema, 
and intraventricular bleeding are associated with sequelae and mortality.
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Introduction

Traumatic brain injury (TBI) is one of the most prevalent 
indications of hospitalization in children. It has a substan-
tial association with morbidity and death [1]. Although TBI 
incidence varies by region [2], past studies have found that 
children and young adults are the most commonly involved 
groups. Mild TBI is more common than moderate and severe 
TBI [3, 4]. Although the mortality rate has dropped as a 
result of medical improvements, the frequency of serious 
sequelae and vegetative states remains high [5–7]. In recent 
years, there has been a growing interest in  TBI's short- 
and long-term effects on abilities such as memory, atten-
tion, behavior, adjustment problems, and education [8–10]. 
Patients with severe TBI are frequently intubated and given 
sedatives and neuromuscular blockers; thus, the initial 
neurological examination may be unsatisfactory [11–13]. 
As a result, radiological imaging is required to determine 
the severity of head trauma and predict the prognosis. 
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Non-contrast head CT is the preferred examination in trauma 
patients since it provides rapid imaging, particularly in intu-
bated patients, and is widely available in most healthcare 
facilities.

Children who have had moderate or severe TBI are more 
likely to develop neurocognitive disorders and behavioral 
problems in the long term. Neurocognitive disorders include 
deficits in attention, learning, memory, and executive func-
tions [14], whereas behavioral problems include depres-
sion, anxiety, and aggression [15]. Current studies indicate 
that children with risk factors for intracranial pathologies 
(e.g., skull fracture, persistent vomiting, focal neurological 
deficit) are at risk for neurocognitive and behavioral out-
comes following mild TBI [16, 17]. The intricacy of TBI 
neuropathology shows that the end outcome may vary as a 
result of multiple factors (for example, management, patient-
related factors, and trauma severity) [18, 19]. Thus, a better 
understanding of the correlations between neuroimaging and 
functional outcomes may help to improve the prognosis of 
children with TBI.

CT has limited sensitivity in identifying the effects 
of TBI on white matter integrity [20, 21]. This indicates 
that the modalities of imaging may not be sufficient to 
predict functional outcomes. In light of this, studies have 
been undertaken that question the prognostic value of 
CT scans for the functional outcome of pediatric TBI 
[22–24].

We aimed to investigate the relationship between early 
clinical and cranial CT findings and morbidity and mortal-
ity in children admitted to the pediatric intensive care unit 
(PICU) with mild, moderate, and severe TBI.

Methods

Patient selection

This retrospective study was conducted on patients admit-
ted to PICU with TBI between January 2014 and 2020. 
The data were obtained from Ankara University Faculty of 
Medicine Children's Hospital Pediatric Emergency Clinic 
and Pediatric Intensive Care Unit patient records. This 
study was approved by the institutional ethical committee 
(21 March 2022 / i04-159–22). It included assessing trauma 
types, epidemiological characteristics, radiological features 
in the early periods, treatments performed, neurological 
findings and procedures, and early and late neurological 
status. The sociodemographic data were collected from the 
patient's file.

The inclusion criteria were as follows and were based on 
European Federation of Neurological Societies guidelines:

•	 Age < 18 years;

a	 Mild TBI {Glasgow Coma Scale (GCS) 
score = 13–15}: Children in the mild TBI group 
were required to have a history of hospital admis-
sion with a clinical diagnosis of either:

•	 Unclear or ambiguous accident history, continued 
post-traumatic amnesia, retrograde amnesia longer 
than 30 min, trauma above the clavicles, includ-
ing clinical signs of skull fracture, severe head-
ache, vomiting, focal neurological deficit, seizure, 
coagulation disorders, high-energy accidents, and 
intoxication with alcohol or drugs.

b	 Moderate TBI (GCS score = 9–12),
c	 Severe TBI (GCS score =  ≤ 8).

The exclusion criteria included a previous history of TBI, 
a visual disorder that precluded neurocognitive testing, and 
the presence of a neurological condition other than TBI, 
either confirmed or reported by parents, that could impair 
neurocognitive function. Patients who did not have any 
available neuroimaging studies were excluded.

The Pediatric Cerebral Performance Category (PCPC) 
score was used in the PICU to assess post-arrest conditions. 
PCPC scores are valid and reliable methods for measur-
ing short-term morbidity in children following intensive 
care unit admission [25]. The total score is from 1 to 6 (1, 
normal; 2, mild disability; 3, moderate disability; 4, severe 
disability; 5, coma or vegetative state; and 6, brain death). 
The patient was assessed using the PCPC scoring system in 
months 3 and 6 after discharge from the PICU.

During observation, the presence of one of the following 
findings were considered to be sufficient criteria for a cra-
nial CT scan: witnessed loss of consciousness longer than 
5 min, post-traumatic amnesia longer than 5 min, abnor-
mal numbness, vomiting ≥ 3 episodes, suspicious history 
of head trauma, post-traumatic epileptic seizure (without 
a history of epilepsy), GCS score < 14 in infants or GCS 
score < 15 in children aged > 1 year in initial assessment at 
emergency department (ED), open or depressed skull injury 
and suspected fontanel swelling, any finding suggestive of 
skull base fracture (panda eyes, rhinorrhea, and otorrhea, 
hemotympanum), neurological deficit, bruise, swelling or 
avulsion > 5 cm in infants and type of trauma (high-velocity 
traffic accident, fall from height > 3 m, injury with gunfire 
or high-speed object).

Data collection

We conducted a retrospective review of all children (ages 1 
to 18) who were admitted to our hospital (a level 3 trauma 
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center) with a TBI diagnosis. GCS was used to determine 
the severity of TBI at the ED presentation. The study sample 
included patients who underwent a cranial CT on admission 
or at any time during their stay in the intensive care unit. 
The cranial CT findings were classified as normal, unifocal/
multifocal hemorrhage, one or both hemispheric hemor-
rhages, local cerebral edema, diffuse cerebral edema, and 
intraventricular hemorrhage. The mechanism of injury was 
classified as an in-vehicle traffic accident, an out-of-vehicle 
traffic accident, a fall, a firearm-related injury, or miscel-
laneous. The timing of neuroimaging was intended to be 
similar to that reported in adult patients [26, 27]. Unaware of 
the clinical data, a pediatric radiologist assessed the cranial 
CT images.

Statistical analysis

SPSS statistical software version 26 was used for the analy-
ses. Categorical data was summarized using frequencies and 
percentages, whereas continuous data was summarized using 
the mean ± SD and/or median. For analysis of between-
group differences in discrete variables, the chi-square test 
or Fisher's exact test was employed, as appropriate; for con-
tinuous variables, analysis of variance (ANOVA) was used. 
A p-value < 0.05 indicated statistical significance.

Results

During the study period, 129 patients with traumatic brain 
injury (TBI) were examined, with 83 boys (64%), 46 girls 
(36%), and a mean age of 6.8 years. Falls were the most 
prevalent cause (39.5%), primarily affecting younger 
patients (mean age: 4.9 ± 4.8 years). In this group, two 
patients (3.9%) succumbed, four patients (7.8%) experi-
enced sequelae, and 47 patients (92.2%) recovered com-
pletely. In-vehicle traffic accidents were the second most 
prevalent cause (n = 35), with a mean age of 7.6 ± 5.5 years. 
Four patients (11.4%) died, 12 (35.3%) had sequelae, and 22 
(64.7%) recovered completely (Table 1).

Clinical assessments indicated that 64.3% of patients had 
no complaints. Anisocoria was observed in 10 patients (7.7%), 
all classified as having severe TBI. Severe TBI (n = 26; 
p = 0.032) and fatal outcomes (n = 9; p = 0.017) were more 
common in traffic accidents. The overall mortality rate was 
10.1%, with a mean Pediatric Risk of Mortality (PRISM) 
score of 38.4 ± 12.7 in non-survivors. The PRISM score was 
37.8 ± 12.2 in patients with GCS scores of 3–8 (Table 2).

GCS scores were 3–8 in 28.7% (n = 37), 9–12 in 10.1% 
(n = 13), and 13–15 in 61.2% (n = 79). Full recovery was 
common in patients with a GCS score of 13–15, and this 
group had the highest number of Category 1 patients, 

according to PCPC. Favorable disease progression was 
significantly higher in patients with higher GCS scores 
(p < 0.05). Death or poor outcomes were more common in 
the low GCS group (p < 0.001).

Cranial CT examinations were conducted for all patients, 
with 62.7% showing normal findings (Table 3). Abnor-
malities included unifocal hemorrhage (20.1%), multifocal 
hemorrhage (17%), and diffuse cerebral edema (9), with 7 
having severe TBI. Pathological cranial CT features were 
not associated with extracranial injury findings in 52.1% 
of cases. Patients with normal initial CT findings (n = 81) 
had low mortality (3.7%), while those with abnormal find-
ings (n = 48) had higher mortality (20.7%). Different types 
of hemorrhages have varying mortality and sequelae rates.

Of the 129 patients, 66 (51.1%) received supportive 
care alone, while 63 received medical therapy. Six required 
surgery and mechanical ventilation were performed in 31 
children (24%). The overall mortality rate was 10.0%. Of 
survivors (n = 117), 96 patients (79%) were discharged with-
out permanent sequelae, 21 (16.2%) were discharged with 
sequelae, and 9 (6.9%) developed epilepsy.

The mean PICU stay was longer for boys, and patients 
with pathological CT findings had extended ICU stays. The 
presence of anisocoria was significantly correlated with 
sequelae and death. GCS scores ranged from 3 to 8 in all 
patients with anisocoria (n = 10), and 90% had abnormal 
CT scans. Anisocoria was a notable poor prognostic factor 
(Tables 4 and 5).

Table 1   Characteristics of study 
population

IVTA In-vehicle traffic accident, 
OVTA Out-vehicle traffic acci-
dent

n (%)

Age, months
  ≤ 12 13(10)
  13–60 56(43.4)
  > 60 60(46.6)

Female 46(35.7)
Male 83(64.3)
TBI severity

  Mild (13–15) 79(61.2)
  Moderate (9–12) 13(10.1)
  Severe (3–8) 37(28.7)

Type of trauma
  Fall 51(39.5)
  IVTA 35(27.1)
  OVTA 33(25.6)
  Gunfire injury 1(0.8)
  Other 9(7)
  Mortality 13(10)
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All patients were admitted to the intensive care unit 
after initial therapeutic measures by the ED. Hypnotic 
agents were administered to facilitate mechanical ventila-
tion. Hypertonic saline, dexamethasone, and/or mannitol 
were used for cerebral edema (Table 4). No adverse events 

related to treatment were observed. Statistical analysis 
showed that anisocoria and extra-cranial injuries were 
associated with various clinical outcomes (Table 5).

Patients involved in out-of-vehicle traffic accidents had 
the worst PCPC category and the second-most common 
pathological CT findings (Table 6).

PCPC scores did not change at 90 and 180  days for 
patients with severe, moderate, and mild TBI at admission. 
The mean PCPC score was 0.4 units higher in patients with 
extra-cranial injury than those without (Table 6).

A comparison of PCPC scores at 90 and 180  days 
revealed significant differences between patients with and 
without CT findings. Pathological results, including various 
abnormalities, were observed in 73.9% of the patients who 
underwent EEG.

Table 2   Injury characteristics 
and triage features of 129 
children diagnosed as TBI

All cases 0–1 years 1–5 years 5–18 years
N (%) N (%) N (%) N (%)

Presentation type
  Pediatric emergency department 50 (38.8) 6 (46.2) 27 (48.3) 17 (28.3)
  Same city hospitals 49 (37.9) 5 (38.4) 20 (35.6) 24 (40)
  Another hospital, out of the city 30 (23.3) 2 (15.4) 9 (16.1) 19 (31.7)

Trauma type
  IVTA 35 (27.1) 4 (30.8) 11 (19.6) 20 (33.3)
  OVTA 33 (25.6) 1 (7.7) 11 (19.6) 21 (35)
  Fall 51 (39.5) 8 (61.6) 29 (51.9) 14 (23.4)
  Gunfire injury 1 (0.8) 0 (0) 0 (0) 1 (1.65)
  Other 9 (7) 0 (0) 5 (8.9) 4 (6.65)

Consciousness
  Full 83 (64.4) 10 (76.9) 35 (62.5) 38 (63.3)
  Confusion 11 (8.5) 0 (0) 6 (10.7) 5 (8.4)
  Lethargy 3 (2.3) 0 (0) 1 (1.8) 2 (3.3)
  Stupor 1 (0.8) 0 (0) 1 (1.8) 0 (0)
  Coma 31 (24) 3 (23.1) 13 (23.2) 15 (25)

GCS
  3–8 37 (28.7) 3 (23.1) 15 (26.8) 19 (31.7)
  9–12 13 (10.1) 1 (7.7) 6 (10.7) 6 (10)
  13–15 79 (61.2) 9 (69.2) 35 (62.5) 35 (58.3)

Anisocoria 10 (7.8) 0 (0) 5 (8.3) 5 (8.9)
PRISM (mean) 7.622 4.077 7.857 8.190

Table 3   Percentage of abnormal CT findings in children underwent 
CT scan, according to age

Age, months Number of abnormal CT scan/Number of 
patients underwent CT scan

%

 ≤ 12 2/13 15.3
13–60 22/56 39.3
 > 60 24/60 40
Total 48/129 37.2

Table 4   Correlation between treatment choices and GCS score and outcome

All cases GCS Epilepsy Sequelae Death

Treatment n 3–8 points (n/%) 9–12 points (n/%) 12–15 points (n/%) n n n

3% NaCl 52 25(48) 8(15.4) 19(36.6) 4 11 10
Mannitol 1 1(100) – – – 1 –
Dexamethasone 8 6(75) 1(12.5) 1(12.5) 1 3 2
Craniectomy 6 4(66.6) – 2(33.4) 2 3 1
Antiepileptic 51 22(43.1) 5(9.8) 24(47.1) 7 7 7
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A comparison of GCS scores at admission and discharge 
revealed improvement in some patients. Extra-cranial inju-
ries were associated with various clinical outcomes.

Patients involved in out-of-vehicle traffic accidents had 
the worst PCPC category and the second-most common 
pathological CT findings (Table 6).

It was observed that mortality increased with an increas-
ing Rotterdam score (RS). RS was significantly higher in 
patients who died at the end of the follow-up period than in 
those who survived (Table 7). The Rotterdam scoring system 
had good discriminatory power in predicting early mortal-
ity. In our study, the mean RS was obtained as 2.4 ± 0.9. 
This rate was 3.7 ± 0.5 in deceased patients and 2.2 ± 0.9 
in surviving patients (Table 8). Mortality was associated 
with increased RS, as shown in figure x. A moderate and 
positive relationship was found between the patients' RS and 
PCPC scores at 3 months (r = 0.544, p < 0.01) and PCPC 
scores at 6 months (r = 0.518). As patients' RS increased, 
PCPC measurements increased in the 3rd month and the 
6th month (Table 9). The non-parametric Spearman-Brown 
correlation method was used to determine the relationship 
between PCPC measurements and RS at 3 and 6 months. 
PCPC measurements at the 3rd and 6th months are an ordi-
nal variable, and this non-parametric method is used in the 
relationship between ordinal type variables.

A comparison of PCPC scores at the 90th and 180th days 
revealed significant differences between patients who had 
CT findings and those who didn't. Pathological findings, 
including various abnormalities, were observed in 73.9% of 
patients with an EEG.

Table 5   Correlation of extra-
cranial injury with GCS and 
morbidity

GCS Sequelae Death Trache-
ostomy

Length of PICU stay

Extra-cra-
nial injury

3–8 n(%) 9–12 n(%) 12–15 n(/%) n n n Day, mean

Yes 22(59.5) 7(53.8) 41(51.9) 13 7 5 12.1
No 15(40.5) 6(46.2) 38(48.1) 8 6 – 5.5

Table 6   Correlation of PCPC scale with coma severity, extra-cranial 
injury and CT findings

PCPC on month 3 PCPC on month 6

TBI (p < 0.001)
  Mild (GCS 13–15 points) 1.0 ± 0 1.0 ± 0
  Moderate (GCS 9–12 points) 1.2 ± 0.8 1.2 ± 0.8
  Severe (GCS 3–8 points) 2.3 ± 1.1 2.3 ± 1.1

Extra-cranial injury
  Yes 1.5 ± 1 1.5 ± 1
  No 1.3 ± 0.7 1.3 ± 0.7

CT finding (p < 0.001)
  Yes 1.9 ± 1.1 1.9 ± 1.1
  No 1.1 ± 0.6 1.1 ± 0.6

EEG finding (p < 0.001)
  Yes 2.1 ± 1.2 2.1 ± 1.2
  No 1.3 ± 0.7 1.2 ± 0.7

Table 7   Rotterdam Scoring System

CT computed tomography, IVH intraventricular hemorrhage, SAH 
subarachnoid hemorrhage

CT scan feature Score

Basal cisterns
  • Normal 0
  • Compressed 1
  • Absent 2

Midline shift
  • No shift or shift ≤ 5 mm 0
  • Shift > 5 mm 1

Epidural mass lesion
  • Present 0
  • Absent 1

IVH or SAH
  • Absent 0
  • Present 1
  Sum score  + 1

Table 8   Relation between RS and mortality

Groups N Mean ± sd p

Mortality
  Ex 13 3,7 ± 0,5  < 0,001*
  Alive 116 2,2 ± 0,9

Table 9   Corelation table

** p < .01

1 2 3

1.3rd month PCPC 1
2.6th month PCPC ,982** 1
3.RS ,544** ,518** 1
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Anti-epileptic agent treatment was initiated in 39.5% 
of patients, and 28 patients discontinued treatment before 
discharge. Patients who were discharged after receiving 
anti-epileptic treatment had a higher rate of sequelae and 
epilepsy.

Discussion

The initial phase of TBI cases admitted to the PICU is 
marked by potential morbidity and mortality as a result of 
trauma and hospitalization [28]. Following discharge, these 
individuals may grapple with persistent neurological and 
physical challenges with enduring consequences [28]. Along 
with the discernible neurophysical aftereffects, neuropsy-
chological sequelae can have a significant impact on vital 
developmental functions such as learning, emotional com-
prehension, and social functioning. As a result, consistent 
follow-up is critical in addressing the potential appearance 
of new-onset seizures and providing adequate treatment for 
physical, behavioral, and cognitive deficits [29]. Conse-
quently, rehabilitating long-term sequelae through preemp-
tive measures, early detection, and efficacious TBI man-
agement emerges as highly important for ensuring affected 
children's survival and holistic quality of life.

TBI ranks as the predominant cause of childhood mortal-
ity [30]. Notable differentials manifest in injury mechanisms, 
trauma categories, and PICU management approaches when 
juxtaposed against the adult demographic [31]. In our inves-
tigation, the mean patient age tallied at 6.8 years, in contrast 
to 5.5 years in Chaitanya et al.'s study [32], 5.5 years in the 
Langlois J et al. research [33], and 4 years in Pranshu B 
et al.’s study [31]. Moreover, our study showcased a male-to-
female ratio of 1.8:1, which concurs with Chaitanya et al.'s 
[32] and Satapathy M et al.’s ratios [34]. However, in the 
pediatric head trauma series, Sambasivan [35] reported a 
gender-agnostic incidence. Chiaretti et al. speculated that 
the higher male TBI incidence could be attributed to greater 
head circumference, enhanced muscle mass, and increased 
physical activity relative to females [36].

Multiple investigations have spotlighted the prevalent injury 
mechanism in pediatric TBI as falling from heights, followed 
by traffic accidents [31, 37–40]. Shaylan and Neil's study [41] 
underscored traffic accidents as the foremost contributor, 
accounting for 68% of the 1,298 pediatric TBI cases recorded 
between 2000 and 2015. In our study, traffic accidents emerged 
as the primary TBI causative factor [34, 37, 38]. However, falls 
assumed the forefront upon categorizing traffic accidents into 
in-vehicle and out-of-vehicle incidents. This outcome concurs 

with earlier studies, where traffic accident-related TBIs were 
predominantly attributed to out-of-vehicle scenarios [30, 37].

Our study revealed that children with mild TBI consti-
tuted 61.2% of the subject pool. Comparable proportions 
were noted as 60.5% by Chaitanya et al. [32], 65.3% by Kup-
perman N et al. [42], 68.7% by Satapathy M et al. [34], and 
70% by Gururaj G et al. [29]. Regarding CT findings, unifo-
cal hemorrhage was the most recurrent discovery, trailed by 
multifocal hemorrhage, localized brain edema, diffuse cer-
ebral edema, and intraventricular hemorrhage in our study. 
Conversely, the literature reveals fluctuations in findings; for 
instance, Chaitanya et al. [32] identified skull fractures as the 
primary finding, while Nath et al. [43] reported contusions. 
A similar trend was observed by Pranshu et al. [31]. Further, 
Satapathy et al.'s study [34] highlighted extra-dural hema-
toma as the prevailing observation. Our study additionally 
observed that CT scans returned expected results in 62.8% of 
cases, substantially surpassing the rates of 13.4% in Kumar A 
et al.'s research [38], 26% in Chaitanya et al.'s study [32], and 
16.3% in Satapathy M et al.'s investigation [34].

Neurosurgical intervention was warranted in 4.6% of 
cases, a lower occurrence compared to Chaitanya et al.'s [32] 
10.5%, Satapathy M et al.'s [34] 20%, and Bahloul et al.'s 
[44] 25%. Various sequelae may follow TBI in children, 
encompassing epilepsy, muscle weakness, blindness, hydro-
cephalus, and memory loss. Our study documented sequelae 
in 16.2% of patients. Commensurate rates were reported as 
14% by Ji-Yao Jiang et al. [45], 15% by Bahloul M et al. 
[44], 21% by Chaitanya et al. [32], and 9% by Satapathy 
M et al. [34]. Most treatment approaches in our study were 
conservative, given the prevalence of mild TBI cases (GCS 
score 13–15). Substantial recovery was observed in 74.4% 
of cases, while the overall mortality rate was 10%.

The GCS score at admission exhibited a direct correlation 
with the severity of head trauma, subsequently influencing 
morbidity and mortality. This finding suggests improved 
outcomes compared to prior studies [31, 34, 37]. However, 
the study's time frame limited our insights into long-term 
neurocognitive outcomes post-discharge.

Clinical assessment revealed varying levels of conscious-
ness, with a significant percentage showing no complaints. 
Anisocoria, present in severe TBI cases, emerged as a nota-
ble indicator of poor prognosis. Concurrent extracranial 
injuries were prevalent and associated with extended PICU 
stays, prolonged mechanical ventilation, tracheostomy at 
discharge, and longer hospital stays.

In this study, 25 of 59 children with no obvious external 
injury had a significant intracranial injury on a CT scan; there-
fore, the absence of external injury does not exclude TBI.

Unifocal bleeding was the most common CT scan finding, 
followed by multifocal hemorrhage and cerebral edema, in 
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this study, whereas Mahapatra et al. [38] report contusion as 
the most common; a similar observation has been reported 
by Pranshu et al. [31]. Extradural hemorrhage was the most 
common finding in Satapathy et al. 's study.[34]. Normal 
CT scan findings were seen in 62,8% of cases in our study, 
higher than 16.3% in the study by Satapathy et al. [34] and 
13.48% in the study by Mahapatra et al. [38].

Anisocoria, abnormal EEG findings, and treatment were 
associated with the PCPC score, indicating their importance 
in predicting outcomes. The analysis of the patients without 
and with CT findings at follow-up days showed significant 
differences in PCPC scores.

We found that RS on CT was directly related to the out-
comes of children admitted to our PICU with TBI. Various 
clinical parameters, including age, mechanism of injury, ini-
tial Glasgow coma scale, hypoxia, hypotension, and abnor-
mal pupillary response, have been identified to predict the 
long-term outcomes of patients with TBI 8. Also, recently, 
initial brain CT scans in the emergency department have 
been increasingly used to determine TBI patients' outcomes. 
It is used and defined as a step that should be included in risk 
estimation [46, 47].

There is strong evidence in the adult TBI literature that RS 
is an independent prognostic indicator. RS is one such meas-
urement that combines CT scan findings to describe the het-
erogeneity of lesions and their associated prognosis [48, 49].

There is a lack of knowledge regarding the using RS 
in pediatric TBI. Liesemer and colleagues found that RS 
directly associated with mortality in a large pediatric cohort 
of more than 600 pediatric patients [50].

Conclusions

In conclusion, the findings from this study's cranial CT scans 
highlight the importance of initial imaging assessments in pre-
dicting patient outcomes following TBI. A significant portion 
of patients (62.7%) exhibited normal brain CT findings, high-
lighting the potential challenges of identifying TBI-related 
abnormalities solely through imaging. However, distinct pat-
terns occurred among patients with abnormal CT findings 
(37.3%). Notably, unifocal hemorrhage was associated with a 
mortality rate of 15.4%, but multifocal hemorrhage had a mor-
tality rate of 27.3%. Diffuse cerebral edema was especially 
concerning as it resulted in a greater fatality rate, whereas 
focal cerebral edema also had a notable impact on patient 
outcomes. It is noteworthy that the presence of pathological 
cranial CT features did not necessarily correlate with extra-
cranial injury findings in more than half of the cases.

There is strong evidence in the adult TBI literature that 
RS is an independent prognostic indicator. RS is one such 
measurement that combines CT scan findings to describe the 
heterogeneity of lesions and their associated prognosis. This 

study gains importance with its evidence regarding the posi-
tive relationship between RS and mortality and long-term 
outcomes (PCPC) in the pediatric patient group.

Furthermore, the analysis of patient outcomes found 
significant trends. Among individuals with normal initial 
CT findings, only a small percentage died or recovered 
with sequelae. Patients with abnormal cranial CT findings, 
on the other hand, had higher mortality rates, and a large 
proportion suffered from sequelae. These findings high-
light the complexities of TBI cases and the significance 
of a precise diagnosis for effective treatment and care 
strategies. The disparities in outcomes based on the type 
and degree of intracranial anomalies underline the impor-
tance of targeted medical interventions and comprehensive 
post-TBI management. Finally, these insights contribute to 
a better understanding of the prognostic implications of 
various cranial CT findings, allowing clinicians to make 
more informed decisions that improve patient outcomes 
and quality of life following a traumatic brain injury.

The results reported in the article add to the growing body 
of studies emphasizing the need to view TBI, particularly 
in moderate-to-severe cases, as a chronic disease. This rec-
ognition implies that the effects of TBI go well beyond the 
initial injury and healing time, affecting an individual's life 
in the long run. TBI can have long-term effects on a per-
son's well-being in a various ways, including physical, cog-
nitive, emotional, and social dimensions. Such a perspective 
emphasizes the critical importance of continued care, sup-
port, and management for TBI survivors in order to address 
the long-term challenges in multiple domains of their lives.
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