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Abstract
Introduction: Computed cranial tomography (CCT) is commonly 

used in emergency departments (EDs) for pediatric blunt head 
injury (BHI) management. Cranial tomography is also repeated often 
unnecessarily due to physicians’ concerns about detecting the early 
onset of a possible new injury or progression of an existing one. This 
study aims to evaluate whether routine RCCT provides a significant 
change in patient management.

Material and methods: The study was performed as a 2-year 
retrospective analysis in the ED of a tertiary hospital. The medical 
records of pediatric BHI patients were reviewed, and the study included 
accessed data of 104 patients who underwent at least two CCT during 
their stay in the ED.

Results: The study included 104 out of 533 BHI patients. The mean 
age of these 104 patients was 6.2 years (median=4.5 years), and the 
majority were male (n=82, 78.9%). When the initial CCT results of the 
patients were analyzed, it was found that 51% (n=53) of the tomography 
results were normal. While there were substantial changes in 7 of the 
RCCTs, there were no significant changes in 97. Only 4 of these 7 patients 
who had significant changes were taken to the emergent operating 
room. None of these patients belonged to the group of patients whose 
CCT was classified as "normal" on admission (p<0.05).

Conclusion: According to our results, routine RCCT for BHI in 
pediatric patients did not result in a significant change in patient 
management.
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Introduction
Non-contrast computed cranial tomography 

(CCT) is often the preferred imaging modality for the 
rapid and early identification and treatment of pediatric 
patients with blunt head injury (BHI) in our country and 
around the world [1,2]. Although pediatric head injury 
management is well established by pediatric trauma 
life support guidelines and some clinical decision rules 
in the ongoing management of patients with a BHI in 
the emergency department (ED), mostly the general 
approach is to request routine repeat computed cranial 
tomography (RCCT) and evaluate it for the possibility 
of the occurring of a new injury or progressing the old 
ones [3]. The most commonly used general clinical 
decision-making rules for assessing pediatric blunt head 
trauma are Pediatric Emergency Care Applied Research 
Network (PECARN), the children's head injury 
algorithm for the prediction of important clinical events 

[CHALICE], and Canadian assessment of tomography 
for childhood head injury [CATCH] rules [4-6]. The 
main reason for requesting RCCT outside the rules of 
these clinical decision algorithms is that routine imaging 
could detect a potential new or progressive injury early, 
allowing for intervention before lasting neurologic 
damage occurs [7,8]. However, with recent advances in 
imaging quality and technology, we now know that CCT 
scans are not free from ionizing radiation risk [1]. These 
tomography scans’ potential harm is clear, particularly 
from the perspective of the pediatric population. As a 
result, a 1-year-old child's lifetime risk of dying from 
cancer from a single CCT is 10 times higher than the risk 
of an adult [9]. Radiation exposure also increases the 
risk of developing cataracts in children and negatively 
affects cognition in adulthood [9,10]. 

To the date, we have no clear evidence that the 
benefits of RCCT outweigh the risks. If RCCT does not 
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provide a clinically meaningful benefit, this implies potential 
future harm for this patient population. For the adult group, 
RCCTs have been reported to rarely lead to changes in medical 
care and treatment in patients whose neurological status does not 
change [11,12]. A study on children reported that only 4-8% of 
all CCTs had a traumatic brain injury finding, and only 0.5% of 
pediatric patients with a Glasgow Coma Scale (GCS) score of 
14-15 required neurosurgical intervention [13].

Few studies in pediatric patients with BHI have addressed 
the routine use of RCCT, and most of them have emphasized 
the need to change current standards of care [7,14,15]. This 
study aims to (1) evaluate the characteristics and course of 
BHI at our center in the pediatric age group and (2) attempt to 
determine whether routine RCCT produces a change in patient 
management. 

Material and methods
Patients

This 2-year retrospective study was conducted between 
January 1, 2019, and January 1, 2021, in the city center's ED 
of a tertiary training and research hospital in Ankara, in Turkey. 
The medical records of all patients with blunt head injuries 
aged 18 years and younger (with ICD-10 codes for head injury) 
were reviewed at the appropriate dates. Patients discharged 
from ED without CCT after receiving a physical examination 
(PE), family information, and explanations of emergency 
conditions were excluded from the study. In addition, patients 
admitted to neurosurgery, to the intensive care unit or admitted 
to the operating room for an emergent neurosurgical procedure 
according to admission PE and trauma characteristics, or initial 
CCT results were excluded from the study. In our center, the 
PECARN algorithm was generally used by emergency medicine 
physicians and neurosurgeons in the evaluation of pediatric blunt 
head trauma. Patients with a single CCT result, and patients whose 
admission to ED longer than 24 hours also excluded. The study 
included patients examined with at least two CCTs during their 
stay in the ED and whose data were available. Patient age and 
sex characteristics were recorded, as well as trauma mechanisms, 
any concomitant injuries, initial CCT pathologies, if there was a 
significant change in RCCTs, time durations between two CCTs, 
and discharge and hospitalization or mortality rates. A new or 
different pathology in RCCTs compared to patients' initial CCT 
scans was defined as a "significant change" between the two 
scans. This was generally caused by pathologies such as a new 
intracranial hemorrhage or contusion, a skull fracture, edema, or 
an increase in intracranial hemorrhage or a clearly visible non-
displaced fracture line compared with the first CCT. It is not the 
formal policy of the hospital to repeat CCT after admission to 
determine significant interval changes but clinicians sometimes 
may order repeat CCT. Informed consent was obtained from 
participants in the study and the Ethics Committee of Ankara 
Training and Research Hospital approved the study (decision no: 
E-21-806, date: 24.11.2021). 

Statistical analysis
The Kolmogorov-Smirnov test was used to fit the data to 

the normal distribution. To compare categorical data, the Chi-
square test was performed. For comparisons where the expected 
numbers in any cell were less than 5, Chi-square analysis 
with Fisher's exact test was conducted. For data that did not 
confirm to the normal distribution, the Mann-Whitney U test, 
a nonparametric test, was performed. For data with a normal 
distribution, the t-test was performed. Values with a p-value of < 

0.05 were considered statistically significant. All analyses were 
conducted using SPSS for Windows version 18.0 (Chicago, IL, 
USA). 

Results
A total of 110 patients met the inclusion criteria of the 

study. Six patients were excluded from the study group because 
the period between the first CCT and the RCCT could not be 
determined. The remaining 104 patients constituted our patient 
group. The flow chart of the study group is shown in Figure 1. 

Figure 1 - Flow chart of the study population

The average age of our patients was on 6.2 years (median=4.5 
years), and the majority of them were male (n=82, or 78.9%).  
Patients younger than 10 years old accounted for 74% of the 
study group (n=77). When the concomitant injury characteristics 
of the patients were examined, 39.4% (n=41) were found to 
have at least one concomitant trauma in other organ system. The 
most common first three associated traumas were trauma to the 
cervical spine, extremities, and thoracic region. When examining 
the trauma mechanisms causing BHI, the most common cause 
was a fall from height (n=84, 80.8%). Motor vehicle accidents, 
both inside and outside the vehicle, followed the falls (Table 1). 

Table 1

Table 2

Demographics and characteristics of the 
patients.

Initial CCT findings* (*Some patients have more 
than 1 pathology).

Variable                                                                                             n (%)
Number of patients                                                                          104 (100)
Age, mean, SD, in years                                                                                                 6.2 (4.9)
Under 10 years old                                                                                                           77 (74)
Male                                                                                                                               82 (78.9)
Concomitant trauma                                                                                                       41 (39.4)
Trauma mechanism, falls                                                                                              84 (80.8)

Variable                                                                                                                            n (%)
Normal                                                                                                                              53 (51)
Skull fracture                                                                                                                  28 (26.9)
Soft tissue swelling                                                                                                       17 (16.3)
Contusion                                                                                                                           6 (5.8)
Subarachnoid hemorrhage                                                                                                 6 (5.8)

Subdural hemorrhage                                                                                                         5 (4.8)
Intraparenchymal hematoma                                                                                             3 (2.9)
Epidural hemorrhage                                                                                                         3 (2.9)
CCT, Computerized cranial tomography
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Table 3

Table 4

Significant change on RCCT and prognosis of 
the patients.

Patients with significant changes on RCCT 
scans

Variable                                                                                                                            n (%)
Significant change on RCCT (+)/(-)                                                                      7/97 (6.7/93.3)
Time duration to RCCT, minute, min-max, SD                                         247.5 (60-1337, 175)
Prognosis, hospitalization/discharge                                                                35/69 (33.7/66.3)
RCCT, Repeat computerized cranial tomography

Significant 
change (-)
(n=97)

Significant 
change (+)
(n=7)

p

Initial CCT Normal
Initial CCT 
Abnormal

53

44

0

7

0.005

Fall from height
MVA, out of vehicle
MVA, in vehicle
Domestic violence

80
12
3
2

4
2
1
0

0.255

<10 years 
≥10 years

72
25

5
2

0.585

Female
Male

20
77

2
5

0.637

RCCT, Repeat computerized cranial tomography; MVA, Motor vehicle 
accident

In terms of trauma mechanism, there was no statistically 
significant difference between patients younger than 10 years 
of age and patients older than 10 years of age (p=0.123). 
When the first CCT results of the patients were evaluated, 
it was revealed that 51% (n=53) of the tomography results 
were normal. Skull fracture was the most prevalent pathology 
found in the first CCT scans (n=28, 26.9%). Extracranial soft 
tissue swelling, contusions, and intracranial hemorrhage were 
the other most common pathologies (Table 2). Following an 
average of 247.5 minutes (min:60-max:1337) after the first 
CCT scans, RCCT scans were performed on the patients. While 
there were substantial changes in 7 of the RCCTs, there were 
no significant changes in 97 patients. Only 4 of the 7 patients 
who had significant changes were taken to the operating room. 
Of 66.3% (n=69) the total patient group were discharged from 
the ED (Table 3). Repeat CCT was performed for the third time 
in 1 patient. This patient was in the discharged group. None of 
the patients in the study group was died. There were no patients 
who were referred to another center. All patients with significant 
changes according to RCCT results also had pathologic findings 
in their first admission CCT. Repeat CCTs of these 7 patients 
were not routine and scheduled, but because they clinically 
deteriorated (vomiting and change in consciousness). None of 
these patients belonged to the group of patients whose initial 
CCT was classified as "normal" on admission (p<0.05). There 
was no statistically significant difference in age, sex, or trauma 
mechanism between patients who had significant changes based 
on RCCT results and those who did not (Table 4).

Discussion
The care of patients with blunt head trauma requires 

intensive resource use and effort for both the ED and 
neurosurgical clinics and requires evaluation for general trauma 
care and neurosurgical intervention. In addition, clinicians 
who keep the number of CCT scans to a minimum may 
reduce both the cost of treatment and the potential radiation 
damage to patients [1]. Routine RCCTs rarely change patient 
management in patients with stable neurological status and no 

new complaints or examination findings, according to the adult 
head injury literature [11,12]. The benefit of repeat imaging has 
been shown to be minimal, especially in mild traumatic brain 
injury (GCS score ≥13) [8]. Because of the different trauma 
mechanisms than in adults, the more difficult collaboration of 
the physician with the patients, and the greater anxiety, concern, 
and expectations of the parents and the patient, management 
of pediatric head injury patients in the ED is more difficult, 
and imaging techniques may be used more liberally [16,17]. 
Therefore, the literature on pediatric BHI has also focused on the 
consequences of the use of ionizing radiation in children and the 
development of some screening criteria to minimize the number 
of CCT scans requested to reduce these negative consequences 
[9,16,17]. However, the evidence on the follow-up of patients 
with pediatric BHI without CCT, particularly on managing 
children with pathology at their first CCT, is not clear [1]. 

Compared to adults, the mechanism of pediatric BHI 
may be different. While falls [1] and motor vehicle accidents 
[15] ranked first in various studies, in our study, about 80% of 
our patients were caused by falls. Given our patient group's 
relatively young average age (7.9 [1], 10 [15], and 12.5 [7] in 
some studies in the literature), it is reasonable to conclude that 
the cause is falling from pushchairs, strollers, cradles, and beds. 
In our patient group, motor vehicle accidents consisted of a 
very small proportion of the trauma mechanism. Because very 
young children cannot yet communicate verbally, the levels of 
consciousness and neurological examinations in these children 
are fundamentally different from those of older children and 
adults. Because of the retrospective nature of our study, we were 
unable to determine the value of RCCT in the group without 
verbal communication, but prospective studies may be designed, 
especially for patients < 2 years old.

In a retrospective 5-year cohort of 95 patients with a head 
injury, of whom about 70% underwent RCCT, conducted by 
Hill et al. [1], the authors reported that no significant change 
in approximately 2/3 of the patients who underwent RCCT. 
According to the authors, RCCT changed the management of 
only one patient (the need for surgical intervention emerged), 
but this was already apparent from the patient's neurological 
examination [1]. The authors reported RCCT scans should be 
taken if new or worsening neurological symptoms or GCS score 
changes were present [1]. Similarly, in the study by Aziz et al. 
[7], in which they examined RCCT imaging of 191 patients, 
the authors concluded that routine RCCT for mild to moderate 
traumatic brain injury did not cause any management change 
(in terms of neurosurgical intervention). Repeat neurological 
examinations have been reported to be a safe and cost-effective 
alternative to routine RCCTs especially in pediatric BHI patients 
with a GCS score of 8 and above [1,7]. Howe et al. [2] also 
do not recommend routine use of RCCT in pediatric patients 
with BHI with a GCS score of 14 and above without clinical 
deterioration. The authors noted that in their study, which 
examined the RCCT of 106 patients, only 7 patients developed 
worsening changes in re-images, and only 2 of them required 
surgery [2]. In the 10-year retrospective cohort of Bata et al. 
[15], in which they evaluated the routine RCCT imaging of 
36 patients, the authors reported that the RCCT scans did 
not reveal the need for craniotomy in any of the patients and 
made the decision for longer-term ICP monitoring in only 2 
patients. Only 7 of the 104 patients who underwent RCCT 
in our study had a significant radiological change, and more 
importantly, these 7 patients had already pathology in the first 
CCT. No new pathology occurred in the RCCT of any patient 
who did not have an acute pathology on admission CCT. This 
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is a statistically significant result. Neurosurgical intervention 
was required in only 4 of these 7 patients. Therefore, new CCT 
scans enabled a change in patient management in only 4 of 104 
RCCT patients. Considering that the population of BHI included 
533 patients at first, we consider this a relatively low rate. The 
fact that about half of our study group had "normal" CCTs at 
initial admission and about two-thirds of them were discharged 
from ED may suggest that our patient group is mild to moderate 
head injury. Furthermore, as a limitation, the fact that we did 
not record the GCS scores of patients makes it difficult for us to 
make a judgment on this issue. In our patient group, intracranial 
hemorrhages are also generally less frequent than described in 
the literature. This situation may justify the criticism that RCCT 
in patients with mild head injuries obviously does not lead to 
a significant change in patient management, but it remains to 
be discussed why such an intensive RCCT scans were used in 
such a mildly traumatized group. Other authors also reported 
RCCT scans in pediatric head trauma do not provide evidence 
for changes in patient management [18,19]. Again, in a study of 
50 pediatric patients with mild to moderate head trauma under 2 
years of age, it was investigated whether RCCT affected clinical 
management and treatment and the authors reported that RCCT 
did not change patient management without clinical deterioration 
[20]. On the other hand, there are publications suggesting that 
RCCT in infants may provide more significant changes, but the 
authors recommend further validation of this study with a larger 
number of studies [21]. 

In some studies in the literature [1,7,15], the meantime for 
the control image series after the first CCT is 12, 21, and 24 
hours, respectively, whereas, in our study, it was about 4 hours 
(247.5 minutes). We consider that a significant change will not 
occur in such a short time, or even if it does, it may not yet have 
a chance to being visible on CCT. In this regard, we believe that 
an approach like routine RCCT 4-6 hours after the first imaging 
in the pediatric or adult head injury patients, which has become 
a classic in our ED and many hospitals in our country, may be 
changed.

Limitations
We would be able to present clearer data regarding whether 

RCCT has varied different value for these different groups if we 

could record the GCS scores of the patients in the study group 
and divide them into mild-moderate and severe head injury. This 
is due to data loss, and retrospective nature of the study. So we 
may have the opportunity to talk about a group that would benefit 
greatly from RCCT scan or a group that should not have RCCT 
at all. A prospective study may provide stronger control for these 
variables. Second, hemorrhage volumes of patients on CCT 
scans, whether there was an increase in these volumes, length 
of hospital stay of the patients, number of patients required 
mechanical ventilation (if any), and length of intensive care unit 
stay could not be evaluated because of the loss of retrospective 
data. We consider that these data are also important for such a 
group. Finally, our data was dependent to hospital data recording 
systems. We also consider that data on what happens in these 
patients during follow-up is also important. Further studies 
may be needed to determine whether a particular type or size of 
intracranial hemorrhage or skull fracture requires special control 
imaging.

Conclusion
According to our results, routine RCCT for a BHI in 

pediatrics does not result in a significant change in patient 
management. When the entire patient population is considered, 
the rate of significant change noted in these scans is quite low. 
Compared to the literature, the duration between repeating CCT 
is relatively short, which may prevent relevant changes from 
being reflected in the imaging scans. We believe that repeat 
CCT decisions of the clinicians deserve a careful consideration 
in the pediatric population in terms of high radiation exposure. 
Routine RCCT may be applied to patients more selectively and 
that well-designed prospective studies are required to determine 
the time and indications for RCCT in pediatric BHI. 
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