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ABSTRACT

Background: Head trauma is an urgent medical condition that is prevalent in pediatric patients. The associ-
ation between white blood cell (WBC) counts and their prognostic value in pediatric traumatic brain injury
(TBI) has been proposed in multiple studies. Hence, WBC count can be used to determine the presence of TBI.
Thus, we aimed to address this gap by assessing the value of WBC count in predicting pathological computed
tomography (CT) findings in pediatric patients with traumatic head injuries.

Methods: This retrospective cohort study included 108 patients with isolated head trauma aged 0-14 years
who underwent brain CT examination and had available data on WBC count upon presentation to the emer-
gency room. Chi-square and Fisher’s exact tests were used to determine the statistical significance. Logistic
regression analysis was performed to further explore the relationships between the variables.

Results: Falls were the most common cause of head trauma [88 (81.48%) patients]. Leukocytosis was reported
in 35 (32.41%) patients and non-leukocytosis in 73 (67.59%) patients. Sixty-four patients (59.26%) had patho-
logical brain CT findings, whereas 44 (40.74 %) had non-pathological findings. The leukocytosis status differed
[odds ratio (OR) = 0.99, 95% confidence interval (Cl) = 2.55-0.38; p = 0.9839] according to the pathological
CT findings, but the difference was not significant. Age (0-2 years) and Glasgow Coma Scale score (<14) were
significant predictors of pathological brain CT findings (OR = 3.79, 95% Cl = 9.24-1.55, p = 0.0033 and OR =
14.04, 95% Cl = 127.59-1.54, p = 0.0189, respectively).

Conclusion: The presence of leukocytosis might be a useful and limited predictive factor for pathological brain
scan findings in patients with decreased GCS. Therefore, further multi-center studies with a larger sample size
are warranted to determine the benefits of WBC count in patients with head trauma.
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Introduction

Head trauma is one of the most common causes of

emergency visits in pediatric patients. It has a major

impact on pediatric age groups, predisposing them to a
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accidents are the main causes of head trauma in pediatric
patients [1,3]. In a previous study conducted in Saudi
Arabia, head trauma related to falls occurred in 45.9%
of children aged <6 years, while head trauma related to
motor accidents commonly occurred in patients aged 16-
18 years [4]. In addition, boys had a higher rate of head
trauma than girls, which can be explained by the girls’
tendency to stay indoors most of the time [1,3].

Despite the current advances in managing head
trauma, the outcomes in half of the patients are still
considered unfavorable. Thus, patients with traumatic
brain injury (TBI) should be carefully assessed. The
clinical value of brain injury can be assessed using the
Glasgow Coma Scale (GCS), which helps clinicians
classify patients with mild, moderate, or severe
TBI [5]. Computed tomography (CT) imaging is a
beneficial diagnostic tool in cases of head trauma as
it is more sensitive than magnetic resonance imaging
for visualizing skull and cervical spine fractures
and hematomas [6]. Nevertheless, it is not routinely
performed in all patients with head trauma owing to
its high cost, the risk of radiation exposure to children,
the differences in CT protocols for various patients,
the absence of intracranial pathology, and the patients’
clinical status [1,4,7-9]. In addition, the Pediatric
Emergency Care Applied Research Network rules were
used for identifying children with a low risk of TBI,
while the Canadian Assessment of Tomography for
Childhood Head Injury 2 (CATCH-2) rules were used
for identifying children with a high risk of TBI [10].
Since a low GCS score is an indication of performing
CT (CATCH-2), it would be helpful to determine
whether white blood cell (WBC) count be useful in
predicting CT abnormalities among children with mild
head injury in the setting of trauma (since PECARN
is used for identifying low-risk children and CATCH
only applies to those with a GCS score of <15).

Certain studies have been conducted to determine the
association between biomarkers such as WBC and
neutrophil counts and their assistive prognostic value
in pediatric TBI [1,2]. Several theories may explain the
increase in the levels of these biomarkers. Disruption
of the blood-brain barrier can lead to microglial cell
activation, resulting in the release of pro-inflammatory
cytokines and other neurotoxic products. Consequently,
free radicals damage tissues and propagate injury. In
addition, an acute increase in cortisol levels can lead to
neutrophil storage and release and extend their lifespan
in the circulation. Finally, the entry of marginalized
Neutrophils into the circulation can be driven by an acute
increase in catecholamine levels [1,2,5]. A significant
association was observed between abnormal brain CT
findings and leukocytosis. However, normal brain CT
did not show leukocytosis. In addition, a low GCS score
is significantly associated with a high WBC count [1].

Hence, WBC count can be valuable in determining the
presence of TBI. Therefore, an in-depth study of this
topic should be conducted in other medical centers and
countries. In addition to the lack of relevant studies,
no local studies have examined this subject. Therefore,
this study aimed to assess the value of leukocytosis
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at presentation for predicting pathological brain CT
findings in pediatric patients presenting to the emergency
room (ER) with a history of isolated acute traumatic head
injuries.

Materials and Methods

Study settings and design

This retrospective study was conducted at a tertiary care
center in King Abdulaziz Medical City, Jeddah, Saudi
Arabia.

Identification of study participants

Patients aged 0-14 years with isolated head trauma on
CT scan and with data on WBC counts upon presentation
to the ER were included in this study. Those who did
not undergo a CT scan had no data on WBC count, or
had other injuries with head trauma were excluded from
the study. Patients’ data from July 2016 to December
2022 were obtained from the medical electronic records
and used in this study. A non-probability consecutive
sampling technique was used; thus, all patients who
met the inclusion criteria were included in the specified
period.

Study measures

The patient’s age, sex, causes of trauma, road traffic
accidents, and abuse have been reported. In addition, the
symptomatic presentations, GCS scores, WBC values,
and CT findings were classified as non-pathological
or pathological. Finally, data on whether patients were
admitted and hospitalized, the duration of intensive
care unit (ICU) admission, or whether the patients were
discharged from the ER without the need to be admitted
were obtained.

In our study, the presence of leukocytosis was
determined based on the reported values from the
hospital’s electronic medical records. In addition, the
brain CT findings reported in this study included cranial
bone fracture, epidural subdural hemorrhage, contusion
hemorrhage, traumatic subarachnoid hemorrhage,
ventricular hemorrhage, parenchymal hematoma, and/or
pneumocephalus.

Statistical analysis

The collected data were cleaned, assessed for
completeness, and analyzed using the JMP Statistical
Software version 15.2.0 (SAS Institute, Cary, NC; a
subsidiary of the SAS Institute). Categorical variables
were expressed as frequencies (%). Chi-square and
Fisher’s exact tests were used to assess the association
between the demographic characteristics, the presence
of leukocytosis, and CT findings. A subgroup analysis
was performed for those with GCS scores of <14 and
15. Logistic regression was performed to predict the
pathological findings on CT based on the presence of
leukocytosis, age at incidence, sex, and GCS score. A
p-value of <0.05 was considered significant, and the
corresponding 95% confidence interval (CI) was set.



Table 1. Demographics and characteristics of patients.

GCS 15 GCS =14 o
Item N (%) ) N (%) p-value
Gender 0.6064
- Female 34 (35.05%) 3(27.27%) 37 (34.26%)
- Male 63 (64.95%) 8 (72.73%) 71 (65.74%)
Age 0.0085*
- 0-2 age 39 (40.21%) 0 39 (36.11%)
- 2-14 age 58 (59.79%) 11 (100%) 69 (63.89%)
Trauma
- Fall 79 (89.77%) 9 (10.23%) 88 (81.48%) 0.9758
- RTA 13 (81.25%) 3 (18.75%) 16 (14.81%) 0.2197
- Abuse 3 (100%) 0 3(2.778%) 0.5542
Presentation
- Non-symptomatic 28 (28.87%) 1(9.09%) 29 (26.85%) 0.1608
- Symptomatic 69 (71.13%) 10 (90.91%) 79 (73.15%)
Presentations
- Loss of consciousness 29 (29.90%) 9 (81.82%) 38 (35.19%) 0.0006*
- Vomiting 33 (34.02%) 5 (45.45%) 38 (35.19%) 0.4517
- Dizziness 11 (11.34%) 2(18.18%) 13 (12.04%) 0.5087
- Headache 11 (11.34%) 0 11 (10.19%) 0.2386
- Seizure 8 (8.25%) 1(9.09%) 9 (8.33%) 0.9236
- Nausea 6 (19%) 2(18.18%) 8 (7.407%) 0.1499
- Decreased activity 5(5.15%) 0 5 (4.630%) 0.4407
- Nasal bleeding 2 (2.06%) 1(9.09%) 3 (2.778%) 0.3853
- Pain 3 (3.09%) 0 3 (2.778%) 0.8395
- Agitation 2 (2.06%) 0 2 (1.852%) 0.6307
- Ear bleeding 1(1.03%) 0 1(0.926%) 0.3853
- Swelling 1(1.03%) 0 1(0.926%) 0.7351
- Sweating 1(1.03%) 0 1(0.926%) 0.7351
CT findings
- Non-pathological 43 (40.74%) 1(9.09%) 44 (40.74%) 0.0242*
- Pathological 54 (55.67%) 10 (90.91%) 64 (59.26%)
Presence of leukocytosis
- No 72 (74.23%) 1(9.09%) 73 (67.59%) <0.0001*
- Yes 25 (25.77%) 10 (90.91%) 35 (32.41%)
*Statistical significant difference.
Table 2. Brain CT results.
Results
Item N (%)

A total of 108 patients were included in this study, 71
(65.74%) of whom were men. Approximately 63.89% (69)
of the children were aged 2-14 years. Falls were the most
common cause of head trauma in the included patients
[88 (81.48%) patients]. Head trauma due to road traffic
accidents occurred in 16 (14.81%) patients. Moreover,
79 (73.15%) patients experienced symptoms after the
incident, while 29 (26.85%) remained asymptomatic.
Leukocytosis was reported in 35 (32.41%) patients
and non-leukocytosis in 73 (67.59%) patients. Only 11
patients (10.19 %) had a GCS score of <14. Nevertheless,
significant differences were observed in the GCS scores
based on age, CT findings, and the presence or absence
of leukocytosis (p = 0.0085, p = 0.0242, and p <0.0001,
respectively). For example, 10 patients (90.91%) with
a GCS score of 14 showed pathological CT findings.
Similarly, 10 (90.91%) patients with a GCS score of <14
had leukocytosis, while only 25 (25.77%) with a GCS
score of 15 had leukocytosis.

In the brain CT scan reports, 64 (59.26%) patients had
pathological brain CT findings, whereas 44 (40.74%)
patients had non-pathological findings. Cranial
bone fractures were found in 50 (68.49%), subdural
hemorrhage in 17 (23.29%), epidural hemorrhage in
8 (10.96%), contusion hemorrhage in 6 (8.219%), and
traumatic subarachnoid hemorrhage in 3 (4.11%) patients
(Table 2).
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Normal

44 (40.74%)

Cranial bone fractures

50 (68.49%)

Subdural hemorrhage

17 (23.29%)

Epidural hemorrhage

8 (10.96%)

Contusion hemorrhage

6 (8.219%)

Traumatic subarachnoid hemorrhage 3 (4.11%)
Pneumocephalus 3 (4.11%)
Parenchymal hematoma 1(1.37%)
Ventricular hemorrhage 1(1.37%)

Furthermore, significant differences were observed
in age and GCS based on WBC counts (p = 0.0471, p
< 0.0001). In addition, significant differences were
found between the WBC count and the type of trauma,
specifically RTA (p = 0.0273). Sex, CT pathology,
symptomatic presentation, and isolated head injury were
not significantly associated with leukocytosis (Table 3).
Similarly, significant differences were observed in brain
CT findings in terms of age and GCS score (p = 0.0163
and p = 0.0242, respectively). Significant differences
were also observed in the presence or absence of
symptoms based on the brain CT findings (p = 0.0334).
Other parameters did not differ significantly (Table 3).

Logistic regression analysis was performed to predict
the pathological brain CT findings based on gender,



Table 3. Relationship of leukocytosis and CT findings with other characteristics.

Leukocytosis CT results
Item N (%) No Yes Non-pathological Pathological
73 (67.59%) 35 (32.41%) 44 (40.74%) 64 (59.26%)
Gender 0.3841 0.9756
Female 23 (31.51%) 14 (40%) 15 (34.09%) 22 (34.38%)
Male 50 (68.49%) 21 (60%) 29 (65.91%) 42 (65.63%)
Age 0.0471* 0.0163*
0-2 years 31 (42.47%) 8 (22.86%) 10 (22.73%) 29 (45.31%)
2-14 years 42 (57.53%) 27 (77.14%) 34 (77.27%) 35 (54.69%)
GCS score <0.0001* 0.0242*
15 72 (98.63%) 25 (71.43%) 43 (97.73%) 54 (84.38%)
<14 1(1.37%) 10 (28.57%) 1(2.27%) 10 (15.63%)
Trauma
Fall 63 (86.30%) 25 (71.43%) 0.0626 36 (81.82%) 52 (81.25%) 0.9404
RTA 7 (9.59%) 9 (25.71%) 0.0273* 5 (11.36%) 11 (17.19%) 0.4025
Abuse 2 (2.74%) 1(2.86%) 0.9723 2 (4.55%) 1(1.56%) 0.3540
Symptoms No 0.2659 0.0334*
Yes 22 (30.14%) 7 (20%) 7 (15.91%) 22 (34.38%)
51 (69.86%) 28 (80%) 37 (84.09%) 42 (65.63%)
CT findings 0.5983
Non-pathological Pathological 31 (42.47%) 13 (37.14%)
42 (57.53%) 22 (62.86%)

*Statistical significant difference.

Table 4. Logistic regression analysis of pathological CT findings.

Item Odds ratio Upper 95% CI Lower 95% ClI p-value
Gender
Male 0.94 2.26 0.39 0.8981
Female 1.05 2.53 0.44
Age 0.0033*
0-2 years 3.79 9.24 1.55
2-14 years 0.26 0.64 0.10
Leukocytosis 0.91 2.37 0.34 0.8481
GCS score 0.0189*
<14 14.04 127.59 1.54
15 0.07 0.64 0.01
*Statistical significant difference.
age, absence or presence of leukocytosis, and GCS. The Discussion

contributing factors were examined using regression
analysis to determine the possibility of obtaining
pathological findings on CT. The leukocytosis status
differed according to (OR = 0.91, 95% CI = 2.37-0.34;
p = 0.8481) the presence or absence of pathological CT
findings, but the difference was not significant. Age (0-2
years) and GCS (score: 14) were significant predictors
of pathological brain CT findings (OR = 3.79, 95% CI
= 9.24-1.55, p = 0.0033) and (OR = 14.04, 95% CI =
127.59-1.54, p = 0.0189). Moreover, regression analysis
showed that female patients had a higher risk of having
a pathological CT finding (OR = 1.05, 95% CI = 2.53-
0.44, p = 0.8981); however, no significant difference was
found between the two gender groups (Table 4).

Furthermore, all patients who had a GCS score of 14
were hospitalized, and 6 (54.55%) were admitted to the
neonatal ICU (NICU)/pediatric ICU (PICU) (p = 0.0085,
p<0.0001). Finally, 39 (36.11%) of the total patients
were discharged from the ER without being admitted for
hospitalization (Table 5).
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The frequency of physicians ordering brain CT scans in
the pediatric age group has recently increased owing to
the possibility of pathological brain CT findings in trauma
patients. Nevertheless, CT increases the risk of exposure to
ionizing radiation and malignancy in children than in adults
[11-13]. Thus, biomarkers such as WBC count and clinical
examination have been used to predict the possibility of
brain pathology resulting from trauma [1]. Therefore,
this study aimed to assess the value of leukocytosis at
presentation for predicting pathological brain CT findings
in pediatric patients presenting to the ER with a history of
isolated acute traumatic head injuries.

The results of this study showed no statistical difference
in patients with leukocytosis at ER presentation in terms
of CT findings. Several studies have examined the
association between leukocytosis and different aspects of
the pathological brain scan findings in patients with acute
pediatric traumatic injuries. In contrast to our results,
Sahin et al. [1]. found a significant association between
leukocytosis at ER presentation and pathological brain scan
findings . One possible reason for this is the existence of
several major differences between the study samples in



Table 5. Outcomes of head trauma patients.

GCS 15 GCS =14 o
Item N (%) N (%) N (%) p-value
Hospitalization
- No 39 (40.21%) 0 39 (36.11%) 0.0085*
- Yes 58 (59.79%) 11 (100%) 69 (63.89%)
Length of hospitalization
- 1-2 days 47 (81.03%) 5 (45.45%) 52 (75.36%) 0.0350
- 3-5days 5 (8.62%) 2 (18.18%) 7 (10.14%) ’
- 26days 6 (10.34%) 4 (36.36%) 10 (14.49%)
NICU/PICU admission
- No 93 (95.88%) 5 (45.45%) 98 (90.74%) <0.0001*
- Yes 4 (4.12%) 6 (54.55%) 10 (9.259%)
Outcome
- Discharged from the ER 39 (40.21%) 0 39 (36.11%) 0.0085*
- Discharged home after hospitalization 58 (59.79%) 11 (11%) 69 (63.89%)

*Statistical significant difference.

Sahin et al.’s [1] study and the current study . More than
half of the sample had pathological brain scan findings in
the current study, while almost one-fifth had pathological
brain scan findings in Sahin et al.’s [1] study. The most
common CT finding in our study was cranial bone fracture,
whereas the least common was ventricular hemorrhage,
which is consistent with the report published by Khadiga.
In contrast to the findings of Sahin et al. [1], Assiry et al.
[3] mostly reported normal CT findings . In addition, the
current study included patients aged 14 years or younger,
while Assiry et al.’s [3] study included patients aged 2-18
years. However, they found that patients with a GCS score
of 14 or 15 were less likely to have leukocytosis than those
with a GCS score of 13 or lower. In our study, a significant
difference was found in the GCS scores and leukocytosis
status.

Notably, nearly 10% of the patients in the current study had a
GCS score of <14, while approximately 30% of the patients
in Assiry et al.’s [3] study had a GCS score of 13. We can
infer that pediatric patients with acute isolated traumatic
injuries who demonstrated a slight decrease in GCS scores
upon presentation are more likely to have normal WBC
counts than those with moderately/severely decreased GCS
scores; therefore, it can be more difficult to use WBCs in
this group of patients to predict pathological brain scan
findings. These major differences between the two studies
may have contributed to the contradictory results [1].

The focus of other studies was different from that of
our study; a prospective study by Mukherjee et al. [2]
investigated the prognostic value of leukocytosis in 201
pediatric patients with isolated traumatic head injuries .
Results showed that a cut-off WBC count of more than
16.1 x 10%1 is a predictive factor for longer hospital
stays and poor cognitive outcomes. In addition, most of
their patients had a GCS of 13 or less upon presentation,
and they found that leukocytosis was associated with an
increased intracranial mass effect on brain scans. The
authors also suggested that incorporating initial WBC
count into the traumatic head injury prediction models
may improve prognostication. Enforcing the inferred
observations mentioned earlier, they also found that
patients with a GCS score of 14 or 15 had significantly
lower WBC counts compared with those who presented
with severely decreased GCS scores [2].
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In our study, children aged 0-2 years were more likely
to have pathological CT findings than children aged
2-14 years; however, the majority of children with
leukocytosis were aged 2-14 years. Nevertheless, the
results reported by Sahin et al. [1] and Al-Gahtany
[5] showed no significant relationship . Similar to the
findings of our study, boys accounted for more than half
of the patients with head trauma [1,14-17]. In addition,
the most common etiology of head trauma in our patient
was falls, which is similar to the results reported by Sahin
et al. [1], Mukherjee et al. [2], and Ciurea et al. [18]. By
contrast, several studies have reported that motor vehicle
accidents are the most common cause of head trauma in
their patients [3-4,19].

With regard to patient outcomes, our study showed that
the majority of patients required hospitalization, and only
15% required admission to the PICU/NICU. Alhabdan et
al. [4] reported that 33.6% of the patients required PICU/
NICU admission. However, death did not occur in 4.7%
of the aforementioned patients .

This study has some limitations. It has a small sample
size and a low proportion of patients with a GCS score
of 14 or less. Despite the high proportion of patients with
a GCS score of 15 in our study, the proportion of those
with pathological CT findings was significantly higher.
In addition, only patients with isolated head injuries were
included to authenticate and support our findings. The
results of this study can contribute to the literature by
addressing this gap, and multicenter studies with larger
sample sizes are needed to draw a conclusion on the benefit
of utilizing WBC counts as predictors for pathological
brain CT findings in pediatric head trauma patients.

Compared with other studies, our results showed that the
presence of leukocytosis might not be a useful predictive
factor for pathological brain scan findings in general, but
it might be limited and applied to those patients with low
GCS. Such an observation can be enforced by the high
percentage of patients with a GCS score of 15 compared
to Low GCS patients in our study and the significantly
lower WBC counts among patients with GCS scores in
other similar studies.

Acknowledgments
The authors would like to thank Dr. Garth D. Meckler
(University of British Columbia) for reviewing our manuscript,



and appreciate your scientific contributions to improving this
studly.

List of Abbreviations
CcT Computed tomography
ER Emergency room

GCS Glasgow Coma Scale
ICU Intensive care unit
TBI Traumatic brain injury
WBC White blood cells

Conflict of interest
The authors declare that they have no conflict of interests.

Funding
This study did not receive any specific grants from funding
agencies in public, commercial, or non-profit sectors.

Consent to participate
A waiver of informed consent by KAIMRC was considered for
this study due to the retrospective study design.

Consent for publication
Not applicable.

Ethics approval

The study was approved by the Institutional Review Board
(IRB) of King Abdullah International Medical Research Center
(study number: NRJ22J/154/05, IRB approval number
IRB/1282/22, IRB approval date: July 19, 2022).

Author details

Bsaim Abdulsalam Altirkistani*?, Abdulaziz M. Alghamdi®?,

Abdullah Osama Abukhodair*?, Yazeed Mohammed

Alzahrani*?, Najeeb Qublan Algarni*?

1. College of Medicine, King Saud Bin Abdulaziz University for
Health Sciences, Jeddah, Saudi Arabia

2.King Abdullah International Medical Research Center,
Jeddah, Saudi Arabia

3. Department of Pediatric Emergency Medicine, Ministry of
the National Guard - Health Affairs, Jeddah, Saudi Arabia

References

1. Sahin L, Kayabas M, Aras L. Prognostic value of
leukocytosis in pediatric head trauma. J Med Biomed
Appl Sci. 2020;8(5):436—-41. https://doi.org/10.15520/
jmbas.v8i5.229

2. Mukherjee S, Sivakumar G, Goodden J, Tyagi A, Chumas
P. Prognostic value of leukocytosis in pediatric traumatic
brain injury. J Neurosurg Pediatr. 2021;27(3):335-45.
https://doi.org/10.3171/2020.7.PEDS19627

3. Assiry K, Abdulmutali H, Algahtani A, Alyahya A, Elawad
M. Traumatic head injuries in children: experience from
Asir, KSA. Online J Med Med Sci Res. 2014;5(5):44-7.

4. Alhabdan S, Zamakhshary M, Al Naimi M, Mandora
H, Alhamdan M, Al-Bedah K, et al. Epidemiology of
traumatic head injury in children and adolescents in a
major trauma center in Saudi Arabia: implications for
injury prevention. Ann Saudi Med. 2013;33(1):52-6.
https://doi.org/10.5144/0256-4947.2013.52

5. Al-Gahtany M. Serum leukocyte count (WBC) levels as an
indicator for severity of traumatic brain injury in Saudi
Arabia patients. Egypt J Neurosurg. 2015;30(2):145-50.

142

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Exploring the brain: is CT or MRI better for brain imaging?
UCSF Radiology. 2022 [cited 2023 June 22] Available
from:  https://radiology.ucsf.edu/blog/neuroradiology/
exploring-the-brain-is-ct-or-mri-better-for-brain-imaging
Brody AS, Frush DP, Huda W, Brent RL, American
Academy of Pediatrics Section on Radiology. Radiation
risk to children from computed tomography. Pediatrics.
2007;120(3):677-82.https://doi.org/10.1542/peds.2007-
1910

Arrangoiz R, Opreanu RC, Mosher BD, Morrison CA,
Stevens P, Kepros JP. Reduction of radiation dose in
pediatric brain CT is not associated with missed injuries
or delayed diagnosis. Am Surg. 2010;76(11):1255-9.
https://doi.org/10.1177/000313481007601128

The Royal Children’s Hospital Melbourne. [cited 2023
June 22]. Available from: https://www.rch.org.au/
clinicalguide/guideline_index/Head_injury/ .

Babl FE, Borland ML, Phillips N, Kochar A, Dalton
S, McCaskill M, et al.. Accuracy of PECARN, CATCH,
and CHALICE head injury decision rules in children: a
prospective cohort study. Lancet. 2017;389(10087):2393—
402. https://doi.org/10.1016/S0140-6736(17)30555-X

Babl FE, Lyttle MD, Bressan S, Borland M, Phillips N,
Kochar A, et al. A prospective observational study to
assess the diagnostic accuracy of clinical decision rules
for children presenting to emergency departments after
head injuries (protocol): the Australasian Paediatric Head
Injury Rules Study (APHIRST). BMC Pediatr. 2014;14:148.
https://doi.org/10.1186/1471-2431-14-148

Giden R, Gokdemir MT, Erel O, Biiyiikaslan H, Karabag H.
The relationship between serum thiol levels and thiol/
disulfide homeostasis with head trauma in children. Clin
Lab. 2018;64(1):163-8. https://doi.org/10.7754/Clin.
Lab.2017.170816

Shah SS, Shofer FS, Seidel JS, Baren JM. Significance of
extreme leukocytosis in the evaluation of febrile children.
Pediatr Infect Dis J. 2005;24(7):627-30. https://doi.
org/10.1097/01.inf.0000168753.60433.e2

Adsiz NC, Adsiz I. Head trauma in refugee children under
the age of 2. Eurasian J Crit Care. 2022;4(3):91-5. https://
doi.org/10.55994/ejcc.1178491

Crankson SJ. Motor vehicle injuries in childhood: a
hospital-based study in Saudi Arabia. Pediatr Surg Int.
2006;22:641-5.  https://doi.org/10.1007/s00383-006-
1715-7

Ivan LP, Choo SH, Ventureyra EC. Head injuries in
childhood: a 2-year survey. Can Med Assoc J. 1983 Feb
2;128(3):281-4.

Rickels E, von Wild K, Wenzlaff P. Head injury in Germany:
a population-based prospective study on epidemiology,
causes, treatment and outcome of all degrees of head-
injury severity in two distinct areas. Brain Inj. 2010 Nov
1;24(12):1491-504. https://doi.org/10.3109/02699052.2
010.498006

Ciurea AV, Gorgan MR, Tascu A, Sandu AM, Rizea RE.
Traumatic brain injury in infants and toddlers, 0-3 years
old. ) Med Life. 2011 Aug 8;4(3):234-43.

Feickert HJ, Drommer S, Heyer R. Severe head injury in
children:impact of risk factors on outcome. J Trauma. 1999
Jul 1;47(1):33-8.  https://doi.org/10.1097/00005373-
199907000-00008


https://doi.org/10.15520/jmbas.v8i5.229
https://doi.org/10.15520/jmbas.v8i5.229
https://doi.org/10.3171/2020.7.PEDS19627
https://doi.org/10.5144/0256-4947.2013.52
https://radiology.ucsf.edu/blog/neuroradiology/exploring-the-brain-is-ct-or-mri-better-for-brain-imaging
https://radiology.ucsf.edu/blog/neuroradiology/exploring-the-brain-is-ct-or-mri-better-for-brain-imaging
https://doi.org/10.1542/peds.2007-1910
https://doi.org/10.1542/peds.2007-1910
https://doi.org/10.1177/000313481007601128
https://www.rch.org.au/clinicalguide/guideline_index/Head_injury/
https://www.rch.org.au/clinicalguide/guideline_index/Head_injury/
https://doi.org/10.1016/S0140-6736(17)30555-X
https://doi.org/10.1186/1471-2431-14-148
https://doi.org/10.7754/Clin.Lab.2017.170816
https://doi.org/10.7754/Clin.Lab.2017.170816
https://doi.org/10.1097/01.inf.0000168753.60433.e2
https://doi.org/10.1097/01.inf.0000168753.60433.e2
https://doi.org/10.55994/ejcc.1178491
https://doi.org/10.55994/ejcc.1178491
https://doi.org/10.1007/s00383-006-1715-7
https://doi.org/10.1007/s00383-006-1715-7
https://doi.org/10.3109/02699052.2010.498006
https://doi.org/10.3109/02699052.2010.498006
https://doi.org/10.1097/00005373-199907000-00008
https://doi.org/10.1097/00005373-199907000-00008

