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Abstract

Purpose
Our aim in this study is to investigate the relationship between age, gender, trauma etiology, presence of
symptoms at the time of admission, Glasgow Coma Scale (GCS), brain CT �ndings and blood WBC levels
at admission.

Methods
305 pediatric patients [between 0 and 18 years old] who applied to the emergency department of Kafkas
University Medical Faculty Hospital between 2016 and 2019 after head trauma were included in the
study. The data of these patients were analyzed retrospectively from the hospital records. Age, gender,
head trauma etiology, GCS scores at the time of presentation, their symptoms, their brain CT �ndings and
blood WBC levels were examined. Chi-square test was performed between patients with and without
leukocytosis and independent variables.

Results
After applying exclusion factors, the data of 173 patients who underwent CT in the emergency room after
head trauma and whose blood tests were studied were examined. When patients were analyzed
according to gender, 111 (64.2%) were male and 62 (35.8%) were found to be female. In terms of age, it
was seen that those between the ages of 0 and 2 were 54 (31.2%), and those between the ages of 2- and
18 were 119 (68.8%). Among the etiological causes of traumas, the most frequent (n = 113) 65.3% falls
were seen. The number of patients with symptoms was 57 (32.9%). Patients with GCS 14 ≥ constituted
69.4% of the total patients (n = 120). There was a pathological �nding in 19.0% of the brain CT' s (n = 33)
taken. Leukocytosis was detected in 17.3% of the patients [n = 30].

Conclusion
As a result of this study, it was found statistically signi�cant that the blood WBC levels were higher in
children who had head trauma, whose GCS was 13 ≤ at the time of application, who had symptoms and
who had pathology in brain CT compared to other groups.

Background
Head traumas are seen as the most common cause in pediatric age group who applied to emergency
departments due to trauma [1]. Since the ratio of head / body surface area is greater and the skull bones
are thin in children compared to adults, intracranial structures cannot be adequately protected [2]. For this
reason, head traumas are the most common cause of morbidity and mortality in the childhood age group
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[3]. In a comprehensive study conducted in the United States, it has been shown that more than 500,000
children apply to post-traumatic emergency services every year, 60,000 of them receive inpatient
treatment, and 7000 children lost their lives due to trauma. It has been reported that approximately half of
the deaths are due to head trauma [4].

GCS is commonly used to measure the clinical level of brain injury in patients with emergency head
injuries and patients are classi�ed according to this [5]. The most common diagnostic method used to
determine traumatic brain injury in these patients is brain CT [6]. It is not appropriate to draw brain CT to
all patients, both economically and due to radiation exposure, since emergency cases are admitted to a
large number of cases of head trauma and most of them do not have an intracranial pathology. For this
reason, various studies have been conducted on the indications of brain CT withdrawal in pediatric age
group head trauma patients and protocols such as PEACARN, CATCH, CHALICE have been determined [7,
8].

In recent years, some biomarkers (lymphocyte, hemoglobin, hemotocrit, S100B, lactate, thiol) have been
thought to assist in determining the prognosis in childhood head traumas and studies have been
conducted associated with this [9, 10, 11]. In our study, the relationship between age, gender, trauma
etiology, presence of symptoms at the time of admission, GCS, brain CT �ndings and blood WBC levels at
the time of application in cases of head trauma between the ages of 0–18, who were admitted to the
emergency department in Turkey's Kars province were examined. It was aimed to determine which
variables the blood WBC values   had a signi�cant relationship with.

Methods
Patients with head trauma under the age of 18 who applied to the emergency department of Kafkas
University Medical Faculty Hospital between 2016–2019 retrospectively were analyzed from the patient
�les. Patients' age, gender, causes of trauma, symptoms at admission, GCS scores, brain CT results and
blood WBC levels were examined. All infection situations that will cause leukocytosis in the blood,
cancers, patients with recent surgical history, under the hormone or drug treatment, and patients with
more than one trauma along with head injury were excluded from the study.

Traumas were classi�ed according to their causes. While the most frequent groups such as falls from
highs and tra�c accidents were included in the study, head injuries resulting from sports injuries and
battered were excluded from the study without being included in any reliable group because of
inconsistencies were detected in the epicrisms of patients.

In our study, the WBC value was over 17,000 / µL between 0–2 years old, over 15,000 / µL between 2–
4 years old, over 14,000 / µL between 4–6 years old and over 13,000 / µL between 6–18 years old
accepted as leukocytosis [12]. In cases where one or more symptoms of temporary loss of
consciousness, vomiting, headache, dizziness at the time of the event, it is accepted that there is
symptoms. All brain CT images reported by the radiologist were reviewed by the emergency specialist and
neurosurgeons involved in the study. Skull fractures, intracranial contusions, pneumocephalus, epidural
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hematoma, subdural hematoma and traumatic subarachnoid hemorrhage, which were detected in brain
CT examination, were considered pathological. Student's T test and Pearson Chi-square test methods
were used to determine signi�cant differences between patients' leukocyte values   and independent
variables[age, gender, trauma etiology, presence of symptoms, GCS scores and brain CT results], and for
linear correlation analysis. During the statistical analyzes, IBM SPSS 20.0 program was used. In all tests,
p value was considered as < 0.05 signi�cant.

Results
Data of 305 pediatric patients who applied to the emergency room after head trauma were collected.
When all exclusion criteria were applied, a total of 173 (30.6%) patients between the ages of 0–18, whose
in the emergency service both brain CT was taken and blood WBC level was studied, were included in the
study.

When the patients were examined according to their sex, it was determined that there were 111 (64.2%)
males and 62 (35.8%) females. In terms of age, 54 patients (31.2%) of those between 0 and 2 years old;
and there were 119 patients (68.8%) of those between 2 and 18 years old were observed. According to the
etiological causes of traumas, the number of patients who came after the fall was 113 (65.3%), the
number of patients who came after the tra�c accident was 60 (34.7%). When looking all cases, the
number of patients with symptoms was 57 (32.9%). Patients without symptoms were 116 (67.1%). When
the GCS scores of the patients were examined; There were 53 (30.6%) patients with GCS 13 ≤ and 120
(69.4%) patients with GCS 14 ≥. When the brain CTs that belong to the patients were examined, 140
(81%) patients' brain CTs were evaluated as normal, in 33 (19.0%) patients had pathological �ndings in
brain CT. Distribution of patients with pathological �ndings; there were 12 patients (6.9%) who had
cranial bone fractures, 7 (4%) who had contusion bleeding, 5 (2.9%) who had pneumocephalus, 4 (2.3%)
with epidural bleeding, 3 (1.7%) with subdural bleeding, and 2 (% 1.1) patient who had traumatic
subarachnoid hemorrhage (Table 1).

It was investigated whether there was a statistically signi�cant difference between independent variables
and the presence of leukocytosis. Statistically signi�cant difference was not occur between age, gender
and trauma etiology and the presence of leukocytosis. In patients with posttraumatic symptoms, patients
GCS was 13≤, and patients with brain CT pathology the presence of leukocytosis was statistically
signi�cant (p = 0.001, p = 0.001, p = 0.001, respectively) (Table 2).

Discussion
In this study, we aimed to determine the relationship between the levels of leukocyte, which is one of the
acute phase reactants, in isolated head trauma patients during admission, and age, gender, trauma
etiology, symptoms, GCS, and brain CT �ndings.
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Childhood head injuries are most common in men 62.6% [13]. In our study, in accordance with the
literature we found that there was a 64.2% male patient. In the etiology of head injuries, falls are in the
�rst place, and then tra�c accidents come [14]. In our study, falls were the most common cause with
65.3%. GCS is used as the most common assessment to measure the clinical level of brain injury in
patients with head trauma [5]. Approximately 80% of patients who apply to the emergency department
with head trauma constitute, whose GCS was 14 ≥. In our study, we found that GCS was 14 ≥ that 69.4%
of our patients.

In determining intracranial pathology in patients with head injury BT is still the most important diagnostic
method [15]. Various protocols, such as PECARN, CATCH and CHALICE, have been identi�ed for diagnosis
and monitoring in children presenting with head trauma [7, 8]. According to PECARN, which is the most
commonly used of these protocols, brain CT is recommended in patients whose GCS is 13≤. In patients
who had GCS was 14 ≥, brain CT is recommended if there are signs of a skull fracture or if there is loss
of consciousness, vomiting, severe headache, or a dangerous trauma mechanism. Brain CT is not
recommended in patients who had GCS was 14 ≥ and those who do not show these �ndings [7].
Nevertheless, indications of brain CT for diagnostic purposes still remain a controversial subject. Because
it is di�cult to evaluate the anamnesis and clinical examination �ndings in children under two years of
age, physicians often request brain CT considering the possibility of brain damage [16]. Brain CT
frequency has increased signi�cantly in patients with head trauma in recent years [6]. Following after
withdrawn brain CTs, the risk of malignancies occurence associated with ionizing radiation in children
increases [17]. Exposure to ionizing radiation during CT scans has been shown to increase the risk of
brain tumor and leukemia per mGy in children by 0.016 and 0.033, respectively [18]. Also in another study
which was made, radiation exposure after CT extractions in children creates a higher risk of cancer
compared to adults [19]. Beside this, the agitation and be moving of young children can make CT
shooting di�cult. For this reason, physicians have to use sedative drugs in patients with head trauma.
The use of these drugs carries the risks of respiratory or cardiovascular complications. In a study which
was made, it was stated that clinical examination �ndings did not reduce brain CT request alone in head
traumas, long-term observation is required to make a good decision [20].

In our study, we found that many patients who had GCS 14 according to PECARN and who did not show
symptoms had CT withdrawn, although not recommended in the protocol. This indicates that there
should be guiding biomarkers alongside the clinical examination. Traumatic brain injury is associated
with increased serum catecholamine levels. With the activation of the systemic response after trauma,
the in�ammatory process begins. In the evaluation of trauma patients, parameters such as acute phase
reactants, cytokines and lactate levels related to the systemic response of the organism are used [21].
In�ated WBC values   are generally considered to be non-speci�c indicators of infection, in�ammation,
tissue necrosis, bleeding, or stressful situations. WBC is one of the �rst in�ammatory parameters and that
increase in in�ammation [22]. Acar et al. investigated the usability of WBC as a screening test with the
brain in patients with simple head injury and determined that WBC value could be a statistically
signi�cant variable with the presence of pathology in brain CT [23]. In our study, the presence of
pathology in the brain CT in the patients and the presence of leukocytosis were statistically signi�cant.
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However, in 123 (87.2%) of the patients with normal brain CT, which constitutes the majority of cases,
leukocytosis was not detected. In another study, it was shown that the number of WBCs of patients with
severe head trauma was signi�cantly high [24]. In a study showing the relationship between blood WBC
levels and GCS, the presence of leukocytosis was found to be signi�cant in patients with low GCS [25]. In
our study, competable with the literature, in patients with a GCS score of 13 ≤ the presence of
leukocytosis was signi�cant (p = 0.001). When we searched the literature, we found that there was no
relationship study between the presence of symptoms and leukocytosis in patients with head trauma
aged 0–18 years. In our study, presence of leukocytosis was statistically signi�cant, in the event that one
or more of the symptoms of vomiting, headache, temporary loss of consciousness at the time of the
event, dizziness.

Conclusions
As a result of our study, it was found that blood WBC levels were found to be high in children with head
trauma who had statistically symptoms, GCS was 13 ≤, and those who had pathology in brain CTs.

Be looked at the WBC level in blood is an advantage because of it is fast and cheap. It can be given
information about the presence of traumatic brain injury in pediatric patients with head trauma.
Multicentre and large patient population studies are needed to obtain more comprehensive results on this
subject. We think that our work will provide preliminary contribution to this.
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Tables
Table 1: Distribution of Brain CT results

Brain CT Results n %

Normal 140 81.0

Cranial bone fractures 12 6.9

Contusion hemorrhage 7 4.0

Pneumocephalus 5 2.9

Epidural hemorrhage 4 2.3

Subdural hemorrhage 3 1.7

Traumatic subarachnoid hemorrhage 2 1.1

n: number

 

Table 2: Relationship of leukocytosis with independent variables
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Indepent Variables The presence of leukocytosis Toplam P

Yes No

n (%)* n (%)* n (%)**

Sex Male 19 (17,1) 92 ( 82,9) 111 ( 64,2) 0,917

Female 11 (17,7) 51 ( 82,3) 62 ( 35,8)

Age 0-2 age 7 ( 13) 47 ( 87) 54 ( 31,2) 0,306

2-18 age 23 (19,3) 96 ( 80,7) 119 ( 68,8)

GCS 14 ≥ 10 (8,3) 110 ( 91,7) 120 ( 69,4) 0,001

13 ≤ 20 (37,7) 33 ( 62,3) 53  (30,6)

Trauma

Type

Fall 21 (18,6) 92 ( 81,4) 113 ( 65,3) 0,553

TA*** 9 (15) 51 (85) 60 (34,7)

Brain CT  Normal 18   ( 12,8) 123 ( 87,2) 141 ( 81,5) 0,001

Pathological 12 ( 37,5) 20 ( 62,5) 32 ( 18,5)

Symptom Yes 25 (43,9) 32 (56,1) 57 ( 32,9) 0,001

No 5 (6,0) 111 ( 94,0) 116 ( 67,1)

Total*   30 ( 17,3) 143 ( 82,7) 173  

n: number, * row percentage, ** column percentage, *** TA: Traffic Accident,

p <0.005 significant


