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Risk factors for positive brain CT scan in children
with traumatic brain injury and GCS = 15
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Abstract N\
It is controversial whether it is necessary to carry out head computed tomography (CT) examination for children who had a traumatic |
brain injury (TBI) but are conscious (Glasgow Coma Scale (GCS)=15). The present study explored the risk/predictive factors of
positive CT results in children with mild closed head injury and GCS=15.

This was a retrospective study of children (0O—18years of age) with TBl and GCS =15 and treated at the First People’s Hospital of
Wenling between 06/2013 and 06/2018. The outcome was a positive head plain CT result. Univariable and multivariable logistic
regression analyses were carried out to determine the factors independently associated with positive CT results.

A total of 279 children were included. The majority of the injured were boys (180/279, 64.5%). The top three causes of injury were
traffic accidents (100/279, 35.8%), falling from height (92/279, 33.0%), and tumble (72/279, 25.8%). The top three clinical symptoms
were headache (201/279, 72.0%), scalp hematoma (133/279, 47.7%), and nausea with or without vomiting (105/279, 37.6%). The
multivariable analysis showed that scalp hematoma (OR=3.040, 95%CI: 1.791-5.159, P <.0001), ear and nostril bleeding or
periorbital soft tissue contusion (OR=2.234, 95%Cl: 1.087-4.590, P=.029), and nausea with or without vomiting (OR=2.186, 95%
Cl: 1.2565-3.810, P=.006) were independently associated with positive results of head CT.

For children with TBI and GCS =15, the factors independently associated with positive CT results are scalp hematoma, ear and
nostril bleeding or periorbital soft tissue contusion, and nausea with or without vomiting.

Abbreviations: CATCH = Canadian Assessment of Tomography for Childhood Head Injury, CHALICE = Children’s Head Injury
Algorithm for the Prediction of Important Clinical Events, CHI = closed head injury, Cl = confidence intervals, CT = computed
tomography, GCS = Glasgow Coma Scale, IQR = interquartile ranges, OR = odds ratio, PECARN = pediatric emergency care
applied research network, TBI = traumatic brain injury.
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1. Introduction

Traumatic brain injury (TBI) is characterized by any period of
observed neurologic dysfunction or confusion, disorientation,
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change in consciousness, or amnesia that occurs following blunt
trauma, acceleration and deceleration forces, or exposure to
blast.! The patients with TBI are mostly males (65%-88%),
<18years of age (40%-50%), and associated with traffic
accidents or sports.”™! The prevalence of TBI in children <17
years of age in the USA is 3.1%.!°! The prevalence of TBI among
school and college athletes is 12.5% to 15.8%."7'% TBI resulting
from closed head injury (CHI) is one of the main causes of
disability and death in children." 12! According to the Glasgow
Coma Scale (GCS), TBI is usually divided into mild (GCS=13-
15), moderate (GCS=9-12), and severe (GCS=3-8). Children
with mild TBI account for more than 80% of all injuries."*!

It is controversial whether head computed tomography (CT)
examination should be performed in children with mild TBI
during the emergency treatment.!'¥ Indeed, the CT results of
children with mild TBI are most often negative, and CT in
children is associated with radiation issues, increased medical
expenses, and even the need sedation in many uncooperative
children. After exposure to radiation doses equivalent to 2 to 3
CT scans during their childhood, Pearce et al. reported that the
incidence of leukemia and brain tumors increased, and excess
relative risk per mGy for leukemia and brain tumors was 0.036
and 0.023, respectively.'1 On the other hand, there is the
possibility that some children with mild TBI, according to the
GCS, have, in fact, positive findings at CT examination, and such
missed diagnosis will lead to improper management and possibly
detrimental outcomes. By summarizing the studies of pediatric
mild TBI in the past 25years, Lumba-Brown et al. found that
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7.5% of patients had intracranial injuries, 1.9% had clinically
important outcomes, and 0.8% underwent neurosurgical
intervention.!®!

Therefore, decision-making guidelines were defined to help
clinicians decide whether to carry out a CT examination. There
are three common decision-making guidelines of CT examination
for children with TBI, including the Children’s Head Injury
Algorithm for the Prediction of Important Clinical Events
(CHALICE) from the UK,"”! the Pediatric Emergency Care
Applied Research Network (PECARN) from the USA,!*®! and the
Canadian Assessment of Tomography for Childhood Head
Injury (CATCH) from Canada.™ The target patients of the
above three guidelines include children with GCS <15, but for
the specific subgroups of children with mild TBI and GCS=15,
there are few studies on the conditions under which CT
examination is needed during emergency treatment.

Therefore, the aim of the present study was to explore the
risk or predictive factors of positive CT results in children with
mild TBI and GCS=135. The results could provide evidence to
physicians to determine whether to perform CT for these
patients.

2. Materials and methods

2.1. Study design and patients

This was a retrospective study of children with TBI and treated
at the department of neurosurgery of the First People’s Hospital
of Wenling, Zhejiang, China, between June 2013 and June
2018. This study was approved by the ethics committee of the
First People’s Hospital of Wenling. The need for individual
informed consent was waived due to the retrospective nature of
the study.
The inclusion criteria were:

—_

. GCS=15 determined during emergency treatment;

. 0-18years of age;

3. received head CT examination within 24 hours after admis-
sion; and

4. complete data. The patients with unclear cause of injury or

with hemophilia were excluded.

[\

2.2. Data collection

The following data were collected: demographic characteristics
(sex and age), injury causes (car accident, falling from height,
tumble (i.e., ground-level falls), beating (i.e., hitting somebody),
and strike (i.e., walking or running into stationary objects)), time
interval from injury to CT examination, clinical symptoms and
signs (headache, nausea with or without vomiting, retrograde
amnesia, history of unconsciousness, limb with or without mouth
twitching, scalp contusion, scalp hematoma, ear and nostril
bleeding or periorbital soft tissue contusion, and facial soft tissue
contusion), and head plain CT results.

2.3. Outcome

The outcome was a positive head plain CT result. The head plain
CT scan included soft tissue window and bone window. The head
plain CT result was defined positive if any of the following was
present: skull fracture, pneumocranium, epidural hematoma,
subdural hematoma, subarachnoid hemorrhage, and brain
contusion.
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2.4. Statistical analysis

SPSS 17.0 (SPSS Inc., Chicago, US) was used for statistical
analysis. Continuous variables were presented as means=+
standard deviation, or as medians and interquartile ranges
(IQR) according to their distribution, as determined by the
Kolmogorov-Smirnov test; comparisons between groups were
performed with the Student # test or the Mann-Whitney U-test, as
appropriate. Categorical variables were reported as frequency
with percentage and compared with the chi-square test or Fisher’s
exact test. Univariable and multivariable logistic regression
analyses were performed to explore the independent risk factors
for positive CT results by calculating the odds ratio (OR), 95%
confidence intervals (CI), and P-values. The factors with P < .20
in univariable analyses were entered in the multivariable analysis.
P-values <.05 were considered statistically significant.

3. Results

3.1. Characteristics of the patients

After excluding 46 patients, 279 children with TBI were included.
The demographic characteristics, causes of injury, and clinical
characteristics were shown in Table 1. The age ranged from 1.0
month to 18.0years (median: 5.0years, IQR: 3.0, 9.0 years). The
majority of the injured were boys (180/279, 64.5%). The top
three causes of injury were traffic accidents (100/279, 35.8%),
falling from height (92/279, 33.0%), and tumble (72/279,
25.8%). The top three clinical symptoms were headache (201/
279, 72.0%), scalp hematoma (133/279, 47.7%), and nausea
with or without vomiting (105/279, 37.6%). Nausea with or
without vomiting (P=.001), scalp contusion (P=.010), and scalp
hematoma (P<.0001) were significantly different between
patients with positive or negative CT results (Fig. 1).

3.2. Plain CT results

There were 140/279 (50.2%) patients showing positive results
on plain head CT scan. The positive results of the plain head CT
scan were skull fracture (108/279, 38.7%), epidural hematoma
(35279, 12.5%), pneumocranium (25/279, 9.0%), brain
contusion (24/279, 8.6%), subarachnoid hemorrhage (22/
279, 7.9%), and subdural hematoma (14/279, 4.7%). Among
them, 7/279 (2.5%) patients underwent surgeries; six patients
underwent craniotomy for epidural hematoma removal, and
one patient underwent subdural hematoma removal. Moreover,
five patients (5/279, 1.8%) were confirmed to have delayed
progress after the reexamination of the head CT scan. There
were two cases of epidural hematoma enlargement, two cases of
subdural hematoma enlargement and one case of new right-
frontal lobe contusion.

3.3. Independent risk factors

Each factor with P < .20 in univariable analyses were further
analyzed by multivariable logistic regression analysis (Table 2).
Scalp hematoma (OR =3.040, 95%CI: 1.791-5.159, P <.0001),
ear and nostril bleeding or periorbital soft tissue contusion (OR =
2.234, 95%CI: 1.087-4.590, P=.029), and nausea with or
without vomiting (OR =2.186, 95%CI: 1.255-3.810, P=.006)
were independently associated with positive results of head CT.
Among them, scalp hematoma increased the odds of positive CT
results by up to 3.040 times.
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Comparison of clinical characteristics between children with positive or negative plain head CT scan.

Head CT scan

Variable All (n=279) Negative (n=139) Positive (n=140) P value
Age (years), median (IQR) 5.0 (3.0, 9.0) 5.0 3.0, 11.0) 5.0 (3.0, 8.0) .369
Sex, n (%) .067

Female 99 (35.5) 42 (30.2) 57 (40.7)

Male 180 (64.5) 97 (69.8) 83 (69.3)
Injury causes, n (%) 145

Traffic accident 100 (35.8) 56 (40.3) 56 (40.3)

Fall from height 92 (33. 36 (25.9) 36 (25.9)

Tumble 72 (25. 38 (27.3) 38 (27.3)

Beating 6 (2.2 429 4 (2.9

Strike 9 3.2 5 (3.6) 5(3.6)
Time from injury to examination (hours), median (IQR) 3.0 (2.0, 7.0) 3.0 (2.0, 6.0) 3.0 (2.0, 7.0) 717
Headache, n (%) 201 (72.0) 97 (69.8) 104 (74.3) 402
Nausea with or without vomiting, n (%) 105 (37.6) 39 (28.1) 66 (47.1) .001
Retrograde amnesia, n (%) (1 32 10.7) .609
Unconsciousness, n (%) 6 (12. 17 (12.2) 19 (13.6) 738
Limbs and/or mouth convulsions, n (%) (1 2 (1.4 2 (1.4 1.000
Scalp contusion, n (%) 66 (23. 42 (30.2) 24 (17.1) .010
Scalp hematoma, n (%) 133 (47.7) 47 (33.8) 86 (61.4) <.0001
Ear and nostril bleeding or periorbital soft tissue contusion, n (%) 50 (17.9) 20 (14.4) 30 (21.4) 125
Facial soft tissue contusion, n (%) 40 (14.3) 25 (18.0) 15 (10.7) 0083

CT=computed tomography, IQR =interquartile range.

4. Discussion

It is controversial whether it is necessary to carry out head CT
examination for children who had TBI but are conscious (GCS=
15). The present study explored the risk/predictive factors of
positive CT results in children with mild CHI and GCS=135. The
results of this study showed that scalp hematoma, ear and nostril
bleeding or periorbital soft tissue contusion, and nausea with or
without vomiting were independently associated with positive
head CT results, and increased the odds by up to 3.04, 2.23, and
2.19 times, respectively. There is a practical clinical reference
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Figure 1. Comparison of three clinical variables grouped by positive or
negative plain head CT scan. Clinical characteristics were compared between
children with positive or negative plain head CT scan. Nausea with or without
vomiting was found more commonly in the conscious pediatric traumatic brain
injury who presented with positive plain head CT scan (47.1% vs 28.1%,
P=.001), so did scalp hematoma (61.4% vs 33.8%, P<.0001). Scalp
contusion was associated with negative plain head CT scan (17.1% vs 30.2%,
P=.010).

value for clinicians to consider whether to conduct a CT
examination or choose close observation and follow-up when
they receive GCS=135 children with traumatic brain injury.

In the present study, the majority of the injured children were
boys, as supported by the literature.”>”>! The top three causes of
injury were traffic accidents, falling from height, and tumble.
Falls are reported to be the most common mechanism of TBI in
children, followed by traffic accidents, projectiles, assaults,
sports, and abuse.?*?!! Therefore, the patient sample in the
present study could represent a real-life setting.

Since the introduction of CT into clinical practice in the 1970s,
there was controversy about which clinical indicators could guide
the examination of head CT in patients with mild TBI in the
emergency treatment.'*>*3 Although the basic idea of different
decision-making methods was trying to predict whether to perform
CT examination from the perspective of clinical characteristics, the
conclusions were yet not the same. The reason might be that
there were differences in the patient inclusion criteria and outcome
event definition among different studies.[**>*!

Some previous studies demonstrated that scalp hematoma, the
signs of basilar skull fracture, and vomiting would increase the
risk of intracranial injuries in pediatric mild TBL."®! But, to our
knowledge, few studies especially investigated the predictive
variables in the patients with GCS=135. Palchak et al. analyzed
1,098 children with GCS scores of 14 and 15, suggested a
decision tree for predicting TBI identified on CT.*°! The
predictor variables included clinical signs of basilar skull fracture,
history of vomiting, scalp hematoma in a child <2years, and
abnormal mental status. This study excluded children caused by
falls from ground level or trauma resulting from walking or
running into stationary objects with the only abnormal sign of a
scalp laceration or abrasion. Thus, the GCS scores and injury
mechanism were different from our study. Dayan et al. evaluated
2,998 children younger than 2years with GCS=15 and isolated
scalp hematomas, found that <6 months and larger temporal or
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Logistic regression analysis on risk factors for positive plain head CT scan.

Univariable Multivariable
Variable OR 95% Cl P value OR 95% Cl P value
Age 0.963 0.915-1.013 146 0.973 0.916-1.034 .380
Male 0.630 0.384-1.034 .068 0.643 0.372-1.113 115
Injury causes
Traffic accident Reference / / Reference / /
Fall from height 1.980 1.113-3.520 .020 1.337 0.694-2.575 .386
Tumble 1.139 0.620-2.092 675 1.132 0.583-2.198 714
Beating 0.636 0.111-3.635 611 0.997 0.145-6.849 997
Strike 1.018 0.258-4.018 979 1.138 0.263-4.923 862
Nausea with or without vomiting 2.287 1.391-3.759 .001 2.186 1.255-3.810 .006
Scalp contusion 0.478 0.270-0.844 011 0.683 0.365-1.279 233
Scalp hematoma 3.117 1.911-5.084 <.0001 3.040 1.791-5.159 <.0001
Ear and nostril bleeding or periorbital soft tissue contusion 1.623 0.871-3.024 127 2.234 1.087-4.590 .029
Facial soft tissue contusion 0.547 0.275-1.089 .086 0.698 0.315-1.544 375

The factors with P < .20 in the univariable analyses were entered in the multivariable analysis.
Cl=confidence interval, CT=computed tomography, OR=odds ratio.

parietal scalp hematomas increased the risk of TBI identified on
CT.271 Similarly, patients injured in ground-level falls or running
into stationary objects and having either no findings of head
trauma or only a scalp laceration or abrasion were also not
included in this study. Guizel et al. included 916 pediatric head
trauma younger than 15 years with GCS=13-15, found that the
abnormal head CT results were associated with scalp hematoma,
periorbital ecchymoses, otorrhea, while vomiting was not
significant.*®! Therefore, the patient population of these studies
presented with GCS scores of 13-15. However, the subanalysis
on conscious children with TBI was rarely performed in previous
studies. Our study focused on these common populations. In
pediatric TBI with GCS=135, higher prevalence of positive CT
scan was associated with scalp hematoma, the signs of basilar
skull fracture (ear and nostril bleeding or periorbital soft tissue
contusion), and nausea with or without vomiting in the current
study. The risk factors reported in our study are in agreement
with previous investigations in the mild TBI. In order to provide a
high-quality decision-making basis for clinical practice, further
standardized and homogeneous multicenter large-sample studies
are needed.

Early identification of predictive factors for positive CT scans is
important for the mild pediatric TBI management. Unfortunate-
ly, in a survey among nine large hospitals in China, 80% of
clinicians reported that there was no treatment guideline for
pediatric TBI in China, 91.9% reported that CT scans were
routinely performed in all suspected patients.*®! In regard to
acute head CT use for conscious children, our finding might be
helpful in clinical decision-making practices. CHALICE,
PECARN, and CATCH are commonly used clinical decision
rules, guiding CT use for children patients with mild TBI. The
range of GCS scores was 13-15 in CHALICE and CATCH, 14—
15 in PECARN. These three rules are not especially applicable for
pediatric patients having a GCS of 15. Patients who are admitted
to hospital in a conscious state scoring a GCS=15 are often
overlooked for a CT scan. Therefore, our preliminary results
indicated that a CT scan might be ordered for conscious pediatric
children with scalp hematoma, the signs of basilar skull fracture,
nausea or vomiting.

This study has limitations. First, there were some differences
between ward patients and emergency patients. Some of the

children did not receive a CT examination, and some of them
went home for observation after the result of the CT
examination was negative, introducing bias. The actual
prevalence of traumatic brain injuries on head CT scan might
be lower than that reported here. The OR of these risk factors
might be underestimated. Second, the analyses could not be
stratified according to the specific violence degree of injury
because this was not consistently reported in the charts. Third,
abnormal CT was not necessarily the same as clinical damage.
Even if the CT was normal, some minor damage could not be
observed and delayed bleeding could not be completely
excluded.%3!!

In children with TBI and GCS =135, clinicians must balance the
adverse consequences of missed diagnosis, the potential radiation
effects of head CT, and the increased medical expenses. In
conclusion, this study suggests that children with GCS=15 and
scalp hematoma, ear and nostril bleeding or periorbital soft tissue
contusion, or nausea with or without vomiting might need head
CT examination.
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