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Abstract: Background: Evidence suggests that referral cases of traumatic injuries have decreased during the COVID-19 pandemic both in childhood and in adulthood. Still we have very little evidence of referrals due to traumatic
brain injury among children during the COVID-19 outbreak. The present study aimed to describe epidemiological
and clinical features of pediatric traumatic brain injuries. Methods: This cross-sectional study was performed on
all patients under 15 years with any evidence of head trauma, referring to Poursina teaching hospital, a referral
center for trauma and road accidents in northern Iran. The patients’ data were retrospectively collected by reviewing the hospital recorded files and the trauma-specific hospital information system. Results: Of all 543 pediatric
traumatic injuries referred to our hospital during the two pointed periods, 166 had any evidence of head and neck
injuries leading to an overall prevalence rate of 30.6%. In this regard, the prevalence rate of head/neck injuries
was estimated to be 140 out of 436 within a pre-COVID-19 period (32.1%) and 26 out of 107 within the COVID-19
period (24.3%) indicating no significant difference between the two time periods (P = 0.243). However, assessing
the rate of head/neck injuries pre-COVID-19 and COVID-19 periods according to patients’ age showed a higher rate
of such injuries in pre-COVID-19 as compared to COVID-19 periods in patients aged less than two years (55.6%
versus 37.5%, P = 0.013) as well as aged 2 to six years (45.8% versus 30.0%, P = 0.036). Conclusion: The rate of
admission of children due to traumatic brain injury during the COVID-19 period does not show a significant change
compared to before, and only in children under 6 years of age a decrease in referrals due to brain trauma during
the COVID-19 period was observed.
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Introduction
Traumatic brain injury is certainly a leading
cause of raised mortality and morbidity among
children [1]. Like adults, a wide range of sequels have been identified following brain injury
in children but differ in epidemiological, pathophysiological and managerial aspects. Such
differences can be due to the differences in
mechanisms of injury and skeletal and neurological structural differences in children as
compared to adults [2, 3]. As the main differ-

ence, children have a highly vascularized scalp
predisposed to lethal vascular injuries. Thus,
massive blood loss that even a slight blood loss
in younger children, may lead to hemorrhagic
shock [4]. In addition, types and mechanisms of
trauma may also be different that due to the
lower presence of children in outdoor or school
environments, absence from the scene of conflict, or exposure to workplace injuries, these
cases are less in children, but the chances of
trauma due to falls from heights or road accidents may be higher [5, 6]. Accordingly, diag-

Brain injuries in children during COVID-19
nosing and managing such traumas in children
requires specific instructions and administrators and unique treatment compared to adults.
A review of reports presented in different communities reveals significant differences in the
rate of traumatic brain injury in different drawers, which can be rooted in racial characteristics (skeletal structure) and different social
and cultural conditions of communities [7].
According to the recent reports of the U.S.
Centers for Disease Prevention and Control,
about 475,000 children aged lower than 15
years sustain a traumatic brain injury each
year, 90% are discharged with mild sequels,
37,000 require hospitalization and 2600 die
due to severity of injuries [8]. In this regard, the
global death rate due to trauma in children has
been estimated to be 5 per 100,000 annually,
even higher in younger children [9]. The mechanisms of brain injuries can also be variants
according to the patient’s age so that falling
from a height seems to be higher among children younger than 4 years, transportationrelated injuries are higher in children 10 to 18
years, and abusive head trauma in children
less than two years [10].
The prevalence, mechanism and outcome of
head trauma can also be affected by social
and environmental conditions. These differences are quite noticeable in certain health conditions. For example, in the event of pandemics,
due to exceptional quarantine conditions and
reduced intra-city traffic, another layer of traumatic brain injury is depicted in both children
and adults [11]. In the context of infectious
pandemics and due to the increased risk of
nosocomial and opportunistic infections, complications from traumatic brain injuries especially in hospitalized patients may also considerably increase [12].
The COVID-19 pandemic significantly changed
healthcare regulations, diagnostic and therapeutic approaches, patient admission rate for
treatment or selection of invasive methods and
total healthcare utilization patterns and clinical practice. Trauma injuries are no exception
to this rule, and this issue has received much
more attention, especially in the case of children [11]. Which extent the onset of the COVID19 pandemic has changed the epidemiological
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patterns of traumatic brain injuries remains
unclear. Thus, the present study aimed to
describe epidemiological and clinical features
of pediatric traumatic brain injuries in patients
referring to a great referral center in northern
Iran.
Methods and material
Study design
This cross-sectional study was performed on all
patients aged lower than 15 years with any evidence of head trauma, referring to Poursina
teaching hospital, a referral center for trauma
and road accidents in northern Iran. The study
protocol was approved by the Research Committee of Guilan University of Medical Sciences and the Ethics committee has confirmed it
(Ethics code: IR.GUMS.REC.1400.099).
Inclusion and exclusion criteria
Inclusion criteria were age under 15 years,
traumatic head events of any kind leading to
hospitalization, and signing the written informed consent by the parents to participate in
this study. The exclusion criteria were previous
traumatic evets, patient’s will to exit the study,
defect in patient’s data of more than 20%, and
unavailability of the patient for further assessments and follow-up.
Study population
Overall, of 543 children with traumatic injuries,
166 (30.6%) had evidence that brain injuries
(head and/or neck trauma) were ultimately
included in the study. Of those, 140 children
were referred before the COVID-19 pandemic
period (the first six months of 2019) and 26
within the pandemic period (the first six months of 2020). Most of The children we studied
were male (70.5%) and between 2 to 6 years
old. Falling was the highest causes and of head
trauma (45.5%) and also mechanism of trauma
was blunt mostly. The BMI was in normal Range
in 73.3% of cases.
Data collection
The patients’ data were retrospectively collected by reviewing the hospital recorded files and
the hospital information system, especially the
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Table 1. Baseline characteristics of in patients in
the two-time periods
Item
Age subgroups
Less than 2 years
2 to 6 years
7 to 12 years
13 to 15 years
Gender
Male
Female
Body mass index
Less than 18.5 kg/m2
19 to 25.9 kg/m2
26 to 29.9 kg/m2
≥ 30 kg/m2
Mechanisms of trauma
Falling from a height
Accidents
Quarrel
Sport trauma
Cutting
Type of trauma
Penetrating
Blunt

Before
Within
P
pandemic pandemic
value
(n = 140) (n = 26)
28 (20.0)
42 (30.0)
42 (30.0)
28 (20.0)

5 (19.2) 0.778
8 (30.8)
8 (30.8)
5 (19.2)

98 (70.0) 18 (69.2) 0.891
42 (30.0) 8 (30.8)
11 (7.8)
2 (7.7) 0.786
104 (74.3) 19 (73.1)
11 (7.8)
3 (11.5)
14 (10.1)
2 (7.7)
45 (32.1)
84 (60.0)
5 (3.7)
3 (2.1)
3 (2.1)

8 (30.8) 0.665
15 (57.7)
2 (7.7)
1 (3.8)
0 (0.0)

14 (10.0) 5 (19.2) 0.456
126 (90.0) 21 (80.8)

trauma-specific hospital information system.
The data collected included demographic characteristics, anthropometric parameters, and
the causes and mechanisms of trauma. The
study endpoint assessed and compared different epidemiological and clinical aspects of
traumatic brain injuries in children between the
COVID-19 pandemic area and before.
Statistical analysis
The quantitative variables were presented as
mean ± standard deviation and categorical
parameters as number (percentage). The quantitative data of trauma at the different time
points were assessed by t test or Man-Whitney
U test and the qualitative variables by the ChiSquares test. P values of ≤ 0.05 were considered statistically significant. For the statistical
analysis, the statistical software SPSS version
23.0 for windows (IBM, Armonk, New York) was
used.
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Results
Injury distribution
Of all 543 pediatric traumatic injuries referred
to our hospital during the two pointed periods,
166 had any evidence of head and neck injuries leading to an overall prevalence rate of
30.6%. In this regard, the prevalence rate of
head/neck injuries was estimated to be 140
out of 436 within a pre-COVID-19 period
(32.1%) and 26 out of 107 within the COVID19 period (24.3%), indicating no significant difference between the two time periods (P =
0.243). Comparing baseline characteristics
(including gender, age, and body mass index) of
patients with head/neck injuries between the
two time periods showed no difference (P >
0.05) (Table 1).
Injury rates before and after COVID-19
Assessing the rate of head/neck injuries preCOVID-19 and COVID-19 periods according to
patients’ age showed a higher rate of such injuries in pre-COVID-19 as compared to COVID-19
periods in patients aged less than two years
(55.6% versus 37.5%, P = 0.013) as well as
aged 2 to 6 years (45.8% versus 30.0%, P =
0.036), but without any difference in higher
ages (Table 2).
Further assessments
No difference was revealed in the head/neck
injuries before and during COVID-19 period in
both male and female patients (Table 2). We
showed also no difference in the rate of head/
neck injuries between the two time periods of
study considering patients’ body mass index
(Table 2).
Discussion
Evidence suggests that referral cases of traumatic injuries have decreased, both in childhood and in adulthood during the COVID-19
pandemic [13-15]. Still we have very little evidence of referrals due to trauma to the brain
and nervous system particularly among children. We mentioned in the present study that,
firstly, despite the decrease in the total number
of traumatic injuries, it seems that the number
of referrals due to traumatic brain injury in children during the COVID-19 period did not change
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Table 2. The prevalence of head/neck injuries
according to baseline variables
Item
Age subgroups
Less than 2 years
2 to 6 years
7 to 12 years
13 to 15 years
Gender
Male
Female
Body mass index
Less than 18.5 kg/m2
19 to 25.9 kg/m2
26 to 29.9 kg/m2
≥ 30 kg/m2

Before
Within
P
pandemic pandemic
value
(n = 140) (n = 26)
63 (55.6)
59 (45.8)
13 (20.3)
5 (3.5)

9 (34.6)
9 (34.6)
7 (26.9)
1 (3.9)

0.013
0.036
0.779
0.852

93 (66.4) 17 (65.4) 0.226
47 (33.6) 9 (34.6) 0.508
12 (8.6)
2 (7.7)
106 (75.7) 19 (73.1)
20 (14.3) 4 (15.4)
2 (1.4)
1 (3.8)

0.753
0.126
0.786
0.287

significantly compared to the pre-COVID-19
period.
In order to find more sequela related to traumatic brain injury in children, we are following
our patients yet and visiting them in clinics in
regular periods, and will release these data
soon. These evaluated sequela include cognitive deficits, changes in personality and psychiatric disorders like insomnia, anxiety, aggression, depression. However, our findings until
now shows no significant difference in comparison with other studies.
Based on the findings of our study, there were
no differences between pre and post-COVID-19
pandemics regarding prevalence rate of head/
neck injuries. We also showed that distribution
of our pediatric patients due to brain injury
were completely independent of the patient’s
gender, age, or body mass index. However, we
find out another important point: among patients under two years, the number of referrals
to medical centers due to traumatic brain injuries in the pre-COVID-19 period was significantly higher in comparison with similar cases in
the COVID-19 pandemic. This can be due to the
fact that families pay attention to preschool
children during the Covid era. The inactivity of
many parents outside the home is significantly
reduced trauma injuries. In general, due to the
lack of reduction in the rate of referrals due to
traumatic brain injury during the COVID-19 period, an increase in pediatric referrals due to
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such injuries during the COVID-19 and postCOVID-19 periods is still expected and steps
should be taken to establish guidelines related
to managing these injuries.
This study should be considered the first study
on the epidemiology of traumatic brain injury
among children during an epidemic in a community with a high prevalence of COVID-19 and
its successive waves. Similar studies in adults
could show changes in neurosurgical referrals
for traumatic brain injuries during the pandemic worldwide. The studies could report lowering referral volumes of traumatic brain injuries
during the lockdown compared with previous
years and months [16, 17]. For instance, studies on adults showed a significant decrease in
brain traumas due to road accidents during
lockdowns as compared to pre-COVID-19 periods [11, 18, 19].
As a final point, and of course, a significant
point about brain trauma in children, special
attention has been paid to the increase in trauma caused by abuse among children during the
COVID-19 period, which was not the subject
of our study. As an interesting observation,
Christopher De Boer and colleagues [20] indicated that although the number of children
with physical child abuse presenting to children’s hospitals significantly declined during
the COVID-19 pandemic, those that did were
more likely to be severe. However, Mark L
Kovler and others [21] indicated an increase in
the proportion of traumatic injuries caused by
physical child abuse during the COVID-19 pandemic. Even in this particular case, the information is completely contradictory, and the
need for further studies is essential.
The shortcomings of this study were limited
study population and conducting this study in
a single center. Multi-centric studies on larger
populations could provide data with higher
significance.
Conclusion
The rate of traumatic brain injury in children
does not show a significant change during the
COVID-19 period, but in children under six years
of age a decrease in referrals was observed.
This can be due to parents keeping pre-school
children at home and more supervision of the
family due to the limitation of parents’ work
outside the home.
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