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Abstract

Background: Considering the burden of  moderate and severe brain injury on families and society, and that trauma is one of  the 
common causes of  death and disability in Iran, this study aimed to investigate the frequency of  death from severe to moderate 
brain injury in children with brain trauma.
Methods: In this cross-sectional study, records of  126 patients under 18 years of  age with moderate and severe brain injuries 
admitted to Namazi Hospital, Shiraz, Iran during 2017-2019 were investigated. The relative frequency of  mortality, parents’ 
education level, day of  trauma, types of  trauma, age, gender, and length of  hospitalization were studied. P values were set at 0.05; 
Chi-square and T-test were used for variable comparisons.
Results: The study’s male-to-female ratio was almost 2:1, and the mean and standard deviation of  the age of  all children in the 
study was 6.84±4.33. The relationship between brain injury severity and hospitalization length was significant (P<0.001). 21.4% 
of  patients with moderate and severe brain injury were Afghan. The highest frequency of  trauma was related to accidents, with 
69.8%, followed by falling down at 23.8%.
Conclusion: The most common cause of  death in children with brain injury was trauma caused by an accident. To decrease the 
burden of  severe and moderate brain injury in children, health policymakers may tailor interventions to two important groups, 
including parents with a low level of  education and Afghan nationals.
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1. Introduction

Traumatic brain injuries in children have 
become a significant public health concern, 
particularly in developing countries. Recent 
studies have shown that children under the 
age of six experience more difficulties in 
neurocognitive development following head 
injuries than older children (1-3). In the United 
States, around 475,000 people between the ages 
of 0-14 suffer from traumatic brain injuries. Of 
these, 90% are discharged with mild injuries, 
37,000 are hospitalized, and over 2,500 people 
die. Hospitalization for traumatic brain injury 
is more common among adolescents, and boys 
require more emergency consultations and 
hospitalizations than girls (4). Head trauma due 
to abuse is also prevalent among infants and 
children under the age of two. Approximately 30 
out of every 100,000 children below the age of one 
are hospitalized due to this issue (5).

Children’s skulls are more malleable than those 
of adults, and they absorb external forces differently. 
The softness of a baby’s skull, along with the open 
sutures of the skull that act as joints, allows for a 
small amount of movement against pressure (6). 
Shaking a baby can cause a small change in the 
shape of the skull, and the malleable state of the 
skull distributes this force between the skull and 
the vessels of the cortex and brain. Consequently, 
the vessels and parenchyma of the brain may be 
stretched (7). During myelination development, 
different regions of the brain exhibit varying 
degrees of myelination. This process follows a 
specific pattern, and the degree of myelination 
affects the absorption of traumatic forces. Areas 
without myelination are more vulnerable to brain 
damage caused by trauma (8, 9).

Given the increased vulnerability of children’s 
brains, the risk of injuries caused by abuse, and 
the social burden on families, especially those 
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with disabled children after brain injuries caused 
by trauma, this study aimed to investigate the 
frequency of severe and moderate brain injury and 
death in children with brain trauma. Additionally, 
considering the lack of epidemiological studies 
conducted in Iran, the study examined the factors 
associated with the severity of the injury. 

2. Methods

In this cross-sectional study, we reviewed 
the records of 126 patients below the age of 18 
with severe and moderate brain injuries who 
were admitted for more than 6 hours to Namazi 
Hospital in Shiraz, Iran between 2017 and 2019. 
We excluded incomplete records from the study. 
In this study, we considered a Glasgow Coma Scale 
(GCS) score of 9 to 13 as moderate brain injury 
and a GCS score less than 9 as severe brain injury. 
We extracted demographic information, including 
age, sex, nationality, education level of parents, and 
other information, such as the type and cause of 
trauma, type of accident, day of trauma, duration 
of hospitalization, living status at the time of 
discharge, and level of consciousness based on 
GCS criteria at the time of hospital arrival. We 
analyzed the obtained data using SPSS version 
18. We extracted central indicators, such as mean, 
frequency, and standard deviation from the data. 
We used Chi-square and t-test to determine the 
statistical relationship between the variables. P 
value less than 0.05 was considered statistically 
significant. This study was carried out after 
obtaining the approval of the Ethics Committee 
of the Shiraz University of Medical Sciences with 
the code IR.SUMS.MED.REC.1399.269. The 
written informed consent was waived by the ethics 
committee due to the review of the records; however, 
we applied all data confidentiality standards.

3. Results

In this study, we examined 126 patients under 
the age of 18 who suffered moderate or severe 
brain injuries and were admitted to Namazi 
Teaching Hospital, Shiraz, Iran between 2017-
2019 in terms of epidemiological variables. The 
mean and standard deviation of the age of children 
with severe and moderate brain damage in the 
study were 6.84±4.33 years, and the mean and 
standard deviation of the length of hospitalization 
was 11.81±8.80 days. The ratio of boys to girls was 
almost 2:1. The highest frequency of education level 

was related to fathers and mothers with elementary 
literacy and then illiteracy. The lowest frequency 
was related to the level of master’s education. In 
general, the frequency of patients decreased with 
increasing education levels. In this study, 21.4% of 
patients with moderate and severe brain injuries 
were of Afghan nationality.

The highest frequency of trauma was “related to 
the accident” with 69.8% of all traumas, followed 
by “falling down” with a 23.8% share. Most of the 
children who were injured in accidents were car 
passengers (56.8% of accidents). Pedestrians and 
motorcycle passengers accounted for 27.27% and 
14.7% of the accidents, respectively. The lowest 
incidence of trauma was related to the middle days 
of the week, i.e. Monday, Tuesday, and Wednesday. 
The most traumas occurred on the weekend 
(Thursday and Friday) with 21.4% and 18.3%, 
respectively (Table 1).

Out of the 126 patients included in the study, 
36 (28.6%) had a moderate brain injury and 90 
(71.4%) had a severe brain injury. The average 
age of children with moderate brain injury was 
6.17±4.53 and the average age of children with 
severe brain injury was 7.11±4.24. This difference 
was not statistically significant (P=0.27). The 
length of hospital stay for children with moderate 
brain injury was 6.81±5.26, whereas for children 
with severe brain injury, it was 13.81±9.15. This 
significant difference was statistically significant 
(P<0.001) (Table 2).

Among the patients with moderate and severe 
brain injuries, 88 were boys and 38 were girls, and 
the number of boys with moderate and severe brain 
injuries was almost double the number of girls. 
26.3% of girls and 29.5% of boys had moderate 
brain damage, and 70.5% of boys and 73.7% of girls 
had severe brain injuries. No significant difference 
was observed between gender and severity of brain 
injury (P=0.71) (Table 3).

All patients who died had severe brain injuries. 
Although 76 (67.9%) children with severe brain 
injuries were discharged from the hospital alive, 
14 (11%) out of 126 patients included in the study 
died. The relationship between the severity of 
brain injury and death was statistically significant 
(P=0.04).

The number of hospitalized patients with 
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moderate and severe brain damage, according to 
the studied years 2017, 2018, and 2019, was 49, 48, 
and 29 patients, respectively. Table 4 shows the 
average age, duration of hospitalization, mortality, 

and gender distribution for patients with moderate 
and severe injuries, separated by the years studied. 
The highest average age of patients with severe 
brain damage was 15.7±33.4 in 2018, while the 

Table 1: Demographic information of the participants
Frequency/AvgPercentage/AvgVariable subsetVariable 

4.33±6.48Age
8.80±11.81Duration of hospitalization

 8869.8 BoySex
 3830.2 Girl
2519.8IlliterateFather’s education level
5342.1Primary
75.6Diploma
97.1Associate degree
64.8Bachelor’s degree
21.6Master’s degree
3225.4IlliterateMother’s education level
4838.1Primary
75.6Diploma
129.5Associate degree
21.6Bachelor’s degree
10.8Master’s degree
9978.6IranianNationality
2721.4Afghan
1814.3SaturdayDay of trauma
1814.3Sunday
1310.3Monday
1411.1Tuesday
1310.3Wednesday
2721.4Thursday
2318.3Friday
8869.8AccidentType of trauma
3023.8Falling down
32.4Conflict 
54Other
2427.27PedestrianType of accident
1314.7Motorcycle passengers
5056.8Car passengers
11.1Car turnover 

Table 2: Comparison of the mean age and mean duration of hospital admission in different severity of brain injury
P valueSeverity of brain injury 

ModerateSevere 
0.274.53±6.174.24±7.11Age *

<0.0015.26±6.819.15±13.81Duration of hospitalization*

*Mean±Std deviation

Table 3: The severity of brain injury based on gender
P valueSeverity of brain injury

Moderate Severe 
0.7126 (29.5)62 (70.5)Boy Gender 

10 (26.3) 28 (73.7)Girl 
Data are presented as N (%)
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lowest average age was 5.11±34.4 in the same year. 
Also, the maximum and minimum duration of 
hospitalization were related to the year 2018 with 
values of 15.44±10.13 and 6.00±7.17, respectively. 
On the other hand, the death rate in 2019 decreased 
compared to the previous two years. In terms of 
gender distribution, in all the studied years, the 
percentage of moderate and severe brain damage 
was higher in boys than in girls, and in 2019, this 
difference reached its highest value.

4. Discussion 

This study aimed to investigate the frequency 
of death resulting from severe and moderate brain 
injuries in children with brain trauma. More than 
ten percent of children included in the study died; 
the patients who died had severe brain injuries. 
This finding highlights the preventive and curative 
necessities for child trauma.

In this study, the duration of hospitalization in 
children with severe brain injury was almost twice of 
the duration of admission of children with moderate 
brain injury. This result was consistent with the 
study by Izadi Avanji and colleagues regarding the 
relationship between functional outcome and the 
average length of hospitalization (10). Naturally, the 
lower the Glasgow Coma Scale (GCS) score and the 
more severe the brain injury, the more time is needed 
for recovery and treatment. This finding is also in 
line with study of Ariaka and co-workers, which 
suggested that GCS can predict hospitalization rates 
(11). Therefore, more attention should be paid to the 
severity of brain damage caused by trauma for post-
treatment care and also predicting the consequences 
and informing parents for further care after discharge 
should be considered.

Considering the greater ratio of boys to girls 
in moderate and severe cases of brain damage 

caused by trauma in the present study (the ratio is 
approximately 2 to 1), these results agree with the 
findings of Chaitanya and colleagues (12). The higher 
ratio of boys to girls in brain injuries can be an 
indication of boys’ higher risk-taking. Even in studies 
conducted on adults, the ratio of men to women is 
also higher (4).

The possibility of long-term effects of trauma on 
children’s behavior and cognitive abilities, as well 
as the progress of brain damage caused by trauma, 
indicated the need to pay attention to special care 
after physical recovery and rehabilitation programs 
in different areas for children who have brain damage 
caused by trauma (2). It is suggested to develop 
programs to educate parents and children to reduce 
the incidence of these injuries.

 In the present study, the highest incidence of 
trauma was related to accidents, with 69.8% of 
the total traumas causing severe and moderate 
concussions in the children studied. The majority 
of these accidents occurred when the injured child 
was a passenger in a car. Considering the high rate 
of accidents in Iran compared to the world average, 
as well as in developed countries, it can be said that 
vehicle traffic accidents play a significant role in the 
occurrence of brain damage caused by trauma in 
Iran. In study of Sarnaik and colleagues, the most 
common cause of injury was a vehicle accident (13). 

In this study, the average age of children with 
severe brain injury was more than average age of 
children with moderate brain injury; however, 
this difference was not statistically significant. The 
average age of children in this study was similar 
to the findings of Langlois and colleagues (14). 
The noteworthy point is that in these traumas, 
children were passengers of motorcycles or cars, so 
their age did not play a role in causing this trauma 
and accident. Preventive measures and tools are 

Table 4: Trauma severity of children in different years based on their characteristics
Severity of brain injury 2017 2018 2019 P value

Age  
  

Moderate 6.53±4.97 5.11±34.4 6.50±4.00 0.73
Severe 6.28±3.88 15.7±33.4 8.19±4.49 0.53

The duration of hospitalization 
  

Moderate 6.26±4.30 6.00±7.17 9.00±4.98 0.42
Severe 12.67±8.86 15.44±10.13 12.43±7.36 0.34

Mortality Severe  6 (4.76%) 6 (4.76%) 2 (1.58%) 0.38
Gender Boys   Moderate 11 (57.9%) 7 (77.8%) 8 (100%) 0.76

Girls 8 (42.1%) 2 (22.2%) 0 (0%)
Boys Severe  23 (76.7%) 22 (56.4%) 17 (81%) 0.78
Girls 7 (23.3%) 17 (43.6%) 4 (19%)

Data are presented by mean±Std Deviation
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important to protect these children and reduce the 
damage caused by vehicle traumas.

In the current study, the education level of the 
parents of children who suffered brain damage was 
mostly elementary and illiterate. Only one fifth of 
the parents of the children had education above the 
elementary level. In general, with an increase in the 
education level of parents, the number of children 
with brain damage decreased.

One fifth of patients with moderate and severe 
brain injury were Afghan. This is a very high 
number considering the relatively low frequency of 
the total population of Afghans compared to the 
population of Iran. The reason for this finding may 
be the lack of suitable educational platforms for 
Afghan nationals and their children in the country, 
as well as the greater exposure of their children to 
the dangers of accidents due to working at a young 
age. No similar study investigating concussions in 
children or adults and among Afghan nationality 
in Iran was found for comparison.

In our study, none of the 36 patients with 
moderate brain injury died. All patients who 
died had a severe brain injury. The most common 
cause of death in brain trauma patients was 
related to trauma, followed by surgery and 
related complications. In general, one tenth of the 
children included in the study died and there was 
significant relationship between the severity of 
brain injury and death. The association between 
low GCS and mortality from trauma has been 
previously confirmed (15). In study of Chaitanya 
and colleagues, the overall mortality in children 
with traumatic brain injury was 5.26%, which is 
almost half of the mortality rate in patients with 
brain trauma in this study (12). 

The severity of brain injury has a significant 
relationship with the length of hospitalization and 
the cause of death. Age and gender were similar 
in the two groups of children with severe brain 
injury and those with moderate brain injury. The 
most common cause of death in patients with 
brain trauma is trauma-related factors. The relative 
frequency of brain damage in children is inversely 
related to the level of education of parents and their 
attitudes, which indicates the need for education 
and awareness for this group of parents. Afghan 
children suffer from brain damage more than 
Iranian children.

By comparing the three years examined, the 
number of patients in 2019 was almost half of the 
patients two years ago. Considering that 2019 was 
the first year of the COVID pandemic, the reduction 
in the occurrence of trauma can be justified.

Finally, it is suggested to conduct a study with a 
larger statistical population, including different age 
groups of children and multiple trauma centers, 
in order to obtain more comprehensive and valid 
results. It is also recommended that training be 
provided to both children from preschool age and 
onwards, as well as parents before having children, 
to ensure children’s safety while traveling in 
vehicles. Also, training should also be done for the 
immigrant families in Iran, including Afghans.

4.1. Limitations

This study was limited by its cross-sectional nature, 
which requires more caution when making statements 
about causality. Further multicenter studies with 
larger samples are strongly recommended.

5. Conclusion

The most common cause of death in children with 
brain injuries is trauma caused by the accidents. In 
order to decrease the burden of severe and moderate 
brain injuries in children, health policymakers may 
consider tailoring interventions to two important 
groups, including parents with low levels of education 
and those of Afghan nationality.
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