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Do Accompanying Traumas Affect Mortality in cases of
Blast-Induced Head Trauma?

Blast Etkiyle Olusan Kafa Travmalarinda Eslik Eden Travmalar Mortaliteyi
Etkiler Mi?
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Abstract

Aim: In today's wars, there are more civilian victims of war than
soldiers. Most war-related deaths occur in civilians and children
are the most affected. Although military injuries in the battlefield
are usually penetrating, blast-induced blunt trauma is common
in civilian injuries. In this study, the frequency of thoracic and
abdominal trauma in children with blast-induced head trauma was

analysed.

Material and Method: Twenty-five paediatric patients with blast

head trauma in war were retrospectively reviewed.

Results: Sixteen of the patients were male and 9 were female. The
mean age was 9.4+5 years. All patients had head trauma. In terms of
type of trauma, 84% had multiple trauma (head, chest, abdomen)
and 16% had only head trauma. Head trauma was accompanied
by lung contusion in 60% and free abdominal fluid in 32%. Eleven

patients (44%) died

Conclusion: Bomb blast injuries affect the whole body and have
a high mortality rate. Developing children are the focus of war
and terrorism, which increases mortality rates. In such injuries, the
whole body should be carefully examined for damage, not only the

parts with external cuts.
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Amag: GUnimuz savaslarinda askerlerden cok sivil savas magdurlari
gorilmektedir. Savasla ilgili 6lumlerin codu sivillerde meydana gelir ve
en ¢ok etkilenenler cocuklardir. Savas alanindaki askeri yaralanmalar
genellikle delici olsa da, patlama etkisi olan kint travmalar sivil
yaralanmalarda yaygindir. Bu ¢alismada, savasta blast etkisiyle kafa
travmasl geciren cocuklarda torasik ve abdominal travma sikligi

incelenmistir

Gereg ve Yontem: Savasta patlama kafa travmasi geciren 25 pediatrik

hasta retrospektif olarak incelenmistir.

Bulgular: Hastalarin 16'si erkek , 9'u kadindir. Ortalama yas 9,445 idi.
Tum hastalarda kafa travmasi vardi. Travma tdrd agisindan, %84'tinde
coklu travma (kafa, gogus, karin) ve %16'sinda sadece kafa travmasi
vardi. Kafa travmasina %60 ile akciger kontlzyonu ardindan %32 ile

serbest abdominal sivi eslik etmekteydi. On bir hasta (%44) kaybedildi

Sonug: Bomba etkisine bagli patlama yaralanmalari, tim vicudu
etkiler ve yuksek 6lim oranina sahiptir. Gelisme caginda cocuklar,
savas ve terdrizmin odak noktasidir ve bu da 6lim oranlarini artirir. Bu
tdr yaralanmalarda, yalnizca dis kesiklerin oldugu kisimlar degil ttim

vUcut hasar acisindan dikkatlice incelenmelidir..

Anahtar Kelimeler: Blast travma, kafa travmas, atesli silah yaralanmalar
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INTRODUCTION

The vast majority of modern wars now take place in areas
close to civilian settlements." In these wars, blast injuries,
particularly among civilians, as well as penetrating and burn
injuries, are common.” In today's wars, more civilians than
soldiers are killed. Most war-related deaths occur among
civilians, and children are the most affected.?!

The explosion of high-energy explosives creates a shock
wave in the air or water. The blast propagates at a speed
greater than the speed of sound and has three components.
The first stage is the overpressure stage of the blast wave.
The pressure can be hundreds of bar per square centimetre
and decreases as the blast moves away from the source. The
second stage is the negative pressure stage with a relative
vacuum effect that sucks in air after the positive component.
The third stage is the blast flow stage. The rapidly expanding
gases caused by the explosion displace an equal volume
of air. It has a lower pressure than a positive pressure blast
wave but can travel further."

Blast injuries cause trauma by 4 different mechanisms.
Primary blast injuries are injuries caused by excessive
blast waves, secondary blast injuries are injuries caused
by flying particles as a result of the explosion, and tertiary
blast injuries occur as a result of the displacement of the
victim's body by the blast wave. These are quaternary
injuries resulting from burns, toxic inhalation and radiation
exposure.ld

Blast induced traumatic brain injury has been a common
form of injury in many wars."""  However, all parts of the body
are affected when the blast wave passes over people. A
victim exposed to the blast effect may not have any external
injuries. However, fatal injuries may occur.

This study investigated the incidence of head trauma
associated with blast injury to the thorax and abdominal
organs in children who sustained blast head trauma
during the Syrian civil war and were followed up at the
neurosurgery clinic.

MATERIAL AND METHOD

The study was carried out with the permission of Hatay
Mustafa Kemal University Ethics Committee (Date:
25.12.2023, Decision No: 09). All procedures were carried
out in accordance with the ethical rules and the principles of
the Declaration of Helsinki.

Our study retrospectively analysed patients aged 1-17 years
who were brought to the Faculty of Medicine Hospital by 112
emergency services between 2010 and 2021 with injuries
related to the Syrian civil war. Among the available patients,
25 patients with blast injuries were included in our study
and their computed tomography, magnetic resonance,
radiographs and biochemical values in the hospital database
were analysed. The treatments given to our patients in our
hospital were evaluated with epicrisis notes.

In the statistical analyses, numbers and percentages were
used to show frequency distributions among the descriptive
statistics, and mean and standard deviation among the
distribution criteria. The Fisher exact test was used to
compare percentages of two discontinuous variables, and the
Mann-Whitney U test was used to compare two independent
continuous variables, since the number of samples was less
than 30, the data were considered incompatible with normal
distribution, and p>0.05 was considered significant.

RESULTS

16 patients were male and 9 were female. The mean age of
the 25 patients included in the study was 9.4+5.0 years (min:1,
max:16). All patients suffered from head trauma. Regarding
the type of trauma, 84.0% had mixed trauma (head, thorax,
abdomen) and 16.0% had only head trauma. When we
analysed the trauma conditions other than head trauma,
pulmonary contusion was the most common trauma with
60.0%, followed by free abdominal fluid with 32.0% (Table 1).
When we analysed the head trauma of the patients, we found
fractures of various types and locations in 80.0%, subarachnoid
haemorrhage (SAH) in 36.0%, haematoma of various levels in
24.0% and cerebral contusion in 24.0% (Figure 1, 2).

Table 1. Other trauma conditions of the patients accompanying head

trauma

Trauma Type Number Percent
Lung contusion 15 60.0
intra abdominal free fluid 8 32.0
Pneumothorax 6 24.0
Retroperitonel haematoma 3 12.0
Pericardial effusion 2 8.0
Liver laceration 2 8.0
Spleen laceration 1 4.0

Figure 1: Presence of a foreign body approximately 7.5 mm in diameter in the
left posterior parietal region with dense metallic artefacts
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Figure 2: Lung tissue in the lower lobe of the right lung and in all lobes of the
left lung has an atelectatic appearance.

11 patients (44.0%) died. The mean duration of ex was
7.9+7.1 days. When comparing the relationship between
type of trauma and ex status, no statistical relationship was
found between any type of trauma and the presence of ex
(p>0.05) (Table 2). The mean Glasgow Coma Scale (GCS)
score of the patients was 7.94£3.7. When the relationship
between the types of trauma and GCS was compared
between the mean GCS of the patients with and without
each type of trauma, no statistical relationship was found for
any type (p>0.05).

Table 2. The relationship between the type of trauma and exitus status

Death
+ 2 i+
N* % N* %
38.1 13 619

+

8
Mixed Trauma 0.288
Isolyted Head 3 75.0 1 25.0
X 7 46.7 8 533
Lung Contusion 1.000
- 4 40.0 6 60.0
. X 1 50.0 1 50.0
Liver Laceration 1.000
- 10 435 13 56.5
intra Abdominal + 3 375 5 625 1.000
Free Fluid - 8 471 9 529
1 16.7 5 83.3
Pneumothorax 0,180
- 10 52.6 9 47.4
Retroperitoneal + T 333 2 667 1.000
Haematoma - 10 455 12 545
. . X 1 50.0 1 50.0
Pericardial Effusion 1.000

= 10 435 13 56.5

* Line Percentage, **Fisher Exact Test

DISCUSSION

Explosions create a shock wave due to the compression of
the air, which travels outwards from the explosion site at the
speed of sound, hitting any object in front of it. The force of
this shock wave is directly proportional to the amount of
explosive and inversely proportional to the distance. In the
second stage, which begins after the first stage has ended,

the vacuum effect created in the blast zone hits everything in
front of it again, creating an inward pressure wave that causes
forced displacement. The destructive effect of these pressure
storms forms the basis of blunt and penetrating injuries,
which constitute secondary and tertiary injuries.®®!

In blast injuries, head/neck and extremity injuries and burns
are common in children under 16 years of age, in contrast
to extremity injuries, which are more common in adults.®™
The mortality rate in our study was very high at 44%, which
is very close to the range of 0.6%-40% in the.'>™ The main
reason for the high mortality rate is secondary and tertiary
injuries unrelated to the primary blast injury.'>' The cause
of mortality in primary blast injury is severe head and brain
trauma.™ In our study, 84% of patients had mixed trauma and
16% had isolated head trauma. The mortality rate of patients
with only head and brain injury was 75%, and the Glasgow
coma score of these patients in the emergency department
was 3. In addition, the mortality rate increased from 38.1% to
46.7% in patients with head and brain injury with the addition
of pulmonary contusion, which correlates with information in
the literature.®

In a study conducted in Israel, it was reported that 33%
of the people affected after the explosion had serious
injuries and could be transported to the hospital alive,
26% of those who reached the hospital required intensive
care, 55% had open wounds, 31% had internal injuries
and 50% underwent surgery.'? In our study, 84% of the
patients admitted to our hospital had mixed injuries. 16%
of the patients had isolated head trauma. In mixed type
trauma, all patients had head and brain injury and the most
common associated pathology was pulmonary contusion
(60%), followed by intra-abdominal free fluid (32%) and
pneumothorax (24%).

On the other hand, while intra-abdominal organ injury in
bomb victims is reported in the literature to be between 5%
and 12%, mostly in the liver and small intestine, in our study
intra-abdominal free fluid was found in 32%, liver laceration
in 8% and splenic laceration in 4%10.0'8

When we analysed the head trauma, we found that 80% of
the patients with head trauma had fractures of various types
and locations, 36% had subarachnoid haemorrhage, 24%
had intracerebral, subdural and/or epidural haemorrhage
and 24% had cerebral contusion. These rates are higher than
in adults, probably because children are more vulnerable
and can be more easily and violently thrown by the blast
effect due to their lighter weight.!" Mortality from primary
blast injury is therefore higher in children than in adults.

The data we have on primary blast injury are from patients
who could be admitted to hospital. However, the mortality
rate of primary blast injury is even higher than we have
determined. This is because if we add to the mortality rate
children who died at the scene, those who died before
reaching medical assistance or during transport, the rate is
even higher.
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If we think about the reasons for such a wide range of values
in the literature and the different results in our study, we can
consider the severity of the blast as the most important one.
In fact, as the intensity increases, the primary blast intensity
increases and the mortality at the scene is higher. On arrival
at the hospital, victims of a higher intensity blast may suffer
more damage and mortality may increase. The second reason
is the lack of protective instinct in the paediatric age group.
In recent terrorist attacks and war bombings, children have
been targeted. Children are more affected by primary blast
injuries because they are lighter and more vulnerable.

CONCLUSION

While primary blast injuries in the adult population are
mainly extremity and external injuries, in the paediatric age
group they can cause mixed trauma and significantly increase
mortality rates. In the developing world, children are at the
centre of war and terrorism, increasing mortality rates.
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