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Liver trauma in children with Syrian Civil War: How should treatment management?
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Abstract

Patients with liver injuries should be considered multidisciplinary cases, and the decision to operate should be made according to each patient’s
clinical and hemodynamic stability. In this study, we aimed to describe treatment management approaches and appropriate operation times for
children with liver injuries resulting from the Syrian Civil War. A total 32 patients who were admitted to a pediatric surgery clinic between 2010
and 2020 with liver injuries resulting from Syrian Civil War were examined retrospectively. Patients were evaluated according to age, gender,
type of injury, accompanying trauma, treatment modality, and mortality. A total of 21 patients were injured with shrapnel, while 11 patients
suffered from blast effect injury. The mean pediatric trauma score of the patients was 5.2, while the mean pediatric trauma score of the six patients
who died was 3.11. Liver suturing was performed in four patients due to bleeding. A segmentectomy was performed in one patient with active
bleeding in segment 7. This bleeding was stopped by ligating the branches of the hepatic artery. Two patients who were operated on in Syria and
to whom packing was applied due to uncontrolled bleeding were referred to Turkey. One patient with inferior vena cava injury died due to
excessive blood loss and instability at the time of admission, and six patients died due to accompanying head trauma and/or multiple body trauma.
The main purpose in emergency operations is to stop bleeding. Rarely, however, suturing or even segment resection in the bleeding area may be

required.
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1. Introduction

The liver is the most commonly injured intra-abdominal solid
organ (1). Whether the trauma is penetrating or blunt, the most
common cause of morbidity and mortality is bleeding (2). Most
liver damage occurs in the posterior segment of the right lobe
(3). The management of liver injuries is a clinical challenge for
pediatric surgeons, especially in children with multiple
traumas. Although penetrating traumas are uncommon, it
remains a challenge to determine optimal surgical timing (4).
Fortunately, isolated injuries of the extra hepatic bile ducts are
rare. Moreover, long-term sequelae are infrequently seen due
to the highly regenerative capacity of the liver (5).

While aggressive operative approaches were more popular
at the beginning of the twentieth century, non-operative
treatment was replaced by the surgical approach with the
development of imaging modalities after World War II (6, 7).
Thus, patients with liver injuries should be considered
multidisciplinary, and the decision to operate should be made
according to each patient’s clinical and hemodynamic stability.
Computed tomography (CT) the preferred imaging method for
evaluating post-traumatic abdominal and pelvic injuries in
children with stable hemodynamics.

Types of liver damage include laceration, hematoma
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(subcapsular or intraparenchymal), active hemorrhage, hepatic
vascular injury, A-V fistula, and bile duct injury. Lacerations
are the most common type of liver parenchymal injury and they
are observed as hypodense areas that extend linearly or show
branching on contrast-enhanced CT (8).

Since most bleeding that develops as a result of liver injury
in children stop spontaneously without the need for operation
(9), it is necessary to evaluate the patient's laboratory findings
and CT findings together, and then the decision for the
operation should be taken. While rapid physical examinations
and further investigations are performed in stable patients,
unstable patients, despite resuscitative efforts, should be taken
for emergency laparotomy (10).

In this study, we aimed to describe treatment management
and appropriate operation timing in children with liver injuries
resulting from the Syrian Civil War.

2. Materials and Methods

2.1. Study design and patients
All patients with liver injuries due to the Syrian Civil War who

were admitted to the Department of Pediatric Surgery between
2010 and 2020 were included the study. Patients who had
already been operated on in Syria and who did not require
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further re-operation were excluded from the study. The
permission of the ethics committee was granted with decision
number 10 (dated May 02, 2019).

Patients were evaluated according to age, gender, type of
injury, pediatric trauma score (11), accompanying trauma,
treatment modality, and mortality. All patients who had
firearms injuries and were brought to the emergency
department received a rapid physical examination and
appropriate fluid resuscitation.

The presence and degree of laceration were evaluated with
CT imaging. The most important determinant of the decision
management or non-operative
of hemodynamic

to whether operative
management was the
stabilization. The most important determinant of the decision
to operate was the lack of hemodynamic stabilization (12). The
oral intake of the patients who were decided to be followed by
non-operative treatment was discontinued, and appropriate
fluid treatment and antibiotherapy were initiated. These
patients were also immobilized.

assessment

2.2. Statistical method
The Statistical Package for the Social Sciences (SPSS,

Chicago, IL, USA) version 18.0 for Windows was used for
statistical analysis. Categorical variables were arranged by
frequency (n, %), and scaled measurements were arranged with
mean + standard deviation. Since our data showed a normal
distribution, the mean was used as a measure of central
tendency, and the standard deviation was used to show the
spread.

3. Results

The mean age of the patients was 8.1 years. A total of 25 (78%)
patients were male, and 7 (22%) were female. While 21
patients had been injured with shrapnel, 11 patients had blast
effect injury. The mean pediatric trauma score of the all
patients was 5.24+2.94, while the mean pediatric trauma score
of six patients who died was 3.11+1.86.

In terms of injury grading according to the Organ Injury
Scale of the American Association for the Surgery of Trauma
(13), four patients had grade 1 injuries, seven patients had
grade 2, nine patients had grade 3, seven patients had grade 4,
and five patients had grade 5 injuries. Further, eleven patients
had contusions in the lung, eight patients had intestinal
perforations, three patients had head trauma, two patients had
right kidney lacerations, two patients had colon perforations,
two patients had fractures in the ribs and extremities, two
patients had splenic injuries, one patient had a pancreatic
injury, one patient had diaphragm perforation (Fig. 1), and one
patient had an inferior vena cava injury (Table 1 and Table 2).

All operated patients had grade 4 or 5 liver laceration. It
was noted that liver segments 7 and 8 were damaged in all
operated patients. Liver suturing was performed in four
patients due to bleeding. A segmentectomy was performed in
a patient with active bleeding in segment 7. Bleeding was
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stopped by binding the branches of the hepatic artery. Four
patients who had been operated on in Syria and had packing
applied due to unstoppable bleeding were referred to Turkey

(Fig. 2).

Fig. 1. a: Liver injury with diaphragm rupture and rib fracture places
held by clamp are diaphragm edges b: Liver parenchymal laceration
c: Intraoperative view after resection of the lacerated segment which
active bleeding in the liver

Table 1. Clinical features of patients
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Table 2. Features of patients undergoing surgery

4 years/male 5 Primer suturation 5 Shrapnel 7.4 21.5 Healing
13 years/male 4 Primer suturation 2 Shrapnel 13.6 39.7 Healing
12 years/male 4 Primer suturation 1 Blast 10.1 30.2 Healing
11 years/male 4 Primer suturation 4 Blast+shrapnel 8.8 25.1 Healing
7 years/male 5 Segmentectomy 6 Blast 6 18.9 Healing
15 years/male 4 Packing removed 11 Shrapnel 12 35 Healing
12 year/male 4 Relaparotomy 10  Blast+shrapnel 10.2 32.7 Healing
13 years/female 4 Relaparotomy 4 Blast 6 18.9 Healing
15 years/female 4 Laparotomy 7 Shrapnel 8.1 24.6 Healing
Inferior vena cava
8 years 5 repair+primer -1 Shrapnel 4 12.1 Exitus
suturation

*Pediatric Trauma Score
** Values of the patients on arrival who were taken into surgery

When the compressions were removed in relaparotomy, it
was observed that active bleeding had stopped. Only one of the
operated patients died. The patient with the inferior vena cava
injury died due to excessive blood loss and instability at the

time of admission. Six patients who followed by non-operative
management died due to accompanying head trauma and/or
multiple body trauma.

Fig. 2. Lesion patterns on CT images. A. A laceration with parenchymal extension of more than 3 cm, and shrapnel particle, B. Intraparenchymal
hematoma with laceration, C. Multiple shrapnel particles in liver parenchyma, D. Oversized devascularized area and contrast extravasation, buffer
placed in Syria for bleeding control (blackstar), E. Large devascularized area in the right lobe of the liver, hepatic vein injury (blackarrow) and
buffer placed in Syria for bleeding control (black star), F. Packing with open abdomen

It was observed that bile drainage from the abdomen of the
patient who underwent liver segment resection began on the
fourth postoperative day. Bile leakage stopped spontaneously
on the postoperatively 26th day. None of the patients
developed late complications such as hemobilia, biliary
peritonitis and ileus.

All ex-patients had comorbid organ damage. All these
patients had thoracic injuries (6/6, %100), 3 patients (3/6, %50)
had cranial injuries and 3 patients (3/6, %50) had abdominal
trauma. One patient had major vascular injury. Interestingly,
all of the ex-children had injured with blast effect (6/6, %100).

The majority of patients (n=16, 80%) were brought to the
hospital at night. Twelve patients (60%) did not have any
family members at the time of admission. Two patients (40%)
were brought from battlefield with injured other family
members at the same time. Therefore, clear information and
medical history about the injured children could not be
obtained.

4. Discussion

According to the UN High Commissioner for Human Rights,
more than 1,900,000 civilians were killed in the war in Syria
between 2011 and 2014, and more civilian were injured due to
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weapons and bombs. 85.1% of the dead civilians were males
and 9.3% were females (14). Similar to the literature, in our
study; 78% of the patients were male and 22% were female.
The majority of patients are male, and extremity injuries in
adolescent age group suggests that children are actively used
in war.

Trauma surgery in war condition has many different
features according to civil trauma surgery. Weapons have more
energy, so more destructive (15). In a study, it was observed
that 67% of ex children in battlefield had injured by blast
effect (16).

Despite its not seen an external injury, blast trauma may be
more mortal than penetrant trauma due to affects the whole
body. Explosions, especially in closed areas, may be more
lethal than in open areas. The determination of trauma related
blast injuries is more difficult than the detection of penetrating
trauma. Radiological examination is valuable in these patients
(17). Invasive procedures should be avoided to save time,
especially in injured children. CT scans should be the most
preferred imaging method for patients with multisystemic
injuries (18). CT shows intraabdominal extraperitoneal and
intraperitoneal hemorrhages as well as solid organ injuries. In
addition, intestinal perforation, bone damages, subcutaneous
soft tissue damage, pulmonary injuries and central nervous
system injuries within the image can be detected. In our study,
13 of our patients had shrapnel injury while 7 patients had blast
effect injury. 6 patients (6/7, 86%) who had blast injuries were
observed to be ex because of the accompanying multiple
traumas.

Liver damage mostly occurs in the posterior part of the
right lobe. Because the posterior right lobe is fixed by the
coronary ligaments so when the liver is exposed to trauma, the
movement of this segment is restricted while the rest of the
liver is free to move (10). In our study, similar to literature,
liver segments 7 and 8 were damaged in all operated patients.

Accompanying injuries are one of the most important
obstacles to the success of the treatment. It has been reported
that cranial injury, thoracic injuries and major vascular injuries
increase morbidity and mortality significantly. In addition,
retroperitoneal organ injuries, such as duodenum, cause high
mortality (6). According to Iraq and Afghanistan war, it was
observed that there was relationship between thoracic trauma,
head trauma, severity of trauma, large vessels trauma and
mortality (19, 20). In our study, among dead patients, all of
these had lung contusion, 3 patients had cranial injury, 1 patient
had major vascular injury, 1 patient had non-functioning spleen
and 1 patient had pancreatic laceration. And also, severe
trauma (pediatric trauma score<6) was seen in all these
patients. These results were similar to findings of Iraq and
Afghanistan war.

Transfer time of the injured from the battlefield to the
hospital is closely related to mortality. The first sixty minutes
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are known as “golden hours” (19). Almost all of our patients
were not brought in this first hour. These patients were brought
to the emergency service at night.

Approximately 80-90% of hepatic injuries can be managed
safely without operation (21, 22). Hemodynamic stability is the
main factor in determining whether or not conservative
treatment can be applied (23). In a study reported that in
children, organ injury scales are not determinative factor for
operative management. Because regardless of the severity of
trauma bleeding generally stops spontaneously so most
frequently liver injuries can be successfully managed
nonoperatively (10). Conservative treatment is possible in
patients with blood pressure greater than 80 mmHg, heart rate
less than 120/min, blood transfusion requirement less than half
the blood volume. Bleeding stops spontaneously in more than
half of liver traumas. The liver has an incredible post-traumatic
self-healing capacity. The most important among the non-
surgical management criteria are; hemodynamic stability is the
absence of other abdominal organ injuries. Grade I and grade
II liver injuries should be observed with hematocrit follow-up
and bed rest. More severe injuries should be followed up in the
intensive care unit if hemodynamics are stable. In some
studies, it has been reported that 92% of patients with grade IV
and grade V liver injury will develop complications that will
require intervention. Interventional radiology may be required
to embolization with angiogram for stop bleeding or to
percutaneously drainage for biloma or abscess (6, 24). Many
surgical approaches such as simple hemostasis, liver suturing,
segment resection, lobe resection and abdominal packing have
been described in liver injuries. It has also been reported that
hepatic resection whether anatomic or nonanatomic has a high
mortality rate when performed under emergency conditions
(25, 26). In a study, the operative mortality rate of trauma
patients who operated for grade 4 and grade 5 liver injury was
reported as 66% (21).  In the majority of recently studies in
the literature, the mortality rate in grade 4 and grade 5 liver
injury has been reported to 15% (6). In our study, nearly 70%
of the patients were followed conservatively. Since all our
patients were brought under war conditions and at night, open
surgery was performed for all operated patients.
Segmentectomy was performed in a patient who already had
avulsion injury. In spite of being an old method, packing can
be applied in unstoppable hemorrhages in such desperate
situations as war environment. Compressions filled in the
bleeding area should be removed with a second laparotomy
after 48-72 hours. In our study, packing had performed on two
patients and it was observed that hemorrhages stopped
spontaneously in the laparotomy.

As a result; the widespread use of high-quality radiological
imaging systems has been an important support in non-
operative management. Noninvasive imaging methods provide
an important and noninvasive assessment of the severity of the
injury, as well as valuable information in the patient's follow-
up. Patients should be hemodynamically stable and have no
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signs of peritonitis in order to perform nonoperative
management (27).

Careful physical examination and vital signs should be
followed in patients who are decided to undergo nonoperative
management (26). Patients who have firearm injury of the liver
to be treated nonoperatively should be selected very well. The
main purpose in emergency operations is stopping the
bleeding. Rarely though, suturing or even segment resection in
the bleeding area may require. Reducing the transfer time from
the battlefield to the hospital and knowing the applied first
medical interventions especially in the medical center close to
the battlefield will reduce the mortality, thus it can be avoided
from unnecessary operation and cost.
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