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1. Abstract

Background In wars, different types of weapons have been used resulting in variable
multiple injuries and deaths.

Aim of Study To describe different types of war-related chest and abdominal injuries
due to gunshot and/or blast during the period from Feb. 17" to May 31% 2011 in
Benghazi, Libya and to review the Libyan experience in dealing with these wounds.

Methodology The war-related injured subjects were identified using records from
various hospital registries at Al-Jalla Hospital, Al-Hawari Hospital and Benghazi
Medical Center, in Benghazi.

Results One thousand five hundred and ninety cases were hospitalized. Out of these,
204 patients had thoracic, abdominal, and thoraco-abdominal war-related injuries.
Ninety seven per cent were males with ages ranged from 6 to 56 years and a mean +
SD of 29.43 + 8.93, and 3% of the cases were females with ages ranged from 12 to 55
years and a mean + SD of 27 £ 13.65. The duration of hospitalization ranged from 1
to 32 days. About 92% of admitted subjects stayed for less than 14 days, irrespective
to the type of injury. Gunshot injuries were reported in 76% of the patients, while
24% were due to explosive injuries. The frequent site of injury was the chest (48.5%),
followed by the abdomen (41.7%) and the thoraco-abdomen (9.8%). More than 45%
of thoracic injuries were non-penetrating. The penetrating injuries were
pneumohemothorax (32.7%), pneumothorax (15%), diaphragmatic laceration (4%),
fractured ribs (2.5%), flail chest (1%), and heart injury (1%). About 77% of
abdominal trauma was penetrating. The penetrating abdominal injuries were: isolated
small intestinal injuries (22.8%), small intestine and right-sided colon injuries (8.5%),
isolated left-side colon (7.6%), small intestine and left-sided colon injuries (5.7%),
isolated right-side colon injury (4.7%) and isolated rectal injuries (2.8%). The other
abdominal injuries included: splenic injuries (12.4%), hepatic injuries (12.4%),
urinary bladder injuries (3.8%), renal injuries (2.8%) and gall bladder injuries (1.9%).
The vascular injuries reported in 5.4% of the cases. The extremities were the most
common injured parts of the body in association with the thoracic and abdominal
injuries. More than 51% of the cases were managed by debridement of necrotic
tissues and dressing. Laparotomy was done in 37.7% of the cases. Thoracotomy was
applied to 6.4% of the cases, while thoraco-laparotomy was done in 1% of the cases.
A few cases (3.4%) received conservative managements. Single broad-spectrum
antibiotics administered in 53% of the cases, while combined antibiotics were
administrated in 47% of the cases. Early complications were reported in 17.6% of the
cases, while 15% of the cases reported late complications over 2 years of the follow
up. About 79% of the cases were discharged in a good condition, 10.3% of them left
against medical advice (LAMA), while 8.3% of the patients were transferred for
further advanced management in centers outside Libya. The expired cases were 2%.

Conclusions The war-related thoracic injuries were the commonest among our study.
In addition to the thoracic and the abdominal injuries, the extremities were the most
common associated injured parts of the body. The rate of injuries due to blast trauma
was less than that of gunshot trauma. All of the posterior penetrating abdominal and
thoraco-abdominal wounds had positive laparotomies. This conflicts other reports that
claimed the negativity of laparotomy of the posterior wounds. A low death rate was
reflecting the good practice of the inexperienced surgeons in the military trauma.



I1. Review of Literature

On Feb. 2011, the Libyan revolution started in Benghazi, the second largest city in
Libya. Before this revolution, Al-Jalla hospital in Benghazi was the only referral
hospital for trauma cases in the Eastern part of Libya. The surgeons were dealing with
civilian trauma cases. The hospital was neither prepared for military casualty nor
surgeons were trained for weaponry trauma associated with military operations. On
start of the liberation war in Feb. 2011, other hospitals including Benghazi Medical
Center (BMC) and Al-Hawari Hospital in the city received a large number of injured
people. Surgeons tried to manage war injuries according to their experience in civilian

practice.

Wars always result in victims, including casualties and injured, amputees and
mutilated, as well as psychological and neurological disorders.
War injuries usually show different patterns with different weapons, accordingly most
authors classified firearm injuries as low- or high-velocity injuries (1). In low-velocity
wounds, the used projectiles have a muzzle velocity of less than 600 meter per second
(1). Thus, usually only organs directly in the path of the projectile will be injured (2),
and the injury is usually less severe as compared with high-velocity wounds, which
are caused by military weapons with a muzzle velocity of more than 600 m/s, and
result in extensive tissue damage (1).
The Red Cross classifies the war injuries according to wound characteristics, not upon
weaponry (3). Grade-1 wound does not have a wound cavity. A wound cavity is a
cavity that at least two fingers can fit into before wound excision, and there are no
comminuted fractures or injuries to vital structures, such as major blood vessels or the
central nervous system. Grade-2 and Grade-3 wounds are with various degrees of
wound cavities, comminuted fractures, and injuries to vital structures (3). The amount
of damage caused by temporary cavitation is clearly affected by the type of tissue as
the brain tissue is the most affected (4), followed by the liver (5), and the muscles (6).
Highly elastic tissues, such as the lungs, are the least to be affected (6). The affected "
target" tissue determines the dimensions of the temporary cavity. Therefore, a cavity

may be small in the lung, but large in the liver. Moreover, the cavity size can be



impressive—as much as 20-fold greater than the diameter of the bullet that caused it

7).

As the Libyan war became more aggressive, blasts were used. Rozen and
Dudkiewicz (8) consider blast injuries as energy related and mainly dependent upon
the distance from the blast, the energy released from the bombing device, the media
and the environment in which the blast takes place. Moreover, blast injuries are
thought to be more dirtier than gunshot wounds and carry a higher potential for
infection (9).

Military trauma has been found to be associated with polytrauma caused
predominantly by high-velocity weaponry and fragment wounds with multiple
associated injuries that include significant energy transfers to adjacent tissue and even
coexistent burns (10,11). The lungs and gastrointestinal tract are at greatest risk for
blast effects (11).

Lichte, et al considered low-energy injuries are associated with minimal soft tissue
damage and low risk of wound infection, while high-energy and shotgun injuries are
associated with severe soft tissue damage and require an aggressive debridement with
several second-look surgeries (1). However, Santucci and Chang advised to treat each
wound individually, as guided by clinical observation (6), and to avoid the “Idolatry
of Velocity" as was suggested by Lindsey (12).

The lethality of weapons and the speed of the evacuation from the battlefield have
played a role in the outcome of an injury. The anatomical location of wounds in
addition to the lethality of the weapons affect the ratio of the killed in action (KIA) to
the wounded subjects (13). The extremities are the most common anatomic location
for gunshot wounds (14). While the head and torso are the most vulnerable areas, with
incapacitation due to CNS disruption or massive organ destruction and hemorrhage
(15).

In warfare, abdominal injuries occur in 10-15% of all casualties (16) and
approximately 10% of those killed in action (17). Wounding agents are most often
either bullets or fragments from various detonating devices. Severity of pathology
induced by these agents and prolonged lag time between injury and treatment
constitute major differences between peace and war abdominal injuries (18). In
addition wound contamination and wounding potential of firearms and ammunition

have played a role (1).



Historically, the mortality rate showed dropping in abdominal war wounds from 53%
during World War I to 18-36% at the end of World War II (18,19) and 12% in the
Iran-Iraq War (20). The developments of efficient ambulance services, triage,
resuscitation, blood banks, damage control surgery, and evacuation with concise
communication to the next level of care have played a role and achieve a successful
outcome (11,21,22).

Although gunshot wounds in the chest occur in about 15% of war injuries (23),
wounds can be highly lethal (24). Depending on the injured organ, a large percentage
of the wounded subjects die before reaching the hospital (24). When excluding about
10% with only soft tissue wounds of chest injuries, who require only basic wound
treatment (23,25), the remainder can be categorized into two populations: about two-
thirds will have missile wounds of the heart, great vessels, or pulmonary hilum; and
the others will have missile wounds of the pulmonary parenchyma (25).

Injury to the thorax directly accounts for about 25% of all trauma-related deaths (24).
Early mortality is usually due to hemorrhage or catastrophic injury associated with
head or abdominal trauma; whereas late mortality most often is a result of sepsis and
organ failure (24). In penetrating injuries, mortality is more often related to vascular
injury and shock than in blunt trauma (26). Loogna et al, found a mortality rate of
45.7% in patients with gunshot wounds (GSWs) to the chest who needed operative
intervention for non-mediastinal injury (24). Cooper et al, found that mortality rate of
isolated chest injuries was in the range of 4% to 12%, increasing to 13% to 15% when
another system was involved and to 30% to 35% when two or more systems were
involved (27). However, the most common life-threatening injuries of the thorax are
haematothorax, haematopneumothorax, tension pneumothorax and pericardial
tamponade (1,24).

As the behavior of all bullets is unpredictable (6), the wounding of the thoraco-
abdominal region, which is roughly distributed between the nipples superiorly, the
costal margins inferiorly and mid axillary lines posteriorly; raises the suspicion of a
two cavity injury with involvement of the ‘intra-thoracic’ abdominal viscera (28,29).
Historical data showed that penetrating missile wounds of the trunk were responsible

for about one third of combat deaths (30).



IL.1. Chest Injuries

I1.1.1. Anatomy of the chest

The chest begins superiorly at the thoracic inlet which is bounded anteriorly by
the clavicles and posteriorly by the junction of the C7-T1 vertebral bodies. At this
region major vessels (common carotid arteries, vertebral arteries, anterior veins and
internal jugulars veins), trachea, esophagus, and spinal cord are traversing. While the
chest is ended inferiorly by the diaphragm that attached at T6 level anteriorly and
gradually sloping to the T12 level posteriorly. The thoracic cavity in between the inlet
and diaphragm contains organs (heart, distal trachea, main stem bronchi, lungs and
esophagus) and major vessels (aorta, inominate artery, subclavian arteries and
common carotid arteries, superior and inferior vena cava, azygous vein,
brachiocephalic vein, pulmonary arteries and veins) (23). Therefore, trauma to the

chest is very critical since important organs and vessels may become affected.

I1.1.2. Evaluation of thoracic injury

The immediate survey applied for the trauma of the chest based on the principles
of Advanced Trauma Life Support (ATLS) (31) includes:
1. Establishment of a secure airway and provision of high concentrations of oxygen,
2. Establishment of adequate ventilation, and
3. Control of hemorrhage.
In a stable subject, the chest X-ray is applied to show the expansion of the lungs and
mediastinum (32). Pneumothorax, hemothorax, subcutaneous or mediastinal
emphysema, widened mediastinum, and the presence of retained missiles are sought
and detected on the chest film (33). The amount of blood that can be detected on chest
X-ray is about 150 to 200 ml (26).
The second standard investigation is an ultrasound examination that is helpful in
identifying a pericardial tamponade (34). The other diagnostic tool is a CT scan,
which allows the delineation of the precise injuries (1), and it can show the trajectory
of mediastinal injuries in 75% (35). Angiography, esophagoscopy, barium swallow,

and bronchoscopy are further investigations that may play a role (36).



In unstable subjects, treatment should not wait for chest radiographic (CXR) or other
investigation confirmation (37). The clinical evidence be sufficient for initial

management of critical cases (37).

I1.1.3. Types of thoracic injury

In wars, penetrating chest injuries represent 28% of the total chest injuries (38).
Parenchymal lung injury is the most common, and represents about 34 % to 36 % of
gunshot injuries to the chest (39). Parenchymal lung injury is the most common cause
of bleeding from penetrating chest injuries, which is followed by injury to the internal
thoracic or the intercostal vessels as suggested by Clake, et al (40). The usual form of
presentation is hemo- or pneumohemothorax (24). Pneumothorax is a very common
complication caused by both blunt and penetrating trauma to the chest, and occurs in
the great majority of individuals with transpleural penetration of the chest (41).
Pulmonary contusion is another form of injury, which is much more common in blunt
than in penetrating trauma, but it is quite common with the use of high-velocity
weapons, because of the shock wave created on impact (41).

Cardiac injury is mostly presented in the form of cardiac tamponade and excessive
hemorrhage (42,43). Around 60-81% of patients with a penetrating injury to the heart
die before reaching the hospital (43).

The incidence of injury to the thoracic great vessels has been estimated as 5% of
gunshot wounds (44,45,46), with the prehospital mortality is overwhelming (24).
Most chest injuries are associated with rib fractures (26,47). While rib fractures are
not usually lethal, but the pain from the fractures may have a negative impact on the
pulmonary  function (24). The  pathophysiologic  findings including
ventilation/perfusion abnormalities, increase of respiratoric work, hypoxemia and
decrease in the functional residual capacity are associated with the multiple fractured
ribs (48).

Flail chest is one of the serious chest injuries (47). During inspiration lung segment
collapse may occur with a larger flail segment (48). Large contusions either of the
chest wall or the lung may be associated with atelectasis and shunting of blood.
Trapping of blood within the pleural space impairs its own absorption and acts as an

ideal media for bacterial proliferation (48). The chest wall defect plays a role in



compliance decrease and increase in airway resistance, associated decrease in
pulmonary diffusion and increase of respiratory work (48).

Diaphragm is often involved in the lower chest injury (41), and represents up to 15%
of all penetrating wounds to the chest (33) and around 59% of thoraco-abdominal
wounds as reported by Murray and Demetriades (49). Isolated diaphragmatic injuries
are uncommon; while penetrating thoracic injuries below the T4 level (nipple line)
have a high probability of involving abdominal structures (23). Demetriades, et al
reported that 75% of patients with penetrating injuries to the diaphragm had
associated intraabdominal injuries (50). The formation of late diaphragmatic hernias,
is inevitable (24).

In thoracic trauma, thoracic duct injury and tracheobronchial tree injury are
uncommon (24). The injury of tracheobronchial tree often goes unrecognized until the
development of tracheobronchial fistula, mediastinitis or empyema (41). The
esophageal injury is another uncommon injury with no specific clinical signs or chest
X-ray findings (41). A combination of CT scan, contrast esophagram and

esophagoscopy are usually recommended (24,26).

I1.1.4. Management of thoracic injuries

The violence of firearm incidence is rising globally (51). The algorithms of

management for gunshot injuries to the chest are very similar in most trauma centers
where the management of gunshot injuries can be done successfully without
explorative thoracotomy (24,52,53,54). Since the basis of management of chest
injuries includes treatment of respiratory insufficiency and haemorrhagic shock, with
prevention of infection (55).
Ideally, war injuries should be treated by surgeons having military surgery experience
(56) and need good transportation system to reduce the mortality rate (24). However,
civilian surgeons may find themselves trapped in wars practicing military surgery
without prior training or experience in this field (57). Therefore, the initial evaluation
at the hospital needs to be quick and well practiced in order to rush the most critical
patients to treatment and surgery without delay (24). Since most war wounds of the
lung can be successfully managed by "conservative" surgical treatment (55).

In all cases of pneumothoraces larger than 2 cm and haematothoraces extending over



the seventh rib (39), the insertion of a chest tube (53,58,59) and local excision of
injured soft tissue surrounding the wound (60), while avoidance the primarily closure
(61) were found to be the most important therapeutic intervention. However, the chest
tube may be badly positioned or blocked by a clot. Therefore, chest drain output alone
is not a reliable sign, and it must be interpreted together with the overall clinical
picture (40).

The management of lung contusion associated with rib fractures, consists of
analgesics, early mobilization, chest physiotherapy and fluid administration, while
most severe cases require intubation and mechanical ventilation (24). Eighty percent
of penetrating chest injuries can be managed with a tube thoracostomy (26), since
most of pulmonary parenchymal injuries are self-limited. This is partially due to the
low-pressure circuit in the lungs. However, the parenchymal injuries can be treated
successfully by pneumonorrhaphy (suture of the lung), tractotomy or wedge resection
for good homeostasis (24,62). The recovery of lung function will be achieved in both
conservatively and operatively treated patients (55).

A clinical or echocardiographic evidence of cardiac tamponade, unstable cardiac
circulation, or a chest tube delivering more than 1 to 1.5 liters of blood immediately
after the insertion or continued bleeding of more than 200 ml/h for 3 hours will be
indications for Thoracotomy (29,39,60). Other indications include a massive or
persistent pleural air leak over 24 hours or earlier, or if there is a major defect of the
chest wall (63).

Diaphragmatic injuries less than 2 cm in diameter are managed by re-approximation
with interrupted non-absorbable 0 or 1-0 horizontal mattress sutures. While
lacerations larger than 2 cm are approximated as for simple small lacerations, then
reinforced with a running suture to assure an airtight closure (23). Patients with left
thoraco-abdominal or anterior right thoraco-abdominal injuries should be evaluated
laparoscopically even if there are no signs of diaphragmatic injury, since 31% of
proven diaphragmatic injuries show no signs of peritonitis and in 40% of chest films

appear normal (46).



I1.2 Abdominal injuries

I1.2.1. Anatomy of the abdomen

The abdominal cavity is the largest hollow space in the body (64). It is bounded
cranially by the trans-nipple line, caudally by the inguinal ligaments and pubic
symphysis, and the anterior axillary lines laterally. Posteriorly it extends from the tips
of the scapulae down to the gluteal folds and around to the posterior axillary lines
(28). The flanks lie between the sixth intercostal spaces above and the iliac crests

below (28).

11.2.2. Evaluation of abdominal injuries

Patients with abdominal gunshot injury are evaluated with priority to airway,
breathing and circulation (65,66). In 1997, the American College of Surgeons,
recommended that initial management of the patients should proceed along the
standard ATLS lines of ‘ABCDE’ and an obvious abdominal wound must not distract
from the basic assessment nor from the potential for co-existing life threatening extra-

abdominal injury that must be immediately addressed (28).

The hemodynamic status of the injured patient may vary from absolute stability to
complete collapse (28), therefore, it plays an important role of treatment strategy (1).
Patients with stable hemodynamic status are evaluated by a complete secondary
physical examination with a comprehensive abdominal examination, while
hemodynamically unstable patients are taken directly to the operating room for
controlling hemorrhage and contamination (65,67). However, patients come in shock
due to abdominal injuries and internal organ involvement have an increased incidence

of death (21).

Abdominal signs of gunshot injuries may vary from complete absence to frank
peritonism (28). Peritoneal irritation revealing rebound tenderness and non voluntary

guarding, is an evidence of intra-abdominal organ injury and an indication for



immediate laparotomy, irrespective of the location of the penetrating wound
(65,67,68). As the intra-abdominal viscera may be injured without evidences of
external transabdominal penetration since the missile may breach peritoneum via the
buttocks and groins inferiorly and the diaphragm superiorly (28).

Velmahos and Degiannis (69) reported that wound track estimation was found to be
10% false positive for posterior GSWs; and Demetriades, et al (70) reported that only
75.4% sensitivity in predicting an intraperitoneal injury requiring surgical repair in
anterior gunshots.

The protocol for Focused Assessment with Sonography in Trauma (FAST), and the
CT-scan (only for stable patients) are generally accepted diagnostic tools for patients
with abdominal gunshot injuries (71,72). While, the ultrasonography is the most
sensitive and least invasive procedure (1), the use of ultrasonography should not be
the basis for decision making whether to operate or not (73).

The diagnostic peritoneal lavage (DPL) is much less frequently used in the evaluation
of presence of blood in the peritoneal cavity of trauma patients (1,74). This diagnostic
procedure shows sensitivities of 84% to 97% for the detection of intestinal injury, and
should remain as an adjunct in the management of abdominal trauma, especially in the

combat setting (75,76), nevertheless it gives no information on specific injuries (65).

11.2.3. Management of abdominal injuries

In 1882, Simms (77) emphasized the need of laparotomy in abdominal wounds,
while the mortality rate remained 72%. By the end of World War I, the mortality rate
showed reduction as the operative management had placed (77). During World War
II, approximately 90% of the deaths related to penetrating abdominal injuries (PAI)
were caused by GSW. Nevertheless, it was shown that early laparotomy improved
survival (73). Over the past century, great advances in the management of abdominal
war wounds have been developed (60), hence mortality rate had dropped to 12% in

Korean conflict, reaching 8% at present (77).

The optimal management of the open abdomen remains controversial (60,78). In
general consensus, laparotomy is indicated in patients with abdominal gunshot

injuries who are hemodynamically unstable or show signs of peritonitis or
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evisceration (72,79,80,81). A low threshold exploratory laparotomy is warranted in
those patients (29) with posterior truncal penetrating injuries causing retroperitoneal
and intraabdominal trauma (29). In hemodynamic stable patients with penetrating
wounds on the left thoraco-abdominal region, laparoscopy is the preferred diagnostic
tool with its specialty in detecting smaller diaphragmatic or intraabdominal injuries
(82).

In recent years, the selective non-operative treatment has gained acceptance (71,79),
since unnecessary laparotomies in patients with abdominal trauma were found to have
complication rates as high as 41% (83,84).

In battlefield trauma, hypotension and shock from blood loss remain common
problems. Replenishment of blood either as components or fresh whole blood (FWB)
is fundamental to the successful treatment of these patients (11). In a retrospective
comparison of red cell and plasma transfusion patterns and mortality, a packed red
cell to plasma unit ratio of 1-2:1 was associated with the lowest mortality (11).
Recent studies have shown that Ringer’s lactate solution and normal saline increase
reperfusion injury and leukocyte adhesion (85,86). Moreover, coagulopathy of trauma
may present at a very early stage after injury (87,88,89,90,91,92). Hypotension should
be allowed until definitive (operative) hemorrhage control (85). Furthermore, a
cardiovascular collapse unresponsive to resuscitation with either abdominal signs or
an abdominal GSW necessitates resuscitative laparotomy (with or without adjunctive
thoracotomy) without delay or further investigation (93).

Nonetheless, an appropriate resuscitation is recommended postoperatively, with the
avoidance of over-resuscitation, as excessive fluid volumes (> 10.5L within the first
72 hours) have been associated with a fivefold increased risk of anastomotic leak in

retrospective studies (94).

11.2.4. Management of Hollow Viscous Injuries

Stomach Injuries

The stomach is a well vascularized organ. Its injury requires minimal debridement

and closure in two layers. It usually heals well with primary closure (7). Injuries of
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the stomach represent about 10-15% of abdominal wounds. It is often associated with
lesions of adjacent organs: liver, spleen, colon, pancreas, duodenum, great vessels and

kidney, resulting in a high mortality rate (95).

Duodenal injuries

The duodenal injury should be closed primarily if feasible and narrowing of the lumen
less than 50% can be obtained (7,86). All duodenal injuries should be drained (7).
Missed injuries to the duodenum have devastating morbidity and are associated with

high mortality (7).

Small bowel injuries

They are present in about 30% of penetrating abdominal wounds and are often
multiple (95). Small perforations are closed by suture in one or two layers, while a
bigger one might need excision of edges before suturing. Small bowel resection will
be necessary when:

*» There is major disruption of the lumen;

= There are multiple small perforations over a short area;

= There is disruption on the mesenteric border; or

» The blood supply to a segment has been compromised (95).

Colon injuries

The colon is the second most frequently injured organ as a result of PAI (95).
Traumatic injuries to colon are associated with significant morbidity. In reports of the
Civil War, most colon injuries were fatal; not simply from the battlefield injuries
themselves but also from secondary infection and sepsis (10).

During World War II, the United States Office of the Surgeon General mandated
surgeons either perform exteriorization or proximal stoma placement with an elective
closure at a later date, or suffer a potential court martial (96,97). From the military
experience during World War II, surgeons returned to civilian practice from the
battlefield with the understanding and practice of universal fecal diversion (98), which
is remained the standard practice for the next 40 to 50 years before the reemergence

of primary repair, when feasible, as the treatment of choice (99,100,101,102,103).
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High mortality rates have drastically fallen, since mandatory stoma placement has
seen increasing trend toward in continuity management of colon injuries have been
challenged (104). In addition, advances in perioperative care such as decreased
evacuation time from battlefield (or civilian) point of injury, more aggressive fluid
resuscitation, improved antibiotics, and safe banked blood use have led to profound

decrease in overall mortality rates of 22 to 35% (105,106).

Isolated colon injuries should be repaired primarily (107) especially in young healthy
patients who are hemodynamically stable (7). A study at Medina Hospital; a Police
Hospital in Mogadishu, South Somalia, proposed that factors influencing the decision

for the operative procedure of colon repair include:

= Experience of the surgeon (probably the most important).

* Delay from injury.

» Degree of fecal contamination.

= Size and type of injury, related to terminal ballistics.

» Age and general conditions of the patient (nutritional status).

* Number of abdominal organs injured (108).

In complex colonic injuries strongly consider colostomy/diversion (107), especially
when associated with:

= Massive blood transfusion requirement.

= On-going hypotension.

= Hypoxia (severe pulmonary injury).

» Reperfusion injury (vascular injury).

= Multiple other injuries.

= High-velocity injuries.

= Extensive local tissue damage (107), and gross fecal contamination, as in a left

colon or rectal injury (7).

The development of anastomotic leaks following primary repair in the trauma setting
has been associated with multiple risk factors; including severe fecal contamination,
shock, excessive blood loss, multiple transfusions, concomitant intra-abdominal organ
injuries, and delayed presentation or time to surgical treatment (99,109). Moreover,
the degree of colon injury (destructive vs. nondestructive) has a higher potential risk

for anastomotic breakdown (110).
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In severe colon injuries requiring resection, the method of colon management does
not influence the incidence of colon-related abdominal complications, irrespective of
the presence or absence of any risk factors. The intensive care unit and hospital stays
were shorter in the primary repair group, although not statistically significantly. In
view of these findings and the fact that colon diversion is associated with worse
quality of life and requires an additional operation for closure, colon injuries requiring

resection should be managed by primary repair, irrespective of risk factors (73).

Stomal reversal shows complication rates from 25 to 44%, with mortality rates being
lower at 0.65 to 4.3%, though they have been reported as high as 4.7% following a
Hartman procedure reversal (111,112,113,114). Specific complication rates vary even
more widely, such as minor wound infections (21.8%), ileus (5.7%), anastomotic leak
(13%), small bowel obstruction (11.5%), anastomotic leak with enterocutaneous
fistula formation (3.8%), and intraabdominal abscess (1.1%) (10). Furthermore,
colostomy closure following traumatic colon injuries has morbidity rates of 5 to 55%,
with no differences in complication rates between early and late closure
(97,115,116,117,118). While, the exact timing of closure that will minimize morbidity
rates still needs further elucidation, some patients benefit from early closure versus
the traditional wide variation of 3 to 12 months. At this time, without adequate

studies, it must be left up to the surgeon's judgment and experience (10).

Rectal injuries

Rectal involvement is suspected in nearly all settings of penetrating buttock wounds
and ruled out with rigid proctoscopy (119). The management of both civilian and
military penetrating rectal injuries has seen a dramatic shift in the last few decades
(120,121). Since Lavenson and Cohen’s article regarding their experiences in the
Vietnam War purporting the benefits of diverting stoma, distal rectal washout,
presacral drainage, and rectal repair (when feasible), this has remained the standard
management for rectal trauma (122). However, these edicts of rectal injury treatment
have been questioned not only in the civilian literature (123), but in recent military
conflicts as well (124). Colostomy is mandatory in rectal injuries (ICRC), and

colostomy closure performed in four to six weeks (95).
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I1.2.5. Management of Solid Organ Injuries

Liver Injury

The liver tissue is a very well vascularized and even major tears heal without primary
debridement (125). The major concern in the treatment of liver injuries is hemostasis.
Simple lacerations or perforations through the periphery of the liver that have stopped
bleeding require no specific therapy, while deeper wounds that continue to bleed need
to obtain hemostasis either by cautery, clips, or ligature, which are equally effective.
For significantly devitalized tissue; resectional debridement is required while a formal
hepatic lobectomy is never indicated (126).

Injuries to the gallbladder is treated by cholecystectomy. Injuries to the hepatic artery
or the portal vein need to repaired, if possible. Injuries to the common bile duct

should be repaired over a small tube with a closed suction drain (126).

Splenic Injury

The spleen remains a common injured solid organ through wartime. Injuries to the
spleen represent approximately one quarter of all blunt and penetrating thoraco-
abdominal injuries (127). Most studies of splenic injuries have found that penetrating
and blunt trauma were about equal in etiology of splenic rupture (128,129). Splenic
injuries are recognized into four types namely: intraparenchymal laceration,
subcapsular haematoma, splenic rupture and delayed rupture (130).

The management of splenic injury over the last century has turned to salvage of the
spleen rather than splenectomy to preserve as much as we can the immunologic
function of the spleen (131). Splenic repair by splenorrhaphy or partial splenectomy
was always attempted if three criteria were met: hemodynamic stability, lack of
multiple associated injuries mandating expeditious splenectomy, and injuries less

extensive than a shattered or devascularized spleen (132).

Renal Injury

Penetrating renal injuries can be managed by debridement and drainage. There should

be a low threshold for nephrectomy in the unstable patient (7). Grades I to III renal
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injuries involve varying degrees of laceration and hematoma with no disruption of the
major vessels or collecting system. Grade V represents avulsion of the pedicle and is
almost always managed operatively. Grade IV involves varying degrees of collecting
system and/or vascular injury. Management of grade IV injuries can involve either
immediate operative exploration or a trial of aggressive resuscitation with crystalloid
and blood products, depending on the availability of resources and the level of
expertise of available surgeons (7). Nephrectomy may be the best solution for major
renal injuries when other life-threatening injuries are present. Determining the
function of the contralateral kidney (confirmed by contrast study) is desirable prior to

nephrectomy (7).

Pancreatic Injury

The superficial injuries of pancreas is managed efficiently by closed suction drainage,
while deeper injuries that involve the major pancreatic ducts, require more aggressive
therapy. Moreover, transection or near-transection of the mid-body of the pancreas
can be treated by ligation of the distal end of the proximal duct and a Roux-en-Y
anastomosis of the distal remnant into the gut. If there is severe destruction of the
head of the pancreas and duodenum, a pancreaticoduodenectomy may be required to

save the patient which is uncommon situation (126).

I1.3. Management of vascular injuries

Major vascular injuries occurred in 10% of hospitalized war injured patients (56).
Abdominal vascular injuries are among the most fatal injuries sustained by trauma
patients (133,134). The management of vascular injuries was ranged from a simple
repair, ligation, to autologous and prosthetic graft use (56).

In extremities but not in an abdomen, the arterial repair with autologous vein graft

remains the most durable and effective means of vascular repair (135,136).
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I1.4. Prophylactic use of antibiotic

As the belief of sterilization of bullets by the heat of firing is false (144,145); the
wound induced by gunshot may superimposed by bacterial infections of non-sterile
bullet (144). During management it has been recommended to use antibiotics as
prophylaxis in high-velocity shotgun, but not in injuries caused by a low-velocity
gunshot, in which proper wound care is essential for achieving a satisfactory result
(146).

The recommendation for high-energy gunshot injuries with moderate soft tissue
destruction is 48 hours intravenous administration of a first-generation cephalosporin.
Penicillin must be added in patients with gross contamination and Gentamicin may be
added in grossly contaminated wounds, such as those with bowel communication or
grossly dirty skin or clothing, where the administration of a broad spectrum antibiotic
for 1 to 2 weeks is recommended (147).

War wounds of the chest have had a higher infection potential than civilian injuries
because of the high velocity weapons, the contaminated wound environment and the
delay to definitive surgery compared with civilian low velocity injuries (148). The
concepts for preventive antibiotic usage for penetrating chest trauma are
controversial. Some authors showed benefits for antibiotic prophylaxis for patients
from the insertion of a chest tube until its removal (149,150). Other studies showed
the same results for single shot therapy with antibiotics (151).

There is general consensus that gunshot injuries with bowel injury, or high-energy
gunshot injuries with moderate to severe soft tissue destruction require intravenous
antibiotic treatment (146,148,152,153). Current guidelines recommend a single
preoperative dose of prophylactic antibiotics with broad-spectrum aerobic and
anaerobic coverage as a standard of care for trauma patients sustaining penetrating
abdominal wounds (1). Absence of a hollow viscus injury requires no further
administration (154).

Data from civilian trauma centers demonstrated that antibiotics administered
postoperatively resulted in infectious complications that ranged from 30% with any
intra-abdominal injury up to 70% when the colon is injured, compared with 11%
when antibiotics were given preoperatively (155,10). In a recent review of all combat
injuries, a multidisciplinary panel recommended that implementation of broad

spectrum antibiotics to include anaerobic activity should be instituted upon arrival
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following identification of the hollow viscus injury, and continued for 24 hours after

definitive control of all enteric contamination (156).

IL5. Prognosis

The prognosis of abdominal wounds by ICRC experience depends on three factors:

= The type of missile and amount of energy transferred;

*The organs hit and their number;

* The time since injury (95).

The rapid transfer of gunshot victims to the hospital within less than 30 min (137),
availability of type specific blood within 15 min of request (138), surgical
intervention time of less than 2 h (137,139), use of appropriate surgical techniques
(140,141,142) and intensive postoperative care (143) would largely counteract the
adverse effects of these risk factors on mortality and morbidity (143).

Teams at each level of care, as well as the entire team of the military healthcare
system extending from the battlefield to stateside medical centers, are critical to

patient survival and outcome (11).
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II1. Aim of the Study

1- To describe different types of war-related chest and abdominal injuries due
to gunshot and/or blast during the period from Feb. 17" to May 31 2011
in Benghazi, Libya.

2- To review the Libyan experience in dealing with these wounds .
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IV. Materials and Methods

Study design

A retrospective study of medical records of all cases with gunshot and blast wounds
that admitted to the surgical departments during the wartime in Benghazi City, from
17" Feb. till the end of May 2011 was conducted. Out of one thousand five hundred
and ninety subjects with gunshot wounds, 204 cases with thoracic, abdominal and

thoracoabdominal injuries were included in the study.
Study Setting

Three hospitals (Al-Jalla Hospital, Benghazi Medical Center and AL-Hawari

Hospital) were the emergency hospitals receiving emergency cases during that period.
Subjects

All cases admitted to the above mentioned hospitals and diagnosed as thoracic,

abdominal or thoracoabdominal injuries during the period of study were included.
Tools

Collected data from the medical records including personal data (age, gender), the
pattern of injury, the management of injuries, the prognosis, and early and late

complications were recorded on a special proforma (Appendix-1).
Ethical Consideration

A formal request for reviewing the patients' records was approved by the authorities

of the three hospitals.
Statistical Analysis

Collected data were analyzed statistically using the Social Package of Scientific
Statistics (SPSS version 11.5). Analysis of data was applied as descriptive analysis;
percentages of different variables, mean and standard deviation of quantitative

variables were presented in the form of tabular and graphical presentation.

20



V. Results

One thousand five hundred and ninety cases of war-related injuries were
admitted in the surgical departments in Benghazi city during the period from February
17" to May 30™, 2011. Out of these, 204 patients had thoracic, abdominal and
thoracoabdominal injuries. One hundred and thirty (64%) of those patients were
treated at Al-Jalla Hospital, while 45 (22%) and 29 (14%) were treated at Al-Hawari
and BMC Hospitals respectively (Fig. 1).

One hundred and ninety seven (97%) were males with ages ranged from 6 to 56 years
with a mean + SD of 29.43 + 8.93, and 7 (3%) females with ages ranged from 12 to
55 years with a mean + SD of 27 + 13.65 (Fig. 2).

Sixty one percent of cases were received through the emergency departments of the
above mentioned hospitals in Benghazi, while the remaining 39% of patients were

transferred from other hospitals outside Benghazi where the war took place (Fig. 3).

Figure 4 shows the admitted cases during February and the following months. Fifty
two (25%) patients were admitted in February, 77 (38%) were admitted during March,
41 (20%) in April and 34 (17%) in May.

The length of hospitalization ranged from 1 day to 32 days with a mean of 6.3 days.
However, most of the admitted subjects (92%) stayed at the hospitals for less than 14
days, whether the type of injury was gunshot or blast.

The distribution of subjects according to the cause of trauma is represented in Figure
5. Gunshot injuries were seen in 155 (76%) patients, while injuries due to an
explosion were found in 49 (24%) of the injured subjects. During the Feb. 17%
revolution, most of injured cases were due to gun-shot injuries, particularly in
February and March, however, since the month of March a significant increase in
blast injuries was observed (Fig. 6). Then after, the number of injured subjects due to

either weapons was decreased.

Figure 7 shows the distribution of subjects according to the site of injury. Thoracic
injury was seen in 48.5% of patients, while abdominal and thoracoabdominal injuries

were seen in 41.7% and 9.8% of patients respectively.
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The general condition of injured patients at admission is represented in Figure 8. One
hundred and seventy nine (88%) patients were in a stable condition with normal blood
pressure (BP), pulse (P) and respiratory rate (RR), while 25 (12%) of injured subjects
were in shock with systolic blood pressure less than 90 mm Hg and pulse rate greater

than 100 per min.

On admission and during examination, the bullet entry was reported. The bullet entry
through the anterior chest wall was seen in 66 (32.4%) of the cases, while the bullet
entry through the posterior chest wall was seen in 37 (18%) of the cases. The bullet
entry through the anterior abdominal wall was reported in 75 (36.8%) cases, while the
bullet entry through the posterior abdominal wall was found in 14 (6.9%) of the cases.
The thoraco-abdominal region showed a bullet entry anteriorly in 9 (4.4%) cases and

posteriorly in 3 (1.5%) cases (Fig. 9).

Different types of war-related thoracic injuries were observed (Fig. 10). Superficial
non-penetrating wound injuries were found in 54 (45.3%) of the injured subjects. The
pneumohemothorax and pneumothorax were found in 39 (32.7%) and 18 (15%) of the
cases respectively. Diaphragmatic laceration was present in 4% of the thoracic cases.
The other injuries that occurred were flail chest in 1%, heart injury in 1%, and

fractured ribs in 2.5% of the cases, which were caused by gunshot injury (Table 1).

The kind of trauma either by gunshot or blast had an inflict on the type of thoracic
injury (Table 1). Superficial non-penetrating wound injuries were more marked with
gunshot trauma (36 (30.2%)) than blast trauma (18 (15.1%)). Pneumothorax was
reported in 12 (10%) of the thoracic cases caused by gunshot injuries, while in blast
injury, pneumothorax was reported in 6 (5%) of the thoracic cases.
Pneumohemothorax was more significantly occurred by gunshot injury (26.8%) than
blast injury (5.8%). Diaphragmatic lacerations was reported in 4 (3%) cases by
gunshot while blast injury resulted in 1% of the cases of diaphragmatic laceration.
Gunshot injury claimed for the occurrence of flail chest (1%), heart injury (1%) and
ribs fracture (2.5%) in our study.

The distribution of abdominal cases according to the penetration of abdominal walls
are represented in Figure 11. The abdominal wall was penetrated in 77% of the cases
with involvement of internal organs. However, in 23% of the injured cases, wounds

were superficial and non-penetrating.
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Hollow viscous injuries are represented in Table 2. Small intestinal injuries were
found in 22.8% of the cases. Injuries to small intestine and right-sided colon were
reported in 8.5% of abdominal cases, while injuries to small intestine and left-sided
colon were occurred in 5.7% of abdominal cases. Isolated injuries to left-side colon
and right-side colon were reported in 8.5% and 3.8% respectively. Isolated rectal
injury was reported in 2.8% of all abdominal cases. Urinary bladder injuries were
found in 3.8%, while injuries to gall bladder were reported in 1.9% of the abdominal
cases.

Large bowel injuries were affected by the site of bullet entry (Table 3). A bullet entry
through the anterior abdominal wall was associated with 22 (78.5%) cases of colonic
injuries and 2 (67%) cases of rectal injuries. On the other hand, posterior abdominal
injuries were reported in 6 (21.5%) cases of colonic injury and one case (33%) of

rectal injury.

Injuries to solid organs are displayed in Table 4. Splenic and hepatic injuries were
found each in 13 (12.4%) of the abdominal cases, while renal injuries were reported in
3 (2.8%) of the cases. As pancreatic injury is less common to occur, only one case

(0.9%) of pancreatic injury was reported.

Vascular injuries were occurred in 5.4% of all the admitted cases. Different types of
vessels were injured (Table 5). The reported injured vessels were internal iliac artery
(1.5%), subclavian artery (1%), internal mammary artery (0.5%), mesenteric vessels
(0.5%), femoral artery (0.5%), and common iliac artery (0.5%). The retroperitoneal

hematoma was reported in about 10% of the abdominal cases (Fig.12).

In association with thoracic, abdominal and thoracoabdominal injuries, the extremities
were found to be the most common injured parts of the body, which were reported in
31 (15.2%) cases. Soft tissue injuries were involved in 15 (7.4%) cases. Peripheral
nerve injuries were significantly reported in 9 (4.4%) injured subjects, while vertebral
column, genitalia, and head and neck injuries were found in 2.5%, 1.5% and 1.5% of

the cases respectively (Fig. 13).

Figure 14 shows the distribution of associated injuries in relation to the cause of
trauma. In 11.7% of the patients, injuries to extremities were due to gunshot, while
3.4% of the cases were due to blast injuries. Peripheral nerve injuries were more

common in gunshot injuries (3.9%) than in blast injuries (0.5%). Soft tissue injury
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was caused by gunshot in 4.4%, and by blast injuries in 2.9% of the cases. The other
associated injuries did not show significant difference between gunshot and blast

trauma.

Through the management of injured cases, about half of the cases (51.5%) were
managed by exploration of wounds, debridement of necrotic tissues without extensive
tissue excision, and dressing. Laparotomy was done for 77 (37.7%) of the injured
subjects. Thoracotomy was applied to 13 (6.4%) while about 1% of the cases were
subjected to thoraco-laparotomy. A few cases (7 (3.4%)) were received a conservative
management without any surgical intervention and they were kept under closed

medico-surgical observation (Fig. 15).

Majority of the thoracic cases (50%) were managed conservatively, while more than
one third (46 (38.6%)) of the cases were managed by chest tube insertion. Pulmonary
lacerations were managed by suturing and insertion of a chest tube in 7 (5.8%) of the
cases, while suturing of diaphragmatic lacerations was done in 5 (4.2%) of the cases
in addition to insertion of a chest tube. Cardiac wounds were uncommon and

managed by suturing in 0.8% of the cases (Fig. 16).

As laparotomy was done for 72.3% of the abdominal and thoraco-abdominal injured
subjects, positive intra-abdominal injuries were present in the majority of cases
(85%), while the rest of operated cases had no intra-abdominal injuries (15%)

(Fig.17).

The relation between the site of entry of bullets or fragments of used weapons and the
intra-abdominal laparotomy findings is represented in Table 6. Positive laparotomy
findings were found in 55 (86%) of the cases with anterior abdominal and anterior
thoraco-abdominal wall injuries. On the other hand, all the cases of posterior
abdominal and posterior thoraco-abdominal injuries showed positive laparotomy

findings in 100% of the cases.

Ninety five per cent of small intestinal injuries in our study were managed by
resection and anastomosis. About 2.5% of cases were managed by simple repair,
while Roux en Y gastro-jejunostomy was done for 2.5% of the intestinal injuries (Fig.

18).
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The management of war-related injuries to colon and rectum is demonstrated in figure
19. Right hemicolectomy has done for 9 (29%) cases, while left hemicolectomy made
for 2 (6.4%) of injured subjects. About one quarter of the cases (25.8%) were
managed by resection and anastomosis of injured parts of the colon. Hartman's

procedure performed in 12 (38.7%) of the cases.

Majority of the right colon injuries (69%) were managed by right hemicolectomy.
While resection and anastomosis has done to 31% of the cases. For the left colon
injuries, about 60% of the cases were managed by Hartman's procedure, while 27% of
the cases managed by resection and anastomosis. Left hemicolectomy was done in

13% of the cases of left sided colonic injuries (Table 7).

The management of war-related hepatic injuries is shown in Table 8. Most of the
hepatic cases (76.9%) were managed by suturing and gel foam application, while

17.7% of the cases were managed conservatively without any surgical repair.

Most of the splenic injuries (92.3%) were managed by splenectomy. Splenorrhaphy

was done in 7.6% of the injured cases (Table 9).

The demand of blood transfusion for those with splenic injuries was based on the type
of splenic managements (Table 10). About 42% of splenectomy cases received blood
transfusion. The amount of transfused blood was ranged from 1 to 7 units. On the
other hand, all of the splenorrhaphy cases did not receive blood. Through the duration
of stay at hospital, about 58% of the cases that subjected to splenectomy stayed for
one week, while 25% of the cases stayed for two weeks. In 17% of cases with
splenectomy, the maximum duration of stay at the hospital was four weeks. However,

all of the splenorrhaphy cases stayed for just one day duration (Table 11).

Table 12 shows the type of management of war-related renal injuries. Nephrectomy

was done for all cases of the renal injuries.

Figure 20 shows the different types of management of the vascular injuries. Vascular
ligation was applied to 4 (44%) cases. While primary repair was done in 3 (33.3%)
cases. Autologous graft with long saphenous vein was used in 2 (22.2% ) of the

injured cases.

25



Blood transfusion in our study is reported in figure 21. One hundred and sixty four
(80.4%) cases did not receive blood while 40 (19.6%) cases had blood transfusion.
The number of transfused blood units was ranged from 1 to 22 units with a mean +

SD of 3.66 + 4.41.

Prophylactic antibiotics were administered to all of the injured subjects. One hundred
and nine cases (53%) received single broad-spectrum antibiotics, while combined
antibiotics including Rocephin, Gentamicin and Flagyl were administered in 95 (47%)

injured patients (Fig. 22).

Thirty six (17.6%) of the cases reported early complications within the first two
weeks of hospitalization. Wound infections occurred in 12 (33.3%) of them,
complicating abdominal injuries more than thoracic injuries. Primary hemorrhage
occurred in 2 (5.5%) of the cases with thoracic injuries. While secondary hemorrhage
occurred in 1 (2.7%) case of abdominal injury. Pneumonia as a complication occurred
in 5 (13.8%) of patients with thoracic injuries. Empyema and atelectasis were found
in 7 (19.4%) of the cases; four thoracic cases (11.1%) were complicated by empyema
and atelectasis, and three of the abdominal cases (8.3%). Hemopneumothorax
occurred in 2 (5.5%) of the patients. While, bilothorax was reported in 1 (2.7%) case.
One case of thoracic injury reported deep venous thrombosis of the common femoral
vein. The other reported complications including wound dehiscence, anastomotic
dehiscence, low output intestinal fistula, prolapsed colostomy and subacute intestinal
obstruction, where they occurred in a percentage of 2.7% for each and they reported

through the abdominal injuries (Table 13).

Out of 204 cases, only 34 patients had a regular follow-up over a period of 2 years.
Late complications were reported in 31 (15%) cases (Table 14). Hypertrophic scars
were the most common complications, which occurred in 8 (25.8%) of the cases.
Residual subcutaneous pellets were found in 4 (12.9%) cases. Incisional hernia
reported in 7 (22.5%) of the abdominal cases. Urine and fecal incontinence occurred
in 2 (6.4%) cases. Sinus discharge of iliac fossa was found in 1 (3.2%) case. Chest
deformity was found in 1 (3.2%) case. Chronic thoracic sinus discharge found in 1
(3.2%) case. The other complications that reported in the injured cases were; hearing

loss, neuroma, chorioretinal scarring, suicidal attempts, joint stiffness, post-traumatic
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scar, contracture of the injured limbs. These complications were reported in a

percentage of 3.2% for each case.

Figure 23 shows the prognosis of admitted cases in our study. One hundred and sixty
two (79.4%) of the cases were discharged after completion of their management and
were advised to come for regular follow-up in the Surgical Outpatient Clinics.
Twenty-one (10.3%) patients left against medical advice (LAMA), while 17 (8.3%)
patients were transferred for further advanced management in centers outside Libya.

The number of expired cases were 4 (2%).
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Tables

Table 1. Types of Thoracic Injuries in Relation to Gunshot and Blast
Trauma, Benghazi-2011.

Thoracic Injury

Diagnosis

Gunshot Trauma

Blast Trauma

Total

Superficial Wound 18 (15.12%) 36 (30.2%) 54 (45.3%)
Injury

Pneumohemothorax 7 (5.8%) 32 (26.8%) 39 (32.7%)
Pneumothorax 6 (5%) 12 (10%) 18 (15%)
Diaphragmatic 1 (1%) 4 (3%) 5 (4%)
Laceration
Ribs Fracture 0 3(2.5%) 3 (2.5%)
Flail Chest 0 1 (1%) 1 (1%)
Cardiac Injury 0 1 (1%) 1 (1%)
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Table 2. Types of War-Related Hollow Viscous Injuries, Benghazi-2011

Types of Hollow Viscous Injuries Frequency (%)
Small Intestinal Injury 24 (22.8%)
Small Intestine and Right Sided Colon Injuries 9 (8.5%)
Small Intestine and Left Sided Colon Injuries 6 (5.7%)
Right Sided Colon Injury 4 (3.8%)
Left Sided Colon Injury 9 (8.5%)
Rectal Injury 3 (2.8%)
Urinary Bladder Injury 4(3.8%)
Gall Bladder Injury 2 (1.9%)
Total 58 (52.3%)

Table 3. Large Bowel Injuries in Relation to the Site of Bullet Entry, Benghazi 2011.

Mode of Entry Anterior Abdominal Wall Posterior Abdominal Wall
Site of Injury Frequency (%) Frequency (%)
Colon 22 (78.5%) 6 (21.5%)
Rectum 2 (66.6%) 1 (33.3%)
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Table 4. Types of Solid Organ Injuries, Benghazi-2011.

Types of Solid Organ Injury Frequency (%)
Splenic Injury 13 (12.4%)
Hepatic Injury 13 (12.4%)
Renal Injury 3 (2.8%)
Pancreatic Injury 1 (0.9%)

Table 5. Types of War-Related Vascular Injuries, Benghazi-2011.

Vascular Injury Number (%)
Internal Iliac Artery Injury 3 (1.5%)
Subclavian Artery Injury 2 (1%)
Mesenteric Vessels Injury 1 (0.5%)
Internal Mammary Artery Injury 1 (0.5%)
Femoral Vessels Injury 1 (0.5%)
Common Iliac Artery Injury 1 (0.5%)
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Table 6. The Incidence of Intra-abdominal Injuries in Relation To the Site of Bullet
Entry, Benghazi-2011.

Bullet Entry Through
Laparotomy Anterior Abdominal Posterior Abdominal Anterior Thoraco- Posterior Thoraco-
Wall Wall abdominal walls abdominal walls
Positive 49 (86%) 10 (100%) 6 (85.7%) 2 (100%)
Negative 8 (14%) 0 1(14.3%) 0

Table 7. Types of Management of War related Colon Injuries, Benghazi-2011.

Management of Resection and Hemicolectomy Hartman's Procedure
Injury Anastomosis

Type of Injury

Right Colon Injury 4 (31%) 9 (69%) 0

Left Colon Injury 4 (27%) 2 (13%) 9 (60%)

Table 8. Types of Management of War-related Hepatic Injuries, Benghazi-

2011.
Type of Management of Liver Injury No. of Cases
Suturing of Hepatic Injury 10 (76.9%)
Conservative Management 3 (17.7%)
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Table 9. Types of Management of War-related Splenic Injuries, Benghazi-2011.

Type of Splenic Injury Management No. of Cases
Splenorrhaphy 1 (7.6%)
Splenectomy 12 (92.3%)

Table 10. The Demand of Blood Transfusion for Those with Splenic Injuries was
Based on the Type of Splenic Managements, Benghazi-2011.

Blood Transfusion

Type of Management of Splenic Injury

Splenectomy Splenorrhaphy
Yes 5 (42%) 0
No 7 (58%) 1 (100%)

Table 11. The Type of Splenic Managements has an impact on the Duration of
Patient's Stay at Hospital in Wartime, Benghazi-2011.

Type of Management of Splenic Injury
Duration of Stay Splenectomy Splenorrhaphy
<3 0 1 (100%)
1 wk 7 (58%) 0
2wk 3 (25%) 0
2-4 wk 2 (17%) 0
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Table 12. Types of Management of War-related Renal Injuries, Benghazi-2011.

Type of Management of Renal Injuries

No. of Cases

Nephrectomy

3(100%)

Table 13. Early Complications of Thoracic and Abdominal War Injuries,
Benghazi-2011.

No. of Cases Thoracic Injuries Abdominal Total

Early Complications Injuries
Wound Infection 4 (11.1%) 8 (22.2%) 12 (33.3%)
Empyema and Lung 4 (11.1%) 3 (8.3%) 7 (19.4%)
Atelectasis
Pneumonia 4 (11.1%) 1(2.7%) 5(13.8%)
Primary 2 (5.5%) 0 2 (5.5%)
Hemorrhage
Hemopneumothorax 1(2.7%) 1(2.7%) 2 (5.5%)
Secondary 0 1 (2.7%) 1(2.7%)
Hemorrhage
Bilothorax 1(2.7%) 0 1(2.7%)
Wound Dehiscence 0 1 (2.7%) 1(2.7%)
Anastomotic 0 1 (2.7%) 1(2.7%)
Dehiscence
Deep Venous 1(2.7%) 0 1 (2.7%)
Thrombosis (DVT)
Low Output 0 1(2.7%) 1 (2.7%)
Intestinal Fistula
Prolapsed 0 1(2.7%) 1(2.7%)
Colostomy
Subacute Intestinal 0 1 (2.7%) 1(2.7%)
Obstruction

Total 36 (100%)
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Table 14. Late Complications of Thoracic and Abdominal War-Related Injuries,

Benghazi-2011.

Late Complications No. of Cases
Hypertrophic Scar 8 (25.8%)
Incisional Hernia 7 (22.5%)
Residual Subcutaneous Pellets 4 (12.9%)
Urine and Fecal Incontinence 2 (6.4%)
Chest Deformity 1(3.2%)
Sinus Discharge of Thoracic Granuloma 1(3.2%)
Sinus Discharge of Iliac Fossa 1 (3.2%)
Others 7 (22.5%)
Total 31 (100%)
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Figure 1. Distribution of Patients through the Hospitals of Admission,
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Figure 6. The Change of Weapon Type was Noticed Over the Start of War
and the Following Months of War, Benghazi 2011.
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Figure 8. General Condition of Injured Cases at Admission, Benghazi 2011.
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Figure 10. Different Types of Thoracic Injuries, Benghazi-2011.
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Figure 11. The Distribution of Abdominal Cases According to the
Penetration of Abdominal Walls, Benghazi-2011.
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Figure 13. Distribution of Associated Injuries to the Thoracic, Abdominal
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45



Genitalia

Head and Neck

Vertebral Column

Peripheral Nerves

Soft Tissue

Extremities

Sl 1%
) 0.5%

L 15%

1o

S_1%

FI 1.4%

91.0.5%
P 3.9%

|

E——_2.9% __

_I_I 4.4%

S 34%

P 11.7%
0 2 4 6 8 10 12

%

m Blast m Gunshot

Figure 14. Distribution of Associated Injuries in Relation to the Mechanism of

Trauma either by Gunshot or Blast, Benghazi-2011.

46




50

40

30

20

10

51.5%

Wound Exploration
and Debridment

37.7%

6.4%

1%

3.4%

Laparotomy Thoracotomy

Thoraco-Laparotomy

Not Operated

Figure 15. Different Types of Operations of War Related Injuries

Benghazi-2011.

47




Suturing of Cardiac Injury ﬂ 0.8%

Suturing of Diaphragmatic Laceration

and Thoracostomy C’ 4.2%
Suturing of Pulmonary Laceration and
Thoracostomy B l 5.8%
Thoracostomy |} ) 38.6%
Wound Exploration and Debridment |} ¥50.6%
0 20 40 60 %

Figure 16. Types of Management of War Injuries of the Chest,
Benghazi-2011.

Laparotomy

= Positive

® Negative

Figure 17. Laparotomy Findings of Intra-abdominal Injuries, Benghazi-
2011.

48



100
90
80
70

60

% 50
40
30
20
10

2.5% 2.5%

Resection and Simple Repair RouxenY
Anastomosis Gastrojejunostomy

Figure 18. Types of Management of Small Intestinal Injuries, Benghazi 2011.
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Figure 20. Types of Management of War-related Vascular Injuries, Benghazi-2011.
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VI. Discussion

According to the World Health Organization (WHO), war injuries found to be
the first surgical cause of death and the first cause of surgical diseases in Africa (157).
During the Libyan revolution in 2011, several rebels were died, and many others were
wounded with a variety of trauma ranged from minor to serious injuries, including
amputation of limbs and mutilation, as well as psychological and neurological trauma.
Wounded rebels were initially treated in the fronts and then transferred for further
management in surgical departments at hospitals in Benghazi. In fact the battlefield
medical help was made by either medical personals with minimal resources or non
medical helpers. Evacuation of injured people was late that was complicate the
condition of cases.
While all of the killed and injured warriors were adult males, as civilians or soldiers,
who participated in the revolution, few females were accidentally wounded and were
included in our study. The ages of the participated subjects in the war were ranged
between 20 and 40 years. Trauma has been reported to be the leading cause of

hospitalization, long-term disabilities and death in the first four decades of life (160).

Different patterns of injuries were reported with different weapons that were
used. Gunshot injuries were obtained at the beginning of the war, then after most
injuries were due to implication of the blasts at the peak till the end of war. Most
reports classified firearm injuries as low- or high-velocity injuries (1). In low-velocity
injuries, only organs directly in the path of the projectile will be affected (2), and the
injury is usually less severe as compared with high-velocity injuries, which result in
extensive tissue damage (1). Rozen and Dudkiewicz (8) consider blast injuries as
energy related, and mainly dependent upon the distance from the blast, the energy
released from the bombing device, the media and the environment in which the blast
takes place. Moreover, blast injuries are thought to be more dirtier than gunshot
wounds and carry a higher potential for infection (9). Lichte et al considered low-
energy injuries are associated with minimal soft tissue damage and low risk of wound
infection, while high-energy and gunshot injuries are associated with severe soft
tissue damage and require an aggressive debridement with several second-look

surgeries (1). However, Santucci and Chang suggested treatment of each wound
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individually, as guided by clinical observation (6), and to avoid the “Idolatry of
Velocity" as was suggested by Lindsey (12).

In the 17-Febrauary revolution, polytrauma found in most of the injured cases
whether caused by gunshot or blast. Although multiple associated injuries and
fragment wounds in military trauma were reported to be caused predominantly by

high-velocity weaponry (10,11).

The injured subjects were treated initially at war scene, then after they were
transferred to the surgical departments of the main three hospitals in Benghazi.
Sudden arrival of those injured people was creating a demand of resources that caused
a dilemma in operation rooms, diagnostic images, ICU and subspecialty staff of
surgery. Furthermore, the lethality of weapons and the speed of the evacuation from
the battlefield have played a role in the outcome of an injury (13). The anatomical
location of wounds in addition to the lethality of the weapons affected the ratio of the

killed in action (KIA) to the wounded subjects (13).

While the chest was the most injured site with all types of used weapons
in our study, blast has greatest risk of injury to lungs and gastrointestinal tract (11).
Thoracic trauma has registered in 7.5% of injured casualties during the Libyan war
compared to 15% of thoracic war injuries reported by other investigators (23).
Wounds to the chest can be highly lethal (24); depending on the injured organ. A
large percentage of the wounded subjects die before reaching the hospital (24).

Superficial non penetrating wounds were the most common presentation of thoracic
injuries in the enrolled cases. While it was observed to be less in other war studies
(23,25). Although trauma to the chest is very critical since important organs and
vessels may become affected, hemopeumothorax was the commonest presentation of
parenchymal injury in our study followed by pneumothorax. Significant incidence of
hemopneumothorax was reported more in gunshot injuries than in blast injuries.
Although, pneumothorax occurred in a significant incidence in a transpleural
penetration of the chest (41). It was doubled more in gunshot injuries than blast
injuries and it was reported in about 15% of penetrating thoracic injuries and this was
in good agreement with other studies (63). Furthermore, the parenchymal injury with

usual forms of presentation (hemo- or hemopneumothorax) was found to be the most
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common cause of bleeding from penetrating chest injuries (24), and this followed by

injury to the internal thoracic or the intercostal vessels (40).

The cardiac injury was uncommon in our study. As an injury to the heart is
usually presented in the form of cardiac tamponade and excessive hemorrhage
(42,43). However, around 60-81% of patients with a penetrating injury to the heart die
before reaching the hospital (43). The incidence of thoracic vascular injuries in our
patients was 4.2% of all thoracic cases, and it was similar to other reports

(40,44,45,46). Perhaps the pre-hospital mortality is overwhelming (24).

Ribs fracture had a low occurrence in our study. Nevertheless, most chest
injuries were found to be associated with rib fractures (26,47). Rib fractures are not
usually lethal, but the pain from the fractures may have a negative impact on the
pulmonary  function (24). The  pathophysiologic  findings including
ventilation/perfusion abnormalities, increase of respiratoric work, hypoxemia and
decrease in the functional residual capacity are associated with the multiple fractured
ribs (48).

One of the serious condition of thoracic injuries was the flail chest. It was reported
significantly in gunshot injuries of the chest in our study. During inspiration lung
segment collapse may occur with a larger flail segment (48). Large contusions either
of the chest wall or the lung may be associated with atelectasis and shunting of blood.
Trapping of blood within the pleural space impairs its own absorption and acts as an
ideal media for bacterial proliferation (48). The chest wall defect plays a role in
compliance decrease and increase in airway resistance, associated decrease in

pulmonary diffusion and increase of respiratory work (48).

Diaphragm is often involved in the lower chest injury (41), and represents up
to 15% of all penetrating wounds to the chest (33) and around 59 % of thoraco-
abdominal wounds as reported by Murray and Demetriades (49). In our study, the
diaphragmatic injury was found mostly in association with the trauma to the thoraco-
abdominal region. Its incidence was observed more in gunshot injuries than in blast
injuries. As isolated diaphragmatic injuries are uncommon (23), Demetriades et al
reported that 75% of patients with penetrating injuries to the diaphragm had

associated intraabdominal injuries (50).
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There was no documented thoracic duct injury or tracheobronchial tree injury in our
series of thoracic cases, which they were known to be uncommon (24). The injury of
tracheobronchial tree often went unrecognized until the development of
tracheobronchial fistula, mediastinitis or empyema (41). The other undocumented
trauma through our study was the esophageal injury, as it has no specific clinical signs

or chest X-ray findings (41).

The abdominal injuries were reported in about 6.6% of all admitted cases at
Libyan war time, compared to other warfare occurrence of abdominal injuries that
represented in 10-15% of injured cases (16). Approximately 10% of those killed in
action (17). Wounding agents are most often either bullets or fragments from various
detonating devices (18). Severity of pathology induced by these agents and prolonged
lag time between injury and treatment constitute major differences between peace and
war abdominal injuries (18). In addition wound contamination and wounding

potential of firearms and ammunition have played a role (1).

Penetrating abdominal wounds were significantly high in comparison to the
superficial non penetrating wounds of the abdomen in our study. Most of the
abdominal wounds were through the anterior abdominal wall while few cases had
posterior abdominal wall wounds. Thoraco-abdominal cases showed 4.4% of bullet
entry through anterior abdominal wall while 1.5% of cases, bullet entry was through
the posterior abdominal wall. Analysis of these data showed that all admitted patients
with posterior abdominal wall wounds subjected to laparotomy with positive findings
of intra-abdominal injuries. Whitfield and Garner claimed that thick musculature of
the back and the vertebrae confer a degree of protection against peritoneal violation
by a penetrating missile (28). Velmahos et al. (162) differentiated between anterior
and posterior gunshots. Twice as many posterior gunshot wounds were managed
conservatively as anterior ones. In other patient series, especially with gunshot
wounds to the back, the incidence of significant intra-abdominal injury was much
lower - prompting many trauma centers to consider selective management
(163,164,165).

Small intestinal injuries were common intra-abdominal findings in our study, where

they often occurred in multiple injuries. As this was similar to other studies (95). The
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colon was the second hollow viscus that frequently injured in our series of cases,
which was similar to the documented results of penetrating abdominal trauma by
other investigators (95). Although, simple isolated colon injuries are uncommon (7);
in our study, the isolated left and right colon injuries were found in 8.5% and 3.8% of
patients respectively. Traumatic injuries to the colon are associated with significant
morbidity. In reports of the Civil War, most colon injuries were fatal; not simply from
the battlefield injuries themselves but also from secondary infection and sepsis (10).
In our study, the rectal injuries were reported in 2.8% of abdominal cases. Its
involvement was suspected in nearly all settings of penetrating buttock wounds (7). In
penetrating abdominal trauma; injuries to colon and rectum accounts for up to 20% to
35% (166), while in wartime series during Operation Iraqi Freedom, had reported an
incidence of 5 to 10% of colonic injuries and 5.1% of patients revealed colon and
rectal injuries (167,168,169).

The other hollow viscus involved in the abdominal trauma was the urinary bladder,
which badly presented in the wartime cases. The percentage of bladder cases was
about 4% of all abdominal injuries. The least injured hollow viscus was the

gallbladder, which occurred in a few cases in association with liver trauma.

The hepatic and splenic injuries were reported equally with different degrees
of trauma, ranging from capsular hematoma to severe shuttering of the injured organ.
They were observed in 12.4% of abdominal cases for each. In other reports, hepatic
injuries were reported in about 5% of abdominal wounds (95), while injuries to the
spleen represent approximately one quarter of all blunt and penetrating thoraco-
abdominal injuries (127). In the present study, the injuries of liver and spleen were
caused mainly by gunshot more than blast trauma. Although, other studies of splenic
injuries have found that penetrating and blunt trauma were about equal in the etiology
of splenic rupture (128,129).

The renal injuries were reported in a low percentage in our study. The other solid
organ that showed less occurrence was the pancreas. Injuries to pancreas was reported
in one case of penetrating abdominal injury, and this was in good agreement with
other reports (95).

Abdominal vascular injuries found to be among the most fatal injuries sustained by

trauma patients (133,134). The vascular abdominal injuries were reported in about 5%
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of the abdominal cases, while in other reports, they occurred in 10% of hospitalized
war injured patients (56).

A low incidence of retroperitoneal hematoma was found in our study in comparison to
other studies. However, there is a lack of documentation to the specific type of

retroperitoneal hematoma in operation notes of those patients.

All wounded subjects of the Libyan war received an immediate evaluation and
first aid managements at the frontline hospitals. Thereafter patients were transferred to
the surgical departments at the hospitals in Benghazi to receive further medico-
surgical care. The injured subjects received an immediate survey based on the
principles of Advanced Trauma Life Support (ATLS) (31) including:

= Establishment of a secure airway and provision of high concentrations of

oxygen,

» Establishment of adequate ventilation, and

= Control of hemorrhage.
As the majority of injured subjects were initially received a surgical care in the war
zone, eighty eight per cent of the injured cases in our study were admitted in a stable
condition. The remaining of cases were received in a shock. On admission; shock
was defined as systolic pressure of less than 90 mm Hg and pulse rate greater than
100 per min (9). Most of shocked cases received an initial survey in ICU with
maintained airway, fluid transfusion and controlling of bleeding while others were
transferred directly to the operating rooms as a life saving management.
In stable subjects, chest X-ray was applied. It showed the expansion of the lungs and
mediastinum (32). Pneumothorax, hemothorax, subcutancous or mediastinal
emphysema, widened mediastinum, and the presence of retained missiles were sought
and detected on the chest film (33). The amount of blood that can be detected on chest
X-ray is about 150 to 200 ml (26).
The second standard investigation was an ultrasound examination. It was helpful in
identifying a pericardial tamponade (34). The other diagnostic tools as CT,
angiography, esophagoscopy, barium swallow, and bronchoscopy didn't used as
emergency diagnostic tools at the time of Libyan war where a huge gush of injured
subjects faced for the first time. The application of CT scan allows the delineation of

the precise injuries (1), and it can show the trajectory of mediastinal injuries in 75%
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(35). Angiography, esophagoscopy, barium swallow, and bronchoscopy may play a

further role in identification of injuries (36).

During the Libyan war, most of the thoracic injuries were managed
conservatively, and about one third of them were managed only by a chest tube
insertion. The algorithms of management for war injuries to chest were similar to
most trauma centers. Where the management of gunshot injuries can be done
successfully without explorative thoracotomy (24,52,53,54). Since the basis of
management of chest injuries includes treatment of respiratory insufficiency and
haemorrhagic shock, with prevention of infection (55).

Most of pulmonary parenchymal injuries are self-limited. This is partially due to the
low-pressure circuit in the lungs (24,62). Therefore, most war wounds of the lung can
be successfully managed by "conservative" surgical treatment (55). In our series of
cases, seventy per cent of penetrating thoracic injuries were managed by a tube
thoracostomy. This was similar to other reports (26).

In all cases of pneumothoraces larger than 2 cm and haematothoraces extending over
the seventh rib (39), insertion of a chest tube (53,58,59) and local excision of injured
soft tissue surrounding the wound (60), while avoidance the primarily closure (61),
were found to be the most important therapeutic intervention. However, the chest tube
may be badly positioned or blocked by a clot, therefore, chest drain output alone is
not a reliable sign, and it must be interpreted together with the overall clinical picture
(40).

The management of lung contusion associated with rib fractures, consists of
analgesics, early mobilization, chest physiotherapy and fluid administration, while
most severe cases require intubation and mechanical ventilation (24). The
parenchymal injuries can be treated successfully by pneumonorrhaphy (suture of the
lung), tractotomy or wedge resection for good hemostasis (24,62). The recovery of
lung function will be achieved in both conservatively and operatively treated patients

(55).

In our enrolled cases, thoracotomy was reported in 6.4% of injured subjects,
while 1% of cases had thoraco-laparotomy. O’Connor and Adamsk, reported that
thoracotomy was required in less than 15% of the cases of hemothorax (26).

Thoracotomy has been indicated when there is a clinical or echocardiographic
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evidence of cardiac tamponade, unstable cardiac circulation, or a chest tube delivering
more than 1 to 1.5 liters of blood immediately after the insertion or continued
bleeding of more than 200 ml/h for 3 hours (29,39,60). Other indications include a
massive or persistent pleural air leak over 24 hours or earlier, or if there is a major
defect of the chest wall (63).

Diaphragmatic injuries less than 2 cm in diameter are managed by re-approximation
with interrupted non-absorbable sutures. While lacerations larger than 2 cm are
approximated as for simple small lacerations, then reinforced with a running suture to
assure an airtight closure (23). Patients with left thoracoabdominal or anterior right
thoracoabdominal injuries should be evaluated laparoscopically even if there are no
signs of diaphragmatic injury, since 31% of proven diaphragmatic injuries show no
signs of peritonitis and 40% of chest films appear normal (46).

Most of our patients have subjected to a physiotherapy; as it was of paramount

importance (66).

Patients with abdominal gunshot injury are evaluated with priority to airway,
breathing and circulation (65,66). In 1997, the American College of Surgeons,
recommended that initial management of the patients should proceed along the
standard ATLS lines of ‘ABCDE’ and an obvious abdominal wound must not distract
from the basic assessment nor from the potential for co-existing life threatening extra-
abdominal injury that must be immediately addressed (28).

In the present study, most of the injured subjects were received in a stable condition
as an immediate management was applied to them at frontline hospitals. The
importance of hemodynamic status reflects the treatment strategy of injuries (1). The
general condition of the patients may vary from absolute stability to complete collapse
(28). Patients with a stable hemodynamic state are evaluated by a complete secondary
physical examination with a comprehensive abdominal examination, while
hemodynamically unstable patients are taken directly to the operating room for
controlling hemorrhage and contamination (65,67). However, patients come in shock
due to abdominal injuries and internal organ involvement have an increased incidence
of death (21).

On clinical examination, abdominal signs of gunshot injuries may be present in
complete absence of signs to frank peritonism (28). Peritoneal irritation revealing

rebound tenderness and non voluntary guarding, is an evidence of intra-abdominal
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organ injury and an indication for immediate laparotomy, irrespective of the location

of the penetrating wound (65,67,68).

Ultrasonography was the most common diagnostic tool used for most of abdominal
war injuries in our study, as it was the most sensitive and the least invasive procedure
(1). However, the use of ultrasonography should not be the basis for decision making
whether to operate or not (73). The protocol for Focused Assessment with
Sonography in Trauma (FAST), and the CT-scan (only for stable patients) are
generally accepted diagnostic tools for patients with abdominal gunshot injuries
(71,72). Although, the use of CT in diagnosing abdominal injuries at Libyan war time
was inaccessible for every wounded patient. The diagnostic peritoneal lavage (DPL)
is much less frequently used in the evaluation of presence of blood in the peritoneal
cavity of trauma patients (1,74). However, this diagnostic procedure shows
sensitivities of 84 to 97% for the detection of intestinal injury, and hence, should
remain as an adjunct in the management of abdominal trauma, especially in the

combat setting (75,76), in spite that it gives no information on specific injuries (65).

In some trauma centers, up to 90% of patients with gunshot wounds were
associated with higher intra-abdominal injuries that require repair (170,171), however,
the optimal management of an open abdomen remains controversial (60,78). In
general consensus, laparotomy is indicated in patients with abdominal gunshot
injuries who are hemodynamically unstable or show signs of peritonitis or

evisceration (72,79,80,81).

In our study, Laparotomy was reported in 72% of abdominal cases. About 15% of the
operated cases had negative laparotomies. While in other reports, a negative

laparotomy was reported in up to 27% of abdominal gunshot injuries (10).

All enrolled posterior abdominal wall wounds in our study were subjected to
laparotomy with positive findings of intra-abdominal injuries. While in other patient
series with gunshot wounds to the back, the incidence of significant intra-abdominal
injury is much lower; prompting many trauma centers to consider selective
management (29,163,164,165). Velmahos and Degiannis, (69) reported that wound
track estimation was found to be 10% false positive for posterior GSWs; and
Demetriades et al. (70) reported that only 75.4% sensitivity in predicting an

intraperitoneal injury requiring surgical repair in anterior gunshots.
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In the present study, injuries to stomach were reported in 3% of abdominal cases and
were managed by gastrojejunostomy. Injury to the stomach has often associated with
lesions of adjacent organs: the liver, spleen, colon, pancreas, duodenum, great vessels

and kidney, resulting in a high mortality rate (95).

Few cases of duodenal injuries were reported in our study. Their management ranged
from simple repair to gastrojejunostomy according to the associated injuries. Primary
repair of duodenal injuries is preferred if feasible and narrowing of the lumen less
than 50% can be accepted (7,86). All duodenal injuries were drained (7). Missed
injuries to the duodenum have devastating morbidity and are associated with high

mortality (7).

In the present study, most of the small bowel injuries were managed by resection and
anastomosis. Gastrojejunostomy was done in few cases of small bowel injuries.
Furthermore, it has been suggested that small bowel resection will be necessary when
there is major disruption of the lumen; multiple small perforations over a short area;
disruption on the mesenteric border; or the blood supply to a segment has been

compromised (95).

The management of colon injuries through the Libyan crisis showed different
patterns. More than half of the right colon wounds were managed by primary repair
versus to only 13% of the left colon wounds that managed by primary repair. This was
similar to other studies (173). One quarter of colonic injuries managed by resection
and anastomosis. This had an equal incidence in both left and right colon injuries.
Hemicolectomy was reported more in right colon wounds rather than left colon
wounds. As left colon injuries were more sever. Fecal diversion was reported in more
than quarter of left colon injuries. Furthermore, no registered cases of right colon
diversion has been registered. In Operation Iraqi Freedom found a trend, though not
statistically different, in diversion rates based on location with left colon versus right
colon injuries (169).

In posterior abdominal wall injuries, colon injuries were reported in 5.7% of the
patients in our series, while some other investigators claimed that injuries to the
colon by posterior wounds are rare (175). Overall, gunshot wounds of the colon have

been demonstrated to be an important predictor of increased mortality and morbidity
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(176). In our series, all rectal injuries were managed by Hartman's procedure. As they

presented in a severe form.

The major concern in the treatment of liver injuries is hemostasis (126). As liver
tissue is a very well vascularized, even major tears heal without primary debridement
(125). In the present study, most of the hepatic injuries were managed by suturing and
gel foam application. Although, the conservative management was applied in few
cases of liver injuries without any surgical intervention. Furthermore, simple
lacerations or perforations through the periphery of the liver that have stopped
bleeding require no specific therapy, while deeper wounds that continue to bleed need
to obtain hemostasis either by cautery, clips, or ligature, which are equally effective.
(126). For significantly devitalized tissue; re-sectional debridement is required while a
formal hepatic lobectomy was never indicated (126).

Injuries to the gallbladder were uncommon in our series of cases and all were treated
by cholecystectomy. Furthermore, injuries to the common bile duct should be repaired

over a small tube with a closed suction drain (126).

The management of splenic injuries over the last century has turned to salvage of the
spleen rather than splenectomy to preserve as much as possible the immunologic
function of the spleen (131). However, most of splenic injuries in the present series of
cases were managed by splenectomy. On the other hand, management of splenic
injury by suturing of the wound and salvage of the spleen was rare in our series of
cases. As splenic repair by splenorrhaphy or partial splenectomy was always
attempted if three criteria were met: hemodynamic stability, lack of multiple
associated injuries mandating expeditious splenectomy, and injuries less extensive
than a shattered or devascularized spleen (132).

The demand of blood transfusion for those with splenic injuries was based to some
extent on the type of splenic managements. More than one third of the splenectomy
cases were received blood. The amount of the transfused blood was ranged from 1 to
7 units. On the other hand, the splenorrhaphy case did not receive blood. Through the
duration of stay at hospital, about half of cases that subjected to splenectomy stayed
for one week, while one quarter of them stayed for two weeks. The maximum stay at
the hospital was four weeks and this reported in few cases with splenectomy.

However, the splenorrhaphy case stayed for just one day duration.
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All of reported renal injuries in our series were managed by nephrectomy. As
nephrectomy was the best solution for major renal injuries when other life-threatening
injuries present. Nevertheless, determining the function of the contralateral kidney
(confirmed by contrast study) is desirable prior to nephrectomy (7). However, there
should be a low threshold for nephrectomy in the unstable patient where penetrating
renal injuries can be managed by debridement and drainage (7). Furthermore,
management of grade IV injuries can involve either immediate operative exploration
or a trial of aggressive resuscitation with crystalloid and blood products, depending on

the availability of resources and the level of expertise of available surgeons (7).

As the pancreatic injury was rare, the reported management in our study was a Roux-
en-Y gastrojejunostomy. However, the superficial injuries of pancreas is managed
efficiently by closed suction drainage, while deeper injuries that involve the major
pancreatic ducts, require more aggressive intervention. Moreover, transection or near-
transection of the mid-body of the pancreas can be treated by ligation of the distal end
of the proximal duct and a Roux-en-Y anastomosis of the distal remnant into the gut.
If there is severe destruction of the head of the pancreas and duodenum, a
pancreaticoduodenectomy may be required to save the patient which is uncommon

situation (126).

In our enrolled cases, the incidence of vascular injuries was 5.4% compared to
10% of hospitalized war injured patients as reported by other investigators (56). Less
than half of cases were managed by vascular ligation, while about one third of them
were managed by primary repair. The remaining of vascular injuries were repaired by

long saphenous vein graft.

During the Libyan war, most of the injured subjects presented with multiple injuries
of different parts of the body. The extremities were found to be the most common
injured part of the body in association to the thoracic, abdominal and
thoracoabdominal cases. As gunshot injuries of the extremities are rarely life-
threatening but can be associated with severe morbidity (1). More than two third of
injuries to extremities were due to gunshot while the remaining were due to blasts.
Since World War II, several reports pointed at a relative decrease in lower extremity
and torso wounds and an increase in head/neck and upper-extremity wounds (161). A

trend attributed to the advent of improved personal protective equipment as well as
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the use of improvised explosive devices (IEDs) (161). The soft tissue injuries were
frequently reported in association to thoracic and abdominal cases. As they found
more in gunshot than in blast trauma. The other associated injured organs were
peripheral nerves, vertebral column, genitalia, and head and neck. They did not show
a significant incidence between gunshot and blast trauma. However, all the teams of

subspecialties were encouraged in the management of those injuries.

In our enrolled cases, early complications were reported within the first two
weeks in less than one quarter of admitted cases. As war wounds carried a high risk of
infection. The commonest complication was wound infection either in gunshot or in
blast injuries. However, wounds were considered infected if discharged pus, had local
erythema, stitch abscess, or a culture-positive discharge (21). Risk factors for the
infection included a delay in wound management, lack of adequate wound
management, a wound size between 1-2 cm, and failure to comply with the
instructions on wound care (178). On the other hand, wound dehiscence was
uncommon in our study.

Other reported complications were empyema and atelectasis which occurred more in
thoracic cases than in abdominal cases. A few patients with thoracic injuries got
pneumonia while others complicated by hemopneumothorax. Bilothorax was rare in
the present study. DVT is another non-specific complication that got in the thoracic
cases.

In our series of cases, primary hemorrhage was reported through the thoracic injuries,
while secondary hemorrhage was reported through the abdominal injuries. As
hemorrhage was considered primary when occurred within 24 hours of wounding;
intermediate when occurred between the first and tenth days; and secondary when
occurring after the tenth day (179).

The other complications that reported less frequently in the abdominal cases were:
anastomotic dehiscence, low output intestinal fistula, prolapsed colostomy and

subacute intestinal obstruction. Those relatively less than in other reports (181).

The outcome of thoracic, abdominal and thoraco-abdominal cases through
2-years of follow up reported different complications related to the war injuries. Non
specific complications were reported, including: hypertrophic wound scars and

residual subcutaneous pellets . Other serious complications that developed were
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incisional hernia, fecal and urine incontinence and sinus discharge of the iliac fossa.
Some patients got chest deformity and others had chronic thoracic sinus discharge.
The other complications were related to the impact of war trauma on different parts of
the body. Those were: hearing loss, neuroma, chorioretinal scarring, suicidal attempts,

joint stiffness, post-traumatic scar contracture of injured limbs.

As the belief of sterilization of bullets by the heat of firing is false (144,145); the
wound induced by gunshot may superimposed by bacterial infections of non-sterile
bullets (144). During the management of war wounds, the prophylactic use of
antibiotic has been recommended in high-velocity shotgun, while in injuries caused
by a low-velocity gunshot, proper wound care is essential for achieving a satisfactory
result (146).

In our series of cases, every patient received antibiotics irrespective of the cause of
injury; gunshot or blast. About half of cases were treated with a single broad spectrum
antibiotic, while the others received a combination of broad spectrum antibiotics.
Those antibiotics were Rocephin, Gentamicin and Flagyl.

The recommendation for high-energy gunshot injuries with moderate soft tissue
destruction was a 48-hour intravenous administration of a first-generation
cephalosporin. Penicillin must be added to patients with gross contamination and
Gentamicin may be added in grossly contaminated wounds, such as those with bowel
contamination or grossly dirty skin or clothing, where the administration of a broad
spectrum antibiotic for 1 to 2 weeks is recommended (147).

War wounds of the chest have had a higher infection potential than civilian injuries
because of the high velocity weapons, the contaminated wound environment and the
delay to definitive surgery compared with civilian low velocity injuries (148). The
concepts for preventive antibiotic usage for penetrating chest trauma are
controversial. Some authors showed benefits of antibiotic prophylaxis for patients
from the insertion of a chest tube until its removal (149,150). Others suggested a
single shot therapy with antibiotics (151).

There is general consensus that gunshot injuries with bowel injuries, or high-energy
gunshot injuries with moderate to severe soft tissue destruction require intravenous
antibiotic treatment (146,148,152,153). Current guidelines recommend a single
preoperative dose of prophylactic antibiotics with broad-spectrum aerobic and

anaerobic coverage as a standard of care for trauma patients sustaining penetrating
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abdominal wounds (1). Absence of a hollow viscus injury requires no further
administration of antibiotics (154).

Data from civilian trauma centers demonstrated that antibiotics administered
postoperatively resulted in infectious complications that ranged from 30% with any
intraabdominal injury up to 70% when the colon is injured, compared with 11% when
antibiotics were given preoperatively (10,155). In a recent review of all combat
injuries, a multidisciplinary panel recommended that implementation of broad
spectrum antibiotics to include anaerobic activity should be instituted upon arrival
following identification of the hollow viscus injury, and continued for 24 hours after

definitive control of all enteric contamination (156).

The prognosis of abdominal wounds by ICRC experience (95) depends on three
factors:

= The type of missile and amount of energy transferred;

» The organs hit and their number;

* The time since injury.

The rapid transfer of gunshot victims to the hospital within less than 30 minutes
(137), availability of type specific blood within 15 min of request (138), surgical
intervention time of less than 2 hours (137,139), use of appropriate surgical
techniques (140,141,142) and intensive postoperative care (143) would largely
counteract the adverse effects of these risk factors on mortality and morbidity (143).
Teams at each level of care, as well as the entire team of the military healthcare
system extending from the battlefield to stateside medical centers, are critical to
patient survival and outcome (11).

In our study, one hundred and sixty two (79%) were discharged and were followed up
through the outpatient clinics. About 21 (10.3%) patients were left against medical
advice (LAMA) while 17 (8.3%) cases were transferred abroad outside Libya for

advanced treatment. About 2% of the cases were expired.

Early mortality from thoracic injuries is usually due to hemorrhage or catastrophic
injury associated with head or abdominal trauma; whereas late mortality most often is
a result of sepsis and organ failure (24). In penetrating injuries, mortality is more

often related to vascular injury and shock than in blunt trauma (26). Historical data

67



showed that penetrating missile wounds of the trunk were responsible for about one

third of combat deaths (30).

Prolonged prehospital time, inadequate supply of blood for transfusions and the high
rate of colon injury contribute to a relatively high incidence of postoperative

infectious complications and death (182,183).

Bodalal and Mansor reported recent cases of injured persons who admitted to Al-Jalla
hospital during 2011; and they have blamed the injuries on the wide spread of arms by

young untrained persons during the war and afterwards (184).

The economic impact of gunshot trauma is high, it is the third most costly etiology of
injury and the fourth most expensive form of hospitalization (185). Gunshot wounds
impose a continuous burden on community and hospital resources (186). Bowyer GW
recommends a hard work in identification of conservative management of war

wounds in the future (187).
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VII. Conclusions

The war-related thoracic injuries were the commonest among our study.
In addition to the thoracic and the abdominal injuries, the extremities were the most
common associated injured parts of the body. The rate of injuries due to blast trauma
was less than that of gunshot trauma. All of the posterior penetrating abdominal and
thoraco-abdominal wounds had positive laparotomies. This conflicts other reports that
claimed the negativity of laparotomy of the posterior wounds. A low death rate was

reflecting the good practice of the inexperienced surgeons in the military trauma.
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VIII. Recommendations

1- Proper registration of clinical data in detailed form.

2- Follow the global guidelines of management of wartime injuries.
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