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Background: Arterial ballistic injuries of the limbs are rarely encountered in civilian practice and the protocols of care
are generally based on the experience gained during military conflicts. The aim of this study is to describe the medico-
surgical management of the ballistic injuries of lower limbs with arterial damage and to develop a strategy for this type
of rare lesions.

Patients and Methods: It is a retrospective study of 11 male patients who underwent surgery for vascular lesions in the
extremities caused by firearms.

Results: The mean age was 33 years. The initial presentation in the emergency room was a hemodynamic shock in
5 patients, acute ischemia in 9 patients; externalized bleeding in 6 cases and one patient was seen at the aneurysm
complication stage. Superficial femoral artery and popliteal artery were the most affected. Eight patients had also venous
lesions and four patients had bone and nerve damage. All patients underwent arterial restoration by venous bypass
surgery in 83.4% of cases and by end-to-end anastomosis in 16.6 %; simultaneously, 50 % of the venous lesions and 75%
of the nerve lesions were repaired. Two patients were dead, one for bleeding shock and one for septic shock. The mean
follow-up was 18 months. Three patients had surgical site infection and one patient had graft thrombosis.

Conclusion: The management of vascular injuries caused by firearm requires surgical treatment by a multidisciplinary
team with good results in the medium and long term essentially with isolated vascular injuries. Postoperative mortality
and morbidity are directly related to hemodynamic status, surgical repair of vascular injuries and associated lesions in
time, which leading to clear and rapid management.
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Introduction ballistic trauma and the various complications

Ballistic Vascular injuries were generally
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and to develop a therapeutic strategy for this
type of lesions.

encountered during wars. Armed conflicts
the
evolution of vascular surgery in general and
to the development of many strategies for the

have contributed  significantly  to

Results
The average age was 33 years [15-46 years].
Five patients presented with hemorrhagic shock

management of ballistic injuries in particular
especially in the United States [1].
injuries were rare in Tunisia until the outbreak

Firearm

of the revolts of the Arab countries. We report
our series of 11 patients operated for vascular
trauma by firearms at the lower limbs.

Patients and Methods

This is a retrospective and descriptive study
including 11 patients operated for lower limb
firearm injuries involving vascular lesions. The
purpose of the study is to evaluate medico-
surgical management, analyze the severity of the

and directly putted under vasoactive drugs. All
patients had unilateral vascular lesions. Pain
and coldness were observed in 10 patients,
paresthesia in 7 and paralysis in 2 patients.
At admission, 50 % of patients had active
externalized bleeding. All the patients had pulse
abolition downstream of the lesions except one
who had an incomplete lesion of the popliteal
artery. DPeri-operative blood transfusion was
required in seven patients, with an average of 4

globular pellet pockets.

According to the physical examination and
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standard radiographs, armored bullet traces
were found in seven patients (FIGURE 1) and
lead bullets in three patients (poly-splitting
injury (FIGURE 2). In 50% of cases, an inlet
and an outlet have been identified (FIGURE
3); with an average diameter of 1.2 cm and 5
cm respectively. One patient has been seen at
the stage of false aneurysm complication. The
superficial femoral artery is the most frequently
affected (43% of cases). A venous lesion was
associated with arterial damage in 8 cases, a bone
lesion in 5 cases and a nerve injury in 4 cases.
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Figure 1: Knee X-ray shown jackted bullet
fragmented.

Figure 2: Front hip X-ray shown buckshot.
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Figure 4: Per-operative image of venous
popliteo-popliteal graft.

Arterial revascularization was performed
urgently for 10 patients with an average delay
of 8 hours [2 - 33 hours] and only one patient
was treated after 5 months of the accident at the
stage of aneurysmal complication. Ten grafts
were performed by internal saphenous graft
(FIGURE 4) and an end-to-end anastomosis
for one patient. Associated venous lesions were
repaired by patch in 3 cases and by direct in 2
cases; while injured distal veins were ligated. The
four patients with bone fractures underwent
surgical after  fracture
reduction. Three of the four patients with nerve
injuries underwent surgical treatment (neurolysis
or nerve graft) with specialized rehabilitation.
The average hospital stay was 11.6 days with
extremes ranging from 2 to 40 days. Two deaths
were reported: one by hemorrhagic shock and
the second by septic shock with multi-visceral
failure. In both cases, the patients were initially
operated in other hospitals and were transferred
late. The postoperative course was marked by a
thrombosis of the bypass in one patient (venous
bypass between the subarticular popliteal artery
and the posterior tibial artery) and four patients
presented an infection of the operating site.
Two patients required a skin graft in the third
postoperative month. All surviving patients had
peripheral pulses 2 years after confirmed by an
arterial Doppler.

revascularization

Discussion
The incidence of limb trauma by firearms
associated with arterial injury is difficult to
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assess and differs from country to country.
There are many series in the literature dealing
with these traumas; the majority of these series
are American [2]. These vascular injuries are less
common in the civilian population and rare in
our countries until the outbreak of the revolts
of the Arab countries. In Tunisia, during the
events from December 17, 2010 to January 25,
2011, the hospital structures were faced with a
very large flow of victims. The official figures of
the "National Fact Finding Commission" report
2174 serious injuries and 338 deaths [3].

The ballistic examination of the wound
involves the description of three basic elements:
the inlet, the outlet and the path. These elements
vary according to the weapon, the ammunition,
the distance of fire but especially according to
the crossed Tissues [4]. The damage occurred by
the projectile energy is explained by crushing,
laceration and stretching phenomena.

Pre-hospital care remains a challenge.
Stopping bleeding and rapid transportation
of the wounded to a specialized center is the
cornerstone of this phase.

The femoral artery is the most exposed. Its
damage in the Scarpa, especially in the case of a
gunshot wound that destroyed the joint, makes
immediate haemostasis difficult [5].

The urgency of vascular ballistic trauma, in
the presence of shock, can lead to massive arterial
hemorrhage, major compressive hematoma
or acute limb ischemia; so the patient should
be immediately operated without any further
exploration [6]. In the other cases and to limit
the transition to surgery, doppler ultrasound
with measurement of the systolic pressure index
as in the Knudson study [7] or angioscan whose
indications differ according to the teams are
limited to trauma with minor signs [8]. In our
series only one patient had an angioscan for false
aneurysm 5 months after gone shot injury.

The goal of treatment in ballistic trauma
has long been to preserve the life-threatening
condition and stop bleeding by simple ligation
of the arteries with a high rate of amputation.
Since the Korean War, the goal and the means
have changed. The goal is to save the patient life
but also his limb through vascular restoration
whenever possible.

The primary prevention of primary infection
remains complete excision of the wound with
leaving the wound open for a delayed closure.
Antibiotics are just adjunctive therapy to good
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surgical practice. Administration of heparin (100
U / kg) reduces amputation rates. It prevents
thrombosis in the micro-circulation [9].

The rules of vascular repair are not specific
to ballistic traumas, they are valid for all limb
trauma. The suture should be made in normal
tissue, performed without tension or torsion and
limb in extension. The choice of the technique
depends on the type and extent of the trauma:

Simple suture for partial or total open
wounds if the size of the artery allows it without
stenosing it, otherwise a venous patch should be
used.

Direct end-to-end suture for short or oblique
wounds, sub-adventitial rupture or extensive
intimal lesions. The termino-terminal suture is
performed only if the vessel extremities could be
faced without tension.

The interposition of a graft is the most used if
the loss of tissue is important. The best material
is the venous auto-graft: the saphenous vein
is usually used. Prosthetic grafts represent an
alternative in case of inadequate or unusable veins
despite the known risk of infection. Anatomical
revascularization is the best technique. Extra-
anatomical bypass is preferable in trauma
associated with significant tissue contusion with
a lack of muscle and skin recovery.

The place of endovascular treatment remains
limited and can only be used very selectively. It
may be indicated in hemodynamically stable
patients without active hemorrhage, in proximal
segmental lesions of the limbs such as superficial
femoral [10] and axillo-subclavian arterial
lesions and in some cases arteriovenous fistulas
or false proximal aneurysm. Endovascular
techniques also allow embolization in cases of
progressive haemorrhagic lesions with difficult
or dangerous access.

Despite intimate anatomical relationships
between the arteries and their homologous
veins, venous lesions during limb trauma are
less common than arterial lesions. Hafez et
al., [11] in a series of 550 patients with 641
arterial lesions in the lower limbs, report only
144 venous lesions (22.4%). Some recommend
concomitant repair of venous lesions as this
helps to maintain the patency of arterial
restorations and to prevent postoperative edema
[12]. Data from the literature supports venous
repair, which is more selective, depending
on the location of the lesion. Indeed, several
authors indicate the repair of proximal venous

10.4172/clinical-practice.1000429

931



932

Mleyhi S

lesions [13,14]. Nevertheless, the benefit of
this repair is technical dependent. Techniques
other than lateral sutures and termino-terminal
anastomoses, such as patch repair or end-vein
repair, require a long operating time with an
uncertain result. In addition, venous repairs are
associated with a high probability of deep vein
thrombosis [10]. The failure of its repairs is
also associated with a high rate of pulmonary
embolism (22%) [15]. For these reasons,
treatment with unfractionated heparin followed
by oral anticoagulation for at least 3 months is
recommended in the case of venous restoration
[10].

The decision of immediate limb amputation
remains difficult and must be taken by all the
surgical teams (orthopedist, plastic and vascular
surgeons, anesthesist).

Early mortality in war-related limb trauma
is mainly related to massive external bleeding,
too long evacuation delay, late resuscitation and

the occurrence of infection [16]. Its incidence
varies from 1.3 % to 13% [17,18]. Morbidity
is mainly represented by the occurrence of early
bypass thrombosis, postoperative bleeding and
infection [19]. Prevention is an essential element
in care; it is based essentially on early antibiotic
prophylaxis and careful wound dressing, as well
as tetanus prevention.

Conclusion

Lower Limbs ballistic vascular injuries are
usually encountered during military conflicts.
They are less frequent in the civilian population
with very different incidences from one country
to another. These traumatisms are most often
responsible for complex lesions, putting at risk
the vital and functional prognosis. Management
must be rapid and mulddisciplinary in a
specialized center to minimize short-term
morbidity and mortality and improve functional
outcomes in the medium and long term.
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