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Abstract
Introduction: Patients with soft tissue injuries caused by missile attacks dur-
ing wartime have been treated with radical debridement and delayed closure.
In a study in Gaza City, the rate of infection of missile injuries to the extrem-
ities when treated with minimal surgical intervention, was measured.
Methods: Patients with severe soft tissue damage, compound fractures, and
injuries to major blood vessels and/or nerves were excluded from the study.
One hundred fourteen patients were treated according to a standardized
regime that included a superficial, minor surgery revision of the inlet and the
outlet opening, and antibiotic treatment. Local soft tissue infection was
defined as the presence of at least two signs of local infection.
Results: A total of 109 out of 114 patients attended the first follow-up visit.
Eleven (10%) of these patients had an infected wound. A total of 105 of the
patients (92%) attended a second follow-up. None of these patients had an
infected wound.
Conclusions: Under conditions with a high number of causalities, minimal
surgical treatment followed by the administration of antibiotics is a safe procedure
for patients with penetrating missile injuries and less severe soft tissue damage.

Hamouda HM, Witso E, Moghani NKE, Shahwan A, Nygaard 0P: Soft tis-
sue infection after missile injuries to the extremities—A non-randomized,
prospective study in Gaza City. Prehosp Disast Med 2007:22(2)106-108.

Introduction
Penetrating soft tissue injuries caused by missiles are treated differently dur-
ing times of war and peace. Civilian gunshot wounds causing a low-energy
injury to the skin, subcutaneous tissue, and/or muscle are treated with mini-
mal or no surgical intervention, while high-energy injuries with significant
tissue damage are treated operatively. However, in times of war, it is advo-
cated that both low- and high-energy missile injuries be treated with explo-
ration, radical debridement, drainage, and delayed primary closure.6"9 During
wartime, missile wounds can be heavily contaminated, the number of causal-
ities can be large, the working conditions may be poor, and the staff may have
limited experience.7 It has been stated that the civilian approach to these
injuries should not be transferred to the battlefield. In times of war, every part of
the missile wound should be explored, debrided, and left open for delayed closure.

During the first years of the second Palestinian uprising (Intifada), which
started in November 2000, thousands of people were injured by missiles.
Several of these patients were treated in temporary hospitals under circum-
stances similar to those during wartime. However, several of the patients with
extremity injuries were treated with a conservative approach, similar to what
is common when treating civilian gunshot injuries. In a non-randomized,
prospective study, the results of minimal surgical treatment of soft tissue mis-
sile injuries to the extremities on patients who were submitted to Al Quds
(temporary) Hospital in Gaza City were evaluated.

Methods
The study was designed as a prospective study in Gaza City, Palestinian
Authority to be performed 01 January 2001 to 01 January 2003.
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Injury type/location

Arm

Hand

Thigh

Knee

Leg

Foot

Number of injuries
n = 114(%)

28 (25)

10(9)

34 (30)

6(5)

25 (22)

11 (10)

Hamouda © 2007 Prehospital and Disaster Medicine

Table 1—Anatomical distribution of missile injuries in
114 patients. Two-thirds of the injuries were located in
the lower extremities.

All patients who were referred to Al Quds, the
Palestinian Red Crescent Society Hospital in Gaza City,
were evaluated for participation in the study. Patients
10-50 years of age who had sustained missile injuries to
one of the extremities were included in the study. The
interval from time of injury to time of treatment had to be
<6 hours. Those excluded from the study included patients
with: (1) inlet and/or outlet openings of >2.5 cm; (2) com-
pound fractures; (3) injuries to major blood vessels or
nerves; (4) penetrating injuries to the brain, thorax,
abdomen, or pelvis; (5) using antibiotics or immune-sup-
pressive drugs at the time of the injury; (6) systemic disease
(e.g., diabetes mellitus); and/or (7) homes outside of the
Gaza Strip.

One of two surgeons examined all participants in the
study. Systolic blood pressure, level of consciousness, and
mental responses were registered according to a standard
formula. Peripheral circulation and nerve function of the
injured extremity also were registered.

The standardized treatment included: (1) cleaning the
wound with iodine and saline; (2) superficial, minor
surgery that included revising the inlet and outlet open-
ings; (3) removing easily accessible retained fragments; and
(4) cleaning the wound daily until that wound secretion
was stopped. Cephalexine, 500 mg x 4 and metronidazol,
500 mg x 3 were administered intravenously for two days.
This was followed by the oral administration of cephalex-
ine, 500 mg x 4 and metronidazol, mg 250 x 3 for three
days. One-half of an adult dose was given to patients <14
years of age. All of the patients received a booster dose of
tetanus toxin.

At seven days and six weeks after treatment, the patients
were examined by the surgeon. At the follow-up visit, local
soft tissue infection was defined as the presence of at least
two local signs of infection (erythema, swelling, pain,
and/or purulent secretion). According to the evaluation of
the surgeon, the local signs of infection should be signifi-
cant enough to warrant antibiotic treatment.

This study was approved by the Palestinian Red
Crescent Society, Ramallah, West Bank, Palestinian Authority.

Results
One hundred fourteen patients (102 males and 12 females,
22 ±9 years of age) were included in the study. All of the

patients were inhabitants of Gaza City. If not otherwise
stated, data are presented as given as the mean value ±1
standard deviation. The time interval from the time of
injury to the time of primary treatment was 29 ±11 min-
utes (maximum 60 minutes). All patients included in the
study had a normal systolic blood pressure and a normal
level of mental response. The anatomic distribution of the
missile injuries is listed in Table 1. For 112 patients (98%),
the inlet-opening was 1.0 cm (total range: 0.4-1.6 cm). In
one patient, the diameter of the inlet opening was not reg-
istered, and in another patient, the skin edges were so lac-
erated that it was not possible to make an exact estimation
of the diameter of the inlet-opening. Neither of these
patients were considered to have a wound cavity (i.e., inlet
opening >2.5 cm). Fifty-three patients (46%) had an outlet
opening of 1.4 cm (total range: 0.6-2.5 cm). In one patient,
it was not registered whether or not an outlet opening was
present. In another patient, the diameter of the outlet
opening was not measured due to a laceration of the edge
of the skin. Fifty-nine patients (52%) did not have an out-
let opening. Seven of the patients had a simple fracture.
One patient had an injury to the superficial peroneal nerve.
The local treatment of the wound was performed accord-
ing to standardized treatment for all patients. Thirty-eight
patients (33%) had missile fragments removed, and 37
patients (32%) still had fragments remaining.

A total of 106 patients (93%) received cephalexine/metron-
idazol intravenously for two or three days. Eight patients
received other antibiotic regimes intravenously (cephalexine,
metronidazole/ampicillin, metronidazole/ampicillin/cephalex-
ine, ampicillin/cloxacillin/metronidazole, cehalexine/gentam-
icine, cephalexine/cloxacilin, ampicillin/cloxacillin). One
hundred patients (88%) received oral antibiotic treatment
with cepohalexine/metronidazole. Fourteen patients (12%)
received an alternative oral antibiotic treatment (metron-
idazole/ampicillin, cephalexine, cloxacillin). The length of
oral administered antibiotics was: (1) three days (77
patients (68%)); (2) five days (23 patients (20%)); (3) four
days (eight patients (7%)); and (4) two days (six patients
(5%)).The patients were discharged from the hospital after
3 ±1 days.

A total of 109 (96%) of the patients were examined dur-
ing their first follow-up visit 7 ±2 days after sustaining the
injury. According to the definition, 11 (10 %) of these
patients had a local soft tissue infection. Two of these
patients (18%) had purulent secretion, erythema, swelling, and
pain; nine patients (81%) experienced pain, erythema,
and/or swelling. Each of these 11 patients received the
combination of cephalexine/metronidazol intravenously
for two or three days, followed by oral administration for
three to five days. Four of the 11 patients (36%) had a mis-
sile fragment removed, and two patients still had fragments
remaining. In the patients without an infection (n = 98), 35
(36%) still had fragments remaining, and 33 (43%) had a
missile fragment removed. Nine of the 11 patients (82%)
were treated with antibiotics alone, and two patients were
treated with secondary surgical debridement and antibiotics.

A total of 105 (92%) patients, including the 11 patients
who had an infection at the first follow-up visit, were
examined at a second follow-up 40 ±12 days after the injury.
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None of these patients had an infection, and none of them
reported having had an infection in the interval between
their first and second follow-ups.

Discussion
In this study, only one-third of the patients had a retained
missile fragment, which often was deformed. Hence, an
exact identification of the weapon responsible for the injury
was not possible. According to the Red Cross Classification,
war injuries are classified according to wound characteris-
tics, not upon weaponry. A 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 (CNS).
Grade-2 and Grade-3 wounds are wounds with various
degrees of wound cavities, comminuted fractures, and
injuries to vital structures.10

Patients with an inlet and/or outlet opening >2.5 cm,
patients with comminuted fractures, and patients with
injuries to major vessels or major nerves were excluded
from the study. No patient had any clinical signs of hypo-
volemia. Therefore, it was concluded that all of the patients
included in the study had a Grade-1 wound.

At the first follow-up examination, 10% of patients had
signs of an infection, but no symptoms at die second follow-
up visit. Due to die setting, isolation and identification of the
causative organisms were not possible. In addition, the surgeon
had to consider the signs of infection as clinically significant
and administer antibiotics as needed. In Gaza, the indication
for the use of antibiotics is radier liberal. Hence, the registered
number of infected cases probably is an overestimate. None of
the 11 patients with an infection upon first examination had a
severe infection. Only two of these patients needed secondary
debridement, and only oral antibiotics were given. This indi-
cates that the infections were superficial.

Civilian gunshot injuries have been treated successfully
with limited surgical intervention. The rate of infection has
been reported to be between 2% and 4%, and the rate of
infection has not been influenced by antibiotic treat-
ment.1"4 In a report from Afghanistan, 15 causalities with
Grade-1 wounds were treated conservatively by cleaning
and dressing the wound. Penicillin was administered intra-
venously for one day and orally for four days. As a result,
two patients (13%) developed a superficial abscess. Most of
the causalities arrived at the hospital 24 to 48 hours after
being wounded. More work must be done in order to iden-
tify war wounds that can be treated conservatively.11 The
Palestinian Red Crescent Society in the Gaza Strip devel-
oped an effective infrastructure regarding the evacuation
and transportation of injured patients. Therefore, the low
infection rate observed in this study may be explained par-
tially by the short time interval from the time of injury to the
time of treatment.

Limitations
This study has several limitations. Further studies should
be performed where patients are randomized to different
treatment modalities. However, according to the Palestinian
Red Crescent Society, several thousand patients with mis-
sile injuries were recorded during the study period. Such a
large number of injuries places an extremely high burden
on the local healthcare system. The results of this study
indicate that minimal surgical treatment of missile injuries
to the extremities can be used as an alternative treatment in sit-
uations with a high number of casualties and limited resources.

Conclusions
Minimal surgical treatment of missile injuries to the
extremities can be used as alternative treatment in situations
with a high number of casualties and limited resources.
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In the last decade, hundreds of civilians and soldiers died, and thousands were
wounded due to numerous terrorist attacks in Israel.1"3 This conflict led to pro-
longed, low-intensity damage to people and property, which is different than a
total war. In the military literature, this is called low-intensity conflict. Low-
intensity conflict is not peace and it is not war—the severity and distribution of
injuries and principles of the medical response are different. In some incidents,
the principles resemble those during a wartime medical responses, and in some
incidents, the principles resemble those of peacetime medical responses. In
other incidents, the response is unique.

Low-intensity conflict is different from war in several ways: (1) the force is
localized; (2) the destructive energy of the weapons is lower; (3) the number of
casualties per day is lower; (4) the frequency of major wounds is lower; (5) the
availability of medical personnel and means of evacuation is higher; (6) the
proximity to high-level trauma hospitals is closer; and (7) the transport time is
shorter. There is not enough data concerning the best management of wounds
during a low-intensity conflict. It is not clear whether the principles of wound
care should be similar to those of wartime injuries or to peacetime injuries.

In a recent study, the injury data regarding Israel Defense Forces (IDF)
casualties during the first 19 weeks of the events was analyzed by the IDF
Medical Corps. Ninety-six of the 356 IDF casualties during the first four
months of the events were admitted or killed. Bullets were the most common
cause of injury (63.5%). Fragments and explosives accounted for 14.6% of
injuries, stones and sling-thrown marbles accounted for 9.4% of injuries, and
12.5% of injuries were due to miscellaneous causes. The most commonly
injured body regions included the head, face, and neck (54.2%), and the limbs
(50.0%). The trunk was injured in 25% of the cases, and 4.2% of the injuries
were classified as external. A total of 83.8% of the casualties were evacuated by
ambulances and the rest were evacuated by air. All casualties, except for one,
arrived at the hospital within 1.5 hours after the injury. Seventy-five percent of
the injured were evacuated to trauma centers, and the rest were evacuated to
other hospitals. Most of the soldiers either were mildly injured or killed; few
suffered severe injuries.4

Hamouda et al suggest that missile wounds in this low-intensity conflict in
Gaza are similar to war wounds due to the high number of casualties and the
fact that some of them were treated in temporary hospitals under circumstances
similar to those during wartime. However, the casualties with minor wounds in
the extremities were treated according to a peacetime, wound care protocol. The
authors address the question as to whether minor surgical interventions of
Grade-1 missile wounds in the extremities would be sufficient to prevent
wound infections in these conditions. Hamouda and colleagues registered the
rate of infection of the extremities treated with minimal surgical intervention.
One hundred fourteen patients with Grade-1 wounds (according to the Red
Cross Classification of war wounds) were treated according to a standardized
regime that included superficial, minor surgical revision of the inlet- and the
outlet-openings and antibiotic treatment. After one week, the rate of infection
was 10%, and after six weeks, the rate of infection was zero.
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In the current study, the rate of infection was 2-5 times
higher than the rate reported in previous studies where civil-
ian gunshot injuries were treated with limited surgical inter-
vention. In these studies, the rate of infection was reported to
be 2% to 4%, and the infection rate has not been influenced
by antibiotic treatment.6"9 In a report from Afghanistan, 15
causalities with Grade-1 wounds were treated conservative-
ly by cleaning and dressing the wound, and penicillin was
administered intravenously for one day and orally for four
days. Two patients (13%) developed a superficial abscess,10

similar to the rate of infection found in the current study.
Most of the causalities arrived to the hospital 24-48 hours
after being wounded. More work is needed to identify war
wounds that can be treated conservatively.

Hamouda and colleagues treated all of the patients with
antibiotic prophylaxis. Protocols for antibiotic prophylaxis in
the treatment of fractures caused by gunshots have not been
delineated clearly in the literature. Using antibiotic therapy
to treat these fractures is predicated based on the muzzle
velocity of the weapon used to inflict the fracture. A general
consensus has been reached regarding the requirement of at
least 24 hours of intravenous antibiotic treatment in frac-
tures caused by high-velocity weapons, in conjunction with
the appropriate wound and fracture care. Similarly, in frac-
tures caused by shotguns, thorough wound debridement and
24—48 hour administration of intravenous antibiotics is nec-
essary. However, in fractures caused by low-velocity
weapons, there is not a preponderance of evidence demon-
strating that there is a distinct advantage to using antibiotic
prophylaxis in these injuries.11

It should be emphasized that the current study only
included Grade-1 wounds in the extremities. Complex
wounds, wounds in other parts of the body, and patients with

diabetes and other chronic illnesses were excluded from the
study. Therefore, conclusions only are relevant for Grade-1
wounds in the low-intensity conflict environment.

The humanitarian efforts made by Hamouda et al in
treating all these casualties and their efforts in collecting and
analyzing the data are appreciated. Research is the only way
to advance knowledge, and more scientific work must be
done to develop new concepts in the field of military medi-
cine. However, we believe that prospective studies that exam-
ine new, therapeutic concepts must be performed only after
the approval of a Helsinki Committee, and that informed
consent must be approved by the casualties in order to par-
ticipate in a prospective study.

Hamouda and colleagues conclude that minimal surgical
treatment of missile injuries to the extremities can be an
alternative treatment in situations with a high number of
casualties and limited resources. However, as the authors
stated, the study has several limitations. It is an uncontrolled,
non-randomized study, and the results are drawn from a
small, selected body of material. Data concerning systemic
signs of infection, such as fever or leucocytosis, are missing,
which makes it difficult to assess the significance of the
wound infections.

Moreover, the rate of infection in this study was found to
be 2-5 times higher than the rate found in the literature of
civilian gunshot wound cases that were treated conservative-
ly, and similar to wartime gunshot wounds treated conserva-
tively. These facts make it difficult to support the conclusion
of this study.

It is agreed that further studies should be performed
where patients are randomized to different treatment regi-
mens. Hopefully, peace will come soon and there will be no
need for further study.
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