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Statement of Purpose

The U.S. has an average of 30,900 gun related deaths per year and an additional
69,863 non-fatal gun related injuries were reported in 2008!. Several studies have
reviewed treatment protocols for gunshot injuries to bone and related structures,
however few have focused on the foot and ankle!?. There continues to be large
variance on what the treatment approach should be. This study seeks to
retrospectively analyze the pattern of foot & ankle gunshot injuries and their
treatments at our institution. This data will be compared with current literature

guidelines to formulate a proposed classification system and treatment protocol.
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Literature Review

Methodology & Hypothesis

Approval was obtained from the Saint Barnabas Hospital Institutional Review
Board (IRB). A retrospective review was then performed on isolated foot and/or
ankle gunshot injuries which presented without any other associated injuries
between the dates of 8/1/2010-11/1/2012. Anatomic location, treatment(s)
administered and any post-injury complications were identified. Age, gender and
laterality were accounted for. We believe that our proposed classification system
and treatment protocol will standardize the management of foot & ankle gunshot

injuries.

Procedures

Utilizing our institution's electronic medical records (EMR), including the trauma
registry we identified patients with ICD-9 code E965.4 (assault by firearm)
between the dates of 8/1/2010 - 11/1/2012. We excluded patients presenting
with additional injuries and/or multiple gunshot wounds which may have
included anatomic locations other than the foot & ankle. For the purposes of
this study, the foot & ankle was defined as any structure distal to the
myotendinous junction of the triceps surae. The data obtained included; age,
gender, laterality, anatomic location, associated fracture, medical and/or
surgical treatments and outcomes. Follow up analysis was obtained via medical

record and/or phone interview for an average of twelve months.

Much of the literature related to gunshot wounds is adapted from high velocity projectile combat injuries, however most
civilian gunshot wounds are resultant from low velocity (<300 m/sec) firearms®-34. Gunshot wounds to the lower extremity
represent approximately 63% of all gunshot related injuries, however only a fraction of these are located in the foot & ankle?.
After an initial trauma assessment has been completed and life threatening injuries addressed; the soft tissues should be
inspected thoroughly and their size, depth and degree of contamination should be noted. Urgent surface cleaning and
debridement of non-viable soft tissue should be performed at bedside!. The degree of soft tissue injury is dependant on the
energy absorption of the bullet by the soft tissues which can cause direct (bullet itself) and indirect (contusion to adjacent
tissues) injuries. Surrounding soft tissues may also be damaged by the ‘cavitation effect’, however this is usually associated
with high velocity weapons3’. Tetanus prophylaxis should be administered if indicated2:3.7-°,

Wounds should be explored for any gross nerve or vessel injury. Wounds extending beyond the deep fascial layer require a
more thorough and controlled operative exploration®. Fasciotomy may be required for any cases where impending
compartment syndrome is of concern?.

A thorough vascular examination should be performed including ankle brachial indices (ABI). Patients with abnormal ABI or
non-palpable pedal pulses require an immediate vascular surgical consultation and CT angiography, however vascular
repair should be performed after fracture stabilization®->.

Most gunshot related fractures in the foot & ankle are comminuted and/or minimally displaced?. Despite popular belief,
fractures associated with gunshot wounds are considered to be open fractures and may be contaminated 1.3.7.2.1415 QOpen
fracture management should be performed based on the recommendations outlined by Gustilo & Anderson&12, Low velocity
gunshot wounds with associated fracture are generally considered to be grade |, whereas if left untreated greater than 8
hours they are classified as grade 11°. High velocity gunshot wounds (shotgun, rifle) with associated fracture are generally
considered to be grade Il due to the magnitude of soft tissue damage and high complication rate3. Definitive fracture fixation
was dependant upon degree of soft tissue injury®.

Antibiotic recommendations vary throughout the literature, some refrain from administering antibiotics altogether unless
gross contamination is present13, However, Bartlett et al. found in their literature review that while most authors did
advocate some form of antibiotic prophylaxis the duration and course was found to vary greatly between authors, however
all included a 1st generation Cephalosporin administered IV, IM or PO. Ordog et al. studied 16,892 patients of which only
5% were given antibiotics and the remaining 95% were treated with an antibiotic ointment alone applied to the wound and

were followed thereafter as an outpatient, they reported an infection rate of 1.8%11.

Results

Analysis & Discussion cont...

There were a total of twelve (12) patients who met our inclusion criteria that were treated for isolated gunshot wounds to the
foot and ankle between the dates of 8/1/2010-11/1/2012. All patients were male with a mean age of 24.25 years. All injuries
were classified as low velocity gunshot wounds. Four patients (33.3%) presented with isolated digital injury, three (25%)
with forefoot/midfoot injuries and five (41.7%) with rearfoot/ankle injuries. All patients (100%) received appropriate tetanus
prophylaxis and initial dose of gram positive coverage with a first generation cephalosporin (or equivalent as needed) during
primary survey. Including the initial dose of intravenous gram positive coverage the average total duration was 4.4 doses,
which equates to the initial dose and an additional twenty-four hour course.. All patients (100%) received immediate
irrigation and local debridement upon presentation, additionally all fractures were temporarily stabilized at that time. Ten
patients (83%) from all three groups were admitted for observation and/or continued intravenous antibiotics with an average
length of stay of 4.1 days. Of the ten admissions, six (60%) necessitated surgical irrigation (see Table 1) & debridement,
one requiring ORIF, one requiring external fixation. There were no primary amputations, no gross vascular compromise and
no reported cases of compartment syndrome. One patient was transferred to a dedicated pediatric trauma facility after
primary assessment. Two patients (%17) subsequently presented with late infection, one responding to a short course of

oral antibiotics while the other required surgical drainage at another institution. Two patients were unavailable for follow up.

\

Figure 1. Gunshot wound to the lesser digits Figure 2. Two weeks post-operatively

Table 1. Admissions based on anatomical zone
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Analysis & Discussion

We have divided the anatomic locations into “zones.” Zone 1 refers to the digits in their entirety up to and including the
metatarsophalangeal joints (MPJ’s), Zone 2 refers to the metatarsal and tarsal bones and Zone 3 refers to the calcaneus,
talus, tibia and fibula. Comparable to describing anatomic zones of the femur, the respective zones in the foot were
categorized based upon vital structures that were in proximity to each location1°. Zone 1 injuries have small room for error,
as the neurovascular bundles are relatively small compared to the overall size of the location itself thus requiring monitoring
for local ischemia and impending gangrene. Zone 2 injuries possess the potential to develop a latent compartment
syndrome, neurovascular monitoring is necessary as well as intracompartmental pressure readings if clinically warranted.
Zone 3 injuries are associated with both compartment syndrome and medium vessel injury (ie. Ant/Post tibial artery). As in
Zone 2 injuries, close neurovascular monitoring is required to prevent long term sequelae2. Once anatomic location has
been established, the physician can then further delineate the injury by performing a comprehensive neurovascular
assessment. Use of a handheld doppler should be standard along with manual palpation of pedal pulses, capillary
perfusion, as well as a through sensory exam at the distal portions of the foot. Patients who appear to be neurovascular
intact can then be assigned an ‘A’, conversely if neurovascular compromise is suspected, the letter ‘B’ is assigned. Based
upon our clinical experience and retrospective case review, we recommend the following protocol for gunshot wounds to the
foot & ankle: The initial trauma survey is completed and life threatening injuries are appropriately addressed. Following
primary survey, tetanus prophylaxis, intravenous gram positive and gram negative coverage are promptly administered.
Radiographs should be obtained followed by a comprehensive wound assessment and neurovascular examination. Prompt
irrigation of the wound(s) with saline and/or saline/betadine mixture, debridement of any non-viable skin, soft tissue and
bone should then be performed. Wounds are left open and sterile packing can be placed if needed. Fractures should then
be splinted. At this point, injuries designated as 1a, 2a or 3a should be admitted for neurovascular observation and
administration of an additional twenty-four hours of intravenous gram positive coverage. Injuries classified as 1b, 2b or 3b
require prompt vascular surgery consultation and a CT angiogram of the injured extremity. All 1b, 2b, and 3b injuries should
proceed for operative debridement and deep wound survey, gross vascular injuries should also be addressed at this time.
Coordination with vascular surgery is paramount at this stage. During initial operative intervention, fractures are stabilized
as deemed fit by the clinician. This may include splinting, open reduction internal fixation or external fixation. When
indicated, initial stabilization with an external fixator will be performed to allow for recovery of the soft tissue envelope.
Subsequent open reduction internal fixation will follow when soft tissue permits. After initial operative management has
been performed, these injuries require the same twenty-four hour antibiotic coverage as type ‘A’ injuries, however may
require longer hospitalization due to subsequent operations and post op course.

This proposed protocol is based upon retrospective chart and literature reviews as well as clinical experience. In order for

this proposed classification and treatment protocol to be validated futher investigation is warranted.

Isolated gunshot wounds to the foot & ankle lack any published classification system and treatment protocols. Much of the
literature references the protocols for open fractures, however they neglect to observe the unique neurovascular and soft tissue
structures of the foot & ankle.

Our review yielded few complications, two patients presented with latent infection one of which responded to a short course of
oral antibiotics. We found no substantial clinical difference in the duration of antibiotics nor were there improved outcomes in
those who received additional antibiotics upon discharge. Common among all patients were that they received prompt tetanus
prophylaxis, intravenous gram positive and gram negative coverage, immediate irrigation and local debridement.

We propose a classification system based on 1) anatomic location, 2) degree of soft tissue compromise and 3) suspicion of

impending complication, ie; local ischemia, compartment syndrome and neurovascular injury.
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