
MILITARY MEDICINE, 183, 9/10:e260, 2018

Antimicrobial Prophylaxis with Combat-Related Open Soft-Tissue
Injuries

Col Bradley A Lloyd, USAF, MC*; COL Clinton K. Murray, MC, USA*; Faraz Shaikh, MS†‡;
M. Leigh Carson, MS†‡; Maj Dana M. Blyth, USAF, MC*; Maj Elizabeth R. Schnaubelt, USAF, MC§;
CAPT Timothy J. Whitman, USN, MC††; David R. Tribble, MD, DrPH†; The Infectious Disease Clinical

Research Program Trauma Infectious Disease Outcomes Study Group

ABSTRACT Introduction: All Department of Defense (DoD) guidance documents recommend cefazolin or clinda-
mycin as post-trauma antibiotic prophylaxis for open soft-tissue injuries. Although not advocated, some patients with
open soft-tissue injuries also received expanded Gram-negative coverage (EGN) prophylaxis based on the judgment of
front-line trauma providers. During the study period, revised guidelines in 2011/2012 re-emphasized recommendations
for using cefazolin or clindamycin, and stewardship efforts in the DoD trauma community aimed to reduce the practice
of adding EGN to guideline-recommended antibiotic prophylaxis. Our objective was to examine antibiotic utilization
among wounded military personnel with open extremity soft-tissue injuries over a 5-yr period and assess the impact on
infectious outcomes in patients who received EGN prophylaxis versus guideline-directed prophylaxis. Methods: The
study population included military personnel with open extremity soft-tissue injuries sustained in Iraq and Afghanistan
(2009–2014) who transferred to participating hospitals in the USA following medical evacuation. The analysis was
restricted to patients who were hospitalized for at least seven days at a U.S. facility and excluded those who sustained
open fractures. Post-trauma antibiotic prophylactic regimens were defined as narrow if they followed recommended
guidance (e.g., IV cefazolin or clindamycin) or EGN coverage when the narrow regimen also included fluoroquinolones
and/or aminoglycosides. Intravenous amoxicillin-clavulanate, which is commonly used at non-U.S. coalition theater hospi-
tals, was also classified as narrow because it conformed to coalition antibiotic prophylaxis guidelines. This study was
approved by the Infectious Disease Institutional Review Board of the Uniformed Services University of the Health
Sciences. Results: A total of 287 wounded personnel with open soft-tissue injuries were assessed, of which 212 (74%)
received narrow prophylaxis and 75 (26%) received EGN coverage (p < 0.001). Among patients in the narrow prophylaxis
group, 81% were given cefazolin and/or clindamycin, while 19% received amoxicillin-clavulanate. In the EGN group,
88% and 12% received a fluoroquinolone and aminoglycoside, respectively. Use of EGN coverage significantly declined
during the study period from 39% in 2009–2010 to 11% in 2013–2014 (p < 0.001). Approximately 3% of patients who
received a narrow regimen developed an extremity skin and soft-tissue infection, while there were no skin and soft-tissue
infections among patients in the EGN coverage group. Nonetheless, this was not a significant difference (p = 0.345). In
addition, the proportion of non-extremity infections was not significantly different between narrow and EGN regimen
groups (11% and 15%, respectively). There were also no significant differences between the narrow and EGN regimen
groups related to duration of hospitalization (median of 19 versus 20 d). Conclusion: Use of non-guideline directed EGN-
based post-trauma antibiotic prophylaxis does not improve infectious outcomes nor does it shorten hospital stay.

BACKGROUND
Antimicrobial prophylaxis is an important adjunct to
debridement in the prevention of post-trauma infections.1–5

With the goal of standardizing guidance for combat-related
trauma antibiotic prophylaxis, clinical practice guidelines for
the prevention and management of combat trauma-related
infections were developed by an expert consensus panel con-
vened by the Department of Defense (DoD) in 2008 and
later revised in 2011.6,7 In addition, internal guidance docu-
ments with post-trauma prophylactic recommendations were
also developed by the Joint Trauma System (JTS) following
the publication of the guidelines in 2010 (no longer publi-
cally available) and 2012.8,9 Despite changes in recom-
mendations for post-combat trauma antibiotic prophylaxis
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in Type III open fractures and hollow viscus injuries, use of
IV cefazolin or clindamycin along with thorough debride-
ment following combat-related open soft-tissue injury was/is
uniformly recommended for the prevention of infections in all
published and internal DoD and JTS guidance documents.

While antibiotic prophylaxis for open soft-tissue injury rec-
ommendations remained constant, the addition of fluoroquino-
lones and/or aminoglycosides (i.e., expanded gram-negative
[EGN] coverage) to narrow prophylaxis was common. For
example, approximately 20% of patients with open soft-tissue
injuries received EGN coverage between 2009 and 2011.10

The reason for this deviation from guideline recommendations
is unclear, but it likely reflected concern for inoculation of
gram-negative bacteria in grossly contaminated wounds. Of
note, use of EGN coverage was also common in other types
of injuries. In particular, 48% of patients who sustained combat-
related open fracture injuries between 2009 and 2010 received
EGN-based prophylaxis.11 Following internal and published
assessments of antibiotic utilization,12 and with the goal of reduc-
ing use of broad-spectrum antibiotics, the JTS re-emphasized
adherence to DoD and JTS guidance with the publication of the
2011 guideline and subsequent 2012 internal JTS document.7,9

Correspondingly, the use of EGN coverage with open soft-tissue
injuries declined to approximately 6% in 2013–2014.10 Herein,
we further examine patterns of antibiotic utilization among
wounded military personnel with open soft-tissue extremity
injuries and assess infectious outcomes related to use of
EGN prophylaxis.

METHODS

Study Population and Data Collection
Wounded military personnel were eligible for inclusion in
this retrospective analysis if they sustained at least one combat-
related open extremity soft-tissue injury in either Iraq or
Afghanistan between June 1, 2009 and May 31, 2014, which
required medical evacuation from the operational theater to
Landstuhl Regional Medical Center (Germany) before transfer
to a participating military hospital in the USA. An additional
requirement was that patients were hospitalized for at least 7 d
in the USA based on previous data related to the timing of
wound infections.13 Patients with open extremity fractures were
excluded from this analysis and assessed separately.14 Data
were collected as part of the Trauma Infectious Disease
Outcomes Study (TIDOS), which is an observational, multisite
cohort study implemented to examine the short- and long-term
infectious complications related to deployment-related trau-
matic injuries.13 This study was approved by the Infectious
Disease Institutional Review Board of the Uniformed Services
University of the Health Sciences (Bethesda, MD, USA).

Patient demographics and injury characteristics were
obtained from the DoD Trauma Registry.15 The injury data
were standardized into Abbreviated Injury Scale-defined

codes16 using an injury coding software system (Tri-Code,
Digital Innovations, Inc., Forest Hill, MD, USA), which
allowed for categorization of injury types by specific body
regions. Infection-related data (e.g., infection syndromes and
antimicrobial treatment) were retrieved from the supplemen-
tal TIDOS infectious disease module.13 Clinical findings and
laboratory test results obtained from medical record abstrac-
tion were used to identify skin and soft-tissue infections
(SSTIs), which were classified using the National Healthcare
Safety Network (NHSN) standardized definitions.13,17 An
infection was excluded if there was an alternate diagnosis
and discontinuation of antimicrobial therapy. Multidrug-
resistant organisms (MDROs) were identified using stan-
dardized NHSN definitions18 and collected through infection
control-based surveillance groin swabs at hospital admission
and clinical infection work-ups.

Antimicrobial Prophylaxis Classification
Antibiotic usage was ascertained through medical chart
review, as described in detail in prior publications.10,11 Post-
trauma antibiotic prophylaxis regimens were classified as
narrow if there was any use of cefazolin or clindamycin. The
use of IV amoxicillin-clavulanate (or ampicillin-sulbactam)
was also considered a narrow regimen due to the transition
of many patients through coalition treatment facilities where
these antibiotics were used as a substitute for cefazolin.19,20

Classification of antibiotic prophylaxis as EGN coverage
required the patient to receive a narrow regimen in addition
to a fluoroquinolone (e.g., levofloxacin) and/or aminoglyco-
side (e.g., gentamicin). Patients who received either no anti-
biotics or any of the following were excluded from the
analysis: macrolides, antifungals (prescribed due to concern
for invasive fungal infections), oral antibiotics (with the
exception of oral levofloxacin), and/or antibiotics tradition-
ally used to target MDROs (e.g., carbapenems, piperacillin-
tazobactam, and vancomycin). Assessment of antimicrobial
prophylaxis occurred in the immediate period after injury for
up to 48 h (i.e., day of injury and day after the injury) to
account for potential documentation omissions and numerous
transitions of care associated with combat casualty medical
evacuation.11,12 Antibiotics provided at the point of injury
prior to admission to combat support hospitals were not con-
sidered due to a lack of documentation.

Statistical Analysis
Primary endpoints include SSTI, isolation of MDROs, and
Clostridium difficile infections. Susceptibility of gram-negative
organisms to fluoroquinolones and aminoglycosides was also
examined. Categorical variables were compared using Fisher’s
exact and Chi square tests, while Kruskal–Wallis test was used
to compare overall distribution of continuous variables. Statistical
analysis was performed with SAS version 9.3 (SAS, Cary, NC,
USA). Significance was defined as p < 0.05.
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RESULTS

Study Population
Between June 2009 and May 2014, a total of 2,564 wounded
military personnel were transferred to a participating U.S.
hospital. Patients who did not meet the inclusion criteria
based on U.S. hospitalization of less than seven days (N =
419), lack of qualifying extremity trauma (N = 504), sustain-
ing an open extremity fracture (N = 1,044), and ineligible
antibiotic prophylactic regimen (no antibiotics, N = 99;
broad-spectrum antibiotics, N = 191; macrolides, N = 2;
antifungals, N = 3; oral antibiotics [other than oral levofloxa-
cin], N = 15) were excluded. Therefore, the study population
was comprised of 287 military personnel with an open
extremity soft-tissue injury.

Patients included in the study population were predomi-
nantly young (median of 24 yr) men (99%) who were injured
in support of operations in Afghanistan (95%; Table 1). The
primary mechanism of injury was blast (65%), followed by
gunshot (27%). In general, injury severity was minor (44%
with Injury Severity Score21 of 1–9) with a median hospitali-
zation of 19 d. Two patients (0.7%) in the study population
died.

Among the 287 trauma patients, 212 (74%) and 75 (26%)
received narrow and EGN post-trauma antibiotic prophy-
laxis, respectively (p < 0.001). There was no significant dif-
ference between the patients who received the narrow
regimen and EGN coverage regarding injury severity,

mechanism of injury, transfusion requirements, and admis-
sion to the intensive care unit (Table 1). Nonetheless, there
appeared to be a non-significant trend towards EGN patients
being less likely to have gunshot wounds and more likely to
have blast as their mechanism of injury.

Antimicrobial Use Patterns
The narrow regimen contained cefazolin (or clindamycin)
for 172 (81% of 212) patients, while 40 (19%) received a
beta-lactam beta-lactamase inhibitor (e.g., IV amoxicillin-
clavulanate). For patients who received EGN coverage, the
majority were prescribed a fluoroquinolone (N = 66; 88% of
75) compared with aminoglycosides (N = 9; 12%). No
patients received both a fluoroquinolone and aminoglyco-
side. For patients who received a regimen classified as nar-
row, they had a significantly shorter duration of antibiotic
use (median: 3 d; interquartile range: 2–5 d) when compared
with the duration of narrow-spectrum antibiotics used among
patients in the EGN group (median: 4 d; interquartile range:
2–5 d; p = 0.023). Over the study period, use of EGN cover-
age declined (p < 0.001) with the highest proportion occur-
ring between 2009 and 2011 (34–39%), followed by a
decline to 9% in 2011–2012, increase to 18% in 2012–2013,
and, finally, a decrease to 11% in 2013–2014.

Thirty-two patients (15% of 212) had their prophylactic
regimen changed to include EGN coverage after receiving a
narrow regimen for at least 48 h (day of injury plus day after

TABLE I. Characteristics of Patients with Open Extremity Soft-Tissue Injuries by Post-Trauma Antibiotic Prophylaxisa .

Characteristics, No. (%) Total (N = 287) Narrow (N = 212) EGN (N = 75) p-Value

Male 283 (98.6) 208 (98.1) 75 (100) 0.576
Age, median years (IQR) 24 (21, 28) 24 (22, 28) 23 (21, 28) 0.764
Injured in Afghanistan 273 (95.1) 200 (94.3) 73 (97.3) 0.532
Injury mechanism
Gunshot 76 (26.5) 62 (29.3) 14 (18.7) 0.074
Blast 187 (65.2) 132 (62.3) 55 (73.3) 0.084
Motor vehicle crash 17 (5.9) 13 (6.1) 4 (5.3) ~1.00

Injury Severity Scoreb

Median (IQR) 11 (6, 24) 11 (6, 24) 12 (6, 26) 0.206
1–9 (minor) 126 (43.9) 96 (45.3) 30 (40.0) 0.868c

10–15 (moderate) 45 (15.7) 32 (15.1) 13 (17.3)
16–25 (severe) 45 (15.7) 32 (15.1) 13 (17.3)
≥26 (critical) 71 (24.7) 52 (24.5) 19 (25.3)

ICU admission
None 174 (60.6) 134 (63.2) 40 (53.3) 0.322
LRMC only 32 (11.1) 22 (10.4) 10 (13.3)
LRMC ± U.S. hospital 81 (28.2) 56 (26.4) 25 (33.3)

RBC units 24 h post-injury
None or missing 208 (72.5) 155 (73.1) 53 (70.7) 0.341
1–9 64 (22.3) 45 (21.2) 19 (25.3)
10–20 9 (3.1) 6 (2.8) 3 (4.0)
≥21 6 (2.1) 6 (2.8) 0

EGN, expanded gram-negative coverage; ICU, intensive care unit; IQR, interquartile range; LRMC, Landstuhl Regional Medical Center; RBC, red blood cell.
aExpanded gram-negative (i.e., addition of a fluoroquinolone and/or aminoglycoside to narrow coverage).
bInjury Severity Score21 is an overall measure calculated for each patient based on the top three maximum Abbreviated Injury Scale anatomical region values.
cp-Value is for the comparison of the Injury Severity Score profile between the regimen groups.
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injury) (Fig. 1). The majority of patients (17; 53% of 32)
had the change occur 1 d after the start of the narrow regi-
men with small increments of patients continuing to trans-
ition to EGN coverage as time following the initiation of the
narrow regimen progressed.

Non-Infection Outcomes
There was no significant difference in the number of operat-
ing room visits (75% of both groups had less than two visits)
or duration of hospitalization (median of 20 versus 19 d)
between the patients who received EGN coverage and a nar-
row regimen, respectively (Table 2). There was also no dif-
ference in mortality between the two groups, and the deaths
that occurred were in very severely injured soldiers and not
the result of a SSTI.

Gram-negative organisms (from any site) not susceptible
to fluoroquinolones and/or aminoglycosides were isolated

more commonly from patients receiving EGN coverage ver-
sus a narrow regimen (36% and 19%, respectively; p <
0.001; Table 2). When the population was restricted to the
subset of 159 patients who had gram-negative organisms iso-
lated (37 patients with EGN coverage and 122 patient in the
narrow regimen group), the proportion of resistant organisms
increased to 73% and 34%, respectively.

Infection Outcomes
Six patients (2.1%) developed an extremity SSTI, of which
all were in the narrow regimen group (2.8% of 212; Table 2).
Four of the patients were diagnosed with a deep SSTI (i.e.,
involves deep soft tissues, such as fascia and muscle layers
of the wound), while the remaining two had superficial SSTIs
(i.e., involves only skin and subcutaneous tissue). The frequency
of non-extremity infections was comparable between the narrow
regimen and EGN coverage groups (11% and 15%, respec-
tively). There was also no significant difference related to isola-
tion of MDROs and methicillin-resistant Staphylococcus aureus
within the first two weeks of injury between the groups. When
the definition of EGN coverage was expanded to include
patients who received fluoroquinolones or aminoglycosides on
day of injury plus two days, the results related to infectious
outcomes remained the same (six SSTIs in narrow group and
zero in EGN coverage group; p = 0.182). Furthermore, a higher
proportion of EGN coverage patients recovered Gram-negative
organisms resistant to fluoroquinolones/aminoglycosides (32%
versus 19%; p < 0.001). A restricted analysis removed 32
patients who had EGN added after the initial prophylaxis
period and the results demonstrated no difference from the
full population (data not shown).

Given the high frequency of blast injuries coupled with a
trend towards higher rates of EGN prophylaxis among blast

FIGURE 1. Proportion of patients with narrow prophylaxis (N = 212) who
had their regimen changed to include EGN coverage. DOI, day of injury.

TABLE II. Open Extremity Soft-Tissue Injury Outcomes by Post-Trauma Antibiotic Prophylaxis.

Outcome, No. (%) Total (N = 287) Narrow (N = 212) EGN (N = 75) p-Value

Any infection at LRMC 17 (5.9) 10 (4.7) 7 (9.3) 0.145
Any infection at U.S. hospital 43 (15.0) 32 (15.1) 11 (14.7) 0.929
Extremity SSTI 6 (2.1) 6 (2.8) 0 0.345
Non-extremity Infections 35 (12.2) 24 (11.3) 11 (14.7) 0.447
Occurrence within 2 wk of injury
Extremity SSTI 5 (1.7) 5 (2.4) 0 0.331
MDRO isolation 54 (18.8) 38 (17.9) 16 (21.3) 0.516
MRSA isolation 3 (1.1) 2 (0.9) 1 (1.3) ~1.00
VRE isolation 0 0 0 NA

Occurrence within 4 wk of injury
Extremity SSTI 6 (2.1) 6 (2.8) 0 0.345

Clostridium difficile during initial hospitalization 2 (0.7) 2 (0.9) 0 ~1.00
EGN-resistant gram-negative organism isolationa 68 (23.7) 41 (19.3) 27 (36.0) 0.001
Median visits to OR (IQR) 0 (0, 2) 0 (0, 2) 0 (0, 2) 0.621
Total Hospitalization, median days (IQR)b 19 (14, 28) 19 (14, 26) 20 (15, 34) 0.069
Death 2 (0.7) 2 (0.9) 0 1.000

EGN, expanded gram-negative coverage; IQR, interquartile range; LRMC, Landstuhl Regional Medical Center; MDRO, multidrug-resistant organism;
MRSA, methicillin-resistant Staphylococcus aureus; OR, operating room; SSTI, skin and soft-tissue infection; VRE, vancomycin-resistant Enterococcus.
aRecovery of gram-negative organisms from any site that were resistant to fluoroquinolones and/or aminoglycosides.
bInjury to first discharge from U.S. participating hospital.
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patients, the frequency of SSTIs among the 187 blast
patients (132 narrow and 55 EGN) was evaluated. No benefit
in SSTI rates was observed with use of EGN prophylaxis.
Specifically, there were three patients in the narrow group
with extremity SSTIs compared with zero in the EGN group
(p = 0.557). Blast injury patients also had a higher risk of
isolating a Gram-negative organism resistant to fluoroquino-
lones and/or aminoglycosides when EGN was used (36%
versus 17%; p = 0.001). Further sensitivity analysis excluded 59
patients who received a beta-lactam beta-lactamase inhibitor
(e.g., IV amoxicillin-clavulanate). Among the remaining 171
patients in the narrow regimen group, 3 (1.8%) developed an
extremity SSTI (all classified as deep). As with the other sub-
group analyses, there were no significant differences between the
narrow and EGN groups regarding infectious outcomes, while a
higher proportion of fluoroquinolone and/or aminoglycoside-
resistant Gram-negative organisms were recovered from patients
who received EGN coverage (35% versus 19%; p < 0.001).

The six patients with diagnosed SSTIs in the narrow regi-
men group were further assessed. Three had minor injury
severity (ISS < 10), one had severe injury severity (ISS =
24), and the remaining two had critical, life-threatening
injury severity (ISS ≥26). None of the six patients with
SSTIs died. In addition, the six SSTI events would not likely
have been prevented by using EGN prophylaxis because the
SSTIs either did not involve gram-negative organisms or, in
cases with gram-negative organisms, the isolates were fluo-
roquinolone resistant.

DISCUSSION
Antibiotic prophylaxis targeting gram-positive skin flora and
thorough debridement/irrigation are accepted, standard prin-
ciples in the management of civilian and combat-related
post-traumatic open soft-tissue injuries. Despite broad agree-
ment between civilian and military guidelines,1,6–9 our find-
ings reaffirm previous analyses showing that the use of EGN
coverage in DoD combat-related injuries was prevalent in
2009–2011 and declined in the ensuing years.10,11 More
importantly, our findings extend the body of literature by
showing that adding a fluoroquinolone or aminoglycoside to
post-traumatic antibiotic prophylaxis fails to reduce SSTI
outcomes and comes at a cost of increased fluoroquinolone
and/or aminoglycoside resistance to gram-negative organisms.
These findings should reassure trauma clinicians that the prac-
tice of adding EGN antibiotics to post-trauma antibiotic pro-
phylaxis regimens for soft-tissue injuries is unnecessary.

The main limitation of our analysis is that it is not a ran-
domized trial, and instead is a retrospective observational
study. During the study period, use of EGN was not uniform
and declined following the dissemination and publication of
the 2011 guideline.7 Nevertheless, the different usage pat-
terns in the study years allowed us to assess outcomes in a
period where injury severity, injury mechanism, and infec-
tion definitions remained constant. One factor our analysis

did not control for is the possibility of varying approaches to
the diagnosis of SSTI by different clinicians in different time
periods; however, we feel it is unlikely that the approach to
the clinical diagnosis of SSTI changed during the study
period. Although not statistical significant, the patients who
received EGN coverage had a high proportion of blast inju-
ries. This may be due to the fact that use of EGN was more
common in the years leading up to publication of the 2011
guideline7 when blast patients were more common relative
to other injury types. Despite this trend, when the analysis
was restricted to patients with blast injury, the findings of
the study did not change. Another limitation is that some
patients had EGN prophylactic antibiotics added more than 2 d
following their traumatic injury. Despite this variance, when
their prophylaxis category was re-categorized and when they
were removed from the analysis, the results did not change.
Duration of antibiotic prophylaxis was also slightly longer in
the patients who received EGN prophylaxis; however, the
median and ranges were similar and not clinically significant.

In summary, our findings provide evidence that the addi-
tion of EGN antibiotics to post-traumatic combat-related
soft-tissue injuries does not improve infectious outcomes.
Importantly, neither the guidelines nor this study should
deter clinicians from using their clinical judgment and indi-
vidualizing care.
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