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Background

While combat injury and subsequent infection
have been common throughout history, changes
in mechanisms of injury continue to necessitate
changes to prevention strategies. Dismounted
complex blast injuries (DCBI) by no means
emerged in the past few years. Similar injuries
certainly took place in prior conflicts, including
WWII, Vietnam, and Korea. However, these pre-
viously often unsurvivable injuries have become
much more commonly seen in follow-up due to
advances in field care and forward surgical care.
However, perhaps no conflict has been so uniquely
defined by DCBI, with such a large proportion of
severely injured survivors, as the recent conflict in
Afghanistan where DCBI was caused almost
exclusively by improved explosive devices (IEDs),
as opposed to unexploded ordinance or landmines
(as seen in previous conflicts). While IEDs were
used in Iraq, many caused injuries while combat
troops were in vehicles (i.e., mounted). However,
in Afghanistan, the tactics and terrain of the coun-
try led to predominantly injuries sustained while
on foot patrol (i.e., dismounted).

H. C. Yun (<) - D. M. Blyth - C. K. Murray
San Antonio Military Medical Center,
JBSA-Fort Sam Houston, TX, USA

Uniformed Services University of the Health
Sciences, Bethesda, MD, USA
e-mail: Heather.c.yun.mil@mail.mil

© Springer International Publishing AG, part of Springer Nature 2018

The DCBI Task Force noted in June 2011 that
the number of DCBI had increased during the
previous 15 months, with a doubling in the num-
ber of service members with triple limb amputa-
tions [1]. DCBI is often characterized by high
above-knee amputations and genital and perineal
injuries, further contributing to their complexity
and predisposition to infection. The fighting sea-
son that followed the Task Force’s report saw an
even higher rate of amputations, with 17.4/month
reported during 2011 and over 35 in the month of
June, alone [2]. From 2010 to 2011, driven by
DCBI, the rate of amputations in trauma patients
admitted to combat support hospitals (CSHs)
rose from 3.5% to 14% [3].

The risk factors for infection after these inju-
ries are numerous. First, the degree to which
DCBI wound contamination occurs has been
well described in the literature and the lay media
and witnessed by the author during her own 2011
Afghanistan deployment to the intensive care
unit at Craig Joint Theater Hospital [4]. The vari-
ety and volume of detritus removed from these
wounds is impressive and is often discovered
even after several debridements. Soil, vegetation,
rocks, man-made objects, parts of the boots and
uniform, and even fragments of body parts of
self or others may be found; the author experi-
enced one case where the calcaneus of the soldier
was discovered just inferior to his scapula after
tracking through his soft tissues all the way from
his amputated leg.
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From the time when first entering the contin-
uum of care, the casualty undergoes numerous
operative procedures, often in austere circum-
stances with less-than-ideal sanitary environ-
ments. Beyond that what is associated with
trauma, DCBI patients frequently sustain further
immunosuppression secondary to massive blood
product transfusion; are treated alongside multi-
ple additional casualties, some of whom may be
colonized with drug-resistant bacteria as a result
of community or hospital acquisition; and
undergo no fewer than ten transitions of care, at
least two of which occur in a supine position
across thousands of miles before finally arriving
in the USA for definitive care. This context of
care and risk for infection is incredibly unique.

Unsurprisingly, the risk for infectious compli-
cations in combat casualties after DCBI is high.
The overall cohort of casualties injured and evac-
uated from theater has been characterized in the
Trauma Infectious Disease Outcomes Study
(TIDOS). This prospective observational study
began enrolling subjects in 2009, the same year
that injuries sustained by US personnel in
Afghanistan began to outnumber those from Iraq,
with a concomitant increase in risk in DCBI [1].
The initial report from the TIDOS cohort on
infectious complications included 233 of 311
subjects injured in Afghanistan, with blast inju-
ries accounting for 69% of those enrolled [5]. A
total of 27% of all hospitalized patients devel-
oped at least one infectious complication; this
included 50% of all those admitted to an inten-
sive care unit. Using standardized definitions for
healthcare-associated infections as defined by the
National Healthcare Safety Network, wound,
skin, and soft tissue infections accounted for
20%, followed by osteomyelitis at 10%, blood-
stream infections at 9%, and pneumonia at 3%.

A recent analysis, including 524 wounded
personnel from Iraq and 4766 from Afghanistan,
found overall infection rates were higher in casu-
alties from Afghanistan compared to those from
Iraq (34% vs 28%, respectively) [6]. Independent
risk factors driving this difference were large-
volume blood product transfusions, high injury
severity scores, and IEDs as an injury mecha-
nism. Those injured in Afghanistan combat expe-

rienced a 47% incidence of skin/soft tissue
infection, a 14% incidence of pneumonia, a 14%
incidence of bloodstream infection, and a 6%
incidence of osteomyelitis. In total, 36% devel-
oped >1 infection.

Microbiology

Recent infectious complications of combat casu-
alties, with or without DCBI, have been most
remarkable for the prevalence of multidrug-
resistant (MDR) gram-negative rods (GNR). The
most prevalent bacteria isolated either as coloniz-
ing or infecting pathogens after DCBI have less
to do with the mechanism of injury and more to
do with the theater in which the injury occurred,
prevailing nosocomial pathogens at the time, and
time after injury. During operations in Iraq, MDR
Acinetobacter baumannii-calcoaceticus complex
(ABC) emerged as a predominant pathogen
among evacuated casualties, even earning the
unfortunate  nickname, “Iragibacter”  [7].
However, early sampling of wounds after injury
revealed typical skin flora, including staphylo-
coccal spp., and clinical cultures obtained from
US casualties, while hospitalized at deployed
medical facilities revealed the same [8, 9].
Colonization and infection rates with MDR ABC
and other GNR including Klebsiella pneumoniae
and Pseudomonas aeruginosa rose as the patient
progressed through the evacuation chain and
were most common (up to 70% for ABC in osteo-
myelitis) in initial established wound and bone
infections [5, 10, 11]. By the time the patient
relapsed with their osteomyelitis, however,
Staphylococcus aureus was once again most
common.

As large-scale combat operations shifted from
Iraq to Afghanistan, the predominant pathogens
changed. This was seen early in active surveil-
lance cultures performed in evacuated casualties.
From 2005-2009, ABC colonization rates began
to decline and be replaced by other MDR GNR
[12]. By 2009-2012, when most casualties were
occurring in Afghanistan, the predominant colo-
nizing pathogens were Escherichia coli, P. aeru-
ginosa, and Enterobacter aerogenes [13]. E. coli
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alone (most of which produced extended-
spectrum beta-lactamase [ESBL]) accounted for
67-83% of all MDR isolates recovered at US
medical treatment facilities, while ABC
accounted for only 7%. While E. coli was the
most common colonizing pathogen, the most
common GNR isolated during any evaluation for
infection in casualties evacuated from
Afghanistan was P. aeruginosa, followed by E.
coli [6]. An evaluation of the acutely mangled
extremity in Afghanistan typically revealed poly-
microbial contamination with low-virulence
environmental organisms and skin flora which
generally did not persist on repeat sampling or
appear to cause infection. Enterococci were fre-
quently isolated from these wounds and did not
often appear to be responsible for infection.
Anaerobes were also isolated, although outcomes
do not appear to correlate with the use of antimi-
crobials active against them [14]. Lastly, Candida
spp. were isolated from about 5% of TIDOS
cohort wounds, typically in polymicrobial infec-
tions, and were not associated with mortality in
this context [15].

When evacuated casualties from Iraq and
Afghanistan first began presenting with MDR
infectious complications, the source of these
organisms was not obvious. Initially, it was
hypothesized that these organisms, MDR ABC in
particular, were found in the local environment,
heavily contaminating wounds at the time of
injury, and selected for as the patient received
antimicrobials and progressed through treatment.
Historical data from the Vietnam era were
referred to as evidence, although neither ABC
taxonomy nor a mechanism for the organisms’
introduction into wounds was identified, in spite
of major ecological differences between Vietnam
and Southwest Asia [16, 17]. Additionally, subse-
quent studies revealed that ABC and MDR
Enterobacteriaceae were not found in fresh com-
bat wounds shortly after the time of injury, in
either Iraq or Afghanistan [8, 18], and microbio-
logic sampling of soil from various locations
throughout Iraq and Afghanistan also failed to
identify MDR GNR [19].

It was also considered that personnel may
have been colonized with MDR GNR prior to

injury, with gut or skin flora serving as the major
contributor to endogenous infection with these
organisms. However, active assessments of colo-
nization with MDR pathogens have consistently
demonstrated rising rates as patients progress
through the chain of evacuation, with coloniza-
tion rates increasing two to three times between
admission to Landstuhl Regional Medical Center
(LRMC) and US-based military treatment facili-
ties [12, 13]. Uninjured personnel were also
screened for ABC colonization prior to deploy-
ment, while serving in Iraq, and after evacuation
from Iraq for non-trauma diagnoses, with no evi-
dence of MDR ABC in any of those groups [20-
22]. For ABC at least, pre-injury colonization
appears to have no role in post-injury infection.
For ESBL-producing Enterobacteriaceae, the
data are less clear. Multiple studies of civilian
travelers have demonstrated risk for ESBL acqui-
sition over the course of international travel [23—
25]. While active surveillance has continued to
demonstrate rising rates of colonization in evacu-
ated military casualties between Level IV and V
facilities, this surveillance does not involve peri-
rectal swabs which might be more likely to iden-
tify Enterobacteriaceae. One assessment of
healthy deployed personnel in Afghanistan
revealed an ESBL-producing E. coli colonization
rate of 11%, about five times that seen in nonde-
ployed military personnel [26]. These rates have
been noted to be as high as 35% in French mili-
tary personnel after aeromedical evacuation from
Afghanistan [27]. Evaluations of serial coloniz-
ing and infecting isolates have revealed that a
majority of E. coli isolates are related in the same
patient over time, indicating a potentially greater
role for endogenous infection [28]. It is worth
noting, though, that the first of these isolates were
recovered at LRMC, not at the time of injury or
before.

The third hypothesis, and ultimately the one
borne out by the literature, was that nosocomial
transmission of MDR GNR was occurring during
the chain of combat casualty care. An early
assessment of clinical cultures performed at a
CSH in Iraq demonstrated that US personnel’s
cultures grew predominantly S. aureus,
coagulase-negative staphylococci, and
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streptococcal spp., while the cultures from local
patients (who often had prolonged hospitaliza-
tions at the CSH) grew ABC, K. pneumoniae, and
P. aeruginosa [9]. This suggested a potential role
for cross-transmission from long-term intensive
care unit patients to freshly injured casualties.
Another study from Iraq demonstrated decreas-
ing ABC colonization rates among US personnel
when the hospital census, and specifically the
numbers of non-US personnel admitted to the
CSH, decreased [29]. A large epidemiologic
assessment of ABC isolates from US military
casualties, patients treated alongside casualties,
and hospital environments demonstrated clonal
relatedness among isolates recovered from mul-
tiple Level Vs, LRMC, the Comfort (a US mili-
tary hospital ship), and a CSH in Baghdad; one
strain was also recovered from British and
Canadian injured personnel [22, 30]. Major out-
breaks of clonally related E. coli isolates have not
been seen in this context. However, studies per-
formed in both Iraq and Afghanistan have dem-
onstrated high rates of community-associated
MDR GNR among local national patients treated
in CSHs there and establishment of those GNR as
the endemic flora of those facilities [31-33].
Taken together, the bulk of the evidence supports
ongoing introduction of MDR GNR to military
hospitals in the theater of operations, with cross-
transmission occurring there and during higher
echelons of casualty care.

Concurrent with the rise in DCBI and amputa-
tion rates in Afghanistan, invasive fungal infec-
tions (IFI) emerged as an infectious complication
for which this population was uniquely at risk.
Among patients evacuated to Landstuhl Regional
Medical Center (LRMC), the IFI rate was 2% in
the fourth quarter of 2009 and steadily rose to 5%
over the following 9 months, eventually compli-
cating 12% of intensive care unit (ICU) admis-
sions [34, 35]. These patients presented with
fever, hypotension, and tachycardia, along with
recurrent myonecrosis, a median of 10 days after
injury. Risk factors were identified as blast injury,
being dismounted at the time of injury, above-
the-knee amputations and massive transfusion
(>20 units of packed red blood cells) require-
ments in the first 24 h [36]. Among IFI cases,

79% had lower extremity amputations, and 74%
had genitalia or groin injuries; 93% were related
to DCBI. Multiple amputations were also com-
mon, with bilateral lower extremity amputations
seen in 68% of the original cohort and 16%
involving three limbs [34]. These injuries were
sustained during dismounted patrols specifically
in the agricultural Kandahar and Helmand prov-
inces of Afghanistan, which are southern, lower
altitude, wetter, and better habitats for many
environmental fungi [37]. Unlike MDR GNR,
these pathogens are generally inoculated directly
from the environment. Numerous fungi have
been responsible for these infections, including
Mucorales, Aspergillus, and Fusarium spp., and
concurrent growth of MDR GNR has been
reported in approximately one-third [38].

Outcomes

Multiple clinical outcomes have been evaluated
in the setting of infection after combat-related
injury, and given the nature of recent conflicts,
many of these have been related to blast injuries
including DCBI. Outcomes clearly are poorer
than in uninfected patients. Even the presence of
bacteria in uninfected appearing type III tibia
fractures has been demonstrated to increase risk
of amputation, with the risk increasing in the
setting of more than one species of bacteria
[39]. Patients without infection had a 19% rate
of amputation, compared to 34% among those
with osteomyelitis and 40% with deep wound
infections; reoperation rates and times to frac-
ture union were also increased. Failures of limb
salvage, unplanned operative takebacks, and
readmissions have all been associated with deep
wound infection and osteomyelitis [40-42].
Similar to data from prior conflicts, those
injured in recent conflicts who die from their
wounds often do so related to sepsis or multior-
gan system failure related to infection [43, 44].
IFI in general, and particularly those involving
Mucorales spp., significantly prolonged the
time to eventual wound closure compared to
those without IFI, including those with bacterial
infections. A recent case-control study found
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significant differences in outcomes between
those with IFI and those without; those with IFI
required a greater number of changes in ampu-
tation level, a higher number of operative proce-
dures, and longer duration to wound closure
[45]. Six percent of those with IFI died, com-
pared to 1% of those without, although this did
not reach statistical significance.

Prevention
Wound Management

The prevention of wound infection begins in the
earliest stages of injury management. Wounds are
to be dressed with sterile bandages at the point of
injury,  limiting  further = contamination.
Debridement and irrigation should begin at the
earliest opportunity, whether as part of prehospi-
tal care or in a medical setting without surgical
capabilities (Level I/IT). Irrigation with normal
saline, sterile water, or even potable water as an
alternative is recommended under low pressure
[46]. Increasing volumes of irrigation fluid are
recommended with increasing Gustilo grade of
fracture (3 L for Type I, 6 L for Type II, and 9 L
for Type III). The use of additives is not recom-
mended, given the lack of available evidence to
demonstrate improvement in outcomes and the
potential risk for toxicity; recent data from the
FLOW study also corroborated no improvements
with the addition of castile soap [47]. The use of
high-pressure delivery systems has been associ-
ated with increases in wound bacterial burden
under experimental conditions and in some
instances caused outbreaks of nosocomial organ-
isms including MDR ABC [48, 49]. Soft tissue
foreign bodies and fragments, commonly seen
with DCBI, can typically be retained and
observed if there is no evidence of infection,
associated entry and exit wounds are <2 cm, and
there is no vascular, pleural, peritoneal, or bony
involvement. The use of negative pressure wound
dressings (NWPD) has been well established in
this population, including during aeromedical
evacuations, although its role in infection preven-
tion is not completely clear [50-52].

Evacuation to surgical capability is recom-
mended at the earliest opportunity. However,
combat and weather conditions can make rapid
evacuation challenging. Additionally, the effect
of timing of surgical debridement on infectious
disease outcomes has not been well established.
LEAP data and other previous studies have not
demonstrated that timing of surgical debridement
impacts infection rates, at least out to 24 h after
injury [53]. More recent prospective data from
Canadian trauma centers using similar treatment
and antibiotic protocols has shown that while
increasing Gustilo grade and the presence of
tibia/fibula fractures increase infection risk, the
time to either initial surgery or antibiotics does
not [54]. Tt is likely that the thoroughness and
adequacy of initial debridements matters more
than timing. This can be particularly challenging
in DCBI patients given the complexity and heavy
contamination of their injuries, the frequency of
multiple injuries, and physiological limitations to
prolonged operative interventions in critically
injured and often hemodynamically unstable
patients. Daily surgical debridement is not
unusual in this context, at least initially, to ensure
that all wounds have been extended, directly
visualized, and explored and debris and devital-
ized tissue have been removed. The optimal
methods of fracture fixation have not been firmly
established by available evidence. Internal fixa-
tion is typically delayed until after multiple
debridements, evacuation, and stabilization and
may be performed later than in civilian trauma
settings. Internal fixation for local national
patients must carefully be considered in the con-
text of possible complications and what health-
care capacity is available to the patient in the
local community. The World Health Organization
cautions against implantation of orthopedic
devices that may not be removable by local surgi-
cal capabilities in the event of infection [55]. In
the acute setting, external fixation is the preferred
US military approach; the UK often uses casting
initially with good outcomes, although these may
not translate in settings with longer evacuation
times or increased numbers of casualties [56].
Wound cultures are recommended only when
there is a clinical suspicion of wound infection.
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Most wounds should undergo repeated explora-
tion and debridement prior to closure typically
3-5 days after injury; only injuries involving the
face or dura have a recommendation for primary
closure. Primary repair of colonic injuries should
be avoided, especially those with multiple con-
comitant injuries, hemodynamic instability, or
massive blood transfusion, such as often seen in
DCBI with rectal injuries.

Antimicrobial Use

While surgical management is the mainstay of
infection prevention after DCBI, antimicrobials
plan an important adjunctive role. Like wound
management, their use may begin at the earliest
point of care, with recommendations for initial
dosing within 3 h from the time of injury. Tetanus
vaccine and immunoglobulin must be considered
and given when indicated. Point-of-injury (POI)
antibiotics (Level I) are recommended as a single
dose in the event that evacuation is delayed or
expected to be delayed [57]. The currently rec-
ommended POI agent is moxifloxacin, with
ertapenem given as an alternative in the event of
shock, a penetrating abdominal injury, or inabil-
ity to take an oral medication. These agents were
chosen based on an activity against expected
infecting pathogens, stability in austere field
environments, and ease of dosing. Most patients
do not require POI antibiotics, and high-dose
cefazolin (2 g IV q6-8 h) is the backbone of rec-
ommended antimicrobial prophylaxis in combat
injuries including DCBI. The 2011 guidelines
also included recommendations for redosing in
the event of blood transfusion totaling 1500-
2000 cc. The addition of metronidazole is recom-
mended for penetrating hollow viscus injuries or
central nervous system injuries involving gross
contamination with organic material. The recom-
mended duration of antimicrobial prophylaxis is
short, totaling 1-3 days for extremity injuries,
5 days for most central nervous system injuries,
and typically 1 day for abdominal or thoracic
injuries (Table 21.1). Longer durations are not
recommended in the event of drains, external fix-
ators, or open wounds.

The use of broader-spectrum coverage is spe-
cifically discouraged. Gas gangrene has not been
seen in this population, despite the destructive
injuries and the agricultural regions in which they
occur, and adjunctive penicillin is not recom-
mended. Recommendations against the use of
extended-spectrum gram-negative agents, such
as aminoglycosides or fluoroquinolones, were
based on the absence of definitive evidence that
these lower infection rates and on the concern for
potentially increasing selection of MDR organ-
isms [57]. This has been a source of controversy
in civilian open fracture guidelines [58, 59].
Recent TIDOS data have indicated that antimi-
crobial prophylaxis is associated with increased
risk of colonization by MDR GNR, with an odds
ratio of 3.5 for cefazolin and 5.4 for fluoroquino-
lones [60]. Data recently presented at IDWeek
also demonstrated that among 1043 TIDOS
patients, 81% of whom had sustained blast inju-
ries, expanded GNR coverage with a fluoroqui-
nolone or aminoglycoside did not affect rates of
osteomyelitis or MDR colonization [61]. It is
also problematic to select a prophylaxis agent
that would cover the resistant GNR seen in infec-
tious complications from recent conflicts, given
that these tend to be highly drug resistant. By
2007, ABC isolates had reported susceptibilities
to amikacin of <40%; <10% of ICU patients’ iso-
lates were susceptible [62]. More importantly,
there has been no evidence that these isolates are
even present in casualties’ wounds shortly after
injury, at the time that prophylaxis would be
given. Prophylaxis with systemic antifungals is
not recommended, dilute Dakin’s solution has
been shown to have broad activity against a vari-
ety of molds with limited toxicity, and its appli-
cation to wounds in high-risk patients has been
recommended [63, 64].

Infection Prevention and Control
(IPC)

Multiple sets of international, national, and
combat-specific guidelines have been published
and serve as excellent references to the practice
of IPC, and an exhaustive reiteration of all these
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Table 21.1 Antimicrobial therapeutic agents and duration for prevention of infection in combat-related trauma

Injury ‘ Preferred agent(s) ‘ Alternate agent(s) ‘ Duration
Extremity wounds (includes the skin, soft tissue, bone)

Skin, soft tissue, no Cefazolin, 2 g IV q6-8h Clindamycin (300-450 mg po, or 1-3d
open fractures 600 mg IV q8h)

Skin, soft tissue, with Cefazolin, 2 g IV q6-8h* Clindamycin 600 mg IV q8h 1-3d
open fractures, exposed

bone, or open joints

Thoracic cavity

Penetrating chest injury | Cefazolin, 2 g IV q6-8h Clindamycin (300-450 mg po, or 1d
without esophageal 600 mg IV gq8h)

disruption

Penetrating chest injury | Cefazolin, 2 g IV q6-8h, plus Ertapenem 1 g IV x 1 dose or 1d after
with esophageal metronidazole 500 mg IV moxifloxacin 400 mg IV x 1 dose definitive
disruption q8-12h washout
Abdomen

Penetrating abdominal Cefazolin, 2 g IV q6-8h, plus Ertapenem 1 g IV x 1 dose or 1d after
injury with suspected/ metronidazole 500 mg IV moxifloxacin 400 mg IV x 1 dose definitive
known hollow viscus q8-12h washout
injury and soilage; may

apply to rectal/perineal

injuries as well

Maxillofacial

Open maxillofacial Cefazolin, 2 g IV q6-8h Clindamycin 600 mg IV q8h 1d

fractures or
maxillofacial fractures
with foreign body or
fixation device

Central nervous system

Penetrating brain injury

Cefazolin 2 g IV q6-8 h.
Consider adding metronidazole
500 mg IV g8-12 h if gross
contamination with organic
debris

Ceftriaxone 2 g IV q24h. Consider
adding metronidazole 500 mg IV
q8-12h if gross contamination with
organic debris. For penicillin
allergic patients, vancomycin 1 g
IV q12h plus ciprofloxacin 400 mg
IV g8-12h

5 days or until
CSF leak is
closed,
whichever is
longer

Penetrating spinal cord

Cefazolin 2 g IV q6-8h. Add

As above. Add metronidazole

5 days or until

injury metronidazole 500 mg IV 500 mg IV ¢8-12h if abdominal CSF leak is
q8-12h if abdominal cavity is cavity is involved closed,
involved whichever is

longer

Eye wounds

Eye injury, burn, or Topical: Erythromycin or Fluoroquinolone one drop QID Until

abrasion bacitracin ophthalmic ointment epithelium
QID and PRN for symptomatic healed (no
relief fluorescein
Systemic: No systemic staining)
treatment required

Eye injury, penetrating | Levofloxacin 500 mg IV/PO 7d or until

once daily. Before primary
repair, no topical agents should
be used unless directed by
ophthalmology

evaluated by a
retinal
specialist

(continued)
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Table 21.1 (continued)
Injury ‘ Preferred agent(s) ‘ Alternate agent(s) ‘ Duration
Burns
Superficial burns Topical antimicrobials with Silver nitrate solution applied to Until healed
twice daily dressing changes dressings
(include mafenide acetate or
silver sulfadiazine; may
alternate between the two),
silver-impregnated dressing
changed q3-5 d, or Biobrane
Deep partial-thickness Topical antimicrobials with Silver nitrate solution applied to Until healed or
burns twice daily dressing changes or | dressings plus excision and grafting | grafted

silver-impregnated dressing
changed q3-5d, plus excision
and grafting

Full-thickness burns Topical antimicrobials with
twice daily dressing changes

plus excision and grafting

Until healed or
grafted

Silver nitrate solution applied to
dressings plus excision and grafting

From Ref. [77]

“These guidelines do not advocate adding enhanced gram-negative bacterial coverage (i.e., addition of aminoglycoside

or fluoroquinolone) in type III fractures

is outside the scope of this chapter. However, it is
worth noting that attention to these practices is
often an afterthought or, at worst, may be consid-
ered pointless or unattainable in austere environ-
ments. This is clearly not the case. For all the
reasons outlined in the paragraphs above, infec-
tion prevention is of paramount importance to
prevent unnecessary suffering. However, prioriti-
zation of focus areas is necessary in deployed
military treatment facilities, based on the overall
risk, the evidence base, and the feasibility of the
proposed interventions; these are summarized in
Table 21.2.

Command Support
and Administrative Controls

Throughout the history of military preventive
medicine efforts, a strategic vision and the sup-
port of the command have been the key to the
efforts’ eventual success or failure. Our main rec-
ommendation for IPC in combat casualties,
including DCBI, is the establishment of a struc-
tured, systematic process for conducting and
studying IPC, with an individual leader respon-
sible. Frequently, successful interventions have
been sporadic, limited in scope, and spearheaded
by a deployed clinician with a particular interest
on a several-month rotation. While on-the-ground
efforts can often only be executed by deployed

individuals to specific facilities, without an over-
arching strategic vision, these efforts will result
in only piecemeal successes. Ideally, a joint,
theater-level consultant with IPC expertise, oper-
ational experience, and ability to assist with
development and conduction of multicenter
research protocols to address knowledge gaps
would be appointed in order to continuously
improve processes and respond to evolving issues
[46, 65]. This individual should also be respon-
sible for ongoing development and deployment
of theater-level standard operating procedures
with regard to IPC. Deployments of IPC experts
to assess in-theater practices took place in 2008,
2009, and 2012 and revealed a number of ongo-
ing areas for improvement, including training of
IPC practitioners, microbiology capabilities, pol-
icies for IPC and blood-borne pathogen expo-
sures, and policies and procedures for both IPC
and hospital disinfection [66]. Support for devel-
opment and maintenance of clinical practice
guidelines should also be provided; these were
developed in 2008 with a substantial revision in
2011 [57, 67]. These will require updating as
both risks and available evidence evolve.

Diagnostic Microbiology Capabilities

In order to ensure appropriate empiric therapy for
infected patients, a reliable hospital antibiogram
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Table 21.2 Specific infection prevention areas for priori-
tization in deployed military treatment facilities

Focus area Recommendation

Command
support/
administrative
controls

Establish joint, theater-level expert
infection prevention consultant
responsible for directing IPC
activities from levels I-1V,
including annual risk assessments
and plans

Establish theater-level IPC SOPs
Commit to deployed expert
microbiology support and
integrated surveillance for HAIs
and MDROs

Commit to ongoing education for
deploying and deployed infection
preventionists and clinicians
Commit to resourcing clinically
relevant IPC/HAI research in
theater

Commit to resourcing updated
clinical practice guidelines
Follow national and international
guidelines for prevention and
treatment of HAI

Implement robust hand hygiene
programs and monitor adherence
Implement VAP bundles and
monitor adherence

Implement evidence-based SSI
prevention measures

Ensure cohorting of short-term vs
long-term patients

Standardize environmental
disinfection, including both

low- and high-level disinfection,
and processing of sterile supplies
Implement antimicrobial
stewardship programs and monitor
adherence with published
guidelines

Essential IPC
tactical priorities

IPC Infection prevention and control, SOP Standard oper-
ating procedure, HAI Healthcare-associated infection,
MDRO Multidrug-resistant organism, VAP Ventilator-
associated pneumonia, SSI Surgical site infection, BBP
Blood-borne pathogen

is required, and in order to deescalate therapy,
rapid and accurate culture results must be
obtained. Both of these are dependent upon a
capable, adequately supported microbiology lab-
oratory, which has not always been available
downrange. Both expertise and appropriate auto-
mated systems must be in place to accurately
identify MDR pathogens, including ESBL-
producing organisms; this in particular has been a

challenge in recent conflicts. Future IPC strate-
gies must include a focus on establishment and
maintenance of appropriate diagnostic microbi-
ology capabilities, with flexibility to adjust as
pathogens of concern change.

Education and Training

Ideally, every deployed hospital would be
equipped with an IPC officer with knowledge and
experience in the field. This is not currently
attainable, as only a small number of active duty
personnel have such experience. In order to pro-
vide predeployment training to personnel tasked
with performing IPC officer roles, the Infection
Control in the Deployed Environment Course
was developed in 2008. This was initiated at
Brooke Army Medical Center through the
AMEDD Center and School in San Antonio,
Texas. Uptake by Army and Air Force personnel
deploying in this role has become regular, with
>100 (most deploying to Afghanistan) having
attended the course to date [66].

Systems for Research
and Surveillance

Research and surveillance gaps can quickly
become apparent as new infectious disease prob-
lems surface in the context of combat casualty
care. However, multiple barriers exist toward
addressing these gaps, such that many research
efforts have been single-center, retrospective
studies. Gradually, programmatic improvements
in this have been implemented. The Army orches-
trated some deployments specifically for infec-
tious disease research. The Department of
Defense Trauma Registry had infectious disease
modules added in an effort to capture these com-
plications. TIDOS was initiated and began enroll-
ing subjects in 2009, concurrently with the
multidrug-resistant organisms repository and
surveillance network’s collection of isolates for
characterization and assessment of global epide-
miology. These were admirable efforts which
ultimately led to dissemination of robust, multi-
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center scientific knowledge nearly a decade into
combat operations. Development of such capa-
bilities obviously requires considerable time and
resources, and they must not be left to founder
during times of relative peace.

Tactical IPC Priorities
Guideline-Driven Care

As previously stated, numerous national and
international guidelines exist with recommenda-
tions for prevention and treatment of healthcare-
associated infections. In general, these can be
applied to any context of care, and the guidelines
for prevention of infections in combat casualties
specifically address more austere environments
of care [46]. Given the high prevalence of MDR
pathogens in deployed hospitals, questions fre-
quently arise about universal contact precautions
(gowns and gloves). In general standard precau-
tions should always be applied, with the
transmission-based precautions reserved for their
typical applications. Cohorting is recommended
in order to reduce the risk of cross-transmission
from long-term inpatients to patients who will
undergo short-term evacuation.

Hand Hygiene

It would be challenging to design an IPC inter-
vention more ideally suited for the deployed (or
any other) healthcare environment than hand
hygiene. Besides being practically universally
applicable to the prevention of infection or trans-
mission of any healthcare-associated infection
organism, it is inexpensive, highly evidence
based, not highly dependent on context of care or
supply chains, and easy to implement and moni-
tor adherence. Alcohol-based handrub (ABHR)
is usually preferable to soap and water due to
ease of use, lack of required infrastructure, and
general acceptance by healthcare workers. It
must be easily accessible; if personnel have to go
out of their way, they will not use it readily. One
intervention at a deployed hospital in Afghanistan

involved installing ABHR dispensers on every
bedside table in the ICU, after which hand
hygiene adherence saw a sustained increase from
28% to 80% [66]. Previously there had been a
single sink in each open bay, with dispensers
mounted on the walls outside the ICU. Soap and
water is still preferred when hands are grossly
contaminated. Surveillance for adherence should
be performed by trained observers in a standard-
ized fashion and may lead to both on-the-spot
feedback and trend determination for reporting to
unit and hospital leadership.

Ventilator-Associated Pneumonia
Prevention

DCBI patients and other combat casualties are at
considerable risk for healthcare-associated, pre-
dominantly  ventilator-associated pneumonia
(VAP). One assessment from the TIDOS cohort
during 2009-2010, when DCBI was a predomi-
nant mechanism of injury, found that 18% of
evacuated ICU patients developed this complica-
tion [68]. Implementation of VAP bundles and
surveillance for VAP are practical at Level IlIs
and are specifically recommended by Joint
Theater Trauma System clinical practice guide-
lines [69]. Application of these guidelines has
been demonstrated to significantly reduce VAP
rates in both Iraq and Afghanistan Level IIIs. In
Iraq, the VAP rate fell from 60 to 11 per 1000
ventilator days, and in Afghanistan this was
reduced from 40 to 13 per 1000 ventilator days
[66, 70].

Surgical Site Infection Prevention

Surveillance for surgical site infections is clearly
recommended in US-based hospitals; however,
this is challenging to perform in forward eche-
lons of care given the long durations of follow-up
required to ascertain cases, especially when
orthopedic hardware is involved. Broad-based
interventions designed at lowering risks of opera-
tive complications, including the use of operative
checklists, can be used in any environment of
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care. These interventions include the use of alco-
holic chlorhexidine for skin preparation, avoid-
ance of shaving when hair removal is necessary,
avoidance of hypothermia and hyperglycemia,
maintenance of normal oxygenation, and use of
appropriate preoperative antimicrobials with
adherence to redosing schedules [71-74].

Environmental Disinfection, Sterile
Supply, and Endoscope Processing

Housekeeping in deployed environments is often
provided by local contractors, but disinfection of
equipment used in patient care is typically the
purview of nurses and technicians. This equip-
ment, including ventilators, monitors, bedside
tables, and hospital beds, can present high risks
for indirect transmission of organisms. As an
additional, nonclinical duty, disinfection of these
items can suffer from lack of standardization. We
suggest maintaining a schedule of cleaning
patient care equipment, including not only termi-
nal disinfection but regularly during the care of
longer-term inpatients, with a checklist to ensure
completion by assigned staff. Processing sterile
supplies and endoscopes requires specific train-
ing and expertise that may be limited in the
deployed environment. This duty may fall to
inexperienced personnel with on the job training.
As such, careful attention should be paid to
development of straightforward SOPs and check-
lists to ensure that quality control procedures
have been completed according to standards. A
monitoring program should be developed calling
for frequent audits to ensure that correct proce-
dures are being used for disinfection.

Antimicrobial Stewardship

Widespread use of antimicrobials in settings
treating combat casualties is inevitable. For all
the reasons articulated earlier, these casualties,
and DCBI patients in particular, are at high risk
for infection, and prophylaxis is generally war-
ranted. Unfortunately, adherence to guideline-
recommended therapy is variable—both in terms

of choice of agent and duration. In 2009, the use
of an antibiotic consistent with guidelines was
76% in Iraq and 58% in Afghanistan [75].
Follow-up data showed improvement to 75%
compliance overall, but guideline-directed use of
antimicrobials in penetrating abdominal injuries
still lagged at 68% [76]. These suggest ongoing
need for both surveillance and education, particu-
larly in the light of more recent data supporting
increasing risk of MDR colonization with the use
of fluoroquinolones [60]. It is worth noting that
antimicrobial stewardship, in addition to other
locally implemented IPC practices, can have a
perceptible, rapid impact on antimicrobial sus-
ceptibilities of commonly isolated organisms.
One evaluation out of Balad, Iraq, assessed ABC
susceptibilities after focusing on decreasing car-
bapenem use, in addition to implementing
ventilator-associated pneumonia (VAP) bundles
and improving hand hygiene and environmental
disinfection. Over a 4-month period, there were
statistically significant improvements in ABC
susceptibilities to both meropenem (46-64%)
and amikacin (41-68%) [70]. Local review of
guideline adherence, utilizing pharmacy records,
is easy to implement in the deployed setting and
can focus attention on problematic patterns of
use. Admission order sets should prespecify anti-
biotics recommended for prophylaxis, with dura-
tions for use selected up front. Treatment of
established infections in patients admitted to
deployed hospitals must involve broader-
spectrum empiric agents when MDR pathogens
are suspected, but these should be deescalated as
quickly as possible based on culture results.

Conclusions

Patients affected by combat wounds in general,
and DCBI in particular, frequently suffer infec-
tious complications. These affect 34% of those
injured in and evacuated from Afghanistan and
50% if only ICU patients are considered. The
destructive nature of their injuries, heavy con-
tamination, frequent need for massive blood
transfusions, and complex and austere environ-
ments and transitions of care all contribute to
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risk. These infections are often made more chal-
lenging to treat due to the presence of MDR
pathogens transmitted in the healthcare environ-
ment. While MDR infection varies based upon
the context of injury, in recent years ESBL-
producing E. coli has been the predominant MDR
pathogen among DCBI patients. Those injured in
Afghanistan, particularly those with severe inju-
ries, amputations, and massive blood transfusion
requirements, have shown unique risk for
IFI. Preventing these infectious complications
involves careful, context-appropriate surgical
management of wounds, judicious antimicrobial
prophylaxis, and deliberate attention to IPC prac-
tices both on the strategic and tactical levels.
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