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During wartime, abdominal and tho-
racic trauma constitutes approximately
20% of combat-related injuries. Rates of
infection vary based upon organ of injury
with the highest rates noted for trauma to
the colon. This review focuses on the
management and prevention of infec-
tions related to injuries of the thoracic

and abdominal cavity. The evidence
upon which these recommendations are
based included military and civilian
data from prior published guidelines,
clinical trials, where available, reviews,
and case reports. Areas of focus include
antimicrobial therapy, irrigation and
debridement, timing of surgical care,

and wound closure. Overall, there are
limited data available from the modern
battlefield regarding the prevention or
treatment of these infections and further
efforts are needed to answer best treat-
ment strategies.
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Abdominal injuries are seen in 7% of wartime trauma,
and thoracic trauma in 9% to 15% of casualties, 90% of
which are penetrating.1 The nature of these wounds

sustained during wartime can be quite different from those
that present to civilian trauma centers. Several studies suggest
that historically, thoracic trauma from combat injuries pose a
higher risk for secondary infection. For example, studies on
thoracic injuries from World War II showed an infection rate
of 5% to 9%,2,3 whereas a comparable civilian study from the
same time frame only had a 3% infection rate.4 There are
several distinct features of wartime trauma, which must be
considered, such as the impact from the blast component. It is
also not uncommon for the modern wartime medic to see
trauma patients with a combination of blunt and penetrating
trauma, both high and low velocity, with significant blast

effect and associated burns.1,5–7 In addition, injuries sus-
tained during military conflicts may have a more significant
delay before definitive surgical care.8 Because of these rea-
sons, trauma seen in civilian hospitals may not be comparable
to injuries sustained in combat. These factors contribute to
the complexity of abdominal and thoracic wartime trauma,
and the difficulty in making treatment decisions in an effort
to prevent and manage infections associated with them. Spe-
cific data from the modern battlefield regarding antimicrobial
therapy after abdominal and thoracic trauma and treatment of
subsequent infections have not been published. Therefore, we
sought to perform a comprehensive review of the civilian
trauma literature and combine those results with our clinical
expertise in managing wartime injuries to present recommen-
dations, evidence-based whenever possible, to ideally prevent
and manage subsequent infections.

Infection after penetrating abdominal trauma has been a
common complication during war, with the first detailed
reports from World War I during which mortality rates from
colon injury ranged from 60% to 75%.9,10 During World War
II, high rates of intra-abdominal infection and mortality after
abdominal trauma, specifically colonic trauma, resulted in the
US Surgeon General and others mandating colostomy for the
management of such injuries.11,12 More recent data from
civilian trauma centers revealed the overall rate of postoper-
ative infection after penetrating abdominal trauma to be approx-
imately 30% if antibiotics were administered postoperative, and
up to 70% for those with colon injury.13,14 Data from the
current operations in Iraq and Afghanistan have recently been
reported. From September 2003 to December 2004, 3,442
patients were treated at the 31st Combat Support Hospital, of
which 175 (5.1%) had colorectal injuries.15 Penetrating
trauma accounted for 168 (96%) of these injuries, and 27
patients (16%) developed sepsis. Patients with colorectal in-
juries had a mortality of 18%, compared with 8% in those
without (p � 0.001). In a smaller series of 211 patients
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admitted to the USNS Comfort from March to May 2003, 56
patients (27%) were infected, and three (1.4%) died.8 Of the
39 patients with abdominal wounds, 17 (43%) became in-
fected. Similar to other reports,16 the vast majority of bacteria
were gram-negative organisms, with Acinetobacter spp. ac-
counting for 33%.

Risk factors for secondary infection of the abdominal
cavity after trauma depend on both the location of the injury
and the condition of the host. Identified risk factors for
trauma-related postoperative infection include need for blood
transfusion, higher penetrating abdominal trauma index
score, and injury to the colon.15,17–20 Although isolated co-
lonic injury has long been associated with higher risk for
secondary infection, a recent study showed that colonic inju-
ries with concomitant gastric trauma are associated with even
higher rates of infection.21 In addition, for patients with
pancreatic or duodenal trauma, the presence of the pancreatic
injury was responsible for the increased risk of infection.22

Lastly, one additional factor unique to modern, urban war-
time trauma care, which may impact upon the rate of infec-
tion is the potential delay from the time of injury until initial
surgical and medical care.7

Bacteria responsible for colonization and subsequent in-
fections from abdominal injuries depend on the particular
injured organ or viscous structure disrupted.23 Bacteria that
colonize the stomach through the proximal small bowel (in-
cluding the biliary system) include primarily gram-positive
and some gram-negative aerobic and facultative organisms,
whereas the distal small bowel has gram-negative aerobic and
facultative organisms as well as some anaerobes such as
Bacteroides fragilis. Colonic commensals include facultative
and obligate anaerobes to include streptococci and entero-
cocci. Overall, Escherichia coli is the most prominent patho-
gen in patients with complicated intra-abdominal infection
(cIAI).23,24 In postoperative patients, the risk of colonization
and subsequent peritonitis with nosocomial drug-resistant
pathogens, such as Pseudomonas aeruginosa increases over
time.23,25 Therefore, the agents recommended for treatment
of postoperative infections are broader spectrum, in general,
compared with those used for perioperative prophylaxis.

Thoracic infection within the pleural space after thoracic
trauma has been studied in previous conflicts similar to in-
fection after abdominal trauma. As noted above, during
World War II, with the advent of antibiotics, empyema was
reported to occur in approximately 5% to 10%.2,3 During the
Vietnam war approximately 2% of patients developed empy-
ema after thoracic trauma.26 More recently, data from Op-
eration Iraqi Freedom (OIF) revealed that injuries to the
thorax account for approximately 5% to 10% of
wounds.5,6,8 In the previously mentioned series of 211
patients admitted to the USNS Comfort, 30 patients (14%)
suffered an injury to the chest, seven (23%) of which were
associated with an infection, although the specific types of
infection (i.e. empyema, pneumonia, bacteremia, extremity
wound, etc.) were not reported.8

The greatest risk factor for infection of the thoracic space
after trauma is retained hemothorax.27,28 Studies from the
Korean war demonstrated up to 26% of undrained hemotho-
races eventually became infected.28 More recent data from
civilian trauma centers show approximately 1% to 10% of pa-
tients requiring tube thoracostomy develop empyema.27,29–31

Other risk factors cited for empyema after chest tube place-
ment include persistent pleural effusion, presence of pulmo-
nary contusion, need for multiple chest tubes in the same
hemithorax, higher thoracic acute injury score, and prolonged
duration of chest tube use.30,32 Mechanism of injury is also an
important risk factor, with penetrating injury, especially from
a gunshot wound, associated with empyema, and blunt
trauma and lung contusion associated with pneumonia.29,33,34

Other studies describe patients in shock, unconscious on
arrival, or injury sufficient to require splenectomy as risk
factors for infection.35 In general, the identified risk factors
all point toward a direct relationship between increasing se-
verity of thoracic injury and risk of empyema.

Various bacteria are responsible for infections after tho-
racic trauma, including gram-positive organisms, anaerobes,
and gram-negative pathogens.4,29 In most reports, Staphylo-
coccus aureus is the most common bacteria found, isolated
from 35% to 74% of patients.29,30,32 In the case of empyema
thoracis, if the infection originates from the initial entry point
or local area, then skin organisms, primarily staphylococcal
and streptococcal bacteria predominate. If the infection orig-
inates from the lungs, pulmonary pathogens, first community
acquired and later hospital acquired or ventilator-associated
organisms are seen. However, there is not always an obvious
source of infection.29 Additionally, the specific nosocomial
pathogens may vary from one institution, or intensive care
unit, to another. At times, infection may arise because of con-
tamination of bacteria from an adjacent site, most notably the
abdominal cavity because of concomitant penetrating abdominal
trauma leading to enteric contamination of the thoracic space.30

Flora associated with the hollow viscus that is damaged, as
discussed above, should then be considered.

Prevention of Infection After Abdominal Trauma
Antimicrobial Prophylaxis

The use of antimicrobials in preventing intra-abdominal
infection (IAI) after operation for penetrating abdominal
trauma has changed little in several decades. In 1972, Fullen
et al.13 provided the seminal argument for the use of preop-
erative antibiotics before surgical intervention for penetrating
abdominal injury, demonstrating that patients whose antibi-
otics were delivered preoperatively had a much lower (7%)
rate of secondary infection than those who received antibiot-
ics intraoperatively (33%) or postoperatively (30%).13 Sub-
sequently, Thadepalli et al.14 showed that kanamycin paired
with clindamycin was more effective than when paired with
cephalothin, demonstrating the role for anaerobic coverage in
preventing secondary infection. Thus, from the early 1970s it
was shown that antibiotics, particularly a regimen that in-
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cludes anaerobic coverage as well as aerobic coverage de-
creases subsequent infection. No placebo-controlled trials
have been performed since, with most trials focusing on what
is the most effective antimicrobial regimen.

Numerous studies in the subsequent years have eval-
uated different antibiotic agents and the optimal duration
of therapy after abdominal trauma. Prospective, randomized
trials have investigated penicillin, cephalosporins, clindamy-
cin, aminoglycosides, doxycycline, and others, all in various
combinations.36–41 Study sample sizes have varied from ap-
proximately 50 to 300 patients, with postoperative infection
rates ranging from 2% to 36%. No one antibiotic agent or
combination has been consistently proven to have superior
efficacy as long as the spectrum of activity of the drug or
combination covers the bacterial flora of the gastrointestinal
tract. No study has clearly demonstrated decreased rates of
postoperative infection with courses of therapy extended be-
yond 24 hours postoperation. In the largest prospective ran-
domized trial evaluating the optimal duration of therapy,
Fabian et al.42 showed no benefit to administering 5 days of
cefoxitin or cefotetan compared with 24 hours. However,
some argue that because this trial only included 111 patients
with colon injuries the study was not able to definitively
address the issue of prolonged antibiotic prophylaxis in those
with the highest risk of infection. But other studies have also
failed to demonstrate any benefit from prolonged therapy.43–45

More recent investigations have yielded similar results.
Sims et al.40 randomized 291 patients to receive cefoperazone
alone, ceftriaxone with metronidazole, or metronidazole with
gentamicin and ampicillin for 1 to �5 days depending on the
type of injury. Overall, postoperative infections developed in
15 patients, only two of which developed in patients random-
ized to ceftriaxone with metronidazole. Although there was
no statistical difference between groups regarding the pri-
mary outcome, the study was underpowered, did not report
differences in surgical management, and was confounded by
varying lengths of therapy, so conclusions from the study are
limited. Tyburski et al.20 more recently compared metroni-
dazole with either ciprofloxacin or gentamicin in 68 patients
treated for 24 to 96 hours depending on the type of injury.
Again, no difference was found in the rate of postoperative
trauma-related infections, but the study was underpowered.

At least three recent randomized, prospective studies
have evaluated the impact of duration of prophylaxis on
postoperative infection rates. Investigators have reported no
difference in efficacy of ampicillin/sulbactam18 or cefoxitin17,46

whether given for 24 hours or 5 days. In the trial comparing 1
versus 5 days of ampicillin/sulbactam, 317 patients were ran-
domized, of which 162 had colon injuries.18 Twenty-nine pa-
tients (9%) developed surgical site infections, which were
equally distributed between groups, despite the fact that patients
randomized to only 1 day of prophylaxis had significantly more
patients with multiple hollow viscus injuries. Cornwell et al.46

studied cefoxitin for 1 versus 5 days in abdominal trauma pa-
tients at high risk of postoperative infection. To be eligible,

patients had to have full-thickness injuries to the colon with one
of the following: penetrating abdominal trauma index �25,
transfusion of six or more units of packed red blood cells, or be
more than 4 hours from injury to operation. Similar to other
studies, no reduction in risk of trauma-related postoperative
infection was seen with prolonged prophylaxis. Unfortunately,
because of the inclusion criteria, the study was small with only
63 patients and was underpowered by the authors’ estimates.

Despite the Eastern Association for the Surgery of
Trauma (EAST) guidelines and the available evidence, which
does not support the prolonged use of prophylactic antibiotics
after abdominal trauma, clinicians continue to prescribe peri-
operative antibiotics for more than 24 hours.19 This is par-
ticularly true in patients with colon or other hollow viscus
injuries.17–19,46 However, there is now some evidence that in
addition to lacking benefit, prolonged presumptive antibiotic
therapy may be associated with harm.47,48 In a retrospective
study of 151 trauma patients with nosocomial pneumonia,
Hoth et al.48 reported those with presumptive antibiotic ther-
apy for more than 48 hours were more likely to have gram-
negative organisms causing the first pneumonia, and more
likely to have resistant organisms causing the first or second
pneumonia. Similarly, in a prospective, observational study
of 250 patients, Velmahos et al.47 showed patients receiving
prophylactic antibiotics for more than 24 hours were more
likely to have a drug-resistant infection. These reports are
concerning, but the data are not sufficient to support a definitive
statement regarding the possible harm of prescribing a pro-
longed course of perioperative antibiotics for this guideline.
However, clinicians should consider the potential risks and ben-
efits of such a course of therapy before its administration.

It is difficult to form conclusions from the trials of
perioperative antibiotic use after abdominal trauma because
of the lack of uniformity in regard to mechanism and severity
of injury, surgical intervention, antibiotic regimens, dosages,
and duration. Furthermore, standard definitions of postoper-
ative infections and degree of peritoneal contamination have
not been used, and the majority of studies have been under-
powered. A review in the late 1980s and another in 2000
concluded that although preoperative antibiotics are beneficial,
there can be no definitive recommendation for a preferred pro-
phylactic antimicrobial regimen for penetrating abdominal
injuries.36,49 Our literature review found no evidence since 1996
that adds significantly to those conclusions. In the military
trauma system, the initial site of surgical care (Level IIb or III
facility) will likely perform the first laparotomy. In respect to
antimicrobial therapy, we recommend the following for patients
with penetrating abdominal trauma: presumptive antibiotic ther-
apy preoperatively alone or perioperatively started preopera-
tively and extended no more than 24 hours with sufficient
gram-negative enteric and anaerobic coverage for patients with
hollow viscus injury (AI) (grading outlined in this supplement of
Journal of Trauma: “Guidelines for the Prevention of Infection
After Combat-Related Injuries”). Antibiotics should not be ex-
tended beyond this time as prolonged duration does not add
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benefit (BI). Recommendations for intratheater antibiotics in-
clude cefoxitin (if available), or moxifloxacin 400 mg i.v. � 1 as
a single agent, or levofloxacin in combination with metronida-
zole or ciprofloxacin in combination with metronidazole (AI). It
is recommended that carbepenems not be used at this level as
these drugs and their drug classes should be saved to treat
potential future drug-resistant organisms (CIII).

Surgical Management
The optimal surgical approach to the management of

penetrating abdominal trauma is beyond the scope of this
guideline. Many lessons have been learned by our surgeons
performing surgery in Level IIb/III facilities to stabilize pa-
tients for further and more definitive surgical care at a Level
IV or V facility. First, the standard of care should be fol-
lowed, such as the appropriate debridement of all nonviable
and heavily contaminated tissue, and the use of copious
irrigation. At least 6 L of irrigation is recommended (BIII) as
recent prophylactic antibiotic trials for patients with abdom-
inal trauma have used 6 L or more of saline irrigation before
closing the abdomen.18,46 In addition, early primary repair of
complex or destructive colonic injuries is not recommended
(BII), especially if associated with massive blood transfusion,
ongoing hypotension, hypoxia, reperfusion injury, multiple
other injuries, high-velocity injury, or extensive local tissue
damage.1 However, simple, isolated colon injuries may be
repaired primarily (AI).1,15,50,51 In one series of 175 colorec-
tal injuries from OIF, primary repair was used for 55 patients
(34%), and resection with anastamosis was used for 31 pa-
tients (19%). Of the 86 patients managed without stoma
placement, 11 (13%) developed a leak, but on multivariate
analysis this had no impact upon sepsis or mortality. Skin
should not be closed if there is a colon injury or extensive
devitalized tissue because of excessive infectious complications
(BIII). Wound vacuums should be utilized in theater and placed
to closed suction (CIII); however, the safety of the use of suction
devices in flight is currently under investigation.

Immunization After Splenectomy
Overwhelming sepsis is a well-recognized risk for pa-

tients with splenectomy after abdominal trauma. Although
the lifetime incidence has been estimated to be �2%, the
associated mortality is higher than 50%.52,53 Therefore, de-
spite limited data regarding efficacy, surgeons have, in gen-
eral, advocated immunization for these patients. Guidelines
for vaccination after traumatic injury were recently published
by the Surgical Infection Society.54 Because of the risk of
overwhelming infection all patients who have undergone
splenectomy after traumatic injury should be immunized with
23-valent pneumococcal polysaccharide vaccine (CIII), me-
ningococcal conjugate vaccine (CIII), and Haemophilus in-
fluenzae type b conjugate vaccine (CIII) all within 2 weeks of
splenectomy. The optimal timing of vaccination is not clear
and highly debated. One study reported improved opsonoph-
agocytic antibody function in those immunized with pneu-

mococcal vaccine at 14 days after surgery, compared with
either 1 or 7 days after surgery.55 Unfortunately, nonspecific
cross-reactive antibodies were not removed as part of the pro-
tocol, and in a follow-up study by the same group antibody
responses were similar to healthy controls after removing cross-
reactive antibodies regardless of whether the vaccine was ad-
ministered at 14 or 28 days after surgery.56

Prevention of Infection After Thoracic Trauma
Surgical management to prevent infection from thoracic

trauma involves prompt lung expansion usually via tube tho-
racostomy as soon as safely possible. Because of risk of
infection with retained hemothorax, prompt placement of a
chest tube is recommended for any large or suspicious fluid
collections. Tube thoracostomy is recommended for manage-
ment of thoracic trauma for many indications other than just
infection prevention.1 Strict infection control techniques to
include preparation of the site, and use of sterile gloves and
equipment should be used for tube placement. One recent
study looked at chest tubes placed in the field versus within
the emergency department, with trained physicians perform-
ing thoracostomies at both sites; no statistical difference in
subsequent infection was found.57 This suggests that a chest
tube placed in the field by a trained individual can be life
saving without significant additional infectious risk.

The use of antibiotics before, during, or after tube tho-
racostomy after thoracic trauma is controversial, and has been
addressed in guidelines4 and in a recent meta-analysis.31 An
older review from 1985 found a significant decrease in tho-
racic infections after tube thoracostomy when prophylactic
antibiotics were used.35 However, since that time, the major-
ity of published studies have not found a protective effect. In
addition, the studies have varied in antibiotics used, timing of
dose, and duration of therapy. A total of six randomized,
placebo-controlled trials have been published.30,58–62 None
were able to show a statistically lower rate of empyema in
those receiving antibiotics, compared with placebo. In the
most recent of these trials, Maxwell et al.30 randomized 224
patients to cefazolin until removal of the chest tube, cefazolin
for the first 24 hours after placement, or placebo. Four pa-
tients (5.6%) developed empyema in the placebo group, two
(2.5%) in those receiving cefazolin for 1 day, and none in
those receiving cefazolin until the chest tube was removed.
These differences were not statistically significant. Unfortu-
nately, the study only enrolled 20% of the subjects needed per
the power analysis because of the difficulties with enroll-
ment. Of the other infections seen during the study, the
authors also observed more antibiotic resistance with increas-
ing exposure to cefazolin. More recently, a meta-analysis of
five of the randomized, prospective trials mentioned above
was performed.31 In that report, antibiotic administration for
24 hours or until removal of the chest tube was associated
with a reduced risk of empyema, and the magnitude of re-
duction did not vary between a short or long duration of
therapy.
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Conflicting prospective randomized and observational
studies lead us to conclude that a first-generation cepha-
losporin may be used at chest tube insertion. As with
prophylaxis after abdominal trauma, there is no evidence
supporting a prolonged duration of therapy and some ev-
idence that prolonging therapy only selects for more drug-
resistant bacteria should an infection occur. Therefore, we
make the following recommendation: when performing
tube thoracostomy consider preprocedure single dose of
i.v. cefazolin (CII). The presence of a chest tube alone
does not require use of antimicrobials.

Diagnosis of Infection
Abdominal Trauma

Patients with fever, elevated white blood cell (WBC)
count, and systemic inflammatory response syndrome should
be evaluated for infection from any source. Evidence pointing
to cIAI includes peritonitis, changing abdominal examination
or failure to regain normal gut function, or purulent exudates
from inflamed tissue. Cultures should be taken intraopera-
tively or percutaneously if there is suspicion for infection.
Infection can then be confirmed by findings of operative or
percutaneous drainage to include presence of exudates, and
positive Gram’s stains and culture.

In general, blood cultures do not provide additional infor-
mation to properly collected intra-abdominal specimens.23,25

An adequate intra-abdominal specimen is at least 0.5 mL of
fluid or tissue, representative of the material associated with
infection, that is expeditiously transported to the lab in an-
aerobic conditions (if anaerobic culture is available).23 Swabs
are not adequate. Gram stains of specimens may be helpful
for nosocomial or postoperative cases when gram-positive
pathogens, such as S. aureus or Enterococcus spp., may be
seen, which would alter empiric therapy. Yeasts are rarely
seen on Gram’s stain even if true pathogens.25

Thoracic Trauma
Likewise, patients postthoracic trauma should be evalu-

ated for infection when they demonstrate evidence of a sys-
temic inflammatory response to include fever, elevated WBC
count, and hemodynamic instability. Empyema may present
as localized pain, purulent drainage from existing wounds, or
persistent, undrained fluid in the chest. In addition, patients
may present with pneumonia, often ventilator associated,
with subsequent parapneumonic effusion or empyema. Sus-
picions for infection can also be confirmed by findings of
operative or percutaneous drainage and Gram’s stain and
culture. Cell count, pH, lactase dehydrogenase, and serum to
pleural albumin gradient can all help differentiate between
empyema and simple parapneumonic effusion. If there is any
question, prompt drainage with tube thoracostomy should be
performed.

Treatment of Infection
Abdominal Trauma

Guidelines endorsed by the Infectious Diseases Society of
America, the Surgical Infection Society, the American Society
for Microbiology, and the Society of Infectious Disease Phar-
macists for the treatment of complicated intra-abdominal (cIAI)
infection have been published recently.23 Similar to the literature
regarding perioperative antibiotics after abdominal trauma, there
is lack of standardization in antibiotic treatment for cIAI regard-
ing antibiotic agents, doses, and duration of therapy. Many
studies have compared single agent with combination regimens
using various drugs, such as flouroquinolones with or without
metronidazole, �-lactam/�-lactamase inhibitors, cephalosporins,
aminoglycosides, and carbapenems, all with comparable
efficacy.23 However, data regarding the optimal antibiotic regi-
men after postoperative intra-abdominal infection have not been
published, and the trials investigating therapy for cIAI typically
have enrolled few, if any, postoperative or trauma patients.
Recent trials have even excluded patients with severe abdominal
trauma.63,64 These differences in study populations, in addition
to unique features of wartime trauma, make application of the
currently published literature regarding cIAI treatment very dif-
ficult. With no particular regimen clearly superior to others in
the literature, appropriate empiric therapy should be dictated by
the local antibiogram.

In general, trauma patients who develop postoperative
cIAI after appropriate prophylaxis should be empirically cov-
ered for nosocomial pathogens particular to that institution.
Two studies have described increased risk of antimicrobial
failure and recurrent infection in those with �48 hours of
preoperative antimicrobial therapy.65,66 Although not explic-
itly described, this implies antibacterial resistance may be
responsible, in part, for treatment failure. This hypothesis is
supported by the largest study to date on postoperative cIAI,
which showed that antibiotic resistance is common in patients
after elective surgery and that inappropriate initial therapy
adversely impacts outcome.25 In their series of 100 patients
with postoperative peritonitis after elective surgery, Montra-
vers et al.25 reported that 70 had resistant pathogens isolated
at the time of reoperation. Of these, 37 patients had multiply
resistant bacteria, including P. aeruginosa, Klebsiella pneu-
moniae, E. coli, Serratia marcescens, and Acinetobacter bau-
mannii. In addition, Candida spp. were isolated from 23
patients. Anaerobes were only found in 14 patients. More
troubling, empirical therapy was inadequate for 54 patients,
and inadequate therapy was significantly associated with in-
creased length of stay, increased number of subsequent reop-
erations, and higher mortality. Twenty-seven (50%) of those
treated with an inadequate regimen died within 7 days of the
initial reoperation for peritonitis.

In considering the above data, regimens used to treat
cIAI should be selected after considering the likelihood of
nosocomial pathogens and the clinical stability of the patient.
Nosocomial organisms are more likely to be isolated from
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patients �48 hours after initial operation or in patients that
have previously received �48 hours of antibiotics after pen-
etrating abdominal trauma. Therefore, for cIAI in nonseptic
patients within 48 hours of initial surgery, who have not
received more than 48 hours of antibiotics, we recommend
empiric therapy to cover drug susceptible enteric and anaer-
obic bacteria to include Bacteroides fragilis (AII). Empiric
choices may include fluoroquinolone (ciprofloxacin or levo-
floxacin) � metronidazole, third-generation cephalosporin
(cefotaxime or ceftriaxone) � metronidazole, ticarcillin/cla-
vulanic acid, or moxifloxacin alone (AI). In all patients with
sepsis or those that have received �48 hours of antibiotics or
that are �48 hours after initial surgery, nosocomial organ-
isms with drug resistance are more common, and the empiric
regimen should target nosocomial pathogens particular to
your institution (BII). Potential empiric regimens include
piperacillin/tazobactam, imipenem/cilastatin, meropenem,
third- or fourth-generation cephalosporin (ceftazidime or
cefepime) � metronidazole, or aztreonam � metronidazole.
Because of the increasing antibacterial resistance of B. fra-
gilis, and unavailability of anaerobic susceptibility testing,
clindamycin and the cefamycins (cefoxitin and cefotetan)
should not be used to treat cIAI in any setting (AIII).23,67,68

Antibiotics should be appropriately narrowed after culture
and sensitivity data become available (CIII).

The roles of antifungal and antienterococcal therapy in
penetrating abdominal trauma patients with cIAI are not
clear. These organisms are typically isolated in polymicrobial
infections in postoperative patients, so their direct role in
pathogenesis and outcome are not known.25 However, fungal
peritonitis was associated with increased mortality in one
report,25 and may play a role in patients with recurrent or
postoperative intra-abdominal infection.23,25,69 Therefore, if
identified from culture, therapy for Enterococcus spp. and Can-
dida spp. should be given to patients with cIAI occurring �48
hours after initial surgery (BIII). For Candida albicans, flucon-
azole is the agent of choice, and for nonalbicans Candida spp.
treatment will be based upon local availability of antifungal
agents.

Surgical management includes computed tomography-
guided percutaneous or operative drainage. Computed to-
mography scans or other imaging modalities should be used
when available to ensure adequate drainage if patients are not
improving as expected. One recently published study re-
ported that patients with intra-abdominal abscesses �6.5 cm
in diameter or temperature �101.2°F were more likely to fail
conservative therapy with antibiotics alone and require per-
cutaneous drainage.70 There are no data regarding the appro-
priate duration of antimicrobial therapy. In recent clinical
trials in patients with community-acquired cIAI, clinical re-
sponse rates were approximately 80% with the duration of
therapy ranging from 4 to 14 days.24,63,64 Therefore, we
recommend, in agreement with other experts,23 continuing
antibiotics until resolution of infection as evidenced by im-
provement in symptoms, normalization of temperature and

WBC count, and resolution of systemic inflammatory re-
sponse syndrome (BIII).

Thoracic Trauma
As discussed above, the organisms causing empyema

will change depending on the cause of the infection, and so
appropriate antibiotic therapy will as well. Therefore, one
must ascertain the source of the empyema. For all empyemas,
appropriate drainage of fluid is indicated (AI). For empyemas
associated with either trauma itself or tube thoracostomy,
appropriate antibiotics should target gram-positives and skin
flora. We recommend a first-generation cephalosporin such
as cefazolin (BIII). gram-negative coverage would only be
necessary for a positive Gram’s stain or if the infection was
diagnosed �48 hours into a hospital course. Empyemas be-
cause of enteric contamination should be covered with anti-
biotics appropriate for cIAI depending upon the duration of
hospitalization and previous exposure to antimicrobial ther-
apy (see above). Empyemas because of pneumonia, par-
ticularly ventilator-associated pneumonia (VAP), should
be covered for nosocomial organisms. Similar to cIAI
occurring after 48 hours of hospitalization, empiric therapy
for empyema occurring �48 hours after hospitalization
should be chosen based upon the institution’s antibiogram
(BIII). Appropriate antibiotics for VAP are beyond the scope
of this article but guidelines published by the American
Thoracic Society/Infectious Disease Society of America are
available.

There are no good studies delineating proper duration of
therapy. Chest tubes placed to drain empyema can be re-
moved once output has decreased to minimal levels, typically
�100 to 200 mL/d, with improvement in local symptoms,
temperature, and WBC count, and antibiotics can generally
be stopped at that time (CIII).

Several studies in recent literature have validated the use
of video-assisted thoracic surgery as a less invasive alterna-
tive to open thoracotomy for persistent empyema.71–73 If
drainage proves difficult or impossible to drain via tube
thoracostomy alone, video-assisted thoracic surgery is a via-
ble alternative to thoracotomy for patients presenting with a
nonimproving empyema post tube thoracostomy.

SUMMARY
In most cases recommendations have been made by

extrapolating data from the literature regarding civilian
trauma. Because of this, these guidelines should be inter-
preted as such, and clinicians will need to continue consid-
ering the specific aspects of each patient before providing
treatment. In general, decisions regarding the appropriate
antibiotic prophylaxis or treatment are guided by knowledge
of the most likely microorganisms to be encountered. Pro-
longed antibiotic prophylaxis after either penetrating abdom-
inal or thoracic trauma has not been proven to improve
outcomes. As wounding patterns change because of advances
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in protection and weaponry, surgical techniques will need to
adapt as well.

Although the care of combat casualties continues to
improve, many issues involving abdominal and thoracic in-
juries and infection to include incidence, bacteriology, appro-
priate therapy and outcomes, and prevention strategies are
targets for future study. A description of the rates and patho-
gens associated with these infections from the current mili-
tary conflict will be helpful in guiding physicians in future
conflicts. In addition, the duration of antibiotic therapy with
placement of a chest tube may be elucidated given the shear
numbers of chest tubes that have been placed during OIF.
However, the number of injuries at other sites and therefore
need for antibiotics for other reasons may make this type of
study difficult. In regards to treatment, ascertaining which
antibiotic regimen leads to best clinical outcomes would be
ideal and highly desirable, but may also prove elusive as it is
difficult to standardize surgical practice. In addition, results
may be specific to the pathogens at individual institutions and
may not be generalized. Nevertheless, we owe it to those who
will take care of wounded warriors after us to describe, to the
best of our ability, through observation and research, the best
way to prudently use antibiotics with surgical techniques to
maximally prevent and optimally treat infections due to ab-
dominal and thoracic trauma.
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