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BACKGROUND: The use of prophylactic antibiotics in penetrating abdominal trauma has resulted in decreased infection rates. The Eastern Association

for the Surgery of Trauma (EAST) first published its practice management guidelines (PMGs) for the use of prophylactic antibiotics in
penetrating abdominal trauma in 1998. During the next decade, several new prospective studies were published on this topic. In
addition, the practice of damage control laparotomy became widely used, and additional questions arose as to the role of prophylactic
antibiotics in this setting. Thus, the EAST Practice Management Guidelines Committee set out to update the original PMG.

A search of the National Library of Medicine and the National Institutes of Health MEDLINE databases was performed using
PubMed (www.pubmed.gov) and specific key words. The search retrieved English language articles regarding the use of antibiotics in
penetrating abdominal trauma published from 1973 to 2011. The topics investigated were the need for perioperative antibiotics, the
duration of antibiotic therapy, the dose of antibiotics in patients presenting in hemorrhagic shock, and the appropriate duration of
antibiotic therapy in the setting of damage control laparotomy.

Forty-four articles were identified for inclusion in this review.

#202Z/S0/TT U0 HIdAIIDPINedSIVORAZESMZWSNMYHIB8IISEXq0ZLANFA6HASDAEPLTISOIZNdNANZAIMSZIXDEDID/AO

xQHwAggspbx16mbirepix+/Ssinbyp4owogglgoe6/MBvbeH TA Ag ewnenl/wod mm sreuinoly/:dny wouy pspeojumod

CONCLUSION: There is evidence to support a Level I recommendation that prophylactic antibiotics should only be administered for 24 hours in the
presence of a hollow viscus injury. In addition, there are no data to support continuing prophylactic antibiotics longer than 24 hours in
damage control laparotomy. (J Trauma Acute Care Surg. 2012;73: S321-S325. Copyright © 2012 by Lippincott Williams & Wilkins)
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STATEMENT OF THE PROBLEM

Preoperative antibiotics for elective abdominal opera-
tions are essential in decreasing surgical site infections (SSIs)
such that the timely and appropriate administration of anti-
microbials is a quality benchmark measure. However, their
role in emergent surgery for intestinal perforation is contro-
versial. In the preantibiotic era, penetrating abdominal trauma
was associated with a mortality rate as high as 65% to 70%.'-
With the development of antimicrobials and their use in in-
jured patients, SSIs and thus patient morbidity were reduced.
However, the specific antibiotic choice and the duration of
treatment in patients with hollow viscus injuries were topics of
debate and clinical study. In 1998, the Eastern Association
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for the Surgery of Trauma (EAST) Practice Management
Guidelines (PMGs) Committee reviewed the existing literature
to define the role of prophylactic (preemptive) antibiotics in
abdominal penetrating injuries. This resulted in the publica-
tion of a guideline identifying the lack of Class I studies to
allow a definitive answer for the standard of care (Level I
recommendation).> However, the literature at that time did
support a single dose of preoperative prophylactic antibiotics
with broad-spectrum aerobic and anaerobic coverage contin-
ued for 24 hours as a Level II recommendation for trauma
patients sustaining penetrating abdominal wounds with an in-
testinal injury. It was also recommended that in the absence
of a hollow viscus injury, no additional doses of antimicrobials
were warranted. Finally, there was insufficient data supporting
the modification of antibiotic dosing for patients with ongoing
hemorrhage and shock.

The purpose of this review is to evaluate studies pub-
lished since 1998 and to update the previous EAST PMG.
Specific questions addressed by the PMG Committee include
the following:

* What is the appropriate use of preoperative antibiotics in
penetrating abdominal trauma?

* What is the appropriate duration of postoperative antibiotics
in penetrating abdominal trauma?

» Should perioperative antibiotic use be altered in the absence
of hollow viscus injury at the time of laparotomy?

* Is it necessary to redose antibiotics in the setting of
hemorrhage?
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e What is the duration of therapy with antimicrobials for
patients with damage control laparotomy and an open
abdomen?

PROCESS

Identification of References

Using a search methodology similar to that used by
Luchette et al.,> a MEDLINE search was performed to iden-
tify publications from 1973 to 2011 using the key words
“antibiotic prophylaxis,” “penetrating abdominal injuries,”
“abdominal injuries,” “complications,” “peritonitis,” “wound
infection prevention and control,” “open abdomen,” “damage
control laparotomy” (DCL), “pharmacokinetics,” and “trauma.”
In addition, references included among the initial 1998 EAST
guidelines were included.

Forty-four English language articles were included in
this analysis; letters to the editor, case reports, and review
articles were omitted. The bibliography of each article was
also reviewed to identify additional publications that may not
have been identified in the original MEDLINE query. The
articles were reviewed by seven surgeons with expertise in
trauma surgery, critical care, and acute care surgery who then
collaborated to update the recommendations. This guideline
was presented to the EAST membership for discussion and
review at the annual EAST meeting in 2012.

Quality of the References

Each article was reviewed and classified according to
the methodology established by the Agency for Health Care
Policy and Research of the US Department of Health and
Human Services. Additional criteria and specifications were
used for Class I articles as described by Oxman et al.* This
process is similar to that performed for the original PMG.?

Thus, the articles were classified as follows:

Class I: Prospective, randomized, double-blind study.
Class II: Prospective, randomized, nonblinded trial.
Class III: Retrospective series of patients or meta-analysis.

RECOMMENDATIONS

Level 1

1. A single preoperative dose of prophylactic antibiotics with
broad-spectrum aerobic and anaerobic coverage should be
administered to all patients sustaining penetrating ab-
dominal wounds.

2. Prophylactic antibiotics should be continued for not more
than 24 hours in the presence of a hollow viscus injury in
the acutely injured patient.

3. Absence of a hollow viscus injury requires no further
administration of antibiotics.

Level 2

1. There are no Level 2 recommendations.

Level 3
1. In patients admitted with hemorrhagic shock, the admin-
istered dose of antibiotics may be increased twofold or
threefold and repeated after transfusion of every 10 units of
blood until there is no further blood loss.
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2. Aminoglycosides should be avoided because of subopti-
mal activity in patients with significant injuries if possible.

SCIENTIFIC FOUNDATION

Historical Background

Penetrating abdominal trauma results in a spectrum of
injuries associated with various degrees of microbial contam-
ination of the peritoneal cavity and tissues. The basic tenets of
operative management are prompt control of hemorrhage
and contamination coupled with early debridement of devita-
lized tissue and restoration of tissue perfusion and are central
to minimizing both SSI and intra-abdominal infection. To help
clarify the role of prophylactic antibiotics in penetrating ab-
dominal trauma, the EAST PMG Committee developed a
guideline on this topic that was published in 1998.3 The
guideline was based on the review of 39 articles in the litera-
ture from 1976 through 1997. The only Level I recommen-
dation was that a single preoperative dose of antibiotics with
broad-spectrum aerobic and anaerobic coverage was the stan-
dard of care for trauma patients sustaining penetrating ab-
dominal wounds. No additional doses of antimicrobials were
necessary if there was no bowel injury. A Level II recom-
mendation supported the continuation of antibiotics for only
24 hours when there was a hollow viscus injury. In addition,
Level 3 recommendations were made regarding alteration
of antibiotic dosing for patients presenting with hemor-
rhagic shock.

A prospective randomized study comparing kanamycin
and cephalothin with kanamycin and clindamycin in 1973
established the importance of broad-spectrum anaerobic and
aerobic antimicrobial coverage for penetrating abdominal
trauma.® This study was influential in the formulation of the
1998 guideline. The group receiving clindamycin, which
provides anaerobic coverage, had a significantly lower infec-
tion rate (10%) compared with that of the cephalothin group
(27%). The demonstrated difference was caused by a greater
number of anaerobic infections in the cephalothin group
(21%) compared with those in the clindamycin group (2%).
This landmark article established the basis for the addition of
antimicrobial agents that provided coverage of anaerobic
organisms, in addition to aerobic organisms, for penetrating
wounds of the intestinal tract.

Several studies have evaluated various antimicrobial
agents regarding the specific pathogens that should be cov-
ered. Many of the antibiotics used in the earlier studies are
no longer used in clinical practice. However, these prospec-
tive studies did demonstrate the need for broad anaerobic
and aerobic coverage and are summarized in the previous
guideline.?

Duration of Antibiotic Therapy

Despite the wide acceptance of the need for broad-
spectrum antibiotics in penetrating wounds of the abdomen,
the duration of antimicrobial therapy necessary to prevent
SSIs remains controversial. The 1998 EAST guideline found
evidence to support only a 24-hour course of antibiotics when
there was a bowel injury.® Kirton et al.” confirmed this rec-
ommendation in a prospective, randomized, double-blind,
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placebo-controlled study, which compared the use of ampi-
cillin/sulbactam for 24 hours versus 5 days. There was no
difference in infection rates between the groups, supporting
the recommendation made by the EAST PMG in 1998 that
antimicrobial coverage for 24 hours is adequate. Independent
risk factors for the development of postoperative surgical
and nonsurgical site infections were noted to be both the
total number of units of blood transfused and a Penetrating
Abdominal Trauma Index (PATI) score greater than or equal
to 25 (p = 0.001 and p = 0.003, respectively). However, an
associated colonic injury was not found to be an independent
risk factor for SSI. This Class I study provided additional evi-
dence to support a Level I recommendation that antibiotics
should not be continued for more than 24 hours in the presence
of any hollow viscus injury. Another prospective randomized
trial in 1999 compared cefoxitin for 24 hours versus 5 days
in penetrating abdominal wounds and found no difference in
overall infection rates; however, the infection rates were higher
in patients with a blood pressure less than 90 mm Hg (shock) at
admission or when there was an injury to the colon or central
nervous system or two or more organ injuries.® A subsequent
study also concluded that colonic injuries were associated with
a higher rate of SSI regardless of the duration of antimicrobial
treatment.”

Delgado etal.”” compared the duration of antibiotics after
penetrating abdominal wounds associated with a bowel injury
and rates of infections. Although retrospective, the authors
concluded that there was no reduction in infection rates when
antibiotics were administered longer than 24 hours (18 of 76
vs. 3 of 21; p = 0.273). Risk factors for postoperative com-
plications were defined as those who were transfused two or
more units of blood, PATI score greater than or equal to 12,
and operative time exceeding 2 hours. Furthermore, patients
were stratified according to high and low risk for infection. In
the 78 low-risk patients, there was no difference in infection
rates when the antimicrobials were stopped after 24 hours
(1 [6%] of 18 vs. 10 [17%] of 60, p = 0.219). In the high-risk
patients, there was no significant difference observed in in-
fection rates regardless of adherence to the EAST guidelines
(2 [67%] of 3 vs. 8 [50%] of 16, p = 0.542).

10

Timing of Administration

Studies have suggested that infection can be best pre-
vented if therapeutic doses of antimicrobials are present in
tissues before or at the time of bacterial contamination, which
is not feasible with traumatic injuries.!!~!*> Therefore, prompt
antimicrobial administration before laparotomy for trauma or
as soon as feasible following gross contamination should be
the goal.

Two studies in the early 1970s highlighted the benefit of
early preoperative antibiotic administration and reduced SSI
after penetrating trauma with intestinal injury. Fullen et al.'4
retrospectively reviewed 295 patients and correlated skin
and intra-abdominal abscesses with timing of administration
of antimicrobials (either preoperatively, intraoperatively, or
postoperatively). There was a significant decrease in infection
rates in the group receiving a preoperative dose (7%) com-
pared with the intraoperative (33%) and postoperative groups
(30%). A criticism of this study was the small number of patients

© 2012 Lippincott Williams & Wilkins

in the preoperative group compared with the other two groups.
The presence of a concomitant colon injury was associated with
infection rates of 11%, 57%, and 70%, respectively, implicating
colonic injury as an independent risk factor for SSI. This
finding has since been questioned. These findings do corrob-
orate those of Thadepalli et al.® who compared antibiotic ad-
ministration at admission to the emergency department versus
in the operating room. They concluded that a single preoper-
ative broad-spectrum antibiotic dose with aerobic and anaer-
obic coverage resulted in the lowest rate of infection.

Administration of Additional Antibiotics During
Prolonged Operations

To date, there are no studies that have evaluated the
timing of additional doses of antibiotics intraoperatively be-
cause of duration of operation in patients with penetrating
abdominal trauma.

DCL: Role of Prophylactic Antibiotics in the
Open Abdomen

At the same time the original PMG was being developed
in 1997, the concept of DCL was gaining popularity and being
increasingly used in the management of severely injured
patients.!” Initially, there was concern that delayed closure of
the abdomen would be an independent risk factor for sub-
sequent infection. This argument was only strengthened by the
high association of the “lethal triad” with patients undergoing
DCL and the relationship between disseminated intravascular
coagulopathy as a risk factor for infection. Despite the lack
of scientific evidence, many trauma surgeons at that time
continued antibiotics until the abdomen incision was closed,
which frequently did not occur for several days. Our current
review of the literature failed to identify any articles specifi-
cally addressing the role of prophylactic antibiotics when the
laparotomy incision is left open, demonstrating a need for
further research in this patient population.

Impact of Specific Mechanism of Penetrating
Injury on Antibiotic Administration

Penetrating wounds are produced by high and low en-
ergy forces. They are typically classified as medium to high
energy (gunshot wounds) and low energy (stab wounds). The
degree of tissue damage varies by the specific mechanism,
with the high-energy wounds creating the greatest degree of
soft tissue damage that typically results in ischemic/necrotic
tissue that is an ideal environment for bacteria to establish an
infection. Few studies have controlled for the type of pene-
trating wound; however, all studies suggested that prophylactic
antibiotics should not be continued for more than 24 hours
when there is an intestinal injury.’

Dosing of Antibiotics in Hemorrhagic Shock

The original PMG made a Level III recommendation
that repeated administration of antibiotics in patients with
hemorrhagic shock should be considered because of the va-
soconstriction and decreased tissue delivery of antibiotics.
These recommendations were based on studies by Ericsson
et al.!® who found subtherapeutic antibiotic levels in trauma
patients and an inverse correlation between increasing the
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dose of amikacin and infection rates. There remain insufficient
clinical data to provide meaningful guidelines for reducing
infectious complications in trauma patients with hemorrhagic
shock. Thus, the 2012 guidelines have also maintained this
Level III recommendation that antibiotic dosage may need
to be increased twofold or threefold and repeated after ev-
ery transfusion of 10 units of blood until there is no further
blood loss.

Use of Aminoglycosides in Trauma Patients

Furthermore, the 1998 guideline recommended that
aminoglycosides be avoided because of presumed altered
pharmacokinetics of drug distribution in injured patients.
This recommendation was supported by a study that de-
monstrated subtherapeutic aminoglycoside levels in trauma
patients because of a greater volume of distribution from ag-
gressive resuscitation.!” Reed and colleagues'® further studied
the relationship between aggressive volume expansion, drug
elimination, and antibiotic dosing in the postinjury period and
demonstrated that antibiotic dosing should be high, rather than
low, and should be dosed frequently during fluid resuscitation.
A Level III recommendation is maintained in this article, but
this may need to be readdressed in the future as resuscitation
strategies evolve.

EVIDENTIARY TABLE

The table included in this update consists of outcome
studies arranged according to chronological class. Studies
consist of those included in the previous 1998 outcomes table
as well as more recent relevant studies (Table, Supplemental
Digital Content 1, at http://links.lww.com/TA/A191).19-54

SUMMARY

Prophylactic antimicrobials have an important role in
decreasing infection in patients with penetrating wounds of
the abdomen when associated with an injury to a hollow vis-
cus. Numerous studies demonstrate the importance of broad-
spectrum aerobic and anaerobic coverage. Studies, to date, do
not support more than 24 hours of antimicrobial coverage for
prevention of infection associated with a hollow viscous injury.

FUTURE STUDIES

Future studies are necessary to better understand risk
factors associated with trauma-related infections and to de-
termine the need for and duration of antimicrobial usage in the
setting of DCL.
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