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Reduction of Surgical Site Infection
After Trauma Laparotomy Through Use

of a Specific Protocol for Antibiotic Prophylaxis

John E. Mazuski,1 William J. Symons,1 Stephen Jarman,1 Bryan Sato,1

William Carroll,2 Grant V. Bochicchio,1 John P. Kirby,1 and Douglas J. Schuerer1

Abstract

Background: Emergency laparotomy for abdominal trauma is associated with high rates of surgical site
infection (SSI). A protocol for antimicrobial prophylaxis (AMP) for trauma laparotomy was implemented to
determine whether SSI could be reduced by adhering to established principles of AMP.
Patients and Methods: A protocol utilizing ertapenem administered immediately before initiation of trauma
laparotomy was adopted. Compliance with measures of adequate AMP were determined before and after protocol
implementation, as were rates of SSI and other infections related to abdominal trauma. Univariable and multivariable
analyses were performed to determine risk factors for development of infection related to trauma laparotomy.
Results: Over a four-year period, 320 patient operations were reviewed. Ertapenem use for prophylaxis in-
creased to 54% in the post-intervention cohort. Compliance with individual measures of appropriate AMP
improved modestly. Overall, infections related to trauma laparotomy decreased by 46% (absolute decrease
of 13%) in the post-intervention cohort. Multivariable analysis confirmed that treatment during the post-
intervention phase was associated with this decrease, with a separate analysis suggesting that ertapenem use
was an important factor in this decrease.
Conclusions: Development of a standardized protocol for AMP in trauma laparotomy led to decreases in
infectious complications after that procedure.

Keywords: abdominal trauma; antimicrobial prophylaxis; emergency laparotomy; intra-abdominal infection;
surgical site infection

Surgical site infection (SSI) is a common complication
after laparotomy for abdominal trauma.1–5 Antimicrobial

prophylaxis (AMP) is an effective practice for reducing SSI
rates in patients undergoing high-risk abdominal surgery,6–8

and is recommended for patients undergoing trauma lapa-
rotomy, especially for penetrating trauma, even though pro-
spective randomized controlled trials (PRCT) have not been
performed to definitively demonstrate its efficacy.9,10

Fundamental principles of AMP for elective surgery in-
clude appropriate timing of initial antibiotic administration,
appropriate antimicrobial spectrum for the specific proce-
dure, appropriate dosing of agents particularly in obese pa-
tients, timely redosing of antibiotic agents during prolonged
procedures, and limiting the duration of antibiotic use post-
operatively.6–8 Adherence to these principles may be difficult
in patients undergoing trauma laparotomy. The surgical site

1Section of Acute and Critical Care Surgery, Department of Surgery, Washington University in Saint Louis School of Medicine,
St. Louis, Missouri, USA.

2Trauma Department, Barnes-Jewish Hospital, St. Louis, Missouri, USA.
Presented, in part, at the 32nd Annual Meeting of the Surgical Infection Society, Dallas, Texas, April 2012 and at the 34th Annual

Meeting of the Surgical Infection Society, Baltimore, Maryland, May 2014.

ª John E. Mazuski et al., 2023; Published by Mary Ann Liebert, Inc. This Open Access article is distributed under the terms of the
Creative Commons License (CC-BY) (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and re-
production in any medium, provided the original work is properly credited.

SURGICAL INFECTIONS
Volume 24, Number 2, 2023
Mary Ann Liebert, Inc.
DOI: 10.1089/sur.2022.393

141



is frequently already contaminated because of skin and soft
tissue or intra-abdominal injuries. Antimicrobial prophylaxis
may not be timed ideally because of the exigencies of emer-
gency laparotomy. Intra-operatively, prolonged operations or
large blood losses may result in sub-therapeutic concen-
trations of prophylactic agents. Finally, an appropriate agent
may not have been administered if a bowel injury was not
suspected prior to laparotomy.

Use of protocols or bundles to optimize AMP has been
associated with reduction of SSI rates in elective general
surgery.12–14 However, there are sparse data regarding use of
such protocols to prevent SSI in patients undergoing trauma
laparotomy.15 We therefore developed a protocol for AMP
in these patients designed to facilitate adherence with the
principles of AMP. The protocol promoted use of ertapenem
as the preferred antibiotic for trauma laparotomy, to be given
immediately prior to the start of laparotomy, with redosing
only if massive blood loss occurred during the procedure.
Ertapenem was chosen because of its spectrum of activity, its
prolonged half-life, and its demonstrated efficacy for pro-
phylaxis in elective colorectal procedures.16 We hypothe-
sized that use of this protocol would lead to decreased rates of
SSI directly related to exploratory laparotomy in abdominal
trauma patients compared to those rates in a patient cohort
treated immediately prior to protocol implementation.

Patients and Methods

Consent

The study design and procedures were approved by the
Washington University Institutional Review Board. In-
formed consent was not required for most patients in the study.
Patients contacted by telephone after discharge for purposes
of this study provided oral consent for interview according
to a script approved by the Institutional Review Board.

Inclusion and exclusion criteria

All patients undergoing exploratory laparotomy for trauma
at this level one trauma center from November 2009 to Oc-
tober 2013 were evaluated for inclusion in the study. Patients
who underwent laparotomy between November 2009 and
November 2011 were included in the pre-intervention
cohort, and those who underwent laparotomy between De-
cember 2011 and October 2013 were included in the post-
intervention cohort. Starting in November 2010, all patients
were identified prospectively though screening by the re-
search coordinators; prior to that, patients were identified
through retrospective review of the trauma database.

Patients were excluded from any analysis if a resuscita-
tive thoracotomy or cesarean delivery was performed in the
emergency department, if the initial laparotomy was per-
formed by a non-trauma service, or if the anesthesia record
containing details of prophylactic antibiotic administration
was missing.

Patients were excluded from analyses of infectious end-
points, but were included in analyses of process endpoints if
they died within five days of admission, if laparotomy was
delayed more than 24 hours from the time of injury or more
than 12 hours from a traumatic bowel perforation, or if they
underwent only laparoscopy or wound exploration in the
operating room, without subsequent laparotomy

Patients who underwent other operations by the trauma
service during the laparotomy, such as thoracotomy or groin
exploration for a vascular injury, or who underwent a sub-
sequent procedure by a non-trauma service, such as stabili-
zation of a fracture, were included in all analyses. In the latter
patients, the laparotomy procedure was considered finished
when the skin was either closed or packed, or, in patients
having delayed fascial closure, when a temporary abdominal
closure had been fashioned. Patients who underwent minor
procedures prior to laparotomy, such as tube thoracostomy or
wound explorations were included in all analyses, even if
antibiotic agents were administered for these procedures.

Intervention

Prior to December 2011, all AMP for patients undergoing
trauma laparotomy was given according to attending surgeon
preference. In December 2011, a standardized protocol for
AMP agreed to by the trauma surgery and trauma anesthe-
sia services was implemented for these patients. The protocol
included use of 1 gm of ertapenem as the antibiotic of choice
for all trauma laparotomies, to be delivered upon arrival in
the operating room prior to incision. This antibiotic was to be
given regardless of whether or not the patient received an
antibiotic while in the emergency department; administration of
antibiotic agents in the emergency department was strongly
discouraged. Patients who had a documented carbapenem al-
lergy, or who had had an anaphylactic reaction to a b-lactam
antibiotic could receive alternative antibiotic agents considered
appropriate by the attending surgeon. The protocol also called
for re-dosing of ertapenem after 10 units of red blood cells had
been transfused since the previous dose. It was recommended
that no post-operative antibiotic agents be administered, but if
given, they were limited to 24 hours after the operation except
for patients undergoing delayed fascial closure, in whom an-
tibiotic duration was left to surgeon discretion.

Data collection

Basic demographic, injury severity, and clinical data were
collected on all patients, including age, gender, race, medi-
cal comorbidities, prior abdominal operations, mechanism of
injury, lactic acid values, abdominal and extra-abdominal
injuries, Injury Severity Score (ISS), abdominal ISS, calcu-
lated probability of survival, duration of laparotomy, number
of units of blood transfused, whether or not delayed fascial
closure was used, and whether or not the skin was closed at
the time of the final abdominal procedure.

Post-operative data were obtained regarding temperature
and leukocyte counts, administration of antimicrobial agents,
culture results, imaging studies to investigate for infection,
and all other operative or other procedures. All available
records were utilized, including initial and subsequent hos-
pital admissions, outpatient encounters, emergency depart-
ment visits, and ancillary home health visits. Interactions
were evaluated in detail up to 30 days after initial laparotomy,
and additional information from 30 to 90 days after laparot-
omy was reviewed, if available.

In selected cohorts of patients during the pre-intervention
and post-intervention phases of the study, an attempt was
made to contact them by phone after 30 days if the final
encounter was less than 30 days after laparotomy. This was
done between November 2010 and June 2011 for the pre-
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intervention cohort and between November 2012 and Octo-
ber 2013 for the post-intervention cohort. Patients contacted
by phone were asked whether or not they had had any further
medical interventions, complications related to trauma, or
antibiotic prescriptions since their last encounter.

Process endpoints

Antimicrobial prophylaxis was characterized according to
timing of initial administration, dosage, spectrum of activity,
redosing for length of operation or blood loss, duration of
prophylaxis, and whether additional antibiotic agents were
administered pre-operatively. Definitions of endpoints are
shown in Table 1.

Process endpoints were evaluated in all patients included
in the study, including those excluded from infection end-
points. The primary process endpoint was the proportion of
patients who were compliant with all standards related to
prophylaxis during the first trauma laparotomy, including
initial timing, dosage, antibiotic selection, and re-dosing for
length or operation and blood loss. Secondary endpoints were
the proportion of patients compliant with each individual
standard. Additional secondary endpoints were the propor-
tion of patients who received extra pre-operative antibiotic
therapy, and the proportion compliant with discontinuation of
prophylactic antibiotic agents at the end of laparotomy or
within 24 hours of laparotomy.

Infection endpoints

Definitions for infections were developed prior to study
initiation and are shown in Table 2. The primary endpoint
for the study was the number of patients who sustained an
infection directly related to the abdominal trauma within
30 days of laparotomy. This expanded endpoint was pri-
marily related to incisional and intra-abdominal infections,
but also included other infections that were directly associ-
ated with the abdominal trauma. Thus, infections in a thoracic
cavity directly contaminated because of a thoraco-abdominal

gunshot injury, or a soft tissue infection in the operative field
related to an abdominal injury were included in this expanded
endpoint. Subsequent pneumonias, urinary tract infections
(UTIs), soft tissue infections away from the abdominal re-
gion, or bacteremias were not considered related infections.
Secondary endpoints included the number of patients with an
SSI, intra-abdominal infection (IAI), or any other type of
infection at 30 days. Similar endpoints were assessed up to
90 days after laparotomy. Patients who lacked follow-up data
at 30 or 90 days were assumed to have not had an infection if
none had been documented at the time of the last available
encounter. Data at 90 days were excluded in two patients
because of a late death in one and a new trauma laparotomy in
the other. All infections were identified through the medical
records; no additional infections were uncovered in patients
contacted via telephone.

Statistical analysis

Prior to initiation of the study, a power analysis indicated
that approximately 106 patients would be needed in each
group to detect a 25% decrease in the primary infection
endpoint, based on an estimated 20% incidence of these in-
fections in control patients. Based on usual numbers of lap-
arotomies and potential exclusion of 10% of patients, it was
estimated that 18 to 24 months would be required for each
phase of the study.

The primary analyses were process and infection infec-
tious endpoints in the pre- and post-intervention cohorts.
Secondary analyses compared these outcomes in patients
who received or did not receive ertapenem as their peri-
operative antibiotic, regardless of cohort.

Data were presented as mean with standard deviation or
median with interquartile ranges for quantitative variables,
as appropriate, and frequency with percentage for qualita-
tive variables. Two-sample t-test or Wilcoxon rank sum test
was used to assess the differences of numeric factors (i.e.,
age, weight) between pre- and post-intervention cohorts, as

Table 1. Definitions of Process Endpoints

AMP use Administration of any prophylactic antibiotic prior to the end time for laparotomy was noted; if
no AMP had been administered, these patients were not evaluated for any other process
endpoint.

AMP timing Timing was considered compliant if given within one hour prior to up to 15 minutes after the
surgical start time.

AMP dosing Dosing was considered compliant if the recommended dose was administered; for patients whose
estimated weight was >100 kg the recommended dosage of cefazolin, cefoxitin, or cefotetan
was 2 gm rather than 1 gm.

AMP spectrum AMP had to include an agent or agents with antianaerobic activity for all patients with
penetrating abdominal trauma unless pre-operative imaging ruled out a bowel injury, and for
any patients with blunt abdominal trauma in whom a bowel injury was suspected.

AMP re-dosing
for duration
of procedure

Re-dosing of antibiotic agents was considered necessary if the duration of the laparotomy
exceeded two half-lives of the antibiotic; recommended re-dosing intervals were two hours for
ampicillin/sulbactam, cefoxitin, or piperacillin/tazobactam, four hours for cefazolin, and six
hours for cefotetan.

AMP re-dosing
for blood loss

Redosing for blood loss was scored as compliant if it was given within 15 minutes after
transfusion of more than 10 units of blood from the time of previous administration of AMP.

Pre-operative
antibiotic use

Any extra pre-operative antibiotic use prior to laparotomy other than for AMP was noted.

Post-operative
antibiotic use

All post-operative use of AMP was noted. Compliance was scored both for discontinuation of all
AMP use after the end of laparotomy, and for discontinuation of all AMP use 24 – 6 h after the
end of laparotomy

AMP = antimicrobial prophylaxis.
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Table 2. Definitions of Infection Endpoints

SSI SSI was defined according to NHSN criteria: Purulent drainage from the incision; organism(s)
identified from culture of an aseptically obtained specimen from the superficial incision or
subcutaneous tissue; incision deliberately opened by a physician or physician designee
without culture testing in a patient with localized pain or tenderness, localized swelling,
erythema, or heat; or diagnosis of an SSI by a physician or physician designee. If
documentation was inadequate, but the patient had the wound re-opened and was prescribed
antibiotic therapy directed against likely wound pathogens, it was considered an SSI. Minor
skin dehiscences or serous drainage documented as such were not counted as SSI. SSIs were
characterized as a superficial SSI if it involved the skin and subcutaneous tissue only, or as a
deep SSI if the infection extended into the fascia or deeper layers of the abdominal wall. SSI
involving the laparotomy incision was counted as a related SSI; SSI at a surgical site for an
operation unrelated to trauma laparotomy (such as open reduction and internal fixation of a
fracture) was counted as an unrelated SSI.

IAI IAI was diagnosed based on findings at re-laparotomy, percutaneous drainage, or clinical and
radiographic findings if no source control procedure was performed. Purulent fluid identified
within the abdominal cavity at the time of reoperation was considered diagnostic of IAI.
Patients undergoing percutaneous drainage of postoperative fluid collections were counted as
having IAI if abdominal cavity fluid cultures were positive, or in the presence of a negative
culture if a gram stain revealed leukocytes and micro-organisms and the patient was receiving
antimicrobials that may have inhibited growth of organisms. Fluid collections characterized as
urinomas or bilomas were not considered IAI. Patients who had clinical symptoms and signs
of infection and had CT findings consistent with IAI but did not undergo any procedure for
drainage were counted as having IAI if they were treated with an antibiotic regimen directed
against presumed IAI pathogens. Patients who had positive laparotomy findings or a positive
abdominal fluid culture were counted as having a confirmed IAI, and those who had negative
cultures or did not have cultures obtained were counted as having an unconfirmed IAI.

Empyema Empyema was identified if the patient had purulent pleural fluid found at the time of an operation
or formal drainage procedure and was treated with antimicrobials for the infection. Patients
whose pleural fluid cultures were positive were considered to have had a confirmed empyema.
Those who had negative cultures but had leukocytes and organisms identified on gram stain
were considered to have an unconfirmed empyema, as were patients who did not have cultures
sent but who had clinical symptoms and signs consistent with an empyema and had pleural
fluid described as purulent. Empyema was considered related to abdominal trauma if the
patient had a thoraco-abdominal injury, and had a direct communication between the
abdominal and the affected thoracic cavity. Empyema was considered unrelated to abdominal
trauma if the thoracic cavity had not been contaminated as a result of the abdominal trauma.
For instance, a patient who underwent a laparotomy for blunt trauma but developed an
empyema after tube thoracostomy for a hemo- or pneumothorax was counted as having an
unrelated infection.

SSTI SSTI was identified by purulent drainage from a traumatic wound, or by cellulitis associated with
a traumatic wound that was treated with anti-infective therapy. Culture confirmation was not
required. An SSTI treated with operative drainage, or that resulted in prolongation of the
hospital stay or re-admission to the hospital was considered a major SSTI; if managed non-
operatively without a new or prolonged hospital admission, it was counted as a minor SSTI.
The SSTI was considered a related infection if the infected traumatic wound was in direct
continuity with the abdominal cavity or was directly related to the abdominal trauma. An SSTI
occurring elsewhere was counted as an unrelated SSTI.

Pneumonia Pneumonia was diagnosed in patients with a new or worsening chest infiltrate on a routine chest
radiograph or CT examination, clinical findings consistent with pneumonia (such as cough,
dyspnea, production of purulent sputum, new or worsening fever, or leukocytosis) and a
decision by the treating clinicians to prescribe an antibiotic regimen appropriate for treatment
of a pneumonia. Patients who had a positive tracheal aspirate or bronchoalveolar lavage
culture were considered to have a confirmed pneumonia. Patients who met the criteria for
pneumonia but did not have respiratory cultures obtained were considered to have an
unconfirmed pneumonia.

UTI UTI was diagnosed by a urinary culture with >50,000 organisms per milliliter (the criteria
reported by the hospital microbiology laboratory at the time of the study). Patients whose
cultures revealed coagulase-negative staphylococci or Candida were only diagnosed with a
UTI if a subsequent culture confirmed the same organism.

Blood stream
infection

Patients who had a positive blood culture were counted as having a blood stream infection;
however, if the culture was positive for coagulase-negative staphylococci or other skin
potential contaminants, these were only counted as a bloodstream infection if the same
organism was obtained from two separate cultures obtained at different times. Blood stream
infections were characterized as primary if no other source for the organism(s) was identified.
A secondary bloodstream infection was diagnosed if the same organism or organisms were
cultured from another source within 72 h before or after the positive blood culture.

(continued)
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appropriate. Either w2 test or Fisher exact test was used to
assess the differences of primary/secondary outcomes be-
tween pre- and post-intervention cohorts, as appropriate.
Univariable and multivariable logistic regression analyses
were performed to detect the effects of demographic and
clinical factors on primary outcomes. Odds ratios with 95%
confidence intervals were provided to describe the magni-
tudes of the effects. Data were analyzed by SAS 9.4 (SAS
Institute Inc, Cary, NC). A p value <0.05 was considered
statistically significant.

Results

Patients and exclusions

A total of 320 operations for abdominal trauma in 309
patients were performed over the four-year study period.
Except for one patient who underwent 12 separate proce-
dures for recurrent self-inflicted stab wounds, no patient was
entered into the database more than once. After exclusions,
there were 158 patient operations in the pre-intervention
cohort and 151 patient operations in the post-intervention
cohort that were analyzed for process endpoints. After further
exclusions, there were 139 patients in the pre-intervention
cohort and 126 patients in the post-intervention cohort who
were evaluable for infection endpoints. The reasons for ex-
clusions are detailed in Figure 1.

Compliance with the protocol

Ertapenem use for AMP increased from 2.5% of lapa-
rotomies during the pre-intervention phase to 54.3% of lap-
arotomies during the post-intervention phase. This was
associated with a concomitant decrease in the use of cefox-
itin, cefazolin, or any cephalosporin in the post-intervention
cohort (Table 3). During the first five months of the post-
intervention phase, only 10% of patients (3/30) received
ertapenem. After re-education of anesthesia and surgical
personnel regarding the AMP protocol, ertapenem was used
for AMP in 65% of patients (79/121; p < 0.001) during the
final 18 months of the post-intervention phase. Nonetheless,
use of ertapenem never exceeded 80% in any one quarter of
the post-intervention phase, primarily because of a decision
of the surgical or anesthesia provider to use an alternative
regimen. This decision was because of a reported b-lactam
allergy in only three of the 69 patients in whom ertapenem
was not used.

Antimicrobial prophylaxis usage was assessed for timely
administration of the initial dose, antibiotic selection, correct

initial dosage, and timely redosing for duration of laparotomy
or large blood loss (Table 4). Overall compliance with these
measures improved from 49% to 62% between the pre- and
post-intervention cohorts. However, there were no statisti-
cally significant differences in any of the individual mea-
sures. Increased compliance in the post-intervention cohort
was primarily because of fewer patients being at risk for non-
compliance because of incorrect dosing, inadequate spectrum
of activity, and failure to re-dose AMP for a prolonged pro-
cedure.

Pre-operative and post-operative use of antibiotic agents
also declined with implementation of the protocol. Extra pre-
operative administration of antibiotic agents (primarily in
the emergency department), declined in the post-intervention
cohorts, as did administration of any post-operative AMP or
any AMP given for greater than 24 hours after laparotomy
(Table 5).

Ertapenem was used for AMP in this protocol to obviate
necessity for dose adjustment for patient weight, addition of a
second agent to the regimen to provide anti-anaerobic ac-
tivity, or redosing for a prolonged procedure. When analyzed
according to the actual antibiotic used, 75 of 86 patients who
received ertapenem (87%) were compliant with all measures,
compared with 100 of 199 patients who received any other
antibiotic agent (50%; p < 0.001). Use of cefazolin or any
cephalosporin was negatively associated with compliance
(data not shown). A multivariable logistic regression analysis
confirmed that ertapenem use was positively associated with
improved compliance (data not shown).

Patient characteristics

The demographic and injury patterns of patients in the
pre-intervention and post-intervention cohorts assessed for
infection endpoints are shown in Table 6. Patients were well-
matched for most characteristics. The only significant dif-
ference identified was a greater number of patients in the
post-intervention cohort who had colorectal injuries. Follow-
up was similar for patients in the two cohorts (Table 6).
Overall, more than 70% of patients had follow-up 30 days or
more after injury and 30% of patients had follow-up 90 days
or more after injury.

Infections

The primary endoint of the study (percentage of patients
having an infection directly related to abdominal trauma at
30 days) declined from 27% (37/139) in the pre-intervention

Table 2. (Continued)

Clostridiodes
difficile colitis

Clostridiodes difficile colitis was diagnosed by a positive Clostridiodes difficile toxin assay in a
patient who had new-onset diarrhea.

Other infections Patients who had positive cultures from the eye, bone specimens, or cerebrospinal fluid were
counted as having an ocular infection, osteomyelitis, or meningitis, all of which were
considered as unrelated to the trauma laparotomy.

Uncounted
infections

Infections diagnosed within 24 h of admission to the hospital were considered pre-existing, and
not included in the infection endpoints. Similarly, patients diagnosed with Helicobacter pylori
or a sexually transmitted disease subsequently during hospitalization were considered to also
have had a pre-existing illness and were not included in infection endpoints.

SSI = surgical site infection; NHSN = National Healthcare Safety Network; IAI = intra-abdominal infection; SSTI = skin and soft tissue
infection; CT = computed tomography; UTI = urinary tract infection.
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cohort to 14% (18/126) in the post-intervention cohort
(Table 7). This represented an absolute decrease of 13% and a
relative decrease of 46% in infections directly related to
trauma laparotomy. This resulted in an overall relative de-
crease of 26% in the percentage of patients sustaining any
infection, although this change just missed statistical signif-
icance. Results at 90 days were similar to those at 30 days,
with the exception that the decrease in overall infections
reached statistical significance in this analysis.

The types of infections patients in both cohorts sustained
are shown in Table 7. There was a statistically significant
decrease in the incidence of SSI in the post-intervention co-
hort, primarily due to a decrease in superficial SSI at both 30
and 90 days. Deep SSI, organ/space infections, and most
other related infections declined among patients in the post-

intervention cohort, although these decreases did not reach
statistical significance. There were fewer patients with un-
related infections in the post-intervention cohort, but this did
not reach significance except for primary blood stream in-
fections at 90 days; this difference may have reflected mis-
classification, since the overall number of patients with blood
stream infections (both primary and secondary) was not
significantly different at 90 days (12 in the pre-intervention
cohort, 7 in the post-intervention cohort; p = 0.332). Five
patients developed Clostridiodes difficile-associated dis-
ease (CDAD) in the pre-intervention cohort whereas none did
in the post-intervention cohort, although this difference did
not reach statistical significance. Among the patients who
developed CDAD, four of the five received a cephalosporin
for AMP.

FIG. 1. Patients excluded from analysis of process endpoints and both process and infection endpoints. *One patient
was excluded five times in both the pre- and post-intervention cohorts for undergoing a local or limited wound explora-
tion only, and twice in the post-intervention cohort for undergoing laparotomy more than 12 hours after a bowel injury.
ED = emergency department; OR = operating room; C-section = cesarean delivery.
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Table 3. Antibiotic Agents Used for Prophyaxis

Pre-intervention
cohort (n = 158)

Post-intervention
cohort (n = 151)

Antibiotic
Number of patient

operations %
Number of patient

operations % p

Cefoxitin 82 51.9 26 17.2 <0.001
Cefotetan 9 5.7 3 2.0 0.139
Cefazolin – metronidazole 41 25.9 24 15.9 0.030

Any cephalosporin 132 83.5 53 35.1 <0.001
Ertapenem 4 2.5 82 54.3 <0.001
Other antibiotic agents 10a 6.3 4b 2.6 0.120
No antibiotic given before

completion of laparotomy
12 7.6 12 7.9 0.908

aAmpicillin/sulbactam, 1; piperacillin/tazobactam, 4; ciprofloxacin – metronidazole or clindamycin, 4; vancomycin + metronidazole, 1.
bPiperacillin/tazobactam, 1; ciprofloxacin – metronidazole or clindamycin, 2; vancomycin, 1.

Table 4. Compliance with Measures of Appropriate AMP Use

Pre-intervention cohort (n = 158) Post-intervention cohort (n = 151)

Specific measure
Number
at risk

Number
compliant

%
compliance

Number
at risk

Number
compliant

%
compliance p

Timely delivery of initial
antibiotic dose:

Any antibiotic administered
peri-operatively for laparotomy.

Initial dose correctly timed.

158
158
146

129
146
129

81.6
92.4
88.4

151
151
139

120
139
120

79.5
92.1
86.3

0.629
0.908
0.607

Correct dosage given 25a 21 84.0 12a 8 66.7 0.395
Adequate antibiotic spectrum 46b 29 63.0 27b 11 40.7 0.065
Re-dosing for length of procedure 38c 1 2.6 9c 2 22.2 0.173
Re-dosing for large blood loss 5 2 40.0 9 2 22.2 0.580
Compliant with all measures 158 77 48.7 151 94 62.3 0.017

AMP = antimicrobial prophylaxis.
ap = 0.033 comparing number of patients at risk in the pre- versus the post-intervention cohorts.
bp = 0.019 comparing number of patients at risk in the pre- versus the post-intervention cohorts.
cp = 0.001 comparing number of patients at risk in the pre- versus the post-intervention cohorts.

Table 5. Pre-Operative and Post-Operative Antibiotic Use

Pre-intervention cohort (n = 158) Post-intervention cohort (n = 151)

Specific Measure
Number
at risk

Number
compliant

%
compliance

Number
at risk

Number
compliant

%
compliance p

No extra pre-
operative
antibiotic
administered

158 113 71.5 151 131 86.8 0.001

Post-operative
antibiotic agents
discontinued
within 24 h

152 117 77.0 146 131 89.7 0.002

No post-operative
antibiotic agents
given after
completion of
laparotomy

152 51 33.6 146 90 61.6 < 0.001
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Table 6. Comparisons of Pre- and Post-Intervention Cohorts

Pre-intervention cohort Post-intervention cohort

Value (n = 139) % Value (n = 126) % p

Demographics

Age (Mean – SD) 33.1 – 13.8 32.9 – 13.1 0.883
Gender (male) 118 84.9 113 89.7 0.244
Race (African American) 99 71.2 87 69.0 0.699
Weight (kg) [mean – SD] 80.1 – 17.4 82.8 – 20.0 0.244
Median income of home zip code:

<50%
50%–100%
>100%

30
70
39

21.6
50.4
28.1

25
64
37

19.8
50.8
29.4

0.933

Transfer patient 35 25.2 28 22.2 0.572

Medical comorbidities

Any significant medical comorbidity 82 59.0 81 64.3 0.376
More than one medical comorbidity 35 25.2 35 27.8 0.632
Blood alcohol level >80 mg/dL 26 (n = 113) 23.0 29 (n = 112) 25.9 0.615
Urine drug screen positive for

amphetamines, barbiturates,
cocaine, or non-medicinal opioids

9 (n = 67) 13.4 14 (n = 59) 23.7 0.136

Prior abdominal surgery 18 12.9 20 15.9 0.498

Mechanism of injury

Penetrating injury 105 75.5 97 77.0 0.783
Mechanism of injury:

Gunshot injury
Stabbing or other penetrating injury
Injury secondary to motor vehicle
Other blunt injury

72
33
28

6

51.8
23.7
20.1

4.3

77
20
24

5

61.1
15.9
19.0

4.0

0.447

Severity of injury

Overall ISS (median, IQR) 16 (9–25) (n = 137) 17 (9–26) (n = 123) 0.106
Abdominal abbreviated ISS (median,

IQR)
3 (2– 4) (n = 137) 3 (3– 4) (n = 123) 0.293

Probability of survival (mean – SD) 0.913 – 0.203 (n = 135) 0.886 – 0.249 (n = 120) 0.355
Initial lactate concentration (mmol/L)

[mean – SD]
4.7 – 2.0 (n = 13) 4.8 – 3.3 (n = 90) 0.901

Initial lactate concentration
‡2.2 mmol/L

12 (n = 13) 92.3 72 (n = 90) 80.0 0.453

Concomitant injuries

Any chest injury 53 38.1 53 42.1 0.514
Any pelvic fracture 26 18.7 32 25.4 0.188
Major spine or spinal cord injury

(excluding spinous/transverse
process fractures)

15 10.8 22 17.5 0.118

Fracture or major soft tissue extremity
injury

36 25.9 39 31.0 0.362

Extra-abdominal vascular injury 5 3.6 11 8.7 0.080
Any significant extra-abdominal injury 93 66.9 96 76.2 0.095

Timing of laparotomy

Time in ED (min) [median, IQR] 36 (22- 89) (n = 138) 44.5 (24- 79) 0.593
Time from injury to operation (min)

[median, IQR]
118 (68-231) 118.5 (77-217) 0.780
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Univariable and multivariable analyses were performed to
determine factors that increased the risk of a related infection.
In univariable analysis, multiple risk factors were identified,
which tended to segregate into two groups: those related
to the severity of injury, such as a penetrating mechanism of
injury, a higher ISS or abdominal ISS score, a colorectal
or any gastrointestinal tract injury, a larger number of units of
blood transfused, and fascia being left open at the end of the
initial procedure; and those related to prophylactic antibiotic
administration, including an operation prior to protocol im-
plementation, non-compliance with measures of appropriate
antibiotic use, longer post-operative use of prophylactic an-
tibiotic agents, and use of an antibiotic other than ertapenem

for prophylaxis (Table 8). Multivariable logistic regression of
these risk factors revealed that laparotomy prior to protocol
implementation was strongly associated with the risk of a
related infection; additional risk factors included a penetrat-
ing mechanism of injury, ISS score, a colorectal injury, and
the number of units of PRBCs transfused (Table 9).

Secondary analyses were performed to explore whether
ertapenem use contributed to the decreased risk of related
infection after protocol implementation. Ertapenem use was
associated with significant relative decreases of 49% and
46% in the number of patients who sustained a related in-
fection at 30 and 90 days (Table 10). Although trends toward
a decrease in overall infections were seen at both 30 and

Table 6. (Continued)

Pre-intervention cohort Post-intervention cohort

Value (n = 139) % Value (n = 126) % p

Laparotomy findings/details

Negative laparotomy (no abdominal
injury encountered)

8 5.8 4 3.2 0.313

Non-therapeutic laparotomy (no
abdominal injury treated during
laparotomy)

13 9.4 14 11.1 0.637

Any gastrointestinal tract injury 66 47.5 70 55.6 0.189
Any colorectal injury 35 25.2 46 36.5 0.046
Number of units of PRBCs transfused

(median, IQR)
0 (0–4) 0 (0–4) 0.947

Any preoperative or intraoperative
PRBC Transfusion

68 48.9 61 48.4 0.934

Transfusion of ‡10 units of PRBCs
(pre- operative and intra-operative)

13 9.4 16 12.7 0.384

Duration of laparotomy (min)
[mean – SD]

123.6 – 57.6 133.5 – 74.6 0.234

Concomitant extra-abdominal
procedure

17 12.2 10 7.9 0.249

Abdominal fascia left open at end of
initial laparotomy

29 20.9 29 23.0 0.672

Subsequent management

Postoperative ICU destination 77 55.4 77 61.1 0.346
Subsequent abdominal procedure 36 25.9 34 27.0 0.841
Subsequent extra-abdominal procedure 36 25.9 36 28.6 0.625
Days abdominal fascia left open

(median, IQR)
3 (2–8) (n = 29) 2 (1–4) (n = 29) 0.214

Skin left open after final abdominal
procedure

55 39.6 62 49.2 0.115

Postoperative use of vasopressors for
>6 Hours

16 11.5 9 7.1 0.224

Follow-up

Days of follow-up (median, IQR) 45 (20 to >90) 58.5 (21 to >90) 0.446
Any contact made after hospital

discharge
128 92.1 119 93.7 0.622

Contact made ‡30 d after laparotomy 100 71.9 93 73.8 0.733
Contact made ‡90 d after laparotomy 44 31.9 48 38.4 0.269
Patients whose only contact at ‡30 d

was by telephone
7 (n = 11) 63.6 10 (n = 17) 58.8 0.799

SD = standard deviation; ISS = Injury Severity Score ; IQR = interquartile range; ED = emergency department; PRBCs = packed red blood
cells; ICU = intensive care unit.
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90 days, these numbers did not reach statistical significance.
When patient cohort was excluded, a multivariable logistic
regression analysis showed that ertapenem use was strongly
associated with a statistically significant decline in the num-
ber of patients with a related infection at 30 days (Table 11).

Other outcomes

Nine patients died from their injuries, all of whom were
excluded from analysis of infection endpoints. There were no
other patient deaths in either cohort at 30 days, although one

elderly patient in the post-intervention cohort died more than
30 days after laparotomy at a long-term acute care facility
from non-infectious causes. The number of hospital days, in-
tensive care unit (ICU) days, and ventilator days did not dif-
fer significantly between the two cohorts, but the number of
patients discharged to a long-term or skilled nursing facility
was higher in the pre-intervention cohort, nearly reaching
statistical significance (p = 0.0504). Overall days of anti-
infective agent use were decreased in the post-intervention
cohort, as were days of inappropriate antimicrobial use
(Table 12).

Table 7. Infections in Pre- and Post-Intervention Cohorts

Pre-intervention
cohort (n = 139)

Post-intervention
cohort (n = 126)

Absolute
change

Relative
change

Endpoint n % n % % % p

Number of patients with infections at 30 daysa

Any related infection 37 26.6 18 14.3 -12.3 -46.3 0.013
Any SSI 19 13.7 6 4.8 -8.9 -65.2 0.013

Superficial SSI 14 10.1 3 2.4 -7.7 -76.2 0.011
Deep SSI 5 3.6 3 2.4 -1.2 -33.3 0.725

Intra-abdominal infection 17 12.2 12 9.5 -2.7 -22.1 0.481
Related empyema 4 2.9 2 1.6 -1.3 -44.8 0.686
Related SSTI 4 2.9 1 0.8 -2.1 -72.4 0.373
Secondary blood stream infection 2 1.4 5 4.0 +2.6 +186 0.263
Any related infection other than

superficial SSI and minor SSTI
26 18.7 14 11.1 -7.6 -40.6 0.085

Any unrelated infection 38 27.3 30 23.8 -3.5 -12.9 0.511
Pneumonia 23 16.6 16 12.7 -3.9 -23.3 0.377
UTI 15 10.8 7 5.6 -5.2 -48.5 0.123
Primary bloodstream infection 7 5.0 1 0.8 -4.2 -84.2 0.069
Unrelated SSI or SSTI 4 2.9 7 5.6 +2.7 +93.1 0.275
Otherb 1 0.7 3 2.4 +1.7 +231 0.349
Clostridiodes difficile-related

disease
5 3.6 0 0.0 -3.6 -100 0.062

Any related or unrelated infection 60 43.2 40 31.8 -11.4 -26.5 0.056

Number of patients with infections at 90 daysa

Any related infection 42 30.2 22 17.5 -12.8 -42.2 0.015
Any SSI 25 18.0 9 7.1 -10.8 -60.3 0.008

Superficial SSI 20 14.4 5 4.0 -10.4 -72.4 0.004
Deep SSI 6 4.3 4 3.2 -1.1 -26.5 0.752

Intra-abdominal infection 18 13.0 14 11.1 -1.8 -14.2 0.631
Related empyema 4 2.9 2 1.6 -1.3 -44.8 0.686
Related SSTI 5 3.6 3 2.4 -1.2 -33.8 0.725
Secondary blood stream infection 2 1.4 5 4.0 +2.5 +176 0.263
Any related infection other than

superficial SSI and minor SSTI
27 19.4 16 12.7 -6.7 -34.6 0.139

Any unrelated infection 45 32.4 34 27.0 -5.4 -16.7 0.338
Pneumonia 24 17.3 16 12.7 -4.6 -26.5 0.300
UTI 19 13.7 13 10.3 -3.4 -24.5 0.403
Primary blood stream infection 10 7.2 2 1.6 -5.6 -77.9 0.037
Unrelated SSI or SSTI 5 3.6 9 7.1 +3.6 +97.2 0.198
Otherc 2 1.4 3 2.4 +0.9 +71.4 0.671
Clostridiodes difficile-related

disease
5 3.6 0 0 -3.6 -100 0.062

Any related or unrelated infection 67 48.2 43 34.1 -14.1 -29.2 0.020

SSI = surgical site infection; SSTI = skin and soft tissue infection; UTI = urinary tract infection.
aPatients in either cohort may have had more than one type of infection.
bPre-intervention cohort: ocular infection, 1; post-intervention cohort: osteomyelitis, 2; Meningitis, 1.
cPre-intervention cohort: ocular infection, 1; osteomyelitis, 1; post-intervention cohort: osteomyelitis, 2; meningitis, 1.
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Table 8. Univariable Analysis of Risk Factors for Related Infection at Thirty Days

Patients without a
related infection (n = 210)

Patients with a related
infection (n = 55)

Factor Number or value % Value % pa Odds ratiob

Demographic factors

Age (mean – SD) 33.8 – 14.1 29.8 – 10.2 0.042 0.97 (0.95 –0.99)
Male Gender 182 86.7 49 89.1 0.632 1.26 (0.52 –3.51)
Race (African American) 140 66.7 46 83.6 0.014 2.56 (1.23 –5.85)
Weight (kg) [mean – SD] 80.7 – 18.0 84.6 – 21.5 0.171 1.01 (0.99 –1.03)
Median Income of home

zip code:
<50% 41 19.5 14 25.5 0.234 Reference
50%–100% 104 49.5 30 54.6 0.551 0.85 (0.41 –1.79)
>100% 65 31.0 11 20.0 0.100 0.50 (0.20 –1.03)

Transfer patient 55 26.2 8 14.6 0.071 0.48 (0.20 –1.03)

Medical comorbidities

Any significant medical
comorbidity

130 61.9 33 60.0 0.796 0.92 (0.51 –1.71)

More than one medical
comorbidity

58 27.6 12 21.8 0.385 0.73 (0.35 –6.29)

Blood alcohol level
>80 mg/dL

45 (n = 177) 25.4 10 (n = 48) 20.8 0.512 0.77 (0.34 –1.63)

Urine drug screen positive
for amphetamines,
barbiturates, cocaine, or
non-medicinal opioids

15 (n = 99) 15.2 8 (n = 27) 29.6 0.084 2.36 (0.85 –6.29)

Prior abdominal surgery 30 14.3 8 14.6 0.961 1.02 (0.41 –2.28)

Mechanism of injury

Penetrating versus blunt 154 73.3 48 87.3 0.031 2.49 (1.13 –6.32)
Mechanism of Injury:

Gunshot injury 111 52.9 38 69.1 0.049 Reference
Stabbing or other

penetrating injury
43 20.5 10 18.2 0.754 0.68 (0.30 –1.44)

Motor vehicle injury 47 22.4 5 9.1 0.027 0.31 (0.10 –0.77)
Other blunt injury 9 4.3 2 3.6 0.915 0.65 (0.10 –2.66)

Severity of injury

Median overall ISS [IQR] 16 (n = 205) 24.5 (n = 54) 0.041 1.03 (1.001–1.05)
[9 – 25] [10–26]

Median abdominal ISS
[IQR]

3.0 (n = 205) 3.5 (n = 54) 0.001 1.52 (1.17 –2.03)
[2 – 4] [3 – 4]

Probability of survival
(mean – SD)

0.902 – 0.231 (n = 202) 0.895 – 0.205 (n = 53) 0.841 0.87 (0.26 –3.69)

Initial lactate
concentration (mmol/L)
[mean – SD]

4.6 – 3.0 (n = 86) 5.7 – 4.2 (n = 17) 0.201 1.10 (0.94 –1.27)

Initial lactate
concentration
‡2.2 mmol/L

71 (n = 86) 82.6 13 (n = 17) 76.5 0.554 1.46 (0.37 –4.8)

Concomitant injuries

Any chest injury 86 41.0 20 36.4 0.536 0.82 (0.44 –1.51)
Any pelvic fracture 49 23.3 9 16.4 0.266 0.64 (0.28 –1.35)
Major spine or spinal cord

Injury (excluding
spinous/transverse
process fractures)

27 12.9 10 18.2 0.311 1.51 (0.65 –3.26)
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Table 8. (Continued)

Patients without a
related infection (n = 210)

Patients with a related
infection (n = 55)

Factor Number or value % Value % pa Odds ratiob

Concomitant injuries

Fracture or major soft
tissue extremity injury

60 28.6 15 27.3 0.849 0.94 (047 –1.79)

Extra-abdominal vascular
injury

9 4.3 7 12.7 0.019 3.26 (1.11 –9.18)

Any extra-abdominal
injury

148 70.5 41 74.6 0.553 1.23 (0.64 –2.48)

Timing of laparotomy

Median time in ED (min)
[IQR]

46 29 0.379 0.99 (0.98 –1.02)
[27– 93] [18– 55]

Median time from injury to
operation (min) [IQR]

130 72 0.117 0.99 (0.99 –1.00)
[81–249] [59–125]

Details of initial laparotomy

Negative laparotomy (no
abdominal injury
encountered)

10 4.8 2 3.6 0.721 0.76 (0.11 –2.97)

Non-therapeutic
laparotomy (no
abdominal injury treated
during laparotomy)

24 11.4 3 5.5 0.192 0.45 (0.10 –1.35)

Any gastrointestinal tract
injury

94 44.8 42 76.4 <0.001 3.99 (2.07 –8.13)

Any colon and/or rectal
injury

50 23.8 31 56.4 <0.001 4.13 (2.23 –7.76)

Median number of units of
PRBCs transfused [IQR]

0 1 <0.001 1.07 (1.03 –1.12)
[ 0– 4] [ 0– 9]

Any pre-operative or intra-
operative PRBC
transfusion

97 46.2 32 58.1 0.113 1.62 (0.89 –2.98)

Transfusion of ‡10 units of
PRBCs (pre-operative
and intra-operative)

16 7.6 13 23.6 0.001 3.75 (1.66 –8.39)

Duration of laparotomy
(min) (mean – SD)

123.6 – 63.5 146.2 – 67.0 0.028 1.005 (1.001–1.009)

Concomitant extra-
abdominal procedure

20 9.5 7 12.7 0.496 1.39 (0.52 –3.33)

Abdominal fascia left open
at end of initial
laparotomy

37 17.6 21 38.2 0.001 2.89 (1.50 –5.52)

Subsequent management

Post-operative ICU
destination

117 55.7 37 67.3 0.122 1.63 (0.88 –3.11)

Subsequent abdominal
procedure

44 21.0 26 47.3 <0.001 3.38 (1.81 –6.34)

Subsequent extra-
abdominal procedure

48 22.9 24 43.6 0.003 2.61 (1.40 –4.87)

Median days abdominal
fascia left open [IQR)

2 (n = 37) 3 (n = 21) 0.004 1.23 (1.08 –1.44)
[ 1- 4] [ 2- 13]

Skin left open after final
abdominal procedure

82 39.1 35 63.6 0.001 2.73 (1.49 –5.13)

Post-operative use of
vasopressors for >6 h

18 8.6 7 12.7 0.348 1.56 (0.58 –3.98)
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Discussion

Various series of infection after trauma laparotomy have
documented rates of infection of 7.1% to 28.4% for superfi-
cial and deep SSI and 7.9% to 25.2% for IAI after trauma
laparotomy.1–5 In a review of PRCTs on AMP for trauma
laparotomy, rates of SSI and IAI were 18.4% and 8.6%, re-
spectively.5 In a previous analysis, we found that 31% of
patients had infections directly related to laparotomy.17

Given the high incidence of these infections, this study
was undertaken to determine if a protocol designed to facil-
itate optimal use of AMP for trauma laparotomy, based on

established principles for AMP for elective surgical proce-
dures, could decrease this incidence. Important considerations
were that tissue levels of the antibiotic should be maintained
throughout trauma laparotomy, and that the agent selected
have coverage of the organisms expected to contaminate
the abdomen in these patients. Prior to protocol develop-
ment, cefazolin and cefoxitin were the most common agents
utilized for prophylaxis in patients undergoing trauma lapa-
rotomy. These were frequently administered in the emer-
gency department prior to transport to the operating room.
This resulted in a number of deviations from recommended
processes used for AMP. Occasionally, the prophylactic

Table 8. (Continued)

Patients without a
related infection (n = 210)

Patients with a related
infection (n = 55)

Factor Number or value % Value % pa Odds ratiob

Compliance with measures of appropriate antibiotic use

Pre- versus post-
intervention cohort:
Pre-intervention 102 48.6 37 67.3 0.013 0.46 (0.24 –0.85)
Post-intervention 108 51.4 18 32.7

Compliant with all
measures

123 58.6 22 40.0 0.014 0.47 (0.26 –0.86)

Timely delivery of initial
antibiotic dose

174 82.8 41 74.6 0.161 0.61 (0.30 –1.26)

Any antibiotic
administered for
laparotomy

195 92.9 50 0–0.9 0.626 1.30 (0.41 –3.54)

Initial dose correctly timed 174 (n = 195) 89.2 41 (n = 50) 82.0 0.164 0.55 (0.24 –1.34)
Correct dosage given 17 (n = 25) 68.0 9 (n = 9) 100 0.077 Not calculable
Adequate antibiotic

spectrum
28 (n = 46) 60.9 4 (n = 12) 33.3 0.088 0.32 (0.08 –1.18)

Re-dosing for length of
procedure

3 (n = 35) 8.6 0 (n = 15) 0 0.136 Not calculable

Re-dosing for large blood
loss

3 (n = 5) 60.0 1 (n = 7) 14.3 0.222 0.11 (0.004–1.43)

No extra pre-operative
antibiotic agents
administered

170 80.9 41 74.5 0.294 0.69 (0.35 –1.42)

Post-operative antibiotic
agents discontinued
within 24 h

179 85.2 40 72.7 0.029 0.46 (0.23 –0.95)

No post-operative
antibiotic agents given

103 49.0 14 25.5 0.002 0.36 (0.18 –0.68)

Prophylactic antibiotic administered

Cefoxitin 73 34.8 24 43.6 0.224 1.45 (0.79 –2.65)
Cefotetan 8 3.8 3 5.5 0.598 1.46 (0.31 –5.24)
Cefazolin – metronidazole 43 20.5 12 21.8 0.827 1.08 (0.51 –2.18)

Any cephalosporin 124 59.1 39 70.9 0.108 1.69 (0.90 –3.29)

Ertapenem 65 31.0 9 16.4 0.032 0.44 (0.19 –0.91)
Other antibiotics 6c 2.9 2d 3.6 0.764 1.28 (0.18 –5.75)

SD = standard deviation; ISS = Injury Severity Score ; IQR = interquartile range; ED = emergency department; PRBCs = packed red blood
cells; ICU = intensive care unit.

aFor categorical factors with more than two subgroups, a global p value was presented for the relation between the factor and outcome;
individual p values are presented for each odds ratio.

bOdds ratio with 95% confidence interval was presented to measure the odds of having infection of the subgroup compared with the
reference group, or the odds of having infection per one unit increase of the numeric factor.

cAmpicillin/sulbactam, 1; piperacillin/tazobactam, 2; ciprofloxacin + metronidazole or clindamycin, 3.
dPiperacillin/tazobactam, 2.
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agent was administered more than one hour before the op-
erative incision was made. There were also failures to utilize
larger dosages in obese patients, to re-dose the agent when
the operative time exceeded two half-lives of the agent ad-
ministered, and to include anaerobic coverage when a bowel
injury was present.

To simplify the process of antibiotic selection, the protocol
specified use of ertapenem as the preferred agent because of
its prolonged half-life and spectrum of activity including
anaerobic organisms. To ensure adequate drug levels, the
protocol also specified that the drug was to be delivered in the
operating room by the anesthesia team immediately prior to
the start of the operation. The antibiotic was to be re-dosed in
the event of blood loss exceeding one blood volume, based on
use of blood products for patients placed on the massive
transfusion protocol. Ertapenem re-dosing was otherwise re-
commended only if the duration of the laparotomy exceeded six
hours. Unless there had been an anaphylactic reaction to a
penicillin or cephalosporin, ertapenem could be used in patients
with a reported history of a b-lactam allergy. No recommen-
dation was made regarding antibiotic prophylaxis for a subse-
quent extra-abdominal procedure carried out by another service
after trauma laparotomy. Antibiotic agents given for trauma
laparotomy were to be discontinued within 24 hours after the
end of the operation, with a preference for no antibiotic agents to
be given post-operatively; however, no recommendation was
made regarding duration of prophylaxis for patients whose ab-
dominal fascia was left open after damage control laparotomy.

The primary endpoint for the study was the proportion of
patients who developed a post-operative infection directly
related to the abdominal trauma within 30 days of injury.

A decrease of 46% in the percentage of patients sustaining
these infections was noted. This was statistically significant
and in excess of the predicted 25% decrease that had been
hypothesized as part of the study design and sample size
calculations. The multivariable analysis identified being part
of the post-intervention cohort as a highly significant factor in
the reduced rates of infections. With regard to specific in-
fection type, the decrease was significant for superficial SSI
or the combination of superficial and deep SSI. However,
decreases were also seen in the incidence of more serious
infections, including organ/space infections, although these
did not reach statistical significance, in part because of their
lower frequency.

Another goal of this study was to determine if compliance
with measures thought important for optimal antimicrobial
prophylaxis would be improved through use of the protocol.
Although a statistically significant improvement in compli-
ance with all measures was observed in the post-intervention
cohort, no improvement was noted for compliance for any
individual measure. Overall compliance was improved be-
cause fewer patients in the post-intervention cohort were at
risk for failure to adjust dosing for obesity, to use a supple-
mental anti-anaerobic agent, or to re-dose for the length of the
procedure. Implementation of the protocol also was associ-
ated with some improvements in antimicrobial steward-
ship. There was decreased utilization of extra pre-operative
antibiotic agents in the emergency department prior to trauma
laparotomy, and decreased use of prophylactic agents in the
post-operative phase, with only 10% of patients, primarily
those undergoing delayed fascial closure, receiving prophy-
lactic agents for more than 24 hours.

Table 9. Multivariable Logistic Regression for Any Related Infection at Thirty Days

Risk factor Estimate Standard error OR (95% CI) p

Pre-intervention cohort 0.6308 0.1899 3.53 (1.72– 7.66) 0.0009
Penetrating mechanism of injury 0.6139 0.2640 3.41 (1.28–10.36) 0.0200
ISS 0.0416 0.0189 1.04 (1.01– 1.08) 0.0276
Any colorectal injury 0.8119 0.1842 5.07 (2.50–10.65) <0.0001
Units of PRBCs transfused 0.0542 0.0227 1.06 (1.01– 1.11) 0.0168

OR = odds ratio; CI = confidence interval; ISS = Injury Severity Score; PRBCs = packed red blood cells.

Table 10. Infection Outcomes with Use of Ertapenem

Ertapenem not
used (n = 191)

Ertapenem used
(n = 74)

Absolute
change

Relative
change

Endpoint n % n % % % p

Patients with infection at 30 da

Any related infection 46 24.1 9 12.2 -11.9 -49.5 0.032
Any unrelated infection 51 26.7 17 23.0 -3.7 -14.0 0.533
Any related or unrelated infection 77 40.3 23 31.1 -9.2 -22.9 0.164

Patients with infection at 90 da

Any related infection 53 27.8 11 14.9 -12.9% -46.4 0.028
Any unrelated infection 60 31.4 19 25.7 -5.8 -18.3 0.360
Any related or unrelated infection 85 44.5 25 33.8 -10.7 -24.1 0.112

aSome patients in each group had both a related and an unrelated infection.
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Failure to use ertapenem as the preferred antibiotic in pa-
tients in the post-intervention cohort was quite frequent. The
study called for roll-out of the protocol in November 2011,
which ultimately had to be delayed for one month due to
logistical issues. Prior to implementation, the protocol was
not disseminated to avoid premature use of ertapenem in
the pre-intervention cohort. However, this resulted in poor
compliance with ertapenem administration during the first
several months the protocol was in effect, because many
anesthesiologists were unaware that ertapenem was the pre-
ferred agent. Compliance improved with further educational
efforts, but there remained a reluctance on the part of some to
use ertapenem for all trauma laparotomy, making compliance
with ertapenem administration only 65% after renewed ed-
ucational efforts.

Nonetheless, ertapenem use appeared to be a factor in re-
ducing the number of patients with SSI and other related in-
fections in the post-intervention cohort. A secondary analysis
comparing patients receiving ertapenem with those who did
not demonstrated virtually the same results as the comparison
of patients in the pre-intervention and post-intervention co-
horts. Moreover, the multivariable analysis of infection risk

regardless of cohort demonstrated that ertapenem use was
highly associated with a decreased risk of infection.

Studies of prophylaxis of elective colorectal surgery have
suggested ertapenem use is more efficacious than some other
agents. In a PRCT, ertapenem appeared to be superior to
cefotetan for prevention of SSI.16 In a large population-based
analysis, ertapenem use was associated with fewer SSI than
cefoxitin and cefotetan.18

Alternatively, however, the development of the protocol
and its implementation could have led to the decreased rate of
infections in the post-intervention cohort. Apropos to this,
Dellinger19 has suggested that fostering teamwork and col-
laboration among the surgical team may be more important
than specific measures in reducing rates of SSI.

There are a number of limitations to this study. The prin-
cipal one relates to study design, being a before/after trial
and not a randomized trial. No important changes were made
in treatment approaches during the years of the study to our
knowledge. Although there may have been a modest increase
in the use of minimally invasive approaches in the post-
intervention cohort, these patients were excluded from in-
fection endpoints, and would not favorably influence infection

Table 11. Multivariate Logistic Regression for Any Related Infection at Thirty Days, Excluding Cohort

Risk factor Estimate Standard error OR (95% CI) p

Ertapenem as peri-operative antibiotic -0.5606 0.2145 0.33 (0.13–0.73) 0.0089
Penetrating mechanism of injury 0.4236 0.2395 2.33 (1.02–6.45) 0.0469
Any colorectal injury 0.7427 0.1747 4.42 (2.25–8.88) <0.0001
Units of PRBCs transfused 0.0784 0.0211 1.08 (1.04–1.13) 0.0105

OR = odds ratio; CI = confidence interval; PRBCs = packed red blood cells.

Table 12. Other Outcomes

Pre-intervention
cohort (n = 139)

Post-intervention
cohort (n = 126)

Endpoint n % n % p

Patient with non-infectious complications at 30 d 64 46.0 51 40.5 0.361
Re-hospitalization within 30 d 23 16.6 14 11.1 0.202
Discharged to a long-term or another facility 37 26.7 21 16.7 0.050

Median IQR Median IQR p

Hospital days 8 5–16 8 5–13 0.428
ICU days 1 0– 4 1 0– 4 0.571
Ventilator days 0 0– 2 0 0– 2 0.966
Days receiving anti-Infective agents 5 2–14 3 1–11 0.009
Days receiving prophylactic anti-infective agents 2 1– 4 2 1– 3 0.107
Days receiving empiric anti-infective agents 0 0– 0 0 0– 0 0.128
Days receiving anti-infective agents for treatment

of an infection
0 0–10 0 0– 8 0.035

Days receiving anti-infective agents for treatment
of a related infection

0 0– 0 0 0– 0 0.275

Days in which all anti-infective agents
administered were considered inappropriate

0 0– 1 0 0– 1 0.227

Days in which any anti-infective agent
administered was considered inappropriate

1 0– 5 0 0– 3 0.046

IQR = interquartile range; ICU = intensive care unit
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rates in the post-intervention cohort. The risk factors iden-
tified in the multivariable analysis were fairly evenly dis-
tributed between the two cohorts; the only statistically
significant difference was a higher number of patients with
colorectal injuries in the post-intervention cohort, which
would have favored the pre-intervention cohort. Ascertain-
ment of infection could introduce a bias into the study because
the investigators were not blinded to patient assignment. We
attempted to avoid bias by having all patient records re-
viewed independently by a study coordinator and principal
investigator to determine if an infection had occurred, uti-
lizing criteria developed prior to the start of the study. To the
extent possible, the study coordinators concurrently re-
viewed all study patients for any diagnosis of infection while
they were in the hospital. In the event of ambiguity or dis-
agreement between the principal investigator and the study
coordinator with regard to the diagnosis of an infection, a
second clinician reviewed the information. If there was dis-
agreement between the clinicians, a third clinician reviewed
the clinical information to make the final decision. The
second and third reviewers were kept blinded to treatment
assignment.

Conclusions

In this study, adoption of a protocol for standardized AMP
in patients undergoing laparotomy for abdominal trauma was
associated with a decrease in the risk of infectious com-
plications directly related to that procedure. This result was
obtained despite incomplete compliance with the proto-
col. The protocol had been designed specifically to facili-
tate adherence with established principles of AMP. For this
study, ertapenem appeared to be a good choice for the pro-
phylactic agent, although other agents might have pro-
duced similar results if included in the protocol. Overall,
the development of this coordinated process to optimize
AMP in this group of patients at high risk for SSI led to
declines in this complication. This reinforces the concept that
development of specific protocols emphasizing team-based
approaches to optimize patient care can lead to improve-
ments in outcomes.
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