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ABSTRACT

BACKGROUND
Ertapenem, a long-acting carbapenem, may be an alternative to the recommended
prophylactic antibiotic cefotetan.

METHODS

In this randomized, double-blind trial, we assessed the efficacy and safety of anti-
biotic prophylaxis with ertapenem, as compared with cefotetan, in patients under-
going elective colorectal surgery. A successful outcome was defined as the absence
of surgical-site infection, anastomotic leakage, or antibiotic use 4 weeks postopera-
tively. All adverse events were collected until 14 days after the administration of
antibiotic prophylaxis.

RESULTS

Of the 1002 patients randomly assigned to study groups, 901 (451 in the ertapenem
group and 450 in the cefotetan group) qualified for the modified intention-to-treat
analysis, and 672 (338 in the ertapenem group and 334 in the cefotetan group) were
included in the per-protocol analysis. After adjustment for strata, in the modified
intention-to-treat analysis, the rate of overall prophylactic failure was 40.2% in the
ertapenem group and 50.9% in the cefotetan group (absolute difference, —10.7%;
95% confidence interval [CI], —17.1 to —4.2); in the per-protocol analysis, the failure
rate was 28.0% in the ertapenem group and 42.8% in the cefotetan group (absolute
difference, —14.8%; 95% CI, —21.9 to —7.5). Both analyses fulfilled statistical criteria
for the superiority of ertapenem. In the modified intention-to-treat analysis, the most
common reason for failure of prophylaxis in both groups was surgical-site infec-
tion: 17.1% in the ertapenem group and 26.2% in the cefotetan group (absolute
difference, —9.1; 95% CI, —14.4 to —3.7). In the treated population, the overall inci-
dence of Clostridium difficile infection was 1.7% in the ertapenem group and 0.6% in
the cefotetan group (P=0.22).

CONCLUSIONS

Ertapenem is more effective than cefotetan in the prevention of surgical-site infec-
tion in patients undergoing elective colorectal surgery but may be associated with
an increase in C. difficile infection. (ClinicalTrials.gov number, NCT00090272.)
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POSTOPERATIVE RATES OF INFECTION AFTER OPEN COLORECTAL SURGERY

RTAPENEM IS A ONCE-DAILY PARENTER-

al group 1 carbapenem antibiotic used in the

treatment of complicated intraabdominal
infection.3 Several characteristics of ertapenem
make its use attractive as a potential preoperative
antimicrobial agent in elective colorectal surgery,
since it is characterized by rapid intravenous ad-
ministration, appropriate coverage against poten-
tial pathogens, a long half-life (so it does not
require a second administration during most sur-
geries), and a safety profile similar to that of other
commonly used antibiotics.*” To assess the effi-
cacy and safety of ertapenem in the prevention of
surgical-site infection among patients undergo-
ing colorectal surgery, we compared it with cefo-
tetan, a cephalosporin indicated for prophylaxis
in colorectal surgery whose availability has become
somewhat limited.®* Since there have been few
previous prospective studies that examined pos-
sible preoperative and intraoperative risk factors
for postoperative surgical-site infection,*? we de-
signed this large, prospective study to accommo-
date an analysis of risk factors.

METHODS

STUDY DESIGN

We conducted this prospective, double-blind, ran-
domized study between May 2002 and March 2005
at 51 centers in the United States. The institutional
review board at each center approved the proto-
col, and written informed consent was obtained
from each patient before enrollment. The study
was conducted in accordance with the guidelines
of the International Conference on Harmoniza-
tion.’® Merck designed and sponsored the study
with the participation of the academic authors,
who were the lead investigators at each of their re-
spective clinical sites. The sponsor collected and
analyzed the data. An employee of the sponsor was
the primary statistician for the study. All authors
had full access to the data and contributed to the
analysis and interpretation. All authors vouch for
the accuracy and completeness of the data pre-
sented and the analyses.

PATIENTS

Patients 18 years of age or older who were sched-
uled to undergo elective open surgery of the colon
or rectum with sufficient time for bowel prepara-
tion were eligible for inclusion. Patients were in-
eligible if they required emergency colorectal sur-

gery, a second planned surgery requiring antibiotic
prophylaxis, an elective colorectal procedure for
revision of a previous surgery, laparoscopic-assist-
ed surgery, or an isolated rectal procedure. Also
excluded were patients who had a bacterial infec-
tion at the time of surgery or required antimicro-
bial therapy up to 1 week before surgery; those for
whom the study drugs were contraindicated; those
with active inflammatory bowel disease, neutro-
penia, or immunosuppression; those with amino-
transferase levels or prothrombin times that were
at least three times the upper limit of the normal
range; and pregnant or nursing women.

STUDY THERAPY
Patients were stratified according to whether the
scheduled surgery was to include a resection of any
portion of the rectum. To ensure that each group
at each study center had an equivalent number of
patients, randomization was performed in blocks
through a central computerized system. At each
center, the pharmacist prepared the intravenous
study drugs to be administered by clinical person-
nel who were not aware of assignments to treat-
ment groups. A single dose of 1 g of ertapenem
(Invanz, Merck) or 2 g of cefotetan (Cefotan, Astra-
Zeneca) was infused over a 30-minute period with-
in 60 minutes before the initial surgical incision
was made.

STUDY END POINTS
The primary efficacy end point was the proportion
of patients who could be evaluated and for whom
prophylaxis was successful at the 4-week follow-
up assessment after treatment. Success was de-
fined as no signs or symptoms of infection at the
surgical site and no further need for antimicrobial
therapy or surgery. A determination of prophylactic
failure was made by the site investigator on the
basis of criteria for surgical-site infection devel-
oped by the Centers for Disease Control and Pre-
vention.'* Surgical-site infection was defined as
incisional (either superficial or deep) infection or
organ—space infection. Superficial incisional in-
fection involved only skin and subcutaneous tis-
sue and excluded stitch abscesses, and deep inci-
sional infection involved deeper soft tissue of the
incision. Organ—space infection involved any organ
or space other than the incised layer of body wall
that was opened or manipulated during the initial
surgical procedure. Criteria for clinical failure, in
addition to those listed above, included antibiot-
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ics for any reason within 4 weeks after surgery and
anastomotic leakage of the involved bowel requir-
ing additional surgery or antibiotics.

A modified intention-to-treat analysis was also
performed. In addition to the above-mentioned
criteria, treatment was considered to have failed
in this analysis if patients received antibiotics for
a distant-site infection (even in the absence of
signs or symptoms of infection at the surgical site)
or missed a 4-week assessment.

CRITERIA FOR ANALYSES
To qualify for inclusion in the modified intention-
to-treat analysis, patients were required to have
undergone electively scheduled open colorectal sur-
gery with completion of standard bowel prepara-
tion (sodium phosphate or polyethylene glycol) and
to have received a complete dose of a study drug.

In addition to the above-mentioned criteria,
in order to be included in the per-protocol analy-
sis, patients were required to have received a study
drug within 2 hours before surgical incision and
6 hours before surgical closure and to have un-
dergone a 4-week follow-up assessment (defined
as 21 to 60 days after surgery). Patients who re-
ceived antibiotics — including oral antibiotics for
bowel preparation, antibiotic lavage, or other non-
study antibiotics at the time of surgery or in the
week before surgery — could not be included in
the analysis. Also excluded from the analysis were
patients who underwent surgery with delayed pri-
mary closure or closure by secondary intent, who
required a second surgery to correct or reverse the
initial surgery, or who had a distant-site infection
(i.e., infection at any site other than the primary
surgical site).

CLINICAL ASSESSMENT
Investigators took a complete medical history,
performed a physical examination, and obtained
baseline information regarding preoperative risk
factors for postoperative infection, vital signs, and
laboratory tests. Vital signs were measured dai-
ly while the patient was hospitalized and at the
4-week follow-up assessment. Investigators per-
formed detailed wound assessments at least every
other day for up to 7 days during hospitalization,
at discharge, and at the 4-week follow-up visit.
If postoperative infection developed, specimens
from the surgical site were cultured for aerobic
and anaerobic bacteria. Local laboratories per-
formed all aerobic culture and susceptibility test-

ing, and a duplicate specimen was sent for anaero-
bic culture and susceptibility testing to a specialized
laboratory (R.M. Alden Research Laboratory, Santa
Monica, CA). The susceptibility of all isolates to
antibiotics, including ertapenem and cefotetan,
was determined in accordance with the guidelines
of the Clinical and Laboratory Standards Insti-
tute.*>*?

SAFETY ASSESSMENTS
The safety evaluation included all patients who re-
ceived a complete dose of a study drug. Investiga-
tors monitored patients for clinical adverse events
daily during hospitalization; after discharge, in-
vestigators monitored each patient by telephone
until 14 days after the administration of a study
drug. Investigators, masked to treatment, assessed
the seriousness of all adverse events and rated the
likelihood that any event was related to a study
drug. Laboratory studies were performed at enroll-
ment and at least once postoperatively.

To address the safety objective, a set of clinical
safety end points was prespecified in the protocol
and the associated statistical analysis plan before
investigators were made aware of the data. These
end points consisted of the incidence of any clini-
cal adverse event, any clinical drug-related adverse
event, any serious adverse event, any serious drug-
related adverse event, and any clinical adverse
event causing discontinuation of a study drug.

STATISTICAL ANALYSIS
This study was designed to test the noninferior-
ity of ertapenem to cefotetan in the prophylaxis
of surgical-site infection. Assuming an 80% re-
sponse rate and a one-sided significance level of
0.025, we needed to enroll 340 patients per treat-
ment group for the study to have a power of 90%.
For the primary efficacy variable, the proportion
of patients with a successful clinical outcome at
4 weeks after treatment who could be evaluated
and the associated two-sided 95% confidence in-
tervals (CIs) were calculated. The CI for the dif-
ference in response rates was calculated, account-
ing for the surgical procedure performed, including
whether resection of the rectum had been per-
formed.

An exploratory evaluation assessed whether
preoperative and intraoperative risk factors con-
tributed to the development of surgical-site infec-
tion. For the univariate analysis, the significance
level of each factor was tested alone. For the mul-

N ENGLJ MED 355;25 WWW.NEJM.ORG DECEMBER 21, 2006

Downloaded from www.nejm.org on August 20, 2008 . For personal use only. No other uses without permission.

Copyright © 2006 Massachusetts Medical Society. All rights reserved.



POSTOPERATIVE RATES OF INFECTION AFTER OPEN COLORECTAL SURGERY

tivariate analysis, a backward-elimination approach
in a multiple logistic-regression model was per-
formed. In this model, the significant factors from
the univariate analysis were removed one at a time,
starting with the factor that had the largest P val-
ue, until all remaining factors had a two-sided
P value of less than 0.10. Odds ratios and P values
were reported for each factor alone and for the
factors found to be significant from the backward
elimination.

RESULTS

PATIENTS
Of the 1002 patients who were randomly assigned
to study groups, 901 qualified for the modified
intention-to-treat analysis, and 672 were included
in the per-protocol analysis (Fig. 1). Baseline demo-
graphic and surgical characteristics were gener-
ally balanced between the two treatment groups
(Table 1). At baseline, the indication for surgery
showed an imbalance between treatment groups
(P=0.05), with patients receiving ertapenem hav-
ing a higher prevalence of rectal cancer (20.4% in
the ertapenem group and 14.1% in the cefotetan
group).

MODIFIED INTENTION-TO-TREAT ANALYSIS
After adjustment for strata, the overall failure rates
were 40.2% in the ertapenem group and 50.9%
in the cefotetan group (absolute difference, ~10.7%;
95% CI, —17.1 to —4.2). Rates for all the compo-
nents of the modified intention-to-treat analysis
are shown in Table 2.

PER-PROTOCOL ANALYSIS
After adjustment for strata, the overall failure rates
were 28.0% in the ertapenem group and 42.8% in
the cefotetan group (absolute difference, —14.8%;
95% CI, —21.9 to —7.5), which fulfilled statistical
criteria for the superiority of ertapenem.

In the group of patients who underwent sur-
gical procedures that did not include resection
of the rectum (253 patients receiving ertapenem
and 265 patients receiving cefotetan), clinical fail-
ure occurred in 26.9% of patients in the ertapen-
em group and 43.4% of those in the cefotetan
group (absolute difference, —16.5%; 95% CI, —24.5
to —8.3). In the group of patients who underwent
surgical procedures that included resection of
the rectum (85 patients receiving ertapenem and
69 patients receiving cefotetan), clinical failure

occurred in 31.8% of patients in the ertapenem
group and 40.6% of those in the cefotetan group
(absolute difterence, —8.8%; 95% CI, —23.9 to 6.4).

Rates for all components of the study end points
are shown in Table 2. The most common reason
for failure of prophylaxis in both groups was sur-
gical-site infection, particularly that involving a
superficial incisional infection.

MICROBIOLOGIC ANALYSIS
At least one organism was isolated in a total of
30 patients in the ertapenem group and 55 patients
in the cefotetan group (124 organisms in the er-
tapenem group and 151 organisms in the cefotetan
group). The distribution and prevalence of species
isolated were generally similar in the two treat-
ment groups (see the Supplementary Appendix,
available with the full text of this article at www.
nejm.org). Gram-positive aerobic cocci were the
most common group isolated (42 isolates [33.9%)]
in the ertapenem group and 51 isolates [33.8%]
in the cefotetan group); within that group, Staphy-
lococcus aureus was the most common species iso-
lated (9 isolates [7.3%] in the ertapenem group and
10 isolates [6.6%] in the cefotetan group).
Gram-negative anaerobic organisms were the
next most common group of organisms isolated
(36 isolates [29.0%] in the ertapenem group and
44 isolates [29.1%)] in the cefotetan group); within
that group, Bacteroides fragilis was the most com-
mon species isolated (9 isolates [7.3%] in the er-
tapenem group and 12 isolates [7.9%)] in the cefo-
tetan group). Although gram-negative aerobic
bacilli were isolated less commonly (17 isolates
[13.7%] in the ertapenem group and 23 isolates
[15.2%] in the cefotetan group), Escherichia coli was
the most frequently isolated pathogen in this
group (7 isolates [5.6%] in the ertapenem group
and 7 isolates [4.6%] in the cefotetan group).
Of the pathogens that were isolated and tested,
66.7% in the cefotetan group were resistant to
cefotetan, whereas 16.3% percent in the ertapenem
group were resistant to ertapenem (Table 3).

ADVERSE EVENTS
None of the safety end points differed significant-
ly between the two study groups (Table 4). In the
majority of patients with drug-related clinical ad-
verse events (14 patients in the ertapenem group
and 17 in the cefotetan group), the events were as-
sociated with the primary study outcome (e.g., post-
operative wound infection, cellulitis, and wound
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