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BACKGROUND: Surgical site infections (SSI) are a common complication after colorectal surgery. An infection
prevention bundle (IPB) was implemented to improve outcomes.

STUDY DESIGN: A standardized IPB that included the administration of oral antibiotics with a mechanical
bowel preparation, preoperative shower with chlorhexidine, hair removal and skin prepara-
tion in holding, antibiotic wound irrigation, and a “clean-closure” protocol was implemented
in January 2013. Data from the American College of Surgeons NSQIP were analyzed at a
single academic institution to compare pre-IPB and post-IPB SSI rates. In January 2014, a
prospective database was implemented to determine compliance with individual IPB elements
and their effect on outcomes.

RESULTS: For the 24 months pre-IPB, the overall SSI rate was 19.7%. During the 30 months after IPB
implementation, the SSI rate decreased to 8.2% (p < 0.0001). A subset of 307 patients was
identified in both NSQIP and our prospective compliance databases. Elements of IPB
associated with decreased SSI rates included preoperative shower with chlorhexidine (4.6% vs
16.2%; p ¼ 0.005), oral antibiotics (3.4% vs 15.4%; p < 0.001), and mechanical bowel
preparation (4.4% vs 14.3%; p ¼ 0.008). Patients who received a full bowel preparation of
both oral antibiotics and a mechanical bowel preparation had a 2.7% SSI rate compared with
15.8% for all others (p < 0.001). On multivariate analysis, full bowel preparation was
independently associated with significantly fewer SSI (adjusted odds ratio 0.2; 95% CI 0.1 to
0.9; p ¼ 0.006).

CONCLUSIONS: Implementation of an IPB was successful in decreasing SSI rates in colorectal surgery patients.
The combination of oral antibiotics with a mechanical bowel preparation was the strongest
predictor of decreased SSI. (J Am Coll Surg 2017;225:465e471. � 2017 by the American
College of Surgeons. Published by Elsevier Inc. All rights reserved.)
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Surgical site infections (SSI) are a major cause of
morbidity after surgery and are associated with increased
hospital length of stay, readmissions, costs, and mortal-
ity.1-3 Surgical site infections are disproportionally high
in colorectal surgery and are estimated to affect between
15% and 30% of patients.4 In addition to the morbidity
and mortality associated with SSI, there has been a
growing effort to link reimbursements with outcomes.
Preventable complications such as SSI are a burden on
the surgeon and the health care system. Therefore, there
is an important need to evaluate practices in order to
reduce the incidence of preventable complications to
improve patient safety and clinical outcomes.
Multiple advances have been made in surgery to

improve and track quality of care. To better evaluate
http://dx.doi.org/10.1016/j.jamcollsurg.2017.06.011
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surgeon and hospital performance, the American College
of Surgeons (ACS) NSQIP provides risk-adjusted out-
comes and models for comparison with the aim of iden-
tifying areas for improvement.5 The Enhanced Recovery
After Surgery (ERAS) Society has produced colorectal-
specific bundles to further standardize medical care based
on evidence-based practice,6,7 and many institutions have
implemented variations of infection prevention bundles
(IPBs) with the aim of reducing SSI.4,8-13 Nationwide,
numerous projects have been put in place in an effort to
decrease preventable complications.
Although these infection prevention measures have

become emphasized, protocols are inconsistent, and the
role and use of oral antibiotics and mechanical bowel prep-
aration remain varied.14 Some evidence suggests mechanical
bowel preparation may be unnecessary or even harmful and
should be omitted.15-19 There is consensus that intravenous
antibiotics should be given before colorectal surgery, but
the role of oral antibiotics remains controversial.20 However,
due to the high incidence of SSI in colorectal surgery, there
has been renewed interest in evaluating theutility ofmechan-
ical bowel preparation in combination with oral antibiotics.
Recent studies suggest that full bowel preparation, defined as
the combination of both oral antibiotics and mechanical
bowel preparation, is associated with decreased infectious
complications in patients undergoing elective colecto-
mies.21-23 Here we report our experience with an IPB for
nonemergent colorectal surgery patients at our high-
volume, tertiary care academic institution.
METHODS

Infection prevention bundle

A collaborative team consisting of colorectal surgeons, an-
esthesiologists, surgical residents, clinical nurses, patient
education nurses, and performance improvement special-
ists was formed at our institution to evaluate SSI and pa-
tient outcomes. An IPB consisting of preoperative and
perioperative interventions was implemented in January
2013 (Table 1). Patients were instructed to take oral anti-
biotics (neomycin 1 g po and Flagyl [Pfizer] 500 mg po at
1:00 PM, 2:00 PM, and 10:00 PM) and a mechanical
bowel preparation (Dulcolax [Sanofi] 10 mg po at 10:00
AM and 12:00 PM and MiraLAX [Bayer] 238 g po
Table 1. Infection Prevention Bundle Interventions

Preoperative (at home) Preope

Oral antibiotics (neomycin and Flagyl) Hair clipping in

Mechanical bowel preparation
(Dulcolax and MiraLAX)

Skin preparation
70% isopropyl

Preoperative shower (4% chlorhexidine cleanser)
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beginning at 11:00 AM) on the day before surgery. Patients
were also instructed to bathe with 4% chlorhexidine gluco-
nate body wash the evening before andmorning of surgery.
In the preoperative holding area, hair was clipped and skin
wiped with a 2% chlorhexidine gluconate cloth. Intraoper-
ative measures included intra-abdominal antibiotic irriga-
tion (240 mg gentamicin and 600 mg clindamycin in 1 L
of normal saline) and clean closure protocol, which
included surgeons and scrub staff changing gowns and
gloves and repreparing and draping the surgical field. Ster-
ile and dedicated wound closure instruments were also
used. The subcutaneous tissues were also irrigated with
the antibiotic solution before closure.
Data collection and study design

The Washington University School of Medicine Institu-
tional Review Board approved this project. Bundle effec-
tiveness was evaluated by examining trends in SSI rates for
nonemergent colorectal procedures based on ACS NSQIP
data from January 2011 to June 2015 (n ¼ 1,152). His-
torical (pre-implementation) ACS NSQIP SSI rates were
compared with post-implementation SSI rates. The ACS
NSQIP maintains a prospective database of patient demo-
graphics, comorbidities, intraoperative factors, and 30-
day outcomes in order to provide risk-adjusted outcomes
measures, with the goal of providing institutional feed-
back for improvement in quality of care.5

Prospective compliance data of IPB measures were ob-
tained by preoperative nursing staff patient interviews as
well as intraoperatively on the day of surgery, beginning in
January 2014, for all patients undergoing colorectal surgery
by a colorectal surgeon at Barnes-Jewish Hospital. Institu-
tional ACS NSQIP data files were then used to identify pa-
tients from January 2014 to June 2015. There were 404
patients who underwent a colorectal procedure by the
following CPT codes: 44140 to 44141, 44143 to 44147,
44150 to 44151, 44155 to 44158, 44160, 44204 to
44208, 44210 to 44212, 45110 to 45114, 45116, 45119
to 45121, 45123, 45126, 45130, 45135, 45160, 45395,
45397, 45402, and 45550. Both open and laparoscopic pro-
cedures were included. Emergent cases were excluded
because the standard IPB intervention cannot be commonly
applied. Only board certified colorectal surgeons from the
rative (in hospital) Intraoperative

holding Antibiotic irrigation
(gentamicin and clindamycin)

(2% chlorhexidine gluconate,
alcohol solution)

Clean closure protocol

e e
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Section of Colon and Rectal Surgery at our institution were
included to avoid biases and effects from other surgical ser-
vices that did not participate in the IPB. The prospective
compliance database was then merged with the ACS
NSQIP data in order to pair our database of patient demo-
graphics and bundle compliance with objectively obtained
clinical outcomes of interest (SSI), which resulted in the
identification of 307 common patients.

Statistical analysis

Two-sample t-test and chi-square test or Fisher’s exact test
were used to evaluate the association between independent
variables and SSI. Univariate and multivariate binary logis-
tic regression tests were performed to assess the IPB vari-
ables in reducing SSI rate. The association of each key
bundle element with SSI rate reduction was evaluated,
and a bowel preparation composite was formed based on
oral antibiotics and mechanical bowel preparation to eval-
uate the crude and adjusted odds ratios. Covariates with a
value of p < 0.2 in the bivariate analysis were first selected,
and after adding selected covariates one by one into the
model, variables that did not change the -2log likelihood
value significantly or change the composite adjusted odds
ratios by 10% were eliminated. A value of p < 0.05 was
considered statistically significant. All statistical tests were
conducted using SAS (version 9.3, SAS Institute).
RESULTS
An IPB was implemented in January 2013 with the aim of
reducing SSI among colorectal surgery patients. To
Figure 1. Surgical site infection (SSI) rate decrea
infection prevention bundle (IPB) (p < 0.0001). R
before IPB implementation to 8.2% in the 30 mont
of SSI is displayed; asterisk denotes that cases
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determine whether there was a decrease in the rate of
SSI after IPB implementation, institutional ACS
NSQIP files were queried, and it was observed that the
rate of SSI significantly decreased after intervention
from 21.2% in 2011 to 6.0% in 2015 (Fig. 1;
p ¼ 0.0002).
To evaluate the effectiveness of the bundle, a prospec-

tive compliance database was established. This prospective
database was merged with institutional ACS NSQIP files,
resulting in the identification of 307 common patients
who underwent nonemergent colorectal surgery by a colo-
rectal surgeon at our institution between January 2014
and June 2015. The overall rate of SSI was 6.2%
(n ¼ 19), and characteristics of patients who did and
did not develop an SSI are presented in Table 2. The
groups were balanced with respect to many characteristics
such as age, BMI, race, operative approach, elective pro-
cedure, diabetes, severe COPD, smoking status, and
American Society of Anesthesiologists (ASA) classifica-
tion. However, significant differences existed in regard
to wound classification (p < 0.001), whether an ostomy
was present at the beginning of surgery (p ¼ 0.028),
and sex (p ¼ 0.016).
Compliance of bundle elements was first assessed. Pre-

operative interventions such as mechanical bowel prepara-
tion, oral antibiotics, and preoperative shower with
chlorhexidine closure resulted in compliance rates of
83.6%, 78.5%, and 87.6%, respectively. In preoperative
holding, skin preparation was successful (94.0%), but
hair clipping had the lowest compliance rate of all bundle
elements (68.9%). Antibiotic irrigation and clean closure
sed significantly after implementation of the
ates decreased from 19.7% in the 24 months
hs post-implementation. The annual incidence
only through June 2015 were included.
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Table 2. Patient Demographics and Surgical Site Infection Risk Factors of Interest Stratified by Development or Absence of
a Surgical Site Infection

Characteristic SSI (n ¼ 19) No SSI (n ¼ 288) p Value

Age, y, mean � SD 57.6 � 12.3 59.2 � 16.1 0.666

BMI, kg/m2, mean � SD 30.2 � 7.4 29.1 � 7.6 0.551

Female sex, n (%) 5 (26) 163 (57) 0.016

Race, n (%) 0.619

White 15 (79) 232 (81)

African American 4 (21) 41 (14)

Other 0 (0) 15 (5)

Operative approach, n (%) 0.095

Open 11 (58) 111 (39)

Laparoscopic 8 (42) 177 (61)

Elective surgery, n (%) 14 (74) 245 (85) 0.193

Wound classification, n (%) <0.001

Dirty/infected 3 (16) 9 (3)

Contaminated 6 (32) 27 (9)

Clean/contaminated 10 (53) 252 (88)

Clean 0 (0) 0 (0)

Ostomy present at time of surgery, n (%) 5 (26) 25 (9) 0.028

Diabetes, n (%) 5 (26) 41 (14) 0.179

Severe COPD, n (%) 3 (16) 26 (9) 0.405

Current smoker within past year, n (%) 6 (32) 67 (23) 0.410

ASA class, n (%) 0.532

1eNo disturbance 0 (0) 2 (1)

2eMild disturbance 8 (42) 151 (52)

3eSevere disturbance 11 (58) 132 (46)

4eLife threatening 0 (0) 3 (1)

ASA, American Society of Anesthesiologists; SSI, surgical site infection.

468 Ohman et al Infection Prevention in Colorectal Surgery J Am Coll Surg
protocol were also successfully implemented at rates of
81.1% and 76.2%, respectively.
Infection prevention bundle elements were indepen-

dently examined to determine association with SSI. On
univariate analysis, mechanical bowel preparation (4.4%
vs 14.3%; p ¼ 0.008), oral antibiotics (3.4% vs 15.4%;
p < 0.001), and preoperative shower with chlorhexidine
cleanser (4.6% vs 16.2%; p ¼ 0.005) were associated
with decreased risk of SSI (Table 3). Chlorhexidine skin
preparation and clean closure protocol had a trend toward
decreased risk of SSI, but this did not reach statistical sig-
nificance. Hair removal in holding and antibiotic irriga-
tion were not associated with decreased risk of SSI. The
specific role of oral antibiotics and mechanical bowel
preparation was then examined. Patients who received
both oral antibiotics and a mechanical bowel preparation
had a 2.7% SSI rate compared with a 15.8% SSI rate for
all others (Table 4; p < 0.001). Multivariate regression
analysis revealed that only the full bowel preparation,
consisting of both oral antibiotics and a mechanical
bowel preparation, was associated with a decreased rate
Downloaded for Anonymous User (n/a) at Library of the Weill Medical College/
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of SSI (adjusted odds ratio 0.2; 95% CI 0.1 to 0.9;
p ¼ 0.006), even after adjusting for sex, wound classifica-
tion, ostomy status, elective surgery, and operative
approach. Single preparation with either oral antibiotics
or mechanical bowel preparation was not associated
with a decreased rate of SSI on multivariate regression
analysis.
DISCUSSION
Complications such as SSI are associated with significant
morbidity, in addition to being increasingly tied to reim-
bursements from insurance companies. Therefore, there is
an important need to reduce preventable complications
and improve quality of care. Our institution was identi-
fied by ACS NSQIP as having a higher than expected
rate of SSI among colorectal surgery patients, and in an
effort to improve quality of care, we developed a set of
standard practices and implemented an IPB. After chang-
ing our practices, we successfully reduced the rate of SSI
for patients undergoing nonemergent colorectal surgery
Cornell University from ClinicalKey.com by Elsevier on October 30, 2017.
 Copyright ©2017. Elsevier Inc. All rights reserved.



Table 3. Surgical Site Infection Rate for Elements of the
Infection Prevention Bundle

Bundle element Patients, n SSI, n (%) p Value

Mechanical bowel preparation 0.008

Yes 250 11 (4.4)

No 49 7 (14.3)

Oral antibiotics <0.001

Yes 237 8 (3.4)

No 65 10 (15.4)

Preoperative shower with chlorhexidine cleanser 0.005

Yes 262 12 (4.6)

No 37 6 (16.2)

Hair removed in holding 1.000

Yes 210 13 (6.2)

No 95 6 (6.3)

Chlorhexidine skin preparation in holding 0.295

Yes 282 16 (5.7)

No 18 2 (11.1)

Antibiotic irrigation 0.541

Yes 245 16 (6.5)

No 57 2 (3.5)

Clean closure protocol 0.564

Yes 224 12 (5.4)

No 70 5 (7.1)
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by surgeons in our division, from 19.7% to 8.2%. Inde-
pendent examination of the interventions revealed a
high compliance rate among all bundle elements, and
further assessment by using our prospective compliance
database in combination with institutional ACS NSQIP
data found that patients who received both oral antibi-
otics and mechanical bowel preparation had a signifi-
cantly lower rate of SSI compared with no preparation
at all. Furthermore, single agent preparation with either
oral antibiotics or mechanical bowel preparation alone
was not sufficient to reduce SSI.
The role of oral antibiotics and mechanical bowel prep-

aration has long been a subject of debate and has been
Table 4. Bowel Preparation Composite Comparing Surgical Si
Between Bowel Preparation Groups

Bowel preparation Patients, n SSI,

No preparation 37 5 (

Oral antibiotics only 12 2 (

Mechanical bowel preparation only 27 5 (

Full preparation (oral antibiotics plus
mechanical bowel preparation) 223 6 (

*p value for Fisher’s exact test is < 0.001.
yAdjusted for sex, wound classification, ostomy present at the beginning of the
zp ¼ 0.031.
xp ¼ 0.006.
OR, odds ratio; SSI, surgical site infection.
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both supported and criticized over the past few decades.
Although oral antibiotics serve to reduce the bacterial con-
centration of the colonic mucosa, it is thought that me-
chanical bowel preparation would improve antibiotic
efficacy by reducing fecal bulk. In the 1970s, the
Nichols-Condon bowel preparation of neomycin and
erythromycin in combination with mechanical bowel
preparation became standard of care due to evidence
that the mechanical cleansing improved mucosal delivery
and local concentration of the intraluminal antibiotic.24

However, practice patterns evolved over time, and me-
chanical bowel preparation eventually fell out of favor.
Hughes25 concluded early that a laxative rather than
vigorous mechanical preparation before surgery would
suffice. Another trial again questioned the necessity of me-
chanical bowel preparation, arguing that the preparation
was time-consuming and expensive, in addition to being
unnecessary.26 Over time, the role of each component
was increasingly evaluated and scrutinized. With prevent-
able complications such as SSI being increasingly exam-
ined, it is important to re-evaluate our standard of care.
Mechanical bowel preparation itself is not benign and

has been associated with electrolyte abnormalities and
renal impairment.16 One study demonstrated that elective
left-sided colectomy without mechanical bowel prepara-
tion was safe and associated with decreased postoperative
morbidity,15 and multiple meta-analyses did not find any
evidence that mechanical bowel preparation improves
outcomes.17-19 Furthermore, current Enhanced Recovery
After Surgery (ERAS) guidelines for elective colonic and
rectal/pelvic operations also recommend against routine
use of mechanical bowel preparation,6,7 concluding that
it may be necessary only if intraoperative colonoscopy
or a diverting ileostomy is to be performed.7 However,
the studies on which these recommendations are based
have only compared mechanical bowel preparation to
no preparation at all, failing to compare the combination
of both oral antibiotics and a mechanical bowel
preparation.
te Infection Incidence and Crude and Adjusted Odds Ratios

n (%)* Crude OR (95% CI) Adjusted ORy (95% CI)

13.5) Reference Reference

16.7) 1.3 (0.2e7.6) 0.9 (0.1e6.7)

18.5) 1.5 (0.4e5.6) 1.5 (0.3e6.8)

2.7) 0.2 (0.1e0.6)z 0.2 (0.1e0.9)x

surgery, elective surgery, and operative approach.
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The utility of oral antibiotics has also been recently
investigated. A retrospective study of the Veterans Affairs
Surgical Quality Improvement Program identified 9,940
patients who underwent elective colorectal resection at
Veterans Affairs hospitals between 2005 and 2009; it
found that oral antibiotics alone were associated with a
67% decrease in SSI rate.27 Additionally, oral antibiotics
were favorably associated with decreased hospital length
of stay and hospital readmissions.28 Further analysis
from Veterans Affairs Surgical Quality Improvement Pro-
gram also determined that addition of a mechanical bowel
preparation did not further improve SSI rate for patients
undergoing elective colorectal resections.27 These findings,
while supportive of the use of oral antibiotics, are imper-
fect because the study methods relied on prescription and
were not able to track or assess compliance.
Recent studies have demonstrated the utility of a full

bowel preparation using both oral antibiotics and me-
chanical bowel preparation. The Michigan Surgical Qual-
ity Collaborative compared 1,363 patients who received a
full bowel preparation with 1,112 patients who received
no bowel preparation; it found that full bowel preparation
was associated with decreased infectious complications in
patients undergoing elective colectomies.21 Analyses of the
2012 Colectomy-Targeted ACS NSQIP database have
also demonstrated that a full bowel preparation is associ-
ated with decreased rate of SSI as well as other favorable
outcomes such as decreased anastomotic leak, ileus, and
hospital readmission.22,23 Further analysis of the 2012
and 2013 ACS NSQIP data also validated the findings
that full bowel preparation was associated with decreased
rate of SSI as well as decreased anastomotic leak, dehis-
cence, readmission, reoperation, and other non-SSI-
related infectious complications.29 Our work agrees with
these recent publications, and we now favor a full bowel
preparation, with both oral antibiotics and a mechanical
bowel preparation, before nonemergent colorectal surgery
at our institution.
There were several limitations to our study. The IPB

was implemented uniformly across the colorectal surgery
service rather than through a randomized controlled trial,
which resulted in a very high compliance rate of all bundle
elements and correlated with a low SSI rate, limiting the
analysis of individual bundle components. Although this
suggests the ease with which the bundle can be imple-
mented, it also suggests that the study was underpowered
to assess the role of mechanical bowel preparation or oral
antibiotics alone. Furthermore, our multivariate analysis
controlled for several variables such as laparoscopic or
open approach, presence of a stoma, wound classification,
sex, and elective surgery, but there remains the potential
for unmeasured confounders that may also contribute to
Downloaded for Anonymous User (n/a) at Library of the Weill Medical College/
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the rate of SSI in our patient population. There was
also a variable use of interventions before bundle imple-
mentation, and we were unable to assess the pre-
intervention group for compliance or association of spe-
cific elements with SSI because we only have complete
data for evaluation after the prospective database was
implemented. However, our objective was to evaluate
the effect of each bundle component on SSI in the
post-implementation period to determine which factors
were most essential. Despite these limitations, we recom-
mend oral antibiotics combined with a mechanical bowel
preparation for patients undergoing nonemergent colo-
rectal surgical procedures in order to reduce the incidence
of SSI.
CONCLUSIONS
Implementation of an IPB was successful in reducing SSI
among nonemergent colorectal surgery patients. The
combination of oral antibiotics and mechanical bowel
preparation was the strongest predictor of decreased rate
of SSI; single preparation was insufficient in reducing SSI.
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