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Elective Colon and Rectal Surgery Differ in Risk Factors
for Wound Infection

Results of Prospective Surveillance

Tsuyoshi Konishi, MD,* Toshiaki Watanabe, PhD,* Junji Kishimoto, MA,†
and Hirokazu Nagawa, PhD*

Objective: The objective of this study was to clarify the incidence
and risk factors for developing incisional surgical site infection
(SSI) in both elective colon and rectal surgery.
Summary Background Data: SSI is a frequent complication after
elective colorectal resection. The National Nosocomial Infection
Surveillance system surveys all colorectal surgeries together, with-
out differentiating the type of colorectal surgery performed. How-
ever, rectal surgery may have a higher risk for SSI, and identifying
risk factors that are more specific to each procedure would be more
predictive.
Methods: We conducted prospective SSI surveillance of all elective
colorectal resections performed by a single surgeon in a single
institution from November 2000 to July 2004. The data for colon
and rectal surgeries were collected separately. The outcome of
interest was incisional SSI. Univariate and multivariate analyses
were performed to determine the predictive significance of variables
in each type of surgery.
Results: A total of 556 colorectal resections, consisting of 339 colon
and 217 rectal surgeries, were admitted to the program. The inci-
sional SSI rates in colon and rectal surgeries were 9.4% and 18.0%,
respectively (P � 0.0033). Risk factors for developing incisional
SSI in colon surgery were ostomy closure (OR � 7.3) and lack of
oral antibiotics (OR � 3.3), while in rectal surgery, risk factors were
preoperative steroids (OR � 3.7), preoperative radiation (OR �
2.8), and ostomy creation (OR � 4.9).
Conclusions: Colon and rectal surgeries differ with regard to
incidence and risk factors for developing incisional SSI. SSI sur-
veillance for such surgeries should be performed separately, as this
should lead to more efficient identification of risk factors and a
reduction in SSI.

(Ann Surg 2006;244: 758–763)

Surgical site infection (SSI) is the most frequent nosocomial
infection among surgical patients, accounting for 38% of all

such infections.1,2 It increases medical costs, prolongs hospital
stay, and occasionally leads to mortality.1,3,4 Nationwide SSI
surveillance has been conducted in more than 300 hospitals in
the United States since the establishment of the National
Nosocomial Infection Surveillance (NNIS) system in 1970
and, as a result, an enormous amount of data has been
accumulated.5

In colorectal surgery, in particular, SSI is a frequent
cause of morbidity with an incidence of up to 30% in
previous studies.6 –10 The NNIS system categorizes all
colorectal surgeries into the same “COLO” group, and the
SSI rates within this group are stratified according to the
NNIS risk index, which consists of the following three
factors: an American Society of Anesthesiologists (ASA)
score of 3, 4, or 5; a wound classification of contaminated
or dirty-infected; and duration of operation lasting more
than 3 hours.5 However, previous studies have suggested
that SSI rates might not be the same in colon and rectal
surgery.11,12 Surgery for rectal cancer is often associated
with ostomy formation, preoperative radiation and total
mesorectal excision (TME) with anastomosis close to the
anal verge, all of which could lead to surgery that lasts
longer and has greater bacterial contamination.13–15,16

Therefore, rectal surgery might have a higher risk for
developing SSI. Furthermore, the NNIS risk index has
been criticized as being unsuitable for risk evaluation in
elective colorectal surgery because most patients undergo-
ing such a procedure have an ASA score of 1 or 2 and a
wound classification of clean-contaminated.10,16,17 The
risk factors for colon and rectal procedures developing SSI
may differ, and risk factors that are more specific to each
procedure would be more predictive.

In an attempt to clarify the difference between colon
and rectal surgery with regard to SSI, we started a prospective
SSI surveillance program in a department specializing in
colorectal surgery at a university hospital in Japan. The aim
of this study was: 1) to determine the actual incidence of
incisional SSI in elective colon and rectal surgery, and 2) to
identify the risk factors for developing incisional SSIs in
these two procedures.
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METHODS

Surveillance Methods and Surgical Protocols
From November 2000 to July 2004, all patients under-

going elective resection of the colon and rectum via laparot-
omy were admitted to our SSI surveillance program at the
Department of Colorectal Surgery, University of Tokyo, Japan,
using the NNIS System.1,18 All operations were performed or
supervised by 1 surgeon (T.W.). Attending physicians and
nurses observed all wounds at least once a day until the
patients were discharged. Postdischarge surveillance of SSIs
was carried out in the outpatient clinic, and all patients were
followed up for at least 30 days postoperatively. The diag-
nosis of SSI was made after discussion among attending
physicians, nurses and a member of the infection control staff
(T.K.), based on the definitions stated in the guidelines issued
by the Center for Disease Control and Prevention.1 The latter
person (T.K.) prospectively collected the surveillance data,
including patients’ names, age, gender, height, weight, diag-
nosis, history of diabetes, preoperative steroid use, preoper-
ative albumin level, preoperative hemoglobin level, ASA score
as determined by the anesthesiologist, use of nonabsorbable
antibiotic bowel preparations, procedures performed, addi-
tional operative procedures including ostomy creation and
ostomy closure, use of laparoscopy, date of operation, dura-
tion of operation, surgical wound classification, preoperative
irradiation, and perioperative transfusion. Outcome variables
included development and date of incisional SSI (superficial
or deep).

The only modification to the NNIS system in our
surveillance program was that the surgical procedures were
subclassified into colon surgery and rectal surgery, and the
data were collected separately. Colon surgery was defined as
a procedure manipulating only above the peritoneal reflec-
tion, while rectal surgery was defined as manipulating below
the peritoneal reflection and resecting the extraperitoneal
portion of the rectum.

All elective procedures had preoperative bowel prepa-
ration with oral laxative and glycerin enema. All cases after
June 2003 received oral antibiotic preparation on the day
before the operation, using metronidazole and kanamycin.
With regard to the regimen of systemic prophylactic antibi-
otics, the use of second-generation cephalosporins was
strictly ensured for all cases, and administration was started
30 minutes before incision, repeated every 3 hours during
surgery, and then stopped within 24 hours after the operation.
Routine preoperative shaving was performed using electric
clippers. Abdominal incisions were closed primarily in all
cases using polydioxanone monofilament absorbable sutures
for the fascia and nonabsorbable sutures for the skin, in
principle. Subcutaneous drains were not used.

Dependent Variables
The outcome of interest was a diagnosis of incisional

SSI (superficial or deep), as defined by the NNIS system.1

The criteria for superficial incisional SSI were an infection
that occurred at the incision site within 30 days after surgery
involving only the skin and subcutaneous tissue, and at least
one of the following: purulent drainage from the incision; an

organism isolated from a culture of fluid from the incision;
incisional pain, tenderness, localized swelling, redness, or
heat, and opening of the wound. The criteria for deep inci-
sional SSI were an infection that occurred within 30 days
after surgery involving the muscle and fascial layers but not
organ space, and at least one of the following: purulent
drainage from the deep incision; an incision that spontane-
ously dehisced or was deliberately opened by a surgeon in the
presence of the signs and symptoms of infection described
previously. Superficial and deep incisional SSIs were com-
bined into the same diagnosis of incisional SSI because in
some cases it was difficult to determine whether a diagnosis
of deep or superficial SSIs was appropriate, which might have
led to misclassification.

Independent Variables
Patient age was evaluated as a continuous and categor-

ical variable (�60 years, 61–70 years, �71 years). Body
mass index (BMI) in kg/m 2, calculated from height and
weight, was evaluated as a categorical variable (�25, �25).
Preoperative serum albumin level was evaluated as a cate-
gorical variable (�3.0 and �3.1). Anemia was defined as a
preoperative hemoglobin level less than 11.0. ASA score was
evaluated as a categorical variable (�2 and �3). Duration of
operation was evaluated as a categorical variable (�3 hours,
3–4 hours, 4–5 hours, �5 hours). Surgical wound class was
evaluated as a categorical variable consisting of clean-con-
taminated (class 2) and contaminated-dirty (class 3 or 4).
Perioperative transfusion of cellular or plasma products was
evaluated as a single categorical variable. Other variables
were all categorical variables and are presented in the results.

Statistical Analysis
Statistical analysis was performed using JMP software

(SAS Institute Inc., Cary, NC). The univariate relation be-
tween each independent variable and incisional SSI was
evaluated using a logistic model for continuous variables and
Pearson’s �2 test for categorical variables. Independent vari-
ables with a P value �0.2 in the univariate analysis were
entered into the multivariate logistic regression model, using
a Wald statistic backward stepwise selection. P values �0.05
were considered to be statistically significant.

RESULTS
A total of 556 elective colorectal resections, consisting

of 339 colonic surgeries (61%) and 217 (39%) rectal surger-
ies, were admitted to our 46-month surveillance program,
with all cases being eligible for the study. In patients who
underwent colonic surgery, the mean age was 63 years
(range, 20–94 years), and 219 (65%) were male. The most
common procedure performed was left-sided colectomy 155
(46%), followed by right-sided colectomy 94 (28%) and other
colectomies 90 (27%). A total of 32 (9.4%) incisional SSIs
were identified out of 339 colonic surgeries. Patients who
underwent rectal surgery, on the other hand, had a mean age
of 59 years (range, 15–89 years) and included 150 (69%)
males. The procedures performed included low anterior re-
section 132 (61%), abdominoperineal resection 51 (24%),
and total colectomy or proctocolectomy 34 (16%). A total of
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39 (18.0%) incisional SSIs were diagnosed among 217 rectal
surgeries. Thus, the incidence of incisional SSI in rectal
surgery was statistically higher than in colonic surgery (P �
0.0033, Pearson’s �2 test).

Univariate Analysis
None of the variables relating to patient characteristics

was statistically associated with the development of inci-
sional SSI (Table 1). However, preoperative steroid use,
diabetes, and anemia showed a tendency to develop incisional
SSIs in those patients who underwent rectal surgery, as their
P values were less than 0.2.

Table 2 shows the association between surgical char-
acteristics and incisional SSI. In colonic surgery, ostomy
closure, longer duration of operation, and lack of preoperative
oral antibiotics were statistically associated with a higher
incidence of incisional SSI. Contaminated or dirty wound,
operative procedure, and blood transfusion also exhibited a
tendency to develop incisional SSI, as their P values were
less than 0.2. In rectal surgery, on the other hand, ostomy
creation, preoperative radiation, and operative procedure
were statistically associated with the development of inci-
sional SSI. Blood transfusion and simultaneous multiple

organ resection also showed a trend toward developing inci-
sional SSI.

Multivariate Analysis
Following univariate analysis, those variables with a P

value less than 0.2 were selected for multivariate analysis
using a stepwise logistic regression model. Table 3 sum-
marizes the results of multivariate analysis. Lack of oral
antibiotics and ostomy closure were independently predic-
tive of developing incisional SSIs after colonic surgery.
Longer duration of operation also showed a trend toward
developing incisional SSI (P � 0.051). In contrast, inde-
pendent risk factors for incisional SSI after rectal surgery
were preoperative use of steroids, ostomy creation, and
preoperative radiation.

TABLE 2. Surgical Characteristics and Incisional SSI

Variable

Colon Rectum

No. % P No. % P

Oral antibiotics 0.030 0.982

Given 123 4.9 72 18.1

Not given 216 12.0 145 17.9

Preoperative radiation 0.004

� 0 42 33.3

� 0 175 14.3

Operation 0.166 �0.0001

Right colectomy 94 7.5

Left colectomy 155 7.7

Other colectomy 90 14.4

Low anterior
resection

126 9.5

APR 51 37.3

Total colectomy or
proctocolectomy

34 20.6

Hartmann’s
procedure

6 16.7

Additional procedures

Ostomy closure 26 34.6 �0.0001 21 23.8 0.464

Ostomy formation 35 8.6 0.853 71 35.2 �0.0001

Laparoscopic
surgery

26 3.9 0.310 15 6.7 0.237

Multiple organ
resection

49 8.2 0.741 44 25.0 0.174

Duration of operation 0.029 0.208

�3 hr 91 8.8 8 25.0

3–4 hr 107 3.7 42 9.5

4–5 hr 70 11.4 40 12.5

�5 hr 71 16.9 127 22.1

Wound class 0.153 0.735

2 324 9.0 208 17.8

�3 15 20.0 9 22.2

Blood transfusion 0.160 0.078

� 64 14.1 79 24.1

� 275 8.4 138 14.5

APR indicates abdominoperineal resection.

TABLE 1. Patient Characteristics and Incisional SSI

Variable

Colon Rectum

No. % P No. % P

Sex 0.299 0.714

Female 120 11.7 67 19.4

Male 219 18.0 150 17.3

Age (yr) 0.249 0.633

�60 111 12.6 100 17.0

61–70 115 9.6 63 15.9

�71 113 6.2 54 22.2

BMI 0.621 0.535

�25 275 9.8 182 18.7

�25 64 7.8 35 14.3

IBD 0.595 0.755

� 24 12.5 30 20.0

� 315 9.2 187 17.7

Steroids 0.962 0.142

� 31 9.7 20 30.0

� 308 9.4 197 16.8

Diabetes 0.493 0.193

� 57 7.0 35 25.7

� 282 9.9 182 16.5

Albumin (g/dL) 0.534 0.598

�3.0 32 12.5 8 25.0

�3.1 307 9.1 209 17.7

Anemia 0.960 0.140

� 86 9.3 38 26.3

� 253 9.5 179 16.2

ASA score 0.443 0.864

1.2 300 9.0 207 17.9

�3 39 12.8 10 20.0

BMI indicates body mass index; IBD, inflammatory bowel disease; ASA, American
Society of Anesthesiology.
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DISCUSSION
SSI surveillance has been shown to reduce SSI.1,4,19 A

successful surveillance program includes stratification of op-
erative procedures according to SSI rates and risk factors that
enable analysis of procedure-specific risk factors, subsequent
clinical intervention, and periodical feedback of actual SSI
rates to surgeons.1,20 Our study demonstrated that colonic and
rectal surgeries differ with regard to the incidence of inci-
sional SSI. We found that the incisional SSI rate in rectal
surgery was 18.0%, which was nearly twice as high as the
9.4% found in colonic surgery. Furthermore, the risk factors
for developing incisional SSI were different. Independent risk
factors in colonic surgery were colostomy closure and lack of
oral antibiotics. In contrast, risk factors in rectal surgery were
creation of colostomy, preoperative radiation, and preopera-
tive use of steroids. In the NNIS system, colonic and rectal
surgeries are categorized into the same “COLO” group.5

However, our results suggest that colonic and rectal surgery
should be surveyed separately to achieve more efficient SSI
surveillance, as defined in the Japanese Nosocomial Infection
Surveillance System.21

Antimicrobial bowel preparation with nonabsorbable
oral antibiotics for elective colorectal surgery is strongly
recommended in the NNIS guidelines for prevention of SSI.1

However, there has been great controversy regarding the
efficacy of this. Some studies have reported that oral antibi-
otics are of no added value when appropriate parenteral
antibiotics are administered,11,22,23 and more than 50% of
surgeons in the United States feel that prophylactic oral
antibiotics are doubtful or even unnecessary.24 Our results
have revealed that the use of oral antibiotics was associated
with a lower incisional SSI rate in colonic surgery. On the
other hand, the effect on rectal surgery was not remarkable.
Although microbial flora is heavier in the distal bowel,25 a
proper mechanical preparation would eliminate the differen-
tial bacterial counts in the colon and rectum due to stool
presence. Therefore, oral antibiotics are expected to be
equally effective in reducing the number of microorganisms
in the colon and rectum. A prospective randomized trial is
needed to clarify whether the efficacy of oral antibiotics truly
differs in colon and rectal surgery.

The use of diversion colostomy in anterior resection has
been controversial.16 Previous studies have demonstrated that

diversion colostomy enhances the risk for developing inci-
sional SSI without reduction of clinical anastomotic leak-
age.16,26–28 The present study provides supportive evidence
that creation of colostomy is an independent risk factor for
incisional SSI in rectal surgery. Furthermore, closure of diver-
sion colostomy can again lead to wound infection. The present
study indicates that colostomy closure is an independent risk
factor for incisional SSI among colonic surgeries. Previous
reports also stated that closure of colostomy with primary wound
closure has a high wound infection rate of up to 41%.29,30 Thus,
both our results and previous reports suggest that the use of
diverting colostomy in anterior resection should be carefully
examined and could be justified only in high-risk patients or
procedures such as TME or sphincter-saving resection with low
level anastomosis.

The present study has revealed that preoperative radi-
ation is an independent risk factor for incisional SSI in rectal
surgery. However, it remains questionable whether preoper-
ative radiation itself is actually a cause of incisional SSIs. A
large randomized control study comparing TME, with and
without preoperative radiation, demonstrated that there was
no difference regarding the wound infection rate between
these 2 groups.31 In our institution, indication for preopera-
tive radiation has been limited to rectal cancer in the lower
rectum, and all such patients underwent TME following
radiation, consisting of abdominoperineal resection or low
anterior resection with anastomosis close to the anal verge.
Previous studies have reported that TME, including both low
anterior resection and abdominoperineal resection, was asso-
ciated with high incisional SSI rates of up to 32%, even
without preoperative radiation.10,32 Thus, preoperative radia-
tion in our study might be an indicator of a more difficult
procedure, which could have led to preoperative radiation
being a risk factor for incisional SSI.

The present study was performed within a single insti-
tution. All operations were performed or supervised by 1
surgeon (T.W.), and all diagnoses of SSI, data collection, and
analysis were prospectively conducted by 1 member of the
infection control staff (T.K.). This enabled us to minimize
interhospital or interobserver variations, such as differences
in antibiotics regimen, methods of bowel preparation, oper-
ating room environment, aseptic and surgical technique, di-
agnosis of SSI, and surveillance coverage after discharge.

TABLE 3. Multivariate Analysis

Colon Rectum

Variable OR 95% CI P Variable OR 95% CI P

Lack of oral antibiotics 3.3 1.3–9.7 0.017 Steroids 3.7 1.1–11.6 0.024

Ostomy closure 7.3 2.7–20.0 �0.0001 Ostomy formation 4.9 2.3–10.9 �0.0001

Duration of operation 0.051 Preoperative radiation 2.8 1.2–6.6 0.016

�3 h 1 Reference value

3–4 h 0.45 0.1–1.7 0.248

4–5 h 1.6 0.5–4.8 0.419

�5 h 2.4 0.9–6.6 0.095

OR indicates odds ratio; CI, confidence interval.
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There are several important limitations to be noted with
this study. First, this was a retrospective analysis of prospec-
tively collected data, and not a randomized controlled study
to examine the significance of specific risk factors for inci-
sional SSI. Statistical correlations between the risk factors
and incisional SSI do not determine any “cause-and-effect”
relationship between them. Thus, it is important to carefully
examine the results of the analysis to avoid misinterpretation.
Second, there are other known risk factors that were not
evaluated but that could predispose a patient to SSI, including
history of smoking,33 weight loss,34 intraoperative hypoten-
sion or hypothermia,10,35 postoperative glucose control,36 and
arterial hypoxemia.37 In the present study, however, all
variables to be recorded were determined from the start of
our surveillance program, and all the data were collected
prospectively. The addition of retrospective research by
reviewing medical records was discouraged because it
could have degraded the quality of the data by the accu-
mulation of incorrect or missing data. Despite these limi-
tations, we think that this study reflects actual incisional
SSI rates, as well as risk factors in this patient population
and data setting.

CONCLUSION
The incidence of incisional SSI was higher in rectal

surgery than in colonic surgery, and the risk factors for incisional
SSI were also different between these surgeries. We think that
SSI surveillance for these surgeries should be performed sepa-
rately, which should lead to more efficient identification of the
risk factors and a further reduction in SSI.
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