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Abstract

Background Among complications after surgery for

colorectal cancer, wound infections may prolong hospi-

talization and increase healthcare costs. This study was

designed to clarify the incidence, risk factors, and patho-

gens responsible for wound infections after surgery for

colorectal cancer.

Methods The study group comprised 144 patients (94

men and 50 women) with colorectal cancer in whom the

same surgeon at Kitasato University Hospital performed

resection from January 2004 through December 2005.

Their mean age was 67.1 years (range = 38–90). To

identify risk factors for surgical wound infections, we

examined the following 11 variables: gender, age ([65 vs.

B65 years), body-mass index ([25 vs. B25 kg/m2), the

presence or absence of diabetes mellitus, physical status

according to the American Society of Anesthesiologists

classification (ASA score), stage of cancer according to the

TNM staging system, surgical procedure (laparoscopic

colectomy vs. open colectomy), procedure type (right

colectomy vs. left colectomy vs. anterior resection), oper-

ation time ([180 vs. B180 min), intraoperative bleeding

volume ([120 vs. B120 ml), and the presence or absence

of intraoperative transfusion. Tissue specimens of infected

wounds were cultured to identify pathogens.

Results Postoperative wound infections occurred in 12%

(17/144) of the patients. In univariate analyses, the inci-

dence of wound infection was 26% (11/43) in patients who

underwent open colectomy compared with 6% (6/101) in

those who underwent laparoscopic colectomy. This dif-

ference was significant (P = 0.001). In multivariate

analyses, only surgical procedure was identified as an

independent risk factor for wound infection. The odds ratio

for open colectomy compared with laparoscopic colectomy

was 3.322 (P = 0.021). Pus from infected wounds was

cultured in 7 of the 17 patients and cultures were positive

for pathogens in 5 patients: 1 laparoscopic colectomy and 4

open colectomy. Bacteroides species were the most com-

mon pathogen.

Conclusion To prevent wound infections after surgery for

colorectal cancer, laparoscopic surgery should be per-

formed when indicated.

Introduction

Elective surgery for colorectal cancer is associated with

bacterial contamination, with postoperative wound infec-

tions developing in 3–26% of patients [1–3]. Various risk

factors for postoperative wound infections have been

reported, including a high body mass index (BMI) [3],

diabetes mellitus [4], decreased body weight [4], anemia

during the perioperative period [4], hypotension during

surgery [3], blood transfusion during surgery [2–5], and

ascites [4]. Wound infection causes pain, prolongs hospi-

talization, and increases healthcare costs [3]. To clarify the

incidence of and risk factors for wound infection, we
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analyzed potentially related factors in patients who

underwent standard procedures for colorectal cancer, per-

formed by the same surgeon in the same hospital, and

received standard perioperative care. We also report the

results of bacterial cultures of pus from infected wounds.

Materials and methods

The study group comprised 144 patients (94 men and 50

women) with primary solitary colorectal cancer without

intestinal obstruction who had received no chemotherapy

preoperatively. The operation was performed on all

patients by the same surgeon (TN) in our hospital from

January 2004 through December 2005. Their mean age was

67.1 years (range = 38–90). As for the extent of resection,

right hemicolectomy was performed in 53 patients, left

colectomy in 43, and anterior resection in 48. The surgical

procedure was laparoscopic colectomy in 101 patients and

open surgery in 43. No patient was switched from laparo-

scopic to open surgery during the operation.

All patients underwent mechanical bowel preparation

before surgery. Before closure, the incision wound was

washed with 500 ml of warm physiologic saline after

suturing the muscle layer. After closure, the wound was

covered with a polyurethane film dressing for 48 h after

surgery. Thereafter, the wound kept open and was not

disinfected. To prevent postoperative infections, patients

received cefmetazole sodium or flomoxef sodium in a dose

of 1 g per time as a continuous intravenous infusion. These

antibiotics were given once during surgery, every 3 h

thereafter, and only once on the day after surgery. Wound

infection was confirmed by the surgeon and evaluated

according to the 1999 Guidelines for the Prevention of

Surgical Site Infection [6]. Wounds with pus were con-

sidered infected; wounds with only redness were ruled out.

The median follow-up period after surgery was

29 months (range = 5–42 months). During this period

patients presented at the hospital once every 2–4 weeks.

Patients were followed up to assess postoperative wound

infection, the response to adjuvant chemotherapy, and the

results of computed tomography of the chest and abdomen

after surgery. The clinical course before and after surgery

was evaluated retrospectively on the basis of the patients’

medical records.

To identify risk factors for surgical wound infections,

we examined the following 11 variables: gender, age ([65

vs. B65 years), body mass index ([25 vs. B25 kg/m2), the

presence or absence of diabetes mellitus, physical status

according to the American Society of Anesthesiologists

classification (ASA score), stage of cancer according to the

TNM staging system, surgical procedure (laparoscopic

colectomy vs. open colectomy), procedure type (right

colectomy vs. left colectomy vs. anterior resection), oper-

ation time ([180 vs. B180 min), intraoperative bleeding

volume ([120 vs. B120 ml), and the presence or absence

of intraoperative transfusion.

Differences between the groups were tested by v2 tests

with Yates’ correction. In multivariate logistic regression

Table 1 Univariate analysis of relationship between clinical char-

acteristics and wound infection

Characteristics Wound infection p value

Yes (n = 17) No (n = 127)

Gender 0.101

Male 8 86

Female 9 41

Age (years) 0.770

C65 8 55

[65 9 72

BMI (kg/m2) 0.400

C25 11 94

[25 6 33

Diabetes mellitus 0.252

Present 4 16

Absent 13 111

ASA score 0.349

C2 11 96

[2 6 31

TNM stage 0.483

0 3 7

I 3 39

II 5 33

III 4 33

IV 2 15

Surgical procedure 0.002

LC 6 95

OC 11 32

Procedure type 0.864

Right colectomy 6 47

Left colectomy 6 37

Anterior resection 5 43

Operation time (min) 0.383

C180 9 53

[180 8 74

Bleeding (ml) 0.322

C120 10 90

[120 7 37

Blood transfusion 0.928

Present 2 14

Absent 15 113

BMI = body-mass index; LC = laparoscopic colectomy; OC =

open colectomy; ASA score = physical status according to the

American Society of Anesthesiologists
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analysis, all variables that yielded a P value of less than 0.3

in the univariate analysis were entered. A P value of less

than 0.05 was considered statistically significant. All sta-

tistical analyses were performed with SPSS software,

version 8.0J (SPSS Inc., Chicago, IL).

Results

The incidence of wound infection after surgery for colo-

rectal cancer was 12% (17/144). In the univariate analysis,

the incidence of wound infection was significantly higher

after open colectomy (26%, 11/43) than after laparoscopic

colectomy (6%, 6/101; P = 0.001) (Table 1). In multi-

variate logistic regression analyses, gender and diabetes

mellitus, which also had P \ 0.3, were included in addition

to surgical procedure. Only surgical procedure was found

to be an independent risk factor (P = 0.021; odds ratio,

3.332) (Table 2). The mean number of hospital days after

surgery was 8.1 (range = 5–28) for patients without wound

infection and 14.1 (range = 743) for those with wound

infection. This difference was significant (P \ 0.001).

During follow-up after discharge, no patient had a flareup

of wound infection, an open wound, or adhesive intestinal

obstruction.

Pus from the infected wound was cultured in 7 of the 17

patients with wound infection and cultures were positive

for pathogens in the 5 patients: 1 patient who had laparo-

scopic colectomy and 4 who had open colectomy. Three of

the patients were women. Tumors were located in var-

ious areas of the colorectum. Two patients had a BMI of

25 kg/m2 or greater. In two patients the operation time was

longer than 180 min. In three patients the bleeding volume

exceeded 100 ml. Bacteroides species were isolated in

three of these patients and enterococci in 2 (Table 3).

Discussion

In our study the same surgeon in a single hospital per-

formed the operation and preoperative and perioperative

management, allowing wound infection after surgery for

colorectal cancer to be assessed under uniform conditions.

The incidence of wound infection in our study was 12%,

consistent with the mean rate (13%) obtained in previous

studies [1–3]. The surgical procedure was the only inde-

pendent risk factor for wound infection. The incidence of

wound infection was significantly lower after laparoscopic

colectomy than after open colectomy.

A randomized clinical study has compared the incidence

of wound infection after surgery for colon cancer between

37 patients who had laparoscopic surgery and 46 patients

who had open surgery [7]. The incidence of wound infection

was 10.9% (5/46) in the open surgery group and 13.5% (5/

37) in the laparoscopic surgery group and did not differ

significantly according to surgical procedure. Similarly, in a

study of risk factors for postoperative wound infection in

656 patients with colorectal cancer (255 had laparoscopic

colectomy and 401 had open colectomy), the incidence of

wound infection was 2.2% (9/401) after open colectomy and

2.0% (5/255) after laparoscopic colectomy. There was no

significant difference according to surgical procedure [8].

Braga et al. [9] conducted a randomized clinical study of

269 patients with colorectal cancer (136 laparoscopic

colectomy and 133 open colectomy) and reported a sig-

nificantly lower incidence of wound infection after

laparoscopic colectomy (6%, 8/136) than after open

colectomy (15%, 20/133; P = 0.02). A meta-analysis of

postoperative wound infection [10] likewise reported a

significantly lower incidence of wound infection after

laparoscopic colectomy (3.9%, 12/537) than after open

colectomy (8.3%, 43/518; P = 0.005).

Table 2 Multivariate analysis of relationship between clinical char-

acteristics and wound infection

Surgical procedure Odds ratio 95% CI p value

LC vs. OC 3.332 1.208–9.197 0.021

CI = confidence interval; LC = laparoscopic colectomy; OC = open

colectomy

Table 3 Clinical data on patients with wound infection

Patient Sex Tumor

location

BMI

(kg/m2)

DM Procedure Operation

time (min)

Bleeding

(ml)

Pathogen

1 M S 37 — OC 200 220 Enterococcus faecalis

2 F A 25 — OC 158 270 Pseudomonas aeruginosa, Bacteroides sp.

3 F T 19 — OC 90 70 Bacteroides sp.

4 M R 20 — OC 560 300 Enterococcus faecalis, Enterococcus
faecium

5 F C 2 — LC 105 40 Bacteroides sp.

BMI = body mass index; DM = diabetes mellitus; C = cecum; A = ascending colon; T = transverse colon; S = sigmoid colon; R = rectum;

OC = open colectomy; LC = laparoscopic colectomy
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In patients who underwent laparoscopic colectomy, the

incidence of wound infection was reported to be 2.7–3% at

the site of trocar insertion and as high as 10.8% at the site

from which the intestine was removed [7]. In our hospital,

no trocar site has become infected, and the incidence of

wound infection is 4% at the site of removal of the intes-

tine, lower than that in the studies described above.

Compared with laparoscopic colectomy in our study, open

colectomy required a larger incision. Consequently, a lar-

ger wound area was exposed to dryness for a longer time

during open colectomy than during laparoscopic colec-

tomy. This factor may have led to the higher incidence of

wound infection after open colectomy. As reported in

previous studies [6], infection-control measures such as

adequate protection of the wound during surgery, washing

of the wound, and exchange of gloves are essential for the

prevention of infection.

Postoperative wound infections have been shown to

prolong hospitalization and result in extra costs totaling

6200 U.S. dollars per person [3]. In our hospital, wound

infection prolongs hospitalization by 6 days on average

after surgery, thereby requiring an extra cost of about 1100

U.S. dollars per person.The relationship between diabetes

mellitus and the risk of wound infection has not been

accurately assessed in patients with colorectal cancer. In a

study of 1144 patients with wound infections after cardiac

surgery, elevated preoperative levels of blood glucose and

hemoglobin A1c were not associated with the development

of postoperative wound infections. However, hyperglyce-

mia (blood glucose concentration = C200 mg/dl) within

48 h after surgery has been reported to increase the risk of

postoperative wound infection by twofold [11]. In our

hospital, blood glucose levels are carefully controlled

before and after surgery. This precaution may have resulted

in no increase in postoperative wound infections among

patients with diabetes mellitus.

An increased incidence of wound infections after sur-

gery for colorectal cancer has been associated with a high

BMI [3]. In that study, however, 53% of the patients had a

BMI of 25 kg/m2 or higher. At our hospital, only about

20% of patients have a BMI of that level. Perhaps this

lower proportion of overweight patients explains why a

high BMI was not a risk factor for postoperative wound

infections in our study.

Ronald and Lewis [12] reported that Escherichia coli,

hemolytic streptococci, anaerobic bacteria, and Bacteroi-

des species were the most common causes of wound

infections after lower gastrointestinal surgery and

recommended treatment with metronidazole. In our study,

wound infections were most often caused by Bacteroides

species. At our hospital, cefmetazole sodium or flomoxef

sodium, both of which are active against Bacteroides

species, is usually given after surgery [12]. We believe that

such treatment has decreased the incidence of wound

infections.

In conclusion, this retrospective study showed that the

incidence of wound infections was significantly lower after

laparoscopic colectomy than after open colectomy. Ran-

domized controlled studies are needed to confirm our

findings and to identify other potential risk factors for

wound infections, leading to the establishment of better

techniques for effective prophylaxis.
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