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Abstract

Background Our objective was to assess the risk factors

for surgical site infections (SSIs) in gastric surgery using

the results of the Osaka Gastrointestinal Cancer Chemo-

therapy Study Group (OGSG) 0501 phase 3 trial.

Methods The OGSG 0501 trial was conducted to compare

standard prophylactic antibiotic administration versus

extended prophylactic antibiotic administration in 355

patients who underwent open distal gastrectomy for gastric

cancer. Various risk factors associated with the incidence of

SSI following gastrectomy were analyzed from the results of

this multi-institutional randomized controlled trial.

Results Among the 355 patients, there were 24 SSIs, for

an overall SSI rate of 7 %. Multivariate analysis using

eight baseline factors (administration of antibiotics, age,

sex, body mass index [BMI], prognostic nutritional index,

tumor stage, lymph node dissection, reconstructive

method) identified that BMI C25 kg/m2 was an indepen-

dent risk factor for the occurrence of SSI (odds ratio 2.82;

95 % confidence interval [CI] 1.05–7.52; P = 0.049). BMI

also showed significant relationships with the volume of

blood loss and the operation time (P = 0.001 and

P \ 0.001, respectively).

Conclusion Compared with patients of normal weight,

overweight patients had a significantly higher risk of SSI

after distal gastrectomy for cancer.

Keywords Overweight � SSI � Gastric cancer �
Gastrectomy � Obesity

Introduction

Surgical site infection (SSI) is one of the most common

nosocomial infections, accounting for 14–16 % of noso-

comial infections overall, and 38 % of nosocomial infec-

tions among surgical patients [1]. Previous studies on SSIs

have provided feedback to surgeons and healthcare work-

ers, and are important contributors to strategies for reduc-

ing the risk of SSI. Several studies concerning SSIs

following gastric surgery have been conducted and repor-

ted. Prospective trials involving patients undergoing gas-

trointestinal surgery have reported some factors, such as

overweight and hypo-albuminemia, which increase the risk

of deep or organ SSI [2, 3].

Previously, we conducted a phase 3 randomized con-

trolled trial (RCT), the Osaka Gastrointestinal Cancer

Chemotherapy Study Group (OGSG) 0501, to compare

standard antimicrobial prophylaxis administration versus

extended antimicrobial prophylaxis administration in

patients receiving open distal gastrectomy for gastric
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cancer, and the results concerning the primary and sec-

ondary endpoints have been reported [4]. Because the

OGSG 0501 trial was based on a single elective surgical

procedure performed under uniform conditions, it is

worthwhile to analyze the risk factors associated with SSIs

following gastrectomy, using the data of the OGSG 0501.

Patients and methods

From June 2005 to December 2007, 355 gastric cancer

patients underwent open distal gastrectomy under general

anesthesia at multiple institutions. All 355 patients, 174

with Billroth-I reconstruction, 165 with Roux-en-Y

reconstruction, and 16 with other methods of reconstruc-

tion following gastrectomy were included in the statistical

analysis.

We defined SSI according to the surgical patient com-

ponent of the 1999 Centers for Disease Control and Pre-

vention (CDC) National Nosocomial Infection Surveillance

(NNIS) System manual [1, 5, 6]; this definition includes

superficial, deep, and organ/space SSIs. The patients were

monitored for SSI according to the NNIS criteria until

30 days after the operation at each institution. The defini-

tions of SSI are listed below [4, 5].

Superficial incisional SSI

Infection involves only skin or subcutaneous tissue of the

incision and at least one of the following: purulent drain-

age, with or without laboratory confirmation, from the

superficial incision; organisms isolated from an aseptically

obtained culture of fluid or tissue from the superficial

incision; and at least one of the following signs of infec-

tion: pain or tenderness, localized swelling, redness or heat,

and superficial incision that has been deliberately opened

by the surgeon, unless the incision is culture-negative.

Deep incisional SSI

Infection involves deep soft tissues (e.g., fascial and mus-

cle layers) of the incision and at least one of the following:

purulent drainage from the deep incision but not from the

organ or space component of the surgical site; a deep

incision spontaneously dehisces or is deliberately opened

by a surgeon when the patient has at least one of the fol-

lowing signs or symptoms: fever ([38 �C localized pain, or

tenderness, unless the site is culture-negative; or an abscess

or other evidence of infection involving the deep incision is

found on direct examination, during reoperation, or by

histopathological or radiological examination.

Organ or space SSI

Infection involves any part of the anatomy (e.g., organs or

spaces), other than the incision, which was opened or

manipulated during an operation and at least one of the

following: purulent drainage from a drain that is placed

through a stab wound into the organ or space; organisms

isolated from an aseptically obtained culture of fluid or

tissue in the organ or space; or an abscess or other evidence

of infection involving the organ or space that is found on

direct examination, during reoperation, or by histopathol-

ogical or radiological examination.

Risk factors considered in the present study included

age, sex, body mass index (BMI), preoperative laboratory

data (white blood cell number, lymphocyte number, albu-

min, and prognostic nutritional index [PNI]), gastric car-

cinoma stage, and operative characteristics (duration of

surgery, operative blood loss, extent of lymph node dis-

section, operative curability, and method of reconstruction

following gastrectomy). According to the World Health

Organization classification, BMI C25 is considered as

overweight and BMI \25 as non-overweight [7]. The

operation and disease staging were performed according to

the guidelines for clinical and pathologic studies in the 13th

edition of the Japanese classification of gastric carcinoma

[8]. PNI was calculated as follows: PNI = 10 9 albumin

(mg/dl) ? 0.005 9 lymphocyte number (cells/mm3) [9].

There were no patients who underwent neoadjuvant

chemotherapy.

Outline of OGSG 0501, as the original trial

The protocol for the prospective study OGSG 0501 was

reviewed and approved by the ethics review board of each

participating institution. Eligible patients at each institution

participating in the Osaka Gastrointestinal Cancer Che-

motherapy Study Group (OGSG) provided written consent

to participate in the trial, clinical follow up, and data col-

lection. The OGSG 0501 was a multi-institutional RCT to

evaluate the optimal duration of prophylactic antibiotic

administration in patients initially planned to have distal

gastrectomy with D2 lymphadenectomy for gastric cancer.

Patients were randomly assigned to either the standard

antibiotic prophylaxis group (standard group) or the

extended prophylactic antibiotic group (extended group).

The standard group received 1 g of cefazolin less than

30 min before the incision and every 3 h intraoperatively.

The extended group received 2 g/day of cefazolin on

postoperative days 1 and 2 in addition to receiving the

same dose as that given to the standard group. The primary

endpoint of OGSG 0501 was the incidence of SSIs.

Analysis was based on the intention-to-treat principle. The
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results concerning the endpoints and other details of the

study design have been reported [4].

The OGSG 0501 trial was registered with the University

Hospital Information Network (UMIN-CTR) (http://www.

umin.ac.jp/ctr/) under identification number UMIN000000

631.

Statistical analysis

All enrolled patients were divided into two groups

according to whether or not they developed SSI postoper-

atively. All factors were compared between the two groups

by univariate analysis, i.e., the v2 test or Fisher’s exact test

for categorical variables, or a two-sided Mann–Whitney

U-test for continuous variables.

Multivariate analysis was also performed using a

logistic regression model to assess the effects of the factors

on SSI. A P value of \0.05 was considered to be statisti-

cally significant. Statistical analyses were performed with

SPSS version 17.0 (SPSS Japan, Tokyo, Japan).

Results

There were 355 distal gastrectomies (176 patients in the

standard group, 179 patients in the extended group) per-

formed as inpatient procedures for gastric cancer (Fig. 1).

The baseline patient and operative characteristics are

shown in Table 1. The results concerning the detailed

patient characteristics can be referred to in the previously

reported data [4]

The overall SSI rate for open distal gastrectomy was

7 % (24/355), 5 % (8/176) for the standard group, and 9 %

(16/179) for the extended group. Six patients had superfi-

cial type SSIs and 18 had organ/space type SSIs. There

were no deep SSIs.

Univariate analysis of risk factors for SSI demonstrated

that extended administration of antibiotics, male sex, BMI

C25 kg/m2, and duration of operation [200 min were

associated with a higher, but non-significant, incidence of

SSIs (P = 0.105, P = 0.098, P = 0.158, and P = 0.076,

respectively). However, multivariate analysis revealed that

only BMI C25 kg/m2 was independently associated with an

increase in the incidence of SSIs (odds ratio 2.82; 95 %

confidence interval [CI] 1.05–7.52; P = 0.049) (Table 2).

For the risk factors in the multivariate analysis, we included

only the baseline factors, because if operative data, such as

duration of operation and blood loss, had been added for the

analysis, the results would have been confusing.

Subgroup analysis showed that surgery for the patients

with BMI C25 resulted in a larger volume of blood loss and

a longer duration of operation when compared with finding

in patients with BMI \25 (P = 0.001 and P \ 0.001,

respectively) (Table 3).

The relationship between BMI and the type of SSI

(superficial or organ/space) was not significant (Table 4).

Discussion

The present study focused on the risk factors for SSI. The

risk of SSI after gastric surgery for gastric cancer was

355 patients were randomized

176 were included in the
final analysis

176 underwent allocated treatment

2 protocol violations
because of total gastrectomy

176 were assigned
standard administration

179 were assigned
extended administration

179 underwent allocated treatment

1 protocol violation
because of bypass surgery

179 were included in the
final analysis

Fig. 1 CONSORT flowchart of

Osaka Gastrointestinal Cancer

Chemotherapy Study Group

(OGSG) 0501 trial.

Administration administration

of antibiotics
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statistically evaluated using a logistic regression model.

Our data suggest that the risk of SSI depends on whether

the patient’s BMI is less than 25 or 25 or greater.

Investigators have reported the overall SSI incidence for

open distal gastrectomy to be in the range of 10–16 % [3,

10]. The incidence was 7 % in the present study. Watanabe

et al. [10] reported a higher incidence of organ/space SSIs

than superficial and deep incisional SSIs in gastric surgery.

However, many investigators have reported that colorectal

surgery is more frequently associated with superficial in-

cisional SSIs than with deep incisional or organ/space SSIs

[10–12]. Complications specific to gastric surgery with

lymphadenectomy, such as pancreatic fistula, may affect

the incidence of organ/space SSIs. The difference in

thickness between upper and lower abdominal subcutane-

ous tissues may also affect the incidence of various types of

SSIs. In our study, the relationship between BMI and the

type of SSI (superficial, deep, and organ/space) was not

significant.

The impact of BMI on specific complications after

elective abdominal or general surgery, especially colorectal

surgery for cancer, has been assessed. SSI is the most

common complication after colectomy, and obesity or

overweight is thought to increase this risk by 2.5- to 5-fold

as compared with patients of normal weight [13–16]. This

risk may be related to the decreased oxygen tension in

relatively avascular adipose tissue, differences in wound

healing, greater wound size, or technical difficulties [13,

17]. However, another report suggests that obesity or

overweight is not a risk factor for SSI after colectomy [18].

Recently, risk factors associated with SSI in upper

gastrointestinal surgery have been reported. Watanabe

et al. [10] reported that in upper alimentary tract surgery,

significant relationships were observed between the inci-

dence of SSI and both intraoperative blood loss and com-

bined resection procedures, but BMI was not associated

with the incidence of SSI. Imai et al. [19] found, in a

retrospective study, that diabetic gastric surgery patients

had a 2.7-fold higher risk of SSI as compared with the

patients without diabetes, open surgery had a 1.9-fold

higher risk of SSI as compared with laparoscopic surgery,

and operations lasting for 6 h or longer had a 2.8-fold

Table 1 Baseline and operative characteristics of study patients

(n = 355)

Age (years)a 65 (35–84)

Sex, male/female 240/115

BMI (kg/m2)a 22.4 (12.4–33.0)

Stage IA/IB/II/IIIA/IIIB/IV 189/58/47/24/17/20

Antimicrobial prophylaxis administration

Extended/standard 179/176

White blood cell number (cells/mm3)a 5700 (2890–10800)

Lymphocyte number (cells/mm3)a 1814 (510–4679)

Hemoglobin (mg/dl)a 13.4 (7.0–18.4)

Albumin (mg/dl)a 4.2 (2.0–5.3)

PNIa,b 51.42 (25.1–68.9)

Duration of surgery (min)a 204 (58–428)

Operative blood loss (ml)a 200 (0–1700)

Lymph node dissection D0/1/2/3 16/96/240/3

Curability R0–1/2 332/23

Reconstruction method BI/BII/RY/other 174/4/165/12

BMI body mass index, BI Billroth-I reconstruction, BII Billroth-II

reconstruction, RY Roux-en-Y reconstruction
a Values are expressed as medians (ranges)
b PNI (prognostic nutritional index) was calculated as follows:

PNI = 10 9 albumin (mg/dl) ? 0.005 9 lymphocyte number (cells/

mm3)

Table 2 Univariate and multivariate analysis for the risk of SSI (n = 355)

SSI present

(n = 24)

SSI absent

(n = 331)

Univariate logistic Multivariate logistic

P value Odds ratio (95 % CI) P value

Extended administration of antibiotics 16 163 0.105 1.89 (0.72–4.93) 0.167

Age [65 years 14 173 0.566 1.15 (0.46–2.89) 0.535

Male sex 20 220 0.098 2.22 (0.69–7.09) 0.179

BMI [25 kg/m2 8 69 0.158 2.82 (1.05–7.52) 0.049*

PNI [50 14 169 0.531 3.70 (0.61–22.7) 0.412

Stage [III 4 57 0.945 1.06 (0.29–3.88) 0.516

Lymph node dissection D2 or 3 16 227 0.846 1.08 (0.41–2.85) 0.885

Reconstruction BII or RY 13 156 0.506 1.33 (0.52–3.41) 0.528

Duration of surgery [200 min 17 171 0.076 –

Operative bleeding [200 ml 15 174 0.349 –

All factors in the two groups were compared by univariate analysis. Multivariate analysis was performed using a logistic regression model

CI confidence interval, BII Billroth-II reconstruction, RY Roux-en-Y reconstruction

* P value of \0.05 was considered to be statistically significant
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higher risk of SSI compared with shorter operations, but

high BMI was not associated with the risk of SSI. On the

other hand, a prospective trial found that among over-

weight and hypo-albuminemic patients undergoing gas-

trointestinal surgery, there was an increased risk of deep/

organ SSI [2, 3]. The data from our present multivariate

analysis suggested that BMI C25 kg/m2 was independently

associated with an increased incidence of SSI after distal

gastrectomy for gastric cancer. However, other clinical

baseline characteristics (such as PNI), operative charac-

teristics (such as duration of surgery, operative blood loss,

lymph node dissection, the method of reconstruction fol-

lowing gastrectomy), and the extended administration of

antibiotics had no significant association with the incidence

of SSI. Moreover, in our study, because surgery for over-

weight patients required more time and incurred a larger

volume of blood loss, it appeared that the incidence of SSI

for overweight patients was higher than that in patients of

normal weight. Our data are comparatively reliable and

noteworthy, because this study was derived from the data

of a phase 3 prospective randomized trial that was based on

a single elective surgical procedure performed under uni-

form conditions

In conclusion, the present study has revealed that,

compared with patients of normal weight, overweight

patients have a significantly higher risk of SSI after distal

gastrectomy for cancer, and the SSIs in overweight patients

may not be prevented by the extended administration of

antibiotics. Quality improvement initiatives for overweight

patients undergoing gastric surgery should focus on the

complication of SSI.
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