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background. Surgical site infection (SSI) following gastric surgery has not been well documented.

objective. To describe and assess factors associated with SSI following gastric surgery in Japan using a Japanese national database for
healthcare-associated infections.

design. A retrospective nationwide surveillance-based study.

setting. Japanese healthcare facilities.

methods. Data on gastric surgeries performed between 2012 and 2014 were extracted from the Japan Nosocomial Infections Surveillance.
Gastric surgery was divided into 3 types of procedures: total gastrectomy (GAST-T), distal gastrectomy (GAST-D), and other types of gastric
surgery (GAST-O). The incidence of and factors associated with SSI following gastric surgery were assessed by the 3 types of procedures.

results. The cumulative incidence of SSI following gastric surgery was 8.8% (3,156/36,052). The incidence of SSI following GAST-T
(12.4%) was significantly higher than that following GAST-D (7.01%) or GAST-O (7.84%). Besides the 4 conventional risk factors for predicting
SSI, additional risk factors were identified. Male sex was significantly associated with SSI following all types of gastric surgery, but the effect of the
association was substantially different (adjusted odds ratio, 1.52, 1.47, and 1.28 for GAST-T, GAST-D, and GAST-O, respectively). The effect of
an emergency operation was similar. Age was also identified as a risk factor, but the most suitable modification of age as a variable differed.

conclusions. The incidence and factors associated with SSI following 3 types of gastric surgery differed. To accurately compare hospital
performance in SSI prevention following gastric surgery, dividing surgical procedures in the surveillance system into 3 types should be
considered.
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Surgical site infection (SSI) is one of the most common forms
of healthcare-associated infections,1 accounting for 22% of
such infections. A total of 157,000 cases per year are estimated
to occur in the United States on the basis of recent
epidemiologic data.2 SSI occurs in 2%–5% of all patients who
have undergone inpatient surgery.3 SSI also accounts for up to
$10 billion of additional costs annually.4,5

Surveillance is one of the key methods for preventing SSI.1

Surveillance data can also be used as a quality indicator for SSI
care in terms of comparing hospital performance. However,
surveillance data should be analyzed with caution because
the simple incidence of SSI may be affected by unmodified
risk factors associated with patient characteristics that are
irrelevant to hospital performance.

In the National Nosocomial Infections Surveillance (NNIS)
and its successor, the National Healthcare Safety Network

(NHSN), the incidence of SSI was assessed by the category of
surgical procedure. The system also utilizes the NNIS risk
index, including wound class, duration of operation, the
American Society of Anesthesiologists (ASA) score, and
use of laparoscope for risk stratification.6,7 A revised risk
stratification method was implemented in 2011.8 This method,
generally based on a model proven to have better predictive
power than the NNIS risk index, uses the robust database of
the NHSN SSI surveillance from 2006 to 2008.9

In gastric surgery, wound class and use of a laparoscope, 2 of
the risk factors in the NNIS risk index, were not significant in
the final model9 and excluded from risk stratification in
NHSN.8 Gastric surgery is not a common surgical procedure
in the United States. The NHSN database used in the study9

involved a relatively small number of surgical cases, which
might have lacked sufficient power to generate an appropriate
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risk adjustment model. Furthermore, the procedures in the
United States are mainly bariatric operations for the treatment
of obese and diabetic patients. This fact may mask some of
the important risk factors associated with gastric surgery,
rendering the analysis using NHSN data inapplicable to
surgical patient populations in other countries.

In Asian countries including Japan, total gastrectomy
(GAST-T) and distal gastrectomy (GAST-D) comprise 2 major
types of gastric surgery. One study performed in Taiwan10 and
another in Japan11 indicated that a GAST-T had a substantially
higher risk for SSI than a GAST-D. The epidemiology and risk
factors of SSI following gastric surgery have not been described
well in the literature with the exception of a few reports from a
group in Korea.12–14

The aim of this study was to describe the incidence of SSI
and identify the risk factors associated with SSI in patients who
have undergone different types of gastric surgery, using Japan
Nosocomial Infections Surveillance (JANIS), Japan’s national
database for healthcare-associated infections.

methods

Data on SSI in patients who underwent gastric surgery between
2012 and 2014 were extracted from the JANIS database. The
surgical procedures were divided into 3 categories: GAST-T,
GAST-D, and other types of gastric surgery (GAST-O). A total
of 10,281 cases of GAST-T, 17,386 cases of GAST-D, and 8,385
cases of GAST-O were included in the study. Approval for data
extraction was granted by the Japanese government’s Ministry
of Health, Labour and Welfare. The institutional review board
at Yamagata University School of Medicine gave their approval
for this project.

The methodology of JANIS has been described elsewhere in
detail.15 In short, it was established in 2000 by the Ministry of
Health, Labour and Welfare of Japan. JANIS currently collects
SSI surveillance data from more than 400 institutions (as of
May 2016) and is the largest SSI database in Japan. It is almost
equivalent to the NHSN system, except that participation in
JANIS is voluntary, and variables collected include the NNIS
modified risk index (wound class, ASA score, duration of
operation, and use of laparoscope), age, sex, and data on
emergency operations and device implantation.

Before the statistical analysis for the factors associated with
SSI following gastric surgery, the association between the
incidence of SSI and selected continuous or categorical
variables was examined and modified to fit the statistical
model. Continuous variables, such as the duration of the
operations and patients’ age, were converted to 4 quartiles, and
the incidence of SSI was compared. The variable was then
either dichotomized or trichotomized (if there was a definite
cut-off point[s]). In the absence of a cut-off point, the variable
was regarded as continuous. In this case, duration of operation
was divided by 10. Categorical variables, such as ASA and
wound class, were examined in the same way for possible
dichotomization or trichotomization.

Potential risk factors associated with SSI in each type of
procedure were first assessed using univariate modeling
analysis. A comparison between categorical variables was
made using a χ2 test. Variables with P< .10 in the univariate
modeling analysis were considered potential independent
variables and entered into the logistic regression model. The
multivariate model was developed using forward stepwise
logistic regression. Variables were retained in the final model
if the 2-tailed P< .05. All of the statistical analyses were
performed using SAS, version 9.4 (SAS Institute).

results

Incidence of SSI and Trends Over Time

Cumulative incidence of SSI in gastric surgery during the study
period was 8.8% (3,156/36,052). A total of 378 hospitals were
included in the analysis. The incidence of SSI in each hospital
differed considerably (median [interquartile range], 7.1%
[3.3%–11.1%]). The number of surgical cases in each
hospital also differed (minimum, 1; maximum, 677; median
[interquartile range], 72 [28–130]). The incidence of SSI in
GAST-T was significantly higher than in GAST-O, whereas SSI
incidence in GAST-O was significantly higher than in GAST-D.
The decrease in the incidence of SSI in GAST-T, GAST-D,
and all gastric surgeries in 2014 compared with 2012-2013 was
statistically significant (Table 1).

Modification of Variables Other Than Dichotomous Variables

We found no definite cut-off point at which to rationalize
dichotomization of the duration of operation in GAST-T and
GAST-D (Figure 1), and therefore we divided the value by 10
and regarded it as continuous variable. In GAST-O, there
was no increase in incidence up to the third quartile, but a
considerable increase at the fourth quartile, so this variable was
dichotomized as “≤252 minutes or ≥253 minutes.”
The difference in the incidence of SSI between the quartiles

by age is shown in Figure 2. On the basis of the difference in
incidence between the adjacent quartiles, the age variable was
trichotomized as “≤63, 64≥ age ≤70, ≥71” in GAST-T—that
is, the third and fourth quartiles were combined. For GAST-D,
the variable was dichotomized as “≤63 or ≥64”—that is,
the first quartile or other. In GAST-O, no definite cut-off
point was found at which to rationalize dichotomization and
therefore age was regarded as a continuous variable.
There was a considerable difference in the incidence of SSI

between each ASA score group and wound class for all types of
surgery (Table 2), so these variables were retained without
modification.

Risk Factors for SSI in Gastric Surgery

The risk factors associated with SSI by univariate modeling
analysis are shown in Table 2. All collected variables except
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duration of operation in GAST-O were statistically significant
on univariate analysis and were entered into the multivariate
logistic regression models. In the final model, all variables in
every procedure were retained (Table 3); however, the adjusted
odds ratios of the selected variables were substantially different
between the various surgical procedures, as well as between
emergency operation and male gender. The C-indexes of the
multivariate logistic regression models of GAST-T, GAST-D,
and GAST-O were 0.651, 0.655, and 0.689, respectively.

discussion

In Japan and other Asian countries, gastric cancer is one of the
most frequently encountered forms of cancer, for which the

standard treatment is tumor resection with lymph node
dissection. As a result, among the operations collected in
JANIS, gastric surgeries were the second most numerous after
colon surgeries. The number of operations included in this
study (36,052) was more than 4 times as large as the number
(8,223) reported in the landmark study by NHSN9 in the same
length of time (3 years).
Furthermore, gastric surgery is generally classified into 3

different types, namely, GAST-T, GAST-D, and GAST-O.
We therefore formed different surgical procedure codes for
our surveillance system in 2012 to differentiate these 3 types of
surgery. The separate assessment of risk factors associated with
each type of surgery using a large cohort was the chief strength
of this study.
The overall incidence of SSI differed significantly by

surgery type, with GAST-T showing the highest incidence

table 1. Incidence of Surgical Site Infection (SSI) Following Gastric Surgery in 2012–2014

Incidence of SSI, % (no. of SSIs / no. of operations)
Incidence ratio (95% CI)

Procedure code Cumulative (2012–2014) 2012 2013 2014 Comparison between 2012/13 and 2014

GAST-T 12.4a 13.3 12.3 11.0 0.86 (0.75–0.99)c

(1,279/10,281) (536/4,017) (521/4,251) (222/2,013)
GAST-D 7.0b 7.1 7.3 6.3 0.87 (0.75–1.00)c

(1,219/17,386) (472/6,629) (535/7,365) (212/3,392)
GAST-O 7.8a,b 7.5 8.3 7.6 0.97 (0.80–1.17)

(658/8,385) (259/3,448) (277/3,341) (122/1,596)
Overall GAST 8.8 9.0 8.9 7.9 0.89 (0.81–0.97)c

(3,156/36,052) (1,267/14,094) (1,333/14,957) (556/7,001)

NOTE. GAST-D, distal gastrectomy; GAST-T, total gastrectomy; GAST-O, other type of gastric surgery.
aRelative risk of SSI in GAST-T with the reference of GAST-O: 1.59 (95% CI, 1.45–1.73).
bRelative risk of SSI in GAST-O with the reference of GAST-D: 1.12 (95% CI, 1.02–1.22).
cIndicates statistically significant decrease in 2014.

figure 1. Incidence of surgical site infection (SSI) following
gastric surgery by quartile of duration of surgery. GAST-D, distal
gastrectomy; GAST-O, other type of gastric surgery; GAST-T, total
gastrectomy. The higher cut-off points for duration in the first/
second/third quartile (in minutes) were 214/269/334 for GAST-T,
192/245/305 for GAST-D, and 98/164/252 for GAST-O.

figure 2. Incidence of surgical site infection (SSI) following gastric
surgery by quartile of age. GAST-D, distal gastrectomy; GAST-O,
other type of gastric surgery; GAST-T, total gastrectomy. The upper
cut-off points for age in the first/second/third quartile were 63/70/77
for GAST-T and GAST-D, and 61/69/77 for GAST-O.
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among the 3 types. A GAST-T involves multiple intestinal
anastomoses including esophagojejunostomy and jejuno-
jejunostomy, which are subject to leakage. It also involves the
manipulation of the pancreas, which can be complicated by a
pancreatic fistula. This may explain the higher incidence of SSI
following GAST-T than GAST-O or GAST-D.11 Also, GAST-D
is the simplest and best established among the various types of
gastric resection and reconstruction procedures. Compared
with GAST-D, GAST-O is diverse and includes types of
operation not frequently performed. Surgical techniques for
these operations may not be as sophisticated as those required
for GAST-D, a fact that might explain the significantly higher
incidence of SSI following GAST-O than GAST-D.

The diversity of procedures included in GAST-Omay explain
the trend towards decreasing incidence over time. The incidence
of SSI in GAST-T and GAST-D decreased probably owing to
efforts made at each hospital to improve quality. However,
this was not the case in GAST-O. Because of the diversity of
procedures, it might have been difficult for each hospital to
implement measures to decrease SSI following GAST-O.
The 4 variables included in the NNIS modified risk index

(duration, wound class, ASA score, and laparoscopy) remained
significant in the multiple regression model except for
duration in GAST-O. One explanation for this exception is
that operations included in GAST-O were heterogeneous.
In general, the 4 variables were still essential in the risk

table 2. Univariate Analysis for Risk Factors for Surgical Site Infection (SSI) Following Gastric Surgery

GAST-T (n= 10,281) GAST-D (n= 17,386) GAST-O (n= 8,385)

Variable
No. of

procedures
No. of
SSI

Incidence of
SSI, % P

No. of
procedures

No. of
SSI

Incidence of
SSI, % P

No. of
procedures

No. of
SSI

Incidence of
SSI, % P

Age .0001 <.0001 .024
≤63 2,612 267 10.2 4,797 239 5.0 … … …

64–70 2,529 304 12.0 … … … … … …

≥71 5,140 708 13.8 … … … … … …

≥64 … … … 12,589 980 7.8 … … …

≤61 … … … … … … 2,141 147 6.9
62–69 … … … … … … 2,095 182 8.7
70–77 … … … … … … 2,173 154 7.1
≥78 … … … … … … 1,976 175 8.9
ASA score <.0001 <.0001 <.0001
1 1,899 173 9.1 3,544 168 4.7 1,622 67 4.1
2 6,926 874 12.6 11,561 802 6.9 5,170 384 7.4
3 1,413 221 15.6 2,210 239 10.8 1,468 181 12.3
4 41 10 24.4 68 10 14.7 115 25 21.7
5 2 1 50.0 3 0 0.0 10 1 10.0
Duration <.0001 <.0001 .27
1st quartile 2,610 213 8.2 4,362 219 5.0 … … …

2nd quartile 2,535 252 9.9 4,403 300 6.8 … … …

3rd quartile 2,580 329 12.8 4,323 309 7.1 … … …

Quartiles 1–3 … … … … … … 6,291 482 7.7
4th quartile 2,556 485 19.0 4,298 391 9.1 2,094 176 8.4
Emerg. oper <.0001 <.0001 <.0001
Yes 192 49 25.5 306 65 21.2 1,460 261 17.9
No 10,089 1,230 12.2 17,080 1,154 6.8 6.925 397 5.7
Gender <.0001 <.0001 .0058
Male 7,542 1,042 13.8 11,614 923 8.0 5,475 462 8.4
Female 2,739 237 8.7 5,772 296 5.1 2,910 196 6.7
Laparoscope .056 <.0001 <.0001
Yes 1,635 180 11.0 6,769 339 5.0 2,983 131 4.4
No 8,646 1,099 12.7 10,617 880 8.3 5,402 527 9.8
Wound clas <.0001 <.0001 <.0001
I 341 32 9.4 542 17 3.1 386 14 3.6
II 9,695 1,187 12.2 16,428 1,136 6.9 6,768 394 5.8
III 202 43 21.3 324 31 9.6 635 112 17.6
IV 43 17 39.5 92 35 38.0 596 138 23.2

NOTE. ASA, American Society of Anesthesiologists; GAST-D, distal gastrectomy; GAST-O, other type of gastric surgery; GAST-T, total
gastrectomy.
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adjustment. Also, the difference in the odds ratio for those
variables between the various types of surgery was minimal.

Age was significant for all types of gastric surgical procedure.
One study in Taiwan10 and another in Japan16 reported
increasing age as a risk factor for SSI following gastric surgery.
In contrast, an NHSN study showed that age was not a
significant risk factor.9 As already mentioned, diseases
included in the NHSN’s analysis and ours may differ, as may
the age distribution. Patients receiving bariatric surgery are
either young or middle-aged, but gastric cancer patients
are generally older. The first quartile for age in all types of
procedure in the current research was greater than 60 years, a
fact that may support our hypothesis.

Male sex, which is also a typical unmodifiable variable,
was a risk factor in all types of gastric surgery and therefore
warranted being incorporated into the risk adjustment model.
One Japanese study11 and 2 Korean studies12,13 also indicated
male sex as a risk factor for SSI following gastric surgery. In our
group’s previous study on colorectal surgery, we detected the
same trend.15 These data indicate that male sex is a common
risk factor for SSI following gastrointestinal surgery. Again, in
the NHSN study, age was not a risk factor for SSI, indicating
the difference in the subject population in their study and ours.

This study had a number of limitations. First, JANIS is a
national surveillance based on voluntary reporting by Japanese
hospitals. Given the nature of surveillance data, validation has yet
to be performed. However, the overall incidence of SSI described
in this study was similar to that of a previous report based on SSI
surveillance involving careful and timely evaluation of suspected
SSI cases at a Japanese hospital.17 Therefore, we believe that
the quality of data in this study was good enough to offer a
reasonably accurate assessment of SSI in Japan. Second, data
were reported by approximately 400 Japanese hospitals with
more than 200 beds. Therefore, the findings in this study may
not be generalizable to all hospitals regardless of size. Third,
collected variables were restricted to those in the surveillance
system. Body mass index was identified as a risk factor for SSI

following gastric surgery in several studies,12,18,19 whereas
medical school affiliation and hospital bed size were found to be
risk factors in the research using NHSN data.9 Unfortunately,
these variables were not assessed in our study.
In conclusion, we investigated the risk factors for SSI

following gastric surgery in Japan. Besides the traditional 4
factors in the NNIS modified risk index for stratification,
there were others that should be incorporated into the
stratification in order to better adjust risk and allow
meaningful comparisons of SSI incidence at different centers
to be made as an index of hospital performance.
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