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Abstract 

Background:  Surgical site infections (SSI) are the most common healthcare-associated infection, and gastrointestinal 
surgery is frequently followed by a high incidence of SSI. Epidemiological analysis of the temporal trends in SSI fol-
lowing gastrointestinal surgery has yet to be performed in Japan. Our purpose was to descriptively investigate these 
trends.

Methods:  Extracting national surveillance data from the Japan Nosocomial Infections Surveillance (JANIS) system, 
we analyzed the frequency of SSI events following gastrointestinal surgery, which consisted of seven surgical proce-
dures, from 2012–2017. We calculated the standardized infection ratio to compute risk-adjusted SSI frequency, and 
used the trend test to detect time-dependent changes.

Results:  The frequency of SSI events, except for those associated with surgery of the upper gastrointestinal tract, 
revealed a decreasing time-dependent trend. The use of laparoscopic surgery increased dramatically over time 
(p < 0.01 for the six applicable surgical sites), while the frequency of SSI events during laparoscopic surgery remained 
unchanged.

Conclusions:  The increasing use of laparoscopic surgery was identified, and the observation coincided with the 
decreasing trend in SSI, especially in lower gastrointestinal tract surgery. If the relationship is causal, the overall SSI 
incidence among previously healthy individuals is expected to decrease, because the use of laparoscopic surgery has 
large growth potential in Japan.

Keywords:  Surgical site infection, Gastrointestinal surgery, Laparoscopic surgery, Surveillance, Epidemiology, 
Infection control

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Surgical site infection (SSI) is one of the most common 
healthcare-associated infections, and the leading cause 
of longer hospital stay, higher mortality, and substantial 

medical costs [1–9]. Among all SSI events, the incidence 
of SSI is generally very high with gastrointestinal surgery, 
and especially so for colonic and rectal surgery, in several 
countries, including Japan [10, 11, 11, 12]. The incidence 
of SSI following gastrointestinal surgery in 2017 ranged 
from 0.6 to 24.9% in Japan, with the variation depend-
ing on the surgical site [10]. Understanding the detailed 
mechanisms of SSI following gastrointestinal surgery 
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and considering possible countermeasures is of critical 
importance.

Several epidemiological studies have been performed 
both in Japan and in other countries [11, 11], exploring 
the possible predictive factors for incisional SSI or post-
operative adverse events. Patient-related risk factors for 
SSI following gastrointestinal survey have been investi-
gated in Japan, and identified factors in published stud-
ies were intraoperative blood transfusion, diabetes, and 
the use of steroids [13]. Risk factors other than patient-
related factors have also been analyzed, namely, ileos-
tomy or colostomy placement, emergency operation, and 
multiple colonic procedures [14]. Despite these previous 
studies [11, 11–15], no epidemiological studies have been 
performed in Japan to investigate the time trends in SSI 
incidence (or alternatively, trends in the standardized 
infection ratio or relative risk of specific risk factors) fol-
lowing gastrointestinal surgery, or to explore the mecha-
nisms underlying the trends, as have been performed 
elsewhere [16].

The incidence of SSI associated with gastrointestinal 
surgery, inclusive of esophageal, stomach, small intesti-
nal, colonic, and rectal surgery, has declined over time. 
However, depending on the surgical technique or proce-
dures, the extent of the decrease varies, and the variability 
depends on the surgical site [17]. An international cohort 
study reported a consistent and substantial decline in SSI 
incidence for colorectal surgery [15]. Understanding the 
time trends for SSI incidence may help determine impor-
tant features or risk factors regulating the risk of SSI for 
specific surgical sites, and may be critical in evaluating 
past countermeasures and considering possible future 
actions.

The purpose of the present study was to descriptively 
investigate the time-dependent characteristics of SSI 
incidence following gastrointestinal surgery in Japan. 
Because numerous risk factors have been investigated 
using individual-based datasets and addressing potential 
confounders [13, 14], the present study focused on the 
trend analysis, limited to adjusting for confounders only 
when calculating the standardized risk of infection. Using 
the trend analysis techniques, we examined the nosoco-
mial infection surveillance data.

Methods
Surveillance data
This study used data from a healthcare-associated infec-
tion surveillance system, which collects, analyzes, and 
interprets data on outbreaks of healthcare-associated 
infections. The system is based on epidemiological prin-
ciples, and results data are shared with those who can 
improve the results [18]. Japan has a nationwide nosoco-
mial infection surveillance project, the Japan Nosocomial 

Infections Surveillance (JANIS) system, which is contin-
uously managed by the Ministry of Health, Labour and 
Welfare [19]. Beginning in 2000 with the clinical labora-
tory division, antimicrobial-resistant bacterial infection 
division, and intensive care unit division, data were sub-
mitted voluntarily from medical institutions with ≥ 200 
hospital beds. Since 2002, two more divisions, namely, 
the surgical site infection and neonatal intensive care unit 
divisions, have been added, and JANIS system renewal 
began in 2007 to allow public dissemination of the sur-
veillance information online [19]. As an audit system, 
JANIS contacts each medical institute when reported 
datasets are in question. Moreover, the board meeting 
regularly reviews items for data collection and the results 
of statistical analyses, supported by expert members of 
the board. Furthermore, due to the nature of open data-
sets, any users can point out potential issues in the data-
base [19].

Our study subject, the SSI division, follows the design 
of the SSI surveillance of the United States Centers for 
Disease Control and Prevention, which began in the 
1980s. The JANIS SSI division has been fully operational 
since 2007. As of January 2019, 877 Japanese medical 
facilities have been registered in JANIS [19]. The present 
study used data from 2012–2017 because the data were 
electronically managed with a consistent format during 
this period. Openly accessible datasets for the follow-
ing seven surgical techniques: esophagectomy, gastrec-
tomy, total gastrectomy, distal gastrectomy, small bowel 
surgery, colon surgery, and rectal survey, were retrieved 
for analysis. In this context, total gastrectomy represents 
removing the entire stomach (i.e., total gastric resection), 
and distal gastrectomy is defined as pyloric-side gas-
trectomy with Billroth-I and Billroth -II reconstruction. 
Gastrectomy is defined as gastric incision and resection, 
excluding pyloric gastrectomy and total gastrectomy, and 
this definition does not include vagus nerve resection 
and cardioplasty. Esophagectomy involves both thoracos-
copy and laparoscopy (but the SSI data were not classi-
fied according to thoracoscopy and laparoscopy), and the 
following descriptions of laparoscopy for esophagectomy 
actually refer to the use of either laparoscopy or thoracos-
copy. In each year, the frequency of SSI events per opera-
tion was recorded according to the type of surgery (i.e., 
open or laparoscopic/thoracoscopic surgery), stoma con-
struction (e.g., ileostomy or colostomy), elective or emer-
gency operation, and sex (male or female). Additionally, 
partial datasets for wound classification, operation dura-
tion, and the American Society of Anesthesiologists score 
(representing patient status severity) were available for 
laparoscopic surgery and stoma datasets.

SSI was classified into three types, namely superficial 
incisional SSI, deep incisional SSI, and organ/space SSI, 
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depending on the location of the SSI. One of the criteria 
for SSI is infection occurring within 30  days after non-
implant surgery and within 1 year after implant surgery. 
SSI does not necessarily occur during the hospitalization 
period. Even after discharge, infection was judged as an 
SSI if it met the definition of SSI. Further details of the 
SSI definition are standardized by JANIS, which refers to 
the definitions by the United States Center for Disease 
Control and Prevention. To adjust for important con-
founders, SSI risk was stratified by known risk factors, 
namely operation time, patients’ background characteris-
tics, and the type of surgical incision [19].

Epidemiological risk
Our study outcome was SSI events. To understand the 
time-dependent trends in SSI, we explored SSI frequency 
by surgical technique (i.e., by operation site) and also 
examined the SSI frequency per medical institute, both 
calculated as the mean of all reporting institutes. Because 
the frequency of laparoscopic surgery for any gastrointes-
tinal tract surgery increased dramatically in Japan during 
the study period, we stratified SSI frequency by the type 
of surgery. To quantify the contribution of laparoscopic 
surgery to SSI events, we calculated the relative risk of 
SSI, comparing laparoscopic against open surgery. Addi-
tionally, to correct for patient status severity using an 
indirect standardization method, we also calculated the 
standardized infection ratio (SIR) using the 2013 data as 
reference data, and applying the patient severity correc-
tion method to the SSI data. Subsequently, the relative 
risk and SIR of an SSI event were also computed by (i) the 
presence of a stoma (vs the absence of a stoma), (ii) emer-
gency operation (vs elective operation), and (iii) sex (male 
vs female) over the course of the observation period.

With R as the risk of SSI events in a standard popula-
tion; i, the identity of a stratum; n, the total number of 
strata; and P, the total number of surgical operations, 
for a stratum i, the total number of SSI events within the 
stratum is calculated as RiPi, and thus, the expected total 
number of SSI events across different i is indicated by the 
sum of RiPi over i. Accordingly, the ratio of the total num-
ber of actual SSI events to the expected total number of 
SSI events is described by:

Regarding the strata i, we accounted for reported 
scores for (i) wound classification (e.g., if the surgical 
wound was contaminated), (ii) operation duration, and 
(iii) preoperative general patient status as judged by 
the anesthesiologist. The denominator represents the 
number of SSI events that would have occurred if the 

(1)SIR =
O∑n

i=1 RiPi
.

year was 2013, and the numerator is the actual num-
ber of SSI events in a given year. The expected number 
of patients in the denominator estimates the expected 
number of SSI events related only to patient factors, 
and the number of SSI events in the numerator high-
lights patients’ factors and additional factors such as 
those associated with the medical facility [20]. If the 
value of the numerator for SIR is smaller than that of 
the denominator, factors associated with surgeons or 
medical institutes act to suppress SSI events. Specifi-
cally, a year with an SIR > 1 has a higher frequency of 
SSI events than the year 2013, indicating that the medi-
cal facility’s performance was lower than that in 2013 in 
that year (and vice versa).

Statistical analysis
To calculate the uncertainty bound for the crude relative 
risk and SIR of SSI events, we calculated the following: 
First, we used a Wald normal approximation interval to 
estimate the standard error of the relative risk, i.e.,

where a, b, c, and d are the frequencies in a 2 × 2 
contingency table. Regarding SIR, we used a Wald 
confidence interval for computing the 95% confidence 
intervals for SIR, i.e.,

We also explored the time trends in SSI frequency, 
including the SSI frequency for all operations for a 
single surgical site and those stratified by laparoscopy, 
stoma construction, emergency surgery, and sex. For 
this purpose, we used the Cochran–Armitage trend 
test for a proportion over time. Statistical analyses were 
performed using JMP version 14 (SAS Institute Inc., 
Cary, NC, USA).

Ethical concerns
We analyzed data that are publicly available from the 
nationwide surveillance system, JANIS [10] and the 
analysis of publicly available data with no identifi-
able information did not require ethical approval. This 
complies with the national guideline, “ethics guideline 
for life science and medical research studies involving 
human subjects” (https://​www.​meti.​go.​jp/​press/​2020/​
03/​20210​323004/​20210​323004-​1.​pdf ).
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Results
The number of registered medical institutes in the JANIS 
SSI division and the total number of operations per 

medical institute are shown in Fig. 1 by type of surgery. 
Overall, for the seven different types of gastrointestinal 
surgery, an increased number of registrations to the SSI 

Fig. 1  Trends in the number of medical institutions registered in JANIS and the number of surgical operations, 2012–2017. Panels are shown 
separately for A esophagectomy, B gastrectomy, C total gastrectomy, D distal gastrectomy, E small bowel surgery, F colon surgery, and G rectal 
surgery. Bars represent the registered number of medical institutions, and the dotted lines show the annual average number of surgical operations 
per registered medical institution. JANIS Japan Nosocomial Infections Surveillance
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division were seen from 2012 to 2017. However, trends in 
the number of operations per institute were not uniform; 
the frequency of surgery for the upper gastrointestinal 
tract remained nearly constant or decreased over time, 
while that of the lower gastrointestinal tract increased or 
remained unchanged.

Figure  2 shows the number of surgical operations 
by the type of surgery and the use of laparoscopy over 
time; both the number of operations and the number of 

laparoscopic surgeries increased over time. For each sur-
gical site, the trend test revealed a significant decreasing 
trend for open surgery (p < 0.01 for all six surgical sites 
other than upper gastrointestinal surgery; Table 1), indi-
cating that the use of laparoscopic surgery increased over 
time.

Time-dependent SSI risk is compared by type of sur-
gery and the use of laparoscopy in Fig.  3. SSIs for all 
surgeries decreased significantly over time (Table  2). 

Fig. 2  Trends in gastrointestinal surgery among the medical institutions registered in JANIS, 2012–2017. Panels are shown separately for A 
esophagectomy, B gastrectomy, C total gastrectomy, D distal gastrectomy, E colon surgery, and F rectal surgery. The black bars represent 
the number of laparoscopic surgeries, and the gray bars represent the number of open surgeries. The solid circles indicate the proportion of 
laparoscopic surgeries of the total number of surgical operations, and the error bars shown by whiskers indicate the 95% confidence intervals for 
the proportion. JANIS Japan Nosocomial Infections Surveillance
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Except for gastrectomy (p = 0.37) and distal gastrec-
tomy (p = 0.47), SSI incidence showed time-dependent 
decreasing trends (p = 0.01 for esophagectomy, and 
p < 0.01 for total gastrectomy, small bowel surgery, colon 
surgery, and rectal surgery; Table 2). Of the surgical sites 
with decreasing SIR, the frequency of SSI following lapa-
roscopic surgery in the lower intestinal tract did not vary 
significantly with time (p = 0.39 for colon surgery and 
p = 1.00 for rectal surgery), while that for upper gastro-
intestinal tract surgery decreased over time (p = 0.04 
for esophagectomy and p = 0.03 for total gastrectomy; 
Table 2). The relative risk of open surgery in causing an 
SSI event compared with laparoscopy is shown in Fig. 4. 

A relative risk > 1 was always the case for gastrectomy, 
distal gastrectomy, colon surgery, and rectal surgery, 
while this was not the case for esophagectomy and total 
gastrectomy, both of which involve long operation times 
for both open and laparoscopic/thoracoscopic surger-
ies. The observed SIR patterns were similar to the time-
dependent trends for the crudely-calculated SSI events 
(Additional file 1: Figure S1).

Compared with laparoscopy, the frequency of emer-
gency surgery and sex differences did not vary over time 
for surgery in the upper gastrointestinal tract, except for 
a marginally-significant increase in emergency surgery 
for distal gastrectomy (Table  1). The relative risk and 
SIR for each surgical type by emergency/elective surgery 
and stoma construction are shown in Additional file  2: 
Figures S2, Additional file 3: Figure S3, Additional file 4: 
Figure S4, Additional file  5: Figure S5. Colon and rectal 
surgery consistently had an RR of approximately 2.0 with 
no abrupt changes over time (Additional file  2: Figure 
S2), but the frequency of SSI following these surgeries as 
emergency surgeries and the sum of the number of emer-
gency/elective surgeries decreased over time (Additional 
file  3: Figure S3). Regarding stoma construction, the 
relative risk consistently slightly exceeded 1.0 for small 
bowel, colon, and rectal surgery (Additional file  5: Fig-
ure S5). Significant decreases were observed for the fre-
quency of SSIs following surgeries with concurrent stoma 
construction except for small bowel surgery (Additional 
file 5: Figure S5 & Table 2).

Time trends for the type of SSIs are shown in Addi-
tional file 6: Figure S6. The proportions of superficial and 
deep incisional SSIs remained stable over time.

Discussion
The present study analyzed publicly accessible national 
surveillance data for nosocomial infections in Japan, 
focusing on temporal trends in SSI incidence. We com-
pared the risk over time as both crude proportions and 
SIR, adjusting for the severity category of the SSIs. We 
also evaluated possible risk factors for SSI events in 
gastrointestinal surgery by surgical site. Overall, the 
frequency of SSI events, except for the upper gastroin-
testinal tract, revealed a clear decreasing time-dependent 
trend. It should be noted that the use of laparoscopic 
surgery increased dramatically over time, while the 
frequency of SSI events during laparoscopic surgery 
remained unchanged, implying a possibility that the 
increased use of laparoscopic surgery for the lower gas-
trointestinal tract was responsible for the decreased SSI 
frequency. We also evaluated emergency surgery and 
stoma construction regarding the overall trends in SSI 
events, and the frequency of SSI events during these pro-
cedures was shown to have decreased over time.

Table 1  Trends in the proportion of operations by surgical 
technique and variable in Japan, 2012–2017

Chi2 chi-square value with 1 degree of freedom

*Significant result

Surgical 
technique

Variable Rate per year Chi2 p-value

Esophagectomy Female 0.01 0.17 0.68

Emergency 
surgery

− 0.03 0.49 0.48

Open surgery − 0.06 111.01  < 0.01*

Gastrectomy Female  < 0.01 0.26 0.61

Emergency 
surgery

− 0.01 0.60 0.44

Open surgery − 0.05 283.18  < 0.01*

Total gastrec-
tomy

Female − 0.01 0.99 0.32

Emergency 
surgery

0.07 3.12 0.08

Open surgery − 0.02 33.86  < 0.01*

Distal gastrec-
tomy

Female 0.01 3.41 0.06

Emergency 
surgery

0.05 4.00 0.05

Open surgery − 0.04 424.46  < 0.01*

Small bowel 
surgery

Female  < 0.01 0.63 0.43

Emergency 
surgery

 < 0.01 0.01 0.94

No stoma  < 0.01 0.05 0.82

Colon surgery Female  < 0.01 4.68 0.03*

Emergency 
surgery

 < 0.01 0.25  < 0.01*

Open surgery − 0.05 2370.33  < 0.01*

No stoma  < 0.01 18.03  < 0.01*

Rectal surgery Female 0.01 6.14  < 0.01*

Emergency 
surgery

0.07 26.09  < 0.01*

Open surgery − 0.08 1789.80  < 0.01*

No stoma − 0.02 98.87  < 0.01*
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As a remarkable finding, the number of laparoscopic 
surgeries for all gastrointestinal surgeries increased sig-
nificantly over time [21] (Fig. 2), and this was the case for 
the six different surgical sites, i.e., all except small bowel 
surgery (Table 1). In gastroenterology, laparoscopic sur-
gery requires surgical skill but is also associated with 
less bleeding, shorter hospital stay, and faster recovery 

of gastrointestinal function, compared with open sur-
gery [17, 22–26]. Except for small bowel surgery, which 
is frequently performed as an emergency operation, SSI 
incidence decreased for four surgical procedures, namely, 
esophagectomy, total gastrectomy, colon surgery, and 
rectal surgery. In particular, the SSI incidence for colon 
and rectal surgery decreased significantly when stratified 

Fig. 3  Trends in the standardized infection ratio among the medical institutions registered in JANIS, 2012–2017. Panels are shown separately for A 
esophagectomy, B gastrectomy, C total gastrectomy, D distal gastrectomy, E colon surgery, and F rectal surgery. The standardized infection ratio 
(SIR) was calculated using the 2013 data as a reference, correcting for patient status severity. A year with an SIR value > 1 had a higher frequency of 
surgical site infection events than in 2013, indicating that the medical facility’s performance was lower than that in 2013. The solid circles represent 
the overall SIR numbers, and the errors bars (whiskers) indicate the 95% confidence intervals. Similarly, the open triangles and solid squares indicate 
SIRs for open surgery and laparoscopic surgery, respectively. JANIS Japan Nosocomial Infections Surveillance
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Table 2  Trends in the incidence of surgical site infections in Japan, 2012–2017

Surgical technique Variable Rate per year Chi2 p-value

Esophagectomy All − 0.03 6.09 0.01*

Male − 0.03 4.44 0.04*

Female 0.01 10.36  < 0.01*

Emergency surgery − 0.09 1.50 0.22

Elective surgery − 0.03 2.81 0.09

Laparoscopic surgery − 0.03 4.08 0.04*

Open surgery − 0.04 6.78 0.01*

Gastrectomy All − 0.01 0.79 0.37

Male − 0.04 6.48 0.01*

Female 0.03 1.02 0.31

Emergency surgery − 0.08 13.91  < 0.01*

Elective surgery 0.02 0.82 0.36

Laparoscopic surgery 0.04 1.56 0.21

Open surgery  < 0.01 0.01 0.94

Total gastrectomy All − 0.04 16.30  < 0.01*

Male − 0.03 5.51 0.02*

Female  < 0.01 0.02 0.89

Emergency surgery − 0.07 1.84 0.17

Elective surgery − 0.02 3.27 0.07

Laparoscopic surgery − 0.05 4.57 0.03*

Open surgery − 0.03 9.46  < 0.01*

Distal gastrectomy All − 0.01 0.52 0.47

Male − 0.03 4.44 0.04*

Female − 0.01 0.06 0.80

Emergency surgery − 0.08 4.66 0.03*

Elective surgery  < 0.01 0.08 0.78

Laparoscopic surgery 0.02 1.19 0.28

Open surgery  < 0.01 0.06 0.81

Small bowel surgery All − 0.03 13.68  < 0.01*

Male − 0.02 3.72 0.05

Female − 0.03 6.53 0.01*

Emergency surgery − 0.03 8.99  < 0.01*

Elective surgery − 0.02 1.73 0.19

Stoma − 0.02 1.14 0.29

No stoma − 0.03 8.70  < 0.01*

Colon surgery All − 0.04 117.71  < 0.01*

Male − 0.03 42.18  < 0.01*

Female − 0.03 22.90  < 0.01*

Emergency surgery  < 0.01 3237.22  < 0.01*

Elective surgery − 0.03 45.94  < 0.01*

Laparoscopic surgery − 0.01 0.75 0.39

Open surgery  < 0.01 0.01 0.94

Stoma − 0.05 36.37  < 0.01*

No stoma − 0.03 39.55  < 0.01*

Rectal surgery All − 0.03 33.33  < 0.01*

Male − 0.02 10.04  < 0.01*

Female − 0.03 6.29 0.01*

Emergency surgery − 0.05 10.02  < 0.01*

Elective surgery − 0.02 14.48  < 0.01*

Laparoscopic surgery  < 0.01  < 0.01 1.00

Open surgery − 0.02 35.80  < 0.01*

Stoma − 0.03 16.78  < 0.01*

No stoma − 0.03 12.06  < 0.01*
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by sex, emergency/elective surgery, and with/without 
stoma construction, while the trend for laparoscopic 
surgery remained unchanged over time. These findings 
imply that the increasing use of laparoscopic surgery had 

a potential causal impact on the decreasing SSI risk, espe-
cially in lower gastrointestinal tract surgery. Although the 
present study is observational study of aggregated data 
and thus, cannot conclude the causality, the finding is 

Table 2  (continued)
Chi2 chi-square value with 1 degree of freedom

*Significant result

Fig. 4  Trends in the relative risk of SSI following open vs laparoscopic surgery among the medical institutions registered in JANIS, 2012–2017. 
Panels are shown separately for A esophagectomy, B gastrectomy, C total gastrectomy, D distal gastrectomy, E colon surgery, and F rectal surgery. 
The relative risk of surgical site infections following open surgery as the exposed group (numerator) compared with that following laparoscopic 
surgery as the unexposed group (denominator) was calculated. The solid circles represent the estimate, and the associated error bars (whiskers) 
indicate the 95% confidence intervals. SSI surgical site infection, JANIS Japan Nosocomial Infections Surveillance
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partly explainable by SSI countermeasures for lower gas-
trointestinal surgery, namely, preoperative mechanical 
preparation and preoperative oral antibiotic prophylaxis, 
which have been recommended with high-level scien-
tific evidence [27]. In fact, a significant decreasing trend 
for SIR following open colon surgery is consistent with 
improved preoperative management over time (Fig. 3E). 
However, preoperative management and postoperative 
antibiotics cannot fully explain our findings; i.e., the rel-
ative risk of SSI remained stable over time (Fig.  4), and 
the addition of antibiotic prophylaxis recommended in 
the 2016 guidelines did not abruptly change the trend in 
SSI (Fig. 3). Laparoscopic surgery was an important fac-
tor in reducing the risk of SSI in a published study from 
Japan [13, 28]. Considering laparoscopic survey involves 
faster recovery and wound healing, shorter length of 
stay, and reduced frequency infections compared with 
open surgery, biological plausibility of causal link is well 
supported. If the causal link is real, the overall SSI inci-
dence among previously healthy individuals is expected 
to decrease, because the use of laparoscopic surgery has 
high growth potential in Japan. In future studies, to ana-
lyze the data to interpret the SSI trends, it will be impor-
tant to distinguish the SSI event frequency between 
laparoscopic and open surgery.

Variables other than laparoscopy revealed character-
istic results. SSI events decreased significantly following 
emergency surgery in the upper gastrointestinal tract, 
especially during gastrectomy and small bowel sur-
gery, while SSI events associated with elective surgery 
remained unchanged. Moreover, the risk of SSI events 
among men undergoing gastrectomy, total gastrectomy, 
and distal gastrectomy decreased over time, while those 
among women did not decrease significantly. The exact 
reasons for these observations must be clarified, but 
improved SSI control in gastrectomy during emergency 
surgery and recognizing high-risk patients preopera-
tively could have resulted in these differences. The SSI 
risk associated with small bowel surgery decreased sig-
nificantly with stoma construction, while that associated 
with surgery without stoma construction did not change 
over time. Again, improved SSI control during stoma 
construction could have contributed to the decrease.

To our knowledge, the present study is the first descrip-
tive analysis of SSI events for gastrointestinal surgery in 
Japan, explicitly analyzing the time trends and stratifying 
the SSI risk by multiple variables. Only with this type of 
analysis, can we systematically improve data collection 
(e.g., stratification by laparoscopic and open surgery) and 
potentially evaluate perisurgical infection control prac-
tices (e.g., improved SSI control in gastrectomy during 
emergency surgery). Moreover, we anticipate decreasing 
future trends in SSI incidence, given an increasing trend 

in the use of laparoscopic surgery and expected improved 
early detection of malignant neoplasms in the colon and 
rectum. However, patients undergoing open surgery of 
the lower gastrointestinal tract are particularly at risk of 
SSIs. This issue is not restricted to patients’ background 
characteristics, which were adjusted during the SIR cal-
culations. What was adjusted during the calculation of 
SIR includes (i) the length of operation, (ii) severity of 
patients, and (iii) classification of wound (i.e., extent of 
bacterial contamination), and in fact, other important 
variables including transfusion during the operation, the 
drug use of diabetic patients and ages were not addressed 
[13]. Among diabetic patients undergoing elective sur-
gery, laparoscopic surgery is performed after improv-
ing blood glucose concentrations, which is a known risk 
factor for SSI [13]. However, in emergency surgery, the 
blood glucose concentration cannot be adjusted preop-
eratively, and as a result, open surgery, which is the only 
option in emergency events, must involve the risk of SSI. 
Moreover, oral antibiotics cannot be administered suffi-
ciently in advance of emergency surgery. For these rea-
sons, selection bias and confounders inherently influence 
the causal interpretation of the SSI rate in relation to the 
increasing proportion of laparoscopic surgery. Consider-
ing that indications for an open surgery are different from 
those for a laparoscopic approach, patients who require 
open surgery may possess greater number of preexisting 
factors (e.g. more advanced disease) or involve greater 
complexity of surgical operation compared with laparo-
scopic group. It is extremely hard to address these issues 
using database, and thus, these points were not within 
the scope of our study.

The present study was not free from limitations. First, 
we evaluated aggregated surveillance data, and thus, the 
risk was not calculable per medical institute. Second, 
for the same reason, the use of secondary data did not 
permit us to control numerous confounders. Two other 
studies from Japan [13, 14] analyzed individual-based 
epidemiological datasets and better identified SSI risk 
factors compared with our study. Third, because of the 
nature of surveillance data, we were not able to stratify 
SSI events by the time from the surgery or by causative 
agents. Fourth, because we focused on time-dependent 
trends in SSI events regarding the accessible number of 
variables, other underlying risk factors for SSI; e.g., age 
and underlying comorbidities such as diabetes mellitus, 
use of steroids, and intraoperative blood transfusion [13], 
were not controlled.

Despite the limitations associated with the nature of 
surveillance data, we believe that the present study is 
unique in that it allowed an objective interpretation of 
the time-dependent trends in SSI event risks statistically 
associated with gastrointestinal surgery in Japan. Our 
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results showed a stable lower risk of SSI following lapa-
roscopic surgery over time, as well as implying that the 
increased use of laparoscopic surgery may explain the 
time-dependent decline in SSI events over time, in Japan.

Conclusions
The use of laparoscopic surgery increased significantly 
over the study period, except for surgery in the small 
bowel. The increased proportion of laparoscopic surgery 
may have had an impact on the decrease in SSI risk seen 
in our study, especially for lower gastrointestinal tract 
surgery. If the causal link is real, the overall SSI incidence 
among previously healthy individuals is expected to 
decrease, because laparoscopic surgery has large growth 
potential in Japan.
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gastrectomy, D distal gastrectomy, E small bowel surgery, F colon surgery, 
and G rectal surgery. The relative risk of surgical site infections following 
emergency operation as the exposed group (numerator) compared with 
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was calculated. The solid circles represent the estimate, with their error 
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separately for A small bowel surgery, B colon surgery, and C rectal surgery. 
The relative risk of surgical site infections with stoma construction as 
the exposed group (numerator) compared with that without stoma 

construction as the unexposed group (denominator) was calculated. 
The solid circles represent the estimate, with their error bars shown by 
whiskers indicating the 95% confidence intervals. JANIS Japan Nosocomial 
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Additional file 5: Figure S5. Trends in the incidence of surgical site infec-
tions by the presence of a stoma among the medical institutions regis-
tered in JANIS, 2012–2017. Panels are shown separately for A small bowel 
surgery, B colon surgery, and C rectal surgery. The solid circles indicate the 
proportion of surgical site infections (SSI) among all surgical operations, 
with error bars shown by whiskers indicating the 95% confidence inter-
vals. The open triangles and solid squares show the incidence of SSI with 
and without stoma construction, respectively. JANIS Japan Nosocomial 
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