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Abstract

Purpose Surgical site infection (SSI) is the most frequently occurring nosocomial infection. Remarkable surgical progress
has recently been made in laparoscopic surgery. Therefore, our objective was to investigate the association between increased
rates of laparoscopic colon surgery and SSI.

Methods We retrospectively investigated SSI surveillance data from July 2003 to December 2015. Two university hospitals
and 25 university-affiliated hospitals participated in prospective SSI surveillance. Univariate and multivariate analyses were
performed to detect significant associations.

Results We investigated 9655 colon surgeries. The year in which surgery was performed was significantly associated with
the SSI rate (p =0.0381). The rate of laparoscopic surgery gradually increased during the study period, and by 2012 it was
routinely used for >50% of colon surgeries. Laparoscopic surgery became a significant factor associated with reduced SSI
rates compared with conventional open surgery once the performance rate of laparoscopic surgery reached > 50%.
Conclusions Increasing rates of laparoscopic colon surgery tended to be associated with a reduction in the SSI risk after
surgical treatment of colonic disease. The results of this study might encourage surgeons to view laparoscopic surgical
techniques as an evidence-based approach for reducing the risk of SSI.
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Introduction

Surgical site infection (SSI) is the most frequently occurring
nosocomial infection and is associated with high morbidity,
mortality, and hospital costs [1]. SSI is also an important
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clinical indicator of the quality of patient care and infection
control [2].

The incidence of SSI has recently decreased, with sev-
eral potential reasons posited. For example, awareness
among medical personnel regarding how to prevent SSI has
increased. We recently collected surveillance data for SSI
that occurred after hepatobiliary—pancreatic surgery and
evaluated predictive risk factors for SSI [3]. Advances in
surgical techniques are also significantly associated with
the reduced incidence of SSI. The conditions under which
surgery is performed have improved, and recent evidence
suggests that routine skin sterilization after surgery is no
longer required [4]. In addition, there have been dramatic
advances in surgical instruments and techniques, particularly
in laparoscopic surgery. Numerous studies have revealed that
laparoscopic surgery is associated with a lower incidence of
SSI than traditional open surgery [5—7]. This may be because
laparoscopic surgery does not require large incisions and
thus causes less trauma. Furthermore, surgeons can use lapa-
roscopic surgery to rapidly perform extraperitoneal proce-
dures that carry a higher risk of infection, such as anasto-
mosis. Among gastrointestinal surgeries, colon surgery is
associated with a high rate of SSI; the overall postoperative
infection rate ranges from 5.4 to 45.0% [8—11]. The inci-
dence of SSI after colon surgery is decreasing, but how the
increased use of laparoscopy has influenced the incidence
of SSI remains unclear.

Therefore, our objective in the present study was to inves-
tigate the association between the incidence of SSI and the
increased use of laparoscopic colon surgery from July 2003
to December 2015. Our primary hypothesis was that the
increased use of laparoscopic colon surgery was associated
with a decreased incidence of SSI. Our secondary hypoth-
esis was that the increased use of laparoscopic surgery was
associated only with a decreased incidence of skin SSI. Our
chosen endpoints were a diagnosis of SSI [12] as defined
by the National Nosocomial Infections Surveillance (NNIS)
system [13] or no SSI within the study period.

Materials and methods
Patients

Two university hospitals and 25 university-affiliated hospi-
tals in the Kansai area of Japan participated in prospective
SSI surveillance from July 2003 to December 2015. Patients
undergoing digestive surgery were enrolled in the surveil-
lance program using the NNIS system. All patients provided
their written informed consent to participate at each hospi-
tal. Before data collection began, study sessions were held
to standardize the data collection method, as previously
reported [3]. Nurses or surgeons (non-primary) who were

members of the project team determined the presence of
SSI based on definitions stated in the guidelines issued by
the Centers for Disease Control and Prevention. The surveil-
lance team collected SSI data during the patients’ hospital
stay and after discharge from the hospital. Two authors (J.S.
and Y.K.) oversaw the data collection and held twice-yearly
feedback sessions with the participating hospitals. The
infection-control staff prospectively collected surveillance
data, including age, sex, surgical type, American Society of
Anesthesiologists (ASA) physical status as determined by
the anesthesiologist, date of surgery, operative time, surgi-
cal approach (open or laparoscopic), stoma creation (i.e.,
cases in which an intraoperative stoma was present, either
created previously or during the present surgery; cases of
emergency salvage stoma creation to address anastomotic
leakage were excluded), use of intra-abdominal silk sutures
(including their use for fascial closure; nonuse of silk sutures
was defined as the use of other types of sutures/ligation
materials throughout the entire surgery), and surgical wound
classification according to the guidelines for SSI prevention
[12]. Outcome variables included the development of SSI
and the date on which the SSI occurred.

Perioperative care and follow-up

All patients underwent the same protocols for perioperative
care in accordance with the previously described guidelines
for SSI prevention [12]. Intravenous antimicrobial prophy-
laxis was administered to all patients. A cephem-based anti-
biotic was administered prophylactically after the induction
of anesthesia, and patients received an additional dose if
the operation lasted >3 h. In the operating room, hair on
the surgical site was shaved after the induction of general
anesthesia, and the skin was wiped with either 10% povi-
done iodine solution or 0.5% tincture of chlorhexidine. After
surgery, the surveillance team at each hospital conducted
routine follow-up, provided adequate care for the surgical
site, and determined the occurrence of SSI.

The SSI diagnosis

The primary outcome was a diagnosis of SSI as defined
by the NNIS system [13]. According to the NNIS crite-
ria, SSIs are classified as either incisional (superficial or
deep) or organ/space. The criteria for a superficial inci-
sional SSI were an infection occurring at the incision site
within 30 days after the operation that involved only the
skin and subcutaneous tissue and at least one of the fol-
lowing: incisional pain/tenderness, localized swelling/
erythema/heat, purulent drainage from the incision, or
microorganisms isolated by culturing fluid collected from
the superficial incision. These SSIs were treated by open-
ing the wound. The criteria for a deep incisional SSI were
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an infection related to the surgical procedure that occurred
within 30 days after surgery and at least one of the follow-
ing: purulent drainage from the deep incision; spontaneous
dehiscence of the incision; or deliberate opening of the
incision when the patient manifested incisional pain/ten-
derness, localized swelling/erythema/heat, or other symp-
toms of infection. The criteria for organ/space SSI were
an intra-abdominal abscess without evidence of clinical
anastomotic leakage (i.e., an intraperitoneal collection of
pus diagnosed by ultrasonography, computed tomography,
or laparotomy) and clinical anastomotic leakage. An intra-
abdominal abscess near the leakage site was considered
clinical anastomotic leakage.

Statistical analyses

The univariate relationship between each independent var-
iable and SSI was evaluated by Student’s ¢ test for continu-
ous variables and Pearson’s Chi-square test for categorical
variables. Univariate and multivariate logistic regression
analyses were used to identify risk factors for SSI based on
the ten above-mentioned clinical factors. Variables with a
p value of <0.050 in the univariate analysis were included
in the multivariate analysis. Relative risk was described
by the estimated risk ratio with a 95% confidence inter-
val. Two-sided p values were computed, and a p value of
<0.050 was considered statistically significant. All statis-
tical analyses were performed with the JMP software pro-
gram, version 10.0.0 (SAS Institute Inc., Cary, NC, USA).

Results
Patients’ background

Surveillance included a total of 41,122 abdominal surger-
ies: 3626 appendiceal, 4662 hepatobiliary—pancreatic, 6896
gallbladder, 9720 colonic, 855 esophageal, 9393 gastric,
4365 rectal, and 1610 small bowel surgeries. Of the 9655
colon surgeries (99.4% of all colonic surgeries; 65 cases
were excluded because some data were lacking), the median
(min—max) patient age was 70 (15-100) years. Colonic sur-
gery was performed in 5330 (55.2%) men and 4325 (44.8%)
women (Table 1). The median (minimum-maximum) opera-
tive time was 169 (21-1800) min. Emergency surgery was
performed in 15.3% (1476 of 9655) of all surgeries. Lapa-
roscopic surgery was performed in 30.9% (2987 of 9655)
of all surgeries. The total incidence of SSI was 19.6%
(1579/9655), including superficial (11.3%), deep (2.0%),
and organ/space (3.1%) SSI. The number of new patients
who enrolled in the surveillance system each year were as
follows: 324 (2003), 676 (2004), 1003 (2005), 820 (2006),
815 (2007), 852 (2008), 545 (2009), 627 (2010), 464 (2011),
660 (2012), 993 (2013), 824 (2014), and 1052 (2015).
Univariate and multivariate analyses indicated a signifi-
cant change in the SSI rate during the years in which sur-
veillance data were collected. Univariate and multivariate
analyses were also used to identify risk factors associated
with SSI. Table 2 lists the risk factors that were significantly
predictive of SSI. A multivariate analysis revealed that the
year in which the operation was performed was a significant

Table 1 Characteristics of

8 . . . Characteristics n (%)

patients enrolled in surgical site

infection surveillance Age Years 70 (15-100)
Sex Male/female 533074325 55.2/44.8
Operating time Min 169 (21-1800)
Surgical wound classification 1/2/3/4 0/8526/581/546/0 0/88.3/6.0/5.7/0
ASA score miiv/v 1487/6640/1444/84/0  15.4/68.8/15.0/0.8/0
Emergency operation Yes/no 1476/8179 15.3/84.7
Surgical approach Open/laparoscopic 6668/2987 69.1/30.9
Combined resection Yes/no 528/9127 5.5/94.5
Stoma Yes/no 1236/8419 12.8/87.2
Silk use Yes/no 2435/7220 25.2/74.8
SSI Yes/no 1579/8076 16.4/83.6
Location of SSI Superficial/deep/organ space  1093/190/296 69.2/12.0/18.7

Data are presented as the median (range) or number of patients

Classes 1, 2, 3, and 4 of surgical wound classification indicate clean, clean-contaminated, contaminated,
and dirty-infected wound, respectively. Combined resection means simultaneous resection of other organs
during colectomy; stoma, cases in which stoma was present during surgery either as preoperative stoma or
creation of stoma (emergency creation of salvage stoma for anastomotic leakage was excluded); silk use,
cases in which intra-abdominal silk suture was used

ASA American Society of Anesthesiologists, SSI surgical site infection
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Table 2 Significant factors affecting occurrence of surgical site infec-
tion after colon surgery: univariate and multivariate analyses

Factors Univariate analy- Multivariate
sis (p value) analysis (p
value)
Operation year 0.0084 0.0318
Age 0.5847 -
Sex 0.0128 0.3542
Operating time <0.0001 <0.0001
Surgical wound classification <0.0001 <0.0001
ASA score <0.0001 0.0858
Emergency operation <0.0001 0.117
Surgical approach (laparoscopic  <0.0001 <0.0001
or open surgery)
Combined resection 0.008 0.5947
Stoma creation <0.0001 <0.0001
Silk use <0.0001 0.0002

Stoma, cases in which stoma was present during surgery either as pre-
operative stoma or creation of stoma (emergency creation of salvage
stoma for anastomotic leakage was excluded); Classes 1, 2, 3, and 4
of surgical wound classification indicates clean, clean-contaminated,
contaminated, and dirty-infected wound, respectively; combined
resection, simultaneous resection of other organs during colectomy;
silk use, cases in which intra-abdominal silk suture was used

ASA American Society of Anesthesiologists

risk factor (p=0.0318), indicating that the perioperative fac-
tors associated with SSI changed with time.

Increased use of laparoscopic surgery associated
with decreased risk of SSI

Univariate and multivariate analyses of the incidence of SSI
were performed for each year to reveal how the risk fac-
tors changed during the study period. The identified risk
factors differed from year to year (Table 3, Supplementary
Table 1). Laparoscopic surgery began to emerge as a factor
associated with a decreased risk of SSI from 2012 onward,
although there was no such trend from 2003 to 2011. Con-
versely, the operating time and presence of a stoma became
less significant risk factors for SSI compared with the early
part of the study period (Table 3). Accordingly, we inves-
tigated the relationship between the SSI rate and the rate
at which laparoscopic surgery was performed. The rate of
laparoscopic surgery gradually increased, and from 2012
onward, it accounted for >50% of colon surgeries (50.9%
in 2012, 58.9% in 2013, 56.3% in 2014, and 57.4% in 2015).
Figure 1 depicts the relationship between the increased use
of laparoscopic surgery and SSI risk. Laparoscopic surgery
became a significant factor associated with a reduced SSI
risk compared with conventional open surgery once the rate
at which laparoscopic surgery was performed had increased
to >50%.

The increased use of laparoscopic surgery was associ-
ated not only with a decrease in the risk of skin SSI but also
with decreased intraperitoneal SSI rates. The data were then
divided into early and late study periods (2003-2011 and
2012-2015) in accordance with laparoscopic surgery rates
of <50% and > 50%. In the early study period, the increased
use of laparoscopic surgery appeared to be associated with
a decrease in the rate of superficial/deep SSI not but organ/
space SSI. However, the increasingly common use of lapa-
roscopic surgery in the late study period was associated with
decreased organ/space SSI in addition to decreased superfi-
cial/deep SSI (Table 4). These findings suggest that routine
employment of laparoscopic colon surgery may reduce the
occurrence of SSI.

Discussion

Our analysis of patients in the Kansai area of Japan who
were enrolled in the NNIS system revealed three findings:
(1) Both the occurrence of SSI and the risk factors for SSI
changed significantly from year to year. (2) As laparoscopic
surgery became increasingly common, the incidence of SSI
decreased. (3) In the late study period (2012-2015), lapa-
roscopic surgery was significantly associated with a lower
incidence of organ/space SSI, indicating a decreased rate of
anastomotic leakage.

Various risk factors for SSI have been reported previ-
ously, including sex [14], body mass index [8, 15, 16], ASA
score [9, 14], wound classification [9, 14, 16], operating time
[8, 14, 15, 17], prophylactic antibiotic use [8], creation or
closure of an ostomy [9, 15, 16], use of preoperative non-
absorbable oral antibiotics [17], smoking [8], type of suture
material used for fascial closure [18], type of skin closure
[18], postoperative hyperglycemia [19], and total parenteral
nutrition [20]. The common risk factors in our surveillance
data were the ASA score, wound classification, operating
time, and presence of a stoma. However, these risk factors
changed to non-risk factors and back from year to year.
This suggests that the true risk factors for SSI may adjust
in accordance with the changing conditions surrounding
surgery. The widespread use of laparoscopic surgery is one
condition that changed markedly during the study period.
Laparoscopic surgery is minimally invasive and usually per-
formed with less blood loss than open surgery. However, the
operating time is longer, and the cost of surgery is higher.
The advantageous features of laparoscopic surgery may con-
tribute to a decreased risk of SSI, as suggested in a previous
study [5]. Furthermore, a study that used data from a large
national database yielded results similar to ours, with lapa-
roscopic colon surgery found to be associated with a signifi-
cantly lower incidence of SSI than was open colon surgery
[21]. When we investigated other surgeries covered by the

@ Springer



478

Surgery Today (2019) 49:474-481

Table 3 Risk factors associated with occurrence of surgical site infection after colon surgery by year (risk ratio, p value)

Year Age Sex Operating time ~ Surgical wound ASA Emergency Laparo- Combined Stoam  Silk
classification operation  scopic resection
surgery
<65/> 65 years M/F <3/>3h 1,2/3,4 Score I, I/ Nol/yes Nolyes Nolyes No/yes Nolyes
1L IV, V
2003  1.947 0.329 0.973 0.344 0.547
0.0314 0.0004 0.9545 0.0154 0.1792
2004 0.303 0.934 0.348
<0.0001 0.7983 0.0004
2005 0.66 0.183 0.843 1.206 0.454 1.215
0.0319 <0.0001 0.4719 0.4719 0.0031 0.2709
2006 0.719 0.256 0.856
0.103 <0.0001 0.5492
2007 0.701 0.564 0.461 0.981 2.14 0.533
0.1111 0.0132 0.0344 0.953 0.0231 0.0473
2008 0.374 0.585 0.515 1.438 0.631 0.519
0.005 0.0526 0.0602 0.1893 0.1302 0.0279
2009 0.608 0.478 0.72 1.408 0.437
0.0476 0.0726 0.3692 0.3257 0.013
2010 0.709 0.511 0.491 1.192 0.477
0.1661 0.0327 0.0247 0.5623 0.0198
2011 0.273 0.766
0.0008 0.4881
2012 0.733 0.516 0.83 1.431
0.1453 0.027 0.5186 0.1308
2013 0.496 0.684 1.923 0.689
<0.0001 0.0602 0.0002 0.0631
2014 0.339 0.842 0.913 1.644 0.671 0.003
0.0005 0.4839 0.7605 0.0296 0.1852 0.0032
2015 0.502 0.359 1.623 0.624 0.006
0.0163 0.0005 0.0483 0.1039  <0.0001

RR risk ratio, ASA American Society of Anesthesiologists, M male, F female

Stoma, cases in which stoma was present during surgery either as preoperative stoma or creation of stoma (emergency creation of salvage stoma
for anastomotic leakage was excluded); Combined resection, simultaneous resection of other organs during colectomy; Silk use, cases in which

intra-abdominal silk suture was used

surveillance data, such as gastric and appendiceal surgery,
the results were also similar to those of our study. Laparo-
scopic surgery was significantly associated with a decreased
risk of SSI in any year for gastric surgery, but the rate of
laparoscopic gastric surgery did not reach 50% during our
study period. A decreased incidence of SSI was significantly
associated with the laparoscopic approach in appendiceal
surgery after the rate of laparoscopic surgery had increased
to >50% (Supplementary Figs. 1, 2). Therefore, we believe
that an important reason for the reduction in the rate of SSI
over the study period was the increasingly routine use of
laparoscopy to perform colon surgery.

To our knowledge, this is the first study to investigate the
relationship between the rate at which laparoscopic surgery
is performed and the risk of SSI in colon surgery. We found
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that a laparoscopic surgery rate of >50% was associated
with a significant decrease in the incidence of SSI in colon
surgery. The major differences between laparoscopic and
open procedures are the method of access, method of expo-
sure, and extent of operative trauma. The contributing fac-
tors to the lower SSI rates associated with laparoscopic sur-
gery are believed to be a smaller surgical incision, decreased
tissue trauma, and elimination of mechanical retraction of
the abdominal wall [16]. These findings suggest that laparo-
scopic surgery should decrease the risk of SSI at the incision
site but will not affect organ/space SSI rates because organ/
space SSI is mainly caused by anastomotic leakage [22].
Some laparoscopic instruments appear to prevent anas-
tomotic leakage; however, these instruments are also used
for open surgery. We therefore expected that a comparison
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Fig. 1 Relationship between laparoscopic surgery rate and risk ratio
for the occurrence of surgical site infection after laparoscopic colon
surgery. Risk ratio is denoted by circles with 95% confidence inter-
val. Left y-axis, risk ratio (open surgery: laparoscopic colon surgery).
Laparoscopic rate for colon surgery is denoted by squares. Right axis,
percentage of laparoscopic colon surgeries (laparoscopic colon sur-
geries/total colon surgeries)

Table 4 Surgical site infection occurrence rate associated with open
versus laparoscopic colon surgery

SSI Open (%) Laparo- p value
scopic
(%)
Total SSI 2003-2011 17.3 11.8 <0.0001
2012-2015 23.1 9.3 <0.0001
Superficial/deep SSI  2003-2011 13.9 9.9 <0.0001
2012-2015 194 7.5 <0.0001
Organ/space SSI 2003-2011 3.5 24 0.0964
2012-2015 3.6 2 0.0023

SS1 surgical site infection

The data were subsequently divided into early and late study periods
(2003-2011 and 2012-2015) in accordance with laparoscopic surgery
rates of <50% and >50%. In the early study period, increased use
of laparoscopic surgery appeared to be associated with a decrease in
the rate of superficial/deep SSI but not but organ/space SSI. However,
the increasingly common use of laparoscopic surgery in the late study
period was associated with decreased organ/space SSI in addition to
decreased superficial/deep SSI

of open and laparoscopic surgery within the same time
period would reveal a similar rate of organ/space SSI as
has been reported in most previously published studies on
this topic [23, 24]. Instead, the incidence of organ/space SSI
was significantly different between the two methods. Some
previously published findings support our results: a large
multicenter sample analysis of patients undergoing colon

surgery revealed that laparoscopy is associated with a lower
incidence of leakage than is open surgery (1.8% vs. 2.7%,
respectively) [6]. Furthermore, Murray et al. [24] showed
that laparoscopic surgery is a reduced-risk factor for anas-
tomotic leakage after adjusting for the patient’s background
(odds ratio 0.69; 95% CI 0.58-0.82). The authors suggested
that the laparoscopic approach may improve access for dif-
ficult mobilizations, allowing for greater bowel length and
reduced tension on the anastomosis. Laparoscopic surgery
may also afford better anatomical visualization in complex
cases; however, why anastomotic leakage is reduced with
laparoscopic surgery remains largely unclear. The laparo-
scopic approach lends itself to minimally invasive tissue
trauma and has been shown to reduce the systemic inflam-
matory response compared with conventional open surgery
[25]. Rettig et al. [26] stated that perioperative inflamma-
tory conditions affect postoperative complications, including
anastomotic leakage. Laparoscopic surgery performed by
well-trained surgeons can reduce the postoperative C-reac-
tive protein concentration by decreasing surgical stress; it
may also decrease organ/space SSI by reducing systemic
cytokine concentrations. Further investigations are necessary
to determine the mechanisms by which laparoscopic sur-
gery leads to reduced rates of organ/space SSI. Nevertheless,
based on the available evidence, we highly recommend that
extensive training in laparoscopic surgery be implemented
to reduce SSI rates, especially in patients at increased risk
of SSI, such as those of advanced age.

Our study has several limitations. This was a multi-
center retrospective observational study using our surveil-
lance data. The surgeons involved in our surveillance basi-
cally selected a surgical approach according to the current
guideline at that time. Our surveillance did not include
several variables that might be associated with SSI devel-
opment, such as the site of resection (right, transverse,
left colon), type of anastomosis (manual, mechanic), and
rate of conversion to open surgery. According to a previ-
ous analysis using the 2005-2008 American College of
Surgeons National Surgical Quality Improvement Pro-
gram database, superficial SSI was more likely to occur
in patients who underwent left-sided colectomy than in
those who underwent right-sided colectomy [27]. Infor-
mation on the site of resection is important because it is
correlated with the incidence of infection. Unfortunately,
we did not collect this information; however, we do not
believe that there was a significant change in the rates of
right- and left-sided colectomy from 2002 to 2015. There-
fore, we do not believe that the site of resection substan-
tially affected the incidence of superficial SSI in this study.
Mechanical anastomosis was performed in most cases in
our hospitals; functional end-to-end anastomosis or the
double stapling technique was performed as necessary. A
few cases involving manual anastomosis were included in
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this study because the anastomosis type is dependent on
the surgeon; however, numerous randomized controlled
trials and three meta-analyses have demonstrated no sig-
nificant difference in organ SSI between hand-sewn and
stapled anastomosis [28—30]. We therefore regarded the
contamination of anastomosis types to be in an acceptable
error range. Although we lack data on the exact number of
conversions that occurred each year, the rate of conversion
to open surgery is now less than 1% in our hospitals. Con-
version cases were enrolled into the laparoscopic group
in this study, but we do not believe that this substantially
affected the conclusion. Further information must be col-
lected to better evaluate the impact of laparoscopic surgery
on SSI development.

The incidence rate of SSI from 2003 to 2015 was not
decreased in patients who underwent laparoscopic surgery,
possibly because the indications for laparoscopic colon
resection have expanded to include advanced colon cancer
and emergency operations. Advanced colon cancer requires
radical lymph node resection and sometimes combined
resection, and these procedures may be risk factors for SSI.
Therefore, we considered that the expanded indications for
laparoscopic surgery did not decrease the actual SSI inci-
dence rate. We reanalyzed the odds ratio for the incidence of
SSTI using data that excluded combined resection and emer-
gency operations. The resulting odds ratio was almost the
same as that for the total data (Supplementary Table 3). In
the latter period of the study, the indications for laparoscopic
colon resection were being expanded; accordingly, open
surgery was performed in more complicated cases, such as
those requiring combined resection of more than two organs,
organ reconstruction, or resection for local recurrence. Fur-
thermore, the odds ratio of SSI was decreased even after the
indications were expanded. Our society began to perform
laparoscopic surgery for advanced colon cancer, combined
resection, and emergency operations around 2010. The
decrease in the odds ratio after 2011 indicates that famil-
iarization with laparoscopic surgery reduced the risk of SSI,
regardless of the indication for laparoscopic surgery.

In conclusion, we found that the widespread use of lapa-
roscopic surgery to treat colon disease may confer protec-
tion against SSI. The results of this study should encourage
surgeons to view laparoscopic surgery as an evidence-based
approach to reducing the risk of SSI. Further advances in
and familiarity with laparoscopic techniques will help
improve patients’ clinical courses while reducing the risk
of SSI. However, our study has some limitations, as the data
were based on our SSI surveillance conducted according to
the established guidelines at that time. Further investiga-
tions are necessary to determine the mechanisms by which
laparoscopic surgery leads to reduced rates of organ/space
SSI. We are now prospectively collecting SSI-related data,
including the type of surgery.
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