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Abstract

Objectives: Incisional hernia is a common problem after colorectal surgery, and a laparoscopic approach
does not reduce the incisional hernia rate. Previous reports have described the risk factors for incisional
hernia; however, the impact of suture materials remains unclear. As such, this study compared the incisional
hernia rate using different suture materials for abdominal wall closure after laparoscopic colorectal cancer
surgery.

Methods: Patients undergoing laparoscopic colorectal cancer surgery between January 2014 and December
2016 were included in this study. We separated patients into the following two groups based on the suture
materials used for abdominal wall closure: (1.) fast-absorbable group and (2.) non-absorbable group. The
primary outcome was incisional hernia rate that was diagnosed using computed tomography. We compared
outcomes between these two groups using propensity score matching.

Results: Before matching, 394 patients were included (168 in the fast-absorbable group and 226 in the
non-absorbable group). After one-to-one matching, patients were stratified into the fast-absorbable group (n
= 158) and the non-absorbable group (n = 158). The incisional hernia rate was higher in the fast-absorbable
group than in the non-absorbable group (13.9% vs. 6.3%; P = 0.04). The median time to develop an inci-
sional hernia was significantly shorter in the fast-absorbable group (6.7 months vs. 12.3 months; P < 0.01).
The incidence of surgical site infection was not different between the two groups, but the incidence of su-
ture sinus was lower in the fast-absorbable group (0% vs. 5.1%; P < 0.01).

Conclusions: The use of fast-absorbable sutures may increase the risk of incisional hernia after laparo-
scopic colorectal cancer surgery.
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Introduction

Incisional hernia is a common problem with colorectal re-
section. Although a reduction in the incisional hernia rate
was expected in minimally invasive surgery, several recent
studies have shown that the rate of incisional hernia is simi-
lar between laparoscopic and open colorectal surgery[1-3].

Incisional hernia causes various problems such as abdominal
pain, poor cosmetic appearance, incarceration, and need for
re-operation[4,5]. The risk factors for incisional hernia after
open or laparoscopic colorectal surgery have previously been
described and include body mass index (BMI), sex, smok-
ing, diabetes mellitus, wound infection, and midline inci-
sion[6-11]. The influence of suture materials on the inci-
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sional hernia rate after abdominal wall closure remains un-
clear, and most studies have been conducted on open sur-
gery rather than laparoscopic surgery. As such, this study
aimed to compare the incisional hernia rate between fast-
absorbable and non-absorbable sutures for abdominal wall
closure after laparoscopic colorectal cancer surgery.

Methods

A retrospective analysis of 515 consecutive patients who
underwent laparoscopic colorectal cancer surgery in our hos-
pital between January 2014 and December 2016 was per-
formed. From January 2014 until March 2015, we used fast-
absorbable sutures (1-0 polyglycolic acid) for abdominal
wall closure, and from April 2015 until December 2016, we
used non-absorbable sutures (1-0 nylon braid). In all surger-
ies, a midline mini-laparotomy was performed at the vertical
transumbilical incision. The incision length was decided on
the basis of the tumor size, and a wound protector was used
at the extraction site. The method of abdominal wall closure
was an interrupted single-layer fascia suture using fast-
absorbable or non-absorbable sutures. Postoperative com-
puted tomography (CT) was performed every 6 months after
laparoscopic colorectal cancer surgery for cancer surveil-
lance. Exclusion criteria included conversion to an open ap-
proach, surgery without transumbilical specimen extraction,
and patients who could not be followed up with CT for
more than 12 months.

Medical records were reviewed to collect data, including
demographic information, diagnosis, comorbidities, history
of smoking, use of steroids, BMI, tumor size, American So-
ciety of Anesthesiologists (ASA) grade, surgical site infec-
tion (SSI), suture sinus, and incisional hernia. CT was re-
viewed by two surgeons, and incisional hernia was retro-
spectively diagnosed on CT if there were findings of dehis-
cence in the abdominal fascia and prolapsed peritoneum or
intestine. SSI was diagnosed by the latest Centers for Dis-
ease Control criteria. Microabscess or chronic granuloma-
tous inflammation that resolved upon removal of the suture-
knot was diagnosed as a suture sinus. The follow-up period
was defined as the time from surgery to the last evaluation
by CT.

The ethics committee of Niigata City General Hospital
approved this study with a waiver of informed consent due
to its retrospective nature.

We separated patients two groups: (l.) fast-
absorbable group and (2.) non-absorbable group. A propen-
sity score matching model was performed to reduce covari-
ate imbalance between the groups. A logistic regression
analysis was performed to estimate the propensity score of
each patient using the covariates, including sex, age, ASA
grade, BMI, chronic obstructive pulmonary disease (COPD),
diabetes mellitus, steroid use, history of smoking, and tumor
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size. To identify the best non-absorbable group patient for
each individual fast-absorbable group patient, a nearest
neighboring matching method was performed. Comparative
analyses of the patients in the fast-absorbable and non-
absorbable groups were performed on one-to-one matching.
Continuous variables were presented as medians (ranges).
The Mann-Whitney U test was used for comparing non-
parametric data. Fisher’s exact test was used for comparing
categorical data. We used the Kaplan-Meier method to as-
sess the cumulative incidence of incisional hernia, and the
difference in the curve was examined using the log-rank
test. Statistical significance was defined as P < 0.05. All
analyses were carried out using EZR[12], which is a graphi-
cal user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

During the study period, 515 patients underwent laparo-
scopic colorectal cancer surgery. Of these, 121 patients were
excluded after data collection. Before matching, 394 patients
(168 in the fast-absorbable group and 226 in the non-
absorbable group) matched the inclusion criteria. After pro-
pensity score matching, the patients were stratified into the
fast-absorbable group (n = 158) and the non-absorbable
group (n = 158) (Figure 1). The baseline characteristics of
the overall and matched cohorts of patients included in the
fast-absorbable and non-absorbable groups are summarized
in Table 1. Before matching, the follow-up period was sig-
nificantly longer in the fast-absorbable group. After match-
ing, there was no statistically significant difference in sex,
age, ASA grade, BMI, steroid use, history of smoking, tu-
mor size, and follow-up period. Patients with COPD and
diabetes mellitus were slightly more frequent in the fast-
absorbable group, but there was no statistically significant
difference. The cancer stage was also examined, but there
was no statistically significant difference between the two
groups. The median follow-up was 44.6 months for the fast-
absorbable group and 48.0 months for the non-absorbable
group.

The incidence of SSI, suture sinus, and incisional hernia
are shown in Table 2. Twenty-two patients (13.9%) devel-
oped an incisional hernia in the fast-absorbable group com-
pared with 10 patients (6.3%) in the non-absorbable group
(P = 0.04). The median time to develop an incisional hernia
was significantly shorter in the fast-absorbable group (6.7
months vs. 12.3 months; P < 0.01). The incidence of SSI
was not significantly different between the two groups; how-
ever, the incidence of suture sinus was lower in the fast-
absorbable group than in the non-absorbable group (0% vs.
5.1%; P < 0.01).

Figure 2 shows the cumulative incidence curve of inci-
sional hernias. After 5 years, the cumulative incidence of in-
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Figure 1. Flowchart of patient selection.
Table 1. Patient Demographics in the Two Groups.
Overall cohort Matched cohort
Fast-absorbable Non-absorbable P value Fast-absorbable Non-absorbable  P-value
group group group group
(n=168) (n=226) (n=158) (n=158)

Age* 67 (39-97) 67 (30-89) 0.97 66 (39-97) 67 (30-89) 0.66
Gender (Male/Female) 103/65 131/95 0.50 96/62 93/65 0.82
ASA grade (I/II/IIT) 29/130/9 49/161/16 0.38 28/122/8 34/115/9 0.64
Body mass index (kg/m?) * 23.5(16.5-38.7) 23 (12.6-34.6) 0.47 23.5(16.5-29.6)  23.3 (15.7-34.6) 0.57
COPD 8 (4.8%) 17 (7.5%) 0.26 7 (4.4%) 5(3.2%) 0.77
Diabetes mellitus 36 (21.4%) 39 (17.3%) 0.48 31 (19.6%) 28 (17.7%) 0.77
Steroid use 4 (2.4%) 5(2.2%) 0.91 4 (2.5%) 4 (2.5%) 1.00
History of smoking 85 (50.6%) 128 (56.6%) 0.23 83 (52.5%) 83 (52.5%) 1.00
Tumor size (mm) * 36 (6-104) 35 (0-95) 0.21 35 (6-104) 35.5(0-95) 0.93
Follow-up period (months) * 43.8 (3.5-68.8) 43.0 (11.1-60.3) 0.02 44.6 (3.5-68.8) 48.0 (11.1-60.3) 0.11

*Median (range)

ASA: American Society of Anesthesiologists

COPD: Chronic Obstructive Pulmonary Disease
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Table 2. Comparison of Outcomes between the Two Groups after Matching.

Fast-absorbable Non-absorbable P-value
group group
(n=158) (n=158)
Incisional hernia 22 (13.9%) 10 (6.3%) 0.04
Months to hernia diagnosis* 6.7 (3.5-30.8) 12.3(11.1-29.4) <0.01
Surgical site infection 2 (1.3%) 1 (0.6%) >0.99
Suture sinus 0 8 (5.1%) <0.01
*Median (range)
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Figure 2. Kaplan-Meier analysis for incisional hernia free-survival.

cisional hernias was higher in the fast-absorbable group than
in the non-absorbable group (14.1% vs. 6.5%; P = 0.02).
The Kaplan-Meier curve also showed that most incisional
hernias developed within 2 years after surgery in both
groups. Of the patients with incisional hernia diagnosed by
CT in both groups, 15 patients (46.9%) complained of
symptoms at the time of diagnosis. Only 4 patients (12.5%)
underwent hernia repair.

Discussion

Several recent studies have shown that laparoscopic col-
orectal surgery did not reduce the incisional hernia rate

compared with open surgery[l1-3]. A midline mini-

laparotomy is commonly performed for extracting specimens
in laparoscopic colorectal surgery; however, the incisional
hernia rate in midline mini-laparotomies has been reported
to be nearly 20%[13,14]. In this study, the incisional hernia
rate after laparoscopic colorectal cancer surgery was compa-
rable with the rates of recent studies.

Previous studies have reported various risk factors for in-
cisional hernia during colorectal surgery[6-11]. One previous
report questioned whether using non-absorbable or absorb-
able sutures could prevent incisional hernias[15]. Absorbable
sutures may increase the risk of the sutures losing strength
before the underlying fascia has sufficiently recovered its
structural integrity[15]. Polyglycolic acid keep
strength for about 3-4 weeks and are completely absorbed
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within 60 days. In this study, the incisional hernia rate was
higher in the fast-absorbable group (13.9% vs. 6.3%; P =
0.04). Moreover, the median time to develop an incisional
hernia was significantly shorter in the fast-absorbable group
(6.7 months vs. 12.3 months; P < 0.01). These observations
may be related to thread absorption. In 2015, a guideline for
abdominal wall closure was published from the European
Hernia Society[16]. This guideline recommended the avoid-
ance of fast-absorbable sutures and suggested the use of a
slowly-absorbable monofilament sutures. On the other hand,
it was reported that nylon sutures reduced the incisional her-
nia rate compared with both fast-absorbable and slowly-
absorbable sutures[17]. The best suture material for prevent-
ing incisional hernia remains unclear. Also, suture materials
have so far been studied in the case of open laparotomy, but
not in the case of laparoscopic surgery. To our knowledge,
this is the first report to study the influence of suture materi-
als on the incisional hernia rate after laparoscopic colorectal
surgery.

In this study, incisional hernia was diagnosed not only by
physical findings but also by CT criteria. It was reported
that as much as 30% of incisional hernia cases are missed
when the diagnosis was based solely on physical findings
[18,19]. In this study, patients routinely underwent CT for
cancer surveillance, so identifying incisional hernia by both
clinical and CT criteria were feasible.

In this study, there was no difference in the incidence of
SSI between the fast-absorbable and non-absorbable groups.
However, the incidence of suture sinus was lower in the
fast-absorbable group than in the non-absorbable group (0%
vs. 5.1%; P < 0.01). All suture sinuses resolved promptly
when the suture-knots were removed. However, patients may
be slightly uncomfortable until the suture sinus heals. In the
future, we would like to compare the difference in the inci-
dence of incisional hernias and suture sinuses between non-
absorbable and slowly-absorbable sutures after laparoscopic
colorectal cancer surgery.

One limitation of this study is the difference in follow-up
time between the two groups. In a postoperative cohort
study of 564 patients with a 10-year follow-up, Mudge et al.
reported that 79% of incisional hernias were detected within
36 months[20]. The median follow-up period for both
groups was more than 3 years in this study, and the inci-
sional hernia rate did not seem to be influenced by the
follow-up duration. Another limitation includes the retro-
spective nature of our analysis and the potential of selection
bias. To control for selection bias, we used propensity score
matching.

In conclusion, incisional hernias after laparoscopic sur-
gery for colorectal cancer are relatively common, and the
use of fast-absorbable sutures may increase this risk.
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