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Abstract

Background Incisional hernia (IH) is a common complication after colorectal surgery. However, the risk factors for incisional
hernia after laparoscopic colorectal surgery (LCRS) have not been fully elucidated. This retrospective study analyzed the
incidence rate of IH and evaluated the risk factors for IH after LCRS.

Methods This was a retrospective multi-institution study of 423 colorectal cancer patients conducted between September
2012 and December 2014 in Yokohama Clinical Oncology Group. The diagnosis of IH was based on computed tomography
and physical examination findings. The patient-, tumor-, and surgery-related variables were examined by univariate and
multivariate analyses.

Results A total of 423 patients were analyzed. The median follow-up period was 48.4 months. IH was observed in 36 patients
(8.5%). The 1-year incidence of IH was 5.2%, and the 4-year incidence was 8.5%. A multivariate analysis showed that pre-
operative umbilical hernia (odds ratio [OR] 5.71; 95% confidence interval [CI] 2.02-16.10; p=0.001) and a visceral fat area
(VFA)>100 cm? (OR 2.74; 95% CI 1.08-6.96; p=0.035) were independent risk factors of IH after LCRS.

Conclusions The risk factors of IH after LCRS were preoperative umbilical hernia and VFA > 100 cm?. In the case with an
umbilical hernia or VFA > 100 performing LCRS, it should likely NOT have a peri-umbilical extraction site and should be
considered for an alternate site like a low transverse or Pfannenstiel incision.

Clinical Trials Registration: The trial was registered with the UMIN Clinical Trials Registry, number 000038707.

Keywords Incisional hernia - Laparoscopic surgery - Colorectal cancer - Visceral fat area - Preoperative umbilical hernia

Incisional hernia (IH) is one of the most common complica-
tions following abdominal surgery. IH is often asymptomatic
and rarely causes occlusion and strangulation; however,
more than one-third of patients have symptoms of pain or
discomfort at the hernia site and suffer limitations of activ-
ity, resulting in a poor quality of life.
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There have been some reports regarding the risk factors
of IH after open surgery for colorectal cancer [1-4]. Patient
factors, such as obesity, sex, and age; surgical factors, such
as suture technique, wound infection, and wound length; and
biological factors, such as smoking habit and defects of col-
lagen and enzymes, have been reported as risk factors for IH.

Laparoscopic surgery is an accepted treatment modality
for colon cancer, and laparoscopic surgery for colon cancer
has become a viable alternative strategy to open surgery
[5-9]. However, few studies have explored the risk factors
for IH after laparoscopic colorectal surgery (LCRS). Thus
far, the gender, body mass index (BMI), presence of surgi-
cal site infection (SSI) after surgery, visceral fat obesity and
specimen extraction site have been reported as risk factors
of IH after limiting LCRS [10-16].

It was recently reported that the visceral fat volume was a
risk factor for IH after colorectal surgery [11, 17]. Although
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the BMI is a useful indicator of obesity, it does not always
reflect the degree of obesity in the visceral cavity, as the
distribution of adipose tissue differs markedly among indi-
viduals. We previously found that visceral obesity was a
superior predictive factor for an increased risk of postopera-
tive complications after laparoscopic colectomy compared
with the BMI [18].

The present study analyzed the incidence rate of IH and
evaluated the risk factors for IH after LCRS.

Materials and methods

The study protocol was approved by the Ethical Advisory
Committee of Yokohama City University Graduate School
of Medicine and the institutional review board of each par-
ticipating hospital before the study was initiated. The study
was registered with the Japanese Clinical Trials Registry
as UMINO000038707 (https://www.umin.ac.jp/ctr/index
.htm). Due to the retrospective nature of the study, written
informed consent was not obtained. We used opt-out to dis-
close the study information.

From September 2012 to December 2014, 566 consecu-
tive patients with a preoperative diagnosis of colon or rectal
cancer underwent LCRS with lymph node dissection at 2
institutions of Yokohama City University Medical Center
and Yokohama City University Graduate School of Medi-
cine in Yokohama Clinical Oncology Group. Of these, 423
patients were retrospectively investigated. The exclusion cri-
teria of this study were cases with emergency surgery, con-
version to open surgery, abdominoperineal resection, inter-
sphincteric resection wherein the specimen was extracted via
a perineal wound or the anus, other abdominal operations
during the follow-up period, and missing data concerning
the preoperative visceral fat area (VFA).

The following data were collected: age, sex, BMI, Ameri-
can Society of Anesthesiologists score (ASA), Eastern
Cooperative Oncology Group performance status (ECOG
PS), Prognostic Nutritional Index (PNI), smoking history,
comorbid diseases (e.g., hypertension, diabetes mellitus,
cardiac disease), history of preoperative umbilical hernia,
VFA, subcutaneous fat area (SFA), location of primary
tumor, preoperative TNM stage according to the 7th edi-
tion of the Union for International Cancer Control clas-
sification, neoadjuvant treatment including chemo and/or
radiation therapy, preoperative bowel preparation, operation
time, intraoperative amount of blood loss, length of umbili-
cal incision, intraoperative blood transfusions, intraopera-
tive hypotension requiring use of pressor and postoperative
complications over grade I according to the Clavien—Dindo
classification, such as SSI, anastomotic leakage, and small
bowel obstruction.
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The BMI, VFA, and SFA in particular were analyzed as
primary measurements of obesity to compare the incidence
rate of IH of the groups with and without IH. The VFA
and SFA were measured by importing cross-sectional CT
imaging data into the SYNAPSE VINCENT system (FUJI-
FILM, Tokyo, Japan) at the level of umbilicus by independ-
ent medical staff preoperatively. In Japan, the BMI cut-off
value defining obese and non-obese is 25 kg/m?, and the
VFA cut-off value defining obese and non-obese is 100 cm?
by the Japan Society for the Study of Obesity [19, 20]. How-
ever, there is no standardized established cut-off value for
SFA, so receiver operating characteristic (ROC) curves were
constructed to compare these measurements with IH as the
classifier. A cut-off value of 150 cm? was calculated by the
ROC curve.

Procedure

Total six surgeons participated in this study. LCRS was
performed using five ports: a 12-mm port in the umbilical
region; three 5-mm ports in the upper-right, upper-left, and
lower-left quadrants; and a 12-mm port in the lower-right
quadrant. A 12-mm umbilical trocar was used as a camera
port for a rigid scope.

In both arms, the skin incision was performed with a scal-
pel, and the subcutaneous fat and linea alba were dissected
by electrical cautery. Central vascular ligation and colon or
rectum mobilization were performed laparoscopically. The
specimen was extracted through the umbilical port, which
was extended according to the size of the specimen. During
specimen extraction, wound protection was achieved using
a dual-ring drape device. Wound closure of the umbilical
incision was done with interrupted sutures using 1-Vicryl®
for the fascia layer and 4-0 PDS® subcuticular sutures
for the skin. Prophylactic intraoperative wound irrigation
with 1000 ml of saline was routinely performed before skin
closure. The prophylactic antibiotic regimens were per-
formed as follows: flomoxef sodium was injected intrave-
nously within 30 min before the skin incision. In patients
who underwent operations lasting longer than 3 h, flomoxef
sodium was injected intravenously every 3 h.

The diagnosis of IH

The incidence of incisional hernia was monitored for more
than 3 years after the operation. After hospital discharge,
patients were followed at the hospital as an outpatient every
3 months by a physical examination and every 6 months by
computed tomography (CT). The diagnosis of IH was based
on physical examination or CT findings (Fig. 1). IH was
diagnosed based on the discontinuity of the abdominal fascia
at the umbilical surgical site. Parastomal hernia and port site
hernia were not included in this study. The duration until the
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Fig. 1 The computed tomography diagnosis of incisional hernia. Inci-
sional hernia was diagnosed based on the discontinuity of the abdom-
inal fascia at the umbilical surgical site by computed tomography

detection of IH was calculated from the date of surgery to
the earliest date of IH presence on CT.

Statistical analyses

All statistical analyses were performed with the JIMP® 12
software program (SAS Institute Inc., Cary, NC, USA).
Quantitative data are expressed as the median and range.
Comparisons between two groups were made using the
Mann—Whitney U test, ;(2 test, and Fisher’s exact test, and
p-values of less than 0.05 were considered statistically sig-
nificant. The patient survival analysis was preformed using
Kaplan—Meier survival curves with log-rank statistics.
Variables with p-values of less than 0.05 in the univariate
analysis were included in the multivariate analysis. The mul-
tivariate analysis was performed using the Cox proportional
hazards methods. The results of the Cox model analysis were
reported using odds ratios (ORs) and 95% confidence inter-
vals (CIs). Kaplan—Meier curves were used to study the time
to the development of IH and were stratified by the surgical
approach.

Results

The incidence of IH in the study population is shown in
Fig. 2. The median follow-up period was 48.4 months, and
the incidence was 5.2% at 12 months, 7.8% at 24 months,
8.0% at 36 months, and 8.5% at 48 months (Fig. 2). In this
study, among the patients who had IH, about 90% of cases

Fig.2 The incidence of incisional hernia in the study population. The
median follow-up period was 48.4 months, and the incidence was
5.2% at 12 months, 7.8% at 24 months, 8.0% at 36 months, and 8.5%
at 48 months

occurred within 2 years. And how to detect postoperative
IH were almost surveillance CT (97%) (Table 1).

The characteristics of the groups with and without IH
are shown in Table 1. A total of 423 patients underwent
laparoscopic colorectal surgery. There were no significant
differences in the age, sex, ASA, ECOG PS, PNI, smok-
ing history, presence of co-morbid disease, tumor location
whether colon or rectum, primary tumor stage, neoadju-
vant treatment, preoperative bowel preparation, operation
time, intraoperative amount of blood loss, intraoperative
blood transfusions, intraoperative hypotension requiring
use of pressor, incision length at umbilical site, or post-
operative complication rate between the groups. However,
the BMI in the IH group was significantly higher than
in the no-IH group (IH 24.8 vs. no-IH 22.4, p <0.001).
Furthermore, the rate of having preoperative umbilical
hernia in the IH group was higher than in the no-IH group
(IH 22.2% vs. no-IH 3.1%, p<0.001), the VFA in the IH
group was larger than in the no-TH group (IH 140 cm? vs.
98.2 cm?, p <0.001), and the SFA in the TH group was also
larger than in the no-IH group (TC 163.1 cm? vs. no-IH
112.2 cm?, p<0.001).

The results of a univariate analysis of the groups with and
without IH are shown in Table 2. The rate of BMI >25 in the
IH group was significantly higher than in the no-IH group
(»=0.002). And the rate of BMI >30 in the IH group was
also significantly higher than in the no-IH group (p =0.006).
Furthermore, the rate of a preoperative umbilical hernia was
higher in the IH group than in the no-IH group (p <0.001),
the rate of VFA > 100 cm? and SFA > 150 cm? was higher
in the IH group than in the no-IH group (p <0.001 and
p=0.002, respectively), and the rate of the incision length
at the umbilical site > 60 mm was higher in the IH group
than in the no-IH group (p =0.034).
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Table 1 Characteristics of 423
patients
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IH (n=36) no-IH (n=387) p value

Age (year) (IQR) 72 (63-76) 69 (61-75) 0.175
Sex (n, %) 0.218

Male 17 (47.2) 227 (58.7)

Female 19 (52.8) 160 (41.3)
BMI (kg/m?) (IQR) 24.8 (22.9-27.1) 22.4 (20.4-24.8) <0.001
ASA 0.324

1 2 51

I 30 308

11 4 28
ECOG Performance status 0.830

0 32 355

1 4 26

2 0 3

3 0 2

4 0 1
PNI (IQR) 53.2 (48.5-55.7) 51.5 (47.5-54.4) 0.176
Smoking (n, %) 14 (38.9) 167 (43.2) 1.000
Co-morbid disease

Hypertension 19 160 0.218

Diabetes mellitus 7 68 0.819

Cardiac disease 2 50 0.289
Preoperative umbilical hernia (n, %) 8(22.2) 12 (3.1) <0.001
Visceral fat area (cm?) (IQR) 140.0 (111.6-183.6) 98.2 (51.9-136.7) <0.001
Subcutaneous fat area (cm?) (IQR) 163.1 (110.2-204.9) 112.2 (76.8-159.5) <0.001
Location 0.111

Colon 31 283

Rectum 104
TNM Stage 0.494

0 0 6

1 10 133

ITA/TIB/IIC 12 84

THA/HIB/IIC 13 143

IVA/IVB/IVC 1 21
Neoadjuvant treatment 1 42 0.156
Preoperative bowel preparation 7 123 0.135
Operation time (min) (IQR) 184.5 (148-221) 190 (160-247) 0.186
Estimated blood loss (ml) (IQR) 24 (5-103) 13 (5-50) 0.227
Intraoperative blood transfusions (n, %) 0 2(0.5) 1.000
Intraoperative hypotension requiring use of 32 (89) 360 (93) 0.334

pressor (n, %)
Incision length (mm) (IQR) 50 (40-65) 45 (40-50) 0.059
Postoperative complication (1, %) 9 (25.0) 96 (24.8) 0.083

Surgical site infection 3(8.3) 33 (8.5) 1.000

Anastomotic leakage 2(4.2) 20 (5.2) 1.000

Small bowel obstruction 3(8.3) 21 (5.4) 0.446
How to detect the IH (n, %)

Surveillance CTs 35097) -

Physical examination 1(3) -
Follow-up period (months) (IQR) 13 (10-16) 46 (44-48) <0.001

IH incisional hernia, /QR interquartile range, BMI body mass index, ASA American Society of Anesthesi-
ologists, ECOG Eastern Cooperative Oncology Group, PNI Prognostic Nutritional Index



Surgical Endoscopy (2021) 35:3471-3478

3475

Table 2 Univariable analysis of risk factors for the development of IH

IH (n=36) no-IH n=387) p value

BMI (kg/m?) 0.002
<25 19 298
>25 17 89
BMI (kg/m?) 0.006
<30 32 381
>30 4 6
PNI 1.000
<45 5 56
>45 31 331
Preoperative umbilical <0.001
hernia
Yes 8 12
No 26 375
Visceral fat area (cm?) <0.001
<100 10 256
>100 26 131
Subcutaneous fat area (cm?) 0.002
<150 16 274
>150 20 113
Primary location 0.111
Colon 31 283
Rectum 5 104
Operation time (min) 0.305
<180 19 159
>180 19 228
Estimated blood loss (ml) 0.089
<50 20 272
>50 16 115
Incision length (mm) 0.034
<60 23 309
>60 13 78
Postoperative complication 9 96 0.083
Surgical site infection 0.341
Yes 3 33
No 33 354
Anastomotic leakage 1.000
Yes 2 20
No 34 367
Small bowel obstruction 0.446
Yes 3 21
No 33 366

IH incisional hernia, BMI body mass index, ASA American Society of
Anesthesiologists, PNI Prognostic Nutritional Index

A multivariate analysis using the BMI cut-off of 25
showed that preoperative umbilical hernia (OR 5.71;
95% CI 2.02-16.10; p=0.001) and VFA > 100 cm? (OR
2.74;95% CI 1.08-6.96; p=0.035) were independent risk
factors of IH after LCRS (Table 3). And in multivariate

Table 3 Multivariable analysis of risk factors for the development of
IH (BMI cut-off value: 25)

OR 95% C1 p value
BMI (kg/m?) 0.695
<25 Ref
>25 1.20 0.49-2.95
Preoperative umbilical hernia 0.001
No Ref
Yes 5.71 2.02-16.10
Visceral fat area (cm?) 0.035
<100 Ref
>100 2.74 1.08-6.96
Subcutaneous fat area (cm?) 0.206
<150 Ref
>150 1.74 0.74-4.13
Incision length (mm) 0.205
<60 Ref
>60 1.67 0.76-3.69

1H incisional hernia, BMI body mass index, OR odds ratio, CI confi-
dence interval

analysis using the BMI cut-off of 30, the independent risk
factors of IH were preoperative umbilical hernia (OR 5.00;
95% CI 2.05-10.9; p=0.001) and VFA > 100 cm? (OR
2.62;95% CI1.13-6.81; p=0.023) (Table 4).

Table 4 Multivariable analysis of risk factors for the development of
IH (BMI cut-off value: 30)

OR 95% C1 p value
BMI (kg/m?) 0.149
<30 Ref
30 LR 2.52 0.69-7.32
Preoperative umbilical hernia 0.001
No Ref
Yes 5.00 2.05-10.9
Visceral fat area (cm?) 0.023
<100 Ref
>100 2.62 1.13-6.81
Subcutaneous fat area (cm?) 0.178
<150 Ref
>150 1.63 0.80-3.40
Incision length (mm) 0.215
<60 Ref
>60 1.60 0.75-3.26

IH incisional hernia, BMI body mass index, OR odds ratio, CI confi-
dence interval
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Discussion

The incidence rate after LCRS was previously reported to
range from 3.4 to 17.0% [10, 11, 13, 15, 21-26]. Most pre-
vious studies were retrospective in nature, like the present
study, and our rate of IH was similar to that in those previ-
ous studies. In addition, almost all cases of IH occurred
within 2 years in this study, Yamamoto et al. reported a
similar cumulative incidence rate curve for IH [11]. A
nationwide cohort study in Denmark also reported that
IH after LCRS was observed early during follow-up [23].
The risk factors of developing IH can be divided into
two categories: patient-related and operation-related.
Regarding patient-related risk factors, previous reports
have mentioned obesity—e.g., high values for the BMI,
SFA, and VFA—as well as male gender and older age as
risk factors for IH [11, 13, 15-17, 21, 23, 27, 28]. Among
these values, the BMI has been used to reflect obesity
because it is easy to measure. However, the BMI does not
reflect true body fat, as a high BMI indicates not only vis-
ceral fat obesity but also subcutaneous fat obesity. Other
measurements of obesity include the waist circumference,
SFA, VFA, and total fat area (i.e., the sub of the SFA and
VFA), although few reports have mentioned these fac-
tors as risk factors for developing IH. In this study, the
VFA was independent risk factor of IH but the SFA and
BMI were not independent risk factors in the multivariate
analysis. The BMI cut-off was lower than that of U.S. and
western countries, this may be one reason why the BMI
was not associated with increased risk factor for IH in the
multivariable analysis. Christopher et al. and Yamamoto
et al. showed that visceral obesity was a strongly signifi-
cant risk factor for IH after colorectal surgery [11, 17], but
only one report analyzed the VFA as a risk factor for IH
after LCRS. The association between obesity and IH has
been attributed to increased abdominal wall tension [29],
and A meta-analysis reported that VFA of Japanese obe-
sity was larger than other countries [30], so VFA may be
a better factor reflecting the intraabdominal pressure than
other factors. Our results indicated that a high degree of
visceral fat obesity is strongly associated with the devel-
opment of IH. However, the cut-off value of VFA has not
been standardized, so further studies are needed.
Operation-related risk factors include SSI, length
of incision, and location of specimen extraction. In our
report, SSI was not a significant risk factor associated
with developing IH; however, some reports have described
an association between SSI and IH [23, 31]. Our study
included only cases of laparoscopic surgery, so the length
of the incision was shorter than that with open surgery, and
the SSI rate was relatively lower than in previous reports.
Yamamoto et al., whose data included only laparoscopic
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surgery, just like this study, also did not find SSI to be a
significant risk factor of IH.

The rate of an incision length over 60 mm was signifi-
cantly greater in the IH group than in the no-IH group
according to a univariate analysis; however, this factor was
not found to be an independent risk factor for developing IH
according to the multivariate analysis. Davit et al. reported
that an incision length over 5 cm was a significant inde-
pendent risk factor for developing IH [13]. The extraction
incision site in this report included not only the midline site
but also other sites, in contrast to that previous study. An
open technique for colorectal surgery was reported to be a
risk factor for IH compared to a laparoscopic technique [24].
Further studies are needed to determine the cut-off value for
the incision length.

The extraction site is another important risk factor for
IH. However, all cases in the present study used a midline
incision to extract the specimen, and a randomized trial
in patients after LCRS showed that a transverse specimen
extraction incision had a lower incidence of IH than mid-
line specimen extraction incision (but worse cosmesis) [12].
Another large-scale retrospective cohort study concerning
LCRS showed that a Pfannenstiel incision was the best
extraction site in terms of reducing the risk of IH and that
midline incisions should be avoided when possible [32].

For further consideration regarding the operative risk
factors, the suture technique and suture materials are very
important factor. Continuous sutures were associated with
a decreased rate of IH compared to interrupted sutures
[26], and small tissue bites of 5 mm every 5 mm was also
associated with a decreased rate of IH compared to large
tissue bites of 10 mm every 10 mm [33]. Another report
showed that the rate of developing IH in patients with a
ratio of suture length to wound length >4 was less than that
in patients with a ratio of <4, indicating that tight suturing
was not more effective than loose suturing in terms of pre-
venting IH development [34]. Regarding suture materials,
one meta-analysis showed that closure with continuous rap-
idly absorbable sutures was associated with a significantly
greater risk of IH than closure by continuous slowly absorb-
able sutures or non-absorbable sutures [35]. In the current
era, continuous loose suturing with small bites using slowly
absorbable materials is typically performed for wound clos-
ing. However, in this study, the suture technique used to
close abdominal wounds was a simple interrupted sutur-
ing technique using an absorbable braided suture material
(1-Vicryl®). We changed the suture technique and material
from 2017, so further investigation is needed in the point of
these factors in the future.

One advantage of this study is its multicenter setting,
which may have reduced some bias. In addition, the number
of cases in this study was larger than that in most other sin-
gle reports involving LCRS. Our median follow-up period



Surgical Endoscopy (2021) 35:3471-3478

3477

(48.4 months) was also longer than in most other reports.
IH formation is time-dependent, so the follow-up period is
important.

However, this study has several limitations. First, this was
a retrospective study, as opposed to a prospective design.
Patients in this study were not followed prospectively to
identify an IH. Second, our sample size was still relatively
small, so larger studies are required. Third, the VFA and
SFA measurement required the application. So, it may be
limited to be able to measure these variables. Fourth, the
BMI cut-off in Japan was lower than that of western coun-
tries. The number of BMI > 30 in Japan was less than in
western countries, so further number are required to get to
know whether BMI > 30 or 35 is independent risk factor
of IH or not. Fifth, while we used the receiver operating
characteristic curves to establish cut-off values for the VFA
and SFA, no standardized cut-off values exist for the VFA
and SFA. Sixth, the suture technique and materials were not
current trend, so further investigation is needed in the point
of these factors.

In conclusion, the incidence of IH was 8.5% at 4 years
after LCRS, among the patients who had IH, about 90% of
cases occurred within 2 years and about 97% of cases were
detected by surveillance CT. After LCRS, we need for long
term follow-up of at least 2 years to assess development
of IH by surveillance CT. And this study established that
a history of preoperative umbilical hernia and VFA > 100
cm? were significantly independent risk factors for IH after
LCRS. In the case with an umbilical hernia or VFA > 100
performing LCRS, it should likely NOT have a peri-umbili-
cal extraction site and should be considered for an alternate
site like a low transverse or Pfannenstiel incision.
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