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Purpose: Incisional hernia (IH) is a frequent complication following laparoscopic colorectal surgery. The present study 
investigated the risk factors for IH after laparoscopic surgery for colorectal cancer.
Methods: A retrospective study was conducted on 202 patients who underwent laparoscopic surgery for colorectal cancer. 
Univariate and multivariate analyses were performed to determine the clinicopathological factors associated with IH. 
Results: The overall incidence of IH was 25.7% (52 of 202). The univariate analysis showed that female sex (P = 0.004), a 
high body mass index (P < 0.001), non-current smoking habit (P = 0.043), low level of hemoglobin (P = 0.035), high subcu-
taneous fat area (P < 0.001), high visceral fat area (P = 0.006), low skeletal muscle area (P = 0.001), long distance between the 
inner edges of the rectus abdominis muscle (P = 0.001), long protrusion of the peritoneum at the umbilical site (P < 0.001), 
and lymph node metastasis (P = 0.007) were significantly more frequent in the group with IH than in the group without it. 
The multivariate logistic regression analysis revealed an older age (10-year increments: odds ratio [OR], 1.576; 95% confi-
dence interval [CI], 1.027–2.419; P = 0.037), lymph node metastasis (OR, 2.384; 95% CI, 1.132–5.018; P = 0.022) and 
lengthy protrusion of the peritoneum at the umbilical site (10-mm increments: OR, 5.555; 95% CI, 3.058–10.091; P < 0.001) 
were independent risk factors for IH.
Conclusion: Our findings suggest that older age, lymph node metastasis, and lengthy protrusion of the peritoneum at the 
umbilical site are risk factors for IH after laparoscopic surgery for colorectal cancer. An assessment using these factors be-
fore the operation and the implementation of countermeasures might help prevent IH. 
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INTRODUCTION

Laparoscopic surgery for colorectal cancer has been widely ac-
cepted and adopted as a standard surgical option in recent years. 
Reported benefits of laparoscopic procedures include less pain, 

early recovery of the bowel function, early ambulation, and a 
shortened hospital stay [1, 2]. However, even though laparoscopic 
surgery involves a less severe surgical incision and trauma to the 
abdominal wall, incisional hernia (IH) after laparoscopic colorec-
tal surgery remains a frequent complication. IH can cause ab-
dominal distension, discomfort, pain, cosmetic complaints, limi-
tation of the activities of daily life and, in rare cases, strangulated 
hernia requiring an emergency operation. 

The incidence of the IH after laparoscopic colorectal surgery is 
reported to be 6%–15% [3-9]. Even in cases with a limited, short 
incision, laparoscopic colorectal surgery was not significantly as-
sociated with a reduced incidence of IH in comparison to open 
surgery [3, 10]. While several risk factors of IH after open colorec-
tal surgery have been identified, those associated with laparo-
scopic surgery are still being debated. The clinical effect of less-in-
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vasive surgery with a laparoscopic approach should be considered 
and analyzed in a study examining the risk factors of IH. 

The present study, therefore, investigated the risk factors for IH 
in cases of colorectal cancer after laparoscopic colorectal surgery. 

METHODS

For this study, the 202 patients were divided into 2 groups based 
on the presence of IH. All patients and their families were in-
formed about the surgical procedure and provided their written 
consent. Informed broad consent for this study was obtained. The 
medical ethics committee of Saga Medical Center Koseikan re-
viewed and approved this study design (permission number: 21-
03-01-03). 

Patients 
A retrospective study was conducted among 202 consecutive pa-
tients who underwent laparoscopic colorectal surgery in a single 
institution at the Department of Surgery, Saga Medical Center 
Koseikan, between December 2014 and January 2018. The medi-
cal records of all patients were reviewed in detail. The inclusion 
criteria were as follows: primary tumor resection with laparo-
scopic surgery for colorectal cancer as elective surgery, extraction 
of a tumor specimen at the umbilical site, computed tomography 
(CT) images available for the analysis of the body composition 
using the Ziostation software program (Ziosoft, Tokyo, Japan) 
and at least 3 years of follow-up. Patients with umbilical hernias 
before surgery were included. The exclusion criteria were as fol-
lows: nonresection of the primary tumor, open surgery and con-
version to open surgery, surgery without transumbilical specimen 
extraction, a history of abdominal surgery at the umbilical site be-
fore the surgery, and a history of abdominal surgery during the 
follow-up period. We excluded cases involving patients with open 
surgery and conversion to open surgery according to several pre-
vious studies of IH after laparoscopic colorectal surgery [7-9]. In 
addition, we also excluded cases involving patients with a history 
of abdominal surgery at the umbilical site before the surgery to 
investigate the relationship between the preoperative presence of 
umbilical hernia and the postoperative occurrence of IH, because 
the preoperative presence of umbilical hernia and IH are similar 
conditions. A total of 69 patients with a history of abdominal sur-
gery at the non-umbilical site before the surgery were included as 
follows, including duplicate cases: 43 cases of appendectomy, 19 
cases of obstetrics and gynecological surgery (uterus, ovary, and 
cesarean section), 3 cases of upper gastrointestinal surgery (stom-
ach or duodenum), 3 cases of cholecystectomy, 3 cases of inguinal 
hernia, and 2 cases of colorectal surgery. 

Approach
Colorectal cancer was confirmed preoperatively by colonoscopy 
and a pathological examination. The characteristics of the patients 
and the preoperative, operative, and postoperative parameters 

were analyzed. Data on the following were obtained from medical 
records: sex, age, body mass index (BMI), American Society of 
Anesthesiologists physical status classification, smoking habit, 
previous medical history (cardiac disease, pulmonary disease, and 
diabetes mellitus), blood test results, preoperative bowel obstruc-
tion, preoperative therapy, subcutaneous fat area (SFA), visceral 
fat area (VFA), skeletal muscle area, distance between the inner 
edges of the rectus abdominis muscle (Fig. 1, arrow a), distance of 
protrusion of the peritoneum at the umbilical site (Fig. 1, arrow 
b), thickness of the rectus abdominis muscle (Fig. 1, arrow c), the 
tumor location, TNM stage, tumor size, operative time, intraop-
erative bleeding, blood transfusion, additional operative proce-
dure (resection of an additional organ due to another disease dur-
ing the same operation), stoma creation, length of the skin inci-
sion, postoperative complications, and postoperative stay. The 
SFA and VFA at the level of the umbilicus and skeletal muscle 
area at the level of the third lumbar vertebra were calculated using 
the Ziostation software program. Ziostation is an image analysis 
software program that calculates the body composition from 
stored CT images. The distance between the inner edges of the 
rectus abdominis muscle, distance of protrusion of the perito-
neum at the umbilical site, and the thickness of the rectus abdom-
inis muscle were measured on CT images. Univariate and multi-
variate analyses were performed to determine the clinicopatho-
logical factors associated with IH. 

Surgical procedure and patient management
All patients underwent laparoscopic surgery with adequate 
lymphadenectomy. The umbilicus is incised in the cephalocaudal 
direction using a scalpel. During specimen removal, the skin inci-
sion is extended using a scalpel, and the fascia is incised using an 
electrocautery scalpel. Wound protection is performed using a 
wound protector/retractor (Alexis, Applied Medical, Rancho Santa 

Fig. 1. The assessment of the umbilical site. Arrow a, distance be-
tween the inner edges of the rectus abdominis muscle; arrow b, dis-
tance of protrusion of the peritoneum at umbilical site; arrow c, 
thickness of the rectus abdominis muscle. 
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Margarita, CA, USA). Wound closure of the umbilical incision 
was performed with interrupted suture using 1-0 absorbable 
monofilament made from polydioxanone for the fascia layer and 
4-0 absorbable monofilament made from polydioxanone for the 
skin. After closure, the wound is protected with gauze or pad-film 
dressing. The pathological tumor stage was classified according to 
the 7th edition of the Union for International Cancer Control-
TNM classification. Postoperative complications were defined ac-
cording to the Clavien-Dindo classification [11, 12]. After the 
surgery, CT was conducted every 6 months for cancer surveil-
lance. The primary endpoint of this study was the postoperative 
incidence of IH. The diagnosis of IH was made based on the dis-
continuity of the abdominal fascia at the umbilical surgical site 
with/without prolapse of any intraabdominal organs on CT. IH 
was confirmed on CT images by a radiologist and the doctor in 
charge, and a physical examination by the doctor in charge. In ad-
dition, CT images were independently assessed by both surgeons 
and radiologists in this study. The length of follow-up was calcu-
lated from the surgery timing to the most recent clinical note 
from the medical records. The incidence of IH was monitored for 
more than 3 years after the operation.

 
Statistical analyses
Continuous variables were expressed as the median and inter-
quartile range, and categorical variables were expressed as num-
bers. In the univariate analysis, group comparisons used Wil-
coxon rank-sum test for continuous variables and Fisher exact 
test for binary variables. A multivariate analysis using stepwise 
multiple logistic regression was performed using the variables 
found to be significant (P< 0.1) by univariate analysis. The data 
were expressed as odds ratios (ORs) with 95% confidence inter-
vals (CIs). The cumulative incidence of IH during the follow-up 
period was assessed using the Kaplan-Meier method. A P-value 
of < 0.05 was considered statistically significant. All analyses were 
conducted using the IBM SPSS Statistics ver. 25 (IBM Japan, To-
kyo, Japan).

RESULTS

Among the 202 patients (113 males, 89 females) with colorectal 
cancer who underwent laparoscopic surgery, 52 patients (25.7%) 
were diagnosed with IH by CT. The cumulative incidence rate 
curve for IH is shown in Fig. 2. Symptomatic IH was seen in 17 
patients (8.4%). No perioperative mortality was encountered. The 
median observation period was 48 months. Most cases of IH de-
veloped within 2 years after the surgery (49 of 52, 94.2%).

Table 1 shows the results of the univariate analysis associated with 
IH. The univariate analysis showed that female sex (P= 0.004), a 
high BMI (P< 0.001), non-current smoking habit (P= 0.043), low 
level of hemoglobin (P= 0.035), high SFA (P< 0.001), high VFA 
(P= 0.006), low skeletal muscle area (P= 0.001), long distance be-
tween the inner edges of the rectus abdominis muscle (P= 0.001), 

long protrusion of the peritoneum at the umbilical site (P< 0.001), 
and lymph node metastasis (P= 0.007) were associated with IH ac-
cording to Fisher exact test and Wilcoxon rank-sum test. Regard-
ing patient, tumor and operative factors, the age, serum level of al-
bumin, preoperative therapy, tumor size, operative time, blood 
transfusion, and length of the skin incision were not correlated 
with IH. Wound infection was also not correlated with IH. 

The multivariate logistic regression analysis revealed an older 
age (10-year increments: OR, 1.576; 95% CI, 1.027–2.419; P =  
0.037), lymph node metastasis (OR, 2.384; 95% CI, 1.132–5.018; 
P= 0.022), and lengthy protrusion of the peritoneum at the um-
bilical site (10-mm increments: OR, 5.555; 95% CI, 3.058–10.091; 
P< 0.001) were independent risk factors for IH (Table 2).

DISCUSSION

In the present study, IH was diagnosed in 52 of the 202 patients 
(25.7%) by CT. This rate seemed to be relatively high compared 
with a previous report involving diagnoses by CT images (6%–
15%) [3-9]. These reports included a relatively short follow-up 
period of at least 6 to 12 months [4-6]. The diagnosis of IH was 
made based on the discontinuity of the abdominal fascia at the 
umbilical surgical site with/without prolapse of any intraabdomi-
nal organs by both surgeons and radiologists, and we included 
any-size IH in this study, as even small, asymptomatic IH has the 
potential to develop into symptomatic IH in the future. In addi-
tion, we considered it very important to make a strict diagnosis 
and analyze these small IHs as well in order to implement appro-
priate countermeasures in the future. Symptomatic IH was seen 
in 17 patients (8.4% in total patients, 32.7% in patient with IH di-
agnosed by CT). Reportedly, about 30% of IHs are missed on a 
physical examination [13, 14]. Patients may be unaware of IH, 
perhaps due to severe obesity, the greater omentum entering the 
hernia or the hernia itself being small. In addition, it may be diffi-
cult to examine the hernia orifice in many obese patients because 

Fig. 2. The cumulative incidence rate of incisional hernia. 
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Table 1. Results of the univariate analyses of the patients 

Factor
Incisional hernia (n = 202)

P-value
No Yes

No. of patients 150 52

Patient factor

   Sex, male:female 93:57 20:32 0.004*

   Age (yr) 73 (66–77) 73 (68–78) 0.090

   Body mass index (kg/m2) 21.8 (20.2–25.4) 24.4 (22.4–26.1) < 0.001*

   ASA PS classification, 0 & I:II & III 40:110 14:38 > 0.999 

   Currently smoking, yes:no 34:116 5:47 0.043*

   Cardiac disease, yes:no 12:138 1:51 0.190

   Pulmonary disease, yes:no 9:141 5:47 0.358

   Diabetes mellitus, yes:no 39:111 14:38 > 0.999

   Hemoglobin (g/dL) 12.9 (11.7–14.1) 12.2 (10.2–13.0) 0.035*

   Albumin (g/dL) 4.1 (3.8–4.3) 4.1 (3.8–4.3) 0.423

   Preoperative bowel obstruction, yes:no 10:140 3:49 > 0.999 

   Preoperative therapy, yes:no 2:148 2:50 0.273

   Subcutaneous fat area (cm2) 104.6 (56.0–126.6) 156.8 (125.0–188.9) < 0.001*

   Visceral fat area (cm2) 78.4 (39.8–117.9) 113.7 (86.8–146.0) 0.006*

   Skeletal muscle area (cm2) 98.1 (80.4–117.1) 77.3 (62.2–96.0) 0.001*

   Distance between the inner edges of the rectus abdominis muscle (mm) 18.4 (14.8–23.4) 24.7 (20.6–31.3) 0.001*

   Thickness of the rectus abdominis muscle (mm)   8.9 (8.0–10.6) 8.5 (7.1–9.6) 0.444

   Distance of protrusion of the peritoneum at the umbilical site (mm) 0.0 (0.0–5.4) 8.5 (2.7–14.8) < 0.001*

Tumor factor

   Tumor location, colon:rectum 124:26 43:9 > 0.999 

   T category, T0–2:T3 & T4 65:85 19:33 0.419

   N category, negative:positive 105:45 25:27 0.007*

   M category, negative:positive 149:1 51:1 0.450

   Maximum tumor length (cm) 4.4 (2.5–6.0) 5.0 (3.6–6.5) 0.452

   Circumference rate of tumor (%) 62.2 (31.7–93.9) 68.3 (48.2–92.5) 0.941

Operative factor

   Operative time (min) 232 (199–305) 241 (211–307) 0.555

   Intraoperative bleeding (mL) 25 (10–54) 56 (23–81) 0.162

   Blood transfusion, yes:no 14:136 5:47 > 0.999 

   Additional operative procedure, yes:no 8:142 4:48 0.510

   Stoma creation, yes:no 9:141 4:48 0.744

   Length of the skin incision (cm) 5.0 (4.0–5.0) 4.8 (3.9–5.0) 0.250

Postoperative factor

   Wound infection ≥ CD I, yes:no 2:148 2:50 0.273

   Anastomotic leakage ≥ CD II, yes:no 4:146 0:52 0.574

   Postoperative complication ≥ CD II, yes:no 16:134 9:43 0.226

   Postoperative stay (day) 9.5 (8.0–11.0) 10.0 (8.8–11.3) 0.815

   Postoperative chemotherapy, yes:no 43:107 22:30 0.085

Values are presented as number only or median (interquartile range). 
ASA, American Society of Anesthesiologists; PS, physical status; CD, Clavien-Dindo grade. 
*P < 0.05, statistically significant.
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of the thickness of their subcutaneous fat. Therefore, appropriate 
evaluations in combination with the analysis of both CT findings 
and a physical examination are needed for the accurate evaluation 
of IH.

Several risk factors associated with open abdominal surgery 
have been identified [15]. However, the incidence of IH was re-
portedly not markedly lower with laparoscopic colorectal surgery 
than with open surgery [3, 10]. Laparotomy and laparoscopy dif-
fer in the degree of abdominal wall disruption induced, surgical 
invasiveness, and operative time. Thus, these procedures should 
be considered separately in terms of risk factors for IH. A number 
of risk factors for IH after laparoscopic colorectal surgery have 
been reported, including female sex, a high BMI, umbilical her-
nia, incision length, periumbilical midline incision, surgical site 
infection, and the VFA [4, 5, 7, 8]. However, the incidence of IH 
does not seem to be markedly different in recent studies com-
pared with earlier ones. Therefore, ongoing analyses and the im-
plementation of countermeasures against risk factors of IH are 
needed. 

In the present study, an older age was an independent risk factor 
for IH according to the multivariate analysis. Previous reports 
have also suggested that an older age is a well-known risk factor 
for IH after colorectal surgery, regardless of a laparoscopic or 
open procedure [16, 17]. A poor nutritional status and/or the vul-
nerability of tissue with age was suggested to cause weakness of 
the abdominal wall [16]. Given the current aging of society, op-
portunities to perform laparoscopic colorectal surgery in elderly 
patients are expected to increase. Therefore, the rate of complica-
tion of IH may also increase, becoming inevitable. Since the issue 
of age cannot be mitigated, identifying other age-related risk fac-
tors and adopting countermeasures will be necessary. 

Our study demonstrated that an increased BMI, SFA, VFA, and 
decreased skeletal muscle area were significantly correlated with 
the incidence of IH in a univariate analysis. Even though those 
factors were not independent risk factors, there have been sup-
portive previous reports regarding such obesity-related factors [7, 
8]. Yamamoto et al. [7] and Fukuoka et al. [8] reported that VFA 
of > 100–110 cm2 was an independent risk factor for IH, and the 
intraabdominal pressure in obese patients is considered to de-
pend more strongly on a direct mass effect from the intraabdomi-
nal adipose tissue itself [18]. These results indicated that even if 

the length of the incision is shorter after laparoscopic surgery 
than after open surgery, the presence of a larger amount of vis-
ceral fat would still influence the development of IH. In our study, 
the SFA was also related to the risk of IH in a univariate analysis. 
We speculated that this might be due to the difficulty of appropri-
ately closing the abdominal wall because of the presence of exces-
sive subcutaneous fat tissue and the reduced strength of the clo-
sure of the abdominal wall due to the innate weakness of the ab-
dominal wall fascia. Therefore, preoperative assessment of the 
body composition and nutrition, and appropriate nutritional and 
dietary management by a nutritionist, which may help reduce the 
body fat mass while maintaining nutrition as preoperative prepa-
ratory activities at least while waiting for surgery, may be consid-
ered in the future. However, intentional prolonged intervention 
and rapid weight loss in a short period of time may cause the pro-
gression of cancer and decreased nutrition. Thus, this situation 
should be avoided.

Our study demonstrated a higher rate of female patients with IH 
than males. Previous reports have described conflicting findings, 
with different studies demonstrating female or male sex as an in-
dependent risk factor for IH after colorectal surgery [3, 7]. These 
discrepancies regarding sex-specific influences on the risk of IH 
are considered to be due to the study population and possible sex-
specific differences in wound healing due to differences in colla-
gen metabolism between sexes [7, 15]. Further studies with more 
cases should be conducted to resolve this issue.

We also examined the distance between the inner edges of the 
rectus abdominis muscle and the distance of the protrusion of the 
umbilical peritoneum, as we sometimes experienced cases 
wherein umbilical hernia patients developed IH after their opera-
tion. In fact, Fukuoka et al. [8] recently reported umbilical hernia 
as an independent risk factor for IH after laparoscopic colorectal 
surgery. We also tried to confirm the relationship between umbili-
cal hernia and IH. However, the definition of umbilical hernia 
seemed to be ambiguous and depended on the discretion of the 
diagnostician. Therefore, we conducted a quantitative assessment 
of the umbilical site (Fig. 1). A longer distance between the inner 
edges of the rectus abdominis muscle and the distance of protru-
sion of the peritoneum at the umbilical site were both associated 
with IH in our univariate analysis. Furthermore, a longer protru-
sion of the peritoneum at the umbilical site was the only indepen-
dent risk factor for IH according to multivariate analysis. These 
results suggest that umbilical hernia may be a very important fac-
tor associated with the development of IH after abdominal sur-
gery. The presence of an umbilical hernia might reflect the origi-
nal tendency for an increased abdominal pressure due to a large 
amount of visceral fat, or it may reflect the original weakness of 
the fascia at the umbilical site. 

In the present study, lymph node metastasis was frequently seen 
in patients with IH and was also an independent risk factor. There 
have been no previous reports regarding the association between 
lymph node metastasis and the incidence of IH. We also analyzed 

Table 2. Results of a multivariate analysis 

Parameter
Multivariate analysis

OR (95% CI) P-value

Age, 10-year increments 1.576 (1.027–2.419) 0.037*

Lymph node metastasis 2.384 (1.132–5.018) 0.022*

Distance of protrusion of the peritoneum 
at the umbilical site, 10-mm increments

5.555 (3.058–10.091) < 0.001*

OR, odds ratio; CI, confidence interval. 
*P < 0.05, statistically significant.
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the influence of postoperative chemotherapy on the incidence of 
IH, because lymph node metastasis is related to a higher stage and 
the indication of postoperative chemotherapy. However, postop-
erative chemotherapy was not significantly associated with the 
occurrence of IH. Therefore, we speculate that it is possible that 
cases with lymph node metastasis may have also had a thicker 
mesentery due to their lymph node volume, which might have re-
sulted in a larger incision of the abdominal wall during tumor ex-
traction. Although no relationship was noted between the length 
of the surgical incision and IH in the univariate analysis, the skin 
incision may differ from the actual fascial incision because of its 
elasticity. The development of IH might be complex and related to 
a combination of the length of the fascial wound incision, the 
weakness of the fascia, and the thickness of the mesentery due to 
visceral fat and lymph node metastasis. In our study, the maxi-
mum tumor size and circumference rate of tumor were not corre-
lated with the incidence of IH. Therefore, the tumor size might 
less markedly influence the size of the incision for tumor extrac-
tion than the thickness of the mesentery.

In addition to the factors we analyzed in this study, other factors 
may have contributed to the development of IH, including the pa-
tient’s long-term nutritional status, underlying disease, and the 
state of control of coexisting diseases. Underlying diseases were 
observed and treated by the primary care physician in most of the 
patients during follow-up, and we lacked sufficient data for a 
combined analysis. Therefore, it would be interesting to examine 
these factors together in the future.

The present study was associated with some limitations, includ-
ing its retrospective design and the fact that it was conducted at a 
single institution with a relatively small study population. There-
fore, further studies will be needed in order to confirm the risk 
factors of IH after laparoscopic surgery for colorectal cancer. 

In conclusion, our findings suggest that an older age, lymph 
node metastasis, and lengthy protrusion of the peritoneum at the 
umbilical site are risk factors for IH after laparoscopic surgery for 
colorectal cancer. An assessment using these factors before the 
operation and the implementation of countermeasures might 
help prevent IH. In addition, to prevent or minimize these prob-
lems, it might be interesting to reexamine the method of fascia 
suture, the specimen extraction site (e.g., a Pfannenstiel incision), 
and the use of a synthetic mesh with simultaneous colorectal sur-
gery in the future.
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