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Abstract
Purpose Incisional hernia at the extraction site (ESIH) is a
common complication after laparoscopic colorectal resec-
tions. The aim of this study was to evaluate the prevalence
and potential risk factors for ESIH in a large cohort study
having standardized technique.
Methods A cross-sectional study was performed including all
patients who underwent elective laparoscopic right or extend-
ed right colectomy for cancer from November 2006 to
October 2013 using a standard technique. All patients have
been followed up for a minimum of 1 year with abdominal CT
scan.
Results A total of 292 patients were included with a median
follow-up of 42 months. Twenty patients (6.8 %) developed
ESIH. Obesity (odds ratio (OR) = 3.76, 95 % confidence
interval (CI) 1.39–10.15; p = 0.009) and incision length (OR
2.86, 95 % CI 1.077–7.60; p = 0.035) significantly
predisposed to the development of ESIH.
Conclusion This study identified that the risk of ESIH is sig-
nificant after colonic resections and there are several risk fac-
tors responsible for the development of ESIH.
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Introduction

Laparoscopic resection is now the standard surgical treatment
for colon cancer [1, 2]. For cancer of the right colon, this
comprises right or extended right hemicolectomy according
to the location of the tumor [3, 4]. Mostly, the specimen is
removed via an extraction site wound in the abdominal wall.

Incisional hernia at the extraction site (ESIH) appears
to be one of the most frequent complications after lap-
aroscopic colorectal resection with an incidence of 5–
20 % in published series [5–7].

An understanding of risk factors for ESIH would provide a
useful basis for consenting patients before operation and for
designing interventions to prevent this complication.
Published series have been mostly heterogeneous with regard
to pathology, operation performed, or duration of follow-up,
making it difficult to draw firm conclusions [8, 9].

The aim of this study was to analyze the risk factors and
prevalence of ESIH on CT scan at a minimum follow-up of
1 year in a cohort of patients, all of whom have undergone
laparoscopic resection for right-sided colon cancer.

Methods

A retrospective analysis was undertaken of patients data col-
lected prospectively on our colorectal surgery database from
November 2006 to October 2013. This is a cross-sectional
study of patients who underwent elective laparoscopic right
or extended right colectomy for cancer in the study period.

Inclusion and exclusion criteria

All consecutive patients with cancer in the right colon (cecum,
ascending colon, hepatic flexure, and transverse colon) who
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underwent elective laparoscopic right hemicolectomy or ex-
tended right hemicolectomy during an 8-year study period were
included in the analysis. Patients underwent standard CT stag-
ing of the chest, abdomen, and pelvis preoperatively and again
at a minimum 1 year postoperatively using a multislice CT
scanner (Siemens™) with a slice of 3 mm. Operative data were
recorded on a proforma, which included the location and length
of the extraction site wound. All CT scans were reported by a
consultant radiologist and reviewed for evidence of ESIH
(Fig. 1). Exclusion criteria were as follows: conversion to lap-
arotomy, surgical reintervention through a laparotomy, natural
orifice extraction of specimen, follow-up less than 1 year,
and/or without a follow-up abdominal CT scan. No single-
incision surgical procedure (SILS) was included in the study.

Surgical technique and postoperative management

All cancer resections were performed by experienced laparo-
scopic consultant surgeons or by higher surgical trainees un-
der direct supervision using a standardized technique which
we have previously published [10]. Laparoscopic mesocolic
excision was performed in all cases adhering to oncological
principles of cancer resection. No bowel preparation was used.
Port placement for right colonic resections included the use of
four trocars (two 12 mm and two 5 mm). Primary vascular
ligation was followed by medial to lateral dissection and then
division of colon with clear margins. The location of the ex-
traction site wound was decided by the surgeon, and in all
cases, we used a wound protector. Fascial closure used a run-
ning suture of loop B0^ PDS in one or two layers, for midline
incision or other sites, respectively. The 12-mm port site was
also closed with an interrupted absorbable suture. The skin

was closed with an absorbable subcuticular suture. Patient-
controlled analgesia (PCA) or local blocks were the preferred
option for pain relief, although epidural analgesia was used in
a minority. Postoperatively, patients were managed in an en-
hanced recovery program.

Study variables

The principal endpoint was the presence or absence of an
incisional hernia at the extraction site (ESIH) on CT scan at
a minimum of 1 year after surgery. The following variables
were analyzed: age, gender, BMI, American Society of
Anesthesiologists (ASA) grade, operative data (including
technique and operative time, length and site of extraction
incision), and postoperative complications. Pathological char-
acteristics of the specimen were included in the study. Tumors
were staged according to the seventh edition of the TNM
staging system [11].

Statistical analysis

All results and variables were logged on a specially designed
database. Continuous variables are presented as
mean ± standard deviation, ranges, and categorical variables
as absolute numbers or percentages. Chi-square tests were
used to compare differences in categorical variables (Fisher’s
exact tests were used as needed), and Student’s t tests were
used for continuous variables. Univariate analysis and multi-
variate logistic regression analysis were performed to identify
independent predictive factors for the development of ESIH.
Adjusted odds ratios (ORs) were calculated using logistic re-
gression. Variables achieving statistical significance in the
univariate analysis were considered for multivariate analysis.
ORs with 95 % confidence intervals (CIs) are presented for
each studied variable. Differences were considered to be sig-
nificant at the 5 % level. All p values reported were two sided.
Statistical analyses were performed using SPSS version 20.0
(SPSS™, Inc., Chicago, IL, USA).Fig. 1 Flow chart of patients included in the study

Laparoscopic right colectomy or extended right colectomy  
From October 2006 to August 2014 

N=352 

Included in the final analysis 
N=292 

Excluded (N=60) 
- Converted to open procedure N=16 
- Vaginal extrac�on of specimen N=2 
- Less than 1 year follow-up or reoperated N=42 

Fig. 2 Imaging of CTscan showing an incisional hernia at the extraction
site after laparoscopic right colectomy
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Results

From November 2006 to August 2014, we per-
formed 352 laparoscopic right or extended right
hemicolectomies. Figure 2 provides the flow chart of

all patients included in this series. After several exclu-
sions, the data of 292 patients were included in the final
analysis.

There were 127 males (43.5 %) and 165 females (56.5 %),
with a mean age of 73.3 ± 10.46 years and a mean BMI of

Table 1 Characteristics of
patients according to
development of incisional hernia
after a minimum follow-up of
1 year

Patients with incisional hernia in extraction
site N = 20

No hernia
N = 272

p value

General characteristics

Age (years)a 75.15 ± 6.9 73.21 ± 10.7 73.21 ± 10.7
0.258b

Genderc

Male

Female

8 (40 %)

12 (60 %)

119 (43.7 %)

153 (56.3 %)

0.818d

BMI (kg/m2)a 30.40 ± 6.0 25.91 ± 4.5 0.004b

ASA riskc

I

II

III

IV

0

8/20 (40 %)

12/20 (60 %)

0

20/265
(7.5 %)

161/265
(60.8 %)

82/265
(30.9 %)

2/265 (0.8 %)

0.132d

Previous abdominal
surgeryc

11/20 (55 %) 94/272
(34.5 %)

0.900d

Technique at extraction site

Site of extraction
incisionc

Midline

Others sites

16 (80 %)

4 (20 %)

119 (43.7 %)

153 (56.3 %)

0.062d

Length extraction site
(cm)a

5.90 ± 1.2 5.40 ± 0.9 0.023b

Postoperative data

Hospitalization (days)e 5.0 4.0 0.145b

Postoperative wound
infectionc

1/20 (5 %) 17/272
(6.2 %)

1.0d

Postoperative ileusc 0/20 11/272 (4 %) 0.9d

Characteristics of tumor

Tumor sitec

Cecum

Ascending colon

Hepatic flexure

Transverse colon

5 (25 %)

6 (30 %)

6 (30 %)

3 (15 %)

114 (41.9 %)

91 (33.4 %)

28 (10.3 %)

39 (14.4 %)

0.136d

Max diameter of tumor
(mm)a

46.85 ± 17.4 48.79 ± 19.3 0.664b

Dukes classificationc

A

B

C1

C2

2 (10 %)

11 (55 %)

7 (35 %)

0

48 (17.7 %)

134 (49.2 %)

76 (27.9 %)

14 (5.2 %)

0.549d

aMean ± SD
b Student’s t test
c Absolute numbers (percentages)
d Chi-square’s test
eMedian
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26.2 ± 4.74 kg/m2. Overall, 35.9 % of patients had previous
abdominal surgery and 32.8 % an ASA grade greater than III.

During a median follow-up of 42 months (range 12–96),
20 patients (6.8 %) developed ESIH. Table 1 shows the
characteristics of patients who developed ESIH versus
those who did not. There were no significant differences
between groups in the characteristics of tumor, surgical
technique, or postoperative data. The rate of ESIH ap-
peared to be significantly greater in those with a higher
BMI (p = 0.004) or a longer extraction site wound
(p = 0.023). There was also a greater prevalence of ESIH
in patients with a periumbilical midline extraction site
(9.1 %) compared with other sites (3.4 %), but this did
not reach statistical significance (p = 0.062) (Table 1).

On multivariate analysis, a BMI >30 (odds ratio
[OR] = 3.76, 95 % confidence interval (CI) 1.39–10.15;
p = 0.009) and an incision length more than 5 cm (OR 2.86,
95 % CI 1.077–7.60; p = 0.035) were significant independent
predictors of ESIH (Table 2).

Of the 20 patients with ESIH, 6 of them underwent surgical
repair because of symptoms or cosmetic concerns. The re-
maining 14 are awaiting surgery, or surgery is not warranted
for several reasons (i.e., comorbidities).

Discussion

We report that approximately 7 % of patients developed an
extraction site incisional hernia after standardized laparoscop-
ic resection for right-sided colon cancer as evidenced by CT
scan at a year or more postoperatively.

The strength of this study is that it is the largest
analysis of incisional hernia in a homogenous series of
patients who had a laparoscopic procedure for a right-
sided colon cancer with a standardized technique. A
limitation is that although the data was collected pro-
spectively, this is a retrospective analysis and some con-
founders were not studied as diabetes mellitus or
smoking habit.

There is some controversy regarding the most appro-
priate method of detecting ESIH. The yield of incisional
hernias on CT is perhaps double the clinical rate of
detection [7]. However, while many hernias detected
on CT may never become clinically significant, CT is

more accurate than clinical examination in detecting the
presence or absence of a hernia and is therefore more
valuable in the research setting. However, the cross-
sectional design based on yearly CT scan hampered
identification of the specific time after surgery at which
hernia occurred.

Across the spectrum of laparoscopic colon resections,
ESIH is recognized as one of the most common compli-
cations [5]. The incidence of this clinical condition ranges
from 5 to 20 % of patients in some series [7, 12]. Apart
from our series, the largest published experience included
1057 cases [13]. However, that was a retrospective series,
including open and laparoscopic procedures. In their re-
sults from 137 laparoscopic right colonic resections
followed up, 15.9 % developed incisional hernia (includ-
ing port site hernia) and specifically 5.1 % on the midline
incision for the laparoscopic right colectomies. The pres-
ent study in patients undergoing right-sided colonic resec-
tion for bowel cancer reports ESIH in 6.8 %.

Previous studies have reported a range of factors associated
with ESIH. Sadava et al. [8], in a series of patients operated for
cancer and benign diseases, found BMI and surgical site in-
fection to be significant predictors of ESIH. Compared with
standard laparoscopic surgery, single-incision technique
(SILS) has been reported to increase the risk of ESIH [9].
Interestingly, in a recent study, in a series of 193 patients
operated for colorectal cancer with open or laparoscopic tech-
niques, visceral obesity measured by CTscan rather than BMI
was a significant predictor of incisional hernia [12].

One of the most controversial issues is whether there is
any benefit in using a midline incision vs. other sites for
specimen extraction after colonic resection. Lim et al. [14]
compared midline and transverse incisions in 147 left
sided laparoscopic procedures (sigmoid and rectal cancer
resections). They did not find any differences between
clinical complications (transumbilical incision 2/92 vs.
left transverse incision 0/55, p = 0.810). Williams et al.
[15] demonstrated, in a prospective series of 15 patients,
the benefit of using a transverse right incision and preser-
vation of rectus abdominis muscle. There is no control
arm, but in their experience, none of the patients in a
24-month follow-up developed any incisional hernia.
However, Singh et al. [16] in 2008 reporting on 208
laparoscopic colonic resections observed a 7.8 % ESIH

Table 2 Results of univariate and
multivariate analyses of the study
of predictive factors for incisional
hernia in overall series

Univariate analysis Multivariate analysis

OR, 95 % CI p value OR, 95 % CI p value

BMI >30 kg/m2 4.30 (1.64–11.27) 0.003 3.76 (1.39–10.15) 0.009

Length of incision >5 cm 3.54 (1.36–9.20) 0.009 2.86 (1.07–7.60) 0.035

OR odds ratio, 95 % CI 95 % confidence interval
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rate for midline extraction wound versus 0 % for other
extraction sites. In our experience, the rate of ESIH was
higher in the group of patients with midline incision, but
the difference did not reach statistical significance. It is
important to note that our study included a relatively ho-
mogeneous group of patients undergoing a standardized
operation. The only real variables introduced by the sur-
geon were the location of extraction site and length of the
wound.

Non-controlled trials have proposed intracorporeal
anastomosis in laparoscopìc right colectomy to diminish
the size of the extraction site incision and potentially re-
duce the rate of abdominal wall complications [17–20].
However, it is usually the specimen size rather than the
extracorporeal anastomosis that determines the length of
the extraction wound (except for NOTES). Finally, use of
prophylactic mesh has been suggested to prevent
incisional hernia in patients at risk [21]. The scientific
evidence is scarce, but recently, a RCT has published its
benefits in colorectal surgery when an open procedure
was carried out [22]. We are not aware of any published
data on use of prophylactic mesh in laparoscopic colorec-
tal surgery except in the prevention of port site incisional
hernias in laparoscopic cholecystectomy [23].

Patients undergoing laparoscopic colon resection need
to be informed that although their surgery is planned as a
minimally invasive procedure with associated benefits,
nonetheless, an extraction site through the abdominal wall
is usually required and this is associated with a significant
risk of hernia which may require further surgery in due
course. This risk is especially high in patients who are
overweight, and they need to be so advised.

Regarding surgical technique, the risk of ESIH may be
reduced by using extraction sites away from the umbilicus
(possibly NOTES) and by keeping the extraction wound
short.

In conclusion, increased BMI, longer extraction wound
length and possibly periumbilical extraction site all increase
the risk of ESIH after standardized laparoscopic right
hemicolectomy for cancer.
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