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Incidence of incisional hernia following
liver surgery for colorectal liver metastases.
Does the laparoscopic approach reduce the risk?
A comparative study
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Backgrounds/Aims: No reports to compare incisional hernia (IH) incidence between laparoscopic and open colorectal liver metasta-
ses (CRLM) resections have previously been made. This is the first comparative study.

Methods: Single-center retrospective review of patients who underwent CRLM surgery between January 2011 and December 2018.
IH relating to liver surgery was confirmed by computed tomography. Patients were divided into laparoscopic liver resection (LLR) and
open liver resection (OLR) groups. Data collection included age, sex, presence of diabetes mellitus, steroid intake, history of previous
hernia or liver resection, subcutaneous and peri-renal fat thickness, preoperative creatinine and albumin, American Society of Anes-
thesiologists (ASA) score, major liver resection, surgical site infection, synchronous presentation, and preoperative chemotherapy.
Results: Two hundred and forty-seven patients were included with a mean follow-up period of 41 + 29 months (mean + standard
deviation). Eighty seven (35%) patients had LLR and 160 patients had OLR. No significant difference in the incidence of IH between
LLR and OLR was found at 1 and 3 years, respectively ([10%, 19%] vs. [10%, 19%], p = 0.95). On multivariate analysis, previous hernia
history (hazard ratio [HR], 2.22; 95% confidence interval [CI], 1.56-4.86) and subcutaneous fat thickness (HR, 2.22; 95% CI, 1.19-4.13)
were independent risk factors. Length of hospital stay was shorter in LLR (6 + 4 days vs. 10 + 8 days, p < 0.001), in comparison to OLR.
Conclusions: In CRLM, no difference in the incidence of IH between LLR and OLR was found. Previous hernia and subcutaneous fat
thickness were risk factors. Further studies are needed to assess modifiable risk factors to develop IH in LLR.
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INTRODUCTION

Incisional hernia (IH) is an established complication follow-
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ing abdominal surgery. Patients with symptomatic IH are at
risk of developing life-threatening complications, including in-
carceration and bowel strangulation [1], in addition to unsatis-
factory cosmetic results and impaired quality of life. Moreover,
following surgical repair, there is a reported rate of recurrence
of about 30% [2]. In a literature review by Le Huu Nho et al.
[3], the incidence of IH following open abdominal surgery was
9.9%, while laparoscopic surgery had a significantly lower re-
ported incidence of TH 0.7%.

In open liver resection (OLR), reports suggest an IH in-
cidence of 14.6% at 36 months [2], and 34.9% at 60 months
[4]. Reported risk factors included vertical extended incision
(Mercedes), high body mass index, male sex, preoperative che-
motherapy, peri-renal fat > 14.7 mm, and previous IH history
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[2,4-6].

While there have been several published reports of the inci-
dence of TH following liver transplant and open liver surgery
[4,7,8], much less is published on the incidence following lap-
aroscopic liver surgery. In colorectal liver metastases (CRLM),
there are no comparative studies of the incidence of IH in lapa-
roscopic liver resection (LLR) and open surgery (OLR).

The aim of our study was to assess if there was a difference in
the incidence of IH in LLR compared to OLR and risk factors
for hernia occurrence after resection for CRLM.

MATERIALS AND METHODS

This is a single center retrospective study of adult patients
(age = 18 years) who had resection for CRLM between 1st of
January 2011 and 31st December 2018 at our institution. The
primary end point was development of IH at 3 years following
resection. IH developed in relation to another surgery e.g.,
index colorectal surgery or parastomal hernia, was excluded
from analysis.

All instances of IH were radiologically confirmed on review
of follow-up surveillance abdominal computed tomography
(CT) scans. Hernia defect diameter was reported as the largest
fascial defect measured on CT scan. In LLR, we recorded the
extraction incision, and whether it was the site of IH.

In OLR, standard subcostal muscle cutting incision with

vertical incision is made if required to gain adequate exposure
of the operative field. Incisions were closed in 2 layers (poste-
rior rectus/int oblique and transversus abdominis deep layer
then anterior rectus/ext oblique) for the horizontal limb, and
single midline layer for vertical extension (if present), using 0
polydioxanone (PDS) sutures. In the laparoscopic group, the
extraction site was closed using single layer loop 0 PDS, and
port sites larger than 5 mm were closed using 2/0 PDS.

The decision to perform laparoscopic or open resection was
according to surgeon preference and expertise guided by ex-
pected difficulty, considering previous surgery, anatomical
location, and size.

Data collected included age, sex, presence of diabetes melli-
tus, steroid intake, history of previous hernia or liver resection,
subcutaneous and peri-renal fat thickness, preoperative cre-
atinine and albumin, American Society of Anesthesiologists
(ASA) score, major liver resection (resection of 3 or more
hepatic segments [9]), surgical site infection, synchronous pre-
sentation, and preoperative chemotherapy. Chemotherapy for 6
cycles or more was considered a long course.

Subcutaneous fat thickness was assessed on preoperative im-
aging CT (the longest distance between the skin tissue and the
outer limit of the muscular layer of the abdominal wall at the
level of the umbilicus) and peri-renal fat thickness (maximum
distance between the posterior wall of the kidney and the inner
limit of the abdominal wall in a slice that contains the renal

Table 1. Univariate and multivariate analysis of risk factors to develop incisional hernia

Univariate analysis

Multivariate analysis

Risk factor
HR (95% Cl) p-value HR (95% Cl) p-value

Age 1.01 (0.98-1.04) 0.43

Male 1.92(0.89-4.11) 0.09 1.96 (0.89-4.32) 0.09
History of DM 1.78(0.88-3.61) 0.11

Steroid intake 3.69 (0.89-15.33) 0.07 3.99(0.93-17.13) 0.06
Previous liver resection 1.16 (0.42-3.22) 0.78

Future liver resection 1.55(0.73-3.32) 0.26

Preoperative creatinine 1.00 (0.99-1.01) 0.49

Preoperative albumin 0.99 (0.96-1.02) 0.47

LLR 1.02 (0.56-1.86) 0.95

Metacronus presentation 1.01 (0.57-1.01) 0.97

LOS 1.05 (1.02-1.08) < 0.001 1.06 (1.03-1.09) < 0.001
Major resection 0.99 (0.56-1.75) 0.99

Subcut fat thickness 1.03 (1.01-1.05) 0.01 1.02 (1.00-1.05) 0.05
Peri-renal fat thickness 1.02 (0.99-1.04) 0.18

ASA > 2 1.01(0.57-1.82) 0.97

History of previous hernia 2.75(1.56-4.86) < 0.001 2.22(1.19-4.13) 0.01
Surgical site infection 1.23(0.49-3.11) 0.66

Preoperative chemotherapy 0.75(0.41-1.39) 0.36

Long course chemotherapy 1.06 (0.46-2.45) 0.89

DM, diabetes mellitus; LLR, laparoscopic liver resection; LOS, length of hospital stay; ASA, American Society of Anesthesiologists; HR, hazard ratio; Cl,

confidence interval.
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vein), and analysed as possible risk factor of IH [2].

We considered the first follow-up CT scan showing IH as
the time of diagnosis. Symptomatic IH was defined as hernia
causing pain, discomfort, or complications, rather than disfig-
urement.

This study was approved by the institutional audit depart-
ment (no. 22847). The requirement to obtain informed consent
was waived.

Statistical analysis

Continuous variables were presented as the mean + standard
deviation. For univariate analysis, Mann-Whitney U test was
used for continuous variables, and chi’ for categorical vari-
ables. We calculated IH incidence during the follow-up period
using Kaplen-Meier curves, and used Log-rank to compare
risk factors. Cox regression analysis was used to calculate haz-
ard ratio (HR) and 95% confidence intervals and multivariate
analysis. p < 0.05 was considered statistically significant. All
statistical analysis was performed using SPSS version 20.0 (IBM
Corp.).

RESULTS

There were 247 liver resections included in the study. In
total, 87 (35%) patients had LLR, while 160 patients had OLR.
The mean follow-up period was 41 + 29 months. The mean age

was 64 + 10 years. The male-to-female ratio was 2.6:1. Overall
survival following liver resection was 90% at 1 year and 65% at
3 years, respectively. Mean hospital stay was 9 + 7 days.

Incisional hernia incidence and risk factors

Forty-eight patients developed an IH with an incidence of
10% and 19% at 1 and 3 years, respectively. The mean hernia
size was 51 + 34 mm (10-150 mm). Among patients that devel-
oped a hernia, 7 cases reported symptoms (15%), and 7 cases
had surgical repair.

Overall risk factors for developing an IH were increased sub-
cutaneous fat (31 + 9 mm vs. 26 + 11 mm, p < 0.001) and his-
tory of previous hernia (17% vs. 7% and 29% vs. 14% at 1 and
3 years, respectively; p < 0.001) on univariate analysis. On mul-
tivariate analysis, the same factors had a statistically significant
HR for IH development (Table 1).

There was a statistically significant association between
length of hospital stay and development of IH in our cohort
(p < 0.001). Preoperative chemotherapy was not a risk factor for
developing IH (p = 0.36).

Laparoscopic liver resection vs. open liver resection
incisional hernia

LLR subgroup had a higher preoperative albumin, a smaller
number of major resections, and shorter hospital stay. Table 2
presents the patient characteristics of both groups.

Table 2. Patients’ characteristics and differences between OLR and LLR subgroups

Patient characteristic Whol(ensiuzdi;?roup LIE:SZ);)D Czrl.]lig{cé)g)p p-value

Sex 0.07

Male 179 (72) 57 (65) 122 (76)

Female 68 (28) 30(35) 38(24)
Age (yr) 64+10 64+£10 6410 0.93
Diseased 141 (57) 48 (55) 93 (58) 0.65
History of DM? 38(16) 10(12) 28(18) 0.19
History of previous liver resection 21(9) 6(7) 15(9) 0.50
History of previous Hernia 77 (31) 28(32) 49 (30) 0.80
ASA > 2 94 (38) 39 (45) 55 (34) 0.10
Steroid intake” 4(1.6) 2(2) 2(1.2) 0.53
Preoperative albumin (g/L) 34+9 36+8 32+9 0.01
Preoperative createnine (umol/L) 75+25 74 +£ 25 76 +25 0.31
Synchronous presentationd 102 (41) 33(38) 69 (43) 0.40
Major resection” 117 (48) 25(29) 92 (58) <0.001
Length of hospital stay (day) 9+7 6+4 10+8 <0.001
Preoperative chemotherapy 186 (75) 64 (74) 122 (76) 0.64
Long course preoperative chemotherapy 146 (78) 46 (72) 100 (82) 0.1

(out of 186 who had chemotherapy)
Surgical site infection 24 (10) 8(9) 16 (10) 0.84

Values are presented as number (%) or mean + standard deviation.

DM, diabetes mellitus; ASA, American Society of Anesthesiologists; LLR, laparoscopic liver resection; OLR, open liver resection.
“Data is missing in 11 patients, "data is missing in 4 patients, “data is missing in one patient.
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Table 3. Clinical presentation of IH

IH factor Overall (n = 48) LLR (n=16) OLR (n=32) p-value
Time to develop hernia (day) 256 + 561 445 + 336 625 + 653 0.69
Symptomatic presentationa’ 6(13) 1(6) 5(16) 0.65
Size of hernia defect (mm)” 51+34 53 +37 50 +33 0.96
Surgical repair? 6(13) 3(20) 3(10) 0.38

Values are presented as mean + standard deviation or number (%).

IH, incisional hernia; LLR, laparoscopic liver resection; OLR, open liver resection.

“Data missing in one patient, "data missing in 2 patients, °data missing in 3 patients.

There was no significant difference in incidence of IH be-
tween LLR and OLR at 1 and 3 years, respectively ([10%, 19%)]
vs. [10%, 19%], p = 0.95) (Fig. 1). Similarly, there was no differ-
ence in time to develop IH, hernia related symptoms, size, or
surgery between the groups (Table 3).

Laparoscopic liver resection specimen extraction incision
and incisional hernia analysis

In total, 14 IH developed at the Extraction incision, and only
2 at other port sites. No IH developed at Pfannenstiel incision
(4 incisions), in comparison to other extraction incision (Table
4). The incidence of Extraction site hernia was higher in verti-
cal incisions in comparison to horizontal incisions, although it
was not statistically significant due to small numbers (26% vs.
17%, p = 0.19; Fisher’s exact test).

DISCUSSION

Laparoscopic liver surgery has demonstrated advantages over
open surgery, with shorter hospital stay, and a lower incidence
of postoperative complications [10,11]. On long-term follow-up,

1.0 7 Procedure access
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p=095
8 0.6
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(3]
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0 365 730 1,095 1,460 1,825 2,190 2,555 2,920

Follow up (day)

Fig. 1. Incidence of incisional hernia (IH) among open liver resection and
laparoscopic liver resection.
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the focus of published reports was on overall survival and dis-
ease-free survival, which are comparable [12-14]. However, IH
following liver surgery remains a significant long-term com-
plication with its impact on life quality. While several studies
have discussed the incidence of IH in open liver or liver trans-
plant surgery, little is known of the incidence of IH in LLR, and
how it compares to the incidence of IH in OLR. To the best of
our knowledge, this is the first study to compare the incidence
of IH between LLR and OLR in a single pathology (CRLM).
Our findings demonstrate no difference in the incidence of IH
at one and three years, respectively. In addition, this is the lon-
gest follow-up reporting on IH following LLR in the literature
and included only a single pathology to reduce variations with-
in each group.

To date, there is only a single retrospective comparative study
by Darnis et al. [15] that compares the incidence of IH between
laparoscopic and OLR. However, that study included only left
lateral sectionectomies for malignant and benign indications.
They reported no difference in clinically relevant IH with a
median follow-up of 27 months. This is consistent with a study
published by Mishra et al. [16], in primary colorectal neoplasm
excision. In their retrospective analysis of 1,057 resections with
a median follow up of 44 months, 14.4% of the 768 open cases
developed an IH, compared to 15.9% of the 289 laparoscopic
cases, with no statistical difference.

The incidence of IH following LLR in our study was 16% and
19% at 2 and 3 years, respectively. A similar incidence of 16.4%
was reported at a median of 25 months follow-up by Guilbaud
et al. [17] in a cohort of 163 patients undergoing liver resec-
tions, mainly for malignant pathology. However, this study
included mixed malignant pathology, possibly suggesting that
the underlying pathology does not influence the incidence of

Table 4. |H in relation to extraction incision

E?<tr§c.t|on Transver.s.e Pfannenstiel Midline vertical
incision supraumbilical
Total number” 19 4 39
H 4 0 10

IH, incisional hernia.
925 cases missing information on extraction incision (29%).
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IH. To the best of our knowledge, Wabitsch et al. [18] was the
only other available study in the literature reporting the inci-
dence of IH after LLR. Like our study, this was a retrospective
observational study, and included 49 laparoscopic procedures
for different indications, and both multiple and single incision
laparoscopic (SIL) procedures. They reported a lower IH rate
of 12%, with a median follow-up of 26 months. However, the
study cohort were younger, with a lower male-to-female ratio,
in comparison to our study. Male sex and age were reported as
risk factors for the development of TH following open liver sur-
gery [2,4-6]. This may provide an explanation for their lower
IH reported incidence.

The TH rate for OLR was 10% and 19% at 1 and 3 years, re-
spectively. The reported incidence of IH after OLR for CRLM
in the literature is 8%—41% at 1 year [6,19], and 34.9%—-59.2%
IH at 5 years [4,19]. The latter study reported by Nilsson et al.
[4] had an older cohort, which could explain their higher inci-
dence.

In laparoscopic cholecystectomy, studies have shown that SIL
cholecystectomy had a 4 times higher incidence of IH [20,21].
Similarly, when comparing SIL colorectal surgery to multiple
incision laparoscopic surgery, a higher IH in the SIL group was
observed, and was related to the extraction (single incision)
site [22]. In the previously mentioned report by Mishra et al.
[16], most IH after laparoscopic primary colorectal surgery was
at the extraction site. These observations might suggest that
a longer single incision in SIL or at the extraction site in lapa-
roscopic resection surgery raises the incidence of IH to match
the open group. However, to our knowledge there is no specific
published data on the relationship between incision length and
the risk of IH development, and on whether there is a critical
length that increases this risk. Unfortunately, due to the ret-
rospective nature of this report, not enough data related to the
length of the extraction site was available to produce signifi-
cant results.

In addition, the published literature suggests that the ex-
traction site influences IH rates. Guilbaud et al. [17] reported
IH to be higher in midline incisions, compared to subcostal
and suprapubic extraction incisions, in their series of 163 LLR.
Similarly, in a large retrospective review of 2,148 patients who
had undergone laparoscopic colorectal surgery, extraction-site
IH rates were highest after periumbilical or midline incisions,
and lowest with a Pfannenstiel incision [23]. They suggested
that the reason could be that midline incisions usually involve
the umbilical region, which is considered an innate area of
abdominal wall weakness, and in comparison, to the rest of
the abdominal wall, has a natural lower vascularity. Our study
suggests similar advantage of Pfannenstiel extraction over
other incisions, although due to lower numbers, it was not
significant. This could provide scope for future studies and
potential preventive measures to lower the risk of IH related to
extraction incision.

In our cohort, risk factors for IH development were a history

of previous hernia, and subcutaneous fat thickness. Previous
hernia history was identified as a risk factor for the develop-
ment of IH in open liver surgery [4]. Subcutaneous fat can be
an indication of obesity, and was reported in a large retro-
spective review of 3,927 abdominal surgeries as a risk factor
for developing IH [1]. They reported increased risk of IH (HR,
1.18; confidence interval, 1.03 to 1.35) with each 1 cm increase
in subcutaneous fat thickness. It was suggested that the thicker
the subcutaneous fat, the higher the incidence of incision-re-
lated surgical site infection (SSI). However, in our study, there
was no statistically significant difference in SSI rate and subcu-
taneous fat thickness.

Preoperative chemotherapy was reported as a risk factor for
IH following abdominal surgery [1]. Similarly, in open liver
surgery, preoperative chemotherapy (bevacizumab) or more
than six cycles treatment has been reported to be associated
with an increased risk of developing IH [4]. In our study, pro-
longed preoperative chemotherapy was not a risk factor for IH
development. Of 247 patients, 146 had long-course chemother-
apy, of which 26 patients developed an IH. The fewer patients
in this group might have been reflected in the non-statistically
significant effect of long-course chemotherapy.

There are a few limitations to our study. It is a retrospective
single center study. The number of patients who developed
IH may be too small to demonstrate statistically significant
results, especially in relation to the natural history of IH. Only
two laparoscopic major liver resections were performed prior to
2014, which then increased after the appointment of a trained
laparoscopic liver surgeon. This observation is likely attributed
to the available expertise to perform major LLR in the earlier
years of the study, which led to a greater number of major liver
resections in the OLR arm. While there was no difference in IH
at 3 years, a longer follow-up is possibly needed. A larger scale,
multicenter study with a longer follow-up is probably needed to
confirm and identify risk factors and the natural history of IH.

Conclusion

There was no difference in IH incidence between LLR and
OLR following surgery for CRLM. Most IHs in laparoscopic
liver surgery are related to extraction incision. Further larger
scale study is required to confirm and explore different preven-
tive techniques.
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