QWi

rrrrrrrrrrr snventional Techiques

Surgical Endoscopy (2023) 37:6885-6894
https://doi.org/10.1007/s00464-023-10144-4 (7//5\\\\

=

Check for
updates

Predictors for surgical site infection in patients undergoing
therapeutic or prophylactic intra-abdominal onlay mesh (IPOM)
implantation in clean and contaminated surgical fields

Manuel O. Jakob'2 - Adriana Briiggemann' - Nina Moser’ - Daniel Candinas' - Guido Beldi' - Tobias Haltmeier'

Received: 7 March 2023 / Accepted: 16 May 2023 / Published online: 13 June 2023
© The Author(s) 2023

Abstract

Background Prophylactic intra-abdominal onlay mesh (IPOM) implantation has been shown to reduce the rate of fascial
dehiscence and incisional hernia. However, surgical site infection (SSI) in presence of an IPOM remains a concern. The
aim of this study was to assess predictors for SSI following IPOM placement in hernia and non-hernia abdominal surgery
in clean and contaminated surgical fields.

Methods Observational study including patients undergoing IPOM placement at a Swiss tertiary care hospital 2007-2016.
IPOM implantation was performed in hernia and non-hernia elective and emergency abdominal surgery, including contami-
nated and infected surgical fields. The incidence of SSI was prospectively assessed by Swissnoso according to CDC criteria.
The effect of disease- and procedure-related factors on SSI was assessed in multivariable regression analysis, adjusting for
patient-related factors.

Results A total of 1072 IPOM implantations were performed. Laparoscopy was performed in 415 patients (38.7%), lapa-
rotomy in 657 patients (61.3%). SSI occurred in 172 patients (16.0%). Superficial, deep, and organ space SSI were found in
77 (71.2%), 26 (2.4%), and 69 (6.4%) patients, respectively. Multivariable analysis revealed emergency hospitalization (OR
1.787, p=0.006), previous laparotomy (1.745, p=0.029), duration of operation (OR 1.193, p<0.001), laparotomy (OR 6.167,
p<0.001), bariatric (OR 4.641, p<0.001), colorectal (OR 1.941, p=0.001), and emergency (OR 2.510, p <0.001) surgery,
wound class >3 (OR 3.878, p<0.001), and non-polypropylene mesh (OR 1.818, p=0.003) as independent predictors for
SSI. Hernia surgery was independently associated with a lower risk for SSI (OR 0.165, p <0.001).

Conclusion This study revealed emergency hospitalization, previous laparotomy, duration of operation, laparotomy, as well
as bariatric, colorectal, and emergency surgery, abdominal contamination or infection, and usage of non-polypropylene mesh
as independent predictors for SSI. In contrast, hernia surgery was associated with a lower risk for SSI. The knowledge of
these predictors will help to balance benefits of IPOM implantation against the risk for SSI.
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Graphical abstract
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Intra-abdominal onlay mesh (IPOM) implantation for the
repair of abdominal wall hernias has been shown to reduce
the rate of recurrences compared to suture repair [1, 2].
Similarly, recent evidence suggests that prophylactic mesh
implantation is superior compared to suture closure of the
abdominal wall in patients with a high risk for incisional
hernias [3—6]. As previously reported by our study group,
prophylactic placement of synthetic IPOM is also feasible
in patients with intraperitoneal contamination and leads to
a decreased rate of incisional hernias in the long term [7].
Furthermore, we have shown that implantation of an IPOM
in patients with fascial dehiscence and in open abdomen
treatment leads to a decreased rate of revisional surgery,
duration of hospital and intensive care unit stay, as well as a
reduction of incisional hernias [4, 5].

On the other hand, mesh infections are a severe complica-
tion after mesh implantation and associated with hospital re-
admission, re-operations, and hernia recurrences, resulting
in high healthcare resource utilization [8]. Although mesh
infections became less frequent over time, an incidence of
mesh infections of one to eight percent has been reported
after incisional or ventral hernia repair [9, 10]. There is
currently no uniformly used definition of mesh infections
available. The definition of mesh infection varied in pre-
vious studies and included the centers of disease control
and prevention (CDC) criteria [11] for SSI, identification
of pathogens after aspiration of a periprosthetic fluid col-
lections, infections necessitating mesh removal, individual-
ized criteria, or no specific definition [10, 12]. Even though
the majority of SSI in presence of an IPOM can be treated
locally without the need for revision surgery, SSI may
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require explantation of the foreign material [4, 13]. In these
cases, source control can be difficult and the therapeutic
regimen for such scenarios incompletely defined.

Taking into account the above-mentioned benefits for
abdominal wall reinforcement and the potentially severe
consequences of SSI in presence of a mesh, surgeons will
have to stratify the risk for SSI when considering mesh
implantation. Previous studies have reported risk factors for
mesh infection after hernia surgery. In these studies, patient
age, obesity, the American Society of Anesthesiologists
(ASA) Physical Status Classification System score, smoking,
diabetes mellitus, operative time, emergency setting, and the
mesh position were described as risk factors for mesh infec-
tion [10, 12, 14].

However, IPOM is also used in patients undergoing
abdominal surgery for other indications than incisional or
ventral hernias, i.e., as a prophylactic measure or concomi-
tant hernia repair in elective and emergency abdominal sur-
gery, including patients with intra-abdominal contamination
or infection. Therefore, the current study aimed to identify
disease- and procedure-related predictors for SSI in patients
undergoing IPOM placement, both, in hernia and non-hernia
emergency and elective abdominal surgery.

Materials and methods
Study design

This is a retrospective single-center study performed at the
Inselspital, Bern University Hospital, Switzerland. The
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study investigated predictors for SSI in patients undergoing
laparoscopic or open abdominal surgery with placement of
an [POM. The study was approved by the ethics committee
of the Canton of Bern, Switzerland (KEK-No. 217-00979).

Patients undergoing elective or emergency abdominal sur-
gery and placement of an [IPOM between January 2007 and
December 2016 were included. In patients who underwent
multiple [IPOM implantations during the same hospital stay,
only the first IPOM placement was included as index proce-
dure. The excision and replacement of an IPOM in patients
with SSI was counted as mesh removal.

IPOM implantation was performed using synthetic
non-absorbable meshes for abdominal wall hernias, or as
a prophylactic measure or concomitant hernia repair in
emergency and elective abdominal surgery. IPOM was also
utilized in patients with postoperative fascial dehiscence
and patients undergoing open abdomen treatment, includ-
ing cases with abdominal contamination.

Due to the known significantly lower rate of SSI in
patients undergoing laparoscopy compared to laparotomy
[15-19], patients included in the current study were further
divided into a laparoscopy and laparotomy subgroup.

SSI was prospectively evaluated by the Swiss National
Center for Infection Control (Swissnoso) [20] at 30 days
postoperatively and defined according to CDC criteria [21].
The wound class was defined according to CDC criteria [21]
as grade 1 for clean wounds, grade 2 for clean-contaminated
wounds, grade 3 for contaminated wounds, and grade 4 for
dirty-infected wounds.

Patient and treatment characteristics, as well as clinical
outcomes were extracted from electronic medical records.

Surgical technique for intraperitoneal onlay mesh
implantation

The mesh was fixed on the abdominal wall with non-absorb-
able single stiches and absorbable tackers in laparoscopic
surgery and non-absorbable running sutures in open surgery,
respectively. In open surgery, abdominal wall closure was
performed using an absorbable running suture in a standard-
ized technique using a suture length to wound length ratio
of 4:1. The skin was closed using single stiches or left open
with negative pressure wound therapy. Negative pressure
wound therapy was applied at the discretion of the attend-
ing surgeon in patients with an estimated high risk for SSI.
Vacuum dressings were changed every three to four days and
removed with secondary skin closure when there was evi-
dence of granulation tissue and clean wound conditions. In
laparoscopic surgery, fascial closure with absorbable figure
of eight stiches was performed for 12 mm trocar incisions.
The skin was closed with non-absorbable single stiches, skin
staples, or absorbable intracutaneous sutures. Surgery was

performed by different surgical teams, including attending
surgeons, surgical fellows, and residents.

Statistical analysis

Categorical variables were reported as numbers and percent-
ages. The normality of distribution of continuous variables
was assessed using the Shapiro—Wilk test. Continuous varia-
bles were reported as median and interquartile ranges (IQR).

Included patients were divided into two groups based on
the presence of absence of an SSI, i.e., an SSI and non-SSI
group.

Missing data were addressed using multiple imputation.
A total of 20 itinerations were generated. Both, univariable
and multivariable regression analysis were performed using
the imputed dataset.

In univariable analysis, the effect of disease- and proce-
dure-related factors on SSI was assessed using univariable
logistic regression analysis.

In order to adjust the effect of individual disease- and pro-
cedure-related factors on SSI, multivariable analysis adjust-
ing for patient-related factors was performed. Variables were
adjusted for sex, age, BMI and ASA score in multivariable
logistic regression analysis. Results of the regression analy-
sis were reported as odds ratios (OR) with 95% confidence
intervals (CI) and corresponding p-values.

The described statistical analysis was performed in all
patients included (overall cohort), as well as the laparos-
copy and laparotomy subgroup (Fig. 1). A two-sided p-value
of <0.05 was considered statistically significant. Statistical
analysis was performed using SPSS Statistics (IBM Corpo-
ration, Armonk, NY, USA).

Results
Patient characteristics

A total of 1072 patients undergoing abdominal surgery
with placement of an IPOM were included in the current
study. The majority of included patients were male (n =649,
60.5%). Median age was 61.0 years (IQR 18.0) and median
BMI 27.8 (IQR 8.0). Comorbid conditions were frequent
with an ASA score >3 in 66.2% of the patients included
(Table 1).

Surgical characteristics

A total of 415 patients (38.7%) were operated by laparos-
copy and 657 patients (61.3%) by laparotomy, respectively.
Hernia surgery was performed in 532 patients (49.6%).
In the remaining 540 patients (50.4%), IPOM was per-
formed prophylactically or as a concomitant hernia repair
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Fig. 1 Patients undergoing
intraoperitoneal onlay mesh
implantation in hernia and
non-hernia abdominal surgery
2007-2016. IPOM: intraperi-
toneal only mesh, SSI: surgical
site infection

Prospective evaluation _ |
of SSI

IPOM implantation
n=1,072

v

Overall cohort
n=1,072

No SSI
n=900 (84.0%)

ssl
n=172 (16.0 %)

in colorectal (n=205, 19.1%), emergency (n=124, 11.6%),
hepato-biliary (n=67, 6.3%), bariatric (n=41, 3.8%), and
upper gastrointestinal (n=234, 3.2%) surgery. Open abdomen
treatment was performed in 23 patients (2.1%).

A wound class > 3, i.e., contaminated or dirty-infected
wound, was found in 247 patients (23.0%). Non-polypropyl-
ene meshes were implanted in 277/1014 patients (27.3%);
79/390 patients (20.3%) in the laparoscopy subgroup and
198/624 patients (31.7%) in the laparotomy subgroup.
(Table 1, Fig. 1).

Surgical site infections

SSI and other clinical outcomes are outlined in Table 2. SSI
occurred in 172 patients (16.0%). Of these, superficial, deep,
and organ space SSI were found in 77 (7.2%), 26 (2.4%),
and 69 (6.4%) patients, respectively. In the laparoscopy sub-
group, SSI occurred in 18 patients (4.3%): 6 patients (1.4%)
with superficial, three patients (0.7%) with deep, and nine
patients (2.2%) with organ space SSI. In the laparotomy
subgroup, 154 patients (23.4%) developed SSI. Of these,
71 (10.8%) were classified as superficial, 23 (3.5%) as deep,
and 60 (9.1%) as organ space SSI.
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Mesh removal

Partial or total mesh removal due to SSI was required in 60
patients, corresponding to 5.6% of all patients and 34.9%
of patients with SSI. Meshes were removed in total in 42
patients (3.9%) and partially in 18 patients (1.7%). In the
laparoscopy and laparotomy subgroups, mesh removal
was performed in 7 patients (1.7%) and 53 patients (8.1%),
respectively. In the 23 patients with open abdomen treat-
ment, three meshes were removed (13.0%). The number of
mesh removals in relation to the type of surgery is outlined
in Table 2.

Independent predictors for SSI

Predictors for SSI in the overall cohort are shown in Table 3.
Multivariable regression analysis adjusting for patient-
related factors revealed emergency hospitalization, previous
laparotomy, duration of operation, laparotomy, as well as
bariatric, colorectal, and emergency surgery, higher wound
class, and non-polypropylene mesh as independent predic-
tors for SSI in the overall cohort. Hernia surgery was inde-
pendently associated with a lower risk for SSI.

Table 4 shows the predictors for SSI in the laparoscopy
and laparotomy subgroup. Emergency surgery procedures,
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Table 1 Baseline characteristics Overall Laparotomy Laparoscopy
(n=1072) (n=657) (n=415)

Male sex 649/1072 (60.5) 395/657 (60.1) 254/415 (61.2)
Age (years)* 61.0 (18.0) 62.0 (17.0) 60.0 (18.0)
BMI (kg/m2)* 27.8 (8.0) 27.1(7.6) 28.7 (8.1)
BMI > 30 kg/m2 297/880 (33.8) 176/545 (32.3) 121/335 (36.1)
Current smoker 230/621 (37.0) 140/374 (37.4) 90/247 (36.4)
Tumor 426/1062 (40.1) 313/651 (48.1) 113/411 (27.5)
Diabetes mellitus 188/1067 (17.6) 120/654 (18.3) 68/413 (16.5)
Arterial hypertension 488/1064 (45.9) 322/650 (49.5) 166/414 (40.1)
Heart disease 360/1065 (33.8) 236/651 (36.3) 124/414 (30.0)
Pulmonary disease 302/1066 (28.3) 214/652 (32.8) 88/414 (21.3)
Liver disease 242/1063 (22.8) 158/651 (24.3) 84/412 (20.4)
Kidney disease 276/1064 (25.9) 181/652 (27.8) 95/412 (23.1)
Anticoagulants 369/1033 (35.7) 237/629 (37.7) 132/404 (32.7)
Platelet aggregation inhibitors 217/1072 (20.2) 126/657 (19.2) 91/415 (21.9)
Immunosuppression 172/1033 (16.7) 95/627 (15.2) 77/406 (19.0)
ASA score

1 73/921 (7.9) 10/536 (1.9) 63/385 (16.4)

2 238/921 (25.8) 96/536 (17.9) 142/385 (36.9)

3 436/921 (47.3) 289/536 (53.9) 147/385 (38.2)

4 166/921 (18.0) 133/536 (24.8) 33/385 (8.6)

5 8/921 (0.9) 8/536 (1.5) -
ASA score>3 610/921 (66.2) 430/536 (80.2) 180/385 (46.8)
Emergency hospitalization 231/1065 (21.7) 176/654 (26.9) 55/411 (13.4)
Previous laparotomy 576/748 (77.0) 375/436 (86.0) 201/312 (64.4)
Duration of operation (hours)* 2.3(2.0) 2.8(2.2) 2.0 (1.3)
Laparotomy 657/1072 (61.3) - -
Type of surgery

Upper-GlI surgery 34/1072 (3.2) 31/657 (4.7) 3/415 (0.7)

Bariatric surgery 41/1072 (3.8) 32/657 (4.9) 9/415 (2.2)

Hernia surgery 532/1072 (49.6) 198/657 (30.1) 334/415 (80.5)

Hepato-biliary surgery 67/1072 (6.3) 55/657 (8.4) 12/415 (2.9)

Pancreatic surgery

Colorectal surgery

Acute Care Surgery
Open abdomen treatment
Wound class

1

2

3

4
Wound class >3
Non-polypropylene mesh

22/1072 (2.1)
205/1072 (19.1)
124/1072(11.6)
23/1072 (2.1)

522/1072 (48.7)
303/1072 (28.3)
80/1072 (7.5)

167/1072 (15.6)
247/1072 (23.0)
277/1014 (27.3)

21/657 (3.2)
185/657 (28.2)
92/657 (14.0)
23/657 (3.5)

192/657 (29.2)
241/657 (36.7)
70/657 (10.7)

154/657 (23.4)
224/657 (34.1)
198/624 (31.7)

1/415 (0.2)
20/415 (4.8)
32/415 (1.7)

330/415 (79.5)
62/415 (14.9)
10/415 (2.4)
13/415 (3.1)
23/415 (5.5)
79/390 (20.3)

Values are numbers (percentages) unless indicated otherwise

#Values are medians (interquartile ranges)

ASA American society of anesthesiologists physical status classification system, /CU Intensive care unit

bariatric surgery, and higher wound class were identified as
independent predictors for SSI in both groups, whereas a
significant association of non-polypropylene based meshes
with SSI was only found in the laparotomy subgroup, but

not the laparoscopy subgroup. Hernia surgery was found
to be independently associated with a lower risk for SSI
in both groups.
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Table 2 Clinical outcomes

Overall Laparotomy Laparoscopy
(n=1072) (n=657) (n=415)
SSI overall 172/1072 (16.0) 154/657 (23.4) 18/415 (4.3)
SSI superficial 77/172 (44.8) 71/154 (46.1) 6/18 (33.3)
SSI deep 26/172 (15.1) 23/154 (14.9) 3/18 (16.7)
SSI organ space 69/172 (40.1) 60/154 (39) 9/18 (50.0)
Mesh removal 60/1072 (5.6) 53/657 (8.1) 7/415 (1.7)
Partial mesh removal 18/1072 (1.7) 18/657 (2.7) 0/415 (0.0)
Complete mesh removal 42/1072 (3.9) 35/657 (5.3) 7/415 (1.7)
Mesh removal by surgery type
Upper-GI surgery 0/34 (0.0) 0/657 (0.0) 0/415 (0.0)
Bariatric surgery 6/41 (14.6) 6/32 (18.8) 0/9 (0.0)
Hernia surgery 12/532 (2.3) 8/198 (4.0) 4/334 (1.2)
Hepato-biliary surgery 5/67 (7.5) 5/53 (9.1) 0/12 (0.0)
Pancreatic surgery 3/22 (13.6) 3/21 (14.3) 0/1 (0.0)
Colorectal surgery 18/205 (8.8) 18/185 (9.7) 0/20 (0.0)
Acute Care Surgery 13/124 (10.5) 10/92 (10.9) 3/32 (9.4)
Open abdomen treatment 3/23 (13.0) 3/23 (13.0) -
Sepsis 53/986 (5.4) 50/600 (8.3) 3/386 (0.8)
ICU admission 202/1072 (18.8) 184/657 (28.0) 18/415 (4.3)
Hospital length of stay (days)* 9.0 (14) 14.0 (20) 6.0 (4)

Values are numbers (percentages) unless indicated otherwise

#Values are medians (interquartile ranges)

881 Surgical site infection, /CU Intensive care unit

Missing data

The proportion of missing values in all data collected was
4.3%. Missing data was found in 257 cases (24.0%) and
15/36 variables (41.7%), respectively. Missing data with
regard to individual variables are outlined as denominators
in Table 1.

Discussion

The current study investigated predictors for SSI in patients
undergoing IPOM placement for hernia and non-hernia
abdominal surgery, including cases with contaminated and
infected surgical fields.

The study revealed emergency hospitalization, previous
laparotomy, duration of operation, laparotomy, as well as
bariatric, colorectal, and emergency surgery, higher wound
class, and non-polypropylene meshes as independent predic-
tors for SSI.

To our best knowledge, risk factors for SSI have not
been assessed in patients undergoing IPOM implantation
in non-hernia abdominal surgery so far. The results support
the current practice of IPOM repair for abdominal wall and
incisional hernias. On the other hand, when weighting the
risks and benefits of IPOM implantation as a prophylactic
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measure or concomitant hernia repair in abdominal sur-
gery, the knowledge of the above-mentioned risk factors for
SSI will help in the decision-making for or against [IPOM
implantation. In presence of multiple predictors for SSI,
implantation of an [POM should be considered carefully.
At the Inselspital, Bern University Hospital, IPOM
implantation is also performed in contaminated and
infected surgical fields. This situation allows for an esti-
mation of the impact of the wound class on SSI in patients
undergoing IPOM implantation. Initially, mesh implan-
tation was restricted to strictly aseptic conditions, such
as in elective abdominal wall hernia repairs. However,
prophylactic mesh reinforcement of the abdominal wall,
including patients with open abdomen treatment or fas-
cial dehiscence, have challenged these indications [3-5].
Even though this paradigm shift has opened new avenues
for the treatment of patients with a high risk for fascial
dehiscence and incisional hernias, SSI remain a concern
[4, 22]. The results of the current study suggest that mesh
implantation should be considered carefully in patients
with higher grade abdominal contamination (wound class
grade 3 and 4) because of the significantly increased risk
for SSI. Adding to the risk of SSI, a contaminated abdo-
men is typically found in patients undergoing laparotomy
for abdominal emergencies, which was identified as an
independent predictor for SSI, too. To overcome SSI in
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Table 3 Association of disease- Overall cohort
and procedure-related factors
and surgical site infections in Univariable analysis Multivariable analysis®
patients undergoing abdominal
surgery with intra-abdominal OR 95% CI p-value  OR 95% CI p-value
mesh implantation Emergency hospitalization 2257 1582-3220 <0001 1787 1.180-2.708 0.006
Previous laparotomy 1.719  1.087-2.720 0.021 1.745  1.058-2.878 0.029
Duration of operation (hours) 1.187  1.089-1.295 <0.001 1.193 1.085-1.311 <0.001
Laparotomy 6.753  4.073-11.196 <0.001 6.167 3.621-10.504 <0.001
Type of surgery
Upper-GI surgery 0.319 0.076-1.344 0.120 0.375  0.085-1.653 0.195
Bariatric surgery 4956  2.620-9.375 <0.001 4.641 2.079-10.359 <0.001
Hernia surgery 0.153  0.100-0.234 <0.001 0.165 0.104-0.263 <0.001
Hepato-biliary surgery 1.558  0.856-2.837 0.147 1.586  0.806-3.121 0.182
Pancreatic surgery 1.555 0.566-4.273 0.392 1.704  0.568-5.112 0.342
Colorectal surgery 2.116  1.463-3.060 <0.001 1.941 1.292-2916 0.001
Emergency Surgery 3223  2.127-4.883 <0.001 2.510 1.554-4.055 <0.001
Open abdomen treatment 3.494  1.488-8.207 0.004 2.359  0.919-6.055 0.074
Wound class (1 =reference)
2 4105 2.546-6.617 <0.001 4.336 2.614-7.192 <0.001
3 8.495 4.647-15.528 <0.001 7.585 3.913-14.703 <0.001
4 10.153  6.194-16.642 <0.001 9.408 5.232-16.918 <0.001
Wound class >3 4728 3.351-6.672 <0.001 3.878 2.574-5.843 <0.001
Non-polypropylene mesh 1.587 1.114-2.263 0.011 1.818  1.234-2.679 0.003

Uni- and multivariable logistic regression analyses in imputed dataset

OR odds ratio, CI confidence interval, SSI Surgical site infection

4Adjusted for sex, age, Body Mass Index, and American Society of Anesthesiologists (ASA) Physical Sta-

tus Classification System score

presence of [POM, damage-control surgery principles with
delayed abdominal closure may help to reduce the rate of
SSI in this group of patients [23]. However, in selected
cases, the benefits of [IPOM placement, such as definitive
abdominal closure, outweigh the risk for SSI and may be
the only available treatment option.

In a retrospective cohort study including 103,869 ingui-
nal, umbilical, and ventral hernia operations, mesh explan-
tations due to infection were reported in 6.4%, 29.2%, and
22.4% of patients with superficial, deep, and organ-space
SSI, respectively [24]. In the current study, the rate of
mesh removal in patients with SSI was higher (34.9%). The
higher rate of mesh explantation in the current study may be
attributed to the inclusion of partial mesh removals, more
frequently performed emergency surgery, and significantly
higher proportion of patients with contaminated and dirty-
infected surgical fields.

The frequency of wound infections has been reported
with a wide range in previous studies [25-28]. Compared to
these studies, wound infections were more frequent in the
current analysis. This may be well explained by inclusion
of patients with other indications for IPOM than abdominal
wall hernias, including cases with abdominal contamination
and infection.

The current study revealed the use of non-polypropylene
meshes as an independent predictor for SSI. As previously
reported, polyester-based meshed are associated with mesh
infection and mesh-related complications and should not be
used in a contaminated environment [29, 30]. Importantly,
biologic meshes, which have been developed for contami-
nated and dirty wounds, seem not to be superior compared to
synthetic meshes [31, 32]. In a recent randomized controlled
trial, the use of synthetic meshes in a retromuscular posi-
tion significantly reduced the two-year hernia recurrence risk
compared to biologic meshes in patients with contaminated
ventral hernias [33]. Considering the results of the current
study and previous reports, the usage of non-polypropylene
meshes in contaminated or infected surgical fields is not rec-
ommended [5].

In line with our observations, the duration of operation
has been identified as an important independent predictor for
SSIin previous studies [34, 35]. In this context, it should be
noted that longer operation times will decrease tissue con-
centration of antibiotics [36], affect the fatigue of the surgi-
cal team, and generally increase the likelihood for a bacteria
to contaminate the surgical wound [37]. Therefore, surgeons
may not want to prolong an already long-lasting operative
procedure by the implantation of an [POM.
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Not surprisingly, the current analysis revealed laparotomy
vs. laparoscopy as a strong independent predictor for SSI.
Regarding SSI, the advantage of laparoscopic interven-
tions compared to open surgery has been shown previously,
including in emergency abdominal surgery [38], abdominal
wall hernia repair [12, 26], surgery for obese patients [16],
patients undergoing colorectal surgery [18], and octogenar-
ians [39]. Thus, to reduce the risk for SSI, IPOM implanta-
tion should be performed by a laparoscopic approach when-
ever possible.

In multivariable analysis, the use of non-polypropylene
meshes was significantly associated with SSI in the lapa-
rotomy subgroup, but not in the laparoscopy subgroup.
This may be explained by the lower sample size and hence
reduced statistical power. However, a lower impact of non-
polypropylene meshes on SSI in the laparoscopic setting,
which is associated with a reduced risk for SSI by itself,
should also be taken into account. Interestingly, hernia sur-
gery remained a significant predictor for a lower SSI risk
in the laparoscopy subgroup. Thus, in reverse conclusion,
laparoscopic IPOM implantation is associated with a higher
risk for SSI, if performed prophylactically or in addition to
non-hernia surgery.

The strength of this study is the inclusion of patients
with IPOM implantation in contaminated and infected
surgical fields, as well as the size of the cohort. However,
even though SSI were assessed prospectively by the Swiss
National Center for Infection Control, the study has several
limitations. First, it was not feasible in the scope of this
retrospective study to confirm mesh infection in microbio-
logical culture. Second, although multiple variables were
assessed in the analysis, potential additional predictors for
SSI could have been missed. Third, a moderate amount of
missing data was detected in the used dataset. However,
missing data were addressed in the analysis by multiple
imputation. Based on these limitations, further prospec-
tive investigation into the topic is warranted. Future studies
should ideally assess mesh infection by microbiological cul-
tures and provide data on the treatment of mesh infections.

Conclusion

The current study, to our best knowledge, presents the first
analysis of predictors for SSI in patients undergoing IPOM
placement in hernia and non-hernia abdominal surgery. The
study revealed emergency hospitalization, previous laparot-
omy, duration of operation, laparotomy, as well as bariatric,
colorectal, and emergency surgery, higher wound class, and
non-polypropylene mesh as independent predictors for SSI.
In contrast, hernia surgery was independently associated
with a lower risk for SSI. The knowledge of these predictors
will help to balance potential benefits of IPOM implantation

against the risk for SSI, especially in patients undergoing
mesh placement as a prophylactic procedure in abdominal
surgery. Such a balanced approach may help to reduce the
incidence of SSI in this patient population.
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