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Abstract

Background: Incisional hernia is a frequent complication of abdominal wall incision. Surgical technique is an important risk factor for
the development of incisional hernia. The aim of these updated guidelines was to provide recommendations to decrease the incidence
of incisional hernia.

Methods: A systematic literature search of MEDLINE, Embase, and Cochrane CENTRAL was performed on 22 January 2022. The Scottish
Intercollegiate Guidelines Network instrument was used to evaluate systematic reviews and meta-analyses, RCTs, and cohort studies.
The GRADE approach (Grading of Recommendations, Assessment, Development and Evaluation) was used to appraise the certainty of
the evidence. The guidelines group consisted of surgical specialists, a biomedical information specialist, certified guideline
methodologist, and patient representative.

Results: Thirty-nine papers were included covering seven key questions, and weak recommendations were made for all of these.
Laparoscopic surgery and non-midline incisions are suggested to be preferred when safe and feasible. In laparoscopic surgery,
suturing the fascial defect of trocar sites of 10 mm and larger is advised, especially after single-incision laparoscopic surgery and at
the umbilicus. For closure of an elective midline laparotomy, a continuous small-bites suturing technique with a slowly absorbable
suture is suggested. Prophylactic mesh augmentation after elective midline laparotomy can be considered to reduce the risk of
incisional hernia; a permanent synthetic mesh in either the onlay or retromuscular position is advised.

Conclusion: These updated guidelines may help surgeons in selecting the optimal approach and location of abdominal wall incisions.
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Introduction

Incisional hernias are frequent complications of abdominal wall
incisions. A meta-analysis® including over 14000 patients
reported a weighted incidence of 12.8 per cent 2 years after a
midline incision, and that one-third of patients with an
incisional hernia undergo surgical repair. Recurrence rates after
repair of incisional hernia range between 23 and 50 per cent,
with increasing rates of complications and re-recurrence after
each subsequent failed repair’. A reduction in incidence of
incisional hernia by 5 per cent was calculated to result in a cost
saving of €4 million per year in France®. Prevention of incisional
hernia is therefore important.

Patient factors contribute to the risk of developing an incisional
hernia, including obesity, age, smoking, aneurysmal disease, and
wound infections™*. Location of the incision, suture material used,
and closure technique are also well known risk factors. In 2015, the
European Hernia Society (EHS)® published guidelines on closure of
abdominal wall incisions. Since then, several knowledge gaps, as
identified by the guidelines committee, have been addressed in
systematic reviews and meta-analyses®®. This warranted an
update of the EHS guidelines, which was performed in
collaboration with the American Hernia Society (AHS).

The objective of this paper was to provide an up-to-date
guideline on abdominal wall incisions in adults with the aim of
reducing the incidence of incisional hernia. Secondary objectives
were to provide recommendations on the prevention of burst
abdomen, surgical-site occurrences (SSOs, including wound
infection, wound necrosis, wound dehiscence, haematoma, and
seroma), and postoperative pain, and improvement in
abdominal wall function and cosmesis in patients undergoing
abdominal surgery.

Methods

Guideline group

The project to update the EHS guidelines was approved by the EHS
board and started with a kick-off meeting in December 2020. The
AHS joined in August 2021. Between December 2020 and January
2022, four virtual and one in-person meeting were held. A steering
group consisting of the first, second, and last author was appointed
by the EHS to manage the project. A biomedical information
specialist and a certified guideline methodologist were involved in
the methodology and search strategy. The guideline group
included general surgeons, abdominal wall surgeons, colorectal
surgeons, upper gastrointestinal surgeons, a hepatobiliary surgeon,
an emergency surgeon, a plastic surgeon, a vascular surgeon, and
a urologist. A patient representative was invited to all group
meetings, and was involved in prioritizing outcome parameters. A
complete list of the members of the group and their responsibilities
is available in Table S1. Conflicts of interest for each member were
recorded transparently at the beginning and completion of the
project. The meetings were funded by the EHS. The EHS had no
influence on the content of the guidelines. There was no
involvement from industry.

Methodology and literature search

The methodology was same as that used for the 2015 guidelines®.
The Appraisal of Guidelines for Research and Evaluation (AGREE)
instrument was followed™. Key questions (KQs) were formulated
and translated into PICO (patients—intervention—comparison—
outcome) frameworks. KQs were proposed by the coordinators,
discussed with the whole group, revised when needed, and

approved by the group. For several KQs, separate searches
specific to emergency surgery and surgery in obese patients
were undertaken. The final list of KQs and PICOs can be found
in Appendix S1. A biomedical information specialist performed
the literature search for all KQs using Medical Subject Headings
(MeSH) terms MEDLINE ALL OVID, Emtree terms in Embase.com
with terms in the title and/or abstract, and a search in the
Cochrane CENTRAL database. This involved a search for
systematic reviews and/or meta-analyses on the KQs, and for
RCTs published after the search date in the systematic review of
a particular question. If a certain KQ could not be answered by
up-to-date meta-analyses or systematic reviews of acceptable
quality according to the Scottish Intercollegiate Guidelines
Network (SIGN) checklists, a second search was performed for all
relevant RCTs or observational studies. Case series, case reports,
conference abstracts, and expert opinions were excluded. The
search for the original guidelines was undertaken on 11 November
2013. For the present update, the literature search started at 2013
for KQs 2-6. As KQ1 was not part of the original guideline, a
literature search without time restrictions was undertaken. Papers
reporting on any type of abdominal surgery, with any follow-up,
and written in English or any language spoken by one of the
guideline group members, were included. Exclusion criteria were:
articles on patients undergoing hernia repair, operated through
incisions not on the ventral abdominal wall (groin or thoracic
incisions), natural-orifice surgery or extraction sites, and papers on
children or pregnant women. The literature search for this
guideline update was last performed on 22 January 2022. The
search strategy, including search terms used for KQ1, can be found
in Appendix S2.

Title and abstract screening of the complete body of evidence
from the literature searches was performed by six guideline
group members and the evidence summarized for each KQ.
Members of the guideline group were divided into six subgroups
that evaluated the selected full-text papers on specific KQs. To
avoid any conflict of interest, care was taken to ensure that
subgroup members did not assess papers that they authored or
co-authored. Records were screened by title and abstract by at
least two assessors. Full texts were evaluated by at least two
assessors independently. Only papers rated as being of
acceptable or high quality according to the SIGN checklist'* were
included, to limit the risk of bias. Any disagreement between
assessors was settled by discussion either in the entire group or
by a third assessor. References of all papers included in full-text
assessment were cross-checked for studies not identified by the
literature search. Data from acceptable or high-quality articles
were tabulated in summary-of-evidence tables.

The Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach was used to appraise the
papers with respect to the five domains of certainty (risk of bias,
imprecision, inconsistency, indirectness, and publication bias)
and to generate evidence tables. Evidence for each KQ was then
rated according to the GRADE scale, ranging from very low
(X000) to high (XXXX)'? (Table S2). The subgroup proposed the
recommendations to the whole guidelines group within an
evidence-to-decision framework'?. Based on the evidence from
the literature, clinical experience of the members and patient
values, the group reached consensus on recommendations for
each KQ when 75 per cent or more of the members agreed.
Recommendations were classified as strong or weak in line with
GRADE methodology. If there was no evidence for a KQ, or it was
of inadequate quality, no recommendation was made. All
subgroup members wrote the text of their research question,
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and these were combined and edited by the first author. Language
and style editing was undertaken by a native speaker. The steering
group critically revised the manuscript, and the full manuscript
was sent to all co-authors for review. Before submission, the
manuscript was appraised by five experts, including a
methodological expert, and evaluated using the AGREE II
instrument'®”®. The AGREE I instrument assesses the
methodological rigour and transparency in which a guideline is
developed. The tool is used to calculate a quality score for six
domains. The guideline was adjusted according points raised by
the AGREE appraisers.

Results

The PRISMA flow diagram™ for the review can be found in Fig. S1.
A total of 39 papers were included.

Open and minimally invasive abdominal surgery

KQ1la Which approach, minimally invasive or open, should
be used in patients undergoing abdominal surgery?

KQ1a Which approach, minimally invasive or open, should be
used in patients undergoing abdominal surgery?

Statement: Thereis a decreased risk of both incisional hernia and
surgical-site occurrences in patients undergoing laparoscopic
operations compared with open operations.

Recommendation: Laparoscopic surgery is suggested to be used
when safe and feasible to reduce the risk of incisional hernia
and surgical-site occurrence.

Quality of evidence: XX00 (low)

Strength of recommendation: Weak

Abdominal surgery can be performed by a minimally invasive
approach, including conventional multiport, robot-assisted or
single-incision (SILS) laparoscopic surgery, or by an open approach
(laparotomy). One systematic review and meta-analysis'®, two
RCTs'®", and one retrospective review'® of an RCT were identified
that compared laparoscopic and open surgery for incisional hernia
and surgical-site occurrence (SSO) (5549 and 2716 patients
respectively from 24 RCTs). There was a significant decrease in
incidence of incisional hernia for patients undergoing laparoscopic
compared with open surgery (4.3 versus 10.1 per cent; P<0.001). In
a subgroup of 12 studies comparing total laparoscopic (without
extraction sites) versus open surgery, the rate of incisional hernia
was even lower in the laparoscopic group (0.8 versus 16.4 per cent;
P=0.001)*. The other studies evaluated patients after laparoscopic
versus open colorectal surgery, and all demonstrated lower rates of
incisional hernia in the laparoscopic group'®8, but the results
were not statistically significant. It was not specified whether
hemias occurred at trocar or specimen extraction sites. Wound
infection rates were lower for laparoscopic than open surgery (5.0
versus 11.4 per cent; P<0.001)*.

Overall, there is a paucity of studies that evaluated incisional
hernia and SSC rates as the primary outcome. Limitations
included the heterogeneity of the studies evaluated, publication
bias, imprecision, and indirectness.

KQ 1b Which incision should be used in patients
undergoing abdominal surgery?

In the original guideline®, two systematic reviews, including 24
RCTs and over 3700 patients, showed a lower incisional hernia

KQ1b Which incision should be used in patients undergoing
abdominal surgery?
Statement: Midline incisions have the highest rate of incisional
hernia, including smaller incisions such as specimen
extraction sites. There are limited data on surgical-site
occurrence, pain, abdominal wall function or cosmesis.
Recommendation: It is suggested to avoid a midline incision
for laparotomies and specimen extraction sites to reduce the
risk of incisional hernia.
Quality of evidence: XX00 (low)
Strength of recommendation: Weak

rate after transverse and paramedian laparotomy incisions
compared with midline incisions. For this update, no additional

studies comparing midline and non-midline laparotomy
incisions were found. For specimen extraction sites in
laparoscopic  surgery, two = systematic reviews and

meta-analyses, two RCTs, and three cohort studies were found.
In an RCT* of midline versus transverse incision for specimen
extraction after laparoscopic colectomy (165 patients), a
transverse incision was associated with a lower incidence of
incisional hernia after 30 months of follow up (2 versus 15 per
cent; P=0.013), but worse cosmesis. Another small RCT of 40
patients was included alongside 16 observational studies in a
meta-analysis®® of over 6000 patients, and demonstrated an
increased risk of incisional hernia at extraction sites for midline
compared with non-midline incisions, which included
transverse and Pfannenstiel incisions (OR 4.1, 95 per cent c.i. 2.0
to 8.3; P<0.001). Three more recently published cohort
studies?™™® of over 800 patients looking at extraction sites after
colorectal resections confirmed these results, and all reported
that midline extraction sites had the highest rate of incisional
hernia. A recent systematic review”* of nine RCTSs, including
1036 patients, compared outcomes of umbilical versus epigastric
gallbladder extraction during laparoscopic cholecystectomy. No
differences in postoperative pain after 24 h or SSO were found.
The included RCTs reporting on the incidence of incisional
hernias were of insufficient quality to draw meaningful
conclusions on this outcome.

Closure of minimally invasive surgery ports

KQ2 Should trocar sites be closed in patients undergoing
laparoscopic surgery?

KQ2 Should trocar sites be closed in patients undergoing
laparoscopic surgery?

Statement: The evidence on trocar-site closure is very limited.
The risk of developing a trocar-site hernia is increased for
trocar sites of 10 mm or larger, for single-incision laparoscopic
surgery (SILS) trocars, and for trocars placed at the umbilical
site. There are no robust data supporting fascial closure at the
trocar site for prevention of trocar-site hernia, and there are no
data on surgical-site complications and pain. There are no data
on optimal closure technique or material.

Recommendation: It is suggested to suture the fascial defect for
trocar sites of 10 mm or larger, especially after SILS and for
trocars located at the umbilical site.

Quality of evidence: X000 (very low)

Strength of recommendation: Weak

The literature search revealed five new publications including a
Dutch guideline’® on laparoscopy for gynaecologists, a
systematic review”® on technical risk factors for trocar-site
hernias, a systematic review and meta-analysis®’ of trocar-site
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closure in bariatric surgery, and two systematic reviews and
meta-analyses’®?® of SILS. As the Dutch guideline did not
include any new studies, it was excluded from this guideline.

Trocar-site hernia appears to be a rare complication of
laparoscopic surgery, but the true incidence is probably
under-reported. The low-quality systematic review*® of technical
risk factors for trocar-site hernias confirmed the data used in the
original guideline of an overall incidence of trocar-site hernias of
0.1-0.5 per cent, with the highest incidences at the umbilical port
site and in 12-mm ports, and the lowest incidence in 5-mm
trocars®?®. In bariatric surgery, a review?’ noted an overall
trocar-site hernia incidence of 3.2 per cent. This review
demonstrated the incidence of trocar-site hernias to be
significantly higher in studies that used imaging for their
diagnosis than in studies that used clinical examination or no
specific follow-up regimen (16.2 versus 1.3 per cent respectively). A
recent case series®® of 79 patients who underwent a laparoscopic
gastric sleeve procedure reported a trocar-site hernia rate of 21.5
per cent at the umbilical extraction site, when examined by CT
after a mean follow-up of 37 months. This emphasizes the
probable underestimation of the true incidence of trocar-site
hernias. The review authors attempted to compare the incidence
of trocar-site hernias for trocar sites that were closed or not
closed after bariatric surgery, and could not detect a difference.
However, owing to the heterogeneity of the studies, lack of
adequate methodology and duration of follow-up for this
outcome, these data were not included in the present guidelines.

Two systematic reviews of SILS focused on cholecystectomies
in 2838 patients®®, and SILS for a variety of surgical procedures
in 3340 patients®®. Both meta-analyses showed an increased risk
of incisional hernia after SILS compared with conventional
laparoscopy, with an OR of over 2.5. Although the RCTs included
in these large meta-analyses were of acceptable methodological
quality, the majority of the studies were not sufficiently
powered for the outcome incisional hernia. Some studies had
insufficient follow-up or a poorly described method of incisional
hernia detection. The meta-analysis®® of cholecystectomies did
not show a difference between SSO or postoperative pain
between SILS and conventional laparoscopy. Because SILS
requires a larger fascial incision than conventional laparoscopy
and carries a higher risk of incisional or trocar-site hernia, these
incisions should be closed meticulously, as recommended in the
original guidelines®.

As no additional evidence regarding trocar size, trocar location
or fascial closure was found, the recommendation from the
previous guideline on trocar size was not changed.

Closure of laparotomy incisions

KQ3 What is the preferred strategy for closing a
laparotomy?

The literature search identified two large meta-analyses®??
addressing the evidence on suture materials and suture
technique for the closure of laparotomies, and two systematic
review and meta-analyses”*? of antimicrobial-coated sutures.
Additionally, three RCTs of antimicrobial-coated sutures,®*—°
one®® of the small-bites technique, and one® comparing mass
with layered closure in transverse incisions published after
these systematic reviews and meta-analyses were identified.

In the original guideline®, continuous closure of the midline
abdominal wall was recommended based on a systematic
review that included studies with rapidly absorbable
multifilament sutures in an interrupted technique and slowly

KQ3 What is the preferred strategy for closing a laparotomy?

Statement: In the available studies of acceptable quality, no
superiority of one specific suture material or continuous versus
interrupted technique could be shown. The combination of a
continuous small-bites suturing technique with a slowly
absorbable suture reduces the risk of incisional hernia.

Recommendation: A continuous small-bites suturing technique
with a slowly absorbable suture is suggested for closure of
elective midline incisions.

Quality of evidence: XX00 (low)

Strength of recommendation: Weak

absorbable or non-absorbable sutures in the continuous group.
In the more recent two large meta-analyses®! of closure
techniques, efforts were made to perform an analysis excluding
trials in which the comparator arm differed by more than one
component. However, many smaller and older studies of
moderate to very low quality were included. A Cochrane
meta-analysis®’ included 11 RCTs comparing interrupted and
continuous closure techniques with the same suture material:
four RCTs including 1195 patients, six RCTs that looked at burst
abdomen, and six RCTs on surgical-site infection (SSI) including
4933 patients. There was no difference in the rate of incisional
hernia between these techniques (10.9 versus 12.7 per cent). No
statistically significant difference between the groups was found
for burst abdomen and SSI. Postoperative pain was not
evaluated. As continuous suturing better distributes tension
along the suture line, is faster and leaves less foreign body in
the wound, the guidelines group advises the use of continuous
over interrupted closure for elective laparotomies.

Three large RCTs*®*¥*° have investigated the small-bites
technique with a total of 1722 patients. The two’®*? with 1-year
follow-up available, including 1222 patients, showed a reduced
incisional hernia rate with the small-bites technique (risk ratio
(RR) 0.49, 95 per cent ci. 0.36 to 0.67). The trials of the
small-bites technique are recent and of acceptable quality.
However, both RCTs have some methodological shortcomings,
one being a single-centre pseudorandomized trial and the other
not having radiological imaging for all patients during follow-up.
The small-bites technique consists of tissue bites of 5-9 mm
from the wound edges to incorporate aponeurosis only, with
stitches placed 5 mm apart to ensure adequate distribution of
tension, performed in a continuous suturing technique with a
slowly absorbable suture material. In all studies, a single-thread
suture with a small diameter (USP 2/0) was used on a small
needle and aponeurosis was approximated, not pulled together
forcefully. Tissue perfusion is highest after low-tension closure,
and aponeurotic tissue is less vulnerable to ischaemic damage
owing to strangulation from sutures than muscle and fatty
tissues?®. The stitch slackens as soft tissues give way under the
suture, allowing the aponeurotic edges to become separated,
and consequently an incisional hernia develops. The small-bites
technique implies a ratio of suture length to wound length of at
least 4 : 1. A suture length to wound length ratio of atleast 4 : 1
is achieved by use of an adequate number of stitches, size of
stitches, and low tension on the suture, and is associated with a
lower incidence of incisional hernia®**?. In a combined analysis
of the short-term results of the three RCTs?***%° no difference
in the occurrence of burst abdomen or SSC was found. The
majority of patients had a BMI below 30 kg/m?.

Many RCTs have investigated incisional hernia rate, burst
abdomen, and SSI for different suture materials. These
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relatively small and old studies were combined in a
meta-analysis®® that took into account only trials comparing
different suture materials used with the same continuous or
interrupted suturing technique. When the same closure
technique was used, this meta-analysis failed to show
superiority of one suture material over another for incisional
hernia, burst abdomen or SSI.

Antimicrobial-coated sutures were introduced to reduce SSI
and are now increasingly being used. No evidence was found for
antimicrobial-coated sutures in preventing incisional hernia.
Two high-quality systematic reviews and meta-analyses’
examined the rate of SSI after fascial closure. Both found no
difference in SSI with use of antimicrobial-coated slowly
absorbable monofilament sutures, but they showed a reduced
SSI rate for antimicrobial-coated multifilament fast-absorbing
sutures. Since then, three RCTs*>3° of antimicrobial-coated
suture for fascial closure have been published with
contradictory results.

Fascial healingis a complex process that takes over a year to be
complete. There is a rapid gain in strength from the eighth
postoperative day (beginning of proliferative phase) up to the
second month (around the end of collagen synthesis)*®. After 2
months, the fascia has regained 50 per cent of its original
strength®®. When choosing an absorbable suture for laparotomy
closure, the mechanical properties of the suture should be taken
into account. Tensile strength decreases over time when
absorption takes place. After losing approximately 70-80 per
cent of their strength, sutures will not be able to withstand
forces on the healing fascia and will break. For multifilament
fast-absorbing sutures, only 25 per cent of the original strength
remains after 4 weeks, and complete absorption has taken place
after 8-10 weeks**™° For monofilament slowly absorbable
sutures, more than half of the tensile strength remains after 6
weeks and absorption is completed after 6-8 months***’. Given
the reduction in tensile strength of fast-absorbing sutures, these
are at high risk of breaking before the fascia has healed well
enough. Slowly absorbable and non-absorbable sutures do not
differ in terms of the occurrence of incisional hernia and burst
abdomen. However, non-absorbable sutures have been linked to
prolonged wound pain and suture sinus formation®'. The
guideline group suggests the use of a slowly absorbable suture
for closing the midline fascia of the abdominal wall in elective
laparotomies.

The data on combined techniques consist mostly of
interrupted suturing with a fast-absorbing suture material
compared with continuous suturing with a slowly absorbable or
non-absorbable suture material. Although systematic reviews
reported a reduced rate of incisional hernia with a continuous
technique with slowly absorbable or non-absorbable sutures in
elective surgery, the analyses were based on studies of limited
quality and several studies date from more than 30 years ago’.
The methodology is poorly described in these trials, with lack of
informed consent, risk of selection bias, unclear randomization,
insufficient duration and method of follow-up, and missing data
on important confounders and secondary outcomes.
Imprecision owing to few reported events is another
shortcoming. Continuous suturing using the small-bites
technique and a slowly absorbable monofilament suture
appears to be the best practice based on low-certainty
evidence®?!. For this reason, the guideline group provided a
weak recommendation.

No studies looking specifically at obese patients were found.
One RCT comparing continuous and interrupted closure of

emergency laparotomies was identified. This trial was assessed
as being of unacceptable quality owing to insufficient follow-up
(duration and 40 per cent of patients lost to follow-up) and
therefore excluded*®. Two meta-analyses®*" included RCTs with
midline and a variety of non-midline laparotomies. Subgroups
for closure in non-midline incisions were too small. A recent
trial®’ comparing the early results of mass and layered closure
of upper abdominal transverse incisions suggested that layered
closure should be preferred. However, it represents the initial
results of an ongoing RCT with limited clinical value as yet. In
summary, as there are no valid data available for emergency
laparotomies, laparotomies in obese patients, or laparotomies
performed through a non-midline incision, the principles for
elective midline laparotomy closure could be applied.

Identifying patients with an increased risk

of incisional hernia development

KQ4 Which patients are at increased risk of incisional hernia
development?

Incisional hernia formation results from of a combination of
factors, such as patient co-morbidities, genetics, anatomy,
health-related behaviours, immunosuppressive medication,
surgical technique, soft tissue healing, and SSI. As risk varies
significantly across procedures and specialties, there is no
universal or standard definition of what constitutes a high-risk
patient. Instead, risk relative to a specific procedure and
specialty need to be considered.

Incisional hernias are the result of inadequate or impaired
early wound healing of the myofascial abdominal wall after
surgery. Each of the commonly recognized risk factors for
hernia formation inhibits wound healing, including SSI (OR 8.55,
95 per cent c.i. 1.54 to 47.5), diabetes (OR 6.68, 2.02 to 22.0)*°,
smoking (OR 3.93, 1.82 to 8.49)°°, chronic pulmonary disease
(COPD) (HR 2.35, 1.44 to 3.83), obesity (HR 1.74, 1.04 to 2.91)°%,
and immunosuppression (OR 2.5, 1.5 to 4.2)>2.

Risk stratification tools are available to facilitate identification
of patients for preventative strategies such as prophylactic mesh.
The HERNIA score was initially evaluated in a prospective study
from a single institution®! and validated by the same group®.
The revised HERNIA score, which uses BMI, COPD, incision
length, and previous abdominal surgery, may be of use®?.
Another group®* evaluated risk factors in over 12000 patients,
and developed and validated a risk model to help predict
incisional hernia risk. After more patients had been included,
the model was further refined and a risk calculator app
developed°.

Prophylactic mesh augmentation

KQ5a Is mesh augmentation beneficial for closure of elective
laparotomies?

A systematic review and meta-analysis’ and a network
meta-analysis®® of mesh augmentation of suture closure versus
primary suture closure alone for midline laparotomies have
been published. Another three systematic reviews and
meta-analyses®’™° were identified, reporting data on incisional
hernia and other important outcomes, such as SSI and chronic
wound pain. A further meta-analysis® examined prophylactic
mesh reinforcement after suture closure versus primary suture
closure in patients undergoing open abdominal aortic aneurysm
(AAA) repair. One more recently published RCT®* of mesh
augmentation after suture closure versus primary suture closure
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KQ5a Is mesh augmentation beneficial for closure of elective
laparotomies?

Statement: Mesh augmentation after suture closure of a midline
abdominal incision reduces the rate of incisional hernia
compared with primary suture closure. Studies do not show an
increased risk of surgical-site infection. Data on burst
abdomen and postoperative pain are limited. Currently, there
are no data on mesh augmentation versus primary suture
closure of non-midline abdominal incisions.

Recommendation: Prophylactic mesh augmentation after
elective midline laparotomy can be considered to reduce the
risk of incisional hernia.

Quality of evidence: XX00 (low)

Strength of recommendation: Weak

in patients operated for AAA was not included in any
meta-analyses.

Twelve RCTs comparing outcomes of mesh augmentation with
primary closure in 1815 patients who underwent midline
laparotomy were collated in a meta-analysis and trial sequential
analysis®. Minimum follow-up was 1 year. The risk of incisional
hernia was lower in patients who had mesh augmentation
closure of a midline laparotomy (RR 0.35, 95 per cent c.i. 0.21 to
0.57)°. Similarly, a network meta-analysis®® of 17 RCTs with a
total of 2763 patients, which compared mesh augmentation in
different planes with primary closure of a midline laparotomy,
showed a lower risk of incisional hernia in patients with mesh
augmentation. Such a benefit of mesh augmentation was
consistently reported in three other meta-analyses®’ ™, one® of
which included only patients with mesh augmentation in the
onlay position. The inclusion criteria in most trials were morbid
obesity, AAA or a predefined high-risk score for incisional
hernia. Strategies employed to diagnose incisional hernia varied
considerably across the studies, from clinical examination alone
to cross-sectional imaging. Similarly, there was considerable
variation in the indication for laparotomy, type of mesh used,
and plane of mesh placement, resulting in statistical
between-study heterogeneity. Although some authors explicitly
reported a suture to wound length ratio of at least 4 : 1 in the
primary closure group, information on type of suture and
technique used was limited. Furthermore, the small-bites
technique was not used in the RCTs, which may have resulted
in overestimation of the treatment effect. Almost half of the
RCTs were judged to be at high risk of bias mainly because of
selective reporting. Sensitivity analyses excluding studies that
were deemed to be at high risk of bias corroborated the results
of the primary meta-analysis®.

A meta-analysis® of three RCTs (562 patients) comparing onlay
mesh augmentation with primary closure of midline
laparotomies and four RCTs (560 patients) comparing
retromuscular mesh augmentation with primary closure of
midline abdominal incisions showed no significant difference in
SSI. The network meta-analysis®® showed no significant
difference in SSI between mesh augmentation and primary
suturing.

A meta-analysis®® of five RCTs (681 patients) found that the
odds of chronic incisional pain was no higher in patients who
had mesh augmentation than in those with primary abdominal
closure (OR 1.63, 95 per cent c.i. 0.98 to 2.71). This meta-analysis
included patients with non-midline laparotomies. Similarly, the
network meta-analysis®® noted no difference in chronic
incisional pain between mesh augmentation and primary

closure in a meta-analysis of five RCTs (RR 1.48, 95 per cent c.i.
0.96 to 2.29). Limited data are available on other critical
outcomes, such as burst abdomen or mesh infection. Four
trials®>™®° reported the need for partial or complete explantation
of 22 of 585 implanted prophylactic meshes owing to infection.
Other trials®®*¢ including 786 meshes did not report the need
for mesh removal.

Other important aspects of mesh augmentation are the
additional costs and operating time. Although the costs of a
mesh are added to those of the initial procedure, the costs
related to development of an incisional hernia are avoided. An
American cost-utility analysis’”’/ demonstrated prophylactic
mesh augmentation after suture closure of the midline in
high-risk patients to be more effective, less costly, and overall
more cost-effective than primary suture closure.

KQ5b Which type of mesh should be used for prophylactic
mesh augmentation?

KQ5b Which type of mesh should be used for prophylactic mesh
augmentation?

Statement: Prophylactic mesh augmentation with synthetic
permanent mesh reduces the incidence of incisional hernia
compared with primary closure. Reduction in incisional hernia
rate is not proven for absorbable synthetic or biological
meshes. There are no studies comparing different types of
mesh.

Recommendation: It is suggested to use a permanent synthetic
mesh for prophylactic mesh augmentation.

Quality of evidence: X000 (very low)

Strength of recommendation: Weak

There are no studies comparing different types of mesh for
prophylactic mesh augmentation. Seventeen RCTg®? 66676971~
767881 investigated the prophylactic effect of the use of one of
the three categories of meshes on incisional hernia development
after laparotomy: absorbable synthetic mesh, non-absorbable
synthetic mesh, and biological mesh. Twelve trialg®¢*67:69.73~
767880 y5ed non-absorbable synthetic mesh, whereas two
used fast-absorbing synthetic mesh and three®®®®’! used a
biological ~mesh. All  trials®?®*67:69737678  comparing
non-absorbable synthetic mesh augmentation with a
suture-only technique reported a significant reduction in
incisional hernia. No benefit of fast-absorbing synthetic mesh
augmentation was shown in terms of burst abdomen or
incisional hernia rates’?®". Three studies®®®®’' of the
prophylactic effect of a biological mesh reported different
results. One study®® found no difference in the rate of incisional
hernia at 2 years’ follow-up in 380 patients, whereas the other
two trials®®’?, including 132 patients, noted lower rates of
incisional hernia in patients treated with biological mesh
augmentation. Data on adverse effects of mesh augmentation
are also divergent. Four trials®®° reported the need for partial
or complete explantation of non-absorbable synthetic meshes.
No mesh explantation was reported in trials of absorbable or
biological meshes.

72,81

KQ5c Which abdominal plane should be used for
prophylactic mesh augmentation?

Only one RCT®*® has compared onlay versus retromuscular
prophylactic mesh placement. The 2-year incidence of incisional
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KQ5c Which abdominal plane should be used for prophylactic
mesh augmentation?

Statement: Data concerning prophylactic mesh implantation in
different anatomical planes are limited. Onlay and
retromuscular mesh implantation seem safe and effective in
incisional hernia prevention.

Recommendation: When using a prophylactic mesh, onlay or
retromuscular implantation is suggested.

Quality of evidence: X000 (very low)

Strength of recommendation: Weak

hernia was comparable after onlay and retromuscular mesh
reinforcement (13 versus 18 per cent). The risk of seroma
formation was significantly increased after onlay mesh
placement®®. However, this did not translate into more
interventions or readmissions. The association between
prophylactic mesh plane and infectious complications was
assessed in a more recently published update of this RCT®2
Such complications occurred in 17.6 per cent in the onlay group
and 10.3 per cent in the retromuscular group (P=0.042). The
mesh could remain in situ in 77 per cent of patients with an
infectious complication,

In a network meta-analysis®®, prophylactic onlay (RR 0.24, 95
per cent c.i. 0.12 to 0.46) and retromuscular mesh implantation
(RR 0.32, 0.16 to 0.66) were associated with a significantly lower
risk of incisional hernia than primary suture closure. The
number needed to treat was 4 and 5 respectively. Onlay mesh
placement was associated with a significantly higher risk of
seroma than primary suture closure (RR 2.21, 1.44 to 3.39).
Comparing different mesh implantation planes, all except the
retromuscular location had a higher risk of wound infection
than primary closure, but the finding was not significantly
different®. Subgroup analysis in another meta-analysis® showed
a reduced risk of incisional hernia with both the onlay and
retromuscular mesh augmentation techniques compared with
primary abdominal wall closure alone. Two RCTs®*’? compared
intraperitoneal synthetic mesh placement versus primary
closure alone. Although a reduction in the incidence of
incisional hernia was noted, the guideline group does not advise
implanting a synthetic mesh prophylactically in the
intraperitoneal space, given the increased risk of adhesive
complications. Retromuscular mesh implantation is a technique
that not all surgical specialists master. Although onlay
implantation is associated with an increased risk of SSO, it is
easy to perform and, where future incisional hernia repair is
required, the retromuscular plane remains intact.

KQ5d Is mesh augmentation beneficial during closure

of emergency laparotomies?

Mesh augmentation in the context of emergency surgery is
important as these patients often have impaired physiology and
risk factors for fascial dehiscence and incisional hernia

KQ5d Is mesh augmentation beneficial during closure of
emergency laparotomies?

Statement: Data on mesh augmentation in emergency midline
laparotomy are heterogeneous and limited.

Recommendation: No recommendation can be made regarding
prophylactic mesh augmentation in emergency laparotomy.

Quality of evidence: X000 (very low)

Strength of recommendation: -

development*®. There are concerns about mesh infection,
particularly in a contaminated field.

Four RCTs’1#%#3-8 have compared mesh augmentation with
primary closure in emergency laparotomies. One trial®® of
intraperitoneal implantation of a biological mesh in 48 patients
was closed prematurely owing to a higher incidence of
mesh-related reintervention in the prophylactic mesh group.
Mesh-related  abdominal wall complications included
non-integration of mesh into the abdominal wall and mesh
infection.

In two other RCTs’*®* including 100 and 200 patients,
abdominal wall closure was done with a 3-cm wide strip of
biosynthetic mesh implanted retromuscularly’* or a 4-cm wide
strip of synthetic mesh implanted in the retromuscular
position®®. The incidence of incisional hernia on imaging was
higher in the suture group compared with the mesh group (22
versus 6 per cent, and 21 versus 6 per cent respectively) at 2
years’ follow-up. No difference was found in 30-day morbidity
between mesh augmentation and suture closure alone’’®%
Another RCT®® compared the small-bites technique with or
without onlay synthetic mesh augmentation. However, only
30-day results were available, which showed a decreased fascial
dehiscence rate in the mesh group (0 versus 13.5 per cent). SSOs
were similar in both groups, but two patients needed partial
mesh explantation. No data from this trial are available on
long-term incisional hernia rate.

Overall, the quality of the evidence investigating potential
benefits of mesh augmentation in an emergency setting is
considered very low mainly owing to insufficient small sample
sizes and inconsistency because of different indications for
laparotomy, different types of implanted mesh, different planes
of implantation, and different methods for diagnosis of
incisional hernia. More research is needed to draw definitive
conclusions on potential benefits of mesh augmentation in
patients undergoing emergency midline laparotomy and to
identify subgroups of patients who might benefit from
prophylactic mesh placement.

Postoperative care

KQ6 Are postoperative abdominal binders advantageous
after open abdominal surgery?

KQ6 Are postoperative abdominal binders advantageous after
open abdominal surgery?

Statement: There are no data on burst abdomen, incisional
hernia or surgical-site occurrences related to the use of
postoperative binders after open abdominal surgery. There are
limited data to suggest that abdominal binders reduce
postoperative pain, without compromising pulmonary
function.

Recommendation: No recommendation can be made for or
against the use of postoperative binders owing to the lack of
data on their effect on incisional hernia or burst abdomen.

Quality of evidence: X000 (very low)

Strength of recommendation: -

Since the previous guideline, three systematic reviews and
meta-analyses®® of the use of abdominal binders have been
published, all including a different set of RCTs and
observational studies. One systematic review®® included eight
studies, of which were four RCTs, comprising a total of 578
patients. No effect on postoperative pain was found. Use of
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abdominal binders did not compromise pulmonary function. The
other two meta-analyses, including 10 (968 patients)®” and five
(281 patients)®® RCTs reported a reduction in postoperative pain
with abdominal binders and no negative effect on pulmonary
function. Abdominal binders can be used after open abdominal
surgery, but their costs, acceptance by patients, and potential
risks should be taken into account. No recommendations can be
given in terms of SSO, burst abdomen, and incisional hernia
formation as there are a lack of data on these outcomes.

KQ7 Is restriction of activity advantageous after open
abdominal surgery?

KQ7 Is restriction of activity advantageous after open
abdominal surgery?

Statement: There are very limited data on restriction of activity
after open abdominal surgery.

Recommendation: No recommendation on restriction of activity
after open abdominal surgery can be made owing to lack of
evidence.

Quality of evidence: —

Strength of recommendation: —

Only one systematic review® on the restriction of activity after
abdominal surgery has been published. This included 22 studies,
incorporating three RCTs and several opinion articles. No
comparative prospective trials on pulmonary function, SSO,
burst abdomen, and incisional hernia formation were
included. Therefore, no recommendations can be given on the
restriction of postoperative physical activities owing to lack of
studies. An expert survey” of recommendations regarding
postoperative strain and physical labour after abdominal
surgery was undertaken during the 41st Annual International
Congress of the EHS. Four weeks of no physical strain after
laparotomy was considered appropriate by a majority of the
experts.

External appraisal

The guideline was appraised externally by four surgeons
(reviewers 1-4) and a member of the AGREE Collaboration
(reviewer 5) not involved in guideline development with the
AGREE II instrument’®*®. The assessment of the guideline per
domain by the reviewers can be found in Fig. S2. The overall
rating of the quality of the guideline was good (87 per cent) and
all would recommend this guideline for use. AGREE II considers
a guideline high quality if it has a score over 70 per cent. Of
these six domains, five scored over 70 per cent (72-89 per cent);
the domain of applicability scored below this threshold (43 per
cent). The reviewers were missing practical advice to help
surgeons implement these guidelines into their practice,
possible barriers and the costs of adding time to a procedure
when implementing recommendations, and the costs and
availability of prophylactic mesh augmentation of the
abdominal wall. These considerations were used to add a
paragraph on implementation to the discussion section.
Furthermore, after the AGREE II appraisal, the methodology
section was improved by explaining in more detail how the
GRADE methodology was used during the guideline process and
recommendations were formulated.

Discussion
Limitations

These updated guidelines summarize the studies of abdominal
wall closure in adults undergoing abdominal surgery. The major
limitation of this guideline reflects the limited quantity and/or
quality of the studies available to answer the KQs. This makes it
impossible to formulate strong recommendations for any of the
KQs according to the GRADE methodology™®. The majority of
studies reported on the incidence of burst abdomen, SSI, and
incisional hernia. Patient-reported outcomes, such as pain,
abdominal wall function and cosmesis, were reported rarely.
Data were limited or lacking for emergency surgery and surgery
in obese patients, and recommendations for these patients
could not be made. Although the guidelines group aimed to
represent all stakeholders and surgical specialties, it would have
benefited from participation of a gynaecological surgeon and
physiotherapist. Care was taken to create subgroups without
group members who authored a paper relevant to the KQ or
with other conflicts of interest. However, all group members use
meshes and sutures, and are involved in hernia prevention,
which might have influenced appraisal of the evidence and
formulation of recommendations. Efforts were made to have
active patient participation, but unfortunately not all group
meetings had patient representation. A patient representative
critically reviewed the guidelines and their valuable comments
were included.

Implementation

To aid dissemination and implementation, the guideline will be
presented at international and national conferences, and
summaries will be written in different languages for national
journals. Implementation of standard closure techniques in
elective and emergency laparotomies has been described in
detail, and shown to reduce the incidence of incisional hernia
and burst abdomen®® Before implementation of the
recommendations, surgeons may need some extra education
and/or training in the techniques. Monitoring of this process,
complications, and feedback are important. Surgical procedures
can be performed in different positions (such as lateral) and on
patients in special conditions (for example, pregnancy), which
require special considerations when choosing location of
incision, approach, and closure techniques. For these reasons,
separate papers on the applicability of the guidelines specifically
for urological, gynaecological and vascular procedures and
patients will be written. Another barrier to implementation of
these guidelines may be the added costs of, and time taken, for
a surgical procedure, especially in low- and middle-income
countries. However, reduction in the incidence of incisional
hernia has been proven to reduce healthcare costs®, and even
the use of prophylactic mesh has been calculated to be more
cost-effective than suture closure alone’’. Given the additional
studies identified for this update, it is planned to update these

guidelines 5 years after publication using the GRADE
methodology.
Knowledge gaps

The guideline group discussed the knowledge gaps and proposed
some research areas that could improve the evidence for several
KQs. The lack of patient-reported outcomes, such as incision
pain, abdominal wall function and cosmesis, was acknowledged
and these should be included in future studies. Of particular
interest will be investigating the effect of different size and
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location of abdominal wall incisions on cosmesis and abdominal
wall function. For this guideline, evidence was also searched for
patients with an increased risk of complications, such as those
undergoing emergency surgery, obese patients, and
immunocompromised individuals. Unfortunately, studies in
these groups were lacking. Furthermore, most studies
comparing minimally invasive and open approaches did not
have sufficient power, or adequate method or duration of
follow-up, to evaluate abdominal wall complications such as
incisional hernia. With the rise in robotically assisted minimally
invasive procedures, studies comparing these procedures with
conventional laparoscopy will be of interest. The force on the
abdominal wall from the robotic system might influence
postoperative outcomes such as pain and trocar-site hernia
formation. Disappointingly, most trials have provided
insufficient information on suturing technique or the suture
length to wound length ratio. Although several high-quality
RCTs of prophylactic mesh augmentation have been conducted,
none of these compared prophylactic mesh augmentation with
primary closure using the small-bites technique. Data on slowly
absorbable meshes for prophylactic mesh augmentation were
not lacking.

Funding

The EHS provided meeting expenses for the guidelines group. The
EHS did not have an influence on the content of the guidelines.

Acknowledgements

The authors thank N. Dames for her input to these guidelines
from a patient perspective. They acknowledge the external
experts for their review and evaluation using the AGREE II
instrument of these guidelines before submission of this
manuscript: B. T. Heniford (Department of Surgery, Carolinas
Medical Center, Charlotte, NC, USA), W. Ceelen (Department of
Surgery, University Hospital Ghent, Ghent, Belgium),
L. N. Jorgensen (Department of Surgery, Bispebjerg University
Hospital, Copenhagen, Denmark), and A. Ramaswamy
(Department of Surgery, University of Minnesota Medical
School, Minneapolis, MN, USA). They also acknowledge
I. D. Florez (School of Rehabilitation Sciences, McMaster
University, Hamilton, ON, Canada, and Department of
Pediatrics, University of Antioquia, Medellin, Colombia) from the
AGREE Collaboration for appraising the guidelines from a
methodological perspective.

Disclosure

E.B.D. reports speaking and consultancy fees from Medtronic and
Mellon. N.A.H. reports speaking fees from Medtronic and
W. L. Gore. J.P.F. reports consultancy fees from Becton
Dickinson, AbbVie, Bater, Integra, W. L. Gore, and 3M. R.H.F.
reports speaking fees from BD Bard, Aesculap B. Braun, and AFS
Medical. H.G. reports a speaking fee from BD Bard. W.H. reports
speaking and consultancy fees from Medtronic, W. L. Gore, and
BD Bard. C.M.H. reports speaking fees from Medtronic. F.K.
reports speaking fees from BD Bard, Medtronic, and B. Braun.
M.L.-C. reports grants and consultancy fees from BD Bard,
W. L. Gore, and Medtronic. F.M. reports an educational grant
from BD Bard, and consulting fees from BD Bard, Medtronic,
Integra, Intuitive, Allergan, Nanomesh, and Deepblue. J.M.S.
reports a research grant from Intuitive and consulting fee from

Vicarious Surgical. J.T. reports a trial grant from UK National
Institute for Health Research/Health Technology Assessment,
honoraria from Medtronic and BD Bard for symposium and
focus group participation, and is on a Trial Development Group
for a trial sponsored by Medtronic. F.E.M. reports grants from
Intuitive Surgical, Dynames FEG Textil, consultancy and speaker
fees from Intuitive Surgical and Medtronic, a consultancy fee
from CMR Surgical, and a speaker fee from BD Bard. The
authors declare no other conflict of interest. During the
guideline development process, care was taken to create
subgroups without group members who authored a paper
relevant to the KQ or with other conflicts of interest. However,
all group members use surgical mesh and sutures, and are
involved in hernia prevention, which might have influenced
evidence appraisal and formulation of recommendations.

Supplementary material

Supplementary material is available at BJS online.

References

1. Bosanquet DC, Ansell J, Abdelrahman T, Cornish J, Harries R,
Stimpson A et al. Systematic review and meta-regression of
factors affecting midline incisional hernia rates: analysis of 14
618 patients. PLoS One 2015;10:e0138745

2. Holihan JL, Alawadi Z, Martindale RG, Roth JS, Wray CJ, Ko TC
et al. Adverse events after ventral hernia repair: the vicious
cycle of complications. ] Am Coll Surg 2015;221:478-485

3. Gillion JF, Sanders D, Miserez M, Muysoms F. The economic
burden of incisional ventral hernia repair: a multicentric cost
analysis. Hernia 2016;20:819-830

4. Hoer]J, Lawong G, Klinge U, Schumpelick V. [Factors influencing
the development of incisional hernia. A retrospective study of
2983 laparotomy patients over a period of 10 years.] Chirurg
2002;73:474-480

5. Muysoms FE, Antoniou SA, Bury K, Campanelli G, Conze J,
Cuccurullo D et al. European Hernia society guidelines on the
closure of abdominal wall incisions. Hernia 2015;19:1-24

6. Antoniou SA, Morales-Conde S, Antoniou GA, Granderath FA,
Berrevoet F, Muysoms FE et al. Single-incision laparoscopic
surgery through the umbilicus is associated with a higher
incidence of trocar-site hernia than conventional laparoscopy: a
meta-analysis of randomized controlled trials. Hernia 2016;20:1-10

7. Henriksen NA, Deerenberg EB, Venclauskas L, Fortelny RH,
Garcia-Alamino JM, Miserez M et al. Triclosan-coated sutures
and surgical site infection in abdominal surgery: the TRISTAN
review, meta-analysis and trial sequential analysis. Hernia
2017;21:833-841

8. Henriksen NA, Deerenberg EB, Venclauskas L, Fortelny RH,
Miserez M, Muysoms FE. Meta-analysis on materials and
techniques for laparotomy closure: the MATCH review. World ]
Surg 2018;42:1666-1678

9. Jairam AP, Lépez-Cano M, Garcia-Alamino JM, Pereira JA,
Timmermans L, Jeekel J et al. Prevention of incisional hernia
after midline laparotomy with prophylactic mesh reinforcement:
a meta-analysis and trial sequential analysis. BJS Open 2020;4:
357-368

10. Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F,
Feder G et al. AGREE II. advancing guideline development,
reporting and evaluation in health care. CMAJ 2010;182:
E839-E842


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znac302#supplementary-data

1248 |

BJS, 2022, Vol. 109, No. 12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Scottish Intercollegiate Guidelines Network (SIGN). https://
www.sign.ac.uk/what-we-do/methodology/checklists/ (accessed
18 August 2022)

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello P et al. GRADE: an emerging consensus on rating
quality of evidence and strength of recommendations. BMJ
2008;336:924-926

AGREE Next Steps Consortium. The AGREE II Instrument
[electronic version]. http:/www.agreetrust.org (accessed 29
March 2022]

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71
Kossler-Ebs JB, Grummich K, Jensen K, Hittner FJ, Miiller-Stich
B, Seiler CM et al. Incisional hernia rates after laparoscopic or
open abdominal surgery—a  systematic and
meta-analysis. World J Surg 2016;40:2319-2330

Petersson J, Koedam TW, Bonjer HJ, Andersson J, Angenete E,
Bock D et al. Bowel obstruction and ventral hernia after
laparoscopic versus open surgery for rectal cancer in a
randomized trial (COLOR II). Ann Surg 2019;269:53-57

Taylor GW, Jayne DG, Brown SR, Thorpe H, Brown JM, Dewberry
SCetal. Adhesions and incisional hernias following laparoscopic
versus open surgery for colorectal cancer in the CLASICC trial. Br
] Surg 2010;97:70-78

Pecorelli N, Amodeo S, Frasson M, Vignali A, Zuliani W, Braga M.
Ten-year outcomes following laparoscopic colorectal resection:
results of a randomized controlled trial. Int ] Colorectal Dis 2016;
31:1283-1290

Lee L, Mata J, Droeser RA, Kaneva P, Liberman S, Charlebois P
et al. Incisional hernia after midline versus transverse
specimen extraction incision: a randomized trial in patients
undergoing laparoscopic colectomy. Ann Surg 2018;268:41-47
Lee L, Abou-Khalil M, Liberman S, Boutros M, Fried GM, Feldman
LS. Incidence of incisional hernia in the specimen extraction site
for laparoscopic colorectal surgery: systematic review and
meta-analysis. Surg Endosc 2017;31:5083-5093

LaChapelle CR, Whitney S, Aalberg ], Plietz M, Reppucci M, Salk
A et al. Analysis of outcomes by extraction site following
subtotal colectomy in ulcerative colitis: a retrospective cohort
study. J Gastrointest Surg 2020;24:933-938

Widmar M, Aggarwal P, Keskin M, Strombom PD, Patil S, Smith JJ
et al. Intracorporeal anastomoses in minimally invasive right
colectomies are associated with fewer incisional hernias and
shorter length of stay. Dis Colon Rectum 2020;63:685-692
Cano-Valderrama O, Sanz-Lopez R, Dominguez-Serrano I,
Dziakova J, Catalan V, Rojo M et al. Extraction-site incisional
hernia after laparoscopic colorectal surgery: should we carry
out a study about prophylactic mesh closure? Surg Endosc
2020;34:4048-4052

Kulkarni AA, Sharma G, Deo KB, Jain T. Umbilical port versus
epigastric port for gallbladder extraction in laparoscopic
cholecystectomy: a systematic review and meta-analysis of
randomized controlled trials with trial sequential analysis.
Surgeon 2021;20:e26-e35

La Chapelle CF, Bemelman WA, Bongers MY, Van Barneveld TA,
Jansen FW. A multidisciplinary evidence-based guideline for
minimally invasive surgery: part 2—laparoscopic port
instruments, trocar site closure, and electrosurgical
techniques. Gynecol Surg 2013;10:11-23

Gutierrez M, Stuparich M, Behbehani S, Nahas S. Does closure of
fascia, type, and location of trocar influence occurrence of port
site hernias? A literature review. Surg Endosc 2020;34:5250-5258

review

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Karampinis [, Lion E, Grilli M, Hetjens S, Weiss C, Vassilev G et al.
Trocar site hernias in bariatric surgery—an underestimated
issue: a qualitative systematic review and meta-analysis. Obes
Surg 2019;29:1049-1057

Connell MB, Selvam R, Patel SV. Incidence of incisional hernias
following single-incision versus traditional laparoscopic surgery:
a meta-analysis. Hernia 2019;23:91-100

LyuY, Cheng Y, Wang B, Zhao S, Chen L. Single-incision versus
conventional multiport laparoscopic cholecystectomy: a
current meta-analysis of randomized controlled trials. Surg
Endosc 2020;34:4315-4329

Ahlgvist S, Edling A, Alm M, DackhammarJB, Nordin P, Cengiz Y.
Trocar site hernia after gastric sleeve. Surg Endosc 2022;36:
43864391

Patel SV, Paskar DD, Nelson RL, Vedula SS, Steele SR. Closure
methods for laparotomy incisions for preventing incisional
hernias and other wound complications. Cochrane Database
Syst Rev 2017; (11)CD005661

Wu X, Kubilay NZ, Ren J, Allegranzi B, Bischoff P, Zayed B et al.
Antimicrobial-coated sutures to decrease surgical site
infections: a systematic review and meta-analysis. Eur J Clin
Microbiol Infect Dis 2017;36:19-32

NIHR Global Research Health Unit on Global Surgery. Reducing
surgical site infections in low-income and middle-income
countries (FALCON): a pragmatic, multicentre, stratified,
randomised controlled trial. Lancet 2021;398:1687-1699
Ruiz-Tovar J, Llavero C, Jimenez-Fuertes M, Duran M,
Perez-Lopez M, Garcia-Marin A. Incisional surgical site
infection after abdominal fascial closure with triclosan-
coated barbed suture vs triclosan-coated polydioxanone
loop suture vs polydioxanone loop suture in emergent
abdominal surgery: a randomized clinical trial. ] Am Coll
Surg 2020;230:766-774

Olmez T, Berkesoglu M, Turkmenoglu O, Colak T. Effect of
triclosan-coated suture on surgical site infection of abdominal
fascial closures. Surg Infect (Larchmt) 2019;20:658-664
Albertsmeier M, Hofmann A, Baumann P, Riedl S, Reisensohn C,
Kewer JL et al. Effects of the short-stitch technique for midline
abdominal  closure:  short-term  results from  the
randomised-controlled ESTOIH trial. Hernia 2022;26:87-95

Grat M, Morawski M, Krasnodebski M, Borkowski J, Krawczyk P,
Grat K et al. Incisional surgical site infections after mass and
layered closure of upper abdominal transverse incisions: first
results of a randomized controlled trial. Ann Surg 2021;274:
690-697

Deerenberg EB, Harlaar JJ, Steyerberg EW, Lont HE, van Doorn
HC, Heisterkamp J et al. Small bites versus large bites for
(STITCH): a
double-blind, multicentre, randomised controlled trial. Lancet
2015;386:1254-1260

Millbourn D, Cengiz Y, Israelsson LA. Effect of stitch length on
wound complications after closure of midline incisions: a
randomized controlled trial. Arch Surg 2009;144:1056-1059
Hoer ], Téns C, Schachtrupp A, Anurov M, Titkova S, Oettinger A
et al. Quantitative evaluation of abdominal wall perfusion after
different types of laparotomy closure using laser-fluorescence
videography. Hernia 2002;6:11-16

Israelsson LA, Jonsson T. Suture length to wound length ratio
and healing of midline laparotomy incisions. Br J Surg 1993;80:
1284-1286

Israelsson LA, Millbourn D. Prevention of incisional hernias:
how to close a midline incision. Surg Clin North Am 2013;93:
1027-1040

closure of abdominal midline incisions


https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://www.sign.ac.uk/what-we-do/methodology/checklists/
http://www.agreetrust.org

Deerenbergetal. | 1249

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Rath AM, Chevrel JP. The healing of laparotomies: review of the
literature. Hernia 1998;2:145-149

Bourne RB, Bitar H, Andreae PR, Martin LM, Finlay JB, Marquis F.
In-vivo comparison of four absorbable sutures: vicryl, dexon
plus, maxon and PDS. Can ] Surg 1988;31:43-45

Vasanthan A, Satheesh K, Hoopes W, Lucaci P, Williams K,
Rapley J. Comparing suture strengths for clinical applications:
a novel in vitro study. J Periodontol 2009;80:618-624

Ethicon. VICRYL™ (Polyglactin 910) Synthetic Absorbable Suture.
Instructions for Use. 0012227 rev 5, press release. ?: Ethicon, 2019
Ethicon. PDS™ II (Polydioxanone) Sterile Synthetic Absorbable
Suture. Instructions for Use. 0010376 rev 5, press release. ?:
Ethicon, 2019

Peponis T, Bohnen JD, Muse S, Fuentes E, van der Wilden GM,
Mejaddam A et al. Interrupted versus continuous fascial
closure in patients undergoing emergent laparotomy: a
randomized controlled trial. ] Trauma Acute Care Surg 2018;85:
459-465

Franchi M, Ghezzi F, Buttarelli M, Tateo S, Balestreri D, Bolis P.
Incisional hernia in gynecologic oncology patients: a 10-year
study. Obstet Gynecol 2001;97:696—700

Sorensen LT, Hemmingsen UB, Kirkeby LT, Kallehave F,
Jorgensen LN. Smoking is a risk factor for incisional hernia.
Arch Surg 2005;140:119-123

Goodenough CJ, Ko TC, Kao LS, Nguyen MT, Holihan JL, Alawadi
Z et al. Development and validation of a risk stratification score
for ventral incisional hernia after abdominal surgery: hernia
expectation rates in intra-abdominal surgery (the HERNIA
project). ] Am Coll Surg 2015;220:405-413

Montalti R, Mimmo A, Rompianesi G, Serra V, Cautero N,
Ballarin R et al. Early use of mammalian target of rapamycin
inhibitors is an independent risk factor for incisional hernia
development after liver transplantation. Liver Transpl 2012;18:
188-194

Cherla DV, Moses ML, Mueck KM, Hannon C, Ko TC, Kao LS et al.
External validation of the HERNIAscore: an observational study.
J Am Coll Surg 2017;225:428-434

Fischer JP, Basta MN, Mirzabeigi MN, Bauder AR, Fox JP, Drebin
JA et al. A risk model and cost analysis of incisional hernia
after elective, abdominal surgery based upon 12 373 cases: the
case for targeted prophylactic intervention. Ann Surg 2016;263:
1010-1017

Basta MN, Kozak GM, Broach RB, Messa CA IV, Rhemtulla I,
DeMatteo RP et al. Can we predict incisional hernia?:
development of a surgery-specific decision-support interface.
Ann Surg 2019;270:544-553

Tansawet A, Numthavaj P, Techapongsatorn S, Wilasrusmee C,
Attia ], Thakkinstian A. Mesh position for hernia prophylaxis
after midline laparotomy: a systematic review and network
meta-analysis of randomized clinical trials. Int J Surg 2020;83:
144-151

Payne R, Aldwinckle J, Ward S. Meta-analysis of randomised
trials comparing the use of prophylactic mesh to standard
midline closure in the reduction of incisional herniae. Hernia
2017;21:843-853

AhmedJ, Hasnain N, Fatima I, Malik F, Chaudhary MA, Ahmad ]
et al. Prophylactic mesh placement for the prevention of
incisional hernia in high-risk patients after abdominal
surgery: a systematic review and meta-analysis. Cureus 2020;
12:e10491

Hassan MA, Yunus RM, Khan S, Memon MA. Prophylactic onlay
mesh repair (POMR) versus primary suture repair (PSR) for
prevention of incisional hernia (IH) after abdominal wall

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

surgery: a systematic review and meta-analysis. World J Surg
2021;45:3080-3091

Indrakusuma R, Jalalzadeh H, van der Meij JE, Balm R,
Koelemay MJW. Prophylactic mesh reinforcement versus
sutured closure to prevent incisional hernias after open
abdominal aortic aneurysm repair via midline laparotomy: a
systematic review and meta-analysis. Eur J Vasc Endovasc
Surg 2018;56:120-128

Honig S, Diener H, Kolbel T, Reinpold W, Zapf A, Bibiza-Freiwald
E et al. Abdominal incision defect following AAA-surgery (AIDA):
2-year results of prophylactic onlay-mesh augmentation in a
multicentre, double-blind, randomised controlled trial.
Updates Surg 2021;74:1105-1116

Caro-Tarrago A, Olona C, Millan M, Olona M, Espina B, Jorba R.
Long-term results of a prospective randomized trial of midline
laparotomy closure with onlay mesh. Hernia 2019;23:335-340
Glauser PM, Brosi P, Speich B, Kaser SA, Heigl A, Rosenberg R
et al. Prophylactic intraperitoneal onlay mesh following
midline laparotomy—long-term results of a randomized
controlled trial. World J Surg 2019;43:1669-1675

Bevis PM, Windhaber RA, Lear PA, Poskitt KR, Earnshaw JJ,
Mitchell DC. Randomized clinical trial of mesh versus sutured
wound closure after open abdominal aortic aneurysm surgery.
Br ] Surg 2010;97:1497-1502

Timmermans L, Eker HH, Steyerberg EW, Jairam A, de Jong D,
Pierik EG et al. Short-term results of a randomized controlled
trial comparing primary suture with primary glued mesh
augmentation to prevent incisional hernia. Ann Surg 2015;261:
276-281

Bali C, Papakostas J, Georgiou G, Kouvelos G, Avgos S,
Arnaoutoglou E et al. A comparative study of sutured versus
bovine pericardium mesh abdominal closure after open
abdominal aortic aneurysm repair. Hernia 2015;19:267-271
Muysoms FE, Detry O, Vierendeels T, Huyghe M, Miserez M,
Ruppert M et al. Prevention of incisional hernias by
prophylactic mesh-augmented reinforcement of midline
laparotomies for abdominal aortic aneurysm treatment: a
randomized controlled trial. Ann Surg 2016;263:638-645

Sarr MG, Hutcher NE, Snyder S, Hodde ], Carmody B. A
prospective, randomized, multicenter trial of surgisis gold, a
biologic prosthetic, as a sublay reinforcement of the fascial
closure after open bariatric surgery. Surgery 2014;156:902-908
Garcia-Urena MA, Lopez-Monclus J, Hernando LA, Montes DM,
Valle de Lersundi AR, Pavon CC et al. Randomized controlled
trial of the use of a large-pore polypropylene mesh to prevent
incisional hernia in colorectal surgery. Ann Surg 2015;261:
876-881

Brosi P, Glauser PM, Speich B, Kaser SA, Maurer CA. Prophylactic
intraperitoneal onlay mesh reinforcement reduces the risk of
incisional hernia, two-year results of a randomized clinical
trial. World J Surg 2018;42:1687-1694

Pizza F, D’Antonio D, Arcopinto M, Dell'lsola C, Marvaso A.
Safety and efficacy of prophylactic resorbable biosynthetic
mesh following midline laparotomy in clean/contemned field:
preliminary results of a randomized double blind prospective
trial. Hernia 2020;24:85-92

Pans A, Elen P, Dewe W, Desaive C. Long-term results of
polyglactin mesh for the prevention of incisional hernias in
obese patients. World J Surg 1998;22:479-483

Gutierrez de la Pena C, Medina Achirica C, Dominguez-AdameE,
Medina Diez J. Primary closure of laparotomies with high risk of
incisional hernia using prosthetic material: analysis of
usefulness. Hernia 2003;7:134-136



1250 |

BJS, 2022, Vol. 109, No. 12

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Strzelczyk JM, Szymanski D, Nowicki ME, Wilczynski W,
Gaszynski T, Czupryniak L. Randomized clinical trial of
postoperative hernia prophylaxis in open bariatric surgery. Br ]
Surg 2006;93:1347-1350

Abo-Ryia MH, El-Khadrawy OH, Abd-Allah HS. Prophylactic
preperitoneal mesh placement in open bariatric surgery: a
guard against incisional hernia development. Obes Surg 2013;
23:1571-1574

El-Khadrawy OH, Moussa G, Mansour O, Hashish MS.
Prophylactic prosthetic reinforcement of midline abdominal
incisions in high-risk patients. Hernia 2009;13:267-274

Fischer JP, Basta MN, Wink JD, Krishnan NM, Kovach SJ. Cost-
utility analysis of the use of prophylactic mesh augmentation
compared with primary fascial suture repair in patients at
high risk for incisional hernia. Surgery 2015;158:700-711
Jairam AP, Timmermans L, Eker HH, Pierik R, van Klaveren D,
Steyerberg EW et al. Prevention of incisional hernia with
prophylactic onlay and sublay mesh reinforcement versus
primary suture only in midline laparotomies (PRIMA): 2-year
follow-up of a multicentre, double-blind, randomised
controlled trial. Lancet 2017:390:567-576

Kohler A, Lavanchy JL, Lenoir U, Kurmann A, Candinas D, Beldi
G. Effectiveness of prophylactic intraperitoneal mesh
implantation for prevention of incisional hernia in patients
undergoing open abdominal surgery: a randomized clinical
trial. JAMA Surg 2019;154:109-115

Lima HVG, Rasslan R, Novo FCF, Lima TMA, Damous SHB,
Bernini CO et al. Prevention of fascial dehiscence with onlay
prophylactic mesh in emergency laparotomy: a randomized
clinical trial. ] Am Coll Surg 2020;230:76-87

dela Portilla F, Flikier B, Espinosa E, Utrera A, Rada R, Vega J et al.
[Randomised study of the use resorbable mesh for the
prevention of evisceration in colorectal surgery.] Cir Esp 2008;
83:12-17

Van den Dop LM, Sneiders D, Kleinrensink GJ, Jeekel HJ, Lange JF,
Timmermans L. Infectious complication in relation to the
prophylactic mesh position: the PRIMA trial revisited. ] Am Coll
Surg 2021;232:738-745

Jakob MO, Haltmeier T, Candinas D, Beldi G. Biologic mesh
implantation is associated with serious abdominal wall
complications in patients undergoing emergency abdominal
surgery: a randomized-controlled clinical trial. ] Trauma Acute
Care Surg 2020;89:1149-1155

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Pizza F, D’Antonio D, Ronchi A, Lucido FS, Brusciano L, Marvaso
A et al. Prophylactic sublay non-absorbable mesh positioning
following midline laparotomy in a clean-contaminated field:
randomized clinical trial (PROMETHEUS). Br J Surg 2021;108:
638-643

Valverde S, Arbos MA, Quiles MT, Espin E, Sanchez-Garcia JL,
Rodrigues V et al. Use of a bioabsorbable mesh in midline
laparotomy closure to prevent incisional hernia: randomized
controlled trial. Hernia 2021

Rothman JP, Gunnarsson U, Bisgaard T. Abdominal binders may
reduce pain and improve physical function after major
abdominal surgery—a systematic review. Dan Med J 2014;61:
A4941

Jiang N, Hao B, Huang R, Rao F, Wu P, Li Z et al. The clinical
effects of abdominal binder on abdominal surgery: a
meta-analysis. Surg Innov 2021;28:94-102

Ossola P, Mascioli F, Coletta D, Pizzato M, Bononi M. Evidence on
postoperative abdominal binding: a systematic review with
meta-analysis of randomized controlled trials. Surgeon 2021;
19:244-251

Loor MM, Shah P, Olavarria OA, Dhanani N, Franz MG, Trautner
BW et al. Postoperative work and activity restrictions after
abdominal surgery: a systematic review. Ann Surg 2021;274:
290-297

Schaaf S, Willms A, Schwab R, Gusgen C. Recommendations on
postoperative strain and physical labor after abdominal and
hernia surgery: an expert survey of attendants of the 41st EHS
Annual International Congress of the European Hernia
Society. Hernia 2022;26:727-734

Tolstrup CK, Lose G, Klarskov N. The Manchester procedure
versus vaginal hysterectomy in the treatment of uterine
prolapse: a review. Int Urogynecol ] 2017;28:33-40

Thorup T, Tolstrup MB, Gogenur I. Reduced rate of incisional
hernia after standardized fascial closure in emergency
laparotomy. Hernia 2019;23:341-346

Pereira-Rodriguez  JA, Amador-Gil S, Bravo-Salva A,
Montcusi-Ventura B, Sancho-Insenser ], Pera-Roman M et al
Implementing a protocol to prevent incisional hernia in high-risk
patients: a mesh is a powerful tool. Hernia 2022;26:457-466
Pereira Rodriguez JA, Amador-Gil S, Bravo-Salva A,
Montcusi-Ventura B, Sancho-Insenser JJ, Pera-Roméan M et al.
Small bites technique for midline laparotomy closure: from
theory to practice: still a long way to go. Surgery 2021;170:140-145



	Updated guideline for closure of abdominal wall incisions from the European and American �Hernia Societies
	Introduction
	Methods
	Guideline group
	Methodology and literature search

	Results
	Open and minimally invasive abdominal surgery
	KQ1a Which approach, minimally invasive or open, should be used in patients undergoing abdominal surgery?
	KQ 1b Which incision should be used in patients undergoing abdominal surgery?

	Closure of minimally invasive surgery ports
	KQ2 Should trocar sites be closed in patients undergoing laparoscopic surgery?

	Closure of laparotomy incisions
	KQ3 What is the preferred strategy for closing a laparotomy?

	Identifying patients with an increased risk �of incisional hernia development
	KQ4 Which patients are at increased risk of incisional hernia development?

	Prophylactic mesh augmentation
	KQ5a Is mesh augmentation beneficial for closure of elective laparotomies?
	KQ5b Which type of mesh should be used for prophylactic mesh augmentation?
	KQ5c Which abdominal plane should be used for prophylactic mesh augmentation?
	KQ5d Is mesh augmentation beneficial during closure �of emergency laparotomies?

	Postoperative care
	KQ6 Are postoperative abdominal binders advantageous after open abdominal surgery?
	KQ7 Is restriction of activity advantageous after open abdominal surgery?

	External appraisal

	Discussion
	Limitations
	Implementation
	Knowledge gaps

	Funding
	Acknowledgements
	Disclosure
	Supplementary material
	References




