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Introduction 
Since the introduction of anaesthesia by Morton in 1846, and as 
survivable abdominal surgery became more common, so did the 
incidence of incisional hernias. Since then, more than 4000 
peer-reviewed articles have been published on the topic, many 
of which have tried to reduce the incidence or introduce 
techniques to improve outcomes from surgical repair. Despite 
this, the incidence of incisional hernias and the recurrence rates 
after repair remain high. A wide range of incisional hernia rates 
are reported1–5. A meta-analysis including over 14 000 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 repair6. 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 repair7. Arguably, no other benign 
disease has seen so little improvement in terms of surgical 
outcome. 

The Society of American Gastrointestinal Endoscopic Surgeons 
(SAGES) published guidelines on laparoscopic ventral hernia 
repair (which included incisional hernia) in 20168. An 
expert-guided consensus for the management of all types of 

ventral hernias exists9, and the World Society of Emergency 
Surgery (WSES) addressed emergency repairs of both primary 
ventral and incisional hernias10. Similarly, the International 
EndoHernia Society (IEHS) published guidelines on the 
laparoscopic repair of both primary ventral and incisional 
hernias in 201411 and updated these in 201912. However, to date, 
no guidelines have been published exclusively focusing on the 
treatment of incisional hernias. 

The focus of debate about incisional hernias is often about the 
more complex end of the spectrum, including large incisional 

hernias requiring a component separation or hernias occurring 

in incisions that are close to bony prominences (for example 

subcostal or flank hernias). Whilst these are important topics 

and certainly of interest, the authors wanted to focus these 

guidelines on the assessment and treatment of the most 

common incisional hernias faced by general surgeons and in 

primary care, and where the greatest body of evidence was 

likely to lie to be able to produce robust guideline 

recommendations. Therefore, these guidelines focus on midline 

incisional hernias in adult patients where it is anticipated that 

the fascial defect could be closed without performing an 
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advanced technique such as a component separation, or any 
other adjunctive technique facilitating myofascial closure. 

Methods 
Guidelines group 
The incisional hernia guidelines project was approved by the 
European Hernia Society (EHS) board in July 2019. Two 
coordinators were appointed to manage the project. To ensure 
robust methodological support a Cochrane and grading of 
recommendations, assessment, development, and evaluation 
(GRADE) methodology team from the Czech National Centre for 
Evidence-Based Healthcare at Masaryk University was included 
in the guidelines group. The guidelines group was selected by 
the coordinators from the membership of the EHS and included 
general surgeons from various sub-specialties and specialist 
abdominal wall surgeons. A patient representative was invited 
to all group meetings, and was involved in prioritizing outcome 
parameters. Conflicts of interest for each member were 
recorded transparently at the beginning of the project. The 
meetings were funded by the EHS and the British Journal of 
Surgery (BJS). The EHS and the BJS had no influence on the 
content of the guidelines. There was no involvement from 
industry. 

Timeline and meetings 
The protocol, including key questions (KQs) and timeline, was 
approved by the 19 participants at an introductory meeting for 
the guidelines held in London in February 2020. A further virtual 
meeting with a focus on GRADE methodology was held in 
November 2020 and there was a face-to-face meeting in Prague 
in May 2022 that focused on the outcomes for each KQ and 
gathering of expert evidence where required. All guidelines 
group members participated in a minimum of two of the three 
meetings. 

Methodology 
This guideline follows GRADE methodology13,14. The guidelines 
group determined the scope of the clinical KQs. For each KQ, the 
relevant population, intervention, and outcome based on the 
(PICO, Patient, Intervention, Comparison, Outcome) concept 
were decided. The individual outcomes were rated by the expert 
panel on a scale of 1–9 based on their importance (critical, 9–7; 
important, 6–4; and of limited importance, 3–1); final agreement 
on the outcome rating was reached by consensus. Outcomes of 
limited importance were excluded. 

Eligibility criteria 
Eligibility criteria for inclusion in the guidelines were adult 
(greater than 18 years) patients with a primary incisional hernia; 
with a no larger than 10 cm fascial defect. 

Literature searches 
The preferred study designs to answer KQs were systematic 
reviews and RCTs. If the KQ was not answered by experimental 
designs (randomized, quasi, and pseudo-controlled trials) and 
systematic reviews, the selection criteria for studies was 
expanded to include analytical observational studies (cohort, 
case–control, and analytical cross-sectional studies). 

Systematic literature searches were carried out to find all 
clinical and health evidence relevant to the guideline KQs. 
During the scoping stage in July 2020, guideline repositories and 
databases (GIN (Guidlines International Network), BIGG 

(International Database for Grade Guidelines), Epistemonikos 
GRADE Guidelines Repository, ECRI (Emergency Care Research 
Institute) Guidelines Trust, and MAGICapp (MAGIC authoring 
and publication platform (MAGICapp) – for guidelines and 
evidence summaries)), websites of guideline developers (NICE 
(The National Institute for Health and Care Excellence), SIGN 
(Scottish Intercollegiate Guidelines Network), AWMF (Institut für 
Medizinisches Wissensmanagement), and GuíaSalud), and hernia 
society websites (EHS, Americas Hernia Society, and British Hernia 
Society) were searched for guidelines on incisional hernias as 
per the GRADE framework14. As no relevant guidelines were 
identified, the authors proceeded with a search in the database 
Epistemonikos to retrieve systematic reviews on incisional hernias. 

Where systematic reviews either only partially answered a KQ 
or did not answer it, the search strategies were newly designed 
using relevant index terms and free-text terms. Study-type 
filters for controlled clinical trials, systematic reviews, case– 
control studies, and cohort studies developed by Canadian 
Agency for Drugs and Technologies in Health (CADTH)15 or the 
Health Science Center at Houston, The University of Texas16 

were applied in all searches. Limits were applied to only include 
human studies and exclude non-relevant publication types such 
as historical articles, letters, editorials, and conference 
abstracts. The following databases were searched with 
limitation to English written records up to March 2021: MEDLINE 
(Ovid), Embase (Ovid), and the Cochrane Library. Reference lists 
of relevant studies were screened additionally to identify further 
studies meeting the eligibility criteria. For the complete 
identification of relevant evidence, handsearching was also 
performed. 

The search results for each KQ were de-duplicated in EndNote 
X9.2 (Clarivate Analytics) using the method described by 
Bramer et al.17. 

Study selection 
Documents were uploaded to Rayyan18 and sorted according to 
their publication type determined by the search filters. First, 
titles/abstracts of controlled clinical trials and systematic 
reviews were screened and, from these, relevant full texts were 
screened for eligibility. Screening was performed independently 
by at least two surgeons responsible for the KQ. A third reviewer 
(D.L.S. or A.C.d.B if D.L.S was a primary reviewer) was used in 
the case of discrepancies between two reviewers (KQ1, D.L.S., 
and M.M.P.; KQ2, T.W.-C. and A.M.; KQ3, D.L.S. and T.W.-C.; 
KQ4, C.B. and A.C.d.B.; KQ5, F.B. and P.K.P.; KQ6, P.K.P., 
N.A.H., and F.B.; KQ7, A.C.d.B., M.P.S., and Y.R.; KQ8, 
N.A.H., W.R., C.B., and N.A.H.; KQ9, A.M., B.E., and T.A.; KQ10, 
C.S., M.P.S., and S.M.-C.; KQ11, A.C.d.B. and B.E.; KQ12, S.M.-C. 
and A.C.d.B.; KQ13, T.A. and M.M.; KQ14, Y.R., A.E., and C.S.; and 
KQ15, M.M. and A.C.d.B.). Titles/abstracts and full texts of case– 
control and cohort studies were only screened (using the same 
process as described above) if insufficient evidence was found in 
controlled clinical trials and systematic reviews. 

Data extraction and quality assessment 
The quality assessment was conducted independently by two 
methodologists (A.L. and S.S.). RCTs were assessed using the 
Cochrane risk-of-bias tool for randomized trials, Review 
Manager 5.4. The quality assessment of studies with different 
designs was performed using the Joanna Briggs Institute (JBI) 
critical appraisal tools. A third methodologist (M.K.) assisted 
with conflicting decisions.  
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Data from included studies were extracted independently by 
two methodologists (A.L. and S.S.). This included study details 
(author name, year, and follow-up) and population 
characteristics (age, sex, BMI, and other available patient 
characteristics). The extracted data obtained for interventions, 
comparisons, and outcomes correspond to the specific KQ. 

Data synthesis and analysis 
Quantitative data were pooled in statistical meta-analyses using 
Cochrane Review Manager 5.4, where possible. Where statistical 
pooling was not possible, synthesis without meta-analyses was 
performed. When the direct scientific evidence was missing for 
some outcomes, expert evidence was extracted in alignment 
with the GRADE framework19,20 using expert evidence forms for 
each content expert within the guidelines panel21. 

Pooled ORs (for dichotomous data) and weighted mean 
differences (for continuous data) and their 95 per cent 
confidence intervals (c.i.) were calculated. For one KQ (KQ2), 
diagnostic accuracy and overall accuracy by summary receiver 
operating characteristics (SROC) was calculated. Sensitivity 
analyses were performed for every result where possible based 
on the number of included studies and differences in the risk of 
bias or indirectness. 

Random- or fixed-effects meta-analyses were used to obtain 
methodologically sound results for pooling according to the 
number of included studies and the size of the included body of 
evidence22,23. Heterogeneity was evaluated using Cochrane 
chi-squared and I2 tests. Cochrane chi-squared value P < 0.100 
and I2 statistics greater than or equal to 50 per cent show 
important heterogeneity. 

Certainty of evidence 
The certainty of the evidence was assessed by grading of 
recommendation, which was performed by a lead methodologist 
(M.K.) in consultation with lead surgeons for each KQ in all eight 
domains of GRADE. 

Summary of Findings tables were created using the GRADEpro 
GDT tool. The overall certainty of the evidence was rated for each 
outcome as24–27: high (confidence that the true effect is similar to 
the estimated effect); moderate (true effect is probably close to the 
estimated effect); low (true effect might be markedly different 
from the estimated effect); or very low (true effect is probably 
markedly different from the estimated effect). 

Development of recommendations and reaching of 
consensus 
The guidelines panel met at the face-to-face meeting in Prague in 
May 2022. The GRADE Summary of Findings tables for each KQ 
were presented with all supporting materials (meta-analyses, 
risk-of-bias assessment, and extraction tables). All parts of the 
GRADE Evidence to Decision frameworks were used in 
facilitating the process of formulating the recommendations 
(both formal recommendations and good practice statements). 
The consensus was reached by the iterative discussion of all 
panellists for each recommendation. 

Moreover, to achieve the most robust consensus possible, the 
guideline leaders decided to present a summary of the evidence 
for each recommendation and a proposal for the wording of the 
specific recommendation at the EHS 2022 Annual International 
Congress in Manchester. The threshold for approval of the 
wording of the recommendation was preset at 66.6 per cent 
(two-thirds) approval of those present. If this consensus was not 
achieved the recommendation was re-evaluated and reworded 

taking into account the feedback from the discussion at the 
congress presentation. One KQ fell below this threshold and 
needed re-discussion/rewording with the guidelines group. 

Results 
A total of 15 KQs were formulated that were further synthesized 
into 13 questions due to significant overlap after analysis was 
performed. 

The results for each of these is presented below along with 
‘recommendations’ if there was sufficient quality of evidence or 
a ‘good practice statement’ where the quality of evidence was 
insufficient to make a formal recommendation. The detailed 
search strategies for each KQ are shown in Table S1. For each KQ 
a detailed Summary of Findings table, which details the number 
of studies analysed, the certainty assessment (including risk of 
bias, inconsistency, indirectness, and imprecision), the number 
of patients with and without exposure, the relative and absolute 
effect size, and the certainty of evidence, is included in each 
section’s Summary of Findings Table. 

Key Question 1: What are the risk factors for 
developing an incisional hernia after previous 
abdominal surgery? 

Good Practice Statement A: Patients should be advised that high 
BMI, smoking, diabetes, and immunosuppression are risk factors 
for developing an incisional hernia after abdominal surgery. 
Good Practice Statement B: Surgeons should be aware that 
midline incisions have a higher risk of incisional hernia than 
off-midline incisions. 
Good Practice Statement C: Surgeons should be aware that 
single incision laparoscopic surgery (SILS), trocar sites 10 mm 
and larger, and umbilical site trocars have a higher risk of 
incisional hernia (trocar-site hernias). 
Good Practice Statement D: Surgeons should be advised that 
the combination of a continuous small-bites suturing 
technique with a slowly absorbable suture reduces the risk of 
incisional hernia. 
Good Practice Statement E: Surgeons should be aware that 
surgical site infection (SSI) after abdominal surgery is a risk 
factor for developing an incisional hernia and appears to have 
the biggest impact when compared with other risk factors.  

It is important to be aware of potential modifiable risk factors 
so that patients can be pre-optimized where possible before 
elective abdominal surgery. In addition, in both emergency and 
elective settings, awareness of risk factors for incisional hernia 
may influence closure technique and the potential use of 
prophylactic mesh for high-risk patients. 

Search results 
The search retrieved 1158 records. After the duplicates were 
removed, the titles and abstracts of 634 records were screened. 
A total of 30 reports were selected for full-text retrieval and 
were assessed for eligibility. A total of 24 reports were excluded. 
In total, three studies and three systematic reviews met the 
inclusion criteria. After checking the references of relevant 
publications and further handsearching, another 68 reports 
whose full texts were evaluated for eligibility were assessed. As 
a result, 55 studies, two systematic reviews, and one guideline 
and its recent update were included in the review. The full 
study selection process is presented in a PRISMA flow diagram 
(shown in Fig. 1). The Summary of Findings for KQ1 is shown in  
Table S2.  
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Identification of studies via databases and registers Identification of studies via other methods

Records identified from:
Databases n = 1158
MEDLINE n = 374
Embase n = 452
Cochrane library n = 332

Records removed ‘before screening’:
Duplicate records removed n = 524
Records marked as ineligible by
automation tools n = 0
Records removed for other
reasons n = 0

Records identified from:
Citation searching n = 63
Handsearching n = 5

Reports not retrieved n = 0

Reports sought for retrieval
n = 68

Reports assessed for eligibility
n = 68

Reports excluded n = 10:
Not relevant to the research
question and outcome n = 1
Not eligible methodology n = 1
No comparable study n = 1
Not eligible study design
(question solved by RCTs) n = 7

Reports not retrieved n = 0

Reports excluded n = 24:
No comparable study n = 5
Not eligible methodology n = 6
Not relevant to the research
question and outcome n = 1
Not eligible outcome n = 2
Not eligible population n = 4
Not eligible publication type n = 4
Not eligible study design n = 2

Records screened n = 634

Reports sought for retrieval n = 30

Reports assessed for eligibility
n = 30

Studies included n = 58
Systematic reviews included n = 5
Guidelines included n = 1

Records excluded n = 604
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Fig. 1 PRISMA flow diagram for Key Question 1  
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Total events
Heterogeneity: t2 = 0.00, c2 = 3.83, 6 d.f., P = 0.70; l 2 = 0%
Test for overall effect: Z = 3.72, P = 0.0002

Risk-of-bias legend
(A) Were the two groups similar and recruited from the same population?
(B) Were the exposures measured similarly to assign people to both exposed and unexposed groups?
(C) Was the exposure measured in a valid and reliable way?
(D) Were confounding factors identified?
(E) Were strategies to deal with confounding factors stated?
(F) Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
(G) Were the outcomes measured in a valid and reliable way?
(H) Was the follow-up time reported and sufficient to be long enough for outcomes to occur?
(I) Was follow-up complete, and if not, were the reasons for loss to follow-up described and explored?
(J) Were strategies to address incomplete follow-up utilized?
(K) Was appropriate statistical analysis used?

10
29
15

5
7
0
3

69

43
286

68
13
30
17
14

471

31
126

50
16
27

7
15

272

150
1862

444
86

188
169
210

3109

12.8
46.6
20.2

5.4
9.5
1.0
4.4

100.0

1.16 (0.52, 2.62)
1.55 (1.02, 2.38)
2.23 (1.17, 4.25)
2.73 (0.79, 9.47)
1.81 (0.71, 4.84)

0.62 (0.03, 11.31)
3.55 (0.89, 14.10)

1.73 (1.30, 2.32)

0.01 0.1

Favours Diabetes Favours No diabetes

1 10 100

Stud y or subgroup Weight (% )
OR

M-H, rando m, 95% c.i.

OR

M-H, rando m, 95% c.i.

Risk of bias

Events Total Events Total

Diabetes No d iabetes

+ +
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+

+
+
+

+
+
+
+

+
+

+

+
+ ?

?
?

?

?

?
?
?

?

?
?

?
–
–

– –

–
–

–

+
+
+

+
+
+

+

+
++
+
+
+

+
+

A B C D E F G H I J K

Fig. 2 Forest plot: diabetes as a risk factor for incisional hernia   
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Follow-up for the studies varied considerably with mean 
follow-up ranging from 2 to 5.9 years. There was not enough 
evidence in the literature analysed to reliably report the effect of 
age or collagen disorders as independent risk factors. 

Evidence for Good Practice Statement A: 
patient-related risk factors 
Diabetes 
A total of seven cohort studies28–34 met the inclusion criteria for 
assessing diabetes as a risk factor for developing an incisional 
hernia. In the majority of studies this was included as a 
secondary outcome measure. The overall certainty of evidence 
was low. Pooled analysis revealed that the risk of incisional 
hernia in patients with diabetes was 14.6 per cent (69/471 
patients) compared with 8.7 per cent (272/3109 patients) in the 
non-diabetic group (OR 1.73 (95 per cent c.i. 1.30 to 2.32)); see 
the forest plot and risk-of-bias assessment for included studies 
in Fig. 2. There was no differentiation in the studies between 
insulin- and non-insulin dependent diabetes or the level of 
diabetic control. 

Obesity 
In an observational cohort study with a low certainty of evidence, 
including 737 726 patients undergoing abdominal surgery, 
individuals with a BMI in the overweight or obese category 
(greater than or equal to 25 kg/m2) had an increased risk of 
incisional hernia (OR 95 per cent c.i. 1.7 to 5.5; P < 3.1 × 10−20)35. 
The risk increased proportionately with increasing BMI. 

Smoking 
A total of four cohort studies with a very low certainty of evidence 
assessed smoking as a risk factor for incisional hernia after 
abdominal surgery28,29,34,36. Pooled analysis revealed an 18 per 
cent (111/617 patients) risk of incisional hernia in smokers 
compared with a 7.7 per cent (169/2181 patients) risk in 
non-smokers and ex-smokers (OR 1.87 (95 per cent c.i. 1.36 to 
2.57)). The forest plot and risk-of-bias assessment are shown in  
Fig. 3. 

Immunosuppression 
A total of four cohort studies with a very low certainty of evidence 
assessed immunosuppression as a risk factor for incisional hernia 
after abdominal surgery29,31,32,37. Pooled analysis from these 
studies revealed a 10.4 per cent (73/700 patients) risk of 
incisional hernia in immunosuppressed patients compared with 
a 7.8 per cent (156/1998 patients) risk in patients with no 
immunosuppression (OR 1.75 (95 per cent c.i. 1.28 to 2.38)) (see  
Fig. 4). 

Evidence for Good Practice Statements B, C, D, and 
E: surgery-related risk factors 
Type of incision and closure 
The type of abdominal incision is important in providing good 
access, especially in the emergency setting, but also in minimizing 
the risk of incisional hernia formation. The abdominal wall 
closure guidelines published in 2015 and updated in 2022 
recommended transverse or paramedian incisions over midline 
incisions where possible to reduce the risk of incisional hernia38,39. 
However, there was no mention of potential nerve damage, 
leading to muscle degeneration. Source data from the RCTs 
included in the abdominal wall closure guidelines were reassessed 
using GRADE methodology. A total of 12 RCTs met the quality 

criteria for inclusion40–52 and one additional RCT52 was included 
that was published subsequent to the publication of the original 
guidelines. A total of nine studies compared transverse versus 
midline incisions and a total of four studies compared 
paramedian versus midline incisions. The overall certainty of 
evidence was low with significant heterogeneity both for type of 
incision and closure technique, and also in the method of 
detecting a hernia at follow-up (see risk-of-bias analysis in Fig. 5). 
Pooled data comparing off-midline (transverse and paramedian) 
versus midline incision with a median follow-up of 30 months 
were generated using a meta-analysis with a low certainty of 
evidence. The risk of an incisional hernia in the midline group was 
10.0 per cent (106/1058 patients) compared with 5.2 per cent (65/ 
1240 patients) in the off-midline group (Relative risk  (RR) 0.47; 95 
per cent c.i. 0.3 to 0.75); the forest plot is shown in Fig. 5. 

The update of the abdominal closure guidelines recommends a 
continuous small-bites suturing technique with a slowly absorbable 
suture for the closure of elective midline incisions based on three 
RCTs published since the 2015 guidelines. The quality of evidence was 
low and the strength of recommendation was weak. Nevertheless, as 
a significant and important part of incisional hernia prevention, the 
authors of these guidelines decided to include a statement on 
abdominal wall closure as a surgical risk factor for developing an 
incisional hernia. For more information regarding optimal closing 
techniques and mesh augmentations, the authors refer readers to the 
full text of the updated guidelines for closure of abdominal wall 
incisions from the European and American Hernia Societies39. 

Single incision laparoscopic surgery versus conventional 
laparoscopic surgery 
A total of 32 RCTs were identified that compared incisional hernia 
(port site hernia) after SILS versus conventional laparoscopic 
surgery53–84. The overall certainty of evidence was low. Pooled 
analysis revealed a risk of developing an incisional hernia of 1.5 
per cent (27/1861 patients) with SILS versus 0.5 per cent (11/2156 
patients) with conventional laparoscopic surgery (OR 1.92 (95 
per cent c.i. 0.94 to 3.91)); see the forest plot and risk-of-bias 
assessment in Fig. 6. 

Surgical site infection 
It is well documented that SSI impairs wound healing. A total of 
nine studies assessed the impact of SSI as a risk factor for 
developing an incisional hernia28,29,31–34,85–87. Pooled analysis 
suggested a risk of incisional hernia of 19.4 per cent (76/391 
patients) after having an SSI compared with 6.9 per cent (315/ 
4542 patients) with no SSI (OR 3.38 (95 per cent c.i. 2.18 to 5.23)); 
see the forest plot and risk-of-bias assessment in Fig. 7. 

There was no evidence for any other independent risk factors 
from the literature. 

Key Question 2: (a) Do all patients with an incisional 
hernia require imaging? and (b) What is the best 
modality? 

Recommendation A: For patients with a suspected incisional 
hernia where clinical examination has not given a definitive 
diagnosis, medical imaging to establish the diagnosis is 
suggested; from the evidence CT is the most sensitive 
investigation. 

However, if the cost and radiation exposure are a concern 
then ultrasonography or MRI with Valsalva is suggested 
(conditional recommendation, low certainty evidence). 
Good Practice Statement B: For patients with an incisional 
hernia (where surgery is being considered), the guidelines panel 
recommends using CT or MRI for preoperative planning.  
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Medical imaging is frequently used before surgery to 
characterize incisional hernias. Medical imaging may also play 
an important role in diagnosis where the presence of a hernia is 
not obvious on clinical examination. 

Search results 
The search retrieved 637 records. After the duplicates were 
removed, the titles and abstracts of 428 records were screened. 
A total of nine were selected for full-text retrieval and were 
assessed for eligibility. A total of five were excluded and a total 
of three studies and one systematic review met the inclusion 
criteria. Checking the references of relevant publications 
identified a further 11 publications whose full texts were 
evaluated for eligibility and seven of these studies met the 
inclusion criteria. The full study selection process is presented 

in a PRISMA flow diagram (shown in Fig. 8). The Summary of 
Findings for KQ2 is shown in Table S3. 

Evidence for Recommendation A: diagnostic 
accuracy of examination comparing different 
imaging techniques for incisional hernia 
Ultrasound versus physical examination 
A total of three cross-sectional studies1,88,89 were included for this 
analysis. They included a total of 832 patients. Using ultrasound 
as a reference standard, physical examination alone was found 
to have a sensitivity between 0.42 and 0.75, and a specificity 
between 0.95 and 1.00. The forest plot and risk-of-bias 
assessment for these studies are shown in Fig. 9. 

Aguina 2015
Benlice 2016
Navaratnam 2015
Sorensen 2005

Total (95% c.i.)
Total events
Heterogeneity: t2 = 2.23, c2 = 20.71, 3 d.f., P = 0.0001; l 2 = 86%
Test for overall effect: Z = 0.73, P = 0.46

Risk-of-bias legend
(A) Were the two groups similar and recruited from the same population?
(B) Were the exposures measured similarly to assign people to both exposed and unexposed groups?
(C) Was the exposure measured in a valid and reliable way?
(D) Were confounding factors identified?
(E) Were strategies to deal with confounding factors stated?
(F) Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
(G) Were the outcomes measured in a valid and reliable way?
(H) Was the follow-up time reported and sufficient to be long enough for outcomes to occur?
(I) Was follow-up complete, and if not, were the reasons for loss to follow-up described and explored?
(J) Were strategies to address incomplete follow-up utilized?
(K) Was appropriate statistical analysis used?

6
23

1
81

111

20
340

38
219

617

20
132

17
0

169

96
1808

189
91

2181

28.9
32.0
22.0
17.1

100.0

1.63 (0.56, 4.78)
0.92 (0.58, 1.46)
0.27 (0.03, 2.08)

107.69 (6.60, 1758.17)

1.87 (0.35, 9.99)

0.01 0.1

Favours Smoking Favours No smoking

1 10 100

Stud y or subgroup Weight (% )

OR

M-H, rando m, 95% c.i.

OR

M-H, rando m, 95% c.i.

Risk of bias

Events Total Events Total

Smoking No smo king

+ +
+
+
+

+
+
+
+

+
+
+
+

+
+
+
?

+
+

+
+

+
+
?
?–

+
– ? ?

––

–
–

–

+

+
+
–

+
++
+
+

A B C D E F G H I J K

Fig. 3 Forest plot: smoking as a risk factor for incisional hernia  

Benlice 2016
Lee 2012
Llaguna 2010
Loewe 2016

Total (95% c.i.)
Total events
Heterogeneity: c2 = 1.29, 3 d.f., P = 0.73; l 2 = 0%
Test for overall effect: Z = 3.50, P = 0.0005

Risk-of-bias legend
(A) Were the two groups similar and recruited from the same population?
(B) Were the exposures measured similarly to assign people to both exposed and unexposed groups?
(C) Was the exposure measured in a valid and reliable way?
(D) Were confounding factors identified?
(E) Were strategies to deal with confounding factors stated?
(F) Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
(G) Were the outcomes measured in a valid and reliable way?
(H) Was the follow-up time reported and sufficient to be long enough for outcomes to occur?
(I) Was follow-up complete, and if not, were the reasons for loss to follow-up described and explored?
(J) Were strategies to address incomplete follow-up utilized?
(K) Was appropriate statistical analysis used?

65
3
1
4

73

667
8
4

21

700

90
18
33
15

156

1471
91

214
222

1998

1.66 (1.19. 2.31)
2.43 (0.53, 11.14)
1.83 (0.18, 18.12)
3.25 (0.97,10.87)

1.75 (1.28, 2.38)

91.3
3.3
1.6
3.8

100.0

Favours
Immunosuppression

Favours
No Immunosuppression

0.01 0.1 1 10 100

Stud y or subgroup Weight (% )

OR

M-H, fixed, 95% c.i.

OR

M-H, fixed, 95% c.i.

Risk of bias

Events Total Events Total

Immuno suppression
No

Immuno suppression

+ +
+
+
+

+
+
+
+

+
+
+
+

+
+
+
–

+
+

+
–

+
+
?
?+

+
+ ? ?

?–

–
+

+

+

+
–
–

+
+?
+
+

A B C D E F G H I J K
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CT versus physical examination 
A total of four cross-sectional studies90–93 were extracted from the 
Kroese et al.94 systematic review that directly compared CT with 
physical examination. When compared with CT, physical 
examination was found to have a sensitivity between 0.48 and 
0.81, and a specificity between 0.9 and 0.95. Figure 10 shows the 
forest plot and risk-of-bias assessment for these studies. 

Physical examination versus intraoperative findings 
A total of two studies91,92 were included that directly assessed the 
accuracy of physical examination against intraoperative findings. 
The first study, of 50 patients, reported a sensitivity of 0.75 (95 per 
cent c.i. 0.35 to 0.97) and a specificity of 0.9 (95 per cent c.i. 0.77 to 
0.97).92 The second study, a smaller study by Holihan et al.91, 
reported a sensitivity of 0.79 (95 per cent c.i. 0.49 to 0.95) and 
specificity of 0.75 (95 per cent c.i. 0.19 to 0.99). 

CT versus intraoperative findings 
A total of three cross-sectional studies91,92,95 assessed the 
accuracy of CT compared with intraoperative findings; two 
small studies of only 12–18 patients and one larger study of 50 
patients were included. The largest of the three studies 
described a sensitivity for CT of 1.0 (95 per cent c.i. 0.63 to 1.0) 
and a specificity of 0.98 (95 per cent c.i. 0.87 to 1.0). 

CT versus ultrasound 
A total of two cross-sectional studies3,96 directly compared 
ultrasound and CT imaging for incisional hernia diagnosis; 40 
and 181 patients were included respectively. In the larger study, 
by Beck et al.96, ultrasound was found to have a sensitivity of 
0.98 (95 per cent c.i. 0.93 to 1.0) and a specificity of 0.88 (95 per 
cent c.i. 0.79 to 0.94) when compared with CT. den Hartog et al.3 

showed ultrasound having a sensitivity of 0.71 (95 per cent c.i. 
0.49 to 0.87) and a specificity of 1.0 (95 per cent c.i. 0.79 to 1.0). 

Using all the data analysed for Recommendation A, an SROC 
plot was produced to show the relative diagnostic accuracy for 

different imaging modalities (shown in Fig. 11). The only 
reference standard available with 100 per cent sensitivity and 
specificity is intraoperative diagnosis. Based on the existing 
evidence, tests, and comparisons available, the SROC plot shows 
that the most accurate investigation is CT. The second most 
accurate is ultrasound, which has good accuracy. The least 
accurate way of diagnosing an incisional hernia is physical 
examination. Interestingly, none of the published studies looked 
at the accuracy of MRI, which could be used as an alternative to 
CT. 

Summary of Findings for Good Practice Statement B 
Good Practice Statement B was developed as a result of 
consultation amongst experts from the guidelines panel and 
generation of expert evidence. 

All members of the group agreed they would use 
cross-sectional imaging for the majority of incisional hernia 
cases, and that the need for cross-sectional imaging increases 
with the size and complexity of the hernia. It was agreed that 
young patients with small incisional hernias (such as small 
trocar-site hernias) may not require imaging. Factors likely to 
affect the need for imaging include the size of the hernia, the 
complexity of the hernia (loss of domain and multiple previous 
surgeries), or the suspicion or diagnosis of other pathologies of 
interest (for example malignancy). The expert evidence 
suggested that cross-sectional imaging was required to better 
understand the anatomy of the hernia, assess possible fascial 
closure, visualize the quality and degree of retraction of the 
rectus muscles, and provide optimal information for surgical 
planning. It was suggested that ultrasound lacks the specific 
detail or accuracy required to image incisional hernias. 

Whilst the expert evidence suggested the use of CT, MRI was 
also recognized as an alternative. CT may be easier to access, 
with easier ability for surgeons to interpret images. MRI should, 
however, be considered in cases where radiation exposure is of 
concern28. 
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Fig. 5 Forest plot: type of incision as a risk factor for incisional hernia   
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Key Question 3: Is it possible to predict from imaging 
whether the fascial closure will be possible? 

Recommendation A: The guidelines panel suggests that it is 
not possible to accurately predict with CT  whether the fascial 
defect can be closed without myofascial release (component 
separation) or peritoneal flap technique (conditional 
recommendation, very low certainty evidence). 
Good Practice Statement B: For patients with a midline 
incisional hernia, it is likely that the fascia will not be able to be 
closed without myofascial release if on preoperative CT any of 
the following apply: the defect width is over 8 cm; the area of 
the hernia is over 164 cm2; the rectus/defect ratio is less than 
1.34; or the component separation index (CSI) is over 0.146. For 
hernias approaching or above these measures, the guidelines 
panel suggests that only surgeons who are competent in 
advanced techniques such as component separation or 
peritoneal flap should perform surgery.  

The ability to achieve fascial closure during incisional hernia 
repair can have a significant impact upon prognosis. A number 
of techniques are available to help achieve fascial closure in 

large or complex hernias. To help establish whether such 
techniques may be necessary, preoperative imaging may help to 
characterize each hernia. This section explores whether there is 
evidence to support this. 

Search results 
The search retrieved 324 records. After the duplicates were 
removed, the titles and abstracts of 189 records were screened. A 
total of six studies were selected for full-text retrieval and were 
assessed for eligibility. A total of two studies were excluded and a 
total of four studies met the inclusion criteria. Moreover, 
handsearching identified another two studies whose full texts 
were evaluated for eligibility and included in the review. The full 
study selection process is presented in a PRISMA flow diagram 
(shown in Fig. 12). The Summary of Findings is shown in Table S4. 

Evidence for Recommendation A and Good 
Practice Statement B 
Amongst the studies identified, three relevant cross-sectional 
studies were included, each describing different factors that 
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Fig. 6 Forest plot: single incision laparoscopic surgery as a risk factor for incisional hernia 

SILS, single incision laparoscopic surgery; CLS, conventional laparoscopic surgery.   
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Fig. 7 Forest plot: surgical site infection as a risk factor for incisional hernia 

SSI, surgical site infection.  
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may influence the likelihood of successful fascial closure in 
patients who have ‘not’ undergone component separation. 
Whilst these studies provided insufficient consensus to establish 
firm recommendations, they supplied evidence that helped form 
Good Practice Statement B. 

Hernia defect width 
This is a relatively simple measure on cross-sectional imaging and 
is defined as the maximum diameter between the edges of the 
rectus abdominis muscles. Two cross-sectional studies assessed 
the effect of hernia defect width upon fascial closure97,98. Love 
et al.97 reviewed 342 patients and identified a mean(s.d.) hernia 
width for patients requiring myofascial release (134 patients) of 
12.78(s.d. 3.9) cm, whereas the mean(s.d.) defect width of those 
not requiring fascial release (208 patients) was 7.53(s.d. 3.8) cm 
(P < 0.001). Blair et al.98 identified similar values of 11.5(s.d. 5.2) 
and 7.6(s.d. 4.8) cm respectively (P = 0.002). 

Blair et al.98 went on to perform an area under the ROC curve 
(AUC) analysis to identify the specific hernia width most 
predictive of the need for myofascial release. Their analysis 
concluded that a defect width of over 8.3 cm (AUC 0.72) was 
indicative of an inability to achieve fascial closure without 
myofascial release. 

Hernia defect area 
This slightly more complex measurement on cross-sectional 
imaging is calculated by taking the maximum hernia length and 
multiplying it by the maximum hernia width. Two 
cross-sectional studies98,99 reviewed the effect of hernia defect 
area upon the likelihood of successful fascial closure. Both 
studies calculated hernia area by considering them as an ellipse 
—defined by the largest width and length of the defect. 

Blair et al.98 reviewed 151 open ventral hernia repairs. The 
mean(s.d.) defect area was 167.4(s.d. 77.4) cm2 for patients 
requiring myofascial release (n=35) and 41.7(s.d. 35.7) cm2 for 
those who did not (n=116). A smaller study of 26 patients by 
Bellio et al.99 arrived at respective measurements of 115(s.d. 93) 
and 49.4(s.d. 85) cm2. 

Both studies also performed AUC analyses to identify a specific 
defect area where fascial closure was unlikely to be achieved 
without myofascial release. Blair et al.98 concluded that a hernia 
area of over 164 cm2 was most predictive of the need for 
myofascial release, with Bellio et al.99 arriving at a similar figure 
of 156 cm2 (relaxed not under Valsalva). 

Rectus/defect ratio 
The rectus defect ratio is defined as the combined maximum 
width of both rectus muscles divided by the maximum defect 
width. Love et al.97 reviewed 342 patients; 208 without 
myofascial release and 134 with myofascial release. The 

mean(s.d.) rectus defect ratio was 1.22(s.d. 0.93) for the patients 
that needed myofascial release and 2.42(1.39) for those that did 
not. 

Component separation index 
The CSI was first defined by Christy et al.100 as a hernia’s widest 
angle of diastasis (calculated from the abdominal aorta) divided 
by 360. One cross-sectional study analysed the relationship 
between the CSI and the likelihood of fascial closure. Love 
et al.97 found that patients requiring myofascial release (n=134) 
had a mean(s.d.) CSI of 0.178(s.d. 0.075), whereas those that did 
not (n=208) had a mean(s.d.) CSI of 0.104(s.d. 0.05). 

Love et al.97 also produced an AUC analysis concluding that a 
CSI of greater than 0.146 was most accurately predictive of the 
need for myofascial release. 

Key Question 4: (a) Do all incisional hernias need 
surgical treatment? and (b) What are the important 
outcome measures in treatment of incisional hernias? 

Good Practice Statement A: For patients with a reducible 
midline incisional hernia, the risk of an acute hernia accident 
(strangulation or bowel obstruction) is low (1 per cent in the 
first year and 2.5 per cent by 5 years). 
Good Practice Statement B: For patients with symptoms that 
adversely affect their quality of life (and are medically fit 
enough for surgery), the guidelines panel suggests surgical 
repair; after detailed discussion with the patient about the risks 
and benefits of surgery or watchful waiting. 
Good Practice Statement C: For patients undergoing treatment 
for an incisional hernia, the guidelines panel suggests that the 
most important outcome measure is quality of life. The most 
important components of quality of life may vary between 
patients. 
Good Practice Statement D: For patients undergoing treatment 
for an incisional hernia, the guidelines panel suggests that 
other important outcome measures are recurrence, surgical 
site occurrences, mesh infection, mortality, chronic pain, and 
cost-effectiveness.  

Incisional hernia surgery is not without risk, and it is possible 
that not everyone’s quality of life will be improved by surgery. 
Therefore, for some patients, watchful waiting can be a better 
choice than surgery. Research on outcome measures after 
incisional hernia repair has tended to focus on results that are 
important to healthcare systems such as recurrence or surgical 
site occurrences. Data collection on quality of life before and 
after incisional hernia repair is lacking in the incisional hernia 
literature. 

Search results 
This KQ was created by combining two KQs; therefore, two 
searches and literature assessments were performed: 
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Fig. 9 Forest plot: diagnostic accuracy of physical examination compared with ultrasound 

TP,  true positives; FP, false positives; FN, false negatives; TN, true negatives.   
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First, do all incisional hernias need surgical treatment?  

The search retrieved 573 records. After the duplicates were 
removed, the titles and abstracts of 377 records were screened. 
A total of 11 reports were selected for full-text retrieval and 
were assessed for eligibility. A total of eight studies were 
excluded and a total of three studies met the inclusion criteria. 
Moreover, handsearching identified another six studies whose 
full texts were evaluated for eligibility, but all were excluded. 
The full study selection process is presented in a PRISMA flow 
diagram (shown in Fig. 13). 

Second, what are the important outcome measures in treatment 
of incisional hernia?  

The search retrieved 1788 records. After the duplicates were 
removed, the titles and abstracts of 1055 records were screened. 
A total of 60 studies were selected for full-text retrieval and 
were assessed for eligibility. A total of 59 studies were excluded 
and only one study met the inclusion criteria. Moreover, 
handsearching identified two further studies whose full texts 
were evaluated for eligibility and included in the review. The full 
study selection process is presented in a PRISMA flow diagram 
(shown in Fig. 14). The Summary of Findings is shown in Table S5. 

Evidence for Good Practice Statements A and B 
Four of the included studies considered the safety and outcomes 
of a watchful waiting approach for incisional hernias. In a large 
observational series of 23 022 people with an incisional hernia 
undergoing non-operative management with follow-up of up to 
8 years, the risk of an acute hernia event at 1 year was 1.24 per 
cent, increasing to 2.59 per cent by 5 years101. Crossover to 
elective incisional hernia repair due to symptoms was analysed 
at two time points, within 3 months from diagnosis (early 
crossover) and between 3 months and 5 years after diagnosis 
(late crossover). Crossover at these time points was 21.9 and 9.8 
per cent respectively. 

Similarly a study including 104 patients reported a crossover to 
surgery from the watchful waiting group of 32.7 per cent at 4 
years102. Interestingly, in this study, 8 out of 104 (24 per cent) 
crossed over due to emergency presentation. 

Lauscher et al.103 divided 90 patients undergoing incisional 
hernia repair into two groups based on preoperative pain scores 
on a 0–10 visual analogue scale (VAS) (group one, preoperative 
VAS score of 0–3 (43 patients); and group two, VAS score of 4–10 
(47 patients)). The symptomatic group (group two) showed a 
significant reduction in clinically relevant pain, from 100 to 14.0 
per cent (P < 0.001), whilst, of those in group one, 7.5 per cent 
had a VAS score greater than 3 at 18 months after surgery, 
making their symptoms worse. Despite this, the majority of 

patients in both groups felt that their symptoms were better 
after surgery (77.5 versus 79.1 per cent), suggesting preoperative 
pain is not the only important symptom. 

Two further articles focused on quality-of-life improvement, 
measured using Short Form 36 (SF36), in patients undergoing 
laparoscopic and open incisional hernia repair compared with 
those awaiting surgery. Both studies reported that the open and 
laparoscopic incisional hernia repair groups had a significant 
improvement in quality of life, as measured using SF36, 
abdominal wall symptoms, and VAS pain scores104,105. 

Evidence for Good Practice Statements C and D 
Disappointingly, there was a lack of reliable data in the literature 
on the most important outcome measures for patients undergoing 
treatment for incisional hernias. It has recently been recognized 
that there is an unacceptable heterogeneity in reporting 
outcomes used in the hernia literature and efforts have been 
made to create a core outcome data set106. Due to the absence 
of data in the literature analysed, evidence for Good Practice 
Statements C and D were generated using expert evidence. 

Key Question 5: (a) What are the important modifiable 
risk factors that should be optimized before surgery? 
and (b) What is the effect of pre-optimization? 

Good Practice Statement A: For patients undergoing treatment 
for an incisional hernia, the important modifiable risk factors 
are high BMI, poorly controlled diabetes, and smoking. 
Good Practice Statement B: For patients undergoing treatment 
for an incisional hernia, the guidelines panel recommends 
patient pre-optimization before surgery. This includes 
targeted weight loss (if high BMI), good diabetic control 
(measured by HbA1c), smoking cessation, and improved 
pulmonary fitness. 
Good Practice Statement C: For patients with a symptomatic 
incisional hernia who are unable to lose weight after a 
dedicated weight loss programme over a pre-optimization 
interval and where surgery is technically possible, the 
guidelines panel suggests that the increased risks of delaying 
surgery (worsening quality of life and enlarging fascial defect) 
may outweigh the benefits of further weight loss, but this needs 
careful discussion of the risks and benefits with the patient.  

The majority of patients with an incisional hernia are managed 
in the elective setting without a time-critical need for surgery. 
This enables thorough preoperative planning and physiological 
optimization of the patient to minimize the risk of wound 
complications and increase the chance of success from 
surgery107. Although the overall evidence on the effects of 
pre-optimization is limited in incisional hernia patients, there is 
consensus among experts regarding the role of preoperative 
assessment and optimization of patients with obesity, with 
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Fig. 10 Forest plot: diagnostic accuracy of physical examination compared with CT 

TP, true positives; FP, false positives; FN, false negatives; TN, true negatives.   
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diabetes, who smoke, and with poor nutritional and/or physical 
status108. 

Search results 
The search retrieved 141 records. After duplicates were removed, 
the titles and abstracts of 121 records were screened 
independently by three authors. A total of 22 studies were 
selected for full-text retrieval and were assessed for eligibility. 
All but two studies had to be excluded as they did not meet the 
inclusion criteria. Moreover, checking references of relevant 
publications and handsearching identified 20 other studies 
whose full texts were evaluated for eligibility. As a result, 22 
observational studies and one systematic review were included 
in the review. The full study selection process is presented in a 
PRISMA flow diagram (shown in Fig. 15). 

Evidence for Good Practice Statements A, B, and C 
BMI 
Obesity has a well-documented impact on complications after 
incisional hernia repair, including wound necrosis, SSI, 
reoperation, and hernia recurrence109,110. In a retrospective 
analysis conducted using data from the American College of 
Surgeons National Surgical Quality Improvement Program, 
patients were stratified into seven BMI classes, as well as by 
type of hernia (reducible versus irreducible) and type of 

incisional hernia (primary versus recurrent). A total of 102 191 
patients, 58.5 per cent of whom were obese, were included. 
When stratified by BMI class, higher classes were associated 
with an increase in all postoperative complications (P < 0.0001) 
with a steady increase in complication rates with increasing BMI 
class111. 

To pre-optimize patients, the most commonly used approach is 
lifestyle modification, preferably by consulting a dietician and 
fitness coach or physiotherapist. However, significant weight 
loss can take a long time, especially when patients are not fully 
motivated or have limited activity due to pain. Therefore, it is 
important that patients understand that the risks of 
postoperative complications are directly associated with a 
higher BMI. Enrolment in formal weight loss programmes is 
often recommended in the literature, but the participation is 
low, despite encouragement from surgeons, free programmes, 
and accessible platforms112,113. Nevertheless, participation does 
correlate with more successful weight loss112,113. 

Although further weight loss may still be beneficial111, most 
surgeons agree on offering elective surgery to those with a BMI 
of less than 30 kg/m² and advising weight loss above 35 kg/m²9. 
However, the effect of weight loss on improving outcomes has 
not been well studied. 

A subject of debate has been whether patients should have 
bariatric surgery to aid weight loss before incisional hernia 
repair114,115. Incisional hernia repair can either be performed 

1.0
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.9 0.8 0.7 0.6 0.5

Specificity

S
en

si
ti

vi
ty

Legend

Ultrasound versus CT for prognosis of IH

Physical examination versus CT for prognosis of IH

Physical examination versus ultrasound for prognosis of IH

CT versus intraoperative findings for prognosis of IH

Physical examination versus intraoperative findings for prognosis of IH

0.4 0.3 0.2 0.1 0

Fig. 11 Summary receiver operating characteristic plot for different imaging modalities 

IH, incisional hernia.   

12 | BJS, 2023 

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/advance-article/doi/10.1093/bjs/znad284/7277564 by guest on 12 O

ctober 2023



simultaneously or more commonly deferred until weight loss has 
been achieved as a staged procedure. There is very little evidence 
in the literature about whether this improves outcomes and in 
many healthcare systems rapid access to bariatric surgery 
presents logistical challenges. 

Diabetes 
Considerable data exist that poor glycaemic control in the 
perioperative interval (up to 60 days) increases the risk of 
postoperative wound complications116,117. Glycosylated 
haemoglobin (HbA1c) is a measure that reflects long-term blood 
sugar levels and a target HbA1C level of less than 7.0 per cent 
represents good diabetic control9. A meta-analysis of 15 studies 
found that intensive perioperative glucose control significantly 
reduces the risk of postoperative SSI in both patients with and 
without diabetes. Furthermore, intensive glucose control is not 
associated with a significantly higher risk of hypoglycaemia- 
related serious adverse events118. 

Two national databases were analysed to determine the effect 
of varying severity of diabetes mellitus on ventral hernia repair 
outcomes. Just over 70 000 patients with diabetes undergoing 
ventral hernia repair (primary and incisional) were compared 
with non-diabetic patients. There was an increased 
complication rate in diabetics compared with non-diabetics. 
Insulin-dependent or complicated diabetes had significantly 
worse outcomes after open repair, with higher rates of minor 
complications (17.3 versus 12.7 per cent; P < 0.0001) and 58 per 
cent greater odds of major complications than patients with 
non-insulin-dependent or uncomplicated diabetes119. 

Smoking 
Smoking is a well-established risk factor for the occurrence of 
postoperative wound complications and long-term hernia 
recurrence after open incisional hernia repair120–122. In a 
propensity matched study using data from the American 
College of Surgeons National Surgical Quality Improvement 
Program, 136 485 non- or ex-smokers were compared with 32  
973 current smokers undergoing ventral hernia repair (primary 
and incisional). The study concluded that patients who smoked 
at the time of repair had an increased likelihood of 
postoperative mortality within 30 days (OR 1.45; P < 0.05), any 
morbidity within 30 days (OR 1.35; P < 0.0001), wound morbidity 
within 30 days (OR 1.40; P < 0.0001), respiratory morbidity within 
30 days (OR 1.14; P < 0.0001), and cardiac morbidity within 30 
days (OR 1.88; P < 0.0001) compared with non/ex-smoker 
patients123. Furthermore, a study including 15 016 patients cared 
for by 454 surgeons showed that surgeons who pre-optimized 
patients with regard to weight loss and smoking cessation had 
better clinical outcomes124. 

In the study by Sørensen et al.125, a total of 344 patients 
scheduled to undergo open inguinal or incisional hernia repair 
were exposed to various types of smoking cessation 
instructions. The results showed that patients receiving 
smoking cessation instructions were more likely to commit to 
complete smoking cessation compared with patients receiving 
no instructions (19 versus 2 per cent)125. Borad et al.123 also 
identified smoking not only as a modifiable risk factor with a 
significant impact on outcomes in patients undergoing ventral 
hernia repair, but also observed that a delay in surgery and 
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promoting smoking cessation before surgery may help reduce the 
odds of adverse 30-day postoperative outcomes. In a Cochrane 
review of 13 RCTs recruiting smokers before elective surgery, 
again, not specifically ventral hernia repairs, 7 trials looked at 
the association of preoperative abstinence with postoperative 
complications. After intensive interventions a reduction in all 
complications (RR 0.42) and wound morbidity (RR 0.31) was 
found. However, intervention less than 4 weeks from surgery did 
not demonstrate a significant impact on morbidity and was less 
likely to lead to long-term smoking cessation126. This would 
suggest that greater than 4 weeks of smoking cessation is 
required before surgery. 

Physical therapy 
A recent study assessed the outcomes of a 4-week trimodal 
prehabilitation programme combining physical therapy, 
nutritional support, and psychological preparation before major 
abdominal surgery, including large incisional hernia patients. 
The study prospectively evaluated 60 patients entering this 
programme and showed improvement of patients’ functional 
reserves, quality of life, and psychological status127. 

An RCT assessed the use of preoperative physical therapy 
before ventral hernia repair (primary and incisional)120,122. An 
initial publication of results reported promising early outcomes 
in the group who had preoperative physical therapy compared 
with those who did not, with lower rates of seroma122. However, 
in the follow-up publication, the long-term results did not show 
any benefit, with similarly high complication rates in both 

groups120. In addition, there was a high conversion rate to 
emergency surgery whilst undergoing prehabilitation. 

A more recent meta-analysis of RCTs that included subjects 
undergoing abdominal surgery, randomized to prehabilitation 
programmes or not, found that inspiratory muscle training, 
aerobic exercise, and/or resistance training can decrease 
postoperative complications (OR 0.59). Most dramatic was the 
reduction in pulmonary complications (OR 0.27)128. 

Key Question 6: What is the difference in outcome for 
mesh versus suture repair in incisional hernia repair? 

Recommendation A: For patients with a midline incisional 
hernia a mesh-based repair technique is recommended (strong 
recommendation, very low certainty evidence).  

Search results 
The search retrieved 680 records. After the duplicates were 
removed, the titles and abstracts of 358 records were screened. A 
total of 16 studies were selected for full-text retrieval and were 
assessed for eligibility. A total of 11 reports were excluded and a 
total of three studies and two systematic reviews met the inclusion 
criteria129–133. Checking references of relevant publications and 
handsearching identified another eight reports whose full texts 
were evaluated for eligibility. From these, two studies and one 
systematic review were included in the review134–136. The full study 
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selection process is presented in a PRISMA flow diagram (shown in  
Fig. 16). The Summary of Findings is shown in Table S6. 

Evidence for Recommendation A 
Five RCTs assessed the difference in outcome for mesh versus 
suture incisional hernia repair129–133. In these studies suture 
techniques were compared with polypropylene mesh placed in 
either the onlay or retrorectus position129–133. Overall study 
quality was poor with a high risk of bias (see Fig. 17). 

Recurrence 
Mesh resulted in a lower risk of recurrence when compared with 
suture repair, reaching a statistically significant difference (five 
studies, 934 patients; mesh 11.8 per cent (58/490) versus suture 
30.4 per cent (135/444); OR 0.31 (95 per cent c.i. 0.21 to 0.44); P <  
0.00001)129–133. 

When studies were pooled by mesh position (onlay or 
retrorectus), both mesh positions showed statistically significant 
lower recurrence rates compared with suture repair (onlay: 
three studies, 237 patients; mesh 7.3 per cent (9/124) versus 
suture 16.8 per cent (19/113); OR 0.39 (95 per cent c.i. 0.17 to 0.90); 
P = 0.003, I2 = 0 per cent; fixed-effect model; and retrorectus: three 
studies, 697 patients; mesh 13.4 per cent (49/366) versus suture 
35 per cent (116/331); OR 0.29 (95 per cent c.i. 0.20 to 0.43); 
P < 0.00001; I2 = 0 per cent; fixed-effect model). Figure 17 shows the 
forest plot for recurrence. 

Infection 
No statistically significant difference in infection rate occurred 
with mesh versus suture repair (two studies, 134 patients; mesh 
8.5 per cent (6/71) versus suture 7.9 per cent (5/63); OR 1.07 (95 
per cent c.i. 0.33 to 3.49); P = 0.003; I2 = 73 per cent; fixed-effect 
model)129,133. See Fig. 18. 

Haematoma 
Postoperative haematoma was statistically significantly lower 
using mesh-based repairs compared with suture repairs (three 
studies, 389 patients; mesh 0 per cent (0/226) versus suture 7.8 
per cent (13/163); OR 0.10 (95 per cent c.i. 0.02 to 0.43); P = 0.002; 
I2 = 0 per cent; fixed-effect model)129,132,133. The forest plot is 
shown in Fig. 19. 

Seroma 
Suture repair was reported as having a statistically significant 
lower rate of seroma in comparison with mesh repair (three 
studies, 389 patients; mesh 19 per cent (43/226) versus suture 6.7 
per cent (11/163); OR 3.48 (95 per cent c.i. 1.75 to 6.93); P =  
0.0004; I2 = 54 per cent; fixed-effect model)129,132,133. This was 
the case for both onlay (three studies, 237 patients; mesh 25 per 
cent (31/124) versus suture 5.3 per cent (6/113); OR 6.78 (95 per 
cent c.i. 2.69 to 17.10); P < 0.0001; I2 = 0 per cent; fixed-effect 
model) and retrorectus (one study, 152 patients; mesh 11.8 per 
cent (12/102) versus suture 10 per cent (11/163); OR 1.20 (95 per 
cent c.i. 0.40 to 3.62); P = 0.75) mesh placement. The forest plot 
is shown in Fig. 20. 
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There was no difference in length of stay using suture or mesh 
repair. 

Key Question 7: What is the difference in outcome 
considering different positions of mesh in incisional 
hernia repair? 

Recommendation A: For patients with a midline incisional 
hernia, the guidelines panel recommends that mesh should be 
placed in the retromuscular plane (strong recommendation, 
very low certainty evidence). 
Good Practice Statement A: Surgeons performing incisional 
hernia repair should be familiar with the technique for 
positioning the mesh in different planes (including onlay, 
retromuscular, and intraperitoneal). 
Good Practice Statement B: For patients with a midline 
incisional hernia, the guidelines panel suggests that any mesh 
in the abdominal cavity exposed to the abdominal viscera 
should be used with caution due to the risk of long-term 
complications at any subsequent abdominal surgery.  

Terminology and nomenclature to describe mesh position within 
the abdominal wall is often inconsistent and varies with surgeon/ 
institutional interpretation. It is important that uniform terminology 
is used for consistency of clinical management and to allow for an 
evidence-based comparison of different techniques. In an effort to 
establish this, Parker et al.137 have provided an international 
classification produced by Delphi methods on the different mesh 
placement planes. The most commonly used of these are onlay (on 

the fascia below the subcutaneous fat), retrorectus (between the 
rectus muscle and the posterior rectus sheath), preperitoneal 
(between the posterior rectus sheath and the peritoneum), and 
intraperitoneal (inside the peritoneal cavity against the 
peritoneum)137. The term retromuscular encompasses both the 
retrorectus and preperitoneal planes. The optimal mesh plane 
should be associated with a low recurrence rate, a low risk of 
complications such as seroma, haematoma, SSI, and adhesions, 
and, finally, a low risk of mesh sensation, acute pain, and chronic pain. 

Search results 
The search retrieved 756 records. After the duplicates were 
removed, the titles and abstracts of 414 records were screened. 
A total of 42 reports were selected for full-text retrieval and 
were assessed for eligibility. A total of 31 reports were excluded. 
A total of four studies and seven reviews met the inclusion 
criteria. Handsearching and checking references identified 
another 40 reports whose full texts were evaluated for eligibility 
and two studies were included. The full study selection process 
is presented in a PRISMA flow diagram (shown in Fig. 21). The 
Summary of Findings is shown in Table S7. 

Evidence for Recommendation A and Good 
Practice Statements A and B 
Onlay versus retrorectus 
Four RCTs of low to moderate quality compared open onlay with 
retrorectus mesh placement for elective repair of midline 

Identification of studies via databases and registers Identification of studies via other methods

Records identified from:
Databases n = 141

Records removed ‘before screening’:
Duplicate records removed n = 20
Records marked as ineligible by
automation tools n = 0
Records removed for other
reasons n = 0
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Citation searching n = 13
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Reports not retrieved n = 0

Reports sought for retrieval
n = 19

Reports assessed for eligibility
n = 19

Reports excluded n = 0

Reports not retrieved n = 0

Reports excluded n = 20:
No comparable study n = 12
Not relevant to the research question
and outcome n = 8

Records screened n = 121

Reports sought for retrieval n = 22

Reports assessed for eligibility
n = 22

Studies included n = 21

Records excluded n = 99
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Fig. 15 PRISMA flow diagram for Key Question 5   
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incisional hernias132,138–140. Pooled analysis revealed an increased 
risk of recurrence, when placing the mesh in the onlay position 
(7.2 per cent (14/194)) compared with the retrorectus position 
(2.1 per cent (4/187)) (forest plot in Fig. 22). Furthermore, the risk 
of seroma was increased with the use of an onlay mesh position 
(33.3 per cent (66/198)) compared with a retrorectus mesh 
position (13.8 per cent (26/188)) (Fig. 23). For other 
wound-related complications such as haematoma and surgical 
site occurrences, the rates were also higher with the use of 
onlay mesh (see Table S8). There were no data on pain. For the 
pooled analysis of the RCTs, the risk of bias was high and 
the imprecision was serious, leading to a very low certainty of 
the evidence. 

Furthermore, four systematic reviews and meta-analyses 
were identified141–144. Albino et al.141 assessed 62 studies from 
1996 to 2012 comparing onlay, interposition, retrorectus, and 
intraperitoneal mesh placement for all types of ventral hernias 
(primary and incisional), including both open and laparoscopic 
approaches. It was concluded that intraperitoneal and 
retrorectus mesh placement was associated with a lower risk of 
recurrence and complications than other mesh positions141. 
Sosin et al.144 updated that review evaluating 51 further studies 
from 2013 to 2018 using the same inclusion criteria and 
concluded that retrorectus mesh placement was associated with 
a lower risk of recurrence than intraperitoneal mesh placement. 
Timmermans et al.142 included two RCTs and seven cohort 

studies comprising nearly 2000 patients and concluded that 
recurrence rates and surgical site occurrences were decreased 
when placing the mesh in the retrorectus position compared 
with the onlay position. Holihan et al.143 in a network 
meta-analysis of 20 RCTs including both primary ventral and 
incisional hernias found that retrorectus mesh placement 
resulted in the lowest risks of recurrence and SSI. 

Onlay versus intraperitoneal 
Only one small low-quality RCT compared open onlay with open 
intraperitoneal mesh and concluded that the risk of recurrence 
was 27.3 per cent (6/22) for onlay versus 0.0 per cent (0/19) for 
open intraperitoneal with an OR of 15.26 (95 per cent c.i. 0.80 to 
293.6). The risk of seroma was 31.8 per cent (7/22) for onlay 
versus 0.0 per cent (0/19) for open intraperitoneal with an OR of 
18.87 (95 per cent c.i. 1.00 to 356.74)145. 

Minimally invasive retrorectus (mini- or less-open sublay) 
versus laparoscopic IntraPeritoneal Onlay Mesh 
One cohort study from the German Hernia Registry evaluated the 
endoscopically assisted mini- or less-open sublay (MILOS) repair 
compared with a propensity matched group of laparoscopic 
(IntraPeritoneal Onlay Mesh (IPOM)) repairs and found that the 
MILOS repair with mesh in the retrorectus position was associated 
with decreased complications, recurrence rate (2.2 per cent (10/463) 

Identification of studies via databases and registers Identification of studies via other methods

Records identified from:
Databases n = 680
MEDLINE n = 222
Embase n = 253
Cochrane library n = 205

Records removed ‘before screening’:
Duplicate records removed n = 322
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automation tools n = 0
Records removed for other
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Citation searching n = 7
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Reports not retrieved n = 0

Reports sought for retrieval
n = 8

Reports assessed for eligibility
n = 8

Reports excluded n = 5:
Wrong population n = 5

Reports not retrieved n = 0

Reports excluded n = 11:
Wrong population n = 5
Wrong study design n = 5
Wrong intervention n = 1

Records screened n = 358

Reports sought for retrieval n = 16
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Studies included n = 5
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Fig. 16 PRISMA flow diagram for Key Question 6   
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with MILOS versus 7.3 per cent (34/463) with laparoscopic IPOM; OR 
0.28 (95 per cent c.i. 0.14 to 0.57)), and pain at 1 year after surgery146. 

Summing up the evidence 
The pooled analysis of the RCTs revealed a low certainty of the 
evidence as the systematic reviews and meta-analysis included 

heterogeneous data with different surgical approaches, 
sometimes also mixing primary and incisional ventral hernia 
cohorts. There was also significant publication bias. 

Retromuscular mesh placement for midline incisional hernia 
repairs seems to have better outcomes than other mesh 
positions and the strength of recommendation was therefore 
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Fig. 17 Forest plot: mesh versus suture risk of recurrence  
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upgraded to strong by the guidelines panel. However, there may 
be cases where retromuscular mesh placement is not possible 
or very difficult and therefore it is important to be familiar with 
the surgical technique for placing the mesh in other positions. 

Due to the risk of intraperitoneal adhesions, and with the 
growing popularity of alternative minimally invasive methods for 
retromuscular repair such as MILOS and extended Totally 
ExtraPeritoneal (eTEP), which are showing promising results, it is 
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Identification of studies via databases and registers Identification of studies via other methods
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Fig. 21 PRISMA flow diagram for Key Question 7  
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Risk-of-bias legend
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Fig. 23 Forest plot: onlay versus retrorectus risk of seroma  
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Fig. 24 PRISMA flow diagram for Key Question 8   
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suggested to keep the mesh out of the peritoneal cavity where 
possible to limit contact with the viscera. 

Key Question 8: What is the difference in outcome 
between techniques (open, laparoscopic, and robotic) 
for incisional hernia repair? 

Good Practice Statement A: For patients with a midline 
incisional hernia, the guidelines panel suggests that 
laparoscopic, robotic, or open surgery may be 
appropriate depending on the patient and hernia 
characteristics and provided the surgeon has 
appropriate expertise.  

The choice of technique for incisional hernia repair is often 
decided by surgeon preference and expertise. Irrespective of the 
approach used, the surgeon should be trained in the technique. 
The technique should be performed in the correct way, with a 
focus on preservation and restoration of abdominal wall 
function and careful tissue handling. Furthermore, the decision 
to operate and the choice of technique should involve the 
informed consent process and should be a shared decision 
between the patient and their surgeon147. 

Search results 
The search retrieved 1820 records. After the duplicates were 
removed, the titles and abstracts of 979 records were 
screened. A total of 100 reports were selected for full-text 
retrieval and were assessed for eligibility. A total of eight 
studies met the inclusion criteria and a total of 92 reports 
were excluded. Moreover, checking references of relevant 
publications and handsearching identified another 20 reports 
whose full texts were evaluated for eligibility, but all were 
excluded. The full study selection process is presented in a 
PRISMA flow diagram (shown in Fig. 24). 

The Summary of Findings is shown in Table S8. 

Evidence for Good Practice Statement A 
Recurrence 
Three RCTs collectively randomized 488 patients undergoing 
incisional hernia repair into either open retrorectus or an IPOM 
repair148–150. Of these, 440 patients completed at least 1 year of 
follow-up. In all three RCTs, the hernia defect was not closed in 

the majority of the IPOM patients and in an unknown number of 
the open cases. Furthermore, there is a high risk of bias amongst 
these studies and therefore only a very low certainty of evidence 
was achieved. The recurrence rates were 10 per cent (24/243) for 
the IPOM group and 6 per cent (16/252) for the open retrorectus 
group. There was no statistically significant difference between 
the groups (OR 0.62 (95 per cent c.i. 0.31 to 1.25); RR 0.68 (95 per 
cent c.i. 0.37 to 1.23)) (see Fig. 25). 

Surgical site infection and perioperative complications 
A lower rate of SSI is one of the most commonly described 
advantages of minimally invasive surgery. Five trials have 
reported the incidence of SSI in their short-term 
follow-up105,139,148,149,151. There was a higher proportion of those 
with superficial SSI in the open retrorectus group compared 
with the laparoscopic IPOM group (10.8 per cent (30/277) versus 
3.1 per cent (8/261)). This difference did not reach statistical 
significance as evidenced by the wide confidence intervals 
shown in the forest plot in Fig. 26 (OR 2.68 (95 per cent c.i. 0.58 
to 12.31); RR 2.43 (95 per cent c.i. 0.58 to10.14)). However, the 
number of deep SSI events requiring intervention was similar 
(1.5 per cent in both randomized groups; 5/277 in the open 
retrorectus group versus 4/261 in the laparoscopic IPOM group; 
OR 1.07 (95 per cent c.i. 0.30 to 3.83)). 

The laparoscopic approach was associated with a higher risk of 
perioperative complications (8 per cent (14/170) versus 2 per cent 
(3/179)). A number of patients had to be converted to open 
surgery (13/158). Within the analysed studies, 4.6 per cent (12/ 
261) of patients undergoing laparoscopic repair went on to have 
a laparotomy during the course of the follow-up compared with 
3.2 per cent (8/275) of patients in the open group (OR 0.69 (95 per 
cent c.i. 0.28 to 1.66)). 

Length of stay and return to activity 
Length of stay is another parameter mentioned as an advantage of 
laparoscopic surgery. In two studies that have reported length of 
stay, it was shorter for laparoscopic surgery (2.7–5.7 days) 
compared with open surgery (9.9 days)139,149. The main reason 
mentioned for prolonged length of stay for open surgery was 
drain placement and issues regarding soft tissues. However, in a 
third study, length of stay was the same (2 days for each group)149. 
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Fig. 25 Forest plot: retrorectus versus IntraPeritoneal Onlay Mesh (IPOM) risk of recurrence 

PP, pre-peritoneal; RR, retrorectus.   
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Return to activity was not measured in a standardized way 
amongst the selected studies. Olmi et al.149 reported a faster 
return to activity after laparoscopic IPOM compared with open 
retrorectus repair (13 versus 25 days). Natarjan et al.139 reported 
the percentage of people being able to return to activity after 2 
weeks. In the open retrorectus group, 81 per cent (9/11) were 
active, whereas this was only the case for 66 per cent (4/6) after 
IPOM repair. 

Cosmesis 
There were no data given on patient satisfaction with regard to 
changes in abdominal cosmesis after incisional hernia repair. 

Robotic approach 
Despite large-scale uptake over recent years of robotic surgery for 
incisional hernia repair, the guidelines panel only identified one 
RCT comparing laparoscopic versus robotic repair of ventral 
hernias both with an IPOM+ technique with reported 
outcomes at 1 month and 1 year. This included a 
heterogeneous group of patients with primary and incisional 
hernias and thus this paper was excluded from the 
meta-analysis. In another study, the recurrence rates were 
similar between the groups (8.5 per cent (5/59) in the 
laparoscopic group versus 2.2 per cent (4/65) in the robotic 
group; OR 1.41 (95 per cent c.i. 0.36 to 5.53)). Interestingly, 
only in the region of 50 per cent of patients in both groups 
reported resolution of symptoms after surgery152. 

Summing up the evidence 
While the guidelines panel analysed all available literature 
regarding open compared with minimally invasive surgery for 
midline incisional hernia of up to 10 cm in diameter during the 
initial search, disappointingly, there was no evidence on newer 
variations of laparoscopic techniques such as IPOM+ technique 
(which includes closure of the defect), or other more 
sophisticated minimally invasive operations placing mesh in the 
retrorectus space or eTEP. Furthermore, there are no current 
comparative studies of open versus laparoscopic or 
robot-assisted incisional hernia repair with mesh placed in the 
retrorectus position. 

Key Question 9: Is there a benefit of primary fascial 
closure in midline incisional hernia mesh repair? 

Recommendation A: For patients having repair of a midline 
incisional hernia (laparoscopic or open repair), the guidelines 
panel recommends that the fascial defect should be closed and 
bridging with a mesh should be avoided (strong 
recommendation, low certainty evidence).  

One of the goals of incisional hernia surgery is to try to restore 
the abdominal wall anatomy and function. In keeping with this, 
closure of the fascial defect is considered an essential 
component of open repair and is also thought to be beneficial in 
laparoscopic repair. However, the effect of closure of the defect 
both in terms of recurrence rate and patient-reported outcomes 
is unclear. 

Search results 
The search retrieved 552 records. After the duplicates were 
removed, the titles and abstracts of 293 records were screened. 
A total of 25 reports were selected for full-text retrieval and 
were assessed for eligibility. A total of 20 reports were excluded. 
A total of five studies met the inclusion criteria. Handsearching 
and checking the references identified another 22 reports whose 
full texts were evaluated for eligibility and six studies were 
included. The full study selection process is presented in a 
PRISMA flow diagram (shown in Fig. 27). The Summary of 
Findings is shown in Table S9. 

Evidence for Recommendation A 
Three RCTs were identified concerning the difference in outcome 
for fascial closure versus bridging in laparoscopic incisional hernia 
repair, all published in 2020153–155. No studies were found 
comparing defect closure versus bridging in open surgery. The 
following variables were evaluated in the meta-analysis: 
recurrence, haematoma, seroma, pain, and length of stay. 

Recurrence 
Fascial closure resulted in a lower risk of recurrence when 
compared with bridging153–155; fascial closure 4.2 per cent (7/68) 

Risk-of-bias legend
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Fig. 26 Forest plot: retrorectus versus IntraPeritoneal Onlay Mesh (IPOM) risk of surgical site infection   
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versus bridging 6.8 per cent (12/177); OR 0.60 (95 per cent c.i. 0.23 to 
1.57) (Fig. 28). 

Haematoma/seroma 
The three RCTs did not uniformly measure seroma and 
haematoma separately. In one study, fascial closure resulted in 
a lower risk of haematoma and seroma combined when 

compared with bridging (fascial closure 6.1 per cent (5/82) versus 
bridging 13.3 per cent (12/90); OR 0.42 (95 per cent c.i. 0.30 to 
1.26))153,155. In another study, fascial closure resulted in a lower 
risk of haematoma when compared with bridging (fascial 
closure 0 per cent (0/61) versus bridging 4.8 per cent (0/61); OR 
0.14 (95 per cent c.i. 0.01 to 2.73))154. In two RCTs, fascial closure 
resulted in a lower risk of seroma when compared with bridging 
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(10.6 per cent (9/85) versus bridging 13.8 per cent (12/85); OR 0.75 
(95 per cent c.i. 0.30 to 1.84)). When the results of all three RCTs 
were pooled for seroma and/or haematoma, the benefit of 
fascial closure still failed to reach statistical significance (fascial 
closure 6.1 per cent (14/228) versus bridging 11.3 per cent (27/ 
239); OR 0.52 (95 per cent c.i. 0.27 to 1.02)) (Fig. 29)153–155. 

There was no difference in postoperative pain or length of stay. 
Only one RCT analysed quality of life and reported a statistically 
non-significant benefit of fascial closure154. 

There are a small number of RCTs looking at fascial closure in 
laparoscopic incisional hernia repair of low quality, and none 
assessing the impact in open surgery. For all studies, imprecision 
was scored as serious. In laparoscopic incisional hernia repair, 
there appears to be a decreased risk of recurrence, haematoma, 
or seroma formation with fascial closure. 

Key Question 10: What is the difference in the outcome 
using different techniques for mesh fixation in (a) 
intraperitoneal and (b) extraperitoneal mesh 
placement for incisional hernia repair? 

Good Practice Statement A: For patients undergoing surgery 
using a laparoscopic intraperitoneal onlay mesh, the guidelines 
panel suggests that a variety of methods including glues, tacks, 
and sutures (both absorbable and non-absorbable) are possible, 
with little difference in clinical outcomes. 
Good Practice Statement B: For patients having an open 
retrorectus repair of a midline incisional hernia, whilst the 
original description described the use of transfascial 
sutures, the guidelines panel suggests that other options such 
as fixation to the posterior layer or self-fixing meshes are 
acceptable and may reduce the risk of chronic pain. 

Fixation of mesh placed in the intraperitoneal position is 
necessary. The options include penetrating fixation, with tacks 
(permanent or absorbable, and single crown or double crown), 
staples, or sutures (permanent or absorbable), which can be 
transfascial or placed as tacking stitches, and non-penetrating 
fixation with glue (fibrin or cyanoacrylate based). Indeed, many 
surgeons use a combination of these. 

As well as fixation, closure of the defect, the mesh landing zone, 
and mesh type may influence outcomes. Differences in tacker 
construct such as depth of penetration and cross-sectional 
design to reduce pull out, as well as the number and location of 
tacks used per square centimetre of mesh, may influence 
outcomes. Absorbable fixation was designed in an effort to 
minimize long-term chronic pain; however, injury to a nerve 
may occur at the time of tack or suture insertion, and therefore 
resorption may not influence long-term chronic pain. 

Similarly, mesh placed in the preperitoneal, retrorectus, or onlay 
plane in open surgery may have no fixation, be self-fixing, involve 
suture fixation (permanent or absorbable either to the posterior fascia 
or transfascial), or involve glue (fibrin based or cyanoacrylate based). 

Search results 
The search retrieved 355 records. After the duplicates were 
removed, the titles and abstracts of 208 records were 
screened. A total of 54 reports were selected for full-text 
retrieval and were assessed for eligibility. A total of 43 reports 
were excluded and a total of seven studies and four systematic 
reviews met the inclusion criteria. Checking references of relevant 
publications and handsearching identified another 10 reports 
whose full texts were evaluated for eligibility; two of these 
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studies were included in the review. The full study selection 
process is presented in a PRISMA flow diagram (shown in Fig. 30). 

The Summary of Findings is shown in Table S10. 

Evidence for Good Practice Statement A 
An RCT comparing double crown permanent tacker (DCPT), 
double crown absorbable tacker (DCAT), and glue (75 patients) 
reported no difference in quality of life, postoperative pain, 
surgical site occurrences, length of stay, or recurrence156. 
Similarly, another RCT, comparing DCPT versus DCAT (both 
had additional four-corner transfascial permanent sutures) (90 
patients), reported no difference in quality of life, length of stay, 
chronic pain, or recurrence157,158. Two small RCTs compared 
DCPT with permanent transfascial sutures (36 and 72 patients) 
and reported that the transfascial suture group had more pain 
4 h after surgery159 and at 6 weeks. There was no difference in 
pain at 6 months, with similar length of stay and recurrence160. 

Evidence for Good Practice Statement B 
No RCTs comparing open fixation met the inclusion criteria for these 
guidelines. Expert opinion was generated using the GRADE expert 
evidence forms, but opinion was divided, with one-third favouring 
transfascial sutures and two-thirds against their use due to pain. 

Two small cohort trials (26 and 50) respectively and one larger 
cohort trial (244) assessed the use of self-fixing meshes compared 
with fixation with transfascial sutures161–163. The two small studies 

suggested that the self-fixing mesh resulted in less inpatient 
narcotic analgesia use161, and reduced early postoperative pain162. 
However, the larger study reported increased seroma, wound 
events, and reoperation rates in the self-gripping mesh group163. 

Key Question 11: What is the benefit of enhanced 
recovery after surgery (ERAS) in incisional hernia 
repair? 

Good Practice Statement A: For patients having repair of a 
midline incisional hernia, the guidelines panel suggests that 
there is not sufficient evidence to recommend enhanced 
recovery protocols.  

ERAS is gaining more and more acceptance in different fields of 
surgery164. The benefit of ERAS in incisional hernia repair in the 
authors’ target group of patients with hernias up to 10 cm in 
width is unclear. 

Search results 
The search retrieved 639 records. After the duplicates were 
removed, the titles and abstracts of 396 records were screened. 
A total of 13 reports were selected for full-text retrieval and 
were assessed for eligibility. A total of 11 reports were excluded 
and a total of 2 systematic reviews met the inclusion criteria. 
Checking references of relevant publications and handsearching 
identified another two reports whose full texts were evaluated 
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Fig. 30 PRISMA flow diagram for Key Question 10   
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for eligibility, but these were excluded. The full study selection 
process is presented in a PRISMA flow diagram (shown in Fig. 31). 

The Summary of Findings is shown in Table S11. 

Evidence for Good Practice Statement A 
The use of ERAS protocols in incisional hernia repair is promising. 
Two systematic reviews and meta-analyses evaluating the use of 
ERAS in complex abdominal wall reconstruction have been 
published recently165,166. Given that the focus of these studies 
was complex incisional hernias and not more simple midline 
hernias (the focus of these guidelines) the evidence is indirect. 
The first publication, by Sartori et al.165 includes five 
retrospective cohort papers (search up to April 2020). The length 
of hospital stay was significantly lower in the ERAS group (albeit 
only 0.6 days) without increasing the overall postoperative 
morbidity and readmission rate. However, according to GRADE 
criteria, the quality of evidence was very low to low for all 
endpoints. In addition, there was large heterogeneity with 
respect to the complexity of the surgery performed (for example 
component separation techniques in 29–100 per cent of the 
patients), as well as the ERAS protocols across the different 
studies. The authors also report that it is unclear whether any 
change in the discharge criteria after the introduction of an ERAS 
pathway may have changed the length of stay in the included 
studies. Two months later, another meta-analysis on the same 
topic included four of the same papers (search up to end of 
November 2019), together with one additional paper not included 
in the first meta-analysis163. The conclusions were similar with a 
decreased length of stay in the ERAS group of 0.89 days. 

Considering the methodological aspects and the fact that the 
type of abdominal wall defects included in the various studies is 
not representative for the patient population of the authors’ 
guidelines, the panel found only indirect evidence, which is not 
sufficient to give a clinical recommendation. 

It thus suggests that ERAS protocols for non-complex incisional 
hernia repair should be used in experimental and cohort studies 
to investigate their effectiveness in this patient group. 

Key Question 12: Should prophylactic antibiotics be 
used in the elective repair of incisional hernia in adult 
patients? 

Recommendation A: For patients having repair of a midline 
incisional hernia, the guidelines panel suggests a single 
prophylactic dose of antibiotic (according to local hospital 
policy). If the operation is longer than 4 h, the guidelines panel 
suggests a second prophylactic dose, depending on the 
antibiotic used, amount of blood loss, and surgical approach 
(conditional recommendation, very low certainty evidence). 

The need for prophylactic antibiotics during hernia repair 
varies between institutions and cases, dependent upon both 
patient-specific and procedure-specific risk factors. This KQ 
explores the evidence for their use. 

Search results 
The search retrieved 160 records. After duplicates were removed, 
the titles and abstracts of 98 records were screened. A total of 12 
reports were selected for full-text retrieval and were assessed 
for eligibility. A total of nine studies were excluded and a total 
of three studies met the inclusion criteria. Checking references 
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of relevant publications and handsearching identified another 22 
studies whose full texts were evaluated for eligibility, but were 
excluded. The full study selection process is presented in a 
PRISMA flow diagram (shown in Fig. 32). The Summary of 
Findings is shown in Table S12. 

Evidence for Recommendation A 
Two meta-analyses were identified, but later excluded, either due to 
an incorrect patient cohort (mostly inguinal hernias)167 or 
insufficient data regarding the effect of antibiotics142. A total of 
four RCTs were identified, three of which were excluded either 
due to an unsuitable research question168,169 or an inappropriate 
study cohort170. One further RCT by Abramov et al.171 involved a 
mixed patient cohort of both umbilical and incisional hernia 
repairs, but produced a 16-patient subgroup analysis of incisional 
hernia patients that was included for the authors’ analysis. 

Two cohort studies were identified and included. Rios et al.172 

developed a prospective study evaluating antibiotic prophylaxis 
in 216 incisional hernia repairs. Despite their study including 
139 patients with large (greater than 10 cm) incisional hernia 
and 40 patients with non-midline incisional hernia, results were 
deemed relevant and therefore included. Kirchhoff et al.173 

examined the impact of antibiotic prophylaxis on the rates of 
SSI and reoperations in 13 513 patients undergoing laparoscopic 
incisional hernia repair. Whilst 1763 (13 per cent) of patients 
had a large incisional hernia (greater than 10 cm) and 3413 (25 
per cent) of cases were non-midline, their results were also 
deemed relevant and assessed. 

Existing guidelines from other groups8,11,12 were not included 
due to a mixed cohort of primary ventral and inguinal hernias. 

In the Abramov et al.171 RCT, 16 patients with incisional 
hernias were included. A total of eight patients received 1 g 
cefonicid 30 min before surgery and eight patients formed a 
control group without prophylaxis. Mesh was used in four 
patients from the treatment group and only two from the 
control group. No patient in the antibiotic prophylaxis group 
developed a postoperative wound infection (0/8) compared 
with four of the eight patients (50 per cent) in the control 
group. 

In the prospective study of 216 incisional hernia repairs by Rios 
et al.172, antibiotic prophylaxis was administered in 140 patients 
(either a first- or second-generation cephalosporin or amoxicillin 
with clavulanic acid) compared with 76 patients in the control 
group. In total, 39 out of 216 patients (18.1 per cent) developed 
an SSI. From the antibiotic prophylaxis group, 19 of the 140 
patients (13.6 per cent) developed an infection compared with 20 
out of 76 (26.3 per cent) in the control group (P = 0.00991). 
Multivariate analysis revealed that antibiotic prophylaxis was 
associated with reducing postoperative infection (OR 0.23; P =  
0.0023). 

In a registry-based study, Kirchhoff et al.173 analysed 13 513 
laparoscopic incisional hernia repairs. SSI rates were not 
significantly different between the two groups after 
propensity-score matching analysis was carried out on 1940 
patient pairs (0.57 per cent in the antibiotic prophylaxis group 
versus 0.93 per cent in the control group; OR = 0.611 (95 per cent 
c.i. 0.261 to 1.366); P = 0.265). Unadjusted analysis for the risk of 
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deep SSI was also not significant (0.42 per cent versus 0.62 per cent; 
P = 0242). Multivariable analysis showed a higher risk of SSI for 
patients with multiple co-morbidities (OR = 1.663 (95 per cent c.i. 
1.103 to 2.509); P = 0.015) or with larger defects (P = 0.035; that is 
W3 versus W1: OR = 2.084 (95 per cent c.i. 1.187 to 3.656); P =  
0.010). Quality and risk-of-bias tables of these two cohort 
studies172,173 are reported in Fig. 33. 

Combined analysis of the two included cohort studies172,173 

revealed that antibiotic prophylaxis resulted in a statistically 
significant lower risk of postoperative SSI (two studies, 13 729 
patients; 104 of 11 704 patients with prophylaxis (0.9 per cent) 
versus 39 of 2025 with no prophylaxis (1.9 per cent); OR 0.62 (95 
per cent c.i. 0.42 to 0.93); P = 0.02; I2=0.33 per cent; fixed-effect 
model) (see Fig. 33). 

Total and deep SSI rates—grouped analysis 
The only included RCT171 showed no statistically significant 
benefit of the use of antibiotic prophylaxis on postoperative SSI 
rate (0/8 (0 per cent) versus 4/8 (50 per cent); OR 0.06 (95 per cent 
c.i. 0 to 1.3; P = 0.08; fixed-effect model). 

Key Question 13: (a) What information is important for 
patients after incisional hernia repair? and (b) What 
activities influence outcome? 

Good Practice Statement A: For patients having repair of a 
midline incisional hernia, the guidelines panel states that there 
is a lack of evidence-based information to provide patients with 
after surgery. 
Good Practice Statement B: For patients having repair of a 
midline incisional hernia, the guidelines panel suggests: 
analgesia and dressing management should be as per local 
hospital policy; patients should be encouraged to actively 
mobilize and can do as they feel able (including sexual activity); 
patients should avoid heavy lifting/exercise (where they have 
to Valsalva) for 4 weeks (time for mesh ingrowth); patients 
should not swim in a public pool or the sea until the wound has 
healed (approximately 2 weeks) (however, can shower from day 
zero); patients can drive when they are able to safely perform 
an emergency stop without hesitation (advised to inform motor 
insurance company); and patients can be provided with an 
abdominal binder or compression clothes to wear for their 
comfort for first 6 weeks (advised to keep clean).  

Postoperative instructions after incisional hernia repair vary 
depending on surgeon and at an institutional level. This KQ 
examines the evidence base for resuming normal activity or 
indeed restriction of activity after incisional hernia surgery. 

Search results 
The search retrieved 1817 records. After the duplicates were 
removed, the titles and abstracts of 912 records were screened. 
A total of 18 reports were selected for full-text retrieval and 
were assessed for eligibility. A total of 16 reports were excluded 
and a total of two studies met the inclusion criteria. Moreover, 
handsearching identified another two reports whose full texts 
were evaluated for eligibility. As a result, three studies were 
included in the review. The full study selection process is 
presented in a PRISMA flow diagram (shown in Fig. 34). 

The Summary of Findings is shown in Table S13. 

Evidence for Good Practice Statements A and B 
A review of the literature provided insufficient high-quality data 
to help answer this KQ, making it difficult to establish rigorous 
evidence-based recommendations. As a result, a good practice 
statement was developed using a consensus of expert evidence 
provided by the guidelines panel. There were, however, some 
studies and surveys reviewed by the guidelines panel that 
provided information on the subject. 

Whilst not specific to incisional hernia repair, one RCT174 

analysed the effects of wearing an abdominal binder for 1 week 
after laparoscopic umbilical or epigastric hernia repair. No 
statistically significant differences were observed between the 
binder and non-binder groups; however, there was a lower 
30-day complication rate in the binder group (0/28 versus 4/28– 
see Table S14). A subjective beneficial effect was also reported by 
24 of the 28 patients (86 per cent, 95 per cent c.i.) in the binder 
group. 

Recently, Schaff et al.175 published a survey including results 
from 127 expert hernia surgeons regarding how to manage 
postoperative strain and physical labour. They suggest that 
there is a lack of evidence, particularly regarding incisional 
hernias. Their survey results demonstrate that at least half of 
surgeons considered 4 weeks of reduced physical activity 
appropriate after an IPOM or retrorectus/sublay repair, but 
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experts were far more divided regarding onlay mesh repairs or 
‘complex’ repairs, where many believed 4 weeks to be insufficient. 

Another survey of 48 surgeons from a German hospital group 
looked to gather expert opinion on the subject of postoperative 
rest after incisional hernia repair176. When asked about length 
of postoperative rest, 4 and 2 weeks were the most popular 
answers; however, substantial variation across the sample 
highlights the need for further research in this area. 

After panel discussion, and considering the current literature, 
statements of expert evidence were provided by panel members 
to develop Good Practice Statement B. 

Discussion 
Key messages 
The quantity and quality of evidence available to formulate the 
recommendations was limited; nevertheless, some key 
messages have been generated from the guidelines that, if 
followed, the guidelines panel believes will help improve 
outcomes in incisional hernia surgery. The main 
recommendations and good practice statements were that 
patients should undergo cross-sectional imaging before surgery 
to better understand the anatomy and appropriately plan the 
procedure. Surgeons and patients should understand that the 
main aim in treating incisional hernias is to improve the quality 
of life; this should help guide discussion of the benefits and risks 
of various treatment options to ensure patients are fully 
informed and are involved in the decision-making process. 

Patients should be pre-optimized before surgery with particular 
emphasis on weight loss, smoking cessation, and diabetic 
control. For the majority of patients, a mesh repair with fascial 
closure and the mesh in the retrorectus plane is recommended. 

Limitations 
These European guidelines discuss the evidence base for the 
diagnosis and treatment of incisional hernias. The focus of the 
guidelines is on midline incisional hernias where it is 
anticipated that the fascial defect can be closed without any 
advanced procedure such as a component separation or any 
other form of myofascial release. The reason for this was that 
these are the most commonly encountered incisional hernias in 
surgical practice and therefore the largest evidence base would 
exist for this group. Despite placing these confines, the evidence 
in the literature both in terms of quantity and quality was very 
limited. This makes it impossible to formulate strong certainty 
recommendations for any of the KQs according to the GRADE 
methodology. Of particular interest, the majority of studies do 
not include any patient-reported outcome measures and there 
is significant variability in how clinical outcomes are assessed 
and defined. Furthermore, there is substantial discrepancy in 
the terminology used to discuss repair techniques and 
positions of mesh placement. Using uniform language and 
endpoints is important if a comparison is to be made between 
diagnostic or treatment modalities. Recent work has been done 
to provide rigorous definitions of abdominal wall planes137 and 
also to define a core outcome set for studies involving 
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incisional hernia surgery106. The authors would strongly 
advocate the use of the standardized methods in research 
going forward. 

Although the guidelines group aimed to represent all stakeholders 
and surgical specialties, it would have benefited from the 
participation of a plastic surgeon and a 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 are involved in hernia surgery and use 
meshes, which might have influenced the appraisal of the evidence 
and the formulation of recommendations. Efforts were made to 
have active patient participation, but, unfortunately, not all group 
meetings had patient representation. However, a patient 
representative critically reviewed the guidelines and their valuable 
comments were included. 

Implementation 
To aid dissemination and implementation, the guidelines will be 
presented at international and national conferences, and 
summaries will be produced in different languages for national 
hernia organizations. The guidelines will also be presented on 
the GRADEpro website. 

Knowledge gaps 
The guidelines have demonstrated the substantial gap in the 
evidence base for treatment of incisional hernias. Using uniform 
definitions and endpoints, including well-defined patient- 
reported outcome measures, which incorporate metrics that are 
important to patients and their quality of life, will be 
fundamental to closing this knowledge gap. Of particular value 
would be studies exploring what happens to patients during 
pre-optimization of weight and the impact that this has on 
outcomes. In keeping with this, it would also be useful to 
understand whether delaying procedures to pre-optimize can 
have a detrimental effect in terms of increasing hernia size and 
technical difficulties with repair. With major advances in 
minimally invasive techniques that allow closure of the fascial 
defect, high-quality studies comparing treatment techniques 
would be useful in ensuring that patients are offered optimal 
care. It may be that randomized trials do not provide the best 
methodology due to the length of follow-up required. 
Longitudinal cohorts making use of registry data may be more 
beneficial and easier to collect. 

Funding 
The work was funded by grants from the European Hernia Society 
(EHS) and from the British Journal of Surgery (BJS). The views 
expressed are those of the authors and not necessarily those of 
the EHS or the BJS. 

Acknowledgements 
The authors thank Jackie Bullock for her input into these 
guidelines from a patient perspective. The authors also thank 
the Czech Cochrane Guidelines Group from Masaryk University 
for their significant methodological support using GRADE and 
AGREE II instruments. 

Author contributions 
David L. Sanders (Conceptualization, Formal analysis, 
Investigation, Methodology, Project administration, Writing— 

review & editing), Maciej M. Pawlak (Conceptualization, Formal 
analysis, Investigation, Methodology, Project administration, Writing 
—review & editing), Maarten Simons (Formal analysis, Investigation, 
Methodology, Writing—review & editing), Theo Aufenacker W. 
(Formal analysis, Investigation, Writing—review & editing), Andrea 
Balla (Formal analysis, Investigation, Writing—review & editing), 
Cigdem Berger (Formal analysis, Investigation, Writing—review & 
editing), Frederik Berrevoet (Formal analysis, Investigation, Writing 
—review & editing), Andrew C. de Beaux (Formal analysis, 
Investigation, Methodology, Writing—review & editing), Barbora 
East (Formal analysis, Investigation, Writing—review & editing), 
Nadia A. Henriksen (Formal analysis, Investigation, Writing—review 
& editing), Miloslav Klugar (Data curation, Formal analysis, 
Methodology, Writing—review & editing), Alena Langaufová (Data 
curation, Formal analysis, Methodology, Writing—review & editing), 
Marc Miserez (Formal analysis, Investigation, Writing—review & 
editing), Salvador Morales-Conde (Formal analysis, Investigation, 
Writing—review & editing), Agneta Montgomery (Formal analysis, 
Investigation, Writing—review & editing), Patrik K. Pettersson 
(Formal analysis, Investigation, Writing—review & editing), 
Wolfgang Reinpold (Formal analysis, Methodology, Writing—review 
& editing), Yohann Renard (Formal analysis, Investigation, Writing 
—review & editing), Simona Slezáková (Data curation, Formal 
analysis, Methodology, Writing—review & editing), Tom 
Whitehead-Clarke (Formal analysis, Investigation, Writing—review 
& editing), and Cesare Stabilini (Formal analysis, Investigation, 
Methodology, Writing—review & editing). 

Disclosure 
D.L.S. reports payment for post-market surveillance for 
Medtronic, payment for online lectures for Medtronic, and 
payment for development of hernia patient app for Medtronic. 
M.P.S. reports being a board member of EHS, proctor fees from 
Intuitive, and faculty fees from Intuitive. M.M. reports research 
grants from FEG Textiltechnik, Medtronic, BD, and Grünenthal 
NV, consultancy fees from Tissium SA, payment for webinars 
for Bard Benelux NV and Medtronic AG, membership of the 
European Commission Expert Panel in the field of Medical 
Devices for ‘General and Plastic Surgery and Dentistry’, and 
being Vice-Chair of the Subgroup ‘Surgical Implants and General 
Surgery’. S.M.-C. reports payment for speaking at symposia for 
Medtronic, BBraum, Olympus, Stryker, BD Bard, Meril, and Gore, 
being on the Advisory Board for Medtronic, Storz, Stryker, 
Olympus, BD Bard, and Tissium, payment for organizing 
workshops for Ethicon, Medtronic, Gore, BD Bard, and Olympus, 
and grants for clinical research from Gore and Microline. B.E. 
reports payment for speaking and educational events for 
Medtronic, payment for development of hernia patient app for 
Medtronic, and research grants from EHS and the Czech 
Ministry of Health. N.A.H. reports speaker fees from Medtronic 
and Gore. C.S. reports an honorarium from BD Bard and an 
honorarium from Medtronic. Y.R. reports an honorarium from 
BD Bard and an honorarium from Medtronic. A.C.d.B. reports 
payment for lectures from Medtronic and BBraun, payment for 
development of Hernia Basecamp from Medtronic, and being 
General Secretary of EHS. F.B. reports payment for being on the 
Advisory Board for Medtronic, BD, and Tissium, payment for 
lecturing and workshops for Medtronic, and payment for 
lecturing for BD and Ethicon J&J. The authors declare no other 
conflict of interest.  

Sanders et al. | 31 
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/advance-article/doi/10.1093/bjs/znad284/7277564 by guest on 12 O
ctober 2023



Supplementary material 
Supplementary material is available at BJS online. 

Data availability 
The authors confirm that the data supporting the findings of this 
study are available within the article and/or the Supplementary 
material. Raw data for the forest plots are available on request. 

References 
1. Bloemen A, van Dooren P, Huizinga BF, Hoofwijk AG. 

Comparison of ultrasonography and physical examination in 
the diagnosis of incisional hernia in a prospective study. 
Hernia 2012;16:53–57 

2. Claes K, Beckers R, Heindryckx E, Kyle-Leinhase I, Pletinckx P, 
Claeys D et al. Retrospective observational study on the 
incidence of incisional hernias after colorectal carcinoma 
resection with follow-up CT scan. Hernia 2014;18:797–802 

3. den Hartog D, Dur AHM, Kamphuis AGA, Tuinebreijer WE, 
Kreis RW. Comparison of ultrasonography with computed 
tomography in the diagnosis of incisional hernias. Hernia 
2009;13:45–48 

4. Diener MK, Voss S, Jensen K, Buchler MW, Seiler CM. Elective 
midline laparotomy closure: the INLINE systematic review 
and meta-analysis. Ann Surg 2010;251:843–856 

5. Fink C, Baumann P, Wente MN, Knebel P, Bruckner T, Ulrich A 
et al. Incisional hernia rate 3 years after midline laparotomy. Br 
J Surg 2014;101:51–54 

6. 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 

7. 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. J Am Coll Surg 2015;221:478–485 

8. Earle D, Roth JS, Saber A, Haggerty S, Bradley JF III, Fanelli R 
et al. SAGES guidelines for laparoscopic ventral hernia repair. 
Surg Endosc 2016;30:3163–3183 

9. Liang MK, Holihan JL, Itani K, Alawadi ZM, Gonzalez JR, 
Askenasy EP et al. Ventral hernia management: expert 
consensus guided by systematic review. Ann Surg 2017;265: 
80–89 

10. Birindelli A, Sartelli M, Di Saverio S, Coccolini F, Ansaloni L, van 
Ramshorst GH et al. 2017 update of the WSES guidelines for 
emergency repair of complicated abdominal wall hernias. 
World J Emerg Surg 2017;12:37 

11. Bittner R, Bingener-Casey J, Dietz U, Fabian M, Ferzli GS, 
Fortelny RH et al. Guidelines for laparoscopic treatment of 
ventral and incisional abdominal wall hernias (International 
Endohernia Society (IEHS)—part 1. Surg Endosc 2014;28:2–29 

12. Bittner R, Bain K, Bansal VK, Berrevoet F, Bingener-Casey J, 
Chen D et al. Update of guidelines for laparoscopic treatment 
of ventral and incisional abdominal wall hernias 
(International Endohernia Society (IEHS))—part A. Surg Endosc 
2019;33:3069–3139 

13. Schünemann H, Brozek J, Guyatt G, Oxman A. GRADE Handbook 
for Grading Quality of Evidence and Strength of Recommendation, 
Updated October 2013. guidelinedevelopment.org/handbook. 

14. Schünemann HJ, Wiercioch W, Brozek J, Etxeandia-Ikobaltzeta I, 
Mustafa RA, Manja V et al. GRADE Evidence to Decision (EtD) 
frameworks for adoption, adaptation, and de novo development 

of trustworthy recommendations: GRADE-ADOLOPMENT. J Clin 

Epidemiol 2017;81:101–110 
15. CADTH. Database Search Filters. 2021. https://searchfilters. 

cadth.ca 
16. Health Science Center at Houston, The University of Texas. 

Search Filters for Various Databases. 2021. https://libguides.sph. 
uth.tmc.edu/search_filters/ovid_medline_filters 

17. Bramer WM, Giustini D, de Jonge GB, Holland L, Bekhuis T. 
De-duplication of database search results for systematic 
reviews in EndNote. J Med Libr Assoc 2016;104:240–243 

18. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan 
—a web and mobile app for systematic reviews. Syst Rev 2016;5: 
210 

19. Mustafa RA, Garcia CAC, Bhatt M, Riva JJ, Vesely S, Wiercioch 
W et al. GRADE notes: how to use GRADE when there is “no” 
evidence? A case study of the expert evidence approach. J 
Clin Epidemiol 2021;137:231–235 

20. Schünemann HJ, Zhang Y, Oxman AD. Distinguishing opinion 
from evidence in guidelines. BMJ 2019;366:l4606 

21. Dewidar O, Lotfi T, Langendam MW, Parmelli E, Saz Parkinson 
Z, Solo K et al. Good or best practice statements: proposal for 
the operationalisation and implementation of GRADE 
guidance. BMJ Evid Based Med 2022;28:189–196 

22. Dettori JR, Norvell DC, Chapman JR. Fixed-effect vs 
random-effects models for meta-analysis: 3 points to 
consider. Global Spine J 2022;12:1624–1626 

23. Kanters S. Fixed- and random-effects models. Methods Mol Biol 
2022;2345:41–65 

24. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S 
et al. Grading quality of evidence and strength of 
recommendations. BMJ 2004;328:1490 

25. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J et al. 
GRADE guidelines: 1. Introduction-GRADE evidence profiles 
and summary of findings tables. J Clin Epidemiol 2011;64: 
383–394 

26. Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, 
Brozek J et al. GRADE guidelines: 3. Rating the quality of 
evidence. J Clin Epidemiol 2011;64:401–406 

27. Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, Knottnerus 
A. GRADE guidelines: a new series of articles in the Journal of 
Clinical Epidemiology. J Clin Epidemiol 2011;64:380–382 

28. Aquina CT, Rickles AS, Probst CP, Kelly KN, Deeb AP, Monson JR 
et al. Visceral obesity, not elevated BMI, is strongly associated 
with incisional hernia after colorectal surgery. Dis Colon 
Rectum 2015;58:220–227 

29. Benlice C, Stocchi L, Costedio MM, Gorgun E, Kessler H. Impact 
of the specific extraction-site location on the risk of incisional 
hernia after laparoscopic colorectal resection. Dis Colon 
Rectum 2016;59:743–750 

30. DeSouza A, Domajnko B, Park J, Marecik S, Prasad L, Abcarian 
H. Incisional hernia, midline versus low transverse incision: 
what is the ideal incision for specimen extraction and 
hand-assisted laparoscopy? Surg Endosc 2011;25:1031–1036 

31. Lee L, Mappin-Kasirer B, Sender Liberman A, Stein B, 
Charlebois P, Vassiliou M et al. High incidence of 
symptomatic incisional hernia after midline extraction in 
laparoscopic colon resection. Surg Endosc 2012;26:3180–3185 

32. Llaguna OH, Avgerinos DV, Lugo JZ, Matatov T, Abbadessa B, 
Martz JE et al. Incidence and risk factors for the development 
of incisional hernia following elective laparoscopic versus 
open colon resections. Am J Surg 2010;200:265–269 

33. Morita Y, Yamaguchi S, Ishii T, Tashiro J, Kondo H, Suzuki A 
et al. Does transumbilical incision increase incisional hernia  

32 | BJS, 2023 

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/advance-article/doi/10.1093/bjs/znad284/7277564 by guest on 12 O

ctober 2023

http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad284#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad284#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad284#supplementary-data
http://guidelinedevelopment.org/handbook
https://searchfilters.cadth.ca
https://searchfilters.cadth.ca
https://libguides.sph.uth.tmc.edu/search_filters/ovid_medline_filters
https://libguides.sph.uth.tmc.edu/search_filters/ovid_medline_filters


at the extraction site of laparoscopic anterior resection? Am J 

Surg 2015;209:1048–1052 
34. Navaratnam AV, Ariyaratnam R, Smart NJ, Parker M, Motson 

RW, Arulampalam TH. Incisional hernia rate after laparoscopic 
colorectal resection is reduced with standardisation of 
specimen extraction. Ann R Coll Surg Engl 2015;97:17–21 

35. Robinson JR, Carroll RJ, Bastarache L, Chen Q, Mou Z, Wei WQ 
et al. Association of genetic risk of obesity with postoperative 
complications using Mendelian randomization. World J Surg 
2020;44:84–94 

36. Sørensen LT, Hemmingsen UB, Kirkeby LT, Kallehave F, 
Jørgensen LN. Smoking is a risk factor for incisional hernia. 
Arch Surg 2005;140:119–123 

37. Loewe P, Stefanidis I, Mertens PR, Chatzikyrkou C. Effects of 
various stages of nephropathy on wound healing in patients 
with diabetes: an observational cohort study encompassing 
731 diabetics. Int Urol Nephrol 2016;48:751–758 

38. 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 

39. Deerenberg EB, Henriksen NA, Antoniou GA, Antoniou SA, 
Bramer WM, Fischer JP et al. Updated guideline for closure of 
abdominal wall incisions from the European and American 
Hernia Societies. Br J Surg 2022;109:1239–1250 

40. Cox PJ, Ausobsky JR, Ellis H, Pollock AV. Towards no incisional 
hernias: lateral paramedian versus midline incisions. J R Soc 
Med 1986;79:711–712 

41. Ellis H, Coleridge-Smith PD, Joyce AD. Abdominal incisions— 
vertical or transverse? Postgrad Med J 1984;60:407–410 

42. Fassiadis N, Roidl M, Hennig M, South LM, Andrews SM. 
Randomized clinical trial of vertical or transverse laparotomy 
for abdominal aortic aneurysm repair. Br J Surg 2005;92:1208–1211 

43. García-Valdecasas JC, Almenara R, Cabrer C, de Lacy AM, Sust 
M, Taurá P et al. Subcostal incision versus midline laparotomy 
in gallstone surgery: a prospective and randomized trial. Br J 

Surg 2005;75:473–475 
44. Greenall MJ, Evans M, Pollock AV. Midline or transverse 

laparotomy? A random controlled clinical trial. Part I: 
Influence on healing. Br J Surg 2005;67:188–190 

45. Guillou PJ, Hall TJ, Donaldson DR, Broughton AC, Brennan TG. 
Vertical abdominal incisions—a choice? Br J Surg 2005;67: 
395–399 

46. Halm JA, Lip H, Schmitz PI, Jeekel J. Incisional hernia after 
upper abdominal surgery: a randomised controlled trial of 
midline versus transverse incision. Hernia 2009;13:275–280 

47. Chan HMHJ, Huang YS. Prospective randomized trial of midline 
incision and paramedian incision for prevention of incisional 
hernia. J Surg Assoc ROC 1992;25:1332–1336 

48. Inaba T, Okinaga K, Fukushima R, Iinuma H, Ogihara T, Ogawa 
F et al. Prospective randomized study of two laparotomy 
incisions for gastrectomy: midline incision versus transverse 
incision. Gastric Cancer 2004;7:167–171 

49. 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 

50. Salonia A, Suardi N, Crescenti A, Zanni G, Fantini GV, Gallina A 
et al. Pfannenstiel versus vertical laparotomy in patients 
undergoing radical retropubic prostatectomy with spinal 
anesthesia: results of a prospective, randomized trial. Eur 
Urol 2005;47:202–208 

51. Seiler CM, Deckert A, Diener MK, Knaebel HP, Weigand MA, 
Victor N et al. Midline versus transverse incision in major 

abdominal surgery: a randomized, double-blind 

equivalence trial (POVATI: ISRCTN60734227). Ann Surg 
2009;249:913–920 

52. Tan W-S, Chew M-H, Ho K-S, Yatim JB, Lai JS-F, Tang C-L. Short 
and long-term outcomes of a randomised controlled trial of 
vertical periumbilical wound versus transverse left iliac fossa 
wound for specimen retrieval in laparoscopic anterior 
resections. Surg Endosc 2015;29:2720–2727 

53. Abd Ellatif ME, Askar WA, Abbas AE, Noaman N, Negm A. 
Quality-of-life measures after single-access versus 
conventional laparoscopic cholecystectomy: a prospective 
randomized study. Surg Endosc 2013;27:1896–1906 

54. Arezzo A, Passera R, Bullano A, Mintz Y, Kedar A, Boni L et al. 
Multi-port versus single-port cholecystectomy: results of a 
multi-centre, randomised controlled trial (MUSIC trial). Surg 
Endosc 2017;31:2872–2880 

55. Bucher P, Pugin F, Buchs NC, Ostermann S, Morel P. 
Randomized clinical trial of laparoendoscopic single-site 
versus conventional laparoscopic cholecystectomy. Br J Surg 
2011;98:1695–1702 

56. Carter JT, Kaplan JA, Nguyen JN, Lin MY, Rogers SJ, Harris HW. 
A prospective, randomized controlled trial of single-incision 
laparoscopic vs conventional 3-port laparoscopic 
appendectomy for treatment of acute appendicitis. J Am Coll 
Surg 2014;218:950–959 

57. Guo W, Liu Y, Han W, Liu J, Jin L, Li JS et al. Randomized trial of 
immediate postoperative pain following single-incision versus 
traditional laparoscopic cholecystectomy. Chin Med J (Engl) 
2015;128:3310–3316 

58. Fonollosa E H, Andorrà E C, Domingo MI G, Lasa J C, Castejón R 
P, López F C et al. [A randomised prospective comparative study 
between laparoscopic cholecystectomy and single port 
cholecystectomy in a major outpatient surgery unit]. Cir Esp 
2012;90:641–646 

59. Hosseini SV, Hosseini SA, Al-Hurry A, Khazraei H, Ganji F, 

Sadeghi F. Comparison of early results and complications 
between multi-and single-port sleeve gastrectomy: a 
randomized clinical study. Iran J Med Sci 2017;42:251–257 

60. Jørgensen LN, Rosenberg J, Al-Tayar H, Assaadzadeh S, 
Helgstrand F, Bisgaard T. Randomized clinical trial of single- 
versus multi-incision laparoscopic cholecystectomy. Br J Surg 
2014;101:347–355 

61. Khorgami Z, Shoar S, Anbara T, Soroush A, Nasiri S, Movafegh 
A et al. A randomized clinical trial comparing 4-port, 3-port, 
and single-incision laparoscopic cholecystectomy. J Invest 
Surg 2014;27:147–154 

62. Kye BH, Lee J, Kim W, Kim D, Lee D. Comparative study 
between single-incision and three-port laparoscopic 
appendectomy: a prospective randomized trial. J Laparoendosc 
Adv Surg Tech A 2013;23:431–436 

63. Leung D, Yetasook AK, Carbray J, Butt Z, Hoeger Y, Denham W 
et al. Single-incision surgery has higher cost with 
equivalent pain and quality-of-life scores compared with 
multiple-incision laparoscopic cholecystectomy: a prospective 
randomized blinded comparison. J Am Coll Surg 2012;215: 
702–708 

64. Li M, Han Y, Feng YC. Single-port laparoscopic hysterectomy 
versus conventional laparoscopic hysterectomy: a 
prospective randomized trial. J Int Med Res 2012;40:701–708 

65. Lurje G, Raptis DA, Steinemann DC, Amygdalos I, 
Kambakamba P, Petrowsky H et al. Cosmesis and body image 
in patients undergoing single-port versus conventional 
laparoscopic cholecystectomy: a multicenter double-blinded  

Sanders et al. | 33 
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/advance-article/doi/10.1093/bjs/znad284/7277564 by guest on 12 O
ctober 2023



randomized controlled trial (SPOCC-trial). Ann Surg 2015;262: 

728–734; discussion 734–735 
66. Ma J, Cassera MA, Spaun GO, Hammill CW, Hansen PD, 

Aliabadi-Wahle S. Randomized controlled trial comparing 
single-port laparoscopic cholecystectomy and four-port 
laparoscopic cholecystectomy. Ann Surg 2011;254:22–27 

67. Madureira FAV, Manso JEF, Madureira Fo D, Iglesias ACG. 
Randomized clinical study for assessment of incision 
characteristics and pain associated with LESS versus 
laparoscopic cholecystectomy. Surg Endosc 2013;27:1009–1015 

68. Marks JM, Phillips MS, Tacchino R, Roberts K, Onders R, DeNoto 
G et al. Single-incision laparoscopic cholecystectomy is 
associated with improved cosmesis scoring at the cost of 
significantly higher hernia rates: 1-year results of a 
prospective randomized, multicenter, single-blinded trial of 
traditional multiport laparoscopic cholecystectomy vs 
single-incision laparoscopic cholecystectomy. J Am Coll Surg 
2013;216:1037–1047; discussion 1047–1048 

69. Noguera J, Tejada S, Tortajada C, Sánchez A, Muñoz J. 
Prospective, randomized clinical trial comparing the use of a 
single-port device with that of a flexible endoscope with no 
other device for transumbilical cholecystectomy: 
LLATZER-FSIS pilot study. Surg Endosc 2013;27:4284–4290 

70. Noguera JF, Cuadrado A, Dolz C, Olea JM, García JC. Prospective 
randomized clinical trial comparing laparoscopic 
cholecystectomy and hybrid natural orifice transluminal 
endoscopic surgery (NOTES) (NCT00835250). Surg Endosc 2012; 
26:3435–3441 

71. Omar MA, Redwan AA, Mahmoud AG. Single-incision versus 
3-port laparoscopic cholecystectomy in symptomatic 
gallstones: a prospective randomized study. Surgery 2017;162: 
96–103 

72. Perez EA, Piper H, Burkhalter LS, Fischer AC. Single-incision 
laparoscopic surgery in children: a randomized control trial 
of acute appendicitis. Surg Endosc 2013;27:1367–1371 

73. Porta A, Aiolfi A, Musolino C, Antonini I, Zappa MA. Prospective 
comparison and quality of life for single-incision and 
conventional laparoscopic sleeve gastrectomy in a series of 
morbidly obese patients. Obes Surg 2017;27:681–687 

74. Saad S, Strassel V, Sauerland S. Randomized clinical trial of 
single-port, minilaparoscopic and conventional laparoscopic 
cholecystectomy. Br J Surg 2013;100:339–349 

75. Sinan H, Demirbas S, Ozer MT, Sucullu I, Akyol M. 
Single-incision laparoscopic cholecystectomy versus 
laparoscopic cholecystectomy: a prospective randomized 
study. Surg Laparosc Endosc Percutan Tech 2012;22:12–16 

76. Sulu B, Yildiz BD, Ilingi ED, Gunerhan Y, Cakmur H, Anuk T 
et al. Single port vs. four port cholecystectomy—randomized 
trial on quality of life. Adv Clin Exp Med 2015;24:469–473 

77. Vilallonga R, Barbaros U, Sümer A, Demirel T, Fort JM, González 
O et al. Single-port transumbilical laparoscopic 
cholecystectomy: a prospective randomised comparison of 
clinical results of 140 cases. J Minim Access Surg 2012;8:74–78 

78. Villalobos Mori R, Escoll Rufino J, Herrerías González F, Mias 
Carballal MC, Escartin Arias A, Olsina Kissler JJ. [Prospective, 
randomized comparative study between single-port 
laparoscopic appendectomy and conventional laparoscopic 
appendectomy]. Cir Esp 2014;92:472–477 

79. Yoo EH, Shim E. Single-port access compared with three-port 
laparoscopic adnexal surgery in a randomized controlled 
trial. J Int Med Res 2013;41:673–680 

80. Youssef T, Abdalla E. Single incision transumbilical 
laparoscopic varicocelectomy versus the conventional 

laparoscopic technique: a randomized clinical study. Int J 

Surg 2015;18:178–183 
81. Zapf M, Yetasook A, Leung D, Salabat R, Denham W, Barrera E 

et al. Single-incision results in similar pain and quality of life 
scores compared with multi-incision laparoscopic 
cholecystectomy: a blinded prospective randomized trial of 
100 patients. Surgery 2013;154:662–671 

82. Zhao L, Wang Z, Xu J, Wei Y, Guan Y, Liu C et al. A randomized 
controlled trial comparing single-incision laparoscopic 
cholecystectomy using a novel instrument to that using a 
common instrument. Int J Surg 2016;32:174–178 

83. Zheng M, Qin M, Zhao H. Laparoendoscopic single-site 
cholecystectomy: a randomized controlled study. Minim 
Invasive Ther Allied Technol 2012;21:113–117 

84. Chang SK, Wang YL, Shen L, Iyer SG, Madhavan K. A 
randomized controlled trial comparing post-operative pain in 
single-incision laparoscopic cholecystectomy versus 
conventional laparoscopic cholecystectomy. World J Surg 
2015;39:897–904 

85. Parés D, Shamali A, Stefan S, Flashman K, O’Leary D, Conti J 
et al. Predictive factors for extraction site hernia after 
laparoscopic right colectomy. Int J Colorectal Dis 2016;31: 
1323–1328 

86. Sadava EE, Kerman Cabo J, Carballo FH, Bun ME, Rotholtz NA. 
Incisional hernia after laparoscopic colorectal surgery. Is there 
any factor associated? Surg Endosc 2014;28:3421–3424 

87. Samia H, Lawrence J, Nobel T, Stein S, Champagne BJ, Delaney 
CP. Extraction site location and incisional hernias after 
laparoscopic colorectal surgery: should we be avoiding the 
midline? Am J Surg 2013;205:264–267; discussion 268 

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

89. Baucom RB, Ousley J, Feurer ID, Beveridge GB, Pierce RA, 
Holzman MD et al. Patient reported outcomes after incisional 
hernia repair-establishing the ventral hernia recurrence 
inventory. Am J Surg 2016;212:81–88 

90. 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). J Am Coll Surg 
2015;220:405–413 

91. Holihan JL, Karanjawala B, Ko A, Askenasy EP, Matta EJ, 
Gharbaoui L et al. Use of computed tomography in diagnosing 
ventral hernia recurrence: a blinded, prospective, 
multispecialty evaluation. JAMA Surg 2016;151:7–13 

92. Gutiérrez de la Peña C, Vargas Romero J, Diéguez García J. The 
value of CT diagnosis of hernia recurrence after prosthetic 
repair of ventral incisional hernias. Eur Radiol 2001;11:1161–1164 

93. Baucom RB, Beck WC, Holzman MD, Sharp KW, Nealon WH, 
Poulose BK. Prospective evaluation of surgeon physical 
examination for detection of incisional hernias. J Am Coll Surg 
2014;218:363–366 

94. Kroese LF, Sneiders D, Kleinrensink GJ, Muysoms F, Lange JF. 
Comparing different modalities for the diagnosis of incisional 
hernia: a systematic review. Hernia 2018;22:229–242 

95. Højer AM, Rygaard H, Jess P. CT in the diagnosis of abdominal 
wall hernias: a preliminary study. Eur Radiol 1997;7:1416–1418 

96. Beck WC, Holzman MD, Sharp KW, Nealon WH, Dupont WD, 
Poulose BK. Comparative effectiveness of dynamic abdominal  

34 | BJS, 2023 

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/advance-article/doi/10.1093/bjs/znad284/7277564 by guest on 12 O

ctober 2023



sonography for hernia vs computed tomography in the 

diagnosis of incisional hernia. J Am Coll Surg 2013;216: 
447–453; quiz 510–511 

97. Love MW, Warren JA, Davis S, Ewing JA, Hall AM, Cobb WS et al. 
Computed tomography imaging in ventral hernia repair: can 
we predict the need for myofascial release? Hernia 2020;10:10 

98. Blair LJ, Ross SW, Huntington CR, Watkins JD, Prasad T, 
Lincourt AE et al. Computed tomographic measurements 
predict component separation in ventral hernia repair. J Surg 
Res 2015;199:420–427 

99. Bellio G, Cipolat Mis T, Del Giudice R, Munegato G. Preoperative 
abdominal computed tomography at rest and during 
Valsalva’s maneuver to evaluate incisional hernias. Surg 
Innov 2019;26:519–527 

100. Christy MR, Apostolides J, Rodriguez ED, Manson PN, Gens D, 
Scalea T. The component separation index: a standardized 
biometric identity in abdominal wall reconstruction. Eplasty 
2012;12:e17 

101. Dadashzadeh ER, Huckaby LV, Handzel R, Hossain MS, Sanin 
GD, Anto VP et al. The risk of incarceration during 
nonoperative management of incisional hernias: a 
population-based analysis of 30,998 patients. Ann Surg 2022; 
275:e488–e495 

102. Verhelst J, Timmermans L, van de Velde M, Jairam A, 
Vakalopoulos KA, Jeekel J et al. Watchful waiting in incisional 
hernia: is it safe? Surgery 2015;157:297–303 

103. Lauscher JC, Loh JC, Rieck S, Buhr HJ, Ritz JP. Long-term 
follow-up after incisional hernia repair: are there only 
benefits for symptomatic patients? Hernia 2013;17:203–209 

104. Langbach O, Bukholm I, Benth JS, Rokke O. Long-term quality 
of life and functionality after ventral hernia mesh repair. 
Surg Endosc 2016;30:5023–5033 

105. Rogmark P, Petersson U, Bringman S, Eklund A, Ezra E, 
Sevonius D et al. Short-term outcomes for open and 
laparoscopic midline incisional hernia repair: a randomized 

multicenter controlled trial: the ProLOVE (prospective 
randomized trial on open versus laparoscopic operation of 
ventral eventrations) trial. Ann Surg 2013;258:37–45 

106. Parker SG, Halligan S, Berrevoet F, de Beaux AC, East B, Eker HH 
et al. Reporting guideline for interventional trials of primary 
and incisional ventral hernia repair. Br J Surg 2021;108: 
1050–1055 

107. Alkhatib H, Tastaldi L, Krpata DM, Petro CC, Huang LC, Phillips 
S et al. Impact of modifiable comorbidities on 30-day wound 
morbidity after open incisional hernia repair. Surgery 2019; 
166:94–101 

108. Grove TN, Kontovounisios C, Montgomery A, Heniford BT, 
Windsor ACJ, Warren OJ. Perioperative optimization in 
complex abdominal wall hernias: Delphi consensus 
statement. BJS Open 2021;5:zrab082 

109. Sauerland S, Korenkov M, Kleinen T, Arndt M, Paul A. Obesity is 
a risk factor for recurrence after incisional hernia repair. Hernia 
2004;8:42–46 

110. Zavlin D, Jubbal KT, Van Eps JL, Bass BL, Ellsworth WA, Echo A 
et al. Safety of open ventral hernia repair in high-risk patients 
with metabolic syndrome: a multi-institutional analysis of 
39,118 cases. Surg Obes Relat Dis 2018;14:206–213 

111. Owei L, Swendiman RA, Kelz RR, Dempsey DT, Dumon KR. 
Impact of body mass index on open ventral hernia repair: a 
retrospective review. Surgery 2017;162:1320–1329 

112. Ssentongo P, DeLong CG, Ssentongo AE, Pauli EM, Soybel DI. 
Exhortation to lose weight prior to complex ventral hernia 
repair: nudge or noodge? Am J Surg 2020;219:136–139 

113. Maskal SM, Boyd-Tressler AM, Heinberg LJ, Montelione KC, 

Petro CC, Krpata DM et al. Can a free weight management 
program “move the needle” for obese patients preparing for 
hernia surgery?: outcomes of a novel pilot program. Hernia 
2022;26:1259–1265 

114. Downey SE, Morales C, Kelso RL, Anthone G. Review of 
technique for combined closed incisional hernia repair and 
panniculectomy status post-open bariatric surgery. Surg Obes 
Relat Dis 2005;1:458–461 

115. Sebastian-Tomas JC, Diez-Ares JA, Peris-Tomas N, 
Navarro-Martinez S, Perianez-Gomez D, Perez-Rubio A et al. 
Simultaneous complex incisional hernia repair and bariatric 
surgery for obese patients: a case series of a single-center 
early experience. J Metab Bariatr Surg 2021;10:55–65 

116. Dronge AS, Perkal MF, Kancir S, Concato J, Aslan M, 
Rosenthal RA. Long-term glycemic control and 
postoperative infectious complications. Arch Surg 2006;141: 
375–380; discussion 380 

117. Ramos M, Khalpey Z, Lipsitz S, Steinberg J, Panizales MT, 
Zinner M et al. Relationship of perioperative hyperglycemia 
and postoperative infections in patients who undergo general 
and vascular surgery. Ann Surg 2008;248:585–591 

118. de Vries FE, Gans SL, Solomkin JS, Allegranzi B, Egger M, 
Dellinger EP et al. Meta-analysis of lower perioperative blood 
glucose target levels for reduction of surgical-site infection. 
Br J Surg 2017;104:e95–e105 

119. Huntington C, Gamble J, Blair L, Cox T, Prasad T, Lincourt A 
et al. Quantification of the effect of diabetes mellitus on 
ventral hernia repair: results from two national registries. 
Am Surg 2016;82:661–671 

120. Bernardi K, Olavarria OA, Dhanani NH, Lyons N, Holihan JL, 
Cherla DV et al. Two-year outcomes of prehabilitation among 
obese patients with ventral hernias: a randomized controlled 
trial (NCT02365194). Ann Surg 2022;275:288–294 

121. Cox TC, Blair LJ, Huntington CR, Colavita PD, Prasad T, Lincourt 

AE et al. The cost of preventable comorbidities on wound 
complications in open ventral hernia repair. J Surg Res 2016; 
206:214–222 

122. Liang MK, Bernardi K, Holihan JL, Cherla DV, Escamilla R, Lew 
DF et al. Modifying risks in ventral hernia patients with 
prehabilitation: a randomized controlled trial. Ann Surg 2018; 
268:674–680 

123. Borad NP, Merchant AM. The effect of smoking on surgical 
outcomes in ventral hernia repair: a propensity score 
matched analysis of the National Surgical Quality 
Improvement Program data. Hernia 2017;21:855–867 

124. Delaney LD, Kattapuram M, Haidar JA, Chen AS, Quiroga G, 
Telem DA et al. The impact of surgeon adherence to 
preoperative optimization of hernia repairs. J Surg Res 2021; 
264:8–15 

125. Sørensen LT, Hemmingsen U, Jørgensen T. Strategies of 
smoking cessation intervention before hernia surgery—effect 
on perioperative smoking behavior. Hernia 2007;11:327–333 

126. Rasmussen M, Lauridsen SV, Pedersen B, Backer V, Tønnesen 
H. Intensive versus short face-to-face smoking cessation 
interventions: a meta-analysis. Eur Respir Rev 2022;31:220063 

127. Boukili IE, Flaris AN, Mercier F, Cotte E, Kepenekian V, 
Vaudoyer D et al. Prehabilitation before major abdominal 
surgery: evaluation of the impact of a perioperative clinical 
pathway, a pilot study. Scand J Surg 2022;111: 
14574969221083394 

128. Moran J, Guinan E, McCormick P, Larkin J, Mockler D, Hussey J 
et al. The ability of prehabilitation to influence postoperative  

Sanders et al. | 35 
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/advance-article/doi/10.1093/bjs/znad284/7277564 by guest on 12 O
ctober 2023



outcome after intra-abdominal operation: a systematic review 

and meta-analysis. Surgery 2016;160:1189–1201 
129. Korenkov M, Sauerland S, Arndt M, Bograd L, Neugebauer EA, 

Troidl H. Randomized clinical trial of suture repair, 
polypropylene mesh or autodermal hernioplasty for 
incisional hernia. Br J Surg 2002;89:50–56 

130. Burger JW, Luijendijk RW, Hop WC, Halm JA, Verdaasdonk EG, 
Jeekel J. Long-term follow-up of a randomized controlled trial 
of suture versus mesh repair of incisional hernia. Ann Surg 
2004;240:578–583; discussion 583–585 

131. Wéber G, Baracs J, Horváth OP. “Onlay” mesh provides 
significantly better results than “sublay” reconstruction. 
Prospective randomized multicenter study of abdominal wall 
reconstruction with sutures only, or with surgical mesh– 
results of a five-years follow-up. Magy Seb 2010;63:302–311 

132. Venclauskas L, Maleckas A, Kiudelis M. One-year follow-up 
after incisional hernia treatment: results of a prospective 
randomized study. Hernia 2010;14:575–582 

133. Lal K, Laghari ZH, Laghari AA, Soomro E. A comparative study 
of anatomical repair versus mesh repair in paraumbilical 
hernia. MedChannel 2012;19:110–113 

134. Holihan JL, Hannon C, Goodenough C, Flores-Gonzalez JR, Itani 
KM, Olavarria O et al. Ventral hernia repair: a meta-analysis of 
randomized controlled trials. Surg Infect (Larchmt) 2017;18: 
647–658 

135. Lopez-Cano M, Martin-Dominguez LA, Pereira JA, 
Armengol-Carrasco M, Garcia-Alamino JM. Balancing 
mesh-related complications and benefits in primary ventral 
and incisional hernia surgery. A meta-analysis and trial 
sequential analysis. PLoS One 2018;13:e0197813 

136. Mathes T, Walgenbach M, Siegel R. Suture versus mesh repair 
in primary and incisional ventral hernias: a systematic review 
and meta-analysis. World J Surg 2016;40:826–835 

137. Parker SG, Halligan S, Liang MK, Muysoms FE, Adrales GL, 
Boutall A et al. International classification of abdominal wall 

planes (ICAP) to describe mesh insertion for ventral hernia 
repair. Br J Surg 2020;107:209–217 

138. Demetrashvili Z, Pipia I, Loladze D, Metreveli T, Ekaladze E, 
Kenchadze G et al. Open retromuscular mesh repair versus 
onlay technique of incisional hernia: a randomized 
controlled trial. Int J Surg 2017;37:65–70 

139. Natarajan S, Meenaa S, Thimmaiah K. A randomised 
prospective study to evaluate preperitoneal mesh repair 
versus onlay mesh repair and laparoscopic IPOM in incisional 
hernia surgery. Indian J Surg 2017;79:96–100 
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