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Abstract

Background: The incidence of incisional hernia after major abdominal surgery via a midline laparotomy is 20–41 per cent with short-
term follow-up, and over 50 per cent in those surviving an abdominal catastrophe. Abdominal wall reconstruction (AWR) requires
complex operations, often involving mesh resection, management of scarred skin, fistula takedown, component separation or flap
reconstruction. Patients tend to have more complex conditions, with multiple co-morbidities predisposing them to a vicious cycle of
complications and, subsequently, hernia recurrence. Currently there appears to be variance in perioperative practice and minimal
guidance globally. The aim of this Delphi consensus was to provide a clear benchmark of care for the preoperative assessment and
perioperative optimization of patients undergoing AWR.

Methods: The Delphi method was used to achieve consensus from invited experts in the field of AWR. Thirty-two hernia surgeons
from recognized hernia societies globally took part. The process included two rounds of anonymous web-based voting with response
analysis and formal feedback, concluding with a live round of voting followed by discussion at an international conference.
Consensus for a strong recommendation was achieved with 80 per cent agreement, and a weak recommendation with 75 per cent
agreement.

Results: Consensus was obtained on 52 statements including surgical assessment, preoperative assessment, perioperative optimiza-
tion, multidisciplinary team and decision-making, and quality-of-life assessment. Forty-six achieved over 80 per cent agreement; 14
statements achieved over 95 per cent agreement.

Conclusion: Clear consensus recommendations from a global group of experts in the AWR field are presented in this study. These
should be used as a baseline for surgeons and centres managing abdominal wall hernias and performing complex AWR.

Introduction
Abdominal wall reconstruction (AWR) is a rapidly developing area
of subspecialization. Despite the increasing use of laparoscopy and
robotics in surgery, the number of patients developing a ventral
hernia and undergoing AWR is growing1. The incidence of abdomi-
nal wall incisional hernia (AWH) after major abdominal surgery
via a midline laparotomy is 20–41 per cent with short-term follow-
up2–4, and over 50 per cent among those surviving an abdominal
catastrophe5,6. Ventral hernia repair is one of the most commonly
performed operations worldwide, with over 450 000 undertaken in
the UK and USA, including over 7000 incisional hernia repairs in
the UK alone, each year7,8. The demand for AWR in patients with
increasingly complex conditions is rising.

AWR is a major operation that can require extensive adhesiol-
ysis, mesh resection, management of atrophic or scarred skin, fis-
tula takedown, component separation or flap reconstruction,

which demands a multiprofessional approach9 with experienced,
specially trained surgeons. These operations also tend to be more
complex owing to the patients’ increased rates of co-morbidities
and other risk factors, which predisposes them to a vicious cycle
of complications and, subsequently, hernia recurrence10,11.
These adverse surgical outcomes have a heavy impact on cost,
quality of life (QoL), and hospital resources, and, if the hernia re-
pair fails, it will need to be repeated.

As a rapidly growing subspeciality caring for patients with in-
creasingly complex needs, AWR surgeons look after an almost
entirely elective patient cohort. This allows time for thorough
preoperative planning, physiological and psychological optimiza-
tion of the patient, and decision-making regarding technical
aspects of the operation. This is often best suited to multidiscipli-
nary team (MDT) input9. Currently there appears to be modifiable
variance in perioperative practice and minimal guidance globally,
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specifically on the assessment, optimization, and decision-
making processes for these patients.

The objective of this study was to obtain a consensus from a
panel of world-leading experts in the field of AWR to provide a
clear benchmark of care for the preoperative assessment and
perioperative optimization of patients undergoing AWR.

Methods
The Delphi method is an established and recognized approach
for determining consensus through iterative rounds, or iterations,
of anonymous voting, feedback, and finally an open discussion at
an internationally recognized meeting12. Anonymous voting
ensures there are no undue external pressures on voting.
Circulation of feedback after each round of voting prevents domi-
nant individuals from influencing the process, and allows reas-
sessment and deliberation of responses from all panellists so as
not to revise earlier answers in light of the replies of other mem-
bers of the panel.

The Delphi method consists of five phases: expert panel par-
ticipant selection, discussion of research priorities, leading to
questionnaire development and planning for online distribution,
and iteration 1 of online questionnaire (round 1), iteration 2 of
online questionnaire following controlled structured feedback
(round 2), and a final questionnaire iteration (round 3), with face-
to-face discussion (AWR Europe, February 2020, London, UK).

Phase 1 proceeded with a list of panellists drawn up by three
of the authors. Final inclusion was determined by a systematic
search of their academic record in the field, prominence in a rec-
ognized hernia or surgical society, and geographical location.
Panellists from the UK, USA, Europe, Africa, and Australasia were
invited via e-mail to take part. Panel members included hernia
surgeons from the British Hernia Society, European Hernia
Society (EHS), Italian Society of Hernia and Abdominal Wall
Surgery, American Association of Plastic Surgeons, Americas
Hernia Society (AHS), Hernia interest Group of the South African
Society of Endoscopic Surgeons, Asian and Pacific Hernia Society,
and faculty for the international conference AWR Europe.
Attempts were made to ensure diversity of race and sex within
the panel. No invitation to participate was declined.

Phase 2 started with questionnaire development, during which
the lead researchers drafted a long list of key elements for re-
search priorities. Identification of key elements involved litera-
ture review, expert opinion, and review of currently available
guidelines for ventral hernia repair12–16. Five broad domains were
identified: surgical assessment, preoperative assessment, periop-
erative optimization, role of the MDT and multidisciplinary deci-
sion-making, and QoL assessment.

A final list of research priorities in the five domains was drawn
up by the steering group to focus on areas of greatest importance.
The questionnaires comprised a compilation of individual state-
ments in these five domains that the panellists were asked to
vote on. Voting was in the form of a Likert scale from 1 to 5, rep-
resenting strongly disagree to strongly agree respectively for all
statements. Abstaining from votes was not considered as agree-
ment to the statement. At the end of each section, panellists
were able to leave additional comments that would be analysed
and, when deemed important by the consensus steering group,
incorporated into the next iteration.

The focus of this research was prioritization of patient assess-
ment and optimization for surgery. Therefore, although patient
participation and involvement can prove invaluable in

determining assessment of patient-reported outcomes, it was not
considered appropriate in this setting.

Questionnaires were published and distributed by the lead au-
thor using the online platform TypeformVC (www.typeform.com).
TypeformVC is an online service that provides software for surveys
and questionnaires. Panellists were able to vote on answers
anonymously. Panellists were individually e-mailed a link to the
questionnaire, and asked to provide written consent and main-
tain anonymity until voting was concluded. Panellists were also
asked to consent to Committee on Publication Ethics17 criteria,
thereby authenticating co-authorship.

Two weeks was given for panellists to complete each question-
naire iteration for rounds 1 and 2. In between rounds the results
were collated and distributed via e-mail. It was anticipated that
three rounds would be required to achieve consensus. Round 3
was conducted using the online polling platform Slido (www.sli.
do), during a live discussion session at AWR Europe 2020. This
allowed real-time results to be displayed and focused discussion
to occur, facilitated by chaired authors.

Outcome measures
Consensus was considered to have been achieved if there was
over 75 per cent ‘agree’ or ‘strongly agree’ responses in the online
questionnaire iteration or at the live discussion session.
Subsequent recommendations on practice were felt to be strong
recommendations where there was greater than 80 per cent
agreement, and weak recommendations where there was 75–79
per cent agreement. These cut-off values have been used in pre-
viously published literature18.

Statements achieving consensus were removed from future
iterations. Statements for which consensus was nearly achieved
(60–74 per cent ‘agree’ or ‘strongly agree’) were modified using
additional feedback comments from responding panellists,
moved into the next iteration, and, if required, to the final discus-
sion meeting. Statements clearly lacking any consensus were re-
moved from future iterations.

Definitions
Hernia definitions have been used heterogeneously throughout the
literature and between different institutions19. For this study, the
following definitions were used to aid consensus agreement: her-
nia—a musculofascial defect associated with protrusion of intra-
abdominal viscera as described by the EHS20; AWH—any abdominal
wall gap with or without a bulge in the area of a postoperative scar
perceptible or palpable by clinical examination or imaging21; com-
plex abdominal wall hernia—any abdominal wall hernia compli-
cated by any negative influencing factors including large defect size
(greater than 10cm), previous repair, previous mesh, infection, and
patient co-morbidities22; and complex AWR—ventral hernia repair,
primary or incisional, whereby fascial closure and hernia repair is
complicated by large hernia size, need for component separation,
need for adhesiolysis or need for flap reconstruction23,24.

Results
Thirty-two experts were approached and all those invited agreed
to participate. The response rate to all three iterations of ques-
tionnaires was 100 per cent. The expert panel consisted of 14 rep-
resentatives from the UK, eight from Europe, eight from the USA,
one from Africa, and one from Australia. Voting and discussion
was completed at a final face-to-face meeting held on 7 February
2020. Panel members not available for the discussion meeting
were able to contribute electronically.
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A flow diagram of the process can be seen in Fig. 1. Following
rounds 1 and 2 of questionnaire iterations, 47 recommendation
points achieved consensus in the five domains. Five remaining
statements and contributor feedback from iterations 1 and 2
were analysed thoroughly, and the statements were revised. The
final consensus discussion meeting included these statements
for further discussion. Following round 3 and the consensus dis-
cussion meeting, all five points achieved consensus for strong
recommendation (greater than 80 per cent agreement).

Statement recommendations
Surgical assessment
Structured preoperative surgical assessment allows standardiza-
tion of operative recommendations and procedures, and enables

comparison of outcomes. Variation in practice between surgeons
and centres is common. It was agreed that patients with AWH re-
quiring complex surgery should be managed in, or referred to,
centres or surgeons that regularly perform AWR. The nine strong
recommendations and two weak recommendations are shown in
Table 1.

Preoperative assessment
Patients requiring AWR often have multiple co-morbidities with
extensive polypharmacy. It was agreed that a structured system-
atic framework for preoperative assessment is helpful to allow
appropriate preoperative optimization. Table 2 shows the 11
strong recommendations.

Perioperative optimization
Preoperative optimization of patients was considered vital in re-
ducing perioperative morbidity, duration of hospital stay, and re-
quirement for further intervention. The seven strong
recommendations and one weak recommendation are shown in
Table 3.

Role of multidisciplinary team and decision-
making
Multiprofessional and multidisciplinary decision-making is im-
portant in complex surgery18. It was agreed that patients should
be managed in, or referred to, centres that routinely offer assess-
ment of AWR with access to an MDT. Table 4 shows the 19 strong
recommendations and two weak recommendations.

Quality of life
QoL is an important factor in AWR but, despite a number of tools
in use, it remains understudied25. Although AWR is performed
primarily for improvement in QoL, measurement and assessment
of this aspect is often overlooked and not discussed with the pa-
tient. It was agreed that it should be included in the assessment
of all patients with AWH, but that further research is required
into methodologies and approach. Following three rounds of vot-
ing, there was only one weak recommendation: QoL should be
assessed in all patients with AWH (75 per cent agreement).

Round 1 
32 experts invited
75 statement points in questionnaire
32 complete responses
32 statement points achieved consensus agreement
Collation and analysis of expert panel comments
Feedback 

Round 2 
32 experts invited
34 statement points in questionnaire
32 complete responses
15 statement points achieved consensus agreement
Collation and analysis of expert panel comments
Feedback

Round 3 
32 experts invited
5 statement points in questionnaire
32 complete responses
Feedback and discussion at final consensus meeting—AWRE 2020

Distribution of final consensus points to expert panel 

Fig. 1 Flow diagram

AWRE, Abdominal Wall Repair Europe. AWRE – Abdominal Wall
Reconstruction Europe 2020.

Table 1 Consensus statements: surgical assessment

Strong recommendations (>80% agreement)
Patients with AWH are best managed by referral to a specialist AWH surgeon (91.2%)
Consideration for AWR must include assessment of:

– Previous abdominal surgery/trauma (100%)
– Previous AWH repair or AWR including mesh location (100%)
– Previous or current abdominal wall infection (100%)
– Previous mesh explantation (97%)

Current or previous gastrointestinal tract opening (stoma/enterotomy) (84%)
All patients with AWH must have relevant cross-sectional imaging (88%)
All patients must have BMI recorded (97%)
Risk stratification scores (e.g., CeDAR/VHWG) provide a useful adjunct to decision-making and should be used when discussing surgery with

patients (100%)
Weak recommendations (75-79% agreement)
Consideration for AWR should include clinical assessment of:

– Functional status (75%)
– Exercise tolerance (75%)

Percentage agreement shown in parentheses. AWH, abdominal wall incisional hernia; AWR, abdominal wall repair; CeDAR, Carolinas Equation for Determining
Associated Risks; VHWG, Ventral Hernia Working Group.
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Table 2 Consensus statements: preoperative assessment

Strong recommendations (>80% agreement)
Consideration for AWR must include assessment of co-morbidities, specifically:

– Antiplatelet/anticoagulant use (91%)
– Cancer status (100%)
– Ischaemic heart disease (97%)
– Glycaemic control (97%)
– Steroid use (97%)

All patients with diabetes must have HbA1c testing before surgery (82%)
All patients must have ASA grade recorded (88%)
Consideration for AWR must include recording of:

– Alcohol excess/dependence (93%)
– Smoking status (97%)
– Nutritional status (97%)

All patients with AWH considered for surgery must attend a formal anaesthetic preoperative assessment (88%)

Percentage agreement shown in parentheses. AWR, abdominal wall repair; Hb, haemoglobin; AWH, abdominal wall incisional hernia.

Table 3 Consensus statements: perioperative optimization

Strong recommendations (>80% agreement)
Patients with AWH with a high BMI (>35 kg/m2 as a minimum) should be encouraged to lose weight before surgery (94%)
Patients with AWH with a high BMI (>35 kg/m2 as a minimum) who were encouraged to lose weight but have failed to do so should be

offered referral to a weight loss service (including dietetics) (91%)
Patients with malnutrition should be offered referral to a dietetics service (91%)
Patients with poor exercise tolerance should be offered specialist prehabilitation/physiotherapy (94%)
Where appropriate all patients must be offered:

– Specialist diabetes advice (91%)
– Smoking cessation advice (88%)

Centres managing AWH should have the facility to offer botulinum toxin injection to the lateral musculature of the abdominal wall as a
perioperative adjunct to AWR (87%)

Weak recommendations (75% agreement)
All patients, where appropriate, should have formal referral to alcohol liaison services (76%)

Percentage agreement shown in parentheses. AWH, abdominal wall incisional hernia; AWR, abdominal wall repair.

Table 4 Consensus statements: role of multidisciplinary team and decision-making

Strong recommendations (> 80% agreement)
Surgeons managing patients with AWH should have access to an MDT (local or virtual) (87%)

Running an MDT meeting on a regular basis provides structure for innovation in AWR—an opportunity for surgical and clinical development
and good clinical governance (87.1%)

Running an MDT meeting on a regular basis provides a stratified structure for documentation of decision making—protecting surgeons and
patients (81.2%)

AWH MDT must include:
– An experienced gastrointestinal surgeon (91%)
– An experienced AWR surgeon—plastic surgeon/general surgeon (97%)
– An expert in radiology (94%)
– Dietary service/access to a dietary service (94%)
– Prehabilitation or physiotherapy service/access to a prehabilitation or dietary service (94%)

AWH MDT discussion must include hernia characteristics:
– Hernia size (85%)
– Hernia location (88%)
– Loss of domain (94%)
– Skin integrity (91%)

AWH MDT discussion must include operative technique:
– Requirement for mesh (82%)
– Type of mesh to be used (80%)
– Requirement for component separation (82%)
– Need for reconstructive surgery, i.e., flap reconstruction (91%)
– Need for concurrent procedure, i.e., stoma reversal/adhesiolysis (94%)
– Need for botulinum toxin (87%)

Critical care/intensive care beds must be available if needed for all patients with AWH (97%)
Weak recommendations (75-79% agreement)
AWH MDT discussion must include operative technique:

– Required dissection planes (75%)
– Relevant muscle bulk and integrity (79%)

Percentage agreement shown in parentheses. AWH, abdominal wall incisional hernia; MDT, multidisciplinary team; AWR, abdominal wall repair.
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Discussion
Using the Delphi method, 52 key statements for the assessment
and perioperative optimization of patients with AWH have been
agreed through consensus by a panel of international experts in
AWR. These statements are relevant to all surgeons undertaking
AWR and will provide a benchmark of care for this complex co-
hort. There is adaptability, and there will be variability within the
statements owing to differences in local resources and expertise.
However, the key themes are generalizable globally; they can be,
and are recommended to be, applied to essentially any centre un-
dertaking or planning to undertake AWR.

Guidance in the literature for hernia repair of all kinds
remains varied and heterogeneous. This is epitomized in complex
AWR. Hernia work has previously been a ‘bit part’ of many gen-
eral surgeon’s practice, often as a secondary interest.
Fortunately, complex AWR is increasingly being recognized as a
subspeciality in its own right. Patients often have inherently com-
plex conditions with hernia and patient-related factors that are
recognized to increase the complexity of AWH surgery. Known
factors that negatively influence outcome and increase complex-
ity, and should be addressed in all patients include: large hernia
defect (over 10 cm), obesity, previous hernia surgery, previous
mesh use, gastrointestinal (GI) tract opening (stoma or fistula),
increasing age, and co-morbidities (including diabetes, smoking,
and anticoagulant use)26. The panel of experts have strongly
agreed that these should all be assessed and addressed before
undertaking major surgery.

The surgery can be time- and resource-consuming, and tech-
nically difficult with prolonged postoperative stay, often in ICU.
Adverse outcomes have a lasting impact on patients’ physical
and mental health, which often leads to hernia recurrence, pro-
longed healing, and impaired QoL and ability to return to work25,
leading to wider-reaching socioeconomic implications. A US read-
mission database study27 reported that around one-fifth of
patients undergoing ventral hernia repair are readmitted within
1 year, and 35 per cent of these require reoperation. Reducing the
risks of surgery for each patient has to be central in any decision-
making. A patient-centred approach with medical and surgical
planning and care tailored to the specific patient each time is es-
sential to ensure good outcomes.

Complex AWHs should be managed by specialist surgeons in
specialist centres. Currently, there is no mandatory requirement
for surgeons to contribute to a national registry or record out-
comes of any sort for AWH surgery. The ACCESS project
launched by the EHS28 has made drives for accreditation of com-
plex AWH surgeons and centres, and has set out criteria for this.
This includes suggestions regarding minimum operation num-
bers, outcome recording and reporting, access to services such as
MDTs, and appropriate postoperative care. However, complex
AWR is currently being performed without any clear guidance or
monitoring. The importance of the need for common reporting
sets29, and for monitoring and reporting of surgical outcomes in
cancer, has long been established through the National Bowel
Cancer Audit in the UK30 and the Consortium for Optimizing the
Treatment of Rectal Cancer in the USA31. This must become com-
monplace for complex hernia surgery. While this is awaited, the
present study provides clear guidance for units and surgeons car-
ing for these patients. Centres offering AWR now have a clear
framework and mandate to focus on improving and standardiz-
ing their service. Clear definitive guidance on preoperative as-
sessment, decision-making, and perioperative optimization can
improve patient care, reduce adverse outcomes and hernia repair

failure, and also guide policymakers in the allocation of evermore
constrained health and social care resources.

Several key areas for prioritization of research in the coming
years were highlighted from the Delphi process. Concerns were
raised in the individual comments or at the discussion meeting
around a number of points that demonstrate a diversity of care
for one of the most common surgical problems in the world.

A strong recommendation was made that all patients with
AWH being considered for AWR have relevant cross-sectional im-
aging as part of surgical assessment. However, there were con-
cerns around the timing of this imaging. Opinions ranged from
3 months before surgery up to 1 year, with no clear majority for
preference. There were a number of reasons for the difference in
opinion: first, cost and, second, exposure to ionizing radiation in-
herent in CT. Potentially unnecessary imaging should be avoided,
especially when many experts felt that the overall anatomy of an
abdominal wall hernia is unlikely to change significantly in less
than a year. However, over longer periods, body composition, in-
cluding levels of fat, muscle bulk, and muscle integrity, may
change, as can the hernia volume, size of the defect (owing to
muscular distraction), and intra-abdominal volume32.

A strong recommendation was made that all patients with
AWH should have their BMI measured and recorded. It was also
strongly recommended that all patients with a high BMI should
be encouraged to lose weight. The optimum BMI for AWR
remains unclear, and no consensus could be achieved on a mini-
mum BMI that patients should be expected to reach before sur-
gery. Although it was agreed, as is the case with other types of
major surgery33, that patients of lower weight are likely to have
better outcomes, the effect of body composition, and particularly
sarcopenia, on outcomes in AWR is not well understood34. Asking
all patients to lose weight may result in a reduction of not just fat
but also muscle bulk, which may adversely affect surgical out-
comes. There are ethical considerations too, with many experts
feeling that it is difficult to refuse surgery based solely on BMI.
Some patients may start with an incredibly high BMI, and lose
significant weight, but never be able to achieve an arbitrary target
value. Patients with a high BMI who have favourable anatomy,
significant symptoms, and poor QoL may see more value from
surgery than a patient with a lower BMI.

A weak recommendation was made that QoL should be
assessed in all patients. Discussion and conflict arose among
the panellists regarding when and how this should be done.
There are a number of tools available for QoL assessment, but
at present none has become accepted universally35. Although
it was agreed to be an important factor in decision-making,
how and when to undertake QoL assessment remains
unclear.

A strong recommendation was made that all patients with
AWH should be managed in a centre with access to an MDT.
Strong recommendations were also made regarding the members
of this team. Certain aspects of this were debated, such as the
need for an AWH surgeon and an experienced GI surgeon, as
some surgeons will be experienced in both areas. However, this
may not be the case and, with increasing complexity owing to
stoma, fistula, GI cancer, and inflammatory bowel disease, expert
input into discussion and management was considered impor-
tant for improving outcome. The recommendations made here
are considered a minimum standard for the MDT. It is clear from
the literature that patients with complex cancer have better out-
comes when managed by an MDT36,37. It was emphasized that an
MDT is not just ‘a meeting’ but a way of working and managing
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patients. The majority of panellists were clear that single-handed
care of these patients is not likely to result in good or sustainable
outcomes, and that all centres offering AWR in patients with
complex conditions should at least have access to the basic MDT
framework.
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