BJS Open, 2021, zraa071

DOI: 10.1093/bjsopen/zraa071
Systematic Review

Identifying predictors of ventral hernia recurrence:
systematic review and meta-analysis

S. G. Parker () *, S . Mallett?, L. Quinn?, C. P.J. Wood?, R. W. Boulton?, S. Jamshaid®, M . Erotocritou?, S . Gowda®, W . Collier?,
A.A.O.Plumb? A. C.J. Windsor?, L. Archer® and S. Halligan*

'Abdominal Wall Unit, Department of Surgery, University College Hospital, London, UK

“Institute of Applied Health Research, University of Birmingham, Birmingham, UK

University College London Medical School , London, UK

“Centre of Medical Imaging, University College Hospital, London, UK

°Centre for Prognosis Research, School of Primary, Community and Social Care, Keele University, Keele, UK

*Correspondence to: Abdominal Wall Unit, Department of Surgery, University College Hospital, Euston Road, London NW1 2BU, UK (e-mail: samgparker@nhs.net)

Abstract

Background: Ventra hernias are increasing in prevalence and many recur despite attempted repair. To date, much of the literature is
underpowered and divergent. As a result there is limited high quality evidence to inform surgeons succinctly which perioperative
variables influence postoperative recurrence. This systematic review aimed to identify predictors of ventral hernia recurrence.

Methods: PubMed was searched for studies reporting prognostic data of ventral hernia recurrence between 1 January 1995 and
1 January 2018. Extracted data described hernia type (primary/incisional), definitions of recurrence, methods used to detect
recurrence, duration of follow-up, and co-morbidity. Data were extracted for all potential predictors, estimates and thresholds
described. Random-effects meta-analysis was used. Bias was assessed with a modified PROBAST (Prediction model Risk Of Bias
ASsessment Tool).

Results: Screening of 18 214 abstracts yielded 274 individual studies for inclusion. Hernia recurrence was defined in 66 studies
(24.1 per cent), using 41 different unstandardized definitions. Three patient variables (female sex, age 65 years or less, and
BMI greater than 25, 30, 35 or 40 kg/m?), five patient co-morbidities (smoking, diabetes, chronic obstructive pulmonary disease, ASA
grade III-1V, steroid use), two hernia-related variables (incisional/primary, recurrent/primary), six intraoperative variables (biological
mesh, bridged repair, open versus laparoscopic surgery, suture versus mesh repair, onlay/retrorectus, intraperitoneal/retrorectus),
and six postoperative variables (any complication, surgical-site occurrence, wound infection, seroma, haematoma, wound
dehiscence) were identified as significant prognostic factors for hernia recurrence.

Conclusion: This study summarized the current evidence base for predicting ventral hernia recurrence. Results should inform best
practice and future research.

Introduction review was undertaken to provide guidance on when co-

Ventral hernia is defined as an abnormal protrusion of abdomi-
nal contents through a defect in the anterior abdominal wall. The
prevalence of ventral hernia is increasing in the West™? due
mainly to the obesity epidemic and an ageing population sub-
jected to ever more abdominal surgery’. Larger, more complex
ventral hernias are also increasingly prevalent, and present a sig-
nificant surgical challenge® requiring carefully planned elective
repair. Indeed, recurrence rates after repair are reported as 15-40
per cent*®, indicating that surgery can be ineffective, subjecting
patients to the risks of major abdominal surgery for no long-term
benefit.

Hernia recurrence is an extremely important postoperative
outcome and assesses surgical efficacy. The ability to predict re-
currence accurately would have considerable clinical utility,
allowing surgeons to make better-informed decisions with their
patients as to when, and when not, to operate. A systematic

morbidity or hernia complexity might preclude repair.

To date, there is an abundance of literature assessing ventral
hernia repair that describes the preoperative, intraoperative and
postoperative variables that may be associated with recurrence.
However, publications frequently have small cohorts, vary in
study design, are single-centre, and report divergent results®®,
This frustrates the interpretation of current evidence, and find-
ings are difficult to apply in clinical practice. Consequently, sur-
geons have limited guidance regarding when not to operate, and
evidence for optimal repair is lacking. Consequently, a compre-
hensive prognostic systematic review of the published literature
was performed to identify potential predictors of hernia recur-
rence after elective ventral hernia repair. By using subsequent
meta-analysis to synthesize these data, the aim was to identify
those predictors significantly associated with postoperative re-
currence, from the whole range of published literature.
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Methods

This systematic review was reported according to the PRISMA
statement’. Ethical permission is not required by the authors’ in-
stitution for systematic reviews of available primary literature.
The protocol was registered with PROSPERO, the international
prospective register of systematic reviews (CRD42016043071).

Inclusion and exclusion criteria

Inclusion criteria for studies

The aim was to identify studies reporting hernia recurrence
in patients following ventral hernia repair with curative intent
between 1 January 1995 and 1 January 2018. Studies with fewer
than 10 patients in any individual study group were excluded,
as such data are likely to be subject to small study bias. Only
English-language studies were included.

Target condition

The target condition was surgical ventral hernia repair with
curative intent. All different ventral hernia morphologies were el-
igible, as were all Ventral Hernia Working Group (VHWGY)
grades. Studies describing femoral and/or inguinal hernias (groin
hernias) were excluded. Emergency hernia repair was, in general,
excluded. However, as much of the primary literature includes a
small proportion of patients undergoing emergency surgery, the
study was eligible if this proportion was less than 10 per cent.
Studies of primary closure after damage control laparotomy were
excluded. However, patients having elective ventral hernia repair
after primary closure from damage laparotomy were eligible, as
were studies of those having elective repair with bridging repair
(failure to establish primary fascial closure). Studies in which a
proportion of patients had abdominal wall defects repaired with
a bridging mesh after abdominal wall tumour excision were eligi-
ble. Parastomal hernias were excluded. Studies with concomitant
bowel resection were included (as this is often intended) as long
as the primary surgical intention was ventral hernia repair.
Studies with concomitant gastrointestinal tumour removal or
bariatric surgery were excluded.

Participants

Studies of adult participants were included. Paediatric studies
(defined as 18 years or less) were excluded, as these are not repre-
sentative of ‘typical’ patients with ventral hernia.

Follow-up
No minimum length of follow-up was stipulated.

Comparators

No restriction was placed on any study comparator group (such
as operative technique, mesh type, position or mesh).

Search strategy and string

The PubMed database was searched from 1 January 1995 to 1
January 2018. The search was limited using the terms ‘adult 19+’
and ‘human studies’, and to publications written in English. Two
different search strings were combined to identify relevant
articles for both ventral hernia repair and postoperative recur-
rence.

Search strategy 1 identified studies of ventral hernia disease
including complex disease, and studies of surgical techniques
used for hernia repair. To identify studies of ventral hernia dis-
ease, MeSH (Medical Subject Heading) terms ‘hernia’, ‘abdominal
hernia’, ‘umbilical hernia’ and ‘ventral hernia’ were used,

combined with keywords for ventral hemia repair. To identify
studies of surgical techniques, MeSH terms: ‘general surgery’,
‘reconstructive surgical procedures’ and ‘surgical mesh’ were
used. This was combined with keywords for specialized abdomi-
nal wall reconstructive techniques.

Search strategy 2 identified studies predicting ventral hernia
recurrence. MeSH terms ‘ventral hernia’ and ‘abdominal wall
hernia’ were combined with keywords for prognostic studies.

The complete search string is shown in Appendix S1.

Citation management and screening

Identified citations were stored in an Excel® spreadsheet
(Microsoft Excel® for Mac 2011 version 14.5.9; Microsoft,
Redmond, WA, USA), which was subsequently uploaded into a
reference manager able to access online original articles directly
(Mendeley Desktop version 1.17 for Windows XP and Mac OS X;
Mendeley, London, UK). After search filters had been applied and
duplicates excluded, citations were divided chronologically into
two groups that were screened separately for studies potentially
containing data on ventral hernia recurrence: interventional
studies, cohort studies, observational/database studies. Clearly
unsuitable articles were discarded, and ‘uncertain’ or ‘definitely
possible’ articles were retained. The two latter groups were com-
bined and three researchers then screened titles and abstracts in-
dependently to identify ventral hernia studies with prognostic
data. Any discrepancies were settled by face-to-face discussion
between the three researchers, who then examined the full texts
and categorized studies by their methodological design as fol-
lows: RCTs; prospective interventional/cohort studies; retrospec-
tive interventional/cohort studies; observational/database
studies. Any article for which uncertainty persisted was resolved
by face-to-face discussion with senior authors. An exclusion log
was kept at all stages.

Data extraction

Included studies were scrutinized for prognostic data of ventral
hernia recurrence. Data were extracted for all potential predic-
tors from each article; for each predictor, risk estimates (2x2
tables, odds ratios (ORs), hazard ratios (HRs), adjusted ORs, rela-
tive risk ratios (RRs)), and thresholds were recorded. Where over-
lapping articles included data for the same predictors from the
same patients, data were included only from the study describing
the larger cohort. Confidence intervals and P values were
extracted for all estimates, where available. Extracted predictors
were grouped into preoperative, intraoperative and postoperative
subcategories. For each study, the definition and method(s) used
to identify hernia recurrence, and the mean time to recurrence,
were extracted. Data from interventional trials tended to be 2x2
tables, whereas data from larger database studies tended to be
univariable and/or multivariable ORs.

Study characteristics and risk of bias

In addition to the preoperative, intraoperative and postoperative
predictors, data relating to study setting (multicentre versus
single-centre), country of publication, publication date, recruit-
ment dates, number of patients included, severity of ventral her-
nia disease, and whether the study included primary or incisional
hernias, or both, were also extracted. Severe disease was classi-
fied as a hernia with a width exceeding 10 cm and/or a contami-
nated hernia, graded as VHWG grade 4. Studies were scored as
containing patients with severe disease only, mild disease only,
or both mild and severe disease. Whether studies included
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participants with multiple grades or were restricted to severe dis-
ease was also recorded.

Risk of bias was assessed for individual studies using an
adapted version of the PROBAST (Prediction model Risk Of Bias
ASsessment Tool)**. PROBAST was developed to determine bias
in published prediction models. As few prognostic models have
been published for ventral hernia disease, PROBAST was adapted
for detection of bias from all study designs. This bias tool was
categorized according to study participants, extracted predictors,
the definitions and detection of hernia recurrence, and according
to statistical analysis (Appendix S2).

All data were stored using Microsoft Excel®.

Statistical analysis

Because it was anticipated that data would be heterogeneous,
predictor association with recurrence was sought rather than
precise estimates of strength or interpredictor comparison. It was
anticipated that study designs would include different definitions
of recurrence, follow-up and patient populations that would
cause variation in predictor estimates. Accordingly, meta-
analysis would reflect general evidence across all studies rather
than providing precise estimates regarding specific definitions,
situations, measurements and thresholds. Most results could be
extracted as 2x2 tables or univariable ORs; 2x2 results were con-
verted into ORs for meta-analysis. Only OR results were available
sufficiently to allow meta-analysis using the ‘metan’ command
in STATA® 14.2 (StataCorp, College Station, TX, USA).

Each study was included only once in each meta-analysis for a
particular variable, to ensure that patients were included only
once. A study could be included in each subgroup within a predic-
tor, for example where different thresholds of a predictor value
were meta-analysed separately. To exclude predictors with data
insufficient for meaningful meta-analysis, predictors available
from fewer than five primary studies were excluded, except those
predictors considered ‘clinically important’.. Meta-analysis was
considered for all predictors described in five or more individual
studies if results were not considered heterogeneous based on vi-
sual inspection. A random-effects meta-analysis used the meth-
ods of DerSimonian and Laird, with the estimate of heterogeneity
taken from the inverse-variance fixed-effect model®. Forest plots
were used to present meta-analysis summaries across predictors
and to present individual study results for each predictor. These
plots indicate data characteristics including event, method of
hernia recurrence detection, and whether incisional hernia, pri-
mary hernia, or both incisional and primary hemia populations,
were included.

Results

The PRISMA flow diagram is shown in Fig. 1. In total, 18 214
abstracts were identified, and 729 full texts were assessed for eli-
gibility. Ultimately, prognostic data were extracted from 274 in-
cluded manuscripts and 275 studies, with one manucript
reporting two studies®?; 31 RCTs (10.9 per cent), 26 prospective in-
terventional or cohort studies (9.5 per cent), 92 retrospective in-
terventional or cohort studies (33.6 per cent), and 126 database
analyses (46.0 per cent). Most studies included originated from
North America (137 of 274, 50.0 per cent), with 115 European
(42.3 per cent). Of the 274 studies, 212 (77.4 per cent) were single-
centre, 63 (23.0 per cent) were multicentre, and one study'?
(0.4 per cent) presented both multicentre and single-centre data.
Preoperative, intraoperative and postoperative prognostic factors
were reported in 136 (35.2 per cent), 204 (52.8 per cent) and

46 (11.9 per cent) articles respectively. Regarding hernia type;
129 studies (47.1 per cent) assessed primary and incisional ven-
tral hernia, 25 (9.1 per cent) assessed primary ventral hernia
only, 119 (43.4 per cent) assessed incisional ventral hernia only,
and one study (0.4 per cent) provided no information. Individual
study characteristics are shown in Table 1.

Recruitment dates coincided in 109 studies that described
overlapping patient cohorts (Appendix S3) and were excluded
from meta-analysis. Some 198 studies (72.3 per cent) included
both mild and severe disease; 16 (5.8 per cent) assessed severe
disease only, 51 (18.6 per cent) included mild disease only, and 25
(9.1 per cent) provided no severity information.

Hernia recurrence was defined by only a minority of studies
(66 of 274, 24.1 per cent), using 41 different, unstandardized defi-
nitions (Appendix S4). Detection of hernia recurrence also varied
widely, with 67 different detection methods used (Appendix S5).
Duration of follow-up varied, with median 24 (i.q.r. 15-39; range
2-116) months.

Risk of bias

Risk of bias and applicability across all studies is presented in
Fig. 2. Most studies had high risk of bias in at least one domain,
resulting in 266 studies (97.1 per cent) rating high for risk of bias
overall. Eight studies (2.9 per cent) were rated unclear. No study
reported acceptable data, with a low risk of bias. Notably, 272
studies (99.3 per cent) were rated as having either at high or
unclear risk of bias when assessing the definition and detection
of the outcome of the present study: recurrence. Concern regard-
ing ‘overall applicability’ was rated as low in 45 studies (16.4 per
cent), unclear in 40 (14.6 per cent) and high in the remaining 189
(69.0 per cent).

Predictors of hernia recurrence

Overall, 63 individual predictors of hernia recurrence were
identified: 34 preoperative (54 per cent) (16 (25 per cent) patient
variables; 18 (29 per cent) hernia variables), 19 intraoperative
(30 per cent), and six postoperative (10 per cent) predictors. Forty
(63 per cent) of these predictors had data provided by five or
more individual studies and were thus available for meta-
analysis. An additional 19 predictors (30 per cent) with data from
fewer than five studies, but labelled as clinically important, were
also included in a meta-analysis (Fig. 3 and Appendix S6).
A remaining four predictors (6 per cent), with fewer than five
studies providing data, were deemed clinically important enough
for forest plots only (Appendix S7). Data were extracted for a fur-
ther 172 predictors. These predictors were neither meta-analysed
nor illustrated in forest plots as the data were extracted from
four or fewer studies, or were insufficient to permit meta-
analysis or forest plot, or the predictors were considered clinically
unimportant. A list of these predictors can be found in
Appendix S8. Fig. 3 and Appendix S9 present overall meta-analysis
results, number of studies, patients, hernia recurrence events,
and included study populations. Appendices S6 and S7 presents
forest plots showing individual study results.

Preoperative predictors

Patient predictors

Three patient factors, namely sex, age and BMI, were meta-
analysed (Fig. 3 and Appendix S6): for age and BMI, data were pro-
vided for different thresholds including: age above or below
60 years, age above or below 65 years, BMI above or below 25 kg/
m?, BMI above or below 30 kg/m?, BMI above or below 35 kg/m?,
BMI above or below 40 kg/m?. Men had significantly lower odds of
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Records identified through
database searching
n=18214

!

Filters applied and duplicates removed
n=7618

Identification

Citation title screening: studies

Studies ‘uncertain’ or ‘definitely
possible’ remain
n=1217

I

Screening

A 4

‘clearly unsuitable’ excluded
n=6401

Citation title and abstract screening:

v

Full-text articles assessed for eligibility
n=729

» studies ‘clearly unsuitable’ excluded
n=488

Full-text review excluded:

A4

N

Eligibility

Randomized and non-randomized interventional
studies, prospective and retrospective cohort
studies, observational/database studies
n=326

n=403

During data collection, excluded: n=52
No recurrence data collected: n=37
Includes >10% emergency participants: n=10

N

Data incomprehensible: n=2

Randomized controlled trials n=30
Prospective interventional trials/cohort study n=26
Retrospective interventional trials/cohort study n=92
Observational/database study n=126
Total n=274

Included

Primary operation not ventral hernia repair: n=1
Study of incisional hernia rates: n=1
Study outside allocated time filter: n=1

Fig. 1 PRISMA diagram showing selection of studies for review

recurrence (OR 0.77 (95 per cent c.i. 0.61 to 0.97); 33 studies). Both
age above 60 years compared with 60 years or less and age above
65 versus 65 years or lessdecreased the odds of recurrence
(OR 0.86 (0.70 to 1.05) and OR 0.72 (0.54 to 0.96); both 7 studies),
but this was not significant or only marginally significant respec-
tively. All BMI thresholds yielded significantly higher odds of
recurrence for more obese patients (Fig. 3 and Appendix S6). The
BMI cut-off point was 30 kg/m? in most studies; meta-analysis at
this threshold gave OR 1.54 (1.21 to 1.95).

Meta-analyses of patient co-morbidities identified many fac-
tors potentially significantly associated with recurrence.
Smoking, diabetes, chronic obstructive pulmonary disease
(COPD), ASA grade III-IV and steroid use all had significantly
higher odds of recurrence (OR 1.34, 1.36, 1.53, 1.46 and 2.08 re-
spectively).

Meta-analysis of co-morbidity versus no co-morbidity for hy-
pertension, cardiac disease, benign prostatic hypertrophy and
any type of immunosuppression revealed the majority of individ-
ual study results in the direction of higher risk of recurrence, but
these meta-analysis results were not statistically significant. In
most studies, the recurrence rate in co-morbid patients was rela-
tively low.

Hernia predictors

Two predictors relating to hernia morphology and contamination
status were found to be significantly predictive of recurrence:
incisional versus primary ventral hernia (OR 1.79 (95 per cent c.i.
1.01-3.16); 18 studies) and recurrent versus primary ventral her-
nia (OR 1.88 (1.48 to 2.40); 31 studies). Studies used a range of her-
nia widths to define thresholds for comparison: a wider defect
appeared to predispose increasingly to recurrence, with cut-off

points of 2, 5, 10 and 15 cm yielding progressively larger ORs
(0.64, 1.09, 2.13 and 2.33 respectively). However, meta-analyses at
these individual thresholds were not statistically significant.
Hernia defect area was reported with thresholds of above or be-
low 10 and 100 cm?, and gave ORs of 4.04 and 1.71 respectively;
neither was significant. Hernia location (midline versus lateral)
demonstrated no relationship with recurrence (OR 1.00 (0.65 to
1.55); 10 studies).

For most of the remaining hernia-related factors expected to
be detrimental (Fig. 3), the meta-analysis ORs exceeded 1.00, sug-
gesting increased risk, but results were not statistically signifi-
cant as the 95 per cent ci. spanned 1.00. Although 16 studies
(5279 patients, 1018 recurrences) contributed to meta-analyses of
Centres for Disease Control (CDC) wound criteria, these studies
spanned six different comparisons (Fig. 3), so no individual meta-
analysis demonstrated a significant association with recurrence;
even dirty versus clean wounds were not significant (OR 1.85 (95
per cent c.i. 0.77 to 4.43); 3 studies).

Data on VHWG grade (3—4 versus 1-2) were extracted from
only four studies, and meta-analysis was not significant: OR 2.04
(95 per cent c.i. 0.85 to 4.87). Previous wound infection versus no
previous wound infection, another marker of contamination, was
also not significant (OR 1.43 (0.78 to 2.62); 8 studies).

Intraoperative predictors

Data were sufficient to meta-analyse 18 intraoperative predictors
(Fig. 3 and Appendix S6). These were subgrouped according to op-
erative technique, mesh versus suture, mesh type, mesh weight
and mesh location. For biological mesh, human versus porcine
acellular dermal matrix (ADM) was not significant (OR 1.59 (95
per cent c.i. 0.70 to 3.60); 5 studies). Several studies provided data
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Table 1 Characteristics of the 274 studies. One paper
(Lambrecht et al. reported two separate studies, one RCT and
one retrospective study, making the total 275)

n
Centre’ n=275
Single 212 (77.1)
Multicentre 63 (23.0) (22.9)
Study design n=275
Observational 126 (46.0) (45.8)
Prospective 26 (9.5) (9.5)
RCT 31(10.9) (11.3)
Retrospective 92 (33.6) (33.5)
Continent n=275
Africa 3(1.1) (1.7)
Asia 18 (6.5) (6.5)
Australia 1(0.4) (0.4)
Europe 115 (42.0) (41.8)
North America 137 (49.6) (49.8)
South America 1(0.4) (0.4)

No. of participants

Median (i.q.r.) 128 (77-251)

Range 21-13 567
Prognostic factor type® n=386
Preoperative 136 (35.2)
Intraoperative 204 (52.8)
Postoperative 46 (11.9)
Population n=275
Primary and incisional 129 (47.1)
Primary 25(9.1)
Incisional 119 (43.4)
No information 1(0.4)
Method of detection n=275
Imaging with ultrasound or CT alone 1(0.4)
Clinical assessment 54 (19.6)
Clinical assessment with CT 43 (15.6)
Clinical assessment with ultrasound 11 (4.0
Clinical assessment with imaging 22 (8.0)
Clinical assessment with telephone 14 (5.1)
Clinical assessment with questionnaire 2(0.7)
Medical records 19 (6.9)
Reoperation rate 6(2.2)
Mixture of methods 79 (28.7)
No information 24 (8.7)
Severe disease included n=275
Yes 198 (72.0)
No 52 (18.9)
No information 25(9.2)
Duration of follow-up (months)*
Median (i.q.r.) 24 (15-39)
Range 2-116

Values in parentheses are percentages unless indicated otherwise. "One
published manuscript contained two separate studies: one multicentre and a
second single-centre study. ' Studies can have a mixture of preoperative,
intraoperative and postoperative prognostic factors. * Five studies did not
report duration of follow-up time; for studies divided by subgroups; if the
difference was less than 4.5 months the mean was taken (21 studies), and if
difference was more than 4.5 months the minimum length of follow-up was
taken (22 studies).

comparing any biological mesh with any synthetic mesh; meta-
analysis suggested recurrence was significantly more frequent
with biological mesh (OR 1.98 (1.22 to 3.22); 13 studies). However,
data comparing biological mesh subtypes with synthetic mesh
were equivocal: human ADM versus synthetic mesh (OR 0.90
(0.36 to 2.25); 3 studies) and porcine ADM versus synthetic mesh
(OR 0.28 (0.07 to 1.12); 2 studies). Bridged repair was associated
significantly with recurrence compared with primary fascial clo-
sure (OR 2.62 (1.72 to 3.97); 27 studies). Component versus no
component separation did not reduce recurrence significantly
(OR 0.73 (0.49 to 1.10); 9 studies), with divergent individual study
results. Similarly, laparoscopic (endoscopic) component

separation did not differ significantly from open component sep-
aration (OR 0.94 (0.54 to 1.64); 6 studies). Laparoscopic repair re-
duced the odds of recurrence significantly compared with open
repair (OR 0.76 (0.60 to 0.94); 48 studies).

Regarding mesh weight, lightweight mesh did not appear to
result in more recurrence than either heavyweight or medium-
weight mesh (OR 1.46 (95 per cent c.i. 0.67 to 3.19), 4 studies; and
OR 1.62 (0.91 to 2.87), 3 studies, respectively). Ventral hernia
mesh repair versus suture only reduced the odds of recurrence
significantly (OR 0.66 (0.52 to 0.84); 48 studies). Mesh location was
significant when comparing onlay with retrorectus positions (OR
1.96 (1.41 to 2.72); 9 studies), retrorectus versus intraperitoneal
(OR 0.42 (0.20 to 0.91); 6 studies) and preperitoneal versus
intraperitoneal (OR 2.94 (1.00 to 8.62); 3 studies), ultimately
favouring the retrorectus location significantly. Meta-analysis of
other mesh locations (plane) were not significant (Fig. 3 and
Appendix S6).

Postoperative predictors

Meta-analysis of postoperative predictors (Fig. 3 and Appendix S6)
suggested that any postoperative complication (such as pneumo-
nia, urinary tract infection or pulmonary embolus) versus none
increased recurrence significantly (OR 3.34 (95 per cent c.i. 2.30 to
4.84); 6 studies). Wound morbidity, defined as a surgical-site
occurrence (SSO), also increased recurrence significantly (OR 3.65
(2.40 to 5.56); 10 studies). In fact, all wound complication sub-
types predisposed to recurrence significantly: postoperative
wound infection versus no infection (OR 3.21 (2.28 to 4.51);
24 studies), postoperative seroma versus no seroma (OR 1.99 (1.22
to 3.24); 8 studies), postoperative haematoma versus no haema-
toma (OR 3.33 (1.33 to 8.33); 2 studies) and postoperative wound
dehiscence versus no dehiscence (OR 2.21 (1.20 to 4.06); 2 studies).

Discussion

Over the past two decades, hernia surgeons have published a
considerable volume of research describing the preoperative,
intraoperative and postoperative variables that influence postop-
erative outcomes. This study investigated specifically how these
variables influence recurrence, arguably the single most impor-
tant outcome as recurrence determines whether the reconstruc-
tion was ultimately successful. Identification of predictors of
recurrence is pivotal, because the decision whether to perform re-
construction or not pivots on the chance of success. However,
clear signals of success are frustrated by individual primary stud-
ies that are usually relatively small, single-centre, and assess a
limited handful of predictors. Moreover, small sample size bias
causes divergent results that then frustrate the identification of
valid predictors. Synthesizing all available evidence together by
systematic review and meta-analysis, and then presenting
results as forest plots, allows individual clinicians to interpret
data from multiple primary studies and facilitates discussion of
evidence for clinical guidelines, clinical practice, and future
research. Furthermore, the strength of evidence is enhanced by
excluding results for predictors with few reports (unless deemed
clinically important).

The present review does have limitations, the majority contin-
gent on the quality of primary component studies. As noted
already, true prognostic research was surprisingly sparse.
As anticipated, study methods were heterogeneous, and so meta-
analysis had to be done across different designs, definitions of
recurrence, methods for detecting recurrence, and different
follow-up durations. Such variability likely underlies disparity
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between the study effect estimates seen across results. Because
data were heterogeneous, the authors stress that interpretation
of these findings should focus on factors that appeared predictive
rather than on the precise strength of that prediction (whether or
not the c.i. was significant). Particularly for preoperative predic-
tors and mesh location, the small number of studies was such
that findings from future larger and more rigorous studies will be
important. Furthermore, extracting overall study results from
the published primary literature instead of individual patient
data means that multivariable analysis could not be used to ac-
count for confounding or ecological bias due to associations of
multiple factors within individual patients. For example, biologi-
cal mesh seems to predispose to recurrence compared with syn-
thetic mesh, but multivariable analysis would be needed to
understand whether this was independent of mesh plane.
Similarly, component separation did not appear to reduce recur-
rence, but multivariable analysis would be needed to understand
whether this result was confounded by more severe disease (in
which this procedure is performed) and/or whether the repair
was bridged or closed primarily.

An adapted version of the PROBAST was used to assess risk of
bias'! and, analogous with the limitations mentioned above, it
was found that most of the primary literature demonstrated high
risk of bias. Predictors were usually poorly defined, and the meth-
ods and definitions used to detect recurrence also lacked stan-
dardization. In addition, blinded reporting of both predictors and
hernia recurrence was unusual. In other words, it was unclear
whether predictor assessment was made blinded to recurrence,
or vice versa (the former being possible only in retrospective stud-
ies). This is pivotal for unbiased prognostic data.

Because the aim was to evaluate the entirety of the prognostic
literature, the present review was extensive, with screening of ap-
proximately 7500 abstracts. Surprisingly, very few true prognostic
studies were encountered—those designed a priori specifically to
identify predictors of ventral hernia recurrence*®. Accordingly,
a considerable amount of data had to be extracted from cohort

studies’®* that analyse how one variable (such as open versus
laparoscopic hernia repair) affects outcome. Simple 2x2 tables
could be constructed from these comparative studies and meta-
analysed subsequently. Data were also extracted from large data-
base studies®?* that record the effect of multiple perioperative
variables on multiple postoperative outcomes, often including
hernia recurrence. There was a huge range in the amount of data
extractable for individual predictors. For some commonly quoted
clinical risk factors for recurrence, such as previous abdominal
aortic aneurysm repair or connective tissue disorders (such as
Ehlers-Danlos syndrome), there were insufficient data for meta-
analysis. Analogous with this, hernia location could be catego-
rized only into medial and lateral subgroups, as data were insuffi-
cient to identify subgroups such as suprapubic versus umbilical,
or subxiphisternal versus subcostal. These subgroups are often
discussed amongst hernia surgeons as ‘difficult to repair’, and
with a high recurrence rate®®. In contrast, it was possible to ex-
tract abundant data for other variables: for laparoscopic versus
open and mesh versus suture repair, data were extracted from 48
studies of 28 868 and 27 285 patients respectively. Accordingly,
research appears focused on potential predictors related to surgi-
cal technique and less on others that may be equally or indeed
more important. Further work is required on predictors that have
had limited interrogation.

This work is presented methodically in Fig. 3, where predictors
are separated into groups: patient demographics, hernia charac-
teristics, intraoperative and postoperative variables. BMI, smok-
ing, diabetes, COPD, ASA grade III-IV and steroid use were found
to be patient variables significantly associated with recurrence.
This analysis also suggests that male sex and age above 65 years
is protective. Why men should be less vulnerable to recurrence is
unclear. For the age thresholds of 60 and 65 years, Kokotovic and
colleagues??, in a publication from the Danish Ventral Hernia
Database (DVHD), contributed most patients, dominating the
meta-analysis. The DVHD uses reoperation rate as a surrogate
for recurrence. Their large cohort suggests that elderly patients
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FactorArea PrognosticF actor N_Studies N_Patienls N_Events Population OR (85%CI)
Demographics
Sex Male V's Female 33 12423 1603 P-21-17,P81- 13, NI-1 0.77 (0.61, 0.87)
Age Age >60 V's Age <60 7 3670 437 P-11-4,P8&I-2 0.86 (0.70, 1.05)
Age >85 Vs Age<B5 7 4323 538 P-0,1-4,P8I-3 B 0.72 (054, 0.96)
BMI BMI >25 Vs BMI S25 5 807 124 P-21-1,P81-2 —_—— 2.51(1.37, 4.60)
BMI >30 Vs BMI <30 - 4986 548 P-0,1-4,P&I-§ 1.54 (121, 1.85)
BMI >35 Vs BMI S35 ] 2047 217 P-31-12 P8I-10 1.42(1.00, 203)
BMI >40 Vs BMI <40 4 1443 59 P-0.1-1,P81-3 —_—— 3.07(1.77, 5.22)
Co-marbidities
Smoker Smoker Vs Non-smoker bz 4696 837 P-3,1-10, P&I-10 x 1.34(1.03, 1.74)
Diabetes Diabetes Vs No Diabetes % 5555 985 P-21-12 P&I-11 1.36(1.05,1.77)
Hypertension Hyp don Vs No Hi " 8 1147 170 P-0,1-4,P8I-4 L 1.52(0.88, 262)
Cardiac Cardiac disease Vs No Cardiac disease 8 1403 261 P-11-3,P8l-4 1.49 (096, 2.31)
BPH BPH Vs No BPH 5 2609 567 P-0,1-2,P&I-3 — 1.58(0.74, 3.36)
COPD COPD Vs No COPD 16 4327 677 P-21-7,P8-7 1.53(1.08, 2.20)
ASA ASA 3-4 Vs ASA 1-2 1" 3082 567 P-0,1-3,P&i-4 1.46 (1.18, 1.79)
m jion Vs No Im 10 3327 601 P-11-3,P8&I-6 — 1.37(0.72, 2.50)
Steroid use Vs No Steroid use 3 487 87 P-0,1-2 P8&I-1 —— 2.08(1.08, 3.08)
Hemia related
Contaminated Clean-contaminated Vs Clean 7 658 178 P-0,1-4,P8I-3 i 0.67 (0.45, 1.01)
Contaminated Vs Clean 6 462 112 P-0,1-3,P&I-3 ——i— 1.54 (0.68, 3.49)
Dirty Vs Clean 3 345 88 P-0,1-1,P81-2 pif— 1.85 (0.77, 4.43)
C Vs Clear 5 285 52 P-0,1-3 P&i-2 e 1.27 (0.61, 2.67)
Dirty Vs Clean-contaminated 4 194 50 P-0,1-1,P8&I-23 - 1.85 (0.80, 4.29)
Dirty Vs Contaminated 4 im 34 P-0,1-1,P&1-3 —— 0.69(027, 1.79)
ECF repair Vs no ECF repair 3 395 79 P-0,1-1,P8&I-2 —— 3,00 (0.57, 16.69)
VHWG VHWG 3-4 Vs VHWG 1-2 4 1189 116 P-0.1-1,P81-3 B 2.04 (0.85, 4.87)
Previous wound infection Previous wound infection vs none 8 2584 532 P-0,1-3,P&I-5 e 1.43(0.78, 262)
Hemia Area Defect area >10cm*2 Vs S10cm*2 ] 512 81 P-0,1-2,P&I-1 ——— 4,04 (0.77, 2127)
Defect area >100cm*2 Vs <100em*2 2 mm 42 P-0,1-1,P&I-1 B s 1.71(0.76, 3.85)
Hemia Width Defedt width >2cm Vs < 2em 6 1263 114 P-21-1,P81-3 —_— 0.64 (024, 1.72)
Defect width >5em Vs S5cm 1" 10717 1072 P-0,1-3,P&l-8 1.09 (0.56, 2.13)
Defect width >10cm Vs <10cm 1 3330 264 P-0.1-6,P&I-5 2.13(0.88, 5.00)
Defect width >15cm Vs S15¢m 7 5039 468 P-0,1-3,P&I-3 NI-1 233 (085, 6.28)
Midiine Vs Lateral Midiine Vs Lateral 10 1639 153 P-0,1-8,P&l-2 1.00 (0.65, 1.55)
Incisional Vs Primary Incisional V's Primary 18 9167 1085 P-0,1-1,P&I-18 T 1.79(1.01, 2.18)
Recumrent Vs Primary Recurrent Vs Primary N 10218 1065 P-0,1-14, P& -16 NI-1 1.88 (1.48, 2.40)
Intra-op erative
Biological Human Vs Porcine Mesh 5 820 238 P-0,1-1,P&-3, NI-1 —ref—— 1.5 (0.70, 3.60)
jcal Vs Syntheti Biological V's Synthetic Mesh 13 2664 519 P-0,1-4,P&-9 —— 1.88(122 2.22)
Human Vs Synthetic Mesh 3 401 07 P-0,1-2 P&I-1 0.90 (0.36, 2.25)
Porcine Vs Synthetic Mesh 2 135 35 P-0,1-1,P8&I-1 0.28(0.07, 1.12)
Bridging V's Primary Bridging Vs Primary fascial closure 27 5356 920 P-0.1-12 P8I -14,NI-1 —— 262(1.72, 287)
C Sep Comp Vs No Ci S -] 1520 185 P-0,1-4 P&I-4 NI-1 0.73(0.48, 1.10)
L ic vs Open C S 6 479 72 P-0,1-2, P&I-4 0.64 (0.54, 1.64)
Lap Vs Open Laparoscopic Vs Open surgery 48 28888 2759 P-51-24 P8I-20 -9 0.76 (0.60, 0.84)
Mesh Weight Lightweight Vs Heavyweight 4 1285 72 P-0,1-3,P8&I-1 —f— 1.46 (067, 3.19)
Lightweight Vs Mediumweight 3 745 66 P-0,1-0,P8&I-3 —— 1.62 (091, 2.87)
Mesh Vs Suture Mesh Vs Suture 48 27285 3860 P-14,1-22, P&I- 12 - 0.66 (0.52, 0.84)
Mesh Posttion Onlay Vs Retrorectus Ll 1929 239 P-1.1-7,P8lI-1 —— 1.06 (141, 272)
Onlay Vs Preperitoneal 4 861 47 P-1.1-0,P81-3 e 1.46 (0.73, 2.04)
Onlay Vs Intrapentioneal 7 1924 219 P-1,1-3,P8I-3 e — 215(0.87, 5.34)
Inlay Vs Onlay 5 528 44 P-1,1-2,P8I-2 R a— 1.25(0.44, 3.57)
Inlay Vs Preperitoneal 3 a2 34 P-11-0,P&-2 ——— 1.60(0.77, 3.33)
Inlay Vs Intrapesitoneal 3 963 27 P-1,1-0,P8-2 S—— 3,64 (0,87, 15.14)
Retrorectus Vs Intraperitoneal 6 936 104 P-11-3,P&-2 —— 0.42 (020, 0.81)
Preperitoneal Vs | i | 3 1377 37 P-1,1-0,P8I1-2 —— 204 (1.00, 8.62)
Post-operative
Complication [ jon Vs No Complicati 6 2187 204 P-0,1-3,P&I-3 334 (230, 4.84)
550 S50 Vs No S50 10 1749 243 P-01-6P&l-4 : 3.65(2.40, 5.58)
Wound Infection Wound Infection Vs No Wound Infection 24 5668 1004 P-21-10 P&I-12 L 321(228,451)
Seroma Seroma Vs No Seroma 8 1577 220 P-0,1-4,P8I-4 —— 1.89(122 3.24)
Haematoma ; VsNot 2 417 177 P-0,1-2,P&I-0 —— 3,33 (133, 8.33)
Wound Dehiscence Wound Dehiscence \'s No Wound Dehiscence 2 669 61 P-0,1-1,P8I-1 —— 2.21(1.20, 4.08)
NOTE: Weights are from random effects analysis
I
1 10

Lower Odds Ratio Higher Odds Ratio

Fig. 3 Overall meta-analysis results, showing the number of studies, patients and hernia recurrence events

Values in parentheses are 95 per cent confidence intervals. Weights are from random-effects analysis. OR, odds ratio; BPH, benign prostatic hypertrophy; COPD,
chronic obstructive pulmonary disease; VHWG, Ventral Hernia Working Group; SSO, surgical-site occurrence. Further details, including the population/hernia type,

can be found in Appendix S6.

are significantly less likely than younger patients to undergo
reoperation. This result is unsurprising, as elderly patients would
appear less fit for a second elective repair’®. The only hernia-
related variables associated significantly with increased
recurrence were incisional versus primary and recurrent versus
primary ventral hernias, a finding that is well established®-?%. In
other words, previous surgical intervention causes scarring,
weakens the abdominal wall, and leads to impaired wound-
healing and hernia recurrence. Multiple studies have described
hernia width using different thresholds, each of which appeared
unassociated with recurrence. However, the present study found
that as defect width increased from cut-off points of 2, 5, 10 and

15 cm, so did the odds of recurrence (OR 0.64, 1.09, 2.13 and 2.33
respectively). Even though their individual c.i. values crossed 1.00,
this observation was consistent, suggesting that increasing hernia
width is a genuine risk factor for recurrence. More data are re-
quired to confirm this. Furthermore, width may be measured clin-
ically, during surgery and by imaging, all of which will be subject
to interobserver and intraobserver variation, and to variation be-
tween methods. Larger defects require additional reconstructive
techniques, which may, in tum, confound the predictive power of
defect width. In addition, indexed publications usually arise from
experienced centres, for whom larger width may be less challeng-
ing or, conversely, they attract the most difficult patients. Lastly,
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data on VHWG grade could be extracted from only four studies®~
32 This scale was proposed in 2010, but few publications have
validated it subsequently. In the present study, no significant as-
sociation was observed with recurrence when VHWG grade 3-4
was compared with grade 1-2. Similarly, CDC status was not asso-
ciated with recurrence, but, again, few studies provided extract-
able data. Further prognostic research is required for these
factors, and on creating a contamination scale that is potentially
associated with postoperative outcomes.

The present analysis of intraoperative variables has confirmed
the well known ‘protective’ effect of mesh over suture repair?,
and also that primary fascial closure®* results in a more reliable
repair than bridged; both of these associations are well estab-
lished. Furthermore, the present data are consistent with biologi-
cal mesh being ‘weaker’ than synthetic mesh, with greater
tendency towards recurrence, an association published previ-
ously®*¢, but perhaps less well known. In addition, laparoscopic
ventral hernia repair appeared protective, again suggested by in-
dividual previous publications®?*, and similarly less well known
and clinically accepted. In this study, mesh location was de-
scribed using the ICAP (international classification of abdominal
wall planes) system published recently®’. The results concerning
mesh location suggest that the retrorectus plane reduces recur-
rence compared with onlay and intraperitoneal planes, and that
the intraperitoneal is superior to the preperitoneal plane.
Observational studies, database studies and systematic reviews
support this finding®****! Lastly, the review suggests that
wound morbidity (defined as SSO) leads to delayed wound-
healing and subsequent recurrence. Indeed, all local wound com-
plications were found to be associated with recurrence.

Moving forwards, prospective ventral hernia prognostic stud-
ies should be performed to eliminate bias, with well character-
ized participants, blinded assessment of potential predictors and
outcomes, standard definitions and detection methods for both
predictors and outcomes. Expert statistical support from statisti-
cians specifically interested in prognostic research is also re-
quired to assist both design and data collection to minimize risk
of bias, and so that the data generated are generalizable. If
authors intend to use these prognostic data to develop prognostic
models of postoperative outcomes, they should adhere to the
TRIPOD (Transparent Reporting of a multivariable prediction
model for Individual Prognosis Or Diagnosis) statement, a
22-item checklist that aims to improve the reporting of studies
developing, validating or updating prediction models***.
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