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Background: Rates of parastomal hernia following stoma formation remain high. Previous systematic
reviews suggested that prophylactic mesh reduces the rate of parastomal hernia; however, a larger trial
has recently called this into question. The aim was to determine whether mesh placed at the time of
primary stoma creation prevents parastomal hernia.
Methods: The Cochrane Central Register of Controlled Trials, MEDLINE, Embase and CINAHL were
searched using medical subject headings for parastomal hernia, mesh and prevention. Reference lists
of identified studies, clinicaltrials.gov and the WHO International Clinical Trials Registry were also
searched. All randomized clinical trials were included. Two authors extracted data from each study
independently using a purpose-designed sheet. Risk of bias was assessed by a tool based on that developed
by Cochrane.
Results: Ten randomized trials were identified among 150 studies screened. In total 649 patients were
included in the analysis (324 received mesh). Overall the rates of parastomal hernia were 53 of 324 (16⋅4
per cent) in the mesh group and 119 of 325 (36⋅6 per cent) in the non-mesh group (odds ratio 0⋅24, 95
per cent c.i. 0⋅12 to 0⋅50; P < 0⋅001). Mesh reduced the rate of parastomal hernia repair by 65 (95 per
cent c.i. 28 to 85) per cent (P = 0⋅02). There were no differences in rates of parastomal infection, stomal
stenosis or necrosis. Mesh type and position, and study quality did not have an independent effect on this
relationship.
Conclusion: Mesh placed prophylactically at the time of stoma creation reduced the rate of parastomal
hernia, without an increase in mesh-related complications.
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Introduction

Parastomal hernia is one of the more common complica-
tions of stoma creation, with reported rates of up to 50
per cent when assessed clinically1 and 80 per cent when
assessed by CT2. Although many of these hernias are
asymptomatic and can be managed conservatively, some
patients suffer significant morbidity, including pain, stoma
leakage and skin excoriation. More significantly, incarcer-
ation, obstruction or strangulation may occur, mandating
emergency hernia repair. Surgical repair is difficult and
plagued by high recurrence rates: primary repair is associ-
ated with a 46–100 per cent failure rate1, with recurrence
in up to 33 per cent of patients3. Even with mesh repair,
6⋅9–17 per cent of hernias recur4.

The high rate of parastomal hernia has led to the
practice of prophylactic mesh reinforcement at the time
of stoma creation. Previous systematic reviews5–9 have

demonstrated a reduction in parastomal hernia rates with
prophylactic mesh, and this approach has been shown to
be cost-effective10, yet the method is not used widely. At
the time of the most robust previous systematic review5 it
was postulated that the lack of uptake of mesh was because
the majority of evidence had come from observational
studies; a survey of 70 Swiss surgeons found that 40 per
cent were not convinced of the benefit11. In addition,
the use of surgical mesh is being scrutinized increasingly
after high rates of complications following transvaginal
mesh placement, and a US Food and Drug Administration
warning against its use12.

Subsequent to the review by Shabbir and colleagues5,
several small RCTs continued to lend support to
prophylactic mesh use; however, most recently, in 2015,
evidence emerged to the contrary. First, a large random-
ized trial13 found no reduction in parastomal herniation
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with mesh, and another large, long-term observational
study14 reported a similar result.

Given the ongoing debate, the primary objective of this
systematic review was to consider the efficacy of prophy-
lactic mesh insertion at the time of primary stoma creation
in preventing parastomal hernia formation. The secondary
outcomes considered were the rate of parastomal hernia
repair and mesh-related complications.

Methods

Criteria for considering studies for this review

All RCTs that compared mesh with no mesh in primary
stoma formation were included, regardless of publica-
tion language. Quasi-randomized trials were not included.
Interventions consisted of mesh placement at the time of
stoma formation and use of a control group (no mesh) for
comparison. Studies in which the intervention consisted of
mesh in combination with another intervention were not
considered. Trials of the use of mesh to repair parastomal
hernia were also not included. The primary outcome was
the rate of subsequent parastomal hernia. Secondary out-
comes were parastomal infections, stomal necrosis, stomal
stenosis and rates of parastomal hernia repair.

Search methods

The Cochrane Central Register of Controlled Trials
(Central, 2016), MEDLINE (via Ovid) from 1946 to
present, MEDLINE (via PubMed) from 1966 to present,
Embase (via Ovid) from 1980 to present, and CINAHL
(via EBSCO) from 1990 to present, were searched using
a combination of medical subject heading (MeSH) and
key terms. The search terms included ‘mesh’ or ‘surgi-
cal mesh’, ‘prophylaxis’ or ‘prevention’ and ‘parastomal
hernia’ and any derivatives of these terms. Searching for
RCTs was done by hand by screening abstracts and full
texts where necessary. No limitations were placed based
on language or date of publication. One of the authors
developed the search strategies. The first search was run
in October 2015, repeated in November 2015 and January
2016, and updated in May 2016.

The reference lists of identified studies, previous reviews
and systematic reviews were hand-searched for addi-
tional relevant articles. The clinicaltrials.gov register and
WHO International Clinical Trials Registry Platform
were searched for proposed and ongoing trials, using com-
binations of search terms including: ‘parastomal hernia’,
‘parastomal hernia AND mesh’ and ‘parastomal hernia
AND prevention’.

Data collection and analysis

Two authors examined the titles and abstracts of studies
identified independently; inconsistency between authors
was resolved by a third author. Full-text papers were
obtained for all studies that could not be excluded
on the basis of title and abstract. The same authors
refined their selection independently by excluding those
not relevant. Disagreements were resolved by a third
author. Original study authors were contacted where
further clarity was needed in order to select a study for
inclusion.

Data extraction and management

Two authors extracted data from each study independently.
A data extraction form adapted for this review was devel-
oped from the original provided by Cochrane15. Data were
extracted regarding participant demographics, participant
disease status, surgical procedures and the intervention
(type and position of mesh).

Assessment of risk of bias in included studies

Two authors assessed risk of bias independently. A
tool was developed based on the criteria described in
the Cochrane Handbook for Systematic Reviews of
Interventions15. Where possible, protocols were sought
to aid assessment. Use of sample size/power calculations
and intention-to-treat analyses were reported as measures
of methodological quality. Risk of bias was labelled as
high, low or unclear for the following categories: random
sequence generation, allocation concealment, blinding of
participants, blinding of outcome assessment, complete-
ness of follow-up, intention-to-treat analysis, selective
outcome reporting, sample size bias, performance bias and
other risks (such as differences in baseline demographics
or sample size).

Statistical analysis

Analyses were performed in RevMan 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copen-
hagen, Denmark). Analyses comprised only within-study
comparisons rather than individual-level data. Compar-
isons were based on an intention-to-treat analysis. A
random-effects model was used for the meta-analysis of
results, as there was a high level of heterogeneity among
included studies. Three authors discussed results for the
outcome measure within each study, to determine the
inclusion of data in the meta-analyses.
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Records excluded n = 112

 Not about prevention n = 84

 Still recruiting n = 9

 Technical studies n = 6

 Systematic reviews n = 6

 Trials finished recruiting but results not yet available n = 3

 Earlier versions of included trials n = 2

 Trial protocols n = 2

Observational studies excluded from analysis n = 28

Titles and abstracts

screened after removal

of duplicates n = 150

Full-text articles and

published conference

abstracts assessed for

eligibility n = 38

Studies included in

qualitative analysis

n = 10

Studies included in

quantitative synthesis
n = 10

Potentially relevant records

identified through database

searching n = 302

Additional records identified

through searching references

of identified articles n = 4

Fig. 1 PRISMA diagram showing selection of articles for review

Statistical heterogeneity across studies was assessed by
visual inspection of the forest plot and using the χ2 mea-
surement. A cut-off of P < 0⋅010 was used for the χ2 analysis
to decide whether there was evidence of heterogeneity15.
As a measure of the variation in intervention effect due to
statistical heterogeneity, the I2 statistic was also assessed;
values greater than 50 per cent were considered to be
indicative of significant heterogeneity15. Reporting bias
was assessed using funnel plots of included studies.

Meta-regression was used to assess whether the overall
effect size was associated with the mesh type (synthetic
or biological) and mesh position, and whether this was a
source of heterogeneity between studies, using Compre-
hensive Meta-analysis version 3 (Biostat, Englewood, New
Jersey, USA). Meta-regression was also used to determine
whether there was an association between risk of bias and
the overall effect of mesh on parastomal herniation, and
whether this was a source of heterogeneity between stud-
ies. This was done by assigning a risk-of-bias score for each
study based on the number of unclear (1 point) and high
(2 points) risks for the aforementioned possible sources of
bias. Studies were then classified as follows: 0–3, low risk;
4–5, moderate risk; and 6 or more, high risk.

Results

Overall, 38 potentially relevant studies were identified, of
which 286,14,16–41 were excluded because they were not
RCTs (Fig. 1). Ten RCTs13,42–51 that met the inclusion cri-
teria, including one with updated results42 from a published
conference abstract43, were included. This resulted in the
inclusion of 649 patients, 324 of whom had mesh inserted
at the time of stoma formation.

The sample size in the studies varied from 20 (10 in each
arm) to 150 (75 in each arm). A variety of biological and
synthetic meshes were used in various positions. Eight of
the ten studies involved clinical detection of parastomal
hernia, and six correlated these with radiological findings.
Two studies used CT only. Seven of ten studies included
only patients receiving end colostomies. Follow-up ranged
from 12 months to 5 years (Table 1). Excluded studies are
summarized in Table S1 (supporting information).

The majority of study participants were men, and in
studies reporting BMI the mean value ranged from 24⋅6
to 27⋅5 kg/m2. Most operations were performed electively,
with cancer being the most common indication (Table S2,
supporting information).
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Table 1 Characteristics of included studies

Reference
Sample

size
Study

duration Location Follow-up Mesh Mesh position
Hernia

definition Inclusion criteria

Brandsma
et al.42,43

150
(mesh 75)

1 year Multiple
centres in
the
Netherlands

3 weeks, 3
months then
1 year (2 and
5 years to
follow)

Polypropylene
(Parietene
LightTM;
Covidien)

Retromuscular Clinical,
confirmed
with CT

Adults undergoing
elective
formation of
permanent end
colostomy

Fleshman
et al.44

113
(mesh 55)

2 years Multiple
centres in
the USA

Day 30, then 6,
12 and 24
months

PADM (Strattice™;
LifeCell
Corporation)

Retromuscular Clinical,
confirmed
with CT

Adults, permanent
stoma formation

Hammond
et al.45

20
(mesh 10)

1 year London, UK 6 weeks then
every 3
months until
12 months
or reversal

PADM (Permacol™;
Covidien)

Preperitoneal Clinical or
present at
reversal

Elective patients
having
defunctioning
stomas

Jänes et al.46 54
(mesh 27)

5 years Sweden 1 month, 12
months and
5 years

Multifilament
polypropylene
and polyglactin
(Vypro™;
Ethicon)

Retromuscular Clinical Permanent stoma
formation

Lambrecht
et al.47

58
(mesh 32)

4 years Two hospitals
in Norway

6 monthly for 2
years then
annually

Polypropylene
(Prolite Ultra™;
Atrium) 28

Polypropylene
(Parietene™;
Covidien) 4

Retromuscular Clinical,
confirmed
with CT

Undergoing
formation of end
colostomy for
lower-third rectal
cancer, recurrent
rectal cancer or
any pelvic
cancer requiring
end colostomy

López-Cano
et al.48

36
(mesh 19)

1 year Barcelona,
Spain

CT at 12
months

Polypropylene
encapsulated in
polydioxanone
(PROCEED™;
Ethicon)

Intraperitoneal CT Adults undergoing
laparoscopic
APR for
lower-third rectal
cancer

López-Cano
et al.49

52
(mesh 24)

Mean 18
(range
8–35)
months

Multiple
centres in
Spain

6 and 12
months

Polypropylene and
poliglecaprone
25
(Physiomesh™;
Ethicon)

Intraperitoneal CT Patients with rectal
cancer having
laparoscopic
APR

Serra-Aracil
et al.50

54
(mesh 27)

Median 29
(range
13–49)
months

Barcelona,
Spain

1 month, then
6 monthly up
to 50 months

Polypropylene and
poliglecaprone
(Ultrapro™;
Ethicon)

Retromuscular Clinical and
CT

Adults undergoing
APR for
lower-third rectal
cancer, Charlson
co-morbidity
index<7

Târcoveanu
et al.51

42
(mesh 20)

Median 20
(range
12–28)
months

Romania Every 3
months up
to 28 months

Polypropylene
mesh (not
described further)

Preperitoneal Clinical and
ultrasound
imaging

Patients with stage
II or III colorectal
cancer having
APR, irradiated,
obese, patients
who do physical
work, previous
hernia

Vierimaa
et al.13

70
(mesh 35)

12 months Multiple
centres in
Finland

1, 3 and 12
months

Polyvinylidene
fluoride and
polypropylene
(Dynamesh®-IPOM;
FEG
Textiltechnik)

Intraperitoneal Clinical and
CT

Patients
undergoing
laparoscopic
APR for rectal
cancer

PADM, porcine-derived acellular dermal matrix; APR, abdominoperineal resection. Covidien, Dublin, Ireland; LifeCell Corporation, Branchburg, New
Jersey, USA; Ethicon, Somerville, New Jersey, USA; Atrium, Hudson, New Hampshire, USA; FEG Textiltechnik, Aachen, Germany.
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Reference

Brandsma et al.43

Fleshman et al.44

Hammond et al.45

Jänes et al.46

Lambrecht et al.47

López-Cano et al.48

López-Cano et al.49

Serra-Aracil et al.50

Târcoveanu et al.51

Vierimaa et al.13

Total

Heterogeneity: �2 = 0·74; �2 = 21·99, 9 d.f., P = 0·009; I2 = 59~
Test for overall effect: Z = 3·87, P < 0·001

Parastomal hernia

Odds ratio

0·01 0·1

Favours mesh Favours no mesh

1 10 100

Weight (~)Mesh

4 of 75

6 of 55

0 of 10

2 of 27

2 of 32

9 of 19

6 of 24

6 of 27

0 of 20

18 of 35

53 of 324

12 of 75

7 of 58

3 of 10

17 of 27

12 of 26

15 of 17

18 of 28

12 of 27

6 of 22

17 of 35

119 of 325

12·3

12·5

4·2

9·4

9·5

9·0

12·2

12·3

4·5

14·1

100·0

0·30 (0·09, 0·96)

0·89 (0·28, 2·84)

0·10 (0·00, 2·28)

0·05 (0·01, 0·24)

0·08 (0·02, 0·40)

0·12 (0·02, 0·68)

0·19 (0·06, 0·62)

0·36 (0·11, 1·17)

0·06 (0·00, 1·18)

1·12 (0·44, 2·86)

0·24 (0·12, 0·50)

No mesh Odds ratio

Fig. 2 Forest plot showing rates of parastomal hernia following stoma formation with and without mesh. A Mantel–Haenszel
random-effects model was used for meta-analysis. Odds ratios are shown with 95 per cent confidence intervals

Table 2 Summary of results of secondary outcomes

Parastomal infection Stomal necrosis Stomal stenosis Need for repair

Reference Mesh No mesh Mesh No mesh Mesh No mesh Mesh No mesh

Brandsma et al.42,43 1 of 75 3 of 75 n.r. n.r. n.r. n.r. n.r. n.r.
Fleshman et al.44 3 of 55 2 of 58 n.r. n.r. 3 of 55 0 of 58 3 of 55 6 of 58
Hammond et al.45 0 of 10 0 of 10 n.r. n.r. n.r. n.r. 0 of 10 1 of 10
Jänes et al.46 0 of 27 0 of 27 n.r. n.r. 0 of 27 0 of 27 0 of 27 5 of 27
Lambrecht et al.47 0 of 32 0 of 26 0 of 26 1 of 26 2 of 26 0 of 26 n.r. n.r.
López-Cano et al.48 0 of 19 0 of 17 0 of 19 1 of 17 n.r. n.r. 1 of 19 3 of 17
López-Cano et al.49 0 of 24 n.r.* n.r. n.r. n.r. n.r. 1 of 24 0 of 28
Serra-Aracil et al.50 1 of 27 1 of 27 1 of 27 1 of 27 n.r. n.r. 0 of 27 2 of 27
Târcoveanu et al.51 1 of 20 3 of 22 n.r. n.r. n.r. n.r. n.r. n.r.
Vierimaa et al.13 1 of 35 1 of 35 4 of 35 3 of 35 2 of 35 2 of 35 0 of 35 1 of 35

Total 7 of 324 10 of 297 5 of 107 6 of 105 7 of 143 2 of 146 5 of 197 18 of 202

n.r., Not reported; *reported as mesh infection only.

All the included studies were of moderate to good quality.
Blinding in general was described poorly, with only half
of the studies describing blinded assessors. Seven of ten
studies included a sample size calculation and, of these, six
met the sample within 10 per cent. Two of the studies45,48

had fewer than 20 patients in each arm, but only one45

of these did not include a power calculation (Table S3,
supporting information).

Overall, there were 53 parastomal hernias in the mesh
group and 119 in the no-mesh group, giving hernia rates
of 16⋅4 and 36⋅6 per cent respectively (Fig. 2). The addition
of mesh resulted in a 76 (95 per cent c.i. 50 to 88) per cent
reduction in the odds of developing a parastomal hernia,
and this effect was statistically significant (P < 0⋅001). The
number of mesh procedures needed to prevent one hernia

was 5 (95 per cent c.i. 3⋅7 to 7⋅3). There was evidence
of significant statistical heterogeneity between studies
(P= 0⋅009, χ2 analyses; I2 = 59 per cent).

There was no evidence that mesh type (regression coef-
ficient −1⋅110, 95 per cent c.i. –3⋅208 to 0⋅983; P = 0⋅298)
or position (intraperitoneal versus preperitoneal: regres-
sion coefficient −1⋅818, 95 per cent c.i. –4⋅737 to 1⋅102,
P = 0⋅222; intraperitoneal versus retromuscular: regression
coefficient 0⋅280, 95 per cent c.i. 1⋅894 to 1⋅335, P = 0⋅734)
had an effect on outcomes. Nor was risk of bias associ-
ated with the extent of the effect of mesh on parastomal
herniation (low versus moderate risk: regression coefficient
−0⋅526, 95 per cent c.i. –1⋅951 to 0⋅899, P = 0⋅469; low ver-
sus high risk: regression coefficient −1⋅520, 95 per cent c.i.
–3⋅481 to 0⋅441, P = 0⋅129).
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Visual inspection of the funnel plot suggested that
publication bias may be present (Fig. S1, supporting
information).

Rates of parastomal infection were very low at 2⋅2 and
3⋅4 per cent in the mesh and no-mesh groups respec-
tively (P = 0⋅51) (Table 2). In the studies reporting para-
stomal infection, none necessitated removal of mesh. Rates
of stomal necrosis and stenosis were very low across all
studies. In studies reporting rates of subsequent parastomal
hernia repair, only 2⋅5 and 8⋅9 per cent of hernias were
repaired in the mesh and no-mesh groups respectively. This
represented a statistically significant reduction in rate of
repair by 65 (95 per cent c.i. 28 to 85) per cent (P = 0⋅02).
The number of patients needed to treat with mesh to pre-
vent one hernia repair was 16 (95 per cent c.i. 9⋅2 to 53⋅4).

Discussion

This study demonstrated a reduction in the risk of devel-
oping a parastomal hernia by more than 75 per cent with
the use of prophylactic mesh at the time of stoma creation.
Furthermore, the rates of other complications including
parastomal infection and stomal necrosis were low.

Only two44,45 of the included studies used biolog-
ical mesh; the remainder used synthetic mesh. The
meta-regression found no evidence of a benefit for any
one mesh type. A systematic review52 of synthetic versus
biological mesh for ventral hernia repair similarly found
no difference in rates of recurrence, but did report a lower
infection rate with biological mesh. As the rate of mesh
infection in the present analysis was already low, it is
difficult to justify the additional cost of biological mesh. If
synthetic mesh is used, placement in the peritoneal cavity
should be avoided owing to the possibility of bowel adhe-
sions. These factors support the use of a retromuscular,
sublay synthetic mesh; however, there was no evidence
of superiority for any one mesh position in the present
analysis. As none of these studies was designed to address
such issues, it remains unknown whether true differences
between these variables exist. Future research should focus
on mesh type and position.

Although parastomal hernia is undoubtedly common,
few are symptomatic, which has been used as an argu-
ment against prophylactic mesh. Only Hammond and
colleagues45 specifically surveyed patients with regard to
symptoms; however, their low rate of parastomal hernia-
tion means that conclusions are difficult to draw. The over-
all number of parastomal hernia repairs across all studies
was small; however, this analysis suggested that prophylac-
tic mesh placement significantly reduced the overall rate
from 8⋅9 to 2⋅5 per cent. Many of the studies had short
follow-up and the need for hernia repair may increase with

time. Despite this, the number needed to treat to prevent
one parastomal hernia repair was only 16.

There are some limitations to this systematic review.
Although only randomized trials were included, there was
significant heterogeneity between them. This was unsur-
prising given the differences in study design, surgical tech-
nique, length of follow-up, and the variety of mesh types
and positions (Table 1). The majority of studies investi-
gated permanent stomas performed in an elective setting.
As such, there is limited information on the role of mesh
in the presence of contamination. Further, the quality of
included studies was variable (Table S3, supporting infor-
mation), although only one study was assessed as being at
high risk and four at moderate risk of bias. The higher-risk
study could have been excluded from the analysis, but this
was not planned a priori, and as such this review repre-
sents the state of the literature published to date. A further
potential limitation is the variable definition of parastomal
hernia. Although all studies included a clinical diagnosis,
few described this in detail. Using clinical diagnosis alone,
rates of parastomal hernia may be under-reported in some
studies. As these definitions were applied equally between
groups in each study, it is unlikely that this altered the over-
all effect of mesh. An additional source of bias is that only
half of the studies had blinded assessors. The duration of
follow-up in these studies ranged from 12 months to 5
years, which remains relatively short to assess the durabil-
ity of hernia prevention by use of mesh and potential late
complications such as mesh erosion.

The present review, incorporating the most recent evi-
dence, confirmed that prophylactic mesh markedly reduced
parastomal herniation. The low rate of mesh-related com-
plications supports its routine use at the time of primary
stoma formation.
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