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Introduction

Incisional hernia (IH) is a common complication follow-
ing laparotomy, affecting 5–20% of midline laparotomies 
[1, 2]. Complications include bowel obstruction, strangula-
tion, and perforation sometimes necessitating emergency sur-
gery. Even in the absence of these severe complications, IH 
has a negative impact on quality of life [3]. Whilst repair is 
possible recurrence rates are high, 32% with mesh repair [4].

Risk factors for developing an IH can be divided into 
patient factors and surgery related factors. Patient factors 
include diabetes, smoking, obesity, corticosteroids, and con-
nective tissue disorders, including patients with an abdomi-
nal aortic aneurysm [1]. Factors related to surgery include 
the incision, the suture material, and the suture length-to-
wound length ratio [5].

The standard method for closure of the abdominal wall 
is en-mass using slowly absorbable suture monofilament 
suture, with a suture length to wound length ratio of at least 
4:1 [6]. Recent research suggests that addition of a prophy-
lactic mesh can reduce the rate of IH [7, 8]. Several meta-
analyses conducted have found that this method reduces 
the incidence of IH when compared to closure with sutures 
alone [9–11], although the quality of included RCTs was low 
and there were limited data regarding other outcomes. Since 
the meta-analysis was performed by Timmermans et al. [11], 
further four studies have been published. The meta-analyses 
performed by Borab et al. and Wang et al. included both 
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occurrence of IH in the mesh group vs. the suture repair 
group, OR 0.14 (95% CI 0.07–0.27).
Secondary outcomes There was a significant increase in 
the number of seromas in the mesh group vs. the suture 
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absorbable and non-absorbable meshes; in addition, the 
former only included patients with at least one risk factor 
for IH. This meta-analysis excludes studies investigating 
absorbable or biologic meshes, to investigate the effect of 
prophylactic non-absorbable mesh placement in the general 
population.

Methods

This meta-analysis was undertaken in line with the PRISMA 
statement [12].

Eligibility criteria

The following inclusion criteria were applied: Prospec-
tive randomised controlled trials, looking at surgery using 
a midline incision in an adult population, comparing the 
insertion of a non-absorbable synthetic mesh during closure 
with standard en-mass closure without mesh, with a follow-
up period of at least 12 months. There were no restrictions 
on dates published or language. Only published data were 
included in this meta-analysis.

Search strategy

PubMed, clinictrials.gov.uk, and the Cochrane database 
were searched using the following terms:

PubMed

((“Surgical Mesh”[Mesh]) OR “Prostheses and 
Implants”[Mesh]) OR (mesh OR implant OR prosthes*) 
AND (“prevention and control”[Subheading]) OR (prophy-
lax* OR prevent*) AND “Hernia”[Mesh] AND (Ran-
domised Controlled Trial[ptyp]).

Clinicaltrials.gov.uk and Cochrane database

(“mesh” OR “prosthesis” OR “implant”) AND “laparotomy” 
AND “hernia”.

The search was limited to randomised controlled trials 
in humans. The titles and abstracts were screened by RP 
and JA and reference lists of included studies were screened 
manually, along with those of previous meta-analyses for 
additional studies.

Study selection

After the initial screening of titles and abstracts, publi-
cations were selected for full-text review. The eligibility 
criteria were applied to these papers to identify studies for 
inclusion.

Data collection

Data were extracted from the identified publications by RP 
and recorded in Review Manager 5.3. Data entry was veri-
fied by JA.

The primary outcome was the occurrence of an IH dur-
ing post-operative follow-up period. Secondary outcomes 
included operative duration, time to discharge, mortality and 
the occurrence of chronic pain, partial wound dehiscence, 
haematoma, and wound infection.

Assessment of bias

Each study included was assessed for bias using the 
Cochrane Collaboration’s tool [13] for the assessment of 
bias independently by RP and JA. Areas of discrepancy were 
resolved by discussion with SW.

Data analysis

Data were analysed using Review Manager 5.3 [14]. Pooled 
odds ratios were calculated and standardised mean differ-
ences with an inverse variance method were calculated for 
discrete and continuous data, respectively. A random-effects 
model was used in all analyses as study populations varied. 
The I2 value of heterogeneity was calculated for each analy-
sis undertaken. Publication bias was assessed with the aid 
of funnel plots.

A further sub-analysis was undertaken comparing sublay-
to-onlay mesh placement.

Results

The search resulted in 475 studies. After screening titles 
and abstracts, 21 papers were selected for full-text review. 
After applying the eligibility criteria eight of these stud-
ies remained in the analysis. The PRISMA flow diagram is 
shown in Fig. 1.

There were 727 patients included in this meta-analysis. 
There was variation in the populations selected for each 
study: two studies recruited patients undergoing abdominal 
aortic aneurysm repair [8, 15]; two recruited patients having 
open bariatric surgery [16, 17]; two selected patients with 
risk factors for IH [18, 19]; one included all elective lapa-
rotomy patients [20]; and one included elective and emer-
gency colorectal procedures [21]. Full details of the study 
characteristics can be seen in Table 1.

Five of the included studies placed the mesh in a sublay 
position [8, 15–18], posterior to the rectus muscle, whilst 
three used an onlay mesh [19, 21]. Follow-up ranged from 
13 months to 5  years.

The assessment of bias can be seen in Fig. 2.
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Primary outcome

The primary outcome was reported for all patients included 
in the meta-analysis. There was a significant reduction in 
the occurrence of IH in the mesh group compared to the 
suture repair group. The pooled odds ratio was 0.14 (95% 
CI 0.07–0.27). There was no significant heterogeneity, I2 
16% (Fig. 3).

Both the sublay and onlay mesh subgroups showed a sig-
nificant reduction in the occurrence of IH compared with the 
suture repair group, odds ratios of 0.16 (95% CI 0.07–0.36) 
and 0.11 (95% CI 0.03–0.45), respectively. In the sublay 
group, I2 was 0%; however, the onlay group showed signifi-
cant heterogeneity, I2 54%.

Secondary outcomes

Secondary outcomes are recorded in Table 2. Forest plots for 
secondary outcomes are seen in Figs. 4, 5, 6, 7, 8, 9, 10, 11. 
Funnel plots for these outcomes are shown in Figs. 12, 13.

Bevis et al. [15] reported operative duration as a median 
and so these data were not included in the meta-analysis. There 
was no significant difference found in this study, median dura-
tion of 140 (range 90–300) min in the control group and 150 
(90–225) min in the mesh group. Abo-Ryia et al. [16] reported 
no significant difference in operative time between mesh and 
control groups in each of the three operations included in their 
study, the number of patients in each group was not available 
and so these data could not be included in the meta-analysis.
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Fig. 1  Prisma diagram showing flow of citations through systematic review process
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Discussion

This meta-analysis confirms that the occurrence of IH in 
patients undergoing laparotomy was significantly reduced by 
the placement of a prophylactic mesh, compared to closure 
with sutures alone.

Several studies included did not comment on the process 
of randomisation or the blinding of participants. Whilst it is 
not possible for the surgeon to be blinded in these studies, it 
is important that the outcome is assessed by an independent 
assessor who is blinded to the treatment to reduce the risk 
of outcome bias.

Previously, only patients deemed to be at high risk of IH 
repair have been included in randomised controlled trials. 
In this meta-analysis, two studies that did not limit inclu-
sion to high-risk patients [20, 21] were included. Both of 
these studies found that prophylactic mesh repair reduced 
the incidence of IH, in this wider demographic of patients. 
One of these studies included patients undergoing emer-
gency surgery; these patients also benefited from the use of 
a prophylactic mesh without an increase in morbidity when 
compared to the non-mesh group [21].

Studies included in this meta-analysis had follow-up 
durations ranging from 12 months to 4 years. It is possible 

Table 1  Summary of characteristic table for included studies

a Mean (range)
b Mean ± SD

Name Year of 
publica-
tion

N Study popula-
tion

Suture 
repair: 
mesh

Mean age 
(year),
(SD)

Mesh type Mesh position Secondary 
outcomes

Duration of 
follow-up

Bevis [15] 2010 85 AAA 45
40

72(59–89)a

74(59–84)a
Polypropylene Sublay Wound 

infection, 
mortality

25 months

Abo-Ryia [16] 2013 64 Open bariatric 
surgery

32
32

36.9 ± 11.3b

38.5 ± 10.8b
Polypropylene Sublay Seroma, 

wound 
infection, 
length of 
stay, partial 
dehiscence

4 years

Caro-Tarrago 
[20]

2014 160 Elective 
midline 
laparotomy

80
80

67.32 ± 11.11b

64.32 ± 14.27b
Polypropylene Onlay Seroma, 

wound infec-
tion, opera-
tive time, 
haematoma

13 months

El-Khadrawy 
[18]

2009 40 Patients at 
high risk of 
incisional 
hernia

20
20

47.61 ± 14.11
47.86 ± 13.82

Polypropylene Sublay Seroma, 
wound infec-
tion, partial 
dehiscence, 
chronic pain

3 years

García-Ureña 
[21]

2015 107 Elective and 
emergency 
colorectal 
procedures

54
53

61.46 ± 15.6b

65.6 ± 13.3b
Polypropylene Onlay Seroma, 

wound infec-
tion, opera-
tive time, 
mortality

2 years

Peña [19] 2003 100 Patients with 
a high risk 
of IH

50
50

64.3 (42–83)a Polypropylene Onlay Seroma, 
wound 
infection, 
haematoma, 
chronic pain

3 years

Muysoms [8] 2016 114 AAA 58
56

72 ± 8.5
72 ± 7.4

Polypropylene Sublay Seroma, 
wound infec-
tion

5 years

Strzelczyk 
[17]

2006 74 Open bariatric 
surgery.

38
36

38.9 ± 11.8
39.4 ± 12.3

Polypropylene Sublay Seroma, 
length of 
stay, partial 
dehiscence, 
mortality

28 months
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that the use of a prophylactic mesh delays the formation of 
an IH. Some early studies have identified that the number of 
incisional hernias continued to increase up to 5 years after 
surgery; however, large hernias and complications were less 
likely in those developing after 3 years [22], [23]. Con-
versely, a systematic review including 14,618 patients failed 
to show that the rate of incisional hernias increased with 
follow-up beyond 1 year [1]. RCTs with longer follow-up 

durations are required to investigate whether incisional 
hernias are prevented rather than deferred by prophylactic 
mesh.

Whilst chronic pain was only reported in two studies [18, 
19] included in this meta-analysis, the previous studies of 
patients undergoing mesh repair of an IH report rates of 
chronic pain at 7.1% [24]. This is, therefore, an important 
outcome for future study.

Fig. 2  Assessment of bias. 
Figure showing the assessment 
of bias for each included study 
against the seven domains 
according to the Cohcrane 
Collaboration’s tool. + = low 
risk of bias; − = high risk of 
bias; ? = uncertain risk of bias. 
Created using Review Manager 
5.3 [14]
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There does, however, remain a debate about the optimal 
position for a prophylactic mesh. Whilst onlay meshes have 
a mechanical disadvantage when compared to a sublay mesh, 
they may be less time-consuming to place [21]. A Cochrane 
review identified two studies comparing sublay and onlay 
meshes for IH; it did not identify a significant difference in 
recurrence of hernia, satisfaction with cosmetic appearance, 

or infection rate [25]. A sub-analysis of each group con-
firmed that the reduction in IH rates was apparent in both 
groups; however, no RCTs comparing these prophylactic 
sublay and onlay meshes directly were identified. 

The previous meta-analyses [9–11] also found signifi-
cant reductions in the incidence of incisional herniae with 
prophylactic mesh placement. Timmermans et al. [11] con-
cluded that there was a significant reduction in the number 
of incisional hernias with prophylactic mesh placement; 
however, there was insufficient data regarding the incidence 
of complications to recommend the routine use of prophy-
lactic meshes. Our study found that the rate of seromas was 
significantly greater in the prophylactic mesh group; this 
was also concluded by Borab et al. [10]. and Wang et al. 
[9]. The operative time was also significantly greater in the 
mesh group; however, no significant difference was found for 
haematomas, wound infection, chronic pain, hospital stay, 
partial dehiscence, or mortality. These secondary outcomes 
were not reported across all of the studies (Table 1), limiting 
the conclusions that can be drawn.

Although these previous meta-analyses [9–11] have dem-
onstrated a similar reduction in the incidence of incisional 
herniae when both non-absorbable and biologic meshes are 

Table 2  Secondary outcomes. Table displaying the odds ratios and 
standardised mean differences for each of the secondary outcomes

a Data displayed as odds ratios, mesh repair vs suture repair with the 
exception of standardised mean differences

Number 
of studies

N Outcome

Seromas 7 647 1.73 (95% CI 1.04–2.87)
Operative time 2 267 0.24 (95% CI 0.00–0.48)a

Wound infections 7 668 0.62 (95% CI 0.36–1.08)
Partial dehiscence 3 178 0.48 (95% CI 0.08–2.74)
Mortality 3 266 1.36 (95% CI 0.35–5.28)
Haematoma 2 248 0.82 (95% CI 0.19–3.67)
Chronic pain 2 128 6.57 (95%CI 0.76–56.69)
Hospital stay duration 2 138 −0.16 (95%CI 0.63–0.31)a

Fig. 3  Forest plot of incisional hernia. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]

Fig. 4  Forest plot of seromas. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]
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Fig. 5  Forest plot of chronic pain. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]

Fig. 6  Forest plot of haematoma. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]

Fig. 7  Forest plot of hospital stay. Standardised mean difference, inverse variance, 95% CI. Created using Review Manager 5.3 [14]

Fig. 8  Forest plot of mortality. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]

Fig. 9  Forest plot of operative time. Standardised mean difference, inverse variance, 95% CI. Created using Review Manager 5.3 [14]
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included, it is not clear how non-absorbable and biologic 
meshes compare directly with respect to rates of incisional 
herniae, seroma, and chronic pain. A systematic review [26] 
found very limited, poor quality evidence to support the use 
of biologic mesh to reduce the rate of incisional herniae. It 
concluded that there were no studies comparing non-absorb-
able and synthetic meshes directly and no evidence to sup-
port the use of biologic mesh to prevent incisional herniae. 
A trial comparing non-absorbable and biologic meshes in 
the closure of laparotomies is warranted.

Potential concerns limiting the use of prophylactic mesh 
include fear of infective complications when placing a 
mesh in a contaminated environment. However, Bessa et al. 
found that polypropylene meshes could be used safely in 
the context of bowel resection [27]. Garcia Urena et al. [21] 
included patients undergoing emergency colorectal proce-
dures and found that use of a mesh was not associated with 
increased rates of infection.

Recent randomised controlled trials [2, 28] have com-
pared closure of the abdominal wall using the conventional 
4:1 closure, with smaller sutures placed closer together with 
a higher suture length:wound length ratio. Theoretically, the 
smaller sutures confer an advantage as there is less tissue 
damaged by each stitch. These studies found lower rates of 
wound infection and a halved incidence of IH. In six of the 
eight studies included in this meta-analysis, the 4:1 rule was 

applied in the non-mesh group; in the other two, no com-
ment was made on the technique used to close the abdomi-
nal wall in this group. Further randomised controlled trials 
comparing prophylactic mesh with closure using smaller 
stitches and a higher ratio of suture length to wound length 
are required.

Another factor that must be considered is the cost asso-
ciated with the use of prophylactic mesh. Whilst synthetic 
meshes are not as expensive as their biological counterparts, 
they do represent an increased cost over primary suture clo-
sure. Fischer et al. [29] conducted a cost analysis; they found 
the use of a prophylactic mesh after laparotomy to be more 
cost effective.

This meta-analysis demonstrates the benefit of prophy-
lactic mesh placement in a combination of patients with and 
without risk factors for IH with minimal evidence of post-
operative complications. However, a model to predict the 
risk of IH could reduce any unnecessary complications and 
save both time and money. Fischer et al. [30] studied the 
incidence of incisional herniae post laparotomy and associ-
ated risk factors, enabling them to create a composite risk 
score. In their cohort of 12,373 patients, there was a wide 
variation in incidence of IH from 0.5 to 20.6%, in the low 
and extreme risk groups, respectively. A similar study by 
Basta et al. [31] is risk stratified patients following bariat-
ric surgery. They were able to accurately predict the risk 

Fig. 10  Forest plot of wound dehiscence. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]

Fig. 11  Forest plot of wound infection. Odds ratio, inverse variance, 95% CI. Created using Review Manager 5.3 [14]
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Funnel plot: Chronic Pain

Funnel plot:  Mortality Funnel plot: Operative time

Funnel plot: Hospital stay Funnel plot: Wound dehiscence

Funnel plot: Incisional hernia

Fig. 12  Funnel plots for incisional hernia, chronic pain, mortality, operative time, hospital stay, and wound dehiscence. Created using Review 
Manager 5.3 [14]
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of incisional herniae in this population. Both studies report 
increased healthcare costs associated with their higher risk 
groups. The use of a risk stratification model would allow 
healthcare providers to be more targeted when considering 
the use of a prophylactic mesh.

This meta-analysis has confirmed that the use of a pro-
phylactic mesh significantly reduces the occurrence of IH 
after a laparotomy, with a slight increase in rates of seroma 
and no increase in SSI, haematoma, or chronic pain. The 
majority of studies only included patients deemed to be at 
high risk of IH, prior to operation. There appears to be suf-
ficient evidence to recommend the use of a prophylactic 
mesh during laparotomy in high-risk patients. Although the 
evidence is limited in patients without risk factors and in 
emergency surgery, there appears to be a similar reduction 
in rates of IH when a prophylactic mesh is used, warranting 
further investigation.
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Fig. 13  Funnel plots for haematoma, wound infection, and seroma. Created using Review Manager 5.3 [14]
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