Hernia (2025) 29:14
https://doi.org/10.1007/510029-024-03202-w

ORIGINAL ARTICLE =

®

Check for
updates

Prophylactic mesh versus primary closure in emergency and elective
surgeries: a systematic review and meta-analysis of randomized
clinical trials

Ana Paula Valério-Alves'® - Caio Leonardo dos Santos Saggin? - Joao Marcos Escércio de Aguiar Portela -
Patricia Viana* - Gabriela Branquinho Guerra® - Camila Mariana de Paiva Reis® - Rafael Morriello’

Received: 21 August 2024 / Accepted: 5 October 2024
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2024

Abstract

Purpose Incisional hernia is one of the most common post-operative complications. Previous studies showed that prophy-
lactic mesh placement in laparotomy closure is safe and reduces the incidence of incisional hernia. We aimed to perform
a meta-analysis comparing post-operative complications after the use of prophylactic permanent mesh placement versus
primary closure in patients undergoing elective or emergency laparotomies.

Methods A systematic review of Cochrane Central Register of Controlled Trials, Embase and PubMed was performed in
April 2024. Only randomized clinical trials were included. 1,234 studies were imported for screening. 280 were duplicated
reports, 923 were excluded for irrelevancy and 16 were excluded after full-text review. Data were extracted in accordance
with PRISMA guidelines and pooled by a random-effects model. The primary outcome was incidence of incisional hernia.
Secondary outcomes included post-operative complications and period of hospitalization.

Results Fifteen studies and 2,108 patients were included. Incisional hernia incidence was different between groups (risk
ratio [RR] 0.30; 95% CI1 0.21-0.43; p < 0.00001; 12>=39%). This finding was confirmed in a subgroup analysis of elective (RR
0.29; 95% CI 0.18-0.46; p<0.00001; 1>=48%) versus emergency laparotomies (RR 0.28; 95% CI 0.19-0.43; p=0.0001;
12=0%). There was no significant difference in incisional hernia incidence by locals of mesh placement. Secondary outcomes
had shown no statistically significant difference between groups, except for seroma wherein primary closure had lower
events (RR 1.80; CI 95% 1.21-2.68; p=0.38; I>=7%).

Conclusion In patients undergoing laparotomy, prophylactic permanent mesh placement is associated with a significant
reduction on incidence of incisional hernia as compared to primary closure.
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Introduction

Incisional hernia (IH) is a common complication following
midline laparotomy. A systematic review reported an overall
incidence of 12.8% for IH two years after midline incision,
with one-third of these patients requiring surgical repair [1].
Interventions to correct [H results in substantial health care
costs, leading to $6.3 billion in hospital charges in the USA
over two years [2].

Patients with IH are usually part of high-risk population,
with more than half having at least one comorbidity [3].
Groups with body mass index (BMI) of 27 kg/m? or higher
have more than a 30% chance of developing IH [4]. More-
over, obese patients are more likely to require emergency
surgical repair and have more overall and wound-related
complications after IH repair when compared to those
with BMI<30 [3, 5]. In addition, patients with surgically
repaired abdominal hernias often experience deterioration
in quality of life, particularly in the first 4 months post-oper-
ative (PO) [6].

Previous meta-analysis has shown a significant differ-
ence in the IH incidence in prophylactic mesh placement
(PMP) group when compared to primary closure (PC) in
laparotomy closure [7-11]. However, these studies included
both permanent synthetic mesh and absorbable meshes and
also included observational studies, which do not provide
clear evidence of what type of mesh should be used. As a
result, most surgeons and hospitals have not yet adopted
PMP as a standard protocol.

Currently, there is no specific suture material or pref-
erence for continuous versus interrupted techniques that
demonstrated clear superiority for laparotomy closure.
However, to reduce the risk of IH, the recommendation is to
use a slowly absorbable suture in a continuous small-bites
suturing technique, which implies a suture length to wound
length ratio of at least 4:1, maintaining low tension on the
suture. Additionally, for prophylactic mesh augmentation, it
is suggested to use a permanent synthetic mesh, although in
a very low quality of evidence [12].

This is the first systematic review and meta-analysis that
includes only randomized controlled trials assessing the
efficacy of PMP regarding only permanent synthetic mesh
or partial resorbable mesh, efficient and cheaper materials
available in hospitals worldwide [13].

Materials and methods
Eligibility criteria

The studies included in this meta-analysis must met all the
following eligibility criteria: (1) randomized clinical trials
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(RCT); (2) comparing prophylactic mesh to PC; (3) use of
a permanent synthetic mesh or a partial resorbable mesh;
(4) in patients undergoing elective or emergency laparoto-
mies; and (5) reporting any of the outcomes of interest. We
excluded studies with: (1) not randomized; (2) no control
group; (3) use of absorbable mesh or not specified; or (4)
overlapping patient populations. No limits were set for year
of publication and outcomes reported.

Search strategy and data extraction

We performed a systematic review on PubMed, EMBASE,
and Cochrane Central Register of Controlled Trials in April
2024 with the following medical subject heading terms:
‘laparotomy’, ‘abdominal wound closure techniques’,
‘surgical mesh’, ‘non-absorbable mesh’, ‘synthetic mesh’,
‘suture techniques’, ‘primary closure’, ‘abdominal wall clo-
sure’. The references from all included studies and previ-
ous review were also manually searched. Two authors (AV,
CS) independently extracted the data following pre-defined
search criteria and quality assessment.

Endpoints and subgroup analyses

The primary outcome of interest was IH, and the secondary
outcomes included seroma, hematoma, wound infection,
evisceration, postoperative mortality, period of hospital-
ization and pain. We performed subgroup analyses of (1)
elective and emergency laparotomies, (2) mesh position,
namely sublay, onlay and intraperitoneal onlay mesh posi-
tion (IPOM), and (3) different types of mesh, namely per-
manent synthetic mesh and partial resorbable mesh.

Quality assessment

RCTs were appraised with Cochrane’s tool for assessing
bias in randomized trials, wherein studies are scored as
high, low, or unclear risk of bias in five domains: selection,
performance, detection, attrition, and reporting. Publication
bias was investigated with funnel-plot analysis of the pri-
mary outcomes.

Statistical analysis

The systematic review and meta-analysis were performed in
accordance with recommendations from the Cochrane Col-
laboration and the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement. Pooled
treatment effects for binary endpoints were compared using
risk ratio (RR) with 95% confidence intervals. Heterogene-
ity was examined with Cochran Q test and I* statistics. A
Mantel-Haenszel random-effects model was used. Review
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| PubMed search: 605 results |

| Embase search: 524 results |

| [ Cochrane search: 105 results |

| I Number screened: 1,234 results |

— Duplicate reports (n = 280)

—| Excluded by title/abstract (n = 923) |

Full-text reviewed: 31 studies |

—{ Overlapping population (n = 8)

—| Study protocol (n = 4)

| Absorbable mesh (n = 2)

—{ Other (n =2)

15 included studies

Fig. 1 PRISMA flow diagram of study screening and selection

Table 1 Baseline characteristics of included studies

Manager 5.1 (Nordic Cochrane Centre, The Cochrane Col-
laboration, 110 Copenhagen, Denmark) was used for statis-
tical analysis.

Results
Study selection and characteristics

The initial search yielded 1,234 results. After removal of
duplicate records and unrelated studies, 34 remained and
were fully reviewed for the inclusion criteria (Fig. 1).
After exclusion of studies, we included 15 RCTs [14-28]
with a total of 2,108 patients were included in the review.
PMP was utilized in 1,178 patients (55,88%). The mean
age was 63,28 + 10,42 years, BMI was 29,99 +5,35 kg/m?
and mean follow-up was 21,34+ 11,06 months. Baseline
characteristics were comparable between groups (Table 1).
Four studies used a composite mesh: one composed solely
of permanent synthetic materials (polypropylene plus poly-
vinylidene fluoride)?, and three consisting of a combina-
tion of permanent synthetic and partial resorbable materials,
including porcine collagen surface plus polyethylene [16],
polyactic acid microgrips plus polyester [26] or poliglecap-
rone-25 plus polypropylene [28]. The other eleven studies
opted for a simple polypropylene mesh.

In seven studies the sublay technique was performed,
five used onlay technique, two used an IPOM method, and
one study had two intervention arms, for onlay and sublay
position. The sublay technique placed the mesh between the
posterior rectus sheath and rectus muscle; onlay is placed
anterior to the fascia overlying the repair and affixed to the
anterior abdominal wall fascia; IPOM the mesh is placed
in an intraperitoneal position. Eleven studies included only

Study Year No of patients I/C* No of Male (%)t Age (mean) Follow-up (months)
Abo-Ryia 2013 64 32/32 13 (20) 37.7 48.5
Bevis 2010 80 37/43 (90) 73 23.8
Brosi 2017 267 131/136 116 (43) 64.5 24
Caro-Tarrago 2014 160 80/80 90 (56) 65.8 13.6
El-Khadrawy 2009 40 20/20 18 (45) 47.7 36.7
Garcia-Urefia 2015 107 53/54 64 (60) 63.6 24
Gutierrez De La Pefia 2003 88 44/44 (67) 64.3 36
Honig 2022 69 34/35 94 (90) 69.2 24
Jairam 2017 480 373/107 224 (47) 64.5 23
Kohler 2019 149 68/81 102 (68) 66 17.7
Lima 2020 115 63/52 66 (57) 63.1 01
Muysoms 2016 114 56/58 105 (92) 72 24
Pizza 2021 200 100/100 86 (43) 66 24
Strzelczyk 2006 74 36/38 47 (63) 39.1 28
Ulutas 2023 101 51/50 59 (58) 56 12.6

*I/C, intervention/control

T Male sex was reported using total number and percentage. Two studies reported only the percentage
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elective laparotomy patients, three [24, 26, 28] included
only emergency laparotomy patients, and one included both
[19]. Operative details are provided in Table 2.

Pooled analysis of all studies

The incidence of IH was reported in 14 studies, including
1,119 (90,68%) patients. Only one trial [24] published a
30-day postoperative result for 115 patients, where the pri-
mary outcome was fascial dehiscence and IH would not
be assessed until 1-year time point. IH was significantly
lower in PMP group (107/1089; 9,82%) as compared to PC
(241/878; 27,44%), however statistically significant hetero-
geneity was detected for this comparison (RR 0.30; 95% CI
0.21-0.43; p=<0.0001; I>=39%; Fig. 2). A sensitive analy-
sis excluding studies one by one to find those responsible
to the heterogeneity, found that two studies [17, 22] were
responsible for higher I? value.

Post-operative mortality, included in-hospital to 30-day
mortality, was reported in seven studies, wherein two [26,
27] no event occurred in intervention or control group. The
incidence of post-operative mortality was low (PMP, 3,09%;
PC, 4,93%) and not significantly different between groups
(RR 0.58; 95% CI 0.32—-1.08; p=0.08; I’=0%; Fig. 3).

Post-operative complications including seroma, hema-
toma, wound infection, and evisceration were analyzed.
Hematoma was shown in six studies, however the incidence
of hematoma was not significantly different in both groups
(RR 0.96; CI 95% 0.40-2.33; p=0.93; 1> 0%; Fig. 4), as
well as evisceration. This latter outcome data was reported
in eight studies, but only six studies presented at least one
event, revealing a low incidence (PMP, 6/429, 1,40%; PC,
17/420, 4,05%) and no difference statistically significant
(RR 0.49; CI1 95% 0.16—1.56; p=0.23; I*’=24%; Fig. 5).

Seroma was the only complication where control group
were favorable. Thirteen studies gave the data and incidence

Table 2 Surgery characteristics of Study Type of Mesh  Mesh type Fascial suture Mesh suture
included studies surgery place- fixation
ment
site
Abo-Ryia 2013  Elective Sublay  Polypropylene Continuous(Prolene) Interrupted
[14]
Bevis 2010 [15] Elective Sublay  Polypropylene Continuous Interrupted
(non-absorbable) (polypropylene)
Brosi 2017 [16] Elective IPOM  Porcine col- Continuous (PDS*) Interrupted
lagen plys (polypropylene)
polyethylene
Caro-Tarrago Elective Onlay  Polypropylene Continuous (PDS) Interrupted
2014 [17] (polyglactin)
El-Khadrawy Elective Sublay  Polypropylene Continuous Interrupted
2009 [18] (polypropylene)
Garcia-Urena Elective or Onlay  Polypropylene Continuous Interrupted
2015 [19] Emergency (poly-4-hydroxybutyrate) (PDS)
Gutierrez De La Elective Onlay  Polypropylene Continuous (non-absorb- Interrupted
Pefia 2003 [20] able monofilament) (absorbable
material)
Honig 2022 Elective Onlay  Polypropylene Continuous (PDS) Interrupted
[21] (PDS)
Jairam 2017 Elective Onlay  Polypropylene Continuous (PDS) Fibrin sealant
[22] and
Sublay
Kohler 2019 Elective IPOM7 Polyvinylidene Continuous (PDS) Interrupted
[23] fluoride and
polypropylene
Lima 2020 [24] Emergency Sublay  Polypropylene Continuous (PDS) Continuous
(Polyglactin)
Muysoms 2016  Elective Sublay  Polypropylene Continuous (PDS) Interrupted
[25] (Polyglactin)
Pizza 2021 [26] Emergency Sublay  Polylactic acid Continuous (PDS) Self-fixating
plus polyester
Strzelczyk 2006 Elective Sublay  Polypropylene Continuous (PDS) Interrupted
[27]
Ulutas 2023 Emergency Onlay  Polypropylene Continuous (PDS) Continuous
*PDS: Polydioxanone; IPOM: (28] plus Poligle- (polypropylene)
Intraperitoneal Onlay Mesh caprone 25
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PMP PC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aho-Ryia 2013 1 32 9 32 29% 0.11 [0.01, 0.83]
Bevis 2010 5 37 16 43 96% 0.36[0.15, 0.90) I
Brosi 2017 18 107 40 103 16.6% 0.43[0.27,0.70] =
Caro-Tarrago 2014 2 80 30 80 53% 0.07[0.02,0.27) B —
El-Khadrawy 2009 1 20 3 20 25% 0.33[0.04, 2.94]
Garcia-Urefia 2015 6 53 17 54 10.3% 0.36[0.15,0.84] —
Gutiérrez de la Pefia 2003 0 44 5 4  15% 0.09[0.01, 1.60]
Hanig 2021 2 32 14 67 51% 0.30[0.07,1.24] -1
Jairam 2017 59 373 33 107 189% 0.51[0.36, 0.74) -
Kohler 2018 5 69 15 81 8.9% 0.39[0.15,1.02] I
Muysoms 2016 0 56 16 58  1.6% 0.03[0.00, 0.51]
Pizza 2021 6 100 21 100 101% 0.29[0.12, 0.68] —_—
Strzelczyk 2006 0 36 8 38 1.6% 0.06 [0.00, 1.04]
Ulutas 2023 2 50 14 51 51% 0.15[0.03, 0.61) I —
Total (95% CI) 1089 878 100.0% 0.30[0.21, 0.43] L 4
Total events 107 241
Heterogeneity: Tau®= 0.15; Chi*= 21.36, df=13 (P = 0.07); F= 39% :0 002 051 ] 1:0 506

Testfor overall effect Z=6.49 (P < 0.00001)

Favors PMP Favors PC

Fig. 2 The incidence of IH was significantly lower in Prophylactic Mesh group (p <0.01). CI: Confidence Interval; PC: Primary Closure; PMP:

Prophylactic Mesh Placement

PMP PC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brosi 2017 2 107 2 103 10.0% 0.96 [0.14,6.71]
Garcia-Urefia 2015 2 53 2 54 10.2% 1.02[0.15,6.97]
Kohler 2018 1 69 3 91 7.5% 0.39[0.04, 3.68]
Lima 2019 g9 63 13 52 64.2% 0.57[0.27,1.23] —
Muysoms 2016 1 56 4 58 81% 0.26 [0.03, 2.25]
Total (95% CI) 348 348 100.0% 0.58 [0.32, 1.08] ’
Total events 15 24
Heterogeneity: Tau®= 0.00; Chi*=1.25, df= 4 (P = 0.87); F= 0% 0 102 021 1 150 550

Test for overall efiect: Z=1.73 (P = 0.08)

Favors PMP Favors PC

Fig. 3 The incidence of post-operative mortality was not significantly different in both groups (p=0.08). CI: Confidence Interval; PC: Primary

Closure; PMP: Prophylactic Mesh Placement

PMP PC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brosi 2017 3 107 3 103 31.6% 0.96 [0.20, 4.66] —
Caro-Tarrago 2014 1 80 3 80 15.6% 0.33[0.04,3.14) *
Gutiérrez de la Pefia 2003 3 44 2 44  26.0% 1.50(0.26, 8.54] B
Lima 2019 1 63 1 52 10.4% 0.83[0.05,12.88)
Muysoms 2016 2 56 0 58 8.6% 5.18[0.25,105.47]
Ulutas 2023 0 50 1 51 7.8% 0.34[0.01,8.15]
Total (95% Cl) 400 388 100.0% 0.96 [0.40, 2.33]

Total events 10 10
Heterogeneity: Tau®= 0.00; Chi*=2.73,df=5 (P=0.74); F= 0%
Test for overall effect: Z=0.09 (P =0.93)

f

0.01 0.1 1 10
Favors PMP Favors PC

100

Fig. 4 The incidence of hematoma was not significantly different in both groups (p=0.93). CL: Confidence Interval; PC: Primary Closure; PMP:

Prophylactic Mesh Placement

was higher in PMP group (80/1046; 7,65%) when compared
to PC group (39/806; 4,84%) and statistically different (RR
1.80; C1 95% 1.21-2.68; p=0.004; 1>=7%; Fig. 6).

Wound infection was showed in thirteen studies, five
divided into superficial and deep wound infection, one

reported only superficial infection [16], one only deep [22],
one had no events in intervention or control group [27] and
five did not specify the layer of infection [14, 15, 18, 20,
24]. The analysis was performed including all studies with
events and them superficial and deep infection subgroups

@ Springer
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PMP PC Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Brosi 2017 2 107 3 103 265% 0.64 [0.11, 3.76]) — &

El-Khadrawy 2009 0 20 1 20 11.3% 0.33[0.01,7.72]

Garcia-Urefia 2015 2 a3 2 54 23.8% 1.02[0.15,6.97] . E—

Lima 2019 0 63 7 52 133% 0.06 [0.00, 0.94) .

Muysoms 2016 2 56 0 58 121% 5181[0.25,105.47] .

Ulutas 2023 0 50 4 51 12.9% 0.11 [0.01, 2.05]) -

Total (95% CI) 349 338 100.0% 0.49 [0.16, 1.56] -

Total events 6 17

Heterogeneity: Tau®= 0.48; Chi*= 6.54, df= 5 (P = 0.26); F= 24% 5 u’ns 0%1 3 1’0 260

Test for overall effect Z=1.20 (P=0.23)

Favors PMP Favors PC

Fig.5 The incidence of evisceration was not significantly in both groups (p=0.23). CI: Confidence Interval; PC: Primary Closure; PMP: Prophy-

lactic Mesh Placement

PMP PC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abo-Ryia 2013 6 32 5 32 121% 1.20[0.41, 3.54] —
Brosi 2017 2 107 2 103 41% 0.96[0.14,6.71] _—T
Caro-Tarrago 2014 23 80 9 80 247% 2.56(1.26,5.17] —
El-Khadrawy 2009 4 20 3 20 7.9% 1.33[0.34,5.21] [ —
Garcia-Urefia 2015 7 53 7 54 14.4% 1.02[0.38, 2.71] ——r—=
Gutiérrez de la Pefia 2003 1 44 3 44 31% 0.33[0.04, 3.08] —
Haonig 2021 B 32 0 67 1.9% 26.79[1.56, 461.36]
Jairam 2017 1 373 0 107 15% 0.87 [0.04, 21.11]
Lima 2019 12 63 3 52  99% 3.30[0.98,11.08) [
Muysoms 2016 2 56 0 58 1.7% 5.18[0.25,105.47]
Pizza 2021 7 100 1 100 36% 7.00[0.88, 55.86) R —
Strzelczyk 2006 5 36 4 38 95% 1.32[0.38, 4.53] ——
Ulutas 2023 4 50 2 51 55% 2.04 [0.39, 10.64] — 1
Total (95% Cl) 1046 806 100.0% 1.80[1.21, 2.68] &
Total events 80 39
? . 2 - . 2= - - B - L | | }
Heterogeneity: Tau®= 0.04; Chi*=12.90,df=12(P=0.38), F=7% 0.005 01 ] 10 200

Test for overall effect Z= 2.88 (P = 0.004)

Favors PMP Favors PC

Fig.6 The incidence of wound seroma was significantly lower in Primary Closure group (p <0.01). CI: Confidence Interval; PC: Primary Closure;

PMP: Prophylactic Mesh Placement

were analyzed. Wound infection had no statistical differ-
ence in both groups (RR 1.11; CI 95% 0.77-1.60; p=0.59;
’=0%; Fig. 7A) as well superficial (RR 1.02; CI 95% 0.60—
1.72; p=0.95; 1>=0%, Fig. 7B) and deep infection (RR
1.03; C1 95% 0.40-2.67; p=0.96; 1>=0%; Fig. 7C).

Chronic Pain was reported in eight studies. In five of
these studies, pain was defined according to Visual Ana-
logue Scale (VAS), while in three, the number of patients
experiencing pain was reported. VAS was assessed in dif-
ferent periods in each study, so we decided to standardize
the data to pain reported between 12 and 24 months. During
this period, one of the studies reported a zero VAS score
in each group [28] and in one study it was not possible to
assess the mean difference [16]. Therefore, data from three
studies [22, 23, 26] were estimable, and no statistical differ-
ence between the groups was found (SMD —0.37; CI 95%
-1.34-0.59; p=0.45; 1>)=97%; Fig. 8).

Eight studies had the data hospital length of stay. How-
ever, only six studies were analyzed, as two did not report

@ Springer

the mean difference. Among the assessed studies, there was
no significant difference between the groups (SMD —0.10;
CI 95% -0.26-0.06; p=0.23; I’=0%; Fig. 9).

Subgroup analysis

A subgroup analysis by mesh location and the primary out-
come was performed. However, the local of mesh placement
was not associated with an increased risk of IH development,
sublay (RR 0.29; CI 95% 0.15-0.57; p=0.0003; I*’=51%),
onlay (RR 0.25; CI 95% 0.13-0.47; p<0.0001; I*’=48%)
and IPOM (RR 0.42; C1 95% 0.27-0.65; p=0.0001; 1>=0%)
were associated with a significantly decreased rate of TH
when compared to the PC group. The results are reported
in Fig. 10.

The indication of surgery was also analyzed. In elec-
tive (RR 0.29; CI 95% 0.18-0.46; p<0.00001; 1>=48%)
and emergency (RR 0.24; CI 95% 0.11-0.50; p=0.0001;
12=0%) midline laparotomy, PMP had lower incidence of IH
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A
PMP PC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aho-Ryia 2013 5 32 5 32 10.4% 1.00[0.32,312]
Bevis 2010 2 37 2 43 37% 1.16[0.17, 7.85]
Brosi 2017 4 107 1 103 29% 3.85[0.44,33.88] +
Caro-Tarrago 2014 8 80 8 80 156% 1.00[0.39, 2.53) R S—
El-Khadrawy 2009 2 20 4 20 54% 0.50[0.10, 2.43]
Gutiérrez de |a Pefia 2003 1 44 1 4 1.8% 1.00[0.06, 15.49]
Jairam 2017 1 373 0 107 1.3% 0.87 [0.04, 21.11]
Kohler 2018 7 61 10 69 16.6% 0.79[0.32,1.95) — T
Lima 2019 13 63 4 52 120% 268([093,7.73] T
Muysoms 2016 1 56 3 58 2.7% 0.35[0.04,3.22]
Pizza 2021 6 100 6 100 11.2% 1.00[0.33, 3.00) . E—
Ulutas 2023 9 a0 7 81 16.4% 1.31 [0.53, 3.29) R
Total (95% CI) 1023 759 100.0% 1.11[0.77, 1.60] <9

Total events 59 51
Heterogeneity: Tau®= 0.00; Chi*=6.78, df=11 (P=0.82); F= 0%

0.05 0.2

Testfor averall effect: Z= 0.54 (P = 0.59) Favors PMP  Favors PC5 ®
B PMP PC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brosi 2017 4 107 1 103 5.9% 3.85[0.44,33.88) *
Caro-Tarrago 2014 5 80 B 80 21.3% 0.83[0.27, 2.62] —
Kohler 2018 5 61 7 69 23.3% 0.81[0.27, 2.41] —
Muysoms 2016 1 56 3 58  56% 0.35[0.04,3.22]
Pizza 2021 5 100 4 100 16.9% 1.25[0.35, 4.52] D
Ulutas 2023 7 50 B 81 27.0% 1.19[0.43, 3.29] —_—
Total (95% CI) 454 461 100.0% 1.02 [0.60, 1.72] ’
Total events 27 27
Heterogeneity: Tau®= 0.00; Chi*= 2.82, df= 5 (P = 0.73); F= 0% 0 =05 o'lz- 5 2:0
Test for overall effect: Z= 0.06 (P = 0.95) ’ Féuors PMP Favors PC
C PMP PC Risk Ratio Risk Ratio
Study or Subgroup  Events Total BEvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Caro-Tarrago 2014 3 80 2 80 29.3% 1.50[0.26,8.74] =
Jairam 2017 1 373 0 107 8.9% 0.87 [0.04, 21.11]
Kohler 2018 2 61 3 69 295% 0.75]0.13, 4.36] &
Pizza 2021 1 100 2 100 16.0% 0,50 [0.05,5.43] &
Ulutas 2023 2 a0 1 81 16.2% 204019, 21.79]
Total (95% CI) 664 407 100.0% 1.03 [0.40, 2.67] ~—et—
Total events 9 8
Heterogeneity: Tau®= 0.00; Chi*= 0.98, df= 4 (P = 0.91); F= 0% m 535 0:2 ; g z:n

Test for overall effect: Z= 0.06 (P = 0.96)

Fig. 7 (A) The incidence of wound infection was not significantly dif-
ferent in both groups (p=0.59). (B) The incidence of superficial wound
infection was not significantly different in both groups (p=0.95). (C)

when compared to PC (Fig. 11). It is important to highlight
that Garcia-Urefia et al. [19] included both in their study,
nonetheless, the incidence of IH in each group of laparot-
omy indication was not informed, which is why we did not
include the study in the analysis. Lima et al. [24] included
only emergency laparotomies, but as cited before, this was
the only study that did not present IH outcome.

Favors PMP Favors PC

The incidence of deep wound infection was not significantly different
in both groups (p=0.96). CI: Confidence Interval; PC: Primary Clo-
sure; PMP: Prophylactic Mesh Placement

The last subgroup included RCTs comparing permanent
synthetic mesh to partial resorbable synthetic mesh. Since
the resorbable material in the mesh used by Pizza et al.
[26]. was limited to the microgrips for fixation, the study
was categorized under the permanent synthetic mesh group
for the subanalysis. The results still favored PMP in both
permanent synthetic mesh (RR 0.28; 95% CI 0.17-0.43;
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PMP PC Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI

Jairam 2017 088 03 373 127 031 107 336% -1.29 [-1.52,-1.08] ——

Kahler 2018 1.2 2.23 69 086 1.88 81 33.0% 017 [-0.16, 0.49)

Pizza 2021 014 137 100 012 117 100 333% 0.02[-0.26,0.29]

Total (95% CI) 542 288 100.0% -0.37 [-1.34, 0.59]

Heterogeneity; Tau= 0.71; Chi*= 74.56, df= 2 (P < 0.00001); F= 97%
Testfor overall effect Z = 0.76 (P = 0.45)

-1 0 1
Favors PMP Favors PC

o=

-2

Fig. 8 Chronic pain was not significantly different in both groups (p=0.45). CI: Confidence Interval; PC: Primary Closure; PMP: Prophylactic

Mesh Placement

PMP PC Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Abo-Ryia 2013 75 34 32 72 35 32 11.2% 0.09 [-0.40, 0.58]
Garcia-Urefia 2015 138 83 53 134 106 54 18.7% 0.04 [-0.34,0.42) [l
Lima 2019 171 138 63 197 1998 52 19.9% -0.15[-0.52,0.21] —_—
Muysoms 2016 12 7 56 13 1 58 19.9% -0.11 [-0.47, 0.26] ———
Strzelczyk 2006 84 32 36 103 59 38 127% -0.39 [-0.85, 0.07]
Ulutas 2023 73 48 50 77 386 51 176% -0.09 [-0.48, 0.30]
Total (95% CI) 290 285 100.0% -0.10 [-0.26, 0.06] .r

i 2 — - - - - - CE= + - - —
Heterogeneity: Tau®=0.00; Chi*=2.73,df=5(P=0.74), F= 0% 05 025 0 05 05

Testfor overall effect. Z=1.21 (P=0.23)

Favors PMP Favors PC

Fig. 9 The length of hospital stay was not significantly different in both groups (p=0.23). CI: Confidence Interval; PC: Primary Closure; PMP:

Prophylactic Mesh Placement

p<0.00001; I’=44%) and partial resorbable synthetic mesh
(RR 0.31; 95% CI 0.11-0.85; p=0.02; 1>=52%), Fig. 12.

Quality assessment

Patients and investigators were unblinded in five RCTs. Six
trials were double blinded, Bevis et al. [15] blinded patients
and surgeons until patient was anesthetized, Ulutas et al.
[28] blinded patients and surgeons responsible for the analy-
sis after the procedure was completed, four studies [21, 22,
25, 26] did not involve the operating surgeon in the follow-
up, thus patients and physicians in charge of patient’s care
not involved in the operating room were blinded. A simple
blind was performed in four studies [17, 19, 24, 27], two
were unblinded [16, 23] and three did not give this informa-
tion [14, 18, 20].

A visual Funnel plot analysis of the primary outcome
showed an asymmetric distribution of studies (Fig. 13).
Three studies got more distance from the others and their
lower weight it is the possible explanation. The risk of bias
is reported in Fig. 14.

Discussion

This systematic review and meta-analysis of 15 studies and
2,108 patients compared PMP of permanent synthetic and
partial resorbable mesh vs. PC as strategies for patients
undergoing midline laparotomy. The main findings from the

@ Springer

pooled analysis were: (1) the significantly lower incidence
of IH in the PMP group, with this result also applicable to
subgroup analysis including mesh position (onlay, sublay or
IPOM) and surgery indication (elective or emergency); (2)
a lower incidence of seroma, which was the only outcome
that favored the PC group; and (3) no statistically significant
difference between the groups for the other secondary out-
comes analyzed (post-operative complications and period of
hospitalization).

The main outcome of this study had similar results com-
pared to previous meta-analysis that included absorbable
mesh and observational studies, reinforcing that prophylac-
tic mesh placement in laparotomy closure reduces the inci-
dence of IH [7-10], and regarding the use of prophylactic
bio-absorbable mesh, previous RCTs have yielded incon-
sistent results of its benefits [29—31]. More recent meta-
analyses support similar findings, however, it is important
to emphasize key differences in the included studies and the
statistical analyses applied in our study.

The study by Marcolin et al. [32]. included a subgroup
analysis of synthetic mesh placement; however, it was lim-
ited to emergency laparotomies, not addressing the effects
of synthetic mesh in elective laparotomies. Similarly, Aiolfi
et al. [33]. included nearly the same number of studies as we
did, but including only elective laparotomies, leading to the
exclusion of at least two studies involving 301 patients who
underwent emergency laparotomies. In contrast, our study
included both emergency and elective cases and performed
subgroup analyses to assess the effect of different surgical
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PMP PC Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Sublay
Aho-Ryia 2013 1 32 9 32 24% 0.11[0.01, 0.83]
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Strzelczyk 2006 0 36 8 3 1.3% 0.06 [0.00, 1.04]
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Total events 47 106
Heterogeneity: Tau®*=0.33; Chi*=12.35,df=6 (P=0.05); F=51%
Testfor overall effect: Z= 3.60 (P = 0.0003)
1.1.2 Onlay
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Total events 37 13
Heterogeneity: Tau®= 0.27; Chi*=9.61,df=5 (P=0.09); IF= 48%
Testfor overall effect: Z= 4.30 (P < 0.0001)
1.1.31POM
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Heterogeneity: Tau®= 0.00; Chi*= 0.03, df=1 (P = 0.85); F= 0%
Test for overall effect: Z= 3.88 (P = 0.0001)
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Heterogeneity: Tau®= 0.13; Chi*= 23.06, df=14 (P = 0.06), I*= 39% :D.DDZ Ui1 ] 150 506

Testfor overall effect Z=6.71 (P = 0.00001)
Testfor subaroup differences: Chi*= 214, df=2 (P=0.34), F=6.5%

Favors PMP Favors PC

Fig. 10 There is no difference between different mesh position. CI: Confidence Interval; PC: Primary Closure; PMP: Prophylactic Mesh Placement

techniques on our primary outcome. Furthermore, Aiolfi et
al. did not restrict their analysis by mesh type, and while
they included ten studies with permanent mesh, our analy-
sis includes fifteen studies, all exclusively using permanent
mesh.

Additionally, Frassini et al..’s [34] study included both
emergency and elective cases but did not restrict the analy-
sis to a specific type of mesh, incorporating both absorbable
and permanent synthetic meshes. Despite this, their meta-
analysis demonstrated significant heterogeneity between
studies and no subgroup analysis by mesh type was con-
ducted, although a sensitive analysis was performed. None-
theless, the authors acknowledged that the choice of mesh
type and surgical technique remains an unresolved issue and
suggested future research should focus on this, particularly
in emergency settings. Our meta-analysis addresses this gap
by focusing on permanent synthetic mesh types and provid-
ing comprehensive subgroup analyses that consider surgical

techniques, mesh positions, and mesh types to better under-
stand the effects of permanent synthetic mesh placement.

The use of mesh it is a well-known creator of tis-
sue response [35], which justifies the higher incidence of
seroma in the PMP group. Nevertheless, this did not affect
length of hospital stay in the majority of studies, nor did
it require complex interventions. Additionally, our pooled
analysis of length of hospital stay showed no difference
between groups.

One of the major concerns related to the use of prophylac-
tic synthetic mesh is regarding the risk of infection, particu-
larly in emergency surgeries and potentially contaminated
surgery [19, 26, 28]. This concern arises because permanent
synthetic material could theoretically increase the risk and
the duration of infection. However, previous studies, includ-
ing a meta-analysis [36, 37], have shown a significantly
higher risk of surgical site infection with absorbable mesh
compared to permanent synthetic mesh in ventral hernia
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PMP PC Risk Ratio Risk Ratio
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Favors PMP Favors PC

Fig. 11 There is no difference between different laparotomy indication. CI: Confidence Interval; PC: Primary Closure; PMP: Prophylactic Mesh

Placement

repair. Our included studies did not demonstrate an increase
in wound infection with permanent synthetic or partial
resorbable mesh use, which is further supported by the pres-
ent pooled analysis. Moreover, most of the studies reporting
wound infection following mesh placement did not require
surgical reintervention and did not increase the LOS. Only
one study [25] reported the necessity of mesh removal due
to a deep infection.

In the subgroup analysis, we found that sublay, onlay
and IPOM had a similarly positive effect in IH incidence.
However, literature suggests that onlay and sublay positions
may be more effective than IPOM. The long-term outcomes
from Jairam et al. [22]. demonstrated a significant reduc-
tion in IH incidence over five years with sublay and onlay
mesh placement [38]. This finding is further supported by
the five-year follow-up from Muysoms et al. [25], which
reported no IHs diagnosed in the mesh group, while the
cumulative incidence of IH in the PC group reached 49.2%
[39]. The IPOM technique carries a theoretical risk of bowel
wall erosion in direct contact with the mesh, but this risk is
not reported in the literature. None of our included studies
reported this complication, even in those using [IPOM with
permanent synthetic mesh [14-25, 27]. The onlay repair is
usually simple and easy to perform without a significant
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increase in operative time [31, 40]. However, in our pooled
analysis, it was more associated with seroma formation than
sublay and PC.

The European and American Societies [12] recommend
that the use of prophylactic mesh augmentation after elective
midline laparotomy can be considered, and they recommend
using a permanent synthetic mesh. However, the quality of
evidence is very low, since there are no studies comparing
different types of mesh for prophylactic mesh placement.
The present meta-analysis contributes to recent data sug-
gesting that a permanent mesh, whether partial resorbable or
not, reduces the incidence of IH compared to PC. Consider-
ing the low cost and the widespread availability of synthetic
mesh materials, this strategy can be implemented in many
hospitals worldwide.

Nonetheless, this study has some limitations. Most impor-
tantly, four studies used a partial resorbable synthetic mesh,
wherein one only the microgrips for fixation were resorb-
able. To mitigate the potential impact of differential base-
line characteristics between interventions, we conducted a
subgroup analysis comparing permanent synthetic materi-
als to partial resorbable synthetic materials, which consis-
tently showed a reduction in IH incidence. Additionally, the
majority of included studies focused on high-risk patients
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Favors PMP Favors PC

Fig. 12 Subgroup analysis of permanent synthetic mesh vs. partial resorbable synthetic mesh. CI: Confidence Interval; PC: Primary Closure; PMP:

Prophylactic Mesh Placement
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Fig. 13 Funnel plot analysis showing an assimetric distribution of
included studies

for IH formation, which may affect our results when com-
pared to studies involving low-risk patients for IH.

Another limitation is that in most studies, mesh place-
ment was not performed by a hernia specialist, nor was the
mesh placement technique standardized across the surger-
ies. Additionally, the technique of abdominal wall closure
was not either standardized among the studies; only a few

studies used small bites technique and a wound length rate
of 4:1 using delayed absorbable sutures in both the inter-
vention and PC groups [21, 23]. This lack of standardiza-
tion could contribute to the relatively high heterogeneity
observed in our findings related to IH incidence.

In future clinical trials, guideline-recommended tech-
niques should be followed to reduce bias and ensure a more
uniform population. It would also be beneficial to have an
experienced abdominal wall specialist performing the clo-
sures. Additionally, there is no consensus on defining high-
risk patients for hernia formation, so future studies should
establish a clear definition, possibly using a scoring system,
and including subgroup analyses of different risk patients.
Finally, direct comparisons between absorbable and perma-
nent synthetic mesh types in clinical trials would provide
valuable insights.

Conclusion
This meta-analysis including 2,108 patients highlights

the superior postoperative results of the PMP group in
patients undergoing laparotomy. The incidence of IH was
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Fig. 14 Risk of bias assessment

significantly lower with PMP compared to PC. Moreover,
secondary outcomes analyzed related to post-operative
complications and duration of hospitalization did not show
statistically significant differences, except for seroma, which
favored the PC group. Therefore, these findings indicate that
the PMP demonstrates superiority in reducing postoperative
complication rates compared to PC for laparotomy closure.
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