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Abstract
Introduction  This study compares the outcomes of concurrent metabolic bariatric surgery (MBS) and ventral hernia repair 
(VHR) vs. staged VHR approach after MBS.
Method  We systematically searched four main databases with relevant keywords. Two independent authors screened and 
included studies that compared these two approaches. The I² statistic was utilized to evaluate heterogeneity among the stud-
ies; if exceeded 50%, a random effects analysis was conducted, while fixed effects analysis was employed for those without 
severe heterogeneity.
Results  7 studies with 9244 and 11,961 patients in concurrent and staged groups were included, respectively. Our results 
showed that the rate of mesh infection was significantly higher in concurrent VHR (3.6% vs. 1.9%, OR: 2.18, p < 0.001), 
and mortality was insignificantly lower in staged VHR (0.3% vs. 0.1%, OR: 1.70, p = 0.09). Although surgical site infection, 
seroma, bowel obstruction, hernia recurrence, and reoperation were higher in the staged group, comparisons were statisti-
cally insignificant (all p > 0.05). Furthermore, hematoma, venous thromboembolic events, and wound dehiscence had nearly 
the same rates.
Conclusion  Both approaches are viable options, depending on individual patient circumstances (age, BMI, hernia size, 
hernia-related symptoms, sac with or without intestinal loops) and surgical preferences (type of MBS, with or without mesh, 
type of mesh) highlighting the importance of individualized surgical planning for optimization of outcomes and minimizing 
risks in this specific patient population.
Registration  The protocol of this study was submitted to PROSPERO and received the registration code CRD42023444310.
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Introduction

Ventral hernia (VH) is a common condition observed in 
patients with obesity, particularly those who are candidates 
for metabolic bariatric surgery (MBS) [1, 2]. VH poses sig-
nificant challenges in this population, as the excess intra-
abdominal pressure associated with obesity predisposes 
individuals to the progression of hernia and also develop-
ment and recurrence of hernias after surgery [3]. MBS, 
which is increasingly recognized as an effective long-term 
solution for weight reduction, offers a potential therapeutic 
pathway for reducing the risk of VH recurrence by address-
ing the underlying obesity [4, 5]. However, the timing of 
ventral hernia repair (VHR) in the context of MBS remains 
a controversial issue. The management of VH in MBS can-
didates is fraught with complexity. Concurrent VHR during 
MBS procedures may result in a higher incidence of wound 
complications, mesh infection, and hernia recurrence [5–7]. 
In contrast, delaying hernia repair until after significant 
weight loss has been achieved might reduce these risks, as 
weight reduction leads to decreased intra-abdominal pres-
sure and enhanced wound healing capacity [7, 8]. However, 
postponing hernia repair also presents risks, as untreated 
hernias can enlarge or become incarcerated, leading to 
emergent surgical intervention for obstruction [9].

Several studies have explored the outcomes of concurrent 
VHR and MBS compared to staged approaches, yet consen-
sus remains obscure [10]. Advocates of concurrent repair 
claim that a single surgical intervention reduces the overall 
morbidity associated with multiple surgeries, limits hospital 
stay, and decreases the risk of future complications related 
to hernia progression [4, 11]. On the other hand, those in 
favor of a staged approach highlight the potential benefits 
of weight loss prior to VHR, such as lower recurrence rates 
and fewer postoperative complications [5, 7, 8].

Given the rising prevalence of obesity worldwide and the 
increasing number of patients undergoing MBS procedures, 
determining the optimal timing for VHR in this population 
is of critical importance. In this systematic review, we aim 
to compare the outcomes of concurrent MBS and VHR ver-
sus staged VHR (MBS first).

Methods and material

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) was used for conducting and 
reporting the findings of this study. The protocol of this 
study was submitted to PROSPERO and received the regis-
tration code CRD42023444310.

Search and screening

PubMed, Scopus, Embase, and Web of Science were sys-
tematically searched with relevant keywords until May 11, 
2024. The inclusion criteria were studies reporting the out-
comes of concurrent MBS and VHR versus staged VHR 
(MBS first). Any type of article other than original contribu-
tions (case report, editorial, review, or conference presen-
tations), experimental studies on animals, and non-English 
reports were excluded. Furthermore, single-arm studies 
without a control group were not included. After excluding 
duplicate studies, two independent authors conducted the 
screening process, and another author resolved the conflicts.

Concurrent MBS and VHR was defined as performing 
VHR and MBS for a patient with VH and severe obesity at 
the same time in one operation. Staged VHR refers to VHR 
performed after MBS.

Data extraction

Data from the included studies (first author’s name, year 
of publication, country, design of the study, sample size of 
each group, age, gender, BMI before MBS, MBS technique, 
available data regarding the type, location, size, and width 
of the hernia, applying mesh for VHR, VHR’s surgical tech-
nique (open, laparoscopic, or robotic), hospital length of 
stay, follow-up after surgery, any postoperative complica-
tions including surgical site infection (SSI), seroma, hema-
toma, wound dehiscence, bowel obstruction, recurrence, 
reoperation, and any time mortality, venous thromboembo-
lism (VTE), and mesh infection) extracted by the same two 
authors. The difference observed in any step was resolved 
by another investigator independent of the other three.

The Newcastle Ottawa Scale (NOS) was used to assess 
the quality of studies. After evaluating each study, “Good 
quality” and “Fair quality” cases were included in the final 
meta-analysis, and “Poor quality” cases were not included 
in the study.

Statistical analysis

The data were presented as mean ± standard deviation. In 
cases where the median and interquartile range or range 
for a variable were available, the conversion to mean and 
standard deviation was performed using the formulas pro-
posed by Hozo et al., Luo et al., and Wan et al. [12–14]. 
For the purpose of statistical analysis, Stata/SE version 17 
(StataCorp LLC) was employed. Stata reports the results of 
pooled analyses of categorical variables as log odds ratios. 
Odd ratio = e^ (log odds ratio) was used for converting log 
odd ratio to odd ratio. The I² statistic was utilized to evalu-
ate heterogeneity among the studies. An I² value exceeding 
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50% indicated severe heterogeneity. For variables demon-
strating severe heterogeneity, a random effects analysis was 
conducted, while fixed effects analysis was employed for 
those without severe heterogeneity. A P-value of less than 
0.05 was considered statistically significant for inference.

Results

The PRISMA flow chart of included articles is shown in 
Fig. 1. A total of 1629 articles were obtained from a sys-
tematic search of databases by keywords. After deduplica-
tion and title/abstract screening, 20 full-text articles were 
assessed for eligibility, and seven articles met the inclusion 
criteria of comparing both concurrent and staged VHR. No 
articles were added by manual search. Finally, seven arti-
cles with 9244 and 11,961 patients in concurrent and staged 
groups were included in the current study. All the included 
studies were observational. The types of MBS were Roux-
en-Y gastric bypass, sleeve gastrectomy, and gastric band-
ing. Four studies mentioned that VHR procedures were 
laparoscopic, two studies used both open and laparoscopic 
approaches, and one did not report the details of their surgi-
cal steps. Table 1 presents the important and most reported 
characteristics of the included studies.

Post-VHR complications

Mesh infection

A fixed-effects pooled analysis of 2 studies with 577 con-
current and 3525 staged VHR showed that the rate of mesh 
infection was significantly higher in the concurrent group 
(3.6% vs. 1.9%, OR: 2.18 [1.32–3.60], p < 0.001) (Fig. 2).

SSI

Seven studies evaluated and reported SSI, which was not 
significantly different between concurrent and staged 
groups (4.5% vs. 6.4%, respectively, OR: 1.12 [0.55–2.25], 
p = 0.76) (Fig. 3.A).

Seroma

Three studies reported seroma after VHR; with two studies 
noting only one case in the staged group. The rate of seroma 
formation was not significantly different between groups 
(2% for the concurrent and 6.5% for the staged VHR, OR: 
0.29 [0.07–1.23], p = 0.09) (Fig. 3.B).

Hematoma

Only two studies found hematoma in their population with-
out statistically significant difference between them (both 
2.4%, OR: 1.01 [0.12–8.17], p = 0.99) (Fig. 3.C).

VTE

Four studies observed this complication in their patients and 
our pooled analysis did not show a significant difference 
between concurrent versus staged groups after MBS (0.47% 
vs. 0.41%, OR: 1.21 [0.78–1.89], p = 0.40) (Fig. 3.D).

Bowel obstruction

Despite being highly frequent in the staged group (9.5% vs. 
0.9%), the rate of obstruction among the four studies was 
not significantly different (OR: 0.19 [0.01–2.34], p = 0.19) 
(Fig. 4.A).

Recurrence

The pooled rate of hernia recurrence among five studies was 
higher in the staged group (24.2% vs. 9.4%) despite being 
statistically insignificant (OR: 0.91 [0.22–3.90], p = 0.91) 
(Fig. 4.B).

Fig. 1  PRISMA flowchart of the included studies

 

1 3

Page 3 of 9    132 



Hernia          (2025) 29:132 

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s o

f i
nc

lu
de

d 
st

ud
ie

s
A

ut
ho

r
C

ou
nt

ry
Ty

pe
 o

f s
tu

dy
Ty

pe
 o

f M
B

S
Fo

llo
w

-u
p 

Ti
m

e
Sa

m
pl

e 
Si

ze
 

(c
as

e 
vs

. 
co

nt
ro

l)

Ty
pe

 o
f h

er
ni

a
M

es
h 

or
 S

ut
ur

e
H

er
ni

a 
si

ze
M

ea
n 

Pr
eo

pe
ra

tiv
e 

B
M

I
M

IS
 o

r 
op

en

Ei
d,

 2
00

4 
[9

]
U

ni
te

d 
St

at
es

R
et

ro
sp

ec
tiv

e
A

ll 
RY

G
B

26
 m

on
th

s
71

 v
s. 

14
61

 p
rim

ar
y 

ve
nt

ra
l 

24
 in

ci
si

on
al

 
ve

nt
ra

l h
er

ni
a

B
ot

h
7.

74
 (2

–1
6)

 
(c

on
cu

rr
en

t) 
vs

. 1
7.

7 
(9

–5
0)

 
(c

on
cu

rr
en

t 
Sm

al
l i

nt
es

tin
e 

su
bm

uc
os

a 
re

pa
ir)

 v
s. 

14
.5

 
(4

–2
5)

 (s
ta

ge
d)

 
cm

2

49
.3

 (c
on

cu
rr

en
t) 

vs
. 5

2.
1 

(c
on

cu
r-

re
nt

 S
m

al
l i

nt
es

tin
e 

su
bm

uc
os

a 
re

pa
ir)

 
vs

. 5
6 

(s
ta

ge
d)

M
IS

K
ha

nn
a,

 
20

24
 [1

1]
A

us
tra

lia
R

et
ro

sp
ec

tiv
e

SG
 (n

 =
 30

), 
RY

G
B

 
(n

 =
 65

), 
an

d 
G

B
 

(n
 =

 16
) v

s. 
SG

 (n
 =

 11
), 

RY
G

B
 (n

 =
 7)

, a
nd

 G
B

 
(n

 =
 3)

M
ed

ia
n 

1.
97

 
(0

.1
1–

13
.6

) y
ea

rs
 v

s. 
3.

43
 (0

.9
–1

4.
1)

 
ye

ar
s

11
1 

vs
. 

23
pr

im
ar

y:
 5

7/
11

1 
(5

1.
4%

). 
In

ci
-

si
on

al
: 5

4/
11

1 
(4

8.
6%

). 
vs

. 
pr

im
ar

y:
 8

/2
1 

(3
8.

1%
). 

In
ci

-
si

on
al

: 1
3/

21
 

(6
1.

9%
).

M
es

h 
10

2/
11

1
(9

1.
9%

) v
s. 

20
/2

1 
(9

5.
2%

)

N
R

M
ed

ia
n:

 4
3.

1 
(2

7.
7–

69
.7

) v
s. 

46
.0

 (3
5.

6–
58

.0
)

M
IS

: 
10

6/
11

0 
(9

6.
4%

) 
vs

. 1
5/

21
 

(7
1.

4%
)

D
at

ta
, 2

00
8 

[8
]

U
ni

te
d 

St
at

es
R

et
ro

sp
ec

tiv
e

RY
G

B
14

(r
an

ge
 4

–3
0)

 
m

on
th

s
18

 v
s. 

8
N

R
B

ot
h

N
R

N
R

M
IS

K
ho

rg
am

i, 
20

17
 [7

]
U

ni
te

d 
St

at
es

R
et

ro
sp

ec
tiv

e
RY

G
B

 (n
 =

 54
4)

 a
nd

 
SG

 (n
 =

 44
4)

 fo
r e

ac
h 

gr
ou

p

30
 d

ay
s

98
8 

vs
. 

98
8

N
R

N
R

N
R

48
.0

 ±
 9.

0 
vs

. 
48

.3
 ±

 8.
1

In
 c

on
cu

r-
re

nt
 g

ro
up

: 
op

en
 3

22
 

(3
2.

6%
) a

nd
 

M
IS

 6
66

 
(6

7.
4%

)
M

oo
lla

, 2
01

9 
[5

]
U

ni
te

d 
St

at
es

R
et

ro
sp

ec
tiv

e
RY

G
B

 (n
 =

 19
30

) 
an

d 
SG

 (n
 =

 27
18

) v
s. 

RY
G

B
 (n

 =
 19

23
) a

nd
 

SG
 (n

 =
 27

25
)

30
 d

ay
s

46
48

 v
s. 

46
48

N
R

N
R

N
R

46
.2

 ±
 8.

5 
vs

. 
46

.0
 ±

 8.
4

M
IS

V
iti

el
lo

, 2
02

1 
[4

]
Ita

ly
R

et
ro

sp
ec

tiv
e

A
ll 

SG
19

.8
 ±

 5.
6 

m
on

th
s

20
 v

s. 
20

U
m

bi
lic

al
 H

er
ni

a
M

es
h

Sm
al

l/M
ed

iu
m

42
.7

 ±
 4.

9 
vs

. 
31

 ±
 4.

3
B

ot
h

M
os

zk
ow

ic
z,

 
20

21
 [6

]
Fr

an
ce

R
et

ro
sp

ec
tiv

e
SG

 a
nd

 R
Y

G
B

M
ed

ia
n 

3.
2 

ye
ar

s (
1.

4–
6.

0)
, 

an
d 

2.
9 

ye
ar

s 
(1

.3
–5

.0
) y

ea
rs

33
88

 v
s. 

62
60

N
R

M
es

h 
(n

 =
 47

0 
(1

3.
9%

))
 a

nd
 

Su
tu

re
 (n

 =
 29

18
 

(8
6.

1%
))

 v
s. 

M
es

h 
(n

 =
 35

04
 

(5
6%

))
 a

nd
 

su
tu

re
 (2

75
6 

(4
4.

0%
))

N
R

N
R

N
R

Ve
rs

us
 in

di
ca

te
s a

 c
om

pa
ris

on
 b

et
w

ee
n 

co
nc

ur
re

nt
 a

nd
 st

ag
ed

 a
pp

ro
ac

he
s, 

SG
: s

le
ev

e 
ga

st
re

ct
om

y,
 R

Y
G

B:
 R

ou
x-

en
-Y

 g
as

tr
ic

 b
yp

as
s, 

G
B:

 g
as

tr
ic

 b
an

di
ng

, N
R

: n
ot

 re
po

rt
ed

, M
IS

: m
in

im
al

ly
 

in
va

si
ve

 su
rg

er
y

1 3

  132   Page 4 of 9



Hernia          (2025) 29:132 

Wound dehiscence

Wound dehiscence was reported in three studies and was not 
significantly different between groups (both 0.1%, OR: 0.73 
[0.24–2.20], p = 0.58) (Fig. 5.A).

Length of stay

Hospital length of stay reported in five studies as not sig-
nificantly different between groups (mean difference= -1.12 
[-2.91-0.67], p = 0.22) (Fig. 5.B).

Reoperation

The rate of reoperation, which was stated by eight stud-
ies, was not significantly different between concurrent and 
staged VHR groups (3.2% and 5%, respectively, OR: 0.90 
[0.29–2.83], p = 0.86) (Fig. 4.C).

Mortality

Six studies reported the rate of mortality after VHR, which 
was not significantly different between groups (0.3% for 
concurrent and 0.13% for staged VHR, OR: 1.70 [0.92–
3.16], p = 0.09) (Fig. 4.D).

Fig. 3  Pooled analysis of surgical site infections (A), Seroma (B), Hematoma (C), and venous thromboembolic events (D) rates between concur-
rent and staged groups

 

Fig. 2  Pooled analysis of Mesh infection rate between concurrent and staged groups
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concurrent and staged groups, respectively, highlights sev-
eral key findings. A significantly higher risk of mesh infec-
tion was observed in the concurrent group. However, rates 
of SSI, seroma, wound dehiscence, hematoma, hernia recur-
rence, reoperation, and mortality were not significantly dif-
ferent between the two approaches. This suggests that while 
simultaneous VHR presents an elevated infection risk, other 
outcomes are comparable between the groups. Our findings 
are in line with a recent systematic review and meta-analysis 
of this kind with the same concerns but with pooling results 
from all studies (both single-arm and comparative) report-
ing VHR with concomitant MBS or as staged groups [10]. 
The choice between approaches hinges on several factors:

Type of surgery

One critical consideration is the risk of contamination and 
deep SSI in clean-contaminated fields, particularly with syn-
thetic mesh [5, 15]. Studies, including those by Cozacov et 
al., suggest that the type of surgery plays a critical role; SG, 
for example, creates a cleaner field compared to RYGB due 
to the lack of gastric lumen opening [16]. However, Khanna 
et al. did not show any significant difference in the rate of 
mesh infection between concurrent and staged groups in 
subgroups of SG, RYGB, and gastric banding [11]. Few 
studies reported their outcomes based on the MBS types, 
and more research is needed for this aspect on whether 

Quality assessment

Table  2 shows the results of the quality assessment of 
included studies with two-armed comparative groups. Four 
and three studies had low and moderate risk of bias, respec-
tively. No studies had a high risk of bias.

Discussion

Performing concurrent MBS and VHR has been debated 
due to the potential for increased complications compared 
to staged VHR. This approach is particularly beneficial in 
patients with small defects that do not require mesh or in 
cases where the hernia sac contains intestinal loops, as the 
risk of bowel obstruction is significant. Indeed, it increases 
operative time and complexity, which can heighten intra-
operative and postoperative risks. However, with the rising 
number of MBS procedures, VHR during these surgeries is 
becoming more common. Despite this, the literature lacks 
consensus on the optimal timing for VHR in patients under-
going MBS because most studies did not separate different 
BMI categories, selection criteria for mesh, type of mesh, 
detailed VHR approach, and type of MBS in each group, 
all of which may alter the flow of decision [15]. This sys-
tematic review and meta-analysis on comparative studies, 
included seven articles with 9,244 and 11,961 patients in the 

Fig. 4  Pooled analysis of bowel obstruction (A), recurrence (B), reoperation (C), and mortality (D) rate between concurrent and staged groups
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during surgery can often be repaired to prevent future com-
plications such as bowel strangulation; failure to address 
even small symptomatic defects risks emergent surgeries 
with poor outcomes. The 2018 ASMBS/AHS guidelines 
recommend a staged approach for patients with large her-
nias or those unsuitable for minimally invasive repair [2, 
18]. Olmi et al. recommended that small hernias (< 4 cm) 
should be managed by either concurrent mesh repair or pri-
mary repair with suture as bridge treatment followed by a 
deferred permanent repair with mesh after losing weight 

applying mesh does anything to do with the type of surgery 
and any type of infection rates.

Hernia size

As an influential decision-making factor, large hernias often 
require extensive dissection and repair techniques unsuit-
able for the laparoscopic methods typically employed dur-
ing MBS. Furthermore, large hernias will recur if being 
repaired without mesh, mostly in patients with higher BMIs 
[17]. Small defects (< 2–4  cm) discovered incidentally 

Fig. 5  Pooled analysis of rate of wound dehiscence (A) and length of stay (days) (B), between concurrent and staged groups
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When avoiding a second surgery is a priority, concurrent 
VHR remains a practical and acceptable option. Ultimately, 
an individualized approach that accounts for hernia char-
acteristics, patient comorbidities, and surgical expertise is 
essential for optimizing outcomes.

Several limitations should be acknowledged. Although all 
of the included studies were comparative between groups, 
none of them were randomized trials, necessitating the need 
for detailed, specifically designed studies for this subject. 
Besides studies reporting from large national databases, 
multiple surgeons were involved in all studies, which may 
further influence the decision process and final outcome. 
The absence of a detailed surgical approach, variations in 
characteristics of ventral hernias across different studies, 
and the lack of specific information about ventral hernias 
in large database studies (type of MBS, hernia size, and fre-
quency of different BMI categories in each group) are the 
limitations of our study. Furthermore, the included studies 
varied regarding patient populations (BMI, type of MBS, 
hernia size), surgical techniques (laparoscopic, robotic or 
open VHR, bio-degradable or synthetic mesh), and follow-
up durations (hernia may take time to recur); these factors 
may contribute to significant heterogeneity in some of the 
pooled analyses.

Conclusion

While concurrent MBS and VHR are associated with a 
higher risk of mesh infection, the rates of other complica-
tions, including SSI, seroma, wound dehiscence, hema-
toma, VTE, recurrence, reoperation, bowel obstruction, and 
mortality, are comparable to the staged hernia repair. These 
findings highlight the importance of individualized surgical 
planning to optimize outcomes and minimize risks in this 
patient population.

[19]. For large hernias, staged treatment is more favorable 
after losing significant weight [19].

Patient characteristics

High BMI, age, and obesity-related medical problems 
increase the complexity of surgery and the risk of recur-
rence or complications, favoring a staged approach. High 
BMI has been associated with the occurrence of hernia and 
wound complication rates exceeding 50% [17, 20]. Addi-
tionally, obesity-related diabetes increases the likelihood 
of wound infections [21]. For such patients, staged VHR 
after MBS may allow for weight loss and improved glyce-
mic control, reducing surgical risks [2]. Conversely, defer-
ring VHR increases the risk of hernia obstruction [9]. We 
should notice that hernia will recur if being repaired when 
the patient has a BMI above a threshold (BMI > 40 kg/m2). 
Previous investigations did not evaluate the odds of hernia 
recurrence based on a specific BMI at the operation. Finally, 
patients with hernia-related symptoms or a history of bowel 
incarceration may benefit from immediate repair, especially 
with the use of permanent sutures or dual-layer mesh tech-
niques to prevent life-threatening complications.

Despite these considerations, our findings show no sig-
nificant difference in rates of seroma, SSI, wound dehis-
cence, hematoma, recurrence, reoperation, or VTE between 
concurrent and staged groups. This underscores that both 
approaches are viable, depending on individual patient cir-
cumstances (age, BMI, obesity-associated medical diseases, 
hernia size, hernia-related symptoms, hernia sac with or 
without intestinal loops) and surgical preferences (type of 
MBS, with or without mesh, type of mesh). Clinicians must 
counsel patients on the risks and benefits of both approaches. 
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