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Abstract

Purpose Ventral hernia repair (VHR) includes the surgical reconstruction of the abdominal wall (AW) using different sur-
gical techniques. Although such procedures are usually devoid of complications, the formation of seroma may frequently
occur. We performed a systematic review to assess the evidence from randomized controlled trials (RCTs) comparing VHR
techniques and their impact on seroma formation.

Methods We included RCTs having seroma formation as primary endpoint. We included patients of both sexes (age > 18). For
data synthesis we applied a random-effects model and calculated risk ratios (RR) with 95% confidence intervals (CI) using
the Mantel-Haenszel method. Risk of bias (ROB) and publication bias were evaluated following Cochrane recommendations.
Results After database search and article screening, 21 records were included in this review. Ten RCTs compared onlay vs.
sublay mesh placement techniques. Pooled analysis showed a significantly higher risk ratio for seroma in the onlay cohort
(RR=2.61, 95% CI 1.86-3.66, I*=0, GRADE quality of evidence, moderate). Five RCTs compared laparoscopic intraperi-
toneal onlay mesh repair vs. open mesh placement. Pooled analysis showed that seroma formation did not differ significantly
between groups (RR=1.91, 95% CI 0.69-5.28, I>=66%, GRADE quality of evidence, poor). High ROB was found in all
studies and significant publication bias was detected in both meta-analyses.

Conclusion Compared to sublay ventral hernia repair, the onlay procedure is associated with a significantly higher risk of
seroma. No significant differences were observed when laparoscopic VHR was compared with the open surgical procedure.
Due to the diversity of surgical techniques reported in included RCTs, it is currently not possible to draw conclusive clinical
recommendations. Future studies should be standardized to provide detailed data allowing thorough evaluation of the impact
of the evidence on clinical practice.
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Introduction

The incidence of ventral hernias is steadily increasing in the
Western world. Because of the increasing lifespan expec-
tancy, the numerical growth of the population and the fre-
quency of abdominal operations, the overall costs of ventral
hernia repairs are expected to be rising [1].
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Ventral hernia repair (VHR) includes the surgical recon-
struction of the abdominal wall (AW) using a variety of open
or laparoscopic/robotic techniques. Although such proce-
dures are usually devoid of major complications, the forma-
tion of seroma may frequently occur. Seroma can develop
up to 10-20 days after surgery and is diagnosed by clini-
cal inspection or by imaging techniques like ultrasound or
computed tomography [2]. There are several mechanisms
associated with the occurrence of seroma. Disruption of
blood and lymphatic vessels following surgical incision can
cause an inflammatory response whereby macrophages and
mast cells become activated. Vasoactive substances (hista-
mine, bradykinin, prostaglandin, leukotriene, nitric oxide),
also secreted by these cells, mediate a local vasoconstric-
tion, which is followed by vasodilation and by increased
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permeability of the vascular wall, ultimately resulting in the
accumulation of serous fluid in dissected soft tissue spaces
[3]. Other factors may also lead to the formation of seroma.
Studies have shown that thicker surgical flaps, rich in adi-
pose tissue, have a hypertrophic lymphatic system, prone to
seroma formation [4]. In addition, previous abdominal scars
may act as mechanical barriers to lymphatic drainage caus-
ing retention of extracellular fluids, thus leading to seroma.
Dead space formation and shearing forces between tissue
planes are also potential mechanisms for seroma formation
[5]. Finally, seroma formation can be correlated with risk
factors such as bleeding, smoking, obesity, recent weight
loss and the mass of excised abdominal skin [4].

Although seroma formation is usually self-limiting, it
can be associated with various complications such as wound
dehiscence, flap necrosis and infection. The treatment of ser-
oma requires multiple visits for aspiration, which results in a
higher risk of infection, prolonged recovery, increased costs,
and often requires repeated surgical treatments [6]. Among
the various strategies adopted for AW repair, surgical tech-
niques characterized by reduced occurrence of seroma may
reduce the occurrence of complications, reduce hospitaliza-
tion time and public health expenditures, and avoid discom-
fort and anxiety for patients [5].

We performed a systematic review in order to assess the
available evidence from randomized controlled trials com-
paring in patients of both sexes a number of ventral hernia
repair techniques and their impact on seroma formation fol-
lowing abdominal wall reconstruction. When feasible (ade-
quate number of trials, sufficient homogeneity of techniques,
endpoints and data reporting approaches), we performed a
meta-analysis of the available data published so far.

Methods

The protocol for the present systematic review was regis-
tered on the PROSPERO international register (registra-
tion ID: 234670, accessible at: [7]). The review adhered
to PRISMA guidelines, within the word and space limits
allowed by the journal [8].

Review design and inclusion/exclusion criteria

We analyzed the results of randomized controlled trials
(RCTs), comparing surgical techniques for ventral hernia
repair, having seroma formation as a primary end point. We
excluded non-randomized comparative studies, retrospective
studies, case—control studies, case series and RCTs describ-
ing seroma as a secondary end point or as incidental finding.
We included patients of both sexes (age > 18), subjected
to any surgical procedure involving abdominal wall recon-
struction in the frame of ventral hernia repair procedures.

@ Springer

Subjects affected by inguinal hernia were excluded, as in
such patients seroma has a lesser impact and is in almost all
cases self-limiting.

We focused on interventions aimed at restoring the facial/
myofascial layer of the abdominal wall and abdominoplasty
procedures were excluded.

Outcomes

The primary outcome for this systematic review was the inci-
dence of postoperative seroma, assessed clinically or instru-
mentally (ultrasound, radiology, etc.). Secondary outcomes
were the total seroma volume and/or the average volume of
drained seroma fluid per time unit.

Search and selection of records, data extraction

The following electronic databases were searched for records
published in the English language, up to March 31st, 2021:
PubMed, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), Web of Science, international trial reg-
isters (http://clinicaltrials.gov, http://clinicaltrialsregister.eu).
Handsearching was performed on reference lists of included
studies, review articles, systematic reviews and meta-analyses.

Search strategies are presented in the online appendix
(supplementary information).

Two independent researchers (LBP, FS) performed a first
assessment of each record based on title and abstract screen-
ing. A second round of selection was performed by full-text
reading of the screened records.

The study data relevant for this review were extracted
using a standardized form. Disagreements were managed
by discussion among all authors.

Assessment of bias and quality of included studies

The risk of bias (ROB) of included trials was analyzed at the
study level by two independent researchers (LBP, FS) using
the Cochrane Collaboration risk of bias tool [9].

To identify publication bias and in particular the impact
of missing studies, we generated funnel plots and performed
the Egger’s regression test using the Meta-Essentials Soft-
ware (Erasmus University, Rotterdam) [10].

The quality of the evidence was evaluated according to
GRADE criteria and reported, together with the final find-
ings of the meta-analysis, in a summary of findings (SOF)
table [11].

Data synthesis, assessment of heterogeneity
and sensitivity/subgroup analysis

For data synthesis, we applied a random-effects model to all
meta-analyses. For dichotomous variables we pooled study
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data by calculating risk ratios (RRs) with 95% confidence
intervals (CIs) using the Mantel-Haenszel method. An alpha
error of 5% was defined as the threshold for statistical sig-
nificance for all tests and measurements.

Forest plots were created using the Cochrane Review
Manager (RevMan) 5.3 software.

Heterogeneity was assessed by visual inspection of for-
est plots, quantified by calculating the /%, and rated accord-
ing to the Cochrane Handbook [12]. In case of moderate to
substantial heterogeneity, we planned to perform sensitivity
analysis by excluding one by one (1) studies which were
more likely to generate heterogeneity (e.g., effect size out-
liers), (2) studies in which more than one Cochrane ROB
tool items were at high risk of bias, (3) or studies that might
include major confounders (e.g., important differences in
surgical techniques in a single arm).

Since elevated CRP and specific serum abnormalities
(e.g., electrolyte imbalances, hyperglycemia) are known
to be predictors of seroma formation, subgroup analysis in
the presence of substantial heterogeneity was planned to be
performed if a sufficient number of studies would provide
such data.

Missing data

For the management of missing data, when data appeared
to be missing "at random", we analyzed only the available
information, and we limited our analysis to patients for
whom outcome data were provided ("available case analy-
sis"). We avoided bias-prone imputation strategies and pre-
ferred per-protocol analyses.

Results
Database search

Database search and handsearching yielded 5040 poten-
tially relevant records. After title and abstract screening,
4979 records were excluded, and 61 articles were subjected
to full-text reading. At the end of this process, 40 articles
were excluded and 21 records, reporting the results of RCTs
having seroma formation as primary outcome, were finally
included in this systematic review. A detailed PRISMA flow-
chart of the entire process is shown in Fig. 1.

Risk of bias analysis

The results of individual studies and the detailed reasons
by which low, high or unclear risk of bias was rated are
found in in the online appendix (supplementary information,
Table 1). An ROB graph is shown in Fig. 2.

6905 records
identified through
database searching

| |
!

5040 records after ’

identified through
handsearching

16 additional records |

duplicates removed

5040 records
screened (title
and abstract)

__[4979 records excluded]

40 full-text articles
excluded (19 RCTs, 21
NRCTs)

21 RCTs included in
qualitative synthesis

61 full-text
articles assessed
for eligibility

Fig. 1 PRISMA flowchart of the study selection process

Random sequence generation was evaluated to be at low
ROB in 12 studies [13-24], high ROB was detected in 2
studies [25, 26] and 6 studies gave insufficient information
(unclear risk of bias) [27-32]. Fifteen studies gave insuffi-
cient information for rating the risk of bias linked to alloca-
tion [14, 15, 18-20, 22, 24-28, 30-33] and 6 studies were
rated at low ROB due to adequate allocation concealment
[13, 16, 17, 21, 23, 29].

In the frame of a surgery trial, the ROB associated with
the lack of blinding is not straightforward. Whereas lack of
patient blinding may affect subjective end points such as
pain or quality of life, hard end points like seroma formation
or surgical site infection are less affected by lack of blinding
[34]. Nevertheless, lack of blinding of physicians assess-
ing postop complications may also affect the evaluation of
trial endpoints like seroma (e.g., a very small seroma may
be or may be not subjectively overlooked) [35]. Thus, lack
of blinding was classified as having high risk of (involun-
tary and intrinsic) performance bias in most studies [13-17,
19-31, 33]. However, in one study patients could be blinded
to the allocation, thus reducing the ROB to a certain extent
[18].

Blinding of outcome assessors was reported in two stud-
ies (low ROB, 21, 25), high risk of bias was assessed in
two studies [17, 27] and was unclear in the remaining cases
[13-16, 18-20, 22-24, 26, 28-33].

Low attrition ROB was rated for nine studies [13, 16,
17, 21, 23, 24, 29, 32, 33], whereas in one study a high
ROB was detected [18]. In the remaining cases, no dropouts
were reported, and data were very likely analyzed as being
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25,27-31], low in 3 studies [13, 18, 24] and high in 6 stud-
ies [17, 20, 21, 26, 32, 33]. Concerning other sources of
bias, 7 studies were rated as having high ROB [14, 15, 19,
23,27, 28, 30].

Meta-analysis

Ten RCTs compared onlay vs. sublay mesh placement tech-
niques and assessed the incidence of seroma in 971 patients
diagnosed with ventral hernia [16, 18, 20, 22, 24-26, 28,
31, 32]. Seroma occurred in 106 out of 490 patients sub-
jected to onlay repair and in 35 out of 481 patients subjected
to sublay repair. Pooled analysis of these studies showed a
significantly higher risk ratio for seroma in the onlay cohort
(RR=2.61, 95% CI 1.86-3.66, P <0.00001) (Fig. 3). No
heterogeneity was detected in this analysis (/>=0).

The Abo-Ryia et al. study (60 patients) used a different
sublay technique compared to the other nine studies (i.e.,
preperitoneal mesh placement) [22]. We performed sensitiv-
ity analysis by excluding this study to confirm the robustness
of the results and the outcome of the meta-analysis remained
substantially unchanged (RR =2.56, 95% CI 1.82-3.60, For-
est plot not shown).

Five RCTs compared laparoscopic intraperitoneal onlay
mesh (IPOM) repair vs. open mesh placement in 654
patients diagnosed with ventral hernia [15, 19, 23, 30, 33].
Seroma occurred in 21 out of 311 patients subjected to
IPOM repair and in in 58 out of 343 patients subjected to the
open repair. Pooled analysis showed that seroma formation
did not significantly differ between groups (RR=1.91, 95%
CI 0.69-5.28, P=0.21) (Fig. 4). Substantial heterogeneity
was found (I =66%). Two studies [15, 23] appeared to be
generating heterogeneity. The three remaining trials, show-
ing homogeneous design, were pooled. Laparoscopic repair

showed a significantly lower risk of seroma (RR=0.26, 95%
CI 0.15-0.46, Forest plot not shown), but these data should
be evaluated with caution due to the small sample size.

Since the open repair arm included both onlay and sublay
techniques, we performed subgroup analysis but no statisti-
cally significant differences were found (sublay, RR =2.25,
95% CI 0.64-7.93, P=0.21; onlay, RR=0.81, 95% CI
0.03-24.81, P=0.90, Forest plot not shown).

In the study by Barbaros et al., the open repair group
included more incisional hernias compared to the laparos-
copy arm (incisional hernias: laparoscopic, n=9; open,
n=13; primary hernias, laparoscopic, n=14; open, n= 10,
P <0.05) [15]. Such imbalance might have accounted for the
outlying RR detectable in the forest plot. Exclusion of this
outlier in the frame of a sensitivity analysis resulted in a sig-
nificant RR favoring the laparoscopic technique (RR=2.79,
95% CI1 1.21-6.41, P=0.02, forest plot not shown).

Secondary end points (seroma volume, drained volume
from seroma) could not be pooled, as data were only avail-
able in two cases [13, 33]. In the study by Ahonen-Siirtola
et al., comparing the classic laparoscopic IPOM) approach
to a hybrid (IPOM-plus) approach, the median seroma vol-
ume in the IPOM group (162 ml, interquartile range 30-388)
was significantly larger than the one found in the IPOM-
plus group (50 ml, interquartile range 13-145, P =0.025,
Mann—Whitney test) [13]. In the study by Kaafarani et al.
(open vs laparoscopic hernia repair), seroma fluid was aspi-
rated, but data for individual groups were not available [33].

Publication bias assessment
Visual inspection of the funnel plots generated for the sub-

lay vs. onlay meta-analysis (Fig. 5) suggested the presence
of asymmetry. The Egger's test confirmed the presence of

Onlay Sublay Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abo-Ryia 2015 5 30 0 30 1.4%  11.00 [0.64, 190.53] >
Afzal 2016 8 32 2 32 5.3% 4.00 [0.92, 17.40] T
Ahmed 2019 13 33 3 32 8.5% 4.20[1.32, 13.37]
Bessa 2015 2 40 0 40 1.3% 5.00 [0.25, 100.97]
Demetrashvili 2017 32 78 13 77  36.1% 2.43[1.38, 4.26] ——
Dhaigude 2018 4 50 1 50 2.5% 4.00 [0.46, 34.54] I
Ibrahim, 2015 3 20 1 20 2.4% 3.00 [0.34, 26.45] —
Seving 2018 7 50 1 50 2.7% 7.00 [0.89, 54.83]
Shehryar 2018 6 100 2 100 4.6% 3.00 [0.62, 14.51] —
Venclauskas 2010 26 57 12 50 35.3% 1.90 [1.08, 3.36] ——
Total (95% CI) 490 481 100.0% 2.61 [1.86, 3.66] <&
Total events 106 35
Heterogeneity: Tau? = 0.00; Chi? = 4.71, df = 9 (P = 0.86); I = 0% o 501 051 150 1(5)0

Test for overall effect: Z = 5.57 (P < 0.00001)

Fig.3 Meta-analysis of RCTs investigating the incidence of seroma
as a result of onlay vs. sublay mesh placement techniques. The num-
ber of subjects allocated to onlay or sublay arms, risk ratios, the 95%
confidence intervals, the Z value for the overall effect, the signifi-
cance of the pooled comparisons and heterogeneity data (Chi?, %) are

Favors onlay Favors sublay

presented. Data to the right of the vertical no-effect line of forest plots
represent increased risk for seroma in onlay repair patients (sublay is
the favored technique). The diamond represents the overall effect size
extending to the limits of the 95% confidence intervals of risk ratios
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Open Laparoscopic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Barbaros 2007 0 23 4 23 9.2% 0.11[0.01, 1.95] ¢
Carbajo 1999 20 30 4 29  26.2% 4.83[1.88, 12.43] — &
Kaafarani 2009 20 86 4 60 25.2% 3.49[1.26, 9.69] —
Malik 2015 17 171 5 166  25.8% 3.30 [1.25, 8.74] —
Misra 2006 1 33 4 33 13.6% 0.25[0.03, 2.12] =
Total (95% CI) 343 311 100.0% 1.91 [0.69, 5.28] <l
Total events 58 21
Heterogeneity: Tau? = 0.80; Chi®? = 11.69, df = 4 (P = 0.02); I> = 66% ’0 01 0’1 1’0 100’

Test for overall effect: Z = 1.24 (P = 0.21)

Fig.4 Meta-analysis of RCTs investigating the incidence of seroma
as a result of laparoscopic vs. open hernia repair techniques. The
number of subjects allocated to laparoscopic or open repair arms, risk
ratios, the 95% confidence intervals, the Z value for the overall effect,
the significance of the pooled comparisons and heterogeneity data

significant bias (P =0.003). Due to surgical technique differ-
ences, we tested publication bias by excluding the Abo-Ryia
et al. study. However, significant asymmetry was confirmed
(P=0.01).

In the meta-analysis comparing laparoscopic (IPOM) ver-
sus open hernia repair, the funnel plot asymmetry was also
found to be significant (P =0.003).

Quality of the evidence emerging
from meta-analysis

An evaluation of the quality of the evidence generated by
the meta-analyses is presented in the summary of findings
table (Table 2).

Effect size measure
-400 -3,00 -200 -1,00 0,00 1,00 2,00 3,00 4,00 5,00 6,00
0,00 T :

0,20

0,40

0,60

0,80

1,00

Standard error

1,20

1,40

1,60

-0

1,80
® Studies

Fig.5 Funnel plot for publication bias analysis. A Comparison
between onlay and sublay ventral hernia repair techniques. B Com-
parison between laparoscopic intraperitoneal onlay mesh repair vs.

@ Springer

Favours Open Favours Laparoscopic

(Chi?%, %) are presented. Data to the right of the vertical no-effect line
of forest plots represent increased risk for seroma in patients under-
going open repair (laparoscopic repair is the favored technique). The
diamond represents the overall effect size extending to the limits of
the 95% confidence intervals of risk ratios

The overall quality of evidence emerging from the onlay
vs. sublay comparison was rated as moderate. Reasons for
downgrading the quality were the presence of significant
publication bias and of high ROB. Notably, although we
evaluated all unblinded studies as having high risk of per-
formance bias, we did not consider such bias as a major
limitation to the GRADE assessment of the quality of the
evidence.

In the meta-analysis, the effect size was large according
to GRADE criteria, and this allowed one level upgrading of
the quality.

Low quality of the evidence was rated for the open vs.
laparoscopic pooled comparison. The inconsistency of effect
due to substantial heterogeneity (I>=66%) and the presence

Effect size measure
-6,00 -4,00 -2,00 0,00 2,00 4,00 6,00
0,00 - r |

0,20

0,40

0,60

0,80

1,00

Standard error
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1,40

1,60 —_——

1,80
@ Studies

open mesh placement. In these plots the effect sizes are expressed as
the natural logarithms
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Table2 Outcomes

Onlay versus retromuscular mesh placement techniques for seroma prevention

Patient or population: male and female ventral hernia patients
Intervention: onlay mesh placement technique—comparison: retromuscular mesh placement technique

Outcomes Illustrative comparative risks® (95% CI) Relative effect No. of participants Quality of the Comments
- - (95% CI) (studies) evidence (GRADE
Assumed risk Corresponding criteria)
risk
Sublay technique ~ Onlay technique
Incidence of 72.8 per 1000 190.0 per 1000 RR 2.61 (1.86— 971 (10 studies) DPPO Reasons for down-
seroma formation (135.4-266.4) 3.66) moderate grading:
(all studies) 1. Risk of bias
2. Publication bias
Reasons for
upgrading:
1. Large effects
Incidence of 77.6 per 1000 198.7 per 1000 RR 2.56 (1.82— 911 (9 studies) DPPO Reasons for down-
seroma formation (141.2-179.4) 3.60) moderate grading:

(Abo-Ryia study
excluded)

1. Risk of bias

2. Publication bias

Reasons for
upgrading:

1. Large effects

Open versus laparoscopic hernia repair techniques for seroma prevention

Patient or population: male and female ventral hernia patients
Intervention: open mesh repair—comparison: laparoscopic (IPOM) repair

Outcomes Illustrative comparative risks* (95% CI) Relative effect No. of participants Quality of the Comments

- - (95% CI) (studies) evidence (GRADE
Assumed risk Corresponding criteria)
risk
Laparoscopic Open repair
repair
Incidence of 67.5 per 1000 128.9 per 1000 RR 1.91 (0.69— 529 (3 studies) PPoOO Reasons for down-
seroma forma- (46.6-356.4) 5.28) low grading:
tion 1. Consistency of
effect

2. Publication bias

Reasons for upgrad-
ing:

none

GRADE: Working Group grades of evidence. High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the
estimate. Very low quality: we are very uncertain about the estimate

CI confidence interval, RR risk ratio

“The assumed risk represented the ratio between the number of seroma cases assessed in the open repair group and the total amount of open
repair interventions. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the rela-
tive effect of the intervention (and its 95% CI)

of significant publication bias were the main reasons for
quality downgrading.

Results of studies not included in the meta-analysis

Five RCTs [13, 14, 17, 21, 29], not included in our meta-
analysis, did not report significant differences in seroma

formation as a result of different comparisons (mesh repair
vs. mesh-free repair, mesh fixation with suture vs. fixation
with tackers, full-thickness skin graft vs. synthetic mesh,
drainage vs. no drainage, IPOM vs. IPOM-plus, data not
shown). The study by Tsimoyiannis et al., comparing cau-
terization vs. non-cauterization of the hernia sack in the
frame of laparoscopic intraperitoneal repair, showed that the
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incidence of seroma is significantly lower when the hernia
sac is cauterized (seroma after cauterization: 4%, no cauteri-
zation: 27%, P <0.025, Chi-square test) [27].

Discussion

Seroma formation is a relatively common occurrence after
abdominal wall reconstruction. However, seroma is per-
ceived by patients and is considered by surgeons to be a
complication only in a fraction of cases. Indeed, an impor-
tant factor in this respect is the distinction between signifi-
cant seromas—which represent actual complications—and
incidental seromas that are detected during the postopera-
tive examination, but do not cause any discomfort to the
patient and disappear spontaneously within few months
[36]. Significant seromas, which cause discomfort, pain or
even infection, are complications that should be prevented
or remediated.

There are multiple reasons why abdominal wall surgery
can cause seroma formation. During open surgery, soft tissue
is dissected, and vessels are disrupted; this causes inflam-
mation and serous fluid accumulates in the dissected space.
Conversely, in laparoscopic surgery, the surgeon has to dis-
sect to a lesser extent, thus creating less dead space for fluids
to accumulate. On the other hand, in laparoscopic surgery
the hernia sac is left in place and this can represent a space
where serous fluid may accumulate.

Moreover, a number of other variables can influence the
incidence of seroma, such as the choice between mesh vs.
mesh-free repair, the mesh choice, the mesh fixation method,
the choice of cauterizing or not the hernia sac, the placement
of surgical drainage.

The goal of our systematic review was to investigate
which surgical techniques may be characterized by a lower
risk of seroma formation. Systematic search of the literature
resulted in the inclusion of 21 RCTs in the present review,
which provided evidence that specific techniques may
decrease the postoperative formation of seroma.

Among these studies, ten focused on the comparison
between onlay vs. sublay techniques. Meta-analysis of
these RCTs, including 971 patients randomized to onlay vs.
sublay mesh repair of ventral hernias, showed that the for-
mer is associated with a significantly higher risk of seroma
complications. One strength of this meta-analysis is that
the risk is high (2.61) and highly significant (P <0.00001),
and heterogeneity is absent (I>=0%) despite the presence
of possible differences in surgical skills between studies.
Moreover, the surgical techniques and materials (e.g., the
sublay procedure according to Rives-Stoppa, the usage of
a polypropylene mesh) are homogeneous in nine out of ten
studies, and exclusion of the trial by Abo-Ryia et al., using a
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different sublay technique [25], did not affect the main result
of the meta-analysis.

In a similar meta-analysis of sublay vs. onlay mesh repair
by Timmermans et al. [37], no significant differences in
seroma formation were reported (odds ratio=1.06, 95% CI
38-2.95, P=48%, P= 0.89). A comparison with our results
is not possible, since in the Timmermans review only inci-
sional hernias were included. Moreover, in that meta-analy-
sis five studies were pooled, of which four were retrospective
analyses and only one was an RCT. Despite their non-sig-
nificant results, Timmermans and coworkers admit that
although onlay may be easier and quicker to perform, the
dissection of the suprafascial space would promote seroma
formation. This view is supported by Kockerling, who stated
that the higher incidence of seroma may be caused by the
more extensive dissection in the abdominal wall, achieved to
expose the anterior rectus sheath and the anterior abdominal
wall fascia for mesh placement in the onlay position [38].

A recent meta-analysis by Ibrahim et al. included six
studies, of which three were not RCTs, focusing on the sole
incisional hernias [39]. This analysis also found that seroma
occurs less frequently with the sublay technique. A direct
comparison with our results is not feasible, due to the sub-
stantial differences between analyses.

These results suggest that the sublay technique may per-
form better than onlay mesh placement concerning seroma
formation. Likely, sublay may perform better because the
mesh is placed in a well-vascularized space underneath the
rectus muscle. This can minimize the seroma rate in contrast
to onlay mesh placement [25]. Moreover, in sublay repair,
tissue integration is bi-directional, as it occurs through the
in-growth of load-bearing tissue at both interfaces of the
mesh [40].

Seroma formation may occur more frequently after onlay
repair, since extensive skin flaps need to be created. Impor-
tantly, these flaps are devascularized, the subcutaneous tis-
sue is dissected and a dead space, prone to accumulate fluids,
is created. Several strategies may be implemented to prevent
seroma formation when an onlay technique is adopted. Suc-
tion drainage, fasciocutaneous quilting with progressive ten-
sion sutures, the application of fibrin sealants, the choice of
non-biological mesh, hypertonic saline irrigation, and nega-
tive pressure wound therapy are notable for their seroma pre-
venting capacity [41-43]. Among those techniques, suction
drainage was applied to all onlay arms of all trials included
in our meta-analysis, whereas none of the other techniques
(with the exception of hypertonic saline irrigation in the
Abo-Ryia 2015 trial) was apparently adopted. Therefore, it
is unknown whether the implementation of these techniques
during onlay repair might reduce the gap between onlay and
sublay repair with respect to seroma formation, thus poten-
tially modifying the outcome of a meta-analysis focusing
on seroma. This represents a limitation to our conclusions.
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The sublay technique has additional advantages besides
the lower rate of seroma formation. Holihan et al. [44]
showed that sublay repair performed better than onlay repair
in terms of hernia recurrence (odds ratio=0.74, 95% CI
0.01-0.39) and prevention of surgical site infection (sublay,
23.8% probability, onlay, 12.6%). Accordingly, the 2020
Guidelines for treatment of umbilical and epigastric hernias
[45] stated that sublay mesh placement is associated with
the lowest risk of surgical site infection and/or recurrence.
Nevertheless, the onlay technique may be advantageously
when used in specific cases such as small and lateral inci-
sional hernias, without major differences in terms of com-
plications [46].

Five RCTs compared open mesh repair with IPOM [15,
19, 23, 30, 33]. The relative risk for seroma was not signifi-
cantly different between the two groups and substantial het-
erogeneity was found (> =66%). Among the included stud-
ies, three out of five showed significant superiority of the
laparoscopic approach. In a Cochrane review by Sauerland
et al., seroma formation after laparoscopic vs. open ventral
hernia repair was investigated [47], and no significant dif-
ferences were found (RR=1.42, 95% CI 0.60-3.40). Also in
that case, the comparison showed substantial heterogeneity
(I’ =69%). The fact that the results of this and our meta-
analyses are not significant can be due to the differences in
how seroma is formed in open and laparoscopic repair. In
laparoscopic surgery, the hernia sac is left in place and, if
the sac is not cauterized, the space between the mesh and
the hernia sac can fill with serous fluid. Conversely, in open
surgery the sac is removed, and the defect is closed. How-
ever, open repair can also cause the formation of seromas
because large flaps and big dissections are created when an
onlay repair is performed. Another reason can be the vari-
ability in classification and definition of seromas between
different studies. In fact, only part of the seromas are actu-
ally a complication, and that most of the seromas that occur
after surgery will resolve spontaneously. In conclusion, fur-
ther research with seroma as primary end point may provide
more evidence about the most favorable surgical technique
to prevent seroma formation. Accordingly, the 2019 updated
guidelines for laparoscopic treatment of ventral and inci-
sional abdominal wall hernias of the International Endoh-
ernia Society (IEHS) stated that most publications showed
no significant differences between laparoscopic and open
approaches in terms of seroma formation, and that further
studies may provide more solid lines of evidence in the
future [48]. It should also be considered that both open and
laparoscopic surgery using intraperitoneal mesh position
may be characterized by higher rates of intraoperative or
postoperative complications such as bleeding or organ inju-
ries, as well as mesh adhesion, fistulation, or mesh migration
[49, 50]. These complications, together with seroma forma-
tion and surgical site infection should be taken into careful

consideration and the appropriate technique can be chosen
and tailored to each specific case and presentation.

Finally, we deem important to evidence that our meta-
analyses present the following limitations: (1) the intrinsic
bias of most surgical trials, linked to the non-blinded design,
(2) the risk of publication bias, (3) the lack of information
concerning the method of evaluation of seromas, their clini-
cal significance (viz., significant vs. incidental) and their
treatment in some studies, (4) the different characteristics
of hernias diagnosed in the included studies (umbilical/
paraumbilical/epigastric, primary or incisional, hernia size).
Concerning the latter limitation, it is to be hoped that new
large and adequately powered studies may allow to perform
subgroup analyses based on specific subtypes of hernia.

The diversity of hernia repair techniques reported in the
RCTs included in this review does not allow to draw con-
clusive clinical recommendations. Future trials focusing on
seroma occurring in hernia repair should be better standard-
ized, so granular data can be extrapolated from such trials,
and future meta-analysis may provide more conclusive evi-
dence that can impact in the clinical practice.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10029-021-02531-4.

Author contributions LBP, review design, database search, record
screening, data extraction, data analysis, ROB analysis, article draft-
ing; FS, record screening, data extraction, data analysis, ROB analysis;
FB, review design, research and study coordination, expert opinion and
discussion, disagreement arbitration, article editing and submission.

Funding No funding was received for the work described in this article.

Availability of data and material Meta-analysis data have been com-
pletely disclosed in the publication and no other data are available.

Code availability Not applicable.

Declarations

Conflict of interest All authors declare no conflict of interest.
Ethics approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

Human and animal rights Not applicable.

References

1. Bower C, Roth JS (2013) Economics of abdominal wall recon-
struction. Surg Clin North Am 93:1241-1253. https://doi.org/10.
1016/j.suc.2013.06.007

@ Springer


https://doi.org/10.1007/s10029-021-02531-4
https://doi.org/10.1016/j.suc.2013.06.007
https://doi.org/10.1016/j.suc.2013.06.007

Hernia (2022) 26:3-15

10.

11.

12.

14.

15.

16.

17.

Mizell J (2021) Complications of abdominal surgical incisions.
IOP Publishing UpToDate. https://www.uptodate.com/contents/
complications-of-abdominal-surgical-incisions?search=seroma%
20diagnosis&source=search_result&selectedTitle=2~113&
usage_type=default&display_rank=2. Accessed 10 Oct 2021
Kokkas B (2010) Tissue injury and inflammation. Ann Gen Psy-
chiatry 9:S1

Nahas FX, Ferreira LM, Ghelfond C (2007) Does quilting
suture prevent seroma in abdominoplasty? Plast Reconstr Surg
119:1060-1064. https://doi.org/10.1097/01.prs.0000242493.
11655.68

Friedman T, Coon D, Kanbour-Shakir A, Michaels J, Rubin JP
(2015) Defining the lymphatic system of the anterior abdominal
wall: an anatomical study. Plast Reconstr Surg 135:1027-1032.
https://doi.org/10.1097/PRS.0000000000001136

Seretis K, Goulis D, Demiri EC, Lykoudis EG (2017) Preven-
tion of seroma formation following abdominoplasty: a systematic
review and meta-analysis. Aesthet Surg J 37:316-323. https://doi.
org/10.1093/asj/sjw192

PROSPERO International register. https://www.crd.york.ac.uk/
prospero/ Accessed 10 Oct 2021

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2010) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Int J Surg (London, England)
8:336-341. https://doi.org/10.1016/j.ijsu.2010.02.007

Higgins JP, Altman DG, Ggtzsche PC, Jiini P, Moher D, Oxman
AD, Savovic J, Schulz KF, Weeks L, Sterne JA, Cochrane Bias
Methods Group, Cochrane Statistical Methods Group (2011)
The Cochrane Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ 343:d5928. https://doi.org/10.1136/bmj.
d5928

Suurmond R, van Rhee H, Hak T (2017) Introduction, compari-
son, and validation of meta-essentials: a free and simple tool for
meta-analysis. Res Synth Methods 8:537-553. https://doi.org/10.
1002/jrsm.1260

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J et al
(2011) GRADE guidelines: 1. Introduction-GRADE evidence pro-
files and summary of findings tables. J Clin Epidemiol 64:383—
394. https://doi.org/10.1016/j.jclinepi.2010.04.026

Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M et al
(2019) Cochrane handbook for systematic reviews of interven-
tions, 2nd edn. Wiley, Chichester

. Ahonen-Siirtola M, Nevala T, Vironen J, Kossi J, Pinta T, Nie-

meldinen S et al (2018) Laparoscopic versus hybrid approach for
treatment of incisional ventral hernia: a prospective randomized
multicenter study of 1-month follow-up results. Hernia 22:1015—
1022. https://doi.org/10.1007/s10029-018-1784-2

Arroyo A, Garcia P, Pérez F, Andreu J, Candela F, Calpena R
(2001) Randomized clinical trial comparing suture and mesh
repair of umbilical hernia in adults. Br J Surg 88:1321-1323.
https://doi.org/10.1046/j.0007-1323.2001.01893.x

Barbaros U, Asoglu O, Seven R, Erbil Y, Dinccag A, Deveci U
et al (2007) The comparison of laparoscopic and open ventral
hernia repairs: a prospective randomized study. Hernia 11:51-56.
https://doi.org/10.1007/s10029-006-0160-9

Bessa SS, El-Gendi AM, Ghazal AH, Al-Fayoumi TA (2015)
Comparison between the short-term results of onlay and sublay
mesh placement in the management of uncomplicated para-umbil-
ical hernia: a prospective randomized study. Hernia 19:141-146.
https://doi.org/10.1007/s10029-013-1143-2

Westphalen AP, Aradjo AC, Zacharias P, Rodrigues ES, Fracaro
GB, Lopes Filho G (2015) Repair of large incisional hernias. To
drain or not to drain. Randomized clinical trial. Acta cirurgica bra-
sileira 30:844-851. https://doi.org/10.1590/S0102-8650201501
20000009

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

. Demetrashvili Z, Pipia I, Loladze D, Metreveli T, Ekaladze E,

Kenchadze G, Khutsishvili K (2017) Open retromuscular mesh
repair versus onlay technique of incisional hernia: a randomized
controlled trial. Int J Surg 37:65-70. https://doi.org/10.1016/j.ijsu.
2016.12.008

Malik AM (2015) Laparoscopic versus open repair of para-umbil-
ical hernia. Is it a good alternative? J Pak Med Assoc 65:865-868
Shehryar HA, Shahka MA, Javed MU (2018) Comparison of sub-
lay versus onlay mesh technique of ventral hernia repair. Pak J
Med Health Sci 12:57-59

Clay L, Stark B, Gunnarsson U, Strigard K (2018) Full-thickness
skin graft vs. synthetic mesh in the repair of giant incisional her-
nia: a randomized controlled multicenter study. Hernia 22:325-
332. https://doi.org/10.1007/s10029-017-1712-x

Ibrahim AH, El-Gammal AS, Heikal MMM (2015) Comparative
study between onlay and sublay hernioplasty in the treatment of
uncomplicated ventral hernia. Menoufia Med J 28:11

Misra MC, Bansal VK, Kulkarni MP, Pawar DK (2006) Compari-
son of laparoscopic and open repair of incisional and primary ven-
tral hernia: results of a prospective randomized study. Surg Endosc
20:1839-1845. https://doi.org/10.1007/s00464-006-0118-0
Seving B, Okus A, Ay S, Aksoy N, Karahan 0O (2018) Randomized
prospective comparison of long-term results of onlay and sublay
mesh repair techniques for incisional hernia. Turk J Surg 34:17—
20. https://doi.org/10.5152/turkjsurg.2017.3712

Abo-Ryia MH, El-Khadrawy OH, Moussa GI, Saleh AM (2015)
Prospective randomized evaluation of open preperitoneal ver-
sus preaponeurotic primary elective mesh repair for paraum-
bilical hernias. Surg Today 45:429-433. https://doi.org/10.1007/
$00595-014-0907-3

Ahmed M, Mehboob M (2019) Comparisons of onlay versus sub-
lay mesh fixation technique in ventral abdominal wall incisional
hernia repair. J Coll Physicians Surg Pak 29:819-822. https://doi.
org/10.29271/jcpsp.2019.09.819

Tsimoyiannis EC, Siakas P, Glantzounis G, Koulas S, Mavridou
P, Gossios KI (2001) Seroma in laparoscopic ventral hernioplasty.
Surg Laparosc Endosc Percutan Tech 11:317-321. https://doi.org/
10.1097/00129689-200110000-00006

Afzal S, Baloch SH, Usman J (2016) Comparison of on-lay (on the
rectus sheath) and sub-lay (retromuscular) mesh repair of ventral
abdominal hernias. Pak J Med Health Sci 10:1161-1164

Bansal VK, Misra MC, Kumar S, Rao YK, Singhal P, Goswami
A etal (2011) A prospective randomized study comparing suture
mesh fixation versus tacker mesh fixation for laparoscopic repair
of incisional and ventral hernias. Surg Endosc 25:1431-1438.
https://doi.org/10.1007/s00464-010-1410-6

Carbajo MA, Martin del Olmo JC, Blanco JI, de la Cuesta C,
Toledano M, Martin F et al (1999) Laparoscopic treatment vs
open surgery in the solution of major incisional and abdominal
wall hernias with mesh. Surg Endosc 13:250-252. https://doi.org/
10.1007/3004649900956

Dhaigude B, Sugunan A, Pancbhai S, Francis M, Patel K, Metta V
(2017) Comparative evaluation of sublay versus onlay meshplasty
in incisional and ventral hernias. Int Surg J 5:187-192
Venclauskas L, Maleckas A, Kiudelis M (2010) One-year fol-
low-up after incisional hernia treatment: results of a prospective
randomized study. Hernia 14:575-582. https://doi.org/10.1007/
$10029-010-0686-8

Kaafarani HM, Hur K, Hirter A, Kim LT, Thomas A, Berger DH
et al (2009) Seroma in ventral incisional herniorrhaphy: incidence,
predictors and outcome. Am J Surg 198:639-644. https://doi.org/
10.1016/j.amjsurg.2009.07.019

Karanicolas PJ, Farrokhyar F, Bhandari M (2010) Practical tips
for surgical research: blinding: who, what, when, why, how? Can
J Surg 53:345-348


https://www.uptodate.com/contents/complications-of-abdominal-surgical-incisions?search=seroma%20diagnosis&source=search_result&selectedTitle=2~113&usage_type=default&display_rank=2
https://www.uptodate.com/contents/complications-of-abdominal-surgical-incisions?search=seroma%20diagnosis&source=search_result&selectedTitle=2~113&usage_type=default&display_rank=2
https://www.uptodate.com/contents/complications-of-abdominal-surgical-incisions?search=seroma%20diagnosis&source=search_result&selectedTitle=2~113&usage_type=default&display_rank=2
https://www.uptodate.com/contents/complications-of-abdominal-surgical-incisions?search=seroma%20diagnosis&source=search_result&selectedTitle=2~113&usage_type=default&display_rank=2
https://doi.org/10.1097/01.prs.0000242493.11655.68
https://doi.org/10.1097/01.prs.0000242493.11655.68
https://doi.org/10.1097/PRS.0000000000001136
https://doi.org/10.1093/asj/sjw192
https://doi.org/10.1093/asj/sjw192
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1002/jrsm.1260
https://doi.org/10.1002/jrsm.1260
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1007/s10029-018-1784-2
https://doi.org/10.1046/j.0007-1323.2001.01893.x
https://doi.org/10.1007/s10029-006-0160-9
https://doi.org/10.1007/s10029-013-1143-2
https://doi.org/10.1590/S0102-865020150120000009
https://doi.org/10.1590/S0102-865020150120000009
https://doi.org/10.1016/j.ijsu.2016.12.008
https://doi.org/10.1016/j.ijsu.2016.12.008
https://doi.org/10.1007/s10029-017-1712-x
https://doi.org/10.1007/s00464-006-0118-0
https://doi.org/10.5152/turkjsurg.2017.3712
https://doi.org/10.1007/s00595-014-0907-3
https://doi.org/10.1007/s00595-014-0907-3
https://doi.org/10.29271/jcpsp.2019.09.819
https://doi.org/10.29271/jcpsp.2019.09.819
https://doi.org/10.1097/00129689-200110000-00006
https://doi.org/10.1097/00129689-200110000-00006
https://doi.org/10.1007/s00464-010-1410-6
https://doi.org/10.1007/s004649900956
https://doi.org/10.1007/s004649900956
https://doi.org/10.1007/s10029-010-0686-8
https://doi.org/10.1007/s10029-010-0686-8
https://doi.org/10.1016/j.amjsurg.2009.07.019
https://doi.org/10.1016/j.amjsurg.2009.07.019

Hernia (2022) 26:3-15

15

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Sajid MS, Hutson KH, Rapisarda IF, Bonomi R (2013) Fibrin
glue instillation under skin flaps to prevent seroma-related mor-
bidity following breast and axillary surgery. Cochrane Database
Syst Rev 2013(5):CD009557. https://doi.org/10.1002/14651858.
CD009557.pub2

Morales-Conde S (2012) A new classification for seroma after
laparoscopic ventral hernia repair. Hernia 16:261-267. https://
doi.org/10.1007/s10029-012-0911-8

Timmermans L, de Goede B, van Dijk SM, Kleinrensink GJ,
Jeekel J, Lange JF (2014) Meta-analysis of sublay versus onlay
mesh repair in incisional hernia surgery. Am J Surg 207:980-988.
https://doi.org/10.1016/j.amjsurg.2013.08.030

Kockerling F (2018) Onlay technique in incisional hernia repair-a
systematic review. Front Surg 5:71. https://doi.org/10.3389/fsurg.
2018.00071

Ibrahim R, Abounozha S, Kheder A, Alshahri T (2020) Incidence
of seroma in sublay versus onlay mesh repair of incisional hernia.
Ann Med Surg (London) (2012) 61:155-157. https://doi.org/10.
1016/j.amsu.2020.12.029

Holihan JL, Nguyen DH, Nguyen MT, Mo J, Kao LS, Liang MK
(2016) Mesh location in open ventral hernia repair: a systematic
review and network meta-analysis. World J Surg 40:89-99. https://
doi.org/10.1007/500268-015-3252-9

Alhussini MA, Awad AT, Kholosy HM (2019) Using quilting
sutures in decreasing seroma formation after managing large ven-
tral hernias: a comparative study. Hernia 23:717-722. https://doi.
org/10.1007/s10029-018-1850-9

Dudai M, Gilboalttah K (2019) Intraoperative hypertonic saline
irrigation preventing seroma formation and reducing drain
secretion in extended endoscopic hernia and linea alba recon-
struction glue. Hernia 23:1291-1296. https://doi.org/10.1007/
$10029-019-01956-2

Alimi Y, Merle C, Sosin M, Mahan M, Bhanot P (2020) Mesh and
plane selection: a summary of options and outcomes. Plast Aesthet
Res 7:5

Holihan JL, Hannon C, Goodenough C, Flores-Gonzalez JR,
Itani KM, Olavarria O et al (2017) Ventral hernia repair: a

45.

46.

47.

48.

49.

50.

meta-analysis of randomized controlled trials. Surg Infect 18:647—
658. https://doi.org/10.1089/sur.2017.029

Henriksen NA, Montgomery A, Kaufmann R, Berrevoet F, East
B, Fischer J et al (2020) Guidelines for treatment of umbilical and
epigastric hernias from the European Hernia Society and Ameri-
cas Hernia Society. Br J Surg 107:171-190. https://doi.org/10.
1002/bjs.11489

Schrittwieser R, Kockerling F, Adolf D, Hukauf M, Gruber-Blum
S, Fortelny RH, Petter-Puchner AH (2019) Small and laterally
placed incisional hernias can be safely managed with an onlay
repair. World J Surg 43:1921-1927. https://doi.org/10.1007/
500268-019-04980-6

Sauerland S, Walgenbach M, Habermalz B, Seiler CM, Mise-
rez M (2011) Laparoscopic versus open surgical techniques for
ventral or incisional hernia repair. Cochrane Database Syst Rev
2011(3):Cd007781

Bittner R, Bain K, Bansal VK, Berrevoet F, Bingener-Casey J,
Chen D et al (2019) Update of guidelines for laparoscopic treat-
ment of ventral and incisional abdominal wall hernias (Interna-
tional Endohernia Society (IEHS))-Part A. Surg Endosc 33:3069—
3139. https://doi.org/10.1007/s00464-019-06907-7

Kockerling F, Simon T, Adolf D, Kockerling D, Mayer F, Rein-
pold W et al (2019) Laparoscopic IPOM versus open sublay tech-
nique for elective incisional hernia repair: a registry-based, pro-
pensity score-matched comparison of 9907 patients. Surg Endosc
33:3361-3369. https://doi.org/10.1007/s00464-018-06629-2
Yang G (2017) From intraperitoneal onlay mesh repair to prep-
eritoneal onlay mesh repair. Asian J Endosc Surg 10:119-127.
https://doi.org/10.1111/ases.12388

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/14651858.CD009557.pub2
https://doi.org/10.1002/14651858.CD009557.pub2
https://doi.org/10.1007/s10029-012-0911-8
https://doi.org/10.1007/s10029-012-0911-8
https://doi.org/10.1016/j.amjsurg.2013.08.030
https://doi.org/10.3389/fsurg.2018.00071
https://doi.org/10.3389/fsurg.2018.00071
https://doi.org/10.1016/j.amsu.2020.12.029
https://doi.org/10.1016/j.amsu.2020.12.029
https://doi.org/10.1007/s00268-015-3252-9
https://doi.org/10.1007/s00268-015-3252-9
https://doi.org/10.1007/s10029-018-1850-9
https://doi.org/10.1007/s10029-018-1850-9
https://doi.org/10.1007/s10029-019-01956-2
https://doi.org/10.1007/s10029-019-01956-2
https://doi.org/10.1089/sur.2017.029
https://doi.org/10.1002/bjs.11489
https://doi.org/10.1002/bjs.11489
https://doi.org/10.1007/s00268-019-04980-6
https://doi.org/10.1007/s00268-019-04980-6
https://doi.org/10.1007/s00464-019-06907-7
https://doi.org/10.1007/s00464-018-06629-2
https://doi.org/10.1111/ases.12388

	Association between surgical hernia repair techniques and the incidence of seroma: a systematic review and meta-analysis of randomized controlled trials
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Review design and inclusionexclusion criteria
	Outcomes
	Search and selection of records, data extraction
	Assessment of bias and quality of included studies
	Data synthesis, assessment of heterogeneity and sensitivitysubgroup analysis
	Missing data

	Results
	Database search
	Risk of bias analysis
	Meta-analysis
	Publication bias assessment
	Quality of the evidence emerging from meta-analysis
	Results of studies not included in the meta-analysis

	Discussion
	References




