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Abstract

There is a controversial premise about choosing a surgical approach in ventral hernia using laparoscopic repair. Some sur-
geons prefer to use mesh with closure while others prefer to use mesh without closure. This study aims to compare mainly
the rate of recurrence in mesh repair with and without closure. A wide range of electronic bibliographic databases such
as PubMed, Embase and Education Resources Information Center (ERIC) was searched. Based on the eligibility criteria,
all studies which compared the results after hernia repair from 2010 to 2020 were incorporated. Following screening the
abstracts, we ended up reviewing seven full-text articles, and data were extracted on important parameters such as demo-
graphic attributes of participants, sample size and recurrence rate of hernia. Of the total studies that were reviewed, three
were randomized controlled trials (RCT’s) and four retrospective observational studies. The sample size of all included stud-
ies varied between 80 and 176. The findings appear promising for the fascial closure as it showed evidence of a significant
reduction in the recurrence rate with P =0.047 in one out of the three randomized controlled trials and in the retrospective
observational studies reaching up to 16.7% recurrence reduction rate. Likewise, there is also a reduction in the bulging,
surgical site infection and seroma formation with higher patient’s satisfaction and quality of life score. Primary fascial clo-
sure appears to be effective as it can decrease the rates of recurrence, seroma formation and bulging, and improve patient’s
satisfaction and quality of life. Given the dearth of studies, mainly randomized controlled trials, there is a need to carry out
large randomized controlled trials with enough follow-up.
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Introduction lower incidence of surgical site infection and a shorter length

of stay, the incidence of wound-related problems and hernia

Ventral hernias are widespread and difficult-to-treat sur-
gical ailments [1]. Surgical repair is performed for most
symptomatic umbilical hernias and can be done by different
techniques, such as using a mesh with and without closure.
Many challenges have been faced by surgeons and patients
in augmenting treatment regardless of the type of surgical
procedure [2]. Surgeons debate the best possible treatment
for managing ventral hernias. Currently, almost all surgeons
prefer to use laparoscopic procedures rather than open sur-
gery. Surgical repair for ventral hernias is often associated
with surgical wound infection and hernia recurrence [3].
Although hernia repair using laparoscopic techniques has a
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recurrence has not improved. More specifically, complica-
tions, such as pain after surgery, admission to the hospital,
surgical site infection and haematoma and seroma forma-
tion, are widely prevalent and considered the most common
challenges after hernia repair [4]. Several researchers have
reported better outcomes using laparoscopic surgery to
repair ventral hernias, as it leads to fewer issues, minimizes
the operative duration, reduces the length of stay, decreases
the need for pain killers and allows faster recovery to rou-
tine tasks than open surgery [5, 6]. Furthermore, it has been
observed that surgeons prefer to use mesh to further reduce
recurrence [7]. Some researchers have endorsed defect clo-
sure before laparoscopic mesh positioning to reconstruct
the wall of the abdomen [8, 9]. However, others prefer to
use only mesh without closure. Based on this evidence, to
repair ventral or umbilical hernias, surgeons prefer to use a
laparoscopic technique using a mesh with or without defect
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closure. There is an increasing trend of repairing most ven-
tral hernias using a laparoscopic technique and retaining an
intraperitoneal onlay mesh, which effectively bridges the
defect after reduction of the contents of the hernia but leaves
the hernial pouch in situ [10].

However, there is still controversial evidence regarding
the choice of the two procedures in terms of reducing the
rate of recurrence or other complications. Thus, it is ambigu-
ous which surgical technique should be considered best to
repair an umbilical hernia. There have been very few obser-
vational and experimental studies comparing the outcomes
of laparoscopic hernia repair using a mesh with and without
defect closure. However, the findings of those experimental
and retrospective observational studies have not been synthe-
sized by a systematic review. Therefore, we carried out this
systematic review to answer the question of whether hernia
repair using a mesh with closure is better than hernia repair
using mesh without closure. The purpose of this review was
to synthesize the findings of existing studies comparing the
outcomes of laparoscopic procedures with mesh for ventral
hernia repair with and without defect closure.

Patients and Methods

We conducted a systematic review to evaluate, synthesize
and combine existing evidence on the findings of laparo-
scopic procedures using a mesh with and without closure.
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used to carry out
this systematic review [11].

Inclusion and Exclusion Criteria

To answer the study question, a study was eligible for inclu-
sion if it aimed to compare the rate of recurrence or other
complications after repair using a mesh with and without
closure and was published in English between 2010 and
2020 anywhere in the world. Observational, analytical and
experimental studies were eligible for inclusion. Cross-sec-
tional studies (or qualitative studies) and studies without
the full text available were excluded. Studies consisting of
opinions, criticisms of older research studies and editorials
were not included. The full text of studies that compared the
outcomes of the two surgical procedures (mesh repair with
and without closure) was scrutinized.

Information Sources and Search Strategy

We started and completed a systematic search of published
articles in 2021. A wide range of electronic bibliographic
databases, such as PubMed, Embase and ERIC, were
searched. We explored the references of pertinent reviews
along with the database searches. An independent search
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was carried out by two authors who also scanned the results
for potentially appropriate studies followed by retrieving the
full-text articles. The primary endpoint of the review was
the rate of hernia recurrence after the two procedures, and
the secondary endpoints were surgical site infection, bulg-
ing, pain and seroma formation. We pre-piloted the search
strategies without any restrictions by the year of publication,
geographic area or other socio-demographic characteristics.

We identified a blend of Medical Subject Heading (Mesh)
keywords and text words. We clustered these into four major
groups based on the population, intervention, outcome and
setting as categories. The most prevalent search terms found
in abstracts and titles were “hernia repair”, “hernia repair
using mesh”, “hernia repair using a mesh with and without
closure” and “laparoscopic surgical procedure using mesh
repair with and without closure”. Furthermore, we con-
sulted with a librarian to generate a search in four different
parts. The first part was restricted to search terms specific
to the primary outcome, such as “recurrence rate after mesh
repair”; the second part was restricted to terms specific to
defect closure, including “mesh with and without closure”;
the third part was restricted to terms relevant to the surgical
technique, such as “laparoscopic vs open repair” and the last
part was related to the location of the hernia, i.e. “ventral
hernia”. In addition, we considered using diverse phrases for
the main concepts, such as practices of closure and non-clo-
sure using mesh repair, to obtain pertinent research papers.
This was followed by combining these major concepts using
combinations (AND, OR) relevant to the research ques-
tion. Moreover, to identify more research articles, we used
truncation (*) with the same root word. We used truncation
to ensure that all potential variants of search terms were
retrieved. We also applied search limits or filters to restrict
the language (English), publication period, age group and
type of study included in the search.

Data Abstraction

We imported all appropriate research studies into the refer-
ence manager software (Endnote™) file, where each study was
reviewed, and we screened titles for duplicates in this software.
We did not consider abstracts that did not explicitly explore
the study objective for further review. Finally, we obtained and
examined the full text of the remaining relevant articles. This
was followed by abstracting and summarizing data from the
articles that met the eligibility criteria using a standardized
protocol. Thus, after the process of removing duplicates and
screening titles and abstracts, we removed papers that were
beyond the scope of this review as guided by the inclusion
criteria. In addition, the bibliography of the remaining studies
was verified and examined to avoid missing any useful studies.
This process of searching the articles was carried out indepen-
dently by the reviewers, and their judgements and extracted
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summaries were matched to identify and resolve differences
accordingly. Independent reviewers filled out a standardized
data extraction sheet for the eligible research articles. The
reviewers compared the tables of extracted data to ensure that
the imperative findings of the eligible studies were included
and pilot tested the data extraction sheet before starting the
process of data extraction. In addition, prevailing research arti-
cles on the chosen topic were reviewed to describe the objects
of the data extraction sheet. Any discrepancies between the
two reviewers were solved by agreement between the two
reviewers. The abstracted data comprised the author, refer-
ence, year of publication, type of study, total study size or
population, average age and range, sex, surgical group (with
or without closure), rate of recurrence, major study findings
and conclusion of the study.

Results
Findings of the Search Strategy

As aresult, our initial search identified 1525 citations in dif-
ferent databases; however, 25 articles were duplicates that
were removed. Of the remaining 1500 unique studies, we
reviewed the titles and abstracts and found 1232 relevant
abstracts. Upon reviewing these abstracts, 249 articles did
not meet the eligibility criteria, and 12 did not meet the eli-
gibility criteria after reviewing the full text. Hence, we were
able to retrieve the full text for seven articles, which were
incorporated in the review, as shown in Fig. 1.

Characteristics of the Eligible Studies

Of these seven studies, four were observational retrospective
studies, and three were randomized controlled trials. The
sample size of all included studies varied from 80 to 176,
with a similar distribution between patients who underwent a
laparoscopic procedure for hernia repair utilizing mesh with
and without defect closure. All studies included both sexes,
and study participants were between the ages of 18 and
80 years (Table 1). One study was performed in 2012, two
in 2013, one each in 2014 and 2018 and two were recently
conducted in 2020. Of these seven studies, the randomized
controlled trials were conducted recently, from 2018 to
2020, while retrospective studies were conducted in previ-
ous years, as illustrated in Table 1.

Comparison of the Outcomes of Mesh Repair
with and Without Closure

Findings from Randomized Controlled trials (RCTs)

Three randomized controlled trials revealed positive find-
ings for mesh repair with closure compared to that without

closure. For example, Christoffersen et al. performed a
double-blinded randomized controlled trial in 2020 in 80
patients (40 per group) using an elective laparoscopic proce-
dure for ventral hernia repair. One group underwent closure
of the fascial defect using mesh, while the other group under-
went repair using mesh without closure. The study revealed
that the cumulative recurrence rate at the end of 2 years
was significantly smaller in the closure group than in the
non-closure group (P=0.047). Likewise, the authors found
a reduced rate of seroma formation in the closure group
compared to the non-closure group (p =0.043). However,
there was no significant difference in post-operative pain.
Conversely, another RCT was conducted by Bernardi et al. in
2020 in 129 patients who underwent laparoscopic umbilical
hernia mesh repair with and without closure. Unlike Christ-
offersen et al., these authors did not find any discrepancies
in terms of surgical site infection, eventration or recurrence
between the two groups. However, patients treated with pri-
mary fascial closure showed a higher increase in quality of
life than those treated without closure. The authors recom-
mended closing the fascial defect using mesh in patients
undergoing an elective laparoscopic procedure for ventral
hernia repair, as depicted in Table 2.

A third multicentre RCT was conducted by Ahonen-Siir-
tola et al. in 2018 in 193 patients undergoing laparoscopic
hernia repair with or without closure. The authors of the
study found a lower rate of seroma formation in patients
treated with the surgical technique using mesh repair with
closure than in those who underwent the same procedure
but without closure. The authors noted significantly more
bulging in the closure group than in the non-closure group
(p=0.022). There was also more complicated adhesiolysis
noted in the non-closure group than in the closure group
(»=0.028). However, patients in the closure group had
higher levels of pain on the first day after surgery (p=0.019),
as shown in Table 2.

Findings from Retrospective Observational Studies

A retrospective study conducted by Zeichen et al. compared
non-closure with closure in mesh repair over an average of
26 months of follow-up. The authors reported both percuta-
neous and intracorporeal defect closure. The authors found
a higher rate of recurrence (19.18%) in the non-closure
group than in the closure group (6.25%); however, this dif-
ference was not statistically significant. The authors also
noted a higher rate of seroma formation (4.3%) in the non-
closure group than in the closure group (11.4%) (Table 2).
Another study carried out by Banerjee et al. compared 126
patients in the non-closure group to 67 patients in the clo-
sure group, and patients were followed up for an average
of 10.5 months after the surgical procedure to determine
the rate of recurrence. The authors noted a slightly higher
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Records identified through
data base searching

n=1525

After removal of
duplicate studies

Number of unique studies

n=1500

n=25

Number of irrelevant

titles and abstracts

Number of relevant
abstracts

n=268

n=1232

In vitro studies; animal studies;
‘grey literature’ letters to the

Number of full texts

n=19

editors; and reviews, non-ventral
hernia, no defect/fascia closure

n=249

Did not meet inclusion or
quality criteria

Number of articles
included in the systematic
review

n=7

n=12

Fig. 1 Flowchart summarizing the identification and selection of papers for systematic review

rate of hernia recurrence in the non-closure group (4.8%)
than in the closure group (3.0%). These findings were con-
firmed by another study conducted by Gonzalez et al. in 134
patients, in which the authors found a higher rate of recur-
rence in the non-closure group (7.5%) than in the closure
group (1.5%) (p=0.095), as shown in Table 2. Likewise,
another study analysed the consequences of defect closure
after adjusting the risk according to the follow-up duration,
which was 24 months on average. The authors found that
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the closure group had a recurrence rate of zero as opposed
to 16.7% in the non-closure group. Moreover, the rate of
bulging was greater in the non-closure group (69.4%) than
in the closure group (8.3%); the rate of surgical site infec-
tion was also greater rate in the non-closure group (13.9%)
than in the closure group (8.3%). The rate of seroma forma-
tion was 27.8% in the non-closure group and 5.6% in the
closure group. Unlike other studies, this study also reported
outcomes related to patient satisfaction, which were again
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higher in the closure group than in the non-closure group,
as depicted in Table 2.

Discussion

We performed this review to examine outcomes, mainly the
rate of hernia recurrence and other post-operative complica-
tions, among patients undergoing laparoscopic ventral hernia
repair using a mesh with or without defect closure. Although
there is controversial evidence regarding the rate of recur-
rence using the two different techniques, the majority of the
studies, consisting of both observational and randomized
controlled trials, suggested performing closure in mesh
repair to achieve better surgical outcomes and a lower rate
of recurrence. More specifically, the findings suggest that
the primary closure of fascial defects during laparoscopic
procedures using mesh yields encouraging results. Com-
pared to traditional laparoscopic procedures using mesh,
primary fascial closure was found to produce a reduced
incidence of recurrence of ventral hernia and bulging. Fur-
thermore, patients who underwent closure were found to
have improved quality of life with higher satisfaction and a
lower rate of surgical site infection than their counterparts.

The findings of this review suggest that hernia defect
closure is advised for successful outcomes after repair, as
supported by the literature [19]. This is because in contrast
to the inguinal region, where the repair margins are fixed and
without tension, the ventral wall of the abdomen is under
continuous physiological pressure, with flexible margins.
Failure to restore the wall of the abdomen to its usual ana-
tomical place will increase the chances of a malfunction-
ing abdomen [20]. Mesh repair along with fascial closure
rebuilds the natural structure by reapproximating the wall of
the abdomen under physiological pressure, which might re-
establish its physiology and prevent bulging. A central mal-
functioning section of the wall of the abdomen behaves as a
“sail in the wind” and is susceptible to protrusion [21]. Addi-
tionally, by abolishing the dead space, the rate of seroma
formation and other problems related to the wound might
be reduced. Furthermore, mesh repair with primary defect
closure decreases the rate of hernia recurrence because the
closure of the fascial defect permits broader lateral mesh
overlap. The majority of mesh products for laparoscopic
procedures are available in typical sizes. For instance, a
fragment of mesh 15X 20 cm in size may be preferred to
allow > 5 cm of mesh overlap while repairing a hernia defect
5% 8 cm in size. Using closure, the mesh could cover 7.5 cm
laterally and 6.0 cm vertically. However, it is crucial to note
that not all ventral hernias are suitable for fascial closure;
rather, suitability depends upon the size of the hernia defect.
For tiny defects, especially those similar to Swiss cheese
in morphology, closure of the fascial defect might not be

appropriate until a certain size is reached (e.g. at least three
centimetres wide). Closing defects more than 6- to 10 cm
wide might be challenging [4, 22]. Evidence suggests that
surgeons have used closure to fix defects 12 cm wide [17,
23]. Although there is no recognized method for assessing
the compliance and elasticity of the abdominal wall, walls
that are easily distensible are more responsive to primary
fascial closure. Additionally, suitability for closure might
also be affected by the location of the defect and patient
characteristics, such as body mass index (BMI), sex and age.
For example, hernias close to immovable structures may not
be suitable for repair using fascial closure. It is also impor-
tant to screen patients for comorbidities and functional status
before deciding on defect closure because patients with a
poor status and comorbidities might not be considered suit-
able for defect closure.

Strengths and Limitations

This review is the first of its kind and compares the out-
comes of hernia repair techniques using a mesh with and
without closure. The findings have important implications
for the field of surgery, mainly for those who plan to repair
a ventral hernia. The systematic review is limited by the
scarcity of available evidence. Generally, there is a dearth
of studies on this topic, with very few experimental studies,
which indicates the need for further research in this area.
Although there is a plethora of research on laparoscopic
ventral hernia repair using other techniques, very few rand-
omized controlled trials and retrospective studies have been
conducted to compare the specific surgical techniques of
interest, i.e. mesh repair with and without closure. In this
review, we also found variation in the definition of outcomes
across studies, as well as variation in the follow-up duration,
which might result in missing instances of recurrence in the
longer term.

Conclusion

Primary fascial closure during laparoscopic hernia repair
seems promising and safe, as it can decrease the rate of
recurrence, seroma formation and bulging, and can improve
patient satisfaction and quality of life. Nevertheless, it is
imperative to screen patients for demographic and clinical
characteristics, such as functional status and comorbidi-
ties, before deciding on primary defect closure. The size
of the defect is also a factor in deciding whether to perform
primary defect closure in mesh repair. Given the dearth of
studies, especially randomized controlled trials, there is a
need to carry out large randomized controlled trials with
sufficient follow-up to accurately estimate the rate of hernia
recurrence.
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