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Abstract

Objective In this systematic review, we evaluated all literature reporting on the surgical treatment of primary epigastric
hernias, primarily focusing on studies comparing laparoscopic and open repair, and mesh reinforcement and suture repair.
Methods A literature search was conducted in Embase.com, PubMed and the Cochrane Library up to 24 April 2019. This
review explicitly excluded literature on incisional hernias, ventral hernias not otherwise specified, and isolated (para)umbili-
cal hernias. Primary outcome measures of interest were early and late postoperative complications.

Results We obtained a total of 8516 articles and after a strict selection only seven retrospective studies and one randomised
controlled trial (RCT) on treatment of primary epigastric hernia were included. In one study (RCT) laparoscopic repair led
to less postoperative pain (VAS) compared to open repair (3.6 versus 2.4, p <0.001). No significant differences in early
postoperative complications and recurrences were observed. Mesh reinforcement was associated with lower recurrence
rates than suture repair in two studies (2.2% versus 5.6%, p =0.001 and 3.1% versus 14.7%, p=0.0475). This result was
not sustained in all studies. No differences were observed in early postoperative complications after mesh or suture repair.
Conclusions This review demonstrated that studies investigating surgical treatment of primary epigastric hernias are scarce.
The best available evidence suggests that mesh reinforcement in primary epigastric hernia repair possibily leads to less recur-
rences and that laparoscopic repair leads to less postoperative pain. Due to the high risk of selection bias of included studies
and heterogenic study populations, no clear recommendations can be conducted. High-quality studies with well-defined
patient groups and clear endpoints, primarily focusing on primary epigastric hernias, are mandatory.

Keywords Epigastric hernia - Primary hernia - Repair - Recurrence - Mesh

Introduction hernias, regarding defect size, location, contamination, and

previous repairs. The most well-known classification system

The term ventral hernia is a collective term used for both pri-
mary and incisional hernias in various parts of the abdomi-
nal wall. There are various classification systems for ventral
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for primary ventral hernias was outlined by the European
Hernia Society (EHS) [1]. This scoring system classifies
primary ventral hernias into midline hernias (epigastric and
umbilical) and lateral hernias (Spigelian and lumbar). Addi-
tionally, these hernias are classified by defect size: small
(<2 cm), medium (>2-4 cm), and large (>4 cm) [1].
Unfortunately, in research this classification is not often used
and, as a consequence, the morphology of hernias is defined
in various ways. As a result, outcomes of ventral hernia stud-
ies are difficult to compare [2].

Due to variability in definition of hernias in literature and
lack of further specification, the incidence of primary epi-
gastric hernias is difficult to establish. It was estimated that
of all ventral hernia repairs in the United States, approxi-
mately two-third were primary ventral hernias, mostly
umbilical and only a small portion were epigastric hernias
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[3]. Ninety percent of primary ventral hernia repairs are per-
formed for small fascia defects under 2 cm [4].

Although repair of (small) primary ventral hernias is
referred to as a simple surgical procedure, the optimal treat-
ment strategy is still a matter of debate. Surgical repair of
epigastric hernias can either be done with simple suture
repair or reinforcement with mesh and can be performed
via a laparoscopic or open procedure. Moreover, in clinical
practice the surgical approach of these hernias may be influ-
enced by surgeons preferences, patient characteristics, and
hernia characteristics, such as comorbidity, patient expecta-
tions, defect size, hernia location and reducibility [5]. Nev-
ertheless, there is great need for evidence-based treatment
strategies for these common primary epigastric hernias,
as they are rarely investigated as a separate entity. To our
knowledge, no systematic review of the surgical treatment
of primary epigastric hernias is available to date.

The aim of this systematic review was to assess the surgi-
cal treatment of primary ventral hernias, exclusively focus-
ing on primary epigastric hernias, in adult patients. This
review explicitly excluded literature on incisional hernias,
ventral hernias not otherwise specified, and isolated (para)
umbilical hernias.

Methods
Search strategy

This review was conducted and presented according to
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines [6]. In most studies,
ventral hernia types are not separately recognisable and
studies solely reporting on primary epigastric hernias are
scarce. Therefore, an extensive literature search was con-
ducted searching for all studies reporting on ventral hernia.
Embase.com, PubMed and the Wiley/Cochrane Library were
searched from inception up to 24 April 2019 (by LB and
JCFK). The following terms were used (including synonyms
and closely related words) as index terms or free-text words:
‘abdominal wall hernia’ or ‘ventral hernia’ or ‘epigastric
hernia’ or ‘hernioplasty’ or ‘herniorraphy’ and ‘systematic
reviews’ or ‘randomised controlled trials’ or ‘cohort stud-
ies’, excluding studies on children and conference abstracts.
Duplicate articles were excluded. All languages were
accepted. The full search strategies for all the databases can
be found in Supplementary Information 1.

Eligibility criteria
All original cohort studies and randomised controlled tri-

als comparing laparoscopic and open repair, and mesh rein-
forcement and suture repair in adult patients with primary
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epigastric hernias were included in this review. Only
studies reporting on primary ventral hernias including a
minimum of ten patients with primary epigastric hernias
were eligible.

Studies that did not specify hernia type, studies solely
reporting on (para)umbilical hernias, or studies including
incisional hernia repairs were excluded. If duplicate study
populations were identified, the most recent or complete
articles were selected prevent duplication bias. Studies pub-
lished in English, Dutch or German were considered eligible
for this systematic review.

Outcome measures

Primary outcome measures of interest were early and late
postoperative complications, such as wound infection, ser-
oma, postoperative pain, recurrence, and reoperation. Sec-
ondary outcome measures were operative time and length
of hospital stay.

Study selection

Study selection was performed by two reviewers (LB and
YC). Title and abstract of all articles were screened accord-
ing to the predefined eligibility criteria. After initial selec-
tion, the full text was obtained and studies that met the
eligibility criteria were included in this review. In case of
disagreement in study selection, an independent author (SV)
was consulted.

Data extraction

Two reviewers (LB and YC) performed the data extraction.
The following study variables were extracted from each arti-
cle: study design, year of publication, demographics of study
population, number of patients included, hernia character-
istics, surgical techniques and postoperative complications,
including hernia recurrence.

Quality assessment

The Methodological Index For Non-Randomized Studies
(MINORS) was used to assess the methodological quality
of observational studies included in this systematic review
[7]. The global ideal score for comparative studies was 24.
The methodological quality of randomised controlled trials
(RCTs) was assessed with the Cochrane Collaboration risk
of bias assessment tool [8]. Two reviewers scored the articles
based on the criteria’s listed by the assessment tools (LB and
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YC). Any discrepancies were resolved with an independent
author (SV).

Results

After screening 8516 studies on ventral hernia repair, only
eight studies were found eligible for this systematic review
on the surgical treatment of primary epigastric hernia. Most
studies were excluded, because ventral hernia type was not
specified, primary and incisional ventral hernias were mixed
or only (para)umbilical hernias were included.

A total of four studies compared laparoscopic and open
repair and five studies compared mesh reinforcement and
suture repair. One study described both comparisons; hence,
it is referred to in both sections [10]. The PRISMA flowchart
of study selection is presented in Fig. 1.

Methodological quality and risk of bias

The summary and results of methodological quality assess-
ment of the observational studies and RCT are shown in
Fig. 2 and Table 1, respectively.

Laparoscopic or open repair

Laparoscopic and open repair was compared in four studies
[9-12]. Of these, three were retrospective cohort studies and
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Fig.2 Risk of bias for randomised studies

one was a RCT, comprising a total of 2556 patients with epi-
gastric hernias, 7819 patients with (para)umbilical hernias,
and three patients with lateral hernias. None of the included
studies exclusively reported on epigastric hernia. Baseline
characteristics and outcome measures of the included studies
are presented in Table 2.

Early postoperative complications

Early postoperative complications were reported in all stud-
ies [9—12]. Due to the non-randomised character of data col-
lection, Bisgaard et al. did not perform any statistical com-
parison between groups [10]. The RCT showed more early
postoperative pain after open repair at 2 and 24 h (p=0.001)
[11]. The overall complication rate, addressed in two studies,
showed higher overall complication rates after laparoscopic
repair, although no significant differences were reported [10,
12].

No differences in surgical site infection and seroma were
reported [11, 12]. Visceral injury was solely reported after
laparoscopic repair (4% and 0.4%), although no significant
difference was found [10, 12].
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Table 1 Risk of bias for non-randomised studies
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Late postoperative complications

No differences in hernia recurrences were reported after lap-
aroscopic or open repair, although only one study reported a
sufficient follow-up time with a median of 60 months in the
open group and 56 months in the laparoscopic group [9, 11,
12]. Readmission rates, reported in two studies, were higher
after laparoscopic repair [9, 10]. Helgstrand et al. found a
significant difference (7.7% versus 4.4%, p <0.001) in the
univariate analysis; however, after adjusting for age, hernia
size, recurrent or primary hernia, and umbilical or epigas-
tric repair, no differences were found in readmission rate
between laparoscopic and open repair [9]. Readmission was
mainly due to postoperative pain and wound-related com-
plications [9, 10].

Operative time and length of stay

Data on length of stay and operative time were inconclusive
[9-12].

Mesh reinforcement or suture repair

A total of five retrospective studies compared open mesh
reinforcement and open suture repair [10, 13—16]. Of these,
one retrospective study had three treatment arms, including
open onlay mesh, open intraperitoneal mesh and open suture
repair [15]. Epigastric hernias were exclusively analysed in
two retrospective studies, consisting of 919 patients [10,
14]. The remaining studies combined epigastric and (para)
umbilical hernias [13, 15, 16]. Baseline characteristics and
outcome measures of the included studies are presented in
Table 3.

Early postoperative complications

Early postoperative complications were reported in four
studies [10, 13, 15, 16]. Low complication rates were
observed and there were no differences in early postopera-
tive complications after repair with mesh reinforcement or
sutures.

Late postoperative complications

Recurrence rates were significantly lower after mesh rein-
forcement in two studies, although other studies found no
difference [13—16]. Of these two studies, one study of 4786
patients with a mean follow-up of 21 months showed less
reoperations for recurrences after mesh reinforcement com-
pared to suture repair (2.2 versus 5.6%, p=0.001) [13]. The
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second study of 98 patients with a follow-up of 53 months,
which also included emergency repairs, showed a recur-
rence rate of 3.1% after mesh repair, which was significantly
lower than the recurrence rate of 14.7% after suture repair
(p=0.0475) [16]. The occurrence of chronic pain did not
differ between suture repair or repair with mesh reinforce-
ment [14, 15]. Patients with recurrences reported signifi-
cantly more pain [14, 15].

Operative time and length of stay

The mean operative time, reported in one study, was longer
in mesh repair compared to suture repair (47 versus 29 min,
p<0.0001) [14]. No differences in length of stay were
reported [16].

Discussion

This systematic review demonstrated that there are very
limited studies investigating the surgical treatment of pri-
mary epigastric hernias, and the studies available are of low
methodological quality. Most studies were retrospective,
combined primary epigastric hernias with (para)umbili-
cal hernias, had no long-term follow-up, and did not report
on hernia characteristics, such as defect size or number of
defects. Only two studies were identified that solely focussed
on primary epigastric hernias.

Nevertheless, several conclusions can be conducted from
this systematic review. Laparoscopic repair of primary epi-
gastric hernia was associated with less postoperative pain. A
benefit of laparoscopic repair in case of recurrence, surgical
site infection, and length of stay could not be concluded
from these studies. Mesh repair was associated with less
recurrences compared to suture repair in two studies and no
differences in early postoperative complications or chronic
pain were observed.

Our study is the first systematic review to evaluate all
existing literature regarding the surgical treatment of pri-
mary epigastric hernias. There have been several previous
systematic reviews on laparoscopic and open repair, and
mesh and suture repair including both primary and incisional
hernias or solely (para)umbilical hernias [17-22].

Hajibandeh et al. investigated laparoscopic versus open
repair in umbilical hernias and showed, in contrast to our
results, that laparoscopic repair was associated with a lower
risk of wound infection, wound dehiscence and recurrence
[19]. This present study found similar recurrence rates for
laparoscopic and open repair of primary epigastric hernias.
This is probably attributable to an inadequate and mainly
short-term follow-up in most studies. Laparoscopic repair
is often associated with lower rates of surgical site infec-
tions, as incisions are small and, therefore, the risk of

contamination is low. This study could not confirm a lower
rate of surgical site infections after laparoscopic repair in
patients with primary epigastric hernias. Extensive dissec-
tion of the abdominal wall and raising flaps for mesh fixa-
tion are important causes of postoperative pain [23]. This is
confirmed by a higher rate of postoperative pain after open
repair in our study.

In the past decade, four systematic reviews have been
published on the use of mesh and suture in patients with
primary and/or incisional ventral hernias [17, 20-22]. In
accordance with our study, all reviews found lower recur-
rence rates after mesh repair compared to suture repair.
Recurrence rates are difficult to compare across studies as
different definitions of recurrence are used, such as patient-
reported complaints, physical examination, or imaging of the
abdominal wall. Moreover, diagnosing recurrences based on
physical examination and patient-reported complaints can
lead to an underestimation of recurrence rates [24]. Follow-
up was often inadequate or mainly short term. Mathes et al.
showed a higher risk of chronic pain for patients undergo-
ing mesh repair, especially if the mesh was placed in sublay
position [22]. In our study, no increased risk for chronic pain
was observed after mesh repair [14, 15].

Studies reporting on the surgical treatment of primary
epigastric hernias have several limitations. First, there is
high heterogeneity in study populations, since almost all
study populations consisted of both epigastric and (para)
umbilical hernias, despite their different aetiologies [25].
Second, important clinical and hernia characteristics such
as age, gender, BMI, and defect size were significantly dif-
ferent across treatment groups. This was mostly due to the
retrospective character of studies available. This introduces
a huge bias and should be taken into consideration when
interpreting study results. Third, hernia characteristics are
often not well defined and reported differently across stud-
ies. Defect size can be defined as the largest defect diameter
(either width or length), hernia surface, or mesh size. Addi-
tionally, terminologies such as small, medium or large are
not paired with fixed defect sizes in centimetres. Although
multiple classification systems have been suggested, there is
need for standardised clear definitions to report hernia char-
acteristics [2]. Furthermore, most studies lack data about the
concomitant presence of occult defects or rectus diastasis,
both known to influence postoperative outcomes, especially
resulting in higher rates of recurrence [26, 27].

This systematic review primarily focused on the outcomes
of surgical treatment after laparoscopic and open repair, and
mesh and suture repair. Therefore, several important factors,
such as watchful waiting, cost efficacy, and the use of new
techniques, such as robotic repair, were not addressed. Also
defect closure, hernia sac resection or reduction, type and
position of mesh were not investigated in this review as data
of primary epigastric hernia was lacking.
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In conclusion, this systematic review demonstrated that
studies investigating the surgical treatment of primary epi-
gastric hernias are scarce and of low methodological quality.
Based on the available literature, no clear recommendation
for surgical treatment can be made. A major concern is that
primary epigastric hernias are often not well investigated as
an entity and results are not separately recognisable in litera-
ture. This review stresses the need for high-quality studies
solely focusing on the surgical treatment of primary epi-
gastric hernias. Moreover, hernia and patient characteristics
need to be reported in a standardised manner.
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