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Background: Umbilical and epigastric hernia repairs are frequently performed surgical procedures with
an expected low complication rate. Nevertheless, the optimal method of repair with best short- and
long-term outcomes remains debatable. The aim was to develop guidelines for the treatment of umbilical
and epigastric hernias.
Methods: The guideline group consisted of surgeons from Europe and North America including mem-
bers from the European Hernia Society and the Americas Hernia Society. The Grading of Recom-
mendations, Assessment, Development and Evaluation (GRADE) approach, the Scottish Intercollegiate
Guidelines Network (SIGN) critical appraisal checklists, and the Appraisal of Guidelines for Research
and Evaluation (AGREE) instrument were used. A systematic literature search was done on 1 May 2018,
and updated on 1 February 2019.
Results: Literature reporting specifically on umbilical and epigastric hernias was limited in quantity
and quality, resulting in a majority of the recommendations being graded as weak, based on low-quality
evidence. The main recommendation was to use mesh for repair of umbilical and epigastric hernias to
reduce the recurrence rate. Most umbilical and epigastric hernias may be repaired by an open approach
with a preperitoneal flat mesh. A laparoscopic approach may be considered if the hernia defect is large,
or if the patient has an increased risk of wound morbidity.
Conclusion: This is the first European and American guideline on the treatment of umbilical and
epigastric hernias. It is recommended that symptomatic umbilical and epigastric hernias are repaired
by an open approach with a preperitoneal flat mesh.
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Introduction

Umbilical and epigastric hernia repairs are frequently per-
formed surgical procedures with an expected low complica-
tion rate of 3⋅5 per cent1. The optimal repair method with
the best short- and long-term outcomes remains debat-
able. The choices are many. For instance, is it necessary to
use a mesh and, in the case of mesh repair, is a preformed
patch better than a flat mesh, and in which anatomical layer

should it be placed? Furthermore, when is a laparoscopic
approach preferable to an open approach?

In recent decades, the European Hernia Society (EHS)
has facilitated the creation of a number of guidelines
on the treatment and prevention of hernias, aiming at
improving and standardizing hernia care2,3. The Interna-
tional Endohernia Society (IEHS)4–6 published guidelines
on laparoscopic treatment of both primary ventral and
incisional hernias in 2014, but did not address open ventral
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hernia repair. The Society of American Gastrointestinal
Endoscopic Surgeons (SAGES)7 published a guide-
line on laparoscopic ventral hernia repair in 2016. An
expert-guided consensus for the management of all types
of ventral hernias exists8, and the World Society of Emer-
gency Surgery (WSES)9 addressed emergency repairs of
both primary ventral and incisional hernias. To date, no
guideline has been published on the treatment of umbilical
and epigastric hernias, specifically addressing both open
and laparoscopic techniques.

The aim was to develop guidelines for the treatment
of umbilical and epigastric hernias using watchful waiting
or any surgical technique. The guideline group included
surgeons from Europe and North America, thus including
members from both the EHS and the Americas Hernia
Society (AHS).

Methods

Guideline group

The project was approved by the EHS and AHS boards in
February 2017. Two coordinators were appointed to man-
age the project. The guideline was intended for surgeons,
general practitioners and patients. A list of the members
of the group and their responsibilities is available in the
acknowledgements. Conflicts of interest (COI) for each
member were recorded transparently. The meetings were
funded by the EHS and AHS. There was no involvement
from industry.

Timeline and meetings

The protocol, including key questions and timeline, was
approved by eight participants at the AHS/EHS congress
in Miami, March 2018. A second meeting was held in
Amsterdam, September 2018, with 11 participants. Each
team presented their systematic review of the literature
for each subject, and draft recommendations were pro-
posed. Key questions needing further work were identified
and discussed at the third meeting in Malmö, February
2019, with nine participants. All suggested recommenda-
tions were discussed, some reformulated and thereafter
approved. The remaining three participants approved the
recommendations by e-mail. All members participated in
at least two of the three meetings.

Methodology

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach was
used in formulating the recommendations. The Scottish
Intercollegiate Guidelines Network (SIGN) critical
appraisal checklists were used for evaluation of the quality

of full-text papers. Key questions were proposed by the
coordinators, revised and thereafter approved by the group.

The group was divided into teams (2–3 members per
team) working on specific key questions. Each team
decided on important outcomes of key questions using
the PICO (patient, intervention, comparator, outcome)
approach. A systematic literature review was performed for
each key question. If up-to-date high-quality meta-analyses
or systematic reviews on the subject were available, the
conclusions were derived from these. Next level in quality
were RCTs and thereafter observational studies. Case series
were included only if they added substantial evidence/
information, or if no higher level of evidence was avail-
able. Case reports and expert opinions were not included.
The Appraisal of Guidelines for Research and Evaluation
(AGREE) instrument was followed.

The guideline was published in two parts. The current
guideline addressing the most common considerations on
the treatment of umbilical and epigastric hernias, and a
second guideline addressing umbilical and epigastric her-
nias in rare circumstances as wel as Spigelian and lumbar
hernias10. The guideline was presented at the EHS meet-
ing in September 2019, where consensus voting on selected
recommendations took place.

Literature search

A systematic literature search was performed by two
reviewers independently and reported on 1 May 2018,
and updated on 1 February 2019. The Cochrane Library,
PubMed, Embase, CINAHL and Google Scholar were
searched using Medical Subject Headings (MeSH) terms.
Search terms for each subject are available in Appendix
S1 (supporting information) together with PRISMA flow
charts (Figs S1–S5, supporting information). Records
were screened by title and abstract by two assessors. Full
texts were evaluated by two assessors independently. Only
papers rated as acceptable or high quality according to the
SIGN checklist were included, to limit the risk of bias. Any
disagreement between assessors was settled by discussion
either in the entire group or by a third assessor.

As data on primary ventral hernias were sparse, papers
concerning both primary ventral and incisional hernias
were included. Authors were contacted for extraction of
data on primary ventral hernias specifically. If this was not
possible, the paper was still included, but it was specified in
the text that data were derived from both primary ventral
and incisional hernias.

Results

Eighteen key questions (KQs) were formulated and a total
of 114 studies were finally included (Fig. 1).
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Fig. 1 PRISMA flow chart showing selection of articles for review
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Definition and diagnosis

KQ 1: What is the definition of an umbilical hernia
and an epigastric hernia?
Statement: There is no available classification that clas-
sifies sizes of umbilical and epigastric hernias satisfacto-
rily. An umbilical hernia is defined as a primary hernia
with the defect located in the midline in the centre of
the umbilical ring. An epigastric hernia is defined as a
hernia with the centre of the defect in the midline above
the umbilicus up to the xiphoid process. The guide-
line group classified umbilical and epigastric hernias into
small (0–1 cm), medium (more than 1 cm up to 4 cm) and
large (over 4 cm) based on defect diameter.
Recommendation: It is suggested that a new consensus
on definition and size classification of umbilical and
epigastric hernias is created.
Quality of evidence:
Strength of recommendation: Weak

Umbilical hernias are common; asymptomatic hernias
may be present in up to 25 per cent of the population
when examined by ultrasound imaging11. In a nationwide
register-based study12 from Denmark, the prevalence of
an umbilical or epigastric hernia repair in a 5-year interval
showed a bimodal distribution. The overall number of

umbilical hernia repairs is higher in men than women. The
age-specific prevalence was observed to peak in early child-
hood (0–5 years) for both sexes, in older age (61–70 years)
for men, and in middle age for women (31–40 years). The
number of repairs for epigastric hernias was similar for
both sexes, with the age-specific prevalence peaking at
51–70 years for men and 41–50 years for women.

Studies specifically addressing risk factors for the
development of umbilical/epigastric hernias are lacking.
Connective tissue disorders, colonic diverticular disease,
obesity, presence of ascites, pregnancy, rectus diastasis,
native African and American ethnicity, and syndromes like
Down’s and Beckwith–Wiedemann have been suggested
as potential risk factors13–15.

The current classification system for both primary ven-
tral and incisional hernias was published in 2009 by the
EHS16, based on a consensus discussion of hernia special-
ists. This classification is based on both defect location
and size. As primary hernias in the midline usually have a
defect that is more or less round or oval-shaped, the size
was described with one measurement being the diameter of
the defect. Sizes were divided into small (0–2 cm), medium
(more than 2 up to 4 cm) and large (over 4 cm). The exact
definition of umbilical and epigastric hernias was not clear
in that publication. In 2012, another paper was published
on the development of the European registry for abdominal
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Fig. 2 Anatomical location of epigastric and umbilical hernias
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A, epigastric hernia; B, umbilical hernia; 1, xiphoid process; 2, linea
alba – midline; 3, linea semilunaris (artist: Y. Renard).

wall hernias (EuraHS) from the EHS17. Here, an umbilical
hernia was defined as a primary hernia with its centre at
the umbilicus, and an epigastric hernia as a primary hernia
with its centre close to the midline above the umbilicus.

The guideline group discussed the definition of umbil-
ical and epigastric hernias thoroughly. The size division
into small, medium and large does not match the treatment
choices based on recent research, so it was decided to cre-
ate a new size classification. The guideline group defined
umbilical hernia as a primary hernia with the defect located
in the midline within the umbilical ring. An epigastric
hernia is defined as a primary hernia with the centre of the
defect located in the midline above the umbilicus up to the
xiphoid process (Fig. 2). The guideline group decided to
divide umbilical and epigastric hernias into small (0–1 cm),
medium (more than 1 cm up to 4 cm) and large (over 4 cm)
based on defect diameter.

KQ 2: Are diagnostic modalities indicated in the
management of umbilical and epigastric hernias?
Statement: Studies specifically designed to evaluate
diagnostic modalities for primary ventral hernias are
lacking. Umbilical and epigastric hernias are typically
diagnosed by clinical examination only. Imaging by ultra-
sound examination or CT can be considered if clinical
examination is inconclusive.
Recommendation: It is recommended that umbilical or
epigastric hernias are diagnosed by clinical examination
alone. Imaging by ultrasound examination or CT can be
considered in case of doubt.
Quality of evidence:
Strength of recommendation: Strong (upgraded)

In most patients, an umbilical or epigastric hernia can
be diagnosed by clinical examination alone. Only one case
series18 was identified that looked specifically at imaging
modalities, which found that ultrasound imaging is useful
if there is doubt on clinical examination. In general, diag-
nostic tests that may be used include ultrasound imaging,
CT, MRI, plain radiography and herniography. Additional
imaging has been reported to increase the accuracy of the
diagnosis to over 97 per cent19. Furthermore, one study20

reported that there is only a moderate correlation between
clinical examination, CT and intraoperative laparoscopic
assessment when measuring defect sizes in ventral hernias.
Preoperative imaging may be necessary in patients with
abdominal pain without a palpable hernia, or in obese
patients for measurement of the defect size when planning
the surgical approach.

Based on the limited evidence, it is not possible to make a
recommendation on any diagnostic approach. The guide-
line group suggested diagnosing umbilical or epigastric
hernias by clinical examination alone. Imaging by ultra-
sound examination or CT can be considered if the diag-
nosis is in doubt.

KQ 3: Is a watchful waiting strategy safe in patients
with asymptomatic umbilical or epigastric hernias?
Statement: There are limited data on watchful waiting
for patients with umbilical and epigastric hernias, but a
watchful waiting strategy seems safe.
Recommendation: For asymptomatic umbilical and
epigastric hernias, a watchful waiting strategy can be
suggested.
Quality of evidence:
Strength of recommendation: Weak

Only one study21 has evaluated the safety of watchful
waiting in patients with ventral hernias. A total of 1358
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ventral hernias, including incisional, umbilical and epigas-
tric defects, were evaluated. Watchful waiting was defined
as non-operative management. It appears safe, even though
up to 19 per cent of the patients may undergo surgery at
a later point. Data specifically on umbilical and epigastric
hernias were not available. In a small prospective observa-
tional study22 of 25 patients in whom non-operative treat-
ment of a primary ventral hernia was planned, and who
were followed for a median of 12 months, 20 and 4 per cent
underwent elective and emergency repair respectively.

Data are lacking on the prevalence of umbilical and
epigastric hernias in general and on the number of patients
undergoing hernia repair. The guideline group suggested
a watchful waiting strategy for asymptomatic umbilical and
epigastric hernias.

Optimization for surgery

KQ 4: Is optimization of the patient necessary before
elective umbilical or epigastric hernia repair?
Statement: Wound complications are the most com-
mon complication in ventral hernia repair. Smoking and
obesity increase the risk of postoperative wound com-
plications in general, but data are limited considering
umbilical and epigastric hernia repair specifically. From
other types of surgery, it is known that 4 weeks of smok-
ing cessation before surgery, and weight loss for obese
patients, reduce the risk of surgical-site infection.
Recommendation: It is suggested to advise smoking
cessation for 4–6 weeks, and weight loss to BMI below
35 kg/m2, before elective umbilical or epigastric hernia
repair.
Quality of evidence:
Strength of recommendation: Weak

The literature on complications after primary ventral her-
nia repair is limited. Only two large cohort studies1,23,
both with data from the Danish Hernia Database, were
identified. A total of 6783 umbilical and epigastric her-
nia repairs were included. The overall readmission rate
was 5⋅9 per cent. Reasons were: wound infection (36⋅8 per
cent), pain (30⋅6 per cent) and haematoma (16⋅5 per cent)1.
Patients undergoing recurrent hernia repair had a signif-
icantly higher risk of readmission for either a surgical or
medical complication, compared with patients undergoing
primary hernia repair (7⋅4 and 4⋅9 per cent respectively;
P = 0⋅026). The 30-day reoperation and mortality rates
were 0⋅3 and 0⋅2 per cent respectively1. No data were avail-
able on smoking, BMI or patient co-morbidity1.

In a large cohort study24 from the American College
of Surgeons National Surgical Quality Improvement
Project of more than 220 000 patients, including inguinal,

umbilical and incisional hernia repairs, smoking was
associated with increased readmissions and reoperations24.

Small retrospective studies have looked at risk factors
for recurrence after primary ventral hernia repair. Four
small case series25–28 reported no association between obe-
sity and recurrence, whereas obesity was reported to be
an independent risk factor for recurrence in two other
studies29,30. Wound infection after primary repair may be
associated with an increased recurrence rate29,31, but other
studies27,28,32 could not confirm this finding.

In an expert consensus report8 on elective surgical man-
agement of both primary ventral and incisional hernias, it
was suggested that patients should quit smoking and lose
weight if their BMI exceeded 30 kg/m2.

The most frequent complications after umbilical and epi-
gastric hernia repair are wound complications1. Smoking
and obesity are known to be associated with increased
wound morbidity in general33, but there are no clear data
on whether smoking or obesity is related to a poorer
postoperative outcome after umbilical or epigastric hernia
repair. No recommendation can therefore be made based
on the available literature, but the guideline group sug-
gested that smoking cessation and weight loss to BMI less
than 35 kg/m2 is advised before elective hernia repair.

KQ 5: Is antibiotic prophylaxis indicated for umbili-
cal and epigastric hernia repair?
Statement: There is insufficient evidence to recommend
routine use of antibiotic prophylaxis in umbilical and epi-
gastric hernia repair to decrease the rate of surgical-site
infection. However, surgical-site infection is a significant
complication of umbilical and epigastric hernia repair,
especially when mesh is inserted; in this situation antibi-
otic prophylaxis may be useful.
Recommendation: Prophylactic antibiotics, given as a
single perioperative dose, is suggested when a mesh is
used for umbilical or epigastric hernia repair.
Quality of evidence:
Strength of recommendation: Weak

In 2016, the WHO34 published guidelines on the preven-
tion of surgical-site infection after surgery. These guide-
lines included a list of 29 concrete recommendations
distilled by leading experts reviewing the latest evidence.
However, these recommendations were not specifically
aimed at hernia surgery, and did not address perioperative
antibiotic prophylaxis. Nevertheless, it was recommended
that antibiotic prophylaxis should not be prolonged after
completion of surgery.

Literature on the use of perioperative antibiotics for
elective primary ventral hernia repair is limited. One
meta-analysis35 on antibiotic prophylaxis for abdominal
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wall hernia repair in general was identified, which con-
cluded that further studies are needed on ventral hernia
repair. This meta-analysis included one small RCT36 of 19
patients scheduled for umbilical hernia repair and random-
ized to preoperative antibiotics or not. One of nine patients
in the antibiotics group had postoperative wound infection
compared with four of ten in the control group (P = 0⋅3).
A sample size of 19 patients is extremely small, so the study
is of limited value. The IEHS6 and SAGES7 guidelines for
laparoscopic ventral hernia repair both recommend a single
dose of second-generation cephalosporin for ventral hernia
repair.

It is known that postoperative wound infection is a sig-
nificant complication in umbilical and epigastric hernia
repair1. Previous guidelines for laparoscopic repair of all
types of ventral hernia recommend antibiotic prophylaxis.
Wound infection rates may be higher for open repairs than
for laparoscopic repairs. All included literature was pub-
lished before the WHO guideline34 on the prevention of
surgical-site infection, which is why it is likely that not
all recommendations from the WHO guidelines were fol-
lowed. Data are limited for umbilical and epigastric hernia
repair specifically, but the guidelines group suggests that
prophylactic antibiotics are given as a single perioperative
dose for both laparoscopic and open repair when a mesh
is used. The type of antibiotic is chosen according to local
protocol.

Surgical considerations

KQ 6: Is there a place for sutured repair in elective
umbilical or epigastric hernia repair?
Statement: The use of mesh for open umbilical or
epigastric hernia repair reduces the rate of recurrence
without increasing the rate of surgical-site infection or
postoperative pain. The quality of evidence is limited for
hernias with defect sizes smaller than 1 cm.
Recommendation: It is recommended that mesh is used
for repair of umbilical and epigastric hernias to reduce
the recurrence rate. Sutured repair can be considered in
shared decision-making and for small hernia defects of
less than 1 cm.
Quality of evidence:
Strength of recommendation: Strong

Repair of umbilical and epigastric hernias can be achieved
with both suture and mesh repair. The recurrence rate
after sutured umbilical hernia repair varies between 1 and
54⋅5 per cent, depending on the follow-up method25,37–39.
A large cohort study40 of 1313 patients having a suture
or mesh repair of an umbilical or epigastric hernia with
a defect smaller than 2 cm reported an overall recurrence

rate of 14 per cent after median of 3 years. Until recently,
studies evaluating the use of mesh for smaller umbilical
and epigastric hernias were limited. In the past decade, five
meta-analyses41–45 evaluating the use of mesh for umbilical
and epigastric hernias have been published. All concluded
that mesh is superior to sutures in terms of decreasing
recurrence. The most recent high-quality meta-analysis44

included data from RCTs37,38,46–48, retrospective cohort
studies26,49–51 prospective observational studies25,31 and
studies from hernia registries40,52,53. All found that the
recurrence rate decreased with the use of mesh com-
pared with sutures, without increasing surgical-site infec-
tions, seroma, haematoma or chronic pain. However, in
a large database study1 of umbilical and epigastric her-
nias, the use of mesh was associated with increased read-
mission rates1. In a recent RCT48 comparing mesh versus
suture repair of umbilical hernia, a secondary outcome was
patient-reported preoperative and postoperative quality of
life. Patients did not report any difference in either the
Short Form 36 or five-level EuroQoL Five Dimensions
(EuroQoL Group, Rotterdam, the Netherlands) question-
naire between the two techniques. No other studies were
identified that compared patient-reported outcomes after
sutured or mesh repair.

Evidence is limited for hernia defects smaller than 1 cm. A
subgroup analysis of a meta-analysis44 suggested that mesh
is also beneficial for small defects, in decreasing recurrence
rates. More evidence is needed concerning the role and
optimal placement of mesh in patients with an umbilical
hernia smaller than 1 cm44.

The use of mesh reduces recurrence without significantly
increasing the rate of surgical-site infection or postopera-
tive pain; therefore, it is recommended that mesh is used for
umbilical and epigastric hernia repairs. For defects smaller
than 1 cm the evidence is limited, and a sutured repair may
be considered in shared decision-making with the patient.

KQ 7: Which is the preferred technique for sutured
repair of umbilical or epigastric hernias?
Statement: There is insufficient evidence to recom-
mend the use of a specific type of suture or sutur-
ing technique for sutured repair of umbilical or epigas-
tric hernias. Studies indicated that slowly resorbable or
non-absorbable sutures were used most commonly.
Recommendation: It is suggested that slowly resorbable
or non-absorbable sutures are used for sutured repair of
umbilical and epigastric hernias. The suture technique
can be chosen by the surgeon. It is recommended not to
use quickly absorbable sutures.
Quality of evidence:
Strength of recommendation: Weak
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Suture type (non-absorbable, slowly absorbable or
quickly absorbable) and technique (continuous or inter-
rupted) may play a role in reducing the risk of recurrence.
Special techniques named after surgeons such as Mayo54

have also been described.
Two large studies40,52 from the Danish Hernia Database

compared non-absorbable (most patients), slowly
absorbable and quickly absorbable sutures after a median of
21–43 months’ follow-up, and found no difference in the
cumulative recurrence rate between suture types. There
were no studies evaluating the role of antibiotic-coated
sutures in primary ventral hernia repair.

In the non-mesh group of cohort studies and RCTs
(mesh versus suture) for umbilical and epigastric hernias,
interrupted non-absorbable sutures were used in most
studies37,38,46,48–50,55. Type of suture was not specified in
two studies25,31.

In two RCTs38,55 and two case series25,50, the tech-
nique was further specified as the Keel technique55 (defect
sutured in 2 layers) or Mayo technique (double-breasted
sutures)25,38,50. Dalenbäck and colleagues50 reported no
difference in recurrence between use of double-row sutures
(8⋅2 per cent), single-row sutures (4⋅7 per cent) or Mayo
repair (5⋅3 per cent). In the study by Kaufmann and
co-workers48, continuous or simple interrupted sutures
were used (surgeon’s choice), and there was no difference
in recurrence rates between the techniques.

There is insufficient evidence to recommend the use of
a specific type of suture or suturing technique for repair
of umbilical or epigastric hernias. The guideline group
suggested using a non-absorbable or slowly absorbable
suture, and the technique chosen by the surgeon.

KQ 8: Which is the optimal surgical approach for an
acutely strangulated/incarcerated umbilical or epi-
gastric hernia?
Statement: Emergency hernia repairs are heteroge-
neous. Many patient-related factors play a role in poten-
tial morbidity and mortality. There is low-level evidence
to suggest that the use of non-resorbable mesh is safe
for strangulated/incarcerated umbilical or epigastric her-
nia repair. Mesh can be used in patients with a clean or
clean-contaminated surgical field.
Recommendation: It is suggested that the emergency
repair of umbilical or epigastric hernias should be tai-
lored to patient and hernia characteristics. The use of
mesh can be considered.
Quality of evidence:
Strength of recommendation: Weak

An emergency procedure is associated with worse out-
comes than elective surgery. These differences are largely

related to patient co-morbidity rather than the emergency
nature of the procedure56. Data from the Danish Her-
nia Database1 suggest that emergency repair of an umbil-
ical or epigastric hernia is associated with up to 15-fold
higher mortality, reoperation and readmission rates. In the
USA, the incidence of urgent hernia repairs has increased
slightly during the past decade, with the greatest increase in
patients aged over 65 years. For umbilical hernias, the inci-
dence per 100 000 person-years reached its highest rate in
2009 (11⋅7 per cent)57.

It has been suggested that the use of a mesh repair for
incarcerated umbilical hernia is safe55,58. The presence of
non-viable intestine should not be regarded as a contraindi-
cation to mesh repair55. Wound infection rates are higher
after emergency hernia repair, but clinical consequences
are relatively rare59. No studies were identified on the use
of biological mesh in emergency repair of umbilical or epi-
gastric hernias.

In the WSES guideline9 for emergency repair of hernias,
it is recommended that synthetic mesh is used in clean or
clean-contaminated procedures. In a contaminated field, a
primary sutured repair is suggested for defects smaller than
3 cm; alternatively, biological mesh may be considered9. In
this guideline, ventral hernias included both primary and
incisional hernias.

Sepsis and co-morbidity play a role in the morbidity and
mortality of emergency repair. There is low-quality evi-
dence indicating that the use of a non-resorbable mesh
in a clean or clean-contaminated emergency hernia repair
is safe. Based on this, the guideline group suggested tai-
loring the repair based on patient and hernia charac-
teristics. A non-resorbable mesh can be used in both
clean and clean-contaminated procedures. The guideline
group suggested placing the mesh outside the peritoneal
cavity.

Open hernia repair of umbilical and epigastric
hernias with mesh

KQ 9: Which is the preferred type of mesh, and the
preferred layer for mesh placement when doing an
open umbilical or epigastric hernia repair?
Statement: The use of intraperitoneal preformed
patches for umbilical or epigastric hernia repairs may
shorten operating time, but may be associated with
increased complication rates compared with placing a
flat mesh in the preperitoneal space. Patches or pre-
shaped prosthetics with antiadhesive barriers are more
expensive than a synthetic flat mesh. There is acceptable
evidence that placement of mesh in the retromuscular or
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preperitoneal position is associated with a lower rate of
surgical-site infection and recurrence. Placement of the
mesh in the preperitoneal space seems safe and feasible.
Recommendation: It is suggested that a flat permanent
mesh is placed in the preperitoneal space for open umbil-
ical or epigastric hernia repair.
Quality of evidence:
Strength of recommendation: Weak

There is acceptable evidence that umbilical and epigastric
hernias can be repaired safely using a synthetic polypropy-
lene mesh30,37,48,60,61. Similar to incisional hernias, there
are five theoretical anatomical layers for mesh placement:
onlay, in the prefascial plane above the linea alba; fixing
the mesh to the borders of the repair (inlay plug); retro-
muscular, between the rectus muscle and the posterior
rectus sheath; preperitoneal, between the posterior rectus
sheath and the peritoneum; and intraperitoneal, also called
intraperitoneal onlay mesh (IPOM)62,63.

The number of preformed meshes, plugs and prosthetics
for repair of umbilical and epigastric defects is increasing.
Although the use of these prosthetics may shorten oper-
ating time64–66 and reduce postoperative pain38, there is
no evidence to support their use instead of a conventional
flat synthetic mesh. Most of these prosthetics are manufac-
tured to allow their use in the intraperitoneal position with
an antiadhesive barrier. There are a number of case series
on their safety51,64,66–69. Concerns have arisen from a few
reports of severe late complications, such as bowel obstruc-
tion, explantation owing to infection and enterocutaneous
fistula formation69–71. For this reason, preperitoneal place-
ment of a preformed patch should be considered, when
possible72.

To date, only one RCT (mesh versus patch repair for
epigastric and umbilical hernia, MORPHEUS)64 has
compared an intraperitoneal patch with a preperitoneal
low-weight polypropylene flat mesh. Surgery was easier
and slightly quicker with an intraperitoneal patch and the
early reoperation rate owing to serious complications was
significantly higher in the intraperitoneal patch group.
The complication rate was higher in the patch group than
in the flat mesh group at 2-year follow-up (32⋅5 versus
22⋅1 per cent; P = 0⋅044). There was no difference in
recurrence rate65. The cost of a patch is higher than that
of a flat mesh. Nevertheless, this study evaluated only one
specific type of patch; there are many different patches on
the market.

One small prospective cohort study73 evaluated the use
of a biological mesh for primary umbilical hernia repair
in 36 patients, and concluded that it seemed to be safe
and reliable, with a high degree of patient comfort. As this

is the only available study, with preliminary results and
no control group, the use of biological mesh cannot be
supported on this basis. There are no studies comparing
the use of polyester, polyvinylidene fluoride or absorbable
meshes, and there are no data comparing the efficacy and
safety of meshes of different porosity or density used in
open repairs.

Data from the AHS database (AHS quality
collaborative)74 showed no difference in 30-day morbidity
between matched sublay (pooling retromuscular, preperi-
toneal and intraperitoneal) and onlay repairs of primary
ventral and incisional hernias. Two meta-analyses75,76,
also including both primary ventral and incisional hernias,
found that retromuscular mesh placement had the low-
est probability of surgical-site infection and recurrence.
However, these results cannot be extrapolated to primary
ventral hernias alone.

A cohort study52 from the Danish Hernia Database,
including 4786 patients who had an umbilical or epigas-
tric hernia repair, found no difference in reoperation rate
between different mesh positions, except that use of an
inlay plug had a higher recurrence rate. A recent RCT48

comparing suture repair with mesh repair of 1–4-cm
umbilical hernias found that preperitoneal flat mesh had
a lower recurrence rate (4 per cent versus 12 per cent for
suture repair), without an increase in complications.

Even though data are sparse, there may be more serious
complications associated with the use of intraperitoneal
patches and a higher rate of reoperations. Based on this,
together with a higher cost of patches, the guideline group
suggested placing a conventional flat permanent mesh in
the preperitoneal space.

KQ 10: Which is the preferred mesh overlap for open
umbilical or epigastric hernia repair?
Statement: There is not enough evidence to recom-
mend a specific mesh overlap that may reduce recurrence
after umbilical and epigastric hernia repair. A preperi-
toneal mesh with an overlap of 3 cm has been associated
with low recurrence rates in umbilical hernia repairs with
defects of 1–4 cm.
Recommendation: In preperitoneal mesh repair for
open umbilical and epigastric hernia repair, an overlap
of 3 cm is suggested for defects of 1–4 cm.
Quality of evidence:
Strength of recommendation: Weak

In a systematic literature review77 including both open
and laparoscopic primary ventral and incisional hernia
repairs, it was concluded that there was no significant asso-
ciation between hernia recurrence and mesh overlap for
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open repairs. In a prospective case series66 that used an
intraperitoneal patch, there were no differences in mesh
overlap between recurrent and non-recurrent hernias. In
a recent retrospective study78 of 1558 patients with a mean
follow-up of 4 years, an overlap of less than 1 cm was asso-
ciated with a higher recurrence rate in univariable analysis.
In two recent RCTs48,64, use of a mesh overlap of 3 cm was
associated with low recurrence rates. For defects less than
1 cm, a smaller mesh overlap may be sufficient, but there
are currently no data available. Based on this, it seems rea-
sonable to suggest a 3-cm mesh overlap for open primary
ventral hernia repairs with defects of 1–4 cm.

KQ 11: Which is the preferred method of mesh fix-
ation for open umbilical or epigastric hernia repair?
Statement: There is not enough evidence to recom-
mend any method of fixation over another, where to fix
the mesh, or whether mesh fixation is even necessary in
open umbilical or epigastric hernia repair. Most studies
described suture fixation with non-absorbable sutures.
Recommendation: If the mesh is fixed for an umbil-
ical or epigastric hernia repair, it is suggested that a
non-absorbable suture is used.
Quality of evidence:
Strength of recommendation: Weak

There are no studies comparing different fixation tech-
niques or types of suture to fix the mesh in open repair of
primary ventral hernias. In two high-quality RCTs48,64 of
open mesh repair of umbilical hernias, a non-absorbable
suture was used for mesh fixation. The guideline group
discussed whether mesh fixation was always necessary,
and many agreed that it may not be necessary when
preperitoneal mesh placement is used. However, there is
no literature addressing this issue. If the mesh is fixed, the
guideline group suggested using a non-absorbable suture
for mesh fixation.

KQ 12: Should the defect be closed for open umbil-
ical and epigastric hernia repairs when a mesh is
used?
Statement: There is not enough evidence to recom-
mend whether the defect should be left open or closed
in open primary ventral hernia repair. Studies using a flat
mesh have reported closing the defect.
Recommendation: When performing umbilical or epi-
gastric hernia repair and a flat mesh is used, it is suggested
that the defect is closed.
Quality of evidence:
Strength of recommendation: Weak

There are no studies on primary ventral hernias focusing
specifically on defect closure. When mesh plug inlay
techniques or preformed patches are used, the defect may
not be closed as the mesh is fixed to the border of the
defect38,70. When preperitoneal flat mesh or an onlay mesh
is used, the fascial defect is usually closed48,74. In the
MORPHEUS trial65, patients with umbilical hernia were
randomized to preperitoneal flat mesh or intraperitoneal
patch; the fascia was closed in 86 per cent of patients.

It is unknown whether closing the defect influences the
outcome of the repair. However, there is a growing ten-
dency towards restoration of the midline. When mesh is
placed in the preperitoneal plane, closure of the defect pre-
vents the mesh entering the subcutaneous space. Based on
the available sparse data, it is suggested that the defect is
closed with a slowly absorbable or non-absorbable suture.

KQ 13: Which is the preferred anaesthetic method
for open umbilical and epigastric hernia repair?
Statement: Available evidence shows that local anaes-
thesia can be used safely for open umbilical and epigastric
hernia repairs. There is no evidence to support the supe-
riority of local anaesthesia over general anaesthesia.
Recommendation: The guideline group suggests
adhering to local protocols, and that the patient, sur-
geon and anaesthetist agree on the type of anaesthesia
for open umbilical or epigastric hernia repair based on
shared decision-making.
Quality of evidence:
Strength of recommendation: Weak

In a systematic review of available evidence, the use
of local anaesthesia led to a shorter postoperative stay
compared with general anaesthesia79. The use of local
anaesthesia did not lead to serious perioperative compli-
cations, allergic responses or anaesthesia-related deaths80.
There is no consensus regarding the type of anaesthetic
drug or technique used for local anaesthesia. Local anaes-
thesia for umbilical hernia repair seems safe and feasible.
There is no literature on potential advantages of using
local rather than general anaesthesia. Based on this, no
recommendation is given on method of anaesthesia. The
guideline group suggested adhering to local protocols,
and that the patient and surgeon agree on the type of
anaesthesia based on shared decision-making.

Laparoscopic repairs of umbilical and epigastric
hernias

KQ 14: What are the indications for laparoscopic
umbilical and epigastric hernia repair?
Statement: Laparoscopic repair decreases the risk of
wound complications. It may be beneficial for large (over
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4 cm) umbilical or epigastric hernias. For medium-sized
hernias, laparoscopic repair may be considered in
patients at high risk of wound infection.
Recommendation: It is suggested that laparoscopic
repair is considered for large umbilical or epigastric her-
nias, or if the patient has an increased risk of wound
infection.
Quality of evidence:
Strength of recommendation: Weak

One systematic review and meta-analyses81 compared
laparoscopic and open repair of umbilical hernias. It
included three RCTs and seven retrospective cohort
studies with a total of 16 549 patients. Open repair was
associated with a higher risk of wound infection, wound
dehiscence, recurrence, increased duration of hospital
stay, but shorter operating times than laparoscopic repair.
Six other meta-analysis and systematic reviews82–87 com-
pared the effectiveness of laparoscopic and open repair,
but included both primary ventral and incisional hernias.
These studies showed no differences in recurrence rates,
seroma risk, duration of operation or postoperative pain
between techniques, but with conflicting data and low
levels of evidence. Laparoscopic repair had a significantly
lower rate of wound infections and shorter hospital stay
than open repair, but laparoscopic repair was associ-
ated with a slightly higher rate of perioperative bowel
injury86,87. The results of these meta-analyses should be
interpreted with caution because techniques, mesh types,
mesh position and fixation methods differed greatly. No
distinction was made between umbilical, epigastric or
incisional hernia.

Laparoscopic ventral hernia repair is associated with
a decreased risk of surgical-site infection. Larger defect
sizes and obesity may be associated with an increased risk
of wound complication following open hernia repair29,30.
Based on this, it is suggested that laparoscopic repair is con-
sidered for large (over 4 cm) umbilical or epigastric hernias,
or if the patient has an increased risk of wound infection.

KQ 15: What is the preferred laparoendoscopic
repair method for umbilical or epigastric hernias?
Statement: Novel laparoscopic and endoscopic tech-
niques, including robot-assisted techniques with
extraperitoneal mesh placement, seem promising,
with theoretical advantages over the traditional IPOM
technique. There are insufficient data to suggest one
technique over another for repair of umbilical or
epigastric hernias. As an intraperitoneal mesh may cause
adhesions, placement of the mesh in the preperitoneal

or retromuscular position is suggested, when possible.
Closure of the hernia defect seems to decrease seroma
formation, bulging and recurrence. A mesh overlap of
at least 5 cm seems to decrease recurrence rates. For
IPOM repairs, fixation of the mesh using non-absorbable
sutures or tacks decreases the recurrence rate.
Recommendation: For laparoscopic umbilical or epi-
gastric hernia repairs, it is suggested that the defect is
closed when possible, and the mesh is placed in the
preperitoneal or retromuscular position with an overlap
of at least 5 cm. It is suggested that an intraperitoneal
mesh is fixed with non-absorbable sutures or tacks.
Quality of evidence:
Strength of recommendation: Weak

The initial description of the laparoscopic technique for
ventral hernia repair used IPOM88. This is now the most
used technique. There has been concern about the risk of
adhesions related to the intraperitoneal mesh. In a series
of 733 patients undergoing laparoscopic IPOM, 2 per cent
had reoperation for bowel obstruction, and 2 per cent for
mesh infection after a mean follow-up of 19 months89.

The robotic technique has reinvigorated interest
in the potential for extraperitoneal mesh placement
(retromuscular or preperitoneal)90. Furthermore,
endoscopic/mini-open sublay (eMILOS) repair, the totally
extraperitoneal (eTEP) approach and totally endoscopic
sublay repair are new endoscopic techniques that avoid
intraperitoneal mesh placement91–93. Case series92,94,95

report low complication and recurrence rates. eMILOS,
eTEP and robotic surgery seem promising, with theoreti-
cal advantages over the traditional IPOM technique96–99.
There are currently insufficient data to suggest the
superiority of one technique over another.

The classical IPOM repair included fixation of the mesh
that bridged the defect. The durability of the repair
depended on the strength of fixation100. Protrusion or
bulging of the non-closed defect can occur, which can
mimic recurrence, and has a reported incidence of up
to 31⋅5 per cent42,101–103. Furthermore, the bridge tech-
nique may have high rates of seroma, infection and patient
dissatisfaction42,102,103. Laparoscopic defect closure, some-
times referred to as ‘IPOM plus’, attempts to recreate a
normal, functional dynamic anatomy by re-approximating
the abdominal wall under tension, which may restore func-
tion and prevent bulging42,102,103.

One high-quality meta-analysis103 and a systematic
review42 of acceptable quality comparing closure with
non-closure of the gap reported decreased recurrence
and seroma rates in the closure group. The variability
in study quality, and inclusion of both primary ventral
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and incisional hernias, mean that conclusions must be
interpreted with caution. Four other studies101,104–106

have since been published, which included both primary
ventral and incisional hernia repairs. Two104,106 confirmed
the results of the review and meta-analyses, whereas the
other two101,105 did not show any difference in seroma
formation or surgical-site complications.

Closure of the defect may allow a wider lateral mesh over-
lap, which may further reduce the recurrence rate. There
is no convincing evidence for type of suture material or
technique for closing the defect in laparoscopic umbili-
cal hernia repair. In a systematic literature review77 of 95
articles, the risk of recurrence was decreased with increas-
ing mesh overlap for laparoscopic repairs, mainly without
defect closure. The lowest recurrence rate was found with a
mesh overlap of more than 5 cm. The IEHS guidelines4–6

recommend a mesh overlap of more than 3 to 4 cm in all
directions, and over 5 cm if the mesh is fixed without trans-
fascial sutures.

Another study107 evaluated 213 consecutive patients
undergoing laparoscopic repair of incisional and primary
ventral hernias, and reported that the mesh area to defect
ratio was the most important predictor of recurrence. A
mesh to defect ratio of 16 is the threshold above which the
risk of recurrence is almost zero107. In a physical model
mimicking a passive abdominal wall, it was reported that
defect size was the most important parameter regarding
stress of the mesh and overlap related to mesh stress108.

The mesh may be fixed by one of two main types of
device: sutures and tacks, alone or combined. Both can
be of absorbable or permanent material. Two systematic
reviews109,110 and four high-quality meta-analyses111–114

compared tacks versus sutures versus both for repairs
including primary ventral and incisional hernias. The four
meta-analyses all evaluated different studies and outcomes,
making comparisons difficult.

The two systematic reviews evaluated suture and tack
fixation. One109 reported a lower recurrence rate for the
sutured technique; the other110 could not confirm this
finding, but found more infections with sutures than tacks.
In a network meta-analysis113, there seemed to be an overall
advantage of combining tacks with sutures to decrease the
recurrence rate, compared with tacks alone.

In a comparison of non-absorbable tacks and
non-absorbable transfascial sutures, there were no
significant differences in the rates of chronic pain (lasting
more than 3 months), duration of stay, recurrence rate,
and seroma and haematoma occurrence. The operating
time was significantly lower when tacks were used, but
the cost of the devices was higher114. The finding of a
shorter operating time with tacks as opposed to sutures

was confirmed in another meta-analysis112 that also found
decreased postoperative pain in the suture group, with no
difference in recurrence rate and duration of hospital stay.
Comparing absorbable and non-absorbable tacks, there
were no differences in recurrence rate or chronic pain, but
operating time was longer in the absorbable tack group111.

One small RCT115 (40 patients) analysed the differ-
ence between titanium tacks and fibrin sealant, in a study
including 90 per cent primary ventral hernias (defect size
1⋅5–5 cm). Pain scores were significantly lower over the
first 10 days after surgery with use of glue, but there was
no difference between groups at 30 days. The recurrence
rate was 26 per cent after use of fibrin sealant versus 6 per
cent with tacks at 1-year follow-up116.

Only one study117 has reported on primary ventral her-
nias alone; non-absorbable tacks were compared with
absorbable tacks in a cohort study of 80 patients with an
umbilical hernia (defect size no larger than 2 cm). Early and
chronic pain were the only outcomes evaluated. Less pain
was reported in the absorbable tacks group until 12 weeks,
but not at follow-up of 18 months.

The literature is heterogeneous and does not specifi-
cally evaluate laparoscopic repairs of umbilical and epi-
gastric hernias. Recommendations should be applied with
care. Novel laparoscopic techniques with extraperitoneal
mesh seem promising, with theoretical advantages over
traditional IPOM techniques. There are currently insuffi-
cient data to suggest the superiority of one technique over
another. As an intraperitoneal mesh may cause adhesions,
extraperitoneal mesh placement is suggested, when possi-
ble. Closure of the defect seems to decrease seroma forma-
tion, bulging and recurrence, and should be attempted. For
laparoscopic repair, a mesh overlap of at least 5 cm appears
to decrease recurrence rates. For IPOM repairs, fixation of
the mesh with a non-absorbable device, either sutures or
tacks, decreases the recurrence rate.

Umbilical and epigastric hernia repair, tailoring the
approach

KQ 16: Which is the preferred repair method for
umbilical and epigastric hernias based on hernia and
patient characteristics?
Statement: Most umbilical and epigastric hernias can be
repaired with an open mesh repair. For larger defects,
or in patients with an increased risk of wound complica-
tions, laparoscopic repair or one of the novel endoscopic
techniques may be considered.
Recommendation: Although most umbilical and epi-
gastric hernias can be repaired with an open preperi-
toneal flat mesh, it is recommended that the repair is
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Fig. 3 Suggested algorithm for repair of symptomatic umbilical and epigastric hernias

Symptomatic umbilical or epigastric hernia

Advise smoking cessation 4–6 weeks before surgery and weight loss to BMI < 35 kg/m2

Defect size Approach

Open with mesh

Sutured repair

Open with mesh

Laparoscopic

Technique

Preperitoneal flat mesh with 2-cm overlap

Non-absorbable or slowly absorbable suture

Preperitoneal flat mesh with 3-cm overlap

Preperitoneal or retromuscular mesh with 5-cm

overlap

Treat as an incisional hernia> 4 cm

> 1–4 cm

0–1 cm

Data on the optimal repair method are limited for small defects.

Mesh repair seems to decrease the risk of recurrence, but there

are no data on patient-reported outcomes. Open mesh repair or

sutured repair may be considered based on patient characteristics

and in shared decision-making with the patient

For medium-sized defects, use of mesh decreases the recurrence

rate significantly without increasing wound complications and

postoperative pain. An open approach with a flat mesh placed

preperitoneally, with an overlap of 3 cm, is suggested for the

majority of these. The laparoscopic approach may be considered

in patients with multiple defects or patients at high risk of wound

complications

Large umbilical and epigastric hernias are rare. It is suggested

that they are treated as incisional hernias. 

tailored based on patient and hernia characteristics and
local resources. Patient and surgeon preferences should
also be taken into account.
Quality of evidence:
Strength of recommendation: Strong (upgraded)

An algorithm for the repair of symptomatic umbilical and
epigastric hernias was constructed based on evaluation of
the literature and expert opinions in the guideline group
(Fig. 3).

The most common complication after umbilical and epi-
gastric hernia repair is wound morbidity. Obesity, smoking,
diabetes and immunosuppression are factors known to be
associated with wound complications in general, but evi-
dence is limited for umbilical and epigastric hernia repairs
specifically.

The majority of umbilical and epigastric hernias are small
or medium-sized, and an open repair with mesh reduces the
recurrence rate without increasing complications, although
data are limited for defects of 0–1 cm44. For all types of
ventral hernia, sublay mesh placement has been associ-
ated with the lowest risk of surgical-site infection and/or
recurrence75,76. Sublay placement includes the preperi-
toneal, retromuscular and intraperitoneal spaces. Owing to
the risk of intra-abdominal adhesions, it seems advanta-
geous to avoid intraperitoneal mesh placement. For small
umbilical and epigastric hernia repairs, it causes less trauma
to create a preperitoneal than a retromuscular space. Either
a flat mesh or a preformed patch may be used in the
preperitoneal space. Preformed patches are more expen-
sive and associated with a higher rate of postoperative
complications65.

Based on this, the use of a flat mesh placed in the preperi-
toneal space is suggested. To avoid mesh migration to the
subcutaneous space, it is suggested that the defect above
the mesh is closed. The optimal mesh size for small and
medium-sized umbilical and epigastric hernias has not been
studied but, for open repairs, a mesh overlap of 2 cm is sug-
gested for the smallest defects, and 3 cm for medium-sized
defects. For small (less than 1 cm) umbilical and epigas-
tric hernias, data concerning use of mesh are limited.
Although mesh seems to decrease recurrence, a sutured
repair may be considered in shared decision-making with
the patient. For medium-sized (more than 1 cm up to
4 cm) umbilical or epigastric hernias, an open approach
with a preperitoneal flat mesh is suggested. A laparoscopic
approach may be considered for repair of multiple defects
or in obese patients. Large umbilical and epigastric hernias
(over 4 cm) are rare, and should be treated as an incisional
hernia using mesh.

Learning curve and cost

KQ 17: What is the learning curve for umbilical and
epigastric hernia repair?
Statement: The evidence concerning any learning
curve for umbilical and epigastric hernia repairs is very
limited. The specific number necessary to perform
the procedure independently has not been assessed in
the literature. Standard programmes for hernia repair
including lectures and simulation training seem promis-
ing. The mentor plays an important role and should
be trained to provide structured teaching of important
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surgical steps. For laparoscopic ventral hernia repairs,
the complication and recurrence rates seem to decrease
after around 30 procedures.
Recommendation: The learning curve for open and
laparoscopic umbilical and epigastric hernia repair is sug-
gested to be around 20 and 30 supervised procedures
respectively. It is suggested that a standard training pro-
gramme should be offered to surgical trainees, with eval-
uation of when they can perform the procedures safely
and independently.
Quality of evidence:
Strength of recommendation: Weak

Training the next generations of surgeons is fundamental
to a sustainable healthcare system. Surgical training is
lengthy and costly. Open primary ventral hernia repair
is often one of the earliest procedures a surgical trainee
gets to perform. Day-care units offer an ideal setting for
structured education and training in standard techniques,
with attention to surgical details. The mentor plays an
important role and should be trained to provide structured
teaching. The impact of surgical training on quality of
operative outcomes should be limited to possibly longer
operations, and should not influence the quality of surgery
adversely.

Little has been published on the learning curve of pri-
mary ventral hernia repair. A retrospective study118 includ-
ing 508 open and laparoscopic umbilical hernia repairs
revealed that trainees took longer, but with no differences
in duration of stay or readmission rate compared with con-
sultants or specialists. Bowel injury is a serious complica-
tion in laparoscopic ventral hernia repair that is signifi-
cantly reduced after 25–32 operations119. The same trend
has been observed for recurrence, which was reduced from
11 to 0 per cent between the first 32 and later operations.
Performance can be studied more objectively using surgi-
cal simulation models for laparoscopic training. Standard
training for laparoscopic inguinal and ventral hernia repair,
including 1 day each of lectures, simulation training and
surgery, has been reported to result in similar surgical out-
comes for trainees and consultants, except for longer oper-
ations among trainees120.

Evidence concerning the learning curve for umbilical
and epigastric hernia repairs is limited. The number of
procedures necessary before a trainee can perform the
procedure safely and independently has not been assessed.
It seems advantageous to include simulation training in
the teaching of laparoscopic ventral hernia repair. For
laparoscopic repairs, the complication and recurrence rates
seem to decrease after around 30 procedures. For open

repairs, the guideline group suggested that the learning
curve is reached after around 20 procedures.

KQ 18: How can costs for umbilical and epigastric
hernia repair be influenced?
Statement: Costs for umbilical and epigastric hernia
repair will increase when wound complications and
recurrence occur. Costs may be reduced by preoperative
optimization, by using a low-cost permanent flat mesh,
and by reserving the laparoscopic technique for patients
with defects larger than 4 cm or at high risk of wound
complications.
Recommendation: To reduce the costs of umbilical and
epigastric hernia repair, it is suggested that open repair
should be done with a preperitoneal flat mesh as a day
case, with the utmost effort to reduce potential compli-
cations such as infection and recurrence by considering
preoperative optimization and tailoring the approach.
Quality of evidence:
Strength of recommendation: Weak

Overall costs of ventral hernia repair include pretreat-
ment, treatment and post-treatment care. From a financial
perspective, expenses are variable. These can be trimmed
by prehabilitation, and appropriate choice of surgical tech-
nique and mesh type. Most of the available literature
includes incisional and complex hernias; it is a challenge to
find evidence for the most cost-effective treatment strategy
for umbilical and epigastric hernias.

Pretreatment
The aim of prehabilitation is to avoid complications,
such as infection and recurrence, which will minimize
potential cost. For open ventral hernia repair of large
defects, patients with preventable co-morbidities such as
diabetes, obesity and smoking are more likely to experience
wound-related complications121. Whether reducing pre-
ventable co-morbidities can improve outcomes after repair
of small umbilical and epigastric hernias is unknown.

Treatment
The costs of surgical treatment, including operating the-
atre costs, ultimately serve as the most significant finan-
cial burden. Appropriate patient selection and surgical
decision-making, therefore, hold the largest potential for
overall cost reduction. Various factors can influence the net
cost of a procedure: laparoscopic versus open repair, outpa-
tient versus inpatient setting, type of medical equipment,
type of mesh and experience of the surgeon.

The costs of non-surgical and surgical treatment of
umbilical hernia have been compared, and the direct finan-
cial costs of umbilical hernia repair were higher in the
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first year after surgery122. In patients who were chosen for
non-operative management, days of healthcare utilization
and estimated time off work were higher. The difference
in cost between the groups reduced considerably over time.
With longer follow-up, costs in the non-surgery group may
surpass those in the surgery group122.

In analyses including all types of ventral hernia, laparo-
scopic repair was associated with fewer complications,
shorter duration of hospital stay, fewer readmissions, fewer
outpatient appointments and fewer days off work than
open repair105,123,124. These conclusions could differ signif-
icantly if only small or medium-sized primary ventral her-
nias are considered. Laparoscopic repair decreases wound
complications and is particularly indicated in patients at
increased risk of infection86.

The notorious discussion about mesh type serves as a
hallmark debate in the ventral hernia repair literature.
Certain meshes or preformed patches for intraperitoneal
use are more expensive as they are coated with antiadhesive
barriers. In comparisons of the use of a preformed patch
versus a basic flat mesh for umbilical and epigastric hernia
repair, the operating time was shorter when a preformed
patch was used, but the complication rate was higher64,65.

The primary goal of umbilical and epigastric hernia
repair should be a successful primary repair, avoiding com-
plications and recurrences. In general, both complications
and recurrence add substantially to total costs and resource
use125.

Taken together, most of the literature describes the costs
of treatment of all ventral hernias (including incisional her-
nias). Making firm conclusions about umbilical and epi-
gastric repairs alone is a challenge. It is recommended to
consider prehabilitation, offer day-case surgery and opti-
mal treatment strategies that decrease the risk of complica-
tions.

Comments

This international guideline covers the treatment of umbil-
ical and epigastric hernias alone. The literature specifically
on umbilical and epigastric hernias is limited in both quan-
tity and quality. For some key questions, it was necessary
to extrapolate data from studies reporting both incisional
and primary ventral hernias. Therefore, most recommen-
dations are weak, which is a significant limitation of the
guideline. The only strong recommendation based on a
high quality of evidence was to use mesh for defects of at
least 1 cm to reduce recurrence. Recurrence was the most
frequent outcome studied; data on patient-reported out-
comes were lacking. Nevertheless, based on a thorough
review of the available literature and expert opinions from

the guideline group, a treatment algorithm for umbilical
and epigastric hernias is suggested.

For small umbilical and epigastric hernias (0–1 cm),
either open mesh repair or a sutured repair can be used.
For symptomatic, medium-sized hernias (more than 1 cm
up to 4 cm), open repair with a preperitoneal flat mesh
is recommended. This technique is feasible and cheap,
and is indicated in high-income as well as in middle- and
low-income regions. Laparoscopic repair is recommended
for large defects (over 4 cm), in obese patients, or for mul-
tiple defects.

Perspectives

The majority of the recommendations in the current guide-
line are weak, as there was a lack of direct evidence
on umbilical and epigastric hernia repairs. The guideline
group discussed and proposed some future studies that
could lead to a change of practice. First, it is important
to define an agreed minimum set of outcomes (core out-
come set) that clearly outlines what patients and surgeons
find important about the various techniques. Furthermore,
pooling of primary ventral and incisional hernias should
be avoided, to generate specific conclusions for each her-
nia type.

Future studies could be RCTs, which often require
resources in money and time, with answers expected only
after many years, and a risk of low external validity. Alter-
natively, an increasing number of registries are generating
high-quality data with high external validity. Other alterna-
tives are the multiarm multistage framework or trials within
cohorts, which are efficient ways of evaluating treatment
strategies and measuring outcomes in a large cohort.

It is unknown whether preoperative optimization of
patients with preventable co-morbidities could decrease
postoperative complications and recurrence. A database
study could possibly answer these questions. The value of
single-dose antibiotic prophylaxis in reducing postopera-
tive wound complications should be examined in an RCT
setting.

Concerning surgical technique for umbilical and epi-
gastric hernia repair, further studies are needed to clarify
whether defects of smaller than 1 cm benefit from mesh
repair. For defects larger than 1 cm up to 4 cm, it would
be of value to know whether laparoscopic or open repair
is optimal. Furthermore, for open repair of small and
medium-sized umbilical and epigastric hernias, the opti-
mal mesh layer, size of mesh overlap, and whether or not
the defect should be closed are unknown factors that could
influence outcomes, and which could be assessed in either
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database studies or RCTs. The potential benefits of clo-
sure of the defect in combination with mesh in different
positions in the abdominal wall is also unclear, and could
potentially be explored in large registry-based studies. The
role of the novel laparoendoscopic and robot-assisted tech-
niques also needs to be clarified for umbilical and epigastric
hernia repair. Large database studies might be a useful ini-
tial approach in evaluating these technologies.

An update of the guideline is planned for 2023. Sig-
nificant results from new research that would change the
current recommendations are not likely to be available
before this.

Acknowledgements

The two guideline coordinators were N.A.H. and M.P.S.
The group members covered Northern (N.A.H, R.K.,
A.M., R.L., M.P.S., F.B.), Southern (Y.R., M.U.-G.) and
Eastern (B.E.) Europe, together with Canada (D.K.) and
North America (J.F., W.H.), and consisted of 11 general
surgeons and one plastic surgeon (J.F.), all specialized in
abdominal wall repairs. Initially, there was also a 13th mem-
ber from South America, but this member withdrew par-
ticipation. Care was taken to include surgeons performing
open (J.F.) and/or laparoscopic operations (all) and from
academic (A.M., F.B., Y.R., J.F., N.A.H., B.E.) and district
(M.P.S.) hospitals, and one from a private clinic (R.L.).
Some surgeons with guideline expertise (N.A.H., M.P.S.,
F.B., A.M., W.H., B.E.), a young PhD physician (R.K.),
a surgeon with expertise in anatomy (Y.R.), experienced
researchers with more than 30 publications (N.A.H., J.F.,
M.P.S., F.B.), and very experienced researchers with over
50 publications (A.M., W.H.) were included. N.A.H. and
R.K carried out the systematic review.

N.A.H. has indirect COI as a member of the Danish
Hernia Database steering committee and having attended
an industry-sponsored meeting. A.M. is a member of the
EHS board, and has received speaker’s fees from Intu-
itive and Bard (direct COI). R.K. is the author of the
HUMP trial48 and has attended sponsored meetings (indi-
rect COI). F.B. has received speaker’s fees from Medtronic
and Acelity (direct COI). J.F. has received speaker’s fees
from Bard, Gore and Allergan, research funding from the
National Institutes of Health, National Science Founda-
tion and Integra, and is a member of the advisory board
for Mesh Suture (direct COI). W.H. has received speaker’s
fees from Bard, Gore and Intuitive, and is a member of
advisory boards for Mesh Suture and Deep Blue Medical
(direct COI). D.K. has received speaker’s fees from Gore,
Bard and Cook (direct COI). R.L. has direct COI in
terms of speaker’s fees from Medtronic and training courses
from Bard (fee), and indirect COI as a member of the

EHS board, participation in sponsored meetings, and being
part of Hernientage and HerniaMed. Y.R. has received
research funding from Medtronic, Bard and Hartmann
(direct COI). M.U. has received speaker’s fees from Gore,
Medtronic and Dynamesh. M.P.S. is a member of the EHS
board and has participated in sponsored meetings (indi-
rect COI).
Disclosure: The authors declare no other conflict of interest.

References

1 Helgstrand F, Jørgensen LN, Rosenberg J, Kehlet H,
Bisgaard T. Nationwide prospective study on readmission
after umbilical or epigastric hernia repair. Hernia 2013; 17:
487–492.

2 Antoniou SA, Agresta F, Garcia Alamino JM, Berger D,
Berrevoet F, Brandsma HT et al. European Hernia Society
guidelines on prevention and treatment of parastomal
hernias. Hernia 2018; 22: 183–198.

3 HerniaSurge Group. International guidelines for groin
hernia management. Hernia 2018; 22: 1–165.

4 Bittner R, Bingener-Casey J, Dietz U, Fabian M, Ferzli G,
Fortelny R et al. Guidelines for laparoscopic treatment of
ventral and incisional abdominal wall hernias (International
Endohernia Society [IEHS]) – part III. Surg Endosc 2014;
28: 380–404.

5 Bittner R, Bingener-Casey J, Dietz U, Fabian M, Ferzli GS,
Fortelny RH et al.; International Endohernia Society
(IEHS). Guidelines for laparoscopic treatment of ventral
and incisional abdominal wall hernias (International
Endohernia Society (IEHS) – part 1. Surg Endosc 2014; 28:
2–29.

6 Bittner R, Bingener-Casey J, Dietz U, Fabian M, Ferzli GS,
Fortelny RH et al. Guidelines for laparoscopic treatment of
ventral and incisional abdominal wall hernias (International
Endohernia Society [IEHS]) – part 2. Surg Endosc 2014; 28:
353–379.

7 Earle D, Roth JS, Saber A, Haggerty S, Bradley JF III,
Fanelli R et al.; SAGES Guidelines Committee. SAGES
guidelines for laparoscopic ventral hernia repair. Surg
Endosc 2016; 30: 3163–3183.

8 Liang MK, Holihan JL, Itani K, Alawadi ZM, Gonzalez JR,
Askenasy EP et al. Ventral hernia management: expert
consensus guided by systematic review. Ann Surg 2017;
265: 80–89.

9 Birindelli A, Sartelli M, Di Saverio S, Coccolini F,
Ansaloni L, van Ramshorst GH et al. 2017 update of the
WSES guidelines for emergency repair of complicated
abdominal wall hernias. World J Emerg Surg 2017; 12: 37.

10 Henriksen NA, Kaufmann R, Simons MP, Berrevoet F,
East B, Fischer J, et al.; European Hernia Society and the
Americas Hernia Society. EHS and AHS guidelines for
treatment of primary ventral hernias in rare locations or

© 2020 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd

http://guide.medlive.cn/

http://guide.medlive.cn/
http://guide.medlive.cn/


N. A. Henriksen, A. Montgomery, R. Kaufmann, F. Berrevoet, B. East, J. Fischer et al.

special circumstances. Br J Surg Open 2020; doi:
10.1002/bjs5.50252 [Epub ahead of print].

11 Bedewi MA, El-Sharkawy MS, Al Boukai AA,
Al-Nakshabandi N. Prevalence of adult paraumbilical
hernia. Assessment by high-resolution sonography: a
hospital-based study. Hernia 2012; 16: 59–62.

12 Burcharth J, Pedersen MS, Pommergaard HC, Bisgaard T,
Pedersen CB, Rosenberg J. The prevalence of umbilical and
epigastric hernia repair: a nationwide epidemiologic study.
Hernia 2015; 19: 815–819.

13 Henriksen NA. Systemic and local collagen turnover in
hernia patients. Dan Med J 2016; 63: B5265.

14 Oma E, Jorgensen LN, Meisner S, Henriksen NA. Colonic
diverticulosis is associated with abdominal wall hernia.
Hernia 2017; 21: 525–529.

15 Kelly KB, Ponsky TA. Pediatric abdominal wall defects.
Surg Clin North Am 2013; 93: 1255–1267.

16 Muysoms FE, Miserez M, Berrevoet F, Campanelli G,
Champault GG, Chelala E et al. Classification of primary
and incisional abdominal wall hernias. Hernia 2009; 13:
407–414.

17 Muysoms F, Campanelli G, Champault GG, DeBeaux AC,
Dietz UA, Jeekel J et al. EuraHS: the development of an
international online platform for registration and outcome
measurement of ventral abdominal wall hernia repair.
Hernia 2012; 16: 239–250.

18 Young J, Gilbert AI, Graham MF. The use of ultrasound in
the diagnosis of abdominal wall hernias. Hernia 2007; 11:
347–351.

19 Deitch EA, Soncrant MC. Ultrasonic diagnosis of surgical
disease of the inguinal–femoral region. Surg Gynecol Obstet
1981; 152: 319–322.

20 Cherla DV, Lew DF, Escamilla RJ, Holihan JL, Cherla AS,
Flores-Gonzalez J et al. Differences of alternative methods
of measuring abdominal wall hernia defect size: a
prospective observational study. Surg Endosc 2018; 32:
1228–1233.

21 Kokotovic D, Sjølander H, Gögenur I, Helgstrand F.
Watchful waiting as a treatment strategy for patients with a
ventral hernia appears to be safe. Hernia 2016; 20:
281–287.

22 Holihan JL, Flores-Gonzalez JR, Mo J, Ko TC, Kao LS,
Liang MK. A prospective assessment of clinical and
patient-reported outcomes of initial non-operative
management of ventral hernias. World J Surg 2017; 41:
1267–1273.

23 Christoffersen MW. Clinical outcomes after elective repair
for small umbilical and epigastric hernias. Dan Med J 2015;
62: B5161.

24 DeLancey JO, Blay E Jr, Hewitt DB, Engelhardt K,
Bilimoria KY, Holl JL et al. The effect of smoking on
30-day outcomes in elective hernia repair. Am J Surg 2018;
216: 471–474.

25 Halm JA, Heisterkamp J, Veen HF, Weidema WF.
Long-term follow-up after umbilical hernia repair: are
there risk factors for recurrence after simple and mesh
repair. Hernia 2005; 9: 334–337.

26 Venclauskas L, Jokubauskas M, Zilinskas J, Zviniene K,
Kiudelis M. Long-term follow-up results of umbilical
hernia repair. Wideochir Inne Tech Maloinwazyjne 2017; 12:
350–356.

27 Yao JJ, Pham T, El Mokdad A, Huerta S. Predictors of
recurrence of umbilical hernias following primary tissue
repair in obese veterans. Am J Surg 2016; 211: 18–23.

28 Asolati M, Huerta S, Sarosi G, Harmon R, Bell C,
Anthony T. Predictors of recurrence in veteran patients
with umbilical hernia: single center experience. Am J Surg
2006; 192: 627–630.

29 Köhler G, Luketina RR, Emmanuel K. Sutured repair of
primary small umbilical and epigastric hernias: concomitant
rectus diastasis is a significant risk factor for recurrence.
World J Surg 2015; 39: 121–126.

30 Shankaran V, Weber DJ, Reed RL II, Luchette FA. A
review of available prosthetics for ventral hernia repair. Ann
Surg 2011; 253: 16–26.

31 Venclauskas L, Silanskaite J, Kiudelis M. Umbilical hernia:
factors indicative of recurrence. Medicina (Kaunas) 2008; 44:
855–859.

32 Shankar DA, Itani KMF, O’Brien WJ, Sanchez VM.
Factors associated with long-term outcomes of umbilical
hernia repair. JAMA Surg 2017; 152: 461–466.

33 Martindale RG, Deveney CW. Preoperative risk reduction:
strategies to optimize outcomes. Surg Clin North Am 2013;
93: 1041–1055.

34 Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, de Jonge S,
de Vries F et al.; WHO Guidelines Development Group.
New WHO recommendations on intraoperative and
postoperative measures for surgical site infection
prevention: an evidence-based global perspective. Lancet
Infect Dis 2016; 16: e288–e303.

35 Aufenacker TJ, Koelemay MJ, Gouma DJ, Simons MP.
Systematic review and meta-analysis of the effectiveness of
antibiotic prophylaxis in prevention of wound infection
after mesh repair of abdominal wall hernia. Br J Surg 2006;
93: 5–10.

36 Abramov D, Jeroukhimov I, Yinnon AM, Abramov Y,
Avissar E, Jerasy Z et al. Antibiotic prophylaxis in umbilical
and incisional hernia repair: a prospective randomised
study. Eur J Surg 1996; 162: 945–948.

37 Arroyo A, García P, Pérez F, Andreu J, Candela F,
Calpena R. Randomized clinical trial comparing suture and
mesh repair of umbilical hernia in adults. Br J Surg 2001;
88: 1321–1323.

38 Polat C, Dervisoglu A, Senyurek G, Bilgin M,
Erzurumlu K, Ozkan K. Umbilical hernia repair with the
prolene hernia system. Am J Surg 2005; 190: 61–64.

© 2020 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd

http://guide.medlive.cn/

http://guide.medlive.cn/
http://guide.medlive.cn/


Guidelines for treatment of umbilical and epigastric hernias

39 Schumacher OP, Peiper C, Lörken M, Schumpelick V.
Long-term results after Spitzy’s umbilical hernia repair.
Chirurg 2003; 74: 50–54.

40 Christoffersen MW, Helgstrand F, Rosenberg J, Kehlet H,
Strandfelt P, Bisgaard T. Long-term recurrence and
chronic pain after repair for small umbilical or epigastric
hernias: a regional cohort study. Am J Surg 2015; 209:
725–732.

41 Aslani N, Brown CJ. Does mesh offer an advantage over
tissue in the open repair of umbilical hernias? A systematic
review and meta-analysis. Hernia 2010; 14: 455–462.

42 Nguyen DH, Nguyen MT, Askenasy EP, Kao LS, Liang
MK. Primary fascial closure with laparoscopic ventral
hernia repair: systematic review. World J Surg 2014; 38:
3097–3104.

43 Mathes T, Walgenbach M, Siegel R. Suture versus mesh
repair in primary and incisional ventral hernias: a systematic
review and meta-analysis. World J Surg 2016; 40: 826–835.

44 Bisgaard T, Kaufmann R, Christoffersen MW, Strandfelt P,
Gluud LL. Lower risk of recurrence after mesh repair versus
non-mesh sutured repair in open umbilical hernia repair: a
systematic review and meta-analysis of randomized
controlled trials. Scand J Surg 2018; 108: 187–193.

45 Shrestha D, Shrestha A, Shrestha B. Open mesh versus
suture repair of umbilical hernia: meta-analysis of
randomized controlled trials. Int J Surg 2019; 62: 62–66.

46 Lal K, Laghari ZH, Laghari AA, Soomro E. A comparative
study of anatomical repair versus mesh repair in
paraumbilical hernia. Med Channel 2012; 19: 110–113.

47 Tunio NA. Hernioplasty: tension free mesh repair versus
Mayos repair for umbilical hernias. J Pak Med Assoc 2017;
67: 24–26.

48 Kaufmann R, Halm JA, Eker HH, Klitsie PJ,
Nieuwenhuizen J, van Geldere D et al. Mesh versus suture
repair of umbilical hernia in adults: a randomised,
double-blind, controlled, multicentre trial. Lancet 2018;
391: 860–869.

49 Berger RL, Li LT, Hicks SC, Liang MK. Suture versus
preperitoneal polypropylene mesh for elective umbilical
hernia repairs. J Surg Res 2014; 192: 426–431.

50 Dalenbäck J, Andersson C, Ribokas D, Rimbäck G.
Long-term follow-up after elective adult umbilical hernia
repair: low recurrence rates also after non-mesh repairs.
Hernia 2013; 17: 493–497.

51 Porrero JL, Cano-Valderrama O, Villar S,
Sánchez-Cabezudo C, Ramos B, Porrero B et al. Umbilical
hernia repair with composite prosthesis: a single-centre
experience. Hernia 2019; 23: 143–147.

52 Christoffersen MW, Helgstrand F, Rosenberg J, Kehlet H,
Bisgaard T. Lower reoperation rate for recurrence after
mesh versus sutured elective repair in small umbilical and
epigastric hernias. A nationwide register study. World J Surg
2013; 37: 2548–2552.

53 Winsnes A, Haapamäki MM, Gunnarsson U, Strigård K.
Surgical outcome of mesh and suture repair in primary
umbilical hernia: postoperative complications and
recurrence. Hernia 2016; 20: 509–516.

54 Mayo WJ. VI. An operation for the radical cure of umbilical
hernia. Ann Surg 1901; 34: 276–280.

55 Abdel-Baki NA, Bessa SS, Abdel-Razek AH. Comparison of
prosthetic mesh repair and tissue repair in the emergency
management of incarcerated para-umbilical hernia: a
prospective randomized study. Hernia 2007; 11: 163–167.

56 Li LT, Jafrani RJ, Becker NS, Berger RL, Hicks SC, Davila
JA et al. Outcomes of acute versus elective primary ventral
hernia repair. J Trauma Acute Care Surg 2014; 76: 523–528.

57 Beadles CA, Meagher AD, Charles AG. Trends in emergent
hernia repair in the United States. JAMA Surg 2015; 150:
194–200.

58 Bessa SS, Abdel-Razek AH. Results of prosthetic mesh
repair in the emergency management of the acutely
incarcerated and/or strangulated ventral hernias: a seven
years study. Hernia 2013; 17: 59–65.

59 Nieuwenhuizen J, van Ramshorst GH, ten Brinke JG, de
Wit T, van der Harst E, Hop WC et al. The use of mesh in
acute hernia: frequency and outcome in 99 cases. Hernia
2011; 15: 297–300.

60 Christoffersen MW, Rosenberg J, Jorgensen LN, Bytzer P,
Bisgaard T. Health-related quality of life scores changes
significantly within the first three months after hernia mesh
repair. World J Surg 2014; 38: 1852–1859.

61 Bensaadi H, Paolino L, Valenti A, Polliand C, Barrat C,
Champault G. Intraperitoneal tension-free repair of a small
midline ventral abdominal wall hernia: randomized study
with a mean follow-up of 3 years. Am Surg 2014; 80:
57–65.

62 Muysoms F, Jacob B. International Hernia Collaboration
consensus on nomenclature of abdominal wall hernia repair.
World J Surg 2018; 42: 302–304.

63 Muysoms F. IPOM: history of an acronym. Hernia 2018;
22: 743–746.

64 Ponten JEH, Leenders BJM, Leclercq WKG, Lettinga T,
Heemskerk J, Konsten JLM et al. Mesh versus patch repair
for epigastric and umbilical hernia (MORPHEUS Trial);
one-year results of a randomized controlled trial. World
J Surg 2018; 42: 1312–1320.

65 Ponten JEH, Leclercq WKG, Lettinga T, Heemskerk J,
Konsten JLM, Bouvy ND et al. Mesh OR patch for hernia
on epigastric and umbilical sites (MORPHEUS-Trial): the
complete two-year follow-up. Ann Surg 2019; 270: 33–37.

66 Berrevoet F, Doerhoff C, Muysoms F, Hopson S, Muzi
MG, Nienhuijs S et al. A multicenter prospective study of
patients undergoing open ventral hernia repair with
intraperitoneal positioning using the monofilament
polyester composite ventral patch: interim results of the
PANACEA study. Med Devices (Auckl) 2017; 10: 81–88.

© 2020 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd

http://guide.medlive.cn/

http://guide.medlive.cn/
http://guide.medlive.cn/


N. A. Henriksen, A. Montgomery, R. Kaufmann, F. Berrevoet, B. East, J. Fischer et al.

67 Perrakis E, Velimezis G, Vezakis A, Antoniades J, Savanis G,
Patrikakos V. A new tension-free technique for the repair of
umbilical hernia, using the Prolene Hernia System – early
results from 48 cases. Hernia 2003; 7: 178–180.

68 Vychnevskaia K, Mucci-Hennekinne S, Casa C, Brachet D,
Meunier K, Briennon X et al. Intraperitoneal mesh repair of
small ventral abdominal wall hernias with a Ventralex hernia
patch. Dig Surg 2010; 27: 433–435.

69 Tollens T, Den Hondt M, Devroe K, Terry C,
Speybroeck S, Aelvoet C et al. Retrospective analysis of
umbilical, epigastric, and small incisional hernia repair using
the Ventralex™ hernia patch. Hernia 2011; 15: 531–540.

70 Martin DF, Williams RF, Mulrooney T, Voeller GR.
Ventralex mesh in umbilical/epigastric hernia repairs:
clinical outcomes and complications. Hernia 2008; 12:
379–383.

71 Keating JJ, Kennedy GT, Datta J, Schuricht A. Outcomes
of 157 V-Patch™ implants in the repair of umbilical,
epigastric, and incisional hernias. Am Surg 2016; 82: 6–10.

72 Muysoms FE, Bontinck J, Pletinckx P. Complications of
mesh devices for intraperitoneal umbilical hernia repair: a
word of caution. Hernia 2011; 15: 463–468.

73 Greco DP, Fei L, Guerriero L, Pradella P, Mazzola M,
Magistro C et al. Feasibility and effectiveness of primary
umbilical hernia repair with biologic graft: preliminary
study. Acta Chir Belg 2014; 114: 125–130.

74 Haskins IN, Voeller GR, Stoikes NF, Webb DL, Chandler
RG, Phillips S et al. Onlay with adhesive use compared with
sublay mesh placement in ventral hernia repair: was Chevrel
right? An Americas Hernia Society quality collaborative
analysis. J Am Coll Surg 2017; 224: 962–970.

75 Holihan JL, Bondre I, Askenasy EP, Greenberg JA, Keith
JN, Martindale RG et al.; Ventral Hernia Outcomes
Collaborative (VHOC) Writing Group. Sublay versus
underlay in open ventral hernia repair. J Surg Res 2016;
202: 26–32.

76 Holihan JL, Hannon C, Goodenough C, Flores-Gonzalez
JR, Itani KM, Olavarria O et al. Ventral hernia repair: a
meta-analysis of randomized controlled trials. Surg Infect
(Larchmt) 2017; 18: 647–658.

77 LeBlanc K. Proper mesh overlap is a key determinant in
hernia recurrence following laparoscopic ventral and
incisional hernia repair. Hernia 2016; 20: 85–99.

78 Porrero JL, Cano-Valderrama O, Castillo MJ, Marcos A,
Tejerina G, Cendrero M et al. Importance of mesh overlap
on hernia recurrence after open umbilical hernia repair with
bilayer prosthesis. Am J Surg 2018; 216: 919–922.

79 Jairam AP, Kaufmann R, Muysoms F, Jeekel J, Lange JF.
The feasibility of local anesthesia for the surgical treatment
of umbilical hernia: a systematic review of the literature.
Hernia 2017; 21: 223–231.

80 García-Ureña MA, García MV, Ruíz VV, Carnero FJ,
Huerta DP, Jiménez MS. Anesthesia and surgical repair of

aponeurotic hernias in ambulatory surgery. Ambul Surg
2000; 8: 175–178.

81 Hajibandeh S, Hajibandeh S, Sreh A, Khan A, Subar D,
Jones L. Laparoscopic versus open umbilical or
paraumbilical hernia repair: a systematic review and
meta-analysis. Hernia 2017; 21: 905–916.

82 Castro PM, Rabelato JT, Monteiro GG, del Guerra GC,
Mazzurana M, Alvarez GA. Laparoscopy versus laparotomy
in the repair of ventral hernias: systematic review and
meta-analysis. Arq Gastroenterol 2014; 51: 205–211.

83 Forbes SS, Eskicioglu C, McLeod RS, Okrainec A.
Meta-analysis of randomized controlled trials comparing
open and laparoscopic ventral and incisional hernia repair
with mesh. Br J Surg 2009; 96: 851–858.

84 Liang MK, Berger RL, Li LT, Davila JA, Hicks SC, Kao
LS. Outcomes of laparoscopic vs open repair of primary
ventral hernias. JAMA Surg 2013; 148: 1043–1048.

85 Sajid MS, Bokhari SA, Mallick AS, Cheek E, Baig MK.
Laparoscopic versus open repair of incisional/ventral hernia:
a meta-analysis. Am J Surg 2009; 197: 64–72.

86 Sauerland S, Walgenbach M, Habermalz B, Seiler CM,
Miserez M. Laparoscopic versus open surgical techniques
for ventral or incisional hernia repair. Cochrane Database Syst
Rev 2011; (3)CD007781.

87 Zhang Y, Zhou H, Chai Y, Cao C, Jin K, Hu Z.
Laparoscopic versus open incisional and ventral hernia
repair: a systematic review and meta-analysis. World J Surg
2014; 38: 2233–2240.

88 LeBlanc KA, Booth WV. Avoiding complications with
laparoscopic herniorrhaphy. Surg Laparosc Endosc 1993; 3:
420–424.

89 Patel PP, Love MW, Ewing JA, Warren JA, Cobb WS,
Carbonell AM. Risks of subsequent abdominal operations
after laparoscopic ventral hernia repair. Surg Endosc 2017;
31: 823–828.

90 Henriksen NA, Jensen KK, Muysoms F. Robot-assisted
abdominal wall surgery: a systematic review of the literature
and meta-analysis. Hernia 2019; 23: 17–27.

91 Schwarz J, Reinpold W, Bittner R. Endoscopic mini/less
open sublay technique (EMILOS) – a new technique for
ventral hernia repair. Langenbecks Arch Surg 2017; 402:
173–180.

92 Belyansky I, Daes J, Radu VG, Balasubramanian R, Reza
Zahiri H, Weltz AS et al. A novel approach using the
enhanced-view totally extraperitoneal (eTEP) technique for
laparoscopic retromuscular hernia repair. Surg Endosc 2018;
32: 1525–1532.

93 Li B, Qin C, Bittner R. Totally endoscopic sublay (TES)
repair for midline ventral hernia: surgical technique and
preliminary results. Surg Endosc 2018; https://doi.org/10
.1007/s00464-018-6568-3 [Epub ahead of print].

© 2020 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd

http://guide.medlive.cn/

https://doi.org/10.1007/s00464-018-6568-3
https://doi.org/10.1007/s00464-018-6568-3
http://guide.medlive.cn/
http://guide.medlive.cn/


Guidelines for treatment of umbilical and epigastric hernias

94 Baig SJ, Priya P. Extended totally extraperitoneal repair
(eTEP) for ventral hernias: short-term results from a single
centre. J Minim Access Surg 2019; 15: 198–203.

95 Belyansky I, Reza Zahiri H, Sanford Z, Weltz AS, Park A.
Early operative outcomes of endoscopic (eTEP access)
robotic-assisted retromuscular abdominal wall hernia
repair. Hernia 2018; 22: 837–847.

96 Sugiyama G, Chivukula S, Chung PJ, Alfonso A.
Robot-assisted transabdominal preperitoneal ventral hernia
repair. JSLS 2015; 19: e2015.00092.

97 Kennedy M, Barrera K, Akelik A, Constable Y, Smith M,
Chung P et al. Robotic TAPP ventral hernia repair: early
lessons learned at an inner city safety net hospital. JSLS
2018; 22: e2017.00070.

98 Carbonell AM, Warren JA, Prabhu AS, Ballecer CD,
Janczyk RJ, Herrera J et al. Reducing length of stay using a
robotic-assisted approach for retromuscular ventral hernia
repair: a comparative analysis from the Americas Hernia
Society quality collaborative. Ann Surg 2018; 267:
210–217.

99 Warren JA, Cobb WS, Ewing JA, Carbonell AM. Standard
laparoscopic versus robotic retromuscular ventral hernia
repair. Surg Endosc 2017; 31: 324–332.

100 Martin-Del-Campo LA, Weltz AS, Belyansky I, Novitsky
YW. Comparative analysis of perioperative outcomes of
robotic versus open transversus abdominis release. Surg
Endosc 2018; 32: 840–845.

101 Lambrecht JR, Vaktskjold A, Trondsen E, Øyen OM,
Reiertsen O. Laparoscopic ventral hernia repair: outcomes
in primary versus incisional hernias: no effect of defect
closure. Hernia 2015; 19: 479–486.

102 Suwa K, Okamoto T, Yanaga K. Closure versus non-closure
of fascial defects in laparoscopic ventral and incisional
hernia repairs: a review of the literature. Surg Today 2016;
46: 764–773.

103 Tandon A, Pathak S, Lyons NJ, Nunes QM, Daniels IR,
Smart NJ. Meta-analysis of closure of the fascial defect
during laparoscopic incisional and ventral hernia repair. Br
J Surg 2016; 103: 1598–1607.

104 Mitura K. Different approach to laparoscopic IPOM
ventral hernia surgery – what has the last decade taught us?
Pol Przegl Chir 2016; 88: 54–61.

105 Papageorge CM, Funk LM, Poulose BK, Phillips S, Rosen
MJ, Greenberg JA. Primary fascial closure during
laparoscopic ventral hernia repair does not reduce 30-day
wound complications. Surg Endosc 2017; 31: 4551–4557.

106 Martin-Del-Campo LA, Miller HJ, Elliott HL, Novitsky
YW. Laparoscopic ventral hernia repair with and without
defect closure: comparative analysis of a single-institution
experience with 783 patients. Hernia 2018; 22: 1061–1065.

107 Hauters P, Desmet J, Gherardi D, Dewaele S, Poilvache H,
Malvaux P. Assessment of predictive factors for recurrence

in laparoscopic ventral hernia repair using a bridging
technique. Surg Endosc 2017; 31: 3656–3663.

108 Guérin G, Turquier F. Impact of the defect size, the mesh
overlap and the fixation depth on ventral hernia repairs: a
combined experimental and numerical approach. Hernia
2013; 17: 647–655.

109 Reynvoet E, Deschepper E, Rogiers X, Troisi R,
Berrevoet F. Laparoscopic ventral hernia repair: is there an
optimal mesh fixation technique? A systematic review.
Langenbecks Arch Surg 2014; 399: 55–63.

110 Brill JB, Turner PL. Long-term outcomes with transfascial
sutures versus tacks in laparoscopic ventral hernia repair: a
review. Am Surg 2011; 77: 458–465.

111 Khan RMA, Bughio M, Ali B, Hajibandeh S, Hajibandeh S.
Absorbable versus non-absorbable tacks for mesh fixation in
laparoscopic ventral hernia repair: a systematic review and
meta-analysis. Int J Surg 2018; 53: 184–192.

112 Sajid MS, Parampalli U, McFall MR. A meta-analysis
comparing tacker mesh fixation with suture mesh fixation in
laparoscopic incisional and ventral hernia repair. Hernia
2013; 17: 159–166.

113 Baker JJ, Öberg S, Andresen K, Klausen TW, Rosenberg J.
Systematic review and network meta-analysis of methods of
mesh fixation during laparoscopic ventral hernia repair. Br
J Surg 2018; 105: 37–47.

114 Ahmed MA, Tawfic QA, Schlachta CM, Alkhamesi NA.
Pain and surgical outcomes reporting after laparoscopic
ventral hernia repair in relation to mesh fixation technique:
a systematic review and meta-analysis of randomized clinical
trials. J Laparoendosc Adv Surg Tech A 2018; 28: 1298–1315.

115 Eriksen JR, Bisgaard T, Assaadzadeh S, Jorgensen LN,
Rosenberg J. Randomized clinical trial of fibrin sealant
versus titanium tacks for mesh fixation in laparoscopic
umbilical hernia repair. Br J Surg 2011; 98: 1537–1545.

116 Eriksen JR, Bisgaard T, Assaadzadeh S, Jorgensen LN,
Rosenberg J. Fibrin sealant for mesh fixation in
laparoscopic umbilical hernia repair: 1-year results of a
randomized controlled double-blinded study. Hernia 2013;
17: 511–514.

117 Stirler VMA, Nallayici EG, de Haas RJ, Raymakers JTFJ,
Rakic S. Postoperative pain after laparoscopic repair of
primary umbilical hernia: titanium tacks versus absorbable
tacks: a prospective comparative cohort analysis of 80
patients with a long-term follow-up. Surg Laparosc Endosc
Percutan Tech 2017; 27: 424–427.

118 El-Sharkawy AM, Morris DLJ, Grewal BS, Quarmby JW,
Rowlands TE. Daycase hernia surgery: a missed training
opportunity. Int J Surg 2013; 11: 338–343.

119 Bencini L, Sánchez LJ. Learning curve for laparoscopic
ventral hernia repair. Am J Surg 2004; 187: 378–382.

120 Light D, Chattopadhyay D, Bawa S. Radiological and
clinical examination in the diagnosis of Spigelian hernias.
Ann R Coll Surg Engl 2013; 95: 98–100.

© 2020 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd

http://guide.medlive.cn/

http://guide.medlive.cn/
http://guide.medlive.cn/


N. A. Henriksen, A. Montgomery, R. Kaufmann, F. Berrevoet, B. East, J. Fischer et al.

121 Cox TC, Blair LJ, Huntington CR, Colavita PD, Prasad T,
Lincourt AE et al. The cost of preventable comorbidities on
wound complications in open ventral hernia repair. J Surg
Res 2016; 206: 214–222.

122 Strosberg DS, Pittman M, Mikami D. Umbilical hernias:
the cost of waiting. Surg Endosc 2017; 31: 901–906.

123 Colavita PD, Tsirline VB, Walters AL, Lincourt AE,
Belyansky I, Heniford BT. Laparoscopic versus open hernia
repair: outcomes and sociodemographic utilization results

from the nationwide inpatient sample. Surg Endosc 2013;
27: 109–117.

124 Ecker BL, Kuo LE, Simmons KD, Fischer JP, Morris JB,
Kelz RR. Laparoscopic versus open ventral hernia repair:
longitudinal outcomes and cost analysis using statewide
claims data. Surg Endosc 2016; 30: 906–915.

125 Davila DG, Parikh N, Frelich MJ, Goldblatt MI. The
increased cost of ventral hernia recurrence: a cost analysis.
Hernia 2016; 20: 811–817.

Supporting information

Additional supporting information can be found online in the Supporting Information section at the end of the
article.

© 2020 BJS Society Ltd www.bjs.co.uk BJS
Published by John Wiley & Sons Ltd

http://guide.medlive.cn/

http://guide.medlive.cn/
http://guide.medlive.cn/

	目录（医脉通临床指南整理）
	Introduction
	Methods
	Results
	Comments
	Perspectives
	Acknowledgements



