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Abstract

Background Repair of large ventral hernias is challenging when primary fascial closure cannot be achieved. The
peritoneal flap hernioplasty, a modification of the Rives-Stoppa retromuscular mesh repair, addresses this problem by
using the hernial sac to bridge the fascial gap and isolate the mesh from both the intraperitoneal contents and the
subcutaneous space. It is applicable to both midline and transverse hernias. We report the results from our institution
using this repair based on a retrospective review of 251 cases.

Methods Patients undergoing peritoneal flap hernioplasty repair from January 1, 2010-December 31, 2014 were
identified from the Lothian Surgical Audit system, a prospectively maintained computer database of all surgical
procedures in the Edinburgh region of southeast Scotland. Patient demographics, clinical presentation, location of the
hernia and surgical treatment were obtained from the hospital case-notes. Follow-up consisted of a clinical con-
sultation 3 months postoperatively and a retrospective review of patient files completed December 2018. Patients
presenting signs of complications were assessed during a clinical review.

Results Two hundred and fifty-one patients underwent incisional hernia repair, 68.1% in the midline and 31.9%
arising through transverse incisions. Forty-three of these (17%) were recurrences referred from other centers. Mean
BMI was 32.1 kg/m” (range 20-59.4 kg/m?). Mean defect width was 9.2 + 4.2 cm (range 2.5-24.2 cm). Mean mesh
size was 752 cm” (range 150-1760 cm?). Some form of abdominoplasty was performed in 59% of cases. Mean
postoperative stay was 6.3 days (range 1-33 days). Mean follow-up time was 75 months (range 44—104 months).
Fifty-three patients (21.1%) developed postoperative complications. Three (1.2%) developed superficial skin necrosis
and 27 (10.8%) a superficial wound infection, but none developed deep mesh infection. Twelve (4.8%) developed
symptomatic seroma and 11 (4.4%) a hematoma requiring surgical intervention. Seven (2.8%) patients developed
recurrence within the follow-up period.

Conclusion Peritoneal flap hernioplasty is an excellent and versatile method for reconstruction of large ventral
hernias arising in both midline and transverse incisions. The technique is safe and associated with few complications
and a very low recurrence rate.

Introduction

The repair of primary ventral and incisional hernias is
common operations [1-3]. As the width of the defect
increases, obtaining original fascia-to-fascia closure with-
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closure can be difficult or impossible without the use of
advanced surgical techniques [2, 4-7]. A number of tech-
niques have been described to help manage this clinical
situation such as bridging mesh (with poor outcomes), and
component separation techniques [8—15].

An alternative method to component separation for
reconstruction of large abdominal wall defects is the peri-
toneal flap technique. This method is based on the princi-
ples outlined for retromuscular mesh repair and is also
known as the “Swinging Door” or “Mesh Sandwich”
repair. It is widely used in the UK and Europe, and series
have been published by Beck [16] and Malik et al. [17]. It
utilizes redundant tissue from the hernial sac to bridge the
facial gap, and it increases abdominal domain by expend-
ing the abdominal wall at the site of herniation without
inducing weakness laterally. Because it reduces the need
for extensive dissection, we consider this technique less
traumatic and therefore likely associated with fewer com-
plications. As opposed to component separation, which is
applicable only to midline defects, the peritoneal flap
technique may be used for reconstruction of both trans-
verse and oblique as well as paramedian and midline
incisional hernias.

The aim of this study is to present early and long-term
results of the peritoneal flap technique in a single center
based on a retrospective analysis of 251 patients under-
going ventral abdominal wall repair. Our review demon-
strates that the peritoneal flap technique is associated with a
low risk of early and long-term complications and a very
low recurrence rate. We conclude that the technique is safe
and versatile and should be used widely as an alternative to
component separation.

Materials and methods
Operative technique

The peritoneal flap technique is here described for recon-
struction of a midline incisional hernia (Fig. 1). The
method can also be adapted for repair of transverse and
oblique incisional hernias with careful attention to the
anatomical layers of the abdominal wall at the site of the
hernia.

The patient lies supine on the operating table. The pre-
vious midline scar is excised along with any redundant
skin. Skin flaps are elevated no more than is needed to
expose the sac, the defects margins and the entire length of
the scar at the level of the deep fascia. The sac is then
opened in the midline over the full length of the defect. No
sac is excised at this point. Peritoneal adhesions within the
sac and adjacent to the defect margins are divided, but
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Fig. 1 Peritoneal flap repair. 1. The hernia sac is incised over the
full length of the defect (B) along with the anterior rectus sheath on
one side (A) and the posterior sheath on the other (C). 2. The
retromuscular spaces on each side are developed out to the linea
semilunaris. 3. The flap of anterior sheath and sac from one side is
transposed across the defect and sutured to the cut edge of the
posterior sheath on the other side to close the abdominal cavity. A
large piece of mesh can be laid in the retromuscualr space and fixed
in position (dotted line). 4. The final step is closure of the remaining
flap which isolates the mesh from the subcutaneous space

extensive intra-abdominal adhesiolysis is generally not
required.

Mobilization of one peritoneal flap begins by incising
the anterior rectus sheath on one side over the entire length
of the wound in a line parallel to the margin of the defect,
approximately 0.5 cm from the medial border of the rectus
muscle. In cases with wide muscular diastasis, this incision
may lie several centimeters away from the midline. Dis-
section continues around the medial border of the rectus
muscle to enter the retromuscular space and in doing so the
linea alba, with one half of the preserved sac still attached,
“peels” off the muscle and advances medially for a cen-
timeter or two. The retromuscular space can be developed
as far laterally as the linea semilunaris to permit even more
medial advancement. A flap comprising a little of the
anterior sheath along with one half of the preserved hernia
sac has thus been created and, because the anterior sheath
has been divided and reflected around the medial border of
the rectus muscle, it is now contiguous with the posterior
sheath. This flap is destined to form the deep (posterior)
layer of the repair.

On the opposite side of the wound, the musculofascial
layer is elevated and a longitudinal incision is made
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through the parietal peritoneum and posterior rectus sheath,
approximately 0.5 cm from the edge of the rectus muscle
and over the full length of the wound but this time on the
undersurface. The medial portion of the posterior sheath is
reflected medially off the muscle and, with the other half of
the sac still attached, now comes to lie anteriorly. This flap
is destined to form the superficial layer of the repair. Once
the retromuscular space is obtained, the dissection is con-
tinued laterally toward the linea semilunaris as in a stan-
dard Rives-Stoppa repair.

At this stage, the rectus muscles have been completely
mobilized from the posterior sheaths on both sides. Care
must be paid to the segmental neurovascular bundles
entering the retromuscular space along the linea
semilunaris.

At the superior and inferior reaches of the wound, the
retromuscular spaces on each side must be joined across the
midline. This is done by dividing the posterior sheaths as
they insert into the undersurface of the linea alba, with care
taken to ensure that the linea alba remains intact. Caudally,
this dissection extends into the cavum Retzii behind the
pubic bone (retropubic space), while cranially the dissection
extends into the root of the falciform ligament and may
continue beyond and deep to the xiphisternum.

Closure of the abdominal cavity is performed by sutur-
ing the posterior peritoneal flap (originally derived from
the incision in the anterior sheath on one side) to the cut
edge of the opposite posterior rectus sheath, underneath the
muscle. If the peritoneal flap is very large, it may be
trimmed as required to produce a neat, low-tension
approximation. Once this is completed, the peritoneal
cavity has been closed. The hernial defect is bridged by one
peritoneal flap with minimal tension to create a common
plane extending across the midline into the retro-rectus
spaces on both sides. A suitable mesh is cut to size and laid
into this space with at least 5 cm overlap above and below
the closed peritoneal suture line and extending toward the
linea semilunaris bilaterally. The mesh should be trimmed
as required to lie flat with no folding or curling and no
contact with the segmental nerves as they enter the muscle.
It is fixed to the posterior sheath with interrupted sutures of
a slowly absorbable monofilament material such as 2/0
polydioxanone, four to six sutures on each side. Below the
arcuate line, often no fixation is undertaken, although tissue
glue may be used in this area to good effect. Alternatively,
the mesh may be fixed with transfascial sutures to the
anterior layers, or to Cooper’s ligament deep in the pelvis.

The repair is finally completed by suturing the remain-
ing peritoneal flap, originally derived from the posterior
sheath but now reflected anteriorly, to the cut edge of the
anterior sheath on the other side, overlying the rectus
muscle. Again this flap may be trimmed to achieve a neat,
low-tension closure. When this layer is completed, the

mesh is covered on both its deep and superficial aspects by
peritoneal sac in a “sandwich”-like fashion. The deep layer
isolates the mesh from the peritoneal cavity, and the
superficial flap protects the mesh from the subcutaneous
plane. The repair also brings the rectus muscles closer
together, although it does not necessarily restore them
completely to the midline. With no damage incurred to the
lateral musculofascial layers, the new slightly widened and
mesh-reinforced linea alba allows the tension of the
abdominal closure to be spread evenly across the whole
abdominal wall.

Reconstruction of hernias arising through transverse or
oblique incisions follows the same principles as outlined
above, the main difference being that an appropriate tissue
plane must be created lateral to the rectus sheath in which
to place the mesh. Medially, the usual retro-rectus space is
used. Laterally, the surgeon can choose either the plane
between the external and internal oblique muscle layers as
described by Stumpf et al. [18] or the extraperitoneal plane
as described for a TAR repair [8, 9]. The plane between
internal oblique and transversus abdominis muscles should
be avoided as this contains the segmental neurovascular
structures. In practice, it is easier to develop the planes
laterally and medially first, then finally join them together
across the tissue junction at the lateral border of the rectus
sheath. As for midline hernias, the sac is divided in the line
of the incision and the retromuscular planes approached
from anteriorly on one side and posteriorly on the other.
The main principle of the dissection is to ensure that a wide
common space is developed all around the hernia defect for
mesh placement, and that enough sac is preserved to allow
closure of these layers without undue tissue tension.

For both midline and non-midline hernia repairs, the
skin incision may be closed in routine fashion once the
anterior fascial layer has been closed over the mesh. Sub-
cutaneous drains are recommended to reduce the risk of
seroma, and drains to the plane of the mesh may be used at
the surgeon’s discretion.

Medical records

The present study is an uncontrolled case series from a
single center. All patients undergoing a peritoneal flap
hernioplasty repair in our institution from January 1, 2010,
until December 31, 2014, were retrieved from the Lothian
Surgical Audit (LSA) system, a prospectively maintained
database of all surgical procedures in the Edinburgh region
of southeast Scotland. Those undergoing elective repair for
either midline or transverse anterior abdominal wall inci-
sional hernias were identified from the database. Cases
using other surgical techniques than the peritoneal flap
hernioplasty were excluded, as were patients admitted for
an emergency abdominal wall repair. The LSA database
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records primary referrals and notes from all patients
assessed and treated for postoperative complications across
all the hospital in the Lothian region. Complex abdominal
wall repair is in Scotland considered a specialist procedure
and all patients with potential complications following a
repair performed in our institution are referred back to us
for clinical assessment and treatment. Thus, the LSA
database provides a reliable tool to accurately record
readmissions and complications of the cases performed in
our region. The review process for the study was conducted
based on the clinical notes from the 3-month follow-up
visit and subsequent LSA recordings from all 251 patients
enrolled in the study.

Patient characteristics including age and sex of the
patients, body mass index (BMI), operative details including
defect size and mesh size, length of postoperative stay and
postoperative progress at 3 months were recorded from each
patient’s case-notes (Table 1). Technical data with respect to
the results from preoperative abdominal CT, length of hos-
pital stay, mesh size and time of follow-up were likewise
retrieved from patient files and recorded (Table 2). Postop-
eratively, patients’ records were reviewed and assessed for
short- and long-term complications (Table 3). Those with
any symptoms or signs to suggest complications were either
telephoned or clinically reviewed by a surgical consultant or
a specialist registrar. Imaging (CT or ultrasound) was per-
formed when needed to document the presence or absence
of complications. Recurrence was defined as a hernia arising
in the region of a previous abdominal wall repair, docu-
mented either during a clinical examination and/or by CT of
the abdominal wall. Thus, it includes new hernias arising
adjacent to a previous repair as well as true recurrences
arising through the original fascial defect.

Results

Three hundred and fifteen open procedures for ventral and
incisional hernia were performed by the two operating
surgeons (BT and AdeB) from January 1, 2010, to

Table 1 Patient characteristics

Characteristics Value® Range

Number of patients included (V) 251

Gender distribution (male vs 119 versus 47.4% versus
female) 132 52.6%

Age (years) 593 £ 123  25-86

Height (m) 1.67 £ 0.10  1.47-1.93

Weight (kg) 88.8 £20.8  50-169

BMI (kg/mz) 321 +£73 20-59.4

“Mean + SD
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Table 2 Technical data

Characteristics Value® Range
Previous hernia repair 17.1%

Incision (midline vs transverse) 68.1% versus 31.9%
Preoperative CT scan 48.6%

Abdominoplasty 58.2%

Mesh size (cm?) 752 + 312 150-1760
Length of hospital stay (days) 6.3+ 44 1-33
Defect diameter on CT (cm) 92 +42 2.5-24.2
Postoperative follow-up (months) 75 44-104
“Mean + SD

Table 3 Postoperative complications

Problem Percent Value (%)
Skin necrosis 3 1.2
Superficial wound infection 27 10.8
Seroma requiring reoperation 12 4.8
Wound hematoma requiring reoperation 11 4.4
Chronic pain 12 4.8
Recurrence 7 2.8

December 31, 2014. In 288 of these (91%), a peritoneal
flap hernioplasty was performed. Two hundred and fifty-
one patients fulfilled the inclusion criteria for elective
repair and were recruited for the study (Table 1).

One hundred and thirty-two (52.6%) were female and
119 (47.4%) male. Patient characteristics are shown in
Table 1. One hundred and seventy-one (68.1%) were
operated upon for a midline incisional hernia and 80
(31.9%) for a transverse hernia. The size of the hernial
defect was assessed from the operation report or from
preoperative CT scans which were performed in 48.6% of
cases. Mean maximum hernia width was 9.2 cm (range
2.5-24.2 cm), and the mean size of mesh size used was
752 cm® (range 150-1760 cm?). Abdominoplasty was
performed in 146 (58.2%) of cases (Table 2). Mean follow-
up time was 75 months (range 44-104 months).

Early complications were recorded in 53 (21.1%) case at
the 3-month follow-up appointment, comprising 27 cases
of superficial wound infection (10.6%), 12 seromas (4.8%)
and 11 (4.4%) hematomas requiring surgical intervention
(Table 3). There were no cases of deep mesh infection.
Superficial wound infections were treated with antibiotics,
local drainage and/or surgical debridement and followed in
the outpatient clinic. All cases had healed within 6 months
of surgery. Seromas were treated with aspiration in the
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outpatient clinic, some requiring several aspirations until
they resolved. Chronic pain defined as pain persisting for at
least 3 months after surgery was recorded in 12 (4.8%) of
the patients. Skin necrosis was seen in three patients (1.2%)
and in one of these was extensive enough to involve the
underlying fascia and peritoneal flaps, leading to mesh
exposure. The wound was debrided and vacuum dressings
applied until the patient was able to undergo revisional
surgery.

Of the 251 patients included in the study, 40 patients had
died at the time of follow-up. Thirty-seven of these from
causes unrelated to the abdominal wall reconstruction. Two
patients died prior to discharge, one from a stroke and one
from myocardial infarction. One patient died from sepsis of
unknown cause.

Seven patients (2.8%) were identified as having a hernia
recurrence. All seven have undergone surgery for recur-
rence by the time of closure of the study. The median BMI
of this group of patients was 35.4 kg/m?.

Discussion

Repair of ventral and incisional hernias by reinforcing
primary fascial closure with a mesh in the retromuscular
plane is commonly regarded as the current standard of care
and is often referred to as the Rives-Stoppa-Wantz proce-
dure [19-21]. Although widely applicable, this technique is
not always appropriate for large hernias where primary
fascial closure cannot be achieved owing to excessive
tension and/or loss of abdominal domain. In such cases, a
number of lateral tissue-releasing procedures have been
described, which can be broadly grouped together as
components separation techniques. In parts of Europe and
the UK, the peritoneal flap hernioplasty is a popular
alternative to component separation [16, 17]. The peri-
toneal flap technique has evolved as a modification of the
da Silva triple-layer repair, which used reflected sections of
the anterior and posterior rectus sheaths as well as peri-
toneal sac to traverse the fascial gap reconstructing the
midline in a low-tension manner while preserving the
integrity of the lateral layers [22]. Abdominal domain is
increased at the site of the herniation with native fascia and
sac reinforced with mesh such that tension is distributed
evenly across the whole abdominal wall. This is in contrast
to the components separation techniques where tension is
maximal laterally. The peritoneal flap hernioplasty adds a
mesh to the da Silva repair, placing it in the retromuscular
plane as in the Rives-Stoppa-Wantz repair. The peritoneal
flap technique may therefore best be described as a hybrid
of these two surgical procedures.

Anterior component separation, involving the release of
the external oblique aponeurosis as first described by

Ramirez and colleagues in 1990 [23], remains popular as
an adjunctive technique for repair of large ventral hernias.
Various modifications have been described including
endoscopic release of the external oblique muscle and more
recently posterior component separation with transversus
abdominis release (TAR) [3, 8, 11, 24]. The aim of these
techniques is to facilitate medial approximation of the
rectus muscles to achieve midline closure but each requires
extensive dissection into the lateral planes of the abdominal
wall and the sacrifice of one entire musculofascial layer.
Seroma and superficial wound infections are common
complications when large skin flaps are elevated, and
recurrence rates in the region of 10-22% are reported
[25-28]. While component separation does achieve ten-
sion-free midline closure, this is achieved at the expense of
lateral abdominal wall integrity. To compensate for the
lateral weakness induced by the release of the oblique or
the transverse aponeurosis, a large mesh extending into the
flanks may be used. This has the potential to affect the
function of the abdominal wall from fibrosis induced by the
mesh or from the extensive dissection itself. The peritoneal
flap repair for midline hernias obviates these problems by
avoiding dissection into the lateral abdominal wall alto-
gether, using redundant tissue from the hernial sac to
bridge the fascial gap and increase abdominal domain by
expanding the abdominal wall at the site of herniation
without inducing weakness laterally.

In contrast to component separation techniques, the
peritoneal flap repair can be used to repair oblique and
transverse abdominal wall defects in addition to those in
the midline. In the present study, approximately 1/3 of
cases were for transverse incisional hernias, most often
following open cholecystectomy or colonic resection. Also
in the series were a number of L-shaped upper abdominal
incisions used for liver transplantation and rooftop inci-
sions used for Whipple’s procedure and liver resection. The
peritoneal flap repair in these patients involves developing
a plane behind the rectus muscles medially, and between
internal and external oblique muscles laterally then joining
the two by dividing the linea semilunaris. The anatomy of
this approach has been well described by Stumpf et al. [18].
Because the external oblique originates from the superficial
part of the lower ribs above the costal margin, the dissec-
tion in this area may be continued up over the ribcage
allowing the mesh to cover the primary defect with a large
overlap. This is particularly useful in patients with defects
located close to the costal margin where limited tissue is
available for primary closure.

During the study period, the authors had not started
using Botulinum-A therapy or preoperative pneumoperi-
toneum as adjuncts to preoperative workup in midline
hernias to improve the chance of restoration of the midline.
Further work is ongoing to see if such preoperative therapy
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can reduce the need for the peritoneal flap repair over
conventional sublay repair.

Obesity has been found to be a risk factor for occurrence
and recurrence of abdominal wall herniation, and it is
known to increase the risk of infections and hematoma
[29]. Owei and colleagues demonstrated that the risk of
complications following anterior abdominal hernia repair is
increased in patients with BMI above 30 kg/m?, and dou-
bled when BMI exceeds 40 kg/m2 [30]. In the present
study, median BMI was 30.1 kg/m?, so half of the study
subjects were obese at the time of operation (BMI > 30
kg/m?). Despite this, the rate of short-term complications in
our patients was equivalent to what has been reported
elsewhere in studies of patients undergoing abdominal wall
repair. It is of interest to note that the mean BMI of the
patients who developed recurrence (35.4 kg/m®) was
slightly higher than that observed for the whole group
(30.1 kg/m?). While this observation may imply that obe-
sity per se is an independent risk factor for recurrence that
association is likely to be weak, since only seven of the 251
repairs were treated for recurrence. Moreover, these
recurrences were not clustered among the morbidly obese
individuals, but occurred throughout the range of BMI
(range 30.7-48.6 kg/m?). Thus, we conclude that the
peritoneal flap technique is a procedure that can be safely
performed even in patients with morbid obesity, including
combining abdominoplasty with the abdominal wall repair.
Nevertheless, pre-habilitation with attention to weight
reduction in such patients remains to be important [30].

The segmental nerves are put at risk when the dissection
has been carried out into the lateral aspects of the
abdominal wall. Often a concomitant bulging of the
abdominal wall can be observed suggesting that these
nerves may have been injured during the procedure. The
segmental nerves and vessels perforate the rectus sheath
close to the linea semilunaris where damage may occur
during the retromuscular dissection, but nerve injuries may
also arise from entrapment in suture material or scar tissue
or by irritation from the mesh. We advocate careful dis-
section leaving nerves and muscle intact is likely to be
important to reduce the incidence of pain following this
repair.

The importance of restoration of the midline rectus
musculature to regain physiological function of the
abdominal wall remains open to debate. A main objective
for both anterior and posterior component separation is to
achieve midline fascial closure, but the peritoneal flap
hernioplasty does not attempt this. Even so, it does
approximate them to a considerable degree (Fig. 2). It is
our contention that abdominal wall function relies more on
an intact circle or ring of abdominal muscle/fascia, and that
it does not matter if the gap between the muscles is several
centimeters wide as long as it is firm and strong, providing
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a firm ridge of fibrous tissue against which the recti and
lateral obliques can pull. There is no doubt that the triple-
layer neo-linea alba produced in a peritoneal flap repair
provides this. Indeed, as the results from the 3-month
clinical review appointment reveal, there is a high degree
of patient satisfaction after the peritoneal flap repair, with
very few complaints of bulge or other complaints related to
the appearance or weakening of the abdominal wall.
Indeed, those with significant ‘divarication’ preoperatively
do not manifest the typical midline bulge when initiating a
sit-up maneuver.

In conclusion, the present paper reports the results from
a series of ventral and incisional hernia repairs using the

Fig. 2 Preoperative and postoperative CT scans. The defect of 11 cm
width (a) is reduced to no more than 3 cm, with a thick and strong
neo-linea alba, on a CT scan taken 7 months postoperatively for
unrelated reasons (b)
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peritoneal flap hernioplasty. Our retrospective analysis
reveals excellent short- and long-term outcomes in a series
of 251 peritoneal flap hernioplasties at one center after a
median follow-up of 75 months. No procedure-related
mortality was observed. Seven patients were diagnosed and
treated for recurrence resulting in a long-term recurrence
rate of 2.8%. These results demonstrate that the peritoneal
flap hernioplasty is a safe and versatile procedure associ-
ated with low complication rates and a very low recurrence
rate. Based on these results we recommend that the peri-
toneal flap hernioplasty be considered as an alternative to
component separation in large hernias where primary fas-
cial closure is difficult to achieve.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
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