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Summary
Background Large incisional hernias (LIH) are chal-
lenging conditions, often necessitating complex sur-
gical procedures such as transversus abdominis mus-
cle release (TAR). We evaluated the feasibility and ef-
fectiveness of tension-free abdominal wall repair of
LIH with an innovative modified Rives–Stoppa pro-
cedure employing a composite free lateral polypropy-
lene (FLaPp) prosthesis.
Methods Symptomatic patients affected by LIH and
treated with FLaPp composite prosthesis between
April 2010 and December 2016 were retrospectively
analyzed. The FLaPp prosthesis is made up of two
layers: an internal layer based on a polypropylene film
that can be used in contact with the intestinal loops to
address the posterior peritoneal defect, and an exter-
nal layer based on a macroporous lightweight mesh,
with which a classic repair according to Rives–Stoppa
is carried out.
Results Forty-three patients were enrolled in the
study. All hernias were W3. Early complications were
seroma (16.3%), hematoma (11.6%), wound infection
(7.0%), and bowel injury (2.3%). Late complications
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were sinus tract (4.7%), occasional pain (2.3%), and
stiff abdomen (9.3%). The median operative time was
126min and median hospitalization was 8 days. At
the median follow-up of 40 months (range 37.5–117),
the recurrence rate was 9.3% (4/43).
Conclusion Use of FLaPp mesh with a tension-free
surgical approach is an effective strategy for manag-
ing LIH in selected cases with the presence of a pos-
terior defect, with low rates of complications and re-
currences.

Keywords Incisional hernia · Ventral repair · Mesh
repair · Reabsorbable mesh · Mixed mesh

Background

Incisional hernias are a heterogeneous issue and dif-
ferent repair methods have been proposed for spe-
cific defects or locations. In large incisional hernia
(LIH), the abdominal wall is qualitatively and quanti-
tatively compromised, due mainly to the loss of mus-
cular and fascial tissue and peritoneum; therefore,
correct and complete containment of the intestine
in the abdominal cavity no longer exists and surgi-
cal reduction might be challenging [1]. In these cases,
the surgical technique aims to restore the anatomy
of the abdominal wall by integrating the loss of sub-
stance and by limiting tension on the suture line of the
mesh herniorrhaphy [2]. Patients with the abovemen-
tioned alteration are frequently obese, often experi-
ence severe abdominal symptoms, and may present
cardiopulmonary or other systemic diseases. More-
over, the incisional hernia is often recurrent. Incor-
rect reconstruction of the abdominal wall can lead
to an increase in intraabdominal pressure and cause
severe postoperative respiratory complications [3, 4].
There is no consensus regarding the optimal treat-
ment option, despite new and evolving surgical tech-
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niques applied by surgeons with different skills. Treat-
ment of LIH is in fact a major and unsolved issue,
with associated potentially life-threatening complica-
tions [5]. Options for mesh implantation in LIH in-
clude bridging the defect without approximation of
the defect edges in extreme conditions, performance
of an intraperitoneal onlay mesh (IPOM) repair, or
mesh augmentation with approximation of the tissue
and fascial edges. It is noteworthy that sublay po-
sitioning of the mesh, perhaps in combination with
a component separation technique (CST), may be ad-
vantageous compared with other surgical techniques
for LIH repair [2]. Nevertheless, the techniques in-
cluding CST are associated with considerable mor-
bidity and significantly longer operative time, another
acknowledged risk factor for patients with severe or
multiple comorbidities and/or previous unsuccessful
operations [1].

Several new prosthetic materials and meshes have
been proposed to overcome these concerns. Com-
posite meshes are nowadays widely used worldwide
in different ventral hernias for their moderate com-
plication rates and low infection and recurrence rates
[5]. Starting from our previous experience, we retro-
spectively analyzed the feasibility and efficacy of an
innovative tension-free reconstruction approach with
a composite mesh, namely the free lateral polypropy-
lene (FLaPp; DiproMedical Devices, DIPROMED s.r.l.,
San Mauro Torinese TO, Italy) prosthesis, in a larger
high-risk LIH patient cohort in terms of early postop-
erative complications and late outcomes [6].

Materials and methods

We performed an update of a retrospective multicen-
tric cohort analysis from a prospectively maintained
database of high-risk patients affected by incisional
hernia in two Italian teaching hospitals. High-risk pa-
tients were considered patients with one or more co-
morbidities reaching an American Society of Anesthe-
siologists (ASA) preoperative assessment score of III or
IV [7]. From April 2010 to December 2016, consecutive
symptomatic patients with midline LIH were eligible
for inclusion in the study, which was conducted ac-
cording to the Declaration of Helsinki. The work is
reported in line with the STrengthening the Reporting
of Observational studies in Epidemiology (STROBE)
criteria [8]. All patients gave their consent to partici-
pate this observational study after being appropriately
informed. In the current study, LIH was defined as
a fascial defect (hernial orifice) measuring 10cm or
more in any direction according to the definition of
the European Hernia Society (EHS) [9].

Exclusion criteria were patients affected by lateral
incisional hernias (L1-L2-L3-L4) according to EHS
[8], collagen diseases (i.e., scleroderma, Ehler–Danlos
and Marfan syndromes), patients who have recently
undergone chemotherapy and/or radiation therapy
for cancer, immunosuppressive therapy, and patients

with acquired immunodeficiency. Patients with as-
sociated problems of infected mesh in situ from
previous repair and/or intraabdominal infection, and
patients with associated parastomal hernia were also
excluded from the study [10].

Preoperative evaluation

The preoperatively recorded variables were sex, age,
body mass index (BMI), coexisting diseases, preoper-
ative ASA assessment score, type of incisional hernia,
operative time, and length of hospital stay. All patients
underwent preoperative computed tomography (CT)
of the abdomen with functional maneuvers that in-
crease intraabdominal pressure (Valsalva, lateral de-
cubitus) and, particularly, multidetector CT, which al-
lows three-dimensional reconstruction to assess the
presence of loss of domain.

Characteristics of the prosthesis

The FLaPp is composed of two layers: an upper light
polypropylene mesh (PM) and a thin polypropylene
transparent film (PPF). The two layers possess differ-
ent properties in order to best perform their functions.
The mesh for the parietal side is macroporous, with
91% porosity and 48gr/m2, and is made of polypropy-
lene monofilament of 120μm diameter. The woven
polypropylene is designed for tissue ingrowth for ad-
equate prosthesis integration, due to its 2D scaffold
feature which improves cell proliferation [11, 12]. The
film for the visceral side is composed of nonporous,
smooth, and transparent polypropylene with a thick-
ness of 50μm (type IV) [13] to minimize adhesion
formation at the intestinal side due to its plane sur-
face. In fact, the fibroblasts on the film do not pro-
liferate, and, as a consequence, undergo apoptosis,
a physiological death [13, 14]. The transparency of
the polypropylene film enables easy identification of
blood vessels, nerves, and underlying tissues during
prosthesis placement and allows the risk of bowel in-
juries to be limited. The PM and the PPF are sewn
together in the central oval area of the composite pros-
thesis: the two free peripheral flaps of the mesh have
a dimension adaptable to the defect size. Moreover,
as regards to the tensile strength of the polypropylene
film, mechanical tests have demonstrated that its re-
sistance exceeds that of the thread, and the passage of
the needle does not cause any tearing of the film itself.
De Maria et al. analyzed the influence of the topol-
ogy of polypropylene for abdominal wall repair, eval-
uating its ability to prevent and minimize adhesion
formation and promote tissue ingrowth. Finally, they
found that the mechanical behavior of mesh presents
an anisotropy index similar to that of natural tissue as
well as a high safety index [14].
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Surgical technique

All patients received prophylactic preoperative
chemotherapy with cefazolin (2g) i.v. and all pro-
cedures were performed under general anesthesia.
Once the peritoneum has been incised and the con-
tents of the sack have been freed from adhesions,
the medial edge of the rectus muscle fascia is in-
cised on the posterior side to ensure continuity of
the anterior fascial plane, which is essential to allow
easy supraprosthetic closure [6]. The lateral extent
of this dissection is the linea semilunaris, confirmed
by visualizing the junction between the posterior and
anterior rectus sheaths. Inferiorly, the space of Ret-
zius is entered to expose the pubis symphysis and
both Cooper’s ligaments. This dissection is blunt, in
what is typically a bloodless plane. Since this area is
below the arcuate line, the posterior layer includes
peritoneum and transversalis fascia only. Proximally,
the posterior fascia is transversally incised, bringing
the dissection back to a preperitoneal plane, allowing
it to be extended beyond the retroxiphoid region and
the costal margins. Once this surgical time was over,
in all the treated cases, only a posterior separation
of the components would have allowed the closure
of the posterior fascial due to the tissue deficit. The
FLaPp prosthesis allows this necessity to be over-
come, permitting realization of a simpler and faster
intervention (Fig. 1, [6]). The PPF flap was sutured to
the margins of the residual peritoneum and posterior
rectus sheath to replace the tissue defect [15, 16];
short running sutures were used, adapting this flap
to the shape and size of the defect, and the excess
film was eliminated. This lower layer of the prosthe-
sis had to be large enough to cover the defect and
overlap the tissues for at least 1cm. At this point,
the prosthesis already appears well fixed and the PM
flap is positioned on the large retromuscular dissec-
tion area according to the principles of Rives–Stoppa
(Fig. 2). Superiorly, the PM flap can be placed beyond
the costal margin and in the retroxiphoid space. It
is secured with one stich to the xiphoid process; this
suture is placed 4–5cm off the edge of the PM flap

Fig. 1 Composite FLaPp®
(Dipro Medical Devices,
DIPROMED s.r.l.) pros-
thesis: a Macroporous
polypropylene mesh (PM;
upper layer); b transparent
polypropylene film (PPF;
lower layer). PM and PPF
are sewn together in the
4× 7cm central oval area

Fig. 2 Schematic picture of FLaPp® (Dipro Medical Devices,
DIPROMED s.r.l.) prosthesis application. The lower layer
(transparent polypropylene film, PPF) is sutured to defect mar-
gins of the posterior plane (black line). The superior layer
(macroporous polypropylene mesh, PM) is positioned in the
retromuscular space according to the Rives–Stoppa proce-
dure. Centrally, the two layers of the prosthesis are sewn to-
gether (oval)

to allow for large overlap, especially for subxiphoid
defects. Finally, the macroporous mesh is anchored
at the lateral extremities with two transparietal trans-
fixed sutures or with full-thickness transabdominal
stitches using the Reverdin needle and can be further
fixed with fibrin sealant (TISSEEL; Baxter, Deerfield,
IL, USA) [15, 17]. In all patients we used a FLaPp
prosthesis with dimensions of 20× 30cm, 26× 34cm,
or 30× 40cm, according to the defect size. Closure of
the anterior plane with reinsertion of the rectus is per-
formed easily, because access to the posterior fascia of
the rectum is achieved while strictly maintaining con-
tinuity of the anterior fascial plane. Running sutures
with an absorbable monofilament (polydioxanone)
are used [6]. Two closed-suction drains were usually
positioned directly over the mesh. The drains were
removed when the output was <25–30mL of drainage
over a 24-hour period. All patients used an elastic
waistband for at least 2 months.
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Outcome measure

Primary outcome was the evaluation of feasibility and
safety of the FLaPp prosthesis in patients affected by
LIH by the assessment of early events such as post-
operative surgical site occurrence (SSO), morbidity,
mortality, and pain. Secondary outcome was the as-
sessment of patients’ satisfaction with the procedure
and the onset of recurrence and of other late compli-
cations (i.e., chronic mesh inflammation, mesh bowel
erosion, mesh migration, sinus tract formation, onset
of occasional pain or stiff abdomen).

Follow-up data were obtained from analysis of the
surgeons’ office records, the patients’ hospital and
outpatient electronic medical records, and a survey
conducted via telephone. Follow-up appointments
were scheduled at 2 weeks, 1 month, 6 months, and at
the end of the follow-up (3 years). In the first 30 days,
the incidence of SSO such as seroma, hematoma, sur-
gical site infection (SSI), intensity of pain, and periop-
erative morbidity and mortality were evaluated [18].
Moreover, the incidence of chronic mesh inflamma-
tion, mesh bowel erosion, meshmigration, sinus tract,
stiff abdomen, chronic pain, and recurrence rate were
also recorded. The degree of pain was determined
using a 10cm visual analog scale (VAS) [19] (0= no
pain and 10=worst possible pain) on postoperative
day 15 and day 30, and by assessing the number of
oral analgesic drugs (ketorolac 30mg) taken by each
patient. In fact, all patients received a prescription for
analgesic drugs to be taken as required and they duly
recorded analgesic use on a paper to be given back
to the surgeon. Hernia recurrence was diagnosed by
physical examination, which was performed serially
in the outpatient setting.

To assess patients’ satisfaction, a quality of life
(QoL) questionnaire (the so-called 36-Items Short-
Form Health Survey, SF-36) was administered by an
external observer (i.e., a surgical fellow) 7–10 days
before surgery, and at the third year of follow-up. [20,
21]. The SF-36 defines eight domains of health status:
physical functioning (PF), physical role limitations
(PR), bodily pain (BP), general health perceptions
(GH), energy/vitality (EV), social functioning (SF),
emotional role limitations (ER), and mental health
(MH). The number of questions contributing to each
domain varies from 2–10. Response values for each
question range from 1–6. All domain scales are stan-
dardized from 0–100, with higher scores correspond-
ing to better health status.

The database of this study was completed in Jan-
uary 2020 in order to achieve a minimum follow-up
time of 3 years for each patient, including the last one
operated in 2016.

Statistical analysis

Continuous variables were expressed by mean and
standard deviation (SD), categorical variables were re-

ported in terms of median and interquartile range
(IQR; 25th–75th percentile). The two-tailed Mann–
Whitney U test or the chi-square test was applied to
analyze the relationship between each preoperative
characteristic and recurrence, according to variable
type. The one-tailed paired Student t-test was applied
to evaluate the increase in SF-36 score recorded pre-
operatively and at long-term follow-up for each of the
eight domains separately. A p-value< 0.05 was con-
sidered statistically significant. Statistical analysis was
carried out using MATLAB® 2021a (MathWorks; Nat-
ick, MA, USA) software. Analysis of SF-36 scores was
performed according to guidelines developed by Ware
and Sherbourne and Apolone and Mosconi [20, 21].

Results

The study population included 43 symptomatic LIH
patients (26 women and 17 men) with a median age
of 60 years (IQR: 57–66 years) and a mean BMI of
29.8± 2.5kg/m2. Demographic data, clinical details,
and the characteristics of incisional hernias are sum-
marized in Table 1. All patients had at least one
comorbidity and 14 (32.6%) had more than one co-

Table 1 Baseline patient demographics and hernia char-
acteristics
Variables Patients, N= 43 (in %)

Gender, n

Male 17 (39.5)

Female 26 (60.5)

Median age, years (IQR) 60 (57–66)

Mean BMI, kg/m2 (standard deviation) 29.8kg/m2 (2.5)

Comorbidity, n

Ischemic cardiopathy 21 (48.8)

Diabetes 5 (11.6)

Obesity 21 (48.8)

Chronic renal failure 2 (4.7)

Chronic renal failure on dialysis 1 (2.3)

COPD 7 (16.3)

ASA score, n

ASA III 38 (88.4)

ASA IV 5 (11.6)

Hernia type according to EHS, n

Xipho-pubic (M1–M5) 32 (74.4)

Xipho-subumbilical (M1–M4) 11 (25.6)

Craniocaudal defect dimension, cm

Median 22cm

IQR 20–23cm

Transverse defect dimension, cm

Median 14cm

IQR 11–18cm

Previous hernia repair, n 32 (74.4)

Irreducible hernia, n 18 (41.9)

ASA American Society of Anesthesiologists, COPD chronic obstructive pul-
monary disease, EHS European Hernia Society Classification
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existent disease. Based on the type of comorbidity,
38 patients (88.4%) had been classified as ASA III and
5 (11.6%) as ASA IV. Out of 43 patients, 32 (74.4%)
were affected by midline xipho-pubic incisional her-
nia (M1–M5) and 11 (25.6%) by midline xipho-sub-
umbilical incisional hernia (M1–M4). All incisional
hernias had been classified as class W3 [6]. The me-
dian craniocaudal and transverse dimensions of the
rectus sheet fascial defect were 22cm (IQR: 20–23cm)
and 14cm (IQR: 11–18cm), respectively. Thirty-two
patients (74.4%) had undergone the previous repair
with mesh reinforcement; in 18 patients (41.9%) the
incisional hernias were irreducible. The median op-
erative time was 126min (IQR: 93–160min) and the
median hospital stay was 8 days (IQR: 7–9 days).
Median follow-up was 40 months (range 37.5–117)
and follow-up has been completed in all 43 patients
(100%).

Primary outcome

No major complications related to the operation or to
anesthesia were observed, and no mortality occurred.
SSO included 7 seromas (16.3%), 5 hematomas (11.6%),
and 3 wound infections (7.0%; Table 2). Three of the
7 patients with seroma were treated by 3 or 4 nee-
dle aspirations, while the other 4 patients healed
spontaneously; of the 5 patients with hematoma,
only one was treated with a small skin incision un-
der local anesthesia and with surgical drainage. All
patients with wound infection were treated with an-
tibiotic drugs after microbiological and antibiogram
examinations. Two of them also required surgical
drainage of the subcutaneous space and negative
pressure wound therapy (VAC therapy). Early post-
operative pain was controlled for the first 72h with
infusion therapy using an elastomeric pump prepared
as follows: 50mg of morphine (5 ampoules)+ 50mg
of metoclopramide (5 ampoules)+ 210mg of ketoro-
lac (7 ampoules)+ 300mg of clonidine (2 ampoules),
at the infusion rate of 2ml/hour. At postoperative
day 15, 39 patients (90.7%) had a VAS score lower
than 4 (range 1–3.5) and only 6 patients took one
analgesic pill (ketorolac 30mg) per day for another
six days. At 30 days, the patient’s VAS score was less
than 3 (range 0–2) and no patient required analgesic
drugs parenterally or orally. Medical complications
occurred in 6/43 patients (14.0%): particularly pro-
longed postoperative ileus occurred in 3 subjects
(7.0%), pneumonia in one (2.3%), and urinary tract
infection in 2 patients (4.7%). Moreover, all three pa-
tients with chronic renal failure (7.0%) suffered from
exacerbation of renal disease and were treated with
intravenous infusions of hydroelectrolyte solutions.

Secondary outcome

No patients presented chronic mesh inflammation,
mesh bowel erosions, or mesh migration. No patients

Table 2 Postoperative early and late complications of LIH
patients undergoing FLaPp® prosthesis positioning
Early (<30 days) n (%) Late (>30 days) n (%)

Seroma 7 (16.3) Chronic mesh inflamma-
tion

0 (0)

Hematoma 5 (11.6) Mesh bowel erosion 0 (0)

Wound infection 3 (7.0) Mesh migration 0 (0)

Bowel injury 1 (2.3) Sinus tract 2 (4.7)

Pain (VAS< 4) 39 (90.7) Occasional pain 1 (2.3)

Prolonged postoperative ileus 3 (7.0) Stiff abdomen 4 (9.3)

Pneumonia 1 (2.3) Chronic pain (>3 months) 0 (0)

Urinary tract infection 2 (4.7) Recurrence 4 (9.3)

Mortality (≤30 days) 0 (0) – –

suffered from chronic pain: only one (2.3%) described
pain that occasionally limited activities such as gar-
dening or light gym work. However, we documented
two cases (4.7%) of sinus tract and 4 patients (9.3%)
complained about a stiff abdomen. Recurrence rate
was 9.3% (4/43; Table 2). Of the abovementioned
cases, one elderly patient required reoperation for to-
tal mesh excision 48h after surgery for biliary peri-
tonitis due to ischemic bowel perforation; this patient
relapsed after 3 months. Two patients underwent par-
tial mesh excision for development of a chronic sinus
tract and one of these two developed a recurrence
8 months after primary surgery. Finally, the other two
patients relapsed at 15 and 18 months after surgery,
respectively. None of the preoperative patient charac-
teristics were significant for the development of hernia
recurrence (p> 0.2); however, two patients were obese
and two patients were diabetic, and all four cases were
irreducible IHs.

QoL results are summarized in Table 3. In terms
of the preoperative functional status, significant defi-
ciencies (mean score< 50) were reported in four SF-
36 domains: physical function (34.9± 1.7), physical
role limitations (35.1± 2.1), bodily pain (27.8± 1.5),
and emotional role limitations (39.4± 1.6). At 3-year

Table 3 Scores of the different SF-36 scales (mean± standard
deviation) measured preoperatively and at long-term fol-
low-up
Scales Baseline Final follow-up p-value*

Physical functioning 34.9± 1.7 73.0± 1.9 <0.0001

Physical role limitations 35.1± 2.1 70.1± 1.7 <0.0001

Bodily pain 27.8± 1.5 63.3± 1.8 <0.0001

General health perceptions 60.4± 1.9 68.4± 1.5 <0.0001

Energy/vitality 70.7± 1.6 70.6± 1.4 0.45

Social functioning 50.3± 1.8 67.9± 1.6 <0.0001

Emotional role limitations 39.4± 1.6 63.3± 1.6 <0.0001

Mental health 66.3± 1.7 63.1± 1.7 <0.0001

The final follow-up in each patient corresponded to 3 years
*p< 0.05 was considered statistically significant
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follow-up, we documented a significant improvement
in all domains (p<0.0001) except for energy/vitality
(p= 0.45).

Discussion

Rives–Stoppa surgery has been the reference for sur-
gical repair of the abdominal wall for decades, and,
in some respects, continues to be so. The intuition
that only reinsertion of the rectus into the midline al-
lows for a solid and lasting repair remains the basic
principle to which all parietal surgery refers and po-
sitioning of the prosthesis at the retromuscular site
is universally accepted as the best site for the best
prosthetic integration [1–3]. However, the weak point
of the Rives–Stoppa emerges in LIH or in incisional
hernias, in which a wall defect is created (for exam-
ple, after removal of previous prostheses), which is
given by the difficulty of closing both the posterior
and anterior planes to ensure a valid reinsertion of
the rectus in the midline. To try to overcome this
difficulty, various stratagems have been devised: fas-
cial releases and myofascial advancement flaps, use of
peritoneal patches in Vycril, use of progressive preop-
erative pneumoperitoneum that saw Stoppa’s Amiens
school one of the most convinced proponents. The
IPOM solution is also possible; however, it does not
realize the abdominal wall reconstruction [22].

The “component separation” techniques, in both
their anterior and posterior meanings, have filled
this gap by offering the surgeon a technical and cul-
tural background that allows him to face complex
abdomens more safely. In this context, the use of bo-
tulinum toxin and the return of interest in preopera-
tive progressive pneumoperitoneum have represented
further, important progress in recent years. The origin
of the limitation of the technique is the fact that Rives
and Stoppa had turned their attention only to the
central compartment consisting of the rectus muscles
and their fascial sheath, not extending the interest to
the lateral compartment and to the advantages that
could derive from a muscle aponeurotic mobilization
of the lateral muscles of the abdominal wall [14].

The anterior component separation (ACS) de-
scribed by Ramirez et al. in 1990 is considered the
actual referral procedure in the treatment of LIH
worldwide [23]. However, its great efficacy does not
come for free and is paid for by the complexity of the
procedure with a high rate of postoperative wound
complications and a non-neglectable recurrence rate
even with mesh reinforcement (1–5-year recurrence
rate is about 10%) [23]. Additionally, the main crit-
icism of the posterior component separation (PCS)
technique described by Carbonell et al. [24] is the
access to the space between the transverse abdomi-
nis muscles and the internal oblique muscles. This
space contains the branches of the lateral cutaneous
nerve, which, if damaged, would lead to lateral mus-
cle paralysis and laterodorsal bulging. Moreover, PCS

with transversus abdominis release (TAR) expects
a dissection that preserves all the spraying and inner-
vation of the abdominal wall [25]. However, the extent
of the dissection, the difficulty in finding a valuable
peritoneal plane in pluri-operated patients, or the fre-
quent presence of a very thin peritoneal plane could
lead to repair with two prostheses (resorbable and not
resorbable). Novitsky et al. [25], in a study conducted
in a total of 42 patients, reported a wound complica-
tion rate of 24% (10/42) and 7% of patients had major
wound infection requiring surgical debridement; 32
(76.2%) had recurrent hernias. Winder et al. [26]
reported wound complications in 24.3% of patients
and Krpata et al. [27] in 48.21% of patients treated
with ACS. Hood et al. [28] observed 32% wound in-
fections; of these complications, 18% required wound
VAC placement and 5% needed formal debridement
in the operating room. Moreover, Kumar et al. [29]
reported 17.85% seroma and Torregrosa-Gallud et al.
[30] 35.1% seroma and 8.8% skin necrosis.

In the current series, we proposed an innovative
surgical approach that employs the FLaPp compos-
ite mesh for hernia repair even in cases of abdomi-
nal wall defects with difficult closure of the posterior
plane, when conventional prosthetic meshesmight be
unsuitable, as with absorbable or PTFE prosthesis. We
focused our attention on high-risk patients who might
be unsuitable for long or laparoscopic procedures.
Completely absorbable meshes are affected by a high
risk of recurrence and thereby considered a bridge
procedure. Conversely, using a composite mesh, as in
our series, with an anterior polypropylene layer, a high
structural and tensile resistance is guaranteed, allow-
ing the limits due to the large tissue defect that should
request the more complex component separation to
be overcome. Previously published in vitro studies on
a composite mesh with the same characteristics and
materials (Clear Mesh Composite, CMC; Dipromed
srl, Italy) have shown that on the one side, the macro-
porous morphology of the polypropylene lightweight
mesh, which is in contact with muscle tissue, allows
the colonization and integration of fibroblasts [11];
while on the other side, the smooth morphology of
the polypropylene film shows selective colonization,
avoiding colonization of fibroblasts [11] and allow-
ing colonization of mesothelial cells [31], which al-
lows for regeneration of the peritoneum. Moreover, a
previously published in vivo animal study on the same
composite mesh showed lower adhesions rate with the
internal organs, using the CMC devices, respect to a
simple polypropylene lightweight mesh [32]. A sim-
ilar anti-adhesion property of polypropylene shaped
as a flat film was also reported several years ago in
an in vivo animal study by Amid et al. [12]. The pro-
posed technique is far from being considered a bridge
procedure, since the lower face of the mesh is fixed
to the peritoneum residual borders and to the poste-
rior rectus sheath; the upper macroporous face of the
mesh is circumferentially stitched to the retromuscu-
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lar layer as in the conventional Roves technique. This
latter polypropylene face is the one that contributes
majorly to the restoration of abdominal wall function.

We reported a recurrence rate of 9.3% (4/43) at
a median follow-up of 40 months, a result similar to
that reported by Novitsky et al. [25], Winder et al. [26],
Krpata et al. [27], and Posielski et al. [33] (4.7, 2.7,
3.6, and 6.3%, respectively). All the recurrences were
in patients with midline xipho-pubic incisional her-
nia (M1–M5) and irreducible hernias. Moreover, two
of these patients were diabetic and two were obese.
However, none of the preoperative patient character-
istics were significant for development of hernia re-
currence (p> 0.2). Therefore, to limit the postopera-
tive risk of recurrence, it appears of utmost impor-
tance to ensure metabolic control of the patient and
have a detailed preoperative and intraoperative defini-
tion of the dimensions of IH to avoid underestimation
of the dimensions of the mesh and the defect overlap.

The incidences of wound infections, seromas, and
hematomas were low: 7.0% (3/43), 16.3% (7/43), and
11.6% (5/43), respectively. More complex operations,
such as ACS and PCS with or without TAR, involve
a longer operative time. The operating times reported
by Carbonell et al. [24], Novistky et al. [25], Winder
et al. [26], and Krpata et al. [27] are 258min (me-
dian range 190–480), 235min (mean range 138–400),
359min (median range 255–683), and 228min (mean
range 10–549) for the PCS technique and 285min
(mean range 180–600) for the ACS technique, re-
spectively. Moreover, Hood K et al. [28], Kumar R
et al. [29], and Torregrosa-Gallud A et al. [30], using
a modified component separation technique without
“transverse muscle release,” report operating times
of 182.6min (mean range 120–480), 180min (mean),
and 194min (mean± 95 SD), respectively. In our
experience, the median operative time was lower
(126min; IQR: 93–160). In our opinion, a long op-
erative time is an additional risk factor in these frail
patients. Therefore, use of the FLaPp prosthesis and
a tension free abdominal wall reconstruction allows
results similar to those of other authors in terms of
recurrence rate, but with an important reduction in
operative time and fewer early and late postopera-
tive complications, making the procedure suitable for
frail subjects—a frequent characteristic among LIH
patients. An interesting and unexpected observation
was the recorded pain intensity: 15 days after surgery,
39 patients (90.7%) had a VAS score lower than 4 and
at day 30 the score was less than 3. These results can
be explained by the fact that the composite FLaPp
mesh allows for tension-free abdominal wall repair.
Our data on quality of life reported low preoperative
values of all eight domains of the SF-36 questionnaire,
as symptomatic large incisional hernia is a highly de-
bilitating pathology. The improvement obtained in PF,
PR, and BP domains, all related to the perception of
pain, show that the surgical approach was effective in
repairing LIH. The absence of postoperative improve-

ment in EV domains can be explained by the presence
of severe comorbidity in our patients, which may be
responsible for the reduction in physical activity and
psychological manifestations. The advantage of this
prosthesis is that it enables “tailored surgery” thanks
to the two free flaps which can be shaped according
to the hernia defect.

The novelty of the proposed technique can be sum-
marized in a short sentence: such a surgical approach
allows a relatively easy Rives–Stoppa to be performed
in cases in which the wall defect would normally re-
quire alternative solutions (e.g., posterior component
separation), which, however, cannot be implemented
for various reasons. We think of emergency interven-
tions in which the surgeon on duty does not have suf-
ficient knowledge and skills to perform this type of
intervention, of fragile patients who should be sub-
jected to simple and rapid interventions with reduced
operating time, and of all those clinical conditions in
which transverse dissection becomes complex (mul-
tiple surgical operations, previous prostheses). The
lower flap in polypropylene film replaces the missing
peritoneum as much as necessary and allows posi-
tioning of the upper flap in the classic retromuscular
seat. The incision of the medial fascial edge of the rec-
tum posteriorly leaves the anterior fascial plane intact,
allowing its systematic closure and the reinsertion of
the rectum. Moreover, abdominal compartment syn-
drome, which is sometimes hard to avoid in complex
incisional hernia cases but was not investigated in the
current study, might be a direct advantage of this tech-
nique.

Recently, several authors have assessed the efficacy
and feasibility of laparoscopic anterior and posterior
component separation in large midline defects. The
literature still lacks definitive results. However, Balla A
et al., in a systematic review, reported worse results
for anterior CST with midline closure by laparotomy
in terms of postoperative surgical complications and
recurrence in comparison to pure minimally invasive
anterior and posterior CST [34]. These encouraging
results were also confirmed Dauser B et al. in 15 pa-
tients [35].

This retrospective analysis is subject to some limi-
tations, such as the limited number of cases, the en-
rollment of only patients with midline defects to ob-
tain more homogeneous results, and the retrospective
design of the study.

Conclusion

Considering the current series, the FLaPp composite
prosthesis for large incisional hernia repair in cases
of abdominal wall defects with difficult closure of the
posterior plane is safe and reproducible. This proce-
dure appears extremely promising, especially for frail
patients not suitable for longer and more complex
surgery such as component separation, guarantying
low recurrence rates and an important improvement
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of patients’ QoL. Further larger comparative studies
are necessary to understand the trajectory of this pa-
tient population and to quantify the risk of long-term
recurrences.
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