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Abstract

Background Elective or emergency reconstruction of
abdominal wall defects (AWD) is often difficult. Various
techniques have been proposed for reconstructing AWD,
including the use of synthetic implants. Porcine acellular
dermal collagen (Permacol™) is a biologic implant
(PADCI) derived from porcine dermis. We report our
experience with the use of PADCI in the management of
large AWD in both emergency and elective surgery.
Methods Twenty consecutive patients with chronic AWD
(CAWD) arising from large incisional hernia or acute
AWD (AAWD) arising from visceral edema or tumor
resection were studied prospectively. After musculofascial
mobilization, the AWD was closed using sheets (10 x 15
cm) of PADCI as an “underlay” interposition graft. Pa-
tients were followed up to a median of 18 months post-
operatively.

Results  All 20 defects were closed without tension using
PADCI. Eight and 12 patients had reconstruction for large
AAWD and CAWD, respectively. The mean size of the
defects was 180 cm? (range = 96-850 cm?). The median
number of PADCI used to repair the defects was one sheet
(range = 1-7). Twelve patients (60%) had an uneventful
recovery and were discharged within seven days. One pa-
tient (5%) died from multiple-organ failure. Seven patients
(35%) developed a complication (two seromas, two minor
wound infections, one wound hematoma, one skin edge
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necrosis, one superficial wound dehiscence, and wound
sinus). Overall there were three recurrences (15%).
Conclusion PADCI has the potential for reconstruction of
large acute and chronic abdominal wall defects. Medium-
term recurrence rate is comparable to synthetic mesh re-
pairs.

Reconstruction of abdominal wall defects (AWD) is a
challenging problem faced by many surgeons not only in
the elective setting but also during emergency surgery.
Deficiencies of the abdominal wall can be the result of
sepsis, abdominal compartment syndrome, trauma, or pri-
mary herniation. The resultant defects differ in site and size
and include varying degrees of loss of skin, muscle, and/or
fascia. Incisional hernia is the most common cause of
chronic abdominal wall defect (CAWD), with incidence
rates as high as 11%-20% postlaparotomy [1]. On the other
hand, acute abdominal wall defects (AAWD) may result
from significant visceral edema secondary to fluid resus-
citation for hemorrhagic and septic shock. This oedema
often precludes abdominal wall closure after laparotomy.
Closure under tension leads to fascial necrosis [2].

Synthetic and autologous materials have been used to
achieve wound closure [2-5], but because of their inherent
drawbacks, significant efforts have been made to identify
new techniques and materials for the reconstruction of
AWD. Among the biologic materials investigated, several
have been produced from animal and human sources.
Cadaveric allografts (e.g., AlloDerm®, LifeCell Corp.,
Suspend®, Mentor) are commercially available biologic
materials, although availability of human tissue is organ
bank dependent.

Porcine acellular dermal collagen implant (PADCI)
(PermacolTM, TSL, UK) is a biologic material derived from
processing porcine dermis, which is crosslinked with di-
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isocyanate, and has already been used for various urologic,
gynecologic, and plastic surgery procedures [6-8].

In this study we report our experience with the use of
PADCI in the management of large AWD in both emer-
gency and elective surgery.

Materials and methods

Between January 2002 and June 2005, 20 consecutive pa-
tients with large AWD were enrolled in this study. Our
inclusion criteria were patients with CAWD arising from
large incisional hernia or recurrent incisional hernia and
AAWD arising from visceral edema or extensive soft-tis-
sue loss from various causes such as trauma or tumor
resection. There is no standard definition of large AWD in
the literature. We arbitrarily defined defects measuring 12
cm X 8 cm or greater as large AWD. Patients with small
AWD and those with groin hernia were excluded from this
study. The data were collected prospectively. Informed
consent was obtained from all patients.

Preoperatively, all patients with CAWD were evaluated
by full history and physical examination. Site and size of
the defects were carefully assessed. In acute setting, the
nature of the defect was measured during the operation. All
received thromboprophylaxis with subcutaneous enoxapa-
rin and broad-spectrum antibiotic prophylaxis preopera-
tively. All procedures were performed under general
anesthesia.

We used Permacol™ as PADCI to reconstruct an
abdominal wall defect. This is a biomaterial derived from
porcine dermis by the enzymatic and chemical removal of
cellular components, leaving a crosslinked collagen and its
constituent elastin-rich matrix. It is presented as a sterile,
off-white, moist, and tough but flexible flat sheet in sterile
saline. It is packaged in double vacuum-packed aluminum
foil/polyethylene sachets, which are impermeable to oxy-
gen, and is sterilized by gamma irradiation. The size of
each sheet used in this study was 10 cm wide X 15 cm long
and 1.5 mm thick.

Surgical technique

All patients with CAWD underwent exposure of the hernia
sac and fascial margins of the defect through preexisting
incision lines or open wounds. In all cases with CAWD, the
cutaneous scars were excised. In patients with AAWD
where potential wound contamination was suspected,
wounds were irrigated with saline. All these patients
underwent abdominal wall reconstruction done as primary
closure after dealing with the primary pathology.

In all cases the fascial margins were defined clearly.
Lysis of adhesions and any intra-abdominal procedures

were performed as appropriate. Skin and subcutaneous
tissues were then undermined in the prefascial plane above
the anterior rectus sheath to facilitate skin closure. PADCI
was rehydrated in normal saline. The number of PADCI
sheets used depended on the size of the defect. The rehy-
drated PADCI was affixed as an underlay retrofascial patch
and fixed with interrupted horizontal mattress sutures using
0 polypropylene. At least 2 cm of the implant was allowed
to overlap the defect. If necessary, multiple sheets of
PADCI were combined and sewn with running O poly-
propylene sutures to achieve a tension-free closure of the
defect.

Because skin was mobilized extensively to close pri-
marily over porcine dermis, at least two drains were used to
minimize seroma formation. Subcutaneous tissue was
reapproximated with interrupted absorbable sutures and
skin was primarily closed with clips in all patients. The
operating time and intraoperative blood loss were recorded.
Any intraoperative complications were also recorded.

Postoperative protocol

Patients were assessed closely for any postoperative com-
plications. Patients were further evaluated at six weeks,
three months, and six months postoperatively in the out-
patient clinic. Follow-up data consisted of details of post-
discharge course. Final review was done by telephone
survey, during which patients and their family physicians
were asked to provide information on clinical course and
the occurrence of any recurrence. Only patients with
complaints suggestive of recurrence were invited for fur-
ther hospital visit.

The incidence of complications was determined by
using homogeneous definitions. We defined seroma as fluid
collections that required drainage or caused symptoms. The
definition of wound infection was based on clinical signs of
infection and microbiological culture. Recurrence was de-
fined as any abnormal protrusion at the site of the prior
repair.

Results

Overall 20 abdominal wall defects were reconstructed. It
was possible to close all the defects without tension using
PADCI. Demographic characteristics of the patients in our
series include a median age of 51 years (range = 22-85
years), a male:female ratio of 11:9, and a median weight of
72 kg (range = 62-110 kg).

Eight patients had reconstruction for AAWD and 12 had
an elective procedure performed for CAWD. Details of the
patient characteristics in each group are shown in Table 1.
Of the 12 patients with CAWD, three had first-time repair
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Table 1 Patient characteristics

CAWD AAWD Total

Parameters (n=12) (n=28) (n =20)
Age (yr) 52 (22-78) 48 (25-85) 51 (22-85)
Gender (Male/Female) 8/4 3/5 11/9
Incision

Midline 8 7 15

Oblique 3

Transverse 1 1
Indications for use of implant Initial incisional hernia (n = 3) Strangulated incisional hernia (n = 3)

Recurrent incisional hernia (n = 9)  Re-exploration laparotomy (n = 2)
Multiple stab wounds (n = 2)
Desmoid tumor resection (n = 1)

Risk factors

Steroid 1 1 2

Diabetes mellitus 2 1 3

Obesity (BMI = 30) 2 1 3
Size of the defects 110 (96-700) 280 (96-850) 180 (96-850)
Number of PADCI used to repair the defects 1 (1-3) 1 (1-7) 1 (1-7)
Operation time (min) 68 (45-130) 85 (65-190) 80 (45-190)
Length of hospital stay (days) 5 (4-12) 9 (6-35) 7 (4-35)

Values are given as median (range) or number () unless specified

CAWD = chronic abdominal wall defects; AAWD = acute abdominal wall defects; BMI body mass index; PADCI = porcine acellular dermal

collagen implant

of a large incisional hernia, five had had one previous re-
pair, and four had had two or more previous repairs. One
patient in the AAWD group had bowel resection due to
Crohn’s disease and was on steroids and two had bowel
resection due to irreversible ischemia secondary to stran-
gulated incisional hernia. A single graft (10 cm X 15 cm)
was used in 15 patients, two grafts in three patients, and
three and seven grafts in one patient each.

Twelve patients (60%) had an uneventful recovery and
were discharged from the hospital within seven days. The
patient in hospital for 35 days was an 85-year-old female
awaiting placement in a nursing home. Complications and
recurrences are shown in the Table 2.

There was one death (5%) in this series. This patient was
a 77-year-old female with a background history of con-
gestive heart failure and steroid-dependent chronic
obstructive airway disease. She underwent emergency
laparotomy and small-bowel resection for intestinal
obstruction due to strangulated incisional hernia. She died
of multiple organ failure on postoperative day 6.

Seven patients (35%) developed a complication. One
patient who underwent repair of a giant incisional hernia
developed necrosis of the edges of the skin flaps. This
patient needed excision and resuturing of skin leaving the
graft in situ. The same patient also developed urinary
tract infection, which was treated by oral antibiotics. Two
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patients with localized wound infections were managed
conservatively with antibiotics. One patient with Crohn’s
disease and on steroids had a superficial wound dehiscence
on postlaparotomy day 7. He was managed initially by
wound dressing and then by secondary suture without
removing the implant. The same patient also developed
lower respiratory tract infection. Patients with seromas
were managed by outpatient percutaneous aspiration. One
patient with a strangulated hernia who developed wound
seroma, also subsequently developed a wound sinus, which
healed spontaneously over a three-week period. There were
no cases of intestinal fistula or problems related to intes-
tinal adhesion or chronic wound pain.

Median follow-up was 18 months (range = 6-36
months). There were three recurrences (15%), one at three
months and two at six months. The patient with recurrence
that appeared at three months had already had three poly-
propylene mesh repairs. The three recurrences included a
patient who had a background of Crohn’s disease, a second
patient who had reconstruction for multiple stab wounds,
and a third patient following a fourth repair for recurrent
incisional hernia. In the first two instances the recurrent
defect was broad-based at the upper part of the wound; in
the third case recurrence affected the whole length of the
midline wound. In the first two cases, as the hernia was
asymptomatic and was not affecting their daily activities,
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Table 2 Complications and recurrences

Complications CAWD AAWD Total
(n=12) n=38) (n=20)
Wound seroma 1 2
Wound infection 2 2
Wound hematoma 1 1
Wound edge skin necrosis 1 1
Wound dehiscence 1 1
Wound sinus 1 1
LRTI 1 1
UTI 1 1 2
MOF 1 1
Recurrence 2 3
Total 5 10 15

Values are given as number (1)

CAWD = chronic abdominal wall defects; AAWD = acute abdomi-
nal wall defects; LRTI =lower respiratory tract infection;
UTI = urinary tract infection; MOF = multiple organ failure

patients did not want further operation. The third patient
declined further intervention.

There were no differences in complication rate with the
use of single sheet vs. multiple sheets.

Discussion

Various techniques have been described to create a tension-
free reconstruction of abdominal wall defects, including
prosthetic mesh insertion, tissue expansion, pedicled or
free tissue flaps, vacuum-assisted wound closure, and
component separation fascial release [2-5, 9]. The optimal
method must protect the bowel from unnecessary adhe-
sions, provide a homeostatic environment that aids in the
resolution of visceral edema, and promote a safe and reli-
able fascial closure [9]. Recurrence rates following primary
repair in excess of 50% have been reported [10, 11].
Prosthetic implantation has significantly improved the
results of primary fascial closure by minimizing tension on
the repair. Synthetic biomaterials such as polypropylene
are the mainstays of reconstruction of CAWD today [9,
12]. However, many surgeons would hesitate to repair a
large chronic incisional hernia with polypropylene mesh if
the mesh would be in direct contact with intestine. More-
over, there are many clinical situations in which the use of
such materials is ill-advised. These situations include, but
are not limited to, recent intra-abdominal infections, sites
with previous wound infections, operative fields in which a
stoma will be located near the suture line, enterocutaneous
fistulae, and in patients who are immunocompromised.
Furthermore, such materials can increase the risk of

adhesions to intra-abdominal viscera and enterocutaneous
fistula formation [13]. Expanded polytetrafluoroethylene
(ePTFE) has also been used for AAWD or CAWD. This
material is strong and biocompatible and less likely to
stimulate adhesions to viscera. ePTFE, however, is largely
intolerant of infection and its use in the presence of con-
tamination, infection, and enteric fistulae is limited [14,
15].

Biologic grafts have the potential advantage over syn-
thetic materials because of less tendency toward infection,
erosion, extrusion, and rejection [16]. Moreover, there is no
intra-abdominal adhesion formation and/or fistula forma-
tion. Autologous tissue grafts have been used to reconstruct
defects in the presence of contaminated wounds where
prosthetic materials were contraindicated [17]. Despite this
advantage, autologous tissues are not always available in
sufficient quantity, and their use can greatly increase
operative time, complexity, and morbidity and are gener-
ally outside the scope of practice of many general surgeons
[5, 17].

Ramirez et al. [2] described the technique of musculo-
fascial “component separation” for repair of abdominal
wall defects. After the separation of the external oblique
fascia and muscle with incisions lateral to the linear
semilunaris and the creation of a plane between the
external oblique and internal oblique muscles, a rectus
abdominus—internal oblique—transversus abdominus com-
plex is mobilized. With this technique, abdominal wall
integrity is reestablished without prosthetic materials or a
donor site. Despite the clear advantages, this operation
necessitates extensive dissection and is not always suffi-
cient, requiring the need for additional prosthetic implan-
tation [18]. Moreover, de Vries Reilingh et al. [19]
reported a 32% reherniation rate in a series of 43 patients
following component separation repairs.

With increasing experience and interest in biologic
fascial substitutes such as Alloderm Acellular Tissue Ma-
trix (Lifecell, Branchburg, NJ) and Permacol (TSL), utili-
zation of synthetic mesh may decline. Availability of
cadaveric allograft is dependent on organ donation banks.
On the other hand, porcine dermis is much more abundant
and structurally very similar to human dermis [6].

In a rat model comparing biomechanical properties of
PADCI and polypropylene in the reconstruction of a full-
thickness AWD, Zheng et al. [20] showed that PADCI
induces a milder inflammatory response, less adhesion
formation, more orderly collagen deposition, and neovas-
cularisation than polypropelene and reaches a comparable
tensile strength in 90 days. Unlike polypropylene mesh,
PADCI can be in contact with the bowel wall because it
does not form a biofilm [21]. In humans PADCI has been
used in the surgical repair of inguinal hernia and a number
of urologic and gynecologic procedures [6—8]. In this study
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Table 3 Evidence from literature comparing complications and recurrence rate following repair of varying-size abdominal wall defects using

polypropylene mesh

Authors journal Type of study  Total Wound Defect size Type of Mean follow Mesh related  Recurrence
(year) patients type Median mesh up (range) complication  n (%)
(range) (n)
1. Bleichrodt et al. Retrospective 53 39 elective 14 Not Polypropylene 30 months Infection (5) 15 (28.3)
Hernia (2003) emergency available (12-108 Skin necrosis
months) (3)
Fistula (2)
2. Gelernt et al. Retrospective 98 All clean Not available ePTFE 6.2 yr (56 Fistula (3) 19 (19.4)
Mt Sinai J] Med elective Mesh size days to Infection (9)
(1999) range ~ 2 X 2 12.5 yr)
- 30 %20 cm
(small to large
size defect)
3. Jeekel et al. Prospective 84 All clean 24 cm? (1-160)  Polypropylene 26 months Intestinal 17 (20.2)
New Engl J Med  randomizzed elective (small to large (1-36 obstruction
(2000) trial size defect) months) 2)
Infections (3)
4. Current study Prospective 20 12 elective 8 180 cm? PADCI 18 months No fistula 3 (15
emergency (96-850) (all (6-36 No bowel
large defects) months) adhesion
No bowel
obstruction
Minor

infection (2)

ePTFE = expanded polytetrafluoroethylene; PADCI = porcine acellular dermal collagen implant

we have shown that successful closure of large AWD is
possible with the use of PADCI, not only in the clean
wound but also in potentially contaminated wound. Di-
isocyanate crosslinking of porcine dermal collagen pre-
vents biodegradation and mineralization in the presence of
infection. Furthermore, systemic antibiotic can easily reach
the implant because of neovascularisation and thereby
helps eradicate infective organisms in the implant. This
property allows its use in contaminated wounds [6].

Sharma and Holl-Allen [22] reported use of Zeno-
derm™ for elective reconstruction of 11 incisional hernias.
The initial porcine dermal grafts such as Zenoderm™ were
crosslinked using aldehyde. The problem with long-term
use of aldehyde-crosslinked implants is that foci of calci-
fication may develop, which can be extensive [6]. Our
study differs from the above study in two aspects. First, we
used di-isocyanate (to prevent calcification of the graft)
crosslinked porcine dermis (Permacol) and, second, in
addition to reconstruction of the CAWD, we also used the
implant to reconstruct AAWD. Besides two isolated case
reports on the use of Permacol in the reconstruction of an
abdominal wall defect [23], to our knowledge this is the
largest series to report the usefulness of PADCI in the
reconstruction of AAWD.

@ Springer

Seroma formation has been reported in 1%—15% of
cases following incisional hernia repair. Most of the sero-
mas can be managed on an outpatient basis, as was done in
our study. Wound infection is another common complica-
tion (4%—-12%), in some cases requiring removal of the
synthetic mesh [4, 21, 24]. Bauer et al. [3] reported a 3%
incidence of fistula, and Martin-Duce et al. [24] reported
persistent pain beyond six months in 28% of patients.
Wound infection occurred in two of our cases and both
resolved with antibiotics. None of our patients required
removal of the implant due to complication.

Heavy contamination at the time of surgery significantly
increases the risk of severe complications when mesh is
used. One study [12] using polypropylene mesh described
gross contamination in 29 of 31 patients, 14 of whom
ultimately extruded the mesh. The authors recommend use
of PADCI in these circumstances.

The only death in our series, from multiple-organ fail-
ure, was not related to the implant or the operation tech-
nique. Multiple-organ failure was due to comorbidities and
late presentation. There were no disabling complications
directly related to the use of PADCI, such as wound con-
tracture, adhesions, fistula, intestinal obstruction, or per-
sistent wound pain in this study.
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Luijendijk et al. [4], in a multicenter randomized pro-
spective trial comparing open suture repair and synthetic
mesh repair of incisional hernia, reported a recurrence rate
of 46% in the suture group and 23% in the mesh group after
a mean follow-up of 26 months. Although our overall
recurrence rate at median follow-up of 18 months was 15%,
in the CAWD repair group, recurrence rate was 8% (1 in
12). Our recurrence rate is comparable to that of other
methods of reconstruction in the medium term. Like all
promising new materials and innovations, the theoretical
advantages and early encouraging results of this material
need to withstand the test of time. Evidence from contem-
porary literature comparing complications and recurrence
rates following repair of varying-size abdominal defects
using polypropylene mesh, ePTFE, and PADCI are shown
in the Table 3 [3, 4, 25]. There is no study in the literature
that has reported long-term (all patients followed for at least
5 years) results and complications in large abdominal wall
defects. We do not know the exact cause of recurrence in
our patients since none of our patients underwent reopera-
tion. One possibility is implant diastasis, secondary to the
stretching of the mesh itself. This has been suggested in the
literature with the use of Alloderm mesh [26]. Whether this
is the case with the use of PADCI should be looked at in
future studies, particularly in the long-term follow-up.

The cost of any implant material may be significant. The
cost of a 10-cm X 15-cm PADCI (Permacol) graft is
approximately 2073.00 euro. With the increasing avail-
ability and use of biologic implant materials, this cost is
likely to decrease. In a recent cost analysis study com-
paring suture repair vs. mesh repair for incisional hernia,
Israelsson et al. [27] showed that the total costs of a mesh
repair were 1,898 Swedish kronor lower than a suture
repair. In any cost-benefit analysis, one should take into
account the operation time, length of hospital stay, and
morbidity associated with the use of any implant material.

Conclusions

PADCI has the potential for reconstruction of large acute
and chronic abdominal wall defects. This material is useful
in situations in which delayed wound healing is anticipated
or when large quantities of prosthetic material are used.
Medium-term recurrence rate is comparable to synthetic
mesh repair.
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