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Background: Complex abdominal defects are difficult problems encoun-
tered by surgeons in multiple specialties. Although current evidence sup-
ports the primary repair of these defects with mesh reinforcement, it is
unclear which mesh is superior for any given clinical scenario. The purpose
of this review was to explore the characteristics of and clinical relevance be-
hind bioprosthetic tissue matrices in an effort to better clarify their role in
abdominal wall reconstruction.

Methods: We reviewed the peer-reviewed literature on the use of biopros-
thetic mesh in human subjects. Basic science articles and large retrospec-
tive and prospective reviews were included in author’s analysis. The clinical
performance and characteristics of 13 bioprosthetic tissue matrices were
evaluated.

Results: The majority of the products evaluated perform well in contami-
nated fields, where the risk of wound-healing difficulties is high. Clinical
outcomes, which included infection, reherniation, and bulge formation,
were variable, and the majority of the studies had a mean follow-up of less
than 24 months.

Conclusions: Although bioprosthetic matrix has a multitude of indications
within the growing field of abdominal wall reconstruction, the functional-
ity, regenerative capacity, and long-term fate of these products have yet to
be fully established. Furthermore, the clinical performance, indications,
and contraindications for each type of matrix need to be fully evaluated
in long-term outcome studies. (Plast Reconstr Surg Glob Open 2013;1:e91;
doi: 10.1097/GOX.0000000000000036; Published online 27 December 2013)

omplex abdominal wall defects are challeng-
ing problems requiring a multidisciplinary
approach to obtain satisfactory results. Of-
ten, the surgeon is presented with a patient who has
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endured numerous operations that have left the
skin and fascia attenuated. Advances in surgical
techniques such as component separation and tissue
expansion have addressed the need for soft tissue
coverage, but reinforcement of the fascia remains
a problem. Repairs that utilize mesh for fascial re-
construction have hernia recurrence rates at 10-year
follow-up that are roughly 50% lower than those for
primary suture repair.! However, patient selection
and mesh composition are still areas of uncertainty
in this rapidly evolving field.

Ventral hernia repair by primary suture alone is
associated with unacceptable recurrence rates.? In
clean cases, prosthetic mesh reinforcement of a fas-

Disclosure: Dr: Sacks serves as a speaker and consultant
for LifeCell Corporation. Neither of the other authors has any
Jimancial disclosures. The Article Processing Charge for this
article was waived at the discretion of the Editor-in-Chief.

www.PRSGO.com 1



cial repair is the gold standard. In heavily contami-
nated wounds, prosthetic mesh is often considered
to be contraindicated owing to the high risk of in-
fection. Additionally, prosthetic mesh is associated
with erosion into the abdominal viscera, adhesions,
and chronic pain.** In these wounds, a bioprosthetic
tissue matrix (BTM) is an alternative to prosthetic
mesh owing to the material’s ability to tolerate cu-
taneous exposure and withstand placement into a
contaminated defect.

Commercially available BTMs currently come
from 5 different sources: human dermis, porcine
dermis, porcine small intestinal submucosa, bovine
dermis, and bovine pericardium (Table 1). Once
the tissues are harvested, they undergo a decellular-
ization process aimed at preventing an immune re-
sponse. Some BTMs are dehydrated to extend their
shelf life and reduce the loss of growth factors dur-
ing storage and others are subjected to additional
collagen cross-linking. Given the plethora of avail-
able products and the limited clinical experience
with them, additional clarification is required to
make sound clinical decisions as to which product is
superior in a given circumstance. In this review, we
evaluated available literature for large retrospective
and prospective trials to identify the key features of
13 different BTMs. We compared the clinical appli-
cations and outcomes of these products to further
define indications for their use in this rapidly chang-
ing field.

Chemical Collagen Cross-linking

Collagen cross-linking was introduced initially
to control collagen breakdown and to maintain the
structural integrity of the graft. In defects that in-
clude bacterial contamination, the cross-linking may

Table 1. Summary of Bioprosthetic Tissue Matrices
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confer resistance against bacterial collagenases.®
The use of chemical agents, such as hexamethylene
diisocyanate, hinders the ability of collagenases to
break down the matrix.® However, chemicals not
completely removed could result in cytotoxicity and
inflammation. Animal studies utilizing a ventral her-
nia repair model in guinea pigs demonstrated that
cross-linking of porcine BTM resulted in a higher
grade of intra-abdominal adhesions, lower degree
of vascular infiltration, and decreased mechanical
strength at the matrix-fascial interface.”

Numerous human studies have examined how
the body responds to cross-linking. Liang et al® dem-
onstrated that non-cross-linked BTMs were absorbed
before new collagen deposition by fibroblasts could
occur. de Castro Bras et al’ observed more cellular
penetration of non-cross-linked porcine BTMs than
cross-linked porcine BTMs at 3 and 6 months postim-
plantation. However, at 12 months, both demonstrat-
ed equal implant integration, with the cross-linked
BTM exhibiting greater cellular density. These stud-
ies demonstrate that there is a delicate balance in
extracellular cross-linking. While cross-linking con-
fers mechanical strength and resistance to degrada-
tion, both human and animal studies demonstrate
that BTMs that are highly cross-linked behave more
like prosthetic meshes than BTMs as evidenced by
limited cell and vascular infiltration and propensity
for encapsulation.”

Inflammatory and Foreign Body Response

Prolonged inflammatory response at the matrix
implantation site seems to hinder tissue integration,
promote scarring, and permit encapsulation. This
reaction is carried out by macrophages and mono-
cytes through the use of various cytokines and inter-
leukins. A human study evaluating the host reaction
to porcine BTM demonstrated that cross-linked
products such as Collamend (Davol, Warwick, R.I.)
and Permacol (Covidien, Norwalk, Conn.) elicited a

Proprietary Name Manufacturer Donor Material Cross-linked
Surgisis Cook Medical Porcine SIS No
Biodesign Cook Medical Porcine SIS No
Permacol Tissue Science Laboratories Porcine Dermis Yes
Collamend Bard Porcine Dermis Yes
Strattice LifeCell Porcine Dermis No
Xenmatrix Bard Porcine Dermis No
Tutopatch Tutogen Bovine Pericardium No
Veritas Synovis Bovine Pericardium No
PeriGuard Synovis Bovine Pericardium No
Surgimend TEI Bioscience Bovine Dermis No
AlloDerm LifeCell Human Dermis No
Flex HD Ethicon Human Dermis No
AlloMax Bard Human Dermis No

SIS, small intestine submucosa.
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significantly greater amount of macrophages and in-
flammatory cytokines than non-cross-linked matrices
such as Strattice (LifeCell Corporation, Branchburg,
N.J.) or Surgisis (Cook Medical, Bloomington, Ind.).
Furthermore, Strattice had the lowest inflammatory
cytokine profile of the 4 porcine BTMs."

Evaluation of 3 non-cross-linked human BTMs
in a similar experimental model demonstrated
that Flex HD (Ethicon, Sommerville, N.J.) had the
greatest inflammatory response, as measured by
macrophage induction and cytokine expression
analysis."" AlloMax (Bard, Warwick, R.I.) and Allo-
Derm (LifeCell Corporation, Branchburg, N.]J.) had
lower levels of inflammatory markers, with AlloDerm
possessing the most benign inflammatory profile.
Petter-Puchner et al'® demonstrated that intraperi-
toneal implantation of a porcine BTM produced a
macrophage-driven response exhibiting persistent
granulomatous inflammation. Additionally, clinical
models have demonstrated that the inflammatory
process abates after a cross-linked porcine BTM fully
integrates into the surrounding tissue. As evidenced
in these studies, cross-linking of BTMs tends to in-
crease the foreign body response; however, the in-
flammatory reaction does not predict long-term
clinical outcomes.

Tensile Strength and Revascularization Capacity
During the healing process, the BTM must be
able to withstand the physiological forces placed
upon it until full integration. Mulier et al'® reported
that a cross-linked porcine BTM retained more of its
tensile strength than the equivalent non-cross-linked
matrix at 3, 6, and 12 months postoperatively. The
thickness of the explanted cross-linked graft was also
reported to be similar to its initial thickness, whereas
the non-cross-linked matrix had a significant reduc-
tion in thickness. Gaertner et al' suggested that
non-cross-linked implants would be insufficient for
abdominal wall reconstruction because of their loss
of tensile strength over a 6-month period.
Remodeling and revascularization of the implant-
ed BTM is the final step in successful reconstruction.
BTMs that do not undergo remodeling act as perma-
nent foreign bodies. Deeken et al'® reported that ex-
peditious remodeling was seen with non-cross-linked
matrices; however, this did not lead to improved
clinical outcomes in long-term follow-up. By con-
trast, Collamend, a heavily cross-linked BTM, was
not absorbed at the implantation site and exhibited
no signs of remodeling at 6 months postimplanta-
tion."® Animal studies have demonstrated that the
extensive cross-linking seen in Collamend is associ-
ated with decreased neovascularization, decreased
cellular ingrowth, and a higher risk of encapsulation
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of the matrix, displaying behaviors that are more
similar to prosthetic meshes than BTMs.” It is clear
that remodeling of these BTMs contributes to their
ability to resist infection and tolerate contamination;
however, the optimal degree of cross-linking has yet
to be elucidated.

Porcine Xenografts

The 6 porcine xenografts developed for recon-
structive use vary according to their composition
and processing techniques, which can affect out-
comes. All but 2 of these products are derived from
dermis, with the remaining products derived from
small intestine submucosa. Two of the 6 products are
terminally cross-linked.

Surgisis/Biodesign. Surgisis, a non-cross-linked BTM
derived from porcine small intestine submucosa,
was first used in 1999. The product was reintroduced
in 2008 as Biodesign (Cook Medical, Bloomington,
Ind.) after undergoing several modifications. This
submucosa is harvested between the outer muscular
wall of the small intestine and the underlying
muscularis mucosa.” Surgisis was evaluated in the
only level-one, prospective, randomized trial of a
BTM for paraesophageal repair; however, the results
were discouraging with 59% of patients having
recurrent hernias ata mean follow-up of 58 months.'®
Franklin and coworkers'** published articles on
laparoscopic ventral hernia repair using Surgisis,
which included 81 cases in both clean and contami-
nated wounds. They reported a low recurrence rate
of 3.7% at the 5-year follow-up. Ueno et al*' reported
using Surgisis in 18 cases of complicated open ven-
tral hernia repairs. Half of the procedures were done
in a contaminated field, and the matrix was em-
ployed as a bridged repair. A 50% complication rate
was reported, along with a 10% seroma rate. Helton
et al* evaluated Surgisis in 53 ventral hernia repairs,
finding a 41% overall complication rate, including
one third of patients requiring reoperation. Surgisis
and Biodesign outcomes seem to be dependent on
the level of surgical field contamination. It seems to
perform well in clean fields, but caution is required
in contaminated wounds to prevent complications.

Permacol. Permacol is a cross-linked porcine BTM
that is used in plastic and gynecologic surgery
procedures. Cobb and Shaffer'”® described 60
patients who underwent ventral hernia repair
with Permacol. Ninety-three percent of the repairs
were done in noncontaminated fields. A 7%
recurrence rate and a 4% wound complication
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rate were reported at 14 months’ follow-up.
Hsu et al** published 28 cases of abdominal wall
reconstruction, noting an 11% recurrence rate at a
mean follow-up of 16 months. Finally, 2 case reports
of bridged hernia repair with colostomies in a clean-
contaminated field reported no recurrences after 1
year.”>** Only 15% of reported cases using Permacol
in abdominal wall reconstruction have been
performed in contaminated fields, raising concerns
about the durability of the product in the setting of
contamination. Based on the literature, Permacol
seems to work well in clean cases. The effects of
cross-linking in the setting of contamination are less
clear based on available evidence.

Collamend. Collamend, a heavily cross-linked
porcine BTM, was first used in 2006. Animal studies
demonstrate that this extensive cross-linking
promotes adhesion formation and decreases
neovascularization.” Chavarriaga et al*’ reaffirmed
these results in a report on Collamend in abdominal
wall reconstruction. Eighteen patients underwent
abdominal wall reconstruction, with a 44%
recurrence rate ata mean follow-up of 7 months. The
infection rate of the graft was 38%, and all patients
required explantation due to encapsulation. Thus,
Collamend should likely be avoided in contaminated
wounds because of its propensity for infection and
encapsulation. Collamend is no longer commercially
available for abdominal wall reconstruction.

Strattice. Strattice is derived from porcine dermis and
is not cross-linked. The galactose-a.(1,3)-galactose
antigen, which is the major cause of inflammation
associated with acellular xenografts, is enzymatically
removed, thereby decreasing antigenicity.?** Animal
studies demonstrate that ventral hernia repairs with
Strattice result in decreased adhesions, increased
cell trafficking, and increased tensile strength.” The
first prospective, multi-institutional trial of a BTM
for abdominal wall reconstruction was performed
with Strattice.” The study included 80 patients who
underwent single-stage repairs using Strattice in
contaminated defects. Two thirds of the patients
experienced surgical site wound morbidity, but the
BTM did not require removal in any case. Hernia
recurrence rates approached 19% at 1l-year follow-
up. Importantly, bridged repairs resulted in a hernia
recurrence rate of 38%, whereas reinforced repairs
had a 14% recurrence rate.

Rosen et al* described a 12-patient series of mid-
line hernia repairs using Strattice. There was an 18%
hernia recurrence rate after 1 year of follow-up. Fi-
nally, Clemens et al*® retrospectively analyzed 69
cancer patients who underwent abdominal wall
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reconstruction with a mean follow-up time of 21
months. Strattice was placed in the inlay position,
and bridged repairs were excluded from the analy-
sis. This study demonstrated low hernia and bulge
recurrence rates of 2.9% and 7.2%, respectively.
The clinical efficacy of Strattice in abdominal wall
reconstruction has demonstrated moderate success
in several studies; however, long-term outcomes are
currently lacking in the literature and need to be
evaluated in the future.

Xenmatrix. Xenmatrix (Bard, Warwick, R.1.), another
non-cross-linked porcine BTM, was approved in
2003. Pomahac and Aflaki* published a retrospective
study of 16 trauma patients who underwent
several different reconstructive techniques. A 7%
recurrence rate was noted after a 16-month follow-
up period. Byrnes et al* described 57 patients
with large incisional hernias. All repairs were done
in a clean environment, with no reported defect
contamination. Hernia recurrence was reported
at 8% with a 30-month follow-up. This recurrence
rate increased to 55% when Xenmatrix was used
as a bridged repair. On the basis of this study,
Xenmatrix seems to function moderately well in
clean environments. However, the practicality of
this product is difficult to ascertain because there
have been only 2 small, retrospective studies in the
literature evaluating its efficacy.

Bovine Xenografts

Four bovine xenografts are currently available for
reconstructive use. Three are derived from bovine
pericardium and one from bovine dermis. None of
the available products are terminally cross-linked.

Tutopatch. Tutopatch (Tutogen Medical, Alachua,
Fla.) is a non-cross-linked bovine pericardial matrix
that was approved in 2000. Only one report has
been published evaluating its efficacy. van Tuil
et al® reported on 29 neonates who underwent
reconstruction utilizing various techniques to repair
gastroschises and omphaloceles. These techniques
included primary repair in 5 neonates, onlay
reinforcement in 9 neonates, and bridged repair
in the remaining 15 neonates. No recurrences
were reported at the 2-year follow-up. With no
recurrences, Tutopatch seems suitable for abdominal
wall reconstruction in neonates; however, more
clinical data are needed to determine its broader
applicability.

Veritas. Veritas (Synovis Surgical Innovations, St. Paul,
Minn.) isanother non-cross-linked bovine pericardial
tissue matrix. Limpert et al*® reported 26 patients
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who underwent abdominal wall reconstruction. The
hernia recurrence rate was 19% with a mean follow-
up of 22 months. From this limited evidence, it is
difficult to determine whether this product can be
used efficaciously. Future studies with more patients
are needed to evaluate its performance.

PeriGuard. Periguard (Synovis Surgical Innovations,
St. Paul, Minn.) is a bovine pericardial BTM
developed for use in 1992. To date, there is no
peerreviewed literature in humans describing its
outcomes.

Surgimend. Surgimend (TEI Biosciences, Boston,
Mass.) is a terminally sterilized BTM processed
from fetal bovine dermis. Proponents of the BTM
claim that the increased amount of type III collagen
and inherit tensile strength of the material make
it clinically superior. A retrospective study from
Janfaza et al’ reported 23 ventral hernia repairs with
a minimum 90-day follow-up. Forty-eight percent
of the cases were contaminated and the recurrent
hernia rate was 5%. A larger study by Clemens et al*
analyzed 51 cancer patients undergoing abdominal
wall reconstruction with a mean follow-up time of
21 months. This study demonstrated low hernia and
bulge recurrence rates of 3.9% and 0%, respectively.
On the basis of these studies, this BTM seems to
be promising. However, future studies with longer
follow-up and greater numbers of patients will
dictate what role this product will ultimately play in
abdominal wall reconstruction.

Human Acellular Dermal Matrix

Human acellular dermal matrix, obtained from
cadaveric dermis, was introduced in 2003. Cur-
rently, there are 3 products available, and none are
cross-linked. The ability of human acellular dermal
matrix to resist and clear infection is attributed to
the early revascularization of these BTMs.*#%

AlloDerm. AlloDerm is a cadaveric, non-cross-linked
acellular dermal matrix that has been evaluated
extensively in abdominal wall reconstruction. Three
large, retrospective studies described the use of
AlloDerm for abdominal wall reconstruction with
a total of 171 patients.*** Preoperative wound
contamination was present in 97% of the patients.
High wound complication rates, including graft
exposure, were reported postoperatively. BTM
explantation occurred in only 4% of patients, and
a majority of the infections were treated with local
wound care.

AlloDerm performs well in the setting of con-
tamination, although the optimal position of mesh
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placement is still uncertain. Jin et al* evaluated how
various placement techniques (ie, reinforced repairs
vs bridged repairs) affected long-term outcomes. In
this study, they demonstrated an 80% recurrence
rate for the bridged repairs, with a 20% recurrence
rate for the reinforced repairs at 2 years’ follow-up.

A review of cases using AlloDerm from the senior
author’s institution evaluated 46 cancer patients
with abdominal defects repaired with inlay Allo-
Derm.* Sixty-one percent of the defects were grossly
contaminated. Bridged and reinforced repairs were
done in 39% and 61% of patients, respectively. A
significantly lower bulge rate between fascial rein-
forcement (7%) and bridged repair (33%) was wit-
nessed. Hernias arose in 10 patients (22%), with a
mean development time of 38 months. To date, this
is the only long-term study evaluating AlloDerm in
abdominal wall reconstruction with an acceptable
mean follow-up of 3 years. The observation that the
mean time to bulge and hernia formation was more
than 3 years indicates that studies with follow-up
of less than 3 years may be insufficient to evaluate
long-term outcomes.

AlloDerm is the most studied BTM available to-
day. It seems that this BTM performs well in the
presence of contamination and cutaneous expo-
sure. However, there are concerns relating to the
long-term performance of the BTM, particularly
when fascial closure cannot be achieved (reinforced
repair) and a bridged repair is required. For this rea-
son, the use of AlloDerm in abdominal wall recon-
struction is often avoided owing to the unacceptably
high incidence of bulges in bridged repairs.

Flex HD. Flex HD is a non-cross-linked acellular
dermal matrix derived from humans. There is only
one, small retrospective trial demonstrating its use
in human subjects.’” In this study, 12 patients were
evaluated retrospectively for a minimum of 90 days
after ventral hernia repair. Fifty-three percent of
these cases were performed in contaminated fields.
At 90 days’ follow-up, 33% of the patients had
recurrent hernias. For this reason, the use of Flex
HD in abdominal wall reconstruction should be
considered cautiously.

AlloMax. AlloMax is non-cross-linked BTM derived
from human dermis. To date, there is no peer-
reviewed literature in humans describing the
product’s efficacy in abdominal wall reconstruction.

Future Directions

Future innovations in BTM development will
incorporate techniques from both regenerative
medicine and biomedical engineering. Novel BTMs
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could improve upon current technology through
improvement of matrix integration and tensile
strength. Studies in animal models demonstrate
that angiogenic factors such as vascular endothelial
growth factor can be incorporated into BTMs to in-
crease angiogenesis and cell trafficking.** Addition-
ally, the use of stem cell therapy to engineer skeletal
muscle can provide scaffolding to repair large ab-
dominal defects.* Finally, BTMs can be seeded with
adipose-derived stem cells to increase both cellular
and vascular infiltration.* Future work will aim to
clarify tissue-derived stem cell roles in promoting
healing and vascular ingrowth and promote transla-
tional research into the clinical arena.

The past 20 years has seen an explosion of BTMs
available for surgical use. Despite their similarities,
it is clear that no 2 products are identical and that
certain characteristics may permit superior perfor-
mance in different clinical scenarios. Future studies
should aim to clarify individual roles for each prod-
uct using evidence-based medicine in an effort to im-
prove patient outcomes.
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