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Over the past 20 years, implantable surgical mesh products
used for abdominal wall reconstruction have evolved in an
attempt to improve mesh-related repairs. Mesh products
have evolved from unilaminar synthetic materials to bilami-
nar synthetic meshes to bioprosthetic mesh products derived
from human and animal sources. The continued refinement
and development of new mesh materials arises from the
clinical need to provide a mesh material that can replicate
the host tissue that it is replacing. There has been a long-
standing general acceptance of the use of mesh to reinforce a
stable ventral hernia repair. However, the addition of a mesh
material has improved, but not resolved, the problem of high
hernia recurrence following ventral hernia repair. Ventral
hernia repair is associated with a 10-year cumulative recur-
rence rate of 32% with the use of synthetic mesh materials in
small (<6 cm) elective noncontaminated defects, which is
roughly a 50% reduction compared with suture repair alone.1

Despite advances in surgical technique and implantable mesh

materials, long-term reported outcomes (including length of
stay, need for reoperation, and recurrence rates) have not
significantly improved over time.2 In addition, the incidences
of surgical site occurrences, wound dehiscence, wound infec-
tion, seroma, and fascial separation are 10 times higher for
elective ventral hernia repair than for other clean general
surgery procedures.3–5 It has been reported that patients
undergoing incisional hernia repair with a history of a
previously documented wound infection have a 41% risk of
developing another wound infection, whereas only 12% of
patients without a history of infection developed a wound
infection after hernia repair.3 These data suggest that ventral
hernia repair, unlike other abdominal surgical procedures,
has an inherently higher risk for developing wound compli-
cations including infection.

Despite significant advances in hernia repair techniques
and technologies, recurrence rates following standard ventral
hernia repair remain high. Evidence from a randomized,
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Abstract Mesh materials have undergone a considerable evolution over the last several decades.
There has been enhancement of biomechanical properties, improvement in
manufacturing processes, and development of antiadhesive laminate synthetic meshes.
The evolution of bioprosthetic mesh materials has markedly changed our indications
and methods for complex abdominal wall reconstruction. The authors review the
optimal properties of bioprosthetic mesh materials, their evolution over time, and their
indications for use. The techniques to optimize outcomes are described using bio-
prosthetic mesh for complex abdominal wall reconstruction. Bioprosthetic mesh
materials clearly have certain advantages over other implantable mesh materials in
select indications. Appropriate patient selection and surgical technique are critical to
the successful use of bioprosthetic materials for abdominal wall repair.
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prospective, controlled trial suggests that 32% of ventral
hernias repaired with synthetic mesh recur within 3 years;
the rate approaches 63% for primary repair alone.1 In addi-
tion, the risk of hernia recurrence increases with each addi-
tional operation. Flum and coworkers reported that 12% of
patients undergoing incisional hernia repair required at least
one subsequent reoperationwithin 5 years; the length of time
between reoperations was progressively shorter after each
additional repair. The 5-year rates of reoperation were 24%
after the first reoperation, 35% after the second, and 39% after
the third.2 These data underscore the importance of mini-
mizing the risk for subsequent reoperations by employing the
best evidence-based approach at the time of the initial hernia
repair.

This situation has prompted a search for optimal techni-
ques and mesh materials for use in abdominal wall recon-
struction. A mesh material with more favorable properties
than traditional mesh could have a major effect on surgical
practice and patient outcomes. The ideal mesh material
would be nontoxic, avoid chronic inflammation and immune
rejection, and resist infection after implantation. It would
become completely remodeled into host tissue with mechan-
ical and biologic properties similar to those of the replaced
tissue. The mesh would serve as a biologic tissue scaffold and
become rapidly revascularized and infiltrated with host cells,
to avoid encapsulation and seroma formation. It also needs to
maintain its strength and original surface area during remod-
eling to prevent bulge and/ormesh failure. Themeshmust not
induce adverse systemic or local reaction or pose a risk of
disease transmission. In addition, an optimal mesh material
must resist visceral adhesions to limit the risk of bowel
obstruction and enterocutaneous fistulization and to facili-
tate subsequent reoperative laparotomy if needed in the
future. The optimal mesh could be implanted into contami-
nated wounds and tolerate cutaneous exposure without the
obligatory requirement of surgical explantation. Unfortu-
nately, this ideal mesh material is not yet available.

Synthetic and Bioprosthetic Mesh Materials

Awide variety of synthetic mesh products is available for use
in abdominal wall reconstruction, including both absorbable
and permanent synthetic meshes. However, synthetic mesh
has limitations that preclude it from being widely used in
abdominal wall reconstruction. For example, absorbable
mesh such as polyglactin 910 (Vicryl®, Ethicon Inc., Somer-
ville, NJ) can be a useful adjunct in the management of the
open abdomen by temporarily containing the viscera, but it
becomes degraded and resorbed over time and is associated
with an extremely high hernia recurrence rate.6

Synthetic meshes are categorized as macroporous, micro-
porous, or composite.7,8 Macroporous meshes include mono-
filament and multiple-filament polypropylene. These
materials have large pore sizes that allow for in-growth of
scar tissue. When placed in contact with abdominal viscera,
macroporous meshes are associated with the formation of
bowel adhesions, obstructions, and enterocutaneous fistu-
lae.9,10 Therefore, these materials should be avoided or used

in combination with omental coverage or antiadhesive bar-
riers when placed in contact with bowel. Microporous
meshes, such as expanded polytetrafluoroethylene (ePTFE),
have a smaller pore size that does not allow clinically relevant
tissue in-growth and may lead to encapsulation, peripros-
thetic fluid collection, and bacterial overgrowth. Although
microporous mesh has a lower affinity for visceral adhesions,
it is more susceptible to infection, and when clinical infection
occurs surgical explantation is usually required rather than a
conservative salvage of the repair. Awide variety of composite
materials are now available that combine macroporous mesh
(usually polypropylene or polyester) on one side to promote
tissue in-growth and an antiadhesive layer on the other
(peritoneal) side to reduce risk for adhesions to the mesh
repair. Clinical evidence suggests reduced risk of adhesions to
composite and coated synthetic meshes compared with
traditional synthetic meshes.11–15 The relative benefits of
these different synthetic meshes with regard to adhesion
formation, risk for infection, and outcomes have variedwidely
in different animal and human clinical studies.9,13,16–19 Fur-
thermore, prospective data are lacking regarding the clinical
benefits of these prostheses for ventral hernia repair, and no
high-level evidence or comparative clinical data are currently
available. Finally, lightweight polypropylene mesh with thin-
ner-diameter polypropylene fibers and larger interstices is
currently being used in both open and laparoscopic hernia
repairs. There are data to suggest good functional outcomes
equal or better than those achieved with traditional heavy-
weight polypropylene synthetic mesh, although definitive
long-term comparative studies are lacking.20 Despite numer-
ous advances in synthetic mesh technology, the paramount
problem still exists: the placement of a persistent foreign
body that does not remodel into biologic tissues, the risk of
infection, and the management of infected or exposed syn-
thetic mesh.

Bioprosthetic meshes are an equally diverse and expand-
ing class of mesh materials. These are materials derived from
human or animal tissue, decellularized and processed to
allow implantation into humans. Certain specific character-
istics are thought to contribute to the successful use of
particular biologic repair materials in the setting of wound
contamination or low-grade infection. Thesemesh properties
include an intact, native extracellularmatrix and the ability to
support tissue regeneration through revascularization and
cell repopulation. It has been hypothesized that resistance to
infection for biologic repair materials is related to the in-
growth of cells and vasculature structures.21 The neovascula-
rization demonstrated in studies of some biologic repair
materials may allow these materials to better resist infection
when placed in a potentially contaminated field.21 The ability
of some biologic repair materials to support regeneration is
based on animal studies that demonstrated early biologic
activity, including cellular infiltration and revasculariza-
tion.22–25 Numerous animal studies have shown that altering
the extracellular matrix through suboptimal processing and/
or cross-linking may have a negative effect on host response
to the repair material.26–28 Resorption and encapsulation
have been demonstrated with several biologic repair
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materials in an animal model of abdominal wall repair.26

These latter investigators suggested that the lack of integra-
tion and tissue regeneration with these materials may ac-
count for poor initial wound healing. In one study of
abdominal repair following harvest of transverse rectus
abdominis musculocutaneous flaps for breast reconstruction,
biopsies of the biologic repair material showed cell density,
vasculature, and collagen orientation similar to those of
normal abdominal fascial tissue.29 Another study found
that biologic repairmaterial from an irradiated, contaminated
abdominal wall repair site that was explanted 14 months
after implantation demonstrated remodeling of the biologic
repair material, including revascularization and cellular re-
population.30 To date, no comparative trials have been com-
pleted evaluating different biologic repair materials in
incisional hernia repair, and differentiation between prod-
ucts is based on early findings with a limited number of
available bioprosthetic mesh materials. Similar animal and
clinical studies are awaited for the majority of bioprosthetic
mesh materials.

Evolution of the Use of Bioprosthetic Mesh

The use of autologous deepithelialized and nondeepithelial-
ized skin for inguinal and ventral hernia repair has been
described in the literature as an “auto-dermoplasty” for
abdominal wall reconstruction.31 Therefore, the concept of
using biologic tissue for structural repair of abdominal wall
defects is not necessarily a newconcept.32Bioprostheticmesh
materials are defined as biologic tissue derived from a
mammalian source, either allograft or xenograft. The bio-
prosthetic mesh undergoes processing that completely re-
moves all cellular components while preserving the native
extracellular matrix architecture. If the material is processed
correctly to be tissue conductive and to maintain the native
extracellular matrix microarchitecture, the bioprosthetic
mesh material undergoes fibrovascular in-growth with host

cell repopulation after implantation and then continues to
become remodeled by the host into tissue.

A historical perspective on currently used bioprosthetic
meshmaterials includes porcine small bowel submucosa (SIS)
for bladder reconstruction, human acellular dermal matrix
(HADM) for skin and mucosal grafting, and porcine acellular
dermalmatrix (PADM) for bladder sling suspension and other
urogynecologic procedures.33,34 Porcine small intestine sub-
mucosa was studied in a canine ventral hernia model that
showed the SIS extracellular matrix scaffold was replaced by
well-organized host tissues including differentiated skeletal
muscle.35 Human acellular dermal matrix and xenogenic
materials such as PADM, bovine acellular dermal matrix
(BADM), and bovine pericardium were initially designed for
indications other than abdominal wall reconstruction.36–38

They were subsequently adopted by surgeons due to the
overwhelming need for better mesh properties for abdominal
wall reconstruction.

►Table 1 lists some of the commercial bioprosthetic mesh
materials available at the time of this article's preparation.
Thesematerials are classified by tissue source, animal species,
crosslinked versus noncrosslinked, sterilization process, proc-
essing details, and storage media.39 We do not make any
recommendations regarding the choice of specific prosthetic
repair materials; however, certain features of synthetic and
biologic repair materials should be considered during the
selection process. Specific characteristics such as adequate
strength, ease of handling during implantation, ability to
resist adhesions when placed in contact with the bowel,
reduced risk of infection through support for tissue incorpo-
ration and revascularization, and early and late mechanical
properties are important factors to consider when selecting a
bioprosthetic mesh. Differences in mesh processing include
the cell extraction and sterilization techniques and whether
the mesh is stored in a hydrated state or nonhydrated state
within the package. Bioprosthetic mesh materials are also
categorized by tissue properties (thickness of the material

Table 1 Bioprosthetic Mesh Materials

Product Animal Source Tissue
Source

Chemically
Crosslinked

Sterilization Manufacturer

AlloDerm Adult human Dermis None None LifeCell(Branchburg, NJ)

Allomax None Gammairradiation Bard Davol Inc. (Warwick, RI)

Flex HD None None Ethicon (Somerville, NJ)

Xenmatrix Adult porcine Dermis None Unknown Bard Davol Inc. (Warwick, RI)

Strattice None External beamradiation LifeCell(Branchburg, NJ)

Permacol HMDI Gammairradiation Covidien
(Dublin, Ireland)

Surgisis Small intestine
submucosa

None Ethyleneoxide Cook Medical
(Bloomington, IN)

Veritas Adult bovine Pericardium None External beamradiation Synovis (St.Paul, MN)

Surgimend Fetal bovine Dermis None Ethyleneoxide TEIBiosciences
(South Boston, MA)

HMDI, hexamethylene diisocyanate; EDC, 1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide.
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and size available). Depending on the source tissue (human,
bovine, porcine), tissue properties such as thickness, firm-
ness, and size availability will vary.

There is an evolving understanding of the behavior and
effect of bioprosthetic mesh in abdominal wall reconstruc-
tion, with limited high-level data on the mechanism of action
and long-term outcomes, particularly comparative outcomes
between products, techniques, and patient selection. There-
fore, we as surgeons must make decisions based on what we
currently know and what is not as clearly understood. It is
clear that bioprosthetic mesh implanted in direct contact
with bowel results in fewer adhesions than prosthetic mesh
materials. Studies in animal models suggest that certain
biologic repair materials can be placed in contact with the
bowel.22–24,28 Many studies have demonstrated that certain
acellular dermalmatrices placed directly over thebowel resist
visceral adhesions to the repair site in ventral hernia repairs
and are markedly less than the adhesions associated with
polypropylene repairs.22–24,28 Clinical studies have reported
good outcomeswith somebioprostheticmeshes for incisional
hernia repair in high-risk patient groups. In these reports,
patients’ complications could bemanaged nonsurgically even
when their wounds became infected.40–42 Some biopros-
thetic meshes have been used successfully to repair large
contaminated and/or irradiated abdominal wall defects in
patients with cancer when the meshes are placed directly
over the bowel.30,43 Bioprosthetic mesh materials tolerate
placement into contaminated wound environments and are
able to undergo vascularization and incorporation, as has been
described clinically in the setting of ostomy creation, un-
planned bowel surgery, and trauma.43,44 This is a critical
advantage of bioprosthetic mesh over prosthetic meshes in
that thebioprostheticmeshdoes not need tobe removed in the
face of wound contamination or clinically active infection. In
addition, bioprosthetic mesh tolerates cutaneous exposure
without requiring explantation, and such exposures can usu-
ally be managed conservatively with dressing changes. Some
biologic repair materials have also demonstrated antimicrobial
activity in vitro and in animalmodels, and the ability of certain
biologic prostheses to support revascularization may contrib-
ute to clearance of bacteria.45,46 A recent study in a rabbit
model, for example, found that a human acellular dermal
matrix repair material was significantly superior to PTFE in
terms of the ability to allow for clearance of Staphylococcus
aureus inoculate at the level expected for contamination.47

With regard to theprocessingof thebioprostheticmesh, the
current understanding is that if the native extracellular matrix
of the material is preserved, then the mesh is “tissue conduc-
tive” and recognized by the host, such that the host remodels
the tissue with cellular infiltration, revascularization, and
collagen deposition rather than scar tissue and encapsulation.
Animal studies found that the early strength of the incorpo-
ration into the musculofascial defect edge was similar for
bioprosthetic mesh and polypropylene mesh.24 Supraphysio-
logic chemical crosslinking of the collagenwithin the biopros-
thetic mesh significantly reduced cellular and vascular
infiltration, reducing the degree of remodeling in animal
studies.28,48 This results in nearly crosslinked bioprosthetic

meshmaterials undergoingmore of an encapsulation response
with surrounding scar tissue rather than actual cellular and
vascular infiltration into the mesh, thus limiting the ability to
remodel and incorporate.

There is a large gap in the understanding of comparative
clinical outcomes between various classes of allograft and
xenograft bioprosthetic mesh, as well as for specific commer-
cially available products within each bioprosthetic mesh class.
Definitive studies of evidence-based indications and contra-
indications based on high-level data such as long-term clinical
prospective randomized trials are yet to be completed. In
addition, studies of long-term comparative outcomes of bio-
prosthetic mesh compared with other synthetic mesh options
have yet to be performed. This is important for specific
indications where both mesh types (bioprosthetic or synthet-
ic) can be used. One of the potential shortcomings of bio-
prosthetic mesh is the potential for bulge and laxity; this has
been demonstrated with the use of human acellular dermal
matrix with varied but clinically important high rates of bulge
and laxity.30,49 It is unclear how the xenograft bioprosthetic
meshes will perform over the long term when evaluated for
recurrent hernia or bulge formation. An additional factor that
merits discussion is the cost-effectiveness of bioprosthetic
mesh compared with synthetic mesh alternatives. Studies
are needed on the economic impact of using bioprosthetic
mesh for various indications, ranging from the most compli-
cated cases (where itmay verywell be the onlyoption) tomore
routine cases (where other mesh types may be options). This
will require large multicenter trials of various patient popu-
lations, defect types, and abdominal wall repair techniques.
More data need to be generated to establish functional out-
comes, patient selection, and economic value.

Current Indications for Utilization of
Bioprosthetic Mesh

The following indications are based largely on existing animal
data, short-term, low-level evidence from clinical studies,
case reports, and surgeons’ experiences with extensive use of
bioprosthetic and synthetic mesh. These indications are
general and are based on our opinions and the existing
low-level evidence.50

1. Contaminated wound (existing wound infection, adjacent
ostomy, planned or inadvertent disruption of the gastro-
intestinal continuity, enterocutaneous fistula)

2. Complex repair in a patient at high risk for development of
wound-healing problems such as subcutaneous infection,
persistent seroma, skin dehiscence, and/or need for
reoperation

3. Planned exposed mesh or high likelihood of a cutaneous
exposure (open abdominal wound closure with a bridging
repair or unreliable skin coverage with risk of skin
dehiscence)

4. Unavoidable direct placement of implantable mesh over
bowel and/or other abdominal viscera

5. Planned or high likelihood of the patient requiring a future
laparotomy through the repair site
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Technical Considerations To Optimize
Outcomes With Bioprosthetic Mesh
Reconstruction of the Abdominal Wall

The overall principles of abdominal wall reconstruction in-
clude optimization of the patient, preparation of the wound,
centralization and reapproximation of the rectus muscles
along the midline when possible, and the use of appropriate
prosthetic or bioprosthetic material to reinforce the closure.
One key element of the inset of bioprosthetic mesh is to place
the mesh in an inlay (intraperitoneal), preperitoneal, or
retrorectus position under appropriate physiologic tension.
Onlay bioprosthetic mesh placement has been used success-
fully and is an option when the musculofascia can be primar-
ily closed at the midline. Onlay mesh may be preferred in
some situations, such as a hostile abdomen inwhich adequate
lysis of adhesions is unsafe or impossible to expose the
undersurface of themusculofascial edges. Physiologic tension
represents the resting tension of the abdominal wall when
the patient is awake. This is in contradistinction to a tension-
free repair, popularized with autologous inguinal hernia
repairs in the past. Mesh inset under physiologic tension
facilitates and stimulates appropriate collagen remodeling to
facilitate mechanical strength and potentially reduce the risk
of material bulge and laxity. The edges of the bioprosthetic
mesh should overlap the undersurface of the musculofascial
edge by at least 3 to 5 cm to allow for remodeling fibrovascu-
lar incorporation. This method of bioprosthetic mesh inlay
takes advantage of the mesh's remodeling mechanism, in
contrast to simple scarring and encapsulation with nontis-
sue-conductive meshes.23,28,51 This will maximize the
ultimate tensile strength of the junction between the bio-
prosthetic mesh and the musculofascia.

The anatomic plane of the inlay bioprosthetic mesh inset
has direct implications on the degree of incorporation at the
mesh-musculofascial interface. When possible, it is prefer-
able to avoid insetting the bioprosthetic mesh in direct
contact with the peritoneum or preperitoneal fat. To avoid
this, the senior author (CEB) prefers to dissect the preper-
itoneal fat pad away from the posterior rectus sheath so that
the mesh is placed in direct continuity with the posterior
sheath fascia. This improves the mechanical strength at the
mesh–musculofascial interface rather than suturing the
mesh to the preperitoneal fat and peritoneal surface. In
addition, the preperitoneal flap can be positioned dorsally
to the bioprosthetic mesh suture line to further limit adhe-
sion in the suture inset areas. Alternatively, the retrorectus
plane presents another good option when the bioprosthetic
mesh is sutured to the semilunar line from between the
rectus muscle and the posterior rectus sheath. Onlay mesh
placement is technically easier but has several significant
drawbacks; we do not recommend it as a primary option.
The limitations of the onlay repair include the fact that if a
reinforced repair is going to be performed, one generally
must be able to close the fascia first; this is not possible in
many of the cases where there are large defects and the
inset of the material as an inlay actually helps offset the
tension to close the fascial defect. Thus, an inlay mesh

placement facilitates primary fascial closure, whereas onlay
mesh placement is performed after primary fascial closure
is achieved. In addition, the seroma rate is at least theoreti-
cally higher when the bioprosthetic mesh is placed in the
subcutaneous plane. Although there may be some bio-
mechanical advantages to an inlay repair compared with
an onlay repair, there may be some situations in which an
onlay repair may be the only safe option, as is the case when
it is impractical to reenter a hostile abdomen.

The bioprosthetic mesh inlay repair is reinforced in a
second layer of primary fascial closure over bioprosthetic
mesh whenever technically feasible. This dual layer repair is
preferred to a bridging interposition repair. Centralization
of the rectus abdominis muscle complexes reduces the
fascial defect and facilitates primary fascial closure. Primary
fascial coverage also allows for complete apposition of
bioprosthetic mesh to the surrounding musculofascial de-
fect edge, eliminates bioprosthetic mesh exposure to the
subcutaneous fat, and may limit seroma formation. In
circumstances in which primary fascial closure is not
attainable, a bridging repair is performed. This is performed
as a dual circumferential inlay technique43 that allows two
concentric suture lines to affix the bioprosthetic mesh
directly to the musculofascia. Creating direct opposition
of the bioprosthetic mesh to the undersurface of the fascial
defect itself prevents any fluid collections from occurring
between the two layers, which can result in lack of or delay
in fibrovascular incorporation and remodeling. In addition,
closed suction drains are placed between the musculofascia
and the bioprosthetic mesh to prevent any potential fluid
collections from developing at the mesh–musculofascial
interface.

An adjunct surgical technique to improve outcomes in
abdominal wall reconstruction is to combine bioprosthetic
mesh inlay repair with component separation. Component
separation has the ability to medialize the rectus complexes
and reduce the defect size, with the ultimate goal of allowing
a primary fascial closure over the inlay bioprosthetic mesh
and therefore reinforce a repair. Component separation also
will reduce the subsequent tension on the midline, reducing
the fascial incision closure and/or musculofascia to implant
incision tension. This is accomplished by separating the
external oblique aponeurosis and delaminating the external
oblique muscle from the internal oblique muscle interface.
This results in an offloading of the bilateral superolateral
vector distraction of the external oblique muscle on the
central wound closure.

At times, unfavorable wound-healing scenarios will be
encountered, with wound infection, dehiscence, or break-
down of overlying skin flaps leading to exposure of the
bioprosthetic mesh. The bioprosthetic mesh's tolerances of
bacterial contamination and exposure allowan acute opening
due to wound separation to be reclosed over drains after
clearing any infection and ensuring there is adequate skin
laxity for closure. Small defects can be left open to heal by
secondary intension with standard saline-soaked dressing
changes or negative pressurewound therapy (NPWT) devices.
NPWT is a useful adjunct in the management of exposed
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bioprostheticmesh. The goal ofNPWT is to prevent desiccation
and dehydration of the bioprosthetic material. NPWT can be
used to develop a revascularized mesh granulation bed suit-
able for skin graft coverage or serve as a temporizing measure
to facilitate a delayed primary closure or flap coverage as the
clinical circumstances dictate. The use of nonadherent barrier
dressing materials between the NPWT foam and bioprosthetic
mesh prevents trauma to the bioprosthetic mesh and prevents
foam retention on the bioprosthetic mesh. Various materials
can be used, such as wide-mesh petroleum-impregnated
gauze or perforated silicone dressings; alternatively, the use
of microporous foam (such as polyvinyl alcohol foam) directly
over the bioprosthetic mesh is an option. A skin graft can be
applied onto granulated bioprosthetic mesh. It is unknown
exactly what clinical indicators are reliable for determining
when a skin graft will survive over the bioprosthetic mesh. In
our experience, this typically does not require complete
granulation tissue over thematerial but rather the appearance
of buds of granulation tissue to the surface of the material
through the existing adnexal structures (hair follicle and sweat
gland channels). If the defect is large with exposed biopros-
thetic mesh at the base, the best choice is generally autologous
skin flap tissue, either locally advanced from the abdomen,
rotation advancement flap, pedicled regional flap, or free
flap.

Conclusion

Bioprosthetic mesh products have several potential advan-
tages over other synthetic permanent materials in select
clinical situations. Indications for implantation of biopros-
thetic mesh in abdominal wall reconstruction include
contaminated wounds, complex repairs at high risk for
developing wound-healing problems, high likelihood of
a cutaneous exposure, and unavoidable direct placement
of mesh over bowel. Further studies will be important
for comparing long-term outcome and cost factors to
better define the role, indications, and contraindications
for the use of bioprosthetic mesh in abdominal wall
reconstruction.
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