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Abstract 

Repair of abdominal wall defects in the pres-
ence of contamination or infection is a signif-
icant problem. The loss of tissue warrants
enforcement of the abdominal wall, preferably
by autologous material. However, autologous
repair often requires extensive surgery. This
paper presents a review of available literature
of placement of an acellular human dermis to
repair an abdominal fascia defect, in contami-
nated as well as in non-contaminated surgical
fields. It is illustrated with a case report that
describes the successful reconstruction of an
infected abdominal wall defect with a human
acellular dermis allograft. A systematic litera-
ture review was undertaken with searches per-
formed in the Pubmed and Cochrane databas-
es for the period up till March 2009, using the
search terms Alloderm [Substance Name],
Hernia [Mesh] and the key words acellular
dermis, acellular dermal matrix, human acel-
lular dermal allograft and abdominal wall
defect. To assess methodological quality, each
article was subjected to a modification of the
methodological index for non-randomized
studies (MINORS) according to Slim et al. Two
items from the original index were not includ-
ed because none of the studies selected had an
unbiased assessment of the study end points
and in none of the studies was a prospective
calculation of the study size performed.
Seventeen studies were included in the review.
Data were extracted regarding study design,
number of patients, surgical technique, follow-
up period, contaminated or non-contaminated
area of the fascia defect, mortality and morbid-
ity (hemorrhage, seroma, wound dehiscence,
infection) of the operative procedure, the long-
term results (removal of the graft, rehernia-
tion and bulging) and level of evidencey. A total
of 169 short-term complications and 151 long-
term complications occurred after 643 surgical
procedures reconstructing both contaminated
and clean abdominal wall defects by implanta-
tion of an HADA. Human acellular dermal allo-

graft seems to be a good alternative for autolo-
gous repair of contaminated or infected
abdominal wall defects. 

Introduction

Repair of abdominal wall defects in the pres-
ence of contamination or infection is a signif-
icant problem. The loss of tissue warrants
enforcement of the abdominal wall preferably
by autologous material. However, autologous
repair often requires extensive operations that
carry a high morbidity.1 Absorbable meshes are
most often used under these circumstances. A
major disadvantage, however, is the need for
secondary reconstruction after the mesh has
been absorbed. Human acellular dermal allo-
graft (HADA) has been used for abdominal wall
reconstruction under clean and contaminated
conditions. The prosthesis is made out of
human dermis that is processed to an acellular
dermal graft without damage to the extra-cel-
lular matrix. Alloderm® grafts are processed
from human allograft skin and freeze-died dur-
ing the process, resulting in an acellular der-
mal graft with an intact extra-cellular matrix.2

Alloderm® was first used in the treatment of
full-thickness burn to prevent wound contrac-
tion and improve cosmesis.3 After implantation
cellular infiltration, remodeling with autolo-
gous tissue and vascularisation occurs, which
lessens the risk of infection.2,4-7

The use of HADA in a complicated case of
abdominal wall infection with a successful
post-operative course, led us to review the
available literature about the repair of abdom-
inal wall defects with human acellular dermis
both under clean and contaminated condi-
tions with respect to early (hemorrhage, sero-
ma, wound dehiscence, infection) and late
complications (bulging, herniation, re-opera-
tion). 

Case Report

A 40-year-old woman underwent abdominal
wall reconstruction with a polypropylene mesh
after harvesting of an ipsilateral TRAM flap for
breast reconstruction. The postoperative
course was complicated by a wound infection
that resulted in a chronic fistula and recurrent
infections. Wound culture showed a hemolytic
streptococcus group G. After one year the mesh
was removed. The fascial defect was repaired
with an inlay human acellular dermis
(Alloderm®; LifeCell, Corp., Branchburg, NJ,
USA) (Figure 1). The patient started a course
of penicillin just before surgery and continued
this for one week. The postoperative course
was uneventful. At 18-month follow up there

were no signs of infection, hernia or bulging of
the abdominal wall (Figure 2). 

Histology of the removed prosthesis
revealed polypropylene mesh that was fully
incorporated in fibrocollagenous tissue. The
tissue showed micro abscesses and was
invaded by numerous polymorphonuclear
granulocytes, macrophages and foreign body
giant cells.

Materials and Methods

Identification of studies
A systematic review was undertaken with

searches performed in the Pubmed and
Cochrane databases for the period up till
March 2009, using the search terms Alloderm
[Substance Name], Hernia [Mesh] an the key
words acellular dermis, acellular dermal
matrix, human acellular dermal allograft and
abdominal wall defect. Only English Language
papers were considered. Experimental animal
studies and case reports were excluded.
Relevant publications about placing acellular
dermis in an abdominal wall or fascia defect
were acquired by assessing the titles and
abstracts. 

The manuscript was read and included in
the study when appropriate. The references
from these articles were tracked and screened
first by reading the abstract and subsequently
by reading the complete manuscript if neces-
sary, and included in our study when appropri-
ate.
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Eligibility of studies
To assess methodological quality, each arti-

cle was subjected to a modification of the
methodological index for non-randomized
studies (MINORS) according to Slim et al.8

(Table 1). The MINORS index has been shown
to be a valid instrument for assessing the
methodological quality of non-randomized,
comparative and non-comparative trials in sur-
gery, developed for use by readers, manuscript
reviewers or journal editors. Two items from
the original index were not included because
none of the studies selected had an unbiased
assessment of the study end points and in
none of the studies was a prospective calcula-
tion of the study size performed.

Each possible eligible article was scored
independently by two of the authors (REG and
PPGMK) as outlined in Table 1. The maximum
score is 13. To be selected, publications had to
score at least 4 points on the items 1-6, reflect-

ing an overall fair methodological quality and
homogeneity. To determine reherniation rate,
only studies that had a follow up of at least 12
months were included. Definite scores were
established when consensus was reached
between all authors. 

Data extraction 
After the initial assessment of the studies

for eligibility the following data were extract-
ed: study design, number of patients, surgical
technique, follow up period, contaminated or
non-contaminated area of the fascia defect,
mortality and morbidity of the operative proce-
dure, the long-term results (removal of the
graft, reherniation and bulging) and level of
evidence. 

The desired homogeneity in representation
of the adverse events was obtained by grouping
complications in general categories as speci-
fied in the tables.

Analysis
The incidence of each item scored was cal-

culated from the pooled patient data. For each
specified item only those articles were used
that present accurately described details on
the specific item. For each item the total num-
ber of patients described in these articles is
reported. 

Statistical assessment was performed by
using a 95% confidence interval.

Results

The literature search resulted in a total of
279 articles from PubMed and 78 from the
Cochrane database. From the 357 abstracts
studied, 15 met the inclusion criteria for this
review. The related article search added 8 stud-
ies to be evaluated, leading to the inclusion of

Article

Table 1. Modified methodological index of non-randomized trials according to the methodology of Slim et al.1 Since none of the pub-
lications reported unbiased assessment of the study end point, and none of the studies were prospective, these items that are original-
ly part of MINORS were not included in the assessment of articles for inclusion. 

1 A clearly stated aim: the question addressed should be precise and relevant in the light Not reported 0
of available literature Partially reported 1

Clear aim 2
2 Inclusion of consecutive patients: all patients potentially fit for inclusion Not reported 0

(satisfying the criteria for inclusion) have been included in the study during the study Patients in certain time period 1
period (no exclusion or details about the reasons for exclusion) Consecutive patients + characteristics 2

3 Endpoints appropriate to the aim of the study: unambiguous explanation of the criteria Not reported 0
used to evaluate the main outcome which should be in accordance with the question Reported, but inadequately 1
addressed by the study. Also, the endpoints should be assessed on an intention-to-treat basis. Reported adequately 2

4 Unbiased assessment of the study endpoint: blind evaluation of objective endpoints Item not reported 0
and double-blind evaluation of subjective endpoints. Otherwise the reasons Reported, but inadequately 1
for not blinding should be stated Reported adequately 2

5 Follow up period appropriate to the aim of the study: the follow up should be sufficiently Item not reported 0
long to allow the assessment of the main endpoint and possible adverse events. Reported, but inadequately 1

Reported adequately 2
6 Loss to follow up less than 5%: all patients should be included in the follow up. Item not reported 0

Otherwise, the proportion lost to follow up should not exceed the proportion experiencing Reported, but inadequately 1
the major endpoint Reported adequately 2

7 A follow up of at least 1- year to determine reherniation rate. This item is only used to select No 0
publications for determining reherniation rate. Yes 1

Figure 1. Operative field after implanta-
tion of the Alloderm® prosthesis. The pros-
thesis is sutured to the adjacent fascia with
a running polydioxane suture 2.0.

Figure 2. Result 18 months after implantation of an Alloderm® prosthesis. Frontal view
(left). Lateral view (right).
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another 2. Exclusion of articles having a
MINORS score less than 1 point on one of the
items scored, left 17 studies to be included in
this systemic review: one retrospective case-
control study and 16 case series (Figure 3).

The MINORS score of the case-control study
was 10. The median MINORS score of the 16
retrospective case series was 6 (range 4-10).
Only 2 studies mentioned a protocolled
prospective study design.9,10 The total number
of patients treated with acellular human der-
mis (AHD) amounted to 643.

Five published studies were about the repair
of abdominal wall defects under clean condi-
tions, and 4 under contaminated conditions.
Eight studies included both clean and contam-
inated cases. The surgical technique of
AlloDerm placement included the onlay-, inter-
position-, underlay-placement of the graft and
open wound treatment in assistance with vac-
uum assisted therapy (Table 2).

Postoperative mortality and
morbidity

Mortality was reported in 6 studies and
included 10 patients. (11-16) In 3 cases it was
explicitly reported as postoperative mortality
(mortality within thirty days of the in-hospital
mortality) due to complicated co-morbidity.

The other 7 patients were mentioned as
patients who died during the follow up 3-10
months after surgery, and their death was not
related to the placement of AlloDerm but due to
co-morbidity. In the remaining studies, no
patients died after surgery or during follow up.
The overall postoperative mortality was 0.47%
(95% CI 0-0.99%).

Overall postoperative morbidity was 27.9%
(95% CI 31-24%, range 0-54%) in 606 patients
because one study only discussed herniation
and bulging rates but no postoperative morbid-
ity rates (Tables 2 and 3). Wound infections
were found in 96 of 606 patients 15.8 % (95%

CI 12.9-18.7%, range 0-41%). Hemorrhage was
observed in 1.3% (95% CI 0.2-2.4%, range 2-
14%). The forming of seroma was noted in
10.5% (95% CI 7.7-13.4%; range 0-27%).
Wound dehiscence occurred in 20 of 405
patients (4.9%; 95% CI 2.8-7.0%; range 0-15%).

Article

Figure 3. Research inclusion criteria.

Table 2. The surgical technique of AlloDerm placement described in the literature.

Study Minors Level of Follow up Operation technique Clean/contaminated n
evidence (months) surgery field

Buinewicz B4 6 4 20 Interposition, onlay clean 44
Kolker AR17 6 4 16 In combination with CST* both 16
Glasberg SB9 8 4 19 Inlay clean 54
Diaz JJ14 6 4 9 Inlay/interposition, onlay both 75
Butler CE12 5 4 6 Interposition, onlay both 13
Albo D11 4 4 9 Inlay contaminated 12
Schuster R16 5 4 9 Inlay contaminated 18
Kim H15 4 4 6 Inlay both 29
Patton JH Jr18 4 4 11 Inlay/interposition, onlay contaminated 67
Gupta A10 10 4 18 Interposition clean 33
Espinosa-de-los-Monteros A19 10 3 13 Onlay clean 39
Bellows CF20 7 4 9 Inlay both 20
Jin J21 8 4 21 Inlay both 37
Lipman J22 5 4 10 Underlay, onlay i.c.w. CST both 7
Misra S23 8 4 12 Underlay, inlay, onlay clean 70
Candage R13 9 4 12 Underlay, inlay, onlay both 26
Maurice SM24 7 4 7 Underlay, inlay, onlay both 63
*CTS, components separation technique.
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Long-term follow up
A mean follow up of at least one year was

reported in 8 studies for a total of 339 patients
(Table 4). Reherniation was found in 13.0 %
(95% CI 9.4-16.6%; range 0-32%) and bulging
in 12.2% (95% CI 8.5-15.9%; range 0-45%) of
the patients. Removal of the HADA due to
rejection was reported in one patient. 

In the nine studies with a mean follow up of
less than one year, reoperation was mentioned
in 17 cases, due to irreversible damage to the
allograft. In these studies, 69 reherniations
(22.7%; 95% CI 18.0-27.4%; range 0-50%) and 2
bulgings (0.7%; range 0-10%) were observed
among 304 patients. 

There were only two prospective studies in
which all data were collected prospectively
from consecutive patients with ventral hernia
repair performing HADA implantation by the
interposition technique in a clean operation
field.9,10 There were no patients lost to follow
up; the mean follow up period was 18 months
in both studies. There were 54 complications
reported in 87 operated patients. Sixteen
patients developed a seroma, which was treat-
ed conservatively, 3 patients developed a
wound dehiscence, and no infections were
seen. Twenty-seven patients developed prob-
lems of diastase and abdominal bulging, with
operative correction in 8 patients. Eight
reherniations with consecutive reoperations
were observed. 

Discussion

A growing number of patients surviving
intra-abdominal sepsis have a combination of
an abdominal wall defect with chronic infec-
tion or fistulas. Bridging the fascial gap with
prosthetic material is still the most frequently
applied method of reconstruction, but implan-
tation of biomaterials is accompanied by an
increased risk of visceral damage and infec-
tion, particularly when they are used for recon-
struction in a contaminated environment.29-31

Suture repair can only be used in hernias
that can be closed primarily. However, suture
repair either performed under clean or contam-
inated conditions is accompanied by an unac-
ceptable recurrence rate of up to 45%.32-34,36 To
prevent reherniation, HADA is used to
strengthen the reconstruction, either by onlay
or sublay implantation. Espinosa-de-los-
Monteros et al. retrospectively evaluated the
outcome of patients treated with human cadav-
eric acellular dermis as an adjunct to abdomi-
nal wall reconstruction and compared the
results with historical controls. HADA signifi-
cantly decreased recurrence rates in patients
with medium-sized hernias. No differences
were observed when adding human cadaveric
acellular dermis as an overlay to patients with

large sized hernias treated with underlay mesh.
The use of human cadaveric acellular dermis
did not increase postoperative morbidity rates. 

If primary closure is impossible, the fascial
gap must be bridged by bioabsorbable meshes,
autologous material, or collagen based pros-
thetic materials. Application of bioabsorbable
meshes such as Polyglactin mesh inevitably
results in herniation within 3-6 months after
implantation. Recently, autologous repair tech-
niques have been reviewed by de Vries
Reilingh et al.1 The Components Separation
Technique is the best documented procedure.
The operation requires extensive dissection
and is associated with a morbidity of 24.0%
and a recurrence rate of 18.2%. Although the
results of the da Silva technique using both the
anterior and posterior rectus sheaths to bridge
the fascial gap are good (morbidity 5-20% and
reherniation 0-3%), the poor methodological
quality of the studies precludes firm conclu-
sions. Repair with free fascia lata or dermal
grafts is an alternative if the above techniques
cannot be used. However, wound complica-
tions are frequent (42%) and recurrent her-
nias are reported in up to 29%. Pedicled or free
vascularized flaps are reserved for complex sit-
uations only. 

Biological materials theoretically may pro-
vide a good solution for hernia repair in a con-
taminated field. The most commonly used bio-
logical materials are HADA, porcine dermal
collagen (PDC), small intestinal submucosa
(SIS), bovine pericardium and human dura
mater. Reabsorption of the collagen matrix,
resulting in bulging and reherniation are the
major problems of these prosthesis. 

HADA has been used extensively for hernia
repair. The results of treatment of more than
500 patients have been published in literature.
It is thought that the prosthesis is a scaffold for
the in growth of fibrocollagenous tissue, and
that most of the biomaterial stays in place.

Breakdown and resorption is prevented by
cross linking of the collagen fibres which
makes them resistant to proteolytic enzymes.
The biomaterial is acellular and does not pro-
voke an immunogenic reaction. No adverse
responses have been reported in the 17 publi-
cations that were reviewed by us, including
643 patients. The methodological quality of the
publications was however poor and precludes
firm conclusions and makes comparison with
other techniques hazardous. 

HADA is used to strengthen primary fascial
closure as a sublay or onlay, or to bridge a fas-
cial gap. It is used under clean and contami-
nated conditions and even in the presence of
overt infection. The short-term results with
HADA to bridge fascial defects are similar to
those found in autologous repair. Wound infec-
tions are reported in 13% of patients and 6.4%
fascial dehiscences. The long-term results are
similar when only studies with a follow up of at
least one year are taken into account.
Reherniation rates after a follow up of at least
one year are 13% after excluding patients with
bulging (11%) and fascial dehiscence (6.4%).
Studies with a shorter follow up reported a
recurrence rate of 22.7% of patients. In these
studies with shorter follow up, more surgical
interventions were performed in a contaminat-
ed operative field (Table 2). But because also
different surgical techniques were used, a
hard conclusion could not be drawn. The same
problem was encountered with the differences
in onlay, inlay or sublay placing of the HADA.
Therefore, HADA repair cannot be advocated
as an alternative for CST and the da Silva tech-
nique. However, these techniques can only be
used to repair midline hernias. 

Repair of other hernias can be performed
with HADA, free fascia lata grafts, or pedicled
or free vascularized flaps. Sufficient data are
not available to compare the results of HADA
and pedicled flaps. However, donor site compli-

Article

Table 3. Overall postoperative morbidity.

Short term complications
n % (95% CI)

Infection ref(4;9-20;25-27) 96 / 606 0.16 +/- 0.029
Dehiscence ref(4;9;10;12-14;17;19;20;25-27) 20 / 405 0.049 +/- 0.021
Seroma ref(4;9-13;15;17;19;20;25-27) 47 / 446 0.11 +/- 0.028
Haemorrhage ref(12;13;15;19;25;26) 6 / 446 0.013 +/- 0.011
TOTAL 169 / 606 0.31 +/- 0.24 

Table 4. Long-term follow up.

Long-term complications Follow up >1 year
n %(95%CI)

Bulging (9;10;13;17;19;27;28) 36 /295 0.12 +/- 0.037
Hernia (4;9;10;13;17;19;27;28) 44 / 339 0.13 +/- 0.036
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cations are a potential disadvantage of autolo-
gous repair. Free fascia lata grafts are the most
often used free fascial transplants. These
grafts are incorporated into the adjacent study
and remain viable as a result of early revascu-
larization.1 Donor site complications occur in
13-17% and recurrent hernias in 9-25% after a
follow up of at least one year.37-39 As in free fas-
cial grafts, acellular dermal grafts show rapid
vascularization and in growth of fibrocollage-
nous tissue. The prevention of donor site com-
plications is a potential advantage of HADA
over free fascia lata grafts.2,4-7,40,41

The literature studied does not justify the
routine use of HADA to repair abdominal wall
hernias and defects. However, the quality of
the available literature is poor due to lack of
study-protocols, inadequate follow up and ade-
quate definitions of the end points. The diver-
sity of used techniques to implant HADA, its
use under clean or contaminated conditions,
and the great variety of hernias and defects
(all important factors that influence outcome)
further compromise the interpretation of the
results. The indications for HADA are, there-
fore, limited to repairs for which no standard
technique using autologous tissue is available,
or in cases in which the disadvantages of
repair outweigh those of HADA repair, includ-
ing the prevention of donor-site complications.

When HADA is used, the outcome seems to
be affected by contamination of the operative
area, although evidence is too poor to be statis-
tically significant. Moreover, implantation by
the inlay technique is associated with an
increased recurrence rate. Jin et al. retrospec-
tively studied patients with abdominal defects
repaired with HADA and compared two tech-
niques, fascial bridging versus fascial rein-
forcement repair, with regard to their long-
term recurrence rates.28 It was concluded that
HADA should be used only as reinforcement
after primary fascial reapproximation because
recurrence rate in patients in whom the pros-
thesis is used to bridge the fascial gap is very
high. From our collected data, we were not able
to stratify the outcome by the operation tech-
nique because of the lack of necessary data.
One study reported no difference in outcome
between onlay and inlay operation tech-
niques.14 Another study made a division into
two subgroups, with the second subgroup
reporting more taut suturing of the HADA in
the fascia defect, based on their former experi-
ences. In the first subgroup there was little
experience with HADA and it suturing did not
adequately fit the defect, resulting in more
seromas and bulging of the abdominal wall
than the second subgroup.9

Repair of abdominal wall hernias or defects
with human acellular dermis allograft (HADA)
is a treatment modality for which ample evi-
dence is present in literature. The results are
similar to autologous repair techniques with

respect to postoperative morbidity, but the
long-tem results are worse (reherniation, graft
removal and bulging). The level of evidence is,
however, low, since this conclusion is mainly
based on retrospective case series. Prospective
studies are needed to determine the place of
HADA in the repair of contaminated abdominal
wall hernias.
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