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Background: AlloDerm, a human acellular dermal matrix, is available in a
ready-to-use (RTU) or freeze-dried (FD) form. A limited number of studies
have compared complication rates between RTU and FD in implant-based
breast reconstruction. The objective of this report was to conduct a meta-
analysis of previously reported complication rates between RTU and FD.
Methods: A systematic literature review was conducted from 2010 to 2014 and
supplemented by hand searches. Included studies compared both RTU and
FD. Odds ratios and relative risks (RRs) with 95% confidence interval (CI),
taking into account study heterogeneity, were calculated. Studies reporting
patientlevel results as opposed to breastlevel results were excluded from the
primary analysis but included in subsequent sensitivity analyses. Variable follow-
up time within and between studies was also considered in a sensitivity analysis.
Results: Of the 275 identified studies, 115 studies were eligible for detailed
review. Only 5 studies compared RTU with FD, and of these, 2 studies had
breastlevel data and 1 study had patientlevel data appropriate for meta-anal-
ysis. The 2 studies included in the primary meta-analysis had a pooled sample
size: n =116 RTU and n = 109 FD patients, or 205 and 186 breasts, respec-
tively. Age and body mass index were similar between groups. Across all meta-
analyses, there were no differences in complication rates between RTU and
FD: cellulitis (RR = 0.863; 95% CI, 0.272-2.740), seroma (RR = 0.553; 95% CI,
0.026-11.830), and explantation (RR = 0.593; 95% CI, 0.247-1.425). Results
remained nonsignificant even after adjustment for variable follow-up time.
Conclusion: The results suggest that there are no differences in complication
rates between RTU and FD forms. (Plast Reconstr Surg Glob Open 2015;3:e409;
doi: 10.1097/GOX.0000000000000387; Published online 3 June 2015.)

evice-based breast reconstruction following
prophylactic or therapeutic mastectomy con-
stitutes the majority of breast reconstructions
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that are performed today.! Immediate prosthetic re-
construction is commonly performed using total or
partial muscle coverage techniques. Partial muscle
coverage for both 1- and 2-stage reconstructions is
frequently performed using acellular dermal matrix
(ADM). The benefits of ADM include its ability to
provide soft-tissue support, provide elasticity within
the periprosthetic space, and stabilize the position
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of the pectoralis major muscle. The use of ADM for
2-stage reconstruction has also been demonstrated
to facilitate the expansion process and decrease
the time to device exchange.** The most com-
monly used ADM in the United States is AlloDerm
Regenerative Tissue Matrix (LifeCell Corporation,
an Acelity company, Bridgewater, N.J.). This ADM
is currently available in 2 forms that include sterile
“ready-to-use” (RTU) form and an aseptic “freeze-
dried” (FD) form. The RTU form requires 2-3 min-
utes of rehydration, whereas the FD form requires
approximately a 30-minute rehydration just before
the reconstruction procedure.

There have been many retrospective studies
evaluating the benefit of ADM for prosthetic breast
reconstruction; however, there has been no prospec-
tive randomized clinical trials comparing RTU with
FD. Many cohort studies, either prospective®® or ret-
rospective” as well as pre-/poststudies,’ have been
published with mixed results. Weichman et al’® evalu-
ated 122 women who received either RTU or FD and
concluded that the sterile form mitigated the risk
of infectious complications. Conversely, Yuen et al®
evaluated 103 patients with either the sterile or asep-
tic form and found higher complication rates with
the sterile form. Similarly, Buseman et al,” in a sam-
ple of 34 patients, reported significantly higher rates
of seroma formation in patients who received RTU
compared with those who received FD. Interestingly,
both Weichman et al° and Buseman et al” had a no-
ADM group as a control, yet reported different se-
roma results; Weichman et al® reported 1.4% versus
1.0% (P =1.00) and Buseman et al” reported 8.3%
versus 66.6% (P < 0.003) for no-ADM versus sterile,
respectively.

In light of the conflicting results, it was postulat-
ed that a pooling of results across all eligible stud-
ies might give additional insights that would not be
evident when evaluating each study independently.
The objective of this study was to systematically re-
view the literature with respect to comparisons of
sterile and aseptic ADM and conduct a meta-analysis
with respect to a hierarchy of primary and secondary
outcomes.

METHODS

A systematic literature review was conducted to
identify publications that compared the use of asep-
tic and sterile ADM for breast reconstruction. Rel-
evant postsurgical complications were identified and
extracted for comparison. Postsurgical complica-
tions reported in multiple studies were eligible for
comparison. Each complication rate reported by the
studies was assessed separately, and a meta-analysis
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was conducted, which compared each postsurgical
complication in terms of an odds ratio (OR) and rel-
ative risk (RR) between sterile and aseptic ADM. Our
hypothesis was that no difference would be demon-
strated between the 2 forms of ADM with respect to
postsurgical complications in women undergoing
prosthetic breast reconstruction.

This systematic review was conducted using the
PubMed database and limited to studies published
in English between 2010 and 2014 (RTU was not
available prior to 2010) and focused on the use of
AlloDerm ADM for prosthetic breast reconstruction.
The purpose of the search was to identify all articles
that met the selected criteria and compare out-
comes. Articles that focused on technique, review, or
opinion were excluded. The following search strat-
egy for the above-specified dates was used.

“Mammaplasty”[ Mesh] OR “breast reconstruction”
OR “breast reconstructions” OR “breast revision” OR
“breast surgery” OR “post-mastectomy reconstruc-
tion” OR “breast implants” OR “breast implantation”
OR “nipple reconstruction” OR mastopexy AND
AlloDerm OR “acellular dermal matrix” OR “acellular
dermal matrices” OR “biologic matrix” OR “biologic
matrices” OR “biological matrix” OR “biological ma-
trices” OR “biologic mesh” OR “biological mesh” OR
“bioprosthetic” OR “biomesh” OR “biological scaf-
fold” OR “biologic scaffold” OR “tissue matrix” OR
“tissue matrices” OR “allograft” OR “dermis-assisted.”

In order to ensure inclusion of all publications
reporting data on AlloDerm ADM use, additional
articles were identified manually by reviewing vari-
ous plastic surgery journals. The references from all
eligible articles were also reviewed to include addi-
tional articles that may have been missed from the
electronic search.

ADM was assumed to be RTU (sterile) if the prod-
uct name “ready to use” or RTU was mentioned ex-
plicitly, the product name was described as “sterile,”
or rehydration steps described in article indicate
RTU preparation. Conversely, ADM was determined
to be FD if product was described as “FD” or “asep-
tically processed,” rehydration steps described in
article indicate FD preparation, or study period be-
fore 2010. Analysis of complications was based on
individual breasts and not patients. In the event that
a study only reported data at the patient level, the
reported complications were included as part of a
sensitivity analysis.

The sterile and aseptic forms of ADM were con-
sidered to be the exposure variable of interest; thus,
complications were examined relative to the expo-
sure. Three separate main analyses were conduct-
ed to compare the incidence rates of 1) cellulitis,
2) explantation, and 3) seroma between aseptic and
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sterileADM.Foreachcomplication,RRand ORforthe
primary exposure (sterile vs aseptic) were reported
and used to determine effect sizes for individual
studies. A weighted estimator, inversely propor-
tional to the variance in each study, was used to
weight the effect sizes. Subsequently, a weighted
mean effect size (RR or OR), standard error, and
95% confidence intervals (CIs) were reported for
the combined studies.

Homogeneity of the effect sizes across studies was
assessed using a chi-square test on Cochran’s () sta-
tistic. For the Q statistic, P < 0.05 was considered to
indicate statistically significant heterogeneity. The
test for homogeneity determined whether a fixed-
or random-effects approach was implemented.
A fixed-effects approach considered the set of stud-
ies as homogeneous and representing all potential
studies of interest, whereas the random-effects ap-
proach treated the studies as heterogeneous and
considered them to be a sample from a population
of comparable studies. The homogeneity test results
led to the use of a random-effects model to pool ef-
fect-size estimates and compute treatment effects for
both the cellulitis and seroma outcomes measures.
A fixed-effect model was used to pool effect-size es-
timates for the explantation analysis. ADM size and
surgical technique were not considered. Differences
in rehydration time or specific techniques used to
prepare the tissue in advance of implantation were
not controlled for the analysis. The impact of age
and body mass index (BMI) was examined as poten-
tial confounders. Patient follow-up was considered
for the analysis, given the likelihood of variation
among studies. Specifically, the analysis was limited
to a comparison of complications provided by at least
2 studies reporting on that particular complication.

In order to include as many studies as possible,
studies that reported complications at the individual
patient level were included and tested using each of
the following assumptions:

1. That all patients underwent unilateral recon-
struction and thus the reported complications
are at the breast level (i.e., the same as the pa-
tient level)

2. That all patients underwent bilateral reconstruc-
tion and the reported complication occurred in
both breasts

3. That all patients underwent bilateral reconstruc-
tion and the reported complication occurred in
only one breast

The primary analyses assumed that the follow-up
between treatment arms and among studies was simi-
lar. There was no adjustment for variable follow-up
time among studies or for differences in follow-up

between treatment arms within the same study for
the primary analysis. Additional sensitivity analyses
for each reported complication took into account
the follow-up time when reported. The sensitivity
analyses assessed the robustness of the primary find-
ing by reporting the rate of complication per person-
year or person-month.

Where follow-up time was not reported and could
not be readily derived, the following assumptions
were made:

1. The study period will be used to derive the total
potential follow-up.

2. Enrollment into the study was assumed to be
uniform.

3. Given the above 2 assumptions, then it follows
that the mean follow-up time is the mid-way
point of the total study period.

These analyses were a retrospective analytic study
and thus noninterventional in nature. Subjects were
not exposed to any medical procedure. No individual
patient-level data or protected health information was
collected. Data collection was limited to the reported
literature and limited to data reported in aggregate.

RESULTS

A total of 235 unique citations were retrieved and
an additional 40 articles were found by manually
searching the aforementioned plastic surgery jour-
nals. From the 275 identified citations, 115 were eli-
gible for full review to determine which type of ADM
was used and if any comparisons between the 2 types
of ADM were made. Ten studies explicitly identified
RTU as the product used. Of those, 2 studies were
eliminated because their populations were includ-
ed in a later, more comprehensive report from the
same group. Of the remaining 8 studies, only 5 stud-
ies contained data that compared outcomes between
RTU and FD (Fig. 1).

Across the 3 studies that could be included in
the meta-analysis, there were a total of 259 patients.
Buseman et al’ did not provide data at the breast
level; thus, that data were used only for sensitivity
analysis. As such, a total of 391 breasts were included
in the primary analysis (Table 1). The populations
with respect to age were generally comparable be-
tween the sterile and aseptic forms both within and
between studies (Table 2). For BMI, the groups were
similar for sterile and aseptic forms within study.
However, between studies, the Yuen et al® popula-
tion had slightly higher mean BMI when compared
with Weichman et al’> population for both sterile
(30.2kg/m?* 95% CI, 27.51-32.89 vs 24.92kg/m?;
95% CI, 23.65-26.19) and aseptic (30.3kg/m? 95%
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Records identified
through database search

Additional records identified
through other sources

(n= 235) (n=40)
Total Records Identified
and Screened
(n=275)
A 4 i
Eligible for Full Review Excluded
(n=115) (n=160)
A 4 ¢
Included Excluded
Identified AlloDerm -No RTU vs FD comparisons
RTU as product used (n=103)
(n=10) - Duplicate populations (n = 2)
Y ¢
Included Excluded
Compared RTU vs FD (n=15)

(n=5)

Not Comparative

y

v

Included In Meta-
Analysis
(n=3)

Excluded
(n=2)
RTU vs FD rates not
provided

Fig. 1. Prisma flow diagram. A total of 275 records were identified through
literature searches. The majority of articles (n = 160) did not identify the
sterile product explicitly. Of the remaining, 103 did not have comparative
data or were duplicates, leaving 5 studies for qualitative synthesis and 3

for meta-analysis.

CI, 28.54-32.06 vs 26.6kg/m? 95% CI, 25.22-27.98)
forms, respectively. The CI for the Buseman et al’
population included the Weichman et al° CI and
overlapped with Yuen et al® CI to a significant extent
(Table 2). Overall, there was no difference in BMI
between sterile and aseptic forms.

The results of the current meta-analysis are sum-
marized in Figures 2 and 3. Across all meta-analyses,
there were no differences in complication rates
measured by OR between RTU and FD: cellulitis

(OR=0.848;95% CI,0.220-3.273) ,seroma (OR=0.584;
95% CI, 0.047-7.230), and explantation (OR = 0.569;
95% CI,0.225-1.437). Similarly, there was no difference
in any of the complications when measured using RR
between the 2 cohorts: cellulitis (RR = 0.863; 95% CI,
0.272-2.740), seroma (RR = 0.553; 95% CI, 0.026—
11.830), and explantation (RR =0.593; 95% CI, 0.247-
1.425). None of the sensitivity analyses altered the
primary results of the study, including variable follow-
up time and inclusion of the study by Buseman et al.”

Table 1. Patients and Breasts Numbers by Study and Product

RTU/Sterile FD/Aseptic Total
Author Patients Breasts Patients Breasts Patients Breasts
Weichman et al (2013)° 64 105 58 90 122 195
Yuen et al® 52 100 51 96 103 196
Buseman et al’ 9 NR 25 NR 34 NR
Total 125 NA 134 NA 259 NA
Total without Buseman et al’ 116 205 109 186 225 391

NA, not applicable; NR, not reported.
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Table 2. Selected Baseline Characteristics by Study and Product

RTU/Sterile FD /Aseptic
Author n Mean SD 95% LL 95% UL n Mean SD 95% LL 95% UL
Age Weichman et al
(2013)° 64 49.86 10.6 47.26 52.46 58 49.09 11.7 46.08 52.10
Yuen et al® 52 51.2 10.3 48.40 54.00 51 50.5 10.8 47.54 53.46
Buseman et al’ 9  49.55 12.71 41.25 57.85 25 47.96 11.41 43.49 52.43
Combined 125 50.40 10.54 48.55 52.24 134 49.42 11.23 47.52 51.32
BMI Weichman et al 64 2492 5.19 23.65 26.19 58 26.6 5.38 25.22 27.98
(2013)°
Yuen et al® 52 30.2 9.9 27.51 32.89 51 30.3 6.4 28.54 32.06
Buseman et al’ 9 25.71 5.97 21.81 29.61 25 26.48 6.55 23.91 29.05
Combined 125 27.17 7.50 25.86 28.49 134 27.99 5.96 26.98 29.00
LL indicates lower limit; UL, upper limit.
For all complications and tested scenarios (with DISCUSSION
and without Buseman et al,’ using different assump- The reported benefits of ADM stem from its re-

tions regarding Buseman'’s data, and adjustment for  generative potential and its ability to revascularize
variable follow-up time), there was no difference and recellularize with host erythrocytes and fibro-
with respect to complications between sterile and  blasts. ADM has been demonstrated to incorporate
aseptic ADM (Figs. 2 and 3). into the host tissues and provide tissue support. The

Acellular Dermal Matrix

RTU Aseptic
Events TotalN Events Total N OR LCL ucL
Cellulitis
Weichman 9 105 18 90 —— 0.375 0.159 0.883
Yuen 21 100 12 96 -—a— 1.861 0.859 4.031

Overall —1— 0.848 0.220 3.273
Time-adjusted 0.931 0.103 8.373

Explantation

Weichman 2 105 6 20 e e 0.272 0.053 1.382
Yuen 6 100 7 96 —.— 0.812 0.263 2.508
Qverall —— 0.569 0.225 1.437
Time-adjusted — 0.725 0.287 1.831
Seroma
Weichman 1 105 4 90 L 0.207 0.023 1.884
Yuen 22 100 18 96 — 1.222 0.608 2.455
Overall L 0.584 0.047 7.230
Time-adjusted L 0.669 0.016  28.517

Sensitivity Analyses
+ Buseman (a)

Overall —_— 1.794 0.246 13.076
Time-adjusted —_— 2.381 0.330 17.186
+ Buseman (b)

Overall g 2.013 0.239 16.981
Time-adjusted L 2.483 0.303 20.367
+ Buseman (c)

Qverall —_— 1.584 0.316 7.940
Time-adjusted —_— 1.964 0.373 10.326

0.01 0.1 1 10
<---RTU Better---- ----Aseptic Better--->

Fig. 2. OR for baseline analysis and sensitivity analysis. The overall OR for each complication shows no difference between ster-
ile vs aseptic AlloDerm. The inclusion of patient-level data and time adjustment did not alter the conclusion under a variety of
assumptions. OR or RR less than 1 favors sterile AlloDerm over aseptic AlloDerm. Buseman et al’ (a) assumed that all patients
had unilateral reconstruction and reported complications are at the breast level. Buseman et al’ (b) assumed that all patients
had bilateral reconstruction and the reported complication occurred in both breasts. Buseman et al” (c) assumed that all pa-
tients had bilateral reconstruction and the reported complication occurred in only one breast.
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Acellular Dermal Matrix

RTU Aseptic
Events TotalN Events TotalN RR LCL ucL
Cellulitis
Weichman 9 105 18 90 —a— 0.429 0.203 0.906
Yuen 21 100 12 96 —— 1.680 0.876 3.223
Overall l 0.863 0.272 2.740
Time-adjusted 0.999 0.186 5.377
Explantation
Weichman 2 105 6 90 —_— 0.286 0.059 1.381
Yuen 6 100 7 96 —— 0.823 0.287 2.361
Qverall —.— 0.593 0.247 1.425
Time-adjusted —— 0.754 0.316 1.803
Seroma
Weichman 1 105 4 90 = 0.214 0.024 1.883
Yuen 22 100 18 96 —— 1.173 0.673 2.047
Overall = 0.553 0.026 11.830
Time-adjusted L 0.629 0.010 39.323
Sensitivity Analyses
+ Buseman (a)
QOverall —_— 1.509 0.352 6.466
Time-adjusted —— 1.749 0.397 7.697
+ Buseman (b)
Overall ——— = 1.578 0.302 8.255
Time-adjusted —r— 1.817 0.357 9.232
+ Buseman (c)
Qverall = 1.479 0.359 6.098
Time-adjusted —_—— 1.721 0.401 7.389
T T g
0.01 0.1 1 10
<---RTU Better---- ----Aseptic Better--->

Fig. 3. Relative risk for baseline and sensitivity analyses. The overall RR for each complication shows no difference between
sterile vs aseptic AlloDerm. The inclusion of patient-level data and time adjustment did not alter the conclusion under a va-
riety of assumptions. OR or RR less than 1 favors sterile AlloDerm over aseptic AlloDerm. Buseman et al’ (a) assumed that all
patients had unilateral reconstruction and reported complications are at the breast level. Buseman et al’ (b) assumed that all
patients had bilateral reconstruction and the reported complication occurred in both breasts. Buseman et al” (c) assumed that

all patients had bilateral reconstruction and the reported complication occurred in only one breast.

Table 3. Complications Reported by Study

Study

Outcomes Weichman et al®

Yuen et al®

Buseman et al’ Khansa et al’* Weichman et al®*

Flap necrosis

Infection

Cellulitis

Explantation

Interventional radiology drainage
Seroma

Hematoma requiring operation

NN
AN

v v

v v

*Data not provided to permit aseptic vs sterile comparisons.

success of this regenerative tissue matrix has been
attributed to the specialized processing of the native
skin and the preservation of its extracellular matrix.

The use of ADM for 1- and 2-stage prosthetic
breast reconstruction was initially reported in 2006
by Salzberg' when it was realized that surgical out-
comes could be enhanced. Since 2006, there have
been a plethora of articles demonstrating the indica-
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tions and benefits of AlloDerm for breast surgery.''-'*

The majority of these articles reported the use of
the FD ADM. FD ADM is processed aseptically and
requires hydration prior to implantation. It was not
until 2010 that the sterile or RTU form was intro-
duced. Although utilization of the sterile ADM has
increased, there have been few studies comparing
outcomes between the RTU and FD varieties. Thus,
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the question that warrants inquiry is whether the pro-
cessing differences associated with RTU and FD ADM
have affected the performance of the materials.

Only 3 studies provided sufficient data for in-
clusion in meta-analysis (Table 3).>”® The stud-
ies by Khansa et al® and Weichman et al® either
reported data in aggregate or with limited detail
to permit inclusion. This systematic review and
meta-analysis has tabulated outcomes from the re-
maining 3 studies that when analyzed individually
demonstrated differing results. The meta-analysis
comparison of RTU and FD ADM has demonstrat-
ed a similar performance profile based on the oc-
currence of cellulitis, seroma, and explantation.
Across all meta-analyses, there were no differenc-
es in complication rates between the 2 cohorts.
The seroma results remained similar between the
2 groups after including the study by Buseman
et al.” Results remained nonsignificant even after
adjustment for variable follow-up time. Patient
demographics based on BMI and age was similar
and not significantly different.

Although the data reported by Khansa et al” and
Weichman et al® were excluded from the analyses,
both studies did report similar complication rates
between the RTU and FD groups. Khansa et al? not-
ed that the rate of infection was no different with
respect to sterile or aseptic (sterile, 11.8%; aseptic,
14.0%; P = 0.74). The 2014 report by Weichman
et al® appears to be a progress report of the 2013
publication by Weichman et al,> with more re-
constructed breasts, 790 breast reconstructions
compared with the 195 reported in the 2013 pub-
lication. Although infection and explantation are
reported in 2014 report by Weichman et al,® rates
are not provided for sterile or aseptic ADM. Nev-
ertheless, the report does suggest that major in-
fectious complications [10.3% (n = 56) to 5.6%
(n=8); P=0.112] and explantation [7.7% (n=50)
to 2.8% (n =4); P = 0.004] have decreased since
the introduction of sterile ADM. It is important to
note that the decline reported for major infectious
complications was not significant.

The clinical relevance of these findings is impor-
tant because of the potential advantages of sterile
RTU compared with FD ADM. RTU ADM has been
terminally sterilized to achieve a sterility assurance lev-
el (SAL) of 107%. Although the SAL of FD ADM is also
1073, it is considered aseptic because it has not been
terminally sterilized according to the regulations set
forth by the Food and Drug Administration. The pro-
cess of cryopreservation is bacteriocidal to achieve an
SAL of 107. The sterility associated with terminal ra-
diation can be adjusted to achieve a SAL of 10~ or
higher. However, excessive radiation of a biologically

material that is heat sensitive such as skin can result
in excessive damage to the extracellular matrix, re-
sulting in a greater inflammatory response associated
with resorption and less regenerative potential.'’

The other benefit of RTU ADM is that it is prehy-
drated and thus requires only a 2- to 3-minute soak
when removed from the pouch and before implanta-
tion. The FD ADM typically requires 20-30 minutes
of hydration to reverse the cryopreservation and to
adequately remove the cryopreservatives. Thus, it may
increase operative times while waiting for the rehydra-
tion step to complete. Failure to adequately hydrate the
ADM has the potential to cause “red breast syndrome”
that has been linked to the retained cryopreservatives.'®

Clinical observations using RTU and FD ADM
corroborate the findings of this systematic review.
Having performed nearly 1000 AlloDerm breast re-
constructions (performed between 2005 and 2015)
with almost equal RTU and FD cohorts, surgical
outcomes have been unchanged between the 2 (MY
Nahabedian, unpublished data, 2015). Tissue inte-
gration and the incidence of infection, seroma for-
mation, and explantation are similar.

The limitation of this study includes a lack of a ran-
domized clinical trial or level 1 study in the publica-
tions used within this meta-analysis. A meta-analysis of
retrospective data inherits potential confounders that
can skew results preferentially toward one arm of a
comparison group. For example, confounding vari-
ables such as radiation or neoadjuvant chemotherapy
may increase complications on one arm of the study
masking the overall beneficial effect in that arm. Ad-
ditionally, although the RTU ADM is used extensively,
the literature rarely specifies RT'U and instead makes
reference only to ADM; as a result, the number of
studies available for inclusion were limited. Given
this, the lack of statistical difference may be attribut-
able to the low power of the study, leading to a type
II error. Finally, there was no way to ensure common
definition among studies for any of the outcomes.

CONCLUSIONS

The results of this meta-analysis have demonstrat-
ed that RTU and FD ADM have similar outcomes
when used for prosthetic breast reconstruction
based on infection, seroma, and explantation. In
light of the fact that RTU is the most widely used
repair material, this study demonstrates no differ-
ence from FD. Future outcome studies should be
randomized, controlled, and prospective to provide
level 1 evidence supporting the use of RTU ADM.
Additionally, future studies examining potential
differences in the economic impact between RTU
and FD ADM use in breast reconstruction are also
warranted.
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