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As the prevalence of breast cancer has in-
creased so has the number of patients seek-
ing mastectomy and reconstruction, both 

therapeutically and prophylactically.1 Despite the op-
tion of autologous breast reconstruction, the most 
common method used for breast reconstruction 
remains the 2-stage tissue expander and implant re-

construction.2 Traditionally, this technique involves 
the placement of a tissue expander under the pecto-
rals major muscle, with the serratus anterior muscle 
serving as an inferolateral sling. In an attempt to ex-
pedite tissue expansion, improve cosmesis, and ac-
commodate larger sized tissue expanders, Salzberg 
et al3 introduced the concept of using an acellular 
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Introduction: Postoperative infections are a major complication associated 
with tissue-expander-based breast reconstruction. The use of acellular der-
mal matrix (ADM) in this surgery has been identified as a potential reservoir 
of infection, prompting the development of sterile ADM. Although aseptic 
and sterile ADMs have been investigated, no study has focused on the occur-
rence and clinical outcome of bacterial colonization before implantation.
Methods: Samples of aseptic AlloDerm, sterile Ready-To-Use AlloDerm, 
and AlloMax were taken before implantation. These samples were incubat-
ed in Tryptic soy broth overnight before being streaked on Trypticase soy 
agar, MacConkey agar, and 5% blood agar plates for culture and incubated 
for 48 hours. Culture results were cross-referenced with patient outcomes 
for 1 year postoperatively.
Results: A total of 92 samples of ADM were collected from 63 patients. 
There were 15 cases of postoperative surgical site infection (16.3%). Only 
1 sample of ADM (AlloMax) showed growth of Escherichia coli, which was 
likely a result of contamination. That patient did not develop any infec-
tious sequelae. Patient outcomes showed no difference in the incidence of 
seroma or infection between sterile and aseptic ADMs.
Conclusions: This study evaluates the microbiology of acellular dermal 
matrices before use in breast reconstruction. No difference was found in 
the preoperative bacterial load of either aseptic or sterile ADM. No signifi-
cant difference was noted in infection or seroma formation. Given these 
results, we believe aseptic processing used on ADMs is equivalent to sterile 
processing in our patient cohort in terms of clinical infection and seroma 
occurrence postoperatively. (Plast Reconstr Surg Glob Open 2016;4:e761; doi: 
10.1097/GOX.0000000000000705; Published online 28 June 2016.)
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dermal matrix (ADM) to replace the serratus ante-
rior muscle in 2001.

ADM gained popularity among reconstructive sur-
geons, who touted its benefits including the ability to 
perform single-stage reconstruction,4 better inframa-
mmary fold definition, and improved inferior pole 
projection.4–6 There have also been claims of reduced 
rate of capsular contracture7,8 and improved esthetic 
results.9–11 Recent studies have also demonstrated re-
duced cost of operation when using ADM to complete 
1-stage reconstruction in comparison with 2-stage re-
construction with a submuscular implant.5,12

Unfortunately, numerous complications have 
been associated with ADM use, most notably infec-
tion and seroma. Previous work by our group associ-
ated ADM use in patients with breasts greater than 
600 g with an increased risk of infection,13 a finding 
supported by subsequent studies.9,14–16 However, oth-
er studies have failed to demonstrate any significant 
difference in infectious complications between ADM 
and non-ADM breast reconstruction.17–19 This finding 
was supported by Fahrenbach et al,20 who demonstrat-
ed that aseptic ADMs are resistant to penetration by 
bacteria, including skin flora such as staphylococcus 
or streptococcus. With that being said, these studies 
were all completed with aseptic ADM, which requires 
an intraoperative rehydration and preparation pro-
cess that could potentially lead to contamination.

In response to the concerns of increased rates 
of infection, LifeCell (Bridgewater, N.J.) created a 
sterile ADM regenerative tissue matrix, which does 
not require intraoperative rehydration and claims a 
sterility assurance level (SAL) of 10−6.21 Current work 
with sterile ADM has not shown a conclusive benefit 
compared to aseptic preparations. Two systematic re-
views show a decreased rate of infection,21,22 whereas 
a third study shows no significant difference.23 The 
purpose of this study is to investigate the microbiol-
ogy of aseptic and sterile ADMs before implantation 
and determine if there is a correlation with postop-
erative infections and seroma.

METHODS
ADM samples were obtained immediately upon 

opening the sterile packaging before implanta-
tion during surgical procedures. Samples measur-
ing 1 × 1 cm were taken from AlloDerm, AlloDerm 
Ready-To-Use (LifeCell), and AlloMax (Bard, War-

wick, R.I.) using sterile surgical instruments. This 
study was approved by institutional review board un-
der exempt status, January 2012.

ADM samples were incubated in Tryptic soy broth 
(BD Biosciences, San Jose, Calif.) and were shaken 
at 225 rpm at 37°C overnight using a bacterial shaker 
(Benchmark Inc, Edison, N.J.). Samples were then 
streaked on Tryptic soy agar, MacConkey agar, and 
5% blood agar plates using sterile disposable inocu-
lation loops and incubated at 37°C overnight. Esch-
erichia coli (E. coli) was streaked on similar plates as a 
positive control for bacterial growth. After 24 hours 
of incubation, the plates were observed for the pres-
ence of bacterial colonies. If no growth was observed, 
the plates were incubated for an additional 24 hours 
at 37°C. The absence of observable bacterial growth 
after 48 hours of incubation indicated the samples 
were free of investigated bacteria and were recorded 
as negative for bacterial growth.

Patient charts were also reviewed after 1 year 
postoperatively to assess overall outcomes. Patients 
were specifically evaluated for cellulitis, deep space 
infection, and seroma formation. Any wound cul-
tures from patients experiencing infectious compli-
cations were documented as well. Patients were split 
into 2 groups based on which ADM they received. 
Those receiving AlloDerm were considered aseptic 
and those receiving AlloMax or AlloDerm RTU were 
considered sterile. Statistical analysis was completed 
using χ2 analysis.

RESULTS
Between February 2012 and May 2013, a total of 

92 samples were collected from ADMs implanted in 

Table 1. Patient Demographics by Acellular Dermal 
Matrix Used

AlloDerm		
(n	=	53)

AlloDerm	
RTU		

(n	=	24)
AlloMax		
(n	=	15)

Procedure
  Immediate breast  

reconstruction
53 13 15

  Delayed breast  
reconstruction

0 3 0

  Breast reconstruction 
revision

0 8 0

Comorbidities
  Median age 51.2 50.7 50.1
  Coronary artery 

disease
1 0 0

  Hypertension 6 4 3
  Hyperlipidemia 4 3 1
  Diabetes 2 1 2
  Hypothyroidism 4 4 0
  Tobacco use 6 5 0
  Chemotherapy 5 4 2
  Radiation Therapy 5 3 1

Disclosure:	The authors have no financial interest to 
declare in relation to the content of this article. This 
study was investigator initiated and self-funded. The 
Article Processing Charge was paid for by the authors.
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63 random, nonconsecutive patients of homogenous 
demographics (Table 1). Of these, 81 samples were 
taken from ADMs used in immediate breast recon-
struction, 3 from delayed breast reconstructions, 
and 8 from breast reconstruction revisions. A total 
of 53 samples of AlloDerm were implanted (33 pa-
tients), 24 samples of AlloDerm RTU (19 patients), 
and 15 samples of AlloMax (11 patients). Patient de-
mographics are shown in Table 1.

Cultures were positive in a single ADM sample, 
taken from AlloMax, which was subsequently used 
for an immediate breast reconstruction. The sample 
grew cultures on all 3 agars, and based on positive 
controls was a Gram-negative species, specifically 
E. coli. No genotyping was performed on the organ-
ism. The patient who received this ADM experienced 
no infectious complications and did not develop a 
seroma postoperatively.

A total of 15 (23.8%) patients developed postop-
erative infections and 4 (6.3%) patients developed 
seroma. There were 9 (17.0%) infections in the asep-
tic cohort and 6 (15.4%) in the sterile cohort. Of the 
4 samples in patients who developed seroma, 3 were 
from aseptic ADMs and the other 1 was from a sterile 
ADM. These differences were not found to be sta-
tistically significant (Table 2). No postoperative in-
fections were noted in the patients implanted with 
AlloMax. There was no statistically significant differ-
ence compared with the aseptic group (P = 0.09) or 
to the rest of the study population (P = 0.064).

Cultures drawn after being diagnosed with a 
clinical infection were also documented. No patients 
diagnosed with cellulitis had cultures performed, al-
though all 10 deep infection patients had cultures 
taken after expander removal. Of these patients, 
9 yielded positive cultures (Table 3). Five of these 
infections were secondary to normal skin flora 
(Staphylococcus aureus and Staphylococcus epidermidis), 

whereas 4 were caused by Gram-negative organisms 
(Proteus mirabilis and Serratia marcescens). Overall, 
there was no difference between sterile and aseptic 
products in terms of which organism caused a deep 
space infection.

DISCUSSION
The use of ADM in breast reconstruction remains 

an important component of 1- and 2-stage alloplastic 
breast reconstruction. Although ADM gained wide-
spread use in 2005,22 recent literature has advocated 
for a more selective utilization, specifically for pa-
tients with well-vascularized flaps, with large or ptot-
ic breasts, or who are unable to achieve adequate 
inferior implant coverage with a serratus anterior 
muscle flap.24 More recent studies recommended 
selective use due to increased risk of seroma and  
infection.3,5,8,9,11,13–16,25–28 Given the significant expense 
of ADM, which is priced by the manufacturer at $25 
to $30 per square centimeter, financial constraints 
demand assessment of surgical utilization on an in-
dividual scale, especially in the face of the associated 
risk profiles.3,8

Potential complications associated with ADM use 
include seroma formation or flap necrosis. These com-
plications are likely caused by the use of a foreign body 
and a prosthesis surrounded by poorly vascularized 
mastectomy skin flaps, which in turn may contribute 
to increased infection rates.5 Failure to match the ADM 
dimensions to the skin flap may impair incorporation, 
thus creating a space for fluid buildup. The resulting 
seroma provides a microenvironment where bacteria 
may flourish and cause infection. ADM also allows for 
surgeons to use implants in 1-stage reconstruction or to 
increase the initial fill of the tissue expander. A larger 
implant or expander can stretch the skin flaps and fur-
ther compromise blood flow, leading to flap necrosis. 
By compromising the flap blood supply, ADM incor-
poration, local immune function, and the protective 
nature of the skin are all impaired, potentially allowing 
for bacterial overgrowth and infection.

Although there is ample evidence of increased 
rates of infection in patients who receive ADM, these 
findings are far from a consensus opinion. A number 
of studies have found that ADM poses no significant 
risk of increasing the rate of clinical infection.5,17–19,29 
Peled et al30 even found a statistically significant 
decrease in infection rate when using ADM. When 
investigating sterile ADM such as AlloDerm Ready-
To-Use and AlloMax, early results from Weichman 
et al22 and Venturi et al21 indicated these ADMs de-
creased infection rate as well. Conversely, a study by 
Buseman et al23 showed no difference in infection 
rate, although there was an increased seroma rate 
associated with sterile ADM use. This conclusion was 

Table 2. Complications Comparing Aseptic and 
Sterile Cohorts

Aseptic Sterile P

Infectious complications 9 6 0.84
  Cellulitis 2 3 0.41
  Deep infection 7 3 0.40
Seroma 3 1 0.47

Table 3. Culture Results

AlloDerm
AlloDerm		

RTU AlloMax

Staphylococcus aureus 3 1 0
Staphylococcus epidermidis 0 1 0
Proteus 2 0 0
Serratia 1 1 0
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also confirmed in a meta-analysis by Macarios et al,31 
comparing AlloDerm to AlloDerm RTU, which con-
cluded that complication rates were equivocal be-
tween the 2 ADMs. These disparate opinions, likely 
secondary to the common use of a retrospective study 
design or insufficient power, further underscore the 
need for a proper randomized, controlled trial.

Current guidelines recommend an SAL of 10–6 for 
products deemed “sterile,” meaning no more than 1 
organism should be present in 1,000,000 sterile prod-
ucts.32 In comparison, aseptic products require an SAL 
of 10–3. Although theoretically sterilizing a product 
confers a lower bacterial load, from a practical stand-
point a difference in infection rates between these 
levels has not been proven.33 Unfortunately, the steril-
ization process may also affect the mechanical proper-
ties of ADMs. Mendenhall et al34 performed a study on 
14 different brands of ADM, using fluorescent in situ 
hybridization to determine microbial growth patterns 
and electron microscopy to investigate the effects 
of the sterilization process. More bacteria per high 
power field were observed in the aseptically processed 
group, although this did not impact growth in culture 
(3.6 versus 1.6; P = 0.0003).34 Imaging these ADMs 
with electron microscopy showed a more disorga-
nized collagen structure in the sterile ADMs, suggest-
ing possible damage stemming from the sterilization 
process.34 Although the overall impact of sterilization 
on the mechanical properties of ADMs is uncertain, 
physicomechanical studies have shown decreased su-
ture retention strength, tear resistance, and ball burst 
strength when comparing sterilized human ADMs to 
aseptically processed human ADMs.35

In our study, only 1 sample of ADM grew out any 
organisms in culture. The single culture likely grew 
out E. coli, which is an organism not typically associ-
ated with infection after breast reconstruction. This 
sample was likely contaminated during the prepara-
tion process or in transport from the operating room 
to the sample dish. This is further supported by a lack 
of clinical infection in the patient postoperatively. 
Our results show that the aseptic ADM is not colo-
nized, especially after the preparation process, and is 
resistant to bacterial growth. This indicates that there 
may be little to no significance in increasing the SAL 
in these products from 10–3 to 10–6 with a sterilization 
procedure. With that being said, once placed inside 
the body, these properties may change, especially in 
the presence of seroma and/or flap necrosis, which 
have been proposed as causative mechanisms.

This study is limited by the methodology in which 
we investigate ADM ex vivo and its limited sample size. 
Although the number of cultured samples is signifi-
cant, the lack of power may have contributed to the 
inability to find a statistically significant difference 

in clinical outcomes. Our clinical results are also im-
pacted by the large number of confounding variables, 
such as medical comorbidities, adjuvant therapies, 
and differences among surgeons. Further work on 
this topic requires a more extensive, long-term pro-
spective study to fully validate our findings. A prospec-
tive, blinded study would be optimal, with a long-term 
follow-up of complications. A study of in vivo ADM 
samples would also help to elucidate this relationship.

CONCLUSIONS
This study evaluates the microbiology of samples 

of acellular dermal matrices before use in breast re-
construction. No difference was found in the pre-
operative bacterial load of either aseptic or sterile 
ADM. Further, no significant difference was noted 
in clinical infection or seroma formation in either 
group. Given these results, we feel that the aseptic 
processing used on ADMs was equivalent to sterile 
processing in our patient cohort in terms of clinical 
infection and seroma occurrence postoperatively.
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