
D
ow

nloaded
from

https://journals.lw
w
.com

/plasreconsurg
by

FLEYIVG
vEagp17sopd7feT1nW

3N
Eh04n7A5o1N

c3Pc1yeAYw
AeBzFH

03q3Q
A2KAG

m
9ESH

jlM
8dLD

6qM
1H

Q
xYiIoZrjtPEuC

n4N
W
Kg58hU

j17m
7x3X3uEC

AAs8PV9bU
km

kBpe8/bisSajdzLU
C
5C

drlm
W
jQ
W
ZKvM

3baSaW
upN

G
/0=

on
11/15/2019

Downloadedfromhttps://journals.lww.com/plasreconsurgbyFLEYIVGvEagp17sopd7feT1nW3NEh04n7A5o1Nc3Pc1yeAYwAeBzFH03q3QA2KAGm9ESHjlM8dLD6qM1HQxYiIoZrjtPEuCn4NWKg58hUj17m7x3X3uECAAs8PV9bUkmkBpe8/bisSajdzLUC5CdrlmWjQWZKvM3baSaWupNG/0=on11/15/2019

Copyright © 2018 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

www.PRSJournal.com 1

The rate of two-stage breast reconstruction 
with initial placement of a tissue expander 
followed subsequently by exchange for a 

permanent implant continues to increase, and 
this is currently the most common method of 
breast reconstruction.1–3 Although there have 
been many recent changes to the types of expand-
ers and implants, the basic tenet for coverage of 

the prosthesis remains unchanged. The pectoralis 
major and serratus muscles were first used for total 
muscle coverage of the expander to minimize the 
risk of exposure of the prosthesis in the setting of 
mastectomy skin flap necrosis.4,5

In 2005, the first series in which AlloDerm 
(LifeCell Corp., Branchburg, N.J.) was used 
as a sling for coverage of the lower pole of the 
expander was reported.6 Since this first reported 
experience, there have been multiple studies 
touting the benefits of acellular dermal matrix in 
prosthetic breast reconstruction, including supe-
rior coverage of the implant, increased initial 
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Background: Prosthetic breast reconstruction is the most common method 
for treatment of patients undergoing mastectomy. Acellular dermal matrix has 
become more popular in implant-based breast reconstruction.
Methods: The authors conducted a retrospective review of all patients under-
going prosthetic breast reconstruction between August of 2002 and December 
of 2013. Patients were analyzed in terms of demographics, fill volumes, number 
of expansions, costs, and complications.
Results: A total of 284 patients underwent mastectomy surgery with 481 im-
plant-based breast reconstructions. Four hundred eight tissue expanders had 
total muscle coverage, whereas 73 had AlloDerm. The rate of overall complica-
tions and major complications was significantly higher in the AlloDerm group: 
20.5 percent versus 8.8 percent (p = 0.005), and 13.7 percent versus 5.1 percent 
(p = 0.0001), respectively. The mean initial fill volume was significantly lower 
in the total muscle coverage group compared to the acellular dermal matrix 
group (54 ± 47 versus 167 ± 139; p = 0.00003), resulting in a higher number 
of expansions (8.1 versus 5.8; p = 0.000051) and longer time to full expansion 
(60.2 days versus 43.3 days; p = 0.0002). This did not translate into a faster 
time to expander exchange (162.4 days versus 162.3 days; p = 0.13). Use of 
AlloDerm added a mean cost of $2217 for each breast.
Conclusions: Implant-based breast reconstruction has evolved with the advent 
of acellular dermal matrices. Although the use of acellular dermal matrix 
allows increased initial fill volumes and fewer total expansions, there is an 
increased risk of complications and increased costs, especially in patients un-
dergoing bilateral reconstruction. Total muscle coverage remains an excellent 
option for providing quality breast reconstruction without increased complica-
tions. (Plast. Reconstr. Surg. 143: 1, 2019.)
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fill volumes, and improved cosmetic results.7–9 In 
addition, there has also been a massive influx of 
different types of acellular dermal matrices into 
the market.10–14 Meanwhile, there have also been 
multiple studies stating that acellular dermal 
matrices may actually result in a higher rate of 
complications.15–17

Clearly, there is no consensus regarding what 
the ideal method should be for prosthetic breast 
reconstruction and which acellular dermal matrix 
is superior. However, the original method with 
total muscle coverage may still be the optimal 
method for implant-based breast reconstruction 
while also minimizing operative costs.

PATIENTS AND METHODS
A retrospective review was performed of all 

patients undergoing two-stage, tissue expander–
based breast reconstruction at a single academic 
cancer center between August of 2002 and 
December of 2013. All reconstructions were per-
formed by three plastic surgeons who routinely 
perform prosthetic breast reconstruction in their 
practice, and all skin-sparing mastectomies were 
performed by six breast surgeons. There were no 
patients who underwent nipple-sparing mastec-
tomies or modified radical mastectomies in the 
study population. Patients who underwent single-
stage, direct-to-implant reconstruction or delayed 
placement of a tissue expander were excluded 
from the study. In addition, there were no patients 
who had prepectoral placement of tissue expand-
ers with acellular dermal matrix during the study 
period. All patients undergoing prosthetic breast 
reconstruction were analyzed in terms of demo-
graphics, medical comorbidities, smoking status, 
cancer stage, and cancer treatment, including 
chemotherapy and radiation therapy. Further 
evaluation of the tissue expanders, including ini-
tial fill volumes, time to drain removal, number 
of expansions, and time to expander exchange 
was also performed. Long-term follow-up of all 
patients was performed at least 2 years after the 
second stage of the reconstruction to evaluate the 
rate of revisions to the reconstructed breasts.

The rate of complications and overall costs for 
the initial procedure were also examined. Major 
complications were defined as any complication 
requiring operative intervention such as evacua-
tion of a hematoma, débridement of mastectomy 
skin flap necrosis, removal of the expander, salvage 
with an autologous tissue flap, or cellulitis requir-
ing hospital admission for intravenous antibiot-
ics. Minor complications included conservative 

management of mastectomy skin flap necrosis 
with local wound care, aspiration of seromas, and 
treatment of cellulitis with oral antibiotics.

All patients undergoing total muscle coverage 
had the expander placed beneath the pectoralis 
major muscle. The serratus muscle was elevated to 
provide coverage of the inferolateral aspect of the 
tissue expander. In the acellular dermal matrix 
group, rectangular pieces of AlloDerm regenera-
tive tissue matrix or ready-to-use AlloDerm was 
used exclusively as the only source of acellular der-
mal matrix and secured along the inframammary 
fold to cover the inferior aspect of the expander, 
whereas the remainder was covered by the pecto-
ralis major muscle. The decision to use acellular 
dermal matrix was based solely on clinical need 
if the pectoralis muscle was inadequate for cov-
erage of the tissue expander (e.g., attenuated 
muscle, partially resected muscle, or damage to 
the muscle caused by the mastectomy), which also 
removes the potential for selection bias. A shaped, 
textured tissue expander was used in all cases, and 
intraoperative expansion was performed to allow 
primary closure without tension on the mastec-
tomy skin flaps. All patients had two drains placed 
during the initial operation that were left in place 
until the output was less than 30 cc/day for 2 con-
secutive days. All patients received an intravenous 
dose of antibiotics before the operation and were 
continued on oral antibiotics for 1 week after 
surgery.

Chi-square test or Fisher’s exact test was used 
to perform a univariate analysis to analyze the 
association of each patient characteristic to devel-
oping a complication and the need for reopera-
tion. Characteristics with a value of p < 0.25 were 
entered into the final multiple logistic regression 
model. The association between total muscle cov-
erage or placement of AlloDerm with each out-
come was examined in univariate analysis. All 
analyses were performed using SAS 9.2 software 
(SAS Institute, Inc., Cary, N.C.), and values of p < 
0.05 were considered statistically significant.

RESULTS
A total of 284 patients underwent implant-

based breast reconstruction over the 12-year study 
period, performed by three plastic surgeons. Two 
hundred thirty-one patients underwent recon-
struction of 408 breasts with total muscle coverage, 
whereas the remaining 43 patients had AlloDerm 
placed in 73 breasts. There was no significant dif-
ference in the age of the patients between the total 
muscle and acellular dermal matrix groups (47.6 
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years versus 49.4 years; p = 0.27) or in the aver-
age body mass index (25.0 kg/m2 versus 24.2 kg/
m2; p = 0.40). Further evaluation of the medical 
comorbidities failed to demonstrate any differ-
ences in the incidence of diabetes, hypertension, 
or active smoking status. Assessment of the differ-
ences in the treatment of malignancy also did not 
show any difference in the rate of chemotherapy 
or radiation treatment (Table 1).

Use of AlloDerm allowed for increased initial 
fill volumes of the tissue expander (Table 2) (167 
± 139 ml versus 54 ± 47 ml; p = 0.00003), which 
translated into a decreased number of total expan-
sions (8.1 versus 5.8; p = 0.000051) and time to full 
expansion (60.2 days versus 43.3 days; p = 0.0002). 
However, there was no significant difference in 
the length of time from the initial placement of 
the tissue expander to the exchange of the tissue 
expander for the permanent implant (162.4 days 
versus 162.3 days; p = 0.13). There was also no dif-
ference in the time for drain removal between the 
two groups (11.3 days versus 13.3 days; p = 0.94).

The total overall complication rate was signifi-
cantly higher in the acellular dermal matrix group 
compared to the total muscle group (Table 3) 
(20.5 percent versus 8.8 percent; p = 0.005), and 
the rate of major complications was also signifi-
cantly higher when AlloDerm was used (13.7 per-
cent versus 5.1 percent; p = 0.0001). In particular, 
removal of the tissue expander was attributable 
to severe infection that did not respond to con-
servative management with antibiotics or tissue 
expander exposure or extrusion. The degree 

of plastic surgeon experience or breast surgeon 
was also not found to be a significant factor in 
developing either minor or major complications. 
Lastly, the multivariable logistic regression evalu-
ation did not demonstrate any association with 
radiation treatment and the development of com-
plications (Table 4).

Long-term evaluation for a minimum of 2 
years after exchange of the tissue expander for the 
permanent implant demonstrated no significant 
difference in the rate of revisions to the recon-
structed breasts regardless of whether AlloDerm 
or total muscle coverage was used (16.4 percent 
versus 17.6 percent; p = 0.89). The most common 
reason for revision surgery was exchange of the 
implant for a larger implant followed by fat graft-
ing in both groups. There were also no differ-
ences in the development of capsular contracture 
regardless of whether acellular dermal matrix 
was used or not (1.4 percent versus 1.2 percent; 
p = 0.76), and no patients underwent treatment 

Table 1. Demographics of Patients Undergoing Two-
Stage, Implant-Based Breast Reconstruction

 
Total Muscle 

(%)
AlloDerm 

(%) p

No. of patients 231 43  
Mean age ± SD, yr 47.6 ± 9.6 49.4 ± 9.1 0.27
Mean BMI ± SD, kg/m2 25.0 ± 5.5 24.2 ± 4.6 0.40
Hypertension 36 (15.6) 6 (14.0) 0.38
Diabetes mellitus 7 (3.0) 0 (0) 0.08
Active smoking 27 (11.7) 7 (16.3) 0.20
Radiation therapy 47 (20.3) 16 (37.2) 0.08
Chemotherapy 91 (39.4) 20 (46.5) 0.75
BMI, body mass index.

Table 2. Comparison of Total Muscle Coverage and AlloDerm

 Total Muscle (%) AlloDerm (%) p

Mean initial fill volume ± SD, ml 54 ± 47 167 ± 139 0.00003
Total expansions 8.1 ± 3.4 5.8 ± 3.2 0.00005
Mean time to full expansion ± SD, days 60.2 ± 5.6 43.3 ± 6.1 0.0002
Mean time to drain removal ± SD, days 11.3 ± 5.3 13.3 ± 5.3 0.94
Mean time to exchange ± SD, days 162.3 ± 26.7 162.4 ± 20.9 0.13
Rate of revisions 72 (17.6) 12 (16.4) 0.89

Table 3. Complications in Immediate Two-Stage, 
Implant-Based Breast Reconstruction

 
Total  

Muscle (%)
AlloDerm 

(%) p

No. of breasts 408 73  
Minor complications 15 (3.7) 5 (6.8) 0.02
        Seroma 11 (2.7) 4 (5.5) 0.003
        Delayed wound healing 3 (0.74) 1 (1.4) 0.01
        Superficial infection 1 (0.25) 0 (0) 0.09
Major complications 21 (5.1) 10 (13.7) 0.0001
        Débridement of skin flaps 4 (0.98) 1 (1.4) 0.03
        Evacuation of hematoma 5 (1.2) 2 (2.7) 0.0008
        Removal of expander 12 (2.9) 7 (9.6) 0.0001
Total complications 36 (8.8) 15 (20.5) 0.0005

Table 4. Risk of Complications Caused by Radiation 
Treatment

 
Total Muscle 

(%)
AlloDerm 

(%) p

No. 47 16  
Seroma 1 (2.1) 3 (18.8) 0.00001
Capsular contracture 2 (4.3) 1 (6.3) 0.21
Débridement of skin 

flaps 1 (2.1) 1 (6.3) 0.07
Removal of expander 5 (10.6) 2 (12.5) 0.11
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for animation deformity. Finally, the use of Allo-
Derm increased the cost of the initial procedure 
by an average of $2217 for each breast.

DISCUSSION
Prosthetic breast reconstruction accounts 

for approximately 60 percent of all breast recon-
structions performed in the United States.1 The 
method of implant-based breast reconstruction 
has certainly evolved over the past several decades, 
from two-stage tissue expander reconstruction, to 
the development of acellular dermal matrices, to 
single-stage, prepectoral reconstruction. Despite 
these advancements, there is no consensus 
regarding the ideal method for prosthetic breast 
reconstruction.

The use of acellular dermal matrix in implant-
based breast reconstruction has become more 
common because of the perceived benefits of 
creating improved definition of the inframam-
mary fold and allowing for greater intraoperative 
expansion. In a study of 100 consecutive patients 
undergoing prosthetic breast reconstruction with 
50 patients using AlloDerm and the other 50 
patients having full muscle coverage, there were 
no significant differences in the rate of seroma, 
infection, or breast cellulitis. The authors also 
reported a decreased number of fills, resulting 
in a shorter mean overall time to complete the 
reconstruction.18 In a systematic review of nine 
previously published articles regarding implant-
based reconstruction, Sbitany and Serletti con-
cluded that acellular dermal matrix had a safety 
profile similar to full muscle coverage. Although 
there was an increased risk of postoperative 
seroma, there was no significant difference in the 
rates of infection or need for explantation of the 
tissue expander.19

However, there remains a considerable 
amount of debate regarding the potential for 
increased complications with the placement of 
acellular dermal matrix. For instance, Chun et al. 
reported a significantly higher risk of seroma and 
infection with the use of AlloDerm in 283 patients. 
The use of AlloDerm was found to increase the 
odds of seroma by 4.24 times and the odds of 
infection by 5.37 times. As a result, the authors 
state the use of acellular dermal matrix should be 
tempered based on careful patient selection and 
that the routine use of AlloDerm is unwarranted.20

Perhaps the largest study in the literature of 
628 immediate two-stage tissue expander recon-
structions demonstrated even more dramatic con-
clusions, where the use of AlloDerm resulted in a 

significant increase in major complications (15.3 
percent versus 5.4 percent; p = 0.001), including 
infection necessitating intravenous antibiotics, 
mastectomy skin flap necrosis requiring débride-
ment, and explantation of the tissue expanders. 
Consequently, the authors have decreased the 
use of AlloDerm and reverted to total muscle 
coverage as the primary means of two-stage, tis-
sue expander–based reconstruction in their 
institution.21 A more recent study evaluating 
14,249 patients from the Tracking Outcomes and 
Operations in Plastic Surgery database also dem-
onstrated an absolute increase in rate of tissue 
expander or implant loss of 0.7 percent with the 
use of acellular dermal matrix.16

Similarly, the current study also demon-
strates a significantly increased risk of compli-
cations with the use of AlloDerm in two-stage 
tissue expander breast reconstruction. There 
was not only a difference in minor complica-
tions such as development of seromas, but also 
a significantly higher risk of hospital admission 
and operative intervention. In addition, we did 
not find a decreased time to completion of the 
second stage of reconstruction with the use of 
AlloDerm despite a higher initial fill volume and 
fewer expansions. This may be attributed to the 
need for adjuvant treatments including chemo-
therapy and/or radiation therapy, which was not 
different between the two patient cohorts. Lastly, 
the use of AlloDerm did not decrease the num-
ber of additional revision operations after at least 
2 years’ follow-up beyond the exchange for the 
permanent implant.

Furthermore, the use of AlloDerm was asso-
ciated with significantly higher total costs of the 
operation compared to total muscle coverage. 
These costs reflect only the cost of the acellular 
dermal matrix ($2217 for unilateral and $4434 
for bilateral), which is absorbed by the institu-
tion with no additional charges or fees to the 
patients or their insurance companies. In the cur-
rent era in which emphasis is placed on decreas-
ing hospital costs and medical expenditures, the 
use of AlloDerm certainly increases the costs of 
the initial operation, which is compounded by the 
added costs from managing the complications. 
A recent study regarding the financial costs of 
implant-based breast reconstruction confirmed 
our results that the use of acellular dermal matrix 
was more expensive than muscle alone and that 
complications resulted in further increased costs 
by 5.1 percent compared to only 1.9 percent.22 
As a result, total muscle coverage is the primary 
option for implant-based breast reconstruction at 
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our institution, and the use of AlloDerm is strictly 
reserved for cases where the muscle is attenuated 
or inadequate to provide complete coverage of 
the tissue expander.

Although the use of acellular dermal matrix 
does result in increased costs and risks of com-
plications, there are certainly potential benefits. 
The use of AlloDerm significantly increased the 
initial fill volume and decreased the number of 
expansions. Placement of acellular dermal matrix 
may also result in improved lower pole expan-
sion, which has been shown to result in improved 
aesthetic outcomes but was not evaluated in this 
study.8 The incidence of hyperanimation defor-
mity has also been shown to decrease and may 
be completely avoided with the prepectoral 
method.23

The current study provides a very comprehen-
sive evaluation of immediate two-stage, implant-
based breast reconstruction. We focused not only 
on the results of the immediate perioperative 
period such as complications, initial fill volumes, 
and time to completion of the reconstruction but 
also on cost analysis and long-term assessments 
greater than 2 years after exchange of the tis-
sue expander for the permanent implant. These 
data would be extremely beneficial in counseling 
patients undergoing two-stage, prosthetic breast 
reconstruction not only regarding the first-stage 
tissue expander placement but also about what 
can be expected in the future in terms of addi-
tional revisions.

Certainly, this study has several limitations, 
including the retrospective nature of the cur-
rent study, which is similar to the previous 
studies published in the literature. Although 
a randomized controlled study would be the 
ideal method of determining the best option 
for two-stage, prosthetic breast reconstruction, 
this may not be possible because of patient vari-
ability in terms of quality of the muscle and 
mastectomy skin flaps. Moreover, the cohort 
of patients with AlloDerm in this study is much 
smaller than that of patients without acellular 
dermal matrix. Lastly, the cost analysis includes 
only the initial operation but not the costs from 
the complications. This would be extremely dif-
ficult to quantify because there is no numeric 
cost from conservative management of minor 
complications and no reimbursement for major 
operative intervention during the 90-day global 
period. Even though there is no increased dollar 
amount, more frequent clinic visits for monitor-
ing and patient reassurance can be time-con-
suming and laborious.

CONCLUSIONS
The rate of prosthetic breast reconstruction 

continues to increase, and it is the primary means 
of reconstruction after mastectomy. The use of 
acellular dermal matrix has become more popu-
lar for two-stage, tissue expander reconstruction 
but is associated with significantly increased com-
plications compared with total muscle coverage 
alone. Perhaps development of an acellular der-
mal matrix that has a safety profile similar to that 
of total muscle coverage without the associated 
risk of complications as demonstrated with Allo-
Derm would be optimal.

Eric I. Chang, M.D.
The Institute for Advanced Reconstruction

The Plastic Surgery Center
535 Sycamore Avenue

Shrewsbury, N.J. 07702
echangmd@tpscnj.com
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