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      The Use of Acellular Dermal 
Matrices in Two-Stage Expander/
Implant Reconstruction 
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102.1            Introduction 

 The techniques available for breast reconstruc-
tion following mastectomy have evolved over the 
past many years. One of the signifi cant innova-
tions in recent years has been the use of acellular 
dermal matrices (ADMs) in breast surgery. More 
specifi cally, ADMs have been used for breast 
reconstruction following mastectomy, for revi-
sion of secondary breast deformities following 
breast reconstruction, for breast augmentation 
and even nipple reconstruction.  

102.2     Acellular Dermal 
Matrix (ADM)  

 An ADM is a soft tissue matrix that is derived 
by removing the cells and leaving the extra-
cellular matrix intact. When placed against a 
well- vascularized surface, it incorporates into 
the host tissue, forming a new matrix for tis-
sue regeneration [ 1 ]. Some of the allogenic as 
well as xenogenic ADMs currently available in 
the market for reconstruction are: AlloDerm® 

(LifeCell Corporation, USA), AlloMax™ (Bard 
Davol, USA), DermACELL™ (LifeNet, USA), 
DermaMatrix® (Synthes, USA), FlexHD® 
(Ethicon, USA), Permacol™ (Covidien, USA), 
Strattice™ (LifeCell, USA) and SurgiMend® 
(TEI Biosciences, USA) [ 2 ,  3 ]. The main differ-
ences in these products are in the source, the way 
they are processed and their costs.  

102.3     Indications 

 ADMs are used for breast reconstruction as well as 
aesthetic surgeries. ADMs can be used generally in 
any woman undergoing tissue expander (TE) or 
implant-based breast reconstruction but are consid-
ered higher-risk in women with high BMI, active 
smokers and in women who have a history of prior 
radiation treatment [ 4 – 6 ]. ADMs allow for expan-
sion of the sub-muscular space and are being used 
for one stage (direct-to- implant) as well as two-stage 
(expander/implant) immediate breast reconstruc-
tions. This chapter will primarily focus on the use of 
ADMs in two- stage TE/implant reconstruction.  

102.4     Two-Stage Breast 
Reconstruction with ADM 

 ADMs are incorporated during the fi rst stage of 
breast reconstruction at the time of expander 
placement. The purpose of ADM in this setting is 
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to supplement partial muscle coverage, maintain 
and/or further defi ne the inframammary fold, and 
maximize future breast ptosis and projection.  

102.5     Operative Technique 

 Immediately following mastectomy, ADM is 
used to create the infero-lateral portion of the 
submuscular pocket. ADM is typically used as an 
inferior sling, which is attached superiorly to the 
dis-inserted, pectoralis major muscle, and inferi-
orly to the native inframammary fold. ADM 
placed along the lower breast pole can also recre-
ate both the inframammary fold and lateral mam-
mary fold. In using this technique, the need for 
elevation of the taut serratus anterior fascia and/
or rectus muscle/fascia is thus eliminated. The 
result is a well-defi ned pocket in which an 
expander can be placed, thereby reducing the 
incidence of implant migration or visibility and 
ultimately improving breast aesthetics. 

 A fully defl ated tissue expander is positioned 
within this pocket and direct contact is prevented 
between the skin and the expander prosthe-
sis. Postoperatively, expansion of the submus-
cular pocket begins 10–14 days after surgery. 
Expansion occurs on a weekly basis. Typically, 
volumes up to 100 mL of normal saline are 
injected at each visit. The volume of fl uid 
injected at each time point is limited by tissue 
tolerance and/or patient comfort. Weekly expan-
sions are terminated once the expander is fi lled 
to a volume 20 % greater than the recommended 
volume of the expander. This overexpansion ulti-
mately creates a looser skin/muscle envelope and 
a greater potential for breast ptosis. Exchange of 
the temporary expander for a permanent implant 
occurs at a subsequent operation.  

102.6     Benefi ts 

 Many surgeons are of the opinion that ADMs 
improve aesthetic outcome by allowing for a more 
precise placement of tissue expanders, facilitating 
more rapid tissue expansion, improving inferior 
pole projection and reducing the development 

of capsular contracture [ 6 – 11 ]. Unfortunately, 
high-level evidence for these perceived clinical 
benefi ts is diffi cult to obtain. A randomized con-
trolled trial was conducted by the senior author 
(CM) to evaluate the effects of AlloDerm® on 
patient reported pain and rate of tissue expansion 
following two-stage TE/implant breast recon-
struction. Patients were randomly allocated into 
two groups: (1) ADM assisted, TE/Implant, and 
(2) submuscular, TE/Implant. Interestingly, no 
signifi cant difference in immediate postopera-
tive pain (p = 0.19), pain during expansion phase 
(p = 0.65), postoperative narcotic use (p = 0.38) 
and rate of postoperative expansion (p = 0.83) was 
noted between the two groups [ 12 ].  

102.7     Complications 

 ADMs are thought to be associated with higher 
risk of infections and seroma formation. A sys-
tematic review by Kim et al. [ 13 ] compared 19 
studies that used ADM for two-stage reconstruc-
tion versus 35 that did not. They noted higher 
complication rates in the former group i.e. seroma, 
4.8 versus 3.5 %; infection, 5.3 versus 4.7 % and 
fl ap necrosis, 6.9 versus 4.9 %. Macadam and 
Lennox [ 14 ] reviewed complications post ADM 
use in two-stage breast reconstruction in 15 stud-
ies. They calculated a weighted average for each 
complication and compared it with Mentor and 
Allergan Core Study results that track complica-
tion rates following two-stage breast reconstruc-
tion without ADM. They reported higher rates of 
seroma (5.8 versus 4.9 %), infection (5.3 versus 
3.2–5.7 %), fl ap necrosis (7.6 versus 2.3 %) and 
lower rates of capsular contracture (2.6 versus 
8.3–17.1 %), late revision (10.7 versus 27–53 %) 
in the ADM group compared with Core studies. 
Sbitany and Serletti [ 11 ] reviewed six matched-
cohort studies comparing ADM use with stan-
dard submuscular techniques. They reported 
signifi cantly higher seroma rates in the former 
group (8.4 versus 4.3 %, p = 0.03) with higher 
hematoma (2 versus 1.2 %, p = 0.11), and infec-
tion (3.4 versus 3.2 %, p = 0.18) rates in the ADM 
group. Four studies in their analysis reported on 
expander/implant characteristics. Mean intraop-
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erative fi ll volume was signifi cantly higher in 
the ADM group compared to non-ADM group 
(68.5 versus 24.2 %, p = 0.01). Mean number 
of fi lls necessary to achieve fi nal volume was 
signifi cantly lower in the ADM group than non 
ADM group (2.4 versus 5.1, p = 0.03). A sys-
tematic review by Hoppe et al. [ 15 ] compared 
complications between ADM and non-ADM 
groups in seven studies. Four studies in their 
analysis reported signifi cantly higher complica-
tions (seroma, hematoma, infection) in the ADM 
group and three reported no signifi cant differ-
ence in complications between the two groups. 
Perminger et al. [ 16 ] performed a matched, ret-
rospective cohort study comparing two groups of 
patients that underwent: (1) standard TE/implant 
reconstruction (n = 45), (2) ADM assisted TE/
implant reconstruction (n = 45). No signifi cant 
difference between the two groups was noted for 
mean initial fi ll volume (p = 0.18), median num-
ber of expansion (p = 0.11), postoperative tissue 
expansion (p = 0.90) and incidence of complica-
tions (p = 0.28).  

102.8     Costs 

 Use of ADMs is associated with higher cost than 
traditional two-stage breast reconstruction not 
involving ADMs [ 17 ]. Krishnan et al. [ 18 ] per-
formed a cost effectiveness analysis of use of 
ADMs in two-stage expander/implant breast 
reconstruction. Their baseline analysis revealed 
that use of ADM is cost-effective (Incremental 
cost utility ratio (ICUR) of $264.20/QALY).  

102.9     ADM and Radiation 
Treatment 

 The use of two-stage expander/implant recon-
struction using ADMs in the setting of radiation 
treatment has reported varied results in the litera-
ture. Proponents of ADM claim that ADM may 
in fact weather the long-term effects of radiation 
better than a traditional submuscular pocket. 
High-level evidence to support these claims are 
lacking at this time. 

 Blindingvale et al. [ 19 ] reported that 20 % 
patients who had radiation treatment following 
ADM use (n = 5) developed wound infection that 
necessitated explantation of TE and ADM. In 
contrast, in the non-irradiated patients (n = 36), 
wound infection, seroma formation and hema-
toma occurred in 2.7 %, 8.3 % women and 2.7 % 
women respectively. None of the patients had 
capsular contracture. Breuing and Colwell [ 20 ] 
reported the use of ADM in four patients that had 
expander/implant breast reconstruction. Over 
a 2–5 years period of follow up post radiation, 
none of the patients developed infection, capsular 
contracture or implant loss. Rawlani et al. [ 21 ] 
compared ADM use in patients who had radiation 
(n = 95) versus those who did not (n = 26). The 
radiation group had non-signifi cantly higher over-
all complications (30.8 versus 13.7 %, p = 0.07), 
soft-tissue infection (11.5 versus 6.3 %, p = 0.40), 
fl ap necrosis (15.4 versus 4.2 %, p = 0.06) and 
exposure (15.4 versus 4.2 %, p = 0.06). Seroma 
formation was non- signifi cantly higher in the 
non-radiation group (2.1 versus 0 %, p = 0.99). 
Spear et al. [ 22 ] reported signifi cantly higher 
overall complication rates in women who had 
radiation after ADM assisted expander place-
ment (n = 11 breasts) than in patients who did not 
have radiation treatment (n = 47 breasts), (45.45 
versus 4.2 %, p = 0.002). Rate of infection was 
signifi cantly higher in the former group (27.27 
versus 2.12 %, p = 0.02). There was no signifi cant 
difference in seroma formation between the two 
groups (p = 0.19). In a separate study, Spear et al. 
[ 23 ] reported no signifi cant difference in infec-
tion, seroma and hematoma in between patients 
who had radiation treatment following fi rst-stage 
reconstruction with ADM and the ones who did 
not have any radiation (p>0.05). Rate of capsular 
contracture was signifi cantly higher in the radia-
tion group (p<0.05). Following second stage of 
breast reconstruction, rates of infection, expo-
sure and capsular contracture were higher in the 
radiation treatment groups (p<0.05). Clemens 
and Kronowitz [ 24 ] compared patients with 
ADM assisted breast reconstruction and those 
who had radiation treatment (n = 30) versus those 
who did not (n = 518). They reported higher over-
all complication rate (43.3 versus 15.6 %), loss 
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of expander (13.3 versus 5.2 %), seroma (13.3 
versus 5 %), infection (13.3 versus 6.2 %), mas-
tectomy fl ap necrosis (26.7 versus 7.5 %), in irra-
diated patients. Hematoma rate was higher in the 
non-irradiated group (0.7 versus 0 %).  

102.10      Sterile ADMs 

 Use of sterile ADMs in patients undergoing two- 
stage TE/implant breast reconstruction has con-
fl icting results in the literature. Weichman et al. 
[ 25 ] compared complication rates between 
patients who had immediate implant based breast 
reconstruction (expander or permanent implant) 
with sterile and aseptic AlloDerm. The sterile 
ADM group had signifi cantly lesser overall infec-
tious complications than aseptic ADM group (8.5 
versus 20 %, p = 0.008). Buseman et al. [ 26 ] 
reported complication rates following use of ster-
ile and aseptic ADMs in patients undergoing 
breast reconstruction with implants or tissue 
expanders. Seroma occurrence was signifi cantly 
higher in sterile ADM group versus aseptic ADM 
group (p = 0.003). Venturi et al. [ 27 ] used only 
sterile ADMs in 65 consecutive patients for tis-
sue expander based breast reconstruction. They 
reported no seromas or explantations in any of 
the patients.  

102.11      Discussion 

 ADMs may be associated with improved aes-
thetic outcomes at the cost of higher complica-
tion rates than traditional tissue expander/implant 
reconstruction techniques. A review of the litera-
ture reports mixed overall results from use of 
ADMs in two-stage breast reconstruction. Most 
of the evidence supports signifi cantly increased 
complication rates whereas few studies report 
higher but not signifi cantly increased complica-
tion rates than using standard techniques not 
involving ADMs. Most of the studies are case 
series from a single center and thus the results 
could have been infl uenced by the operative tech-
nique and experience of the surgeons involved. 
Results from two well designed studies, one a 

matched, retrospective cohort and the other a 
RCT, both suggest no greater benefi t from the use 
of ADMs in two-stage breast reconstruction [ 12 , 
 16 ]. There is also no consensus on use of ADMs 
in the setting of irradiation of breasts. Most of the 
studies that reported on results of ADM use in 
breast reconstruction, in the setting of radiation 
treatment, did that as a subgroup analysis and not 
as the primary outcome [ 19 – 24 ]. The American 
Society of Plastic Surgeons guidelines for use of 
ADM in breast reconstruction, have recom-
mended a case-by-case approach to use of ADMs 
based on such varied and confl icting reports [ 28 ]. 

 There is also a paucity of patient reported out-
comes (PROs) data following use of ADMs in 
breast reconstruction. Most of the studies that 
have reported complications following ADMs 
have not used consistent and well-defi ned out-
comes, making it diffi cult to compare results 
between different studies. 

 More, well-designed studies such as RCTs using 
PROs as part of measured outcomes are required to 
precisely assess the benefi ts and complications of 
ADMs in two-stage breast reconstructions.  

    Conclusions 

 ADMs are safe to use in two-stage expander/
implant breast reconstructions. They may pro-
vide better aesthetic outcomes but are associ-
ated with higher incidence of infections and 
seromas. More long-term studies, involving 
PROs are required to accurately evaluate the 
effect of ADMs on immediate, two-stage 
breast reconstruction.     
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