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Background: Acellular dermal matrix (ADM) is widely used in breast reconstruc-
tion, and outcomes of these procedures may be improved through optimized 
product design. SimpliDerm is a new human ADM designed to closely preserve the 
architecture of native dermis, with the goal of improving surgical outcomes. This 
study reports the initial (30-day) clinical experience with SimpliDerm compared 
with AlloDerm Ready-To-Use (RTU) in ADM-assisted breast reconstruction.
Methods: Clinical characteristics and outcomes of 59 consecutive patients who 
underwent immediate 2-stage reconstruction with SimpliDerm (n = 28) or 
AlloDerm RTU (n = 31) following mastectomy are reported.
Results: Fifty-nine women (108 breasts) underwent posmastectomy breast recon-
struction with SimpliDerm or AlloDerm RTU. Mean patient age was 51.1 years, 
and mean body mass index was 28.2 kg/m2. Reconstructions were predominantly 
prepectoral (95.4%), used tissue expanders (100%), and followed a skin-sparing 
(64%) approach to mastectomy. Mean time to final drain removal did not differ 
between groups (17.0 days, SimpliDerm versus 17.7 days, AlloDerm RTU). Adverse 
events occurred in 13 (22%) patients; none considered serious—all were mild 
or moderate in intensity. Adverse event rates did not differ between groups. The 
observed adverse event profiles and rates are similar to those published for other 
ADMs in immediate breast reconstruction.
Conclusions: There remains a clinical need for ADMs with more optimal char-
acteristics. This case series describes comparable outcomes with SimpliDerm 
and AlloDerm RTU over 30 days after immediate 2-stage breast reconstruction. 
(Plast Reconstr Surg Glob Open 2021;9:e3648; doi: 10.1097/GOX.0000000000003648; 
Published online 16 June 2021.)

Comparison of 30-day Clinical Outcomes with 
SimpliDerm and AlloDerm RTU in Immediate 
Breast Reconstruction

INTRODUCTION
Acellular dermal matrices (ADMs) have been utilized 

to augment soft tissue repairs for over two decades. Initially 
targeted for wound treatment, ADMs have recently been 
used to provide structural strength to applications such 
as breast reconstruction. Indeed, over 100,000 breast 
reconstructions are performed each year in the United 
States, with over 60,000 utilizing ADM.1 Widespread use 
of ADM for prosthetic breast reconstruction provides mul-
tiple benefits, including lower pole and inframammary 
fold support, implant or tissue expander stabilization, 

prepectoral placement implant coverage, greater ini-
tial expander fill volumes in two-stage reconstructions, 
improved cosmetic outcomes, and reduced capsular con-
tracture risk.2–8 Commercially available ADMs derive from 
different species and tissue sources (eg, human, bovine, 
porcine; dermis, pericardium, intestinal submucosa) and 
are processed using differing methods of decellulariza-
tion, antigen removal, and sterilization. Consequently, 
different ADM products have distinct physical and biologi-
cal characteristics resulting from their unique processing 
methods.

The reported comparable complication rates and han-
dling characteristics of ADMs used for breast reconstruction 
suggest an opportunity to improve performance through 
optimized product design.9,10 SimpliDerm (Aziyo Biologics, 
Silver Spring, Md.) is a new human ADM (hADM) prod-
uct manufactured using patented processes designed to 
better preserve the characteristics of native tissue, such as 
the extracellular matrix (ECM) and the biologically active 
mediators embedded therein. Extensive evidence indicates 
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that greater preservation of ECM structure in ADMs fosters 
integration into native tissues, robust revascularization, 
and a constructive inflammatory response.11–14

Recent work in a nonhuman primate model of 
abdominal wall repair demonstrated some of the poten-
tial advantages of the hADM SimpliDerm.15 In this 
model, measures of inflammation and fibrosis-related 
tissue remodeling were compared between SimpliDerm 
and the hADM AlloDerm ready-to-use (RTU) (Allergan 
Medical, Irvine, Calif.). Compared with AlloDerm RTU, 
SimpliDerm demonstrated a lower initial inflammatory 
response, slower implant degradation, and lower expres-
sion of proinflammatory cytokines and pro-fibrotic 
markers over time. Together, these findings suggest that 
SimpliDerm is associated with a reduced inflammatory 
and fibrotic response and improved constructive remod-
eling compared with AlloDerm RTU after pre-clinical 
implantation.

To explore the clinical efficacy and safety of this 
new hADM for breast reconstruction, we report the ini-
tial 30-day clinical experience with SimpliDerm com-
pared with the older hADM AlloDerm RTU (now called 
AlloDerm SELECT Regenerative Tissue Matrix) in imme-
diate, two-stage breast reconstructions.

METHODS
The retrospective experience of two ADMs used by 

one surgeon was analyzed. A central review board (WIRB) 
approved the review. The review was limited to patients 
who underwent immediate breast reconstruction follow-
ing mastectomy. Patients who underwent cosmetic/aes-
thetic breast augmentation or revision, delayed breast 
reconstruction, or revision of previous breast reconstruc-
tion procedure were not included. The charts of 59 con-
secutive patients (108 breasts) who underwent immediate, 
two-stage, tissue  expander–based breast reconstruction 
with the use of SimpliDerm (28 patients, 53 breasts) or 
AlloDerm RTU (31 patients, 55 breasts) were reviewed. 
Reconstructions were completed between January 2020 
and October 2020.

Use of either hADM brand was based on facility avail-
ability at that time, and both hADMs were prepared 
according to the respective manufacturer’s instructions. 
To support reconstruction, the hADM was draped over the 
tissue expander and sutured to the pectoralis major muscle 
and inframammary fold, as described by previous studies 
(Fig. 1).2,6,7 All patients underwent the same intraoperative 
two-drain protocol for both perforated and nonperforated 
ADMs: each treated breast received one subcutaneous drain 
and one drain placed in the sub-ADM periprosthetic space. 
This drain protocol was followed no matter the brand of 
ADM used. The treating surgeon has extensive experience 
with ADM-based breast reconstruction, and surgical tech-
nique did not differ between the two products.

Postoperatively, patients were observed for 23 hours and 
discharged from the hospital the day after their procedure. 
Typical follow-up consisted of in-office visits at week 1 to 
remove the first set of drains, week 2 to remove the second 
(and final) set of drains, and week 3 to begin tissue expan-
sion. However, final drain removal was only performed once 
output volume dropped below 30 mL per 24 hours. A stan-
dard postoperative antibiotic course was followed for every 
treated patient (prophylactic oral doxycycline for one week).

Demographic data, medical history, examination find-
ings, surgical details, and assessment of peri- and postop-
erative outcomes and complications were collected and 
analyzed. Following assessment for normality, the overall 
cohort was described using counts with percentages and 
means with SDs. Patient demographics and treatment 
characteristics were compared between the AlloDerm 
RTU and SimpliDerm cohorts using independent sam-
ples t-tests and chi-square tests. Pearson chi-squares were 
reported when all expected cell counts were five or greater, 
alternatively Fisher’s exact tests are provided. Statistical 
significance was set to P < 0.05.

RESULTS
A total of 59 women (108 breasts) underwent postmas-

tectomy breast reconstruction with either SimpliDerm or 
AlloDerm RTU. Postprocedure patient follow-up did not 

Fig. 1. Prepectoral aDM-assisted breast reconstruction with SimpliDerm. a, Positioning of the aDM 
over the selected tissue expander in preparation for placement in the breast. B, the aDM-covered tis-
sue expander was inserted into the prepectoral plane and sutured to the pectoralis major muscle and 
inframammary fold.
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differ between groups, and averaged 24.9 ± 4.8 days for 
SimpliDerm and 22.3 ± 6.0 days for AlloDerm RTU. There 
were no statistically significant differences between groups 
for patient age, race, ethnicity, body mass index, smoking 
status, medical history, or pretreatment medications, che-
motherapy, or radiotherapy (Table  1). A total of 19 sub-
jects (32%) received chemotherapy before reconstruction 
(10 AlloDerm RTU, nine SimpliDerm). One patient in the 
AlloDerm RTU group received preprocedural radiotherapy, 
and one patient in the SimpliDerm group received both 
radiotherapy and chemotherapy before the procedure.

Procedural details are summarized in Table  2. The 
majority of reconstructions used a prepectoral implant 
placement (103 breasts, 95%). Five patients in the 
AlloDerm RTU group and zero in the SimpliDerm 
group had subpectoral reconstructions (P = 0.025). In 
both groups, most reconstructions were bilateral (87.3% 
AlloDerm RTU, 94.3% SimpliDerm). Intraoperative 
expander fill volumes, perforation of the hADM, mastec-
tomy type (skin-sparing versus nipple-sparing), and mas-
tectomy indication did not differ between groups.

The patients’ 30-day postoperative course is summa-
rized in Table 3. No patients in either group received radio-
therapy or combined chemotherapy and radiotherapy 
during follow-up. Two subjects (7%) in the SimpliDerm 
group and zero in the AlloDerm RTU group received 
postmastectomy chemotherapy (P = NS). There were no 
significant differences between groups in use of pain med-
ication, anticoagulants, antibiotics, or other medications 

during follow-up. Mean time to last drain removal was 17.7 
± 4.6 days with AlloDerm RTU and 17.0 ± 4.9 days with 
SimpliDerm (P = NS).

Postprocedural complications occurred in six (19.4%) 
AlloDerm RTU subjects and seven (25.0%) SimpliDerm 
subjects (P = NS), of which five (83.3%) and four (57.1%), 
respectively, required surgical intervention (Tables  3, 4). 
One subject in each group had a complication that resulted 
in explantation. None of the reported adverse events 
were considered serious, and all were of mild or moder-
ate severity (Table 4). The adverse events identified in the 
AlloDerm RTU group were flap ischemia (n = 4, 66.7%) 
and hematoma (n = 2, 33.3%). There were no hematoma 
identified in the SimpliDerm group. Adverse events identi-
fied with SimpliDerm included infection (n = 1, 14.3%), 
flap ischemia (n = 4, 57.1%), seroma (n = 1, 14.3%), and 
one small skin pinhole with surrounding redness (14.3%).

DISCUSSION
Despite increasing experience supporting the utility of 

ADMs in breast reconstruction,16,17 there remains an unmet 
need for ADMs with more optimal clinical characteristics. 
AlloDerm has been used to support postmastectomy breast 
reconstruction for more than a decade and has demon-
strated comparable clinical outcomes to other ADMs, with 
similar complication types and rates.4,10,18–24 The results of 
this preliminary study describe similar initial (30-day) out-
comes between a new hADM, SimpliDerm, and AlloDerm 
RTU in immediate, two-stage breast reconstructions. To 

Table 1. Patient Demographics

Characteristic
AlloDerm RTU
(n = 31, 52.5%)

SimpliDerm
(n = 28, 47.5%) P

Age, y (mean ± SD) 51.1 ± 11.9 51.2 ± 12.5 0.980
Race   0.763
 White 22 (71.0%) 22 (78.6%) —
 Black or African American 8 (25.8%) 5 (17.9%) —
 Asian 1 (3.2%) 1 (3.6%) —
Ethnicity   0.338
 Non-Hispanic or Latino 30 (96.8%) 28 (100.0%) —
 Hispanic or Latino 1 (3.2%) 0 (0.0%) —
Body mass index, kg/m2 (mean ± SD) 28.5 ± 6.3 27.9 ± 6.0 0.689
Body mass index category (kg/m2)   0.999
 Normal (18.5 to <25.0) 10 (32.3%) 9 (32.1%) —
 Overweight (25.0 to <30.0) 9 (29.0%) 8 (28.6%) —
 Obese (30.0 to <40.0) 12 (38.7%) 11 (39.3%) —
Smoking   0.089
 Never 27 (87.1%) 24 (85.7%) —
 Former 4 (12.9%) 1 (3.6%) —
 Current 0 (0.0%) 3 (10.7%) —
Medical history   —
 Previous or current cancer diagnosis 30 (96.8%) 26 (92.9%) 0.494
 Diabetes 4 (12.9%) 2 (7.1%) 0.465
 Hypertension 8 (25.8%) 9 (32.1%) 0.592
 Hypercholesterolemia 7 (22.6%) 4 (14.3%) 0.414
 Other 15 (48.4%) 14 (50.0%) 0.902
Pretreatment medication type   —
 Cancer treatment medication 0 (0.0%) 2 (7.1%) 0.130
 Anticoagulant 0 (0.0%) 1 (3.6%) 0.289
Pretreatment chemotherapy or radiotherapy   0.630
 Unknown 1 (3.2%) 0 (0.0%) —
 No 19 (61.3%) 18 (64.3%) —
 Yes 11 (35.5%) 10 (35.7%) —
  Type   0.366
   Chemotherapy 10 (90.9%) 9 (90.0%) —
   Radiotherapy 1 (9.1%) 0 (0.0%) —
   Both chemotherapy and radiotherapy 0 (0.0%) 1 (10.0%) —
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our knowledge, this is the first reporting of SimpliDerm 
use for immediate breast reconstruction.

SimpliDerm is derived from donated human dermis, 
which is gently processed using patented methods for 
decellularization and antigen removal before hydration 
and subsequent sterilization. The processing steps for 
SimpliDerm were designed to ensure low antigenicity and 
high sterility, while minimizing crosslinking and other alter-
ations to ECM, thereby preserving the ECM microstructure 
and bioactive factors of native dermis. As demonstrated in 
a recent preclinical study, the intact ECM of SimpliDerm 
enhances and supports neovascularization, cell migration, 
tissue incorporation, and a modulated immune response 
that fosters remodeling of the hADM into native tissue.15

Like AlloDerm RTU, SimpliDerm is prehydrated 
and RTU, as opposed to freeze-dried. Studies compar-
ing freeze-dried and RTU (ie, prehydrated) ADM have 
reported mixed findings regarding relative complication 
rates.2,9,10,25,26 For example, several studies comparing freeze-
dried AlloDerm with AlloDerm RTU reported significantly 

higher rates of infection, implant loss, and reoperation 
with the freeze-dried product.2,26 However, other studies 
have reported comparable outcomes with freeze-dried and 
RTU ADM.3,9,10,25,26 It is worth noting that the freeze-dried 
AlloDerm used in the studies noted above was an asepti-
cally processed product that was not terminally sterilized, 
possibly accounting for these higher rates of infection. 
In contrast, the AlloDerm RTU used in the current study 
was terminally sterilized. However, the two hADM used in 
the current study are sterilized using different methods. 
SimpliDerm is terminally sterilized via gamma irradiation 
to a sterility assurance level of 10−6, whereas AlloDerm RTU 
is sterilized via electron beam irradiation to a sterility assur-
ance level of 10−3.27 Although researchers have noted that 
these processing methods do not seem to result in a differ-
ence in matrix stability, it is possible that the widely differ-
ent sterility levels of these hADM could affect susceptibility 
to microbial colonization.15 Further studies are warranted 
to evaluate the impacts of these and other aspects of pro-
cessing on hADM clinical performance.

Table 2. Procedural Details, by Breast (N = 108)

Variable
AlloDerm RTU
(n = 55, 50.9%)

SimpliDerm
(n = 53, 49.1%) P

Plane of expander/implant placement   0.025
 Prepectoral 50 (90.9%) 53 (100.0%) —
 Subpectoral 5 (9.1%) 0 (0.0%) —
Intraoperative expander fill volume, cm3

(mean ± SD)
391.8 ± 83.2 386.8 ± 101.0 0.777

hADM perforated versus not 21 (38.2%) 29 (54.7%) 0.085
Mastectomy type   0.456
 Skin-sparing 37 (67.3%) 32 (60.4%) —
 Nipple-sparing 18 (32.7%) 21 (39.6%) —
Bilateral or unilateral   0.367
 Bilateral 48 (87.3%) 50 (94.3%) —
 Unilateral—left 4 (57.1%) 1 (33.3%) —
 Unilateral—right 3 (42.9%) 2 (66.7%) —
Mastectomy indication   0.375
 Malignancy (therapeutic) 53 (96.4%) 49 (92.5%) —
 Prophylactic 2 (3.6%) 4 (7.5%) —

Table 3. Follow-up and Complications, by Patient (N = 59)

Variable
AlloDerm RTU
(n = 31, 52.5%)

SimpliDerm
(n = 28, 47.5%) P

Follow-up time, days (mean ± SD) 22.3 ± 6.0 24.9 ± 4.8 0.073
Time to last drain removal, d (mean ± SD)* 17.7 ± 4.6 17.0 ± 4.9 0.650
Current medications during follow-up   —
 Pain medication during ≥1 follow-up 30 (96.8%) 27 (96.4%) 0.942
  Duration of pain meds, d (mean ± SD) 8.2 ± 2.6 8.1 ± 2.8 0.861
 Anticoagulants 0 (0.0%) 1 (3.6%) 0.475
 Antibiotics 1 (3.2%) 0 (0.0%) 1.000
 None 1 (3.2%) 1 (3.6%) —
Chemotherapy or radiotherapy during follow-up†   0.130
 Postmastectomy radiotherapy 0 (0.0%) 0 (0.0%) —
 Postmastectomy chemotherapy 0 (0.0%) 2 (7.1%) —
Postmastectomy complication type 6 (19.4%) 7 (25.0%) 0.601
 Ischemia 4 (12.9%) 4 (14.3%) —
 Hematoma 2 (6.5%) 0 (0.0%) —
 Seroma 0 (0.0%) 1 (3.6%) —
 Red breast syndrome 0 (0.0%) 1 (3.6%) —
 Infection/dehiscence 0 (0.0%) 0 (0.0%) —
 Capsular contracture 0 (0.0%) 0 (0.0%) —
 Other 0 (0.0%) 1 (3.6%) —
No. complications resulting in surgical intervention 5 (83.3%) 4 (57.1%) 0.308
No. complications resulting in explantation 1 (16.7%) 1 (14.3%) 1.000
*Five patients were excluded from analysis (2 AlloDerm RTU and 3 SimpliDerm patients) who still had at least 1 drain remaining at 30 days follow-up.
†Fisher’s Exact Test.
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Both SimpliDerm and AlloDerm RTU are commercially 
available in perforated and nonperforated formats in a vari-
ety of comparable sizes and thicknesses to support the full 
spectrum of soft tissue repair applications. For a commonly 
used size of 16 cm × 20 cm, our facility contracted cost of 
nonperforated SimpliDerm is $8770 and the cost for the 
same size of nonperforated AlloDerm RTU is $8877.

The preference for prepectoral reconstructions in this 
study reflects a growing trend to use this plane of implant 
placement when implants are placed in conjunction with 
ADM.28 Initial evidence suggests that ADM-supported pre-
pectoral reconstructions may be associated with less pain, 
reduced impact on range of motion, higher initial tissue 
expander fill volumes, improved aesthetic outcomes, and 
less capsular contracture compared with submuscular recon-
structions.5,28 In this study, the ease of use and efficacy of 
the prepectoral approach is supported, with adverse events 
similar to those reported in previous prepectoral studies.2–9

Further, the findings of this study suggest that SimpliDerm 
is associated with short-term adverse event profiles and rates 
that are comparable to those of AlloDerm and other ADMs 
in immediate breast reconstruction.2–9 Adverse events were 
reported in 22% of subjects (19.4% AlloDerm RTU, 25% 
SimpliDerm), all of which were considered mild or moder-
ate in intensity. In both groups in this study, the overall rates 
of complications aligned with rates previously reported in 
the literature (3.9%–33.5%), and the rate of infection in this 
study compares favorably with rates reported in the ADM 
comparative literature (0.2%–23.8%).2–9,29,30

One patient in each group (16.7% AlloDerm RTU, 
14.3% SimpliDerm) underwent unplanned hADM 
explantation, a reasonable frequency compared with 
rates reported in the literature. One recent meta-anal-
ysis of ADM-assisted breast reconstructions identified 
rates of ADM explantation for any reason ranging from  
1.3%–23.8%.30 However, the small size of this case series 
suggests that the true rate of explantation and any 

associated risk factors will remain uncertain until greater 
patient experience is obtained.

Because studies have identified prolonged drain use 
as an independent risk factor for infection, factors that 
shorten time to drain removal are of clinical importance.31 
Factors significantly associated with longer time to drain 
removal following breast reconstruction reported in the 
literature include older patient age, larger expander size, 
high body mass index, neoadjuvant chemotherapy, and 
greater initial expander volume.32–35 The impact of ADM 
on time to drain removal remains unclear, although some 
ADM studies have demonstrated variation in time to drain 
removal.18,32,34–37 Other groups have demonstrated signifi-
cant differences in seroma formation associated with dif-
ferently processed ADM, further suggesting that ADM 
characteristics may influence fluid accumulation in the 
clinical setting.38 In this initial study, there was no statisti-
cal differences between cohorts in infection rate, seroma 
rate, or time to drain removal. However, additional stud-
ies are warranted to explore potential differences in these 
outcomes between the two ADMs reported in this study.

LIMITATIONS
This study is limited by its sample size, duration of 

follow-up, retrospective design, and reliance on cases 
from a single surgeon. Due to challenges inherent to 
the study of ADM in postmastectomy breast reconstruc-
tion, these weaknesses are common in published studies 
in this setting. Additional cases, longer follow-up, extent 
of mastectomy excision and axillary dissection, and com-
bining results across additional sites and surgeons will 
strengthen the reliability of the findings. The single-sur-
geon design may offer some advantages in terms of com-
paring between groups, as the same surgeon implanted 
both types of ADM, possibly eliminating practice varia-
tions that could influence outcomes of this small study.

CONCLUSIONS
The majority of implant-based breast reconstructions 

now involve the use of ADMs, which allow for greater sur-
geon control over the implant pocket, greater initial fill 
volumes in two-stage reconstructions, improved cosmesis, 
reduced risk for capsular contracture, and use of direct-
to-implant reconstructions in select cases.2–8 This report 
provides initial clinical evidence that SimpliDerm is a safe 
and effective option for soft-tissue support during two-
stage breast reconstructions, with initial 30-day complica-
tion rates similar to those of AlloDerm RTU.

Brian P. Tierney, MD
Tierney Plastic & Reconstructive Surgery

2004 Hayes Street #315 
Nashville, TN 37203

E-mail: tierneyplasticsurgery@hotmail.com
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Table 4. Postoperative Adverse Events (AEs) among Patients 
with AEs (N = 13)

Adverse Event
AlloDerm RTU
(n = 6; 46.2%)

SimpliDerm
(n = 7; 53.8%) P 

AE seriousness   —
 Serious 0 (0.0%) 0 (0.0%) —
 Not serious 6 (100.0%) 7 (100.0%) —
AE intensity   0.416
 Mild 2 (33.3%) 1 (14.3%) —
 Moderate 4 (66.7%) 6 (85.7%) —
 Severe 0 (0.0%) 0 (0.0%) —
AE type   0.292
 Infection 0 (0.0%) 1 (14.3%) —
 Flap ischemia 4 (66.7%) 4 (57.1%) —
 Hematoma 2 (33.3%) 0 (0.0%) —
 Seroma 0 (0.0%) 1 (14.3%) —
 Small skin pinhole with 

surrounding redness
0 (0.0%) 1 (14.3%) —

Action taken   0.358
 Medication 2 (33.3%) 2 (28.6%) —
 Procedure 2 (33.3%) 5 (71.4%) —
 None 1 (16.7%) 0 (0.0%) —
 Other 1 (16.7%) 0 (0.0%) —
†A serious adverse event was defined as an event that: (1) threatened life, (2) 
resulted in permanent impairment of a body function or permanent damage to 
a body structure, (3) necessitated medical or surgical intervention to preclude 
such impairment, (4) required or prolonged hospitalization, or (5) was fatal.
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