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Abstract
Background: Over the last decades, the number of acellular 
dermal matrix (ADM)-assisted implant-based breast recon-
structions (IBBR) has substantially increased. However, there 
is still a lack of prospective data on complication rates. 
Methods: We performed a non-interventional, multicenter, 
prospective cohort study to evaluate complication rates of 
a human ADM in patients undergoing an IBBR after skin- and 
nipple-sparing mastectomies. Patients with primary recon-
struction (cohort A) and patients undergoing a secondary 
reconstruction after capsular fibrosis (cohort B) using the 
human ADM Epiflex® (DIZG gGmbH, Berlin, Germany) were 
enrolled in this study. Patients were followed-up for 12 

months after surgery. Results: Eighty-four eligible patients 
were included in this study of whom 28 women underwent 
a bilateral breast reconstruction, leading to 112 human 
ADM-assisted reconstructions in total (cohort A: 73, cohort 
B: 39). In 33.0% of the reconstructed breasts at least one of 
the complications of primary interest occurred, including 
implant loss 7.1%, seroma 15.2%; infection 5.4%, rash 8.0%, 
and Baker grade III/IV capsular fibrosis 2.7%, with no statisti-
cally significant differences between the cohorts. Previous 
radiation therapy was significantly associated with occur-
rence of any postoperative complication (OR 20.41; p value 
0.027). Conclusion: The rates of most complications were 
comparable to the rates reported for other ADMs with rela-
tively low rates of capsular fibrosis and infections. The rate 
of seroma was increased in our study. Prior radiation thera-
py increased the risk of any postoperative complications. 
Therefore, the use of ADM in these patients should be con-
sidered carefully. © 2020 The Author(s) 
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Background

The number of immediate breast reconstructions after 
skin- and nipple-sparing mastectomies has increased 
substantially in the last years [1]. This might be explained 
by several reasons including an increasing incidence of 
breast cancer and a rising number of patients surviving 
breast cancer [2]. The improved oncological safety and 
quality of silicone implants as well as the increase of pro-
phylactic mastectomies might represent further driving 
factors [1, 3–6]. Implant based breast reconstructions 
(IBBR) account for the vast majority of breast reconstruc-
tions worldwide [2, 7]. In recent years, the use of matrices 
in implant-based reconstruction gained popularity [2, 8]. 
Reported advantages of matrices in breast reconstruction 
include the reduction of capsular contraction, improved 
aesthetic outcomes, better control of the inframammary 
and lateral fold, reduced surgery times, improved expan-
sion of the lower pole, and a reduction of postoperative 
pain [8–12]. However, also increased risks of seroma, skin 
necrosis, infections, and loss of implants associated with 
acellular dermal matrix (ADM)-assisted breast recon-
structions were reported in previous studies [8, 11, 13].

Although several studies including systematic reviews 
and meta-analyses have been published in the past, there 
is still no clear evidence of the rate of complications asso-
ciated with ADM-assisted breast reconstructions. Report-
ed complication rates of ADM-assisted IBBR are contra-
dictory, ranging from < 5 to > 50% [2, 14] with the major-
ity of previous studies being retrospective analyses. The 
heterogeneous data on complication rates also impacts the 
discussion on the cost-effectiveness of ADM-assisted 
IBBR. In summary, although there is evidence that ADMs 
improve the results of implant-based reconstructions, 
current data on complication rates are heterogeneous, and 
prospective data on complication rates are rare. Most data 
on human ADMs are based on Alloderm® (Lifecell Inc., 
Branchburg, NJ, USA) and FlexHD® (Musculoskeletal 
Transplant Foundation, Edison, NJ, USA) which are not 
available in Germany. The aim of the present study was to 
prospectively evaluate the complication rates of a human 
ADM in patients undergoing immediate breast recon-
struction after skin- and nipple-sparing mastectomies. 

Material and Methods

Study Design
We conducted a non-interventional, multicenter, prospective 

cohort study at 11 sites with experience in ADM-assisted breast re-
constructions in Germany (German Clinical Trials Register-ID 
DRKS00007587). The study was approved by Ethics Committees at 
all participating sites. Patients were followed up for 1 year. Study vis-
its were scheduled 1, 7 and 30 days, and 3, 6 and 12 months after 
surgery. Baseline data including demographics, medical history, and 
potential predictors of complications were collected prior to surgery.

The objective of the study was to evaluate complication rates in 
patients undergoing a breast reconstruction with the human ADM 
Epiflex® (German Institute for Cell and Tissue Replacement 
(DIZG) gGmbH, Berlin, Germany). The primary endpoint of the 
study was defined as loss of implant. Secondary endpoints of inter-
est included seroma, infection, rash (red breast syndrome), capsu-
lar fibrosis (any grade), and Baker grade III/IV capsular fibrosis. 
In this non-interventional study, physicians were asked to docu-
ment all complications, independent of clinical relevance and se-
verity. Complication rates were evaluated in all patients enrolled 
in this study and separately in patients undergoing a primary re-
construction and patients undergoing a secondary reconstructing 
after capsular fibrosis. The study was unrestrictedly funded by Ber-
liner Krebsgesellschaft e.V., NOGGO e.V., AWOGyn e.V., 
Förderverein Berliner Brustzentren e.V., and the German Institute 
for Cell and Tissue Replacement (DIZG).

Study Population
Physicians were asked to consecutively enroll women undergo-

ing a human ADM-assisted immediate submuscular IBBR after 
skin- and nipple-sparing mastectomy, ≥18 years of age who pro-
vided written informed consent. Patients were enrolled into 2 co-
horts: cohort A – patients without prior reconstruction and cohort 
B – patients undergoing a secondary submuscular implant-based 
reconstruction after implant-caused capsular fibrosis. Patients 
with an autoimmune disease, known contraindication against 
ADM-assisted or plastic reconstructive breast surgery, previous 
radiotherapy (only in cohort A) and pregnant or breast-feeding 
women were not eligible for inclusion. 

Materials
All patients were treated with the human ADM Epiflex® (Ger-

man Institute for Cell and Tissue Replacement [DIZG] gGmbH, 
Berlin, Germany). Epiflex® is produced from skin of serologically 
screened donors by validated procedures including decellulariza-
tion, sterilization, and preservation of the tissue. Epiflex® is steril-
ized using a validated, GMP-conformable process and approved as 
a medicinal product under §21 of the German Medicinal Products 
Act (license number: 3003749.00.00).

Surgery
In our study, IBBR was performed after skin- and nipple-spar-

ing mastectomy from breast surgeons as a one-step breast surgery 
and reconstruction procedure. To ensure better comparability of 
the results, a uniform surgery procedure has been prescribed cor-
responding to the manufacturer’s technical information, and 
training courses were offered for all participating sites. Only sites 
with experience in the use of Epiflex® were eligible for participa-
tion in this study. All patients enrolled in this study underwent a 
submuscular reconstruction. Antibiosis was performed periopera-
tively until drain removal. 

Statistical Analysis
Patients fulfilling all eligibility criteria were included in the 

analyses. Descriptive analyses of all parameters were performed 
providing absolute frequencies and proportions for categorical 
variables and mean, SD, and range for continuous variables. 
Complication rates are reported per breast for the overall study 
population and separately for patients undergoing a primary 
breast reconstruction and patients undergoing a secondary breast 
reconstruction after capsular fibrosis. Complication rates be-
tween the study cohorts were exploratory compared to each oth-
er. Comparisons between the study cohorts were made using the 
χ2 test for categorical variables and parametric Student t test or 
non-parametric Mann-Whitney U test as appropriate for con-



Complication Rates in Breast 
Reconstruction Using a Human ADM

463Breast Care 2021;16:461–467
DOI: 10.1159/000512201

tinuous variables. To account for potential dependency in case of 
bilateral reconstructions, multivariable logistic regression was 
conducted per women to evaluate risk factors for occurrence of 
any complication (loss of implant, seroma, infections, rash, Bak-
er grade III/IV capsular fibrosis). In order to increase the power 
of the model, the multivariable logistic regression model was 
based on all patients enrolled in this study adjusting for the study 
cohort.

A 2-sided p value of < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS Statistics 
25 (IBM, USA).

Results

Patient Population
Eighty-four eligible patients were enrolled in the study 

between January 2015 and September 2018. Patient char-
acteristics are reported in Table 1. Mean follow-up time 
was 9.7 months (SD 3.9). Mean age was 44.5 years (11.9). 
Patients in cohort A were significantly younger compared 
to patients in cohort B (41.4 [SD 9.9] and 49.8 [SD 13.2], 
respectively). 25.0% of the patients had prior neoadjuvant 

Table 1. Patient characteristics

Patient characteristic Total
(n = 84)

Cohort A
(n = 53)

Cohort B
(n = 31)

p value

Age, years 
Mean (SD)
Range

44.5 (11.9)
22–75

41.4 (9.9)
22–62

49.8 (13.2)
27–75

0.001

Body mass index, kg/m2

Mean (SD)
Range

22.1 (2.8)
17.8–32.5

22.0 (3.0)
17.8–32.5

22.2 (2.5)
17.9–27.5

0.403

Smokers, n (%) 18 (21.4) 9 (17.0) 9 (29.0) 0.430
Comorbidities, n (%)

Hypothyroidism 9 (10.7) 3 (5.7) 6 (19.4) 0.050
Hypertension 10 (11.9) 3 (5.7) 7 (22.6) 0.021
Depression 3 (3.6) 0 (0.0) 3 (9.7) 0.021

Prior therapy, n (%)
Radiation therapy 7 (8.3) 0 (0.0) 7 (22.6) 0.000
Neoadjuvant chemotherapy 21 (25.0) 14 (26.4) 7 (22.6) 0.695
Endocrine therapy 23 (27.4) 8 (15.1) 15 (48.4) 0.001

Indication, n (%)
Prophylactica 37 (44.0) 29 (54.7) 8 (25.8) 0.021
Invasive breast cancer 48 (57.1) 34 (64.2) 14 (45.2) 0.090
Precancerosis/DCIS 16 (19.0) 10 (18.9) 6 (19.4) 0.956

a Including confirmed BRCA mutations and breast cancer in the family history.

Table 2. Surgical details per patient

Surgery detail Total
(n = 84)

Cohort Aa

(n = 53)
Cohort B
(n = 31)

Site of reconstruction, n (%)
Unilateral
Bilateral

56 (66.7)
28 (33.3)

33 (62.3)
20 (37.7)

23 (74.2)
8 (25.8)

Surgery time, min
Unilateral, mean (SD)

Range
Bilateral, mean (SD)

Range

130.7 (57.2)
45–325

189.4 (47.6)
80–280

147.6 (62.7)
45–325

202.4 (38.5)
128–280

106.4 (37.5)
57–210

157.0 (55.1)
80–263

Cutting to shape of Epiflex®, n (%) 49 (58.3) 29 (54.7) 20 (64.5)
Reported blood loss during surgery, n (%)

Amount, mean (SD), mLb

Range, mL

59 (70.2)
146.3 (111.2)

20–600

37 (69.8)
172.9 (128.9)

20–600

22 (71.0)
104.1 (55.2)

20–200
Complications during surgery, n (%) 2 (2.4) 2 (3.8) 0 (0.0)

a Including the time for mastectomy in cohort A. b Three outliers (>1.5 × interquartile range) were identified 
in cohort A.
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chemotherapy, and 27.4% had prior endocrine therapy 
with a higher proportion in cohort B (48.4 vs. 15.1% in 
cohort A). The indication for the mastectomy was pro-
phylactic in 44.0% of the patients, 57.1% had a histologi-
cally confirmed invasive breast cancer, and 19.0% report-
ed a precancerosis like ductal carcinoma in situ. 

Surgery
Surgical details are presented in Table 2. Of the 84 

women, 28 women underwent immediate bilateral sub-
muscular IBBR using human ADM, leading to 112 ADM-
assisted reconstructions in total. Of the 112 breasts, 73 
were encountered in cohort A and 39 in cohort B. Mean 
surgery time for unilateral reconstructions was 130.7 min 
(SD 57.2) and 189.4 min (SD 47.6) for bilateral recon-
structions. The surgery times were longer in the primary 
reconstruction situation (cohort A), which comprised the 
time for the mastectomy, compared to the secondary re-
construction (cohort B). The ADMs were adjusted in 
shape in 58.3% of all reconstructions. Problems during 
surgery were reported in 2 cases (2.4%): difficulties in 
control of intraoperative bleedings in 1 case and increased 
difficulty due to a thin skin mantle in the other. 

Postoperative Complications
In 33.0% of the reconstructed breasts at least one of the 

complications of interest occurred. Postoperative com-
plications are reported in Table 3.

Loss of Implant
During follow-up, 8 implants (7.1%) had to be re-

moved, 7 (9.6%) in cohort A and 1 (2.6%) in cohort B. In 
2 patients with bilateral reconstruction, both implants 
had to be removed. 

Five of these reconstruction failures were reported at 
the visit 30 days after surgery, 2 reconstruction failures 
were reported 6 months after surgery, and 1 was reported 
1 year after surgery. 

In 1 patient, seroma was reported at time of reim-
plantation. In 1 patient, the implant loss coincided with 
seroma, infection, skin necrosis, and rash. In 1 case of 

bilateral revision, necrosis of one breast and severe 
swelling of the other breast were reported. The other bi-
lateral explantation was reported to be due to seroma 
and an impaired wound healing. In 1 case, jumping 
breast was diagnosed which resulted in removal of the 
implant. For one explantation, no further complication 
was reported.

Seroma
Seroma was the most common complication, occur-

ring in 17 (15.2%) of the 112 reconstructed breasts with 
an incidence of 11 (15.1%) in cohort A and 6 (15.4%) in 
cohort B. In 1 patient with bilateral breast reconstruction, 
seroma occurred in both reconstructed breasts. One case 
was reported immediately after surgery, 7 cases occurred 
until 1 week after surgery, 7 occurred 1 months after sur-
gery, 1 occurred 3 months after surgery, and 1 six months 
after surgery. In 3 cases, where occurrence of seroma was 
reported, the implant was removed.

Infections
Infections were encountered in 6 breasts (5.4%), 5 

(6.8%) in cohort A and 1 (2.6%) in cohort B. Two infec-
tions were reported 1 week after surgery, 4 were reported 
1 month after surgery. In 1 of the bilateral reconstructions, 
both breasts were infected during follow-up. In these 
breasts, the infections coincided with occurrence of sero-
ma, skin necrosis, and rash. In one of the breasts, the im-
plant was removed. In 1 case, the reported infection coin-
cided with the occurrence of seroma. One infection coin-
cided with the occurrence of seroma and wound 
dehiscence. In 2 cases, no further complication was re-
ported.

Rash
Occurrence of rash was reported in 9 breasts (8.0%), 4 

(5.5%) in cohort A and 5 (12.8%) in cohort B. Two cases 
were reported immediately after surgery, 5 occurred 1 
week after surgery, and 2 until 1 months after surgery.

Capsular Fibrosis
Capsular fibrosis was reported in 12 breasts (10.7%). 

However, only 3 cases (2.7%) were classified as Baker 
Grade III or IV with an incidence of 1 (1.4%) in cohort A 
and 2 (5.1%) in cohort B. Two cases were first reported 3 
months after surgery and 1 year after surgery.

Risk Factors for Postoperative Complications
Results from multivariate logistic regression for risk 

factors of complications are reported in Table 4. Previous 
radiation therapy (p value 0.027, odds ratio [OR] 20.41) 
was associated with the occurrence of any complication 
including loss of implant, seroma, infections, rash, any 
capsular fibrosis. Of the 7 patients with previous radia-

Table 3. Occurrence of complications per reconstructed breast 
stratified by study cohort

Complication Total
(n = 112)

Cohort A
(n = 73)

Cohort B
(n = 39)

p value

Loss of implant 8 (7.1) 7 (9.6) 1 (2.6) 0.474
Seroma 17 (15.2) 11 (15.1) 6 (15.4) 0.724
Infection 6 (5.4) 5 (6.8) 1 (2.6) 0.648
Rash 9 (8.0) 4 (5.5) 5 (12.8) 0.111
Baker grade III/IV 

capsular fibrosis 3 (2.7) 1 (1.4) 2 (5.1) 0.277
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tion therapy, 6 patients (85.7%) had at least one of the 
following complications. Loss of implant was reported in 
1 (14.3%) patient, seroma in 2 (28.6%) patients, rash in 3 
(42.9%) patients, and capsular fibrosis in 2 (28.6%) pa-
tients. No infections were reported. 

Discussion

With the increased use of ADMs in breast reconstruc-
tions, several studies on complication rates of ADMs were 
conducted. However, complication rates vary widely be-
tween studies with the majority being retrospective stud-
ies. This is the first prospective study to evaluate the safe-
ty of human ADM-assisted immediate breast reconstruc-
tions after skin- and nipple-sparing mastectomy in 
patients with and without prior breast reconstruction. 
The mean follow-up time in the present study was 9.7 
months with no significant differences between the study 
cohorts. 

One of the main advantages of ADMs is the reduced 
rate of capsular fibrosis [9, 11, 15], which is one of the 
most common complications of IBBR [9]. In a recently 
published systematic review, the rate of capsular con-
tracture after prepectoral breast reconstruction was re-
duced to 2.3% in patients with ADM compared to 12.4% 
in patients without ADM [16]. In our study, we found 
an overall Baker grade III or IV capsular fibrosis rate of 
2.7%, which is in line with these findings. The incidence 

of capsular fibrosis was higher in cohort B (5.1%) com-
pared to cohort A (1.4%). This might be due to the in-
clusion of patients with prior radiation therapy and re-
construction surgery due to prior capsular fibrosis in 
cohort B, whereas prior radiation therapy was an exclu-
sion criterion in cohort A. Both cases with Baker grade 
III/IV capsular fibrosis in cohort B had a prior radiation 
therapy. Although postoperative radiation therapy was 
not assessed systematically in this study, it was reported 
that the capsular fibrosis in the affected patient in co-
hort A, occurred after postoperative radiation treat-
ment during follow-up. Radiation therapy was identi-
fied as risk factor for capsular contracture in breast re-
construction in previous studies [9, 17]. In our study, 
previous radiation therapy was identified as a risk factor 
for occurrence of any complication, while it could not 
be identified as an independent risk factor for capsular 
fibrosis solely, which might be explained by the small 
sample size. Notably, patients with previous radiother-
apy were only enrolled in cohort B, that is, in a second-
ary reconstruction situation. Receiving a radiotherapy 
prior to a skin- and nipple-sparing mastectomy is un-
likely in clinical practice. 

A large retrospective chart review with a mean follow-
up of 4.7 years by Salzberg et al. [9] showed that capsular 
contracture in ADM-assisted breast reconstructions is 
an early event, with all events occurring within 2 years 
after surgery in their study. In our study, the median fol-
low-up time was 9.7 months; thus, we might have missed 
the occurrence of some capsular fibroses. Importantly, in 
our study using implant-based reconstruction with hu-
man ADM, it was possible to achieve results without cap-
sular fibrosis in patients with implant related capsular 
contraction before, indicating that not in every patient 
with capsular contracture, an autologous reconstruction 
is required. However, due to our short follow-up period, 
further studies with a longer follow-up period are needed 
to confirm this as capsular fibrosis might have occurred 
later. 

In a meta-analysis from Hallberg et al. [8], the overall 
incidence of implant loss in the included studies ranged 
from 0 to 17%. In a systematic review, the pooled explan-
tation rate was slightly lower with 4.1% [18]. Other meta-
analysis reported comparable rates of reconstruction fail-
ures [11, 19]. Sorkin et al. [20] found an explantation rate 
of 9.2% in a large prospective cohort study including 655 
patients undergoing ADM-assisted breast reconstruc-
tions, with similar risks as compared to patients without 
ADMs. In our study, 7.1% of reconstructions failed.

The most common postoperative complication in our 
study was seroma with an incidence of 15.2%. It was re-
ported previously that the use of ADM increases the rate 
of seroma as compared to breast reconstructions without 
ADMs [13, 15] with rates spread widely across previous 

Table 4. Multivariate logistic regression analyses to evaluate risk 
factors for any postoperative complication

Risk factor Odds 
ratio

95% CI p value

Age, years 1.02 0.95–1.09 0.672
BMI 0.85 0.68–1.06 0.151
Smoker 1.31 0.42–4.02 0.641
Hypertension 0.70 0.09–5.65 0.740
Hypothyroidism 0.82 0.12–5.43 0.838
Depression 11.79 0.39–356.88 0.156
Neoadjuvant chemotherapy 2.05 0.44–9.48 0.358
Endocrine therapy 0.62 0.13–2.85 0.539
Radiation therapy 20.41 1.42–294.14 0.027
Invasive breast cancer 1.97 0.44–8.88 0.376
Precancerosis 0.23 0.03–1.67 0.147
Duration of surgery 0.99 0.98–1.01 0.245
Cutting to shape of Epiflex® 0.96 0.74–1.25 0.763
Bilateral surgery 0.60 0.11–3.22 0.547
Blood loss during surgery 2.25 0.65–7.72 0.199
Revision surgery 0.61 0.12–3.13 0.555

Complications include loss of implant, seroma, infections, rash 
and Baker grade III/IV capsular fibrosis. CI, confidence interval; 
BMI, body mass index.
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studies. The high incidence of seroma formation associ-
ated with use of ADM is hypothesized to be caused by an 
immunological response towards the ADM [15, 21], es-
pecially prior to revascularization of the ADM [15]. In 
line with this argumentation, seroma formation was an 
early event in our study: 15 out of 17 reported seroma oc-
curring within the first month after surgery. Skovsted Yde 
et al. [22] reported rates for Alloderm® varying from 2.1 
to 18% in previous studies. In a large retrospective analy-
sis, Chun et al. [13] revealed a rate of seroma of 14.1% in 
patients undergoing an ADM-assisted immediate breast 
reconstruction. The pooled rate of seroma in a meta-anal-
ysis from Kim et al. [19] was 4.8%, whilst Smith et al. [23] 
reported a rate of 8.3% in breast reconstructions with hu-
man ADMs. In our study, the rates were higher compared 
to the findings from other studies. Notably, the compara-
bility of incidence rates is limited by differing outcome 
assessments. Importantly, in the current study we docu-
mented all seromas, including those that did not require 
any intervention. Postoperative ultrasounds were rou-
tinely performed in our study sites by breast surgeons and 
may explain the high rate of ultrasound detected yet clin-
ically non-relevant seroma. 

In a meta-analysis, the risk of infections was signifi-
cantly increased in patients undergoing a breast recon-
struction with human ADMs as compared to patients un-
dergoing submuscular reconstruction with infection 
rates of 7.2 and 5.9%, respectively [23]. In our study, the 
rate of infections was slightly lower (5.4%).

The rate of rash in the present study was comparable 
to the rate reported by Negenborn et al. [14].

Our study identified previous radiation therapy as a 
predictor of any postoperative complication, which was 
also identified as a risk factor in other studies [9, 17, 24]. 
In contrast to our study, smoking status [24–26], high 
BMI (≥30 kg/m2) [26, 27], and previous chemotherapy 
[14, 24, 26] were shown to be predictors of complications 
in other studies. Breast size and weight of implant, which 
were described to be among the most predictive factors 
for complications previously [14, 25, 26], were not as-
sessed in the present study. Due to the relatively small 
number of patients, results from the multivariate regres-
sion analysis should be interpreted with caution and only 
give an indication for risk factors.

In our study, the complication rates were not statisti-
cally different in patients with a primary breast recon-
struction compared to patients undergoing a revision 
surgery after capsular fibrosis, indicating that Epiflex® is 
safe to use in primary breast reconstruction as well as in 
revision surgery after capsular fibrosis. However, due to 
our short follow-up period and relatively low sample siz-
es in the cohorts, this needs to be confirmed in further 
studies with larger sample sizes and longer follow-ups. 
Despite this limitation, this is the first study to prospec-

tively evaluate the complications rates in primary breast 
reconstruction and secondary breast reconstruction after 
capsular fibrosis using a human ADM. In a retrospective 
study with a median follow-up of 3 years, Paprottka et al. 
[28] found the use of human ADMs to be associated with 
the lowest risk of complications compared to porcine 
ADMs and bovine ADMs. 

Conclusion

In our study, most complication rates for the use of 
the human ADM Epiflex® in immediate IBBR and for 
treatment of capsular fibrosis were comparable to the 
rates reported for other ADMs, with relatively low rates 
of capsular fibrosis and infections. Only the rate of se-
roma was higher compared to previous studies. The 
complication rates were not statistically different in pa-
tients with a primary breast reconstruction compared to 
patients undergoing a revision surgery after capsular fi-
brosis. The risk of any postoperative complications was 
increased in patients with prior radiation therapy. There-
fore, the use of ADM in these patients should be consid-
ered carefully. 

Acknowledgement

The authors acknowledge all study centers for their support 
during the conduct of the study and all study participants for con-
tributing to this study.

Statement of Ethics

The study was approved by Ethics Committees at all participat-
ing sites (Ethics Committee of the Charité – Universitätsmedizin 
Berlin, Landesärtzekammer Baden-Württemberg, Otto-von Guer-
icke-Universität an der Medizinischen Fakultät und am Univer-
sitätsklinikum Magdeburg, Technische Universität München, 
Medizinische Hochschule Hannover, Ärztekammer Westfalen-
Lippe). Written informed consent was obtained from all study par-
ticipants in order to participate in the study.

Conflict of Interest Statement

Prof. MD Andree Faridi is a constultant of pfm Köln and re-
ceived speaking fees from pfm Köln and DIZG Berlin. MD Stefan 
Paepke received fees from pfm, tapmed, novusscientific and DIZG. 
Prof. MD Sherko Kümmel received consulting fees from F. Hoff-
mann-La Roche Ltd, Genomic Health, Novartis, Amgen, Celgene, 
Daiichi Sankyo, AstraZeneca, Somatex, MSD, Pfizer, Puma Bio-
technology, PFM Medical, Lilly. All other authors have no conflicts 
of interest to declare.



Complication Rates in Breast 
Reconstruction Using a Human ADM

467Breast Care 2021;16:461–467
DOI: 10.1159/000512201

Funding Sources

The study was unrestrictedly funded by Berliner Krebsgesell-
schaft e.V., Berlin, Germany; AWOGyn e.V., Berlin, Germany; 
Förderverein Berliner Brustzentren e.V., Berlin, Germany; and 
DIZG, Berlin, Germany. The financial sponsors had no role in the 
data collection and data analysis or the manuscript. The sponsor 
of the study was NOGGO e.V., Berlin, Germany.

Author Contributions

L.B.: performed the data analyses and wrote the manuscript 
with input from all authors. A.F., M.K., S.K., and J.-U.B.: contrib-
uted to the study design and writing of the study protocol. A.F., 
C.N., S.P., C.M., H.J.S., C.G.-S., L.B., M.M.K., and J.-U.B.: contrib-
uted to data collection and data interpretation.

References

  1	 Dieterich M, Faridi A. Biological Matrices 
and Synthetic Meshes Used in Implant-based 
Breast Reconstruction – a Review of Products 
Available in Germany. Geburtshilfe Frauen-
heilkd. 2013 Nov; 73(11): 1100–6.

  2	 Negenborn VL, Dikmans RE, Bouman MB, 
Wilschut JA, Mullender MG, Salzberg CA. 
Patient-reported Outcomes after ADM-as-
sisted Implant-based Breast Reconstruction: 
A Cross-sectional Study. Plast Reconstr Surg 
Glob Open. 2018 Feb; 6(2):e1654.

  3	 Jagsi R, Jiang J, Momoh AO, Alderman A, 
Giordano SH, Buchholz TA, et al. Trends and 
variation in use of breast reconstruction in pa-
tients with breast cancer undergoing mastec-
tomy in the United States. J Clin Oncol. 2014 
Mar; 32(9): 919–26.

  4	 Cemal Y, Albornoz CR, Disa JJ, McCarthy 
CM, Mehrara BJ, Pusic AL, et al. A paradigm 
shift in U.S. breast reconstruction: Part 2. The 
influence of changing mastectomy patterns 
on reconstructive rate and method. Plast Re-
constr Surg. 2013 Mar; 131(3): 320e–6e.

  5	 Gerber B, Krause A, Dieterich M, Kundt G, 
Reimer T. The oncological safety of skin spar-
ing mastectomy with conservation of the nip-
ple-areola complex and autologous recon-
struction: an extended follow-up study. Ann 
Surg. 2009 Mar; 249(3): 461–8.

  6	 Gerber B, Marx M, Untch M, Faridi A. Breast 
Reconstruction Following Cancer Treatment. 
Dtsch Arztebl Int. 2015 Aug; 112(35–36): 593–
600.

  7	 Casella D, Bernini M, Bencini L, Roselli J, La-
caria MT, Martellucci J, et al. TiLoop® Bra 
mesh used for immediate breast reconstruc-
tion: comparison of retropectoral and subcu-
taneous implant placement in a prospective 
single-institution series. Eur J Plast Surg. 
2014; 37(11): 599–604.

  8	 Hallberg H, Rafnsdottir S, Selvaggi G, Stran-
dell A, Samuelsson O, Stadig I, et al. Benefits 
and risks with acellular dermal matrix (ADM) 
and mesh support in immediate breast recon-
struction: a systematic review and meta-anal-
ysis. J Plast Surg Hand Surg. 2018 Jun; 52(3): 

130–47.
  9	 Salzberg CA, Ashikari AY, Berry C, Hunsick-

er LM. Acellular Dermal Matrix-Assisted Di-
rect-to-Implant Breast Reconstruction and 
Capsular Contracture: A 13-Year Experience. 
Plast Reconstr Surg. 2016 Aug; 138(2): 329–37.

10	 Baker BG, Irri R, MacCallum V, Chattopad-
hyay R, Murphy J, Harvey JR. A Prospective 
Comparison of Short-Term Outcomes of 
Subpectoral and Prepectoral Strattice-Based 
Immediate Breast Reconstruction. Plast Re-
constr Surg. 2018 May; 141(5): 1077–84.

11	 Ho G, Nguyen TJ, Shahabi A, Hwang BH, 
Chan LS, Wong AK. A systematic review and 
meta-analysis of complications associated 
with acellular dermal matrix-assisted breast 
reconstruction. Ann Plast Surg. 2012 Apr; 

68(4): 346–56.
12	 JoAnna Nguyen T, Carey JN, Wong AK. Use 

of human acellular dermal matrix in implant-
based breast reconstruction: evaluating the 
evidence. J Plast Reconstr Aesthet Surg. 2011 
Dec; 64(12): 1553–61.

13	 Chun YS, Verma K, Rosen H, Lipsitz S, Mor-
ris D, Kenney P, et al. Implant-based breast 
reconstruction using acellular dermal matrix 
and the risk of postoperative complications. 
Plast Reconstr Surg. 2010 Feb; 125(2): 429–36.

14	 Negenborn VL, Dikmans RE, Bouman MB, 
Winters HA, Twisk JW, Ruhé PQ, et al. Pre-
dictors of complications after direct-to-im-
plant breast reconstruction with an acellular 
dermal matrix from a multicentre random-
ized clinical trial. Br J Surg. 2018 Sep; 105(10): 

1305–12.
15	 Lee KT, Mun GH. Updated Evidence of Acel-

lular Dermal Matrix Use for Implant-Based 
Breast Reconstruction: A Meta-analysis. Ann 
Surg Oncol. 2016 Feb; 23(2): 600–10.

16	 Wagner RD, Braun TL, Zhu H, Winocour S. 
A systematic review of complications in pre-
pectoral breast reconstruction. J Plast Recon-
str Aesthet Surg. 2019 Jul; 72(7): 1051–9.

17	 Pu Y, Mao TC, Zhang YM, Wang SL, Fan DL. 
The role of postmastectomy radiation therapy 
in patients with immediate prosthetic breast 
reconstruction: A meta-analysis. Medicine 
(Baltimore). 2018 Feb; 97(6):e9548.

18	 Salibian AA, Frey JD, Choi M, Karp NS. Sub-
cutaneous Implant-based Breast Reconstruc-
tion with Acellular Dermal Matrix/Mesh: A 
Systematic Review. Plast Reconstr Surg Glob 
Open. 2016 Nov; 4(11):e1139.

19	 Kim JY, Davila AA, Persing S, Connor CM, 
Jovanovic B, Khan SA, et al. A meta-analysis 
of human acellular dermis and submuscular 
tissue expander breast reconstruction. Plast 
Reconstr Surg. 2012 Jan; 129(1): 28–41.

20	 Sorkin M, Qi J, Kim HM, Hamill JB, Kozlow 
JH, Pusic AL, et al. Acellular Dermal Matrix 
in Immediate Expander/Implant Breast Re-
construction: A Multicenter Assessment of 
Risks and Benefits. Plast Reconstr Surg. 2017 
Dec; 140(6): 1091–100.

21	 Karsten MM, Enders S, Knabl J, Kirn V, 
Düwell P, Rack B, et al. Biologic meshes and 
synthetic meshes in cancer patients: a double-
edged sword: differences in production of 
IL-6 and IL-12 caused by acellular dermal ma-
trices in human immune cells. Arch Gynecol 
Obstet. 2018 May; 297(5): 1265–70.

22	 Skovsted Yde S, Brunbjerg ME, Damsgaard 
TE. Acellular dermal matrices in breast re-
constructions – a literature review. J Plast 
Surg Hand Surg. 2016 Aug; 50(4): 187–96.

23	 Smith JM, Broyles JM, Guo Y, Tuffaha SH, 
Mathes D, Sacks JM. Human acellular dermis 
increases surgical site infection and overall 
complication profile when compared with 
submuscular breast reconstruction: an updat-
ed meta-analysis incorporating new products. 
J Plast Reconstr Aesthet Surg. 2018 Nov; 

71(11): 1547–56.
24	 Eichler C, Vogt N, Brunnert K, Sauerwald A, 

Puppe J, Warm M. A Head-to-head Compar-
ison between SurgiMend and Epiflex in 127 
Breast Reconstructions. Plast Reconstr Surg 
Glob Open. 2015 Jul; 3(6):e439.

25	 Schnarrs RH, Carman CM, Tobin C, Chase 
SA, Rossmeier KA. Complication Rates With 
Human Acellular Dermal Matrices: Retro-
spective Review of 211 Consecutive Breast 
Reconstructions. Plast Reconstr Surg Glob 
Open. 2016 Nov; 4(11):e1118.

26	 Lardi AM, Ho-Asjoe M, Mohanna PN, Far-
hadi J. Immediate breast reconstruction with 
acellular dermal matrix: factors affecting out-
come. J Plast Reconstr Aesthet Surg. 2014 
Aug; 67(8): 1098–105.

27	 Mendenhall SD, Anderson LA, Ying J, Bouch-
er KM, Neumayer LA, Agarwal JP. The 
BREASTrial Stage II: ADM Breast Recon-
struction Outcomes from Definitive Recon-
struction to 3 Months Postoperative. Plast Re-
constr Surg Glob Open. 2017 Jan; 5(1):e1209.

28	 Paprottka FJ, Krezdorn N, Sorg H, Könneker 
S, Bontikous S, Robertson I, et al. Evaluation 
of Complication Rates after Breast Surgery 
Using Acellular Dermal Matrix: Median Fol-
low-Up of Three Years. Plast Surg Int. 2017; 

2017: 1283735.

https://www.karger.com/Article/FullText/512201?ref=1#ref1
https://www.karger.com/Article/FullText/512201?ref=1#ref1
https://www.karger.com/Article/FullText/512201?ref=2#ref2
https://www.karger.com/Article/FullText/512201?ref=2#ref2
https://www.karger.com/Article/FullText/512201?ref=3#ref3
https://www.karger.com/Article/FullText/512201?ref=4#ref4
https://www.karger.com/Article/FullText/512201?ref=4#ref4
https://www.karger.com/Article/FullText/512201?ref=5#ref5
https://www.karger.com/Article/FullText/512201?ref=5#ref5
https://www.karger.com/Article/FullText/512201?ref=6#ref6
https://www.karger.com/Article/FullText/512201?ref=7#ref7
https://www.karger.com/Article/FullText/512201?ref=8#ref8
https://www.karger.com/Article/FullText/512201?ref=9#ref9
https://www.karger.com/Article/FullText/512201?ref=10#ref10
https://www.karger.com/Article/FullText/512201?ref=10#ref10
https://www.karger.com/Article/FullText/512201?ref=11#ref11
https://www.karger.com/Article/FullText/512201?ref=12#ref12
https://www.karger.com/Article/FullText/512201?ref=13#ref13
https://www.karger.com/Article/FullText/512201?ref=14#ref14
https://www.karger.com/Article/FullText/512201?ref=15#ref15
https://www.karger.com/Article/FullText/512201?ref=15#ref15
https://www.karger.com/Article/FullText/512201?ref=16#ref16
https://www.karger.com/Article/FullText/512201?ref=16#ref16
https://www.karger.com/Article/FullText/512201?ref=17#ref17
https://www.karger.com/Article/FullText/512201?ref=17#ref17
https://www.karger.com/Article/FullText/512201?ref=18#ref18
https://www.karger.com/Article/FullText/512201?ref=18#ref18
https://www.karger.com/Article/FullText/512201?ref=19#ref19
https://www.karger.com/Article/FullText/512201?ref=19#ref19
https://www.karger.com/Article/FullText/512201?ref=20#ref20
https://www.karger.com/Article/FullText/512201?ref=21#ref21
https://www.karger.com/Article/FullText/512201?ref=21#ref21
https://www.karger.com/Article/FullText/512201?ref=22#ref22
https://www.karger.com/Article/FullText/512201?ref=22#ref22
https://www.karger.com/Article/FullText/512201?ref=23#ref23
https://www.karger.com/Article/FullText/512201?ref=24#ref24
https://www.karger.com/Article/FullText/512201?ref=24#ref24
https://www.karger.com/Article/FullText/512201?ref=25#ref25
https://www.karger.com/Article/FullText/512201?ref=25#ref25
https://www.karger.com/Article/FullText/512201?ref=26#ref26
https://www.karger.com/Article/FullText/512201?ref=27#ref27
https://www.karger.com/Article/FullText/512201?ref=27#ref27
https://www.karger.com/Article/FullText/512201?ref=28#ref28

	TabellenTitel
	_Hlk21433384
	TabellenFussnote
	_Hlk21433356

