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Background: Reconstructive options that can be used following conservative mastectomy, skin-, nipple-
sparing and skin-reducing mastectomies, allow a remarkable variety of safe methods to restore the natural 
shape and aesthetics of the breast mound. In case of two-stage breast reconstruction, tissue expanders (TEs) 
are usually placed in a subpectoral position. The purpose of this retrospective cohort study is to evaluate the 
feasibility and safety of two-step reconstruction with TE in pre-pectoral position covered by acellular dermal 
matrix (ADM).
Methods: Between March 2021 and May 2023, at the Azienda Ospedaliero Universitaria Careggi, 
University of Florence, 55 patients with BRCA 1/2 mutations or early breast cancer underwent conservative 
mastectomy with immediate pre-pectoral reconstruction using TE covered with ADM, followed by a 
second surgery with replacement of the expander with definitive prosthesis. Demographic, oncological, and 
histological data along with surgical complications were recorded.
Results: A total of 64 conservative mastectomies were performed. In 2 patients (3.1%) complications were 
found that required reintervention and, in both cases, the TE had to be removed. Two patients developed 
hematoma and one patient developed seroma. Two patients showed wound dehiscence, both healed after 
conservative treatment and without implant exposure. No case of necrosis of the skin or nipple-areola 
complex has been observed, neither of capsular contracture. Capsule formed around TE was populated with 
cells and blood vessels and showed a thin area of synovial metaplasia.
Conclusions: In selected cases it may be more cautious to perform a two-stage breast reconstruction after 
radical breast surgery by means of TEs. The placement of TEs in pre-pectoral position combines the excellent 
aesthetic and functional results of the pre-pectoral philosophy with a quite safer and more prudent two-step 
approach. Our experience reports optimistic results: the ADM covering the TE is seen successfully integrating 
during tissue expansion and becoming a vascularised new self-tissue. Complications rates are low and such 
ADM-assisted two-stage pre-pectoral reconstructive technique is a safe, practical, and reproducible method.
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Introduction

Breast reconstruction is a central component of the 
comprehensive management of breast cancer patients, 
offering physical and psychological restoration for 
mastectomised women. Reconstructive procedures have 
evolved significantly over the years, providing improved 
outcomes and enhanced patient satisfaction (1). Optimal 
aesthetic outcomes with long-term functional and clinical 
stability are reported worldwide with pre-pectoral breast 
reconstruction (PPBR), turning now from innovation to new 
gold standard in implant-based reconstructive surgery (2,3). 

Acellular dermal matrices (ADMs) have played a pivotal 
role in enabling pre-pectoral advancement: they allowed 
subcutaneous implant placement by providing a higher-
quality biocompatible interface around the synthetic 
prosthesis which reduced incidences of capsular contracture 
by regeneration of subcutaneous tissue (3-8). As a matter of 
fact, derived from allogeneic or xenogeneic dermal tissue 
sources, ADMs are processed to remove cellular elements 

while preserving extracellular matrix (ECM) structural 
integrity and components (9). As a result, collagen is the 
major constituent of dermis-derived acellular materials, 
physiologically designed to provide structural support and 
facilitate cellular adhesion, migration, and proliferation 
(10,11). As such, whenever implanted within biological 
tissues, ADMs act as a three-dimensional scaffold that 
activates biological healing mechanisms involving cellular 
infiltration, angiogenesis, and remodelling, leading to the 
development of a functional neo-tissue. In other words, 
ADMs promote their own integration into patient’s tissues, 
creating a coverage that minimizes implant-related foreign 
body reactions (4,9,12,13). 

Over the past 20 years, ADMs’ anti-fibrotic properties 
have been extensively documented in implant-based breast 
surgeries, with established improvements of clinical-
aesthetic outcomes (14-16). The first successful pre-pectoral 
reconstruction with the first ADM designed to completely 
cover an implant, named BRAXON®, described by Berna 
et al. is one of the present-day example par excellence of 
the enhancement achieved thanks to these biomaterials 
(2,3,5,17,18).

In the wake of these results, pre-pectoral procedures 
are recently beginning to be performed even in two stages. 
Several levels of ADM coverage have been reported 
in this setting taking advantage of their properties by 
applying an ADM directly on the tissue expander (TE). 
Interestingly, multiple publications report favourable final 
outcomes, yet none report on a full wrap with xenogeneic 
ADM on the synthetic expander (19-22). Furthermore, 
studies investigating ADMs’ integration in such a dynamic 
frame are scarce, although two-stage techniques offer the 
significant chance to explore the breast pocket, collecting 
biopsy specimens at the time of the definitive implant 
positioning (23,24). 

The aim of this study is to share our Unit experience 
on two-stage pre-pectoral procedure in terms of safety and 
biological tissues integration using a complete ADM wrap 
of the TE. We report clinical and histological analyses 
of reconstructions performed with BRAXON®Fast, 
a xenogeneic dermal matrix specifically designed to 
completely isolate the synthetic material in the breast 
pocket. We present this article in accordance with 

Highlight box

Key findings
•	 Two-stage pre-pectoral breast reconstruction (PPBR) with tissue 

expander (TE) entirely covered by acellular dermal matrix (ADM) 
is as effective as ADM-assisted direct-to-implant pre-pectoral 
reconstruction as concerns complications and tissue regeneration.

What is known and what is new? 
•	 Literature data demonstrate that PPBR performed with implants 

entirely covered by BRAXON®Fast ADM has low complication 
rates with the device promoting subcutaneous tissue regeneration, 
hence the formation of a soft and vascularised peri-capsular tissue.

•	 Two-stage PPBR performed with TEs entirely covered by 
BRAXON®Fast shows complication rates fully in line with good 
clinical practice. In addition, this work proves that such ADM 
is compatible with the dynamic biological environment that 
subcutaneous tissue experiences during expansion, and matrix 
integration, repopulation and vascularization take place. The 
formed peri-capsular tissue is soft and vascularised.

What is the implication, and what should change now? 
•	 This work enlarges the indications for BRAXON®Fast-assisted 

PPBR by providing insights on a variation of the technique. More 
patients can benefit from saving the pectoralis major muscle.
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the STROBE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-432/rc).

Methods

Patients and data

A retrospective analysis was conducted on 70 patients (a 
total of 84 breasts) treated for breast cancer and two-stage 
pre-pectoral reconstruction at our Breast Unit (Azienda 
Ospedaliero Universitaria Careggi, University of Florence, 
Italy) from March 2021 to May 2023. At our Institution, 
the two-step procedure is offered to patients who would 
benefit from the sparing of the pectoralis major muscle 
but who are not good candidates for direct-to-implant 
reconstructions because of obesity, previous radiotherapy 
treatment, hypertension, neo-adjuvant chemotherapy, and 
undergoing a skin-sparing procedure (because of nipple-
areola complex removal). In our work, we included these 
patients, plus those who had small to moderate-sized breasts 
(<500 g) and were wishing for a larger cup. Patients with 
more than two comorbidities and with TNM status >4 
were not deemed suitable for such procedure. Therefore, 
patients who satisfied the listed criteria received a mesh/
matrix-covered pre-pectoral TE breast reconstruction. no 
more, small to moderate-sized breasts. For the purpose of 
this work, in order to obtain homogeneity of the analysed 
population, patients who underwent two-stage pre-pectoral 
reconstruction with TE wrapped in ADM or meshes other 
than BRAXON®Fast (Decomed® S.r.l., Venice, Italy) were 
excluded from the analysis. Demographic data such as 
BMI, smoking habit, neo-adjuvant and adjuvant therapies, 
comorbidities, previous breast surgeries, hospital stay, and 
surgical details were recorded on the institutional database. 
Reconstructive outcomes and complications such as seroma, 
dehiscence, infection, hematoma, TE rupture and failure 
were recorded and classified as early or late depending on 
the timing of occurrence (before or after three months from 
surgery respectively). 

In five cases, at second stage operation, when patients 
returned into the operating room for TE removal and 
definitive implant placement, a 1.5 cm × 1.5 cm square 
of peri-capsular tissue was sampled for histological 
investigations, consisting in haematoxylin and eosin (H&E) 
staining on tissue sections.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the institutional ethics committee of Azienda 
Ospedaliero Universitaria Careggi (No. #16.069_AOUC) 

and individual consent for this retrospective analysis was 
waived.

Surgical technique

The surgical technique for two-stage ADM-assisted 
PPBR is similar to that of direct-to-implant (DTI) ADM-
assisted PPBR. Briefly, soon after mastectomy the patient 
is ready for BRAXON®Fast-wrapped TE implantation. 
BRAXON®Fast is a pure collagen matrix devoid of 
preservative or cross-linking agents. It is 0.6 mm thick, and 
the unique three-dimensional patented design presents 
a dome-shaped anterior part that can easily adapt to all 
implants’ silhouettes. The ADM preparation consists in a 
5-minute hydration in room temperature sterile solution so 
that the matrix becomes pliable and can be easily adapted to 
the TE silhouette. The TE is expanded up to approximately 
30-50% of the desired volume with sterile saline solution 
and is placed inside the ADM. The dome-shaped superior 
flap and the inferior flat flap of the matrix are sutured 
together with absorbable 3.0 Vicryl Rapide® interrupted 
stitches (that will dissolve in little more than 1 month) so 
that a snug envelope is all around the TE, quite tight in 
order to prevent TE malrotation but still not completely 
adherent to the TE itself, to allow for the first month initial 
expansions. The BRAXON®Fast-TE complex is then 
positioned in the breast pocket and fixed to the pectoralis 
major muscle for stability, with 2 or 3 interrupted sutures, 
once again absorbable even though a little more long 
lasting and with a 2.0 calibre. Adherence of the ADM to the 
mastectomy flap, to prevent the formation of dead spaces, 
can be adjusted by tuning the TE inflation. Nonetheless, 
skin flaps should always be kept quite loose in order to get 
an adequate blood flow and less tension on the incision 
edges, thus taking advantage of a two-stage reconstruction 
as compared to a DTI. Only one drain is placed around 
the TE/ADM complex. Patients are discharged with drain 
and wearing compressive bandages/bra. Drain is removed 
when the liquid volume in the output bag reaches 30 cc 
for 2 consecutive days. Patients are suggested to wear the 
compressive bra for at least one month. A variable number 
of TE expansions is performed until the desired final breast 
volume is reached. After a month the stitches of the ADM 
envelope are dissolved and expansion can be completed as 
wished, stretching entirely the matrix surface, and creating a 
complete adherence of TE and ADM on the inner aspect and 
of ADM and skin flap on the other side. At the time of TE-
definite implant substitution lipofilling could be performed. 

https://gs.amegroups.com/article/view/10.21037/gs-23-432/rc
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Statistical analysis

Data are presented as a descriptive analysis of demographical 
and surgical data, and complications. Data are reported as 
number, range, mean with standard deviation, median, and 
percentage.

Results

From March 2021 to May 2023, a total of 55 patients  
(64 breasts) underwent mastectomy and two-stage ADM-
assisted PPBR using BRAXON®Fast at our Institution. 
Data were retrieved from Institutional database for all 
patients. Patients were followed-up for an average of 10 
months (median follow-up 8.7 months). A summary of 
demographic and surgical data is reported in Table 1.

Early complications occurred in 9.4% of the breasts 
(6 breasts). The most observed were dehiscence and 
hematoma, each occurred in 2 breasts (3.1%), followed by 
1 seroma (1.6%) and 1 infection (1.6%), all conservatively 
treated without further complications. No skin or nipple-
areola complex necrosis were observed. The only 2 (3.1%) 
late complications recorded were 1 wound infection with 
dehiscence (1.6%) and 1 expander rupture (1.6%). Both 
required reintervention and the TE had to be removed, 

Table 1 Demographic data and surgical details

Demographics Values

Patients, n 55

Breasts, n 64

Follow-up (months), mean ± SD [range] 10±5.4 [1.5–28.3]

Age (years), mean ± SD [range] 50.7±10 [30–74]

BMI (kg/m2), mean ± SD 23.1±3.8

Hospital stay (days), mean ± SD 2.4±0.9

Smoking status (per patient), n (%)

Non smokers 39 (70.9)

Current smokers 10 (18.2)

Former smokers 6 (10.9)

Comorbidities (per patient), n (%)

Diabetes 1 (1.8)

Autoimmune diseases 2 (3.6)

Cardio-vasculopathies 9 (16.4)

Hypothyroidism 5 (9.1)

Other comorbidities 7 (12.7)

BRCA1/2mut carriers 7 (12.7)

Surgery type (per breast), n (%)

Therapeutic 51 (79.7)

Prophilactic 13 (20.3)

Type of tumor (per breast), n (%)

DCIS 10 (15.6)

LCIS 7 (10.9)

IDC 9 (14.1)

ILC 2 (3.1)

Mixed 1 (1.6)

Other 22 (34.4)

Mastectomy (per breast), n (%)

Skin/nipple-sparing 32 (50.0)

Skin-sparing 30 (46.9)

Skin-reducing 2 (3.1)

Incisions (per breast), n (%)

Italic-S 18 (28.1)

Elliptical 29 (45.3)

Wise pattern 4 (6.3)

Inframammary fold 13 (20.3)

Table 1 (continued)

Table 1 (continued)

Demographics Values

Therapies, n (%)

Chemotherapy (per patient)

Neoadjuvant 7 (12.7)

Adjuvant 13 (23.6)

Radiotherapy (per breast)

Pre-operative 3 (4.7)

Post-operative 10 (15.6)

Other details (per breast)

Implant volume (cc), mean ± SD 380±123

Axillary lymphadenectomy, n (%) 15 (23.4)

Previous breast surgery, n (%) 11 (17.2)

Drainage (days), mean ± SD 18.5±8.0

Lipofilling, n (%) 7 (10.9)

SD, standard deviation; BMI, body mass index; DCIS, ductal 
carcinoma in situ; LCIS, lobular carcinoma in situ; IDC, invasive 
ductal carcinoma; ILC, invasive lobular carcinoma.
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thus reconstructive failure occurred in 2 breasts (3.1%). 
There was no evidence of capsular contracture especially for 
those patients with a follow-up longer than 1 and 2 years (15 
patients and 3 patients, respectively). In addition, 20% of 
the breasts underwent radiotherapy, a known risk factor for 
early onset of capsular contracture. Such complication was 
not observed in irradiated patients. All complications are 

reported in Table 2.
At the time of TE-definitive implant exchange, the 

peri-implant capsule appeared always soft, elastic, and 
vascularised (Figure 1), indicating Braxon® successful 
integration into the surrounding tissues. All tissue samples 
analysed with H&E revealed presence of blood vessels in 
the newly formed tissue (Figure 2A,2B). Where the ADM 
was in contact with the expander a thin layer of synovial 
metaplasia had formed (Figure 2B).

Aesthetic results obtained with this reconstructive 
technique are reported in Figure 3, both after breast 
expansion (Figure 3A, right before implant exchange) and 
after definitive implant placement (Figure 3B).

Discussion

Recent emphasis on personalized breast reconstruction 
plans considers each patient’s uniqueness, enhancing 

Table 2 Early and late complications

Complications N (%)

Early complications

Seroma 1 (1.6)

Dehiscence 2 (3.1)

Infection 1 (1.6)

Hematoma 2 (3.1)

NAC/skin necrosis 0

Total 6 (9.4)

Late complications

Infected dehiscence 1 (1.6)

TE rupture 1 (1.6)

Capsular contracture 0

Total 2 (3.1)

Failure 2 (3.1)

NAC, nipple-areola complex; TE, tissue-expander.

Figure 1 Peri-implant capsule 8.5 months after TE pre-pectoral 
reconstruction and TE removal. TE, tissue expander.

A

B

100 μm

50 μm

Figure 2 Haematoxylin and eosin staining of capsule samples at  
8.5 months after BRAXON®Fast-wrapped TE implantation. 
(A) Tissue section revealing the presence of blood vessels (black 
arrows). (B) Breast implant capsule with synovial metaplasia (×40), 
capillaries are interspersed in the tissue (black arrows). TE, tissue 
expander.
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satisfaction and success rates with a diverse range of 
techniques and devices (21,25). 

One prominent trend in implant-based reconstruction is 
ADM-assisted pre-pectoral implant placement, performed 
either in one-stage or two-stage modalities with established 
major benefits and patient satisfaction. Here we have shown 
the outcomes on 64 two-stage pre-pectoral reconstructions 
performed with BRAXON®Fast-covered TEs. The ADM 
used is of pig origin, it is the only one that allows complete 
implant coverage and that presents a three-dimensional 
dome shape on the anterior part which easily allocates 
various types and dimensions of TEs/implants without the 
need for time-consuming cutting and sewing required to 
adapt flat ADMs to curved surfaces (26). In addition, such 
device demonstrated adipogenic stimulation capacity, thus it 
is able to boost a more physiological tissue regeneration and 
replenishing the cells naturally present in the subcutaneous 
tissue (27). 

Decellularized dermis materials enable subcutaneous 
implants, reducing inflammation and profibrotic signalling 
in breast capsule development (4,17,24). Based on this 
rationale, many clinicians have verified improved clinical-
aesthetic outcomes with complete ADM wrapping of the 
silicone prosthesis. Masià et al., for example, reported only 

a 2.1% capsular contracture rate on 1,450 pre-pectoral 
procedures, with very natural-looking aesthetic outcomes (2). 

Such positive results seem to recur even in radiotherapy 
settings (28-30) or in obese patients (31) whenever applying 
a regenerative shell in pre-pectoral surgeries. TEs, like 
silicone implants, induce a foreign body reaction. Without a 
suitable bio-active coating, subcutaneous placement can lead 
to adverse effects (32,33). Accordingly, Chopra et al. reported 
quite frequent adverse events with plain pre-pectoral TEs, 
including device dystopia, with recorded rates between 
32.4% and 45.9% (34). In another retrospective review of 
250 nude pre-pectoral expanders, Salibian et al. documented 
grade III/IV capsular contracture in 7.6% of cases (35). 
Likewise, Hammond et al. gived evidence of 21.1% capsular 
contracture grade III/IV in nineteen revision surgeries 
following pre-pectoral conversion without ADM within a 
mean follow-up of 13.8 months (36).

Conversely, data on ADM-wrapped expanders generally 
reveal lower complication rates. Woo et al. describeb a 
10% of adverse events when a nearly complete ADM 
coverage of the expander is applied, as well as Sigalove 
reports a total complications rate of 5.9% with expanders 
fully covered with one or two sheets of acellular dermis 
(25,29). Interestingly, when only ADM tenting is applied, 

A B

C D E

Figure 3 Aesthetic outcomes. (A,B) Pre-operative images of a patient with bilateral BRAXON®Fast-wrapped TE before implant exchange. 
Lateral and frontal view. (C-E) Post-operative images of bilateral breast reconstruction 2 months after TE removal and definitive implant 
positioning. Lateral view (left side), frontal view, and lateral view (right side). TE, tissue expander.
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post-operative clinical profile seems to shift toward slightly 
increased complication rates (20,37).

The extent of ADM implant coverage is still debated. 
In our practice, an ADM for complete prosthesis wrap was 
opted, as mechanical and anti-fibrotic abilities of ADMs 
have been extensively demonstrated and involving the 
entire synthetic surface could maximize their action (38,39). 
Several clinicians have already adopted this strategy, making 
use of human dermal matrices (21,22,25,38). However, 
allogeneic dermis is cost-prohibitive and human-derived 
matrices available on the market lack breast-specific 
indication and conformation (21,25). Disparate attempts 
at off-label constructs have been reported with AlloDerm® 
matrix to achieve easier ADM coverage for pre-pectoral 
placement. Whenever seeking complete coverage, only 
partial wrapping can often be achieved, especially when 
larger expanders are used (21,25).

The heterogeneity of literature data concerning two-
stage ADM-assisted pre-pectoral reconstruction may 
reflect non-standardised implant wrapping procedures 
which lead to centre-to-centre variability. Our early 
experience with a specific standardized ADM wrapping 
technique for complete TE coverage reveals 12.5% total 
complications, and only 3.1% failure rate, fully in line with 
good clinical practice found in the literature so far (40,41). 
Our results are also in line with those reported in recent 
BRAXON®Fast publications (DTI procedures) (18,26,42). 
Within a standard patient selection, pre-pectoral TE 
placement with complete dermal coverage proves feasible 
with successful early clinical outcomes. A 0.6-mm thick and 
preshaped ADM easily conforms to the expander profile and 
histological analyses suggest a proper dynamic integration 
of the scaffold across the expanding process.

Understanding the cellular and molecular mechanisms 
behind ADM integration is crucial for improving surgical 
techniques and results in breast reconstruction. Our 
analyses confirmed matrix integration with cells and 
vascularization, revealing a thin cellular lining similar to the 
synovial membrane. Synovial metaplasia, likely stimulated 
by the mechanical stress of implants, is an adaptation 
mechanism to reduce friction between moving surfaces 
(23,42,43). It has been widely documented in capsules 
formed around silicone implants and it is indicative of a 
benign capsule (44). In fact, its presence is associated with 
Baker grade I and II capsules while its absence is typical 
of Baker grades III and IV capsules, possibly linking 
this formation with a protective effect against capsular 
contracture (43,45,46). Synovial metaplasia was observed to 

form also with other ADMs. Our histological results were 
similar to those reported in literature, with tissue biopsies 
showing blood vessels located just below the synovial 
metaplasia and good tissue integration overall with no signs 
of foreign body response (6,12). Our unit has experience 
with breast reconstruction performed using a titanium-
coated polypropylene mesh and capsular tissue biopsies 
were also taken (47-49). A synovial metaplasia was observed, 
however, the presence of foreign body giant cells, marker 
of inflammation, indicates a different type of peri-implant 
tissue (internal data, not shown). Similarly, inflammation 
in such tissue was also confirmed in one previous work of 
ours (50). In fact, the inflammatory response initiated with 
the foreign body reaction can be either exacerbated or 
prolonged by the presence of a synthetic material, which 
ultimately leads to unregulated and continued stimulation 
of fibrosis with increased risk of capsular contracture (44,51). 
Hence, once again there is confirmation that, by promoting 
modulation of inflammation, the ADM as implant coverage 
creates a vascularised benign capsule integrated into the 
surrounding tissue that exerts a protective effect against 
capsular contracture (4,16).

This study is not without limitations. The retrospective 
and single-institution framework inevitably comes with 
potential surgical bias. Additionally, the small patient 
cohort as well as early follow-up do not allow for long-
term conclusions to be drawn. Noteworthy issues such as 
postoperative pain and analgesic requirements, aesthetic 
outcomes and patient-reported outcomes were not 
evaluated. They will be subjects of our follow-up work, also 
including more extensive histopathological qualitative and 
quantitative analyses.

Acellular dermal matrices have revolutionized PPBR, 
providing surgeons with a powerful tool to enhance 
implant support, reduce complications, and improve 
overall outcomes. With this work, we have proved that a 
device born for DTI PPBR can be safely and effectively 
used in two-stage PPBR as it follows tissue expansion and 
successfully integrates in the surroundings. Even if this 
piece added to the puzzle that is Braxon body of literature, 
surgeons’ knowledge on ADM in breast reconstruction has 
increased and, ultimately, patients can be offered the most 
appropriate reconstructive technique, tailored on their 
characteristics and needs. Additionally, despite the two-stage 
procedure is recognised as least cost-effective and there are 
reports of patients’ lower quality of life (QoL) compared to 
DTI procedures (52), by placing the expander in the pre-
pectoral position the functional and aesthetic benefits of 
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the muscle-sparing technique are maintained. Cost-benefit 
analyses do not consider the cost of the pectoralis muscle 
loss and its fallout on patients’ QoL. We believe two-stage 
pre-pectoral reconstruction to be the best alternative to 
submuscular breast reconstruction while being at the same 
time the best compromise for patients non-ideal for a pre-
pectoral DTI procedure.

Despite challenges, ongoing research and refinements 
aim to boost ADMs benefits in breast reconstruction, 
solidifying their role in modern surgical approaches. 
Investigating ADM-host tissue interactions and considering 
factors like processing techniques, patient characteristics, 
and medical conditions will refine and expand their 
applications.

Conclusions

The placement of ADM-covered TEs in pre-pectoral 
position combines the excellent aesthetic and functional 
results of the pre-pectoral philosophy with a quite safer and 
more prudent two-step approach. Our experience is one of 
the first with this technique and BRAXON®Fast and has 
shown encouraging results: the ADM successfully integrates 
in the dynamic environment created during tissue expansion 
and becomes a vascularised new self-tissue. Complications 
rates are low and such ADM-assisted two-stage pre-
pectoral reconstructive technique is a safe, practical, and 
reproducible method.
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