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Summary

Introduction: The aim of this study was to assess the long-term impact and potential effectiveness of our specialized acellular dermal
matrix (ADM) in a two-stage breast reconstruction process. Objective: Opinions regarding the use of ADMs are currently divided. While
their positive contribution to reconstructive breast surgery is evident, the results of studies vary depending on specific procedures, patient
selection, and techniques employed. Material and methods: In a retrospective study conducted between January 2015 and October 2023,
it was examined a cohort of patients who underwent delayed two-stage breast reconstruction with the addition of ADM prepared by Central
Tissue Bank (CTB) the Burn and Reconstructive Surgery Department University Hospital Ruzinov. Our primary focus was on the occurrence
of significant postoperative complications during both the initial and subsequent reconstruction periods, taking into account patients’
medical history, comorbidities, and adjuvant therapy. Results: We examined a total of 46 patients (49 breasts) who underwent two-stage
breast reconstruction. The average age of the patients was 46 and the average BMI was 23.1. The average length of outpatient follow-up for
female patients was 32 months. We observed a total of 4 cases of capsular contracture, ranging from grade | to grade Ill, with 2 cases requiring
surgical revision through capsulotomy and implant exchange. Postoperative complications, such as infection and dehiscence leading to
expander/implant loss, occurred in one case. The occurrence of seroma was noted in 3 cases. Complications were more frequently observed
in the group of patients with post-radiation chest changes and comorbidities such as diabetes or hypertension, and in patients with a lower
BMI than the group’s average (23.1). In the group of patients who were smokers, we did not observe an increased rate of complications, with
the exception of wound dehiscence in cases where there was no expander exposure. Conclusion: In experienced hands, ADM prepared
by CTB and used in delayed two-stage breast reconstruction, can be beneficial as an adjunct to prosthetic breast reconstruction while also
reducing costs.
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Introduction

The initial use of matrices in breast sur-
gery was first reported in 2001, specifi-
cally in revisional aesthetic breast sur-
gery, and later in breast reconstruction
in 2005 [1-3]. Since then, matrices have
gained widespread use in breast recon-
struction procedures worldwide [4]. The
use of acellular dermal matrices (ADM)
in two-stage reconstruction, particu-
larly in cases of modified radical mastec-
tomy, offers several advantages. These
include the ability to create a larger im-
plant pocket with better control over its
position, a higher volume of intra-oper-

ative expander fill, and the potential to
shorten the expansion period compared
to submuscular placement alone [5,6].
Additionally, optimal implant position-
ing can be achieved without the need
for serratus anterior muscle elevation,
resulting in reduced postoperative
pain [7]. Commercially available ADM
are commonly used alongside pros-
thetic reconstructions due to their pre-
sumed and documented advantages [8].
However, there is a growing concern
that the use of matrices in breast recon-
struction may increase the risk of com-
plications, as they are non-vascularized

materials in an environment with poorly
circulated mastectomy flaps [9]. Cer-
tain studies have reported a higher in-
cidence of postoperative complications
in patients with a higher BMI, such as
the presence of seroma, and inflamma-
tion, particularly in soft tissues that have
been fibrotized by radiotherapy or are
very thin [10-12]. The pathophysiolog-
ical changes resulting from radiother-
apy are well-documented, and in the
past, patients with these complications
were considered relatively contraindi-
cated for implant-based breast recon-
struction, and reconstruction with an ex-
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Tab. 1. Patient characteristics of the studied group.
Age average 46 years (32-61)
BMI average 23.1 (18.9-33.3)
arterial hypertension diabetes mellitus hypothyreosis psychiatric diagnosis
Comorbidities
6 1 3 5
smoker nonsmoker alcohol -
Abuses
5 39 0 =
modified radical skin sparing nipple sparing _
Type of mastectomy maSteCtomy mastectomy mastectomy
32 13 4 =
left side right side - -
Site of mastectomy
24 25 — —
radiotherapy chemotherapy hormonal therapy -
Adjuvant therapy 16 » 2

pander was not recommended for these
patients [13,14]. Additionally, comorbid-
ities like diabetes mellitus, obesity, and
smoking can also contribute to com-
promised blood circulation in dermal
flaps [15,16].

Itis crucial to consider known patient-
-related risk factors, as well as those re-
lated to prosthetics and acellular der-
mal matrices, during patient selection
and surgical planning [17,18]. It is im-
portant for patients to have knowledge
about the risks of complications to make
informed decisions regarding allogenic
breast reconstruction [7].

Nonetheless, Hallberg etal. have
noted that no patient has had ADM
in situ for more than 16 years, and few
more than 5 years. Today, almost 6 years
after the publication, thereis a little more
data available, but there is still limited
information on the long-term effects of
ADM in larger patient groups [17,19,20].
Therefore, further research is needed to
better understand these effects [21].

Methods

In this study, a retrospective analysis was
conducted on medical records of pa-
tients who underwent delayed two-
-stage breast reconstruction using ADM
from January 2015 to October 2023. It is

important to note that in our country,
Slovakia, and at our clinic, we exclusively
utilized ADM prepared by the Central
Tissue Bank (CTB) of Burn and Recon-
structive Surgery Department Univer-
sity Hospital Ruzinov, specifically through
the special decellularization method
known as Dragunova [22]. This ADM is
human derived, cryopreserved and pre-
pared using a non-cytotoxic decellulari-
zation method, as stated by the manufac-
turer. Additionally, it is worth mentioning
that the ADM from CTB of Burn and Re-
constructive Surgery Department Uni-
versity Hospital Bratislava is significantly
more cost-effective compared to com-
mercially produced equivalents, priced
at 1 euro per cm?, whereas other com-
mercially prepared ADMs, such as Allo-
Derm RTM, are priced around 30 euros
per cm? [23,24].

All patients included in the study un-
derwent a thorough evaluation by their
oncologists and received approval to
undergo breast reconstruction at the
time of their initial surgery.

The analysis included a total of 46 pa-
tients with 49 breasts (24 left breasts
and 25 right breasts), three of which un-
derwent bilateral breast reconstruction.
Patients included in the study had un-
dergone mastectomy alone or breast-

-conserving surgery in the past, followed
by modified radical mastectomy, skin-
-sparing mastectomy, or nipple-spar-
ing mastectomy (Tab. 1), with or without
adjuvant radiotherapy, chemotherapy,
or hormonal therapy. Radiotherapy in
each patient was explicitly adjuvant,
and no patient underwent radiation
with an implanted breast expander or
implant.

The primary focus of the study was to
evaluate the impact of ADM as an ad-
junct to two-stage delayed breast re-
construction, specifically regarding the
incidence of major postoperative com-
plications, such as infection, capsular
contracture requiring revision surgery,
and the number of failed reconstruc-
tions. The study received approval from
the University Hospital Bratislava Eth-
ics Committee in November 2022 (No.
EC/157/2022).

Surgical technique

Breast reconstruction surgeries were
performed at the Department of Plas-
tic Surgery, University Hospital Bratis-
lava, RuZinov. A consistent surgical tech-
nique was employed for all patients.
The procedure involved two stages —
the use of breast expanders in the first
stage, which were later replaced with
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the ADM.

permanent implants in the second
stage.

Before surgery, patients received pre-
operative antibiotic prophylaxis, followed
by necessary surgical markings (Fig. 1).
The excision of the postmastectomy
scar was performed initially, followed by
the preparation and identification of the
inferior margin of the pectoralis major
muscle. The pectoralis major muscle was
then elevated along with the rectus ab-
dominis fascia to create space for the ex-
pander. After preparation, the ADM was

Fig. 3. ADM sutured to the lower border of the pectoralis
muscle, tissue expander is already inserted under

sutured to the inferior border of the mo-
bilized pectoralis muscle, and its inferior
border was sutured to the newly planned
inframammary fold (Fig. 2, 3).

During the surgical procedure, a de-
flated breast expander was inserted
through a lateral opening in the newly
formed pocket, located approximately
in the anterior axillary line. Two Redon
drains were placed - one in the pocket
and another in the subcutaneous layer
to minimize dead space. The pocket was
then sutured, followed by the closure of

Fig. 2. ADM two pieces sutured togeather, ready to be
sutured to the patient body.

Fig. 4. The patient after the consolidation (first stage
of reconstruction is finished).

the wound in anatomical layers. Using
magnetic navigation, saline solution
was either instilled or not instilled into
the breast expander, and the wound was
covered with Steristrip and bandaged.
The decision to fill the expander intra-
operatively was based on the elasticity
of the pectoralis major muscle and post-
mastectomy skin flaps. The dressing was
exchanged for an elastic bra on the first
day after surgery. Drains were removed
once the production decreased below
20 mL per 24 hrs.
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Fig. 5. The patient three months after expander/implant exchange and
contralateralvertical mammaplasty modelation.

Tab. 2. Operation statistics of the study.

Stage Item

1. stage of the
reconstruction

volume

2. stage of the
reconstruction

post-operation

operation time

peroperation expansion

final expansion volume
operation time
final implant volume
average follow-up time
minimum follow-up time

maximum follow-up time

Value
106.11 min (60-180 min)
135.43 mL (0-500 mL)

470 mL (230-1,120 mL)
78 min (36-180 min)
424.2 mL
32 months
6 months
89 months

The additional filling of the expander
was performed as an outpatient proce-
dure, but only after ensuring that the
wound had healed without any complica-
tions, typically after a minimum of 14 days
following expander insertion. During this
period, the expander was gradually filled
with 50-100 mL of saline every 14 days,
taking into consideration tissue tolerance.
Once the desired size was achieved, a con-
solidation period of 3 months followed be-
fore proceeding with the second stage of
breast reconstruction (Fig. 4).

The incision for the second stage was
made using the same postmastectomy
scar as in the initial stage. The tissue ex-
pander was removed, and the ADM was
found to be fully incorporated. The cap-
sule formed around the expander was
modified with capsulotomy if needed,
and after changing surgical gloves and
dressing, the implant was inserted.
A Redon drain was placed in the implant
pocket. The closure process followed the
same steps as mentioned during the first
stage. After the surgical wound healing,

patients were instructed to begin mas-
saging and moisturizing the scar and the
entire neobreast. A compressive bra was
recommended to be worn for an addi-
tional 6 weeks (Fig. 5) - the final result
of the reconstruction with contralateral
mastopexy symmetrization.

Results

A total of 46 patients, with an average
age of 46 years (ranging from 32 to 61),
and an average BMI of 23.1 (ranging from
18.9 to 33.3), were included in this study
of two-stage delayed breast reconstruc-
tion. The study encompassed 49 breasts,
with 24 on the left side and 25 on the
right side. Prior to surgery, 34.7% of pa-
tients received adjuvant radiotherapy,
47.8% received chemotherapy, 10.8%
underwent both chemotherapy and
radiation, and hormonal therapy was
given to 10.8% of patients. Additionally,
17.3% of patients received only chem-
otherapy, 8.7% received chemotherapy
and hormonal therapy, and 4.3% were
treated with only radiation and hormo-
nal therapy.

Arterial hypertension was recorded
in 13% of patients (6 individuals), 10.8%
had psychiatric comorbidities such as
anxious depressive syndrome (5 pa-
tients), 6.5% had psychiatric comorbid-
ities (3 patients), and 2.2% had diabetes
mellitus (1 patient), which could poten-
tially have an adverse effect on the re-
construction outcome. Additionally,
10.86% of patients were smokers.
An overview of patients’ characteristics
can be found in Tab. 1.

The average maximal expansion vol-
ume was 470 mL, and the average size
of the exchanged implant was 424.5 mL.
The average surgical time for the first
stage was 106 min, and for the second
stage, it was 78 min. Operation statistics
are summarized in Tab. 2.

During the first stage of reconstruc-
tion, one hematoma, two seromas (of
which one patient also had an infec-
tion requiring treatment with orally ad-
ministered antibiotics), one expander
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rupture with exchange, and two in-
stances of secondary wound heal-
ing without expander exposure were
recorded.

During the second stage of recon-
struction, major complications were re-
corded, such as capsular contracture
(CC) Backer lI-lll grade which was ob-
served in 4 patients (2 patients with CC
grade Il had a history of adjuvant radio-
therapy, and 1 was diabetic with a BMI
[31.25 - above the group averagel). Two
of the patients had to undergo capsulot-
omy and implant exchange. The two se-
roma patients had a history of radiation.
One patient underwent implant capsule
revision and IMF lowering procedure
due to superior migration of the implant.
Complications related to the reconstruc-
tion led to one implant loss after a pre-
vious seroma and infection formation in
a patient with hypertension, post-radia-
tion changes, and a BMI above the aver-
age. Overall, three patients with compli-
cations that needed additional surgical
intervention also had a history of radia-
tion. No major complications were re-
corded in the smoker group. Mild com-
plications are described in Tab. 3.

The average follow-up was 32 months,
ranging from 6 to 89 months. No cases
of breast implant-associated anaplas-
tic large cell lymphoma (BIA-ALCL) or
breast implant illness (Bll) complications
were documented during the follow-up
period.

Discussion

Despite undergoing breast conserv-
ing therapy, mastectomy remains a cru-
cial surgical procedure for a significant
number of breast cancer patients, ap-
proximately 20-40% worldwide, as part
of their oncology treatment and this
number is further increased by prophy-
lactic mastectomies [25,26]. In Slova-
kia, it is estimated that around 1/3 of
newly diagnosed patients undergo mas-
tectomy, which amounts to approxi-
mately 3,500 cases per year [27]. Dur-
ing prosthetic breast reconstruction,

Tab. 3. Complication statistics of the study.

Stage Complication No. of patients affected

1. stage infection 1

of the reconstruction hematomna 1

seroma 2

expander rupture 1

minor skin necrosis 2

2. stage infection 1

of the reconstruction seroma 3

capsular contracture 4

nonspecific inflamation 1

minor skin necrosis 1

failed reconstruction 1

our primary objective is to provide
most effective breast reconstruction al-
gorithm for these patients also con-
sidering the aesthetic part. Two-stage
delayed breast reconstruction with
prosthetic material after mastectomy
continues to be a reliable option in the
plastic surgeon’s repertoire for breast
reconstruction [28].

We believe that the use of ADM can
greatly facilitate the expansion process
and enhance lower pole projection [7].
This is because ADM serves as an addi-
tional protective layer for the prosthe-
sis [12,29-31]. Once inserted into the
patient’s body, ADM acts as a biological
scaffold that is revascularized and re-
populated by host cells, such as en-
dothelial cells and fibroblasts [32]. This
revascularization process typically takes
around 2 to 8 weeks [30,33]. Histological
confirmation of blood vessel growth was
observed in the specific type of ADM
prepared by CTB during the time of ex-
pander exchange [34]. Additionally, the
growth of lymphatic vessels was also ob-
served in an animal model, and in one
patient [35].

The insertion of a prosthesis during
breast reconstruction triggers a physio-
logical response in the body, resulting
in the formation of a capsule around the
expander/implant.

Furthermore, there is evidence from
several authors suggesting that ADM
may potentially reduce the forma-
tion of capsular contracture in the long
term even in the presence of post-irra-
diation changes in the surrounding tis-
sues [8,30,36-38]. This reaction is ex-
pected to be more pronounced in cases
where the tissue has been altered by ra-
diation, although the extent of the reac-
tion can vary significantly between indi-
viduals, depending on other factors like
the type of the implant surface, pres-
ence of biofilm, etc. [39,40]. Borrelli etal.
demonstrated that capsular formation
around an implant in irradiated tissue is
thicker, firmer, and clinically associated
with a higher incidence of capsular con-
tracture compared to non-irradiated re-
constructed breasts (implant-based
reconstruction) [41].

Pannucci etal. found that a high body
mass index, smoking, and diabetes, obe-
sity and hypertension were indepen-
dent risk factors for expander/implant
loss, even with the assistance of ADM
in breast reconstruction [42]. The ana-
lyzed sample group of patients almost
does not have these comorbidities,
which is beneficial. Another important
risk factor to consider is radiotherapy.
While radiotherapy is an integral com-
ponent of the multimodal approach to
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locally advanced breast cancer treat-
ment, it is known to increase the risk
of fibrosis formation and decrease vas-
cular supply in the surrounding soft tis-
sues. This can result in less elastic prop-
erties of the skin and subcutaneous
layer, ultimately affecting tissue expan-
sion and healing [43]. Kornowitz stated
that tissue expansion is contraindicated
in the presence of previous radiother-
apy, as it can lead to expander extrusion
or loss [9,44]. We observe an increase in
prosthetic reconstructions despite the
risks associated with undergoing radio-
therapy [45,46]. According to Lam, when
carefully selected (non-smokers), this
can be a reconstruction option with suc-
cess rate over 90% [47]. The use of ADM
in the context of radiation therapy has
conflicting recommendations, oritis rec-
ommended to use it very cautiously due
to the presumed prolonged incorpora-
tion into the patient’s body [48-50]. This
implies an increased risk of postopera-
tive complications such as infection and
seroma, but it does not increase over-
all occurrence of postoperative com-
plications [51,52]. When comparing the
group with ADM and the group without
ADM after radiation therapy by Stein in
his study, no statistically significant dif-
ference was observed, but both groups
still had a relatively high percentage of
complications (42% non-ADM and 38%
ADM group) [52].

Conclusion

When appropriately indicated, two-
-stage delayed breast reconstruction
with ADM offers the advantage of not
requiring the mobilization of the serra-
tus anterior fascia or other locally avail-
able muscles for coverage of the lower
expander/implant pole. The method
outlined in this paper has shown to be
suitable for achieving satisfactory out-
-comes and improving the quality of life
of patients who have undergone breast
loss, even in those who have received
radiation therapy in the past and with
larger expansion volume (over 300 cm?).

Careful patient selection and precise sur-
gical techniques, preferably performed
by experienced surgeons, are crucial.

However, our findings in this paper
do not align with the findings of other
authors who suggest a higher inci-
dence of seroma, reconstruction fail-
ure when using ADM, even in patients
with post-irradiation changes and smok-
ers [9,28,52,53]. Additionally, we did not
observe a higher incidence of capsular
contracture or any other complication.
However, this study is limited by the
number of patients.

The findings suggest that the two-
-stage delayed reconstruction tech-
nique utilizing ADM prepared by CTB is
considered a safe, repeatable, cost-ef-
fective, and easily accessible method.
This technique offers the potential for
reconstruction with an expander im-
plant, even in patients who have under-
gone radiotherapy treatment. By incor-
porating ADM, we aim to provide all the
benefits associated with its use while
minimizing the risk of postoperative
complications.

There is little scientific work done that
review delayed two stage breast recon-
struction with ADM and postmastec-
tomy radiotherapy [28,52].

The study will continue with a com-
parative study between two groups of
patients — one group who underwent
adjuvant radiotherapy and two-stage
reconstruction with ADM as an inter-
nal bra and another group who under-
went reconstruction without the use of
ADM.
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