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Prosthetic Breast Reconstruction With Acellular
Dermal Matrices: Achieving Predictability and

Reproducibility

Maurice Y. Nahabedian, MD,
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Summary: The use of acellular dermal matrices in the setting of prosthetic

breast reconstruction has captured the attention of many plastic surgeons.
The regenerative capacity of these materials has provided additional tissue
support to the mastectomy skin flaps with the ultimate result of improving
surgical and aesthetic outcomes. Despite the benefits, there remains a sig-
nificant diversity with regard to outcomes with some surgeons reporting
increased morbidity. The reasons for this are varied but ultimately related
to differences in patient selection and surgical techniques. The purpose
of this article is to provide strategies for using acellular dermal matrix to
achieve success in a manner that is usually associated with outcomes that
are predictable and reproducible. (Plast Reconstr Surg Glob Open 2016;4:698;
doi: 10.1097/GOX.0000000000000459; Published online 4 May 2016.)

matrix (ADM) has revolutionized the process of
prosthetic breast reconstruction. The reasons
for this include tissue support, elasticity, reduced scar
formation, pectoralis major stabilization, and device
compartmentalization.! ADM’s use, however, is not
associated with widespread acceptance because out-
comes seem to vary from surgeon to surgeon. Some
surgeons report excellent aesthetic outcomes with low
complication rates, whereas others report increased
morbidity and reconstructive failure. The reasons for
this are variable but may be the result of differences in
technique and patient selection criteria.
The purpose of this article is to review a single
surgeon’s experience with >700 prosthetic breast
reconstruction procedures using ADM since 2005.

F or many surgeons, the use of acellular dermal
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The goal is to review many of the salient factors that
are ultimately related to achieving predictable and
reproducible outcomes. The techniques and recom-
mendations described are based on personal expe-
rience, personal observation, and evidence-based
medicine.

PATIENT SELECTION

The increased use of ADM in the United States
has been associated with a shift in our patient se-
lection algorithms.** Traditionally (before ADM),
patients considered good candidates for prosthetic
reconstruction were typically thin [body mass index
(BMI) < 30 kg/m?] with small breast volumes. As sur-
geons became more adept at the ADM techniques,
larger breasts were being reconstructed with pros-
thetic devices and ADM.* Although successful from
a technical perspective, adverse events such as in-
fection, seroma, and delayed healing became more
frequent and reconstructive failure became more
common.

Our current algorithm for immediate reconstruc-
tion using prosthetic devices and ADM has been sub-
stantially modified. Women with a BMI <30 kg/m?
are usually good candidates, women with a BMI rang-
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ing from 30 to 39 are individualized, and women with
a BMI >40 kg/m?are discouraged from immediate re-
construction because outcomes are generally subopti-
mal and complications such as seroma, compromised
healing, and infection are more frequent.” Alterna-
tives include delayed reconstruction with prosthetic or
autologous techniques and/or weight loss to reduce
the complication rate. When immediate prosthetic re-
construction in a high-risk patient is performed, total
muscle coverage without ADM should be considered.’
Other factors related to patient selection include
tobacco use and diabetes mellitus.” Tobacco use
is associated with poor perfusion, delayed healing,
reconstructive failure, and increased rates of reop-
eration.”® Nicotine and carbon monoxide are as-
sociated with delayed healing and wound-related
complications. It is recommended that patients be
free of tobacco products for 1 month before surgery
and for 2 weeks after surgery. By avoiding tobacco,
wound-related complications could be reduced as
much as 3-fold from 23.5% to 7.7%.* In patients who
continue to smoke, the typical recommendation is to
proceed with the mastectomy but refrain from pro-
ceeding with immediate breast reconstruction.
Poorly controlled diabetes mellitus is a well-
known factor that is associated with compromised
healing.” Hyperglycemic states can interfere with
normal wound healing and can contribute to in-
creased rates of incisional dehiscence, soft tissue in-
fection, and increased rates of soft tissue infection.
In diabetic patients, serum glucose should be <200,
there should be no glucose in the urine, and hemo-
globin Alc should be <7. Elevated levels may be an
indication to defer immediate breast reconstruction.
The eftects of adjuvant and neoadjuvant chemother-
apy can also delay healing when administered too
early.!’ It is recommended to wait approximately 1
month after chemotherapy or until cell counts have
normalized before proceeding with reconstruction.

MASTECTOMY SKIN FLAPS

Itis widely accepted that predictable and aestheti-
cally pleasing reconstructive outcomes are more like-
ly to occur in patients with well-perfused mastectomy
skin flaps (Fig. 1). Excessively thin mastectomy skin
flaps or widely undermined skin flaps are often as-
sociated with poor vascularity, a deficiency of fat, a
greater likelihood of tissue necrosis, and ultimately
reconstructive failure, reoperation, and poor out-
come." Thus, it is important for breast surgeons and
plastic surgeons to communicate and ensure that the
mastectomy is performed with the intent of optimiz-
ing thickness and vascularity without compromising
oncologic integrity. Larson et al'? have demonstrated
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Fig. 1. A preserved internal mammary perforator to the me-
dial mastectomy skin envelope to maintain vascularity.

that the subcutaneous layer of the breast ranges in
thickness from 1-2mm to 3 cm.

Mastectomy techniques to enhance the likeli-
hood of optimizing perfusion and thickness include
sharp dissection and minimal use of electrocautery.
Proper retraction of the soft tissues to avoid excess-
ing pressure and tension on the vulnerable mastec-
tomy skin flaps is important. Breast surgeons should
identify the investing fascia of the breast parenchy-
ma and remain in this dissection plane rather than
skeletonizing the skin down to the level of the sub-
dermal plexus. Adherence, revascularization, and re-
cellularization of ADM are dependent on adequate
vascularity of the recipient bed. When the perfusion
or viability of the mastectomy skin flap is question-
able, fluorescent angiography is considered.” When
perfusion is deemed inadequate, surgical debride-
ment of the skin is considered. Alternatives include
total muscle coverage of the device, autologous re-
construction, or delayed reconstruction.

The ideal mastectomy includes a meniscus of sub-
cutaneous fat along the sternal border and the infra-
mammary fold. The thickness should approximate
1cm, but this may vary depending on the tumor loca-
tion and characteristics. Excessively thick mastectomy
skin flaps are usually defatted to a thickness of 1cm
because they otherwise may become indurated during
wound healing. Mastectomy may be skin or nipple spar-
ing." Skin-sparing mastectomy is typically performed
along the axis of the nipple-areolar complex. The ori-
entation of the excision may be transverse, oblique, or
vertical. In women with moderate to severe mammary
hypertrophy, an inverted T mastectomy can be con-
sidered. Nipple-sparing mastectomy is commonly per-
formed via an inframammary approach or a transverse
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areolar approach. The incision is typically 6-8cm in
length, ensuring a complete mastectomy and provid-
ing adequate access to the mastectomy space for the
prosthetic reconstruction using ADM (Fig. 2). Gentle
retraction is recommended to minimize trauma and
spasm to the subdermal plexus of vessels. Laterally
based incisions are sometimes created in a sigmoid
fashion rather than linear to minimize lateral displace-
ment of the NAC (Fig. 3). Laterally based incisions
should terminate at the areolarskin junction. Supra-
and infra-areolar incisions will occasionally result in
mild and superficial areolar necrosis (Fig. 4).

DEVICES

Many surgeons in the United States perform
prosthetic reconstructions in 2 stages using a tissue
expander followed by a permanent implant. Tabbed
tissue expanders have become common during the
first stage because of the ability to define the foot-
print of the new breast.'>'® The inferior tabs are su-
tured to the chest wall at the desired location along
the inframammary fold (Fig. 5). The medial aspect
of the tissue expander should be positioned as me-
dial as possible without detaching the medial fibers
of the pectoralis major muscle. The sutures prevent
migration of the devices and reduce the need for
the ADM to compartmentalize the device."” Thus,
the primary purpose of the ADM is to provide tis-
sue support inferiorly and laterally. This tends to en-
sure optimal adherence of the ADM along the lateral
and inferior mastectomy skin flaps, creating a well-
defined pocket for the permanent implant with less
lateral and inferior migration.

Fig. 2. The inframammary approach to nipple-sparing mas-
tectomy using ADM for tissue support.

Fig. 3. The lateral mammary approach to nipple-sparing
mastectomy using ADM for tissue support.

Fig. 4. Periareolar extensions of the lateral mammary incision
can result in superficial nipple-areolar necrosis.

In women having direct to implant reconstruc-
tion, there is a greater reliance on the ADM to com-
partmentalize the implant and to prevent inferior
or lateral migration."” In these patients, the authors’
preference is to first use a silicone gel sizer to de-
termine the ideal location and position of the lat-
eral border of the periprosthetic space. The ADM is
sized appropriately based on the dimensions of the
selected implant and sutured securely to the inferior
edge of the pectoralis major muscle and the inferior
and lateral chest wall at the predetermined inframa-
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Fig. 5. Tabbed tissue expanders can stabilize the position of
the device and prevent migration.

Fig. 6. Perforated ADM can permit bidirectional movement
of fluid and minimize the incidence of seroma and improve
tissue adherence.

mmary and lateral mammary folds using absorbable
monofilament sutures.

ACELLULAR DERMAL MATRIX

ADM is arguably one of the most important com-
ponents of prosthetic reconstruction. The purpose
of this section is to provide salient technical details
based on the authors’ experience rather than dic-
tate which ADM to use. In general, sterile ADMs are
preferred to reduce the rate of infection.'®! Human
ADM is preferred because of the inherent elasticity
of human skin. Perforated ADM is preferred to mini-
mize the risk of seroma formation and to promote
zones of adherence that can promote better incor-
poration (Fig. 6). Thin sheets of ADM in the range
of 1-1.5mm in thickness are preferred as this may
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facilitate more rapid incorporation, adherence, and
revascularization.

When the ADM is removed from the packaging,
recommendations include minimal handling and
treatment as a sterile device. All ADMs require some
degree of soaking when removed from the package.
Freeze-dried ADMs typically require 20-30 min-
utes, whereas the prehydrated materials are usually
soaked for 5 minutes. The added benefit of soaking
is to remove any preserving materials or antibiotics
that are included in the packaging. Some of these
additives may be responsible for the development of
“red breast syndrome” that is typically located along
the cutaneous distribution overlying the ADM."® The
techniques for ADM use emphasized in the ensuing
paragraphs will be based on partial muscle coverage
rather than on prepectoral coverage.

The technical aspects of ADM use are an important
determinant of a good to excellent outcome. Most
ADMs are available in a rectangular or a contoured/
crescent form. The ADM should be trimmed appropri-
ately such that it fits the device essentially like a hand-
in-glove (Fig. 6). The length should be sufficient to
span the width of the device, and the height should be
sufficient to stabilize and extend the inferior edge of
the pectoralis major such that it is pulled down to at
least the midheight of the device (Fig. 7). A high-rid-
ing pectoralis major muscle functions poorly and may
create more distortion. The orientation of the ADM is
important because most ADMs are usually polarized
and have a dermal and basement membrane surface.
The dermal surface should be in contact with the mas-
tectomy skin flap to enhance soft tissue incorporation.
The ADM can be positioned inferiorly and/or laterally
depending on the tissue requirements. ADM is typical-

.

Fig. 7. The pectoralis major muscle is detached at its inferior
insertion and elevated to create a subpectoral pocket.
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ly sutured to the inferior edge of the pectoralis major
muscle first, pulled inferiorly to determine the optimal
position of the pectoralis major muscle, trimmed infe-
riorly and laterally as needed, then sutured to the in-
framammary fold (Figs. 8-10). The preferred suture is
a continuous or interrupted 2-0 monofilament absorb-
able. Tightly inset ADM will tend to elevate the position
of the device and elevate the footprint of the recon-
structed breast mound; therefore, the ADM should be
somewhat lax, especially medially, to permit optimal
expansion of the device without compression. With ex-
pansion, the folds and laxity of the ADM will promote
optimal expansion. The initial expansion is typically
limited to 40-60% of the tissue expander capacity to
minimize compression of the subdermal plexus of ves-
sels. Compression may lead to vascular occlusion and
delayed healing or tissue necrosis. With robust skin
flaps, the degree of expansion can be increased or a
direct to implant reconstruction can be considered.
The expanded ADM should be without folds or ripples
to ensure 100% contact with the mastectomy skin flap,
minimize dead space, and lessen the likelihood of a flu-
id collection or poor adherence (Fig. 6). During final
skin closure, the mastectomy incision and/or nipple-
areolar complex should ideally be over muscle and not
ADM; however, it is not an absolute requirement.

MAMMARY HYPERTROPHY
Mammary hypertrophy in and of itself is not a
contraindication to prosthetic breast reconstruction
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Fig. 8. The inferior edge of the pectoralis major is sutured
to the upper edge of the ADM with a running absorbable
monofilament suture.

Fig. 9. The muscle-ADM complex is pulled inferiorly and
redraped over the device.

Fig. 10. The inferior edge of the ADM is sutured to the superfi-
cial fascia at the level of the desired inframammary fold.

using ADM; however, there are several strategies that
one should consider to increase the likelihood of
a successful outcome. Most women with mammary
hypertrophy will have skin-sparing or traditional
mastectomy because nipple sparing is usually not
an option. The mastectomy can be performed via
the inverted T incision, Passot (horizontal only inci-
sion), or extended transverse/oblique skin excision
pattern.?”?! Skin redundancy should be minimized
as much as possible; otherwise, the skin flaps will
tend to fold upon themselves becoming painful and
more difficult to correct at the time of revision.
After the mastectomy, the device and the ADM
are inserted as previously described (Fig. 6). Once
the tissue expander has been optimally filled or the
permanent implant placed and secured with ADM,
the skin envelope is addressed. In the setting of an
invert T incision, the skin flaps are redraped over
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the breast mound and the skin flaps debrided as nec-
essary to provide a tension-free closure without skin
redundancy. In the setting of a transverse or oblique
incision, there is usually skin redundancy medially
and laterally (Fig. 11). For medial excess, the tai-
lor tack method is recommended to determine the
amount of skin to de-epithelize (Fig. 12). After de-
epithelialization, the dermis and subcutaneous fat is
imbricated to provide additional soft tissue fill medi-
ally (Fig. 13). For lateral excess, the same principles
and concepts are used. In the event that the medial
or lateral tissues are poorly vascularized or too thin,
they are typically excised rather than de-epithelized.
It is not uncommon for these lateral incisions to ex-
tend to the anterior or midaxillary line. The goal of
this maneuver is to create a breast mound that has
optimal contour on the table; however, secondary
contouring procedures are often necessary in these
women.

Many women with mammary hypertrophy will
have a wide breast with a wide base diameter. Device
selection is usually based on the internal base diame-
ter of the breast pocket after mastectomy. The exter-

Fig. 11.The excesses skin is assessed, delineated, and excised
to avoid redundant skin.
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Fig. 12. The excess medial skin is de-epithelized, imbricated,
and sutured to provide additional medial volume and to min-
imize the degree of scalloping.

nal measurements in these patients are not usually
reflective of the chest wall dimensions. Devices will
typically extend from the sternal border to the an-
terior axillary line. After stage 1, many hypertrophic
breasts will have a boxy appearance because of the
increased breast width; however, this can be modi-
fied and corrected at the second stage using skin ex-
cision techniques and recontouring (Figs. 14, 15).
Thus, the 2-stage technique is preferred in women
with severe mammary hypertrophy to better define
an optimal breast contour.

RADIATION
ADMs have the potential to integrate, recellu-
larize, and revascularize in the setting of radiation;
however, the time frame by which this occurs may
be increased.” These matrices have the potential to

Fig. 13. The excess lateral skin is also de-epithelized, imbri-
cated, and sutured to provide lateral contour.
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Fig. 14. After stage 1 in a woman with a wide breast, the
breast will sometimes assume a boxy appearance.

Fig. 15. After stage 2, the boxy contour can be revised to
achieve a more natural contour.

improve capsular contracture when used as a second-
ary lining after capsular excision; however, ADM may
be less effective in preventing capsular contracture
in the setting of immediate placement and subse-
quent radiation therapy. The postulated mechanism
by which ADM works to minimize capsular contrac-
ture is much like that of a full-thickness skin graft in
its ability to reduce wound contraction and to mini-
mize the spherical contractile process when used as
an interposition.

IRRIGATION, ANTIBIOTIC, AND DRAIN
PROTOCOLS

The importance of adequate irrigation protocols
with prosthetic reconstruction and ADM cannot be

overemphasized. Many surgeons will use a triple an-
tibiotic solution consisting of Ancef, bacitracin, and
gentamicin.”® An alternative solution is a 50% povi-
done-iodine solution that is equally as effective as the
triple antibiotic solution and is usually used to irri-
gate the ADM and pocket. When povidone-iodine is
used, contact with the device should be limited to
the external surface and should be rinsed off within
5 minutes.

Antibiotic regimens are important considerations
during the perioperative period.??” The Surgi-
cal Care Improvement Project (SCIP) has dictated
many of the current protocols and recommended
minimizing postoperative antibiotics to 24 hours.
Although uniform consensus with preoperative an-
tibiotics has been achieved, there is controversy re-
garding postoperative antibiotic administration.*®
Many surgeons will deliver a preoperative dose of
1-2¢g cephalosporin or equivalent antibiotic. Most
cancer patients will have some degree of underlying
immunosuppression that may render them suscep-
tible to infection. Other factors predisposing to in-
fection include normal breast flora, poorly perfused
mastectomy skin flaps, and use of prosthetic devices.
Thus, some surgeons prefer to maintain patients on
postoperative oral antibiotics for a limited period of
time.

The occurrence of red breast syndrome can mim-
ic the appearance of cellulitis and can be mistaken
for infection.'”® These patients are usually afebrile,
have a normal leukocyte count, and do not manifest
pain or swelling. This is presumed to be an inflam-
matory reaction to the ADM and is self-limiting. Be-
cause of the confusion, a short course of antibiotics
is usually initiated. Prolonged redness may warrant a
dermatology consult, antihistamines, biopsy, steroid
therapy, or surgical exploration.

Several studies have evaluated the role and du-
ration of postoperative antibiotics with regard to
infection. Avashia et al** demonstrated infection
rates of 31.6% when antibiotic delivery was limited
to <24 hours postoperatively, 7.9% with 48 hours of
antibiotics, and 3.2% with >48 hours of antibiotics.
Clayton et al** demonstrated a 2-fold increase in sur-
gical site infection (34.3% vs 18.1%, P=0.004) and
a 4-fold increase in reoperation (16.4% vs 4.3%, P
= 0.002) when SCIP measures were followed com-
pared with when they were not. Reoperation sec-
ondary to surgical site infection was also associated
with obesity, previous radiation therapy, and tissue
expanders. In support of SCIP measures, Phillips
et al,”® in a systematic review of antibiotic deliv-
ery and duration, demonstrated infection rates of
14.4%, 5.8%, and 5.8% in the setting of no antibiot-
ics, <24 hours of antibiotics, and >24 hours of anti-
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biotics, respectively. The authors’ current protocol
is to administer perioperative intravenous antibiot-
ics for 24 hours followed by a 5- to 7-day course of
oral antibiotics irrespective of drain duration.

Surgical drains are an essential component in the
setting of prosthetic reconstruction using ADM.*#%
It is recommended to use 1-2 drains (Fig. 6), with
the primary drain placed between the ADM and the
lower mastectomy skin flap. A second drain can be
placed between the device and the ADM or along the
upper pole of the breast atop the pectoralis major
muscle. Drain placement is usually through a tun-
nel that traverses subcutaneously for a distance of
2-3cm. A chlorhexidine patch is placed at the skin/
drain interface to minimize the migration of bacteria
along the drain into the periprosthetic space.” Drain
duration is typically 7-14 days and based primarily on
the amount of drain output and secondarily to en-
sure that the ADM has had enough time to adhere to
the mastectomy skin flap. Ideal drain output should
be <30mL/24 hours for 2 consecutive days before
removal. In some patients, drain output may be per-
sistently high and prolonged with outputs exceeding
50mL/d. This may be secondary to premature or in-
creased physical activity, lymphatic fluid, or obesity.
All drains are removed at the 4-week mark regardless
of output. Itis the authors’ opinion that drain use be-
yond 4 weeks may increase the risk of infection. A soft
compression bra has also demonstrated success in re-
ducing the incidence of seroma.** Tissue expansion
typically begins on postoperative day 14. The occur-
rence of a seroma can interfere with the adherence
of ADM. Recommended management for a seroma is
aspiration and continued expansion.

CONCLUSIONS

ADMs have demonstrated success with primary
breast reconstruction using prosthetic devices. Suc-
cess is based on proper surgical technique, proper
patient selection, and good surgical judgment. Ad-
herence to the principles and concepts set forth in
this article should create a framework for predict-
ability and reproducibility and provide a foundation
for good to excellent outcomes.
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