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Background: Acellular dermal matrix was introduced in breast reconstruction in
2001 and is gradually becoming a standard component for immediate breast re-
construction and nipple-sparing mastectomy. The reconstructive technique allows
for improved aesthetic outcomes. However, there seems to be uncertainty regard-
ing complication rates. The aim of this review was to systematically evaluate com-
plication rates related to this method.

Methods: This systematic review was conducted according to the recommenda-
tions outlined in the Cochrane Handbook for reviews and reported in line with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.
Relevant databases were searched for in the literature concerning the use of acel-
lular dermal matrix in implant-based nipple-sparing mastectomy and immediate
breast reconstruction. All studies underwent detailed quality assessment. Summa-
rized outcome rates were computed using meta-analysis.

Results: Nine of 1,039 studies were eligible for inclusion yielding 778 procedures.
The quality was acceptable for all included studies. The meta-analysis found the
rate of skin necrosis to be 11%, nipple necrosis 5%, infection in 12%, hematoma in
1%, treated seroma in 5%, explantation 4%, and unplanned return to the operat-
ing room in 9%.

Conclusion: The use of acellular dermal matrix in nipple-sparing mastectomy and
implant-based breast reconstruction can be done with acceptable complication rates
in selected patients. We recommend future studies to include specific definitions
when reporting complication rates. Furthermore, future studies should elaborate
on demographic characteristics of the included study samples and include predic-
tor analysis to enhance knowledge of high risk patients. (Plast Reconstr Surg Glob Open
2018;6:¢1625; doi: 10.1097/GOX.0000000000001625; Published online 12 January 2018.)

INTRODUCTION

The number of women undergoing nipple-sparing
mastectomy (NSM) is increasing worldwide. Complication

the nipple areola complex (NAC) has led to a high level
of patient satisfaction."? Since the introduction of acellular
dermal matrix (ADM) in breast reconstruction in 2001%* the

rates related to NSM appear to be comparable with those of
skin-sparing mastectomy (SSM) and the ability to preserve
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combination of NSM and immediate breast reconstruction
(IBR) with ADM and submuscular placement of the implant
has increased significantly for both therapeutic and risk re-
ducing mastectomies.” ADM is a durable, nonimmunogenic,
and elastic material derived from human or porcine skin tis-
sue and serves as a reinforcement in the reconstruction. The
implant is thereby supported and covered at the lower pole,
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which may relieve tension on the mastectomy skin flaps.®
The technique may allow for larger volume reconstructions
with good quality aesthetic outcomes in either 1- or 2-staged
procedures. Most of the existing reviews on this topic have
been focusing on the reliability of NSM and have included
NSM with and without ADM.%*?

The impression from the current literature is that ADM
is associated with an increased seroma rate and may be as-
sociated with an increased rate of infection.'” The general
perspective accepted among plastic surgeons is that com-
plications following NSM and IBR are technique depen-
dent, particularly nipple ischemia and loss. This includes
location of the incision, implant size, initial expander vol-
ume (in 2-stage reconstructions), the technical skill of the
surgeon, and the quality of the mastectomy skin flaps.®!!
However, we do not know if the use of ADM affects the
complication rate following NSM and IBR and thereby
its outcome. The aims of this study were to systematically
review the current literature concerning complications re-
lated to the use of ADM in NSM with IBR with assessment
of the quality of the literature as well as summarizing the
reported complication rates through meta-analysis.

METHODS
This systematic review was conducted according to the
recommendations outlined in the Cochrane Handbook for
reviews and reported in line with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement.'*!?

Records identified through electronic database
search.

(Pubmed n = 406, Embase n = 633)

n=1039
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For this review, we did not distinguish between NSM
and total skin-sparing mastectomy (TSSM).

Sources and Study Selection

A literature search was conducted in the electronic da-
tabases PubMed and Embase using the following search
terms: “total skin sparing” OR “total skin-sparing” OR
“nipple sparing” OR “nipple-sparing.” Data lock point was
November 2016. Only studies that provide original data
specifically on NSM and IBR using ADM were included.
Case reports and studies with less than 20 procedures were
excluded. The search was limited to the English language.
The references of included studies were examined for rel-
evant studies not identified in the literature search (Fig. 1).

The quality of the included studies was rated using check-
lists as recommended by the Cochrane group in a recently
published review on methodological quality assessment
tools.'" The Newcastle-Ottawa Scale'™'® was used for assessing
nonrandomized cohort studies that included controls and
the Institute of Health Economics Quality Appraisal tool (IHE
QA)'"18 was used for assessing cohort studies without controls
(case series studies). As recommended by the developers, the
IHE QA was adapted to suit the studies included in this review
(3 questions were omitted due to lack of relevance).'” The
quality of the included studies was evaluated by 2 authors.

Statistical Analysis

We conducted a meta-analysis for the following compli-
cation outcomes regardless of severity, overall necrosis or
ischemia including epidermolysis and wound dehiscence

Duplicates

Records for title/abstract
screening after duplicates

N =391

Records excluded

removed

n =648

n=>526

Articles subjected to
full paper review

n=122

Reasons:

Relevant outcomes not reported

Method of reconstruction not specified

Not specified in which patients ADM was used
Differentiated data on NSM/TSSM versus SSM not provided

Full-text articles excluded

N=113

Studies included in qualitative synthesis
and quantitative synthesis (meta-analysis)

n=9

Fig. 1. Flow diagram describing the systematic literature search.
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(any necrosis/ischemia), nipple necrosis including epi-
dermolysis, infection, seroma, hematoma, and explanta-
tion as well as unplanned return to the operating room.
We calculated proportions with a 95% CI based on a
random-effects model due to the heterogeneous nature
of the studies.” The heterogeneity was investigated using
chissquare and the I? statistic. Chi-square values give infor-
mation regarding the significance of heterogeneity, and
I? describes the percentage of total variation across stud-
ies which is due to heterogeneity rather than chance.?
Hence, a higher I? value indicates larger heterogeneity.
All statistical analyses were conducted using Stata/IC 14.0
(StataCorp LP).

RESULTS
Nine studies (Table 1) met the inclusion criteria; 2
prospective cohort studies with controls??? and 7 case se-
ries."#%% The studies included a total of 778 cases of NSM
reconstructed with the use of ADM (mean, 86; range,

39-981).

Cohort Studies with Controls

Data from a total of 189 cases of NSM reconstructed
with use of ADM were included from 2 studies. Peled et
al.?! included 450 patients in 3 consecutive cohorts. All pa-
tients underwent NSM and immediate expander implant
placement. The first cohort included 90 patients recon-
structed without ADM. The second cohort included 100
patients treated consecutively with ADM, and the third co-
hort consisted of the 260 patients in which ADM was used
selectively. Data from the second cohort was included in
this review.?! Sbitany et al.?2 included 202 cases with NSM
and immediate expander implant placement. ADM was
used in 89 cases, and 113 cases were reconstructed with
submuscular cover without ADM.*

Case Series

The 7 studies included a total of 589 cases. Rawlani
et al." assessed the relation between choice of incision
and NAC survival when performing 37 cases of NSM.
All NSM were followed by acellular dermis-assisted tis-
sue expander breast reconstruction. Periareolar incision
placement resulted in significantly more cases of nipple
necrosis compared with the other incision methods.
Boneti et al.*® compared scar-dependent complications
and patient satisfaction in 281 cases of TSSM and 227
cases of SSM. All 281 cases were eligible for inclusion.
We found all cases of NSM in the study by Gunnarsson et
al.?* eligible for this review and enrolled 38 cases of risk-
reducing NSM reconstructed with the use of ADM. From
the study by Wong et al.,?” we included 44 cases of TSSM
performed through an inferior-lateral incision. Olson et
al.?® included 65 cases of NSM with ADM. All patients
had prior breast surgery. Huston et al.* evaluated the
impact of prior lumpectomy undergoing NSM. They
evaluated on a group of 122 cases from which we found
32 cases eligible. El Hage Chehade et al.?® included 92
cases all reconstructed with the use of ADM. This study
also evaluated patient-related outcomes.

Quality Assessment

Both cohort studies were high-quality studies accord-
ing to the NOS scoring system. Peled et al.* scored the
maximum score of 8 stars. Because of uncertainty regard-
ing follow-up Sbitany et al.* scored 7 stars (Table 2). The
quality of the included case series studies varied. None of
the studies achieved the maximum score of 15 stars when
quality assessment investigated using the IHE QA tool. In
general, studies did not achieve the highest scores due to
study design, reporting of outcome measures, and study
population (Table 3).

Outcomes and Meta-analysis

Relevant data from all studies were included in the
meta-analysis. Seven studies reported on any necrosis or
ischemia, 9 studies reported on NAC necrosis or ischemia,
6 studies reported on infection, 5 studies reported on he-
matoma, 4 studies reported on seroma, 4 studies reported
on unplanned return to OR, and 5 studies reported on
implant explantation (Table 1). Results from the meta-
analysis were 9% for any necrosis or ischemia, 4% for
NAC necrosis or ischemia, 12% for infection, 1% for he-
matoma, 5% for seroma, 4% experienced explantation,
and 9% experienced unplanned return to OR. I? statistic
was above 80% in most analyses. The results and Forrest
plots are shown in Supplemental Digital Content 1 (see
pdf, Supplemental Digital Content 1, which displays the
meta-analysis of complication rates related to nipple-spar-
ing mastectomy with acellular dermal matrix presented
individually, http://links.lww.com/PRSGO/A650).

DISCUSSION

The use of ADM has rapidly become a well-established
part of breast reconstruction with NSM.%* In many institu-
tions it has become an integrated part of the reconstruc-
tive procedure. However, the literature regarding benefits
and complications from this method seems sparse. To our
knowledge, this systematic review provides the first sum-
marized data on complications specifically related to NSM
and IBR with ADM. The results of our meta-analysis indi-
cate that approximately 4% (9 studies, 778 procedures)
of patients experienced nipple necrosis or ischemia when
using ADM for NSM and IBR. Furthermore, our meta-
analysis computed a 12% infection rate (6 studies, 616
procedures), a seroma rate of 5% (4 studies, 270 proce-
dures), and a hematoma rate of 1% (5 studies, 551 pro-
cedures). Because of a large heterogeneity, it is difficult
to compare these findings. Although 1 study reported a
significant decrease in the rate of infection in patients re-
constructed with ADM compared with those reconstruct-
ed without ADM,?' it is not possible to conclude whether
or not the use of ADM significantly affects the risk of these
complications. The infection rate remains 1 of the con-
troversial issues related to the use of ADM and more stud-
ies specifically addressing this issue are warranted. Five of
the included studies reported on explantation (362 pro-
cedures). Peled et al.?! found a decrease of explantation
from 17.8% to 7% when ADM was introduced. Sbitany et
al.* reported a small decrease of approximately 1% in the
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Table 1. Characteristics of the Included Studies
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Indication for Mastectomy,
Reconstruction Type

Outcome in % Concerning NSM

Reconstructed with the Use of ADM

Design and (ADM Type) and
Study Aim Population No. Irradiated Patients AN/I NN/I Inf. Ha. Se. R-OR Expl.
Cohort studies
Peled Report outcome on all Prospective Indication not reported 70 1.0 200 3.0 40 11.0 7.0
etal.?, TSSM procedures with 2006-2010
USA immediate expander- 90 TSSM = ADM 100 with ADM (Alloderm
implant reconstruction LifeCell)
and examines impact of 100 TSSM + ADM  2-stage reconstruction
ADM placement on post- 260 TSSM + ADM 9% prior radiation
operative complications. (not specified) . L
Follow-up 25.5 mo 14% postoperative radiation
Sbitany Assessment of outcomes  Prospective Indication not reported 146 45 146 0.0 56 79 6.7
et al.??, on TSSM and com- 2012-2013
USA parison of submuscular 202 TSSM 89 with ADM (Alloderm
coverage technique LifeCell)
versus ADM-assisted 2—stage reconstruction
technique. Number of irradiated patients
not specified for ADM group
Case series
Boneti, To compare scar-depend- ~ Retrospective Risk-reducing and therapeutic 46 07 18 0.7 NR 14 NR
etal®, ent complications and 1998-2010 (not specified).
USA local recurrence in Follow-up 25.3 mo 281 with ADM (Alloderm
patients undergoing LifeCell)
SSM and TSSM with 512y 1- and 2-stage reconstruction
immediate reconstruc- 281 TSSM Number of irradiated patients
tion. not specified for
227 SSM TSSM group
Rawlani Assessment of the relation- Retrospective 22 risk-reducing NR 243 162 2.7 27 243 0
etal.l!, ship between incision 2007-2008
USA choice and NAC survival. Follow-up 38.3 wk 15 therapeutic
444y 37 with ADM (Alloderm Life-
Cell or FlexHD)
37 NSM 1- and 2-stage reconstruction
29.7% prior radiation
5.4% postoperative radiation
Gunnarsson Presentation of initial expe- Retrospective All risk-reducing 26 0.0 NR NR NR NR NR
etal.®, rience performing NSM 2012-2014
Denmark/  on aselected group of Follow up 13 mo 38 with ADM (Strattice)
Norway patients using hydrodis- 40 NSM 90% 1-stage reconstruction
section in combination  41.9y 10% 2-stage reconstruction
with inframammary No irradiated patients
incision.
Huston Evaluate the impact of Retrospective, 14 risk-reducing NR 21.8 NR NR NR NR NR
etal®, prior lumpectomy and 2006-2012
USA underlying clinical fac-  Follow-up 505 d 108 therapeutic
tors on nipple viability 122 cases of NSM 32 with ADM (NR)
in patients undergoing who had prior
NSM via an IMF incision. ~ lumpectomy
1- and 2-stage reconstruction
Number of irradiated patients
not specified for ADM group
Olson Describes their experience Retrospective, 20 risk-reducing 138 4.6 123 NR NR NR NR
etal.®, with performing NSMin ~ 2005-2011
USA patients who have had ~ Follow-up NR 45 therapeutic
prior breast surgery. 65 NSM (all had 65 with ADM (NR)
prior breast
surgery)
474y 2-stage reconstruction
11% prior radiation
9% postoperative radiation
(Continued)
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Table 1. Continued

Indication for Mastectomy,

Outcome in % Concerning NSM

Reconstruction Type Reconstructed with the Use of ADM
Design and (ADM Type) and
Study Aim Population No. Irradiated Patients AN/I NN/I Inf. Ha. Se. R-OR Expl.
Wong Present experience with Retrospective, All therapeutic 341 23 114 23 6.8 NR 182
etal.”, TSSM performed 2008-2014
USA through an inferior- 240 mastectomies 44 TSSM with ADM (NR)
lateral incision with posi- 50.0'y 20 1-stage reconstruction
tive intraoperative nipple 24 2-stage reconstruction
core biopsies and IBR 0% prior radlatl(_m L
with tissue expanders 4.5% postoperative radiation
and implants.
El Hage Experience with NSM via  Prospective, 36 risk-reducing 22 1.1 NR NR NR NR 0
Chehade hemi-periareolar inci- 2012-2015
etal.?, sion, safety and patient ~ Follow-up 27.6 mo 56 therapeutic
United satisfaction. 92 NSM 92 NSM with ADM
Kingdom (SurgiMend)
475y 1- and 2-stage reconstruction

9.5% prior radiation
3.2% postoperative radiation

AN/I, any necrosis/ischemia; Expl., explantation of implant; Ha., hematoma; Inf., infection; NN/I - NAC, necrosis/ischemia; NR, not reported; R-OR, unplanned

return to operating room; Sr., seroma.

Table 2. Critical Appraisal of Included Prospective Cohort
Studies using the Newcastle-Ottawa Scale

Phase of
Study Quality Appraisal (No. Stars) Study
Selection* Comparabilityt Outcomel
Peled et al.! 4 1 3 1
Sbitany et al.** 4 1 2 1

Phase of study: 1: studies are exploratory, hypothesis-generating studies char-
acterized by descriptive explorations and demonstration of crude associations.
2: studies are also exploratory, but employ matching, stratification or multivari-
able analyses or models. 3: studies that test a priori hypotheses. They include
explicit control for confounding factors, or validate a clinical prediction rule.
*Maximum 4 stars.

FMaximum 1 star.

fMaximum 3 stars.

rate of explantation. None of the studies elaborated on
the cause of explantation.

The identification of possible risk factors as selection
criteria is mandatory for successful reconstruction. Olson
et al.?® reported smoking as a significant risk factor for
postoperative infection and that women later scheduled
for postoperative chemotherapy had significantly higher
risk of postoperative necrosis. Radiotherapy is a known
risk factor for postoperative complications in breast re-
constructive surgery, which was supported by findings
in several of the included studies. Rawlani et al. demon-
strated a trend toward increased nipple necrosis and soft-
tissue infection in mainly women receiving neoadjuvant
radiotherapy."" This was in concordance with findings
by Olson et al.?® who reported increased risk of necrosis
in women receiving premastectomy radiation. In addi-
tion, Boneti et al.® reported increased rate of capsular
contracture in irradiated breasts but did not distinguish
between TSSM and SSM. Peled et al.” is the only study
that reports complication rates specifically in the setting
of postoperative radiotherapy. They found significantly
decreased rates of infection, expander-implant loss, and
unplanned return to the operating room in women who
consecutively received ADM compared with women who

did not receive ADM. This point toward a protective ef-
fect of ADM in these patients.?’ Gunnarsson et al.** only
included nonsmoking women treated with risk-reducing
mastectomy and presented complication rates that were
considerably lower than in all other studies included in
this review. In contrast, Wong et al.?” only included cases
treated therapeutically and presented considerably higher
complication rates. This suggests that ADM use in NSM
is a relatively safe procedure in healthy women. How-
ever, it also indicates that caution should be taken when
considering ADM for women with significant risk factors
even though ADM may have a protective effect in women
scheduled for postmastectomy radiotherapy.

Choice of material may also influence complication
rates. Higher complication rates when using the human-
derived Alloderm in terms of seroma, infection, and ne-
crosis have been reported in a recently published review.”
Some surgeons have argued that porcine-derived materi-
als are safer to use in terms of complications compared
with human-derived materials.*’ However, it should be
emphasized that Alloderm is by far the most thoroughly
evaluated material and reporting bias preclude any firm
conclusions.* Due to few studies included in this review,
we were not able to investigate differences between ADM
materials.

To fully appreciate results of this review, some aspects
needs to be addressed. Studies had to be excluded due to their
vagueness regarding rates of complications in the respective
subgroups. Although the studies did define the surgical meth-
ods and the proportion of patients reconstructed using ADM
versus muscle coverage, they did not differentiate between
subgroups. Several of the included studies lack clear defini-
tions of the nature of complications. It is recommended that
authors clearly define which signs determine the presence of
infection to enhance comparability with other studies. Skin
flap/nipple necrosis should be clearly described with regard
to thickness, level, and appearance. In addition, the report-
ing of epidermolysis varies and some authors may have cho-
sen not to report this as a complication. Therefore, the risk

5
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Table 3. Critical Appraisal of Included Case Series Studies using the Institute of Health Economics Quality Appraisal Tool

Quality Appraisal
Competing
Results and Interests and
Study Study Study Interven- Outcome Statistical  Conclu- Sources of Phase of
Study Objective* Designt Population] tion§ Measures] Analysis|| sions** Supporttt Total  Study
Boneti et al.* 1 1 1 1 1 4 1 11 1
Rawlani et al." 1 1 1 1 5 1 12 1
Gunnarsson et al.?* 1 2 2 1 1 1 3 1 12 1
Huston et al.* 1 1 2 1 1 1 5 1 13 1
Olson et al.® 1 1 2 1 1 1 5 1 13 1
Wong et al.?? 1 1 2 1 1 1 5 1 13 1
El Hage Chehade et al.® 1 2 1 1 1 5 1 14 1

Studies with total scores of = 70% are considered to be of acceptable quality.’® Phase of study: 1: studies are exploratory, hypothesis-generating studies characterized
by descriptive explorations and demonstration of crude associations. 2: studies are also exploratory, but employ matching, stratification or multivariable analyses or
models. 3: studies that test a priori hypotheses. They include explicit control for confounding factors, or validate a clinical prediction rule.

*#Maximum score 1.
FMaximum score 3.
{Maximum score 2.
§Maximum score 1.
Y Maximum score 3.
[[Maximum score 1.
#¥Maximum score 5.
TtMaximum score 1.

of observer bias could limit the certainty of the meta-analysis
results. Only a few studies elaborate on patient characteris-
tics such as radiotherapy, demographic factors, smoking, and
BMI. Only 1 of the 9 included studies include predictor analy-
sis for high risk patients.” The heterogeneity of the included
studies should also be considered when interpreting results
of this review. As expected, the heterogeneity as expressed by
the I? statistic was high in most of the meta-analyses. Besides
unclear definitions, other factors are likely to explain this.
The populations vary from healthy relatively young women
treated with risk-reducing mastectomy to older women with
considerable comorbidities treated with therapeutic mastec-
tomy, sometimes with a history of prior breast surgery. More-
over, some of the studies did not distinguish between 1- and
2-stage reconstructions in the reporting of data (Table 1). Sur-
geon experience will naturally influence complication rates
as well. The quality of the skin flaps are important determin-
ing factors for reducing complication rates, especially NAC
necrosis.”? Although it may be difficult to carry out in real life,
it would be of great interest to document the quality of the
skin flaps using objective measures.

Lastly, potential commercial bias is an important as-
pect that needs mentioning. Information on conflicts of
interest was provided in all studies. Seven studies reported
no conflicting interests among the authors.'*#%% One
author was a member of the speakers bureau for LifeCell
Corporation but also states that he did not receive any
compensation or financial support for the study.?* Anoth-
er study reported 1 author receiving support from Fashion
Footwear Association of New York.?

In summary, this review and meta-analysis regarding NSM
and IBR using ADM revealed a skin necrosis rate of 9%, nipple
necrosis in 4%, infection in 12%, hematoma in 1%, seroma in
5%, explantation in 4%, and 9% experienced unplanned re-
turn to operating room. Complication rates computed in this
review do not seem to vary considerably from complication
rates reported in reviews on NSM in general 9%

6

High-level scientific evidence concerning complica-
tions following the use of ADM in NSM and IBR is surpris-
ingly limited in existing literature. There is nothing in the
data collected for this review and meta-analysis, suggest-
ing that the use of ADM changes the outcome of NSM
and IBR. The favorable outcome is still based on the good
judgment and skills of the joint efforts of breast- and plas-
tic surgeons. On the other hand, no data suggests either
that the use of ADM significantly aggravates the outcomes
of ADM-based NSM and IBR.

CONCLUSIONS

This article is the first to provide systematically summa-
rized data on complications specifically related to NSM and
IBR with ADM. The use of ADM in NSM and IBR can be
done with acceptable complication rates in carefully selected
patients. The use of ADM does not seem to change the com-
plication rates following NSM and IBR. However, the current
literature regarding this subject is still limited and standard-
ized reporting is warranted. We recommend future studies to
include specific definitions when reporting complication rate.
Furthermore, future studies should elaborate on demograph-
ic characteristics of the included study samples and include
predictor analysis to enhance knowledge of high risk patients.

Lene Nyhgj Heidemann, MD

Department of Plastic- and Reconstructive Surgery
Odense University Hospital

Denmark

E-mail: lenenyhoj@gmail.com
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