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Summary Background: Rare but serious complications of nipple-sparing mastectomy (NSM)
include necrosis of the nippleeareolar complex (NAC) and mastectomy skin flaps. NAC and mas-
tectomy flap delay procedures are novel techniques designed to avoid these complications and
may be combinedwith retroareolar biopsy as a first-stage procedure.Weperformed a systematic
review of the literature to evaluate various techniques for NAC and mastectomy flap delay.
Methods: PubMed and Cochrane databases were searched from January 1975 through April 15,
2016. The following search terms were used for both titles and key words: ‘nipple sparing mastec-
tomy’AND (‘delay’OR ‘stage’OR ‘staged’). Two independent reviewers determined the studyeligi-
bility, only accepting studies involving patients who underwent a delay procedure prior to NSM and
studies with objective results including specific outcomes of NAC and mastectomy flap necrosis.
Results: The literature search yielded 242 studies, of which five studies met the inclusion criteria,
with a total of 101 patients. Various techniques for NSM delay have been described, all of which
involve undermining the nipple and surrounding mastectomy skin to some degree. Partial NAC ne-
crosiswas reported ina totalof9patients (8.9%).Mastectomyflapnecrosiswas reported ina totalof
8 patients (7.9%). Three of five studies reported positive retroareolar biopsy findings in a total of 7
patients (6.9%).
Conclusions: Delay procedures forNSMhavea goodsafety profile andmaybe considered in patients
at risk for NAC or mastectomy flap necrosis, such as patients with pre-existing breast scars, active
smoking, prior radiation, or ptosis. These procedures have the added benefit of allowing a retroar-
eolar biopsy to be sent for permanent sections prior to mastectomy, allowing the surgical team to
plan for the removal of the NAC at the time ofmastectomy if indicated and eliminating the risk of a
false-negative result on frozen section analysis.
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Background

Nipple-sparing mastectomy (NSM) combines the skin-sparing
mastectomy technique with preservation of the nipple-
eareolar complex (NAC). NSM is becoming increasingly more
common as it provides a superior cosmetic result and has a
good safety profile compared with traditional mastectomy.
The procedure is associated with acceptably low local
recurrence rates of 3e6% at 5 years, which is consistent with
traditional mastectomy outcomes.1,2

One of the serious complications of NSM is partial ne-
crosis of the NAC or the mastectomy skin flaps, which may
be significant if the prosthesis lies directly beneath the skin
flaps. Resultant prosthesis or allograft exposure may
require additional surgical procedures, including device
removal. Risk for NAC necrosis following NSM has been re-
ported between 7% and 17%.3e6 Characteristics that place
patients at higher risk for NAC necrosis include nipple
ptosis, high BMI, history of active smoking, and periareolar
scars from previous surgery.7,8 NAC and mastectomy flap
delay procedures have been recently introduced as tech-
niques that may reduce the risk of NAC or mastectomy skin
flap necrosis, particularly in these high-risk patients.

Performing a delay procedure prior to NSM also allows
the breast surgeon to send a retroareolar biopsy for ex-
amination by permanent section before the mastectomy.
Intraoperative frozen section examination of retroareolar
tissue is considered a critical diagnostic step in determining
the eligibility for NSM. However, frozen-section analysis of
retroareolar tissue is not as accurate as the analysis of
permanent sections. The frozen section examined at the
time of intraoperative examination cannot reveal as many
features as the paraffin-embedded specimens on perma-
nent pathology because of deeper cuts and the ability to
use additional stains such as E-cadherin immunohisto-
chemical analysis.9 Frozen section examination of retro-
areolar tissue is highly specific (96e99%)10,11 but has a
wider range of reported sensitivities (as low as 66%).10 The
chance of a false-negative result on frozen section has been
reported to be as high as 15.4% in patients undergoing
NSM.12 In patients with a false-negative result, the risk of
locoregional recurrence is reported to be 11.2% at 5 years,
which is higher than that with traditional mastectomy.9 If

performed as a first-stage procedure prior to NSM, delay
procedures have the added benefit of reducing the risk of a
false-negative result on frozen section. We performed a
systematic review of the literature to evaluate various
techniques for NAC and mastectomy skin flap delay.

Methods

PubMed and Cochrane databases were thoroughly searched
by the authors from January 1975 through April 15, 2016. In
addition, bibliographies of each relevant citation were
reviewed for additional sources. The following search terms
were used for both titles and key words: ‘nipple sparing
mastectomy’ AND (‘delay’ OR ‘stage’ OR ‘staged’). The
initial PubMed search yielded 236 studies. The Cochrane
database search yielded five studies. Two independent re-
viewers evaluated the titles and abstracts of all 242 studies
without language restrictions and subsequently included or
excluded studies based on the inclusion and exclusion
criteria.

The authors included studies that were published in
scientific journals, involved patients who underwent a
delay procedure prior to NSM, and reported objective re-
sults including specific outcomes of skin flap and NAC ne-
crosis. All types of reconstructive techniques were
included. The authors excluded studies that were focused
on procedures unrelated to NSM with delay, studies with
fewer than 5 patients, and literature reviews.

Manuscripts of abstracts that met the criteria were
reviewed as a second stage. In case of disagreement be-
tween the authors, a third senior author made the decision
about whether the study should be included or excluded.
After revising the list on the basis of our criteria, three
studies were selected. The search algorithm is shown in
Figure 1.

Results

The electronic literature search yielded 242 studies, 237 of
which were excluded on the basis of our criteria. The final
pool was comprised five retrospective studies with a total
of 101 patients (Table 1). Delay techniques were evaluated
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and compared, focusing on the location of delay and NSM
incisions, degree of undermining, and special techniques
used in patients with nipple ptosis. The primary outcomes
used to compare studies were the reported rate of NAC and
skin flap necrosis and any reported positive retroareolar
biopsy results requiring removal of the nipple at the time of
NSM.

Delay procedures were performed between 1 and 6
weeks prior to definitive NSM, using a variety of incisions
and undermining techniques. None of the patients in these
studies developed total NAC necrosis. Partial NAC necrosis
was reported in a total of 9 patients, with an overall
complication rate of 8.9%. Mastectomy skin flap necrosis
was reported in a total of 8 patients, with an overall
complication rate of 7.9%. Three of the five studies re-
ported positive retroareolar biopsy findings in a total of 7
patients (6.9%).

Discussion

Delay techniques

Most delay techniques involve undermining the nipple and
surrounding mastectomy skin to some degree. The tech-
niques, patient characteristics, and results described in the
five included studies are summarized below.

Palmieri et al. was the first to introduce the two-stage
concept of delayed NSM in 2005. The first stage was per-
formed on an outpatient basis using tumescent anesthesia.
Laparoscopic instrumentation was used to undermine the
NAC and surrounding skin, with the goal of detaching the
NAC and surrounding mastectomy skin flaps from the un-
derlying parenchyma and severing any vascular connections
coming from this tissue. The second stage was performed 3
weeks later, in which the NSM was completed by creating a
vertical or lateral incision and placing a textured silicone
implant in the submuscular plane. They reported the
development of partial NAC necrosis in only one out of a
total of 18 patients (5.5%) and was attributed to thermal
injury during the learning stages of the procedure.13

Jensen et al. described a technique for NSM delay that
was applied to 20 patients classified as high-risk for NAC
necrosis, determined by the presence of pre-existing breast
scars, a history of active smoking, or significant nipple
ptosis. In the first stage, dissection was performed beneath
the NAC with transection of ducts connecting the breast
gland to the nipple, and approximately 4e5 cm of sur-
rounding mastectomy skin was undermined in all directions.
This was performed through either a pre-existing scar or a
vertical or lateral incision. In addition, a retroareolar bi-
opsy was obtained at the time of this delay procedure, with
excision of the NAC at the time of mastectomy if the biopsy
was positive. They reported no NAC necrosis and reported a
positive biopsy in 2 patients (10%) who then required the
resection of the NAC at the time of mastectomy.7

Martinez et al. described a similar technique for surgical
delay in 20 patients, and 13 of these patients underwent
immediate reconstruction with a deep inferior epigastric
perforator flap after NSM. The first stage involved an
inframammary fold (IMF) incision, undermining of the NAC
and mastectomy skin 5 cm medially and laterally and 2 cm
superiorly, placement of a silicone sheet between the skin
and breast tissue, and placement of a 15-French Blake drain
in the inferior pocket. Retroareolar biopsy was performed
at this stage. They reported no NAC necrosis, and 1 patient
required debridement for mastectomy skin flap necrosis
(5.0%). Two patients underwent nipple resection at the
time of mastectomy based on positive retroareolar biopsy
results (10%).14

Bertoni et al. recently reported the results of combining
surgical delay with indocyanine green (IC-GREEN, ICG;
Pulsion Medical Systems SE, Germany)-based intraoperative
angiography for 28 high-risk patients undergoing NSM. Their
technique was applied to patients with ptosis, BMI "30,
prior breast surgery, prior radiation, and active smokers.
The first stage, performed 3e6 weeks prior to NSM,
included baseline imaging performed prior to NAC devas-
cularization using ICG and the SPY Elite system (Novadaq
Inc.). Using a periareolar incision, the NAC and approxi-
mately 5 cm of the surrounding skin were divided from the
underlying breast tissue in the subcutaneous plane, and a
retroareolar biopsy was obtained during the same proced-
ure. The location of the periareolar incision was planned
based on the arterial inflow pattern to the NAC to avoid
transection of critical vascular inflow. During the second
stage, NAC perfusion was again assessed with ICG-SPY, and
the NSM was completed by a vertical or lateral incision,
which was again based on the arterial inflow pattern. They
reported partial NAC necrosis in only 2 patients (7.1%) and
positive retroareolar biopsy results in 3 patients (10.7%),
leading to NAC removal at the time of mastectomy.8

Delay procedures in patients with nipple ptosis may
combine delay with a mastopexy or reduction mammo-
plasty as a first-stage procedure. Spear et al. (2011)
described a two-staged approach for patients with nipple
ptosis using mastopexy, with nipple repositioning and skin
envelope reduction (with or without a small parenchymal
resection) as a first-stage procedure. A Wise pattern or
vertical approach was used, with both approaches involving
circumareolar incisions. The authors emphasize that de-
epithelialization with preservation of periareolar dermis is
critical to first-stage mastopexy to maintain adequate NAC

Figure 1 Search algorithm.
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Table 1 Summary of the included articles.

Author and year
of publication

Number of
patients

Delay technique Indications for
delay

Time between
stages

Outcomes

Palmieri
et al., 2005

18 First stage: Dissection beneath NAC
and periareolar skin with local
tumescent anesthesia and
laparoscopic instrumentation
Second stage: NSM (via vertical or
lateral incision), retroareolar biopsy,
and reconstruction with permanent
implant

All patients
who meet
criteria for NSM

3 weeks Partial NAC necrosis
due to thermal injury
in one patient (5.5%)

Spear
et al., 2011

15 First stage: Wise-pattern or vertical
mastopexy þ/# reduction
mammoplasty
Second stage: NSM (via vertical limb
of mastopexy or IMF incision),
retroareolar biopsy, and
reconstruction with TE (13) or
permanent implant (2)

Patients who
meet criteria
for NSM with
grade 2 or 3
nipple ptosis,
in whom
preservation of
the NAC is
important

3e4 weeks
(minimum)

Partial NAC necrosis
in 6/43 breasts
(13.9%); Mastectomy
skin flap necrosis
requiring operative
debridement in 7/43
breasts (16.3%) with
one expander
explantation for
infection related to
skin flap necrosis
(active smoker)

Jensen
et al., 2012

20 First stage: Dissection beneath NAC
and 4e5 cm of surrounding
mastectomy skin and retroareolar
biopsy (through a pre-existing scar,
vertical incision from NAC toward IMF,
or lateral incision)
Second stage: NSM and reconstruction
with TE (13), latissimus flap þ
implant (4), free TRAM flap (1), or
permanent implant (2)

Patients with
nipple ptosis
(NAC below the
IMF and
suprasternal
notch to nipple
distance of 26
cm or more),
pre-existing
breast scars,
and history of
active
cigarette
smoking

1e3 weeks No NAC necrosis (0%);
Positive retroareolar
biopsies in 2 patients
(10%)

Martinez
et al., 2015

20 First stage: Dissection beneath NAC
and mastectomy skin to 5 cm medial
and lateral and 2 cm superiorly (via
IMF incision), placement of a silicone
sheet between skin and breast tissue,
insertion of 15-French Blake drain at
inferior pocket, and retroareolar
biopsy Second stage: NSM and
reconstruction with DIEP flap (13),
permanent implant (5), or TE (2)

All patients
who meet
criteria for NSM

2e3 weeks No NAC necrosis (0%);
Mastectomy skin flap
necrosis requiring
operative
debridement in one
patient (5.0%);
Positive retroareolar
biopsies in 2 patients
(10%)

Bertoni
et al., 2016

28 First stage: Dissection beneath NAC
and 5 cm of surrounding mastectomy
skin and retroareolar biopsy using
intraoperative imaging of NAC
perfusion (ICG-SPY) to guide incision
placement
Second stage: NSM and reconstruction
with autologous tissue transfer (5), TE
(20), or permanent implant (2)

Patients with
NAC or
glandular
ptosis, BMI "
30, prior breast
surgery, prior
radiation, or
active smokers

3e6 weeks Partial NAC necrosis
in 2 patients (7.1%);
Positive retroareolar
biopsy results in 3
patients (10.7%)

NAC (nipple areolar complex); NSM (nipple-sparing mastectomy), IMF (inframammary fold), TE (tissue expander), DIEP (deep inferior
epigastric perforator), ICG-SPY (indocyanine green based intraoperative imaging using the SPY Elite system (Novodaq Inc.).
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perfusion, particularly superiorly from the 9 o’clock to 3
o’clock positions. If parenchyma was excised, it was done
through a central inferior wedge, leaving the superior
dermis intact. In addition, only small parenchymal re-
ductions were performed, typically with weights less than
100 g per breast. The second-stage NSM was performed a
minimum of 3e4 weeks later, with a longer delay in pa-
tients undergoing adjuvant chemotherapy. The average
time between stages was 3.4 months. The vertical limb of
the mastopexy or an IMF incision was used for the second
stage to avoid disrupting periareolar tissue. The overall
complication rate was 20%, with 13.9% partial NAC necrosis
and 16.3% skin flap necrosis requiring operative debride-
ment. One patient who was an active smoker required
expander explantation for infection related to skin flap
necrosis.15

Location of incisions

Particular attention is paid to planning the location of in-
cisions for NSM because of concerns over preserving NAC
perfusion. In the first stage of NSM delay, incisions are
usually placed within the planned NSM incision. Most au-
thors agree that radial, lateral, vertical, and IMF incisions
(Figure 2) are safer than periareolar incisions in terms of
preserving blood supply to the NAC.16,17 This is consistent
with cadaveric and imaging studies, which suggest that the
dominant blood supply to the NAC originates from super-
omedial source vessels off the internal mammary ar-
tery.18,19 Additional blood supply through the branches of
the lateral thoracic artery pass through deep breast tissue
before ascending toward the NAC; however, these vessels
would be divided during mastectomy.20 Thus, it is impor-
tant to preserve as much of the periareolar dermis as
possible, particularly medially. Increased necrosis rates
with NSM have been observed when using periareolar in-
cisions involving more than 30% of the NAC without a delay
procedure.16,21,22

Placement of incisions also depends on preoperative
breast size. Although the IMF incision is aesthetically well
hidden and preserves NAC perfusion, it may not provide
adequate access to the upper quadrant of the breast in
patients with large breasts.17,23,24 Radial incisions starting
at the lateral aspect of the NAC with a curved extension
toward the axilla is the preferred incision for easiest access
to the upper quadrant of the breast and axilla while still
preserving NAC blood supply.16,17 Options for patients with
smaller breasts include an IMF incision or a vertical incision
from the NAC extending inferiorly toward the IMF.7,15

In patients with previous breast scars, most authors
prefer to place the incision within the previous scar, such as
in the vertical limb of a mastopexy or reduction mammo-
plasty scar.7,13 Performing NSM in patients with previous
periareolar scars has been found to be safe with a low risk
of NAC necrosis as long as the periareolar scars are avoided
when making new incisions for the mastectomy. Special
attention should be directed at maintaining blood supply
through the periareolar scar tissue.7 Vaughn et al. achieved
100% NAC survival after NSM in 11 patients with prior cir-
cumareolar incisions using an IMF incision for mastectomy
in all cases.25

Intraoperative imaging using ICG-SPY has become a
commonly used adjunct in NSM, both in the assessment of
NAC and mastectomy flap perfusion and in planning incision
placement.26 Bertoni et al. were the first to report the
combining of this technology with a delay procedure in
high-risk patients.8 The authors examined NAC arterial
inflow and classified patients into four groups according to
the perfusion pattern and used this pattern to plan peri-
areolar incisions for delay and mastectomy procedures.
Patients with NAC perfusion coming predominantly through
the underlying breast tissue, as opposed to from the sur-
rounding skin, were found to be at higher risk for ischemic
complications including epidermolysis and NAC necrosis.

Retroareolar biopsy

Delay prior to NSM provides the opportunity to send a ret-
roareolar biopsy for permanent sections instead of sending
frozen sections intraoperatively at the time of mastectomy.
Three of the studies in our final pool reported sending
retroareolar biopsies during the delay procedure, with
positive biopsy results in as high as 10% of the patients in
these studies. Because a positive retroareolar biopsy result
requires the removal of the nipple at the time of NSM, this
is valuable information to obtain prior to mastectomy.
Knowing that the NAC needs to be sacrificed ahead of time
allows the surgical team to contemplate an alternative
technique for the mastectomy and reconstruction and
prepare the patient appropriately.

An unexpected positive retroareolar frozen section can
create some difficult choices for the plastic surgeon. If the
incision used for the NSM is located away from the NAC,
such as an IMF incision, a positive biopsy would be an
extremely unfortunate intraoperative finding. Excision of
the NAC at this time would require a second incision and
may create a situation that increases the risk of mastec-
tomy skin flap necrosis, particularly in cases of thin mas-
tectomy skin flaps. In this case, the plastic surgeon may not
be able to continue with the reconstruction that was orig-
inally planned.

Figure 2 Preferred nipple-sparing mastectomy incisions. A.
Radiolateral, B. Radial, C. Vertical, D. Inframammary.
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In addition, permanent section analysis is more sensitive
than frozen section analysis and eliminates the risk of a
false-negative result, which would require an additional
surgery to excise the NAC at a later date.10 Furthermore,
patients who are potential candidates for NSM but have
questionable preoperative imaging on mammography may
be assessed for suitability for NSM with the preoperative
biopsy.

Techniques in patients with nipple ptosis

Patients with nipple ptosis who are otherwise candidates
for NSM present a challenge to the reconstructive surgeon.
Although once thought to be a contraindication to NSM,
patients with ptosis are more recently being considered
candidates for NSM using special techniques or staged
procedures. Although most authors recognize that patients
with severe ptosis are not candidates for NSM,15,27 patients
with moderate ptosis may be eligible. However, it is diffi-
cult to achieve a good cosmetic result in these patients
without performing a mastopexy. Because mastopexy usu-
ally involves a circumareolar incision, this can be severely
detrimental to nipple perfusion. In addition, patients with
nipple ptosis are at increased risk for skin flap or NAC ne-
crosis because they have long thin mastectomy skin flaps.15

It should be noted that this discussion specifically pertains
to ptosis of the nipple. Glandular ptosis without nipple
ptosis, or pseudoptosis, is much less problematic regarding
the preservation of NAC perfusion and can often be handled
with a vertical or Wise pattern incision during NSM. Two of
the five studies in the final pool reported the results of
performing delay in patients with nipple ptosis.7,15

Woods first described performing NSM with simultaneous
mastopexy for patients with ptosis in 1987 using either a
donut or vertical skin excision pattern28 and reported the
results of using their technique in 33 patients.29 When a
donut mastopexy was performed, the periareolar skin was
de-epithelialized with preservation of the dermis, and an
IMF incision was used for the mastectomy. When a vertical
mastopexy was performed, the skin inferior and superior to
the nipple was de-epithelialized and inferior medial and
lateral skin triangles were excised to create access for the
mastectomy, effectively creating a Wise pattern skin exci-
sion. The authors reported wound complications in 18% of
patients, including 3% rate of partial nipple loss and 6% rate
of total nipple loss.

Rivolin et al. performed simultaneous periareolar mas-
topexy and NSM in 22 patients with mild-to-moderate ptosis
using a radial lateral extension from the edge of the de-
epithelialized periareolar skin for the mastectomy. They
describe using extreme care in de-epithelializing the peri-
areolar skin, avoiding any tears in the dermis to preserve
blood supply to the NAC. There was a trend toward higher
rates of partial and total NAC necrosis in this group
compared to that in the traditional NSM group (18.2% vs.
2.9%), although the difference did not reach statistical
significance.27

Spear et al. (2011) was first to introduce the concept of a
two-staged approach for patients with ptosis, described
above.15 In the first-stage mastopexy, they used circum-
areolar incisions but emphasized maintaining periareolar

dermis and performing only small parenchymal reductions
when needed. Similar to other authors, the periareolar
scars were avoided in the second-stage mastectomy, with
incision placement in the vertical limb of the mastopexy or
within the IMF. With no reports of total NAC necrosis, their
rate of partial NAC necrosis of 13.9% is comparable to the
reported risk for NAC necrosis after NSM in the
literature.3e6

Jensen et al. described a modification of their delay
technique in 8 patients with nipple ptosis (defined as nipple
location beneath the IMF and sternal notch-to-nipple dis-
tance of 26 cm or greater) using a “hemi-batwing” incision.
The skin excision pattern traveled halfway around the su-
perior areola with a superolateral radial extension
(Figure 3). At the time of delay, the inferior border of this
pattern was incised, and the NAC and surrounding skin was
undermined, preserving NAC perfusion through the inferior
and medial periareolar dermis. This delay procedure
allowed the safe removal of superior skin at the time of NSM
with nipple elevation to a more normal position, with no
reports of NAC necrosis.7

The reports of using delay procedures prior to NSM in
patients with moderate nipple ptosis confirm that it is safe
to perform a mastopexy as a first-stage procedure, with
similar rates of NAC necrosis as those reported in the
literature. However, the authors agree that careful atten-
tion should be paid to preserve the periareolar dermis,
particularly superiorly and medially.

Conclusion

Delay procedures prior to NSM have a good safety profile,
with complication rates that are comparable to those re-
ported in the literature. The literature on delay procedures
for NSM is limited, with only a small number of retrospec-
tive studies available. These procedures were designed to
reduce the risk of NAC and mastectomy flap necrosis;
however, larger retrospective and future prospective
studies are needed to provide more support for this

Figure 3 Hemi-batwing incision used for mastopexy with
delay in patients with ptosis.
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hypothesis. NSM delay procedures may be considered for
patients at high risk for NAC and mastectomy flap necrosis,
such as patients with pre-existing breast scars, active
smoking, prior radiation, or significant nipple ptosis. Future
studies examining NSM delay in these high-risk patients
would also be useful.

Conflict of interest

None declared for all authors.

Sources of funding

None declared for all authors.

References

1. Petit JY, Veronesi U, Lohsiriwat V, et al. Nipple-sparing
mastectomyeis it worth the risk? Nat Rev Clin Oncol 2011;8:
742e7.

2. Petit JY, Veronesi U, Rey P, et al. Nipple-sparing mastectomy:
risk of nipple-areolar recurrences in a series of 579 cases.
Breast Cancer Res Treat 2009;114:97e101.

3. Gerber B, Krause A, Reimer T, et al. Skin-sparing mastectomy
with conservation of the nipple-areola complex and autologous
reconstruction is an oncologically safe procedure. Ann Surg
2003;238:120e7.

4. Sacchini V, Pinotti JA, Barros AC, et al. Nipple-sparing mas-
tectomy for breast cancer and risk reduction: oncologic or
technical problem? J Am Coll Surg 2006;203:704e14.

5. Benediktsson KP, Perbeck L. Survival in breast cancer after
nipple-sparing subcutaneous mastectomy and immediate
reconstruction with implants: a prospective trial with 13 years
median follow-up in 216 patients. Eur J Surg Oncol 2008;34:
143e8.

6. Chirappapha P, Petit JY, Rietjens M, et al. Nipple sparing
mastectomy: does breast morphological factor related to
necrotic complications? Plast Reconstr Surg Glob Open 2014;2:
e99.

7. Jensen JA, Orringer JS, Giuliano AE. Nipple-sparing mastec-
tomy in 99 patients with a mean follow-up of 5 years. Ann Surg
Oncol 2011;18:1665e70.

8. Bertoni DM, Nguyen D, Rochlin D, et al. Protecting nipple
perfusion by devascularization and surgical delay in patients at
risk for ischemic complications during nipple-sparing mastec-
tomies. Ann Surg Oncol 2016;23:2665e72.

9. Kneubil MC, Lohsiriwat V, Curigliano G, et al. Risk of locore-
gional recurrence in patients with false-negative frozen sec-
tion or close margins of retroareolar specimen in nipple-
sparing mastectomy. Ann Surg Oncol 2012;19:4117e23.

10. Eisenberg RE, Chan JS, Swistel AJ, Hoda SA. Pathological
evaluation of nipple-sparing mastectomies with emphasis on
occult nipple involvement: the Weill-Cornell experience with
325 cases. Breast J 2014;20:15e21.

11. Lohsiriwat V, Rojananin S, Bhothisuwan K, et al. Prediction of
nipple areolar complex involvement in breast cancer. Thai J
Surg 2004;25:71e8.

12. Luo D, Ha J, Latham B, et al. The accuracy of intraoperative
subareolar frozen section in nipple-sparing mastectomies.
Ochsner J 2010;10:188e92.

13. Palmieri B, Baitchev G, Grappolini S, et al. Delayed nipple-
sparing modified subcutaneous mastectomy: rationale and
technique. Breast J 2005;11:173e8.

14. Martinez CA, Reis SM, Sato EA, Boutros SG. The nipple-areola
preserving mastectomy: a multistage procedure aiming to
improve reconstructive outcomes following mastectomy. Plast
Reconstr Surg Glob Open 2015;3:e538.

15. Spear SL, Rottman SJ, Seiboth LA, Hannan CM. Breast recon-
struction using a staged nipple-sparing mastectomy following
mastopexy or reduction. Plast Reconstr Surg 2012;129:
572e81.

16. Endara M, Chen D, Verma K, et al. Breast reconstruction
following nipple-sparing mastectomy: a systematic review of
the literature with pooled analysis. Plast Reconstr Surg 2013;
132:1043e54.

17. Munhoz AM, Aldrighi C, Montag E, et al. Optimizing the nipple-
areola sparing mastectomy with double concentric periareolar
incision and biodimensional expander-implant reconstruction:
aesthetic and technical refinements. Breast 2009;18:356e67.

18. Seitz IA, Nixon AT, Friedewald SM, et al. “NACsomes”: a new
classification system of the blood supply to the nipple areola
complex (NAC) based on diagnostic breast MRI exams. J Plast
Reconstr Aesthet Surg 2015;68:792e9.

19. van Deventer PV. The blood supply to the nipple-areola com-
plex of the human mammary gland. Aesthetic Plast Surg 2004;
28:393e8.

20. O’Dey D, Prescher A, Pallua N. Vascular reliability of nipple-
areola complex-bearing pedicles: an anatomical microdissec-
tion study. Plast Reconstr Surg 2007;119:1167e77.

21. Garwood ER, Moore D, Ewing C, et al. Total skin-sparing mas-
tectomy: complications and local recurrence rates in 2 cohorts
of patients. Ann Surg 2009;249:26e32.

22. Regolo L, Ballardini B, Gallarotti E, et al. Nipple sparing mas-
tectomy: an innovative skin incision for an alternative
approach. Breast 2008;17:8e11.

23. Crowe Jr JP, Kim JA, Yetman R, et al. Nipple-sparing mastec-
tomy: technique and results of 54 procedures. Arch Surg 2004;
139:148e50.

24. Wijayanayagam A, Kumar AS, Foster RD, Esserman LJ. Opti-
mizing the total skin-sparing mastectomy. Arch Surg 2008;143:
38e45. discussion 45.

25. Vaughn CJ, Peled AW, Esserman LJ, Foster RD. Feasibility of
performing total skin-sparing mastectomy in patients with
prior circumareolar mastopexy or reduction mammoplasty in-
cisions. Ann Plast Surg 2013:1e4.

26. Dua MM, Bertoni DM, Nguyen D, et al. Using intraoperative
laser angiography to safeguard nipple perfusion in nipple-
sparing mastectomies. Gland Surg 2015;4:497e505.

27. Rivolin A, Kubatzki F, Marocco F, et al. Nipple-areola complex
sparing mastectomy with periareolar pexy for breast cancer
patients with moderately ptotic breasts. J Plast Reconstr
Aesthet Surg 2012;65:296e303.

28. Woods JE. Detailed technique of subcutaneous mastectomy
with and without mastopexy. Ann Plast Surg 1987;18:51e61.

29. Al-Mufarrej FM, Woods JE, Jacobson SR. Simultaneous masto-
pexy in patients undergoing prophylactic nipple-sparing mas-
tectomies and immediate reconstruction. J Plast Reconstr
Aesthet Surg 2013;66:747e55.

242 L.S. Karian et al.

Downloaded for Anonymous User (n/a) at Royal Australasian College of Surgeons JC from ClinicalKey.com.au by Elsevier on April 26, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.


