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INTRODUCTION
Nipple-sparing mastectomy (NSM) has become the 

mainstay in the treatment of oncologically appropriate 
breast cancer as well as surgical prophylaxis for high-risk 
patients.1–8 Preservation of the nipple-areolar complex 
(NAC) and breast skin envelope has allowed plastic sur-
geons to optimize cosmetic results with implant-based 
and autologous techniques.9–14 Maintaining the viability 
and form of the native breast skin envelope is therefore 

critical in obtaining ideal reconstructive and aesthetic 
outcomes. Ischemic complications, including mastecto-
my and NAC necrosis, can be devastating, affecting over-
all reconstruction and patient satisfaction after NSM.15,16

Reported rates of NAC and mastectomy flap necrosis 
range from 4.4% to 37.5% and 2% to 12.7% in the literature, 
respectively.9,11,14,17–20 Established risk factors for NAC and 
mastectomy flap include elevated body mass index (BMI), 
smoking, preoperative radiation, incision placement, and 
mastectomy specimen weight, among others.11,21–27 Howev-
er, perfusion of the NAC and breast skin in NSM, perhaps 
the most critical factor, remains poorly studied.

The contribution of the superficial vasculature in the 
subdermal and subcutaneous tissues to the NAC is para-
mount after NSM.28–33 Most objective assessments of perfu-
sion in NSM have focused on quantifying lack of perfusion 
after mastectomy with angiography to better predict and 

Received for publication March 28, 2017; accepted June 14, 
2017.
Copyright © 2017 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This is 
an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000001439

From the Hansjörg Wyss Department of Plastic Surgery, NYU Lan-
gone Medical Center, New York, N.Y.

Background: Ischemic complications after nipple-sparing mastectomy (NSM) have 
been associated with numerous variables. However, the impact of NSM flap thick-
ness has been incompletely evaluated.
Methods: NSM flap thickness was determined for all NSMs from 2006 to 2016 with avail-
able pre- or postoperative breast magnetic resonance imaging (MRIs). Demographics 
and outcomes were stratified by those with and without ischemic complications.
Results: Of 1,037 NSM reconstructions, 420 NSMs had MRI data available, which in-
cluded 379 preoperative MRIs and 60 postoperative MRIs. Average total preoperative 
skin/subcutaneous tissue NSM flap thickness was 11.4 mm. Average total postopera-
tive NSM flap thickness was 8.7 mm. NSMs with ischemic complications were found 
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NSM flap thickness less than 8.0 mm was found to be an independent predictor of 
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prevent ischemic complications.34–36 Conversely, anatomic 
factors that influence perfusion has been relatively over-
looked. Although the importance of relative mastectomy 
flap thickness and anatomic dissection is emphasized by 
plastic surgeons, a large-scale, objective evaluation of pre-
operative breast skin and subcutaneous tissue thickness to 
the level of the superficial fascia, or breast capsule, and 
postoperative NSM flap thickness on ischemic complica-
tions is lacking.

Breast magnetic resonance imaging (MRI) is increas-
ingly being used as a screening, diagnostic, and monitoring 
tool in the treatment of breast cancer.37–41 The availability 
of pre- and postoperative MRI provides a unique opportu-
nity to evaluate anatomic parameters, including preopera-
tive skin and subcutaneous thickness to the breast capsule 
level, and their resultant changes after NSM. We therefore 
aim to utilize pre- and postoperative breast MRIs to quan-
tify mastectomy flap thickness before and after NSM while 
subsequently elucidating the influence of flap thickness 
on ischemic complications and outcomes in breast recon-
struction after NSM.

METHODS
All NSMs performed from 2006 to June 2016 at NYU 

Langone Medical Center were reviewed. NSMs undergo-
ing immediate implant-based and autologous reconstruc-
tion with available preoperative and/or postoperative 
breast MRIs were identified. NSMs that had any fat graft-
ing procedures were excluded. All NSMs were performed 
using sharp dissection with electrocautery minimized to 
only as needed for hemostasis. Frozen subareolar NAC bi-
opsies were routinely utilized.

A blinded reviewer measured NSM flap thickness 
for pre- and postoperative MRIs utilizing PACS soft-
ware on sagittal and axial images acquired using a dedi-
cated breast coil on 1.5-Tesla and 3-Tesla magnets with 
T1-weighted nonfat suppressed volumetric scans and 
high-resolution postcontrast scans as demonstrated in 
Figure 1. The thickness of skin and subcutaneous tissue 
to the breast capsule level was measured on preoperative 
MRIs in these NSMs; this measurement is here forward 
referred to as preoperative NSM flap thickness. On post-
operative MRIs, NSM flap thickness was measured from 
the skin to the level of the pectoralis muscle, acellular 
dermal matrix, implant capsule, or plane of autologous 
donor site tissue depending on reconstruction. Measure-
ments were averaged from 12 different locations on each 
breast (Fig. 1). Three measurements were taken on su-
perior and inferior flaps each, in the sagittal plane, and 
on medial and lateral flaps in the axial plane. These 3 
measurements corresponded with anterior, middle, and 
posterior locations taken at one-quarter, one-half, and 
three-quarters the length of the total anteroposterior 
distance of each breast.

Patient demographics, intraoperative variables, and 
reconstructive outcomes were collected and analyzed. 
Ischemic complications were defined as major and mi-
nor mastectomy flap necrosis or nipple-areola complex 
necrosis, defined as those managed with debridement or 

local wound care, respectively. Patients were grouped into 
3 cohorts: those with preoperative imaging, those with 
postoperative imaging, and those with both pre- and post-
operative imaging. Operative variables, including NSM 
flap thickness, were stratified by NSMs with and without 
ischemic complications.

Descriptive statistics and measures of central ten-
dency were used to describe absolute and mean results. 
Student’s t tests were used to analyze binary data sets; 
chi-square analysis was used to compare proportional 
responses. All statistical analysis was performed using 
GraphPad Software, Inc. (La Jolla, CA). Univariate analy-
sis with odds ratio calculation was utilized to identify spe-
cific NSM flap thickness as an independent risk factor for 
ischemic complications. P values of less than 0.05 were 
deemed significant.

RESULTS
A total of 1,037 NSM reconstructions were reviewed; 

420 cases (243 patients) had MRI data available, which 
included 379 preoperative breast MRIs, 60 postop-
erative breast MRIs, and 19 cases with both pre- and 
postoperative breast MRIs. In cases with preoperative 
breast MRIs, average total preoperative NSM flap thick-
ness was 11.4 mm (anterior, 6.6 mm; middle, 12.1 mm; 
posterior, 15.4 mm). In cases with postoperative breast 
MRIs, average total postoperative NSM flap thickness 
was 8.7 mm (anterior, 5.9 mm; middle, 8.3 mm; poste-
rior, 11.8 mm).

NSMs with preoperative breast MRI imaging who did 
and did not have ischemic postoperative complications 
were compared. Of the 379 NSMs with preoperative MRI 
imaging available, 78 (20.6%) had ischemic complica-
tions. Demographics are presented in Table 1. Preop-
erative NSM flap thickness based on MRI measurements 
were then compared between those NSMs with and with-
out postoperative ischemic complications. NSMs with 
ischemic complications were found to have significantly 
greater average preoperative anterior NSM flap thickness 
(P = 0.0333; Table 2).

NSMs with postoperative breast MRI imaging who 
did and did not have ischemic postoperative compli-
cations were then compared. Of the 60 NSMs with 
postoperative MRI imaging available, 10 (20.0%) had 
ischemic complications. Demographics are presented 
in Table 3. NSMs with ischemic complications were 
found to have significantly thinner overall (P = 0.0280) 
and posterior (P = 0.0208) postoperative NSM flap 
thickness (Table 4).

Scatter plots of overall postoperative NSM flap thick-
ness measurements based on MRI imaging were creat-
ed for NSMs with and without ischemic complications. 
These plots intersected at a value of approximately 
8.0 mm (Fig. 2). Similarly, mean NSM flap-thickness 
measurements for both groups centered about a value of 
approximately 8.0 mm. A flap thickness of approximate-
ly 8.0 mm was thus identified as a potential threshold 
value for mastectomy flap thickness predicting ischemic 
events. Therefore, NSMs with postoperative MRI imag-
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ing were divided into those with average overall NSM 
flap thickness of greater than or less than 8.0 mm. De-
mographically, those with flap thicknesses of less than 
8.0 mm were significantly more likely to undergo prior 
chemotherapy (P = 0.0135), have stage IA disease (P = 
0.0297), undergo adjuvant chemotherapy (P = 0.0021), 
have an inframammary fold incision (P < 0.0001), 
and undergo immediate implant reconstruction (P < 
0.0001). Other demographics were equivalent between 
the 2 groups. Ischemic complications were then com-

pared between these 2 groups. Those with average over-
all postoperative NSM flap thickness less than 8.0 mm 
had significantly greater incidences of ischemic compli-
cations (P < 0.0001). Average overall postoperative NSM 
flap thickness less than 8.0 mm was also found to be an 
independent predictor of ischemic complications (odds 
ratio, 6.5263; P = 0.026).

NSMs with preoperative and postoperative breast 
MRIs in which both imaging studies had been performed 
were then compared. NSMs with both preoperative and 

Fig. 1.  Measurement locations of anatomic breast flap thickness in a preoperative breast Mri. a, Sagit-
tal nonfat saturated Mri. B, axial high-resolution postcontrast Mri. a, anterior measurement at ¼ of aP 
distance; aP, anteroposterior distance of breast; M, middle measurement at ½ aP distance; P, posterior 
measurement and ¾ aP distance; short red arrow, cooper’s ligament with breast tissue extending to 
dermis; long red arrow, anterior mammary fascia; double-headed red arrow, example of flap-thickness 
measurement at middle location.

Table 1. Demographics and Outcomes for NSMs with and without Ischemic Complications with Preoperative MRI 
Measurements Available

Variable Ischemic Complications (N = 78) No Ischemic Complications (N = 301) P

Age (y) 46.21 43.89 0.05
BMI (kg/m2) 25.01 23.83 0.0269* 
Smoking history, n (%) 31 (39.7) 80 (26.6) 0.0086*
Diabetes mellitus, n (%) 2 (2.6) 7 (2.3) 0.8763
Therapeutic NSM indication, n (%) 41 (51.9) 132 (43.9) 0.1231
Prior radiation, n (%) 3 (3.8) 13 (4.3) 0.8434
Prior chemotherapy, n (%) 8 (10.3) 29 (9.6) 0.8440
Cancer stage, n (%) Stage 0: 36 (46.2) Stage 0: 166 (55.1) 0.0041*
 Stage IA: 27 (34.6) Stage IA: 59 (19.6)  
 Stage IB: 4 (5.1) Stage IB: 6 (2.0)  
 Stage IIA: 6 (7.7) Stage IIA: 45 (15.0)  
 Stage IIB: 2 (2.6) Stage IIB: 14 (4.7)  
 Stage IIIA: 2 (2.6) Stage IIIA: 7 (2.3)  
 Stage IV: 1 (1.3) Stage IIIB: 3 (1.0)  
  Stage IV: 1 (0.3)  
Adjuvant radiation, n (%) 6 (7.7) 20 (6.6) 0.6976
Adjuvant chemotherapy 15 (19.2) 62 (20.6) 0.7649
Mastectomy incision, n (%) IMF: 20 (25.6) IMF: 125 (41.5) < 0.0001*
 Lateral IMF: 9 (11.5) Lateral IMF: 57 (18.9)  
 Vertical: 8 (10.3) Vertical: 26 (8.6)  
 Lateral: 29 (37.2) Lateral: 80 (26.6)  
 Prior incision: 6 (7.7) Prior incision: 2 (0.7)  
 Wise: 4 (5.1) Wise: 8 (2.7)  
 Periareolar: 2 (2.6) Periareolar: 3 (1.0)  
Initial reconstruction, n (%) Tissue expander: 31 (39.7) Tissue expander: 159 (52.8) < 0.0001*
 Immediate implant: 27 (34.6) Immediate implant: 101 (33.6)  
 Autologous: 19 (24.4) Autologous: 41 (13.6)  
 Latissimus/implant: 1 (1.3)   
Ischemic complications, n (%) Major MFN: 30 (38.5) N/A —
 Minor MFN: 15 (19.2)   
 Partial NAC necrosis: 32 (41.0)   
 Complete NAC necrosis: 10 (12.8)   
Follow-up (mo) 28.62 34.22 0.0087*
*P value is statistically significant.
IMF, inframammary fold; MFN, mastectomy flap necrosis; N/A, Not Applicable.
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postoperative breast MRIs (19 total cases; 15 patients) 
had an average age of 45.44 years, whereas average BMI 
was 24.16 kg/m2. Seven NSMs were in patients with a 
smoking history, whereas no patients had diabetes mel-
litus. Thirteen cases (68.4%) were for a therapeutic 
indication. Three cases had undergone neoadjuvant che-
motherapy, whereas 1 underwent preoperative radiation. 
Five and 3 NSMs underwent adjuvant chemotherapy and 
radiation, respectively. Eight NSMs underwent tissue ex-
pander–based reconstruction, 9 underwent immediate, 
permanent implant reconstruction, and 2 underwent 
abdominally based autologous reconstruction. Average 
follow-up time was 42.92 months.

In these cases, average total preoperative NSM 
flap thickness was 11.9 mm (anterior, 7.3 mm; middle, 

12.7 mm; posterior, 15.6 mm). Meanwhile, average total 
postoperative NSM flap thickness was 8.0 mm (anterior, 
5.7 mm; middle, 7.0 mm; posterior, 11.4 mm). The over-
all average postoperative NSM flap thickness was 68.2% 
of the overall average preoperative NSM flap thickness 
and was significantly thinner than average overall pre-
operative NSM flap thickness (P < 0.0001). Moreover, 
average postoperative flap thickness was significantly less 
than average preoperative flap thickness with regard to 
anterior (P = 0.0154), middle (P < 0.0001), and posterior 
(P < 0.0001) breast planes.

In this group, 5 NSMs (26.3%) had ischemic compli-
cations: 2 incidences each of major mastectomy flap ne-
crosis, minor mastectomy flap necrosis, and partial NAC 
necrosis (10.5%) with 1 incidence of complete NAC ne-

Table 2. Average Preoperative MRI Measurements for NSMs with and without Ischemic Complications

Variable Ischemic Complications (N = 78) No Ischemic Complications (N = 301) P

Average overall NSM flap thickness (mm) 11.6 11.3 0.4489
Average Anterior NSM flap thickness (mm) 6.9 6.4 0.0333*
Average middle NSM flap thickness (mm) 12.4 12.1 0.5047
Average posterior NSM flap thickness (mm) 15.7 15.3 0.5266
*P-value is statistically significant.

Table 3. Demographics and Outcomes for NSMs with and without Ischemic Complications with Postoperative MRI 
Measurements Available

Variable Ischemic Complications (N = 10) No Ischemic Complications (N = 50) P

Age (y) 47.2 47.38 0.9470
BMI (kg/m2) 25.47 23.21 0.1258
Smoking history 4 (40.0) 10 (20.0) 0.1138
Diabetes mellitus 0 (0.0) 0 (0.0) 1.000
Therapeutic NSM indication 4 (40.0) 25 (50.0) 0.5271
Prior radiation 0 (0.0) 1 (2.0) 0.6514
Prior chemotherapy 2 (20.0) 2 (4.0) 0.0098*
Cancer stage, n (%) Stage 0: 3 (30.0) Stage 0: 27 (54.0) 0.2678
 Stage IA: 5 (50.0) Stage IA: 10 (20.0)  
 Stage IIA: 1 (10.0) Stage IB: 2 (4.0)  
 Stage IIIA: 1 (10.0) Stage IIA: 4 (8.0)  
  Stage IIB: 2 (4.0)  
  Stage IIIA: 5 (10.0)  
Adjuvant radiation, n (%) 1 (10.0) 2 (4.0) 0.0708
Adjuvant chemotherapy, n (%) 3 (30.0) 7 (14.0) 0.1448
Mastectomy incision, n (%) IMF: 3 (30.0) IMF: 14 (28.0) < 0.0001*
 Lateral IMF: 3 (30.0) Lateral IMF: 10 (20.0)  
 Vertical: 2 (20.0) Vertical: 9 (18.0)  
 Lateral: 1 (10.0) Lateral: 15 (30.0)  
 Wise: 1 (10.0) Prior incision: 2 (4.0)  
Initial reconstruction, n (%) Tissue expander: 2 (20.0) Tissue expander: 24 (48.0) 0.2074
 Immediate implant: 5 (50.0) Immediate implant: 16 (32.0)  
 Autologous: 3 (30.0) Autologous: 10 (20.0)  
Ischemic complications, n (%) Major MFN: 4 (40.0) N/A —
 Minor MFN: 2 (20.0)   
 Partial NAC necrosis: 4 (40.0)   
 Complete NAC necrosis: 2 (20.0)   
Follow-up (mo) 54.35 60.65 0.3869
*P value is statistically significant.
IMF, inframammary fold; MFN, mastectomy flap necrosis; N/A, Not Applicable.

Table 4. Average Postoperative MRI Measurements for NSMs with and without Ischemic Complications

Variable Ischemic Complications (N = 10) No Ischemic Complications (N = 50) P

Average overall NSM flap thickness (mm) 7.3 9.0 0.0280*
Average anterior NSM flap thickness (mm) 5.2 6.1 0.2108
Average middle NSM flap thickness (mm) 6.8 8.6 0.0723
Average posterior NSM flap thickness (mm) 9.9 12.2 0.0208*
*P value is statistically significant.
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crosis (5.3%). Cases with ischemic complications had a sig-
nificant difference noted in terms of overall (13.4 versus 
11.3 mm; P = 0.0422) and anterior (9.3 versus 6.6 mm; P = 
0.0060) NSM flap thickness on preoperative MRIs. Based 
on postoperative MRIs in this group, NSMs with ischemic 
complications trended toward thinner flaps (7.0 versus 
8.4 mm; P = 0.1144). However, NSMs with ischemic com-
plications were found to have a significantly lower ratio of 
overall postoperative to preoperative flap thickness based 
on MRI measurements (52.0% versus 74.0%; P < 0.0001).

DISCUSSION
NSM is associated with excellent aesthetic results and 

oncologic outcomes that seem equivalent to traditional 
mastectomy techniques, such as total and skin-sparing 
mastectomy.1,2,6,7,10,20,42 However, reconstructive outcomes 
and risk factors for reconstructive complications in NSM 
continue to be defined.9–11,14 Smoking, obesity, periareo-
lar mastectomy incisions, radiation, and chemotherapy, 
among other factors, have all been identified as risk factors 
for adverse outcomes, specifically ischemic complications, 
after NSM.9,11,19,43 Meanwhile, NSM flap quality at the time 
of breast extirpation and reconstruction may be considered 
the principal determinant of subsequent ischemic sequela.9 
However, mastectomy flap thickness as related to ischemic 
complications has not yet been fully evaluated in NSM.

The glandular breast tissue is encapsulated by a su-
perficial breast fascia.44 This fascia separates the breast 
tissue from the overlying skin and subcutaneous tissue, 
representing the ideal plane of dissection during a mas-
tectomy. The superficial subcutaneous anatomy of the 
breast is particularly important to the perfusion of the 
native breast skin and NAC after mastectomy, which relies 
on perfusion from the subdermal plexus and perforators 
in the subcutaneous plane.38–40 Dissecting the breast in a 

plane deep to this fascia risks incomplete oncologic re-
section while overaggressive suprafascial dissection thins 
the mastectomy flap, compromising blood flow and risk-
ing mastectomy or nipple-areola complex necrosis. Prior 
studies on breast anatomy have suggested the variability of 
this subcutaneous tissue layer thickness. Larson et al.45,46 
demonstrated that the dermal thickness ranged from 
3.0 to 16 mm and subcutaneous tissue from 0 to 29 mm, 
correlating well with the preoperative tissue thickness of 
2.2–34.1 mm found in this study. Disruptions in this sub-
cutaneous plane, particularly by breast-tissue containing 
Cooper’s ligaments extending to the dermis should be 
considered and may contribute to the incidence of breast 
tissue observed much closer to the dermis on histologi-
cal specimens. Given the variable nature of the location, 
thickness, and macroscopic appearance of this encapsu-
lating breast fascia, great care must be taken intraopera-
tively to ensure that this proper plane is established and 
maintained throughout the mastectomy procedure.47

In breast reconstruction, mastectomy flap quality has 
long been considered a primary, and perhaps the most 
important, factor contributing to ischemic postopera-
tive complications.9 This is an especially significant con-
sideration is NSM during which the maximal breast skin 
envelope is preserved, including the NAC. Prior studies 
concerning NSM have attempted to evaluate flap thick-
ness as a risk factor for complications.25,47 Both studies 
identified mastectomy flap thickness less than 5 mm as a 
significant risk factor for ischemic complications.25,47 How-
ever, neither study discusses the method of assessing intra-
operative NSM flap thickness or the rationale for selecting 
5 mm as a threshold value.25,47

MRI presents the opportunity to assess pre- and post-
operative mastectomy flap thickness at multiple locations 
in a controlled setting. Moreover, comparisons between 

Fig. 2. Scatter plot of average overall postoperative nSM flap thickness based on Mri imaging for those 
with and without ischemic complications (each red box represents an nSM with postoperative Mri data 
without ischemic complications; blue boxes represent nSMs with postoperative Mri data with ischemic 
complications).
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preoperative and postoperative measurements can be 
made. These represent advantages over intraoperative as-
sessment at a single intraoperative time point as has been 
previously employed.25,47 Although NSM breast vascularity 
patterns on MRI have been studied, direct measurements 
of flap thickness using MRI has not yet been investigated.48 
We therefore sought to fully evaluate the impact of mas-
tectomy flap thickness on outcomes in NSM utilizing MRI.

In greater than 1,000 NSMs, over 40% had pre- or post-
operative MRI data available. NSMs were over six times more 
likely to have undergone preoperative MRI compared with 
postoperative MRI. This is not surprising, given the utilization 
of MRI in the management of breast cancer patients. Preop-
erative breast MRI may be utilized in breast cancer screen-
ing or in the diagnostic work-up of known breast cancer.49,50 
Postoperative MRI after surgical management of breast can-
cer is less commonly utilized in infrequent cases of potential 
residual breast tissue or in the work-up of palpable masses.51,52

Overall, the average preoperative NSM flap thickness was 
11.4 mm, whereas the average postoperative flap thickness 
was 8.7 millimeters, or 76.3% of the preoperative thickness. 
Although direct comparison of these groups is precluded, 
given the lack of postoperative MRI data for a significant 
portion of NSMs, this discrepancy foreshadows the finding 
that the ratio of preoperative to postoperative NSM flap 
thickness in NSM with both pre- and postoperative MRIs was 
only 68.2%. These results strongly suggest that the plane of 
dissection during the NSM was above the level of the super-
ficial breast fascia, on average, by greater than 30%.

To evaluate the importance of these findings, the 
impact of mastectomy flap thickness on ischemic com-
plications in NSM must be established. Notably, though 
preoperative thickness of the subcutaneous tissue layer 
was variable among patients based on MRI measurements, 
average thickness was observed to increase predictably 
moving from anterior to posterior (Fig. 3). This informa-
tion may be utilized to guide 3-dimensional intraoperative 
flap dissection. Moreover, utilizing preoperative measure-
ments of NSM flap thickness, there was found to be no dif-
ference in overall flap thickness between those NSMs with 
and without ischemic complications. In fact, NSMs with 
ischemic complications were found to have a thicker aver-
age anterior mastectomy flap compared with NSMs with 
ischemic complications. Along with findings that postop-
erative NSM flap thickness is thinner on average than pre-
operative anatomic flap thickness, these results serve to 
further confirm that preoperative measurements are not 
reliable predictors of ischemic complications.

When postoperative MRI data were stratified by NSMs 
with and without ischemic complications, those with isch-
emic complications were found to have significantly thin-
ner overall mastectomy flaps. This significant findings 
appear to have been particularly driven by thinner ante-
rior and poster flap thicknesses in NSMs with ischemic 
complications. As would be expected, postoperative mas-
tectomy flap thickness appears to more reliably forecast 
ischemic outcomes in NSM.

Utilizing these significant data, a mean value for 
NSM flap thickness about which data clustered for both 
NSMs with and without ischemic complications were rec-

ognized. This threshold value was identified as approxi-
mately 8.0 mm. NSMs with flap thickness less than 8.0 mm 
experienced significantly more ischemic complications, 
whereas flap thickness less than 8.0 mm was found to be 
an independent risk factor for ischemic complications. 
It is notable that this threshold value was greater than 
the 5.0 mm value utilized in prior studies.25,47 Therefore, 
NSM flaps thicker than the previous standard value of 
5.0 mm still remain prone to clinically significant mastec-
tomy and NAC ischemia. NSM flaps should be evaluated 
intraoperatively in all cases. Areas of flap thickness less 
than 8.0 mm warrant consideration for excision, as pos-
sible. Moreover, such NSM thickness may warrant less tis-
sue expander fill or conversion from planned immediate 
implant to tissue expander reconstruction in implant-
based breast reconstruction as well as for banking donor-
site skin in autologous breast reconstruction.53

Finally, the comparison between NSMs with both 
pre- and postoperative MRI data available revealed that 
postoperative NSM flap thickness was significantly thin-
ner compared with preoperative anatomic breast flap 
thickness. This was true in the anterior, middle, and pos-
terior breast planes and with regard to the overall aver-
aged postoperative flap thickness, which, as discussed 
above, was 68.2% of the preoperative anatomic breast 
flap thickness. Within this group, there were no signifi-
cant differences when postoperative NSM flap thickness 
was compared between those with and without ischemic 
complications. However, NSMs in this group with isch-
emic complications were found to have a postoperative 
flap thickness that was only approximately 50% as thick as 
the corresponding average preoperative anatomic breast 
flap thickness. This ratio of overall postoperative to pre-
operative flap thickness was significantly lower compared 
with the group without ischemic complications. Although 
each patient’s unique breast anatomy will vary, this sig-
nifies the importance, regardless of absolute mastectomy 
flap thickness, of dissecting the breast at the level of the 
superficial fascia during the mastectomy to minimize risk 
of ischemic complications.

Limitations of this study include its retrospective na-
ture. Ischemic complications were defined by methods 
of treatment and are therefore influenced by providers’ 
choices in treatment. Follow-up time was also shorter 
in the group with preoperative MRI data available com-
pared with the group with postoperative MRI data. This is 
predicted as patients who underwent postoperative MRI 
would be expected to have progressed further since their 
NSM. However, this follow-up compare favorably with the 
literature.9,43 Moreover, variations of physical position-
ing of the NAC precluded accurate measurement of the 
NAC thickness. Finally, mastectomy flap measurements 
were calculated postoperatively, given the nature of MRI 
timing and may therefore be influenced by postoperative 
skin and soft-tissue changes. Although these flap measure-
ments primarily rely on the subcutaneous layer, there was 
minimal postoperative radiation in this cohort (3 cases) 
and multiple points of measurement were used per breast; 
however, these measurements still likely reflect some dif-
ference from actual intraoperative values. Correlation 



 Frey et al. • Flap Thickness and Ischemic Outcomes in Nipple-Sparing Mastectomy

7

with intraoperative flap thickness measurements in a pro-
spective manner is a future area of investigation.

In conclusion, utilizing MRI, thinner postoperative NSM 
flaps were found to be significantly associated with mastecto-
my flap and NAC necrosis. Postoperative NSM flap thickness 
less than 8.0 mm was identified as a positive independent 
risk factor of these ischemic complications. The ratio of 
overall postoperative to preoperative NSM flap thickness 
was significantly lower in reconstructions with ischemic com-
plications, emphasizing the importance of dissection at the 
level of the superficial breast fascia during mastectomy.

Nolan S. Karp, MD
NYU Langone Medical Center
305 East 47th Street, Suite 1A

New York, NY 10017
E-mail: Nolan.Karp@nyumc.org
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