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INTRODUCTION
Nipple-sparing mastectomy (NSM) provides the op-

portunity to optimize esthetic outcomes after breast re-
construction with high patient satisfaction and quality of 

life.1–3 NSM, however, carries an inherently greater risk for 
mastectomy flap ischemia compared with traditional mas-
tectomy techniques. This tendency is secondary to pres-
ervation of the majority or entirety of the skin envelope 
which creates a larger surface area to be perfused, may 
increase traction on flaps in larger breasts, and can con-
tribute to the inability to excise a significant amount of 
skin if compromised in certain situations.

Reported rates of nipple–areola complex (NAC) and 
mastectomy flap necrosis in NSM vary, ranging from 2.1% 
to 7% and 1.2% to 8.1%, respectively.4–17 When combined, 
overall rates of major ischemic complications, typically 
defined as full-thickness necrosis requiring debridement, 
can be significant. In a procedure aimed at preserving the 
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entirety of the natural breast skin envelope and NAC, this 
loss can be a source of significant distress for the patient 
and surgeon. In addition, full-thickness loss of tissue in 
implant-based reconstruction ultimately threatens pros-
thesis exposure, implant loss, and reconstructive failure.

Risk factors for postoperative ischemic complications 
have been studied at length. Intrinsic or patient-specif-
ic factors include body mass index (BMI) and breast 
morphology (breast size, mastectomy weight, and pto-
sis).6,11,15,18 Extrinsic influences such as radiation, incision 
pattern, mastectomy flap thickness, smoking, and the type 
of reconstruction must also be considered.6,9,19–22 Although 
the contribution of these elements to the development of 
NAC or mastectomy flap necrosis has been quantified, the 
outcomes of these complications and their implications 
for the overall reconstruction are less well described.

There is a broad spectrum of consequences to major 
ischemic events, from simple in-office debridement and 
closure, to the need for explantation and delayed recon-
struction. Major skin envelope necrosis has been reported 
as the etiology for explantation in up to 79.1% of recon-
structive failures in large NSM series.11 Identification of 
modifiable operative choices and adaptable postoperative 
decisions that influence the course of these complications 
can help encourage a more favorable outcome in ame-
nable cases.

This study examines the characteristics of major 
ischemic complications after NSM and the factors that 
contribute to reconstructive failure in implant-based re-
construction to determine the optimal management of 
these difficult cases and minimize their associated mor-
bidity.

METHODS

Data Collection and Analysis
A retrospective review was performed of all patients 

who underwent immediate alloplastic breast reconstruc-
tion after NSM at a single institution from 2006 to June 
2018. All patients with postoperative major NAC or mas-
tectomy flap necrosis, defined as necrosis requiring either 
in-office or operating room debridement, were included.

Data on patient demographics, adjuvant, and neo-
adjuvant therapies, and mastectomy and reconstructive 
operative characteristics, was collected and analyzed. Ad-
ditionally, details of major ischemic complications includ-
ing time to debridement, debridement size and setting, 
additional complications, and need for implant exchange 
or explantation were analyzed. Cases requiring explanta-
tion were compared with cases with major ischemic com-
plications that were salvaged. Cases salvaged after implant 
exchange were additionally compared with those requir-
ing explantation and delayed reconstruction.

Statistical Analysis
Descriptive statistics and measure of central tendency 

were used to describe absolute and mean results, respec-
tively. Unpaired Student’s t tests were used to analyze con-
tinuous data sets, whereas Fisher’s exact test was used to 

compare proportional responses. All statistical analyses 
were performed using GraphPad Software, Inc. (La Jolla, 
CA). A P-value of less than 0.05 was considered significant.

Patient Selection and Surgical Technique
NSM is discussed as an option with all women present-

ing for breast reconstruction after prophylactic mastec-
tomy and in patients undergoing therapeutic mastectomy 
with tumor-to-nipple distances greater than 1 cm.23 Can-
didacy for nipple-sparing techniques is determined in 
conjunction with the breast surgeon and the patient. 
Relative contraindications included neoadjuvant chemo-
therapy, preoperative radiation, morbid obesity, severe 
macromastia, grade III ptosis, or significant chest wall/
NAC asymmetry. Although none of these factors in isola-
tion contraindicated NSM, the presence of multiple risk 
factors led to recommendation of non-NSM techniques or 
staged reduction in appropriate patients. Patients desiring 
implant-based reconstruction were offered 1- or 2-stage re-
constructions based on breast morphologic characteristics 
and intraoperative evaluation of mastectomy flaps.12

Operative techniques for dual-plane and total sub-
muscular reconstruction are as previously detailed.24 In-
traoperative evaluation of mastectomy flaps was based on 
clinical examination of skin and NAC perfusion including 
skin-edge bleeding, flap thickness, and amount of visible 
dermis. Indocyanine green angiography is not routinely 
utilized given the use of a low-volume, dilute epinephrine-
containing local anesthetic before mastectomy.

Postoperative management of skin envelope ischemia 
was based on individual surgeon preferences. Typically, 
any indication of postoperative skin or NAC ischemia was 
treated with local wound care with moist petroleum-based 
gauze or antibiotic ointment and nonadherent gauze dress-
ing changes. If tissue expanders (TEs) were placed at the 
initial operation, they were deflated to relieve any excess 
skin tension. Adjunctive therapies such as topical nitroglyc-
erin paste or hyperbaric oxygen treatments were rarely uti-
lized. The decision to proceed with debridement was based 
on surgeon assessment of estimated extent and thickness of 
skin necrosis, and the presence of underlying vascularized 
tissue versus prosthesis/non-vascularized matrix.

RESULTS
During the study period, 1045 cases of immediate 

prosthetic-based reconstruction were performed after 
NSM. Of these, 70 cases (6.7%) had major ischemic com-
plications (Table  1). Sixty-three cases (90%) had major 
mastectomy flap necrosis, 18 (25.7%) had full NAC ne-
crosis and 11 (15.7%) had both. Four cases (5.7%) were 
in active smokers and 21 cases (30%) in formers smokers. 
Average mastectomy weight was 645.7 g. Most cases were 
2-stage TE reconstructions (74.3%) and used either bio-
logic or synthetic mesh/matrix support (57.1%). All TEs 
were textured, integrated-port devices, and all implants 
were smooth, round implants. Average follow-up length 
was 39.1 months.

The most common complication associated with major 
necrosis was minor infection treated with oral antibiotics 
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in 10 cases (14.3%), followed by major infection treated 
with intravenous antibiotics in 4 cases (5.7%) (Table 2). 
The average time to debridement from the initial mastec-
tomy and immediate reconstruction was 27.5 days, and 
the average debridement size was 27.8 cm2. One patient 
underwent hyperbaric oxygen treatment and eventually 
required debridement of a 9 cm2 area of mastectomy flap 

necrosis in the office. No patients had topical nitroglyc-
erin applied postoperatively.

Five cases (7.1%) underwent implant exchange at 
the time of debridement and 15 cases (21.4%) required 
explantation upon debridement. Of the cases requiring 
explantation, all underwent successful delayed secondary 
reconstruction with implant-based or autologous tech-
niques (Fig. 1).

Cases of major mastectomy flap or NAC necrosis re-
quiring explantation had a significantly lower BMI (22.3 
versus 24.7, respectively; P = 0.013) and a higher rate of 
preoperative radiation (20% versus 0%, respectively;  
P = 0.0083) compared with those who did not require 
explantation (55 cases) (Table 3). Operative characteris-
tics also differed between the 2 cohorts. Cases requiring 
explantation had a significantly higher rate of immedi-
ate implant placement (45.6% versus 20%, P = 0.0491) 
and utilization of acellular dermal matrix (ADM)/mesh 
(100% versus 45.5%, P < 0.0001) (Fig.  2). Both major 
mastectomy flap necrosis and NAC necrosis together 
(33.3 versus 10.9%, P = 0494) and the occurrence of ma-
jor infection (20 % versus 1.8%, P = 0.0288) were more 
likely to occur in explanted cases. Finally, explanted cases 
had a larger average surface area of necrosis debrided  
(49.5 cm2 versus 17.6 cm2, P = 0.0168) and were more like-
ly to have debridement performed in the operating room 
as opposed to the office compared with cases without ex-
plantation (93.3% versus 82.7%, respectively; P < 0.0001). 
Comparison of explanted cases to those who underwent 
implant exchange at the time of debridement showed no 
differences between the 2 groups (Table 4).

DISCUSSION
Major ischemic complications of the skin envelope 

after NSM and implant-based reconstruction at the very 
least compromise esthetic outcomes and often can threat-
en the entire reconstruction and delay adjuvant treat-
ments. Fortunately, severe cases of major necrosis are 
rare; however, some degree of NAC or mastectomy flap 
necrosis requiring debridement is not an uncommon 
phenomenon. Review of our series of implant-based re-
construction after NSM revealed an overall major necrosis 
rate of 6.7%, which compares favorably with outcomes of 
prior series.6,9–11

Multiple factors have been associated with an increased 
risk of ischemic complications after NSM.6,9,11,15,18–20 Inter-
estingly, the incidence of certain risk factors was low in this 
isolated cohort of cases with major necrosis. The percent-
age of active tobacco users was only 5.7%, likely due to an 
overall low rate of active smokers at our institution (4.1%). 
However, we have previously found an association of be-
tween an extended period of prior smoking history and 
major necrosis after NSM,25 which correlates with the high 
percentage of former smokers in this group (30%). Simi-
larly, the lower incidence of other potential risk factors 
may reflect the general characteristics and surgical prefer-
ences at our institution. Patients selected for NSM typi-
cally demonstrate a more favorable risk profile based on 
relative contraindications for nipple-sparing techniques. 

Table 1.  Patient Demographics and Intraoperative 
Characteristics of NSM Cases With Major Ischemic 
Complications

Characteristic N (%)

Breasts 70
Patients 52
Age, y 47.9
BMI, kg/m2 24.1
Diabetes mellitus 2 (2.9)
Tobacco use  
 ������� Active 4 (5.7)
 ������� Former 21 (30)
Previous radiation 3 (4.3)
Previous chemotherapy 9 (12.9)
Postoperative radiation 7 (10)
Postoperative chemotherapy 22 (31.4)
Mastectomy indication  
 ������� Therapeutic 30 (42.9)
 ������� Prophylactic 40 (57.1)
Mastectomy incision  
 ������� IMF 35 (50)
 ������� Lateral radial 26 (37.1)
 ������� Vertical 3 (4.3)
 ������� Wise-pattern 6 (8.6)
Mastectomy weight, g 645.7
Reconstructive technique  
 ������� TE 52 (74.3)
 ������� Immediate implant 18 (25.7)
Biologic or synthetic reinforcement  
 ������� ADM 35 (50)
 ������� Mesh 5 (7.1)
 ������� None (total submuscular) 30 (42.9)
Initial implant volume/TE fill, cc 299
Follow-up length, mo 39.1

Table 2.  Reconstructive Complications and Management of 
NSM Cases With Major Ischemic Complications

Characteristic n (%)

Ischemic complications  
 ������� Major mastectomy flap necrosis 63 (90)
 ������� Full NAC necrosis 18 (25.7)
 ������� Both 11 (15.7)
Concomitant complications  
 ������� Minor infection 10 (14.3)
 ������� Major infection 4 (5.7)
 ������� Seroma 2 (2.9)
 ������� Hematoma 0
Time to debridement, d* 27.5
Debridement setting  
 ������� Office 41 (58.6)
 ������� Operating room 29 (41.4)
Debridement size, cm2 27.8
Implant exchange at debridement 5 (7.1)
Explantation 15 (21.4)
Subsequent reconstruction†  
 ������� Implant-based 9 (12.9)
 ������� Implant + LD 4 (5.7)
 ������� DIEP 2 (2.9)
*After initial mastectomy and immediate reconstruction.
†In cases of tissue-expander/implant explantation
DIEP, deep inferior epigastric artery perforator flap; LD, latissimus dorsi flap.



PRS Global Open • 2019

4

Patients were relatively young and average BMI was low. 
Periareolar incisions are associated with a significantly 
higher rate of NAC necrosis9,22,26,27 but are generally avoid-
ed at our institution. Although these factors certainly in-
fluence the potential for postoperative ischemia, the more 
critical issues appear to be the intrinsic morphology of the 
breast, its implications for perfusion and how this perfu-
sion is altered during mastectomy and reconstruction.

Breast size, as quantified by various metrics including 
mastectomy weight, is a significant predictor of ischemic 
complications of the NAC and skin envelope.15,18 Increasing 
breast size, and to a certain extent the degree of ptosis,11 re-
sults in a greater surface area to be perfused, an increased 
distance perforators must travel, increased traction on 
mastectomy flaps during mastectomy and greater manipu-
lation of the NAC during reconstruction. The average mas-
tectomy weight in this series was 645.7 g, categorized as an 
intermediate mastectomy weight which has been previously 
associated with a significantly increased risk of both major 
mastectomy flap necrosis and full-thickness NAC necrosis.18

Likely the most critical variable in the development of 
ischemic complications is the quality of mastectomy flaps. 
Assessment of mastectomy flap quality can be performed 
by examining clinical signs of perfusion, evaluating mas-
tectomy flap thickness, and quantifying perfusion with 
fluorescence angiography-based imaging. Relative mastec-
tomy flap thickness plays a particularly influential role in 
determining the preservation of the superficial perfusion 
from the internal mammary artery perforators running in 
the subcutaneous fat by performing the mastectomy in the 
appropriate plane, just superficial to the breast capsule.21 
Unfortunately, mastectomy flap thickness was not able to 
be analyzed retrospectively as the majority of cases in this 
cohort did not have postoperative magnetic resonance im-
aging (MRIs) available for measurement of flap thickness. 
The few cases with available postoperative MRIs did demon-
strate thin flaps less than 8 mm in thickness21 (Fig. 3).

Approximately 21% of cases with major ischemic 
complications required explantation and secondary 
reconstruction, significantly higher than typical overall 

Fig. 1. 53-year-old female with a history of right breast cancer who underwent bilateral nipple-sparing mastectomy and dual-plane im-
mediate implant reconstruction with 475 cc smooth, round implants. Postoperative course complicated by significant right mastectomy 
flap necrosis and implant exposure requiring explantation. A–C, Preoperative photographs. D–F, Postoperative photographs after right 
implant explantation and right chest radiation therapy. G–I, Postoperative photographs 1 year after bilateral secondary reconstruction 
with DIEP flaps. DIEP, deep inferior epigastric artery perforator.
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explantation rates in larger NSM series.10,11,24 Cases requir-
ing explantation were compared with those who avoided 
implant removal to determine whether certain variables 
may influence the ability to salvage a reconstruction com-
plicated by major necrosis. Several variables were found 
to be significantly different between the explant and no 
explant cohorts that related to preoperative patient char-
acteristics, intraoperative decision-making, and postopera-
tive complications.

The only intrinsic patient-related variable found to 
be significantly different between the 2 cohorts was BMI, 
which was paradoxically lower in the explantation cohort. 
Higher BMI has consistently been associated with an in-
creased risk of postoperative complications after implant-
based breast reconstruction.6,28–30 However, in the context 
of tissue loss and debridement, excess tissue in patients 
with higher BMIs may prove favorable. A paucity of skin 

or soft tissue after debridement and TE deflation can 
favor the removal of a prosthesis to allow for adequate 
healing without prosthesis exposure. Patients with high-
er BMIs and greater redundancy in available soft tissue, 
on the other hand, may allow for the primary closure of 
debridement defects that would otherwise compromise a 
reconstruction. Notably, average BMI for both cohorts re-
mained within the normal range.

Other important preoperative factors included prior 
radiation, which was significantly higher in the explant 
cohort. Radiation therapy has known acute and chronic 
detrimental effects on wound healing,31 which have been 
shown to increase complication rates in implant-based 
reconstruction6,32,33 and similarly compromise the ability 
to salvage reconstructions in wounds requiring debride-
ment.

Intraoperative decisions also had an important impact 
on reconstructive failure. The use of ADM or mesh was 
significantly associated with explantation in cases with ma-
jor necrosis and was present in 100% of cases with implant 
loss. Until it becomes incorporated, ADM should be con-
sidered as a foreign body, no different that the underlying 
prosthesis. Full-thickness necrosis overlying ADM in dual-
plane reconstructions can be considered nearly equivalent 
to implant exposure. More prompt debridement is there-
fore required rather than a “watch and wait” approach 
which may allow for secondary healing, subsequently 
decreasing the area requiring debridement. These find-
ings align with previous studies examining conservative 
management of NAC ischemia. Dent et al.34 examined 
the success of expectant management of NAC ischemia 
in NSM and found ADM use to be significantly associated 
with failure of conservative treatment. Of note, many of 
these cases were single-stage reconstructions that typically 
require the use of ADM or mesh for coverage.

The association of ADM with explantation in NSMs 
with major ischemia also has important implications for 
implant-based prepectoral reconstruction. Most reported 
cases of prepectoral reconstruction involve covering at 
least the anterior prosthesis surface with ADM,14,16,35–39 or 
placing the prosthesis directly under mastectomy flaps.13 
As with full-thickness necrosis overlying ADM in dual-
plane reconstruction, major necrosis in prepectoral re-
construction can have more dire consequences without 
the availability of interpositional vascularized muscle. 
All cases of mastectomy flap necrosis or late dehiscence 
in a series of prepectoral reconstructions reported by 
Bernini et al.35 required explantation. Similarly, though 
overall rates of complications were low, Nahabedian et 
al.16 reported 100% of explantations were secondary to 
mastectomy flap necrosis compared to 67% in dual-plane 
reconstructions. In a series of prepectoral implant-based 
reconstruction by Highton et al.,39 all 5 cases of major skin 
necrosis required explantation, though the additional risk 
of immediate implant reconstruction must be considered. 
Prepectoral breast reconstruction has still demonstrated a 
good safety profile14,16,40; however, these outcomes must be 
interpreted in the context of low rates of major ischemic 
complications.

Table 3.  Comparison of Patient Demographics, 
Intraoperative Techniques, and Characteristics of Ischemic 
Complications in Patients Requiring Explantation

Characteristic
Explant  
n (%)

No. Explant  
n (%) P

Breasts 15 55 —
Patients 12 43 —
Age, y 52.2 46.7 0.0522
BMI, kg/m2 22.3 24.7 0.013
Diabetes mellitus 0 2 (3.6) >0.9999
Tobacco use    
 ������� Active 0 4 (7.3) 0.5708
 ������� Former 3 (20) 18 (32.7) 0.5265
Bilateral 3 (25) 12 (27.9) >0.9999
Previous radiation 3 (20) 0 0.0083
Previous chemotherapy 3 (20) 6 (10.9) 0.3915
Postoperative radiation 1 (6.7) 6 (10.9) >0.9999
Postoperative chemotherapy 5 (33.3) 17 (30.9) 0.7614
Mastectomy indication    
 ������� Therapeutic 5 (33.3) 25 (45.5) 0.558
 ������� Prophylactic 10 (66.7) 30 (54.5)  
Mastectomy Incision   0.7341
 ������� IMF 9 (60) 26 (47.3)  
 ������� Lateral radial 4 (26.7) 22 (40)  
 ������� Vertical 1 (6.7) 2 (3.6)  
 ������� Wise-pattern 1 (6.7) 5 (9.1)  
Mastectomy weight, g 661.8 640.6 0.8061
Reconstructive technique    
 ������� TE 8 (53.3) 44 (80) 0.0491
 ������� Immediate implant 7 (46.7) 11 (20)  
Biologic/synthetic 

reinforcement
   

 ������� ADM/mesh 15 (100) 25 (45.5) <0.0001
 ������� None (total submuscular) 0 30 (54.5)  
Initial implant volume/TE 

fill, cc
361.9 280.9 0.102

Ischemic complications    
 ������� Major mastectomy flap 

necrosis
14 (93.3) 49 (89.1) >0.9999

 ������� Full NAC necrosis 6 (40.0) 12 (21.8) 0.1879
 ������� Both 5 (33.3) 6 (10.9) 0.0494
Concomitant complications    
 ������� Seroma 1 (6.7) 1 (1.8) 0.3851
 ������� Hematoma 0 0 —
 ������� Minor infection 4 (26.7) 6 (10.9) 0.2046
 ������� Major infection 3 (20.0) 1 (1.8) 0.0288
Time to debridement, d 27.7 27.5 0.91
Debridement setting    
 ������� Office 1 (6.7) 15 (27.3) <0.0001
 ������� Operating Room 14 (93.3) 40 (72.7)  
Debridement size, cm2 49.5 17.6 0.0168
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Other intraoperative factors associated with explanta-
tion included the reconstructive modality, with immedi-
ate implant placement being significantly more associated 
with reconstructive failure. The inability to remove fluid as 
with a TE reconstruction to decrease the size of the pros-
thesis and “increase” the amount of available skin envelope 
will further increase the likelihood of implant removal to 
facilitate successful primary closure of a wound. Along the 
same lines, cases requiring explantation had more exten-
sive necrosis, signified by more frequent involvement of 
both the NAC and the mastectomy skin and a much larger 
debridement size that would prohibit wound closure with-
out removal of the prosthesis. Certain risk factors such as 
BMI, preoperative radiation, and major infection, trended 
toward but did not have statistical significance in com-
parison of explant and exchange cohorts. These trends 
suggest similar possible mechanisms that contributed to 
failure of implant exchange though the small sample size 
in this cohort limited statistical analysis.

When faced with a concern for severe NAC or mastec-
tomy skin flap ischemia, consideration of risk factors for 
explantation can help facilitate decision-making to po-
tentially minimize the possibility of more severe compli-
cations. Although a specific variable in isolation may not 
be of much consequence, a global assessment that reveals 
multiple concerning issues in the presence of a poorly vas-
cularized skin envelope warrants a more “defensive” ap-
proach to reconstruction. In this regard, the primary goal 
is to minimize potential morbidity by taking measures to 
optimize viability of the NAC and mastectomy flaps and 
preserve structures vital to reconstructive and cosmetic 
outcomes.

The presence of intraoperative ischemia of the breast 
envelope in combination with risk factors such as a pau-
city of excess skin or a history of prior radiation should 
prompt caution in preventing further compromise of tis-
sue perfusion. Single-stage implant reconstruction can 
be converted to TEs, and TEs should be inflated with low 
volumes, if at all, to minimize any tension on skin flaps. 
The use of ADM or mesh must also be evaluated, particu-

Table 4.  Comparison of Patient Demographics, 
Intraoperative Techniques, and Characteristics of Ischemic 
Complications in Patients Requiring Explantation Versus 
Exchange

Characteristic
Explant  
n (%)

Exchange  
n (%) P

Breasts 15 5 —
Patients 12 4 —
Age, y 52.2 54.9 0.6183
BMI, kg/m2 22.3 24.2 0.1548
Diabetes mellitus 0 0 —
Tobacco use    
 ������� Active 0 0 —
 ������� Former 3 (20) 2 (60) 0.1313
Bilateral 3 (25) 1 (20) >0.9999
Previous radiation 3 (20) 0 0.5395
Previous chemotherapy 3 (20) 0 0.5395
Postoperative radiation 1 (6.7) 1 (20) 0.4474
Postoperative chemotherapy 5 (33.3) 2 (40) >0.9999
Mastectomy indication    
 ������� Therapeutic 5 (33.3) 4 (80) 0.1273
 ������� Prophylactic 10 (66.7) 1 (20)  
Mastectomy incision    
 ������� IMF 9 (60) 4 (80) 0.9641
 ������� Lateral radial 4 (26.7) 1 (20)  
 ������� Vertical 1 (6.7) 0  
 ������� Wise-pattern 1 (6.7) 0  
Mastectomy weight, g 661.8 525.2 0.4212
Reconstructive technique    
 ������� TE 8 (53.3) 0 0.0547
 ������� Immediate implant 7 (46.7) 5 (100)  
Biologic/synthetic reinforcement    
 ������� ADM/mesh 15 (100) 5 (100) >0.9999
 ������� None (total submuscular) 0 0  
Initial implant volume/TE fill, cc 361.9 437.4 0.3864
Ischemic complications    
 ������� Major mastectomy flap necrosis 14 (93.3) 5 (100) >0.9999
 ������� Full NAC necrosis 6 (40) 3 (60) 0.6169
 ������� Both 5 (33.3) 3 (60) 0.3473
Concomitant complications    
 ������� Seroma 1 (6.7) 0 >0.9999
 ������� Hematoma 0 0 —
 ������� Minor infection 4 (26.7) 2 (40) 0.6126
 ������� Major infection 3 (20.0) 0 0.5395
Time to debridement, d 27.7 26 0.6903
Debridement setting    
 ������� Office 14 (93.3) 5 (100) >0.9999
 ������� Operating room 1 (6.7) 0  
Debridement size, kg/m2 49.5 31.6 0.5098

Fig. 2. Categorical variables with significant differences between explanted and nonexplanted cases 
in nipple-sparing mastectomy and immediate reconstruction with major ischemic complications. OR, 
operating room. *P < 0.05, **P < 0.01, ***P < 0.001.
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larly if areas of potential ischemia will be overlying these 
materials. In such cases, we will often consider conversion 
to a total submuscular approach utilizing serratus fascia 
to protect the underlying prosthesis. In cases with signifi-
cant concern for skin envelope ischemia intraoperatively, 
delaying the reconstruction can be considered in both 
prepectoral and subpectoral reconstructions to allow for 
adequate perfusion of the skin envelope before prosthesis 
placement.41 Adjunctive postoperative therapies, such as 
the use of nitroglycerin ointment, may also be utilized if 
there is concern for ischemia intraoperatively.42 Other in-
terventions, such as nipple delay, can be useful in patients 
that are determined to be high risk preoperatively.43,44

Importantly, these possibilities must be discussed at 
length with the patient, to ensure a process of informed 
and shared decision-making. Although certain risk factors 
such as prior radiation may warrant preoperative discus-
sion on increased risk for implant loss, other factors such 
as a paucity of soft tissue in a low-BMI patient may be bet-
ter suited for discussion in the presence of major necro-
sis postoperatively. Though the potential for a prolonged 
reconstructive process or an initial result farther from the 
ideal outcome is never desired, when framed in the con-
text of optimizing the final reconstructive and cosmetic 
outcome, it is almost always understood and accepted.

When full-thickness necrosis has developed postop-
eratively, early excisional intervention for smaller wounds 
can salvage reconstructions. Implant exchange may be 
warranted in uncomplicated cases with larger areas of ne-
crosis if the skin envelope is still sufficient. In this study, 
there were no significant differences between explant and 

exchange cohorts, though the low sample size in the ex-
change group likely precluded certain differences from 
being observed. Early intervention is particularly impor-
tant in the setting of necrosis overlying ADM or mesh, to 
prevent contamination and infection of the prosthesis. 
Major infection was significantly associated with explanta-
tion and minor infection trended toward reconstructive 
failure in this series. Infection should be treated aggres-
sively when associated with major necrosis. Salvage rates 
remained low in this scenario (25%), though comparable 
with prior studies.45

Limitations of this study include its retrospective analy-
sis of data which prevented certain important variables, 
such as mastectomy flap quality and thickness, from be-
ing quantifiably analyzed. In addition, though the overall 
study population was relatively large, certain subgroups 
had a low sample size which may have limited the observed 
differences between cohorts. Finally, patient satisfaction 
and objective analysis of cosmetic outcomes are important 
metrics that require further evaluation.

CONCLUSIONS
Although all surgeons strive for the ideal, it is equally 

important to understand how to manage the nonideal sit-
uation. Major ischemic complications following NSM and 
implant-based reconstruction are altogether undesirable 
events but can result in outcomes ranging from minor 
in-office procedures to loss of a reconstruction. Predis-
position to poor wound healing, the use nonvascularized 
support materials, excess strain on the skin envelope, 
concomitant major infection, and larger affected areas 
further increase the risk of reconstructive failure in the 
setting of major ischemic complications. Early recognition 
of potential ischemia and subsequent avoidance or miti-
gation of these factors may therefore help efficiently and 
appropriately to treat these difficult cases in an effort to 
minimize morbidity while preserving the reconstruction 
and optimizing the final outcome.
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