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Abstract

Background/Objectives: Nipple-sparing mastectomy (NSM) is a surgical procedure that
significantly improves postoperative cosmetic outcomes and quality of life (QOL) while en-
suring oncological safety. However, ischemic necrosis of the nipple–areolar complex (NAC),
resulting from impaired blood flow, remains a serious complication, particularly in patients
with risk factors. To mitigate this ischemic risk, the Nipple Delay (ND) procedure, which
applies the principle of surgical delay, has been proposed. The objective of this study was to
retrospectively review cases in which the ND procedure was performed prior to NSM with
immediate autologous breast reconstruction and to evaluate the safety and clinical utility of
this technique in preventing NAC necrosis. Methods: This study included 30 breasts from
30 patients who underwent the ND procedure prior to NSM with autologous reconstruction
at our institution. ND was performed under local anesthesia two weeks before NSM. The
skin around the NAC was dissected from the underlying breast tissue. Results: The median
age of the patients was 49 years, and the mean BMI was 22.7 kg/m2. Risk factors for NAC
necrosis included periareolar incision in 24 patients (80.0%), a BMI of 25 kg/m2 or higher in
7 patients (23.3%), and a history of smoking in 8 patients (26.7%). No cases of full-thickness
necrosis requiring NAC excision were observed (0%). Partial-thickness necrosis, which
healed with conservative treatment, was observed in 6 patients (20.0%). No malignant
involvement was detected in subareolar specimens. Conclusions: A staged approach
using the ND procedure before NSM suggests effectiveness for preventing serious ischemic
complications and safely expanding the indications for NSM, even in patients at high risk
of NAC necrosis.

Keywords: nipple-sparing mastectomy; nipple–areolar complex; Nipple Delay; breast
reconstruction; ischemic complication; NAC necrosis

1. Introduction
Recent trends in breast cancer surgery have shifted from solely pursuing curative

treatment to emphasizing the preservation of postoperative cosmetic appearance and
the improvement of patient QOL. Given this trend, NSM, which preserves the NAC,
has been widely adopted as a cosmetically oriented procedure. Maintaining the natural
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form of the breast contributes to patients’ psychological satisfaction, body image, and
sexuality, thereby significantly improving QOL [1,2]. Several long-term follow-up studies
have established that NSM is an oncologically safe procedure, with local recurrence rates,
disease-free survival, and overall survival rates comparable to those of nonnipple-sparing
techniques [3,4]. A meta-analysis involving 5594 patients reported a local recurrence rate
in the NAC of only 1.3%, widely supporting its oncological safety [5–7].

The blood supply to the NAC is complex, primarily derived from the internal mammary
artery, lateral thoracic artery, and intercostal arteries. In conventional mastectomy, these deep
perforators are sacrificed. Therefore, in NSM, the survival of the NAC relies entirely on the
precarious subdermal plexus. Particularly in patients with large breasts or ptosis, the distance
from the chest wall to the nipple is long, making this plexus insufficient to maintain adequate
perfusion pressure at the distal end of the nipple. This anatomical vulnerability underscores
the necessity of a procedure to reinforce the random pattern flap blood supply prior to
the main surgery. Specifically, the rapid reduction in blood flow post-mastectomy leads to
relative ischemia. While healthy tissues can tolerate this to some extent, the additional stress
in high-risk patients—such as those with compromised microcirculation due to smoking or
obesity—often exceeds the threshold for tissue survival. Therefore, a strategic intervention to
“pre-condition” the vascular network is essential. The risk of postoperative complications
is significantly increased in patients with risk factors such as (1) obesity (BMI ≥ 25 kg/m2),
(2) large breasts (glandular weight ≥ 750 g), (3) significant breast ptosis, (4) a history of
smoking, and (5) a history of radiation therapy [8,9].

Furthermore, a periareolar incision as a surgical technique is associated with a very high
risk of NAC necrosis [10,11]. To overcome this challenge, the ND procedure, which applies
the principle of “surgical delay” long used in plastic surgery, has been proposed [12–17].
This is a two-stage procedure aimed at intentionally altering the circulatory environment
around the NAC prior to the main NSM. This enhances blood flow in the subdermal plexus,
thereby increasing the survival rate of the NAC. Surgical ischemic stimulus is believed
to trigger the release of vascular endothelial growth factor (VEGF) and other cytokines,
inducing angiogenesis and enhancing blood flow to the NAC [18–20].

In recent years, various techniques to improve the blood supply to the NAC during
NSM have been reported; however, most of these studies have focused on implant-based
reconstruction, and evidence specific to autologous reconstruction remains limited. Because
flap thickness and vascular dynamics differ in autologous tissue reconstruction, the risk
of NAC ischemia is not necessarily equivalent to that observed in implant-based proce-
dures. In autologous reconstruction, the transferred flap brings well-vascularized, warm
tissue to the mastectomy defect, which may theoretically support the ischemic skin flap
from underneath. However, this “parasitic” revascularization takes time. In the critical
immediate postoperative period, the NAC is vulnerable to ischemia regardless of the re-
construction type, underscoring the need for the delay procedure. Therefore, evaluating
the effectiveness of the ND procedure in the setting of autologous reconstruction carries
significant clinical relevance.

The present study is characterized by its assessment of the safety and efficacy of ND
specifically in the unique context of NSM combined with autologous breast reconstruction.
In this study, we retrospectively analyzed our experience with the ND procedure in patients
considered at high risk of NAC necrosis who underwent NSM and immediate autologous
breast reconstruction to evaluate the safety and clinical utility of the technique.
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2. Materials and Methods
2.1. Patients

This study included 30 breasts from 30 patients who underwent the ND procedure
prior to NSM and single-stage autologous breast reconstruction for breast cancer at our
institution starting in November 2023. The indication for the ND procedure was not defined
by a strict protocol but was based on the surgeon’s assessment of high-risk features for
NAC necrosis, such as high BMI, smoking history, severe breast ptosis, or the necessity of a
periareolar incision.

2.2. Surgical Procedure

ND Procedure: The ND was performed under local anesthesia two weeks prior to
NSM and reconstruction, which were conducted under general anesthesia. An incision was
made in either a periareolar or lateral mammary location. Through this incision, the skin
was dissected from the underlying breast tissue in a radius of at least 5 cm (diameter of at
least 10 cm) centered on the NAC (Figure 1).

Figure 1. Incision patterns and extent of dissection for the ND procedure. Red solid lines indicate
skin incisions: (A) Modified periareolar incision; (B) Lateral incision; (C) Inframammary fold (IMF)
incision. The dashed blue line and shaded gray area indicate the extent of subcutaneous undermining
beneath the nipple–areolar complex.

To minimize thermal injury to the skin flap, hydrodissection was performed using
epinephrine saline solution (diluted 1:200,000 epinephrine in normal saline). Approximately
20–30 mL of the solution was infiltrated into the subcutaneous plane beneath the NAC and
the surrounding skin. This technique not only minimizes thermal injury but also facilitates
the dissection of the correct plane between the subcutaneous fat and the mammary gland,
ensuring uniform flap thickness. After the dissection was complete, a small, cone-shaped
sample of breast tissue directly beneath the nipple was excised and submitted for permanent
histopathological examination. After hemostasis was confirmed, an absorbable hemostatic
agent was placed in the subcutaneous space, and the skin was closed without the use of
a drain.

NSM and Breast Reconstruction: Two weeks after the ND procedure, the patient under-
went surgery under general anesthesia. Approaching through the same incision line as the
initial surgery, a total mastectomy was performed. Subsequently, an autologous free flap,
harvested from the abdomen or gluteal region, was transferred to reconstruct the breast.

2.3. Evaluation Parameters

Based on medical records, the following parameters were retrospectively investigated:
Patient Demographics: Age, BMI, smoking history, comorbidities, and history of

neoadjuvant therapy.
Surgical Data: Operative time for NSM and reconstruction, blood loss, and weight of

the excised breast tissue.
Histopathological Findings: Presence of malignancy in the subareolar tissue specimen

taken during the ND procedure.
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Postoperative Complications: Presence of NAC necrosis, skin incision margin necrosis,
flap necrosis, infection, thrombosis/embolism, and reoperation.

3. Results
3.1. Patient Demographics and Surgical Data

Patient demographics and surgical data for the 30 patients are shown in Table 1. The
median age was 49 years (range, 36–72 years), and the mean BMI was 22.7 kg/m2 (range,
18.0–30.7 kg/m2). Risk factors for NAC necrosis included a BMI of 25 kg/m2 or higher in
7 patients (23.3%), a history of smoking (current or former) in 8 patients (26.7%), hyperten-
sion in 4 patients (13.3%), and diabetes in 1 patient (3.3%). Neoadjuvant chemotherapy was
administered to 5 patients (16.7%), and neoadjuvant radiation therapy was administered to
2 patients (6.7%). A periareolar incision was used in 24 patients (80.0%).

Table 1. Patient Characteristics.

Background n = 30

Age (yr), median (range) 49 (36–72)
BMI (kg/m2), average (range) 22.7 (18.0–30.7)

BMI ≥ 25 7 (23.7%)
Smoking 8 (26.7%)
Hypertension 4 (13.3%)
Diabetes 1 (3.3%)
Exogenous steroid use 0 (0%)
Neoadjuvant chemotherapy 5 (16.7%)
Preoperative radiotherapy 2 (6.7%)

Skin incision
Periareolar 24 (80.0%)
Axillary 5 (16.7%)
IMF 1 (3.3%)

Axillary surgery
SLNB 29 (96.7%)
ALND 1 (3.3%)

Type of reconstruction
DIEP flap 27 (90.0%)
sGAP flap 3 (10.0%)
Operation time (min), average (range) 559.9 (345–1005)
Breast size (g), average (range) 351 (136–745)

IMF: inframammary fold; SLNB: Sentinel lymph node biopsy; ALND: Axillary lymph node dissection; DIEP flap:
Deep Inferior Epigastric Perforator flap; sGAP flap: superior gluteal artery perforator flap.

The mean operative time for the ND procedure performed under local anesthesia
was 40.2 min (range, 32–53 min). The mean operative time for NSM and reconstruction
was 559.9 min (range, 345–1005 min), and the mean resected breast weight was 351 g
(range, 136–745 g). Pathological examination of the subareolar tissue taken during the ND
procedure revealed no cancer cell infiltration in any of the 30 patients.

3.2. Postoperative Complications

The incidence of postoperative complications is shown in Table 2. Regarding NAC
necrosis, the primary endpoint of this study, there were no cases of severe, full-thickness
necrosis requiring NAC excision (0%). Partial-thickness necrosis, characterized by mild
superficial necrosis of the NAC, was observed in 6 cases (20.0%). Among the six patients
who developed partial necrosis, a stratified analysis of risk factors revealed that two patients
had a BMI ≥ 25, and all 6 cases involved a periareolar incision. All of these cases healed
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promptly with conservative treatment, such as ointment application, without compromising
the cosmetic outcome. Other complications included skin incision margin necrosis in
7 cases (23.3%) and infection in 3 cases (10.0%). Partial necrosis of the reconstructed
flap occurred in 1 case (3.3%), and reoperation for infection or hematoma removal was
performed in 2 cases (6.7%). Complications related to the ND procedure itself included
hematomas in 2 cases, both of which resolved conservatively.

Table 2. Postoperative Results.

Complication n = 30 (%)

NAC necrosis
Total necrosis 0 (0)
Partial necrosis 6 (20.0)
None 24 (80.0)

Partial necrosis (breast skin) 7 (23.3)
Partial necrosis (free flap) 1 (3.3)
Infection 3 (10.0)
Thrombosis 2 (6.7)
Reoperation 2 (6.7)

4. Discussion
This study validated the efficacy of the ND procedure in preventing NAC necrosis,

the primary concern in NSM, based on our clinical experience. The results were extremely
favorable: full-thickness necrosis requiring NAC excision was completely avoided, even
though the study population included patients with known risk factors for NAC necrosis,
such as high BMI and a history of smoking. These findings strongly suggest that the ND
procedure is highly useful in enhancing the safety of NSM and expanding its indications.

The key to the success of the ND procedure lies in the “surgical delay” concept, which
is well established in plastic surgery. By intentionally interrupting a portion of the blood
supply, the tissue is exposed to ischemic stress. This stress triggers the release of various
growth factors and cytokines, including VEGF, which potently induces the dilation of
existing vessels and the formation of a new vascular network (angiogenesis). The two-
week interval between the ND procedure and the NSM allows sufficient time for this
angiogenic process to proceed, thereby strengthening the subdermal vascular plexus that
nourishes the NAC. The techniques employed in our study, such as hydrodissection to
avoid thermal injury and the placement of an absorbable hemostatic agent subcutaneously,
are also considered important for maximizing this physiological effect.

Meta-analysis reports an overall incidence rate of 4.62% for partial necrosis of the
nipple–areolar complex and 2.49% for total necrosis of the nipple–areolar complex. The
incidence rate of nipple–areolar complex necrosis was highest in the periareolar incision,
at 18.10% [10]. In our study, partial NAC necrosis was observed in six patients (20.0%).
However, all of these were minor and confined to the epidermis and healed without com-
promising the cosmetic result through conservative treatment. This finding demonstrates
that, while the ND procedure may not eliminate the risk of necrosis entirely, it plays a
decisive role in reducing the severity from “full-thickness” to “partial-thickness” necrosis,
ultimately enabling the preservation of the NAC. It is worth noting that our partial necrosis
rate of 20.0% appears higher than the 4.62% reported in the meta-analysis. However, this
discrepancy is likely due to our strict definition of “necrosis,” which included even minor
superficial epidermolysis that healed with simple ointment treatment. In clinical practice,
the primary goal of the ND procedure is not merely to prevent minor skin issues but to
absolutely avoid full-thickness necrosis that leads to nipple loss. From this perspective,
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achieving a 0% full-thickness necrosis rate in this high-risk cohort is the most significant
indicator of the procedure’s success. Previous studies, such as that by Martinovic et al.,
who reported favorable outcomes after performing ND in 26 high-risk patients, support
our findings [21,22]. Furthermore, the reconstructive modality itself should be considered
as a contributing factor to the favorable outcomes. In autologous reconstruction, the NAC
is positioned on a well-vascularized flap. Unlike implant-based reconstruction, in which
the absence of a biological vascular bed may predispose an ischemic NAC to progression
toward full-thickness necrosis, autologous reconstruction allows the underlying trans-
ferred tissue to support a compromised NAC, enabling it to survive essentially as a graft.
Therefore, the absence of total necrosis observed in our study likely reflects a synergistic
effect between the “pre-conditioning” provided by the ND procedure and the “rescue”
environment afforded by the autologous tissue flap.

The literature reports several risk factors for NAC necrosis, including the location of
the skin incision, smoking status, obesity (BMI ≥ 25 kg/m2), and large breasts (glandular
weight ≥ 750 g). Our study group included a significant number of patients with these risk
factors: 8 patients (26.7%) had a history of smoking, and 7 patients (23.3%) had a BMI of
25 kg/m2 or higher. Additionally, the cohort included one patient with a resected breast
weight of 745 g, which was near the criteria for macromastia.

An analysis of the relationships between the minor complications observed in this
study and these risk factors revealed that of the 6 patients with partial NAC necrosis, 3 (50%)
had major risk factors, such as obesity or a history of smoking. Furthermore, in all 6 of these
cases, a periareolar incision was used. Traditionally, periareolar incisions are associated
with the highest risk of NAC necrosis due to the disruption of the periareolar vascular
plexus. Consequently, many surgeons opt for lateral or inframammary fold incisions to
prioritize safety, often at the expense of scar visibility. Our study demonstrates that the
ND procedure overcomes this trade-off. By surgically delaying the flap, we were able
to utilize the periareolar incision in 80% of our cases without a single loss of the NAC.
This approach offers the distinct advantage of concealing the scar at the border of the
areola, providing a superior aesthetic outcome that aligns with the ultimate goal of NSM.
Similarly, of the 7 patients with skin incision margin necrosis, 3 (43%) had risk factors
such as obesity or smoking. While this suggests a tendency for complications to occur in
patients at high risk of impaired blood flow, it also indicates that even in such high-risk
cases, the intervention of the ND procedure limited the degree of necrosis to a partial and
conservatively manageable level.

Furthermore, in this study, a subareolar breast biopsy was performed on all patients
at the time of the ND procedure, and all results were negative. This can be considered an
additional benefit of the ND procedure, as it allows confirmation of oncological safety—a
crucial factor in determining suitability for NSM—at a preliminary stage before the final
surgery. A similar technique was reported by Jensen et al. [12]. In the event that this biopsy
revealed cancer infiltration, the surgical plan could be changed from NSM to a non-nipple-
sparing procedure, thus avoiding harm to the patient. Regarding oncologic safety, the
two-week interval required for the ND procedure does not lead to a clinically significant
delay in definitive treatment. Current guidelines generally allow a window of several
weeks between diagnosis (or completion of neoadjuvant therapy) and surgery without
compromising survival. Given the profound impact of nipple loss on patient quality of
life, we believe the benefit of minimizing severe ischemic complications justifies this brief
and oncologically safe interval. Furthermore, receiving confirmation of a cancer-free nipple
prior to the major definitive surgery provides significant psychological relief for patients,
alleviating anxiety regarding oncological safety.
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This study has several limitations. First, it is a single-center, retrospective case series
with a limited number of patients (30 cases). Second, as there was no control group that did
not undergo the ND procedure, the superiority of the ND method cannot be definitively
concluded. Based on the limitations of this study, several avenues for future research
are identified. First, prospective, randomized controlled trials are needed to definitively
compare NSM outcomes with and without the ND procedure in high-risk patients. Second,
quantitative assessment of blood flow is crucial for objective verification. We plan to in-
corporate intraoperative indocyanine green (ICG) angiography or laser speckle contrast
imaging to measure perfusion changes before and after the delay procedure in our future
cohorts. Third, from a basic research perspective, analyzing the expression levels of angio-
genic factors (e.g., VEGF, HIF-1α) in the tissue sampled during the second surgery could
further elucidate the molecular mechanisms underlying the delay phenomenon. These
multidimensional approaches will help establish standardized indications and protocols
for the ND procedure.

5. Conclusions
The staged approach of performing an ND procedure prior to NSM is a feasible and

safe strategy. It effectively suppresses the occurrence of severe ischemic complications and
enables the preservation of the NAC, even in patients with risk factors for necrosis. We
conclude that this method plays a crucial role in safely expanding the indications for NSM
and in offering cosmetically superior breast reconstruction to a greater number of patients.
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NAC Nipple–Areolar Complex
ND Nipple Delay
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IMF Inframammary Fold
SLNB Sentinel Lymph Node Biopsy
ALND Axillary Lymph Node Dissection
DIEP Deep Inferior Epigastric Perforator
sGAP superior Gluteal Artery Perforator
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