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INTRODUCTION
Within the last century, mastectomy rates are increas-

ing.1 The reasons for this are multifactorial, including 
increased rates of breast cancer and genetic testing, raised 
awareness, and improved diagnosis methods.2 Better 
understanding of mastectomy flap perfusion has resulted 
in more frequent use of reconstructive techniques such as 
skin- (SSM) and nipple-sparing mastectomy (NSM). These 

techniques can offer better reconstructive outcomes after 
mastectomy.

NSM is an alternative to SSM, as it allows for preserva-
tion of the nipple-areolar complex (NAC) while removing 
glandular and ductal tissues. Accordingly, over the past 
few years, there has been an increase in NSMs followed 
by immediate implant-based breast reconstruction (IBBR) 
due to better aesthetic outcomes and a decrease in the 
rate of postoperative complications.3 However, NSM and 
immediate IBBR have been largely limited to patients with 
relatively small, nonptotic, or minimally ptotic breasts. 
A detailed technique of NSM and “skin reduction” in 
large and ptotic breasts was described in 1987, and was 
controversial due to unknown incidence of cancer fol-
lowing the procedure and frequent occurrence of post-
operative complications.4 Nowadays, patients with large 
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and ptotic breasts still present a technical challenge for 
surgeons in terms of aesthetic outcomes and postopera-
tive complications.5,6

Over the past decade, at our breast health center, we 
have had increasing experience performing NSM for 
ptotic and nonptotic breasts using more and more imme-
diate prepectoral IBBR. In an effort to increase aesthetic 
outcomes and decrease postoperative complications for 
women with ptotic breasts, we present a modification of 
the “skin reducing” NSM, performed through an inverted 
T-incision, and compare it with inframammary fold (IMF) 
incision for nonptotic breasts.

In this article, we present the feasibility of our most 
recent techniques for NSM followed by prepectoral IBBR 
in ptotic and in nonptotic breasts. Oncological safety, 
postoperative morbidity, and aesthetic outcomes were 
recorded and documented.

PATIENT AND METHODS

Data Collection
A retrospective electronic chart review was performed 

in patients who underwent prepectoral IBBR after NSM 
at the Department of General Surgery, Medical University 
of Vienna, and the private clinic between March 2017 and 
November 2021. This study followed the Declaration of 
Helsinki on Medical Protocols and Ethics, and the ethics 
committee of the Medical University of Vienna approved 
this study (no. 1597/2021).

This analysis included women undergoing NSM and 
prepectoral IBBR performed by the same senior breast 
surgeon (F.F.). In every patient, NSM was performed with 
immediate implant based-breast reconstruction (IBBR) 
using a single-stage, direct-to-implant approach, or a two-
staged approach with a tissue expander placed initially, 
followed by tissue expander to implant exchange.

For the analysis, we divided the patients into two 
groups according to the surgical incision (inverted-T ver-
sus IMF). Forty patients were operated on using inverted-
T incisions, and the remaining 62 patients underwent 
IMF incisions. An inverted-T incision was preferable for 
the ptotic breasts, whereas an IMF incision was preferable 
for the nonptotic breasts. The results of the two groups 
were compared. Only patients who received inverted-T 
incisions and IMF incisions were included in this study. 
Patients who received other mastectomy incisions were 
excluded from the study.

Postreconstruction complication rates were sub-
sequently evaluated. The outcomes of interest were 
any complications, including breast infection, seroma, 
hematoma, skin and NAC necrosis, capsular contrac-
ture (graded using the four-grade Baker scale,7 with only 
grades II, III, and IV considered in the study), implant 
loss (removal of implant was classified as implant loss), 
and local and distant recurrence. To assess the impact 
of postoperative radiation on various complication rates, 
analyses were performed, separating patients into post-
mastectomy radiation therapy (PMRT) and non-PMRT 
groups.

Operative characteristics. including prophylactic or 
therapeutic indication, single- or two-stage approach, 
implant location, NSM incision type (inverted-T versus 
IMF), axillary management (axillary lymph node dissec-
tion or sentinel node biopsies), grade of breast ptosis 
(evaluated according to the Regnault classification8), and 
follow-up time, were recorded. The minimum follow-up 
was 12–60 months. Photographs were taken before sur-
gery and at follow-up visits at 6, 12, 24, 36, 48, and 60 
months postoperatively.

To assess patients’ quality of life, they were asked pro-
spectively to complete the BREAST-Q questionnaire after 
breast reconstruction.9 The questionnaire involves a mod-
ule measuring postreconstruction satisfaction on four sub-
scales: (1) sexual well-being, (2) satisfaction with breasts, 
(3) psychosocial well-being, (4) physical well-being. For 
each scale, item responses were summed and transformed 
into scores, ranging from 0 to 100.

SURGICAL TECHNIQUE

Nipple-sparing Mastectomy
IMF Incision

This is a preferable method for cup A–B sized breasts, 
ptosis grade 0-I (Fig. 1). Ordinarily, we used the IMF for 
the incision laterally from the medioclavicular line lead-
ing up to 5 cm medially along the IMF. After the incision, 
we searched the right plane, which is just above the Scarpa 
fascia. This fascia splits into two distinct parts: the anterior 
lamella, which becomes the superficial fascia between the 
subcutaneous tissue and breast parenchyma, and the pos-
terior lamella, which grows to the pectoralis fascia. At the 
point where both fascia divert, we found the IMF, which 
should not be destroyed in order to diminish implant mal-
position. Next, we dissected between skin and superficial 
lamella following the fascia. We stopped the preparation 
around 2 cm toward the nipple, dissected the fascia at this 
margin end, and followed it back again at the inner part 
down to the IMF. Finally, the resulting fascial flap covered 
the implant (Fig. 2).

After this step, dissection was continued directly to 
the posterior lamella of the fascia at the pectoralis muscle 
(Fig. 2A). The breast parenchyma was removed from the 

Takeaways
Question: Is inverted-T incision safe for ptotic breasts in 
NSM after prepectoral IBBR?

Findings: Inverted-T incision is a safe modality for ptotic 
breasts in nipple-sparing mastectomy. Inframammary 
incision shows low rates of NAC necrosis in nonptotic 
breasts. Both techniques provide high levels of quality of 
life outcomes.

Meaning: This demonstrates that patients who are candi-
dates for prepectoral IBBR and have ptotic breasts can 
achieve similar complication rates and high aesthetic 
results with their reconstruction as patients with non-
ptotic breasts.
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pectoralis muscle due to dissection between the posterior 
lamella and pectoralis muscle alongside the footprint of 
the breast. Subsequently, the breast tissue was detached 
from the skin. For this dissection between the subcutane-
ous skin and breast parenchyma, we used scissors (cold 
dissection) to avoid thermal injury.

We tracked the breast with two Kocher clamps, and 
then started sharp dissection (Fig. 2B). After finishing the 
dissection between the skin flap and breast parenchyma, 
a retroareolar tissue sample was taken and examined by 
frozen section with marked margins. In cases of no atypi-
cal cells or cancer cells, the nipple can be spared. Finally, 
the remaining breast tissue was dissected.

Inverted-T Incision
This is a preferable method for cup C–D sized breast, 

ptosis grade II–III (Fig. 3). We marked the patients preop-
eratively while standing for NSM through inverted-T inci-
sion with a new preplanned position for the NAC. After 
de-epithelialization, the skin was carefully lifted from the 
breast parenchyma (Fig. 4A). The NAC was harvested as 
a full-thickness skin graft and grafted to the new position, 
depending on the preoperative sternum-nipple distance 
and intraoperative findings (Fig. 4C). Regarding prepara-
tion, we performed the surgery with no differences from 
nonptotic breasts.

Prepectoral Direct-to-Implant Reconstruction
Upon completion of the mastectomy, we performed 

prepectoral direct-to-implant reconstruction. The plane of 
the mastectomy must be correct, between the superficial 
dermis fascia and Cooper ligaments. The pocket should 
fit the used implant size, which should be measured first 
by a ruler, than by a sizer. If a synthetic mesh was not 
used, the implant was inset into the prepared prepectoral 
pocket (Fig.  4B). If synthetic mesh was used (TiLOOP 
Bra Pocket), we sutured the mesh to the upper pole and 
the lateral pole and inserted the implant. The mesh was 
wrapped around the prosthesis at the medial and lower 
borders, and then we closed everything with 4/0 resorb-
able white color and 4/0 monifilamnet (Monocryl or 
V-Lock).

Statistical Analysis
Data were analyzed using IBM SPSS Version 24 (IMB 

Corp., Armonk, N.Y.). Clinical characteristics of the two 
groups were compared with adequate matching and 
described using descriptive statistics. Mean, median and 
standard deviation were calculated. χ2 and Fisher exact tests 
were used to evaluate associations between categorical val-
ues and complication rates. Numerical variables among the 
groups were analyzed and compared either with indepen-
dent-samples t test or Mann-Whitney U test depending on 

Fig. 1. representative reconstructive outcome. a–c, Preoperative photographs of a 32-year-old female patient who underwent bilat-
eral nSM iMF followed by prepectoral iBBr. D–F, 18-months postoperative photographs after immediate prepectoral iBBr.
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the normality. The Kaplan-Meier method was used to esti-
mate and additional pointwise 95% confidence intervals for 
several timepoints of interest. Additionally, a log-rank test 
was calculated. Odds ratios, 95% confidence intervals, and 
P values were calculated for each outcome. A P value less 
than 0.05 was considered to indicate statistical significance.

RESULTS

Clinical Characteristics
A retrospective chart review identified 98 patients 

who underwent NSM and prepectoral IBBR between 
March 2017 and November 2021. NSM was mostly 

Fig. 2. iMF incision. a, Dissection between the posterior lamella and the pectoralis muscle. B, Dissection 
between the skin and superficial lamella.

Fig. 3. representative reconstructive outcome. a–c, Preoperative photographs of a 41-year-old female patient who underwent bilat-
eral nSM inverted-t followed by prepectoral iBBr. D–F, 2-year postoperative photographs after immediate prepectoral iBBr.
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performed as a treatment for invasive breast cancer with-
out suspected NAC invasion; consequently, most of oper-
ations were therapeutic. The patients’ demographic and 
clinical characteristics are summarized in Supplemental 
Digital Content 1. (See figure, Supplemental Digital 
Content 1, which shows demographic and clinical char-
acteristics. http://links.lww.com/PRSGO/C586.) IMF 
incision was performed in 62 (63.3%) patients, whereas 
the remaining 36 (36.7%) patients underwent inverted-T 
incision. The patients in the two groups had similar age 
at the time of surgery (46.14 ± 11.15 versus 45.17 ± 10.30;  
P = 0.766). The mean follow-up period was longer for 
the inverted-T group, but the difference was not sta-
tistically significant (31.24 ± 14.11 versus 30.84 ± 12.13;  
P = 0.912). Almost all the prepectoral reconstruc-
tions in the two groups were performed with a single-
stage, direct-to-implant approach (91.7% versus 80.6%;  
P = 0.243). Synthetic mesh was used for IBBR in 13 
(13.2%) patients (11.1% versus 14.5%, P = 0.763). The 
rate of neoadjuvant chemotherapy (47.2% versus 38.7%; 
P = 0.524), adjuvant radiotherapy (36.1% versus 25.4%; 

P = 0.359), lymph node biopsy (63.9% versus 71%; 
p=0.504), and axillary lymph node dissection (33.3% 
versus 22.6%; P = 0.342) were not significantly different 
among the two groups. (See figure, Supplemental Digital 
Content 1, http://links.lww.com/PRSGO/C586.)

COMPLICATIONS
The procedural complications are summarized in Table 1. 

Among the 98 patients, 25 (25.5%) had at least one compli-
cation. NAC necrosis was one of the most common postop-
erative complications occurring in a total of four patients 
(8.3% versus 1.61%; P = 0.139). In the inverted-T group, 
three (8.3%) patients experienced NAC necrosis, which 
included three cases of partial NAC necrosis, and one case 
of full NAC necrosis. The IMF group had one (1.61%) par-
tial NAC necrosis. The rates of hematoma (2.7% versus 0%; 
p=0.367), skin necrosis (2.7% versus 4.84%; P = 1.00), seroma 
(5.5% versus 1.61%; P = 0.552), infection (5.5% versus 4.84%;  
P = 1.00), and capsular contracture (5.5% versus 9.7%;  
P = 1.00) were also comparable between the two groups.

Fig. 4. inverted-t incision. a, the de-epithelialization was made, and nac was harvested as a full-thickness skin graft. B, the implant is 
placed and the skin flaps are sutured. c, the nipple graft has been positioned, and the bolster will be placed for better immobilization.

Table 1. Postoperative Complications
Complication Inverted-T (%) (n = 36) IMF (%) (n = 62) Total (%) (n = 98) P 

  Overall complication 10 (27.8) 15 (24.2) 25 (25.5) 0.811
  Hematoma 1 (2.7) 0 1 (1.02) 0.367
  Skin necrosis 1 (2.7) 3 (4.84) 4 (4.08) 1.00
  NAC necrosis* 3 (8.3) 1 (1.61) 4 (4.08) 0.139
  Seroma 2 (5.5) 1 (1.61) 3 (3.06) 0.552
  Infection 2 (5.5) 3 (4.84) 5 (5.1) 1.00
  Implant loss 3 (8.3) 1 (1.61) 4 (4.08) 0.139
  Local recurrence, n 2 (5.5) 3 (4.84) 5 (5.1) 1.00
  Distant recurrence, n 1 (2.7) 1 (1.61) 2 (2.04) 1.00
  Capsular contracture 2 (5.5) 6 (9.7) 8 (8.16) 1.00
  Baker II 0 2 (3.22) 2 (2.04) 0.538
  Baker III 1 (2.7) 3 (4.84) 4 (4.08) 1.00
  Baker IV 1 (2.7) 1 (1.61) 2 (2.04) 1.00
Clavien-Dindo classification
  0 21 (58.3) 47 (75.8) 68 (69.4) 0.110
  1 6 (16.7) 8 (12.91) 14 (14.3) 0.766
  2 5 (13.9) 4 (6.45) 9 (9.2) 0.282
  3 4 (11.1) 3 (4.84) 7 (7.1) 0.417
*NAC, nipple-areola complex.
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Implant loss was observed in a total of four patients, 
of whom three patients were from the inverted-T group 
(8.3% versus 1.61%; P = 0.139). Two losses occurred after 
infection and complete NAC necrosis (both after adju-
vant radiotherapy). One further patient had the implant 
removed after local cancer recurrence. In the IMF group, 
one patient (1.61%) had the implant removed because of 
full skin necrosis over the suture line.

As expected, the patients who received PMRT after 
prepectoral IBBR had higher rates of capsular contracture 
(4.29% versus 14.3%; P = 0.09) and implant loss (1.42% 
versus 17.9%; P = 0.07) than the nonradiated patients, 
although the difference was not significant (Table 2).

ONCOLOGICAL OUTCOME
The median follow-up time was 31.24 ± 14.11 months 

for the inverted-T group and 30.84 ± 12.13 months for the 
IMF group. Local recurrence events were identified in five 
(5.1%) patients: two (5.5%) in the inverted-T group, and 
three (4.84%) in the IMF group. No significant difference 
in local recurrence was noted between the two incisions  
(P = 1.00). The 3-year overall survival was 97.4% in 
inverted-T group and 98.5% in IMF group. Each group 
had one patient with distant recurrence.

AESTHETIC OUTCOMES
Aesthetic outcomes were evaluated at an average of 2 

years after mastectomy and IBBR using the postreconstruc-
tion module of the BREAST-Q questionnaires. Among the 
98 women, the BREAST-Q scores on all domains were 
high for both groups (Table 3). There were no significant 
differences in BREAST-Q scores between the two groups 
for the satisfaction with breasts domain (P = 0.364), psy-
chosocial well-being domain (P = 0.162), sexual well-being 
domain (P = 0.113), and physical well-being domain  
(P = 0.696).

DISCUSSION
Nowadays, with an increasing rate of breast recon-

struction after NSM, cosmetic satisfaction can be achieved 
more easily. The use of NSM followed by IBBR for 

surgical treatment of breast cancer has gained increased 
acceptance. However, patients who will undergo NSM 
and have ptotic breasts present a technical challenge for 
surgeons in terms of aesthetic outcomes and oncological 
safety.10,11

In this article, we present the feasibility of our most 
recent techniques for NSM followed by prepectoral IBBR 
in ptotic and nonptotic breasts. To our knowledge, the 
current study is the first to focus specifically on surgical 
techniques, aesthetic results, and oncological safety dur-
ing the follow-up period (>31 months).

The selection of the implant plane during breast 
reconstruction has recently become a subject of 
debate.12,13 Mostly, in our institution, we perform pre-
pectoral IBBR. We believe that with adequate preop-
erative planning, prepectoral IBBR can be performed 
successfully in patients with ptotic and nonptotic breasts. 
Multiple studies have shown comparable results between 
prepectoral and subpectoral IBBR techniques. However, 
the mean number of complication was significantly 
higher in subpectoral IBBR.14–18

The use of acellular dermal matrices (ADMs) and syn-
thetic meshes in IBBR is becoming more preferable every 
day, especially with promising opportunities for prepec-
toral single-stage placement. Early reports showed several 
benefits, including less skin flap necrosis and capsular con-
tracture, less need for tissue expander, superior aesthetic 

Table 2. Postoperative Complications Based on PMRT
Non-PMRT (%) (n = 70) PMRT (%) (n = 28)

Complication Total No. 
(%) 

 Inverted-T  
(n = 24) No. (%) 

 IMF (n = 46) 
No. (%) 

P Total No. 
(%) 

 Inverted-T  
(n = 12) No. (%) 

IMF (n = 16)  
No. (%) 

P 

Hematoma 1 (1.42) 1 (4.2) 0 (0) 0.342 0 (0) 0 (0) 0 (0) 1.000
Skin necrosis 2 (2.86) 1 (4.2) 1 (2.17) 1.000 2 (7.14) 0 (0) 2 (12.5) 0.492
NAC necrosis 3 (4.29) 2 (8.3) 1 (2.17) 0.269 1 (3.57) 1 (8.3) 0 (0) 0.427
Seroma 2 (2.86) 1 (4.2) 1 (2.17) 1.000 1 (3.57) 1 (8.3) 0 (0) 0.427
Infection 2 (2.86) 0 (0) 2 (4.34) 0.543 3 (10.7) 2 (16.7) 1 (6.25) 0.560
Implant loss 1 (1.42) 1 (4.2) 0 (0) 0.343 3 (10.7) 2 (16.7) 1 (6.25) 0.560
Local recurrence, n 3 (4.29) 1 (4.2) 2 (4.34) 1.000 2 (7.14) 1 (8.3) 1 (6.25) 1.000
Distant recurrence, n 1 (1.42) 0 (0) 1 (2.17) 1.000 1 (3.57) 1 (8.3) 0 (0) 0.427
Capsular contracture 3 (4.29) 1 (4.2) 2 (4.34) 1.000 5 (17.9) 1 (8.3) 4 (25) 0.08
Baker II 2 (2.86) 0 (0) 2 (4.34) 0.543 0 (0) 0 (0) 0 (0) 1.000
Baker III 1 (1.42) 1 (4.2) 0 (0) 0.343 3 (10.7) 0 (0) 3 (18.8) 0.238
Baker IV 0 (0) 0 (0) 0 (0) 1.000 2 (7.14) 1 (8.3) 1 (6.25) 1.000

Table 3. BREAST-Q: Postoperative Assessment
Postoperative 
BREAST-Q 
Evaluation 

Inverted-T 
(%) (n =36) 

IMF (%)  
(n = 62) 

Total %  
(n = 98) P 

Satisfaction 
with breast 
(scale 0–100)

72.14 ± 21.37 77.58 ± 21.43 74.95 ± 21.35 0.364

Psychosocial 
well-being 
(scale 0–100)

81.36 ± 15.51 77.10 ± 17.39 78.97 ± 16.50 0.162

Sexual well-
being (scale 
0–100)

63.91 ± 22.77 68.61 ± 22.78 65.35 ± 23.42 0.113

Physical well-
being (scale 
0–100)

56.42 ± 25.24 61.80 ± 30.08 58.65 ± 28.09 0.696
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results, and lower reoperations rates.19,20 Surgeons have 
started using ADMs and synthetic meshes in IBBR to avoid 
a theoretical increase in complication rates. However, the 
advantages of ADM and synthetic meshes have not been 
universally accepted, and additional causes for doubt have 
been created by reports concerning harm, specifically 
higher rates of infection and implant loss.21 Eventually, 
in a randomized clinical trial, Lohmander et al22 found 
that immediate IBBR with ADM did not yield fewer reop-
erations than conventional IBBR without ADM. Several 
studies also found no difference in IBBR with or without 
biological or synthetic mesh.23–25 In our study, the combi-
nation of prepectoral IBBR with synthetic meshes was in 
13 (13.2%) patients, when the pocket was too large for the 
planned implant (TiLOOP Bra Pocket).

The incision type is a very important factor for the skin 
flap and NAC necrosis rate in NSM. Daar et al26 performed 
a systematic literature review and meta-analysis, including 
51 studies with 9975 NSM, and identified that the IMF 
incision could be the preferred choice with fewer compli-
cations and better aesthetic outcome. IMF incision had a 
comparably low NAC necrosis rate of 6.82%. In our series, 
complications characterized by partial or full NAC necro-
sis were observed in 1.61% of the IMF and 8.3% of the 
inverted-T group, respectively (P = 0.139). The reason for 
this difference could be that more patients in the inverted-
T group had the NAC harvested as a free graft and grafted 
to the new location at the time of NSM, followed by pre-
pectoral IBBR (P = 0.002).

During NSM, due to breast cancer, the main aim is to 
achieve oncological safety. Surgeons are worried about 
the residual breast tissue left behind within the subcutane-
ous tissue as well as behind the nipple, especially in ptotic 
breasts. In fact, in the SKINI trial, Tausch et al27 found that 
almost every second SSM or NSM had residual breast tis-
sue in the subcutaneous tissue, with the most likelihood in 
NSM and behind the nipple. However, new evidence has 
shown that NSM is as oncologically safe as SSM. A recent 
study of 944 patients by Wu et al28 reported 39 cases (4.1%) 
of cancer recurrence at the NAC. The 5-year cumulative 
incidence rate of cancer recurrence at the NAC was 3.5%. 
Another study by Galimberti et al29 revealed that among 
1989 patients, 36 (1.8%) had NAC recurrence. Overall 
survival at 5 years was 96.1% in women with invasive can-
cer and 99.2% in women with in situ disease. In our study, 
at a follow-up of 31 months, five (5.1%) local recurrences 
and two (2.04%) distant recurrences were observed. The 
three-year overall survival was 97.4% and 98.5% in the 
inverted-T and IMF groups.

PMRT is a well-known risk factor that increases the risk 
of complications and decreases aesthetic outcomes and 
quality of life after IBBR.30 PMRT is necessary for locore-
gional recurrence control and to improve the overall 
survival rate in locally advanced breast cancer. Our find-
ings showed that patients in the PMRT group had higher 
rates of implant loss (P = 0.07) and capsular contracture  
(P = 0.09), than nonirradiated patients. These results are 
consistent with previous studies.12,31 Despite the advan-
tages of prepectoral IBBR, we should be careful in select-
ing patients who are candidates for PMRT.

In the present study, we examined quality of life using 
the BREAST-Q subscales in women who underwent NSM 
with prepectoral IBBR. Patients reported high Q-scores 
in all four categories of the postreconstruction module 
of the BREAST-Q questionnaire (Table  3). We believe 
that preservation of the NAC increased the reported high 
Q-scores in both groups. However, we had a few patients 
with minor animation deformity and implant malposition 
(Fig. 3D), which are not reflected in the Q-scores. Despite 
minor complications, we found no significant differences 
in aesthetic outcomes between inverted-T and IMF inci-
sions. This demonstrates that patients who are candidates 
for prepectoral IBBR and have ptotic breasts can achieve 
similarly high aesthetic outcomes with their reconstruc-
tion as patients with nonptotic breasts.

Study limitations include relatively small sample size 
and a retrospective analysis, although from a prospectively 
maintained database. Patients were not randomized to 
procedure types; consequently, our results may have been 
subject to confounding by unrecognized demographic or 
clinical covariates. Further high-quality multicenter pro-
spective studies with a larger number of patients and a lon-
ger follow-up are necessary to verify these results.

CONCLUSIONS
Our results suggest that inverted-T incision for ptotic 

breasts is a safe modality with similar complication rates and 
high aesthetic results compared with IMF incision for non-
ptotic breasts. A higher rate of NAC necrosis in the inverted-
T group, although not significant, should be considered 
during careful preoperative planning and patient selection.
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