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INTRODUCTION

Nipple-sparing mastectomy (NSM) has gained considerable 
popularity over the past decades. The oncological results of 

NSM are comparable to those of skin-sparing mastectomy 
(SSM) in selected cases in terms of local recurrence and distant 
metastasis [1]. NSM is technically more challenging, with a 
higher complication rate than other approaches, given the addi-
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tional risk posed by poor perfusion of the nipple-areolar com-
plex (NAC) after mastectomy [2]. As a result, breast recon-
struction following NSM can be more challenging and have a 
higher complication rate, especially in obese patients or in those 
with larger breasts [3]. Nevertheless, preservation of the NAC 
in mastectomy with immediate breast reconstruction, either im-
plant-based or autologous, generally results in enhanced aes-
thetic results and, consequently, much better quality of life [3,4]. 
This procedure is now the standard of care when patients are eli-
gible for it.

With the application of acellular dermal matrix (ADM), im-
plant-based breast reconstruction has primarily shifted to direct-
to-implant (DTI) procedures [5,6], especially when NSM is 
performed. Immediate implant-based breast reconstruction fol-
lowing NSM—either DTI or two-stage reconstruction with tis-
sue expander (TE) implantation first—has been reported to 
have excellent aesthetic and safe oncological outcomes [4,7]. 
Nevertheless, whether DTI or two-stage reconstruction is supe-
rior remains inconclusive, with conflicting reports [8,9]. DTI 
reconstruction has been performed at our institution since the 
early 2000s, when ADM was not used in breast reconstruction 
procedures [10]. We have regularly performed DTI reconstruc-
tion after both SSM and NSM, with satisfying results in Asian 
patients, whose breasts are smaller than those of Western wom-
en [10]. Most of the studies discussing DTI reconstruction after 
NSM state that the use of ADM is required, and many of the 
NSMs reported in the literature were prophylactic mastecto-
mies. Reports of clinical experiences of DTI reconstruction with 
NSM after breast cancer surgery without the use of ADM would 
be important, but are lacking.

The use of ADM in DTI breast reconstruction has been prov-
en to lead to better overall outcomes and fewer complications 
than two-stage breast reconstruction. ADM provides adequate 
implant coverage in the inferior pole with improved aesthetic 
outcomes, better control of the inframammary fold (IMF), and 
less capsular contracture [11,12]. However, the use of ADM is 
also associated with a high number of complications, such as se-
roma, infection, and skin necrosis [13]. Our clinical experience 
of not using ADM seems to provide another option for DTI 
when performing breast reconstruction in Asian patients. The 
main purpose of this study was to present a comprehensive re-
view of our experience and to provide a useful reference for pa-
tient selection for DTI without ADM.

METHODS

After receiving approval from the institutional review board 
committee (IRB Nos. 202000235B0 and 202100103B0), this 

retrospective study recruited patients who received implant-
based immediate breast reconstruction from the senior author 
( JJH) following NSM from October 2009 to April 2020. Pa-
tients were excluded if they had received NSM for risk-reducing 
prophylactic mastectomy or mastectomy to remove disseminat-
ed foreign bodies, including injected silicone and reacted granu-
loma, or if they were initially planned to receive autologous 
breast reconstruction after NSM and TE insertion. The mini-
mal follow-up time was 3 months.

Patients were grouped into a DTI reconstruction group and a 
two-stage reconstruction with TE implantation first group 
(hereafter referred to as the TE group). The demographic and 
clinical data obtained included age, body mass index, smoking 
history, medical history (e.g., diabetes mellitus, hypertension, 
previous breast cancer and surgery), cancer-related characteris-
tics (e.g., side, location, distance between the tumor and nipple, 
biological type of breast cancer, and TNM stage), and perioper-
ative treatment information, including incision placement for 
mastectomy, axillary lymph node dissection, intraoperative ra-
diotherapy (IORT) to the NAC, neoadjuvant and adjuvant che-
motherapy, and postmastectomy radiotherapy (PMRT). Acute 
complications included poor wound healing, mastectomy skin 
flap partial necrosis, nipple necrosis, seroma, hematoma, and in-
fection, while late complications included late wound dehis-
cence, infection, capsular contracture, implant/expander rup-
ture or exposure, and implant/expander loss. We also recorded 
whether aesthetic revision surgery was performed for purposes 
including scar release, capsular contracture release, and fat graft-
ing. Local recurrence and distant metastasis were reviewed.

Surgical technique
After the breast surgeons finished the mastectomy, the recon-
struction team took over. The perfusion of the NAC and mas-
tectomy skin flap was assessed to ensure a well-perfused breast 
skin envelope before implant or TE insertion; this was achieved 
using an intravenous injection of indocyanine green, which was 
visualized using a SPY device (Stryker Corp./Novadaq Tech-
nologies, Kalamazoo, MI, USA) if required (Fig. 1). If the perfu-
sion of the skin envelope or NAC was compromised, the DTI 
was converted to TE insertion.

If the NAC and skin envelope were both confirmed to be well 
perfused, the subpectoral plane was created with careful dissec-
tion and ligation of the underlying perforators nourishing the 
pectoralis major (PM) muscle. The insertion of the PM muscle 
below the fourth intercostal level was divided. The inferior 
mammary fold was reinforced using 3-0 polydioxanone sutures. 
If the mastectomy extended beyond the anterior axillary line, 
two stitches were performed to recreate the lateral fold of the 
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breast on the anterior axillary line. A mammary sizer was first 
inserted to ensure adequate pocket creation and to select the 
implant size. After that, the pocket was irrigated with a large 
amount of saline, and secure hemostasis was achieved. A suc-
tion drain was inserted. Before finalizing the surgery, two stitch-
es to anchor the inferior margin of the PM muscle to the spared 
skin flap were placed using Vicryl sutures to prevent muscle re-
traction without coverage of the implant. This helped ensure 
that the PM muscle would stay in the planned position and pre-
vent the implant from sliding into the prepectoral space before 
complete capsule formation. The breast implant was then 
placed. Before wound closure, to provide better control of the 
lateral pocket for the breast implant, two stitches were placed to 
anchor the dermis of the anterior axillary line to the corre-
sponding underlying periosteum. The stitches helped prevent 
lateral displacement of the implants. After wound healing, the 
lateral border of the reconstructed breast would then be formed. 
The wound was closed primarily. Patients received parenteral 
prophylactic antibiotics postoperatively for 3 days before being 
discharged.

Statistical analysis
The statistical analysis was conducted using SPSS version 23.0 
(IBM Corp., Armonk, NY, USA). The chi-square or Fisher ex-
act test was used for categorical data, while the Student t test or 
Mann-Whitney U test was utilized for continuous data. Factors 
contributing to surgical outcomes were analyzed with univari-
able logistic regression, and factors with a P-value < 0.2 in the 
univariable analysis were selected for the multivariable analysis. 
Backward selection was used to obtain the final models for four 
outcomes, in which variables with P < 0.1 were selected. A two-
sided P-value < 0.05 was considered to indicate statistical signif-
icance.

RESULTS

A total of 129 breasts in 123 patients undergoing immediate 
breast reconstruction following NSM were enrolled, including 
100 and 29 cases in the DTI and TE groups, respectively. Table 1 
lists their demographic characteristics. The patients in the TE 
group were younger (40.97 ± 8.70 years vs. 44.17 ± 7.03 years; 
P = 0.043) and had a higher average body mass index (22.91 ±  
4.07 kg/m2 vs. 21.15 ± 2.54 kg/m2; P = 0.025) than those in the 
DTI group (Table 1). The breast cancer characteristics and 
treatments are shown in Table 2; no significance between-group 
differences were found in the biological type of the cancer, the 
cancer stage, nodal surgery, neoadjuvant/adjuvant chemothera-
py, or hormone therapy. More patients received PMRT in the 
TE group than in the DTI group (31% and 11%, respectively; 
P = 0.009).

The postoperative outcomes are summarized in Table 3. The 

Fig. 1. Intraoperative photography grossly showing good perfusion of the preserved skin flap and the nipple in a nipple-sparing mastectomy be-
fore implant reconstruction (A), which was further confirmed by intravenous indocyanine green injection and visualized using a SPY machine (B).

BA

Table 1. Demographic characteristics in the direct-to-implant and 
tissue expander groups 

Characteristics Direct-to-implant 
group (n= 100)

Tissue expander 
group (n= 29) P-value

Age (yr) 44.17±7.03 40.97±8.70 0.043a)

Body mass index (kg/m2) 21.15±2.54 22.91±4.07 0.025a)

History of smoking 2 (2) 0 1.000

Medical history

Diabetes mellitus 1 (1) 2 (6.9) 0.127

  Hypertension 2 (2) 0 1.000

  Previous breast cancer 8 (8) 2 (6.9) 1.000

  Previous mastectomy 13 (13) 3 (10.3) 1.000

  Previous lymph node dissection 5 (5) 0 0.584

Hospital stay (day) 7.78±2.46 7.17±2.36 0.206

Follow-up time (mo) 20.11±23.22 14.61±10.57 0.540

Values are presented as mean±SD or number (%).
a)Statistically significant, P<0.05. 
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TE group had larger mastectomy specimens (317.37 ± 176.42 g 
and 272.08 ± 126.33 g, respectively; P = 0.047) and larger im-
plants (360.84 ± 85.19 g and 298.83 ± 81.13 g, respectively; P =  
0.004). Acute and late complications were similar between the 
groups, except that late implant/expander exposure was signifi-
cantly more frequent in the TE group (10.3%) than in the DTI 
group (1%) (P = 0.035). Six of the 29 (20.7%) patients in the 
TE groups were converted to free flap reconstruction due to the 
patient’s preference after TE insertion.

To identify factors contributing to acute and late complica-
tions, univariate logistic regression was conducted for overall 
complications as a whole and for implant removal and aesthetic 
revision surgery in particular, as shown in Tables 4 and 5. Age 

older than 50 years (odds ratio [OR], 4.63; 95% confidence in-
terval [CI], 1.52–14.05; P = 0.007) and a larger mastectomy 
weight (per 100 g) (OR, 1.80; 95% CI, 1.20–2.68; P = 0.004) 
were associated with a higher risk of overall acute complications. 
IORT targeting the NAC (OR, 5.57; 95% CI, 1.25–24.93; P =  
0.025) increased the risk of revision surgery. Multivariable logis-
tic regression was further conducted for variables with P < 0.1 in 
the univariate model. Consistent with the univariate logistic re-

Table 2. Tumor characteristics and associated treatment between 
the direct-to-implant and tissue expander groups

Characteristics Direct-to-implant 
group (n= 100)

Tissue expander 
group (n= 29) P-value

Side 0.593

  Left 47 (47) 12 (41.4)

  Right 53 (53) 17 (58.6)

Location 0.404

  UOQ 52 (52) 14 (48.3)

  LOQ 17 (17) 2 (6.9)

  UIQ 20 (20)  8 (27.6)

  LIQ 11 (11)   5 (17.2)

Distance from the nipple (cm) 2.83±1.28 2.66±2.16 0.195

Histological type 0.174

  Ductal carcinoma in situ 30 (30)  5 (17.2)

  Invasive carcinoma 70 (70) 24 (82.8)

T stage 0.322

  Tis 20 (20) 5 (17.2)

  T1 50 (50) 11 (37.9)

  ≥T2 30 (30) 13 (44.9)

N stage 0.779

  N0 75 (75) 21 (72.4)

  ≥N1 25 (25)  8 (27.6)

M stage 0.400

  M0 99 (99) 28 (96.9)

  M1 1 (1)  1 (3.10)

IHC type

  HR+ 79 (79) 24 (82.8) 0.657

  HER2+ 29 (29) 10 (34.5) 0.571

Axillary lymph node dissection 20 (20) 9 (31.0) 0.210

IORT targeting the NAC 18 (18) 3 (10.3) 0.404

Neoadjuvant chemotherapy 15 (15) 8 (27.6) 0.119

Adjuvant chemotherapy 48 (48) 16 (55.2) 0.496

Hormone therapy 55 (55) 18 (62) 0.499

PMRT 11 (11) 9 (31.0) 0.009a)

Contralateral augmentation 14 (14) 2 (6.9) 0.522

Values are presented as number (%) or mean±SD.
UOQ, upper-outer quadrant; LOQ, lower-outer quadrant; UIQ, upper-inner quadrant; 
LIQ, lower-inner quadrant; IHC, immunohistochemistry; HR, hormone receptor; 
HER2, human epidermal growth factor receptor 2; IORT, intraoperative radiotherapy; 
NAC, nipple-areolar complex; PMRT, postmastectomy radiotherapy.
a)Statistically significant, P<0.05. 

Table 3. Intraoperative data and postoperative outcomes between 
the direct-to-implant and tissue expander groups 

Characteristics Direct-to-implant 
group (n= 100)

Tissue expander 
group (n= 29) P-value

Incision placement of mastectomy 0.570

  Inframammary fold 9 (9)  3 (10.3)

  Periareolar 11 (11)  6 (20.7)

  Lateral 57 (57) 14 (48.3)

  Other incisions 23 (23) 6 (20.7)

Specimen size (g) 272.08±126.33 317.37±176.42 0.047c)

Implant size (g) 298.83±81.13 360.84±85.19 0.004c)

Implant typea)

  Silicone 95 (95) 18 (100) 1.000

  Saline 5 (5) 0

Implant surfacea) 0.447

  Texture 40 (40) 9 (50.0)

  Smooth 60 (60) 9 (50.0)

Acute complications

  Overall 19 (19) 8 (23.1) 0.317

  Poor wound healing 6 (6) 3 (10.3) 0.420

  Skin flap necrosis 8 (8) 6 (20.7) 0.053

  Nipple necrosis 3 (3) 2 (6.9) 0.313

  Seroma 1 (1) 0 1.000

  Hematoma 1 (1) 0 1.000

  Infection 4 (4) 0 0.574

Late complications

  Overall 21 (21) 8 (27.6) 0.454

  Capsular contracture 9 (9) 1 (3.4) 0.455

  Implant/expander rupture 4 (4) 0 0.574

  Implant/expander exposure 1 (1) 3 (10.3) 0.035c)

  Wound dehiscence 8 (8) 5 (17.2) 0.146

  Infection 6 (6) 4 (13.8) 0.231

Oncologic outcome

  Local recurrence 1 (1.1) 2 (7.7) 0.127

  Distant metastasis 5 (5) 1 (3.4) 1.000

Implant/tissue expander 
removal

6 (6) 5 (17.2) 0.069

Conversion to free flapb) 0 6 (20.7) <0.001c)

Revision aesthetic surgery

  Overall 8 (8) 0 0.197

  Scar release 4 (4) 1 (3.4) 1.000

  Fat graft 3 (3) 0 1.000

  Skin revision 4 (4) 0 0.574

Values are presented as number (%) or mean±SD.
a)Among 29 patients with tissue expander, 6 converted to a flap, 4 experienced 
expander loss, and 1 experienced implant loss; b)Conversion to autologous 
reconstruction without complications; c)Statistically significant, P<0.05.
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Table 4. Univariable logistic regression for complications in the direct-to-implant group

Variable
Acute complications Late complications

OR (95% CI) P-value OR (95% CI) P-value

Age (yr)

  <50 Reference Reference

  ≥50 4.63 (1.52–14.05) 0.007b) 2.03 (0.66–6.21) 0.214

BMI (kg/m2)

  <25 Reference Reference

  ≥25 1.07 (0.11–10.15) 0.953 0.938 (0.10–8.86) 0.955

History of smoking - - - -

Medical history

  Diabetes mellitus - - - -

  Hypertension 4.44 (0.27–74.46) 0.300 - -

  Previous breast cancer 0.59 (0.07–5.08) 0.629 0.51 (0.06–4.43) 0.545

  Previous mastectomy 2.13 (0.58–7.85) 0.254 1.15 (0.29–4.62) 0.844

  Previous lymph node dissection 1.07 (0.11–10.15) 0.953 0.94 (0.10–8.86) 0.955

Tumor side

  Left Reference Reference

  Right 1.67 (0.60–4.68) 0.327 0.60 (0.23–1.58) 0.297

Tumor location

  UOQ Reference Reference

  LOQ 1.69 (0.44–6.53) 0.445 0.64 (0.16–2.60) 0.535

  UIQ 1.83 (0.52–6.47) 0.346 0.53 (0.13–2.10) 0.366

  LIQ 1.22 (0.22–6.74) 0.818 0.67 (0.13–3.49) 0.631

Tumor distance from the nipple 1.14 (0.78–1.67) 0.507 1.10 (0.76–1.60) 0.607

Tumor histological type

  Ductal carcinoma in situ Reference Reference

  Invasive carcinoma 1.25 (0.41–3.85) 0.697 0.63 (0.23–1.72) 0.365

T stage

  Tis Reference Reference

  T1 0.92 (0.21–3.99) 0.914 0.58 (0.18–1.90) 0.371

  ≥T2 2.43 (0.57–10.40) 0.232 0.47 (0.12–1.81) 0.270

N stage

  N0 Reference Reference

  ≥N1 1.51 (0.50–4.50) 0.464 0.92 (0.30–2.84) 0.887

M stage

  M0 Reference Reference

  M1 - -

Tumor IHC type

  HR+ 2.61 (0.55–12.31) 0.227 0.81 (0.26–2.55) 0.722

  HER2+ 0.40 (0.11–1.48) 0.169 1.70 (0.62–4.68) 0.304

Axillary lymph node dissection 1.57 (0.49–5.04) 0.447 0.61 (0.16–2.31) 0.465

IORT targeting the NAC 2.65 (0.84–8.34) 0.095 2.23 (0.72–6.90) 0.163

Neoadjuvant chemotherapy 1.08 (0.27–4.27) 0.915 0.23 (0.03–1.88) 0.171

Adjuvant chemotherapy 2.14 (0.77–6.00) 0.147 0.35 (0.12–1.00) 0.050

PMRT 0.39 (0.05–3.29) 0.390 0.35 (0.04–2.86) 0.324

Incision placement of mastectomy 

  IMF Reference Reference

  Periareolar 1.14 (0.18–7.28) 0.888 0.20 (0.02–2.39) 0.203

  Lateral 0.28 (0.06–1.38) 0.118 0.43 (0.09–2.00) 0.278

  Other incisions 0.56 (0.10–3.05) 0.499 0.88 (0.17–4.54) 0.874

Specimen size (100 g)a) 1.80 (1.20–2.68) 0.004b) 1.09 (0.75–1.58) 0.660

Specimen size–implant size (100 g)a) 1.46 (0.88–2.41) 0.142 1.55 (0.86–2.78) 0.146

OR, odds ratio; CI, confidence interval; BMI, body mass index; UOQ, upper-outer quadrant; LOQ, lower-outer quadrant; UIQ, upper-inner quadrant; LIQ, lower-inner quadrant; 
IHC, immunohistochemistry; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; IORT, intraoperative radiotherapy; NAC, nipple-areolar complex; PMRT, 
postmastectomy radiotherapy; IMF, inframammary fold. 
a)OR calculated for a 100-g weight difference; b)Statistically significant, P<0.05.
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Table 5. Univariable logistic regression for the need for secondary surgery in the direct-to-implant group

Variable
Implant removal Revision aesthetic surgery

OR (95% CI) P-value OR (95% CI) P-value

Age (yr)

  <50 Reference Reference

  ≥50 2.27 (0.38–13.39) 0.367 1.47 (0.27–7.93) 0.654

BMI (kg/m2)

  <25 Reference Reference

  ≥25 - - - -

History of smoking - - - -

Medical history

  Diabetes mellitus - - - -

  Hypertension - - - -

  Previous breast cancer 2.49 (0.25–24.33) 0.434 - -

  Previous mastectomy 1.04 (0.12–9.43) 0.971 0.95 (0.11–8.44) 0.965

  Previous lymph node dissection 4.50 (0.42–48.10) 0.213 - -

Tumor side

  Left Reference Reference

  Right 0.88 (0.17–4.59) 0.879 0.88 (0.21–3.72) 0.859

Tumor location

  UOQ Reference Reference

  LOQ 3.33 (0.43–25.72) 0.248 1.02 (0.10–10.52) 0.986

  UIQ 1.32 (0.11–15.37) 0.827 1.82 (0.28–11.76) 0.532

  LIQ 2.50 (0.21–30.29) 0.472 3.63 (0.53–24.89) 0.189

Tumor distance from the nipple 1.23 (0.67–2.26) 0.500 1.40 (0.83–2.37) 0.211

Tumor histological type

  Ductal carcinoma in situ Reference Reference

  Invasive carcinoma 2.23 (0.25–19.96) 0.473 1.31 (0.25–6.91) 0.748

T stage

  Tis Reference Reference

  T1 0.39 (0.02–6.52) 0.511 - -

  ≥T2 2.92 (0.30–28.29) 0.354 - -

N stage

  N0 Reference Reference

  ≥N1 1.54 (0.27–8.98) 0.629 0.41 (0.05–3.46) 0.409

M stage

  M0 Reference Reference

  M1 - - - -

Tumor IHC type

  HR+ 1.35 (0.15–12.23) 0.789 0.41 (0.09–1.86) 0.245

  HER2+ 0.47 (0.05–4.22) 0.501 0.56 (0.12–2.51) 0.445

Axillary lymph node dissection 0.79 (0.09–7.16) 0.834 0.55 (0.06–4.74) 0.585

IORT targeting the NAC 2.44 (0.41–14.46) 0.327 5.57 (1.25–24.93) 0.025b)

Neoadjuvant chemotherapy - - - -

Adjuvant chemotherapy 2.27 (0.40–13.01) 0.356 1.09 (0.26–4.63) 0.906

PMRT 1.68 (0.18–18.86) 0.651 - -

Incision placement for mastectomy 

  IMF Reference Reference

  Periareolar - -

  Lateral 0.13 (0.02–1.05) 0.056 0.60 (0.06–6.11) 0.669

  Other incisions 0.33 (0.04–2.83) 0.314 1.20 (0.11–13.32) 0.882

Specimen size (100 g)a) 1.07 (0.57–2.02) 0.826 1.40 (0.85–2.32) 0.188

Specimen size–implant size (100 g)a) 0.95 (0.45–2.01) 0.888 1.28 (0.64–2.58) 0.491

OR, odds ratio; CI, confidence interval; BMI, body mass index; UOQ, upper-outer quadrant; LOQ, lower-outer quadrant; UIQ, upper-inner quadrant; LIQ, lower-inner quadrant; 
IHC, immunohistochemistry; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; IORT, intraoperative radiotherapy; NAC, nipple-areolar complex; PMRT, 
postmastectomy radiotherapy; IMF, inframammary fold. 
a)OR calculated for a 100-g weight difference; b)Statistically significant, P<0.05.
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gression, age greater than 50 years (OR, 5.43; 95% CI, 1.50–
19.74; P = 0.010) and a larger mastectomy weight (per 100 g) 
(OR, 1.65; 95% CI, 1.08–2.51; P = 0.021) were associated with 
a higher risk of acute complications. IORT targeting the NAC 
contributed to both a higher risk of acute complications (OR, 
4.05; 95% CI, 1.07–15.27; P = 0.039) and to a higher likelihood 
of requiring aesthetic revision surgery (OR, 5.57; 95% CI, 
1.25–24.93; P = 0.025). Although advanced age, mastectomy 
weight, and IORT targeting the NAC were found to be associat-
ed with a higher overall complication rate and a higher likeli-
hood of requiring revision surgery, neither factor was associated 

with any specific complication when the complications were 
analyzed individually (Table 6).

DISCUSSION

Our findings supported the hypothesis that, with proper patient 
selection, DTI reconstruction can be successfully performed af-
ter NSM for breast cancer treatment in Asian patients with a low 
body mass index and small to moderate-sized breasts, even 
without the use of ADM (Figs. 2, 3).

Immediate DTI breast reconstruction was first introduced in 

Table 6. Multivariable logistic regression for adverse outcomes in the direct-to-implant group

Variable
Acute complications Late complications Implant removal Revision aesthetic surgery

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Age ≥50 yr 5.43 (1.50–19.74) 0.010 - - - - - -

IORT targeting the NAC 4.05 (1.07–15.27) 0.039 - - - - 5.57 (1.25–24.93) 0.025

Adjuvant chemotherapy - - NS NS - - - -

Incision placement for mastectomy - - - - NS NS - -

Lateral - - - - - - - -

Specimen size (100 g)a) 1.65 (1.08–2.51) 0.021 - - - - - -

OR, odds ratio; CI, confidence interval; IORT, intraoperative radiotherapy; NAC, nipple-areolar complex; NS, not significant.
a)OR calculated for a 100-g weight difference. 

Fig. 2. Photographs of a 39-year-old patient who underwent right-side direct-to-implant breast reconstruction following nipple-sparing mas-
tectomy for ductal carcinoma in situ without the use of acellular dermal matrix. (A) Preoperative anterior view. Postoperative anterior view (B), 
right lateral view (C), and left lateral view (D). Postoperative photos were taken at the 5-month follow-up.
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the early 2000s and popularized after ADM was applied for im-
plant-based reconstruction [10,14]. However, conflicting results 
have been reported, and the preference for DTI reconstruction 
over two-stage implant-based reconstruction seems to be highly 
reliant on the use of ADM [8,11,15-20]. As presented herein, 
we found that the frequency of implant/TE exposure was sig-
nificantly lower in the DTI group (1%) than in the TE group 
(12.3%, P = 0.032) (Table 3). However, selection bias may have 
affected these findings, since two-stage reconstruction has long 
been suggested if PMRT is required, and we tend to perform 
two-stage reconstruction if PMRT is required or if the perfusion 
of the mastectomy skin flap is compromised. 

Implant loss was observed in both groups for different reasons. 
In the DTI group, six cases of late implant loss were encoun-
tered, with two due to capsular contracture and removal at the 
patient’s request, three due to infection, and one due to delayed 
repeated wound dehiscence after radiotherapy. In the TE group, 
TE/implant loss occurred in five patients: one who developed 
capsular contracture and requested removal, three who experi-
enced repeated wound disruption with TE/implant exposure, 
and one who developed breast cellulitis. Six patients decided to 

convert from implant-based reconstruction to autologous re-
construction.

Despite the advantages of DTI reconstruction, several factors 
increased the risk of complications, including age over 50 years, 
a larger mastectomy specimen, and delivery of IORT targeting 
the NAC. The size of the mastectomy has been reported as a 
factor contributing to adverse outcomes in DTI breast recon-
struction by various authors [17,18,21]. In our study, the size of 
the mastectomy specimen was also found to be a significant 
contributing risk factor for acute complications of DTI recon-
struction (OR, 1.65; 95% CI, 1.08–2.51; P = 0.021). Interest-
ingly, while mastectomy size negatively impacted the surgical 
outcomes, the same finding did not apply to the size of the 
breast implants (Table 4). Similar findings were presented by 
Negenborn et al. [21], who showed that the complication rate 
was associated with the size of the mastectomy specimen, but 
not the size of the inserted breast implant. A possible reason for 
this is that the implants used for reconstruction tend to be 
smaller than the mastectomy specimens, and therefore were not 
significantly different from one another. 

In addition, age greater than 50 years contributed to a higher 

Fig. 3. A 47-year-old female patient with bilateral breast cancer, staged T1 miN0 on the right side and atypical ductal hyperplasia on the left 
side. She received double mastectomy, with skin-sparing mastectomy on the right side and nipple-sparing mastectomy on the left side. Simul-
taneous bilateral direct-to-implant reconstruction was performed immediately. (A) Preoperative anterior view. Postoperative anterior (B), right 
lateral (C), and left lateral (D) views after right-side nipple and areolar reconstruction at the 12-month follow-up.
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acute complication rate (OR, 5.43; 95% CI, 1.50–19.74; P =  
0.010), which has also been reported as a risk factor by Hun-
sicker et al. [22]. Larger breasts and the breasts of women of 
more advanced age are associated with ptosis, and the collateral 
circulation from the surrounding normal tissue to the breast en-
velope of ptotic breasts is relatively more restricted, resulting in 
more frequent skin necrosis and a larger dead space for hemato-
ma and seroma accumulation.

IORT targeting the NAC during NSM has been reported to 
improve local cancer control and radiation safety [23]. Our ap-
proach includes an INTRABEAM IORT device (Zeiss Medi-
tech, Jena, Germany) with a single dose of 6–12 Gy to irradiate 
the NAC, followed by immediate breast reconstruction. IORT 
targeting the NAC was associated with a higher risk of acute 
complications in our small series (OR, 4.05; 95% CI, 1.07–
15.27; P = 0.039) and a higher frequency of aesthetic revision 
surgery (OR, 5.57; 95% CI, 1.25–24.93; P = 0.025). There was 
a higher likelihood of requiring revision surgery, including nip-
ple revision, nipple reconstruction, and scar revision on the inci-
sion site, since IORT targeting the NAC obstructs the collateral 
circulation through the NAC to the incision site. The risks of 
aesthetic complications have rarely been discussed in the litera-
ture. Both our univariate and multivariate logistic regression 
analyses identified IORT as a contributing factor to acute com-
plications and the need for secondary aesthetic touchup.

Unlike previous publications [24], in our series, incision place-
ment had no significant relationship with adverse surgical out-
comes. In previous studies regarding various incision patterns, 
making the incision through the IMF yielded more favorable 
outcomes [25]. We have relatively little experience with the 
IMF approach (9%), whereas a lateral incision (57%) was the 
most widely used approach due to aesthetic considerations and 
the possible need for future axillary nodal surgery.

The application of ADM in implant-based reconstruction has 
increased in the last 10 years [11,26]. However, the use of ADM 
increases medical costs, and ADM implantation also inevitably 
results in a higher risk of some complications, such as infection 
or seroma formation [13,22,26,27]. To balance the costs, reduce 
the complications, and enhance the aesthetic results, it is impor-
tant to select candidates who would benefit more from ADM or 
no ADM in DTI reconstruction. The application of ADM has 
been recommended in DTI breast reconstruction and it is con-
sidered helpful when larger breast implants are required 
[11,26,28,29]. In the current study, we successfully performed 
DTI reconstruction after NSM without ADM. Although the 
implants did not have support in the inferior pole, we did not 
experience bottom-up or implant migration from the subpecto-
ral to the prepectoral plane. These favorable outcomes were be-

lieved to be related to the surgical techniques used to fix the PM 
muscle to the skin flap and the smaller implants required in our 
population. Breast size represents a significant difference be-
tween Asian and Western populations; consequently, the breast 
implants used for breast reconstruction in our series were much 
smaller than those reported in most previous studies. Ninety-
three of the 100 mastectomies used implants that were smaller 
than 500 g, and the breast implants used in our patient cohort 
were generally small (298.83 ± 81.13 mL on average). Our re-
sults suggest that post-NSM DTI reconstruction without ADM 
application is feasible, with reasonable complication rates and 
satisfying aesthetic results, when the reconstructed breasts are 
small and non-ptotic.

Despite the satisfactory results, there are a few limitations of 
our study. First, a control group of patients who underwent DTI 
reconstructions with ADM was lacking. However, this fact re-
flects our early start and consistent performance of DTI without 
the use of ADM. Second, the outcomes demonstrated in our 
study were all on the surgical side; patient-reported outcomes 
will be obtained later to confirm these results. Third, the num-
ber of patients remains small, and a larger-scale study needs to 
be carried out in the future. Fourth, the follow-up duration var-
ied, with the shortest period being only 3 months. A study with 
a longer follow-up time will be continued to evaluate long-term 
outcomes. Finally, the choice between DTI and TE was not ran-
domly controlled, and we tended to perform DTI if possible. 
Only patients who had poorly perfused skin envelopes, inade-
quate skin envelopes, or were known to need PMRT received 
TE insertion after mastectomy. This might have contributed to 
their higher frequency of complications, particularly skin flap 
necrosis and wound healing problems. Selection bias might 
have contributed to the higher complication rate in the TE 
group. 

Although more complications tended to occur in patients with 
larger breasts and those over 50 years old, DTI breast recon-
struction after NSM remains a feasible and safe procedure with 
reasonable overall acute and late complications in highly select-
ed Asian patients.
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