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Abstract 
Background  Immediate implant-based breast reconstruc-
tion (IBBR) following nipple-sparing (NSM) or skin-spar-
ing mastectomy (SSM) increasingly requires individualized 
technique selection. Choosing among prepectoral direct-to-
implant (DTI), submuscular DTI, and two-stage expander 
reconstruction remains complex. This study analyses out-
comes from a large single-centre cohort to define a prag-
matic, evidence-based decision-making algorithm.
Methods  A retrospective monocentric review included all 
consecutive IBBR procedures performed between 2018 and 
2024. Patients were allocated to three groups: prepectoral 
DTI (n = 601), submuscular DTI (n = 142), and two-stage 
expander reconstruction (n = 44). Demographic, oncologic, 
and surgical variables were collected. Major complications 
were evaluated using unadjusted analyses and inverse-proba-
bility-of-treatment weighting. A dedicated subgroup analysis 
was performed for patients receiving postmastectomy radio-
therapy (PMRT).
Results  A total of 1,093 breasts were reconstructed. 
Weighted analysis showed similar overall major-complica-
tion rates for prepectoral and submuscular DTI (7.3% vs 

8.4%, p = 0.278), while expanders demonstrated the lowest 
adjusted risk (0.7%). Within the PMRT subgroup, prepec-
toral DTI did not show increased infection, dehiscence, or 
seroma compared with the other techniques; infection was 
significantly lower than in submuscular DTI (2.7% vs 14.3%, 
p = 0.020). Capsular contracture was markedly less frequent 
in prepectoral DTI and remained significantly reduced after 
multivariable adjustment (OR 1 [reference]; OR 9.03 for 
submuscular DTI; OR 3.25 for expanders).
Conclusions  Our resulting algorithm offers a structured, 
patient-specific approach to optimise outcomes in immediate 
implant-based breast reconstruction.
Level of Evidence IV  This journal requires that authors 
assign a level of evidence to each article. For a full descrip-
tion of these Evidence-Based Medicine ratings, please refer 
to the Table of Contents or the online Instructions to Authors 
www.​sprin​ger.​com/​00266.

Keywords  Breast reconstruction · Implant-based breast 
reconstruction · Prepectoral reconstruction · Submuscular 
direct-to-implant · Tissue expander reconstruction

Introduction

Breast cancer is the most common malignant neoplasm 
among women worldwide, with over 2.2 million new cases 
diagnosed in 2022. [1]. Breast-conserving surgery is feasi-
ble in 70–80% of patients as part of the primary treatment 
strategy [2, 3]. However, in approximately 30% of cases, 
mastectomy remains essential to ensure oncological safety. 
The change in body image following mastectomy has a sig-
nificant impact on the patients’ psycho-physical well-being 
[4]. In this context, breast reconstruction has become fun-
damental in reducing morbidity and improving patients’ 
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quality of life. Breast reconstruction can be immediate or 
delayed, the latter being planned after adjuvant treatments 
[5, 6]. Both approaches can be performed using autologous 
tissues or prosthetic implants [7]. Autologous reconstruction 
involves the use of pedicled flaps, free flaps, fat grafting, 
reverse expansion techniques, or hybrid approaches combin-
ing prosthetic and autologous methods [8–12]. Immediate 
prosthetic reconstruction can be performed in a one-stage 
or two-stage manner, using a tissue expander followed by 
a permanent implant [13]. The implant may be positioned 
in either a subpectoral, prepectoral, or dual plane [14, 15]. 
According to the 2023 report by the American Society 
of Plastic Surgeons, immediate prosthetic reconstruction 
remains the most common approach, with a growing prefer-
ence for the prepectoral technique over the submuscular one 
[16]. Prepectoral breast reconstruction (PPBR) has rapidly 
gained popularity due to its favourable aesthetic outcomes, 
minimal functional impairment, and low complication rates 
[17]. Unlike the submuscular technique, often associated 
with animation deformity, capsular contracture, and subop-
timal cosmetic outcomes, PPBR circumvents many of these 
issues [18, 19]. In PPBR, implants are typically placed in 
the subcutaneous plane and often wrapped in an acellular 
dermal matrix (ADM) or synthetic mesh [20–22], alterna-
tively, polyurethane-coated implants have been explored for 
their potential to reduce certain complications and eliminate 
the need for ADM/meshes, although comparative evidence 
remains limited [23–26]. To achieve optimal breast recon-
struction, it is essential to clearly define reconstructive goals, 
including restoration of the breast footprint, envelope, and 
conus, key elements in recreating a natural and harmonious 
breast shape [27].

Finally, selecting the ideal reconstructive technique 
requires a careful evaluation of multiple factors, including 
the type of mastectomy, adjuvant therapies, patient-specific 
anatomy and clinical conditions, personal preferences, and 
logistical considerations such as surgical expertise and avail-
able resources. These elements significantly influence short-, 
medium-, and long-term outcomes.

Predictable patient and breast specific risk factors increase 
complications after immediate implant-based reconstruction, 
including smoking, obesity, and large breast or implant size 
[28]. The impact of neoadjuvant chemotherapy (NACT) 
and prior irradiation remains debated: NACT can impair 
immune response and wound healing [29–31]; yet several 
series report comparable expander/implant loss and recon-
struction completion after NACT [32–34]. A meaningful 
subset of women treated with breast-conserving surgery 
and radiotherapy later require mastectomy due to recur-
rence, a new primary tumor on the same breast or genetic 
risk; ipsilateral breast tumor recurrence (IBTR) accounts 
for 5–15% of all cancer recurrences in women treated with 
breast conservative treatment [35, 36]. Irradiation induces 

dermal fibrosis and subcutaneous vascular changes, height-
ening adverse reconstructive outcomes [37]. Complications 
remain more frequent even with autologous reconstruction; 
some patients still prefer implants, whereas others are not 
candidates for autologous procedures [38–40]. Evidence on 
the specific impact of NACT or prior radiotherapy on mor-
bidity after direct-to-implant (DTI) reconstruction is lim-
ited by small cohorts, and the optimal reconstructive choice 
remains debated [41–43]

Postmastectomy radiotherapy (PMRT) improves survival 
and locoregional control but compromises reconstruction 
by damaging dermal microvasculature and inducing soft-
tissue fibrosis, increasing infection, capsular contracture, 
and implant loss, and worsening aesthetics versus no PMRT 
[44–46]. These changes are difficult to correct and may 
result in persistently suboptimal cosmetic outcomes [47, 48]. 
Nonetheless, PMRT remains integral to oncologic care and 
must inform reconstructive planning [49].

Mastectomy skin-flap viability is critical. Intraoperative 
assessment may be clinical or augmented with indocyanine 
green angiography (ICGA) for real-time perfusion mapping 
[50, 51], which is associated with reduced flap necrosis and 
enables targeted debridement and adjustment of technique 
and implant size to minimize complications [50].

As DTI gains adoption, an evidence-based appraisal of 
comparative risks is needed to support shared decision-mak-
ing. The aim of this study is to analyze the outcomes of 787 
patients according to the surgical technique and to define our 
decision-making algorithm.

Materials and Methods

This retrospective, monocentric study included all patients 
who underwent nipple-sparing mastectomy (NSM) or skin-
sparing mastectomy (SSM) with immediate implant-based 
breast reconstruction between 2018 and 2024 at our institu-
tion. Exclusion criteria were delayed reconstruction, autolo-
gous or hybrid procedures, skin-reducing mastectomy, and 
incomplete clinical documentation, including missing intra-
operative data or insufficient postoperative follow-up.

Patients were stratified into three groups according to 
the reconstructive approach: prepectoral direct-to-implant 
(DTI) reconstruction, submuscular DTI reconstruction, and 
two-stage submuscular reconstruction involving a tissue 
expander followed by definitive implant placement. Once the 
tissue expander was replaced with the implant, the patients 
were excluded from follow-up. Group assignment was based 
on oncologic requirements, patient-specific anatomical and 
clinical characteristics, shared decision-making with the 
patient, and surgeon preference.

Data collection included demographic variables (age, 
body mass index, smoking status), oncologic treatments 
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(neoadjuvant and adjuvant chemotherapy and radiother-
apy), and surgical characteristics (type and laterality of 
mastectomy; mastectomy incision, selected according to 
each patient’s oncologic, clinical, and anatomical features; 
mastectomy flap thickness; implant plane; use of acel-
lular dermal matrix [ADM]; type and volume of implant; 
and mastectomy specimen weight), as well as postopera-
tive complications. All patients underwent preoperative 
mammography.

Complications were categorized as early (within 30 days 
of surgery) or late (after 30 days), and included flap necrosis, 
wound dehiscence, infection, implant extrusion, red breast 
syndrome, capsular contracture, rippling, hematoma, and 
seroma.

Collected data were inserted in a database on Microsoft 
Excel (Microsoft Corp, Redmond, WA, USA) and then ana-
lyzed using R statistical software (The R Foundation for 
Statistical Computing) via the RStudio interface (Version 
1.4.1103 © 2009-2021 RStudio, PBC). Quantitative vari-
ables were expressed as means and standard deviations or 
medians and interquartile ranges, according to data distri-
bution. Categorical variables were presented as absolute 
frequencies and percentages. Inter-group comparisons 
were performed using the chi-square test or Fisher’s exact 
test for categorical variables, and the t-test for continuous 
variables, depending on normality. Multivariate regression 
analysis was performed to identify independent predictors of 

reconstructive outcomes. A p-value < 0.05 was considered 
statistically significant.

Results

A total of 787 patients who underwent immediate implant-
based breast reconstruction after nipple- or skin-sparing 
mastectomy (705 NSM and 82 SSM) (2018–2024) were 
included (Figs. 1, 2, 3, 4, 5). Prepectoral reconstruction 
was performed in 601 patients, while 186 underwent sub-
muscular reconstruction, either DTI (n = 142) or two-stage 
expander (n = 44). On a per-breast basis, a total of 1,093 
breasts were reconstructed: prepectoral DTI (n = 822), 
submuscular DTI (n = 214), and submuscular two-stage 
(n = 57) (Fig. 6). Baseline features were broadly compara-
ble (Table 1): mean age was 49.0 years in prepectoral versus 
44.1 in DTI and 45.6 in expander; BMI 23.6 versus 20.8 
versus 22.2 kg/m2. Smoking was most frequent in expander 
patients (44.0%) followed by submuscular DTI (34.0%) and 
prepectoral DTI (14.7)%. (Fig. 4) Preoperative chemother-
apy were given in 32.9% of prepectoral, 39.4% of submus-
cular DTI, and 29.5% of expander patients and postoperative 
radiotherapy were given in 8.7% of prepectoral, 33.1% of 
submuscular DTI, and 45.5% of expander patients (Fig. 5); 
postoperative radiotherapy (PMRT) occurred in 18.5% of 
prepectoral DTI, 25.2% of submuscular DTI, and 52.3% of 

Fig. 1   Percentage (%) of ADM (acellular dermal matrix) use in the three groups analyzed: prepectoral direct-to-implant reconstruction (PRE), 
submuscular direct-to-implant reconstruction (DTI), and two-stage submuscular reconstruction with a tissue expander (EXP)
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expanders (Fig. 2). From a technical standpoint, 95.8% of 
prepectoral cases received polyurethane-coated implants, 
whereas submuscular reconstructions were predominantly 
micro-textured (96.7%) (Fig. 3) ADM use was uncommon 
(prepectoral DTI 3.3%, submuscular DTI 4.2%, expander 
0%) (Fig. 1). Mastectomy flap thickness was highest in the 
prepectoral group (mean 1.02 cm; expander 0.40 cm; not 
consistently recorded for DTI) (Table 2).

In adjusted multinomial models (baseline = prepecto-
ral), PMRT independently increased the odds of selecting 
an expander (RRR≈4.10, p = 0.0001), while its associa-
tion with submuscular DTI versus prepectoral was weaker 
and not significant (p = 0.081). Lower BMI (RRR ≈ 0.72 
per kg/m2, p < 0.001) and younger age (RRR≈0.96 per 
year, p = 0.016) favored submuscular DTI. Nevertheless, a 

calendar-year model showed a clear shift toward prepecto-
ral reconstructions over time (OR ≈ 1.3 per year, p≈0.02). 
(Table 3)

Using a patient-level composite (infection, dehiscence, 
seroma, hematoma, implant extrusion), unadjusted rates 
were 7.5% for prepectoral, 8.5% for submuscular DTI, 
and 4.5% for expanders. After inverse-probability weight-
ing (age, BMI, smoking, pre/post chemotherapy, PMRT, 
ADM), submuscular DTI had a slightly higher weighted 
risk than prepectoral (8.4% vs 7.3%, risk difference + 1.0 
percentage point, p = 0.278), whereas expander had a lower 
weighted risk (0.7% vs 7.9%, risk-difference −7.4 pts, 
p<0.001); expander estimates are based on fewer complete 
cases (Table 4). In the PMRT subgroup (patients who actu-
ally received radiotherapy), the composite rate was 13.5% 
for prepectoral (15/111), 17.1% for submuscular DTI 

Fig. 2   Distribution of 
radiotherapy (RT) administered 
before (RT PRE, blue) and after 
(RT POST, red) reconstruction 
across the three groups: prep-
ectoral direct-to-implant recon-
struction (PRE), submuscular 
direct-to-implant reconstruction 
(DTI), and two-stage submuscu-
lar reconstruction with a tissue 
expander (EXP).

Fig. 3   Distribution of implant/expander type across the three recon-
struction groups: prepectoral direct-to-implant (DTI) reconstruction, 
submuscular direct-to-implant (DTI) reconstruction, and submuscu-
lar two-stage reconstruction with a tissue expander. Bars represent 
the proportion of polyurethane implants, microtextured implants, and 
expanders used in each group.

Fig. 4   Percentage (%) of smokers across the three groups analyzed: 
prepectoral direct-to-implant reconstruction (Prepectoral), submuscu-
lar direct-to-implant reconstruction (DTI), and two-stage submuscular 
reconstruction with a tissue expander (Expander).
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(6/35), and 8.7% for expanders (2/23); prepectoral versus 
expander (p = 0.73) and prepectoral versus submuscular DTI 
(p = 0.45) were not statistically different.

In the post-mastectomy radiotherapy (PMRT) subgroup, 
surgical-site events were uncommon with prepectoral recon-
struction and generally less frequent than with DTI tech-
niques. Infections occurred in 2.7% of prepectoral cases ver-
sus 4.3% with tissue expanders (not significant, p = 0.534) 
and 14.3% with submuscular DTI (significantly higher than 
prepectoral, p = 0.020) (Table 5). Wound dehiscence was 
observed in 0.9% of prepectoral reconstructions, 0% with 
expanders (p = 1.000), and 5.7% with DTI, reflecting a bor-
derline increase for submuscular DTI relative to prepectoral 
DTI (p = 0.143). Seroma was documented in 7.2% of prep-
ectoral procedures and in 0% of both expander and submus-
cular DTI cohorts; these differences were not statistically 
significant (all p ≥ 0.13). (Table 5).

Capsular contracture showed marked divergence by 
technique. Crude rates in PMRT were 22.5% for prepec-
toral reconstruction (25/111), 62.9% for submuscular DTI 
(22/35), and 39.1% for expanders (9/23), with a highly 
significant overall difference (global χ2 p =  4.61 × 10⁻5). 
Pairwise comparisons indicated a substantially higher 
contracture rate with submuscular DTI versus prepectoral 
(p = 4.3×10⁻5), whereas the expander–prepectoral difference 
did not reach significance (p = 0.159). After multiple impu-
tation and multivariable logistic regression adjusting for age, 
BMI, smoking status, neoadjuvant/adjuvant chemotherapy, 
and acellular dermal matrix use, the odds of capsular con-
tracture remained significantly elevated for submuscular DTI 
(OR 9.03, 95% CI 3.12–26.12; p<0.001) and for expanders 
(OR 3.25, 95% CI 1.03–10.26; p = 0.044) relative to prepec-
toral reconstruction. Taken together, these data suggest that, 
within the PMRT setting, prepectoral reconstruction confers 
a more favourable complication profile, most notably for 
capsular contracture, than submuscular DTI and, to a lesser 
extent, expander-based approaches.

These findings support that, among patients receiving 
PMRT, prepectoral DTI reconstruction does not carry higher 
major complication rates than expander or submuscular DTI 

Fig. 5   Distribution of chemotherapy (CHT) administered before 
(pre-op CHT, orange) and after (post-op CHT, blue) reconstruction 
across the three groups: prepectoral direct-to-implant reconstruction 
(prepectoral), submuscular direct-to-implant reconstruction (DTI), 
and two-stage submuscular reconstruction with a tissue expander 
(Expander).

Fig. 6   Cohort composition by reconstructive group (per breast). The 
study included 822 prepectoral direct-to-implant (DTI) reconstruc-
tions, 214 submuscular DTI reconstructions and 57 submuscular two-
stage expander-based reconstructions.

Table 1   Baseline 
characteristics of patients 
according to reconstruction 
technique

Values are presented as mean ± standard deviation or percentage (%).

Characteristic Prepectoral (n = 601) DTI (n = 142) Expander (n = 44)

Age (years) 49.0 ± 9.9 44.1 ± 7.6 45.5 ± 9.9
BMI (kg/m2) 23.6 ± 4.0 20.8 ± 2.3 22.2 ± 2.7
Smokers 14.7% 34.0% 43.2%
Pre-op chemotherapy 32.9% 39.4% 29.5%
Post-op chemotherapy 8.7% 33.1% 45.5%
Post-op radiotherapy 18.5% 25.2% 52.3%
ADM use 3.3% 6.3% 0.0%
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and performs better than submuscular DTI for infection, 
consistent with the recent trend toward prepectoral DTI even 
when PMRT is planned.

Discussion

This study proposes a clinically grounded, data-driven path-
way for implant-based breast reconstruction in the setting of 

nipple-sparing and skin-sparing mastectomy. The first gate 
is flap vascularity. When mastectomy flaps are well per-
fused, outcomes in our cohort support placing the implant 
in the prepectoral plane (Fig. 7); when flaps are poorly vas-
cularised, submuscular direct-to-implant reconstruction is, 
in most cases, the preferred solution (Fig. 8). Clinically, 
vascularity is often reflected by flap thickness [52]. In our 
data, thickness was approximately 1.0 cm when prepectoral 
reconstruction was possible—therefore in well-vascularised 

Table 2   Patient demographic and clinical characteristics according to the type of breast reconstruction

Data are presented as percentages (%) and absolute values, comparing prepectoral direct-to-implant reconstruction (n  =  601 patients, 822 
breasts), submuscular direct-to-implant reconstruction (DTI; n = 142 patients, 214 breasts), and two-stage submuscular reconstruction with a tis-
sue expander (n = 44 patients, 57 breasts). Variables include patient demographics, oncologic treatments, surgical characteristics, implant types 
and volume and postoperative complications.

Characteristic Prepectoral (number of 
patients = 601; number of 
breasts = 822)

DTI (number of patients = 142, 
number of breasts = 214)

Expander (number of 
patients = 44; number of 
breasts = 57)

Percentage (%) Absolute value Percentage (%) Absolute value Percentage (%) Absolute value

Age (years) 49.0 ± 9.9 44.1 ± 7.6 45.5 ± 9.9
BMI (kg/m2) 23.6 ± 4.0 20.8 ± 2.3 22.2 ± 2.7
Smokers 14.7% 88.0 34.5% 49 43.2% 19
Pre-op chemotherapy 32.9% 198.0 39.4% 56.0 29.5% 13.0
Post-op chemotherapy 8.7% 52.0 33.1% 47.0 45.5% 20.0
Pre-op radiotherapy 0.5% 3.0 2.1% 3.0 2.3% 1.0
Post-op radiotherapy 18.5% 111.0 25.2% 35.0 52.3% 23.0
ADM use 3.3% 20.0 6.3% 9.0 0.0% 0.0
NSM right 27.3% 164.0 21.1% 30.0 25.0% 11.0
NSM left 30.1% 181.0 23.2% 33.0 27.3% 12.0
Bilateral NSM 31.6% 190.0 50.0% 71.0 29.5% 13.0
SSM right 3.8% 23.0 3.5% 5.0 4.5% 2.0
SSM left 5.8% 35.0 1.4% 2.0 13.6% 6.0
Bilateral SSM 1.3% 8.0 0.7% 1.0 0.0% 0.0
Average implant volume right (cc) 285.78 320.81 240.0
Average implant volume left (cc) 301.53 307.23 350.0
Average mastectomy wight right (g) 241.86 – – – –
Average mastectomy wight left (g) 262.36 – – – –
Polyurethane implant 95.8% 766.0 3.2% 7.0 0.0% 0.0
Microtextured implant 4.2% 34.0 96.7% 207.0 – –
Average mastectomy flap thickness right 

(cm)
1.0 – – 0.4

Average mastectomy flap thickness left 
(cm)

1.03 – – 0.4

Mastectomy flap necrosis 1.3% 8.0 2.1% 3.0 0.0% 0.0
Dehiscence 1.7% 10.0 2.1% 3.0 0.0% 0.0
Infection 1.8% 11.0 4.2% 6.0 2.3% 1.0
Implant extrusion 0.7% 4.0 0.7% 1.0 0.0% 0.0
Red breast syndrome 0.5% 3.0 0.0% 0.0 0.0% 0.0
Capsular contraction 20.0% 120.0 21.8% 31.0 18.2% 8.0
Rippling 1.8% 11.0 2.8% 4.0 2.3% 1.0
Hematoma 0.7% 4.0 0.0% 0.0 2.3% 1.0
Seroma 2.8% 17.0 2.8% 4.0 0.0% 0.0
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flaps—and about 0.4 cm when vascularisation was inade-
quate. Technique selection should therefore begin with an 
assessment of perfusion per se (not merely thickness as a 
“raw” metric), acknowledging that in practice the vascular 
assessment is mirrored by the measured thickness of the 
mastectomy flaps.

The second gate is the oncologic plan for postmastec-
tomy radiotherapy, or a prior course of radiotherapy to the 
involved chest/hemithorax.

If radiotherapy is planned, autologous procedures remain 
the option associated with the most favourable outcomes in 
this scenario, although the optimal timing of such recon-
struction in patients who are candidates for postoperative 
radiotherapy is still debated in the literature. [53–56] In the 
subgroup that actually received PMRT or previous radio-
therapy, outcomes with prepectoral reconstruction were 
not worse than with the expander pathway or submuscular 
direct-to-implant: the composite of major complications 
(infection, dehiscence, seroma, haematoma, or implant 
extrusion) was 13.5% after prepectoral placement versus 
8.7% with expanders (p = 0.73) and 17.1% with submus-
cular direct-to-implant (p = 0.45); infection was lower after 
prepectoral than after submuscular direct-to-implant (2.7% 
vs 14.3%, p = 0.020). These results are consistent with the 
findings reported in literature [57, 58]. Capsular contracture 
within this radiotherapy subgroup was markedly less fre-
quent with prepectoral reconstruction than with submuscular 
direct-to-implant on crude analysis and remained lower than 
both alternatives after multiple-imputation–adjusted logis-
tic regression (odds ratios ≈9.0 for submuscular direct-to-
implant and ≈3.3 for expanders, each versus prepectoral). 
These findings are comparable to previous studies, and we 
have also demonstrated that lipofilling may have a protec-
tive effect against capsular contracture in patients undergo-
ing radiotherapy with prepectoral reconstruction, consistent 
with other reports highlighting the benefits of fat grafting in 
reducing fibrotic reactions [59–62]. Previous studies have 
indicated that fat grafting can reduce fibrosis and improve 
tissue quality in irradiated areas [63–67]. Taken together, 
these findings led us to adopt the following rule: if flap qual-
ity is adequate, prepectoral reconstruction is acceptable; if 

Table 3   Adjusted multinomial models (baseline  =   prepectoral) for 
technique selection.

Relative risk ratios (RRR) with 95% confidence intervals (CI) and 
p-values are reported for comparisons between submuscular direct-
to-implant reconstruction (DTI) and two-stage submuscular recon-
struction with a tissue expander (EXP) versus prepectoral direct-to-
implant reconstruction (PRE) as the reference category.
Variables included in the model were age, body mass index (BMI), 
smoking status, preoperative chemotherapy (cht_pre), postoperative 
chemotherapy (cht_post), and postoperative radiotherapy (rt_post).

Comparison Variable RRR (95% CI) p

DTI versus PRE age 0.96 (0.94–0.98) 0.001
DTI versus PRE bmi 0.72 (0.66–0.79) 0.0001
DTI versus PRE smoke 0.94 (0.52–1.70) 0.831
DTI versus PRE cht_pre 1.18 (0.76–1.84) 0.458
DTI versus PRE cht_post 5.30 (3.17–8.85) 0.000
DTI versus PRE rt_post 1.14 (0.68–1.90) 0.621
EXP versus PRE age 0.98 (0.94–1.01) 0.192
EXP versus PRE bmi 0.87 (0.78–0.97) 0.010
EXP versus PRE smoke 2.45 (1.12–5.35) 0.025
EXP versus PRE cht_pre 0.67 (0.32–1.41) 0.295
EXP versus PRE cht_post 7.16 (3.52–14.57) 0.0001
EXP versus PRE rt_post 4.10 (2.07–8.14) 0.0001

Table 4   Primary outcome—major complications: unadjusted and 
IPTW-adjusted analysis.

Unadjusted complication rates and inverse probability of treat-
ment weighting (IPTW)–adjusted risks are reported for prepectoral 
direct-to-implant reconstruction (Prepectoral), submuscular direct-
to-implant reconstruction (DTI), and two-stage submuscular recon-
struction with a tissue expander (Expander). Risk differences (RD) 
between techniques are expressed in percentage points (pp), with 
corresponding p-values for comparisons of DTI versus prepectoral 
(PRE) and expander (EXP) versus prepectoral reconstructions.

Measure Prepectoral DTI Expander

Unadjusted rate (%) 7.5 8.5 4.5
IPTW weighted risk (%) 7.3 8.4 0.7
Risk difference DTI−PRE (pp) 1.0
Risk difference EXP−PRE (pp) − 7.2
p (RD) DTI−PRE 0.278
p (RD) EXP−PRE 3.42e-12

Table 5   Postmastectomy 
radiotherapy (PMRT) 
subgroup—pairwise 
comparisons between 
reconstruction techniques.

Incidence of postoperative complications (infection, dehiscence, and seroma) is reported as events per total 
cases (e/n) for prepectoral direct-to-implant reconstruction (Prepectoral), submuscular direct-to-implant 
reconstruction (DTI), and two-stage submuscular reconstruction with a tissue expander (Expander). p-val-
ues correspond to pairwise statistical tests comparing prepectoral (PRE) versus DTI and prepectoral versus 
expander (EXP) groups.

Outcome Prepectoral e/n DTI e/n Expander e/n p (PRE vs DTI) p (PRE vs EXP)

Infection 3/111 5/35 1/23 0.020 0.534
Dehiscence 1/111 2/35 0/23 0.143 1.000
Seroma 8/111 0/35 0/23 0.199 0.350
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Fig. 7   Left nipple-sparing mastectomy performed through inframammary fold incision. Immediate prepectoral direct-to-implant reconstruction 
using 280-ml polyurethane-coated anatomical implants. Preoperative (upper row) and one-year postoperative outcome (lower row).

Fig. 8   Bilateral nipple-sparing mastectomy performed through lateral radial incisions followed by immediate submuscular direct-to-implant 
reconstruction with 240-ml micro-textured anatomical implants. Preoperative (upper row) and one-year postoperative result (lower row).
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flaps are thin or compromised, or multiple risk factors are 
present, a two-stage expander is preferred (Fig. 9). This 
choice is reflected in our data by a recent calendar-year trend 
toward prepectoral reconstruction over two-stage submuscu-
lar reconstruction in this patient category.

When radiotherapy is not anticipated, the balance of evi-
dence favours prepectoral reconstruction as the baseline strat-
egy alongside submuscular direct-to-implant, recognised as an 
excellent option for the patient [17]. Using inverse-probability 
weighting to address case-mix, submuscular direct-to-implant 
carried a higher weighted risk of the major-complication com-
posite than prepectoral reconstruction (17.1% vs 7.7%; risk 
difference +9.4 percentage points, p < 0.001). Patient pheno-
type then refines the choice: younger age and lower body-mass 
index independently favoured submuscular direct-to-implant 
over prepectoral reconstruction (relative risk ratios ≈ 0.96 per 
year and ≈ 0.72 per kg/m2), a finding that does not add con-
ceptually beyond the primary rule because lower body-mass 
index is often associated with thinner flaps, which, as shown 
above, reflect poorer vascularisation [52, 68]. Smoking has 
an important impact on wound healing and local vascularity 
and therefore behaves as a cautionary modifier in the selection 
model, pushing decisions toward submuscular reconstruction 

[17, 68]. Polyurethane surfaces predominated in the prepec-
toral cohort, micro-textured devices in submuscular groups, 
and acellular dermal matrix was used sparingly; a signal of 
higher infection in prepectoral cases receiving acellular dermal 
matrix is compatible with confounding by indication rather 
than a causal effect.

Practice is evolving in a direction consistent with this 
algorithm: calendar-year modelling showed a steady increase 
in prepectoral reconstruction adoption of roughly 30% per 
year, indicating growing confidence as selection criteria and 
peri-operative pathways matured. Limitations of this study 
include the retrospective, single-centre design and the lack 
of long-term and patient-reported outcomes; nonetheless, 
the internal coherence between selection signals and risk-
adjusted outcomes strengthens inference. In aggregate, these 
findings support a disciplined, stepwise approach: assess flap 
vascularisation first; if tissue is robust, prepectoral place-
ment is appropriate; if tissue is thin or poorly perfused, 
submuscular direct-to-implant reconstruction is preferred; 
radiotherapy, planned or already delivered, plays a key role 
in shaping the choice of technique, and patient phenotype 
together with smoking and postoperative chemotherapy 
should be treated as risk modifiers (Fig. 10)

Fig. 9   Two-stage implant-based breast reconstruction. First row: 
Right skin-sparing mastectomy and placement of a tissue expander 
filled with 230 ml of saline. Second row: Expander exchange to a 

450-ml anatomical polyurethane-coated implant and contralateral 
augmentation with a 265-ml anatomical polyurethane-coated implant 
and 110g breast reduction.
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Conclusions

Our findings support a decision-making algorithm for 
immediate implant-based breast reconstruction grounded in 
clinical and quantitative evidence. The first step is assess-
ing mastectomy flap vascularity: well-perfused flaps favour 
prepectoral direct-to-implant placement, whereas thin or 
poorly vascularized flaps require submuscular direct-to-
implant reconstruction. Radiotherapy, whether planned, is 
a key determinant in selecting the reconstructive approach. 
In this setting, the choice between prepectoral and two-stage 
expander should be driven primarily by flap quality, default-
ing to an expander when tissue is suboptimal. In addition, 
patient phenotype, smoking status, and postoperative chemo-
therapy should be regarded as important risk modifiers. This 

structured approach, validated by our data, guides surgeons 
toward safe, individualized selection of reconstruction tech-
nique, optimizing both functional and aesthetic outcomes.
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