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INTRODUCTION
Nipple-sparing mastectomy (NSM) has become a 

readily described procedure due to establishment of 
its oncologic safety in certain patient populations and 

improved psychosocial outcomes from nipple preserva-
tion.1–5 However, NSM is a technically more challenging 
procedure and has additional considerations, particularly 
with regard to mastectomy flap and nipple–areola com-
plex (NAC) necrosis due to preservation of the entire skin 
envelope.

Multiple planes for prosthesis placement in immedi-
ate breast reconstruction have been described, includ-
ing submuscular techniques [dual-plane (DP) or total 
submuscular (TSM) planes] and, more recently, prepec-
toral (PP) reconstruction.5–10 Each of these different pro-
cedures has different benefits as well as risks that must 
be considered in light of case-specific concerns and the 
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Original Article

	

Background: Implant-based breast reconstruction after nipple-sparing mastectomy 
(NSM) presents unique benefits and challenges. The literature has compared out-
comes among total submuscular (TSM), dual-plane (DP), and prepectoral (PP) 
planes; however, a dedicated meta-analysis relevant to NSM is lacking.
Methods: We conducted a systematic review of studies on immediate breast recon-
struction after NSM using TSM, DP, or PP prosthesis placement in PubMed, 
Embase, and Cochrane databases. In total, 1317 unique articles were identified, 
of which 49 were included in the systematic review and six met inclusion criteria 
for meta-analysis. Pooled descriptive outcomes were analyzed for each cohort for 
all 49 studies. Fixed-effects meta-analytic methods were used to compare PP with 
subpectoral (TSM and DP) reconstructions.
Results: A total of 1432 TSM, 1546 DP, and 1668 PP reconstructions were identi-
fied for descriptive analysis. Demographics were similar between cohorts. Pooled 
descriptive outcomes demonstrated overall similar rates of reconstructive failure 
(3.3%–5.1%) as well as capsular contracture (0%–3.9%) among cohorts. Fixed-
effects meta-analysis of six comparative studies demonstrated a significantly lower 
rate of mastectomy flap necrosis in the PP cohort compared with the subpectoral 
cohort (relative risk 0.24, 95% confidence interval [0.08–0.74]). All other consis-
tently reported outcomes, including, hematoma, seroma, infection, mastectomy 
flap necrosis, nipple -areola complex necrosis, and explantation were comparable.
Conclusions: A systematic review of the literature and meta-analysis demonstrated 
the safety of immediate prepectoral breast reconstruction after NSM, compared 
with submuscular techniques. Submuscular reconstruction had a higher risk of 
mastectomy flap necrosis, though potentially influenced by selection bias. (Plast 
Reconstr Surg Glob Open 2024; 12:e5808; doi: 10.1097/GOX.0000000000005808; 
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patient’s desired reconstructive goals.9,11 Subpectoral 
(SP) reconstruction provides an additional layer of soft 
tissue coverage, but can be associated with animation 
deformity as well as increased pain and upper extrem-
ity disability.6,12 On the other hand, PP reconstruction 
avoids the morbidity of subpectoral techniques, but 
is highly reliant on both mastectomy flap quality and 
thickness for successful reconstructive and aesthetic 
outcomes.13,14

Nipple-sparing mastectomy critically exaggerates the 
importance of these different considerations between 
implant planes. Preservation of the entirety of the skin 
envelope in NSM increases the importance of mastectomy 
flap quality and the concern for NAC or skin ischemia. 
Contributing factors include a larger surface area and lon-
ger skin flaps for perforating vessels to traverse, more dif-
ficult access that may result in retraction injury, challenges 
secondary to macromastia and ptosis, and decreased abil-
ity to excise larger areas concerning for hypoperfusion. In 
prepectoral techniques, which lack interpositional vascu-
larized soft tissue, mastectomy flap and NAC necrosis can 
be particularly devastating.13

Although recent meta-analyses have compared differ-
ent implant planes, a large-scale review specifically isolat-
ing these outcomes in NSM and investigating the optimal 
plane for breast reconstruction after NSM is lacking in 
the literature.6 The purpose of this study was to perform a 
systematic review and meta-analysis comparing outcomes 
between prepectoral and subpectoral implant-based 
breast reconstruction after NSM.

METHODS

Literature Review
A systematic review of the literature was performed 

according to the Preferred Reporting Items for Systematic 
Review and Meta-analyses guidelines. A reproducible 
search strategy was developed and conducted through 
March 2022 to query the PubMed/MEDLINE, Embase, 
and Cochrane Database of Controlled Trials for studies 
on implant-based reconstruction after NSM. Both con-
trolled vocabularies (eg, MeSH terms) and keywords in 
the title or abstract fields were searched. (See appendix, 
Supplemental Digital Content 1, Search strategy as tai-
lored for search in PubMed is reported. Similar search 
strategies were used in other databases after modifica-
tion for each engine’s specific language. http://links.lww.
com/PRSGO/D203.)

Articles were independently screened by two review-
ers at each stage. Inclusion criteria included original 
retrospective or prospective case series, cohort stud-
ies or controlled trials. Exclusion criteria included 
nonprimary literature or literature without outcomes 
(ie, abstracts, review articles, letters to the editor) and 
non-English articles. Only studies that reported sepa-
rate outcomes for each plane of reconstruction were 
included; studies that only reported pooled outcomes 
for mixed cohorts (eg, a combined TSM and DP cohort) 
were excluded. Level of evidence was defined by ASPS 

guidelines.15 Study quality was assessed by two blinded 
independent reviewers using the methodological index 
for nonrandomized studies criteria. References from 
full-text articles were additionally searched for relevant 
articles.

Data Analysis
Relevant data were extracted from the included arti-

cles with data coding to accommodate differences in 
reporting of complications. Per-breast and per-patient 
outcomes were considered with separate denomina-
tors. If medians and interquartile range or ranges 
were reported, then a conversion to mean and SD was 
performed using established methods.16 Specifically, 
for infection, both major and minor were included. 
Necrosis and ischemia to the mastectomy flap were both 
included as “flap ischemia.” For capsular contracture, 
only Baker grades 3 or 4 were included, as these are 
generally indications for revision. NSM was analyzed in 
an intention-to-treat fashion; ie, if the NAC was lost or 
later removed due to positive margin, the procedure 
was still considered an NSM. Significant deviations from 
standard NSM technique such as robotic mastectomy 
were excluded.

Studies with overlapping patients were considered 
carefully. If multiple studies reported outcomes of over-
lapping patient populations, then the most complete 
data possible was included. When possible, complications 
were classified as major (if explicitly designated as such by 
papers or correlating to a Clavein–Dindo scale grade 3 or 
4) or minor (if designated by papers or correlating to a 
Clavein–Dindo scale grade 1 or 2).

Data analysis was performed using R statistical soft-
ware [R Core Team (2021) R Foundation for Statistical 
Computing, Vienna, Austria].17 Means were compared 
for variables when possible. Descriptive analysis was per-
formed using pooled means and percentages between all 
planes. Meta-analytic comparison of outcomes between 
subpectoral (SP) (a composite cohort including both 
TSM and DP) and PP cohorts was performed. Due to low 
I2 values, fixed-effects analysis was performed. As only one 
study compared outcomes of TSM versus DP reconstruc-
tions, no meta-analysis was performed between these two 
planes.

Takeaways
Question: Which plane of reconstruction is best after  
nipple-sparing mastectomy?

Findings: A systematic review of six comparative studies 
identified a significantly lower rate of mastectomy flap 
necrosis after prepectoral reconstruction compared with 
the subpectoral cohort (RR 0.24). However, prepectoral 
reconstructions had fewer risk factors for complications. 
All other outcomes were equivocal.

Meaning: This novel meta-analysis shows similar complica-
tion rate profiles between different planes of reconstruc-
tion after nipple-sparing mastectomy.

http://links.lww.com/PRSGO/D203
http://links.lww.com/PRSGO/D203
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RESULTS

Data Collection and Analysis
In total, 1317 unique articles were identified, of which 

49 studies met inclusion criteria for noncomparative 
(descriptive) analysis and six studies met inclusion crite-
ria for comparative meta-analysis (Fig. 1). Tables 1 and 
2 contain summary information of included studies for 
the descriptive and comparative analyses, respectively. All 
comparative studies were level of evidence III retrospec-
tive cohort studies. Studies’ quality as per methodological 
index for nonrandomized studies criteria was on average 
21 (range 19–23).

Patient and Surgical Factors of All Included Studies
A total of 4646 breasts in 2597 patients were repre-

sented in the included studies (Table 3). Prosthesis plane 
included TSM (1432 breasts, 845 patients), DP (1546 

breasts, 833 patients), or PP (1668 breasts, 919 patients) 
reconstructions. Because not all studies reported both the 
total number of patients and the total number of breasts, 
overall conclusions about number of unilateral or bilateral 
nature of reconstruction could not always be designated.

All three cohorts had a mean age under 50 years and 
a mean body mass index (BMI) at or below 25 kg per m2. 
Comorbidities such as diabetes and prior radiotherapy 
were relatively uncommon in all groups. Tobacco use was 
relatively high in the TSM cohort (23.9%) versus the DP 
and PP cohorts (7.2% and 5.0%, respectively), although 
tobacco use was also not reported consistently in the TSM 
cohort. The TSM cohort also had a high rate of adjuvant 
radiotherapy (27.2%).

Surgical characteristics included similar mean mas-
tectomy weights between all cohorts (373.7–431.1 g). 
Mastectomy incision choice was most commonly infra-
mammary fold (IMF) in the DP (57.3%) and PP (80.8%) 

Fig. 1. The Preferred Reporting Items for Systematic Review and Meta-analyses diagram outlining 
search strategy and results for systematic review at each stage.
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Table 1. Characteristics of Included Studies
Study LOE Plane of Reconstruction Patients (N) Breasts (N) 

Chen et al18 III TSM 32 32
Dayicioglu et al19 III TSM 35 63
Djohan et al20 II TSM 8 15
Li et al21 III TSM 21 42
Mori et al22 III TSM 42 42
Ozgur et al23 III TSM 107 117
Pallara et al24 III TSM 56 56
Radovanovic et al25 III TSM 205 214
Rancati et al26 II TSM 22 30
Ravazi et al27 III TSM 70 102
Sahin et al28 III TSM 21 42
Sgarzani et al29 III TSM 26 26
Shi et al30 III TSM 35 37
Verheyden et al31 III TSM 20 30
Yazar et al32 III TSM 100 144
Beier et al33 III DP 53 73
Dorfman et al34 II DP 59 102
Frey et al35 III DP NR 765
Rodriguez-Feliz et al36 III DP 14 27
Ashikari et al37 III DP 65 130
Chen et al18 III DP 27 27
El Hage Chehade et al38 III DP 63 92
Folli et al39 II DP 46 54
Oven et al40 III DP 15 29
Ozgur et al23 III DP 83 91
Patzelt et al41 III DP 64 128
Sgarzani et al29 III DP 28 28
Tasoulis et al42 III DP 18 36
Imahiyerobo et al43 III TSM and DP, combined 76 128
Pallara et al24 III TSM and DP, combined 106 106
Peled et al44 III TSM and DP, combined 91 NR
Casella et al45 II PP 46 92
Cuomo et al46 II PP 14 14
de Vita et al47 III PP 21 34
Downs et al48 III PP 45 79
Fin et al49 III PP 32 33
Khalil et al50 III PP 8 16
Manrique et al51 III PP 9 17
Manrique et al52 III PP 40 75
Nahabedian et al53 III PP 6 8
Onesti et al54 III PP 10 13
Parus and Venturi55 III PP 6 12
Reitsamer et al56 II PP 134 200
Salibian et al3 III PP 155 250
Woo et al57 III PP 21 23
LOE, level of evidence; NR, not reported.

Table 2. Characteristics of Comparative Studies

Study Name LOE 

Prepectoral Subpectoral

Subpectoral Plane Follow-up Period, mo Patients, n Breasts, n Patients, n Breasts, n 

Avila et al7 III 116 203 114 202 DP NR
ElSherif et al8 III NR 205 NR 366 TSM 20
Franceschini et al5 III 82 109 95 146 TSM 20 (PP), 16 (TSM)
Ng et al9 III 40 50 40 59 DP 21 (PP), 26.5 (DP)
Sbitany et al58 III 51 84 115 186 DP 11.1 (PP), 12.5 (DP)
Braun et al10 III 116 209 44 79 DP 16 (PP), 24 (DP)
LOE, level of evidence, NR, not reported.
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cohorts, and a radial incision (64.0%) in the TSM cohort. 
Mean implant size was similar between all cohorts, between 
367.0 and 400.3 mL. Acellular dermal matrix (ADM) use 
was included in almost all (96.9%) DP reconstructions 
reporting this outcome and in 66.6% of PP reconstruc-
tions. Single-stage DTI reconstructions were more com-
mon than staged reconstructions in all cohorts (64.1% of 

TSM, 62.6% of DP, and 58.4% of PP). Most reconstruc-
tions used textured implants (97.5% of TSM, 57.4% of DP, 
and 48.7% of PP), although implant type was also not uni-
versally reported.

Pooled rates of complications and outcomes are pro-
vided in Table 4 for reference, with statistical comparisons 
performed only in meta-analysis of comparative studies. 

Table 3. Patient Demographics and Surgical Factors of All Included Studies
Patient and Surgical Factors TSM DP PP

Sample Size       
 � Patients, n* 845+ 833+ 919+
 � Breasts, n 1432 1546 1668
Factor Value N Reporting Value N Reporting Value N Reporting
Age, mean (y) 44.3 686 45.2 723 46.3 764
BMI, mean 23.5 251 23.7 630 25.0 610
Diabetes, % (n) 2.8 (7) 248 3.7 (15) 405 4.6 (18) 391
Tobacco use, % (n) 23.9 (39) 163 7.2 (46) 635 5 (26) 521
XRT, preoperative, % (n) 2.3 (11) 475 2.6 (25) 973 6.6 (72) 1098
XRT, adjuvant, % (n) 27.2 (126) 463 11.6 (89) 766 11.3 (126) 1116
Mastectomy weight, mean (g) 431.1 212 375.3 313 373.7 459
Implant size, mean (mL) 367.0 562 396.5 565 400.3 771
ADM use, % (n) 0 (0) 609 96.9 (1310) 1352 66.6 (97) 1455
Diagnosis 757 499 799
 � Prophylactic, % (n) 20.1 (152) 58.9 (294) 40.8 (326)
 � Cancer, % (n) 64.7 (453) 26.5 (132) 46.8 (374)
Staged 1330 1324 1660
 � TEE, % (n) 35.1 (467) 37.1 (491) 41.3 (686)
 � DTI, % (n) 64.1 (853) 62.6 (829) 58.4 (969)
Implant Type 432 394 819
 � Smooth, % (n) 2.5 (11) 35.3 (139) 45.1 (369)
 � Textured, % (n) 97.5 (421) 57.4 (226) 48.7 (399)
Mastectomy Incision 700 953 952
 � Radial, % (n) 64.0 (448) 15.6 (149) 13.1 (125)
 � IMF, % (n) 29.3 (205) 57.3 (546) 80.8 (769)
 � Wise pattern, % (n) 3.7 (26) 14.5 (138) 2 (19)
 � Periareolar, % (n) 2.6 (18) 10.2 (97) 2.9 (28)
*Sample size (patients) was not reported by all studies.

Table 4. Descriptive Outcomes and Complications of All Included Studies
Outcomes and Complications TSM DP PP

Complications % (n) N Reporting % (n) N Reporting % (n) N Reporting 

Mastectomy flap necrosis 6.5 (54) 837 5.3 (72) 1366 4.0 (37) 923
NAC necrosis, any 4.7 (27) 577 5.5 (60) 1095 4.2 (57) 1362
NAC necrosis, total 0.9 (5) 577 1.7 (15) 893 1.2 (11) 909
Infection 5.5 (64) 1169 3.8 (54) 1426 5.7 (83) 1460
Seroma 2.6 (13) 493 3.6 (34) 940 6.5 (58) 893
Hematoma  1.1 (5) 453 1.4 (11) 801 1.9 (20) 1027
Dehiscence 2.3 (6.9) 302 2.7 (19) 705 0.6 (2) 349
Capsular contracture 4.8 (18) 376 0.3 (1) 323 3.1 (21) 684
Rippling 0.9 (1.1) 117 4.8 (20) 421 10.6 (68) 641
Animation deformity 10.3 (12.1) 117 5.1 (6) 118 0 (0) 34
Reconstructive failure 3.8 (23.2) 611 3.6 (49) 1352 5.1 (64) 1263
BREAST-Q * Score N Reporting Score N Reporting Score N Reporting
Satisfaction with breasts 70.7 58 70.2 159 71.5 86
Psychosocial wellbeing 74.4 58 76.4 159 77.4 86
Sexual wellbeing 63.2 58 62.4 159 60.9 86
Physical wellbeing 66.8 58 69.1 159 78.3 86
Overall satisfaction 93 26 82.9 92 83.6 67
*Scores represent weighted means.
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Rates of notable complications included reconstructive 
failure (3.8% in TSM, 3.6% in DP, and 5.1% in PP), mas-
tectomy flap necrosis (6.5% in TSM, 5.3% in DP, and 4.0% 
in PP cohorts), NAC necrosis (4.7% in TSM, 5.5% in DP, 
and 4.2% in PP), and seroma (2.6% in TSM, 3.6% in DP, 
and 6.5% in PP). Capsular contracture rates were 4.8% in 
TSM, 0.3% in DP, and 3.1% in PP. Rippling was notably 
high in the prepectoral cohort (10.6%) and lower in sub-
muscular planes (0.9% in TSM, 4.8% in DP). Animation 
deformity was reported in 10.3% of TSM and 5.1% of 
DP reconstructions. BREAST-Q satisfaction scores were 
between 60 and 93 across all domains in all cohorts.

Meta-analysis
Six studies compared subpectoral with prepectoral 

reconstructions and were included for meta-analysis. 
The SP cohort comprised a pooled cohort of TSM and 
DP patients (Table 2). Because only a single study com-
pared TSM with DP cohorts, no meta-analysis could be 
performed between these planes.23 Table 5 details patient 
and surgical factors for the six comparative studies. Most 
demographics and risk factors were similar between the 
PP and SP cohorts, including age (46.4 versus 47.4 years), 
BMI (24.4 versus 24.3), diabetes (5.3% versus 3.5%) and 
preoperative (2.3% versus 1.6%) and adjuvant (11.3% 
versus 10.9%) radiation. Subpectoral reconstructions 
had a higher rate of tobacco use compared with pre-
pectoral cases (6.7% versus 2.7%) as well as two-stage 

tissue expander reconstruction (58.0% versus 41.9%) as 
opposed to direct-to-implant.

Results of fixed-effects meta-analysis of six compara-
tive studies performed (Figs. 2–7) demonstrated a sig-
nificantly decreased risk of mastectomy flap necrosis in 
prepectoral reconstruction compared with subpectoral 
[relative risk (RR) 0.24, 95% confidence interval (CI) 
0.08–0.74] (Fig. 2). Rates of other complications were not 
different between cohorts (Figs. 3–7), including recon-
structive failure (RR 0.95, 95% CI 0.52–1.72), NAC necro-
sis (RR 0.75, 95% CI 0.45–1.27), infection (RR 1.35, 95% 
CI 0.95–1.92), hematoma (RR 1.51, 95% CI 0.44–5.21), 
and seroma (RR 1.06, 95% CI 0.48–2.32). Publication bias 
for each outcome was assessed visually using funnel plots, 
which were felt to be symmetric for each outcome, indicat-
ing relative lack of significant publication bias, although 
the small number of included studies limits interpreta-
tion. [See figure, Supplemental Digital Content 2, funnel 
plots for publication bias. Funnel plots representing risk 
of bias from meta-analysis are shown. Outcomes include 
(a) mastectomy necrosis, (b) explant, (c) nipple-areolar 
complex necrosis, (d) infection, (e) hematoma, and (f) 
seroma. http://links.lww.com/PRSGO/D204.]

DISCUSSION
This study provides the first systematic review and 

meta-analysis of implant-based breast reconstruction 

Table 5. Patient Demographics and Surgical Factors in Comparative Studies

 PP 

SP

All SP TSM DP

Sample Size        
Patients, n* 405+ 408+ 95+ 313
Breasts, n 860+ 1038 512 526
Factor Value N Reporting Value N Reporting Value N Reporting Value N Reporting
Age, mean (y) 46.4 405 47.4 408 44 95 47.1 313
BMI, mean 24.4 405 24.3 408 24.8 95 24.2 313
Diabetes, % (n) 5.3 (11) 207 3.5 (7) 199 NR 0 3.5 (7) 199
Tobacco use, % (n) 2.2 (7) 323 6.7 (21) 313 NR 0 6.7 (21) 313
XRT, preoperative, % (n) 2.3 (13) 571 1.6 (8) 486 0 (0) 146 2.4 (8) 340
XRT, adjuvant, % (n) 11.3 (51) 452 10.9 (51) 470 15.1 (22) 146 9.0 (29) 324
Mastectomy weight, mean (g) 372.4 272 356.3 198 NR 0 356.3 198
Implant size, mean (mL) 442.4 323 434.5 313 NR 0 434.5 313
ADM use, % (n) 75.1 (492) 655 48.5 (1038) 672 0 512† 96.0 (503) 526
Diagnosis 209 79 0 79
 � Prophylactic, % (n) 62.2 (130) 59.5 (47) NR 59.5 (47)
 � Cancer, % (n) 37.8 (79) 40.5 (32) NR 40.5 (32)
Staged 860 1038 512 526
 � TE, % (n) 41.9 (360) 58.0 (602) 41.6 (213) 74.0 (389)
 � DTI, % (n) 57.4 (494) 41.6 (432) 58.4 (299) 25.3 (133)
Implant Type 312 348 146 202
 � Smooth, % (n) 52.6 (164) 22.4 (78) 0 (0) 38.6 (78)
 � Textured, % (n) 46.2 (144) 69.3 (241) 100 (146) 47.1 (95)
Mastectomy Incision 412 281 0 281
 � Radial, % (n) 17.2 (71) 3.9 (11) NR 8.9 (25)
 � IMF, % (n) 79.1 (326) 85.4 (240) NR 85.4 (240)
 � Wise pattern, % (n) 1.0 (4) 0 NR 0
 � Periareolar, % (n) 0 0 NR 0
*Sample size (patients) was not reported by all studies. NR, not reported.
†All TSM reconstructions were assumed to be performed without ADM if not specified.

http://links.lww.com/PRSGO/D204
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after NSM with comparison of outcomes between PP 
and SP reconstruction. A recent meta-analysis of breast 
reconstruction by Saldanha, et al compared outcomes 
between various planes of breast reconstruction.6 Their 
findings suggest lower rates of pain and upper extremity 
disability in PP reconstructions, with comparable rates of 
most measured complications across all implant planes. 
Specifically, rates of necrosis and infection were found 
to be similar between planes by two individual included 

studies, but with wide odds ratios and inability to per-
form meta-analysis.59,60 Although Saldanha’s review pro-
vided insight into many aspects of breast reconstruction, 
it included all types of mastectomy (NSM, skin-sparing, 
and simple mastectomy) without controlling for nipple 
preservation. At least four other recent reviews have 
used similar methodology.61–64 Murphy et al also recently 
reviewed ADM versus no-ADM reconstructions, but did 
not specifically stratify by plane of reconstruction or 

Fig. 2. Fixed-effects meta-analysis results for mastectomy flap necrosis. A significantly lower rate of mastectomy flap necrosis was noted 
in the prepectoral group (RR 0.24).

Fig. 3. Fixed-effects meta-analysis results for explant. No significant difference was found between the prepectoral and subpectoral 
groups.

Fig. 4. Fixed-effects meta-analysis results for nipple-areolar complex necrosis. No significant difference was found between the prepec-
toral and subpectoral groups.
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nipple preservation.65 Given the critical implications of 
preservation of the entirety of the skin envelope on isch-
emic complications of the mastectomy flap and NAC, 
which also influence infection and reconstructive fail-
ure, this study sought to specifically compare outcomes 
among different planes of reconstruction only in imme-
diate reconstruction after NSM.

The total pool of patients for descriptive analysis was 
robust, incorporating 4646 reconstructed breasts, though 
studies ranged over a longer period (1998–2022). The 

overall sample of patients in the comparative meta-analysis 
was also large, incorporating up to 1898 reconstructions 
with more recent studies (range 2017–2021). Results of 
the meta-analysis demonstrate comparable rates of most 
complications between PP and SP reconstructions, apart 
from mastectomy flap necrosis being more common in 
the SP cohort.

Demographics and patient factors were overall similar 
between the cohorts in the meta-analysis. However, cer-
tain features of the SP cohort may potentially explain the 

Fig. 5. Fixed-effects meta-analysis results for infection. No significant difference was found between the prepectoral and subpectoral 
groups.

Fig. 6. Fixed-effects meta-analysis results for hematoma. No significant difference was found between the prepectoral and subpectoral 
groups.

Fig. 7. Fixed-effects meta-analysis results for seroma. No significant difference was found between the prepectoral and subpectoral 
groups.
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choice to use this plane, such as the higher incidence of 
tobacco use (6.7%), which could be considered as a rela-
tive contraindication to PP reconstruction. Importantly, 
with the smaller sample in the comparative studies, 
many factors are not reported consistently enough in the 
included study to draw definitive conclusions.

The meta-analysis demonstrated significantly lower 
rates of mastectomy flap necrosis in PP compared with 
SP reconstructions. One potential explanation is preop-
erative and intraoperative selection bias given the retro-
spective, nonrandomized nature of the studies included 
in the meta-analysis. Preoperative decision-making may 
funnel poor candidates for PP reconstruction or those 
with a higher risk of potential mastectomy flap necro-
sis (smoking, ptosis, macromastia) into the SP cohorts. 
Additionally, intraoperative decision-making based on 
mastectomy flap quality is likely the most critical factor 
and would select for patients with potential mastectomy 
flap ischemia based on clinical or imaging evaluation to 
receive subpectoral reconstructions due to concerns about 
potential flap ischemia. More recently, indocyanine green 
(ICG) angiography has been used to assist intraoperative 
assessment of mastectomy flap perfusion, but this was only 
mentioned by two of the comparative studies (Avila et al, 
and Franceschini et al). Sbitany et al report eight cases 
of mastectomy flap necrosis in their DP cohort and only 
one in their PP cohort.58 However, the authors discuss that 
threatened flaps were treated with either delayed recon-
struction or with submuscular reconstruction, potentially 
explaining their higher rate of flap necrosis in the DP 
cohort. The utilization of TE reconstruction (rather than 
DTI) may in some cases reflect a high-risk reconstruction. 
We identified a higher rate of TE reconstruction in the 
TSM cohort (58.0%) versus the pooled SP cohort (41.9%) 
in the comparative analysis (Table 5).

Learning curve within each study may also contribute 
to these findings given the later adoption of PP reconstruc-
tion compared with SP techniques. Avila et al report one 
incidence of mastectomy flap necrosis in their PP cohort 
and 11 in their SP cohort.7 However, closer examination 
of their data demonstrate that nine of the SP flap necroses 
occurred within a single year (2015). The occurrence of 
the majority of mastectomy flap necrosis early on in their 
study period may suggest contribution of a learning curve 
to the observed outcomes.

It is inherently logical that optimal candidates are cho-
sen for PP reconstruction after NSM based on both pre-
operative and intraoperative factors. Although this bias is 
important to consider during interpretation of the data, 
it does not undermine the findings of this study, which 
demonstrate that with the appropriate indications, imme-
diate PP reconstruction after NSM is safe compared with 
SP techniques. Such conclusions from larger samples as 
afforded by meta-analysis are useful to broaden the appli-
cability of PP reconstruction to the unique challenges of 
NSM.

It remains important to keep in consideration that 
meta-analysis does not attempt to control for all possible 
patient factors and clinical scenarios. Treatment choices, 
as always, should be individualized. Careful preoperative 

patient selection plays a critical role in determining who 
is a candidate for PP reconstruction after NSM. Equally 
if not arguably more important is clinical and imaging 
assessment of the mastectomy flap quality, particularly 
with regards to NSM, in determination of the optimal 
reconstructive techniques.5,52,66

Long-term outcomes are also critical to consider in 
implant-based reconstruction. Capsular contracture rates 
across all three techniques were low, ranging from 0.3% 
to 4.8%. As would be expected, animation deformity 
was noted in 10.3% of TSM and 5.1% of DP reconstruc-
tions and remains a principle factor in advocating for PP 
reconstruction. On the other hand, rates of rippling were 
higher in PP reconstructions (10.6%) compared with TSM 
and DP planes (0.9% and 4.8%) in the descriptive analy-
sis. Although this outcome could not be comparatively 
analyzed, the observation is similarly intuitive, given the 
decreased soft tissue coverage in the PP plane. However, 
rippling is influenced by many important variables that 
were not analyzed, including absolute subcutaneous tis-
sue thickness of the mastectomy flaps, ADM use, patient 
BMI, implant cohesivity, and utilization of fat grafting. 
More importantly, this demonstrates that while PP recon-
struction avoids animation deformity and has comparable 
short-term outcomes to SP reconstruction, additional aes-
thetic considerations such as a potential increased risk of 
rippling must be discussed with patients preoperatively. 
There is no “perfect” technique.

One potential confounding variable not assessed in 
this analysis is the use of ADM. ADM serves different roles 
in different implant planes. For example, PP reconstruc-
tions often rely on ADM for definition of the implant 
pocket and prosthesis support. Prepectoral reconstruction 
without ADM, however, has also been readily described.67 
A recent systematic review identified similar complication 
rates between ADM- and no-ADM PP reconstructions, 
although these were not limited to NSM.67 The role of 
ADM in this technique continues to require further eluci-
dation. Additionally, a wide variety of ADMs are available, 
with no consensus regarding the optimal material to be 
used.65 Furthermore, given the paucity of studies compar-
ing TSM and DP reconstructions, this differentiation was 
not able to be analyzed in the meta-analysis. However, 
these comparative studies of these techniques have 
been well described in the literature, with a recent meta- 
analysis demonstrating lower overall rates of complications 
in TSM compared with DP reconstructions with mesh.65

Our study has several limitations that are important 
to consider when deriving conclusions and interpreting 
the results. Only six comparative studies were included in 
the meta-analysis; however, overall sample size was large. 
Most of the data from the literature are subject to selec-
tion bias with respect to which patients were appropriate 
to undergo PP reconstruction. Although several risk fac-
tors were comparable between PP and SP cohorts, certain 
factors such as smoking were higher in the TSM cohort, 
suggesting selection of certain higher-risk patients in TSM 
reconstruction. Intraoperative surgeon decision-making 
was also not controlled for, particularly with regard to the 
critical variable of mastectomy flap quality. Several studies 
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included in the meta-analysis noted that the common 
practice of their surgeons changed over time, suggesting 
that time spent in practice may not have been equitable 
between cohorts.7,68 Additionally, the low incidence of 
smoking and diabetes and low BMI potentially limit the 
external applicability of the findings. Finally, long-term 
outcomes, including capsular contracture and patient-
reported outcomes, were unable to be included in the 
meta-analysis due to low rates of reporting in compara-
tive studies and remain critical endpoints in evaluation of 
implant-based techniques.

CONCLUSIONS
This systemic review and meta-analysis of patients 

undergoing breast reconstruction in the PP, DP, or TSM 
planes after NSM demonstrates comparable rates of com-
plications between PP and SP cohorts in properly selected 
patients. A higher rate of mastectomy flap necrosis in the 
SP cohort was observed and may reflect selection bias of 
threatened flaps to receive SP reconstructions and the 
learning curve in performing NSM. Importantly, there was 
no difference in reconstructive failure and NAC necrosis 
between reconstructive planes. These findings suggest that 
in the appropriate patient, immediate PP breast recon-
struction is a safe method of reconstruction in patients 
undergoing NSM that carries unique benefits and chal-
lenges compared with traditional mastectomy techniques.
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