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BACKGROUND
According to the American Cancer Society, 1 in 8 women 

will develop breast cancer over the course of their lifetime.1 
Although the risk of developing breast cancer increases with 
age, 7% of all breast cancers are diagnosed under the age of 
40.2 Management of this group of patients is challenging as 
they tend to have more aggressive cancers and recurrence 
rates, and more frequently require adjuvant radiation and 

chemotherapy.3–7 These patients also have high incidence of 
deleterious genetic mutations and fertility concerns.3,4 As a 
result, coordination with a multidisciplinary team is neces-
sary in most patients and a coordinated plan of sequencing 
of interventions. Additionally, advances in screening proto-
cols, genetic testing, and increased awareness have led to an 
increase in the number of patients undergoing risk-reduc-
ing mastectomies with subsequent reconstruction.8

Breast reconstruction has been shown to improve 
quality of life and social and psychological satisfaction of 
female patients undergoing mastectomy.9–12 Current data 
suggest that self-image and sexuality after mastectomy are 
more negatively affected in this young population.13 Fur-
thermore, younger patients are also more likely to choose 
implant-based reconstruction (IBR) than flap reconstruc-
tion due to concerns over abdominal wall morbidity, 
 potential effect on future pregnancies, and the increased 
likelihood of undergoing a contralateral mastectomy.14–16
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IBR remains the most common reconstructive ap-
proach among women undergoing mastectomy and has 
significantly evolved over the last 2 decades.17–20 Muscle 
coverage, whether total or partial, has been historically ad-
vocated as the preferred approach because it adds an ad-
ditional layer of vascularized coverage to the implant.21–25 
However, current practices have evolved toward prepec-
toral implant reconstruction as it reduces animation 
deformity, pain, and muscle spasms, compared with the 
subpectoral approach, while maintaining optimal esthetic 
results.26–31 The prepectoral approach has evolved with 
introduction of newer generations of tissue expanders 
(TEs), implants, acellular dermal matrices (ADMs), and 
intraoperative flap perfusion technology.32–36

There is paucity of breast reconstruction outcome stud-
ies specific to this group of young patients. Furthermore, 
comparative studies assessing outcomes of the prepectoral 
and subpectoral approaches are lacking.16,37,38 The aim of 
this study is to compare outcomes and complications be-
tween prepectoral and subpectoral IBR in women young-
er than 40 years old. To our knowledge, this is the first 
study to address this comparison in this young age group.

METHODS
A retrospective electronic chart review was performed 

to identify all consecutive patients who underwent Im-
plant-Based Breast Reconstruction, from January 2012 to 
December 2016 at our institution. Patients between 18 and 
40 years old, who underwent mastectomy and immediate 
2-staged breast reconstruction at our institution, were in-
cluded. Patients were excluded if they had planned autol-
ogous breast reconstruction, were lost to follow-up before 
completing definitive reconstruction, or did not consent 
to use of their medical records for research purposes. This 
study was approved by our institutional review board.

Patient demographics and characteristics were collected 
including age, body mass index, smoking status (current, 
prior, never), comorbidities, type of mastectomy (skin 
sparing, nipple sparing), intent of surgery (therapeutic or 
prophylactic), location of the TE/implant (subpectoral or 
prepectoral), use of ADM, and additional oncologic treat-
ment (radiation and/or chemotherapy). Postoperative 
complications, including primary wound dehiscence, skin 
flap necrosis, seroma, hematoma, breast infection, and im-
plant or TE explantation, were recorded. Primary wound 
dehiscence was defined as full-thickness wound separation 
≥0.5 cm unrelated to proceeding complications. Skin flap 
necrosis was defined as full-thickness skin necrosis. Seroma 
and hematomas were defined as those who were symptom-
atic and required aspiration or evacuation in the operat-
ing room. Breast infection was defined using the Centers 
for Disease Control and Prevention criteria for surgical site 
infections.39 Implant and TE explantation were defined as 
device removal secondary to a complication.

Statistical Analysis
Categorical variables were reported as counts and per-

centages. Continuous data were evaluated by the Shap-
iro–Wilk test for normal distributions. Data with normal 

distribution were reported as means with SD, and compari-
sons were performed with the t test. Data with no normal 
distribution were presented as medians with interquartile 
ranges for the 25th–75th percentile, and comparisons 
were performed with the Mann–Whitney–Wilcoxon test. 
Categorical data were presented as a percentage and an-
alyzed using the chi-square test, and for samples smaller 
than 5 data points, the Fisher exact test was used. A value of  
P < 0.05 was considered significant. Conditional logistic 
regression models were performed using JMP Pro 13 soft-
ware (JMP, Pro 13, SAS Institute Inc, Cary, NC, 1989-2019).

RESULTS
A total of 169 patients were identified, who met the in-

clusion criteria and make up the study population, which 
included 311 breasts. Patient’s demographics are sum-
marized in Table 1. Of these, 100 patients (187 breasts) 
underwent prepectoral and 69 (124 breasts) underwent 
subpectoral reconstruction; all were 2-stage breast re-
constructions. Patients who underwent prepectoral and 
subpectoral reconstruction were similar on almost all 
characteristics. The mean age was 35.3 (±3.8) in the pre-
pectoral group and 34.2 (±4.7) in the subpectoral group 
(P = 0.207). Mean body mass index was 25.3 (±5.8) in 
the prepectoral group and 26.3 (±5.7) in the subpectoral 
group (P = 0.205). At the time of the surgery, 6 (6%) pa-
tients had comorbidities in the prepectoral group and 3 
(4.4%) patients in the subpectoral group (P = 0.739). The 
majority of patients were nonsmokers, and prior breast ra-
diation was rare in both groups. Five (5%) patients were 
active smokers in the prepectoral group, and 6 (8.7%) in 
the subpectoral group (P = 0.631). The majority of all pro-
cedures were bilateral, 87 (87%) in the prepectoral group 
and 55 (79.7%) in the subpectoral group (P = 0.203). Neo-
adjuvant chemotherapy was administered to 84 (44.9%) 
and 45 (36.3%) breasts in the prepectoral and subpectoral 
groups, respectively (P = 0.130). The only significant dif-
ference observed between the 2 groups was a higher use of 

Table 1. Patient’s Characteristics

Characteristic
Prepectoral 

(%)
Subpectoral  

(%) P

Patients 100 69  
Age, y 35.3 (± 3.8)* 34.2 (± 4.7)* 0.207
BMI 25.3 (± 5.8)* 26.3 (± 5.7)* 0.205
Comorbidity, n (%) 6 (6) 3 (4.4) 0.739
  HTN 4 (4) 3 (4.4) 1.000
  DM 2 (2) 0 (0) 0.514
Smoking status, n (%)    
  Current 5 (5) 6 (8.7) 0.631
  Former 20 (20) 13 (18.8)  
  Never 75 (75) 50 (72.5)  
Laterality of mastectomy, n (%)   0.203
  Bilateral 87 (87) 55 (79.7)  
  Unilateral 13 (13) 14 (20.3)  
Breasts, n 187 124  
History of radiotherapy, n (%) 3 (1.6) 0 (0) 0.278
Adjuvant radiotherapy, n (%) 32 (17.1) 20 (16.1) 0.820
Neoadjuvant chemotherapy, n (%) 84 (44.9) 45 (36.3) 0.130
Adjuvant chemotherapy, n (%) 70 (37.4) 19 (15.3) <0.001
Adjuvant hormonal therapy, n (%) 81 (43.3) 45 (36.3) 0.216
*Mean and SD.
BMI, body mass index; DM, diabetes mellitus; HTN, hypertension.
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adjuvant chemotherapy in the prepectoral group (37.4%) 
compared with the subpectoral group (15.3%; P < 0.001).

Surgical Characteristics
Surgical characteristics of the 2 groups showed several 

differences, as shown in Table 2. The following are report-
ed per breast. Of all the mastectomies in the prepectoral 
group, 106 (56.7%) were done prophylactically; of these 
68 (36.4%) were contralateral prophylactic mastectomies 
and 38 (20.3%) for high-risk patients. In the subpectoral 
group, 79 (63.7%) mastectomies were prophylactic; of 
these 31 (25%) were contralateral prophylactic mastecto-
mies and 48 (38.7%) for high-risk patients. Therapeutic 
mastectomies were performed in 81 (43.3%) prepectoral 
and 45 (36.3%) subpectoral breasts (P = 0.002). Nipple-
sparing mastectomies were performed in 124 (66.3%) 
breasts in the prepectoral group and 58 (46.8%) breasts 
in the subpectoral group (P = 0.001). ADM use was high-
er in the prepectoral group [186 (99.5%) prepectoral 
cases compared with 118 (95.2%) subpectoral breast re-
constructions, respectively (P = 0.017)]. Autologous fat 
grafting during the second stage of reconstruction was 
performed more frequently in the prepectoral group [161 
(93.6%) breasts in the prepectoral group and 91 (80.5%; 
P = 0.001) in the subpectoral group]. The median time be-
tween TE and implant exchange in the prepectoral group 
was 6.5 (4.9–11.2) months, and 5.6 (4.4–10.6) months in 
the subpectoral group (P = 0.182).

Surgical Outcomes and Complications
Median follow-up was similar; 17.9 (12.1–24.2) months 

in the prepectoral group, and 17.5 (9–28.9) months in 
the subpectoral group (P = 0.844). Table 3 summarizes 
the surgical outcomes and complications of both groups. 
Overall, complications occurred more frequently at the 
first stage (11.3%) compared with the second stage (1.3%; 
P < 0.001). The total number of complications including 
both stages of reconstruction did not vary between groups 
with 20 (10.7%) and 19 (15.3%) complications in the pre-
pectoral and subpectoral groups, respectively (P = 0.227).

During first stage of breast reconstruction, the num-
ber of surgical complications was 18 (9.6%) in the pre-
pectoral group and 17 (13.7%) in the subpectoral group  
(P = 0.264). Complications in the prepectoral and subpec-
toral groups included hematomas 2 (1.1%) and 1 (0.8%), 

respectively (P = 1.000); seromas 5 (2.7%) and 3 (2.4%), 
respectively (P = 1.000); primary wound dehiscence 4 
(2.1%) and 4 (3.2%), respectively (P = 0.717); skin flap 
necrosis 3 (1.6%) and 4 (3.2%), respectively (P = 0.442); 
and infections 11 (5.9%) and 10 (8.1%), respectively  
(P = 0.452). There were 10 (5.4%) TEs explanted in the 
prepectoral group and 8 (6.5%) in the subpectoral group 
(P = 0.683). Of the 10 TEs explanted in the prepectoral 
group, 9 were secondary to infections and 1 was secondary 
to primary wound dehiscence. In the subpectoral group, 
5 TEs were lost secondary to infections, 2 secondary to 
wound dehiscence, and 1 due to mastectomy flap necrosis.

After permanent implant placement, there were 2 
(1.1%) surgical complications in the prepectoral group 
and 2 (1.7%) in the subpectoral group (P = 1.000). These 
complications, in the prepectoral and subpectoral groups, 
included seroma 0 (0%) and 1 (0.8%), respectively  
(P = 0.402); primary wound dehiscence 1 (0.6%) and 1 
(0.8%), respectively (P = 1.000); and infections 1 (0.6%) 
and 0 (0%), respectively (P = 1.000). There were no cases 
of hematomas or skin flap necrosis, and no implants re-
quired explantation in either group.

DISCUSSION
This study evaluates the outcomes and complications 

of prepectoral and subpectoral IBRs in women younger 
than 40 years old. No significant difference was found in 
the total complication rate between the 2 groups (10.7% 
versus 15.3%, respectively; P = 0.227). In addition, total 
device explantation rate was comparable between the 2 
groups. Our study also found no significant differences 
between the 2 groups in terms of specific complication 
rates, including hematoma, seroma, skin flap necrosis, 
primary wound dehiscence, and breast infections.

Young patients are typically more active and more like-
ly to engage in physical activities which tend to exacerbate 

Table 2. Surgical Characteristics

Characteristic
Prepectoral  

(%)
Subpectoral  

(%) P

Breasts 187 124  
Indication for mastectomy   0.002
  Bilateral prophylactic 38 (20.3%) 48 (38.7%)  
  Contralateral prophylactic 68 (36.4%) 31 (25%)  
  Therapeutic 81 (43.3%) 45 (36.3%)  
Mastectomy type   0.001
  Skin sparing 63 (33.7%) 66 (53.2%)  
  Nipple sparing 124 (66.3%) 58 (46.8%)  
ADM used 186 (99.5%) 118 (95.2%) 0.017
Fat grafting 161 (93.6%) 91 (80.5%) 0.001
Time to exchange, mo 6.5 (4.9–11.2)* 5.6 (4.4–10.6)* 0.182
*Median and interquadrant range.

Table 3. Surgical Complications and Outcomes

Complications
Prepectoral  

(%)
Subpectoral  

(%) P

Breasts, n (%) 187 (100) 124 (100)  
Follow up, mo 17.9 (12.1–24.2)* 17.5 (9–28.9)* 0.844
First-stage complications,  

n (%)
18 (9.6) 17 (13.7) 0.264

  Hematoma 2 (1.1) 1 (0.8) 1.000
  Seroma 5 (2.7) 3 (2.4) 1.000
  Primary wound dehiscence 4 (2.1) 4 (3.2) 0.717
  Skin flap necrosis 3 (1.6) 4 (3.2) 0.442
  Breast infection 11 (5.9) 10 (8.1) 0.452
TE explantation, n (%) 10 (5.4) 8 (6.5) 0.683
Second-stage complications,  

n (%)
2 (1.1) 2 (1.7) 1.000

  Hematoma 0 (0) 0 (0) /
  Seroma 0 (0) 1 (0.8) 0.402
  Primary wound dehiscence 1 (0.6) 1 (0.8) 1.000
  Skin flap necrosis 0 (0) 0 (0) /
  Breast infection 1 (0.6) 0 (0) 1.000
Implant explantation, n (%) 0 (0) 0 (0) /
Total reconstruction  

complications, n (%)
20 (10.7) 19 (15.3) 0.227

Total device explantation,  
n (%)

10 (5.4) 8 (6.5) 0.683

*Median and interquadrant range / indicates insufficient data to perform a 
statistical analysis.
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the risk for animation deformity, pain, and muscle spasms, 
which are associated with subpectoral implant place-
ment.13,40,41 Although a few studies have discussed IBR in 
young patients, ours is the first to stratify results according 
to implant placement location.16,42 Prepectoral reconstruc-
tion has the advantage of sparing patients’ muscle-related 
complications, which can be especially beneficial in this 
younger higher risk population.26–29 Although concerns 
such as rippling and capsular contracture are potential 
feared complications of prepectoral reconstruction, in re-
cent practice, this has been avoided with the introduction 
of ADM and fat grafting.34,35,43,44 In our study, 99.5% of pa-
tients who underwent prepectoral breast reconstruction 
had ADM placement, and 93.6% underwent subsequent 
fat grafting during the second stage of reconstruction.

Prepectoral breast reconstruction is an emerging tech-
nique whereby the implant is placed above the pectoralis 
major muscle.45 In a literature review of prepectoral im-
plant-based breast reconstruction, including 14 articles and 
654 breasts with mean age of 51, Chatterjee et al.46 reported 
complication rates of skin flap necrosis (7.8%), seroma 
(6.7%), and explantation of prosthesis (4.6%). This is com-
parable to our prepectoral implants results: 1.6% necrosis, 
2.7% seroma, and 5.4% explantation. When a meta-analysis 
was performed on 4 of these studies comparing 219 prepec-
toral and 408 dual-plane implants, the authors found no sig-
nificant difference in the complication rates.46 Nahabedian 
and Cocilovo38 compared the outcomes of 39 prepectoral 
implants and 50 partial subpectoral implants with a mean 
follow-up of 8.7 months and reported total complication 
rates of 20.5% and 22%, respectively. The prepectoral ver-
sus subpectoral infection rates were 8.1% and 4.8%, seroma 
rates 4.8% and 2.4%, and device explantation rates were 
6.5% and 7.2%, respectively. Walia et al.47 and Bettinger et 
al.48 reported complication rates similar to ours in patients 
of all ages undergoing prepectoral IBR.

Few studies in the literature directly compared prepec-
toral and subpectoral breast reconstruction. In one study 
done in Manchester, Baker et al.49 compared short-term 
outcomes in 40 patients, and showed equivalent pain, 
early complications, and patient-reported outcomes. Fur-
thermore, a study from Italy published in 2014 compared 
34 subpectoral and 39 prepectoral immediate breasts re-
constructions, in patients with no history of radiotherapy, 
smoking, or comorbidities, and reported very low com-
plication rates.50 Last, a study from the University of Cali-
fornia, San Francisco, published in 2017 showed similar 
results when comparing 84 prepectoral and 186 subpecto-
ral breast reconstructions.51

Limitations and Recommendations
Although this is a large study and the first to report 

a comparison of subpectoral versus prepectoral IBR in a 
population under 40, it carries some limitations. This is 
a single institution retrospective review, and the decision 
of TE placement was up to the discretion of the treating 
plastic surgeon. Although we could not identify any signif-
icant difference in the demographics of the 2 populations, 
there is likely inherent selection bias in the placement 
choice. Our study was limited to reporting complications, 

and thus, important issues of costs and cosmetic outcomes 
were not addressed. We report similar short-term compli-
cations with a prepectoral approach; unfortunately, we do 
not have long-term follow-up and thus cannot report on 
capsular contracture, ptosis, and long-term cosmetic out-
comes. The first stage of IBR inherently carries a higher 
risk for complications and patients should be followed 
with caution for early identification and management 
of complications, to improve the final outcome. Further 
high-quality multicenter prospective studies with longer 
follow-up are necessary to provide convincing evidence of 
superiority of one approach over the other.

CONCLUSIONS
Early surgical complications are comparable among 

prepectoral and subpectoral breast reconstruction in 
women under 40 years old. Based on these results, we be-
lieve that the prepectoral approach is reproducible and 
safe in this population. However, longer follow-up stud-
ies are necessary to analyze long-term results. Our study 
provides additional support to the available literature and 
further suggests the viability and safety of prepectoral IBR 
for younger patients with breast cancer.
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