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BACKGROUND
Breast cancer is the second leading cause of cancer 

deaths among women in the United States. The American 
Cancer Society estimated that 231,840 new cases of inva-
sive breast cancer and 40,200 deaths due to the disease 
would occur in 2015. This represents a 19.8% increase in 

new cases of breast cancer over 2009 estimates.1 In addi-
tion to breast-conserving treatments, mastectomy can be 
an important and definitive locoregional treatment option 
for certain patients. Mastectomy rates have significantly in-
creased in the United States over the past decade, from 
40% in 2005 to 51% in 2011.2,3 Postmastectomy breast 
reconstruction plays an important role in breast cancer 
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Background: Traditionally, tissue expanders (TEs) for breast reconstruction have 
been placed beneath the pectoralis major muscle with or without acellular dermal 
matrix. More recently, full acellular dermal matrix coverage has been described 
for prepectoral TE placement. Our study aims to explore differences in clinical 
and quality-of-life (QOL) outcomes for prepectoral versus subpectoral TE breast 
reconstruction.
Methods: We identified patients who underwent postmastectomy breast recon-
struction with prepectoral or subpectoral TE placement between 2011 and 2015 
and completed QOL surveys. Primary outcomes were postoperative pain and QOL 
scores. Secondary outcomes were clinical outcomes. We used Wilcoxon rank-sum 
test, chi-square test, and linear regression to compare outcomes. Postoperative fol-
low-up for each patient was at least 60 days, except that of pain scores, which were 
at least 30 days. Mean age was 49 ± 10 years.
Results: Twenty-six prepectoral TE patients and 109 subpectoral TE patients met 
inclusion criteria. Pain scores were significantly lower at 12 hours, 1 day, 7 days, and 
30 days postoperatively for the prepectoral group, compared with the subpectoral 
group, even after adjusting for confounding variables [PO12H: Sub-Pectoral (SP) 
median (interquartile range), 7 (5–8), Pre-Pectoral (PP), 5 (2.5–7.5), P value = 
0.004; PO1D: SP, 5 (4–6), PP 3 (2–4), P value = < 0.001; PO7D: SP, 2 (0–4), PP, 0 
(0–2), P value = 0.004; PO30D: SP, 0 (0–2), PP, 0 (0–0), P value = 0.039)]. Breast-
Q scores were not significantly different between study groups. RAND-36 Physical 
Health scores were lower among prepectoral TE patients.
Conclusions: Prepectoral TE breast reconstruction presents an opportunity to im-
prove upon current reconstructive methods and does result in significantly lower 
pain scores. The associated risks have yet to be fully described and are important con-
siderations, as these prepectoral patients had lower physical health outcome scores. 
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survivorship for many women and has been shown to im-
prove quality of life scores,4,5 with benefits extending to a 
woman’s sense of sexuality, body image, and self-esteem.6

Breast reconstruction after mastectomy can be per-
formed using implants or autologous tissue transfer. 
Though autologous transfer results in the closest resem-
blance to the original breast, particularly in radiated pa-
tients, implant-based breast reconstruction is now the 
most widely used approach in the United States,3,7 with 
this technique on the rise. Implant-based reconstructions 
are commonly performed in a single- or 2-staged fash-
ion. The immediate placement of prosthetic implants in 
single-stage reconstructions can be comforting to women 
after mastectomy; however, this type of reconstruction re-
lies more heavily on the quality of the mastectomy flaps 
and thereby increases the risk of postoperative skin necro-
sis.8 In 2-stage reconstructions, a tissue expander (TE) is 
placed at the time of mastectomy, to preserve the natural 
footprint of the breast, and then exchanged for a pros-
thetic implant once the skin envelope has been expanded 
to the desired volume.6,9

Traditionally, 2-stage breast reconstruction was per-
formed using total submuscular coverage of the TE/
implant beneath the pectoralis major and serratus ante-
rior.10 Although cosmetic results have been described to 
be excellent, total submuscular reconstruction is associ-
ated with significant postoperative pain, injury-induced 
muscular deficit, potential for breast animation deformity 
(in greater than 70% of patients), lateral deviation of the 
breast mound with poor inframammary fold definition, 
and insufficient lower pole fullness.6,11 To reduce manipu-
lation of the pectoralis muscle, acellular dermal matrix 
(ADM), either human or animal derived, has emerged to 
reinforce the lower pole of the breast pocket. These dual 
plane reconstructions, also known as partial subpectoral/
partial sub-ADM, minimize elevation of the pectoralis 
muscle and thereby avoid some of the complications de-
scribed above.11 Moreover, they offer comparable cosmetic 
outcomes, a similar safety profile, better early fill volumes, 
and less postoperative pain.10 Prepectoral, also known as 
subcutaneous, implant placement with complete ADM 
coverage has recently been described in breast reconstruc-
tion in the literature.12 Lower postoperative pain scores 
and favorable cosmetic results speak for the potential util-
ity of prepectoral reconstruction.13–16

Prepectoral TE breast reconstruction with human 
ADM presents an opportunity to improve upon current 
reconstructive methods and minimize complications such 
as postoperative pain and breast animation deformity that 
are associated with manipulation of the pectoralis muscle. 
However, the risks associated with prepectoral breast re-
construction are important considerations for patients 
when deciding on a type of reconstruction and these risks 
have yet to be fully explored.17

To date, little is known regarding the effectiveness 
of total ADM-covered devices using a 2-stage reconstruc-
tive approach in the subcutaneous plane.6,12,17 To our 
knowledge, this study is the first retrospective review of 
clinical and quality of life outcomes associated with ADM 
reinforcement of breast pocket tissues in 2-stage tissue 

expansion and implant placement in the subcutaneous 
(prepectoral) plane. The aim of this study to describe 
clinical and quality of life outcomes in women who have 
undergone unilateral or bilateral mastectomy followed by 
immediate, unilateral, or bilateral prepectoral TE breast 
reconstruction reinforced with ADM coverage and com-
pare the results with those of women who have undergone 
mastectomy followed by immediate, subpectoral TE breast 
reconstruction reinforced with partial ADM coverage.

METHODS
This study was a retrospective review of adult (aged 18 

years or older) female patients who underwent unilateral 
or bilateral mastectomy followed by immediate breast re-
construction over a 5-year period (2011–2016). Retrospec-
tive chart reviews of our breast reconstruction patients 
were reviewed and approved by the Institutional Review 
Board at Johns Hopkins School of Medicine. All patients 
were operated on by 2 board-certified plastic and recon-
structive surgeons at our academic institution.

A total of 135 patients underwent unilateral or bilater-
al mastectomy with immediate breast reconstruction over 
the study period and completed our postoperative follow-
up questionnaires. These were divided into 2 cohorts for 
comparison based on the plane of placement of TEs as 
the primary predictor variable: prepectoral versus subpec-
toral. Prepectoral reconstructions were those in which the 
TE was placed above the pectoralis muscle (subcutaneous-
ly), without manipulating the pectoralis muscle. Subpec-
toral reconstructions were those in which a TE was placed 
below the pectoralis muscle after manipulation with the 
use of ADM with inferior pole reinforcement.

Secondary predictor variables were demographic fac-
tors, health status, and oncologic and surgical factors 
potentially related to the outcomes of interest. A careful 
review of all medical records was performed to record 
demographic data (ie, age, body mass index (BMI), and 
smoking status), medical comorbidities (ie, diabetes mel-
litus, hypertension, coronary artery disease), oncological 
data (ie, cancer stage, history of radiation therapy, history 
of chemotherapy), and surgical variables (ie, use of ADM, 
use of tumescent technique for mastectomy, history of 
breast reduction, and placement of TE).

Primary outcome variables were postoperative pain 
scores and subjective assessment of patient satisfaction. 
Postoperative pain scores were collected from the charts 
of included patients, as the recording of pain scores is in-
cluded in the postoperative standard of care. Secondary 
outcome variables were complication rates and number 
of readmission/reoperations. Complications recorded 
hematoma, seroma, minor infection (ie, clinical signs of 
infection successfully treated with outpatient antibiotic 
therapy), major infection (ie, infections requiring hospi-
talization and intravenous antibiotic therapy and/or any 
surgical treatment), minor skin necrosis (ie, partial-thick-
ness necrosis treated with local wound care), or major skin 
necrosis (ie, full-thickness necrosis requiring local wound 
care or surgical debridement and closure). Reoperations 
were calculated for each patient as any operative interven-
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tion beyond the planned number of procedures for the 
method of reconstruction. Planned procedures such as 
nipple reconstruction or tattoo were excluded. Subjec-
tive outcomes were assessed by means of BREAST-Q and 
RAND-36 surveys given to the study pool.18,19

Data were recorded over the study period using Mi-
crosoft Excel and entered into a statistical database, Stata 
v13.1 (StataCorp LP, College Station, Tex.) for analysis. 
Wilcoxon rank-sum test, chi-square test, multiple linear 
regression, and multivariable linear regression were com-
puted to compare the prepectoral and subpectoral groups 
with regard to the predictor variables to identify any con-
founders. Outcome measures, including pain scores, were 
compared by placement of TE for breast reconstruction, 
and multiple regression models were constructed to calcu-
late adjusted associations between the placement of TEs 
and objective and subjective outcomes. For all analysis, 
a value of P < 0.05 was considered significant. A power 
analysis confirmed that the sample size that was available 
for analysis would provide more than 80% power to detect 
a clinically important difference in the primary outcome 
assuming an alpha error of 0.05.20

RESULTS
Over the 5-year study period, a total of 135 patients 

underwent unilateral or bilateral mastectomy with staged 
breast reconstruction and completed our postoperative 
follow-up questionnaire. Twenty-six patients underwent 
staged breast reconstruction with prepectoral TEs and 
ADM. One hundred nine patients underwent breast re-
construction with subpectoral TEs and ADM. Postopera-
tive follow-up for each patient was at least 60 days, except 
for pain scores (which was at least 30 days). Summary sta-
tistics for the study population are listed in Table 1.

Pain scores were significantly lower at 12 hours, 1 day, 
7 days, and 30 days postoperatively for the prepectoral TE 
patient group, compared with the subpectoral TE group. 
This statistical significance was seen even after adjusting 
for confounding variables, including age group, BMI 
class, smoking status, and history of radiation therapy and 
chemotherapy (Table 2).

BREAST-Q scores were not significantly different be-
tween study groups, even after adjusting for the same con-
founding variables. RAND-36 Summary Physical Health 
scores were lower among prepectoral TE patients [me-
dian, 56; interquartile range (IQR), 44–85 points] than 
subpectoral TE patients (median, 83; IQR, 61–94 points; 
P = 0.046), which persisted after adjusting for confound-
ing (12.4 points lower for prepectoral TE; 95% CI, 0.6–
24.2 points lower; P = 0.039). RAND-36 Summary Mental 

Health scores were not significantly different (P = 0.519). 
Fewer patients developed complications in the prepec-
toral group than the subpectoral group (17.4% versus 
30.7%); however, this difference was not statistically sig-
nificant (P = 0.127), even in adjusted analysis (P = 0.148). 
Breast-Q and RAND-36 survey response rate was approxi-
mately 50%. Quality of life data are shown in Table 3 and 
Figure 1. Most common complications were surgical-site 
infection and seroma for the subpectoral group and nip-
ple ischemia and seroma for the prepectoral group. Com-
plication data are summarized in Table 4. Preoperative 
and postoperative images from 1 patient included in our 
study can be seen in Figure 2.

DISCUSSION
Breast cancer remains a significant public health con-

cern, with over 200,000 new cases diagnosed in per year.21 
Breast reconstruction plays a pivotal role in the manage-
ment of breast cancer, with over 105,000 breast recon-
structions performed annually,22 and as evidenced by the 
well-documented restoration of positive self-image and 
psychological well-being following reconstruction of the 
postmastectomy defects.23,24 Furthermore, new advances 
and techniques continue to evolve, allowing for more nat-
ural, efficient methods of breast reconstruction and opti-
mizing patient satisfaction. In an era of cost containment 
and emphasis on efficient practices, a critical analysis of 
the various methodologies for breast reconstruction and 
their outcomes are essential.

Subpectoral TE placement breast reconstruction con-
tinues to be the most common method, but this type of 
reconstruction is associated with significant postopera-
tive pain, injury-induced muscular deficit, and potential 
for breast animation deformity (in greater than 70% of 

Table 1.  Comparison of Subpectoral and Prepectoral TE 
Breast Reconstruction Groups

 Subpectoral Prepectoral P

Age (mean ± SD) 48.6 ± 9.1 51.4 ± 12.8 0.200
BMI 26.1 ± 5.3 24.3 ± 3.6 0.094
Adjuvant radiotherapy, n (%) 30 (28) 3 (12) 0.077
Adjuvant chemotherapy, n (%) 27 (25) 8 (31) 0.565
Smoking status, n (%) 32 (29) 2 (8) 0.022

Table 2. Postoperative Pain Scores of Subpectoral Versus 
Prepectoral Procedures

 
 

Subpectoral  
(n = 109)

Prepectoral  
(n = 26)

PN
Median  
(IQR) N

Median  
(IQR)

PO 12H 103 7 (5–8) 26 5 (2.5–7.5) 0.004
PO 1D 103 5 (4–6) 26 3 (2–4) < 0.001
PO 7D 84 2 (0–4) 24 0 (0–2) 0.004
PO 30D 79 0 (0–2) 24 0 (0-0) 0.039

Table 3. Patient-reported Quality of Life Scores

 
Subpectoral  

(n = 109)
Prepectoral  

(n = 26) P

Breast-Q domains    
  Satisfaction with breasts 47 (40–58) 55 (38–78) 0.127
  Psychosocial well-being 63 (50–82) 79 (50–100) 0.211
  Sexual well-being 47 (34–60) 65 (28–100) 0.337
  Physical well-being of the chest 71 (63–81) 79 (60–91) 0.326
  Satisfaction with outcome 75 (61–100) 88 (63–100) 0.289
  Satisfaction with information 71 (62–90) 85 (74–100) 0.082
  Satisfaction with surgeon 100 (87–100) 100 (100-100) 0.147
RAND-36 subscales    
  Physical health 83 (61–94) 56 (44–85) 0.046
  Mental health 80 (66–86) 73 (47–87) 0.519
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patients).6,11,25,26 The breast reconstruction techniques in 
the prepectoral (subcutaneous) plane was first described 
by Snyderman and Guthrie27 in the 1970s. However, these 
prepectoral reconstruction techniques were found to have 
early associations with a high incidence of complications, 
including mastectomy skin flap necrosis, implant extru-
sion, and capsular contracture.28–30 The recent emergence 
of ADM products as an adjunct to immediate postmastec-
tomy breast reconstruction has been shown to decrease 
the risks of overstretching the lower pole of the breast, 
implant rippling, and capsular contracture.16

After the first stage of the breast reconstruction (the 
TE placement), it has been shown that a low complica-
tion rate of 8.6% is attainable in nonsmokers with a low 
BMI (less than 29), small and nonptotic breasts, and no 
history of radiation.16 Recent literature has further shown 

that prepectoral TE placement for immediate postmastec-
tomy breast reconstruction has several potential benefits, 
ranging from a faster tissue expansion, the ability to fill 
the TE with greater volumes, decreased time to reach final 
expansion, a reduction in postoperative pain, and fewer 
postoperative expansion visits.16

As the prepectoral TE techniques allow for increased 
postoperative filling volumes, there will be fewer clinic 
visits, less postoperative pain, lower costs, less time con-
straints for patients, and a better acceptance of treatment 
plan.16 The ability to have greater and faster early expan-
sion leads to better preservation of the mastectomy skin 
flap, which will result in a better overall cosmetic result. 
However, fast and early expansion also adds stress to the 
skin flap, putting the tissue at risk of necrosis, which is 
completely dependent on the quality of the mastectomy 
(if the blood supply is sufficient). Further, the ability to 
position the TE more toward the midline as to better de-
fine the medial footprint improves the patient’s resulting 
medial cleavage.16

It has been shown that the shape of the reconstructed 
breast is mainly affected by the skin envelope.31 With the 
use of TEs that help produce thin and distensible cap-
sules,32 reconstruction of the skin envelope has become 
easier. In recent years, several reconstructive surgeons 
have reported a better control of the breast shape with 
prepectoral TE placement when compared with subpec-
toral TE placement.32,33 Further, studies have shown that 
prepectoral TE placement results in thinner capsule for-

Fig. 1. Outcomes: BreaSt-Q and ranD-36.

Table 4. Complication Rates of Subpectoral Versus 
Prepectoral Procedures

 Subpectoral Prepectoral P

Any complication, n (%) 19 (17) 8 (31) 0.127
Dehiscence, n (%) 2 (2) 0 (0) 0.487
Hematoma, n (%) 1 (1) 0 (0) 0.624
Surgical-site infection, n (%) 7 (6) 1 (4) 0.617
Nipple ischemia, n (%) 0 (0) 2 (8) 0.004
Necrosis, n (%) 2 (2) 1 (4) 0.532
Seroma, n (%) 7 (6) 4 (15) 0.133
Readmissions, n (%) 7 (6) 2 (8) 0.785
Length of stay 1.13 ± 0.40 1 ± 0 0.088
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mation, which is beneficial to predict and control the 
shape of the reconstructed breast.32

Our comparison analysis of 135 immediate breast recon-
structions using either prepectoral or subpectoral TE breast 
reconstruction reveals comparative BREAST-Q subjective 
satisfaction scores and RAND-36 Summary Mental Health 
scores. Comparable postoperative subjective satisfaction 
scores illustrate that both methods achieve successful cos-
metic and reconstructive results. On the other hand, RAND-
35 Summary Physical Health scores were lower among 
patients who underwent prepectoral TE placement when 
compared with those who underwent subpectoral TE place-
ment, even after confounding. We may not be able to attri-
bute these lower quality of life scores to the surgery because 
we do not have baseline scores due to lack of preoperative 
subjective survey data. We need to see additional studies with 
a higher study population to be able to determine if these 
findings are related to the prepectoral surgery technique.

However, our study also revealed that patients under-
going prepectoral TE placement had significantly lower 
postoperative pain scores compared with those undergo-
ing subpectoral TE placement. We have seen that with the 
lack of manipulation of the pectoralis muscle, there are 
much lower postoperative pain scores. By avoiding the ma-
nipulation of the pectoralis muscle, we can forego the sev-
eral complications that commonly occur in patients who 
underwent subpectoral TE placement.

Prepectoral TE breast reconstruction with complete 
ADM coverage presents an opportunity to improve upon 
current reconstructive methods for select mastectomy pa-
tients. Decreased pain and improved quality of life is some-
thing that we as physicians should all ascribe to providing 
for our patients. Surgical dogma of placing a breast TE 
below a serratus and pectoralis muscle has been replaced 
with subpectoral and subpectoral with ADM for inferior 
pole projection. Prepectoral staged and immediate breast 
reconstruction is perhaps an evolution in mastectomy re-
construction whose time has now arrived. Current use of 
synthetic meshes and biological matrices and newer ones 
in the future will allow us as reconstructive surgeons to 

recapitulate the lost breast and restore femininity without 
obligate pain and suffering. Current and newer saline and 
silicone implants coordinated with synthetic meshes and 
biological matrices in the prepectoral plan will allow plastic 
surgeons to potentially innovate the aesthetics of breast re-
construction. The most natural breast reconstructions are 
often those using autologous adipose tissue, particularly 
in radiated patients. These reconstructions are in the pre-
pectoral plane. As plastic surgeons, this is the anatomical 
space we should favor if human anatomy allows us to obtain 
aesthetically and functional outcomes. However, before the 
decision is finalized, the risks associated with this procedure 
have yet to be fully described and are important consider-
ations for patients and providers when choosing among 
reconstruction options. As plastic surgeons, we strive every 
day to make our procedures better for our patients. We are 
a unique society of surgeons in that we are always iterating 
and always striving for perfection for our patients.

This study has limitations, given the methodology and 
assessed outcomes. As a retrospective study, there is an ele-
ment of selection bias in the patients that were selected for 
surgery type that cannot be avoided. Although we were able 
to obtain full data regarding complications and revisions 
for consecutive patients over a 5-year period, our Breast-Q 
and RAND-36 survey response rate was approximately 50%. 
This may result in skewed results, as patients who were, on 
average, more satisfied with the results of the operation may 
be more likely to respond, upwardly biasing the satisfaction 
scores. Further, our study does have a limited follow-up for 
secondary complications, including pain, and we were un-
able to account for all confounding variables. Cost analy-
sis and comparison was not within the scope of the study 
but would be an important undertaking for future clinical 
studies. Future studies evaluating the cost for both meth-
ods of TE breast reconstruction and revision rates within a 
defined long-term postoperative period would be valuable.

CONCLUSIONS
Patients undergoing prepectoral TE breast reconstruc-

tion have significantly lower postoperative pain scores and 

Fig. 2.  Prepectoral preoperative and postoperative images. a, Displays breasts preoperatively. B, Displays breast reconstruction results at 
postoperative day 21. c, Displays breast reconstruction results at 8 months from initial mastectomy.
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relatively lower complication rates, with regard to dehis-
cence, hematoma, surgical-site infections, and length of 
stay, when compared with patients undergoing subpecto-
ral TE breast reconstruction. We believe that prepectoral 
reconstruction improves patient satisfaction and quality 
of life and lowers postoperative pain scores for select pa-
tients. Carefully designed, prospective studies are needed 
to establish high-quality data to facilitate appropriate se-
lection of patients who may benefit from this procedure.
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