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Abstract

Background: In choosing between implant-based and autologous breast reconstruction, surgeons 

and patients must weigh relative risks and benefits. However, differences in outcomes across 

procedure types may vary between unilateral versus bilateral reconstructions. Procedure-related 

differences in complications and patient-reported outcomes (PROs) were evaluated for unilateral 

and bilateral reconstruction.

Methods: Complications and PROs were assessed at two years for patients undergoing 

autologous (TRAM, DIEP, SIEA) or implant-based (TE, DTI) reconstructions. Overall 

complications and major complications (requiring re-admission and/or re-operation) were 

recorded, while PROs were measured with BREAST-Q and PROMIS surveys. Stratified regression 

models compared outcomes between autologous and implant-based reconstructions, separately for 

unilateral and bilateral cohorts.

Results: Among 2125 patients, 917 underwent unilateral (600 implant, 317 autologous) and 

1208 underwent bilateral (994 implant, 214 autologous) reconstructions. Controlling for patient 

characteristics, complication rates were significantly higher in the autologous versus implant-

based group with both unilateral (overall: OR 2.50, p<0.001; major: OR 2.19, p=0.001) and 

bilateral (overall: OR 2.13, p<0.001; major: OR 1.69, p=0.014) cohorts. In unilateral 

reconstruction, the autologous group demonstrated significantly better PROs compared to the 

implant-based group in satisfaction with breast (mean difference=9.85, p<0.001), psychosocial 

well-being (mean difference=4.84, p=0.006), and sexual well-being (mean difference=11.42, 

p<0.001). In bilateral reconstruction, the autologous group demonstrated significantly higher 

PROs only for satisfaction with breast (mean difference=5.13, p=0.001).
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Conclusions: Although autologous reconstruction is associated with significantly better PROs 

compared to implant-based techniques in unilateral reconstruction, procedure choice has far less 

impact in bilateral reconstruction. Autologous procedures have higher complications rates in both 

unilateral and bilateral settings.

Introduction

When choosing between implant-based and autologous flap breast reconstruction, surgeons 

and patients routinely weigh relative risks and benefits. Previous studies suggest that 

autologous flap breast reconstruction is superior to implant-based breast reconstruction in 

delivering long-term aesthetic outcomes, patient satisfaction, and quality of life (1–4). 

Autologous breast reconstruction can mimic the natural breast, maintain more stable 

aesthetic results over time, and avoid long-term implant-associated complications such as 

capsular contracture, age-related deterioration, and vulnerability in weight fluctuation. 

However, analysis of complication rates and clinical outcomes between procedure types 

yield different results depending on whether breast reconstruction is performed unilaterally 

versus bilaterally.

The rate of bilateral breast reconstruction has increased as more women with unilateral 

breast cancer pursue contralateral prophylactic mastectomies and gene carriers pursue 

bilateral risk-reducing mastectomies. Prophylactic mastectomy reduces the risk of breast 

cancer by 90% in both women with BRCA1/2 mutations and in women with a strong family 

history alone (5, 6). In particular, younger women have elected to pursue bilateral risk-

reducing mastectomies, with the greatest rates observed in young women with a BRCA 

mutation, HER2 positivity, large tumor size, node involvement, or fear of recurrence(7). 

Additionally, unilateral breast cancer that presents with a higher stage of disease is 

associated with bilateral mastectomy(8). Overall, the rate of bilateral mastectomy in breast 

cancer patients increased nearly three-fold from 2005 to 2012(3). Given the increased rate of 

bilateral mastectomies, the optimal method of breast reconstruction for both bilateral and 

unilateral reconstruction deserves greater focus. Despite evidence demonstrating superior 

outcomes with autologous breast reconstruction, implant-based breast reconstruction is more 

commonly performed in bilateral cases, where achieving symmetry with the native 

contralateral breast is not a consideration. Although potential differences may exist in the 

relative complication rates and long-term clinical outcomes when specific reconstructive 

methods are performed unilaterally versus bilaterally, no prior study has examined whether 

performance of unilateral versus bilateral breast reconstruction should be a significant 

consideration when making reconstructive procedure choices.

Our study evaluates the impact of unilateral versus bilateral breast reconstruction on 

reconstruction procedure choices and clinical outcomes utilizing data from the Mastectomy 

Reconstruction Outcomes Consortium (MROC) study. The goals of this study were to 

compare (1) the overall and major complications and (2) patient-reported outcomes (PROs) 

between autologous flap and implant-based reconstructions stratified by immediate 

unilateral and bilateral breast reconstruction.
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Methods:

Study Population

Patients were recruited from the Mastectomy Reconstruction Outcomes Consortium 

(MROC), a multicenter prospective cohort study of patients undergoing mastectomy 

reconstruction at 11 institutions in the United States (District of Columbia, Georgia, Illinois, 

Massachusetts, Michigan, New York, Ohio, Texas) and Canada (British Columbia, 

Manitoba) over 5 years (2012–2017). Institutional Review Board (IRB) or Research Ethics 

Board (REB) approvals were obtained from participating sites.

All patients who underwent immediate breast reconstruction with autologous flap or 

implant-based techniques were included. Autologous flap reconstructions included 

transverse rectus abdominis (TRAM) flap, deep inferior epigastric perforator (DIEP) flap, or 

superficial inferior epigastric artery (SIEA) flap reconstruction. Implant-based breast 

reconstructions included tissue expander (TE) or direct-to-implant (DTI) reconstruction. The 

patient population then was subdivided into unilateral or bilateral reconstruction subgroups. 

Both prophylactic and therapeutic mastectomies were included. All patients completed at 

least two-years of post-operative follow-up. Patients were excluded if they underwent mixed 

implant and autologous reconstruction (e.g. unilateral reconstruction with latissimus flap 

plus implant; or bilateral reconstruction with autologous flap on one side and implant-based 

reconstruction on the other side), delayed or delayed-immediate reconstruction, or bilateral 

reconstruction with mixed timing (e.g. immediate on one side and delayed on the other side).

Data Collection

Demographic and clinical characteristics of patients were collected, including age, body 

mass index (BMI), smoking status (non-smoker, prior smoker, current smoker), diabetes 

mellitus, laterality (unilateral vs. bilateral), mastectomy indication (therapeutic vs. 

prophylactic), mastectomy type (simple or modified radical vs. nipple sparing), 

reconstruction timing (immediate vs. delayed), reconstruction type (autologous vs. implant-

based), radiation (none, pre-mastectomy, post-reconstruction), and adjuvant chemotherapy. 

Data on contralateral symmetry procedures were collected for unilateral breast 

reconstruction patients which included augmentation, mastopexy, and reduction.

Surgical complications were compiled at two-years postoperatively through electronic 

medical record (EMR) review. Complications were analyzed separately in terms of (1) 

overall complication rates and (2) major complication rates, with major complications 

defined as those requiring readmission and/or reoperation. Complications observed in both 

flap and implant-based reconstruction included hematoma, seroma, infection, wound 

dehiscence, and hypertrophic or keloid scarring. Flap-specific complications included partial 

flap loss, total flap loss, fat necrosis, abdominal hernia or bulge, and donor-site wound 

dehiscence. Implant-based breast reconstruction-specific complications included 

explantation. For unilateral reconstructions, complication data analyzed was specific to the 

reconstructed breast and/or donor site (if applicable) and did not include complications from 

the contralateral symmetry procedure.
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Patient-reported outcomes (PROs) were measured through the validated BREAST-Q breast 

reconstruction module and the validated Patient-Reported Outcomes Measurement 

Information System (PROMIS) surveys (9, 10). Data from both surveys were collected 

preoperatively and two-years postoperatively. The BREAST-Q breast reconstruction module 

measured patient satisfaction with the breast, psychosocial well-being, physical well-being, 

and sexual well-being. Responses were quantified using Q-score software. The PROMIS 

survey was utilized to evaluate physical well-being. Only patients with successfully 

completed reconstructions were included for PRO analysis per the original MROC study 

protocol.

Statistical Analysis

Patient characteristics were compared by procedure type (implant-based vs. autologous), 

stratified by laterality (unilateral vs. bilateral), using Student’s t-test for continuous variables 

and chi-square tests for categorical factors. Two-year postoperative complication rates and 

PROs were evaluated between two procedure groups for unilateral and bilateral 

reconstruction, respectively. Mixed-effects regression models with study centers as random 

intercepts were used to further compare outcomes of patients across procedure groups. 

Patient-reported outcome scores at the two-year post-reconstruction time point were missing 

for some patients. To reduce potential bias, multiple imputations with chained equations 

were employed to create 10 complete imputed datasets. The regression models specified 

above were fit for each imputed data set. The results were then combined using Rubin’s rule. 

We reported adjusted odds ratios (ORs) for complications and Beta coefficients for PROs, 

with 95% confidence intervals (CI) and corresponding p-values. Statistical analysis was 

performed with SAS 9.4 (SAS Institute, Cary, NC) with statistical significance of 0.05.

Results:

Patient Characteristics

A total of 2125 patients were included, with 917 patients undergoing unilateral breast 

reconstruction (600 implant, 317 autologous) and 1208 undergoing bilateral breast 

reconstruction (994 implant, 214 autologous). Average age was 49.1 years (implant 

unilateral: 52.5; autologous unilateral: 52.7; implant bilateral: 45.9; autologous bilateral: 

49.8; p<0.001). Patients who underwent bilateral breast reconstruction with implant-based 

techniques were significantly younger than those who underwent autologous flap 

reconstruction (p<0.001). Average BMI was 26.5 (implant unilateral: 26.2; autologous 

unilateral: 28.3; implant bilateral: 25.3; and autologous bilateral: 30.0; p<0.001). Patients 

who underwent implant-based breast reconstruction had significantly lower BMIs than those 

who underwent autologous flap reconstruction for both unilateral (p<0.001) and bilateral 

(p<0.001) reconstruction. Contralateral procedures were performed on 59.5% of unilateral 

implant-based reconstruction patients and 45.1% of unilateral autologous flap reconstruction 

patients. The implant-based reconstruction group had a higher rate of nipple-sparing 

mastectomies compared to the autologous reconstruction group in both unilateral and 

bilateral reconstruction settings (p<0.001). Table 1 further summarizes patient characteristics 

by type and laterality of reconstruction performed.
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Complications

Unilateral Reconstruction—Two-year overall complication rates and major 

complication rates were significantly higher for patients undergoing unilateral autologous 

flap reconstruction compared to unilateral implant-based reconstruction (overall: 46.4% vs. 

24.2%, p<0.001; major: 27.4% vs. 17.5%, p<0.001) (Table 2). Multivariable analysis 

demonstrated that autologous flap reconstruction was associated with significantly higher 

overall complications (OR 2.50, p<0.001) and major complications (OR 2.19, p=0.001) 

compared to implant-based breast reconstruction (Table 3). However, autologous 

reconstruction was associated with a significantly lower risk of reconstruction failure, 

defined as loss of implant or total flap loss, compared to implant-based reconstruction (OR 

0.12, p<0.001). Not surprisingly, increasing age, BMI, active smoking, and post-mastectomy 

radiotherapy were associated with significantly higher complication rates. Table 3 

summarizes the multivariate analysis results for two-year complications.

Bilateral Reconstruction—Similar to the findings for unilateral breast reconstruction, 

bilateral breast reconstruction two-year complication rates were significantly higher for 

autologous flap reconstruction compared to implant-based reconstruction in terms of both 

overall complications (57.5% vs. 28.9%, p<0.001) and major complications (37.9% vs. 

21.6%, p<0.001) (Table 2). Again, multivariable analysis showed autologous flap 

reconstruction to be associated with significantly higher risk of overall (OR 2.13, p<0.001) 

and major complications (OR 1.69, p=0.014) compared to implant-based reconstruction 

(Table 4). Similar to findings in the unilateral reconstruction group analysis, bilateral breast 

reconstruction patients with autologous reconstruction had lower rates of reconstructive 

failure compared to patients undergoing implant-based reconstruction (OR 0.14, p=0.001). 

Increasing BMI, current smoking, and both pre-reconstruction and post-reconstruction 

radiotherapy were associated with a significantly increased risk of reconstruction failure 

(Table 4).

Patient-Reported Outcome Measures

Patient-reported outcomes (PROs) measured through the BREAST-Q breast reconstruction 

module evaluated patient satisfaction with the breast, psychosocial well-being, physical 

well-being, and sexual well-being. Tables 5 summarizes the unadjusted PRO scores from 

BREAST-Q and PROMIS surveys for both unilateral and bilateral reconstruction groups.

Unilateral Reconstruction—In the unilateral breast reconstruction group, autologous 

flap reconstruction was associated with higher PRO scores in majority of the BREAST-Q 

subscales compared to the implant-based group (Table 6). Patients in the autologous flap 

group reported significantly higher scores compared to those in the implant-based group in 

satisfaction with breast by 9.85 (p<0.001), in psychosocial well-being by 4.84 (p=0.006), 

and in sexual well-being by 11.42 (p<0.001). Of note, a higher percentage of patients in the 

implant-based reconstruction group elected to pursue contralateral breast procedures for 

symmetry compared to patient in the autologous group (59.5% vs. 45.1%), and this 

difference was controlled for in the multivariable analysis. Post-mastectomy radiotherapy 

negatively impacted PRO measures across the board including satisfaction with the breast, 

psychosocial well-being, physical well-being, and sexual well-being.
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Bilateral Reconstruction—Interestingly, the superior performance of autologous flaps in 

terms of PROs was less pronounced in the setting of bilateral breast reconstruction. There 

was no significant difference between the autologous flap group and the implant-based 

reconstruction group in psychosocial well-being and physical well-being scores (Table 7). 

Although the autologous flap group demonstrated higher sexual well-being score (mean 

difference: 4.20, p=0.056) and lower PROMIS physical well-being score (mean difference: 

−1.21, p=0.060), this did not reach a statistical significance. In the setting of bilateral 

reconstruction, the autologous group demonstrated significantly higher scores only for 

satisfaction with breast (mean difference: 5.13, p=0.001); however, even with this score the 

effect size was smaller compared to the difference noted in a unilateral reconstruction 

setting.

Discussion:

When considering the advantages and disadvantages of various reconstruction options, the 

importance of considering bilateral and unilateral reconstruction has been insufficiently 

analyzed in the literature. Specifically, perceived advantages of one technique over another 

in terms of complication rates, risk factors, and patient outcomes may only be valid in the 

setting of unilateral reconstruction; any previously reported differences may be lessened or 

eliminated altogether in the setting of bilateral reconstruction. The distinction is important 

given the apparent growing rate of bilateral breast reconstruction in this country. 

Furthermore, as an increasing number of unilateral breast cancer patients explore 

contralateral prophylactic mastectomy, comprehensive discussions addressing the 

distinctions between unilateral versus bilateral reconstruction become critical in their 

decision-making process.

Previous studies reported superior patient satisfaction with autologous reconstruction as 

compared to implant-based reconstruction; however, few studies performed separate 

analyses for bilateral versus unilateral reconstruction. In the Michigan Breast Reconstruction 

Outcome Study, Alderman et al. (2000) demonstrated that patients undergoing autologous 

tissue reconstruction reported higher general and aesthetic satisfaction than patients 

undergoing implant-based reconstruction, with a difference maintained for at least two years 

following surgery(4, 11). Hu et al. (2009) asserted that autologous breast reconstruction 

patients had stable aesthetic satisfaction long-term while implant-based reconstruction 

patients demonstrated decreased aesthetic satisfaction; however, the results were not 

analyzed separately for unilateral versus bilateral reconstruction. Yueh et al. (2010) 

concluded that autologous reconstruction resulted in a higher rate of general and aesthetic 

satisfaction compared to implant-based reconstruction, but in this relatively underpowered 

study both unilateral and bilateral breast reconstruction patients were again combined into 

one group for analysis(1). Recently, Liu et al. (2014) determined that quality of life and 

patient satisfaction were both higher after abdominal autologous flap reconstruction 

compared to implant-based reconstruction, but this study was limited to evaluation of 

unilateral breast reconstruction patients(2). Another important consideration is the timing of 

previous studies, as standards of implant-based reconstruction have evolved considerably 

from earlier literature. For example, 92% of the study patients analyzed by Hu et al. who 

underwent implant-based reconstruction received saline implants (8). The use of acellular 
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dermal matrix as an adjunct and availability of silicone gel implants have improved the 

overall quality of implant-based breast reconstruction.

Our current study of 2125 women represents the largest prospective study that specifically 

compares patient reported outcomes and complications between patients undergoing 

bilateral versus unilateral breast reconstruction. This study describes apparent practice trends 

in terms of contemporary clinical decision-making. For example, patients undergoing 

bilateral breast reconstruction were more likely to undergo implant-based breast 

reconstruction(1). The higher rate of implant-based reconstruction following bilateral 

mastectomy is likely due to multiple factors: patients undergoing bilateral mastectomies for 

contralateral prophylaxis or gene-carrying risk-reduction are often younger, with less 

abdominal donor tissue availability, reduced willingness to accept potential donor site 

morbidity due to a more active lifestyle, and less willingness to take time off for a more 

prolonged recovery period. Furthermore, symmetry in implant-based reconstruction may be 

achieved more easily through a bilateral approach given no need to match a native 

contralateral breast.

Our study demonstrated a higher rate of overall and major complications with autologous 

reconstruction as compared to implant-based reconstruction for both unilateral and bilateral 

breast reconstruction settings. This finding was not surprising given the additional potential 

for donor site complications with autologous reconstruction and the significantly longer 

operative time required. Bilateral autologous breast reconstruction was associated with a 

higher complication rate compared to unilateral autologous reconstructions due to increased 

donor-site morbidity. This is consistent with the findings from a recent study comparing 

abdominal tissue-based breast reconstruction techniques which demonstrated that bilateral 

reconstruction was the most significant predictor for poor abdominal physical well-

being(12). Although this study reported a higher rate of reconstruction failure associated 

with implant-based reconstruction, this result was likely due to the study-specific definition 

of “failure” as total flap loss which would be expected to occur much less commonly than 

implant explantation resulting from infection or skin flap compromise.

Consistent with prior published studies, our results demonstrated that autologous flap breast 

reconstruction was associated with higher satisfaction with the breast compared to implant-

based reconstruction in the setting of unilateral breast reconstruction. Patients reported 

significantly higher PRO scores throughout the measured scales including satisfaction with 

breast, psychosocial well-being, and sexual well-being. However, superiority in PRO scores 

following autologous flap reconstruction was much less apparent in the bilateral breast 

reconstruction setting versus unilateral. The autologous flap reconstruction group in the 

bilateral setting had higher PROs with satisfaction with the breast, but this was reduced 

approximately fifty percent as compared to the unilateral setting. No significant difference 

was observed in psychosocial well-being in the bilateral setting. Of note, although the 

precise clinical significance of the difference in BREAST-Q scores continues to be 

evaluated, a difference of 4–7 points in the BREAST-Q Reconstruction Module reflects a 

“moderate” clinical significance, while a difference of 8–10 points reflects a “large” clinical 

significance(13). The degree of score differential between reconstructive methods in 

unilateral and bilateral setting therefore appears clinically significant.
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Decision-making with respect to breast reconstruction is complex given the many important 

factors that must be weighed when considering specific treatment options. While some 

reconstructive surgeons may universally favor one reconstruction technique over another, the 

option that performs best in the setting of unilateral reconstruction may not carry the same 

advantages when applied to bilateral reconstruction. Patient counseling highlighting the 

potential benefits and risks of reconstructive options is critical in the shared decision-making 

process for breast reconstruction and should be modified depending on whether surgery will 

be unilateral or bilateral. While our study results confirmed that autologous flap breast 

reconstruction leads to improved long-term satisfaction over implant-based reconstruction, 

the results also suggest significant attenuation of this advantage in the bilateral 

reconstruction setting.

Conclusions:

Although autologous breast reconstruction is associated with significantly higher patient 

reported outcomes compared to implant-based reconstruction techniques, the relative 

advantages appear to be less compelling in the setting of bilateral breast reconstruction. 

Consequently, laterality, i.e. unilateral vs. bilateral breast reconstruction, needs to be taken 

into account when considering the various reconstructive procedure choices.
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