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Abstract

Background—Previous studies suggest that immediate reconstruction following mastectomy 

produces superior results over delayed procedures. However, for medical or oncological reasons, 

some patients may be poor candidates for immediate reconstruction. We compared complications 

and patient-reported outcomes between immediate and delayed breast reconstructions in a 

prospective, multicenter study.

Methods—1957 patients (1806 immediate, 151 delayed) met eligibility criteria. Demographic 

data, major complications, infections, and reconstructive failure rates were evaluated. Patient-

reported outcomes were assessed with BREAST-Q, PROMIS, and EORTC QLQ-BR23 surveys, 
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pre- and two years postoperatively. Subscale scores were compared across cohorts using mixed-

effects regression models, controlling for patient characteristics and hospitals.

Findings—Complete data were available in 1639 immediate and 147 delayed reconstruction 

patients. There were significant baseline differences between immediate and delayed cohorts in 

age, BMI, prevalence of diabetes, lymph node management, use of radiation, and chemotherapy. 

Controlling for clinical covariates, the delayed group had lower odds of any (OR 0.38, p < 0.001) 

and major (OR 0.52, p = 0.016) complications, compared with immediate patients. Furthermore, 

delayed reconstruction was associated with a significantly lower failure rates (6% vs. 1.3%, p = 

0.032). However, multivariate analyses found no significant differences in patient satisfaction or in 

psychosocial, sexual, or physical well-being at two years.

Conclusions—Compared with immediate techniques, delayed reconstruction following 

mastectomy was associated with lower rates of overall and major complication, while providing 

equivalent patient satisfaction and quality of life benefits. Although immediate reconstruction is 

still the preferred choice of most patients and surgeons, delaying reconstruction does not appear to 

compromise clinical or patient-reported outcomes.
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1. Introduction

Although breast conservation therapy is an effective option for patients with early stage 

breast cancer, many women still elect to undergo mastectomy for either cancer treatment or 

prophylaxis. Previous studies have shown that breast reconstruction and the associated 

improvement in body image positively impact health-related quality of life in women after 

mastectomy [1–4]. Although reconstruction can be carried out either at the time of 

mastectomy (“immediate”) or at a later time (“delayed”), immediate reconstruction has 

become more commonplace, due in part to reports showing superior overall aesthetic 

outcomes, higher levels of psychosocial well-being post-mastectomy, and lower costs, 

compared with delayed procedures [5–12]. Despite this recent trend, delayed reconstruction 

may still be advisable in women with significant medical comorbidities, planned post-

mastectomy radiation therapy (PMRT), inflammatory breast cancer, or in patients 

emotionally unready to make well-informed decisions regarding immediate breast 

reconstruction. Psychological and emotional distress accompanying a recent breast cancer 

diagnosis may impair a patient’s decision-making capacity in this setting [13].

While a number of studies have compared complications rates and other clinical outcomes 

for immediate and delayed breast reconstruction [14–17], few investigators have evaluated 

the effects of reconstructive timing on patient reported outcomes (PROs). Of the studies 

analyzing PROs for immediate and delayed reconstruction, most have been limited by their 

retrospective, cross-sectional designs, small sample sizes, and failure to adequately control 

for confounding variables. A Cochrane review of all literature sources comparing immediate 

with delayed breast reconstruction found only one randomized, controlled trial, highlighting 
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the need for more adequately powered studies focusing on clinical and psychological 

outcomes [18]. Therefore, the aim of the current multicenter analysis was to prospectively 

compare long-term complications and PROs for immediate and delayed breast 

reconstruction patients.

2. Methods

The Mastectomy Reconstruction Outcomes Consortium (MROC) Study used a prospective 

cohort design to evaluate patients from 11 academic and private practices in the United 

States and Canada. The project was funded by the National Cancer Institute 

(1R01CA152192) in 2011 and recruited patients from 2012 to 2015. Study centers were 

selected to encompass an ethnically and geographically diverse patient population. With 

Institutional Review Board approval at all sites, MROC recruited patients undergoing first 

time reconstruction after mastectomy for breast cancer treatment or prophylaxis. Patients 

with two-year complication and PRO survey data were included in the current analyses. 

Reconstructive procedure types included direct-to-implant (DTI), tissue expanders/implants 

(E/I), as well as latissimus dorsi (LD, with or without implants), pedicle transverse rectus 

abdominis musculocutaneous (PTRAM), free transverse rectus abdominis 

musculocutaneous (FTRAM), deep inferior epigastric perforator (DIEP), superior gluteal 

artery perforator (S-GAP), inferior gluteal artery perforator (I-GAP), and superficial inferior 

epigastric perforator (SIEA) flaps. Both immediate and delayed procedures, as well as 

unilateral and bilateral reconstructions were included.

Women electing to undergo breast reconstruction following complications of breast 

augmentation, mastopexy, breast reduction, or previous failed attempts at breast 

reconstruction were excluded from the study due to potential confounding by previous 

operations. Also excluded were those undergoing bilateral reconstructions with mixed 

reconstruction timing (i.e., immediate reconstruction on one breast and delayed 

reconstruction on the contralateral side) or mixed implant and autogenous reconstruction 

(other than latissimus dorsi). To avoid the confounding effects of recent surgery on PROs, 

tissue expander patients were included only if they were at least three months from their 

expander/implant exchange procedure. Finally, patients with failed reconstructions at any 

stage were also excluded from the PRO analysis, because the full PRO survey panel was not 

administered following failure of the reconstruction.

Demographic and clinical information was gathered preoperatively and one week 

postoperatively from the participants’ electronic medical records (EMRs). These data were 

uploaded onto a Velos eResearch System, a password secure data collection platform. 

Demographic variables collected included age, race, ethnicity, education, income, marital 

status, and employment status. Clinical variables included procedure type; timing 

(immediate versus delayed reconstruction); laterality (unilateral versus bilateral procedures); 

body mass index (BMI); lymph node management (sentinel node or axillary lymph node 

dissection); radiation; chemotherapy; diabetes; and smoking status.

One and two years following reconstruction, participants’ EMRs were reviewed again, to 

gather complication data. A complication was defined as an adverse postoperative, surgery-
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related event requiring additional treatment. Data were abstracted for each individual 

adverse event. Complications requiring re-hospitalization or re-operation were designated as 

“major”. Reconstructive failures, defined as complications necessitating implant or flap 

removal, were also recorded.

Study patients completed a web-based or paper survey pre-operatively, and at one and two 

years post-operatively. Of note, only two-year patient-reported outcomes (PRO) data are 

presented here. Patient reported outcomes data were assessed with the BREAST-Q, 

PROMIS-29, and EORTC QLQ-BR23 surveys. The BREAST-Q Reconstructive Module is a 

validated, condition-specific PRO instrument that has been widely used to measure health-

related quality of life and satisfaction in breast reconstruction patients [19].1 The BREAST-

Q subscales used in this analysis included Satisfaction with Breast, as well as Psychosocial, 

Physical, and Sexual Well-Being. The Patient-Report Outcomes Measurement Information 

System (PROMIS) is a self-administered survey for symptoms and other health outcomes in 

clinical practice [20].2 Subscales from PROMIS assessed in this analysis included Physical 

Function, Anxiety, Depression, Fatigue, Sleep Disturbance, Participation in Social Roles, 

and Pain. Finally, the European Organization for Research and Treatment of Cancer-Quality 

of Life Questionnaire—Breast (EORTC QLQ-BR23) is a breast cancer patient-specific, 

quality-of-life survey with demonstrated validity and reliability [21].3 The Body Image and 

Sexual Functioning Subscales from this instrument were included in the current analysis.

2.1. Statistical analysis

Patient characteristics by reconstruction timing (immediate vs. delayed) were analyzed using 

Student’s t tests for continuous variables and chi-square tests for categorical variables. 

Postoperative complication rates at two years following reconstruction were summarized by 

reconstruction timing. The complications were sorted into four categories: any 

complications, major complications, infection, and reconstruction failure. To compare 

complications between reconstruction timing cohorts, each subcategory of complication was 

separately modelled using a mixed-effects logistic regression model, with delayed versus 

immediate reconstruction timing as the primary predictor. The models were adjusted for 

patient age, race, BMI, procedure type, diabetes, laterality, radiation, chemotherapy, and 

lymph node management. We included centers (hospitals) as random intercepts to account 

for between-center variability.

Preoperative and two-year postoperative PROs were also summarized for immediate and 

delayed patients. Mixed-effects regression models were employed to compare PROs 

between the two cohorts while adjusting for preoperative differences in the characteristics 

potentially predictive of outcome differences. Each separate PRO measure model included 

reconstruction timing as the primary predictor and included the additional covariates 

1Developed in 1996 by Pusic et al., the BREAST-Q measures patient satisfaction in a total of 6 domains including satisfaction with 
breasts, overall outcome, process of care, psychosocial, physical, and sexual well-being.
2The development of PROMIS in 2004 was funded by the National Institutes of Health to revolutionize the assessment of patient 
reported outcomes for both patient research and clinical practice. It assesses physical health including physical function, physical 
symptoms, sleep function, and sexual function as well as mental health (emotional distress, cognitive function, positive psychological 
function).
3The EORTC QLQ-BR23, developed by the European Organization for Research and Treatment of Cancer in 1995, consists of 23 
questions that assess symptoms and side effects related to treatment modalities, body image, and sexuality.
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described above for the complication models. The PRO models also included centers 

(hospitals) as random intercepts to account for between-center variability.

As described below, preoperative PROs differed significantly by reconstruction timing: that 

is, immediate patients in general had much higher PRO scores than delayed patients prior to 

reconstruction. Such differences were expected due to the negative impact of mastectomy on 

the quality of life among delayed patients. Since the variability of preoperative PRO scores 

was largely a reflection of timing itself and was expected, it was not meaningful to control 

for preoperative levels of PROs when comparing two-year outcomes between the two 

reconstruction timing cohorts. As a result, the mixed-effects regression models did not adjust 

for preoperative PRO scores.

Postoperative PRO scores, as well as certain covariate data, were missing for some patients. 

To account for such missing data, multiple imputations with chained equations were 

employed to create 10 complete, imputed data sets, each of which was used to run the 

regression models specified above. The results were then combined using Rubin’s rules [22]. 

Statistical analysis was performed using SAS 9.4 (SAS Institute, Cary, NC), and statistical 

significance was set at 0.05.

3. Results

A total of 1957 patients (1806 immediate, 151 delayed) met the eligibility criteria and were 

included in this study. Demographic and clinical characteristics of the immediate and 

delayed reconstruction cohorts are summarized in Table 1. In bivariate analyses, statistically 

significant differences between the cohorts were noted for all variables except race. 

Compared with immediate reconstructions, the delayed cohort was older and had higher 

BMIs and a greater prevalence of diabetes. Delayed patients were more likely to undergo 

autologous reconstructions and unilateral procedures. Finally, use of radiation therapy was 

more common in delayed patients, while axillary staging procedures (sentinel node biopsy 

or axillary lymph node dissection) were more common in immediate patients.

At two years postoperatively, the immediate cohort had a significantly higher failure rate 

(6% vs.1.3%, p = 0.032), compared to delayed patients (Table 2). However, rates for any 

complications, major complications, any infections, and major infections were not 

significantly different between the two cohorts in bivariate analysis. However, controlling for 

demographic and clinical covariates, delayed reconstruction was associated with 

significantly lower odds of any complication (OR 0.38, p < 0.001) and of major 

complications (OR 0.52, p = 0.016, Table 3), compared with immediate procedures. Further 

interaction analysis between autologous and implant group showed that delayed autologous 

patients were at significantly lower risk of complications compared to immediate autologous 

patients, but this was not the case for implant patients. Stratified models did not converge 

due to the small cohort size of delayed implant patients.

Of the 1957 patients, 108 immediate patients (6%) and two delayed patients (1.3%) failed 

initial reconstruction attempts, and 61 E/I patients had not been exchanged by three months 

prior to their two-year follow-up assessments. After excluding these patients, a total of 1786 
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patients (1639 immediate, 147 delayed) remained for PRO analysis. Mean pre- and two-year 

postoperative PRO subscale scores and associated bivariate analyses are summarized in 

Table 4. Compared with women undergoing immediate reconstruction, delayed patients 

scored significantly lower pre-operatively in all BREAST-Q subscales. On the PROMIS-29, 

the delayed cohort scored significantly lower for the Physical Function and Anxiety 

subscales and reported significantly greater pain prior to reconstruction, compared with the 

immediate group. Lastly, women undergoing delayed procedures fared significantly worse 

than immediate reconstruction patients on the pre-operative EORTC Body Image and Sexual 

Functioning subscales.

Adjusted mean cohort differences in PROs at two-year follow-ups are summarized in Table 

5. Controlling for baseline demographic and clinical covariates, there were no statistically 

significant differences between the immediate and delayed reconstruction groups for any of 

the BREAST-Q, PROMIS-29, or EORTC QLQ-BR23 subscales.

4. Discussion

In recent years, immediate breast reconstruction has become the preferred option over 

delayed techniques among surgeons in the United States. More than 70% of breast 

reconstructions in the U.S. are performed in conjunction with mastectomy [23]. Reflecting 

this preference, over 92% of patients in our study underwent immediate reconstruction. In 

all likelihood, the nationwide trend in the U.S. heavily favoring immediate reconstruction 

can be traced to several perceived benefits of this approach, including lower hospital costs 

[11,24–29], psychosocial and quality of life benefits in the immediate postoperative period 

[24,27], and potentially superior aesthetics [8]. With the widespread acceptance of skin 

sparing mastectomy, the native breast skin envelope is available in the immediate setting, 

which may facilitate better cosmetic outcomes.

Despite the benefits of immediate reconstruction, it may not be suitable for every patient. 

Delayed reconstruction may be preferable when post-mastectomy radiation therapy (PMRT) 

is required or in patients with significant medical comorbidities, making them poor surgical 

candidates. It is still the preference of many plastic surgeons and radiation oncologists to 

complete radiation therapy before reconstruction, based on reports of higher complication 

rates in patients who receive radiation therapy after immediate reconstruction, compared to 

women who undergo delayed reconstruction following PMRT [14,30–33]. Up to 47.5% of 

implant-based reconstruction patients undergoing radiation therapy may require revision 

reconstruction [34]. In other instances, reconstruction may be postponed due to patient 

preference. Patients may be unsure of reconstruction options or have family or job 

obligations which preclude the additional surgeries required for reconstruction. In other 

instances, the stress and anxiety of a recent breast cancer diagnosis may complicate patient 

decision-making for immediate breast reconstruction. Studies indicate that immediate 

reconstruction patients suffer from higher levels of anxiety than the delayed cohort at the 

time of reconstruction [35–38]. This added psychological burden may impair patients’ 

abilities to process information and to make informed choices [13].
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Prior studies comparing complication rates between immediate and delayed reconstructions 

have shown mixed results [15–17,39]. Some conclude that delayed E/I reconstructions have 

lower rates of postoperative complications, including mastectomy flap necrosis, delayed 

wound healing, infection, and tissue fibrosis, compared to immediate reconstructions 

[14,39–43]. In addition, immediate reconstruction may be associated with higher rates of 

long-term complications [33]. Previous investigators have reported that immediate 

autologous reconstructions receiving PMRT are associated with higher complication rates 

than delayed autologous reconstructions performed after radiation therapy [14]. By contrast, 

other studies suggest that delayed reconstruction carries a higher overall risk of 

postoperative complications, compared with immediate reconstruction. A study using the 

ACS-NSQIP database from 2005 to 2012 concluded that both medical and surgical 

complications were more likely in delayed reconstructions, compared with immediate 

procedures [15].

Our study found that immediate reconstruction was associated with higher risks of both 

overall and major complications, including reconstructive failure, when compared with 

delayed procedures. However, infection rates appeared to be comparable between the two 

groups. Not surprisingly, we observed a lower rate of mastectomy skin flap necrosis in the 

delayed reconstruction group: Likely, the time interval between mastectomy and subsequent 

reconstruction allowed the mastectomy flaps to re-vascularize and recover from the initial 

trauma of the mastectomy. For these cases, the mastectomy may function as a preliminary 

surgical delay of the skin flaps, thereby making them more tolerant of being remobilized at 

the time of the delayed reconstruction. Finally, it bears mentioning that assessments of 

immediate reconstruction do not (and probably cannot) distinguish between mastectomy- 

and reconstruction-related complications. In essence, complication rates reported for 

immediate procedures actually describe outcomes for two operations. By contrast, 

complications in delayed reconstruction are attributable only to the reconstructive procedure. 

Thus, the combination of two operations (and longer operative times) in immediate 

reconstruction may explain in part the higher risk of complications observed for this cohort.

In this study, the immediate and delayed breast reconstruction cohorts included very 

different patient populations. As reflected in Table 1, the delayed group tended to be older 

and have more medical comorbidities, perhaps making them less ideal candidates for 

combined mastectomy and reconstruction. Previous studies have observed similar 

differences in the prevalence of medical comorbidities between delayed and immediate 

reconstruction groups [15]. Predictably, the delayed group in our analysis was also more 

likely to have received radiation, another common rationale for postponing reconstruction.

The preoperative differences between the two cohorts were even more striking for PROs: 

The preoperative survey results clearly demonstrate the adverse impact of mastectomy on 

psychosocial well-being, physical well-being, sexual functioning, and body image among 

the delayed cohort, when compared with the immediate group. These findings likely reflect 

fundamental differences in the clinical scenarios for immediate and delayed reconstruction 

patients—Women planning immediate reconstruction had not yet had mastectomies and 

consequently reported relatively higher levels of psychosocial, physical and sexual well-

being. By contrast, patients seeking delayed reconstruction had been living with mastectomy 
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scars and the associated psychological and emotional sequelae. The effects of mastectomy 

on psychosocial functioning and body image have been well-documented in previous studies 

[44–46]. Thus, the baseline differences we observed in PRO measures between the 

immediate and delayed reconstruction cohorts are readily explained by the presence or 

absence of an unreconstructed mastectomy scar.

Despite significant preoperative cohort differences, reconstruction timing had no significant 

effects on PROs at two years. Postoperatively, both the immediate and delayed cohorts’ 

unadjusted and adjusted BREAST-Q, PROMIS and EORTC-QLQ-BR23 subscale scores 

showed no statistically significant differences. These findings suggest that reconstruction 

either preserves or enhances quality of life and well-being, depending on whether 

reconstruction is carried out at the time of mastectomy or in a subsequent operation. When 

combined with mastectomy, reconstruction appears to lessen the adverse effects on 

psychosocial well-being and body image, in some ways constituting a “reverse 

mastectomy”. For women choosing delayed reconstruction, the procedure appears to reverse 

many of mastectomy’s adverse effects on quality of life. As summarized in Figs. 1 and 2, 

reconstruction appears to achieve comparable levels of satisfaction, psychosocial well-being, 

sexual well-being and body image, regardless of procedure timing.

Our finding of lower complication rates with delayed reconstruction should not be 

misconstrued as a recommendation for routinely postponing reconstruction in women who 

are appropriate candidates for immediate procedures. We are not advocating a return to the 

decades-ago practice of forcing mastectomy patients to defer reconstruction for fear of 

recurrence or to reduce risks of complications. However, even with the current widespread 

acceptance of immediate reconstruction in most centers, there remain patients for whom 

delayed reconstruction is still the most appropriate choice. Although views on the 

advisability of immediate reconstruction in the face of post-mastectomy radiation therapy 

(PMRT) may be changing, many plastic surgeons still recommend delaying reconstruction in 

this setting to avoid adverse effects of radiation on implant-based or autogenous 

reconstructions [47,48]. Other women may choose to defer reconstruction for career- or 

family-related reasons. Finally, some newly-diagnosed breast cancer patients find choosing 

reconstructive options in parallel with cancer treatment decisions to be emotionally and 

psychologically overwhelming. In these scenarios, delayed reconstruction may still be the 

best answer. For women opting for this approach, it may be reassuring to know that delayed 

procedures achieve equivalent patient-reported outcomes with lower risks, compared to 

immediate reconstruction.

We believe this study is the first to compare immediate with delayed reconstruction using 1) 

a prospective, multicenter design; 2) a large study sample size; 3) patient reported outcome 

(PRO) assessments both preoperatively and postoperatively; 4) and long-term (two year) 

follow-up data. To date, the few published studies addressing this topic have had significant 

limitations. A previous report by Duraes and coworkers used the BREAST-Q to assess 

preoperative PROs in patients receiving immediate or delayed reconstruction, as well as in 

those undergoing breast reduction or non-breast reconstructive surgeries [49]. However, the 

investigators did not evaluate postoperative PROs. This study was also limited by its 

relatively small sample size of 141 immediate and 12 delayed reconstruction patients in a 
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single center. Another report published by Zhong and colleagues evaluated 30 women 

undergoing immediate reconstruction and 76 women undergoing delayed reconstruction. 

This prospective study measured both preoperative and postoperative PROs, but was limited 

by its small sample size and its exclusion of implant-based procedures [50].

Despite its strengths, the current study has its limitations. Because of the growing prevalence 

of immediate reconstruction, our sample size of delayed reconstructions was relatively small 

at 151 patients. In total, 92.3% of our study population opted for immediate reconstruction. 

With a larger number of delayed reconstructions, it is possible that differences observed in 

the two-year PROs might have become statistically significant. However, closer examination 

of the mean two-year PRO subscale scores for the two cohorts (Table 4) shows the between-

cohort differences in PROs to be small, and thus, a larger population of delayed patients 

likely would not have significantly impacted our results.

Another limitation of our study was potential selection bias, given the strong preferences for 

immediate or delayed reconstruction by both surgeons and patients. Although a randomized, 

controlled trial (RCT) may have controlled for this selection bias, randomization by 

procedure timing would have presented serious practical and ethical issues, and therefore 

was not attempted. Despite our use of multivariate analyses, our findings may have been 

confounded by unknown clinical or demographic variables. Also, patients undergoing 

reconstruction are self-selected—women whose qualities of life are most severely impacted 

by mastectomy are also most likely to choose reconstruction. They are not necessarily 

representative of all mastectomy patients. Finally, our findings may not be generalizable to 

all patients in all practice settings, since nine of the study sites were academic centers, and 

all eleven were located in North America. Other practice settings in other geographic regions 

or cultures may achieve different clinical or quality of life outcomes after breast 

reconstruction.

5. Conclusion

This prospective multicenter study observed that delayed reconstruction was associated with 

significantly lower risks of overall or major complications, compared with immediate 

procedures. Although immediate and delayed reconstruction patients reported vastly 

different preoperative levels of quality of life, there were no significant differences by 

procedure timing in patient-reported outcomes at two years following reconstruction. 

Immediate reconstruction appeared to preserve patients’ preoperative psychosocial 

functioning, while delayed reconstruction produced substantial improvements in these 

measures. Based on these findings, we conclude that both immediate and delayed 

mastectomy reconstruction provide substantial quality of life benefits for women choosing 

these procedures. Furthermore, patients who postpone reconstruction after mastectomy due 

to personal preference or by medical necessity can be reassured that this approach is a safe 

alternative to immediate reconstruction and can provide equivalent quality of life and body 

image benefits.
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Fig. 1. 
Preoperative and Two Year Postoperative BREAST-Q Score by Reconstruction Timing. 

Despite statistically significant differences in patient-reported outcomes preoperatively 

between immediate and delayed breast reconstruction patients, both cohorts have equivalent 

quality of life and patient satisfaction at two years postoperatively.
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Fig. 2. 
Preoperative and Two Year Postoperative EORTC Body Image Score by Reconstruction 

Timing. The substantially negative body image perception of the delayed reconstruction 

patients become equivalent with the immediate breast reconstruction patients at two years 

postoperatively.
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Table 1

Clinical characteristics of patients overall and by reconstruction timing.

Variable Overall n = 1957 Immediate n = 1806 (92.3%) Delayed n = 151 (7.7%) p-Value

Age, mean (SD) 50.2 (9.9) 49.9 (10.0) 52.9 (8.5) <0.001

BMI, mean (SD) 26.8 (5.7) 26.5 (5.6) 29.5 (5.8) <0.001

Race

 White 1702 (88.1%) 1574 (88.1%) 128 (88.3%) 0.309

 Black 121 (6.3%) 109 (6.1%) 12 (8.3%)

 Other 109 (5.6%) 104 (5.8%) 5 (3.4%)

Procedure type

 Implant 1302 (66.5%) 1275 (70.6%) 27 (17.9%) <0.001

 Lat Dorsi 63 (3.2%) 45 (2.5%) 18 (11.9%)

 Autologous 592 (30.3%) 486 (26.9%) 106 (70.2%)

Laterality

 Unilateral 942 (48.1%) 822 (45.5%) 120 (79.5%) <0.001

 Bilateral 1015 (51.9%) 984 (54.5%) 31 (20.5%)

Lymph node biopsy

 None 377 (19.3%) 247 (13.7%) 130 (86.1%) <0.001

 SLNB 994 (50.8%) 989 (54.8%) 5 (3.3%)

 ALND 586 (29.9%) 570 (31.6%) 16 (10.6%)

Diabetes

 Yes 87 (4.4%) 71 (3.9%) 16 (10.6%) <0.001

 No 1870 (95.6%) 1735 (96.1%) 135 (89.4%)

Radiation

 Yes 648 (33.1%) 554 (30.7%) 94 (62.3%) <0.001

 No 1309 (66.9%) 1252 (69.3%) 57 (37.7%)

Chemotherapy

During/after reconstruction 655 (33.5%) 649 (35.9%) 6 (4.0%) <0.001

Not during/after reconstruction 1302 (66.5%) 1157 (64.1%) 145 (96.0%)
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Table 2

Two year postoperative complication rate by reconstruction timing.

Immediate Delayed Pa

No. patients 1806 151 -

Any complication 617 (34.2%) 45 (29.8%) 0.069

Major complication 419 (23.2%) 32 (21.2%) 0.221

Any infection 167 (9.3%) 9 (6.0%) 0.183

Major infection 90 (5.0%) 6 (4.0%) 0.549

Failure 108 (6%) 2 (1.3%) 0.032

a
Based on mixed-effects logistic regression model adjusting for sites (hospitals).
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Table 3

Mixed-effects logistic regression model for two year postoperative complication.

Complication Adjusted ORa (Delayed vs. Immediate) 95% CI p-Value

Two years post-op

 Any complication 0.38 (0.24, 0.62) <0.001

 Major complication 0.52 (0.31, 0.89) 0.016

a
Each model included as covariates age, BMI, race, procedure type, laterality, lymph node biopsy, diabetes, radiation and chemotherapy; Also 

included are random intercepts for study sites (hospitals).
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Table 5

Adjusted mean difference between reconstruction timing (delayed – immediate) in postoperative patient-

reported outcomes.

Adjusted Mean Differencea 95% CI p-Value

BREAST-Q: Satisfaction with breast −0.88 (−5.52, 3.76) 0.707

BREAST-Q: Psychosocial well-being 1.70 (−2.39, 5.78) 0.415

BREAST-Q: Physical well-being 1.76 (−1.83, 5.35) 0.333

BREAST-Q: Sexual well-being −3.70 (−9.25, 1.85) 0.188

PROMIS: Physical function −0.58 (−2.01, 0.86) 0.430

PROMIS: Anxiety −0.69 (−2.77, 1.39) 0.513

PROMIS: Depression −0.38 (−2.19, 1.43) 0.679

PROMIS: Fatigue 2.09 (−0.13, 4.32) 0.065

PROMIS: Sleep disturbance 0.24 (−0.68, 1.16) 0.612

PROMIS: Satisfaction with participation in social roles −0.71 (−3.31, 1.90) 0.590

PROMIS: Pain interference 0.20 (−1.83, 2.24) 0.842

EORTC: Body image −2.23 (−7.52, 3.05) 0.406

EORTC: Sexual functioning −2.79 (−8.54, 2.95) 0.337

a
Obtained from fitting a separate mixed-effects regression model with dependent variable being the corresponding patient-reported outcome. Each 

model included as covariates age, BMI, race, procedure type, laterality, lymph node biopsy, diabetes, radiation and chemotherapy. Also included 
are random intercepts for study sites (hospitals). Results were combined based on n = 10 imputation.
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