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Synopsis: 

A population-based retrospective cohort study examining factors that influence 

unplanned reoperations after postmastectomy breast reconstruction (PMBR). 

Procedure and treatment related factors impact reoperations, and each additional 

procedure increases the likelihood of more unplanned reoperations resulting in a 

“reoperation cascade”. 

Data Availability Statement: Research data are not shared. 

Abstract 

Background: 
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Unplanned surgeries following postmastectomy breast reconstruction (PMBR) may 

be required to treat complications or to revise the reconstructed breast. The primary 

objective of this study was to examine factors that influenced unplanned reoperations 

after PMBR.  

Methods: 

A retrospective cohort study using provincial databases in Ontario, Canada was 

completed. Patients with breast cancer underwent mastectomy between April 2002 

and March 2012 followed by immediate or delayed PMBR. Primary outcome was 

time from PMBR to unplanned reoperations measured in years. The Anderson-Gill 

counting process model was used to estimate the risk of recurrent unplanned 

reoperations over time. Univariate and multivariate analyses were completed to 

examine the association between covariates.  

Results: 

3,066 women underwent PMBR and 51.7% had at least one unplanned reoperation. 

Unplanned breast reoperation was significantly associated with microsurgical tissue 

versus implant-based reconstruction (HR1.27), radiation after PMBR (HR 1.22), 

surgery at a non-teaching hospital (HR 1.16), patient comorbidity score (HR 1.02), 

and prior unplanned reoperations (HR 1.25).  

Conclusions: 

Our study provides important long-term population-level data regarding factors 

influencing unplanned reoperations after PMBR. Patients undergoing microsurgical 
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PMBR or postmastectomy radiation had a higher rate of additional procedures. Every 

additional reoperation also increases the likelihood of unplanned reoperations 

resulting in a “reoperation cascade". 

Key words: Breast Cancer, Mastectomy, Reconstruction, Reoperations  

Introduction 

High quality healthcare delivers optimized outcomes to patients while minimizing 

unnecessary utilization and costs for the healthcare system. Unplanned reoperations 

are a surgical quality indicator for many types of surgeries [1, 2], but they have not 

been specifically examined as a quality indicator for post-mastectomy breast 

reconstruction (PMBR). Rates of PMBR are increasing [3] and additional surgeries to 

treat complications or revise the breast mound can cause morbidity and dissatisfaction 

to the patient [4], in addition to unnecessary healthcare utilization and increased costs 

[5,6].  

The literature lacks a long-term evaluation of unplanned reoperations on a 

population-based level following PMBR [6-8]. Large population databases and 

registries that evaluate outcomes, such as the National Surgical Quality Improvement 

Program (NSQIP) and Surveillance, Epidemiology and End Results program (SEER) 

are not adequate to provide long-term reoperation rates. Data from NSQIP are limited 

to the first 30 days after surgery and SEER does not collect complication or 

reoperation outcomes. Our previous analysis using Ontario population-based data 

showed that the majority (84.3%) of PMBR reoperations occur greater than 30-days 

post-operatively, and 44% of PMBR patients had at least one unplanned reoperation 
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over a mean follow up of 5 years [9]. Unplanned reoperations may lead to additional 

interventions, surgery or hospitalizations – a possible “cascade” of care. Since these 

unplanned reoperations are an important quality indicator of PMBR from both the 

perspective of the patient as well as the healthcare system, the objective of this study 

was to examine the factors that influence long-term unplanned reoperations after 

PMBR in breast cancer patients using a population-based registry.  

Materials and Methods 

We conducted a population-based retrospective cohort study using provincial 

administrative databases in Ontario, Canada. Our cohort included women between the 

ages of 18-65 years who underwent a therapeutic mastectomy for invasive breast 

cancer between April 1, 2002 and March 31, 2012 followed by an immediate or 

delayed PMBR. Patients were followed from the date of their PMBR surgery to 

March 31 2013, or death. We obtained research ethics approval from the University 

Health Network and Sunnybrook Health Sciences Centre (Toronto, Ontario, Canada). 

We accessed our data sources through the ICES and linked by patient-specific 

encrypted identifiers. Data sources included: (1) Canadian Institute for Health 

Information - Discharge Abstract Database and National Ambulatory Care Reporting 

System (CIHI-DAD and CIHI-NACRS): contains details on all in-hospital and 

outpatient discharges since 1988 and 2002 respectively (2) Ontario Registered 

Persons Database (RPDB): provides demographic information on anyone who has 

received a health card in Ontario, covering nearly everyone in the province (3) 

Ontario Health Insurance Plan (OHIP): provides details on medical services billed by 



 

This article is protected by copyright. All rights reserved. 

A
ut

ho
r 

M
an

us
cr

ip
t 

Ontario physicians through a publicly funded universal health insurance plan (4) 

ICES Physician Data Base (IPDB): contains annual demographics, specialization and 

workload of Ontario physicians (5) Institution Information System (INST): contains 

information about Ontario health care institutions funded by the Ministry of Health 

and Long-Term Care (MOHLTC) (6) Ontario Cancer Registry: includes information 

for all incident breast cancers diagnosed in Ontario and (7) Ontario Diabetes 

Database: identifies patients with physician-diagnosed diabetes mellitus in Ontario.  

Identification of PMBR cohort:  

An established patient cohort of women between 18 and 65 years of age, residing in 

Ontario, who underwent mastectomy between April 1, 2002 and March 31, 2012 was 

previously identified from the CIHI-DAD/NACRS data source [10]. Patients up to 

age 65 years were included in this established patient cohort as immediate and 

delayed PMBR were performed most commonly in this age category during the time 

period of our study. Breast reconstructions were identified using International 

Classification of Diseases, 10th edition (ICD-10) and OHIP billing codes. Immediate 

breast reconstruction (IBR) and delayed breast reconstruction (DBR) were defined as 

breast mound reconstruction performed during the same surgery as mastectomy or 

within 3 years of mastectomy procedure date respectively. Patients who underwent 

delayed PMBR had their primary mastectomy procedure date between 2002 and 

2008, allowing for DBRs until 2011 to be included.  

Definition and Identification of Unplanned Reoperations:  

Unplanned procedures included operations to treat 1) acute surgical complications 
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such as hematoma or abscess, or vascular reoperation in a microsurgical PMBR; 2) 

subacute or long-term complications to the breast mound such as capsular contraction 

correction, implant removal, scar revision, debridement and skin graft, or a second 

reconstruction for a failed primary reconstruction; and 3) long term complications at 

the donor site such as abdominal bulge/hernia repair following previous transverse 

rectus abdominis myocutaneous (TRAM) or deep inferior epigastric perforator 

(DIEP) flap. Nipple areolar complex (NAC) reconstruction, contralateral balancing 

procedure such as breast reduction or augmentation or mastopexy +/- augmentation to 

the native breast, and one surgery for breast mound revision at the same time as breast 

balancing were considered expected procedures following the primary PMBR. These 

surgeries were considered a planned reoperation. For implant-based reconstruction, 

an expander to implant exchange was defined as a planned procedure. Any additional 

revision or correction to the reconstructed breast mound before or after the expander 

to implant exchange was considered unplanned. Any additional capsulectomy or 

capsulotomy procedure other than at the time of the tissue expander exchange surgery 

was also considered unplanned. Re-attempts of greater than one balancing procedure 

(for unilateral PMBR) was considered an unplanned reoperation for our study. 

Reoperations following PMBR were identified through OHIP billing codes submitted 

by general or plastic surgeons.  

Identification of Covariates 

Patient Characteristics 
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Patient age at PMBR was determined through linkage with the RPDB. The Johns 

Hopkins ACG ® system (version 10) was used to create a co-morbidity score for each 

patient based on diagnosis codes within the two years prior to PMBR date.  

Procedure details 

Laterality: Unilateral versus bilateral PMBR was determined based on OHIP 

mastectomy codes. PMBR Method and Timing: IBR occurred at the time of primary 

(or first) mastectomy. DBR occurred months to years (up to 3 years) after the primary 

mastectomy. The method of PMBR was determined based on OHIP procedure codes. 

Categories of PMBR were: implant-based, microsurgical tissue (i.e. free TRAM or 

DIEP), and pedicled tissue (i.e. pedicled TRAM, latissimus dorsi flap). Pedicled-

tissue reconstruction with an implant code was classified within the pedicled 

category.  

Cancer and Treatment details 

Indication for Mastectomy: A diagnosis of invasive breast cancer was determined 

through linkage with the Ontario Cancer Registry (OCR). Chemotherapy: Receipt of 

chemotherapy within 12 months (before or after) of PMBR was determined through 

identification of OHIP chemotherapy codes. Radiation: Radiation planning codes 

were used as a proxy measure for radiation delivery. Patients who underwent 

radiation were identified using radiation planning codes within the 12 months 

following a breast cancer diagnosis (OCR). 

Physician Characteristics 
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Gender and years in practice: Plastic surgeon gender and years in practice were 

determined from the IPDB. Volume: The average volume of breast reconstructions 

per year was determined based on OHIP billings for each plastic surgeon for two 

years prior to PMBR date. 

Institutional characteristics 

Designation: Teaching hospital status was determined from the INST. Volume: The 

average volume of PMBR procedures per year per institution was determined for two 

years prior to the PMBR date for each patient. 

Analysis:  

The outcome was time from PMBR to unplanned reoperations among invasive breast 

cancer patients measured in years. Starting from PMBR, the repeated events of 

unplanned reoperations were measured in continuous time until censoring (end of 

follow-up or death). The Andersen-Gill counting process (AG-CP) model was used to 

estimate the rate of recurrent unplanned reoperations over time [11,12]. Univariate 

and multivariate analyses using the AG-CP model were implemented to examine the 

association between covariates and the rate of unplanned reoperations. Chemotherapy 

and radiation were incorporated as a time-varying covariate while all other covariates 

were included as baseline measures. Multicollinearity between variables was 

evaluated using a variance inflation factor cut-off of 2.5. Separate analyses were 

completed for patients with invasive breast cancer who had unplanned breast 

reoperations. Variables that were hypothesized to have significant interactions were 

tested in the model including chemotherapy and the timing of the breast 
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reconstruction procedure (immediate versus delayed) and radiation and procedure 

type (implant, pedicled, microsurgical). A p-value of <0.05 was considered 

statistically significant. SAS version 9.4 statistical software (SAS Institute, Cary, NC) 

was used to perform all analyses. Research data are not shared.  

Results 

Between April 1 2002 and March 31 2012, a total of 3,066 women with invasive 

breast cancer underwent a therapeutic mastectomy followed by PMBR (either 

immediate or delayed) in the province of Ontario. The majority of patients (59.1%) 

underwent reconstruction using an implant-based technique. The remainder of 

patients underwent either a pedicled or microsurgical tissue-based reconstruction, 

with microsurgical techniques increasing, and pedicled techniques decreasing, over 

the time course of our study. A total of 1,584 women (51.7%) had at least one 

unplanned reoperation on their breast or donor site (Table 1). Of patients who 

underwent at least one unplanned reoperation, 814 (51.4%) had only one unplanned 

reoperation, 348 (22.0%) had two unplanned reoperations and 422 (26.6%) had three 

or more unplanned reoperations. The most common type of reoperation included 

“breast mound revision” across all types of reconstruction. Patients with unplanned 

reoperations had significantly higher comorbidity scores (9.44 vs 8.95, p <0.001), and 

had a higher proportion of microsurgical tissue reconstruction compared to the 

patients with no unplanned reoperations (22.9% vs 16.2%, p <0.001) (Table 1). Of 

note, unplanned reoperations during the first year after immediate microsurgical 

PMBR were over 50% during 2002 and 2003 and decreased to 12.5% by 2012. We 

also found that patients who had at least one unplanned reoperation more frequently 
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had their PMBR in a nonteaching hospital (48.1% vs 38.9%, p <0.001), and were 

more frequently reconstructed by plastic surgeons with a lower breast reconstruction 

volume (31.7 vs 37.9 PMBRs per year, p <0.001) and fewer years in practice (10.8 vs 

11.5 years, p = 0.007) compared to their counterparts.  

To isolate factors associated specifically with breast reoperations, the risk of 

unplanned reoperations in the breast only was evaluated (Table 2). When evaluating 

PMBR reoperations, specific influencing factors (such as radiation) only impact 

reoperations on the breast and not the other donor sites – therefore, we chose to focus 

only on breast reoperations to allow for a more accurate evaluation of treatment 

factors influencing PMBR reoperations. A total of 1,472 women (48.0%) had at least 

one unplanned breast mound reoperation. A significant increased hazard of 

unplanned breast reoperation was associated with microsurgical tissue PMBR 

compared to implant based PMBR (HR1.27, 95% CI: 1.12 – 1.45), radiation after 

PMBR (HR 1.22, 95% CI: 1.09 – 1.37), surgery at a non - teaching hospital (HR 1.16, 

95% CI: 1.03 – 1.30), patient comorbidity score (HR 1.02, 95% CI: 1.00 – 1.03) and 

prior unplanned reoperations in the same patient (HR 1.25, 95% CI: 1.18 – 1.33) 

(Table 2). The timing of reconstruction relative to mastectomy (immediate vs. 

delayed) did not impact the risk of unplanned reoperation (HR 1.04, p = 0.47) 

To further evaluate the impact of specific factors on reoperations for patients 

undergoing immediate reconstruction, the risk of unplanned reoperations for only 

patients undergoing immediate breast reconstruction was evaluated. The percentage 

of patients undergoing immediate reconstruction (N=1714) followed by radiation was 

15.9% (186/1173) for implant-based, 12.3% (33/269) for pedicled-tissue and 9.9% 
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(27/272) for microsurgical-tissue. We found a statistically significant increased risk 

of reoperations to the breast for patients receiving postmastectomy radiation 

compared to no radiation (HR 1.35, CI: 1.14 – 1.59). We examined this relationship 

in detail by stratifying into the three different types of PMBR methods, and we found 

that this increased risk was only significant for patients undergoing immediate 

implant-based reconstruction. The rate of unplanned reoperations significantly 

increased by 56% for implant patients who received radiation versus patients who did 

not (HR 1.56, CI: 1.32 – 1.84).  

Discussion  

Our study provides an inclusive, long-term, population-level overview of unplanned 

reoperations across all PMBR methods and timing. Unlike most studies evaluating 

reoperations, we have evaluated reoperations beyond the typical 30-day post-

operative period, up to 10 years post-operatively. For breast cancer patients who 

undergo PMBR, close to half will require at least one additional unplanned 

reoperation during their first 10 years of follow-up. These unplanned reoperations are 

significantly associated with patient comorbidity score (HR 1.02), type of PMBR 

(microsurgical versus implant HR 1.27), postmastectomy radiation (HR1.22), surgery 

at a non-teaching hospital (HR 1.16), and having had a previous unplanned 

reoperation (HR 1.25).  

We intentionally sought to study the effect of radiation in IBR. For breast cancer 

patients undergoing IBR (implant or microsurgical) followed by radiation, this risk of 

unplanned reoperation was 35%. For patients undergoing implant-based 
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reconstruction, the risk of unplanned reoperation was 56% higher in those who 

received radiation to their implant reconstruction compared to patients who did not 

receive radiation. Patients who had either microsurgical tissue or pedicled tissue 

reconstruction tolerated radiation better and were not seen to have significantly 

increased rates of unplanned reoperations. Similarly, the literature has demonstrated 

an increased risk of reoperation after radiation for immediate implant-based PMBR 

but no difference for immediate autologous PMBR [13,14]. Radiation to an implant-

reconstructed breast can cause pathologic capsular contracture around the implant, 

decreased patient satisfaction, and increased rates of revisions for capsulectomy and 

higher reoperation in this group [15, 16]. 

We observed an increased risk of unplanned reoperation for microsurgical tissue 

reconstruction compared (HR 1.27) to implant-based reconstruction, even after 

controlling for radiation. Consistent with our findings, a multicenter study found the 

risk of major complications (reoperation or re-hospitalization) was highest for 

microsurgical PMBR reconstruction compared to implant based reconstruction (OR 

1.75) over a one year follow up period [17]. Qin et al also found a higher rate of 

complications for tissue-based versus implant-based reconstruction citing wound 

issues as the most common issue for tissue reconstruction [18]. A possible 

contributing factor to the higher microsurgical reoperation rate in our study is that a 

significant portion of our primary PMBR procedures took place in the time period 

between 2002 to 2008 before refinements in microsurgery techniques made these 

procedures far safer and before a major shift from pedicled to microsurgical 

reconstruction occurred [19-21]. In our study, the rates of unplanned reoperation were 
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over 50% for patients who had immediate microsurgical PMBR during 2002 and 

2003 but these rates dropped over time. The rate of unplanned reoperation during the 

first year after an immediate microsurgical PMBR completed in 2012 was only 

12.5%, which is more in line with contemporary studies [22]. It was also noted the 

pedicled tissue reconstruction had a lower risk of unplanned reoperation compared to 

implant-based reconstruction (HR 0.64, p <0.0001) which may be due to more 

familiarity with the procedure during this time period and the lack of microvascular 

anastomosis when compared to the free-flap DIEP reconstructions.  

The most consistent factor influencing reoperation rate across timing and type of 

PMBR in our study was the receipt of a previous unplanned reoperation in the same 

patient (HR 1.25). A significant proportion of PMBR patients require at least one 

unplanned reoperation over long-term follow-up and approximately one quarter of 

these patients will have three or more reoperations [9]. Forster et al similarly found 

that 25% of patients who underwent breast augmentation underwent more than one 

reoperation over a 10-year follow up period, calling this a “reoperation cascade” [23]. 

This phenomenon is not documented in the PMBR literature – likely due to the short 

term follow up of most outcome evaluations. Our analysis indicates that patients who 

start with at least one unplanned reoperation have an increased risk for another 

unplanned reoperation – therefore by preventing these initial reoperations, we may be 

able to stop the subsequent cascade that may follow for a significant proportion of our 

PMBR patients. The long-term follow up is a key strength of our study. While 

reoperation within the immediate post-operative period is an important quality metric, 

we found 80% of unplanned reoperations occurred > 30 days after the index PMBR – 
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thus studies focusing only on the early post-operative period will exclude the majority 

of reoperations and fail to identify a “reoperation cascade”. 

The use of administrative data has inherent limitations. We were unable to identify 

specific patient factors such as BMI or smoking status, in-situ breast cancer diagnosis, 

breast/chest wall specific radiation, laterality of reoperations and the potential 

misclassification of procedure codes. The lack of ability to identify laterality may 

impact the assessment of bilateral surgery as a risk factor for unplanned reoperation 

as the rates of reoperation overall are high for unilateral surgery, therefore adding the 

second breast may not significantly change that overall risk. We were unable to 

determine if reoperations were completed on only one breast or two breasts in the 

cases of bilateral surgery due to the limitations of our administrative data. This 

information would be helpful to determine if both breasts have a higher risk of 

reoperation if bilateral surgery is completed or the risk is mainly determined by other 

factors such as radiation for example, which would most likely only be administered 

to one breast. We were also unable to identify the specific indication (i.e. cosmesis 

concern versus true complication) for revisions. In some situations, patients and 

providers may consider some revisions for cosmetic concerns as anticipated or 

planned events, which is a limitation of the classification used. The billing codes for 

the reoperations were most commonly “breast mound revision or correction” “scar 

revision” or “debridement of skin flap” and due to the lack of distinction between 

these descriptions, more granular information regarding reoperation indications were 

not available and therefore not included. Eventual complete failure of PMBR (i.e. 

complete debridement of a failed reconstruction or removal of breast prosthesis) was 
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also not identifiable. Lastly, we included all patients, and then only patients who 

underwent immediate reconstruction, for our analyses of factors influencing 

unplanned reoperations. While radiation was identified as a risk factor, these analyses 

did not evaluate if radiation was an effect modifier and therefore this is a limitation of 

our study but does provide an opportunity for future evaluation. Overall, these 

limitations are partially offset by the large scale, long-term and inclusive assessment 

of PMBR reoperations made possible by these administrative data and none of these 

factors would have altered our findings. The information from our study provides 

useful information for surgeons and physicians alike, with an understanding that 

individual practitioners will experience both more, and less, favorable reoperation 

rates. In addition, the experience within Ontario, Canada, that we have reported may 

not be reflective of the practice patterns and patient populations at specific hospitals, 

certain regions and other time periods for patients undergoing breast reconstruction 

and subsequent reoperations.  

Conclusions 

Our study provides important long-term population-level data regarding factors 

influencing unplanned reoperations following both implant-based and autologous 

methods of PMBR. Patients undergoing microsurgical PMBR or postmastectomy 

radiation may expect to have a higher rate of additional procedures over time 

following their first PMBR. In addition, once a patient experiences an unplanned 

reoperation, she should be counseled that her risk of additional reoperations is 

significantly increased. These results can aid quality improvement initiatives, but 
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perhaps more importantly, can be used to inform physician communication of patient 

expectations regarding the PMBR surgical journey.  
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NACRS  National Ambulatory Care Reporting System  

NAC  Nipple areolar complex  

NSQIP  National Surgical Quality Improvement Program  

OCR  Ontario Cancer Registry  

OHIP  Ontario Health Insurance Plan  
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Table 1. Baseline Characteristics for Individuals with Invasive Breast Cancer 
Diagnosis 

Characteristi
c   

No 
unplanned 
reoperatio

ns 

At least 1 
unplanned 
reoperatio

n* TOTAL 

P-
VALU

E 

    N=1,482 N=1,584 N=3,066   
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Age at 
breast 
reconstructi
on Mean ± SD 

48.02 ± 
8.61 

48.28 ± 
8.41 

48.16 ± 
8.50 

0.40
6 

  Median (IQR) 48 (42-54) 48 (43-54) 48 (42-54) 0.29 

            

John 
Hopkins 
Comorbidity 
Score (ADG) Mean ± SD 8.95 ± 3.00 9.44 ± 3.16 9.20 ± 3.09 

<.00
1 

  Median (IQR) 9 (7-11) 9 (7-11) 9 (7-11) 
<.00

1 

            

Diabetes No 
1,390 

(93.8%) 
1,487 

(93.9%) 
2,877 

(93.8%) 
0.92

3 

  Yes 92 (6.2%) 97 (6.1%) 189 (6.2%)   

            

Type of 
procedure Implant only 

927 
(62.6%) 

886 
(55.9%) 

1,813 
(59.1%) 

<.00
1 

  Pedicled tissue 
315 

(21.3%) 
335 

(21.1%) 
650 

(21.2%)   

  Microsurgical tissue 
240 

(16.2%) 
363 

(22.9%) 
603 

(19.7%)   
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Laterality Unilateral 
1,219 

(82.3%) 
1,268 

(80.1%) 
2,487 

(81.1%) 
0.11

9 

  Bilateral 
263 

(17.7%) 
316 

(19.9%) 
579 

(18.9%)   

            

Timing of 
Breast 
Reconstructi
on 

Immediate Breast 
Reconstruction 

803 
(54.2%) 

911 
(57.5%) 

1,714 
(55.9%) 

0.06
4 

  
Delayed Breast 
Reconstruction 

679 
(45.8%) 

673 
(42.5%) 

1,352 
(44.1%)   

            

Chemothera
py No chemo 

815 
(55.0%) 

852 
(53.8%) 

1,667 
(54.4%) 

0.53
2 

  Pre-mast and pre-PMBR 
209 

(14.1%) 
206 

(13.0%) 
415 

(13.5%)   

  Post-mast but pre-PMBR 
213 

(14.4%) 
241 

(15.2%) 
454 

(14.8%)   

  Post-mast and post-PMBR 
245 

(16.5%) 
285 

(18.0%) 
530 

(17.3%)   

            

Radiation No radiation 
972 

(65.6%) 
1,041 

(65.7%) 
2,013 

(65.7%) 
0.10

1 

  >12 mo before PMBR 
302 280 582 
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(20.4%) (17.7%) (19.0%) 

  <12 mo before PMBR 99 (6.7%) 126 (8.0%) 225 (7.3%)   

  anytime after PMBR 109 (7.4%) 137 (8.6%) 246 (8.0%)   

            

Average 
volume of 
breast 
reconstructi
ons per year Mean ± SD 

37.85 ± 
32.55 

31.71 ± 
27.83 

34.68 ± 
30.35 

<.00
1 

(physician 
level) Median (IQR) 32 (11-53) 24 (9-48) 28 (10-51) 

<.00
1 

            

Sex of 
physician Male 

889 
(60.0%) 

936 
(59.1%) 

1,825 
(59.5%) 

0.61
4 

  Female 
593 

(40.0%) 
648 

(40.9%) 
1,241 

(40.5%)   

            

Physician 
years in 
practice Mean ± SD 

11.53 ± 
7.86 

10.79 ± 
7.27 

11.15 ± 
7.57 

0.00
7 

  Median (IQR) 10 (4-19) 10 (4-17) 10 (4-18) 
0.01

7 
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Average 
volume of 
PMBR 
procedures 
per year Mean ± SD 

42.77 ± 
39.05 

30.93 ± 
28.32 

36.65 ± 
34.44 

<.00
1 

(institution 
level) Median (IQR) 28 (10-69) 22 (10-41) 25 (10-52) 

<.00
1 

            

Teaching 
hospital No 

576 
(38.9%) 

762 
(48.1%) 

1,338 
(43.6%) 

<.00
1 

  Yes 
906 

(61.1%) 
822 

(51.9%) 
1,728 

(56.4%)   

*all reoperations included (breast and abdominal); PMBR: post-mastectomy breast 
reconstruction; mast: mastectomy 

 

Table 2. Factors Influencing Breast Mound Reoperation for Invasive 
breast cancer patients undergoing Post-mastectomy Reconstruction: 
multivariate analysis (N= 3,066) 

Variable   
Referenc
e 

P 
value 

Hazard 
Ratio 

95% 
CI 

Timing of procedure  Delayed Immediat
e 0.47 1.04 (0.93 – 

1.16) 

Patient age at PMBR (per 
10 years) 

    0.23 1.04 (0.98 - 
1.10) 

Bilateral Yes No 0.09 1.10 (0.98 – 
1.24) 
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Patient Comorbidity score     0.02 1.02 (1.00 – 
1.03) 

Procedure type Microsurgica
l tissue 

Implant  0.00 1.27 (1.12 – 
1.45) 

  Pedicled 
tissue <.0001 0.64 (0.55 – 

0.75) 

Radiation after PMBR Yes No 0.00 1.22 (1.09 – 
1.37) 

Chemotherapy after 
PMBR 

Yes No 0.36 0.95 (0.86 – 
1.06) 

Physician sex Female Male 0.07 0.91 (0.82 – 
1.01) 

Physician years in practice 
(per 10 years) 

    0.46 0.97 (0.90 – 
1.05) 

Physician average volume 
of breast reconstructions 
per year (per 10 procedure) 

    
0.57 0.99 (0.97 – 

1.02) 

Teaching Hospital No Yes 0.01 1.16 (1.03 – 
1.30) 

Average volume of PMBR 
related procedures per year 
(per 20 procedures) 

    
0.83 1.01 (0.96 – 

1.05) 

Number of prior unplanned 
reoperations 

    <.0001 1.25 (1.18 – 
1.33) 

PMBR: Post-mastectomy breast 
reconstruction 
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