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Abstract

Background: Prognostic tools, such as risk calculators, improve the patient-physician informed 

decision making process. These tools are limited for breast cancer patients when assessing surgical 

complication risk pre-operatively. Here we aimed to assess predictors associated with acute 

postoperative complications for breast cancer patients and then develop a predictive model that 

calculates a complication probability using patient risk factors.
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Methods: We performed a retrospective cohort study using the NSQIP database from 2005–

2017. Women diagnosed with ductal carcinoma in situ or invasive breast cancer who underwent 

either breast conservation or mastectomy procedures were included in this predictive modeling 

scheme. Four models were built using logistic regression methods to predict the following 

composite outcomes: overall, infectious, hematologic, and internal organ complications. Model 

performance, accuracy and calibration measures during internal/external validation included area 

under the curve, the brier score and Hosmer-Lemeshow statistic; respectively.

Results: A total of 163,613 women met inclusion criteria. Area under the curve for each model 

was: Overall 0.70, Infectious 0.67, Hematologic 0.84, and Internal Organ 0.74. Brier scores 

were all between 0.04–0.003. Model calibration using the Hosmer- Lemeshow statistic found all 

p-values >0.05. Using model coefficients, individualized risk can be calculated on the web-based 

breast cancer surgical risk calculator (BCSRc) platform; www.breastcalc.org.

Conclusion: We developed an internally and externally-validated risk calculator that estimates a 

breast cancer patient’s unique risk of acute complications following each surgical intervention. 

Preoperative use of the BCSRc can potentially help stratify patients with an increased 

complication risk and improve expectations during the decision making process.

INTRODUCTION

Breast surgery is one of the most common general surgical procedures performed in the 

United States (U.S.) and breast cancer is the most common cancer diagnosis in women 

(1, 2). Over the last two decades, surgery to treat patients with breast cancer in the U.S. 

has changed as traditional breast procedures, such as partial mastectomy and mastectomy 

procedures without reconstruction, have been decreasing while the rate of breast cancer 

reconstructive procedures have been increasing (3–9). Despite the shift in surgical options, 

complications persist in breast surgery and can markedly vary according to the type of 

reconstruction, risk profiles and duration of follow-up (10–13). Fortunately, mortality in 

breast surgery remains very low (< 1%) regardless of the type of surgery offered (14). 

There are several established risk factors associated with post-operative complications for 

general surgery procedure which include smoking, prior radiation, obesity, diabetes, and 

higher ASA class (American Society of Anesthesiologists classification) (11, 13). Among 

women undergoing breast surgery, many patient factors and surgical predictors thought to 

influence acute postoperative complications are unknown or controversial (11, 13, 15, 16). 

Breast surgery is a sub-specialty of surgery, with unique differences that include patient 

demographics (i.e. majority women), external vs. internal surgery, semi-elective surgery, 

anesthesia options, length of stay and lower re-operation rates (17–19). Thus, constructing 

a predictive model for patients undergoing breast cancer surgery is unique to the types 

of complications encountered by these patients rather than those undergoing non-breast 

surgical procedures. A predictive model could support the surgical decision making process 

which can be overwhelming and raise anxiety in an already vulnerable patient population 

psychological stressed with a diagnosis of cancer.

A number of institutional studies describe complications following breast surgery and 

benchmarked guidelines that surgeons use today (3, 7, 10, 13, 15, 16, 20–25). However, 

there is no prediction model available that estimates post-operative complications that 
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are specific for breast cancer patients that can calculate an individual’s risk probability. 

Current predictive models lack generalizability to patients with breast cancer by focusing 

on individual complications, targeting one surgical group, such as the BRA (breast 

reconstruction risk assessment) score, or only encompassing one diagnostic patient cohort 

(26–30). In addition, many studies have suffered from small sample size, lack the power 

to adequately analyze the multiple covariates influencing acute complications, or have 

applied appropriate model performance measures (12, 26–31). Surgeons are in need of a risk 

calculator to provide objective estimates based on individual risk profiles to support shared 

decision making. Using data from the National Surgical Quality Improvement Program 

(NSQIP), we constructed an internally and externally validated a series of prediction models 

(The Breast Cancer Surgery Risk Calculator (BCSRc)) to estimate risk of four categories 

of post-operative complications for women undergoing five common breast cancer surgical 

procedures.

METHODS

Study Design:

We assembled a retrospective cohort from the American College of Surgeons NSQIP 

including all available participant user files (PUF) from 2005 to 2017. In November, 2019 

we acquired the 2018 PUF for external validation purposes. We identified all patients 

who underwent breast interventions based on our inclusion and exclusion criteria (Table 

I). The NSQIP database collects prospective patient data for 30-days post-operatively and 

post-operative complications with a primary focus of improving surgical outcomes, thus 

if a complication arises within 30 days it was recorded. The Institutional Review Board’s 

authorization at Tufts Medical Center was obtained in August, 2018 prior to use of the 

database.

Patient Cohort from NSQIP:

Post-operative diagnoses were classified according to International Classification of 

Diseases Ninth Revision (ICD-9) and ICD-10 codes for invasive breast cancer (IvBC) and 

ductal carcinoma in situ (DCIS). We excluded patients with a diagnosis of benign breast 

disease or cosmetic surgery. All five surgical intervention groups were categorized using 

Current Procedural Terminology (CPT) codes. These five surgical groups were: a partial 

mastectomy, oncoplastic surgery, mastectomy alone, mastectomy with implant or tissue 

expander reconstruction, or mastectomy with autologous tissue reconstruction. Supplemental 

Appendix (SA) Table 1 provides the CPT and ICD codes used in our analysis. Patient 

categorization and outcomes were conducted in the same manner for the development and 

validation cohort.

Complications:

We identified 16 acute complications in the NSQIP database that were collected 

prospectively during a 30-day post-operative period. We categorized complications into 

three composites based on their medical similarities. This was done to minimize bias 

associated with competing risk of complications associated between composite groups. 

SA-Table 2 shows categorization of complications into composite outcome groups.
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Statistical Analysis:

Predictor selection and missing data: Patient baseline demographics and surgical 

predictors were collected based on practicality for a preoperative predictive model; shown 

in Table IIa-b. The entire cohort had 5% missing data, thus 10 imputed datasets were 

constructed using multiple imputation techniques. A logistic regression model was fit to 

each of the imputed datasets. For comparison, two methods were used for bidirectional 

variable selection, considering 23 predictor variables and 8 interaction terms (SA: Variable 

Selection). Five a priori covariates were forced into the model, aside from surgery type, 

that are known to be associated with surgical complications including: smoking, body mass 

index (BMI), diabetes mellitus and glucocorticoid use. In addition, the following interaction 

terms were considered: surgery type with admission status, diagnosis, surgeon specialty, 

patient age, current smoking status; diagnosis with axillary surgery or stage 4 metastatic 

cancer; and lastly chronic obstructive pulmonary disease (COPD) with dyspnea. Variance 

inflation factor tested for variable multicollinearity after a final logistic regression model 

was fit to each imputed dataset.

Risk-Model Performance and Validation: Each model was internally-validated by 

bootstrapping techniques, 300 times, on each imputed dataset and estimates were averaged. 

Optimism-corrected c-statistic was used to adjust and recalibrate the models for any 

estimated deterioration when fit to a new cohort of patients. Each bootstrapped model was 

externally validated on the 2018 NSQIP PUF breast cancer cohort. On each step, the area 

under the curve (AUC) assessed discrimination and Hosmer-Lemeshow test (HLT) statistic 

computed model calibration. In addition, a calibration plot of observed versus expected 

complications, visually demonstrated each models calibration. The Brier Score assessed 

model accuracy and ranges from 0–1 (0 for an ideal model) (32).

Risk Calculator Development:

The four validated models were used to construct a risk calculator that returns an estimated 

probability for acquiring a complication for each surgery type. An individualized predicted 

probability of acquiring a complication can be calculated using the inverse logit function: 

probability = 1/ (1+e−B), where B, Beta, is the y-intercept and all the covariates unique to 

the patient. Using individualized patient- and surgery- specific risk factors, the interactive 

calculator inputs five Betas; one for each intervention and complication subgroup (Figure 

I). BCSRc is available at www.breastcalc.org. R studio version 3.5 was used to perform all 

analyses. Additional, statistical methods and R Studio related information is shown in the 

SA.

RESULTS

Study Population Characteristics:

A total of 163,613 patients were identified in the NSQIP database that met our pre-defined 

inclusion criteria and were used to develop the four models; SA-Figure 1 attrition diagram. 

The 2018 cohort utilized to externally validate the model included 28,584 patients. Patient 

demographics, comorbidities and surgical characteristics were very similar between the 

development and validation cohorts; Table IIa-b. The observed complication incidence in the 
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development cohort were as follows, overall 5.4%, infectious 3.8%, hematologic 1.3%, and 

internal organ complication 0.4%.

Model Development:

Amongst all the data fields in the entire cohort, there was 5% missing data. The variables 

with the most extensive missingness were race (27%) and adjuvant chemotherapy (72%). 

Adjuvant chemotherapy was excluded from our analysis due to >50% missing data. 

The entire dataset was imputed 10 times using multiple imputation to fill in missing 

data. A multivariable logistic regression model was developed after variable selection 

and concatenated from the 10 imputed datasets. The covariates used in variable selection 

included predictors that could be assessed preoperatively: age, race, ethnicity, BMI, smoking 

status, glucocorticoid or anticoagulation use, unintentional weight loss, diabetes mellitus 

(DM), hypertension (HTN), dyspnea, COPD, chronic heart failure (CHF), diagnosis, stage 

4 metastatic cancer, surgeon specialty, type of anesthesia, axillary lymph node management, 

pre-operative functional status, anesthesia type, transfer status, admission status, and 

admission quarter. The covariates including, the y-intercept and B-values, for each model 

differ and are shown in SA-Table 2a-d.

Model Performance:

Performance and validation measures are shown in Table III for each complication 

composite. Model discrimination using AUC was stable across bootstrapping and external 

validation; yielding good reliability and predictive power. The bootstrapped models tested 

on the external cohort presented AUC that were: Overall 0.70 (95% CI: 0.68–0.72), 

Infectious 0.67 (95% CI: 0.66–0.69), Internal Organ 0.74 (95% CI: 0.69–0.79) and 

Hematologic 0.84 (95% CI: 0.82–0.87). Model accuracy, evaluated by the Brier Score, 

returned improvement across all complication composites when comparing the development 

cohort to the external cohort: Overall 0.05 to 0.04, Infectious 0.04 to 0.03, Internal Organ 

0.006 to 0.003 and Hematologic 0.012 to 0.009. Internally, the HLT showed that the four 

models were calibrated well with all p-values above 0.05; Overall 0.21, Infectious 0.25, 

Internal Organ 0.14 and Hematologic 0.44. The four models retained good discrimination 

and accuracy on the external cohort but the calibration changed marginally. However, with 

good discriminative ability and accuracy, the models were recalibrated on the external cohort 

and the calibration improved substantially. Calibration plots and ROC curves on the cohorts 

were generated; displayed in SA-Figure 2-4.

Risk Calculator:

All four models served as a foundation to construct the risk calculator which is accessible 

at www.breastcalc.org. The variability in predicting a complication solely depends on a 

patients risk profile. The online platform, shown in Figure I, represents the interactive 

website appearance and how patients can input their demographic information. We 

recommend following national guidelines for axillary surgery therefore we automatically 

input axillary management for patients diagnosed with IvBC (sentinel lymph node biopsy, at 

a minimum), whereas patients with DCIS do not undergo lymph node management; surgeon 

discretion to change input if needed. The majority of patients undergoing reconstructive 

surgeries are admitted overnight for monitoring purposes and are referred to as inpatient 
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here but if surgeons practice outpatient reconstructive surgery that input is modifiable. 

Using the risk calculator, we illustrate two hypothetical patients with differing risk profiles 

presenting at a surgical consultation and their complication probabilities for each surgical 

intervention, Table IV. Patient 1 is a typical, “low risk,” surgical patient with few risk factors 

that would be concerning for complications post-operatively. Her risk profile suggests an 

overall 1.5% risk probability if a partial mastectomy was chosen but if reconstruction is 

desired, oncoplastic surgery offers the lowest risk probability at 6.0% when compared to 

other mastectomy reconstructive procedures. Patient 2 has a more significant past medical 

history and is interested in a reconstructive operation. Collectively, patient 2 has known 

complication risk factors including smoking, inpatient care and obesity, increasing the 

risk for infectious and hematologic complications (11, 13, 14, 21, 33). Her risk ranges 

between 3.3 – 21.8%, for the five surgical interventions. Her probability for a reconstructive 

surgery complication is three times higher compared to a partial mastectomy; lowest with 

Oncoplastic surgery at 9.4% or 10.9 % with Mastectomy with implant reconstruction; to 

minimize complications smoking cessation would be recommended (smokers have a 145% 

higher odds of complications, SA-Table2a).

DISCUSSION

Modernization of medicine insinuates adapting to our patients. As breast surgeons it is 

imperative to illustrate evidence based medicine that informs patients about their unique 

risk for differing breast cancer surgery options. Since the Women’s Health and Cancer 

Rights Act (WHCRA), passed in 1998, reconstructive rates for mastectomy procedures 

and oncoplastic surgery have increased dramatically (4, 8, 11, 34, 35). With this rise in 

breast reconstruction and subsequent complexity of the operation, it has become increasingly 

important to address patient risk profiles during the pre-operative decision making process 

(36). Predictive models or risk calculators applied in clinical practice embody personalized 

medicine that are effective decision aids with conjunction to medical, surgical and anesthesia 

consultations (37–40). The growing influence of predictive models, or risk calculators, is 

most likely attributed by the ability to compute a risk probability unique to a patient. This 

surpasses the imprecision of stratifying patients only into “high risk” or “low risk” groups. 

The aim of the BCSRc was to provide a decision aid for patients and inform them of their 

individual complication risk for each surgical intervention. To our knowledge, our study is 

the first to assess short-term post-operative complications and predict a risk probability for 

five surgical categories a patient can choose from when diagnosed with IvBC or DCIS.

Women presenting for a surgical consultation are offered a wide variety of surgical 

interventions depending on oncologic requirements. The majority of patients acknowledge 

surgery is not risk-free, however few are aware of their unique risk profiles and able to 

discern how their risk factors may influence outcomes. With the BCSRc a patient’s risk for 

surgery-related complications can now be easily assessed. The two hypothetical scenarios, 

listed in Table IV, have two patients with very different pre-operative risk factors. Here 

the calculator illustrates how these differing patient profiles can influence complications 

and on occasion a oncologic procedure without reconstruction may be superior in dealing 

with the urgent issue at hand by minimizing complications. After the initial surgery, 
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during the remission follow-up period, a timely breast reconstruction can be discussed with 

preoperative medical optimization.

The BCSRc is a model for all breast cancer patients to use that incorporates comorbidities, 

patient information and surgical factors that previous predictive models do not include. 

Complications post-operatively are multifactorial, they depend on the surgical approach, 

extent of surgery and patient characteristics. Most surgeons acknowledge the impact of 

pre-operative functional status, CHF, COPD, DM, HTN or dyspnea may have on patients 

but are unable to quantify this risk. Interestingly, elective surgery for patients with COPD 

or CHF has been associated with higher internal organ complications and two-fold increase 

in readmission status (41, 42). Pre-emptive screening and medical optimization following 

ACC/AHA guidelines is common practice but here we can start by using these risk factors 

for an appropriate risk-benefit discussion (43). Complications directly relate to readmission 

for inpatient care and by informing patients of the surgery associated with the lowest risk 

of complication, we can indirectly decrease the risk of nosocomial complications in the 

future(44). Identifying and quantifying these comorbidities preoperatively may allow for 

better stratification of patient risk and better matching of patients with different operative 

procedures in order to lower post-operative morbidity (45).

Study Strengths and Limitations

Previous breast surgical calculators such as the Breast reconstruction assessment score 

are limited in their reconstructive scope because they only focus on post-mastectomy 

reconstruction (26). The advantage of the BCSRc calculator is that it aids both the 

oncologic and reconstructive surgeon in most of the breast surgical options for breast 

cancer patients since it also includes breast conservation options (partial mastectomy alone, 

oncoplastic surgery). In addition, our models performance measures (i.e. HLT, AUC, brier 

score) on external validation have superior accuracy and precision compared to previous 

predictive models (26, 46). In using a nationwide cohort of patients for model development 

and validation this model may also be more broadly generalizable. Integrating patient 

comorbidities individually, instead of using a scoring system such as the ASA score, is 

more precise and improves the accuracy of the model; scoring systems predictability is 

controversial and can under or overestimate probabilities for complications(32).

Our model also incorporates the American Society for Clinical Oncology (ASCO) and 

National Comprehensive Cancer Network (NCCN) guidelines that recommend axillary 

surgery for all patients diagnosed with IvBC whereas axillary surgery with a diagnosis 

of DCIS should only be considered in mastectomy procedures.(47) If a patient requires 

an axillary lymph node dissection than with a surgeon’s guidance the input needs to 

be changed appropriately (sentinel lymph node biopsy to axillary lymph node biopsy). 

Nevertheless, axillary surgeries increase operative time and can be underestimated especially 

if an intraoperative obstacle requires attention.

Oncologic factors (i.e. cancer stage, radiotherapy, hormonal receptor status, hereditary 

genetic factors) unfortunately were not included in the NSQIP dataset, thereby precluding 

us from determining how their role may influence complications for each surgical 

intervention (31). However, by following NCCN guidelines patients can choose either, breast 
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conservation or mastectomy interventions as both groups offer oncologic safety and the 

surgery type is a patient right to choose. Interpretation of the NSQIP database categorizing 

by CPT coding may vary (31, 35). We used a coding protocol similar to one used at 

our institution and recent guidelines setting a consensus CPT classification system (48). 

Complications such as, graft or flap failure and hematoma without transfusion were not 

included in our analysis nor included in the NSQIP database, thus surgeon discretion is 

required for complications associated with ischemia or flap failure (i.e. mastectomy with 

muscular flap reconstruction) and conservative management with hematoma formation. 

Lastly, long term complications were not recorded in the NSQIP database, thereby 

potentially hindering our complication results from the final long term outcomes (over 1 

month). Overall complication did not include return to the operating room as a complication 

as this was viewed as a treatment for a complication. In a future studies we will further study 

the need for operative management when associated with complications for each surgical 

intervention.

Our study focused on acute post-operative complications limited to the NSQIP 30 

day prospective data collection thus complications that occur after this would not be 

included nor provide patients with information regarding delays in adjuvant therapy such 

a chemoradiotherapy. It is important to note that one of the most frequent types of breast 

reconstruction involving pre-pectorally placed implants has little long-term data given its 

relative newness while acknowledging that short-term complication rates do not differ 

significantly from the more traditional, sub-pectoral/dual plane technique.(49) Nevertheless, 

long-term complications in pre-pectoral implant placement may include differences in 

capsular contracture rates, and future studies investigating this will likely follow over 

time. Further prospective studies or extending the use of these models with a database 

that includes long-term complications, graft complications or oncologic factors, such as 

chemotherapy and radiation therapy, would be crucial and a prospect for future research 

assessing complications.

CONCLUSION

The BCSRc is the first published risk calculator generalizable for all female breast cancer 

surgical patients and can calculate individualized, complication risk probabilities for five 

surgical interventions. Evidence based medicine drives meaningful medical advancements, 

but often fails to deliver the value to the general public due to the lack of translatability. 

In parallel, population-based risk estimates often lack reliability for patients with diverse 

risk profiles. Here we presented a modern, patient-centered decision aid to improve health 

concerns. The breast cancer surgical risk calculator incorporates our model in scalable, 

informative, decision making platform enabling physicians and patients to use personal 

information to determine a patient’s complication risk estimates. Identifying patients into 

“low-risk” or “high-risk” is imprecise. Using the BCSRc physicians can provide, accurate, 

objective information to patients. Breast surgeons can now better inform breast cancer 

patients, lower postoperative complications and offer appropriate guidance.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis:

An online pre-operative surgical risk calculator that calculates a post-operative 

complication probability for five interventions from individualized patient risk factors. 

The risk calculator serves as a tool to support patient-centered decision making and 

reduce the risk of post-operative complications.
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Figure I: 
A screen shot of the BCSRc online platform that uses individual patient risk factors inputs 

on the left and after pressing the calculate button the results will be shown on the right side; 

hypothetical patient example shown. Scrolling between complication tabs will save patient 

information and show complication subgroup results.
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Table I:

Criteria for Model Development and Validation

Inclusion Criteria Exclusion Criteria

• Patients who undergo surgery from 2005 to 2017
• Age: Over 18
• Female Sex
• Diagnosis of breast cancer
• Admitted under General or Plastic Surgery

• Unknown or Male sex
• Diagnosis:
- Cosmetic Surgery,
- Benign Breast Disease
• Incorrect diagnosis
- Not breast related or uncertain diagnosis
• Diagnosis of previous breast surgery with current complication
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Table IIa:

Baseline Study Population Characteristics in Model Development and Validation

Breast Cancer Patients Cohorts

Development Validation

n % n %

Sex Female 163613 100 28584 100

Age (Years) Mean (s.d.) 46 12.8 44 12.4

Race White 117378 71.7 19262 67.4

AA/Black 17488 10.7 2914 10.2

Native 702 0.4 110 0.4

Asian 8031 4.9 1589 5.6

Unknown 20014 12.2 4709 16.5

Ethnicity Hispanic 9750 6.0 1794 6.3

Unknown 18272 11.1 4261 15.0

Body mass index Mean (s.d.) 29.0 7.13 29.4 7.18

Smoking Status Yes 18989 11.6 2890 10.1

Adjuvant Chemotherapy Yes 50499 26.5 n/a n/a

No 2649 1.4 n/a n/a

Unknown 137339 72.1 n/a n/a

Glucocorticoid Use Yes 3713 2.3 630 2.2

Recent Unintentional Weight Loss Yes 652 0.4 125 0.4

Functional Status Independent 161768 98.9 28138 98.4

Partially Dependent 1640 1.0 229 0.8

Fully Dependent 205 0.1 35 0.1

Unknown 0 0 182 0.6

Diabetes Yes – Insulin 5973 3.7 1043 3.6

Yes – Oral 14571 8.9 2769 9.7

No 143069 87.4 24772 86.7

Hypertension Yes 69783 42.7 12241 42.8

Dyspnea At Rest 400 0.2 79 0.3

Moderate Exertion 4893 4.8 1161 4.1

None 155320 94.9 27344 95.7

Chronic obstructive pulmonary disease Yes 4600 2.8 785 2.7

Chronic Heart Failure Yes 486 0.3 82 0.3

On Anticoagulation Medication Yes 2532 1.5 416 1.5

Diagnosis In Situ Breast Cancer 31000 18.9 6130 21.4

Malignant Breast Cancer 132613 81.1 22454 78.5

Metastatic Stage 4 Cancer Yes 3230 2.0 514 1.8

Admission Status Inpatient 51739 31.6 6158 21.5

Outpatient 111874 68.4 22426 78.5

Admission to hospital from: transfer status Directly from home 162915 99.6 28394 99.3

Nursing or Intermediate care 599 0.4 71 0.3

Other 99 0.1 25 0.1
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Breast Cancer Patients Cohorts

Development Validation

n % n %

Unknown 0 0 94 0.3
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Table IIb:

Baseline Study Population Characteristics in Model Development and Validation

Breast Cancer Patients Cohorts

Development Validation

n % n %

Admitting Primary Surgeon General Surgeon 147780 90.3 25600 89.6

Plastic Surgeon 15833 9.7 2984 10.4

Admission Quarter January 1 - March 31 41442 25.3 7499 26.2

April 1 - June 30 39059 23.9 6901 24.1

July 1 - September 30 41824 25.6 6639 23.2

October 1 - December 31 41288 25.2 7545 26.4

Surgery Type Partial Mastectomy 67922 41.5 13677 47.8

Oncoplastic Surgery 10162 6.2 1399 4.9

Mastectomy Alone 45690 20.7 7111 24.9

Mastectomy with Implant 33865 20.7 5602 19.6

Mastectomy with Muscular Flap 5974 3.7 795 2.0

Axillary Lymph Node Management None
SLNBx

61343
76128

37.5
46.5

11253
14288

39.3
50.0

ALNDx 26142 16.0 3063 10.7

Anesthesia Type General 153020 93.5 26750 93.6

Monitored Anesthesia Care 9569 5.8 1722 6.0

Other: Spinal, Local or Regional block 1024 0.6 112 0.4

Foreign Body Placement Yes 954 0.6 110 0.4

Any Complication Yes 8797 5.4 1217 4.3

Infectious Complication Yes 6239 3.8 927 3.2

Hematologic Complication Yes 2107 1.3 256 0.9

Internal Organ Complication Yes 639 0.4 81 0.3
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Table III

Performance and Calibration Measures

Development Cohort External Validation Cohort

Apparent Model Internal Validation Bootstrapped Model External Validated Recalibrated model

Overall Complication

C-Statistic 0.72 0.72 0.70 0.70

Slope 1.00 0.99 0.91 1.00

Intercept 0.00 −0.02 −0.33 0.00

Brier Score 0.05 0.05 0.04 0.04

HLT 0.21 0.21 0.02 0.24

Infectious Complication

C-Statistic 0.70 0.67 0.67 0.67

Slope 1.00 0.99 0.95 1.00

Intercept 0.00 −0.04 −0.19 0.00

Brier Score 0.04 0.04 0.03 0.03

HLT 0.25 0.25 0.51 0.60

Internal Organ Complication

C-Statistic 0.81 0.80 0.74 0.74

Slope 1.00 0.98 0.88 1.00

Intercept 0.00 −0.08 −0.67 0.00

Brier Score 0.006 0.006 0.004 0.003

HLT 0.14 0.14 0.84 0.97

Hematologic Complication

C-Statistic 0.84 0.84 0.84 0.84

Slope 1.00 0.98 0.96 1.00

Intercept 0.00 −0.06 −0.31 0.00

Brier Score 0.01 0.01 0.009 0.009

HLT 0.44 0.44 0.42 0.86

HLT: Hosmer Lemeshow test statistic; C-Statistic: concordance statistic or area under the curve
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Table IV

Estimated Risk for a Complication in Two Hypothetical Patients

Patient 1: 46 y/o white female with PMH of HTN, normal BMI, presenting 
with DCIS

Complication Composite

Infectious Hematologic Internal Organ Overall

Partial Mastectomy 1.2 % 0.1 % 0.1 % 1.5 %

Oncoplastic Surgery* 3.5 % 2.0 % 0.4 % 6.0 %

Mastectomy Alone 3.1 % 0.6 % 0.2 % 3.9 %

Mastectomy Implant Reconstruction* 4.7 % 1.6 % 0.4 % 6.6 %

Mastectomy with Muscular Flap Reconstruction* 7.0 % 9.6 % 0.8 % 15.9 %

Patient 2: 66 y/o white female with PMH of obesity, COPD, smoking, 
presenting with IvBC

Complication Composite

Infectious Hematologic Internal Organ Overall

Partial Mastectomy 2.7 % 0.2 % 0.4 % 3.3 %

Oncoplastic Surgery* 6.3 % 1.9 % 1.1 % 9.4 %

Mastectomy Alone 5.3 % 0.5 % 0.5 % 6.3 %

Mastectomy Implant Reconstruction* 8.2 % 1.6 % 1.1 % 10.9 %

Mastectomy with Muscular Flap Reconstruction* 13.6 % 6.0 % 2.2 % 21.8 %

*
Reconstructive procedures are treated as inpatient; PMH, past medical history; HTN, hypertension; BMI, body mass index; DCIS, ductal 

carcinoma in situ; IvBC, invasive breast cancer; COPD, chronic obstructive pulmonary disease
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