
RESULTS CONCLUSIONS

AI-Based Risk Prediction for Major Complications After Breast Surgery 
in 737,730 Patients

IMPLICATIONS

BACKGROUND

o Enables personalized 
preoperative counseling with 
patient-specific risk 
estimates. 

o Improves identification of 
high-risk patients for 
targeted optimization and 
surveillance. 

o Highlights modifiable risk 
factors (e.g., smoking, 
nutritional status, 
comorbidities). 

o Facilitates shared decision-
making between surgeons 
and patients. 

o Provides a scalable, web-
based tool that can be 
integrated into clinical 
workflows.
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LIMITATIONS
• Limited to 30-day outcomes 
• Registry data constraints 

(missing granularity) 
• Requires external validation

• ML models accurately 
predict 30-day complications 
after breast surgery. 

• Demonstrate strong 
calibration and risk 
stratification. 

• PRO-BREAST enables 
individualized, interpretable 
risk prediction.

Figure 1. Risk stratification across outcome-specific 
models Patients were stratified into four risk 
categories (very low, low, moderate, high) based on 
model-predicted probabilities. Observed 
complication rates increased monotonically across 
risk strata, demonstrating effective clinical risk 
stratification and strong agreement between 
predicted and observed outcomes.

z

• Breast surgery has heterogeneous 
complication risk 

• Current tools poorly calibrated & non-
procedure-specific 

• ML enables nonlinear, patient-specific 
prediction

z

STUDY OBJECTIVE
To develop and validate interpretable, 
outcome-specific machine learning 
models that accurately predict major 30-
day postoperative complications following 
oncologic and reconstructive breast 
surgery, and to translate these models 
into a clinically accessible decision-
support tool (PRO-BREAST) to improve 
preoperative risk stratification, patient 
counseling, and surgical planning.
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Figure 2. Feature importance using SHAP analysis Relative SHAP 
values identify key contributors to model predictions across 
outcomes. Patient frailty and comorbidity burden primarily drive 
medical complications and mortality, while procedural complexity is 
most strongly associated with surgical complications.
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Dis. cancer

Renal failure
Corticosteroid use

ASA class
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Wound infection
Weight loss
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Inpatient/Outpatient

0

1

2

3

4

5

6

7

8

9

10

Operation Year
Sentinel Lymph Node Biopsy

Axillary Lymph Node Dissection
Partial Mastectomy
Simple Mastectomy

Radical Mastectomy
Modified Radical Mastectomy

Immediate Implant
Delayed Implant

Tissue Expander Insertion
Tissue Expander Exchange

Free Flap
Latissimus Dorsi Flap

Pedicled TRAM Flap
Supercharged TRAM Flap

Bipedicled TRAM Flap
Prosthetic Breast Augmentation

Other Reconstruction
Revision of Reconstructed Breast

Fat Grafting to the Breast
Adjacent Tissue Transfer

Mastopexy
Breast Reduction

NPWT

Medical complications Surgical complications Mortality ReoperationVenous thromboembolism

Demographics and 
baseline patient 

characteristics

Reconstruction
 and revision

Comorbidities and 
chronic health status

Preoperative 
laboratory tests

Operative
characteristics

Oncologic
procedures

A.  Heterogenous risk in disease-directed breast surgery

B. Data preparation C. Outcome-specific ML models D. Risk stratification and evaluation

E. Feature importance and transparent model decision making

Candidate models
LR

XGB
NN

LGBM

Stack modelsTuning and 
training

- 5-fold CV with 
Optuna             
hyperparameter   
optimization

- Maximize AUROC
- Train on full train 

set

- Aggregate pre-
dictions on train 
set

- Fit on LR          
meta-learner

Calibrate models
- Calibration on validation set
- 5-fold cross-validation
- Platt (sigmoid) scaling

Generate prediction probabilities 
for training, valuation, and testing

Model evaluationRisk stratification
- 3 log-spaced 

thresholds
- Derived from 

train/validation 
predictions

- 4 risk bins:

- Stratification

- Discrimination

- Calibration

Stratify and evaluate

- Very low
- Low
- Medium
- High

- Lift

- AUROC

- ICI

Outcome specific model selection

Raw NSQIP variables

National, surgical registry
700+ hospitals
13,228,047 patients

ACS NSQIP (2008-2024)
737,730 adult patients 
Disease-directed breast surgery:
mastectomy, reconstruction, revision

Study cohort
Wide risk variation
Poorly calibrated tools
Non-procedure specific

Clinical challenge

Demographics
Comorbidities
Laboratory values
Operative characteristics

Data harmonization
Longitudinal variable mapping  
(2008-2024)
Standardized representations 
across years

Dataset Split
Training: 70%
Validation: 15%
Test: 15%

Model
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Figure 3. PRO-BREAST 
model development and 
clinical deployment 
Overview of the end-to-
end pipeline from 
national dataset 
extraction and 
preprocessing to 
machine learning model 
development, validation, 
and deployment as a 
web-based clinical 
decision support tool for 
individualized risk 
prediction and shared 
decision-making.


