Supplementary Appendix

Supplementary File S1: Study protocol of the prospective external validation cohort

Association between Time-Weighted Average Lactate during Cardiopulmonary Bypass and Postoperative Infection in Patients Undergoing Cardiac Surgery: a Single-center, Prospective Cohort Study Protocol. This protocol includes rationale, methods, exposure and outcome definitions, covariate details, anesthesia management, statistical analysis plan, and data management procedures.
Supplementary File S2: R Shiny application for the GBM prediction model
This file includes two components: an R script (app.R) and a pre-trained model object (model.rds). To use the application, users should place both files in the same folder, open app.R in R (version > 4.2.0), and run the application. Once launched, the user enters the actual values of the eight features required by the model, and the application automatically outputs the patient’s predicted risk of postoperative infection.

Supplementary Table S1: Variable dictionary

This dictionary provides definitions, variable types, units, and collection time windows for all variables used in the development and validation of the machine learning model. Covers demographic, vital signs, clinical, laboratory, and outcome variables.

Supplementary Table S2: Hyperparameters of the five machine learning models
This table contains the hyperparameters for Logistic, Neural Network, XGBoost, GBM, and SVM. Logistic, logistic regression; XGBoost, extreme gradient boosting; GBM, gradient boosting machine; SVM, support vector machine; AUC, area under the curve.
Supplementary Table S3: Comparison of baseline characteristics between the development and external validation cohorts
This table summarizes the selected baseline demographic and clinical characteristics of the development and external validation cohorts
Supplementary Figure S1: Performance of the machine learning models

(A) Performance metrics of the five models in the development cohort. (B) Performance metrics of the five models in the internal validation cohort. The heatmaps display the AUC, accuracy, sensitivity, specificity, precision, and F1 score for Logistic, XGBoost, GBM, SVM, and Neural Network models. Colors ranging from blue to red indicate increasing values of the performance metrics. Logistic, logistic regression; Xgboost, extreme gradient boosting; GBM, gradient boosting machine; SVM, support vector machine; AUC, area under the curve.
Supplementary Figure S2: DCA for the machine learning model
(A) DCA of the five prediction models on the development cohort. (B) DCA of the five prediction models on the internal validation cohort. The horizontal black line represents the strategy of “no clinical action” (net benefit = 0). Curves in different colors represent the clinical net benefit of different models. DCA, decision curve analysis; Logistic, logistic regression; Xgboost, extreme gradient boosting; GBM, gradient boosting machine; SVM, support vector machine; AUC, area under the curve.
Supplementary Figure S3: Calibration curves for the machine learning model
(A) Calibration curves of the five prediction models on the development cohort. (B) Calibration curves of the five prediction models on the internal validation cohort.

The x-axis represents the predicted probability of postoperative infection, and the y-axis represents the observed infection rate. The dashed diagonal line represents perfect calibration. Solid lines in different colors represent the calibration performance of different prediction models. The closer a solid line is to the diagonal line, the better the agreement between the predicted risk and the observed outcome.
