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[Abstract] Objective To explore the mortality risk factors for children with veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) -related acute kidney injury (AKI) and to develop and validate a mortality risk prediction model.
Methods Data from 237 children with VA-ECMO-related AKI were obtained from the Chinese Pediatric Extracorporeal Life
Support Organization Database (October 2017-May 2023), including patients from 6 hospitals: the First Medical Center of the
Chinese PLA General Hospital, the Seventh Medical Center of the Chinese PLA General Hospital, Beijing Anzhen Hospital Affiliated
to Capital Medical University, Shanghai Children's Medical Center, Henan Provincial People's Hospital, and Henan Children's
Hospital. The data were randomly divided into a training set (n=166) and a validation set (n=71) at a 7:3 ratio. Eleven machine
learning models were constructed based on the selected features in both sets, including logistic regression, k-nearest neighbors
(KNN), neural network (NeuralNet), decision tree, AdaBoost, gradient boosting machine, extra trees, random forest, LightGBM,
support vector machine (SVM), and extreme gradient boosting (XGBoost). After model construction, the top S best-performing
models in the validation set were further compared in terms of their predictive performance. Model performance was comprehensively
evaluated using multiple metrics: receiver operating characteristic (ROC) curve, calibration curve, area under the precision-recall
curve (AUPRC), decision curve analysis (DCA), Fl-score, and Brier score. To enhance model interpretability, Shapley Additive
Explanations (SHAP) values were used to quantify feature contributions, and stepwise feature-incremental modeling was performed
based on SHAP ranking. Differences in AUC among models with different feature sets were compared using the de-long test to
determine the optimal subset of predictors. To improve clinical translational value, an online web application was developed using the
R Shiny framework. Results A comparison of the 11 machine learning models' performance in the training and validation sets
showed that the performance of the 11 models was similar within the training set. In the validation set, the five best-performing models
were logistic regression, SVM, NeuralNet, KNN, and XGBoost. Among them, the logistic regression model performed best (AUC=
0.886, AUPRC=0.903). DCA and calibration curves further confirmed its good clinical applicability and stability. Model
simplification analysis showed that optimal performance was achieved when 7 key features were included: ECMO support duration,
bleeding, cardiac complications, post-ECMO aspartate transaminase (AST) level, body weight, pre-ECMO eosinophil count, and pre-
ECMO bicarbonate level. The model yielded an AUC of 0.848, F1-score of 0.829, accuracy of 0.831, and Brier score of 0.171. The de-
long test showed no statistically significant difference in predictive performance between the 7-feature model and the full 17-feature
model (P=0.158). SHAP analysis indicated that the top 3 contributors to mortality risk prediction were ECMO support duration,
bleeding, and cardiac complications. The final model has been deployed as a web application, enabling individualized mortality risk
prediction and SHAP-based visual interpretation. Conclusions A logistic regression model based on 7 key features was developed
and validated to effectively assess mortality risk in children with VA-ECMO-related AKI. The model has good discriminative ability,
calibration performance, and clinical applicability, and has been developed as an online tool to support early clinical intervention and
personalized decision-making.
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