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Supplement Figure 1. Unsupervised analytical framework for the identification of intraoperative cardiopulmonary interaction states
Standard intraoperative monitoring, ventilatory, laboratory, anesthetic depth, and hemodynamic data were time-synchronized and analyzed using the Extended Isolation Forest (EIF) algorithm. Anomaly scores generated by EIF quantified deviations from the prevailing multivariate physiological structure. These scores facilitated the distinction between normal cardiopulmonary interaction states and anomalous interaction phenotypes. Anomalous observations were subsequently stratified by concurrent cardiac output into low-output and high-output cardiopulmonary interaction states. 
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7. Feature selection

1. Data Preparation PM | =(Age, Sex, Height, Weight, BT, Pleth. HR, Art. SBP, Art. DBP,5p02 )
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8. Train Random Forest Models:
For each feature set F, rain a Random Forest model: RF (F) on Xergin, Yeratn
Generate prediction: 9ese=RF (F) rese[F1)

9. Performance Evaluation

Myip = EIF (Xerains P arees = 250, Sample,z¢=250, extensioneye=1 P 1-1)
Sx) = 2 ERE/e)
Where:

E(h(x) is the average path length across al rees,
c(n)is a size-based normalization factor.
3. Anomaly Score Prediction
‘Compute anomaly scores for training and testing sets:
Strain = Metr (Xerain) i Stest= Metr (Xest)
4. Anomaly Score Clustering via K-Means:
Cemeans = kmeans(Serain, k = 2)

Compute Precision-Recall(PR)curves: PR(F) = Precision Recall Curve for RE(F)
Define the anomaly threshold T as the mean of cluster centers:
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