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Introduction: Predicting 1-year mortality in newly diagnosed pulmonary 

arterial hypertension (PAH) is important because the first year after diagnosis 

is critical for treatment planning and transplant assessment. This study evalu-

ated whether multimodal machine-learning models could improve prediction 

beyond established risk approaches. 

Methods: This retrospective study used ASPIRE registry data from 2008 

to 2025. 1-year mortality was modelled using demographic, laboratory, right 

heart catheterisation (RHC), and cardiovascular magnetic resonance (CMR) 

data. REVEAL, ESC/ERS, COMPERA, and WHO functional class were 

benchmarked using 4-

fold cross-validation. 

Models were devel-

oped using RHC-only, 

CMR-only, and com-

bined RHC+CMR 

features. Class imbal-

ance was addressed 

using SMOTE-NC 

and class weighting. 

Backward feature 

elimination derived 

reduced models. 

Results: REVEAL 

performed best among established risk approaches (AUC=0.699). The sup-

port vector machine (SVM) with SMOTE-NC performed best overall. CMR-

only and combined RHC+CMR models outperformed matched REVEAL 

benchmarks (0.739 vs 0.701, Δ=0.037, p<0.001; and 0.735 vs 0.692, 

Δ=0.043, p<0.001), whereas the RHC-only model performed slightly worse 

(0.667 vs 0.683, Δ=-0.016, p=0.004). A reduced 9-feature combined model 

achieved the highest cross-validation AUC of 0.797 (SD=0.075). 

 
Pairwise ROC-AUC comparison using SVM. 


