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Abstract
Chronic Thromboembolic Pulmonary Disease (CTEPD) and Chronic Thromboembolic Pulmonary Hypertension (CTEPH) are progressive pulmonary vascular disorders caused by persistent thromboembolic obstruction and vascular remodeling, often resulting in impaired hemodynamics and right heart dysfunction. Accurate diagnosis and prognosis remain challenging due to the complex pathobiology and variability in imaging manifestations across patients. Recent advances in artificial intelligence and medical imaging provide new opportunities to enhance disease characterization and clinical decision-making. This study proposes a computer vision–driven framework for multimodal pulmonary imaging analysis to improve pathobiological understanding and outcome prediction in CTEPD and CTEPH.
The proposed framework integrates advanced image processing, deep learning–based computer vision, and radiomic feature extraction from multimodal imaging modalities including computed tomography pulmonary angiography (CTPA), perfusion imaging, and magnetic resonance imaging. Automated segmentation algorithms are applied to identify pulmonary arteries, thromboembolic lesions, and vascular remodeling patterns. Deep convolutional neural networks and transformer-based architectures are employed to analyze spatial and morphological features associated with thrombus distribution, vascular obstruction, and parenchymal perfusion abnormalities. Extracted imaging biomarkers are then fused with clinical and hemodynamic data to develop predictive models for disease progression, treatment response, and postoperative outcomes following interventions such as pulmonary endarterectomy or balloon pulmonary angioplasty.
The system is designed to support pathobiological characterization by identifying imaging phenotypes associated with pulmonary vascular remodeling and thrombotic persistence. Machine learning–based outcome models are evaluated using performance metrics including accuracy, sensitivity, specificity, and area under the receiver operating characteristic curve. Preliminary results demonstrate that computer vision–enabled multimodal imaging analysis significantly improves detection of pulmonary vascular abnormalities and enhances prognostic prediction compared with conventional imaging interpretation.
This research contributes to the development of intelligent clinical decision support systems for pulmonary vascular diseases by combining medical imaging, computer vision, and predictive analytics. The proposed approach has the potential to improve early diagnosis, optimize treatment planning, and enhance long-term outcome prediction for patients with CTEPD and CTEPH.
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