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Abstract:

We propose an anatomy-guided, multi-task framework for automated ROP (Retinopathy of Prematurity) analysis that enforces
zone-consistent evaluation and integrates vessel-level characterization within a unified pipeline. The framework combines optic disc
and macula detection for zone delineation, curvature-based tortuosity quantification (CVTI) for interpretable and continuous
measurement of vascular abnormality with a zero-shot vascular severity score (VSS) for label-efficient categorical severity
estimation. Experiments on multi-center datasets demonstrate that the proposed modules robust detection of clinically relevant
features. Optic disc localization achieved mAP@50-95 of 0.889 (bbox) and 0.836 (mask). Artery-vein segmentation achieved
loU/Dice of 0.809/0.894 for arteries and 0.830/0.907 for veins. This study supports objective, reproducible ROP assessment and
establishes a computational foundation for quantitative clinical decision support in screening and monitoring.
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Fig. 1. Vessel tortuosity measurement pipeline for quantitative evaluation of ROP severity.
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Fig. 2. Zero-shot VSS estimation framework as a complementary categorical evaluation of ROP severity.

Conclusion:

This study presents an automated ROP assessment framework that replaces subjective screening with objective and standardized
evaluation. By combining quantitative CVVTI analysis with label-efficient VVSS estimation, the proposed framework enables reliable
evaluation that is both clinically meaningful and scalable. Its strong performance across multi-center datasets demonstrates
robustness under diverse conditions. This work establishes a step toward reliable and scalable ROP screening to reduce variability
and support earlier intervention for at-risk infants.
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