Detection and quantification of vessel morphology on retinal fundus images – challenges of retinal vasculometry at scale.
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Retinal fundus imaging provides a non-invasive way to observe the blood circulation of the body. The structure and appearance of retinal blood vessels have been linked to the early detection of systemic conditions, including cardiovascular disease. As a result, the eye serves as a valuable indicator of overall health, offering biomarkers that help predict the risk of both ocular disorders, such as glaucoma and diabetic retinopathy, and systemic diseases like diabetes, heart attacks, and strokes.

Systems for obtaining quantitative measurements of vessel morphology have been proposed in the literature, leveraging fully automated deep learning pipelines. These analytical approaches have played a significant role in epidemiological studies.  Recent research has demonstrated that risk scores derived from the QUARTZ retinal vasculometry system can predict circulatory mortality, heart attack, and stroke with a performance comparable to established risk prediction models currently in use within health systems.

Retinal vasculometry approaches rely on core modules that utilise deep learning  architectures to segment and quantify retinal features such as the optic disc and the  retinal vessels  (categorised either as arterioles or venules). Modules for vessel analysis provide quantification of vessel features such as width and tortuosity. Ground-truthed images, representative of a range of image characteristics, are used for training and subsequent validation of system performance  to achieve reliable and robust morphometric measurements.

The challenges encountered by retinal vasculometry systems relate to their specific use and area of application. Systems can be individually tuned to operate optimally on specific datasets or a generic approach to training can be taken to enable application across a wide range of images from multiple datasets. Various methodologies can be implemented with respect to assessment of image quality which can be  characterised according to both clinical demands or according to epidemiological requirements where a key aim is to maximise useful data extracted from large cohort studies which can include significant numbers of poor quality images. Whilst end-to-end deep learning disease prediction models continue to gain prominence, retinal vasculometry offers interpretable results, identifying specific vascular features and changes which predict disease status.
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