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Abstract :

Studies suggest association of retinal microvascular abnormalities with cardiovascular and cerebrovascular

diseases. Arteriolar narrowing, which can be assessed by arteriolar-to-venular diameter ratio (AVR) on retinal fundus
images, is one of the findings for hypertensive retinopathy. We have been studying an automated method for measuring
AVR in hope of improving diagnostic efficiency and consistency of ophthalmologists. One of the problems in our previous
method was that the suboptimal segmentation accuracy of the major arteries, especially those with low contrast and central
reflex. In order to improve the recognition rate of major vessel pairs, synthetic vessel models were created, and the missed
or broken arteries were identified by template matching. The method was applied to 22 retinal fundus images, including
cases with arteriolar narrowing. By use of the models with 2 different shape profiles and various sizes, the major vessel
recognition rate was improved from 72.7% to 90.9%. The proposed method may be useful in automated measurement of

AVR.
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Fig.1 Gold standard vessel regions. (a) Original image with
marks on major arteries and veins by ophthalmologist,
(b) enlarged view of the box in (a), (c) the gold standard
vessel regions, and (d) - (f) vessel regions identified by
three readers.
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Fig.2 Flowchart of the proposed method.
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Fig.3 Extraction of vessels and selection of measurement region. (a) Original image,
(b) vessel extraction result, (c) mask image for temporal major vessel region,
(d) AVR measurement region (between 2 circles), and (e) remained vessels

after masking by (c) and (d).
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Fig.4 Selection of connecting vessels. (a) Search starting segment and starting points,
(b) candidate connecting segments based on direction of the vessels (open circles
specify the end points of each segment), (c) accepted candidate point of connection,
(d) rejected candidate point by angle requirement, and (e) rejected point by position

requirement.
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Fig.6 Vessel revision by template matching with models.
(a) vessel extraction result, (b) rotated W-shaped
model, and (c) regions of model adoption.
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