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The Arteriolar-to-Venular Ratio (AVR) is commonly used itudies for

the diagnosis of diseases such as diabetes, hypertensiardar-vascular
pathologies. This paper presents an automatic approadhdagstima-
tion of the Arteriolar-to-Venular Ratio (AVR) in retinal iages. The pro-
posed method includes vessel segmentation, vessel caditieration, op-
tic disc detection, region of interest determination, rg/iesin classifica-
tion and AVR calculation. The method was assessed usingrtages of
the INSPIRE-AVR database. A mean error of 0.05 was obtairteshvthe
method’s results were compared with reference AVR valuegiged with

this dataset, thus demonstrating the adequacy of the prdsadution for
AVR estimation.
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1 Introduction Figure 1: Block diagram of the proposed method for AVR estioma
Retinal vessel features play an important role in the eaalgribsis of sev-
eral systemic diseases, namely diabetes, hypertensioveandlar disor-
ders. In diabetic retinopathy, the blood vessels often shbmormali-
ties at early stages [8]. Changes in retinal blood vessats$) as signifi-
cant dilatation and elongation of main arteries, veins, thied branches,
are also frequently associated with hypertension and o#réio-vascular
pathologies [2], [7].

Among several characteristic signs associated with detiascular
changes, the Arteriolar-to-Venular Ratio (AVR) is used asnaicator of
cardiovascular risk since it can reflect the narrowing ofrétéal blood
vessels. A low AVR value is associated with a high blood pressthus
increasing the risk of stroke, diabetes and hypertensioaveldpment
of an automatic image analysis system for the estimationvit falues
requires vessel segmentation, accurate vessel calibesunezaent, optic
disc detection for region of interest delineation and gftein classifi-
cation [3]. In this paper, we propose a fully automatic mdttar the
estimation of the AVR value which achieves better perforoeathan re-
cently proposed approaches.

2 Material and methods
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Figure 2: (a) Original image; (b) Vessel segmentation te¢c) Region
of interest for AVR (delimited by the two green circles) ahd pptic disc
margin (red circle); (d) A/V classification result.

The estimation of AVR requires optic disc detection, vessgimentation,
accurate vessel caliber measurement and artery/veinifidatien [3].
Vessel segmentation must be used for finding the vesselitdisc
detection is necessary to locate the region of interest \R@kre ves-
sel calibers are measured. An automatic AVR measuremet@rnsysust
classify the retinal vessels into arteries and veins wigi lsiccuracy since2.2  \essel caliber measurement
small classification errors can have a significant influemcA\dR values.
Finally, caliber measurements are used to compute AVR rdcgpto the For vessel caliber measurement a distance transform igedpplthe seg-
formula proposed by Knudtscet al. [3]. Figure 1 depicts the block di-mented vascular tree and the result of this transform in gaskel pixel
agram of the proposed method for AVR estimation. The mairs@haf is the distance of the pixel to the closest boundary poinéfter that, for
the proposed method are described in the following sulmsecti each vessel centerline pixel, the vessel caliber valgeis estimated by
vc=2d—1.

2.1 Vessel segmentation

For segmenting the retinal vessels, the method previousiggsed by 2.3 Region of interest detection

Mendongaet al. [5] was chosen and adapted for the segmentation of

high resolution images [6]. Figure 2(b) illustrates thecuaar tree for the The optic disc center (ODC) is located using an automatihodelogy
original image of Figure 2(a). proposed by Mendonget al. which is based on the entropy of vascular
directions [4]; the region of interest (ROI) is centered ba ©ODC, and
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Figure 3: Bland-Altman plots of the agreement: (a) betwesp@sed method and reference; (b) between Observer 2 aregmeé; (c) between
Niemeijer's method and reference.

2.4 Arterylvein classification Observer 2 and is smaller than the error of the recent appro@sented

by Niemeijeret al. [9]. The agreement between the different methods and
the reference can be observed in the Bland-Altman plotsctebin Fig-

ure 3. From the observation of these plots, it is worth memig that the
results of our method are similar to those of Observer 2, anadod show

a substantial bias as the mean of differences between theval(Rs is
close to 0. The 95% limits of agreement for all methods are alsost
identical.

In order to classify the vessels as an artery or as a vein, proirad ver-
sion of the automatic graph-based A/V classification meth@yiously
described in [1] is used. This method represents the segcheascula-
ture as a graph, which is afterwards modified for removingestypical
errors and misrepresentations. Then the modified graphalyzed for
deciding about the type of intersection points (graph npdes based
on the node types in each separate subgraph, all vessel ssgfoeph
links) that belong to a particular vessel are identified atkled using .
two distinct labels. Finally, intensity features are meadifrom the seg- 4 Conclusions

ments for assigning the final artery/vein class to each lakie result of ) ) ) )
AN classification is shown in Figure2(d). We_ ha\_/e descrlbed_an automatic method for ce_llculatlng thie Mue_lp
retinal images that is supported by a new solution for A/\se¢slassifi-
. cation. The herein proposed approach was assessed in thesroathe
2.5 AVR calculation INSPIRE-AVR dataset where it has achieved a mean error &f @den-
We have followed Knudtson’s revised formula [3] to calcalétte AVR tical to the one obtained by Observer 2. The low error is psamgiand
value. The Knudtson’s formulas for approximating the vesgaivalents demonstrates that our solution has a high potential foraell@pplication.
are as the following: In order to determine the ROI for AVR calculation, a constaaitie
is assumed for the optic disc diameter in all images. Theeefis future
1 - . .
. R 2 2\ 2 work, we will focus on the development of a new approach fdicogisc

Arterioles: W, = 0.88+ (Wal +Wa2 ) @ boundary detection and diameter measurement.
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