
c o m p u t e r m e t h o d s a n d p r o g r a m s i n b i o m e d i c i n e 1 1 1 ( 2 0 1 3 ) 104–114

j o ur na l ho me  pag e: www.int l .e lsev ierhea l th .com/ journa ls /cmpb

Retinal  artery–vein  caliber  grading  using  color  fundus
imaging

Alauddin Bhuiyana,b,c,∗, Ryo Kawasakib, Ecosse Lamoureuxb,d,
Kotagiri Ramamohanaraoc, Tien Yin Wongb,d

a ICT Centre, Commonwealth Scientific and Industrial Research Organization, WA 6014, Australia
b Centre for Eye Research Australia, Royal Victorian Eye and Ear Hospital, Australia
c Department of Computer Science and Information Systems, The University of Melbourne, 3010, Australia
d Singapore Eye Research Institute, National University of Singapore, Singapore

a  r  t  i  c  l  e  i  n  f  o

Article history:

Received 31 July 2012

Received in revised form

12  January 2013

Accepted 18 February 2013

Keywords:

Retinal image

Blood vessel

Vessel caliber

Central Retinal Artery Equivalent

(CRAE)

Central Retinal Vein Equivalent

(CRVE)

a  b  s  t  r  a  c  t

Recent research suggests that retinal vessel caliber (or cross-sectional width) measured from

retinal photographs is an important feature for predicting cardiovascular diseases (CVDs).

One of the most utilized measures is to quantify retinal arteriolar and venular caliber as the

Central Retinal Artery Equivalent (CRAE) and Central Retinal Vein Equivalent (CRVE). How-

ever, current computer tools utilize manual or semi-automatic grading methods to estimate

CRAE and CRVE. These methods involve a significant amount of grader’s time and can add a

significant level of inaccuracy due to repetitive nature of grading and intragrader distances.

An  automatic and time efficient grading of the vessel caliber with highly repeatable mea-

surement is essential, but is technically challenging due to a substantial variation of the

retinal blood vessels’ properties. In this paper, we propose a new technique to measure the

retinal vessel caliber, which is an “edge-based” vessel tracking method. We measured CRAE

and  CRVE from each of the vessel types. We  achieve very high accuracy (average 96.23%) for

each of the cross-sectional width measurement compared to manually graded width. For

overall vessel caliber measurement accuracy of CRAE and CRVE, we compared the results

with  an existing semi-automatic method which showed high correlation of 0.85 and 0.92,

respectively. The intra-grader reproducibility of our method was high, with the correlation

coefficient of 0.881 for CRAE and 0.875 for CRVE.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1.  Introduction

Cardiovascular diseases (CVDs) such as coronary heart dis-
ease and stroke, are the leading causes of death in developed
and developing countries; claiming 17.1 million lives a year [1].
This figure is expected to increase due to the ageing population
and cardiovascular risk factors such as diabetes and obesity.
Early identification of people at risk of CVDs is important as it
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allows for better designs and implementation of preventative
strategies.

Recent studies have shown that retinal vessel caliber
changes (arteriolar narrowing and venular widening) can be a
predictive marker for CVDs such as coronary heart disease and
stroke [2,3]. A quantification of retinal vessel caliber (i.e., cross-
sectional width), summarized as the CRAE and CRVE has been
utilized to assess microvascular health in vivo [4]. This may
contribute to early diagnosis and prevention of the mortality
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Fig. 1 – A retinal image showing zone B area (a) and cropped image showing the retinal artery, vein and the central reflex (b).

and morbidity associated with CVDs, and eventually reduce
the burden of CVDs which is the aim of the work described in
this paper.

The most widely utilized grading processes for retinal ves-
sel caliber are manual and semi-automatic methods where a
human grader determines a vessel as an arteriole or venule
[5,6]. The vessel cross-sectional width is then measured to
represent the vessel caliber. This process is time consuming,
costly, and has high inter-grader variability [7]. Reproducibility
is another major issue. So, an automatic and accurate grading
process is a necessity for retinal vessel caliber measurement.

A number of vessel caliber measurement techniques have
been proposed [8–11] which mainly models vessel cross-
sectional profile to measure the vessel caliber. The models
have been designed for profiling blood vessels using various
patterns, such as regular, triangular, elliptical and Gaussian.
A 2D vessel width measurement model has been proposed
[8,9] which assumes image  intensity as a function of distance
across the vessel as a single Gaussian form. Gao et al. [10]
have proposed a model for the intensity profiles over vessel
cross sections using twin Gaussian functions which can over-
come a central reflex problem and acquire vessel width. Huiqi
et al. [11] have proposed a method which is based on matched
Gaussian filter and Kalman filter for measurement of vascu-
lar width in zone B area. Zone B is the circular region (Fig. 1)
which starts at 1× Optic-Disc-diameter and ends at 1.5× Optic-
Disc-diameter from the Optic-Disc-center in the retinal image
[12].

Existing techniques have limitations, such as intensity dis-
tribution curves are not always of single or twin Gaussian form
and can be random in the vessel orientation. In particular, the
central reflex which is a bright strip running down the center
of a vessel causes a complicated intensity cross-section for
two parallel or side-by-side vessels [13]. Locally, this is hard to
distinguish from two side-by-side vessels with central reflex
[14,15]. Individual vessel width needs to be computed to iden-
tify the true vessel(s).

In this paper, we  describe a new method to compute vessel
caliber as CRAE and CRVE. The proposed method tracks the
retinal blood vessels and measures caliber. Our method can
be described as further improvement of dual Gaussian model
that identifies individual vessel width to overcome the limita-
tion of merging two side-by-side vessels as single vessel and
detection of vessel central reflex.

2.  The  proposed  method

The proposed method focuses on efficient and accurate vessel
caliber measurement, thus it tracks vessel edge and computes
the width for each of the cross-sections of a vessel. For ves-
sel tracking and caliber measurement, we  consider the zone
B area to follow the established Knudtson protocol for CRAE
and CRVE computation [5]. Therefore, the main focus of our
method is to identify individual vessel segment’s edge and
measure its caliber.

We  note that there are existing edge tracking based meth-
ods [8,11] for retinal vessel detection and width measurement.
However, the methods regularly fail on high resolution images
which has the property such as central reflex; they also fail to
detect two side-by-side parallel vessels (Fig. 2). Our method
offers further improvement of this existing vessel edge track-
ing based methods as we consider edge profiling (i.e., measure
intensity level on both side of edge within specific direction) to
define the first edge or second edge of a vessel based on direc-
tion (Section 3.1) and vessel actual width in microns through
image calibration and microns/pixels computation. We also
consider central reflex pattern which provides accurate detec-
tion of vessel for two side by side vessels including vessel with
central reflex. Fig. 2 shows the results on vessel edge tracking
by parallel edge or single and twin Gaussian and the vessel
tracked by our method.

Therefore, our contribution in the paper is vessel cal-
iber measurement by tracking or identifying individual vessel
edges. The novelty of our method can be stated as:

• Provide a method for enhanced feature extraction, i.e., edge
profiling for individual vessel edge tracking.

• Retinal vessel central reflex pattern identification.
• Utilize retinal blood vessel physiological properties to

improve the accuracy of vessel caliber measurement.

3.  Methodology

First, all edges are detected from the image  and then each
of the edges is identified individually from the zone B area.
To compute zone B area, we  obtain the optic disc (OD) cen-
ter and radius [16]. Edge profiling is subsequently performed
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