CHAPTER 1

INTRODUCTION

The appearance of blood vessels is an important indicator for the diagnosis of many eye diseases. The most common eye diseases that have prominent ocular manifestation are diabetic retinopathy, hypertension, arteriosclerosis, hepatic retinopathy and carcinomic retinopathy [11]. Diabetic retinopathy is a group of complications in the retina caused by diabetes. It affects proper metabolism in the retinal blood vessels and affects the permeability of blood vessels [13,14]. Hypertension and cardiovascular risk factors cause structural alterations to retinal blood vessels like alterations to diameter, branch angles and vessel length. Hepatic retinopathy is a condition arising due to hepatic malfunction and high levels of nitrogenous compounds in the retina. The high level of these substances causes distinct structural and form changes to the retinal blood vessels [10] and [14]. 

Viewing the retina is a common clinical procedure for diagnoses of the above conditions. It is important to detect the eye diseases early through regular screenings. A common procedure during a screening is retinal imaging. An optical camera is used to see through the pupil of the eye to the rear inner surface of the eyeball. A picture is taken showing the optic nerve, fovea, surrounding vessels, and the retinal layer. This image is called the retinal image. However, this results in a large number of fundus images being produced that require manual analysis. 

An ophthalmologist is a medical doctor that specializes in the structure, function, and diseases of the human eye. During a clinical examination, an ophthalmologist notes findings that are visible in the eyes of the subject and then uses these findings to reason about the health of the subject. After the examination the ophthalmologist refers to the retinal image while considering a diagnosis. Ophthalmologists have to spend a great deal of time and energy to review these images. It would be more cost effective if the initial task of analyzing the retinal images can be automated so that only the abnormal retinal images need to be reviewed by the medical professionals each year. 

The appearance of blood vessels is an important feature of the retinal image used by an ophthalmologist in diagnosing eye diseases. Information about blood vessels can be used in grading disease severity or as part of the process of automated diagnosis of diseases with ocular manifestation. Blood vessels can act as landmarks for localizing the optic nerve, the fovea and lesions. As a result of systemic or local ocular disease, blood vessels can have measurable abnormalities in diameter, color and tortuosity.

Blood vessels in retinal images can be arteries or veins. Veins carry deoxygenated blood from different parts of the human body to the heart. Arteries carry oxygenated blood from the heart to various parts of the human body. A retinal disease shows different manifestations on arteries and veins. Therefore, it is important to classify the blood vessels as arteries and veins. For example, an abnormality called central retinal artery occlusion usually causes generalized constriction of the artery whereas central vein occlusion produces dilated tortuous veins. Arteriosclerosis, a condition caused by accumulation of non-soluble fat on the inside walls of blood vessels, is known to occur only in arteries and it discolors the artery. Diabetic retinopathy, complications caused by diabetes mellitus on the retina, can generate new blood vessels. The above examples clearly indicate the need for classifying blood vessels in retinal images as arteries and veins. This classification would provide an ophthalmologist with a choice of concentrating on a particular artery or vein and study its features with respect to ocular manifestation of retinal diseases. It further helps him to develop an artery/vein map of the retina, which would be a guiding tool in tracking retinal disorders.

STARE project

This work is part of a larger research effort called the STARE project. STARE is an acronym for STructured Analysis of the REtina. The objective of STARE is two-fold. The first objective is to automatically process images of the human retina and extract useful information regarding eye disorders. The second objective is to treat the derived information to obtain a diagnosis for the disorder. The STARE Project was conceived and initiated in 1975 by Michael Goldbaum, M.D., at the University of California, San Diego, and is currently funded by the National Institutes of Health (U.S.A.). Over thirty people have contributed to the project, with backgrounds ranging from medicine to science to engineering. The STARE project concerns a system to automatically diagnose diseases of the human eye through automatic measurements and annotations of retinal images. 

Overview of thesis

The objective of this thesis is to identify arteries and veins in a retinal image. This thesis pursues a two stage approach to artery/vein identification. Figure 1.1 overviews our approach. In the first stage all the blood vessels are segmented. In the second stage the blood vessels are classified as arteries and veins. 





Fig.1.1 Block diagram of our approach.

Blood vessel detection is the first stage of the thesis. It is accomplished using a method developed earlier in the STARE project and reported in [1,2]. This process consists of two stages, which are matched spatial filtering and threshold probing. The first stage concerns with obtaining the matched spatial filter response of retinal images. Blood vessels in retinal images have a shape that can be detected by a two-dimensional matched spatial filter. The resulting response is called the matched spatial filter response (MSF response). The MSF response is a gray scale image with blood vessels having brighter pixel intensities than background. Figure 1.2 shows some retinal images and their respective MSF responses as obtained by the method suggested in [2]. The second stage concerns detection of blood vessels from the MSF response in which piecewise threshold probing technique, as reported in [1], is applied to the MSF response to extract blood vessel pixels from background so that the resultant image is binary with high pixel intensity representing blood vessels and low pixel intensity representing background. 

The existing matched spatial filter technique has two drawbacks: lesions cause a high response, and all blood vessels are modeled to be of equal width. Figure 1.3 shows a retinal image with lesions and the corresponding MSF response image. The MSF response image in Figure 1.4 shows that the MSF detects blood vessels, which are 3-4 pixels wide. Blood vessels whose widths are larger (5 pixels or more) show a split response at each of its edges. Smaller blood vessels (3 pixels or less) show a faint response. This is a major drawback of using a single sigma filter.
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a) Retinal Images.
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b) MSF response images

Fig. 1.2 Retinal images and their MSF responses.
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        (a.) Retinal image.                (b.) Corresponding MSF response image.

Fig. 1.3 An image showing a drawback of the existing matched spatial filter technique. The circled regions indicate lesions in (a) and their false responses in (b).
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                           (a) Retinal Image                        (b) Corresponding MSF response image

Fig. 1.4 An image showing a drawback of the existing matched spatial filter technique. The circled regions indicate vessels of varying width in (a) and corresponding MSF responses in (b).

The first part of this thesis aims to eliminate these drawbacks and improve the performance of blood vessel detection. The false response to lesions is countered by introducing the road operator. The fixed width problem is tackled by designing matched spatial filters of various widths. 
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Fig. 1.5   Artery/vein hand labeled retinal image.

In the second part of this thesis, blood vessels in the binary-segmented retinal image are to be classified as arteries and veins. Figure 1.5 shows an example of a retinal image in which blood vessels are hand labeled as artery or vein. An ophthalmologist would try to establish the identity of a most prominent blood vessel (as artery or vein) and trace it across the retinal image to determine the identity of blood vessels connected to it. We propose a novel iterative graph based approach to emulate this approach. The continuous blood vessel network is first segmented into a set of discrete vessel segments. Each vessel segment is initialized with a numerical belief, which reflects our confidence in classifying the blood vessel segment as artery or vein. The iterative algorithm updates this belief based on rules. The rules consist of belief decisions and adjustments. This manipulation focuses on the number of vessel segment connections at each end of a particular vessel segment. The graph-based approach allows the flow of information across the blood vessel network in a way emulating the manner in which an ophthalmologist will approach this problem. After a certain number of iterations enough information has been exchanged and the beliefs of blood vessel segments do not change considerably. This marks the completion of our algorithm.

The organization of the thesis is as follows. Chapters 2-3 discuss the detection of blood vessels. Chapters 4-6 discuss the classification of blood vessels. The results of the blood vessel detection algorithm and related discussion are presented towards the end of Chapter 3. The results of the classification algorithm and related discussion are presented towards the end of Chapter 6.

Related work

A good amount of work has been done previously in the field of medical imaging. Of particular interest are the works that concentrated on segmenting blood vessels of retinal images. There are works that talk about detecting blood vessels in a retinal image using general edge detection algorithms as in [3],[4],[5]. A morphological operator is used in [3] to detect blood vessels in retinal images. In [4] and [5] a line finding algorithm is used in conjunction with a probabilistic relaxation scheme. In [6] edge detection is accomplished by projecting data onto a complete set of basis functions in Hilbert space, which are mutually orthogonal. There are also algorithms that use special properties of blood vessels like edges of blood vessels always run parallel. Therefore the blood vessels are approximated to be piecewise linear directed segments of finite width. An algorithm that defines such an object as anti-parallel and tracks them along gradient directions is described in [7]. The contrast between blood vessels and background is far too small to implement this algorithm for detection of blood vessels. A window based method like [2] models the cross section of a blood vessel by a Gaussian curve and detects blood vessels using rotated matched filters. A similar work is [8] in which a standard gradient filter is used to detect pixels on the boundary of retinal vessels. Window based methods compromise the special properties of blood vessels for the sake of computational simplicity. Classifier based methods are reported in [2], [9] and [10]. They produce a first step segmentation of spatially connected regions and these regions are further classified as vessel or background. In [9] regions segmented by user assisted thresholding are classified as vessel or not according to length to width ratio. In these methods the large-scale properties of blood vessels cannot be applied until after a low-level segmentation has been done after which considerable information about blood vessels might have been lost.

Some very good research work has also been done on studying retinal images. However to our knowledge this is the first work to consider the classification of vessels as arteries and veins in a retinal image. The closest related works can be put into two broad categories. These are, classifying all objects in a retinal image [8,11,16,17] and classifying arteries and veins in non-retinal imagery. In [12], cardiac and renal blood vessels are classified. In [8] a variety of retinal image features are classified, including vessels, the optic disk, the fovea and scotoma (cluster of malfunctioning points on the retinal surface). In [11], a semi autonomous system with user interaction is developed to track artery bifurcation and to calculate the angle of branching, which finds application in diagnosing the ocular manifestations of hypertension. The fluorescence response of blood vessels in retinal images is studied in [15]. The profile of the blood vessel cross section is modeled as a rectangular curve instead of inverted gaussian used in fundus images. In [16] an algorithm to locate the optic disc in retinal images is accomplished by tracing the branch blood vessels back to their root. This algorithm uses angular orientations of blood vessel segments with respect to each other. In our experience the angular orientation of blood vessels is a very fragile property, which cannot be accurately measured and used in an image processing concept. In [12], an artery vein classification is attempted on an enhanced magnetic resonance angiogram (MRA).
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