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Abstract

Recently, automated analysis of medical images becomes important for easier and faster
clinical diagnosis. Identifying human organs is the key component for such analysis,

i.e., segmentation of the anatomical structures from medical images.

Coronary arteries segmentation in three-dimensional (3D) images has gained wide
interest in old and recent scientific research and is regarded as a fundamental step in
evaluating the degree of Coronary Artery Disease (CAD) in cardiac clinical diagnosis
and surgical planning. Thus, various methods have been developed for segmenting

coronaries from different cardiac imaging modalities.

Previously developed segmentation methods were designed in a way that can ad-
dress the challenging task of coronary arteries. The challenges of coronary segmentation
can be summarised in four points: the small size of coronaries, structures attached to
coronaries has similar intensity and intensity, shape variations along the vessels and

presence of calcifications.

The research problem of coronary segmentation was divided into three parts. First,
enhancing the 3D input images using vessel enhancement techniques which make it
easier to detect and extract coronary vessel regions in next steps. Second, recognizing
and segmenting coronaries using a proper segmentation method that can handle the
changes in intensity and geometry along coronaries. Third, using the resulted coronary
vessel tree for detecting and quantifying stenoses (narrowness).

A framework for a coronary segmentation, stenoses detection and quantification
system is proposed along with a comprehensive overview of the state-of-art coronary

segmentation algorithms.

The proposed coronary segmentation framework was divided into three main parts:

enhancement and preprocessing, coronary segmentation, and stenoses detection and
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Abstract

quantification. In enhancement, input CTA images are enhanced by removing calci-
fications using thresholding, making coronary regions more obvious using histogram
equalization and enhancing vessel regions using Hessian based analysis. Input center-
lines are also resampled for better accuracy of segmentation results and such resampled
centerlines are used in a volumetric wrapping step. The resulted wrapped volume is
then used in the segmentation step that recognizes and segments coronary vessels using
Otsu thresholding technique. Finally, the segmented coronaries are then used in a fur-
ther step to detect and quantify vessel stenoses. This was done by analysing the area of
vessel cross-sections along the whole coronary tree to detect stenoses and apply linear
regression to these calculated areas to quantify the degree of (stenoses) narrowing.
The proposed system was tested and evaluated on 48 Computed Tomography An-
giography (CTA) standard datasets of coronary patients at different levels of severity.
The evaluation uses three metrics for comparing obtained segmentation results with
the manual segmentation annotated by three experienced observers. Stenoses detec-
tion and quantification results are also quantitatively evaluated using two evaluation
metrics for each step by comparing obtained results to detection and quantification
previously defined by physicians. Furthermore the results were compared with other

state-of-art algorithms showing the strengths and weaknesses of the proposed system.
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