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Abstract

Abstract

Coronary heart disease (CHD for short) is one kind of heart disease caused by
deficiencies in blood flow in the heart muscle. This heart disease has bad effects on
human health with high incidence and mortality. The study of coronary artery
circulation system and analysis of hemodynamics is important for further understand
mechanisms of CHD and promote the improvement of clinical treatment. Due to not
only some contraindications and complications of invasive interventional clinical
trials, but also the complicated mechanism of physiological system and the lack of
non-disturbance experiment in vivo, the methods of modeling and simulation is
adopted to quantitative analysis of different characteristics of the physiological system
with no trauma.

In this paper, we study the key issues of modeling and Simulation of coronary
artery stenosis, based on the physiological characteristics of coronary artery system,
using computer digital image processing, the theory of windkessel of circuit model of
cardiovascular system and arterial fluid mechanics and finite element analysis method.
Firstly, the paper introduces the related physiological and pathological knowledge of
coronary artery, common methods of computer image processing, the theoretical basis
of computer simulation and the modeling and finite element analysis methods of
physiological systems. Secondly, an improved region growing algorithm for
non-uniform intensity images of coronary artery angiograms is presented by this
paper, and the result of our algorithm is evaluated by MICCAI criteria. Thirdly, we
establish a circuit system for the study of the pathological of Coronary Heart Disease,
simulate the hemodynamic status of coronary artery stenosis with different level (mild,
moderate and severe). Lastly, we have the fluid mechanics finite element analysis of
different degree of coronary artery stenosis. The experimental results are matched
actual physiological characteristics.

The main contents and contributions of this dissertation are as follows:

1. The intensity of coronary artery angiograms is non-uniform since different
organizations, such as the bones, muscles, and organs, have different absorption of
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X-ray during angiography. The classical region growing algorithm has poor effect on
these non-uniform intensity images, and it is also inefficient since the seeds must
select manually. An improved region growing algorithm is presented by this paper,
which not only produce seeds automatically, but also use a local parameter in growing
criteria. Then we used MICCAI criteria to evaluate the result of our algorithm. The
efficacy of the approach is demonstrated with experiments.

2. Based on previous work on some simulation experiments of arterial system on
left heart-arterial interaction coincide with the pathological characteristics and clinical
parameters of CHD, a dynamic simulation model was built for the system of coronary
circulation on CHD by using Matlab/Simulink, characterized the hemodynamic
relations between the coronary circulation and systemic circulation. This model has
been digitally simulated for coronary flow of different physiology and different
degree of coronary artery stenosis of CHD by changing the parameter, the results
were consistent with clinical observations of animal experimentation. The correctness
of the results are further verified from the calculation of the conclusion of FFRnyo.

3. Based on ANSYS/FLOTRAN, which is a CFD software of finite element
analysis, we study the issue of dynamics of the blood flow in the coronary artery
stenosis , having numerical simulation analysis of coronary artery circulation and the
contour of the velocity distribution and the pressure distribution at different degree of
stenosis, which lead us to observe, analyze and predict the states of the coronary
blood flow and vascular circulation of CHD. We try to understand the law of blood
circulation and the relationship analysis between hemodynamic factors and the

disease of coronary atherosclerosis.

Key words: Coronary Heart Disease; Modeling and Simulation; Hemodynamics;

Finite Element Analysis; Vessel Segmentation
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