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ABSTRACT

Most heart disease is related to the luminal narrowing of the arteries that supply
blood to the heart tissues, the coronary arteries. Coronary arteriography (CA) is
regarded as the most accurate method for detecting the presence and severity of
coronary disease. Nevertheless, there are some limitations associated with CA. In
order to obtain further information on the severity of the stenosis many
investigations have been performed with the use of a complementary technique: the
intravascular Doppler catheter. Despite its growing use, there are few reported
investigations of the errors introduced into velocity estimates obtained using
catheter tipped transducers. Velocity estimates are used to calculate parameters

which are then correlated with the haemodynamic situation under investigation.

This dissertation reports theoretical and experimental investigations carried out to
assess the limitations of the technique in obtaining accurate velocity estimates. It
also describes a microcomputer based system developed to obtain velocity
estimates from Doppler signals sampled from coronary arteries and calculate
parameters currently discussed in the literature. To calculate these parameters two
other waveforms are sampled and processed: electrocardiogram and pressure.
Discussion on digital techniques regarding improvement of the velocity estimates
and analysis of Doppler signals is presented. Examples of clinical data obtained
with the system developed and calculated parameters are given. Limitations of this

technique and clinical procedures based on it are also discussed.
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Chapter 1 - Introduction




1.1 - Cardiovascular System and Coronary Disease

The cardiovascular system consists of a central organ, the heart, and a conduit net
of different diameters named blood vessels. This system is responsible, via the
blood and lymph for supplying nutrients to the body cells and transporting their

metabolic waste products to the organs of excretion.

The blood vessels are classified into arteries and veins. Arteries convey blood from
the heart to the organs. In general, veins transport blood back from the organs to the
heart. These vessels have three layers: intima (innermost), media (intermediary) and
adventitia (outermost). Fig. 1.1 depicts an overview of the arterial tree. The heart
continuously pumps blood to itself and the other organs of the body through the
vessels. The pumping function is vital for the organism. When the heart stops, the
body collapses in seconds (Prives et al. 1985).

The heart is divided into four chambers (Fig 1.2). The two superior chambers are
called atria and the inferior chambers, ventricles. There are valves between the atria
and ventricles (admission valves) and also between the ventricles and output
arteries (output valves). The contractile activity of the heart muscle and the opening
and closure of the valves, controlled by pressure gradients, perform the pumping
action. These events are further discussed in the next section. In the literature, the
heart filling period is called diastole and the ejection period, systole. The ventricles
are the chambers mainly responsibles for pumping blood around the lungs and
systemic circulation. The heart wall also has three layers: endocardium (innermost),
myocardium (intermediary) and epicardium (outermost). The myocardium is the

thickest layer and is composed of muscular tissue (Burton 1977).

Heart disease is responsible for most deaths in Western countries. Most heart

disease is related to the luminal narrowing of the arteries that supply blood to the
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