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ABSTRACT OF THE DISSERTATION

An Adaptive Ultrasonic Technique for
Measuring Blood Vessel Diameter and Wall Thickness

by

Keihan Rafii
Doctor of Philosophy in Bioengineering
University of California, San Diego, 1997
Jules S. Jaffe, Chair

Arnost Fronek, Co-Chair

This thesis presents an adaptive ultrasonic technique for measuring blood
vessel diameter and wall thickness. This technique allows one to use a target-
specific transmitted waveform/receiver filter to obtain the maximum theoretically
possible signal-to-noise ratio (SNR) in the received signal. Time delay estimates of
the reflected waveforms from the front and back walls of the blood vessel have been
used to obtain an estimate of the vessel diameter and wall thickness. Such param-
eters have potential clinical application for physiological studies of the circulation
and early detection of degenerative arterial disorders.

Adaptive ultrasonic measurement of blood vessel diameter has been ex-
plored using both a computer simulation and experimentally. In the computer
simulation, the blood vessel was modeled as a hollow cylindrical shell. A con-
ventionally used transmitted waveform was transmitted to the cylinder and the
reflected waveform was used to obtain a new adaptively designed transmitted wave-
form /receiver filter. The newly designed transmitted waveform was then transmit-
ted back to the cylindrical shell and the time delay between the reflected waveforms
from the front and back wall of the cylinder were used to obtain an estimate for

the vessel diameter. An estimate for the diameter of cylindrical shell was also

xviii



obtained using conventional waveforms. Diameters were estimated using different
levels of additive white Gaussian noise for both an adaptively designed transmitted
wave/receiver filter and the conventional transmitted wave/receiver filter. Results
show that the variance in the diameter estimate is smaller when adaptively designed
transmitted waveform and receiver filter pair is used in contrast to conventional
transmitted waveform and receiver filter for a constant SNR.

Diameter and wall thickness measurement experiments were performed
on latex tubes and on excised animal blood vessels using both adaptively designed
and conventionally used transmitted waveforms. Results show that for constant
additive Gaussian noise the adaptively designed transmitted waveform will give a
better estimate for the diameter measurement when compared to the convention-

ally used transmitted waveform.
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Chapter 1

Introduction

This thesis investigates the use of an adaptively designed transmitted
waveform for measuring blood vessel diameter and wall thickness. The majority
of deaths in the United States results from vascular disease [9]. Peripheral vas-
cular disease is responsible for many of these deaths and in addition may cause
considerable disability when non-lethal. It is estimated that 157,000 people suffer
from strokes that result in substantial permanent disability [68]. Virtually most
forms of vascular disease sequelae can be improved or eliminated by appropriate
intervention. A complete analysis of the cardiovascular system requires an under-
standing of the dynamic behavior of such parameters as the vessel diameter and
its variations. Noninvasive ultrasound techniques for measuring the instantaneous
vessel diameter has potential clinical application for physiological studies of the
circulation and early detection of degenerative arterial disorders. The aim of this
research project was to explore the use of ultrasound methods to obtain a more
accurate estimate of the blood vessel diameter and its wall thickness than the
estimate currently being obtained using conventional ultrasound machines with

restriction placed on the energy and duration of the transmitted signal.






