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PREFACE
There has been an explosion of new technology for vascular
ultrasound throughout the past 30 years. Basic black and white
instruments of the mid-1980s have now been replaced by extremely
sophisticated units that allow colour display of flow in two or three
dimensions. These use both B-mode and Doppler assessment assisted
by power and harmonic Doppler imaging with the promise of many
new techniques to come. There is hardly a radiological, vascular
surgical or vascular medical practice anywhere in the world that does
not employ ultrasound scanning to evaluate their patients with
arterial or venous disease. General ultrasound practitioners are having
to learn the peculiar requirements of vascular ultrasound, its
potentials and its limitations. Increasingly, ultrasound is also being
used to guide the actual treatment of both arterial and venous
disease. The entire balance between diagnosis by conventional
arteriography, ultrasound and other imaging modalities is being reevaluated to obtain the best value from each and allow them to
complement each other. The major benefit of ultrasound is that it is
non-invasive and relatively inexpensive. However, vascular
ultrasound is complex and this can become overwhelming to those
who are learning the art, and indeed to established practitioners. The
aim of this book is to attempt to get to the heart of how to apply
physical and physiological principles to obtain the best results for
assessment at various sites. It is designed to be a practical hands-on
book for rapid reference in the course of day-to-day practice.
However, it is also anticipated that it will be a concise reference book
for trainee sonographers learning the techniques and attempting to
pass examinations. It is hoped that it will simplify the complex issues
so as to make better sense of vascular ultrasound.
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1
PRINCIPLES OF
VASCULAR
ULTRASOUND
Vascular ultrasound combines various modalities to study blood
vessels and blood flow (Fig. 1.1). Modern systems use B-mode and
pulsed Doppler combined as the duplex scanner. This book will not
attempt to explore all aspects of ultrasound physics as they are covered
in dedicated texts listed at the end of the book as ‘Recommended
reading’. However, vascular ultrasound cannot be understood without
discussing basic principles.
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Fig. 1.1
Modalities used in vascular ultrasound to study blood vessels and blood flow
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BASIC ULTRASOUND PRINCIPLES
Basic characteristics of sound waves are outlined in Box 1.1.

Box 1.1: Characteristics of sound waves
● Frequency: number of cycles per second (1 Hz ⫽ 1 cycle/s)
● Period: time for one cycle (seconds)
● Wavelength: length of one cycle (mm)
● Velocity: speed of sound wave propagation (cm/s)
● Amplitude: amount of energy in a sound wave.
● Power: rate of energy transfer (W)
● Intensity: power/area (W/m2)

Ultrasound has a frequency ⬎20 KHz, outside the range of human
hearing. Frequencies used are millions of cycles per second (MHz).
Ultrasound is generated and detected by mechanical oscillations from
synthetic piezo-electric crystals (piezo-pressure) (Fig. 1.2).

A

B

Piezo-crystal

Sound wave

Direction

Fig. 1.2
Ultrasound signals
A: An alternating current applied to a piezo-crystal causes it to expand and
contract to generate ultrasound at the same frequency that passes into the
body.
B: Reflected sound waves strike a crystal and produce alternating electrical
signals at the same frequency that are then processed by the ultrasound
machine.
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Passage of ultrasound through tissues
Ultrasound interacts with tissues as it propagates and returns (Fig. 1.3);
properties are shown in Box 1.2.
Wavelength

Tissue

Transducer

Compression Decompression Compression

Sound direction
Fig. 1.3
Passage of ultrasound through tissues
Ultrasound travels as a longitudinal wave that causes tissue particles to
oscillate in the same direction and at the same frequency.

Box 1.2: Properties of ultrasound
● Propagation velocity: average in soft tissue ⫽ 1540 m/s
● Acoustic impedance: resistance to transmission through a
tissue – average in soft tissue ⫽ 1.6 kg/m2/s (Rayls)
● Interface: junction between tissues of different acoustic
impedances
● Reflection: when ultrasound strikes an interface larger than
the wavelength at angles approaching 90° (Fig. 1.4)
● Refraction: when ultrasound strikes an interface beyond a
critical angle away from 90° (Fig. 1.5)
● Scattering: as ultrasound strikes particles or a rough
surface (Fig. 1.6)
● Interference: several sound waves with different
frequencies pass through a tissue and enhance or compete
with each other
● Attenuation: loss of ultrasound energy as it passes through
tissues, proportional to the ultrasound frequency, distance from
the transducer to the study site, and tissue density (Fig. 1.7)
● Absorption: conversion of ultrasound energy to heat as it
travels through tissues
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Transducer

Surface
Reflections

Interface

Fig. 1.4
Reflection
A ‘strong reflector’ is one where impedances on each side of the
interface are considerably different.
●
●

Most soft tissues: only 1–2 per cent reflected.
Soft tissue and air: ⬎99 per cent reflected so that coupling gel is
required between transducer and skin.
● Soft tissue and bone: 40 per cent reflected so that transcranial
studies can be difficult.
● Reflections from blood are weak compared with those from solid
tissues.

Transducer

Surface

Fig. 1.5
Refraction

Interface
Refraction
Lower
Higher
impedance

Part of the beam is reflected and the
remainder continues to be transmitted
but at a different angle depending on
the velocity differences for each
medium.
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Fig. 1.6
Scattering
This occurs when ultrasound strikes a
particle or object which is the same size or
smaller than the ultrasound wavelength.
A: A particle approximately the same size as
the wavelength scatters the wave to a
variable degree in different directions. The
degree of scattering depends on the
ultrasound frequency and angle of insonation.

(A)

B: A particle smaller than the wavelength
such as a red blood cell scatters the wave to
an equal degree in all directions (termed
Rayleigh scattering; Baron John William
Rayleigh (1842–1919), an English physicist)
independent of the angle of insonation.

(B)
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Fig. 1.7
Attenuation
●

Exponential decay, mostly from absorption but also from reflection,
refraction, scattering and diffraction.
● Less for low-frequency signals, as used for deep abdominal
scanning.
● Greater for high-frequency signals, as used for superficial scanning.
● Low for blood, higher for soft tissues, and very high for lung and
bone.

