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Preface

The first edition was published in 2004 as The Practice of
Ultrasound. My goal at that time was to walk the user
through the basic principles of upper abdominal ultra-
sound scanning. I am pleased that this concept is being
revived and that a third edition of the book can now be
published. Once again the author recommends keeping
the book close at hand during the ultrasound examina-
tion.

Chapter 14 of this edition serves as a “Sono Consul-
tant.” It has been designed to provide systematic guidance
in interpreting suspicious findings and determining how
ultrasound can be applied to specific clinical questions.

I wish my readers success in learning this modality and
hope that they enjoy the practice of abdominal ultra-
sound scanning.

Berthold Block, MD
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General Basics




1 General

Locate and survey the organ.

Define the details of the organ.

Define its relations to neighboring
structures.
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1 General

1.1 How to Use This Book

This book is a self-study guide, designed to enable you to begin scanning a live
subject right away, without any prior theoretical knowledge of ultrasonog-
raphy. Different readers will have different degrees of experience with ultra-
sound. Therefore the book is structured so that you can access the material at
your own level of knowledge and experience. Because the book is practice-
oriented, less emphasis is placed on physical and technical details, which are
basically limited to the following three questions:

LEARNING GOALS

» Who do you examine first when learning ultrasound?

» How do you adjust the ultrasound machine?

e What can you do with the transducer?

After addressing these questions, we will cover the practical aspects of per-
forming an upper abdominal ultrasound examination according to a standard-
ized routine. The protocol for examining the major abdominal organs—Tliver,
gallbladder, pancreas, kidneys, spleen, vena cava, and aorta—proceeds from
the simple to the more complex: First, you locate the organ of interest and
demonstrate it in its entirety. Second, you define the organ details. Third, you
evaluate the relations of the organ to surrounding structures.

In theory, then, there are two basic strategies for scanning the upper abdo-
men:

 Organ-oriented: an organ or structure is identified, scrutinized, and evalu-
ated in relation to surrounding structures.

« Level-oriented: the abdominal organs are examined as a whole, proceeding
in steps. First, all of the abdominal organs are successively located and sur-
veyed. Next the organ details are defined, and finally the interrelationships
of all the organs are evaluated.

In practice, you will generally apply a combination of both strategies. But in all
cases you will learn to follow a structured, step-by-step protocol that is the es-
sence of systematic upper abdominal ultrasound.

Smaller organs and structures of the upper abdomen will be covered in a
less formalized way: the stomach, duodenum, porta hepatis, and adrenal
glands.



Fig. 1.1

Control panel of an ultrasound machine.
1 On/off switch

2 Freeze button

3 Transducer selector switch

4 Penetration depth

5 Power output

6 Time-gain compensation (TGC)

1.2 Examination Technique and Equipment

1.2 Examination Technique and Equipment

Who do you examine first when learning to scan?

You should select a young, slender, fasting subject and examine him or her in
the morning if at all possible. If you meet these criteria yourself, you should
know that self-examination can be mastered with very little practice. You
just have to reorient your thinking compared with examining another person,
and this can be done relatively quickly.

How do you adjust the ultrasound machine?

The ultrasound system consists of the ultrasound machine itself, the trans-
ducer (probe), and the monitor (screen). Each of these elements affects the
quality of the examination.

Ultrasound machine

As a beginner, you should not try to learn all the fine points of “knobology”
right away. You should, however, be familiar with all of the functions shown

in Fig. 1.1.
5 6
’ \ /
1
\ .

~

\
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Tip | &
Set the power output to an inter-
mediate setting, and move all the
TGC slide switches to the center.
Adjust the overall gain to obtain
good mid-field brightness. Now
adjust the slide switches to pro-
duce uniform brightness in the
near and far fields. When this is
done correctly, the slide switches
will usually form an approximate
diagonal line.

14

» On switch. Turns the machine on and off.

» Freeze button. If the machine was used earlier, the previous operator may
have activated the freeze button, locking out all the function switches. In this
case you must turn off the freeze switch before using the machine.

» Transducer selector switch. More than one transducer may be available for
use. You can choose the desired transducer with a selector switch. To begin
with, select the 3.5 MHz curved array. Further details on this type of transduc-
er are given in the “Transducers” section below.

» Penetration depth. You turn a knob to set the penetration depth of the
ultrasound scan. This has the effect of widening or narrowing the image field.
Start with the control set to 12 cm. Most of the images in this book were ob-
tained at this setting.

» Power output, overall gain, and time-gain compensation. Recall for a mo-
ment the way that diagnostic ultrasound works. Ultrasound waves are trans-
mitted, partially reflected by tissues, and received. The intensity of both the
transmitted waves and the received signals can and should be adjusted and
optimized. The power transmitted by the system, called the power output, af-
fects the brightness of the image. A low power output produces a dark image,
while a high power output yields a bright image. The overall gain also affects
image brightness. A dark image at a low power setting can be brightened by
increasing the gain, and a bright image can be darkened by lowering the gain.
Both functions should be carefully balanced to obtain a quality image. A good
general rule is to set the power output to the lowest possible level. On the
other hand, setting the gain too high to compensate for a low power setting
will produce a “noisy” image. Through practice, you will learn how to achieve
a proper balance.

Every ultrasound machine has two gain controls. The overall gain control is
used to amplify the received echoes over the entire depth of the image field.
The time-gain compensation (TGC) amplifies echoes according to their depth
to achieve uniform image brightness.



Fig. 1.2

Principal transducer designs.
a Sector transducer.

b Linear transducer.

¢ Curved array.

Sector and curved-array transduc-
ers produce a fan-shaped beam.
A linear transducer has parallel
elements that produce a rectan-
gular beam.

1.2 Examination Technique and Equipment

Transducers

Three different transducers are important for routine scanning: the sector
transducer, linear transducer, and curved array (Fig. 1.2).

» Sector transducer. In a sector transducer (Fig. 1.2a), the ultrasound beam is
moved through a fan-shaped sector either mechanically (by rotary movement
of the transducer elements) or electronically (by sequential firing of the ele-
ments). The ultrasound image is narrow at close range and widens out with
distance from the transducer face.

» Advantages: small footprint, ability to scan through a small acoustic win-

dow, clear definition of structures at greater depths.
» Disadvantage: poor resolution of structures near the transducer.

» Linear transducer. In alinear transducer (Fig. 1.2b), multiple parallel elem-

ents are arranged in a straight line, producing a rectangular image field.

» Advantage: good resolution of structures near the transducer.

« Disadvantages: large footprint, cannot scan through a narrow acoustic win-
dow close to the transducer.

» Curved array. In a curved array (Fig. 1.2¢), the piezoelectric elements are
lined up as in a linear transducer, but on a convex surface. This produces a
fan-shaped image similar to that of a sector transducer but considerably wider
in the near field.

» Advantage: compromise between a sector and linear transducer.

» Disadvantage: line density decreases with depth, as in a sector transducer.

» Frequency. Besides the shape of the transducer and the arrangement of the
elements, image quality is determined by the frequency of the emitted sound.
Frequencies in the range of 2.5 to 7.5 MHz are generally used for diagnostic
ultrasound. High frequencies provide less penetration depth with higher reso-
lution, while low frequencies give deeper penetration with lower resolution.
Transducers with an operating frequency of 3.5 MHz are commonly used for
upper abdominal scanning. Most of the images in this book were obtained
with a 3.5 MHz curved array.

15
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Fig. 1.3
Plane of section of a transverse scan.
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Adjusting the monitor

You can adjust the monitor’s brightness and contrast. Adjust the brightness
level so that you can distinguish the background brightness of the monitor
image from the structures surrounding the image. Then adjust the contrast to
a level at which you can distinguish all shades of gray in the gray bars.

What can you do with the transducer?

You use the transducer to obtain a two-dimensional sectional image of the
body that is displayed on the monitor. Structures located closer to the trans-
ducer are displayed at the top of the screen, and structures farther away are
displayed at the bottom. All other localizing information—right/left, cranial/
caudal, lateral/medial, and posterior/anterior—depends on how the transduc-
er is positioned.

Transducer position

To aid in understanding the transducer and how it is positioned, we will first
reduce the infinite number of possible scan planes through the body to three
cardinal planes of section: transverse, longitudinal, and coronal.

» Transverse section. The transducer is placed to scan a cross section of the
body. Structures located on the right side of the body may be displayed on
the left or right side of the screen, depending on how the transducer is rotated.
You should always position the transducer so that the right side of the body is
displayed on the left side of the screen. You will then be viewing the section
from below upward, as in a CT scan (Fig. 1.3).



1.2 Examination Technique and Equipment

l

Fig. 1.4
Plane of section of a longitudinal scan.

The three cardinal planes of sec-
tion through the body are trans-
verse, longitudinal, and coronal.

Fig. 1.5 Fig. 1.6
Plane of section of a coronal scan from Plane of section of a coronal scan from
the right side. the left side.

» Longitudinal section. The transducer is placed parallel to the long axis of
the body. Cranial or caudal body structures may be displayed on the left side
of the screen, depending on how the transducer is rotated. Always place the
transducer so that cranial structures appear on the left side of the screen, i.e.,
you are looking into the body from right to left (Fig. 1.4).

» Coronal section. The transducer is placed on the side of the body to scan a
frontal (coronal) section. As in a longitudinal scan, position the transducer so
that cranial body structures are displayed on the left side of the screen and
caudal structures on the right. Anterior/posterior orientation depends on
whether you are scanning from the patient’s right or left side. With a coronal
scan from the right side, you are viewing the body from the back (Fig. 1.5).
When you scan from the left side, you are viewing the body from the front
(Fig. 1.6).

17
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— Fig. 1.7  Standard scan planes used in abdominal ultrasound

a | b /\/\/ d |
e D7 I
Y Y \( Y
e f g g | h /
XN\ / N g
Y \( Y Y
i i k |
a Upper abdominal transverse scan. g Midabdominal transverse scan, right or
b Oblique subcostal scan, right or left. left.
¢ High lateral intercostal scan, right or h Upper abdominal longitudinal scan.
left. i Parasagittal scan, right or left.
d Intercostal scan, right or left. j Lower abdominal longitudinal scan.
e Extended intercostal scan, right or left. k Lower abdominal transverse scan.

f Flank scan, right or left.

» Routine scan planes. Now you know the three standard planes for routine
scanning: transverse, longitudinal, and coronal. These planes can be combined
in an infinite variety of ways, of course, but a limited number of scan planes
have become important in the routine practice of abdominal ultrasound. Dif-
ferent authors have defined the number and nomenclature of these “standard
views” and the corresponding transducer placements differently. The most
frequently described abdominal scans are shown in Figure 1.7.



KEY POINTS

There are five basic patterns of
transducer movement:

« Sliding on the flat
« Sliding on edge

» Angulation
 Rocking

» Rotation

1.2 Examination Technique and Equipment

Transducer movements

Once you have grasped the basics of transducer placement, you should be-
come familiar with the basic patterns of transducer movement. Position the
transducer for an upper abdominal transverse scan. The transducer can now
be moved according to the patterns shown in Fig. 1.8.

Perform each of these movements with the transducer, sticking closely to
the patterns indicated for the time being. In an actual examination, of course,
you would generally use various combinations of these patterns, but the be-
ginner often encounters problems by using unintended or unwanted combi-
nations of transducer movements. You should always be aware of the move-
ments that you are making with the transducer.

— Fig. 1.8 Basic types of transducer movement:

Y ke

a Sliding on the flat. b Sliding on edge.
W @
¢ Angulation. d Rocking. e Rotation.
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» Sliding on the flat. When you move the transducer across the skin with the
flat side leading, you obtain a series of parallel scans that you can easily relate
to one another during the examination. This is the easiest way to create a
three-dimensional spatial impression from a set of two-dimensional slices.
The beginner should make a special effort to keep the scans parallel to one an-
other. Frequently, the sliding movement is combined with unwanted angula-
tion of the probe. We can illustrate this with an example. Position the trans-
ducer for an upper abdominal longitudinal scan. Move the transducer laterally,
keeping it at a constant vertical angle, while watching the image on the screen.
You will obtain parallel sagittal sections (Fig. 1.9a). Now repeat this movement
but keep the transducer perpendicular to the body surface. Notice that the
transducer starts in a sagittal plane but ends up in a coronal plane because
you have added angulation to the lateral movement (Fig. 1.9b).

— Fig. 1.9  Sliding the transducer on the flat, with and without angulation
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a Correct movement of the transducer b Sliding plus
for an upper abdominal longitudinal
scan.

angulation.

» Sliding on edge. When you move the transducer across the skin with the
narrow edge leading, you extend the field of view without leaving the initial
scan plane. As a result, this maneuver does not provide a three-dimensional
impression but an extended two-dimensional view (Fig. 1.10a). This move-
ment is often combined with unintended rocking of the probe (Fig. 1.10b).

— Fig. 1.10  Sliding the transducer on the flat, with and without a rocking motion—

a Sliding the transducer on the flat. b Sliding plus rocking.




Fig. 1.11
Angling the transducer.

Section 1 is a standard transverse scan,
with the examiner looking up into the
body from below. Section 2 is an oblique
scan, which the examiner is viewing at a
more posterior angle. Section 3 is almost
in a coronal plane. The examiner is view-
ing this section from behind, so that the
body is projected “upside down.”

1.2 Examination Technique and Equipment

» Angling. Angling (tilting) the transducer produces a series of fan-shaped
scans. This movement can give a good three-dimensional impression of the
scanned anatomy, but extreme tilting of the probe can make spatial visualiza-
tion difficult, as illustrated in Fig. 1.11 This type of section can be extremely
difficult for a beginner to interpret during the examination.
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Angling the transducer is a useful technique for making narrow sweeps and for
scanning through acoustic windows to avoid barriers located near the trans-
ducer.

» Rocking. This movement, like sliding the transducer on edge, keeps to the
initial scan plane and does not convey a three-dimensional impression. How-
ever, it can extend the field of view when scanning through a narrow acoustic
window.

» Rotation. Rotation is usually combined with a sliding movement of the
transducer. It is useful for obtaining a continuous view of curved anatomical
structures.

Isolated transducer rotation, in which the probe is turned about its central
axis, can be used to demonstrate a structure in a second plane. For example, a
vascular segment will appear circular in transverse section but elongated in
the second plane, whereas a cyst will appear circular in both planes.
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2 Basic Physical and Technical Principles

The propagation of sound is
affected by reflection, refraction,
and absorption.
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2 Basic Physical and
Technical Principles

You now know how to adjust the ultrasound machine, how to optimize the
image quality, and how to use the transducer. You are ready to begin scanning.

If you like, you may skip the following section and return to it later if you
need to. It provides a brief review of the basic physical and technical principles
of diagnostic ultrasound.

LEARNING GOALS

 Understand the production, propagation, and detection of ultrasound.

e Learn the differences between A-mode, B-mode, and M-mode scanning.

« Be able to recognize and distinguish artifacts.

2.1 Ultrasound

Definitions

Sound is a mechanical wave that travels longitudinally through an elastic me-
dium.

Ultrasound is sound at a frequency beyond the range of human hearing.
The frequency range of diagnostic ultrasound is between 1 and 20 MHz.

Propagation of sound

» Reflection and refraction. When sound encounters a boundary between
two media of different densities, some of the sound “bounces” back toward
the source as an echo. The angle of incidence of the sound is equal to the angle
at which the echo is returned. This phenomenon is called reflection. The rest
of the sound continues to travel through the second medium but is deflected
from its original path. This phenomenon is called refraction.

» Impedance. Acoustic impedance is the measure of resistance to the propa-
gation of sound waves. It is the product of the density of a medium and the
velocity of sound in the medium. When there is a large difference in acoustic
impedance between two adjacent media, a large portion of the sound will be
reflected at the interface between the media.



The piezoelectric crystals in a
transducer emit sound pulses and
also receive the echoes.

2.1 Ultrasound

» Absorption. As a sound wave propagates through matter, some of its en-
ergy is converted by friction into heat. This loss of sound energy is called ab-
sorption.

» Scatter. Besides reflection and refraction, scatter is another phenomenon
that is important in the propagation of ultrasound. When ultrasound waves
encounter a nonhomogeneous medium or a “rough” surface, a small part of
their energy is scattered away from the object, in random directions, while
most of the sound continues to propagate. In diagnostic ultrasound, some of
this scattered sound is radiated back toward the transducer and contributes
to image formation.

Production and detection of ultrasound waves:
the pulse-echo principle

Diagnostic ultrasound is based on the pulse-echo principle. The smallest func-
tional unit of the ultrasound transducer is the piezoelectric crystal. This crys-
tal has the property of converting electrical oscillations into mechanical vibra-
tions, and vice versa. Thus, when the crystal is exposed to an alternating elec-
tric current, it will undergo mechanical deformation and generate sound
waves. Conversely, when sound waves strike the crystal, they deform it and
cause it to generate electrical impulses. One crystal can perform both func-
tions in an alternating fashion.

First the piezoelectric crystal is exposed to an alternating electric field,
causing it to vibrate. The transducer emits a short, intense burst (pulse) of
sound. Immediately thereafter, the transducer switches to the “listening”
mode. The echoes reflected from different interfaces successively return to
the crystal and cause it to vibrate. These vibrations are converted to electrical
impulses, which are used to reconstruct an image.

Diagnostic ultrasound: propagation of ultrasound
in biological tissue

From an ultrasound standpoint, the human body is composed of three basic
materials: gas, soft tissues, and bone (Table 2.1).
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2 Basic Physical and Technical Principles

Two types of data—time and echo
intensity—are used to make the
acoustic signals visible in the
A-mode, B-mode, and M-mode
displays.
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Table 2.1 Sound velocity (V), density (p) and impedance (Z = p % V) in various materials

Material V (m[s) p (g/cm?) Z=pxV
Air 340 0.002 41.0
Tissue 1,500 1.0 1.5
Bone 3,600 1.7 6.0

The very large difference in acoustic impedance that exists between air and
tissue (“impedance mismatch”) causes 100% of the sound to be reflected at air/
tissue interfaces. The impedance mismatch between bone and tissue is large
enough to cause almost all of the sound to be reflected. The portion that con-
tinues to travel across the bone/tissue interface is too small to be utilized diag-
nostically. The small impedance mismatch that exists between different soft
tissues is the basis for diagnostic ultrasound. Most of the sound waves are not
reflected from the initial tissue layers and are available for scanning the deep-
er layers.

2.2 Producing an Image

The detection of the returning sound pulses supplies two critical types of in-

formation:

« The time that it takes for the echo to reach the receiver. This determines the
location of the reflecting interface in the monitor image.

 The intensity of the echo. This depends on the difference in hardness at the
interface between the adjacent sound-conducting media.

A-Mode

A stands for “amplitude.” The A-mode principle is as follows: A short ultra-
sound pulse is emitted and propagates through the tissue. The reflected
echoes are displayed on a graph as vertical deflections along a time axis. The
location of the deflections depends on the echo transit time, and their ampli-
tude (height) depends on the intensity of the echoes.

B-Mode

B stands for “brightness.” In the B-mode, the returning echoes are displayed as
shades of gray rather than deflections along a baseline. The echo amplitude is
represented by a gray level ranging from black to white. Each signal that is re-
ceived along an image line is displayed as a one-dimensional gray-scale spot,
and the individual image lines are briefly stored. The acoustic axis of the trans-
ducer is swept through the tissues to acquire the total number of lines needed
to make a sectional image. All of the image lines are then accessed and assem-
bled on the monitor to create a two-dimensional B-mode image.



Fig. 2.1
A-mode, B-mode, and M-mode.
Shown for an acoustic axis through
the heart.

2.2 Producing an Image

M-Mode

M stands for “motion.” The M-mode is used to display moving structures. As in
B-mode, a gray-scale-modulated image line is produced. However, whereas
the acoustic axis is moved in the two-dimensional B-mode display to acquire
a large number of image lines, the acoustic axis in the M-mode display does
not move. Instead, the same B-mode image line is displayed along a moving
time base to graph the changing location of the mobile anatomical structures.

@
U
o
o

@

A-mode B-mode M-mode

G4,
W {

Figure 2.1 shows an ultrasound beam crossing multiple interfaces and under-
going partial reflection at each interface. In A-mode, the location of an ampli-
tude spike corresponds to the location of the interface, and the height of the
spike is proportional to the echo intensity. In B-mode, the amplitude of the
echo is represented by the gray level of the spot. The image line is still one-di-
mensional, and a number of adjacent lines must be assembled to create the fa-
miliar two-dimensional B-mode image. M-mode also utilizes the grayscale
B-mode image line, but the acoustic axis remains stationary. The motion of re-
flective interfaces along the acoustic axis, as in the heart, alters the location of
the signals displayed along the image line. Moving the recording paper creates
a two-dimensional graphic record that documents the motion of the inter-
faces over time.
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2 Basic Physical and Technical Principles

Fig. 2.2

Noise.

Section through a liver cyst. Myriad fine
internal echoes (1) are seen within the
cyst close to the transducer.

Fig.2.3

Acoustic shadow.

This artifact appears as an echo-free
streak behind a gallstone (—).

Fig. 2.4

Posterior acoustic enhancement.

This artifact forms an echogenic streak
in the liver tissue behind a cyst (=).
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2.3 Artifacts

Artifacts in the ultrasound image are echoes that do not correspond to an ana-
tomical structure. They result from the physical properties of ultrasound
propagation in tissues.

Noise

Noise refers to the appearance of grainy echoes, especially in the proximal por-
tion of cystic areas (Fig. 2.2). It is caused mainly by excessive gain in the near
field. Noise can be reduced by lowering the gain setting.

Acoustic shadowing

An acoustic shadow is an echo-free area located behind an insonated structure
(Fig. 2.3). It is caused by total reflection (e.g., by air) or absorption (bone, gall-
stones) of the sound energy.

Posterior acoustic enhancement

In posterior acoustic enhancement, the area behind an echo-free structure ap-
pears more echogenic than its surroundings (Fig. 2.4). When the sound passes
through the echo-free structure, typically a cyst, it undergoes very little ener-
gy loss and attenuation. Because of this, the area behind the cyst appears
brighter in relation to the surrounding tissues. The term “enhancement” is
somewhat misleading, as this phenomenon is actually due to decreased at-
tenuation.

Reverberations

Reverberations occur in two typical forms: parallel bands of echoes spaced at
equal intervals (Fig.2.5a) and a line of echoes resembling a comet tail
(Fig. 2.5b). Reverberations occur at the interfaces of adjacent media that differ
greatly in their acoustic impedance. The ultrasound waves are partially re-
flected from the second interface, and some of these echoes are reflected again
from the back of the first interface. This sets up repetitive back-and-forth re-
flections that either appear as distinct parallel bands (first form) or, at very
strong reflectors, blend into a narrow streak resembling a comet tail (second
form, also called a comet-tail artifact).



2.3 Artifacts

— Fig. 2.5 Reverberations. Two different forms are shown

a Parallel artifacts (=). These are pro- b Comet-tail artifact. Very fine, parallel

duced by the highly reflective vessel reverberations behind the gas-con-
walls in a tangential longitudinal scan taining duodenum blend into a
through the aortic wall (A). streak resembling a comet tail (=).

Beam-width artifact

The beam-width artifact (section-thickness artifact) appears as a collection of
fine, grainy echoes distributed along the inside of cystic structures whose wall
is struck obliquely by the ultrasound beam (Fig. 2.6). The main beam emitted
by the transducer has a definite width. When the beam encounters an oblique
interface, the beam width overlaps both the echo-free interior of the cyst and
its highly reflective wall. Because the echogenicities of these different struc-
tures are averaged together electronically to form an image, smudgy echoes
appear to line the cyst wall (pseudosludge).

— Fig.2.6 Beam-width artifact

Echo-free cyst area //\\ Beam-width artifact

a Diagram. Three ultrasound beams are shown. Beam 1 encounters the cyst overits b Fine artifactual echoes appear as
full width, and the cyst appears echo-free (black) in the monitor image. Beam 2 pseudosludge on the gallbladder wall
encounters the cyst and strikes the cyst wall obliquely. Both echoes are averaged (L).
together and are displayed as a shade of gray. This gray area along the cyst wall is a
beam-width artifact. Beam 3 encounters only the area outside the cyst, which
appears dense and bright on the monitor.

Beam 2 obliquely
incident on the
cyst wall

27



2 Basic Physical and Technical Principles

— Fig. 2.7  Side-lobe artifact

4 Correct display of the

real structure

Side-lobe artifact

Side-lobe artifacts are bright, curved lines that are usually seen in hypoechoic
or echo-free structures (Fig. 2.7). They are caused by side lobes, which are sec-
ondary oblique concentrations of energy located off the main beam axis.
When the echo from a side lobe reaches the receiver with sufficient energy, it
is assigned to the main beam and is therefore displayed at a false location. Due
to the low energy of the side lobe, a strong reflector (e.g., air) and hypoechoic
or echo-free surroundings (gallbladder, large vessels) must be present in order
for the artifact to be seen.

9 Display of side-lobe
echoes

Main beam and associated

echo

Off-axis side lobes

Correct assignment
of the image spot

2 Realstructure

a Diagram. Side-lobe echoes cause the image spots to be displayed at a false location.

7 Reception of side-lobe

echoes

| 6 Side-lobe echoes

8 False assignment of
| image spots due to

the different receiver

location and
prolonged echo
transit time

b Side-lobe echoes from the spinal column produce a curved streak (1)
in the vena cava.
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2.3 Artifacts

Mirror-image artifact

A mirror-image artifact is the virtual image of a real object that forms behind a
highly reflective interface (Fig.2.8). It is caused by deflection of the beam at
the “specular” reflector. The virtual image appears behind the interface in the
path of the main beam.

The echo from the real
object is duplicated
behind the reflective
interface

Echo

— Fig. 2.8 Mirror-image artifact:

Sound

Real object

Highly reflected interface ~~——

Virtual object

a Diagram. The beam and echo are refracted at a highly reflective interface (e.g., the diaphragm). The image of the real struc-
ture is duplicated on the other side of the diaphragm according to the transit time of the ultrasound and the location of the
receiver.

b Vascular structure producing a mirror-image artifact
behind the diaphragm ( 1).
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2 Basic Physical and Technical Principles

Lateral edge shadow

A lateral edge shadow is a thin acoustic shadow that appears distal to the lat-
eral edges of a cystic structure (Fig. 2.9). It is caused by the refraction and scat-
tering of sound striking the cyst wall at a tangential angle. Due to the energy
loss that occurs, the sound does not propagate to deeper levels, and an acoustic
shadow is formed.

— Fig. 2.9 Lateral edge shadows

Echo-free acoustic
shadow in which
sound waves are
not reflected

Refraction and
scattering at the
cystwall

Streak not reached
by sound waves

a Diagram. Refraction and scattering at the edge of the cyst produces a streaklike area where sound waves do not reach.
Since this area does not reflect any sound, an acoustic shadow is formed.

b Edge shadow (<) cast by the gallbladder.
Posterior acoustic enhancement and beam-width
artifact are also seen.
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Abdominal Ultrasound




3 Blood Vessels: The Aorta and Its Branches, the Vena Cava and Its Tributaries

Fig. 3.1

Sonographic access to the aorta (A)

and vena cava (Vc).

The transverse colon (Ct) is a barrier to
scanning, along with the antrum (An) and
duodenum (Du). Ri = costal arch.

A

Fig. 3.2

Upper abdominal transverse scan of the
aorta and vena cava. Aorta (1), vena cava
(11).
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3 Blood Vessels: The Aorta and
Its Branches, the Vena Cava
and Its Tributaries

3.1 Preliminary Remarks

LEARNING GOALS

« Locate and identify the aorta and vena cava.

» Demonstrate the aorta and vena cava in their entirety.

The aorta and vena cava run parallel, anterior, and slightly lateral to the spinal
column in the retroperitoneum. Just below the diaphragm, the vena cava ini-
tially is slightly more anterior than the aorta and is surrounded predominantly
by the liver. The aorta is covered by the esophagogastric junction as it pierces
the diaphragm and is more difficult to image than the vena cava (Fig. 3.1).

3.2 Locating the Aorta and Vena Cava

» Barriers to scanning.
e Stomach
» Transverse colon

» Acoustic window.
» See Fig.3.1

» Optimizing the scanning conditions.
» Fasted patient
 The aorta and vena cava can be easily imaged in most cases.

» Approach.

« See Fig.3.2

« Position the transducer in the upper abdominal transverse section.

« By angling (tilting) the transducer, scan around the gas in hollow organs.
« Identify both vascular sections in front of the spinal column.

» Difficulties.
Gas and obesity can occasionally obscure the view.



3.3 Imaging the Aorta and Vena Cava in Their Entirety

— Fig. 3.3 Transverse scans of the aorta and vena cava

3.3 Imaging the Aorta and Vena Cava
in Their Entirety

Demonstrating the aorta and vena cava
in transverse section

Define both vessels in an upper abdominal transverse section and scan slowly
down the length of the vessels to the level of the bifurcation (Fig. 3.3). It is nor-
mal for your view to be obscured intermittently by bowel gas, mainly in the
transverse colon.

a Transverse scan between the b Transverse scan just above the ¢ Transverse scan at the level of the
umbilicus and xiphoid. Aorta (1), umbilicus. Details are obscured by gas bifurcation. Aortic bifurcation (! ),
venacava (T 1). in the transverse colon. vena cava (1).

— Fig. 3.4  Upper abdominal longitudinal scans of the aorta and vena cava

Demonstrating the aorta and vena cava
in longitudinal section

While watching the screen, rotate the transducer over the aorta in the upper
abdomen from a transverse to a longitudinal plane of section. As you move the
transducer slowly toward the right side, the aorta will disappear and the vena
cava will come into view (Fig. 3.4). Scan across the entire aorta and vena cava.
Repeat this pass several times.

a Longitudinal scan of the aorta (1) b The transducer was moved to the ¢ The transducer was moved farther
demonstrating the entry of the aorta right. This scan cuts the space between to the right, defining the vena cava
into the thoracic cavity. the aorta and vena cava. in longitudinal section (7).
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