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Preface

Ultrasound is a well accepted modality in everyday clinical practice. However, it is only during the last
decade that it has been introduced into the emergency room in order to answer highly specific questions
in the management of critically ill patients. Focussed ultrasound has rapidly developed from the
original evaluation of abdominal trauma by surgeons and emergency physicians, to include a range of
focussed applications in both the injured and acutely ill patient.

The contributors to this book are at the forefront of innovation and teaching in this field. Their work
has allowed us to produce a book that covers a wide range of indications for focussed ultrasound where
each application aims to answer highly specific questions for the management of the patient. We hope
that this book will help those involved in the emergency care of patients to develop a portfolio of
focussed ultrasound techniques relevant to their day to day practice.

Like any new skill, we owe it to our patients to ensure we are adequately trained and a discussion
chapter at the end of this publication reviews the current American system and gives a vision of future
accreditation and training in this field for UK readers.

We are grateful to all the contributors for their drive, vision, and enthusiasm in developing focussed
emergency ultrasound, which will undoubtedly benefit the most ill and injured patients. We are
particularly indebted to Professor David Wherry for his vision and encouragement.

Adam Brooks
Jim Connolly
Otto Chan
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| History of ultrasound in

emergencies

BEN DAVIES,ADAM BROOKS

Objectives

e Toreview the background to the development of
ultrasound

e To review the introduction of diagnostic

ultrasound into emergency care

Introduction

Since the discovery of the piezo-electric effect in
the late 19th century, ultrasound (US) has evolved
from a tool for military maritime echo-location into
a diagnostic medical modality in its own right. US
has expanded across many disciplines including
vascular surgery, obstetrics and gynaecology,
urology, cardiology, breast, musculoskeletal, and
emergency medicine, and is widely employed both
in image acquisition and interventional roles.

Origins of ultrasound

Early acoustic work by philosophers and
scientists such as Pythagoras, Aristotle, and Galileo
laid down the fundamental principles concerning
the physical properties and characteristics of
sound. It is from these beginnings that medical
ultrasound took its origins. In the 19th century
physicists moved on to more sophisticated
experiments to calculate the speed of sound
underwater and subsequently attempt to map the
ocean floor. In 1822 Daniel Colladen estimated
the speed of sound using an underwater bell in
Lake Geneva, producing a figure (1435 m/s) not
dissimilar to its accepted value today.

The discovery of the piezo-electric effect by the
Curie brothers in 1880 proved pivotal in
facilitating greater understanding and develop-
ment in the field. In short, they recognised that an
electrical potential could be produced when
mechanical pressure was exerted on a quartz
crystal and that likewise, applying an electrical

charge was found to make the crystal vibrate and
produce sound waves. They concluded that if these
could be accurately harnessed with an appropriately
constructed timing device and display, then the
behaviour of sound waves in various media could be
visually demonstrated.

Two significant events, the sinking of the Titanic
in 1912 and the advent of the first world war,
provided further impetus for the development of
maritime echo-location in both surface ships and
underwater navigation by the first submarines. In
1915, Langévin, working in Paris, began experi-
menting with high-frequency acoustic waves and
quartz resonators. This work culminated in the
development of an echosounding device, which
he termed a “hydrophone”, that could detect
underwater obstacles be they natural hazards or
submarines. Indeed, by the 1930s, many French
ocean-going liners were fitted with so-called
SONAR (sound navigation and ranging).

Meanwhile in the United Kingdom, United
States of America and the Soviet Union ultrasonic
detectors were employed on dry land to assess the
integrity of various metal constructions including
ships’ hulls and battle tanks, a technique pioneered
by Sokolov in 1928.

The second world war saw significant advances
in sonar, radar (radio direction and ranging) and
electronics, with the first digital computer built
at Bletchley in 1944. This was followed by the
invention of the transistor in 1947, which allowed
miniaturisation of electronic devices that had
hitherto relied on bulky valves.

Initially used for therapeutic means in the
medical setting, the heating and disruptive effects
of ultrasound were used on living tissue for
physiotherapy and rehabilitation. William Fry
and Russell Meyers, neurosurgeons from the
Universities of Illinois and Iowa respectively,
used ultrasonic probes in the 1940s to destroy the
basal ganglia of Parkinson’s sufferers in an
attempt to palliate some of the more distressing
symptoms.
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At the same time, the Dussik brothers in Austria
were attempting to localise brain tumours and the
ventricles by transmitting ultrasound beams
through the head using transducers strapped to
either side of the skull. In hindsight, many of the
images they obtained may have been artefactual
but it nevertheless opened people’s eyes to the
potential of ultrasound as a diagnostic modality.

Another pioneer, Ludwig, a physician from
Pennsylvania working at the Michigan Institute
of Technology, demonstrated gallstones for the
first time and his team went on to develop two-
dimensional ultrasound image formation.

The immediate post-war period saw new
advances in materials and electronics. Newer
piezoceramics provided better sensitivity, frequency
handling, efficiency, and sizing considerations and
ushered in the modern era of ultrasonics, fuelling
applications in medicine, science, and industry.

Japanese researchers began to further explore
diagnostic medical applications, building the first
model with A-mode presentation — blips on an
oscilloscope screen — which was followed by
work on B-mode presentation of two-dimensional,
gray-scale imaging.

The first practical human B-mode scanner
was manufactured in 1957 by Tom Brown and
Ian Donald in Scotland, and used for abdominal
and obstetric imaging. Donald and his group
had started out using metal-flaw detectors to
investigate abdominal and pelvic masses and
despite many doubters their work evolved into
the two-dimensional grey-scale representation we
recognise today.

From these beginnings grew the sophisticated
diagnostic modality that is used today for
diagnostic and interventional procedures.
Technological and software developments have
permitted improvements in image quality,
miniaturisation, and true portability, facilitating
ultrasound’s application at the bedside and in
previously impossible situations including
remote field and mass casualty work.

Emergency ultrasound

The introduction of ultrasound into the acute
management of patients has occurred in a non-
coordinated fashion. Although radiologists have
been wusing US for many years it is the
dissemination of the technology into the hands of
different specialties that has brought about the

Figure 1.1

A Henry Hughes Mk 2 flaw detector like this
was used by Donald in his first experiments.

expansion of the use of US in emergency care.
Emergency ultrasound for the acute assessment
of patients, performed by non-radiologists, has
been established longest in obstetrics and
gynaecology where it is valuable in the evaluation
of ectopic pregnancy, assessment of the fetal
heartbeat and fetal viability amongst other
applications. Numerous other specialties use
ultrasound to augment clinical decision making
in both the acute and elective setting, for example
echocardiography, assessment of aneurysms,
intra-operative ultrasound, etc.

The ultrasound examination performed for
acute care by emergency physicians or other non-
radiologists is distinctly different from thoese
performed in the radiology department. It is
usually performed at the bedside simultaneously
with clinical examination, resuscitation, or
procedure. It has been described as an extension
of the palpating hand and a “visual” stethoscope
during the physical examination, providing
further anatomic and functional information to
supplement other clinical findings. In performing
such examinations, the physician does not nor
should not seek to replace the more detailed,
formal examination performed by radiologists but
usually attempts to answer a single, focused,
pertinent clinical question within minutes. For
example a group of trained non-radiologists have
been shown to be as good as radiologists in a
focused investigation to detect gallstones in
patients with right upper quadrant pain. The
history of non-radiologist performed emergency
ultrasound is most clearly charted by the
development of ultrasound for trauma.
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Trauma ultrasound

The use of ultrasound for traumatic torso injury
began in Europe and spread to North America in
the 1990s where it was taken up enthusiastically,
to the extent that it has virtually eliminated the
initial use of diagnostic peritoneal lavage (DPL) at
many trauma centres in the United States.

Initial cadaveric studies by Goldman and others
in 1970 demonstrated the ability of ultrasound
to detect as little as 100 ml of free fluid in
dependent areas of the abdomen and proposed its
use for the diagnosis of ascites. Following this,
Kristensen in Germany published the first case
report documenting the use of ultrasound in the
assessment of a trauma patient. Subsequent German
studies described its routine use in the emergent
setting. Meanwhile in the USA, Asher’s prospective
study from 1976 demonstrated a sensitivity of 80%
in 70 patients with suspected splenic injury.

Chambers and Pilbrow suggested US as a non-
invasive alternative to DPL and highlighted the
importance of the abdomen’s dependent areas in
the diagnosis of haemoperitoneum. With the
trauma patient lying supine, free fluid gravitates
naturally to the same dependent areas, namely
adjacent to the diaphragm and in the pelvic sump.
Liu and co-workers demonstrated equivalence
between US, DPL and CT in a prospective study,
suggesting that all were complementary but also
sounding a cautionary note about the potential for
US to miss bowel injuries when used in isolation.

Grace Rozycki, a trauma surgeon based in
Atlanta, Georgia, USA, was the lead of a
prospective landmark study where patients had
US examination followed by DPL, CT or surgical
exploration. Ultrasound was shown to have a

79% sensitivity and 96% specificity. This study
focused the US investigation on the detection of
free fluid as opposed to solid organ injury per se
and was the first to show that non-radiologists
(trauma surgeons or surgical residents) could
reliably detect haemoperitoneum using a focused
US protocol in any of the pericardial sac and
three dependent abdominal areas: right-upper
quadrant, left-upper quadrant and pouch of Douglas.
Her group coined the term FAST (focussed
assessment with sonography for trauma) and
developed the concept of the modality acting as an
adjunct to clinical examination.

Trauma ultrasound has continued to evolve and
become accepted as an appropriate investigation
for the trauma patient. Focused techniques have
also been developed to expand FAST to assess for
haemothorax and pneumothorax as well as cardiac
tamponade in penetrating trauma.

Summary

Ultrasound plays an increasing role in the
assessment of the acute patient and is now widely
accepted in emergency medicine. The American
College of Emergency Physicians (ACEP) has
stated, “Emergency physicians regardless of
practice, location or type, should be encouraged
to adopt this extraordinarily useful modality in
the leading decade of the 21st century.” With the
current level of technological development, it is a
modality superbly amenable to use at the point of
care and its application in emergent situations by
non-radiologists with appropriate training is
likely to increase.



2 The physics of ultrasound

JIM CONNOLLY

Objectives

e To understand the basics of ultrasound physics

¢ Tounderstand how this is used to create images

e To define and understand common terminology

e To understand the physics behind the Doppler
principle

e Tounderstand safety issues

Introduction

Over recent years there has been an explosion in
applications for which ultrasound can be used
across an increasing number of specialties. In
order to obtain the best image possible, a basic
understanding of ultrasound physics is vital to
understand how images are produced and to
enable manipulation of these images. The
following chapter is designed to give the reader a
basic understanding of ultrasound physics, so
that they can get started in scanning. The reader is
encouraged to refer to other more exhaustive texts
(see further reading.)

The physics of sound

Ultrasound is, as the name suggests, very high-
pitched sound (defined as > 20 000 Hz), which is
above the limits of human hearing. Sound travels
in longitudinal waves by alternately compressing
and relaxing (rarefaction) the tissues it travels
through. Because of this it needs a medium to
travel through (sound will not travel in a
vacuum). The frequency of the sound is how
many of these waves (cycles) appear per second.
The waves, as previously stated, are made up of
alternating compressions and rarefactions of the
medium that the sound is travelling through
(Figure 2.1), caused by molecular vibrations in the
medium. A single cycle encompasses one
compression and one rarefaction. The period is
the time it takes for one cycle to pass a point (for
example a 10 MHz frequency would take 0-1
microseconds to pass).The maximal deflection
from the resting state of the wave is referred to as
the amplitude.

Wavelength = ————
Frequency

Amplitude is different from the intensity. The
intensity is the amount of energy passing through
a given area (mwatt/cm?), and so as the area
through which a set amount of sound passes is
decreased so the power (intensity) rises (focusing).

Ultrasound physics

The sound waves used in ultrasound are
between 2 and 10 MHz (2 to 10 000 000 cycles per
second). Understanding what can happen to these
waves is simple if they are thought of as sound
waves. Sound waves travel at different velocities
through different media (Table 2.1).

When sound strikes an interface between two
different media it can be reflected, refracted or
scattered (Figure 2.2). By detecting the returning
sound waves an image can be created. The
amount of reflection is shown by the brightness of
dots on the screen, black for no echo (anechoic),
white for a strong echo (hyperechoic), whilst the
time taken for the sound to return can be usec to
represent its distance from the surface.

Table 2.1 shows the speed of sound in various
tissues (acoustic velocity), which is relatively
independent of the frequency of the sound wave.
As can be seen in the majority of soft tissues this
varies little and so these tissues appear as
differing shades of grey.

e=——Wave Length—»,
1 I
1
1
1
1
1
I

Rarefaction

(I

Compression

Figure 2.1
amplitude.

Wavelength/compressions, rarefactions, and
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Table 2.1 Speed of sound in common biological
media

Material Speed (metres per second)

Air 330

Water 1480

Bone 4080

Liver 1550

Kidney 1560

Reflection

Medium

Medium

Refraction

Figure 2.2 Reflection and refraction.

Reflection, refraction and scatter

Reflection is when the waves are returned from
the interface between two surfaces. The angle of
reflection is equal to the angle of incidence. At
most boundaries very little of the sound is
reflected back.

Refraction occurs when the wave passes
obliquely through two differing media, and is
caused by the fact that sound has different
impedances in media. It is governed by Snell’s
law.

sin®, = (c2/c1) x sind,

8, = transmit angle
6, = incident angle
¢ = speed of travel of sound in media

Ultrasound reflects at boundaries between
tissues, and the amount of reflection is dependent
upon the differences between the media.

Reflections from a large smooth surface (for
example diaphragm) are called specular reflections.
However if the surface is rough or the size of the
surface is of similar or a smaller size to the
wavelength the sound will be scattered. This is of
use in scanning as it allows the tissue between
boundaries to be visualised.

Sound waves that are transmitted will then
come to other interfaces and the process will be
repeated so that different interfaces will be
reflected back at differing depths. The machine is
able to calculate these distances based upon the
speed of sound and the time taken for the
reflection to return and so represent them as
different depths on the screen.

Tissues differ greatly in their ability to transmit
sound waves. Bone is a poor transmitter and thus
reflects strong signals back. Because of this it
casts an acoustic shadow that makes it difficult to
see anything behind it. Air is also a poor
conductor (this is why a coupling gel is needed on
the skin — to eliminate air).

Other tissues like soft tissue (liver, spleen, etc.)
transmit sound well (hypoechoic). Fluid (blood,
ascites, etc) is considered anechoic as it transmits
very well and because of this property objects
viewed behind a fluid filled space receive
increased sound and so appear brighter (acoustic
enhancement). Air filled tissues (for example
lung, bowel) transmit poorly (hyperechoic)
producing multiple echoes.

The effect of changing frequency

High frequencies produce much better
resolution (the ability to detect two separate
objects) but do not penetrate well, whereas the
reverse is true of lower frequencies. Thus
different frequency probes (or an electronic
switching system within the machine) are
required to image different structures (Table 2.2).

The higher the frequency the less it can
penetrate. The development of higher frequency
probes has allowed the development of soft tissue
radiology, as it has permitted high resolution
imaging of relatively superficial structures.
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Table 2.2 Frequency of probes needed for different
structures

Frequency : Application

7-5MHz Breast, neck subcutaneous tissues
5-0MHz Small adult, paediatric abdomen
3-5MHz Adult abdomen and chest
2-5MHz Large adult abdomen and chest

Important definitions
Impedance

This is the resistance of tissues to compression
and rarefaction and is equal to the

Density x speed in tissue

It is the difference in impedance between
tissues that defines what happens to the sound,
that is if it is reflected or refracted.

Attenuation

This is the decrease in strength of a signal
(amplitude) as it passes through a medium and
is caused by a mixture of absorption, scatter,
reflection, and divergence of the sound beam.
As the frequency increases so does attenuation,
almost linearly, which is why higher frequency
waves penetrate poorly.

Because of this characteristic the machinery
is designed to have ways of compensating,
either by time gain compensation or depth gain
compensation, so that deeper structures can be
visualised (see Chapter 3).

Frequency and resolution

Higher frequencies give better resolution (but
penetrate less). For example a 3 MHz probe has an
axial resolution of 1-1 mm but a 10 MHz probe can
resolve up to 0-3 mm. The returning mechanical
waves are converted back into electrical signals
that are displayed on a screen; the size (amplitude)
of the returning echo dictates the brightness of
the dots:

e strong reflections = WHITE, for
diaphragm, bone, gallstones

e weaker = GREY, for example most solid organs,
thick fluid

example

e no reflection = BLACK, for example fluid,
urine, blood.

The position for each of the dots is also shown
on the screen, and represents its depth and
position relative to the probe.

Axial resolution — this is how close two objects
can be along the axis of a beam and still be
detectable. It is affected by the frequency.

Lateral resolution — the ability to resolve two
objects parallel to the beam. It is affected by the
bandwidth.

Contrast resolution — the ability to resolve two
adjacent objects of similar intensity and
reflectivity as different objects.

Temporal resolution — the ability to locate the
position of a moving structure at particular
instants in time, and is dependent on the freme
rate.

Absorption

As sound passes through various media it is
absorbed and energy is lost, mostly as heat. This
is directly proportional to the frequency of the
sound.

The production of ultrasound waves

These high-speed sound waves are produced by
changing electrical energy into mechanical energy
using piezo-electric crystals. These crystals are
able to change shape as a current is applied across
them. They can also change mechanical energy
back to electrical energy so that images can be
created. Millions of pulses are sent and received
each second (pulse echo method) and during
any one second the probe is only transmitting
for less than 1% of the time (the duty factor); the
rest of the time it is acting as a receiver. This is
important, as otherwise echo detection would not
be possible.

A pulse is made up of a number of cy:les
(typically two or three in normal ultrasound and
up to 10 in Doppler measurements). The pulse
repetition frequency is the time from the
beginning of one pulse to the beginning of
another. It is by altering the thickness of the
crystal that the frequency can be altered.

Each probe contains many of these crystals
(array) and they fire off at slightly different times
(phased array).
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Fraunhoffer

Fresnel

Figure 2.3 Beam characteristics.

Beam properties

The transducer can produce a number of
different types of beam depending on how the
piezo-electric crystals are arranged in the
transducer and the wavelength of the sound:

e linear array — creates a rectangular image

e sector array — creates a fan type view. This is
useful for echocardiography for imaging
between the ribs

e annular array — creates a circular image best
exemplified by trans-vaginal and trans-rectal
probes.

The beam produced has three distinct areas.

e Near — an area where the beam diameter
decreases as it moves away from the probe.
This is also known as the Fresnel zone.

e Focal zone — the area where the beam diameter
is at its most narrow. This is the area where it
is most focused.

e Far zone — as the beam gets further and further
away the beam width starts to increase. This is
also known as the Fraunhoffer zone. 1t is
obviously more difficult to differentiate two
objects (resolution) in this zone.

Components of an ultrasound system
Transducer

As described previously this is the part of the
probe that houses the crystals that transduce (or
changes) energy between electrical and mechanical.

Pulse generator

This produces and delivers voltage to the
transducer, which is then changed into
mechanical energy.

Axial
Probe i l
¢ 0

Contrast

Figure 2.4 Different types of resolution.

Gain controls

These allow tuning of the signals to improve
different areas of the image. For example, far
gain will enhance distant echoes and so improve
the imaging of deeper structures. Time gain
compensation will increase the amplitude of
signals with time from pulse transmission and so
also improve images in the deeper structures.

Central processing unit (CPU)

This is the brain of the system. It is this area
of the machine that acts as a computer and performs
all the calculations needed to produce an image.

Transducer pulse controls

These can change the amplitude, frequency and
duration of pulses.

Display

This is the screen where the images are
displayed.

These will be described in more detail in the
next chapter.

Image Display

The images can be displayed in different ways:
A-mode, B-mode real time or M-mode.

A-mode (amplitude mode)

A-mode shows images as peaks or blips on an
oscilloscope corresponding to the amplitude of
the returning signal. The distance between these
can be measured.
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B-mode (brightness mode)

The signals returning are represented by
individual points on the screen. The brightness of
each dot represents the strength (amplitude) of
the returning signal. This is used to create a two-
dimensional image (tomogram) that shows all
the tissues the sound waves pass through (like
taking a single slice through a structure). It can
easily be imagined that if this was repeated in
rapid succession then a real time picture could be
created.

M-mode (motion mode)

This is when pulses of ultrasound are used to
detect and record motion. Motion is displayed as
a function of depth against time, motion towards
being positive and away negative. It is best
exemplified by the images obtained during
echocardiography.

Doppler

The Doppler effect, first described by the
Austrian physicist Christian Johann Doppler
(1805—53) in 1842, describes the effect of motion
on the reflected frequency of waves, and originally
described the light waves emitted from stars. An
object moving towards a point will reflect back
signals at a higher frequency and vice versa.

The classic description is that of an ambulance
siren moving towards and then away from
somebody standing still. As the siren comes
closer the pitch is raised but goes lower as the
vehicle moves away. The amount of change in
the frequency (Doppler shift) is proportional to
the speed of the object and so a measurement of
flow can be made.

2fV cos
pf=— >4

Cc

V = velocity

Df = Doppler shift

¢ = speed of sound

q = angle between beam and blood

The major reflectors are the blood cells. The
electronics allow the detection of the difference
between normal reflections and reflections that
have undergone Doppler shift.

As the cosine of 90 degrees is zero it can be
appreciated that a Doppler probe placed vertically

to the flow will show no Doppler shift (and hence
no flow). In general the probe should be held at
< 60 degrees to the flow as the cosine curve has a
steeper curve greater than this.

There are several different ways in which the
Doppler image can be depicted.

e Colour Doppler gives an estimate of flow rate
and represents it as a colour against a grey
background (red towards, blue away). It is
important to appreciate that the colour display
represents direction of flow and not arterial
and venous blood.

e Pulsed Doppler allows a sample to be taken by
a quick pulse of sound, allowing a graphic
representation of flow.

e Power Doppler shows the power of the
Doppler signal as opposed to the amount of
Doppler shift.

Risks of ultrasound

Epidemiological studies have yet to show any
human risk in the operating range of modern
ultrasound machines, but it remains prudent to
keep an open mind when using ultrasound.

In general ultrasound can produce the effects of
cavitation and heating.

The American Institute of Ultrasound in
Medicine (AIUM) noted

no confirmed biological effects on patients or
instrument operators caused by exposure at
intensities typical of present diagnostic ultrasound,
although the possibility exists that such biological
effects may be identified in the future. Current data
indicates that benefits to the patient of prudent use
of diagnostic ultrasound outweighs the risks, if
any, that may be present.’

In general the sonographer should adhere to the
ALARA principle (As Low As Reasonably
Achievable) by using the machine for as short a
time as necessary to achieve an image, by
minimising the machine output when obtaining
the view, and wusing only when medically
indicated.

Crucial to this is keeping the intensity (the
amount of power passing through a given area) as
low as possible. The temporal peak intensity
is the highest peak of energy whereas the time
average intensity is the average intensity calculated
over the time between pulses.
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Summary

An understanding of basic ultrasound physics
is required to enable the physician to understand
how images are produced. It enables an
understanding of why artefacts happen and
enables the physician to appreciate the
limitations of ultrasound and how to manipulate
the machine to improve images. This will be
covered in the following chapter.
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OTTO CHAN

Objectives

e To learn how to turn ultrasound machines on
and off

e To understand what are the key functions
available and how to optimise image
acquisition

e Tounderstand what all the knobs do and where
to find them on the control panel

e To wunderstand and recognise
artefacts

basie: 1S

Introduction

It is only in the past 5-10 years that clinicians
have realised the value of ultrasound (US).
Unfortunately, there is limited access to good US
training for clinicians so clinicians have started
buying and wusing US machines without
appropriate training. This chapter is specifically
dedicated to helping the clinician, in how to get
started on a US machine for the first time and how
to recognise basic artefacts. Therefore, by
definition, there will be a significant amount of
overlap in the topics covered in this chapter and
Chapter 2. It is not within the scope of this
chapter to explain the physics and readers are
advised to cross reference with Chapter 2.

US machines are in effect made up of three basic
components: the monitor, the computer and the
probes (Figure 3.1). There are very basic US
machines, which are much smaller in size and
are truly portable or even handheld with a
rechargeable battery (Figure 3.2). There is a range
of much larger and more complex US machines,
which obviously are more expensive and the level
of expertise necessary to use these is much greater.
Unfortunately, the different US machines available
makes the choice of which one to purchase
bewildering and the cost can vary from £10 000 for
a handheld US machine with two probes to over
£200 000 for an US machine with all the extras.

The manufacturers have come up with a huge
range of options and extras; many of these are not
necessary for basic imaging. The problem for most
clinicians, who encounter a US machine for the
first time, is that there is no standardised control
panel. Most machines use either a mixture of keys,
levers (paddle controls), knobs, push buttons,

Figure 3.1
machine are the monitor, the computer, and the probes.

The basic components of an ultrasound

dials, spin controls, slide controls, or a screen
menu to select options and to change diffsrent
parameters and functions, so for the sake of
simplicity, these will all be referred to as knobs
(hence knobology). The knobs are usually labelled;
unfortunately, the name given for individual
functions is not standardised and often there is
only either an initial or a symbol. Some new US
machines only use symbols and have no labelling,
in order to save space (Figure 3.3). Therefore, prior
to using the US machine for the first time, it is
essential to familiarise oneself with the stardard
functions available and how to use them.

This chapter will attempt to provide a list of all
the key functions, the name or symbol given in
order to recognise the knob, and the position of
the knob on the control panel on most machines.
The top of the range US machines usually
duplicate the functions by providing a screen
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Figure 3.2 Handheld US machine.

Figure 3.3 Symbols on an US machine.

menu or preset key function knobs, which can be
preset either by the manufacturer or tailor-made
for the individual clinician. This can save a huge
amount of time later, in particular in relation to

i

e
ey
i f*’r?lj

Figure 3.4 Slimline US machine.

labelling images, as most practitioners usually
have their own set routine on how to scan and
how to label individual images.

Whilst there is a huge variation in the design and
layout of the main control panel, there are some
general rules, which most manufacturers and US
machines follow. Within the range of basic to top of
the range US machines, each manufacturer has a
relatively similar layout. The main key functions
are generally at the front, on the centre or just to the
right of the midline and most of these functions are
within easy reach (that is, a hand’s breadth) and
usually surround the tracker ball. All the
remaining key functions tend to be grouped
together around the main key functions (for
example Doppler functions) on the control panel.

The keyboard is usually right above the main
key function knobs or at the top of the control
panel. However, some of the portable US
machines and some of the new slimline US
machines have a keyboard that slides out from
under the main key function knobs and under the
control panel (Figure 3.4).
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Flgure 3.5 Modern US machines have a large range of
extras.

How to get started

There is a huge range of US machines and these
vary from simple portable units to top of the range
machines which usually have many extras,
including a black and white and/or colour printer,
a video, a CD or DVD recorder, a zip drive and a
foot switch (Figure 3.5). These items may all need
a separate power supply or may be incorporated
onto the main computer.

The most basic US machines, which are
portable and may have a portable battery, usnally
have only one on/off switch for the monitor and
the computer together. It is important not to forget
to charge the battery before using it.

The US machine is in effect a computer with a
monitor, and just like any home computer it must
be turned off properly, in order for it to function
correctly when turned on the next time. The US
machine therefore has a mains lead to plug onto
the wall and often has an independent switch at
the back to provide a power supply to the US
machine as a whole. Once the power supply is
turned on, the US machine has a separate switch
to turn on the computer and the monitor; this is
usually either on the left side of the machine, on
the side or on the top left side of the main control
panel.

It normally takes a few minutes for the
computer to turn on and log on, just like a home
computer. Therefore, if there is an emergency, for
example focused assessment with sonography for
trauma (FAST), the US machine should be turned
on early, in order to avoid delay.

Priorto scanning, the patient’s name and hospital
number should be typed in. Identify the knob,
which should be on the top left hand side of the
screen (Patient/Patient, ID/Patient, Status/Patient,
Data/New Patient) and enter all the relevant details.
Once the patient data has been entered, the main
menu will be displayed on the monitor.

The first option before scanning will be to select
which transducer to use. Most basic portable US
units will only have one transducer, and if a
different transducer is going to be usec the
transducer has to be changed. However, the larger
machines usually have several ports for at least
2—4 transducers and often have different types of
ports for different transducers (Figure 3.6). The
ports are usually at the bottom of the machine
facing your feet or on the right side of the
machine, near the front. Simply pick up the plug
attached and follow the lead to the correct probe.
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Figure 3.6 Ports for transducers.

Figure 3.9 Key function controls — this includes the
controls that are most commonly used, in particular the
tracker ball, freeze, set and print buttons.

The screen will give you a list of the probes
plugged in and the options available. Once the
correct probe has been selected, the screen will ask
for a body part to be selected. It is important to
select the correct body part, as the manufacturers
have preset the probe for a particular area and set
the appropriate Doppler flow characteristics for
that body part. It is not uncommon to find a
trainee using a high frequency probe to examine
testes with “abdomen” selected as the body part.
Not surprisingly, the settings are unlikely to
provide for optimal scanning.

Once the body part has been selected, the US
machine is ready for scanning and the correct
parameters will need to be adjusted for each
individual patient and often for each individual
Figure 3.7 Different layouts of control panels. image. It is important not to forget that the

Cc
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Figure 3.10 Image controls — this adjusts 2D real time
grey-scale imaging.

manufacturers set the US machine for the
“perfect” patient and that a large proportion of
patients are either too fat or too thin.

Control panel

Different manufacturers have different layouts
to the main control panel (Figures 3.7a, 3.7b and
3.7c). However, there is a huge variation, even
between different US machines, in where each
knob is located and what each knob is called. In
addition, even on any one machine, the control
used to select a particular parameter may be a
push button, knob, dial, paddle control (lever),
spin or slide control (Figure 3.8). Therefore, as
previously discussed, for the sake of simplicity,
all these controls will be referred to generally as
knobs (hence knobology).

In general, the control panel is arranged into
layout groups, which enhance operator interaction.
Not infrequently, for a single function, several
controls are necessary and therefore these function
knobs are grouped together.

Function groups

The function groups are illustrated in figures
3.9 to 3.16.

Measurement controls — these knobs are used

Figure 3.11
in conjunction with the tracker ball to measure and annatate.

Figure 3.12 Keyboard — standardised keyboard with an
additional array of text and control keys.

Knobology

This section will attempt to explain what sach
knob does, where to locate it, and, where relevant,
how to adjust it for optimal scanning. It is



Figure 3.13 Touch panel display — sometimes it is part of
the monitor and occasionally it is part of the main control
panel. It duplicates many of the other functions and replaces
many knobs.

Figure 3.14 Doppler controls — this group of controls
relates purely to Doppler function controls.

important to refer to the individual manufacturer’s
manual for a more detailed account of each key
function, where to find it on the control panel, and
how to preset functions before scanning.

Image acquisition and artefacts n

Figure 3.15 Peripheral controls — this relates to additional
devices such as video, colour printer, optical disc storage,
network imaging, or a paper printer.
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Figure 3.16 Special function keys — this includes the preset
functions, dual display function, invert image, and other
specialised functions such as extended field of view scanning
(for example Siescape).

Patient/patient, ID/patient, status/patient, data/new
patient (Figure 3.17)

This knob is usually a push button and often
only has a symbol. It is usually found on the left
side, right at the back of the control panel or on the
keyboard. It is essential that prior to scanning, all
the patient details are entered, including the
hospital number, if images are going to be recorded.
On portable and emergency US scans, it may be
quicker sometimes to scan, image and print and
then to hand write the name and then date and sign
the scan at the back of the paper print.
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Figure 3.17 Patient button.

Probe/scan, head/transducers (Figure 3.18)

There are numerous US transducers (probes)
available on the market, but on each individual US
machine there is usually only a limited selection.
Which US transducers to use depends predomi-
nantly on which organ is being examined.

The higher the frequency, the better the
resolution (and therefore the better the image), but
unfortunately, as the frequency increases, so the
penetration is reduced. Therefore, as a general
rule, the highest frequency transducers should be
used, in order to obtain an image:

e high frequency transducers (7-5 MHz to over
12 MHz) — suitable for superficial structures,
such as thyroid, breast, testes and salivary glands

e medium frequency transducers (5 MHz) —
suitable for paediatric abdominal US and thin
adult patients

e low frequency transducers (25 MHz to 35
MHz) — used for general adult abdominal and
pelvic US.

Transducers are also classified by the shape
of the beam. The choice of the shape of the
transducer is predominantly dependent on
the footprint (that is, the area of contact with the
patient).

e Sector scanners (Figure 3.18a) — these have a
small footprint and produce a fan-shaped
image. They are usually very good for imaging
organs with poor access, such as neonatal
heads, intercostals, abdominal scanning and
cardiac scanning.

e Linear scanners (Figure 3.18b) — they produce
a rectangular image and are very popular for
high frequency superficial scanning, in
particular musculoskeletal imaging.

e Curvilinear scanners (Figure 3.18c) — these
transducers combine a large footprint with the
advantages of the sector scanner.

e Annular array scanners (Figure 3.18d) — these
scanners produce a circular image and are
used mainly for transrectal and transvaginal
scanning. There are also other more
specialised probes for endoscopic and
intravascular imaging.

Phased array transducers produce a sector
scan by steering the beam electronically end
have the advantage of no moving parts
compared to mechanical transducers. Different
types of extended field of view scanning have
partly overcome the disadvantage of small
footprint scanners. This allows the array
transducers to be moved along and an extencded
image obtained (for example Siescape in
Siemens US machines).

Tracker ball (Figure 3.19)

The tracker ball is one of the only constant
features of US machine keyboards. It is in effect
the equivalent of the mouse on a home
computer and is used for virtually all functions.
It can:

e move the cursor on the monitor

e move the cursor between patient data

e be used for measurement of calliper control
points

e create text and arrow annotations

e be used with Doppler, to position sample and
range gate.

In addition, on some US machines it also acts as
the replay knob for the cine loop facility,
a very useful accessory for uncooperative patients
and in paediatric US. Therefore, it is usually
surrounded by the main key function knobs, in
particular the freeze, set, measure and print
knobs.

Freeze (Figure 3.19)

The frame freeze knob halts real time (live)
imaging and allows a single image to be viewed
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Figure 3.18 Probes. (A) Sector scanner. (B) Linear
Scanner. (C) Curvilinear scanner. (D) Annular array scanner.

by stopping new echo values overwriting those
already stored. This allows acquisition of images
and static measurements taken with the callipers.
Unfreezing the image allows overwriting of
previously stored data and therefore continuing
real time scanning.

Most transducers have a dimple or bump at one
end to allow orientation of the transducer to the
screen. By convention this marker represents the
left side of the screen when the operator looks at
it. In transverse imaging the marker should be
oriented to the patient’s right and in longitudinal
c section to the head. It is wise to check this by
touching the end of the probe and looking at the
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Figure 3.19 Tracker ball.

location of the reflections on the screen each time
the transducer is picked up.

Select/set (Figure 3.19)

The set knob is usually a push button right next
to the tracker ball. The set and tracker ball are
invariably used together and therefore all the
functions of the tracker ball are related to the set
knob.

The select button in effect is the equivalent
of double clicking the mouse on a home computer
and enables selection of a menu on the monitor.

Label/ABCltext/home (Figure 3.20)

This knob is usually a push button near the
keyboard. This knob brings a cursor onto the
screen, which allows text to be typed within
the image. The position of where to place the text
is selected using the tracker ball. The home knob
will localise the text position to a specific site.

A huge amount of time is spent on labelling
images, which are rarely reviewed as US is a very
subjective imaging modality. Therefore, only
images that cannot be recognised should be
labelled fully.

Preset labels/preset/text A, B, C and D (Figure 3.20)

Where extensive labelling is required or
practised, it is advisable to have preset labelling,
which is individualised and therefore at a touch
of the knob; specific labelling is performed in a
predictable sequence.

Figure 3.20 Preset labels.

Erase linelerase text/erase screen (Figure 3.20)

The erase knobs in general are push buttons or
part of the keyboard. These knobs can selectively
delete either line by line or all the text typed on
the screen.

Depth

The depth control of most US machines is done
using paddle controls (levers). The correct depth
of imaging should be selected, otherwise the
image is extremely small and the better resolution
is lost. In addition, if a large area is sampled, there
will be an increase in the noise seen, thus also
degrading the image further.

In general, reducing depth is a very efficient
way of improving the quality of the image. On
the top of the range US machines, the multi-
frequency probes actually image the more
superficial structures at a higher frequency compared
to the deeper structures; once again this will
significantly improve imaging.

Time or depth gain compensation (TGC or DGC)
(Figure 3.21)

The TGC can be easily identified as a set of
slide controls. On small portable US machines. it
can be a simple near and far gain two switch but
on virtually all other models it is a complex series
of 6-10 slide controls, which individually control
the gain at a particular depth.

As the US beam progresses through the tissues,
the beam inherently loses power. This is
compensated forautomatically in the US machine
by the TGC/DGC. The amount of automatic
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Figure 3.21 Time gain compensation.

compensation is determined by the organ and
probe selected at the start of the US scan and the
manufacturers decide on the amount of compen-
sation, based on expected tissue attenuation
coefficients. If the tissues being imaged are higher
than expected, then the appropriate adjustments
need to be made to make the image brighter,
by sliding the slide controls to the right. The
converse is that if the tissues have a tissue
attenuation coefficient less than expected, then
the image will be brighter and therefore the TGC
needs to be adjusted by pushing the series of slide
controls to the left.

The top of the range US machines have
automated TGC and gain controls. This can be
very helpful for difficult patients and also trainees
who have just started scanning and are unsure of
what parameters to use.

Gain (Figure 3.21)

The gain control is usually a dial, or part of
or around the tracker ball, and controls the
overall gain without the ability to control the gain
at different depths like the TGC. The gain and
TGC should be used together, to provide a
relatively even image. However, the decision of
whether to scan bright or dark is very much a
personal one and US is extremely subjective.
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Figure 3.22 Focus and magnification.

On the whole and as a generalisation, most
experienced practitioners tend to scan darker
than the trainee and the mistakes tend to be made
when scanning too bright. Subtle changes in
echogenicity tend to be more readily detected
with darker imaging.

Focus (Figure 3.22)

The focus control is usually a paddle control
next to the depth and zoom controls. The physics
and theoretical methods for focusing an US beam
are quite complex. In effect, it is extremely
important to get the focus at the depth of interest.
In doing so, the beam thickness is reduced in the
focal region, which directly improves both the
contrast and spatial resolution.

Sometimes, the image can be significantly
improved by having the focus set at more than
one level. The more levels of focus, the slower the
frame rate, which makes imaging quite tiring and
makes real-time imaging of moving structures
very awkward and tiring.

Magnification (Figure 3.22)

The magnification control is a paddle control
next to all the other image controls. Magnification
can usually be done before or after freezing an
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image and can therefore be a post-processing
control. The knob magnifies the entire image and
the image size on the screen. The disadvantage is
that it does not improve contrast or spatial
resolution and the image becomes more grainy.
One of the main advantages is that measurements
can be made more accurately by magnifying the
image.

Zoom/HD zoom (Figure 3.22)

The zoom control is a paddle or push button
control next to all the other image controls. This
usually needs to be done with the tracker ball, to
select the size of the sample and the position of
the sampling area.

This function is similar to magnification, except
that the sample size is smaller and therefore there
is no degradation of the image, despite a larger
screen. With high definition zoom, the sample size
is smaller, there is a reduction on sample width
leading to a faster frame rate and improvement of
the spatial and contrast resolution, and reduction
in movement artefact.

Measure/callipers

This knob is usually next to the tracker ball and
is usually a push button. When selected, the
cursor points appear. There are numerous
parameters that can be used for measurement on
different US machines. However, the vast
proportion of measurements are linear. Most US
machines use the tracker ball and a calliper
system. There are numerous systems, which move
the calliper spot back to the midline or there are
several knobs on some US machines for separate
measurements — these are extremely cumbersome
and annoying. The simplest method is one knob
for the callipers, movement with the tracker ball,
and usingthe set knob to obtain the measurement.
To obtain a second set of callipers, the knob is
pressed again and a different set of callipers
appears. This facility can then be repeated as
many times as necessary and gets over the
problem of too many knobs on the main keyboard.

In general, only linear measurements are neces-
sary. Rarely, in particular in obstetrics scanning,
more complex shapes need to be measured and
this facility is available on most US machines.

Print

In radiology departments over the next decade,
most of the US images will be recorded on the

Figure 3.23

Inbuilt storage facility linked to floppy disk,
CD and DVD drive.

main digitised (PACS) system. However, at
present most US machines are linked onto a laser
printer in US departments.

In many US departments, there is at least one
US machine with a colour printer, predominantly
for printing colour Doppler images. Invariakly,
the colour printer is not part of the US machine
but a stand alone unit.

Most portable US machines have either no
printer facility or only a paper printer and in
many ways, that is all that is necessary at present.
However, as more clinicians practise US, it is
clear that paper print records as the sole means of
keeping a record are not satisfactory. Many of the
newer portable US machines, and certainly most
medium and top of the range machines, have an
in-built image storage facility and most can be
linked to either a floppy disk, CD, DVD, zip drive,
or video machine (Figure 3.23).

Cine (Figure 3.24)

The cine facility is inbuilt into the US memory
and frame freeze facility on most medium and top
of the range US machines. When the frame freeze
knob is pressed, a single frame is seen on ‘he
monitor. However, the computer records several
seconds of imaging prior to the freeze facility. Thase
images can be viewed frame by frame by using the
cine knob (usually a dial, either incorporated into
the tracker ball or next to the freeze knob).

The facility is extremely helpful in uncoopera-
tive patients, portable US, paediatric scanning
and in patients who cannot follow instructions.
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Figure 3.24 Cine, image store, and video recording
facilities.

Image store (Figure 3.24)

The image store is the equivalent to the hard
disk on a home computer and allows storage of
data, which is obviously limited by the size of the
memory. Most US machines with this facility
have some form of recording device, either a
floppy drive, CD, or DVD.

Video (Figure 3.24)

Video recording facilities are not necessary
except in obstetric and cardiac scanning. It is
however a very useful facility to have available
for training purposes or to record a difficult case,
when more senior assistance is not available at
the time of the examination.

Doppler (Figure 3.25)

The basic principles of Doppler US have been
covered in other chapters and are not within the
scope of this chapter. Recent advances and
clinical acceptance of Doppler US has made
it almost an essential component of any US
machine. It is almost certain that in the next few
years colour Doppler will be available on even
the most basic portable US machines as new
guidelines for best clinical practice will insist
on US being used for vascular access and all
forms of intervention being done under image
guidance.

Figure 3.25 Doppler imaging.

e 2D mode — this returns the scanner to real time
grey scale imaging.

M-mode — this displays M-mode imaging.
C-mode - this displays colour Doppler
imaging.

e Power — this displays power Doppler imaging.

e Dual image — this allows two images to be
displayed on the monitor, side-by-side. One
image can be scanned live, then the image
needs to be frozen before the other image can
be activated.

e Next image/L/R or symbol — this is used in
conjunction with the dual image and selects
which image is active and can be viewed in
real time.

e Image invert/L/R/top/bottom — this selects the
left/right orientation of the 2D image. In effect,
it has the same result as turning the probe
round 180 degrees. It is very helpful to have
this function when the transducer has an
asymmetrical shape (jockey stick high
resolution probe), allowing better contact and
access for scanning.
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Figure 3.26 Acoustic shadowing.

Artefacts

The true definition of an artefact in radiology is
any image that doesn’t exist and is man-made.
Therefore, in radiology, most of the time, artefacts
are unwanted and cause degradation of imaging.
US is very prone to artefacts, but unlike other
imaging modalities, in US many artefacts are
diagnostically very useful. Therefore, it is essential
that clinicians are fully aware of and can recognise
artefacts, in order to avoid diagnostic errors.

Acoustic shadowing (Figure 3.26)

This appears as a very dark area directly behind
a very echogenic area and is due to complete
absorption or reflection of the US beam. The tissue
it hits is of a much higher attenuation coefficient
than the surrounding tissues and therefore the
TGC provides an inaccurate correction, leading to
the shadow or distal shadow. Acoustic shadows
are therefore produced by highly reflective
structures, such as calcification, bone, metal, gas
bubbles, and stones.

Edge shadows are seen when a cystic structure
casts a very narrow acoustic shadow from the
edge (Figure 3.27). The exact explanation is still
debated, but it is a regular artefact seen around
cystic structures.

Acoustic enhancement (Figure 3.28)

This in effect is the reverse of acoustic
shadowing, where the US beam goes through an
area where the tissues attenuate less than the

Figure 3.27 Edge shadows.

Figure 3.28 Acoustic enhancement.

surrounding tissues and therefore there is a very
bright area behind the structure, again due to
inaccurate correction by the DGC. Acoustic
enhancement is seen behind all cystic structures,
such as the gall bladder and bladder, and behind
cystic collections and most abscesses.

Mirror artefact (Figure 3.29)

It is assumed that a US beam returns directly to
the transducer after one reflection. However, if
there are multiple reflections, then there is the
possibility of multiple images being produced.
Since the path of these images is longer than the
original image, the corresponding images are seen
lying deeper.
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Figure 3.29 Mirror artefact.

A single echo will lead to an image lying
immediately deep to the original image, usually
on the opposite side of a sharply reflective surface
and equidistant from it. A typical mirror image is
seen on either side of the diaphragm.

Reverberation (Figure 3.30)

The same principles are used to explain
reverberation artefacts, except that these are made
from multiple repeat echoes from parallel, highly
reflective structures. A striped pattern results
over the surface of an organ when in close
proximity to the skin.

Comet tail or ring down artefact
(Figure 3.31)

A striped pattern in a bright streak called a
comet tail is sometimes seen in highly reflective
structures such as clips, catheters, implants, and
foreign bodies.

Noise (Figure 3.32)

Noise is unfortunately seen in all types of
imaging and almost invariably represents
unwanted artefact. Excess amplification, random
voltage changes at low levels, and random
vibration of molecules can all cause random noise.

Structured noise can occur from body or probe
movement; this does not really affect grey scale
imaging but has some effect on Doppler motion
artefacts.
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Figure 3.30 Reverberation.

Beam width and orthogonal width
artefacts

The true US beam is not actually uniform and in
particular the edges are not sharply defined; the
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Comet tail.

Figure 3.31

beam is concentrated centrally and falls progres-
sively from the centre. This leads to beam width
artefacts and orthogonal beam width artefacts.

Summary

This chapter is no more than an introduction
and a summary of the user information, getting
started, control panel, and 2D imaging chapters in
the reference manual of most US machines. An
attempt has been made to make some sense of the
overall layout of US machines, from the most
basic to the top of the range. In addition, a further
attempt has been made to explain what all the
knobs do and how to use them.

However, it is in no way supposed to replace
the reference manual of any individual machine,
and the information in this chapter is in many
ways the minimum necessary before one first
starts scanning.
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Figure 3.32 Noise can be caused by excess amplification,
random low level voltage changes, and random vibration of
molecules.

The artefacts section is no more than a summary
of the common artefacts seen in routine scanning
and ones that one should at least recognise, in
order to avoid basic and embarrassing errors,
which should be easily avoidable.
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Objectives

e To assess the role of FAST in the investigation of
abdominal trauma

e Todefine the principles of FAST

e Toreview the practical technique for FAST

e To present a FAST trauma algorithm

Introduction

Over the last ten years Focussed Assessment with
Sonography for Trauma (FAST) has become the
standard resuscitation room investigation for the
evaluation of the trauma patient throughout Europe
and North America. The technique is gradually
being accepted in emergency departments (EDs) in
the United Kingdom, Australia and internationally
and with the development of sophisticated
handheld ultrasound systems the value of this
rapid and accurate technique is becoming
apparent in the military and pre-hospital
environment. Numerous studies have repeatedly
shown that FAST is valuable in the assessment of
blunt abdominal trauma in the emergency room,
especially in the unstable multiply injured
patient.

The introduction of FAST has at times been
contentious, when surgeons and physicians have
taken up the technology. The development of any
new technology and its introduction to a clinical
environment must be undertaken with control
and care and the limitations of the technique and
adequate training of personnel need to be

addressed.

The development of FAST

Ultrasound has been used for the investigation
and treatment of medical conditions since the
1950s. However it was not until the 1970s that it
was first used in the assessment of the injured
patient. Kristensen’s report in 1971 on the use of
US for the diagnosis of splenic haematomas was

rapidly followed by further case reports on the
detection of liver injuries and renal haematomas
by US. The initial enthusiasm continued with
prospective work that initially concentrated on
the detection of organ injury and sensitivities up
to 80% were reported for the detection of splenic
injury. The inclusion of attempts to define organ
injury as well as intraperitoneal bleeding reduced
the sensitivity of these early reports and it rapidly
became clear that haemoperitoneum could be
detected more reliably than specific organ injury.

From here the technique developed rapidly
with the focus firmly on the detection of intra-
abdominal bleeding. Grace Rozycki, from the
USA, assessed the ability of surgeons (non-
radiologists) to wuse the technique for the
evaluation of the trauma patient in the emergency
room. The ability of non-radiologists to perform
trauma US reliably was clearly defined in
studies published by her group in 1993 and 1995
and the acronym FAST, ‘Focused Abdominal
Sonogram for Trauma’, was introduced. FAST
rapidly developed to regions beyond the abdomen
and in recognition of this the term ‘Focused
Assessment with Sonography for Trauma’ was
accepted at the International Consensus Conference
in 1997.

Investigation of abdominal
trauma

It has been widely recognised for many years
that the abdominal evaluation of the trauma
patient is unreliable; hampered by head injury,
alcohol, or recreational drugs. Even in the hands
of experts the physical examination is little better
than guesswork. An alternative technique has
been sought that could provide the frontline
emergency physicians and surgeons with rapid,
sensitive, and accurate information on abdominal
injuries at the bedside. To date no single modality
meets these criteria. The current alternative
techniques are reviewed in brief.
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Diagnostic peritoneal lavage (DPL)

Following the original description of the
technique in 1965, for many years DPL was
considered the gold standard for the investigation of
blunt abdominal trauma. Despite advances in
technology and imaging many institutions continue
to use it as the primary bedside investigation.

The open and closed percutaneous techniques
have been shown to have equal sensitivity and
using lavage cell counts of 100 000 red cells per
mm?® (RCC) and 500 white cells per mm?® the
technique provides reliable and reproducible
results in blunt trauma with a sensitivity of
90% and accuracy of 97% for intraperitoneal
bleeding. These values provide an appropriate
balance between sensitivity and non-therapeutic
laparotomy that may approach 10-15%. Unfor-
tunately some lavage results remain equivocal
(RCC 50 000 — 100 000) and must be interpreted
with caution. Repeated clinical assessment and
alternative investigations such as CT in stable
patients are required to augment decision making
in this group. DPL is far less valuable in
penetrating injury, rather like FAST. A positive
lavage is a strong predictor of injury; however the
small amounts of blood that may be associated
with isolated puncture wounds reduce the
sensitivity and lavage counts between 1000 and
10 000 red cells per mm? are used to counter this.

DPL is an invasive technique and a small
incidence of iatrogenic injuries have been
reported. There are a number of relative contra-
indications to DPL including obesity, pregnancy,
and multiple abdominal scars.

Computerised tomography (CT)

The contrast enhanced helical CT scan is the
investigation of choice in the cardiovascularly
stable trauma patient. A full trauma series with
1 cm cuts from the top of the diaphragm to the
pubic symphysis can be obtained within minutes
with modern scanners.

CT imaging provides organ specificity in
abdominal trauma and allows imaging of the
retroperitoneal structures. The images can be used
to grade both the severity of organ injury and the
degree of haemoperitoneum, both of which have
been shown to be valuable predictors for the success
of non-operative management. In the evaluation of
abdominal injury CT has a reported sensitivity of
88% and a negative predictive value of 97%. The

accuracy of CT in the evaluation of small intestine
and pancreatic injuries has been questioned.

CT scanners are often located at a distance from
the ED and monitoring difficulties during the scan
mean that CT is not appropriate for the unstable
patient.

Diagnostic laparoscopy (DL)

In blunt abdominal trauma laparoscopy does
notimprove outcome compared to DPL. It is time
consuming, resource intensive and expensive.
The technique can be limited by the presence
of significant volumes of blood and there is
limited ability to assess the small bowel and
retroperitoneum.

Laparoscopy is valuable in the assessment of
suspected diaphragm rupture in stable patients
and in the evaluation of peritoneal penetration in
abdominal and thoraco-abdominal stab wounds.

Focussed assessment with sonography
for trauma (FAST)

Since the introduction of FAST in the early
1990s numerous papers have been published that
validate the technique and confirm its value in
the evaluation of abdominal trauma. The largest
series to date, of over 2500 patients, reported
a sensitivity of 86%, specificity of 98%, and
accuracy of 97% for the detection of intra-
abdominal injuries in blunt trauma. Although
early results of trauma ultrasound were slightly
disappointing, the adoption of the FAST
principles advocated by Rozycki et al and the end
point of the investigation being accepted as the
detection of haemoperitoneum, rather than crgan
injury, has led to improvements and excellent
values being reported. Numerous papers have
now been published detailing sensitivity ranging
from 81-88:2% for FAST with specificity of
90-99-7% (see Table 4.1).

FAST has been compared against CT, DPL, and
laparoscopy in several papers in the investigation
of blunt abdominal trauma. Table 4.2 summarises
and compares the published sensitivity and
specificity of these modalities. These papers have
shown that FAST is accurate, rapid, and less
expensive than the alternatives. However no
single investigation is appropriate for the
investigation of abdominal trauma in every
situation and these modalities should be viewed
as being complementary.
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Table 4.1 Comparison of values for sensitivity and
specificity of FAST

Year  Patients  Sensitivity % Specificity %
Dolich 2001 2576 86 90
Healey 1996 745 882 977
McKenney 1996 1000 88 99
Rozycki 1995 371 81-5 99
Boulanger 1995 206 8l 98

Table 4.2 Comparison of diagnostic tools for
abdominal trauma

Sensitivity % Specificity %
DPL 95 99
Computer Tomography 88 98
Ultrasound 79-88-2 90-99-7

FAST has a number of advantages. It is non-
invasive, easily repeatable, and modern hand
carried systems have now been validated in
trauma. Critics highlight the technical limitations
of ultrasound. These are discussed below together
with the operator-dependent nature of the
investigation; however with appropriate training
and the FAST technique this appears less of an
issue.

Radiologist v non-radiologist

The introduction of trauma ultrasound in the
emergency room has, at times, brought emergency
physicians and surgeons into direct confrontation
with radiologists. As a result there have been a
number of difficulties with the introduction of
this technique in centres around the world. To
address the perceived issues of non-radiologists
with limited training performing trauma ultra-
sound Rozycki compared a series of papers
describing non-radiologist FAST examination
with trauma ultrasound performed by a radio-
logist. The results from this analysis revealed
that in terms of sensitivity, specificity, and
accuracy for detecting haemoperitoneum, non
radiologists compared favourably with the

Table 4.3 Comparison of use of FAST by
radiologists and non-radiologists

Rozycki Buzzas
NR R Ny
Sensitivity 93-4% 90-8% 79-5% 79-5%
Specificity 98-7% 99-2% 97-5% 99-3%
Accuracy 97-5% 97-8%

NR, Non-radiologists; R, Radiologists

radiologists (Table 4.3). This has since been
confirmed in a prospective study from the USA,
which showed no significant difference in
sensitivity or specificity between surgeons/
physicians and radiologists performing FAST.

FAST in penetrating
abdominal trauma

Although the investigation of choice in the
immediate evaluation of blunt abdominal trauma,
the application of FAST in penetrating injury
remains contentious. The limited volume of blood
associated with some penetrating injuries may be
missed by FAST and has reduced the sensitivity
of the technique to only 42% in some series. If
FAST is used as the initial investigation of trauma
patients with penetrating injuries then a positive
FAST is a strong predictor of significant injury.
Additional investigations to exclude occult injury
are essential if FAST is negative.

Attempts have been made to use high frequency
ultrasound to evaluate penetrating wound tracts
for pleural or peritoneal breach. This technique
has not been widely accepted.

The FAST technique

Basics

FAST should be undertaken using a 3—5 MHz
transducer of appropriate dimensions such that it
can be orientated in the rib spaces. The probe should
be held predominantly in the saggital plane to allow
easier orientation and recognition of the anatomy.

The basis of FAST is the detection of blood in
any of the three dependent regions of the abdomen
where blood tends to collect: perihepatic space,



m Ultrasound in emergency care

perisplenic space, or pelvis. In addition a view of
the pericardium is studied to look for evidence of
cardiac tamponade. These four ultrasound windows
are known as the four Ps.

Pericardial area

The subxiphoid pericardial view looks for
blood in the pericardial sac and tamponade.

Probe position

Figure 4.1 Pericardial probe position. Position the
transducer just below the xiphoid process.The probe is then
rotated cephalad and slightly toward the left shoulder with
firm downward pressure until a satisfactory picture of the
heart and pericardial space is obtained.

Patient Although frequently the patient will be
unable to cooperate a deep inspiration may
improve the image by bringing the mediastinal
structures downwards.

Images The liver is used as a window through
which to view the heart. A pericardial effusion
is recognised as an anechoic or dark stripe
between the (moving) ventricular wall and the
pericardium (see Figures 4.2 and 4.3).
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Figure 4.2 Pericardial effusion.
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Points and pitfalls

e The image must be closely scrutinised to
ensure that the heart border and pericardium
are clearly identified.

¢ Clotted blood in the pericardium may not be as
obvious as unclotted blood as the contrast
between ventricle and blood is reduced. This
could lead to a false negative result.

e Occasionally an adequate view of the
pericardial space through the subxiphoid
position is technically impossible duve to
obesity or pain. In this situation the transducer
can be oriented transversely in the left third or
fourth intercostal space a few centimetres
lateral to the sternum.

Perihepatic

Fluid collects either between the liver and
diaphragm or in the hepatorenal space (Rutherford
Morison’s Pouch).
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Patient In acute trauma the patient is nearly
always scanned supine with the doctor on the
patient’s right. To optimise the perihepatic image
a deep breath by the patient may bring the
structures down into view.

Images

= 2002Jun25 19:12
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Figure 4.3 Pericardial view. (A) Positive image. (B) Drawing.

Probe position

ﬁ B Kldney
® . . Lo ;
Figure 4.5 Perihepatic view. (A) Normal image

O]
(B) Drawing.
Points and pitfalls
= e The diaphragm is seen as a bright white curved
structure (specular pattern of reflection) above
the liver and provides a good landmark.

/ e It is important to image the kidney in its
longitudinal axis. If this view is not adequately
obtained then the probe can be moved further
back towards the mid-axillary line.

Ultrasound is performed in real time and

minute adjustments of the transducer can be

Figure 4.4 Perihepatic probe position. Locate the . . . :

transducer in the anterior axillary line in approximately made in th_e orientation of the probe to obtain
the tenth intercostal space. The image obtained should the best view Of'the hepatorengl ST
reveal the liver and right kidney and fluid should be looked purely coronal view may provide a limited

for at the interface between the two organs. view.
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Figure 4.6 Perihepatic view. (A) Positive image.
(B) Drawing.

The ribs cast acoustic shadows, which may
obscure the underlying anatomy. The probe
may have to be moved and orientated to find
an acoustic window between them.

Beware of mistaking the inferior vena cava or
gallbladder for free fluid.

Perisplenic view

to

The perisplenic window can be quite difficult
obtain as the spleen lies more superior and

posterior than may be expected.

Patient Again a cooperative patient may be
able to improve the view by taking a deep

br

eath. Alternatively turning the patient slightly

on to their right side, if injuries allow, may be
useful.

Probe position

-

Figure 4.7 Perisplenic probe position. The probe must be
placed along the posterior axillary line on the left side, in the
most inferior two or three intercostal spaces. The best view
is usually obtained with the transducer one or two spaces
cephalad compared to the right side.

Points and pitfalls

The left kidney can be used as a landmark as it
will frequently be the first recognisable
structure. In this situation the probe must be
moved cephalad to visualise the spleen and gain
a view of the interface between the two orgens.
The stomach and splenic flexure of the colon
are anterior to the splenorenal space and may
prevent good images being obtained if they
contain air. A posterior position of the probe
should avoid this.

The transducer is angled obliquely and the
spleen and kidnev should be visible and
fluid detected in the space between the two
organs.

The posterior subphrenic space is more
dependent than the splenorenal fossa, there-
fore fluid will also collect in this recess
between the spleen and diaphragm. The probe
should be moved or angled further cephalad to
obtain the desired image. Left sided pleural
fluid can also be appreciated in this view.
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Figure 4.8 Perisplenic view. (A) Normal image.
(B) Drawing.

- Ce0
e Rib shadows can be difficult and may make it —

necessary to find an acoustic window between
them.

Pelvis
10
) T an
Patient - e 19

Patient supine.

Points and pitfalls

e It isideal to perform FAST before a catheter is
inserted as a full bladder provides an ideal
acoustic window for ultrasound.

The bladder can be easily identified if it is
full. However if the patient has voided or a
catheter has been placed, the bladder is not seen.

e If a catheter is already in situ, sterile saline can
be instilled into the bladder and the catheter
clamped to allow visualisation.

e Alternatively the Foley balloon may be visible Figure 4.9 Perisplenic views. (A) and (C) Positive image.
and can be used as a landmark. (B) and (D) Drawings.
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Probe position

Figure 4.10 Pelvic probe position. The transducer is placed
immediately above the symphysis pubis, initially longitudinally
and then rotated transversely. The probe is then angled down
into the pelvis to locate the bladder.

e When the bladder is identified the transducer
is rotated to provide a transverse picture of the
bladder.

e Fluid will be detected posterior to the bladder
(Figure 4.12).

e If there is significant bleeding the bowel may
be seen floating in the blood.

e Fluid within the bowel can be mistaken for free
fluid. Peristaltic waves will cause a rhythmic
movement of intraluminal fluid, which can help
to differentiate it from free fluid.

Limitations

It is vital that those using FAST to assess the
critically injured patient be aware of the
limitations of the technology and technique.
FAST augments but does not replace the clinical
evaluation of the patient and the results must
always be reviewed in the light of the clinical
findings. FAST can produce suboptimal images
for a number of reasons. Operator error is one of
the leading causes. However obese body habitus,
excessive  bowel distension, subcutaneous
emphysema, and poor contact between skin and

% 2001Nov10 01:30

Bladder
Uterus O >
B
Figure 4.11 Pelvic view. (A) Normal image. (B) Drawing.

transducer all reduce the quality of the images.
Rib shadows and scanning artefacts will also
reduce the diagnostic accuracy. Any FAST scan
that does not visualise all four regions is
suboptimal and therefore inadequate. An
additional diagnostic test is required to exclude
intra-abdominal bleeding in this situation.

Technical limitations

e Obesity

e Intestinal gas

e Subcutaneous emphysema

As with any diagnostic modality, clinical
judgement must prevail, regardless of ultrasound
results. This is particularly important in the
initial phase of learning FAST, which must be
undertaken as proctored examinations with
appropriate mentoring.

Scoring systems

Attempts have been made to use scoring systems
to quantify the amount of free intraperitoneal
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blood detected on FAST. These could potentially
be used to support the decision to operate or
undertake a non-operative policy. Neither system
developed by Huang or McKenny has been shown
to be reliable and further work is required if
scoring systems to accurately quantify fluid and
predict laparotomy are to be successfully
incorporated into FAST protocols.

Bladder Cj

Blood

B

Figure 4.12 Pelvic view. (A) Positive image. (B) Drawing.

FAST

Disadvantages of FAST

FAST is limited by technical factors that affect
image acquisition, operator errors, and errors in the
interpretation of the images within the clinical
scenario. The technical factors have been discussed
above and may obscure one or all of the ultrasound
windows. However even with satisfactory images,
errors can arise as significant injuries may occur in
the retroperitoneum (less well visualised) or with
limited or no haemoperitoneum.

The negative FAST examination has been the
subject of much debate and the topic was
reviewed at the International Consensus Meeting.
In isolation a negative FAST has limited value; it
must be considered in conjunction with the
clinical assessment and augmented either with a
CT scan or a period of observation and a repeat
FAST. This approach is included as a component
of many trauma algorithms.

FAST algorithm

The immediate assessment of the trauma
patient for haemorrhage occurs during the
circulation phase of the primary survey. FAST
scanning is a unique modality for the rapid
evaluation of the trauma patient in the emergency
room during this phase and should not interfere
with the resuscitation process. Several algorithms
based on FAST have been suggested based on the
clinical stability of the patient. Our current
algorithm for the evaluation of the patient with
suspected blunt abdominal trauma is outlined. As
discussed previously in this chapter FAST can be
used for the assessment of all injured patients,
and it is our practice to scan penetrating trauma
as well as blunt trauma patients on arrival in ER
as an initial triage.

|
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Figure 4.13 Blunt abdominal trauma algorithm.
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Summary

FAST is gradually becoming accepted as the
initial investigation of choice in the trauma
patient. In multiply injured unstable patients
FAST provides a rapid triage of the abdomen and
chest and can provide the emergency team with
valuable information within seconds. The
limitations of the technique must be recognised
and results must always be interpreted within the
context of the clinical findings. FAST is a “rule
in” investigation; its value to “rule out” is far less
assured.

Further reading
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Objectives

e To introduce thoracic ultrasound

e To present the technique for ultrasound
detection of pneumothorax and haemothorax

e To introduce further applications of thoracic
ultrasound

Introduction

Pneumothorax is commonly associated with blunt
or penetrating chest trauma or can spontaneously
occur in susceptible patients. The incidence of
pneumothorax is particularly high in patients in
the intensive care unit, especially if they are
on mechanical ventilation. The diagnosis of
pneumothorax is suggested by clinical signs and
symptoms and is generally confirmed by chest
radiography. Haemothorax or hydrothorax can
occur in patients with chest injury or secondary to
a variety of medical conditions. The diagnosis of
blood or fluid in the chest is generally apparent
based on decreased breath sounds and dullness in
the chest to percussion; the diagnosis is confirmed
with radiography. Although the ability to obtain a
chest radiograph is wusually present without
significant delay in the emergency room or hospital
ward, occasionally, patient instability or difficulties
in transport or radiographic availability require the
diagnosis to be made clinically and definitive
treatment accomplished before radiologic verification
of these conditions.

Pneumothorax or haemothorax can also occur in
patients in remote areas where radiographic
evaluation is delayed or impossible, such as in
military conflicts, rural medicine, or potentially
during space exploration. Power, weight, and space
requirements make radiography impractical in
these applications; therefore, sound clinical diagnosis
is paramount. Unfortunately, environmental effects
such as noise and possibly limited training of
health care providers in these situations further
complicate the diagnosis of chest conditions.

Ultrasound has proven diagnostic accuracy
in abdominal applications; however, it has
not been widely used in the chest. Direct

Figure 5.1 The comet tail artefact is seen as a hyper-echoid
shadow which begins at the interpleural line and extends
deep into the scanning window.

ultrasonographic evaluation of the lung is
hampered by the high acoustic impedance of air-
containing structures. Nonetheless, pneumothorax
may be excluded on the basis of the somewhat
paradoxical visualisation of artefacts resulting
from the lung-chest wall interface. In a normal
patient, a lung-chest wall interface or pleural line
is seen that is accompanied by a to-and-fro sliding
motion, “lung sliding” or “gliding”, synchronised
with respiration. A secondary finding, the comet
tail artefact, is produced by highly reflective objects
in the scanning field, such as water-rich structures
in the lung, and manifests as an echogenic band
that extends from the object deep into the field
(Figure 5.1). The comet tail artefact is produced by
the visceral pleura; therefore, the presence of this
sign excludes pneumothorax. Although the comet
tail artefact has been described in many patient
populations, it is generally produced by small air
collections or consolidation of the lung; therefore,
the prevalence and utility of this finding in trauma
patients is questionable. Furthermore, subcutaneous
shotgun pellets or subcutaneous emphysema may
cause the comet tail sign; therefore, caution must
be exercised when interpreting this finding in
trauma patients.
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The ultrasound diagnosis of haemothorax is
more conventional. Fluid in the pleural cavity is
readily visualised as an echogenic, crescent
shaped area in the most dependent area in the
patient. Haemothorax is often seen during FAST
(Focussed assessment with sonography for trauma)
examinations when visualising the splenic and
liver windows. The finding of supra-diaphragmatic
fluid on this examination appears to be a sensitive
and reliable indication that fluid or blood is
present in the chest.

The first reported use of ultrasound to diagnose
pneumothorax was in a veterinary journal, where
pneumothorax in a horse was diagnosed, allowing
percutaneous aspiration. Subsequently, over 100
cases of pneumothorax have been diagnosed by
thoracic ultrasound, predominantly in isolated
series. The technique has been examined in
ventilated patients and after lung biopsy in
Europe; however, it has not been widely evaluated
in the United States.

Thoracic ultrasound for the detection of
pneumothorax or haemothorax is a clinically
attractive modality that can be readily learned
with minimal instruction. The surface of the lung
is easily visualised with a high-frequency probe
and can be rapidly verified in the normal contra
lateral chest. The scan can be concomitantly
accomplished as other therapeutic manoeuvres
are performed and it has a sensitivity comparable
to or greater than radiography. The rediscovery of
this technique, mandated by requirements of
the space programme, suggests that trauma
ultrasonographic evaluation should be broadened
to include the thorax. The verification of thoracic
ultrasound, coupled with newer, portable
ultrasound equipment, may allow expanded
application of ultrasound in clinical situations
where radiography is difficult or impossible.

Ultrasound training and
technique

Ultrasonographic evaluation of the chest can be
accomplished with any standard ultrasound
machine that is available in the emergency
room or radiographic suite. Although adequate
visualisation of the pleura can be accomplished
with a mid-frequency range curvilinear probe, a
linear transducer with a high frequency range
(>7 MHz) provides the greatest diagnostic
accuracy. Ultrasound to exclude haemothorax is

Figure 5.2 The normal ultrasound anatomic landmarks cf
the chest are readily visualised seen on this static image.The
chest wall musculature, fascia, and the visceral-parietal
interface should be easily discernable with a high frequency
probe.

an extension of the classic abdominal FAST
examination. The diaphragm can be visualised
with a standard, curvilinear probe placed in the
lateral abdominal positions to exclude fluid in
Morison’s Pouch or the splenorenal fossa. A
haemothorax is seen as fluid in the supra-
diaphragmatic space. Confirmation can be
obtained by asking the patient to take a deep
breath and visualising the fluid shift with
diaphragmatic excursions.

Performance of a chest ultrasound examination
for pneumothorax begins in the unaffected chest
to gain familiarity with topography as well as
establish a normal baseline. The linear probe is
placed longitudinally over the anterior chest in
the third or fourth intercostal space. The focal
zone of the probe is maximised to visualise
the pleural interface zone (generally 3-5cm)
(Figure 5.2). The intercostal plane is located by
identifying the acoustic shadow of the rib in real
time while the probe is displaced longitudinally
(Figure 5.3). This discontinuous relief represents
a constant landmark that facilitates visualisation
of the pleura as a hyperechoic line between and
below the ribs. Performance of the examination in
the uninjured chest is especially important in
novice ultrasonographers to determine a baseline
and to affirm the normal ultrasound findings in
patients without pneumothorax. The lung pleura
is visualised between rib echogenic windows aad
observed for evidence of the to-and-fro “sliding”
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Figure 5.3 The rib is a stable orientation landmark which
allows the visceral and parietal pleural interface to be
identified. The ultrasound field can be optimised to this depth
to allow maximum sensitivity of the examination.

sign on respiration and/or the “comet tail”
artefact. The scan is then repeated in the contra
lateral chest. The absence of “lung sliding” after
an adequate window (30-60 seconds) infers a
collapsed lung.

The technique is quickly learned by operators
familiar with ultrasound use in abdominal trauma
and adds less than two to three minutes to the
total evaluation. Since the diagnosis of
pneumothorax relies on the absence of normally
present findings, operator recognition of lung
sliding is essential, suggesting that scanning of
the thoracic cavity should be incorporated into
routine abdominal evaluations to increase
familiarity.

There are key technical points of thoracic
ultrasound that deserve mention. First, there is
consensus that high-frequency transducers are
required for optimal images and that dynamic
images are required to differentiate pneumo-
thorax from normal lung fields. Scanning should
begin in the unaffected lung to confirm the
presence of lung sliding. Probe placement is
facilitated by identification of the echogenic rib in
the lateral clavicular line in the third to fourth
interspace and directing the probe inferiorly to

allow visualisation of lung sliding in the
midportion of the viewing screen. After
confirmation of lung sliding, the contra lateral
chest is then scanned for the presence or absence
of lung sliding for a number of respiratory cycles;
cooperative patients are asked to increase their
respiratory efforts.

Sensitivity and specificity of
thoracic ultrasound

Moderate haemothorax is readily seen during
the FAST examination. The detection threshold is
not clear, however, animal experiments suggest
that 150 cc of fluid can be reliably visualised with
standard curvilinear probes.

The sensitivity of lung ultrasound in the
detection of pneumothorax appears comparable
to or perhaps greater than routine radiography.
Prior investigators have attempted to correlate
ultrasound findings with the size of the
pneumothorax and found minimal correlation.
Nonetheless, sensitivities greater than 90% have
been reported in patients with pneumothorax.
Unconfirmed data analysis from this trial and
animal work suggest that modest pneumothorax
can be diagnosed with visualisation of segmental

lung sliding or localised areas of pleural
nonvisualisation.
Thoracic ultrasound has been shown to

accurately diagnose pneumothorax in a variety of
applications. However, the accuracy of thoracic
ultrasound, performed by non-radiologists, to
exclude pneumothorax was not known. Therefore,
to define the utility of ultrasound of the chest
performed by surgeons, we performed a
retrospective evaluation of thoracic ultrasound at
Detroit Receiving Hospital. Patients were actively
enrolled in the study over the period 1 July 1999
to 1 March 2000. There were 382 patients who
fulfilled inclusion criteria during the enrolment
period and had wultrasound of the thorax
performed. The majority were male patients
(74%), and the injury demographics of the patient
population reflected an urban Level I trauma
centre.

Pleural lung sliding was readily visualised in
all of the patients without a pneumothorax (343 of
382), for a true-negative rate of 100%. There were
no comet tail artefacts noted in this patient
subgroup. The ultrasonic examination was sub-
optimal in one patient with a spontaneous
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pneumothorax and one patient with blunt chest
trauma and rib fractures. Both of these patients
had moderate subcutaneous emphysema, which
made the examination considerably more
difficult. If these patients are included in the
analysis, the sensitivity or true-positive rate is
95% (p=0-0001 by analysis of variance
[ANOVA]). One patient had an initial negative
chest radiograph and a positive ultrasound
examination after a stab wound to the chest; a
repeat chest radiograph four hours later
demonstrated an apical pneumothorax. Although
this patient may not have had a pneumothorax on
initial ultrasound evaluation, an alternative
explanation is that the ultrasound correctly
identified a small pneumothorax below the
detection threshold of portable radiography. This
finding has been corroborated by other
investigators and correlated with CT of the chest.

Rib fractures were occasionally demonstrated
in some of the patients during the thoracic
ultrasound examination. Modest pressure on the
transducer overlying the contused or fractured
rib was well tolerated by the patients; a
presumptive diagnosis of rib fracture was
inferred when cortical discontinuity or a
constant transverse echogenic line was noted in
the rib. Lung sliding may be absent in patients
without pneumothorax who have extensive
pleural scarring or adult respiratory distress
syndrome; the ultrasonic  diagnosis of
pneumothorax in these patients appears to be
considerably more challenging.

Not all reports have been without caution.
Sistrom reported a high interobserver variability
and a positive predictive value of only 40% in
diagnosing pneumothorax on the basis of a
retrospective videotape review.*® Lin et al
attempted to correlate ultrasound findings with
the size of the pneumothorax and found minimal
correlation. Unfortunately, this study used
archived tapes of the examination, which did not
allow the operator to compare the two
hemithoraces or to investigate subtle findings in
the chest, suggesting that a trained operator
in attendance is essential. Nonetheless,
sensitivities greater than 90% have been reported
in patients with pneumothorax. These findings
seem to emphasise that both ultrasonographic
examination and normal lung excursion are
dynamic processes that require real-time imaging
(because of the high degree of operator
dependence) and real-time interpretation (to
observe lung sliding and comet tail artefact).

Colour power Doppler
thoracic ultrasound

Conventional duplex Doppler ultrasound depicts
both direction and velocity of flow. Power colour
Doppler (also known as amplitude-encoded colour
Doppler) analyses and integrates movement
regardless of flow velocity or direction and is
superior for identifying low-velocity or low-volume
flow (or motion). The ultrasound criteria currently
used to exclude pneumothorax require dynamic,
real-time imaging, which makes teletransmission
or post-examination review difficult. Power
colour Doppler may allow dynamic “lung sliding”
to be effectively communicated with a single
still image which would reduce requirements for
image storage, documentation, transmission, and
interpretation.

The absence of a power colour Doppler signal
(the “power slide”) at the thoracopleural interface
may serve as an additional criterion to identify
pneumothorax. The technique requires an
ultrasound device capable of power colour
Doppler imaging with a high frequency linear
array transducer (7 to 10 MHz range). The linear
probe is placed to visualise the thoracopleural
interface as in routine thoracic ultrasound. The
colour power Doppler signal is then activated and
the power gain is gradually increased. In a normal
lung there will be a flow signal beginning at the
interpleural interface corresponding to the gliding
or sliding movement of the two pleural surfaces
excluding pneumothorax. There will be no colour
power Doppler signal seen in patients with a
pneumothorax, rather, as the signal gain is
increased, spurious noise will be seen in all layers
of the image. The transducer must be held in a
fixed location during the examination to avoid
motion artefacts, which can be erroneously
interpreted as pleural sliding.

Thoracic ultrasound: future
applications

Increased user familiarity and skill has allowed
ultrasound to be incorporated into routine
emergency patient care by non-radiologist
physicians in select applications. Recent studies
further suggest that the use of ultrasound may be
expanded to include additional indications
(extremity trauma, sinusitis, ocular trauma,
vascular injury, dental infections, etc) where
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Figure 5.4 The NASA Human Research Facility Ultrasound
Unit is shown onboard the International Space Station.The
machine is a flight modified ATL 5000 ultrasound system and
is equipped with a variety of probes.

radiologic assessments are delayed or impractical.
Ongoing clinical trials will provide verifiable data
to determine the accuracy of these techniques to
allow future incorporation into clinical practice
where appropriate. Military or aerospace
paradigms have novel constraints and provide
test beds to assess this technology for later
incorporation into general clinical practice.

Medical care capabilities for the International
Space Station (ISS) and future exploratory class
space missions are currently being defined.
Numerous human health risks have been
identified which include microgravity-specific
health concerns as well as routine medical care.
Although rigorous astronaut selection procedures
reduce the chance of chronic health problems,
acute conditions can occur especially during
extended duration space flight. The ISS Medical
Operations Requirements Document requires that
“the capability to diagnose and treat anticipated
routine medical and dental problems shall be
provided.”

The NASA Critical Path Roadmap Project
coordinated a consensus conference of health care
experts who rated trauma as the highest impact
on incidence versus mission and health. The
feasibility of ultrasonic imaging in human space
flight has been demonstrated in preliminary
investigations on both American and Russian
spacecraft. NASA-Medical Operations have
demonstrated the utility of diagnostic abdominal,
retroperitoneal, and thoracic ultrasound in micro
gravity experiments on animal models during
parabolic flight on KC-135 aircraft. These

investigations suggest the sensitivity and
specificity of ultrasound in this application are
not degraded during microgravity conditions and
may be enhanced in certain circumstances.

The medical equipment onboard the ISS is
manifested as part of the American Crew Health
Care System or the Russian medical hardware
system. However, certain additional medical
hardware is also available on ISS as part of the ISS
Human Research Facility (HRF) (Figure 5.4). The
specific hardware requirements to expand the
operational use of ultrasound in space are being
defined. The HRF Ultrasound System is an
advanced, multipurpose, diagnostic imaging tool
and is equipped with a reasonable array of
ultrasound probes which could significantly
enhance the ability to timely diagnose, stage,
and monitor a wide variety of serious conditions.
The outcome of a medical contingency may be
changed drastically, and an unnecessary evacua-
tion may be prevented, if clinical decisions are
supported by objective diagnostic information.
The HRF Ultrasound system is the only diagnostic
imaging device currently manifested on ISS; the
use of ultrasound in epidemiologically defined
clinical conditions may provide additional
information in many clinical situations to support
the Crew Health Care System/the Integrated
Medical System of the Station.

We recently completed a proctored complete
ultrasound examination of an Expedition 5 crew
member on the International Space Station
(Sargysan AE et al, in preparation). Crew member
Peggy Whitson performed an ultrasound self-
examination which included a FAST and thoracic
ultrasound exam with audio direction from
experts in Mission Control (Figure 5.5). On site
and down linked image quality was excellent and
would have provided essential information to
guide clinical decision making. This initial
ultrasound experience suggests that limited crew
member training, combined with directed guidance
from ground based experts using visual and audio
cues, provides an effective paradigm to complete
a complicated medical task. The examination was
conducted using limited bandwidth constraints
which would facilitate reproduction in terrestrial
situations such as rural medicine. It is anticipated
that two way video proctoring, although not
essential, would augment more complex procedures
or examinations.

Although some of the aerospace medical
procedures currently investigated by NASA are
appropriate only for the space environment, many
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Figure 5.5 Expedition 5 crew-member Peggy Whitson is
shown completing an ultrasound self examination in the HRF
on the International Space Station.The images and video were
down-linked realtime to Mission Control in Houston, Texas
for evaluation.

of the diagnostic and therapeutic algorithms
are readily transferable to terrestrial medicine
including rural or military applications. The
expanded use of diagnostic ultrasound is
advantageous as it is readily available (hand-held
portable devices), requires only modest training for
image acquisition/interpretation, and does not
expose the patient to ionising radiation® The
widespread verification of remotely guided ultra-
sound examinations, performed by first responders
or similarly trained personnel, would provide a
significant, clinically relevant advance in space
medical capabilities with profound Earth-based
ramifications in rural and military applications.

Summary

Ultrasound of the chest is quickly learnt by
operators familiar with ultrasound wuse in
abdominal trauma and adds less than two to three
minutes to the total evaluation. Since the diagnosis
of pneumothorax relies on the absence of normally
present findings, operator recognition of lung
sliding is essential, suggesting that scanning of the
thoracic cavity should be incorporated into routine
abdominal evaluations to increase familiarity. Key
technical points include the use of high-frequency
transducers to obtain optimal images and that
dynamic images are required to differentiate
pneumothorax from normal lung fields. Scanning
should begin in the normal lung to confirm the
presence of lung sliding. Probe placement is
facilitated by identification of the echogenic rib in

the lateral axillary line in the third to fourth
interspace and directing the probe inferiorly to
allow visualisation of lung sliding. Colour power
Doppler visualisation of “power sliding” may
facilitate the diagnosis and simplify documen-
tation of the finding. The rediscovery of thoracic
ultrasound, mandated by requirements of the space
programme, suggests that trauma ultrasonographic
evaluation should be broadened to include the
thorax. The verification of thoracic ultrasound,
coupled with newer, portable ultrasound equipment,
may allow expanded application of ultrasound in
clinical situations where radiography is difficult or
impossible.
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6 Ultrasound assessment of
the abdominal aorta

SIMON ENGLAND

Objectives

e To revise abdominal aortic anatomy

e To define the technique of scanning the
abdominal aorta

e To introduce the ultrasound findings of aortic
aneurysms

Introduction

Rupture of an abdominal aortic aneurysm is a
relatively common vascular surgical emergency,
with rupture rates in the over 50s of 76 per 100 000
patient years for men and 11 per 100 000 in women.
The incidence of abdominal aneurysm is reported
to be up to 117 per 100 000 with the peak incidence
seen in males in the ninth decade. The majority of
acute ruptures are clinically obvious with severe
back and abdominal pain, shock, and an expansile
abdominal mass being the most frequent clinical
manifestations. Most vascular surgeons will subject
the patient to operative repair, without imaging
data, on clinical grounds alone. Infrequently the
clinical presentation is less obvious and a
contained or subacute leak is suspected. In these
circumstances, ultrasound can identify the
aneurysm but often does not demonstrate a
peri-aortic haematoma. CT is a better modality to
identify these cases. The strength of ultrasound
lies in its ability to diagnose an abdominal aortic

aneurysm using a quick, easy, non-invasive,
Retroperitoneal vascular anatomy
e AA Abdominal aorta
e CA Coeliac axis
e CHA Common hepatic artery
e CIA Common iliac artery
e CIV Common iliac vein
e EIA External iliac artery
e EIV External iliac vein
e HV Hepatic vein
e IVC Inferior vena cava
e LRA and RRA  Left and right renal arteries
e LRV and RRV Left and right renal veins
e SA Splenic artery
e SMA Superior mesenteric artery

accurate and bedside technique. Ultrasound is thus
of great utility in the assessment of the abdoniinal
aorta in patients with non-traumatic haemorrhagic
shock in the absence of obvious clinical signs in
the abdomen. This strategy clearly expedites the
diagnosis, leading to emergent surgery offering the
best chance of survival.

Abdominal aortic anatomy

The aorta enters the abdomen in the midline
under the median arcuate ligament at the level of
T12. It proceeds inferiorly in the retroperitoneum
on the anterior aspects of the lumbar vertebral
bodies to its bifurcation point at the level of L4
just to the left of midline. The major branches are
the coeliac axis, T12, the superior mesenteric
artery, 1.1, and the renal arteries, L1. Its right side
is closely related to the IVC. Anteriorly it is
related from above, downwards to the liver, the
left renal vein, the pancreatic body, the duodenal
third part, the root of the small bowel mesentery,
and small bowel loops.

With increasing age the aorta frequently dilates,
elongates (ectasia), and becomes tortuous but the
infrarenal diameter should not exceed 3 cm.

Surface anatomy

Midline epigastrium to = 1 cm below and left
of umbilicus.

Scan technique/equipment

Choose a probe suitable for general abdominal
imaging, usually a sector or curvilinear 3 to 5 MHz
transducer optimised to aortic depth. Expose the
abdomen, whilst maintaining the patient’s
dignity. Place the probe in the upper midline and
obtain a longitudinal section of the aorta. The
imaging convention is that cranial structures are
presented on the left side of the screen. It may
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Figure 6.1 Retroperitoneal vascular anatomy.

AA, abdominal aorta; IVC, inferior vena cava; CA, coeliac axis;
SA, splenic artery; CHA, common hepatic artery; SMA,
superior mesenteric artery; CIA, common iliac artery; EIA,
external iliac artery; LRA, left renal artery; RRA, right renal
artery; LRV, left renal vein; RRYV, right renal vein; HV, hepatic
vein; CIV, common iliac vein; external iliac vein.

require some minor translational movements or
rotatory probe movements to optimise the
insonation plane into the plane of the aorta. The
aorta is recognised by its pulsation, definite
echogenic wall, branch pattern, and relationships
to adjacent structures.

By keeping the probe in the same plane the
probe is then moved caudally, erring slightly to
the left of midline to obtain a longitudinal section
of the lower aorta.

Measurement cursors are applied to the leading
and trailing aortic walls, perpendicular to the
long axis of the aorta to obtain measurement data.

The aorta may be tortuous, in which case
rotatory movements around the vertical axis

® ©
% N
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Figure 6.2 The surface anatomy of the abdominal aorta.

Pancreas body

Figure 6.3 The normal aorta in longitudinal
section — upper abdomen. LLL, left lobe of liver.
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Figure 6.4 The normal aorta in longitudinal section —
lower abdomen

Figure 6.5 Correct application of measurement cursors.

of the probe will be necessary to optimise the
longitudinal section. By rotating the probe
slightly at the bifurcation, longitudinal views of
the common iliac arteries are usually possible.
Next the aorta is imaged in the axial plane.
The probe orientation is changed by rotating

IVC

1) ®as

Vertebral
Body

A

B

Figure 6.6 The normal upper abdominal aorta in
transverse section

(anticlockwise) 90 degrees such that the imaging
convention of the patient’s right side to left side of
screen is satisfied. In the upper midline, a
representative section is shown in figure 6.5. By
maintaining this probe orientation, translatory
sweep movements along the midline will
demonstrate the abdominal aorta in transverse
section, from its origin to bifurcation, in a good
subject. Again slight rotatory movements may be
necessary to optimise orthogonal imaging if there
is tortuosity. On completion wipe off the gel to
minimise chilling the patient.

Normal findings

The aorta is usually well visualised as an
anechoic pulsating structure, with easily
resolvable walls, extending from the upper
midline to the bifurcation. The major branches
are usually easily identified, as are the proximal
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Table 6.1 Location of aorta versus inferior vena cava

EE S— P
Extent TI2->14 T8 — L4/5
Position Midline — left paramedian Right paramedian
Walls Distinct, echogenic, atheroma, thrombus Barely resolvable
Pulsation One visible per cycle Two visible per cycle

Branch pattern CA and SMA

Relations LEFT of CAVA
Proximal connections Lostabove diaphragm

Doppler

Arterial waveform, flow distally

HV
RIGHT of AORTA
Heart (RA)

Venous waveform flow proximally

common iliacs. Mild tortuosity is common in
the elderly and aortic atheroma is the norm,
frequently calcified, which appears very
echogenic and may “shadow”. The infrarenal
aorta (that is, below L1) measures less than 3 cm
in diameter and there should not be a focal
dilatation of the aorta >50% of the diameter of
the adjacent aorta.

Pitfalls

Make sure you are examining the aorta NOT the
IVC (Table 6.1). Access difficulty, bowel gas, and
obesity are the common problems. Increasing
probe pressure, judicious angulation, acoustic
window selection, and equipment optimisation
can help but infrequently it is simply not possible
to interrogate the relevant area.

Abdominal aortic aneurysms

The vast majority of abdominal aortic
aneurysms are classified as degenerative or
atherosclerotic. Mostly they are confined to the
infrarenal abdominal aorta but can be found in
conjunction with thoracic, iliac, femoral, and
popliteal aneurysms. The risk of rupture is related
to size with an exponential rise in the 5 to 6 cm
diameter range.

Estimates of risk of rupture range from 5% per
annum for a 5 cm aneurysm to 50% for a >8 cm
aneurysm. Hypertension, chronic obstructive
pulmonary disease (COPD), and smoking are
independent risk factors. Most ruptured

Mural
thrombosis

Aortic wall

Lumen

Figure 6.7 Abdominal aneurysm — longitudinal section

aneurysms are thus in the >6 cm diameter
range but, despite this, nearly 10% of ruptured
aneurysms do not present with a palpable
mass. This can be encountered in patients with
extreme hypotension or in very obese patients.
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Figure 6.8 Abdominal aneurysm — transverse section.

Abdominal aneurysms can be sacular rather
than fusiform, mycotic, dissecting, anastomotic
pseudo aneurysm, and traumatic. Aneurysms in
other vessels, for example internal and external
iliac, splenic, renal, and other visceral arteries can
also present with rupture. These entities are
outside the scope of this chapter.

Ultrasound findings in
abdominal aortic aneurysms

Using the techniques described above, the
abdominal aorta is examined throughout its
length in longitudinal and axial (transverse)
planes. Aneurysms are almost always associated
with tortuosity and it is usual that some complex
probe angulations will be necessary to obtain an
accurate measurement of maximum diameter.

The extent of the aneurysm is difficult to assess
proximally as the renal artery origins are difficult
to identify. Distal extent is usually easily defined
and may extend beyond the bifurcation into the
common iliac origins.

The important observations are the presence of
pathological aortic dilatation and the maximum
diameter. Measurement cursors should be placed
on the leading and trailing aortic walls at the
point of maximum dilatation perpendicular to the
long axis of the aorta.

The aneurysm sac almost always contains
thrombus, and intimal calcifications are
commonly seen. The flowing lumen is anechoic,
the thrombus variously echogenic, and the intimal
calcifications strongly echogenic with acoustic
shadowing. The appearances on the transverse
images reflect this concentric layered structure.

The IVC may be compressed by the aneurysm
sac and difficult to visualise.

Ultrasound can be of value in the diagnosis of a
rupture but does not exclude a contained leak. or
indeed, on some occasions, a large retroperitoneal
collection. In view of this, CT is the preferred
modality to make this diagnosis but if in the course
of an ultrasound assessment an aneurysm is
detected, intraperitoneal fluid or a retroperitoneal
collection is strong circumstantial evidence of a
rupture.

Summary

e The abdominal aorta is easily amenable to
ultrasound interrogation in the majority of
subjects.

e Abdominal aneurysms are relatively common
and the rupture risk is related to size.

e Most ruptured aneurysms are clinically
evident but 10% may not have a palpable,
pulsatile mass.

e Most aneurysms are degenerative, infrarenal,
abdominal, and fusiform.

e Abdominal aneurysms are easy to detect on
abdominal ultrasound.

e Ultrasound is good at assessing the abdominal
aorta in the emergency department.

e Aortic ultrasound is of value in assessing
patients with occult hypovolaemia.

e Aneurysm extent, rupture, or contained leaks
are best assessed with CT.
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/ Abdominal emergencies

ALl NARAGHI, OTTO CHAN

Objectives

e To introduce
emergencies

e To discuss the technique of ultrasound imaging
for common acute abdominal problems

ultrasound for abdominal

Introduction

Ultrasound in general has been relatively
under-utilised in the immediate investigation and
management of patients presenting to the accident
and emergency department with abdominal
symptoms. Whilst other modalities such as
computed tomography may be more appropriate in
some settings such as acute abdomen, ultrasound
has several advantages which make it an invaluable
tool in the work-up of those with abdominal
complaints. It is a quick and cheap examination,
which can be carried out at the bedside, thus
allowing immediate assessment of patients without
the need to move those who require monitoring. Its
multiplanar and real time capabilities are ideally
suited for evaluation of the abdominal organs and
with its lack of ionising radiation, it is a suitable
technique in all age groups and allows for repeat
examinations to be performed. However, of all
the imaging techniques, ultrasound is perhaps
the most operator-dependent and therefore a
thorough and systematic approach is required to
ensure that subtle but significant abnormalities are
not overlooked.

This chapter will describe the sonographic
appearance of the common abdominal pathologies
that may be encountered in the casualty
department.

Pleural effusion

Although this is strictly not an abdominal
condition, it often co-exists with other abdominal
disorders such as subphrenic collections, acute
pancreatitis, and peritonitis. Furthermore, basal
pulmonary pathology may result in abdominal
symptomatology.

The pleural space may be examined via an
abdominal or an intercostal approach. Using

Pleural effusion: Anechoic fluid collection in the
chest bounded by the hemidiaphragm inferiorly.

Figure 7.1

the abdominal approach the hemidiaphragms are
visualised as echogenic curvilinear structures,
superior to the liver and spleen. Pleural fluid is
manifested as an anechoic or echo poor collection
above the hemidiaphragms (Figure 7.1). Using the
intercostal approach the anechoic collection is seen
to lie between the echogenic air-filled lung, with its
covering of visceral pleura, and the echogenic
parietal pleura deep to the ribs. The ribs are
identified as curvilinear echogenic structures casting
an intense acoustic shadow. The underlying
collapsed or consolidated lung may be seen as a
triangular echogenic structure floating in the fluid.
Simple pleural effusions, in general, demonstrate
no internal echoes. However, this does not exclude
infection within the effusion. Complex collections
such as haemothoraces and pleural empyemas may
have internal echoes and septations. Septations are
demonstrated as linear echogenic structures within
the fluid. In such cases careful examination of the
parietal pleura may demonstrate thickening.

Ascites

Accumulation of fluid in the peritoneal cavity
may be seen in a wide variety of conditions.
Ultrasound is exquisitely sensitive in detection of
free intraperitoneal fluid. This fluid preferentially
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Figure 7.2  Free anechoic fluid within the peritoneal cavity
consistent with ascites.

accumulates in the most dependent portions
of the abdominal and pelvic cavity. These are
the subphrenic spaces, particularly the right, the
hepatorenal pouch of Morrison, the paracolic
gutters, and the pelvic cul-de-sac with fluid being
located posterior and superior to the bladder
(Figure 7.2). With larger volumes of ascites, fluid
may be seen in the small bowel mesentery with
loops of small bowel floating within the ascites.
Ascitic fluid may be anechoic or may possess
internal echoes especially in the presence of
blood and infection. Ultrasound can be used to
guide aspiration and drainage.

Abdominal collections

Abdominal collections most commonly occur in
the post-operative setting, following perforation

Figure 7.3  Subphrenic collection containing internal
echoes lying in between the hemidiaphragm and liver.

of an abdominal viscus or secondary to trauma.
They may contain blood or infected material.
They are typically seen in the subphrenic spaces,
the lesser sac, the paracolic gutters, and the
pelvis.

Abdominal  collections,  particularly  if
complicated by haemorrhage or infection, contain
internal echoes. Their shape and margins are
partly dependent on adjacent structures. For
example, subphrenic collections are typically
crescentic in shape bounded by a linear echogenic
hemidiaphragm superiorly and the liver or spleen
inferiorly (Figure 7.3). Lower abdominal and
pelvic collections may be indented by adjacent
bowel. Distinction from bowel is made by the lack
of peristalsis, the shape of the collection, and the
nature of the wall. The wall of the collection rnay
be variable in appearance ranging from a smooth
thin wall to an irregular thick wall.

Liver ultrasound

Fatty liver

Increased accumulation of fat may be seen in
the liver in a variety of conditions. These include
obesity, diabetes mellitus, excess alcohol intike,
and Cushing’s syndrome. Normally the liver is
slightly more echogenic than the adjacent renal
parenchyma. With fatty infiltration there is
progressive increased echogenicity of the liver
parenchyma. This is demonstrated as an
echogenic liver in comparison with the renal
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Figure 7.4 Diffusely increased liver echogenicity in fatty
infiltration.

parenchyma. Secondary signs include impaired
visualisation of the normally echogenic walls
of the portal vein tributaries and difficulty in
visualising the posterior aspects of the hepatic
parenchyma which appear dark and with loss of
anatomical detail. This is particularly so
in more advanced cases and is due to increased
attenuation of the ultrasound beam by the fatty
liver (Figure 7.4).

Fatty involvement may be diffuse or patchy
giving a geographical pattern or a more focal
appearance in which case it may simulate a mass
lesion. However, in focal fatty involvement, as
opposed to a space occupying lesion, there is no
alteration of liver contour and there is no mass
effect with no displacement of hepatic vessels.

Infections
Acute hepatitis

Infectious hepatitis is a diagnosis that is
confirmed by laboratory investigations. In most
cases the sonographic appearances of the liver
remain normal in acute hepatitis. Abnormal
findings, which may be seen in hepatitis, include
hepatomegaly, and generalised reduction in
hepatic parenchymal echogenicity (the dark
liver sign) associated with a cuff of increased
echogenicity surrounding the portal triads. The
portal triads normally demonstrate increased
echogenicity, but this is accentuated and
thickened in acute hepatitis. A secondary sign,
which may also be present occasionally, is
thickening of the gallbladder wall. However, the

main role of ultrasound in acute hepatitis is to
exclude other causes for derangement of liver
function.

Hepatic abscess

Pyogenic abscesses may complicate other causes
of intra-abdominal sepsis such as appendicitis,
diverticulitis, or may result from biliary tract
obstruction and sepsis. Classically pyogenic liver
abscesses appear as cystic intrahepatic fluid
collections with a thick wall. Commonly the
collection is not completely anechoic but rather
hypo-echoic with low level internal echoes.
However, there can be a great variation in the
appearance of pyogenic abscesses depending on
the contents and degree of maturation. Sono-
graphic appearances can vary from an anechoic
collection to areas of slightly altered and usually
hypo-echoic echotexture or to an echogenic lesion.
The majority of lesions however demonstrate
posterior acoustic enhancement. Similarly the wall
thickness and regularity may vary.

Entamoeba histolytica classically infects the
right colon and may spread to the liver via the
portal venous system. Amoebic abscesses are
classically seen in the right lobe of the liver.
Although there are no specific sonographic
features that allow differentiation between
pyogenic and amoebic abscesses, the lack of wall
echoes, uniform hypo-echoic reflectivity and
subcapsular location are more frequent in
amoebic abscesses. If there is a clinical suspicion
of amoebic involvement, serological tests should
be undertaken.

Hepatic involvement in hydatid disease caused
by Echinococcus granulosus can also have a
variable appearance. These include a simple
completely cystic lesion, a cystic lesion with
internal dependent echoes consistent with hydatid
sand, a cystic lesion with linear echogenic strands
representing separation of membranes, or
multiple daughter cysts within a cyst. More
longstanding lesions may demonstrate calcification,
and this favours a diagnosis of hydatid cyst rather
than a simple cyst.

Cirrhosis

Cirrhosis is essentially a pathological diagnosis
but certain sonographic features are suggestive of
the diagnosis. The normal liver has a smooth
contour with a fine uniform echotexture. In



m Ultrasound in emergency care

cirrhosis, there is diffuse increased echogenicity
of the liver, due to fatty infiltration, associated
with coarsening of the liver echotexture. Early
in the course of the disease process, the liver and
in particular the caudate lobe, may be enlarged.
However, with disease progression fibrosis
becomes the predominant pathological process
and often a small liver ensues. With development
of regenerating and dysplastic nodules, nodular
foci may be visualised throughout the liver,
resulting in an irregular surface contour. This is
best appreciated in the presence of ascites.

With development of portal hypertension
ascites, splenic enlargement (> 12 cm) and
portosystemic collaterals may be demonstrated.
The latter may be seen in the splenic and renal
hila and adjacent to the falciform ligament. Using
Doppler ultrasound, the normal variation of
portal vein velocity with respiration may be lost
in portal hypertension and there may be reversal
of the normal flow becoming hepatofugal
(away from the liver). There may be associated
enlargement of the splenic and portal veins.

Focal space occupying lesions

Focal, non-infective, hepatic space occupying
lesions may be divided into primary and secondary
neoplasms with the former being further
subdivided into benign and malignant lesions.

The commonest benign lesions of the liver
include simple cysts, haemangiomas, focal nodular
hyperplasia (FNH), and adenomas. The first two
are by far the commonest lesions. Simple cysts
are characterised by an anechoic lesion with
posterior acoustic accentuation and an imper-
ceptible wall. Fine septations may occasionally be
seen within the lesion. Haemangiomas demon-
strate a well defined margin and homogeneous
increased reflectivity. As the tumour enlarges it
may develop a more heterogeneous echotexture
and in some cases may prodiice posterior acoustic
enhancement. Hepatic adenomas and FNH
are difficult to distinguish, both being well
demarcated with a homogeneous echotexture,
which may be hypo- or hyperechoic in relation
to the rest of the liver. Both may demonstrate a
hypo-echoic central scar.

The commonest malignant primary liver
neoplasm is a hepatocellular carcinoma (HCC),
which is frequently seen in close association
with cirrhosis. The underlying cirrhosis may give
the hepatic parenchyma a nodular appearance
and therefore detection of a focal HCC may
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Figure 7.5 Multiple focal hepatic lesions of altered
echogenicity in a patient with metastatic disease.

be more difficult in this setting. Hepatocellular
carcinoma may be focal or diffuse with the
latter representing a greater diagnostic challerge
at sonography due to its indistinct margins. The
focal lesions may be of reduced or increased
reflectivity, with small lesions frequently demon-
strating low echogenicity. On occasions HCC may
appear as a target lesion with a hypo-echoic rim
and a hyperechoic centre.

Metastases to the liver are most commonly seen
in tumours arising from the colon, breast, lung,
pancreas, and ovary as well as in lymphoma
(Figure 7.5). Appearances may be extremely
varied amongst the different tumours. The
commonest pattern is that of a hypo-echoic
lesion. This may be seen with tumours of any
origin. Hyperechoic lesions are characteristically
seen with tumours arising from the colon,
pancreas, and less commonly from the kidneys
and ovaries. These lesions may have a target
appearance with a hypo-echoic rim.

Characterisation of focal liver lesions is often
difficult on the basis of ultrasound alone. Fall
clinical details and results of laboratory
investigations are essential. Even then further
characterisation by computed tomography is
usually necessary.

Portal vein thrombosis

Portal vein thrombosis may be associated
with intra-abdominal sepsis, malignancy, or
hypercoagulable states. At sonography echogenic
thrombus may be seen within the lumen causing
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expansion of the vein although acutely the
thrombus may be hypoechoic and even anechoic.
Colour and Doppler ultrasound demonstrate lack of
flow within the vein. In chronic cases a collateral
circulation develops resulting in numerous
serpiginous vascular channels surrounding the
obliterated portal vein, a finding known as
cavernous transformation of the portal vein.

Budd-Chiari syndrome

Budd-Chiari syndrome refers to the occlusion
of the hepatic veins and may be associated
with hypercoagulable states, haematological
malignancies, or intra-abdominal malignancies
such as renal cell carcinoma, adrenal carcinoma,
and hepatocellular carcinoma.

Acutely, the liver is enlarged and may
demonstrate patchy or generalised abnormal
echogenicity. This is typically accompanied by
ascites. The hepatic veins may be attenuated or
may demonstrate echogenic luminal thrombus.
Doppler ultrasound may show a lack of or
reversal of flow within the hepatic veins. In
chronic cases the liver may be generally small in
size with sparing of the caudate lobe which is
typically enlarged.

Ultrasound of the biliary tree

Cholelithiasis

Examination of the gallbladder should ideally
be carried out after a fast to avoid errors. For
detection of gallstones, the patient should be
examined in the supine, right anterior oblique,
and left lateral decubitus positions. The latter two
positions maximise the chance of visualising a
gallstone, which may be located at the gallbladder
neck, by causing it to migrate to the fundus of the
gallbladder. Furthermore, this helps to confirm
that a focal lesion within the gallbladder is mobile
and therefore likely to represent a stone.

Ultrasound is extremely sensitive in detection of
gallstones and is the modality of choice for
evaluation of the gallbladder. The appearance of
gallstones is partly dependent on their size.
Typically they are manifested as highly echogenic
intraluminal foci, which cast a strong posterior
acoustic shadow (Figures 7.6 and 7.7). It is essential
to examine the gallbladder both on longitudinal and
transverse sections to avoid mistaking gas within an
adjacent loop of bowel for a gallstone.

Figure 7.6
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Figure 7.7 Large echogenic gallstone with posterior
acoustic shadowing.

Unless impacted at the gallbladder neck, stones
should be mobile, changing position in a gravity
dependent manner with change in patient
position as described above. Small gallstones may
appear as less echogenic foci without significant
posterior acoustic shadowing. These small stones
may also be adherent to the gallbladder wall and
therefore may not demonstrate gravity dependent
motion. In such cases differentiation from a
gallbladder wall polyp may be difficult.

If the gallbladder is contracted and packed with
stones then normal bile may not be visualised
(Figure 7.8). Gallbladder contraction may either
be due to disease or due to a recent meal. In such
cases appearances consist of a highly echogenic
area in the gallbladder fossa with a very
prominent acoustic shadow. This appearance
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Figure 7.8 Contracted gallbladder containing stones.

needs to be differentiated from gas within the
duodenal cap.

On occasions, layering material of lesser
echogenicity may be present within the gall-
bladder. Such material represents sludge and is
frequently seen in prolonged fasting. Such sludge
may form a mass-like, mobile lesion within the
gallbladder. A similar appearance may be seen in
the presence of blood within the gallbladder.

Acute cholecystitis

Acute cholecystitis is associated with gallstones
in the vast majority of cases. Such stones typically
may be impacted in the gallbladder neck or the
cystic duct resulting in a very dilated gallbladder.
Classical findings in acute cholecystitis (Figure 7.9)
include:

e focal tenderness over the gallbladder, elicited
by exerting local pressure using the ultrasound
transducer

o the presence of a thickened gallbladder wall
measuring in excess of 3 mm

e oedema of the gallbladder wall, manifesting as
alternating echogenic and hypo-echoic layers
within the wall

e pericholecystic fluid seen as a focal anechoic
fluid collection adjacent to the gallbladder,
especially in the region of the fundus,
reflecting a localised perforation of the wall.

The presence of gallbladder wall thickening is
relatively non-specific and may be seen in a
variety of other conditions. These include chronic
cholecystitis, ascites of whatever cause, sepsis,

Figure 7.9 Thickened oedematous gallbladder wall with
pericholecystic fluid and gallstones in a patient with acute
cholecystitis.

acute pancreatitis, hepatitis, cirrhosis, hypo-
albuminaemia, and postprandial state. More focal
wall thickening may also be seen in cases with
gallbladder carcinoma.

In a minoritv of cases clinical and sonographic
features of cholecystitis may be present in the
absence of gallstones. Such cases may reflect
acalculus cholecystitis and are typically seen in
patients with intercurrent illness.

In severe cases of cholecystitis and in particular
in diabetic patients there may be development
of emphysematous cholecystitis. This is reflected
by presence of air within the gallbladder lum.en
or wall. Air within the lumen is depicted as a
curvilinear non-dependent echogenic area within
the gallbladder casting an acoustic shadow.
This is most often seen anteriorly, obscuring
visualisation of the posterior aspects of the
gallbladder, and needs to be distinguished from
a gallbladder packed with stones. Air within the
wall causes nodular or linear echogenic foci in the
substance of the wall and needs to be differentiated
from a porcelain gallbladder, microabscesses in
Rokitansky-Aschoff sinuses seen in gangrenous
gallbladder, and adherent small stones or polyps.

Complications of acute cholecystitis include:

e perforation of the gallbladder resulting in a
pericholecystic abscess

e gangrenous gallbladder demonstrating irregular
asymmetric wall thickening with micro-
abscesses and intraluminal septations end
pseudomembranes

e empyema of the gallbladder with multiple
reflective echoes within the lumen reflecting
pus.
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Ultrasound in
obstructive jaundice

The sonographic hallmark of obstructive
jaundice is intra- and extrahepatic bile duct
dilatation. The bile ducts are identified as tubular
structures running adjacent to the portal vein and
its tributaries, without demonstrable flow on
colour or Doppler ultrasound. A common bile duct
(CBD) diameter of 6 mm is taken as the upper limit
of normal. There is some increase in this diameter
with ageing and an increase of 1 mm per decade
after the age of 60 may be normal. The bile duct
may also be dilated following cholecystectomy.
The central hepatic bile ducts may measure up to
4 mm whilst the more peripheral intrahepatic
ducts should not measure more than 40% of the
diameter of the adjacent portal vein tributary.
Scanning, with the patient in an oblique or decubitus
position, often affords the best views of the bile
ducts. Longitudinal oblique views of the porta
hepatis are often the most useful.

Bile ducts in excess of the above normal
diameters are indicative of biliary obstruction.
Depending on the distribution of the bile
duct dilatation there may be a “double barrel”
appearance at the porta hepatis consisting of
the dilated duct and the adjacent portal vein
(Figure 7.10). With involvement of the
intrahepatic ducts there is the appearance of too
many tubular structures within the hepatic
parenchyma (Figure 7.11).

Ultrasound is also useful in determining the
level and cause of the obstruction and in guiding
further investigation and management. Common
causes of biliary obstruction that may be
elucidated by ultrasound include the following.

Choledocholithiasis

This is illustrated as an echogenic focus, with
posterior acoustic shadowing, within the dilated
duct. The duct often abruptly returns to a normal
calibre distal to the calculus. Mid to distal CBD
stones may be difficult to visualise in the
presence of gas within the duodenum and in
such cases changing the position of the patient
and giving oral fluids may assist in better
demonstration of this region. Occasionally, there
may be dilatation of the bile ducts due to sludge
within the biliary tree, which is seen as less
echogenic layering material in the ducts. In
Mirizzi’'s Syndrome there is impaction of a
gallstone within the cystic duct or the gallbladder

Figure 7.10 Dilated common bile duct seen anterior to
the portal vein.

Figure 7.11

Dilated intrahepatic bile ducts adjacent to the
portal vein tributaries in a patient with obstructive jaundice.

neck causing a smooth stenosis of the common
hepatic duct with ensuing dilatation of the
intrahepatic ducts but with a normal calibre CBD.

Pancreatic carcinoma

In such cases the CBD is dilated all the way to
the head of the pancreas where a mass may
be visualised. Small lesions or periampullary
tumours may not be detected on ultrasound but
the finding of a dilated duct extending into the
head of the pancreas should be suspicious of this
diagnosis. Additionally, a pancreatic head mass
may cause dilatation of the pancreatic duct,
resulting in a “double duct sign” illustrated as
dilatation of the CBD and pancreatic ducts in the
head of the pancreas.
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Bile duct strictures

These may either be benign or malignant. Benign
causes include previous biliary surgery, ischaemia,
or strictures in the head of the pancreas secondary
to chronic pancreatitis. Often in such cases a cause
is not demonstrable on ultrasound. Malignant
causes include cholangiocarcinoma as well as
secondary tumours. Sonography may demonstrate
a focal mass especially in cases of secondary
tumours or lymph node involvement. However,
more typically, and particularly in the presence of
cholangiocarcinoma, no focal lesions or an area
of diffuse thickening of the bile duct wall may
be demonstrable. Isolated intrahepatic duct
dilatation without a porta hepatis mass or calculi
is highly suggestive of a hilar cholangiocarcinoma.

Pancreatic ultrasound

Acute pancreatitis

Acute pancreatitis is a clinical and laboratory
diagnosis. The role of ultrasound in this clinical
setting consists of detecting complications in
particular development of fluid collections such
as pseudocysts and abscesses and determining
whether there are underlying predisposing factors
such as calculi. However, in severe cases CT
scanning may be more appropriate as it allows
assessment of pancreatic enhancement and
detection of necrosis, which cannot be effectively
established by sonography. Ultrasound may also
be used in guiding interventional procedures
such as drainage of fluid collections.

The normal pancreas is iso-echoic or, with
increasing age and fat deposition, hyperechoic to the
liver. In pancreatitis, there is an increase in the size of
the pancreas and the pancreatic parenchyma becomes
more hypo-echoic due to oedema (Figure 7.12). In
mild cases however, the sonographic appearances
may be entirely normal. In cases of focal pancreatitis,
ultrasound may demonstrate focal enlargement of the
pancreas with a hypo-echoic texture simulating a
pancreatic neoplasm.

With increasing severity there may be
development of fluid collections in the peripan-
creatic and perirenal tissues and especially in the
lesser sac, where fluid is seen interposed between
the pancreas and the stomach. The presence of
debris or gas, demonstrated as echogenic foci
within a collection, is suggestive of haemorrhage
or abscess formation, the latter often exhibiting a
thick wall. Ultrasound is also useful in examining
the vascular structures in the pancreatic bed.

Royal Londor
12.43.00 31.

Abdomen

100%

-2dB RS3

10.0cm 25fps
z

B

Figure 7.12 Oedematous and enlarged pancreas with
blurred margins in acute pancreatitis. (A) Normal. (B) Acute.

Venous thrombosis, especially of the splenic and
superior mesenteric veins, is evident as expansion
of the vessel with intraluminal echoes and lack
of colour and Doppler signal. Pseudo-aneurysm
formation is characterised by a cystic lesion with
an echogenic wall which possesses turbulent and
disorganised flow on colour ultrasound.

Chronic pancreatitis

Chronic  pancreatitis, most  commonly
encountered in combination with prolonged
excessive alcohol intake, is sonographically
identifiable as heterogeneity of the pancreatic
echotexture with a combination of areas of
increased echogenicity and reduced echogenicity.
Superimposed on this heterogeneous back-
ground are focal areas of increased echogenicity
with associated posterior acoustic shadowing
consistent with calcification. The shadowing
may be absent in the smaller foci of calcification.
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Figure 7.13 Diffuse foci of pancreatic calcification in a
patient with chronic pancreatitis.

Calcification may be seen within the pancreatic
parenchyma or within the pancreatic ductal
system, which in addition classically display
irregular dilatation (Figure 7.13). Parenchymal
calcification is especially prominent in hereditary
chronic calcific pancreatitis. Focal inflammatory
changes may commonly occur within the pancreas
resulting in a focal mass, the differentiation of
which from pancreatic carcinoma may be difficult.

As with acute pancreatitis, complication such
as pseudocyst formation and venous thrombosis
may be evident.

Pancreatic neoplasms

Pancreatic neoplasms may be discovered
incidentally, or due to their mass effect or as
a result of hormone production. The latter
neuroendocrine tumours may often be small and
require more specialised techniques for their
detection. Pancreatic head neoplasms tend to
present earlier due to obstruction of the CBD
causing obstructive jaundice, whilst tumours in
the rest of the gland may grow to a considerable
size before causing clinical symptoms.

Pancreatic carcinoma is most often hypo-echoic
in nature, has a lobulated margin, and causes a
focal bulge in the pancreatic contour. There may
be associated dilatation of the pancreatic duct
distal to the mass, seen as a tubular structure with
echogenic walls and no colour flow in the
substance of the gland. Lesions in the pancreatic
head or the uncinate process additionally cause
dilatation of the bile duct extending all the way
into the head of the pancreas. Distinction from
focal chronic inflammation may be difficult and
may require biopsy.

Visualisation of the pancreas may be hampered
by presence of gas within the stomach, duodenal
loop, or the transverse colon. In such cases several
manoeuvres may be helpful in allowing a more
thorough examination of the pancreas. The patient
may be placed in oblique, decubitus, or erect
positions. Firm pressure with the ultrasound
probe may help to displace a gas filled loop of
bowel. Alternatively the patient can be assessed in
different phases of respiration. Administration of
oral fluid can result in the stomach acting as a
window to enable better visualisation of the
pancreatic bed. Finally the tail of the pancreas
may be better examined at the splenic hilum by
scanning through the left upper quadrant and
using the spleen as a sonographic window.

Renal ultrasound

Renal tract calculi

Stone disease is a very common cause of
presentation to the accident and emergency
department. A number of modalities and
investigations may be used in demonstration of
calculi. These include plain films, tomography,
intravenous urogram (IVU), ultrasound, and CT.

The sensitivity of ultrasound is dependent
on the location and size of the calculus, being
highest for detection of renal and lower ureteric
calculi. Demonstration of upper and mid-ureteric
calculi may be hampered by the presence of
bowel gas and such stones may be easily missed
on ultrasound especially if the ureter is not
dilated. Furthermore, even in the presence of
obstruction pelvicalyceal and ureteric dilatation
may be absent acutely.

Calculi are seen as highly echogenic foci
casting a well defined and intense acoustic
shadow (Figure 7.14). Calculi smaller than 5 mm
may be very difficult to demonstrate and may
not exhibit acoustic shadowing. To maximise the
chances of visualisation of calculi the patient
should be examined from varying angles and
in different positions using the highest
frequency transducer possible. Reducing the
gain and using tissue harmonics accentuates the
characteristics of the stone. The patient should
be examined with a moderately full bladder as
the bladder will then act as an acoustic window
through which the distal ureters may be
visualised. If dilated these will be seen as
anechoic tubular structures posterior to the
bladder. Differentiation from vessels can be
made using Doppler.
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Figure 7.14 Echogenic intra-renal focus with posterior
acoustic shadowing consistent with a renal calculus.
(A) Multiple stones. (B) Single renal calculus (calipers).

Occasionally, other entities may mimic renal
calculi on ultrasound. These include the normal
renal sinus fat, renal artery calcification, and
intrarenal gas. The sinus fat, although echogenic,
especially if tissue harmonics is employed,
does not tend to produce acoustic shadowing.
Renal artery calcification tends to produce linear
echogenic bands whilst the shadowing associated
with intrarenal gas is not as well defined.

Renal tract obstruction

The hallmark of renal tract obstruction on
ultrasound is collecting system dilatation.
However, obstruction may occur without
significant collecting system dilatation especially
if it is acute, and conversely pelvicalyceal dilata-
tion may be seen in the absence of obstruction
typically in the setting of reflux.
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Figure 7.15 Communicating central fluid collections
consistent with pelvicalyceal dilatation in a patient with renal
tract obstruction. (A) Hydronephrosis (B) Gross
hydronephrosis.

Pelvicalyceal dilatation is seen as central anechoic
fluid collections within the kidneys. Differentiation
from renal cysts requires demonstration of
communication between the various components of
the fluid collection (Figure 7.15). The dilated ranal
pelvis is typically seen medially surrounded by the
echogenic sinus fat. The dilated calyces are likewise
surrounded by sinus fat but can be shown to
communicate with the renal pelvis. More distally the
dilated renal pelvis may be seen to communicate
with a dilated proximal ureter, illustrated as an
anechoic tubular structure lying anterior to the psoas
muscles. The mid-ureter is typically the hardest
segment to visualise, being commonly obscured by
bowel gas. The dilated distal ureters may be seen as
tubular structures posterior to the bladder.

Furthermore, ultrasound may also be used to
elucidate the cause of obstruction such as renal
calculi, retroperitoneal, and pelvic masses, as
well as the level of the obstruction.
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Pyonephrosis

Pyonephrosis occurs as a result of infection of
an obstructed system. Classically this is
manifested as a dilated collecting system
containing echoes and debris, which may
demonstrate layering or may be seen to move with
a change in the patient position. However, the
presence of low level echoes and debris is not
invariable and conversely echoes may be seen in
a dilated pelvicalyceal system as a result of
haemorrhage. In such cases ultrasound guided
aspiration may be required. In severe cases gas
may be seen in the collecting system.

Pyelonephritis

Pyelonephritis is most commonly secondary to
an ascending infection but may on occasions be
due to haematogenous spread. Ultrasound is not
usually required in the acute setting but should be
performed if there is no improvement in clinical,
haematological, or biochemical markers despite
adequate treatment in order to detect abscess
development or obstruction. In uncomplicated
cases ultrasound should be carried out once the
acute episode has resolved in order to determine
whether there are any underlying structural
abnormalities predisposing to pyelonephritis.

In the acute setting, renal ultrasound may be
normal. In abnormal cases, the kidney may be
enlarged with loss of the normal corticomedullary
differentiation. The renal parenchyma may be
hypo-echoic due to oedema or hyperechoic if
there is haemorrhagic change.

Renal abscess

In the presence of severe infection or with
delayed treatment of infections, a renal abscess
may develop. Renal abscesses may be unilocular
or multilocular. Mutilocular collections may
coalesce to form a larger collection. These are
generally hypo-echoic with posterior acoustic
enhancement. On some occasions they may be
completely anechoic or rarely hyperechoic due
to the presence of gas within the abscess. Small
abscesses may respond to intravenous antibiotic
therapy but larger collections generally require
percutaneous drainage.

Renal trauma

Computed tomography is the modality of
choice in renal trauma and ultrasound has no role

in the acute setting. The only role for ultrasound
would be in follow-up of perirenal collections.

Splenic ultrasound

The spleen is best visualised via an intercostal
approach with the transducer parallel to the ribs.
This may be carried out in the supine or the left
anterior oblique position. The spleen is said to be
enlarged if it measures more than 12 cm from the
upper pole to the lower pole. Splenic enlargement
may be seen in lymphoproliferative and myelo-
proliferative disorders, portal hypertension and
cirthosis, infections such as infectious mono-
nucleosis, AIDS and malaria, and in a variety of
other disorders such as connective tissue disease
and sarcoidosis. Splenomegaly may also be seen in
portal vein and splenic vein thrombosis and
therefore assessment of the portal and splenic veins
by Doppler sonography is important. Splenomegaly
is not invariable in many of the above conditions.

Focal splenic lesions may be visualised in
splenic cysts, haemangiomas, splenic abscesses,
infarcts, lymphoma, and metastatic disease. The
clinical detail is often essential in distinguishing
between these lesions. Metastatic involvement
is most common with melanoma, bronchogenic,
ovarian, and breast carcinoma.

The spleen is the most commonly injured organ
in blunt abdominal trauma. Computed tomography
is the modality of choice in detection and
characterisation of splenic injuries. However,
ultrasound may demonstrate abnormalities
associated with splenic traumatic injury. These
include free fluid, which may be located in
the left subphrenic space or in the rest of the
abdomen or pelvis, fluid attenuation extending
into the splenic parenchyma, or a heterogeneous
echotexture to the splenic parenchyma reflecting
intraparenchymal haemorrhage.

The appendix

Effective sonographic evaluation of the appendix
requires a high frequency transducer (7 MHz or
above). Using the transducer, progressively
increased pressure is applied in the right iliac
fossa, to displace bowel gas and contents. This
technique is known as graded compression.

The normal appendix may be identified as a
blind ending tubular structure with a diameter of
less than 7 mm. In acute appendicitis there is
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Figure 7.16 A dilated non-compressible appendix in acute
appendicitis.

focal tenderness over the appendix, the diameter
is enlarged to greater than 9 mm and the wall
has a multilayered appearance. In addition the
distended lumen is not compressible by applying
further pressure with the probe (Figure 7.16). In
some cases a calcified intraluminal appendicolith
may be visualised. An area of increased reflectivity
surrounding the appendix and a small amount of
free fluid indicate adjacent inflammatory changes
in the mesentery. Inflammation of tissues also
results in increased vascularity of the appendix
and the surrounding tissues on colour ultrasound.

If there has been a delay in diagnosis, an
appendiceal abscess may develop. This is reflected
by the presence of a fluid collection in the right
iliac fossa with inflammatory change in the
surrounding mesentery illustrated by increased
echogenicity of the fat. In some cases there may
be an inflammatory mass caused by matting of
loops of bowel and adjacent inflammation. This
causes an ill-defined hypo-echoic mass lesion with
surrounding inflammation. In the presence of an
abscess, ultrasound may be used for placement of a
percutaneous drain.

Aortic aneurysms

Ultrasound is an effective and quick method
to determine the presence of an aneurysm.

Visualisation of the aorta may be hampered by
the presence of bowel gas. However, usually the
entire aorta may be adequately examined by
using an anterior approach combined with further
views from the flanks. Measurement of aneurysm
size should be undertaken on transverse and
longitudinal scans from the outer wall to outer
wall of the aneurysm.

The aneurysm normally has an echogenic wall
especially in the presence of calcification. The
lumen is of very low echogenicity and demon-
strates flow on colour scanning. There is usually
mural thrombus present, depicted as a semilunar
hypo-echoic area between the wall and the
lumen.

Ultrasound may be used to assess the size
of the aneurysm, its relationship to the renal
arteries by using colour flow to illustrate the
vessels and its relationship to the aortic
bifurcation. Its extent can be assessed on the
longitudinal scans.

The hallmark of a leaking aneurysm is that of
retroperitoneal haematoma. This is characterised
by a very ill-defined heterogeneous but predomi-
nantly hyperechoic area in the retroperitoneum.
Its detection may be difficult as it is rather poorly
marginated and blends into surrounding
structures. Secondary signs include anterior

displacement of the kidneys and the presence of
free fluid.

Summary

This chapter has described the ultrascund
findings associated with a variety of acute
abdominal conditions that may present to the
emergency department. The non-radiologist
must continue to use ultrasound to answer
focussed questions in the emergency evaluation
of abdominal conditions (for example, is the
right upper quadrant pain cholecystitis?) and
must be aware that any imaging modality is
only an adjunct to a full history and clinical
examination.



8 Bedside ultrasound as an adjunct
in the evaluation of critically ill
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Objectives

e To introduce the concept of emergency medicine
bedside ultrasound

e To discuss ultrasound diagnosis of acute
medical conditions

e To describe the technique for ultrasound
evaluation of unexplained hypotension and
shortness of breath

Introduction

While the utility of ultrasound in the management
of blunt trauma is well established, the majority of
patients with respiratory or circulatory insuffi-
ciency encountered in emergency practice are
more likely to have a non-traumatic aetiology for
their disease. Cardiac tamponade, pulmonary
embolus, or acute abdominal aortic aneurysm are
causes of hypotension no less lethal than trauma,
affording “golden minutes” rather than a “golden
hour” for life saving intervention. Such patients are
usually too sick to provide a clear or detailed
history, and the diagnostic evaluation is, of
necessity, limited and focussed. In cardio-
pulmonary arrest (CPA) the final, pre-mortal phase
of evaluation of respiratory and circulatory
instability is further telescoped, and proceeds
concomitantly with treatment according to the
time-honoured priorities of “Airway, Breathing,
Circulation”. With such critically ill patients, a
device that could diagnose several causes of
undifferentiated  respiratory  or circulatory
compromise, evaluate the results of therapeutic
interventions, and be deployed at the bedside by
the treating physician within seconds of a patient’s
arrival, would obviously be of great value.
Ultrasonography is such a modality.

With ongoing technological advances that allow
higher resolution images on more affordable,
mobile, and user-friendly equipment, a growing
body of literature describes the use of bedside

ultrasound in this setting. As has been noted by
surgical sonographers with respect to their use of
ultrasound in the evaluation of trauma, no
specialty “has ownership of technology”.! This
position is supported by the American Medical
Association, which has mandated that “standards ...
(for the use of ultrasound be] ... developed by
each physician’s respective specialty society”.?
The acronym “EMBU” (Emergency Medicine
Bedside Ultrasound), used throughout this
chapter, emphasises key elements of sonography
as practised by emergency physicians. It is
conducted by the treating clinician at the bedside
as an integrated component of the management
of emergency conditions. This chapter will
describe the evolving efforts of practitioners to
appropriate, adapt, and integrate a variety of
sonographic techniques in order to improve the
care of the critically ill.

EMBU: case histories

The following cases illustrate some representative
emergency scenarios. Several other examples
have been published in articles exploring this
topic.®*

Case |

A 25-year-old female was brought to the emergency
department (ED) by fire rescue for an “asthma attack”.
Medics reported that the family “had heard a crash”,
but the patient had denied trauma, and complained
only of shortness of breath. On arrival the patient
denied underlying medical problems, including heart
disease, lung disease, pregnancy. or drug use. The
patient was agitated and diaphoretic with a heart rate
(HR) of 140, blood pressure (BP) 100/60, respiratory
rate (RR) 36, and oxygen saturation 100%. The breath
sounds were symmetrical and clear. Abdominal exam
was remarkable for what appeared to be a gravid
fundus, with closed os on pelvic examination. There
was no sign of vaginal blood or trauma. The patient’s
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Figure 8.1 (A) A left upper quadrant view showing the
spleen (Sp) surrounded by hypo-echoic (black on the image)
blood. Unclotted blood below the liver margin (L)
surrounding bowel (B) in the right hypochondrium
demonstrates the characteristic “pointy” morphology
(arrows) of pathologic fluid as it flows between the “roundy”
shapes of normal intra-abdominal organs. Morison's Pouch,
not seen in this view, was distended with fluid.

Case 2

A 55-year-old female presented with two days’
shortness of breath, with associated substernal end
epigastric pain. The patient was well known to the ED
for recurrent bouts of pancreatitis associated
with ongoing heavy alcohol consumption, and
emphysema with contirued heavy tobacco use. The
patient was in obvious distress, anxious, agitated, end
gasping for breath. Her HR was 130, RR 30, and BP
110/60, with oxygen saturation of 97% on room air.
Her lung sounds were distant but clear bilaterally.
Examination was otherwise unremarkable except for
jugular venous distension, and epigastric tenderness.
The cardiology service was consulted for urgent
echocardiography to exclude pericardial tamponade.
The cardiologist stated that the patient did not require
urgent echocardiography because her symptcms
could be explained by her known pancreatitis and
restrictive lung disease. In view of the continued
suspicion of tamponade, a junior house officer
performed EMBU, identifying a massive pericardial
effusion with tamponade (Figure 8.2). Urgent
pericardiotomy drained 1400 cc of sanguinenus
pericardial fluid, subsequently identified as being due
to metastatic adenocarcinoma of the lung.

condition deteriorated rapidly over the following
minutes, with her systolic BP falling to 60 mmHg
despite aggressive fluid resuscitation. EMBU was
performed, showing extensive intraperitoneal fluid
with an apparently viable intrauterine pregnancy
(IUP) (Figures 8.1A and 8.1B). As a result of these
findings. the patient was rushed to the operating
room less than 20 minutes after her arrival, where a
ruptured uterus was identified and hysterectomy was
performed. After a complicated course. the patient
left the hospital completely recovered 21 days later.

Case 3

A 24-year-old female fainted while walking to the
bathroom at home at around 7 am. She complaiaed
of poorly defined pelvic pain and right upper
quadrant discomfort. The patient had no significant
past medical history. Her last normal menstrual
period was two weeks ago. Vital signs were as
follows: afebrile, HR 90, RR 16, BP 100/60, with
orthostatic tachycardia and dizziness on standing.
Her physical examination was otherwise normal
except for mild right upper quadrant and
suprapubic tenderness with mild right adnexal
tenderness on pelvic examination. The diagnestic
work-up was unrevealing, with normal ECG, blood
indices. electrolytes, and negative pregnancy test.
Despite 2 litres of normal saline intravenously, the
BP dropped to the 80s, with dizziness while supine.
EMBU evaluation for peritoneal, pleural. and
pericardial fluid revealed a large quantity of free
fluid and clot in the pelvis, left upper quadrant, and
Morison’s pouch (Figures 8.3A, B, and C), with
identification of a large, partially collapsed right
ovarian cyst. The patient was managed
conservatively despite a haemoglobin that dropped
to 8. She was discharged two days later with the
diagnosis of ruptured haemorrhagic ovarian cyst.

Ultrasound in the evaluation
of unexplained hypotension

Critically ill patients, whether they be surgical

or medical, have the common characteristic of
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Figure 8.2 Large circumferential pericardial effusion

(between callipers) which is in excess of 3 cm in thickness in

some areas (LV = left ventricle, RV = right ventricle).

Figure 8.3(B) In this sagittal view of the right upper
quadrant, the margin of the kidney is highlighted with
arrowheads. Morison's pouch, the potential space between the
liver and kidney, is filling with free fluid: the hypo-echoic area

Figure 8.3(A) Midline sagittal view of the pelvis showing
free fluid (FF) and clot surrounding the uterus (arrowheads),
superior and anterior to the bladder (B).The vaginal stripe
(VS) can be seen behind the bladder.

Cc

Figure 8.3(C) In the left upper quadrant the potential
space between the spleen (Spl) and kidney (K) is filling with
free fluid with its characteristically “pointy” shape (tip of
arrow).

Case 4

A 52-year-old male presented complaining of
sudden onset of severe mid-sternal chest pain about
30 minutes earlier, with nausea, diaphoresis, and
shortness of breath. The patient had not seen a
doctor since childhood. On physical examination
the patient was in discomfort and diaphoretic with
a BP 0f 110/62 (equal in both arms), a HR of 52, a RR
of 22, and normal oxygen saturation. An ECG
showed sinus bradycardia with frequent premature
nodal beats, ventricular hypertrophy. and nonspecific
ST segment abnormalities. An EMBU showed a
large pericardial effusion without tamponade

(Figure 8.4A). In addition, on high parasternal long
axis views, a mobile flap in the aortic root can
faintly be seen, and in abdominal views of the
descending aorta colour-flow Doppler reveals a
pseudolumen surrounded by occluded aorta
(Figure 8.4B). The cardiothoracic surgery service was
consulted within minutes of the patient’s arrival. He
was expeditiously taken to the operating room for
urgent repair of his acute aortic dissection.

benefiting from immediate evaluation and
treatment without removal from the resuscitation
area. However, in contrast to the setting of trauma,
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Figure 8.4 (A) Subxiphoid view showing the fluid in the
highly echogenic pericardium (arrows) and less echogenic
epicardium (arrowheads), defining the fluid filled pericardial
sac. Echoes (E) within the pericardial effusion are suggestive of
freshly clotted blood (RV = right ventricle, LV = left ventricle).
(B) A transverse view of the aorta (arrows) at the level of
the superior mesentericartery (SMA) reveals a normal sized
aorta with flow limited to a pseudolumen (PS) as
demonstrated by colour-flow Doppler. (IVC = inferior vena
cava;VB = vertebral body).

many of the sonographic diagnoses in critically
ill “medical” patients go beyond the mere
identification of abnormal collections of “free
fluid”. While this extends the diagnostic utility of
bedside sonography, it makes it technically more
challenging. Emergency sonographers can
surmount these challenges with relative ease for
several reasons.

Case 5

A 68-year-old woman with a history of hypertensicn
and atrial fibrillation presented to the ED in cardiac
arrest. Earlier, the patient had complained of groin
pain, and about 20 minutes prior to arrival she hed
collapsed. On arrival, she was intubated, pulseless,
with a bradycardic narrow complex rhythm cn
the cardiac monitor. While cardiopulmonary
resuscitation was ongoing. an EMBU was performed.
The subxiphoid view of the heart showed weak
coordinated cardiac motion with complete valve
closure. Sonographic evaluation of the abdominal
arearevealed an 8.1 cm abdominal aortic aneurysm
(AAA) with extraluminal clot (Figure 8.E).
Intraperitoneal fluid was not seen. Vascular surgeons
were consulted urgently. Within 30 minutes of har
arrival, the patient was transported to the operating
room, where she later expired.

Figure 8.5 To avoid mistaking other structures for the
aorta, it is often helpful for the sonologist to start by
identifying the vertebral body (VB): a round structure with
posterior shadowing (arrowheads). The aorta (arrows)
appears to have an irregular shape due to the presence of
extraluminal clot. In most cases of abdominal aortic aneurysm
the liver does not provide a sonographic window, as it does
here.This patient’s aneurysm was indeed found to be both
thoracic and abdominal.

e First, many of the sonographic techniques are
familiar from other bedside applications.

e Second, as diseases progress to the point of
causing haemodynamic instability, they give
rise to increasingly gross sonographic findings.

e Third, while specialists such as echocardiologists
have more extensive training and experience, a
more focussed area of expertise, access to higher
resolution equipment, and the luxury of more
time in the examination of generally stable
patients, all of which allow for more techrical
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quantitative analyses, several clinically important
parameters in the critically ill can be effectively
evaluated in qualitative terms.

Examples of such information obtained by bedside
echocardiography of critically ill patients would
include qualitative determinations of ejection
fraction, relative ventricular size, adequacy of cardiac
filling, and presence or absence of cardiac motion.
This is borne out by investigations showing the
utility of echocardiography by cardiologists using
limited protocols and hand-held ultrasound devices
to perform focussed qualitative evaluations.>”

Body regions to be investigated and sonographic
findings to be sought by EMBU in the evaluation of
unexplained hypotension, PEA or cardiopulmonary
arrest. (# indicates conditions which can be
identified, but cannot be reliably excluded with
EMBU.)

EMBU of the thorax

Evaluation of the pericardium
Effusion +/-tamponade

Evaluation of the heart
Empty hyperdynamic heart
Global wall motion abnormalities
Focal wall motion abnormalities #
Sonographic findings of pulmonary embolus
(see text) #
Sonographic findings of right-sided MI (see text) #
Gross dynamic or structural abnormalities of the
heart valves #

Evaluation of the proximal aorta
Mobile intimal flap #

Evaluation of the pleural spaces
Sonographic findings of pneumothorax (see text)
Massive pleural effusion
Massive pulmonary consolidation

EMBU of the abdomen

Inferior vena cava*
Evaluation of size, collapse index (see text)
Identification of intraluminal clot or other
obstruction

Abdominal aorta
Aortic diameter
Intimal flap, pseudolumen

Peritoneal cavity
Free fluid
‘Sonographic findings of pneumoperitoneum (see
text)

Lower extremity limited compression ultrasonography

*The IVC is usually examined in the subxiphoid
window concurrently with the evaluation of the
thorax.

Regions that may need sonographic assessment
in the evaluation of a patient with unexplained
hypotension are listed above, including the
thorax, the aorta, the body cavities (peritoneal and
pleural), and the deep veins of the lower
extremities. As with all tests used in emergency
practice, the sonographic evaluation will be
directed by, and interpreted in the context of, the
patient’s entire clinical picture. In the absence of
clinical clues, a methodical sequential approach
may be necessary, and a variety of such protocols
has been reported.**® More commonly, there is
some rudimentary information to direct and
prioritise the sonographic evaluation. For example,
a patient who had complained of abdominal pain
priorto a syncopal event might have the aorta and
peritoneal spaces examined first (as in Cases 3
and 5), although such an approach would initially
miss the tamponade in Case 2. Conversely, a
patient with a history of cancer and distended
neck veins would probably prompt initial
evaluation for cardiac tamponade and pulmonary
embolus. Table 8.1 lists the sonographic findings
and their clinical significance in assessing various
regions of the body. The present discussion will
focus on those not described in detail elsewhere
in this text.

Pericardial effusion and tamponade

Clinically significant pericardial effusion and
tamponade are described in the chapters on
trauma. It should be noted that Beck’s triad is a
late finding in tamponade, and it would certainly
benefit the patient to have this diagnosis made
prior to the onset of hypotension. It is likely
that, with more widespread utilisation of
EMBU, tamponade will be increasingly identified
prior to onset of haemodynamic compromise.
The identification of pericardial effusion or
tamponade in the setting of chest pain may be due
to aortic dissection or ventricular free wall
rupture. The distinction between these may be
difficult on clinical, electrocardiographic, or
sonographic grounds. The presence of an intimal
flap in the ascending or descending aorta (see
Case 4 and Figure 8.4B), or the identification of a
defect in the ventricular wall may clarify the
matter. Positional pleuritic chest pain, repetitive
unprovoked vomiting, and restlessness or
agitation are suggestive of ventricular free wall
rupture. In either case, the assistance of a
cardiothoracic surgeon is urgently needed.
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Table 8.1

Clinical significance of various sonographic findings in assessment of severe dyspnoea, hypotension,

and during cardiopulmonary resuscitation

Organ of interest and sonogfaphic ﬁnéihg

Clinical significance

Heart and mediastinum ~
Pericardial effusion +/— right atrial or ventricular collapse during
diastole

Small hyperdynamic heart, end-systolic ventricular collapse

Well filled hyperdynamic heart
Well filled dynamic heart with decreased ejection fraction

Dilated RV, +/- paradoxical septal motion, +/— RV
hypokinesis, +/— intracardiac thrombus, tricuspid regurgitation

Dilated RY, +/— paradoxical septal motion, +/— RV hypokinesis,
no tricuspid regurgitation

Decrease or absence of myocardial wall motion; absence of valve
closure, valve motion; presence of intracardiac gel-like densities

Focal wall motion abnormalities

Diffieulty identifying the heart on all views

Marked displacement of heart in subxiphoid view to left or right
Intimal flap on high PSLA or suprasternal views

Gross dynamic or structural abnormalities of the heart valves

Abdomen
Intraperitoneal free fluid

Aorta for AAA and intimal flap
IVC collapse

IVC distended absence of normal respiratory variation

Absence of normal sliding of parietal-visceral peritoneum
interface, linear reverberation artefacts

Pleural spaces
Pleural free fluid +/- internal echodensities

Absence of“pleural sliding” sign
Multiple comet tail artefacts
Ultrasound through transmission of lung

Lower extremities
Non-compressible common femoral and/or popliteal veins

Pericardial effusion +/—tamponade. Consider acute
ventricular rupture, aortic dissection

Intravascular hypovolaemia

Peripheral vasodilation: consider sepsis, anaphylaxis,
vasodilators

Consider sepsis, end-stage cardiomyopathy, metabolic, or
ischaemic causes

Massive pulmonary embolus
RV infarct

Each represents progressive cardiac dysfunction in PEA.
Consider ischaemic, toxic, metabolic causes

Acute coronary syndrome

Consider tension pneumothorax

Right or left tension pneumothorax (respectively)
Aortic dissection

Papillary muscle rupture, valvular lesions

Hemoperitoneum v ascites
Acute AAA, aortic dissection
Intravascular hypovolaemia

Consider pulmonary embolus, acute RV infarct, acute right
sided heart failure

Pneumoperitoneum

Pleural effusion; if internal echodensities: consider
empyema v clotted blood

Pneumothorax
Consider “wet lungs™: CHFE ARDS, etc

Pulmonary consolidation

DVT

Abbreviations: AAA: abdominal aortic aneurysm; ARDS: adult respiratory distress syndrome; CHF: congestive heart failure; DVT: deep venous
thrombosis; IVC: inferior vena cava; PEA: pulseless electrical activity; PSLA: parasternal long axis; RV:right ventricle

Shock states and causes of
global myocardial dysfunction

If tamponade is excluded, the heart and cardiac
chambers should be evaluated for gross abnorma-
lities of size and motion. A hyperdynamic heart
with near or complete end-systolic collapse

should prompt a clinical and sonographic search
for a cause of acute hypovolaemia. The
sonographic evaluation will focus on the major
body cavities for evidence of abnormal fluid
collections. The potential spaces that need to be
examined for free fluid are listed below and in
Figure 8.6.
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Regions and potential spaces to be evaluated in
the search for pathological fluid collections

Right costal and subcostal region, midclavicular to
posterior axillary line (from superior to inferior)

Pleural space

Subphrenic space

Morison’s pouch

Right colic gutter/inferior pole of right kidney
Subxiphoid . ,

Pericardial space
Left costal and subcostal region, midclavicular to
posterior axillary line (from superior to inferior)

Left pleural space

Subphrenic space

Splenorenal space

Left colic gutter/inferior pole of left kidney
Suprapubic

Pouch of Douglas/rectouterine space

2. Subphre
3. Hepator

1 potenti;épl space
prapubic vie

Figure 8.6 Potential spaces to be checked for occult fluid
collections. Compare with the text box listing the potential
spaces to be evaluated.

The same sonographic windows and methodical
approach are used as in the trauma examination.
An estimation of the intravascular volume status
can also be made by evaluation of the inferior vena
cava (IVC). While the accuracy of this technique is
not perfect in stable patients, caval collapse in

Figure 8.7 In a longitudinal view, the fluid column of blood
within the internal jugular vein (between arrowheads)
resembles the neck of a wine bottle. The apex of the fluid
column (arrow) should be marked at the end of expiration.
Five centimetres are added to the vertical distance of this
point from the sternal angle to compute right sided central
venous pressure (see text). Measurements may be more
accurate scanning in a transverse plane.

unexplained hypotension strongly suggests
intravascular volume depletion. The interpretation
of sonographically identified IVC distension is
considered below, in the discussion of pulmonary
embolus.

Sonographic assessment of the internal jugular
vein can also be used to measure central venous
pressure.” With the patient supine, the internal
jugular vein is identified in longitudinal section,
and the patient elevated to the point at which the
vein can be seen tapering to a point of collapse (see
Figure 8.7). At this point, the vein has the
appearance of the neck of a wine bottle, thick
inferiorly, and tapering in a cephalad direction.
The superior extent of the jugular venous column
will be seen to undulate with respirations and
cardiac contraction. The examiner must be careful
to maintain light contact with the skin or the vein
will collapse from pressure applied by the
transducer. The vertical height from the point of
complete collapse to the sternal angle of Louis is
added to 5 cm for a measure of central venous
pressure. If the vein is not distended with the patient
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supine, central venous pressure is extremely low: a
diagnosis that could be corroborated by cardiac
findings as described above.

In the absence of findings of intravascular
volume depletion, the echocardiographic evalua-
tion continues with a qualitative assessment of
the cardiac chambers and cardiac wall motion. A
well-filled heart that is hyperdynamic suggests
distributive shock due to sepsis, anaphylaxis, or
vasodilator toxicity. A large heart with global
hypokinesis can be due to ischaemic, metabolic,
toxicologic, or septic causes (see the discussion of
pulseless electrical activity, below). Isolated right
ventricular abnormalities are considered below.
While the assessment of focal wall motion
abnormalities in stable patients with chest pain is
beyond the skill of most emergency sonologists,
the gross derangements sufficiently profound to
cause cardiogenic shock are likely to be more
easily identifiable.’® This has been confirmed by a
study that showed emergency physicians to be as
accurate as cardiologists in the recognition of
systolic dysfunction in hypotensive patients.®
This approach is also supported by the finding
that while a variety of relatively arcane
parameters have been used to measure ejection
fraction, gross visual estimates are reliable, and
possibly no less accurate.'™ One study
demonstrated the ability of second and third year
internal medicine residents with one hour’s
training to perform adequate sonographic
examinations of left ventricular function using a
hand-held device. They also attained significant
improvement of diagnostic accuracy in
distinguishing asymptomatic patients with and
without left ventricular dysfunction.” To hone the
ability of identifying qualitative abnormalities in
the critically ill, emergency physicians should
consciously study the sonographic appearance of
the heart during evaluations of patients with
normal cardiac function.

Pulmonary embolus and
right ventricular infarction

Studies investigating the accuracy of
echocardiography in the diagnosis of pulmonary
embolus (PE) in stable patients have conflicting
results, so that its utility in the routine work-up of
PE is controversial.* However, similar to
myocardial ischemia with shock, PE sufficient
to cause haemodynamic instability results in
gross, readily identifiable, echocardiographic
abnormalities.’®!® Several qualitative B- and
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Figure 8.8 Sonographic signs in pulmonary embolus. Tha
maximum normal RV end diastolic dimension (EDD) is <27
mm.The normal RV to LV EDD ratio is < 60% (see text).
(A) An apical four-chamber view shows the right ventricle
(RV) with an EDD of 32 mm, while that of the left ventricle
(LV) is 38 mm. (B) The image of the heart using the liver (L)
as a sonographic window identifies this as a subxiphoid view.
There is an increased RV to LV EDD ratio of 93%, with
enlargement of the RV and abnormal bulging of the septum
towards the left ventricle (arrows).

M-mode parameters can easily be assessed by the
emergency echocardiographer in the evaluation of
massive PE, including right to left ventricular
dimension ratio, intracardiac thrombus, septal
wall flattening, abnormal septal wall motion, and
loss of the normal inferior vena cava (IVC) collapse
index."”"" These are discussed in detail below.
Other sonographic findings, such as tricuspid
regurgitation peak velocities and pulmonary artery
hypertension, require colour-flow and spectral
Doppler analysis. These are techniques, at this
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Figure 8.9 A normal collapse index of > 40%. Longitudinal views of the inferior vena cava (IVC, between callipers) on
inspiration (left image) and expiration (right image) immediately below the hepatic veins (HV) show diameters of 5-8 and 20-6 mm
respectively, in this patient without pulmonary embolus (see text and text box). Note that it is possible to measure the IVC
either longitudinally or transversely, but that both methods may present challenges to the sonographer. In the longitudinal view
errors arise if the plane of the ultrasound moves from the centre of the IVC. In the transverse plane, diaphragmatic excursion
may impede accurate measurement, although this method is usually easier and more accurate.

time, beyond the expertise of most emergency
medicine bedside sonographers.’

The normal right ventricular (RV) end-diastolic
dimension, measured at the tips of the tricuspid
leaflets in the apical 4-chamber view (or
subxiphoid, if that is not possible) should be less
than 27 mm." In PE, the RV will exceed this size
(Figures 8.8A and 8.8B). Another measure of RV
dilation which is sometimes easier to obtain by a
qualitative visual estimate without the need for
freezing images and using callipers, is the end-
diastolic right to left ventricular ratio, which is
normally <60% (Figure 8.8). In patients with
acute PE, the ratio is almost always > 100%.
Chronic pulmonary hypertension also causes RV
dilation, but will be accompanied by a thickened,
vigorously contracting ventricular wall, whereas
in PE the RV wall is effaced (< 7 mm). RV infarct
and PE may cause similar clinical, haemo-
dynamic, and sonographic findings, making
distinction difficult. Ventricular distension with a
thin, hypokinetic RV free wall, septal flattening,

and paradoxical septal motion, defined by
abnormal contraction of the septal wall towards
the RV lumen in systole, and relaxation of the wall
towards the left ventricle in diastole, are all seen
in both massive PE, and RV infarct.’>*° Often the
distinction can be made electrocardiographically;
if not, the two can be relatively easily differen-
tiated by the presence or absence of tricuspid
regurgitation (TR) if an ultrasound machine with
colour-flow Doppler capability is available. In one
series of 60 patients with acute PE, TR occurred in
99%, and its presence distinguishes the high
pressure overload state of acute PE from the low
pressure overload state of RV infarction in which
TR is uncommon.'®

Another marker of PE is the inferior vena caval
(IVC) collapse index. The IVC collapse index is
defined as the difference between the IVC
diameter in forced inspiration (“sniff”) and
its diameter in forced expiration, divided by
its diameter in forced expiration (see below, and
figure 8.9).
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_Inferior vena caval (IvQ) coIIapse index

[IVCD on explratlon - IVCD
on inspiration]

IVC collapse index =
' IVCD on expiration

- The IVE collapse index is norn}ally >40%.

For example, in the patient shown in Figure 8.9:

[206 5-8]

IVC collapse index = —71-8%

IVCD = IVC diameter.
Note all measurements made in dlastole

Measurements are made just inferior to the
junction of the hepatic veins on the subxiphoid
view, and should be made in diastole. A normal
index is > 40%, and is likely to be less in cases of
significant right ventricular failure. Studies have
used these sonographic findings singly, or in
combination to identify PE with a wide range
of results.”7*' As is often the case in EMBU,
data to make absolute rules are lacking, and
sonographic findings will need to be integrated
with the entire clinical picture to determine their
significance.

Acute dissection of the aorta

The most accurate sonographic method of
diagnosis of aortic dissection is transoesophageal
echocardiography (TEE). If this technology is not
immediately available, this diagnosis can also be
made by the transthoracic approach (TTE), as
occurred in Case 4. The latter is 80% sensitive and
93% specific in the diagnosis of type A (proximal)
aortic dissection, so that while this technique may
not be sufficiently sensitive to exclude the
diagnosis, there is no reason why it should not be
used in the attempt to rule it in. The characteristic
finding of a delicate fluttering echodensity in the
aortic lumen should be sought in high parasternal,
long axis views of the aortic root, and in the
suprasternal window. The latter is obtained by
placing a small footprint transducer in the
suprasternal notch and angling it sharply
inferiorly (usually about 150 degrees from the
plane of the sternum). Since the aortic arch runs
from an anterior right-sided to a posterior left-
sided location, the plane of the probe is rotated
clockwise approximately 30 degrees (between
“1 and 2 o’clock”) to obtain a longitudinal view of

Brachiocephali¢
artery

B

Figure 8.10 Suprasternal views of the aortic arch.

(A) Probe positioning for suprasternal views of the aortic
arch.The arrow indicates the direction of the probe “pointer”
approximately 30 degrees clockwise from the sagittal plane.
Ideally, a small footprint probe should be utilised, and, if
tolerated by the patient, a bolster should be placed under the
shoulders to maximally extend the neck. (B) Suprasternal
view of the ascending aorta. The aortic root is on the right of
the image, the arch (obscured in this image) would be on the
left.

the arch (see Figures 8.10A and 8.10B). Distal
dissection is not usually a cause of shock per se,
however, if distal dissection is identified it mnay
provide the necessary confirmation of an extended
proximal dissection which escaped detectior on
transthoracic evaluation. For this reason, in the
appropriate clinical setting, the abdominal aorta
can also be evaluated for evidence of dissection
(see Case 4 and Figure 8.4B). Even without an
identifiable intimal flap, a patient with symptoms
of dissection, hypotension, and pericardial
effusion should prompt consideration of cardiac
tamponade, which is the single most deadly
complication of aortic dissection.
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Pleural and pulmonary abnormalities

Although the physical findings of tension
pneumothorax are familiar to the emergency
physician, they can be overlooked in the frenetic
activity of diagnosing and resuscitating a
hypotensive patient. The use of ultrasound in the
diagnosis of pneumothorax is well described.?**
In the supine patient, the probe (ideally a 6-12
MHz linear array) is placed perpendicular to the
ribs in the second to fourth intercostal spaces in
the midclavicular line. The ribs have superficially
echogenic surfaces, which cast intense acoustical
shadows. Between the ribs, and usually 3—5 mm
deeper, the brightly echogenic line of the pleura
can be identified. Under normal circumstances,
respirophasic “lung sliding” caused by the
movement of the lung and visceral pleura
adjacent to the parietal pleura can be seen. The
identification of pleural sliding may be facilitated
by the use of power Doppler, if available.
Pneumothorax is diagnosed by the absence of this
(see Chapter 5).

Another finding, mobile, transient, comet tail
artefacts arising from the pleural line, also rules
out pneumothorax (see Figure 8.11). These
narrow comet tail artefacts are thought to arise
from air filled bronchioles embedded in
oedematous lung tissue immediately below the
visceral pleura. Occasional comet tail artefacts
may be of no clinical significance, but when seen
copiously, they are a sign of “wet lung” (increased
interstitial pulmonary fluid), the many causes of
which include congestive heart failure, sepsis,
trauma, and aspiration. These must be
distinguished from the wide linear reverberation
artefacts seen in both normal lung and
pneumothorax, which extend below the pleura at
a distance approximately equal to that between
the probe surface and the pleura. Another finding
inconstantly identified in pneumothorax is the
“lung-point sign”, caused by the movement under
the transducer, of the line of demarcation between
collapsed and uncollapsed lung. In the context
of a hypotensive patient, additional findings
which might suggest the presence of tension
pneumothorax include difficulty locating the
heart and/or marked lateral displacement of the
usual cardiac windows. False positive results for
absence of lung sliding may arise due to pleural
scarring, pleurodesis, large pulmonic blebs, or
the noncompliant lungs of adult respiratory
distress syndrome. Conversely, with a normal
sonographic evaluation despite a clinical picture

S5/ .80
2.0cm|

Figure 8.11 Ultrasound findings in “wet lung”. The right
hand side of the figure is a B-Mode image showing ribs (black
arrowheads), which can be recognised by their intense
shadows (S).The bright echogenic line of the pleura (black
arrows) lies immediately below the ribs. In real-time this is
examined for pleural sliding. In this patient in renal failure and
volume overload, the pleural line gave rise to numerous
comet tail artefacts (white arrowheads), indicative of “wet
lung”. The left hand side of the image is a simultaneous
M-Mode record. The pleural line is again easily identifiable
(black arrows), and the granular quality generated by
subpleural lung rules out pneumothorax.

strongly suggestive of pneumothorax, other
intercostal windows should be evaluated,
especially those with diminished breath sounds.

Occasionally a massive pleural effusion will be
responsible for hypotension, often associated with
respiratory compromise. A variety of sonographic
findings have been described. The two of most
relevance in the hypotensive patient are the
characteristic layering, echogenic appearance of
empyema; and the identification of a net-like web
of septations indicating loculated effusion, which
will resist efforts of drainage by means of
pleurocentesis (see Figure 13.14).* Another
finding which may be encountered in an EMBU
evaluation of the thorax in a critically ill, septic
patient is massive pulmonary consolidation. The
ultrasound examination is remarkable for lung
tissue which is sonolucent with irregular patchy
disorganised internal echoes often with foci of
ring down artefact caused by air-filled bronchi,
which retains typical pulmonary respirophasic
motion. Other sonographic characteristics of lung
consolidation which distinguish it from other
lesions of the lung or pleura include a wedge
shape, being well defined peripherally by pleura,
but poorly defined centrally, and the presence of
air and fluid bronchograms (see Figure 8.12).%
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Figure 8.12 Lung consolidation in pneumonia. In this right
upper quadrant view using the liver as a window, the usual
mirror artefact at the diaphragm (arrows) is lost,and a wedge
shaped area of lung consolidation, defined peripherally by the
pleura, with poor central definition is clearly seen. It has
irregular internal echodensities, and unlike normal tissue
transmits ultrasound effectively, providing a clear image of the
costal pleura (arrowheads).

Evaluation of the abdomen and
pneumoperitoneum

The sonographic features of abdominal aortic
aneurysm are considered in detail elsewhere in
this text. Tension pneumoperitoneum is rare, so
that pneumoperitoneum is not usually a cause of
hypotension per se; however, elderly patients
with hypotension due to sepsis arising from a
perforated abdominal viscus often present with
obtundation that precludes effective clinical
assessment. In the diagnosis of pneumoperi-
toneum, sonography has been shown to be more
reliable than the plain film radiographs on which
emergency physicians have traditionally relied.
The technique is similar to that used in the
identification of pneumothorax: in the normal
state, the parietal peritoneum can be identified as
a thin, bright, echogenic line below the muscle
layers and preperitoneal fat of the abdominal
wall. Beneath this echogenic line on the
ultrasound screen, the abdominal contents can be
seen sliding back and forth with respirations.
Peristalsis may also be noted.

With pneumoperitoneum, in addition to the
absence of these findings, the line of the parietal
peritoneum becomes intensely echogenic. A

large pneumoperitoneum is often signalled
by unexpected difficulty in obtaining any images
of abdominal contents, which the inexperienced
sonologist may ascribe to “bowel gas”. This finding
is analogous to that of tension pneumothorax,
which, as noted above, may reveal itself to the
physician by causing extraordinary and inexplicable
difficulty in obtaining adequate views of the
heart. Smaller volumes of free air give rise to focal
areas of intense echoing at the level of the parietal
peritoneum with intense reverberation artefact
extending downwards on the ultrasound screen.
If pneumoperitoneum is not obvious, careful
examination of both the epigastrium and
right hypochondrium in both supine and left
side down lateral decubitus positions should
be performed. Occasionally air-filled bcowel
immediately below the peritoneum can cause
confusion, although intraluminal gas, with its
characteristic “corrugated” pattern caused by
its location between the folds of the bowel wall,
its physically contained and delimited extent,
and its peristalsis, usually distinguishes it from
free air. In situations of doubt, the patient should
be placed in a left decubitus position, since free
air shifts much more extensively and freely than
loops of gas-filled bowel.

Sonography in the evaluation
of shortness of breath and/or
dyspnoea

Most causes of dyspnoea are either pulmonary
or cardiac; and these can usually be distinguished
on clinical grounds. However, non-cardiac circula-
tory embarrassment can also cause respiratory
complaints, as seen in Cases 1 and 2; and in some
frequently encountered ED populations, such as
elderly patients with a history of both chronic lung
disease and atherosclerotic cardiovascular
disease, the distinction may not be clear. In
addition, pulmonary embolus and pericardial
effusion/tamponade mandate specific therapeutic
interventions and are not easily identifiable with
the basic tests immediately available in most EDs:
blood work, ECG, and chest radiographs. Causes
of dyspnoea identifiable by EMBU are listed in
the following box. The sonographic findings
associated with these were considered above in
the discussion of unexplained hypotension.
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Causes of shortness of breath or dyspnoea
identifiable with sonography

EMBU of the chest
Pericardial effusion and/or tamponade
Pulmonary embolus
Massive pleural effusion
Pneumothorax or tension pneumothorax
“Wet lung™: congestive heart failure, volume
overload, adult respiratory distress syndrome, etc
Lower extremity compression sonography
Deep vein thrombosis

One study in which EMBU of the heart and

lower extremities was used in the initial
evaluation of patients with undifferentiated
dyspnoea, found that 31% had sonographic

findings which altered the diagnostic evaluation.?’
The most commonly identified abnormality was
depressed left ventricular function. In another
study, cardiac EMBU was performed on patients
whose dyspnoea was unexplained after a full
work-up, which included (as clinically indicated)
blood tests, ECG, chest radiographs, and
ventilation-perfusion scanning. A total of 14% of
these patients were found to have pericardial
effusions; 4% with large effusions requiring
pericardiocentesis, 3% with moderate effusions
requiring admission and observation.?®

Sonography in the evaluation of
pulseless electrical activity and
cardiopulmonary arrest

Cardiopulmonary arrest is the final common
pathway of progressive respiratory and
circulatory insufficiency. Several uses of EMBU
as an adjunct to cardiopulmonary resuscitation
(CPR) have been described. It can provide
diagnoses, assistance in the performance of
invasive procedures, information as to their
efficacy, and guidance in termination of
resuscitation efforts. Many such studies have
used transoesophageal echocardiography (TEE).
The findings of these studies are relevant, despite
the fact that many EDs do not yet possess TEE,
for two reasons. First, while TEE affords a
more complete and detailed view of the heart,
ascending, and descending aorta, and has been
shown to be a more accurate diagnostic test,
transthoracic echocardiography (TTE) can still
provide valuable information in situations where

Causes of pulseless electrical activity

Mechanical causes potentially amenable to
therapeutic intervention
Pericardial tamponade*
Pulmonary embolus #
Intravascular volume depletion and/or massive
intracavitary haemorrhage*
Tension pneumothorax #
Acute myocardial infarction #
Non-mechanical causes potentially amenable to
therapeutic intervention
Electrolyte abnormalities, especially hyperkalaemia
Acid base disturbances, especially acidosis
Hypoxia
Hypothermia
Toxins
Coronary ischaemia
“Irreversible” causes
Any of the above leading to massive and
irreversible myocardial injury

*Indicates causes that can be ruled out by EMBU
#Indicates causes that can be ruled in, but not
excluded by EMBU

the former is not available. Second, TTE, a
non-invasive test, will always be capable of more
rapid deployment without the risks of aspiration
and sedation associated with TEE. Both of these
reasons are borne out in Case 4. Third, with
increasing familiarity with ultrasound, it is likely
that the availability and use of TEE will become
more widespread.

Pulseless electrical activity (PEA) is defined as
“electrical activity that can be seen on the monitor ...
although the patient lacks a detectable pulse”.?
Causes of PEA are traditionally separated into
those that are potentially reversible, and those that
are not (see box above). Reversible causes can be
further subdivided into those that are mechanical
(pulmonary embolism, pericardial tamponade,
hypovolaemia, tension pneumothorax) and those
that are metabolic (hyperkalaemia, acidosis, drug
overdose). Irreversible causes are usually related
to global myocardial dysfunction, either from
prolonged insult from a reversible cause, or due to
massive myocardial infarction.*

Sonography has shown that the majority of
patients in PEA have some myocardial activity,
and that a spectrum of cardiac activity may occur
with apparent pulselessness in PEA. This
spectrum reflects a continuum of progressively
increasing myocardial compromise.
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PULSELESS ELECTRICAL ACTIVITY
or apparent electrical asystole

A

“ABC” + CPR

Y
EMBU of the heart >

Ventricular
fibrillation

Pericardial No cardiac motion:
tamponade ’ true EMD
Vigorous coordinated Hypokinetic or
cardiac motion dyskinetic wall
Y Y
EmpLy Dilated RV/IVC Electrocardiogram
heart
Y
lntravascu!ar Wide QRS
volume depletion
Y
Bradycardia
Y Y Y Y
Search for sites of PE ECG Consider Metabolic/Toxic:
fluid loss: shows MI toxicity: TCA
EMBU of Beta Blocker Acidosis
aorta, peritoneal Ca++CB Hyperkalemia
and pleural spaces Or Ml Or MI

Abbreviations: ABC: Airway, breathing, circulation; CPR: cardiopulmonary resuscitation; Ca++ CB: Calcium channel
blocker; EMD: electromechanical dissociation; IVC: inferior vena cava; RV: right ventricle; MI: myocardial infarction;
PE: pulmonary embolus; TCA: tricyclic antidepressant

Figure 8.13 Possible algorithm for use of EMBU in the management of pulseless electrical activity. (Tinted boxes are
end-points with specific management or therapy.)
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