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Foreword

The field of small animal ultrasonography has expanded widely 
over the past 20 years, creating a huge craving for compiled 
and updated information on the numerous applications of 
ultrasonography in veterinary medicine. Despite the advancement 
and development of cross-sectional imaging modalities such 
as CT and MRI, ultrasonography remains a very useful, cost-
effective and widely available diagnostic method for our patients.

The BSAVA Manual of Canine and Feline Ultrasonography 
provides an excellent resource to the novice or more experienced 
reader. The Manual, which is made of about 230 pages and 
richly illustrated, has a user-friendly format. It is well organized 
and addresses first the physics and artefacts, followed by the 
main clinical applications using a systematic organ approach. 
In addition, a companion DVD is a pertinent complementary 
resource to the book, offering numerous video clips in support of 
information provided in each chapter. 

The renowned editors have selected an international group of 
experienced authors to compile the Manual.  

This Manual greatly complements the existing BSAVA imaging 
collection, which includes titles dedicated to abdominal, 
musculoskeletal and thoracic imaging, and should proudly take 
its place on the bookshelf of every small animal hospital.

Dominique Penninck DVM PhD DipACVR DipECVDI
Professor, Diagnostic Imaging Section,  
Tufts Cummings School of Veterinary Medicine
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Ultrasonography in veterinary medicine has become as invaluable a tool today to 
the general practitioner as it is in referral and academic institutes. Previous BSAVA 
Manuals on musculoskeletal, abdominal and thoracic imaging have included sections 
on ultrasonography; however, this is the first BSAVA Manual dedicated solely to the 
subject. It is a comprehensive resource aimed at both the beginner and the more 
experienced ultrasonographer. This has allowed us to explore the subject in more 
depth and provide information on both basic and advanced topics. The importance 
of radiography is emphasized throughout the Manual, and indications for the use of 
radiography, ultrasonography, CT and MRI are included to demonstrate the value of 
the individual modalities for each organ system or disease. However, CT and MRI are 
still not always readily available or affordable, and this Manual demonstrates where 
ultrasonography can be of value when cross-sectional imaging cannot be performed.

Ultrasonography is now used routinely for investigation of the thorax, superficial 
tissues and the musculoskeletal system, as well as for the abdomen. This Manual is 
ideal for the practitioner who is seeking a text that concentrates exclusively on small 
animal ultrasonography, with reference to diseases specific to both the dog and cat, 
and who is looking to expand their experience beyond that of the routine abdominal 
ultrasound examination. 

The Manual begins with chapters on the physical principles of ultrasound, choosing 
equipment and the basic concepts of scanning. Subsequent chapters explore each 
organ system, including the superficial soft tissues, heart, eye and the musculoskeletal 
system. Every chapter includes practical approaches on how to perform the examination 
or explore the region of interest, with a description of normal anatomy, and is followed 
by a comprehensive description of abnormalities based on the most current medical 
literature. The Manual is packed with images of both normal and abnormal structures 
to accompany the text. However, the moving image is a vital part of interpreting 
ultrasound studies, thus there is reference to relevant video clips throughout the 
chapters, which are included on a DVD-ROM provided with each Manual.  

Ultrasound-guided tissue sampling procedures such as fine-needle aspiration 
and Tru-cut biopsy have become an important part of the ultrasound examination. 
Differentiating inflammatory from neoplastic disease in many organ systems is not 
possible with ultrasonography, and this aspect is discussed throughout the Manual. 
For this reason, we have included a separate chapter that outlines the equipment 
required and the technique for obtaining tissue samples, so that we can improve the 
specificity of the ultrasound examination when abnormalities are detected.

The contributors to this Manual were chosen for their nationally and internationally 
recognized reputations and expertise in the field of ultrasonography. Their dedication 
to the advancement of veterinary ultrasonography through their clinical experience 
and research studies has made this Manual a must-have, current standard for anyone 
already performing ultrasound examinations or thinking of taking their first steps with 
the modality. We have greatly enjoyed the efforts of all the contributors for making this 
Manual what is sure to be another pearl of the BSAVA Manuals, and it was a pleasure 
to work with Nicola Lloyd and Marion Jowett at BSAVA.

Frances Barr
Lorrie Gaschen
December 2010

Preface
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Chapter 1 Physical principles

1

1

Physical principles
Daniela Gorgas

Production of ultrasound waves

Diagnostic ultrasonography is a cross-sectional imag-
ing technique based on the physical principles of 
sound waves. Unlike electromagnetic waves, which 
can be transmitted within a vacuum, sound waves 
need a medium (liquid, solid or gas) for propagation. 
The particles of the medium are oscillated by a sound 
wave due to alternating pressure deviations from the 
equilibrium pressure, causing local regions of com-
pression and rarefaction.

Characteristics of the ultrasound beam
Sound waves are characterized by wavelength (h), 
frequency (f) and amplitude (A) (Figure 1.1a). 
Frequency refers to the number of waves that pass a 
given point in one second. It is usually described in 
units of cycles per second or Hertz (Hz). The fre-
quency of sound detectable by human hearing is 
16,000–20,000 Hz; sound of lower frequencies is 
called infrasound and that of higher frequencies is 
called ultrasound. The wavelength (h) is the distance 
between corresponding points of two consecutive 
waves and can be calculated according to the follow-
ing formula (if the speed of sound is known):

h�= c/f

Where: h = wavelength; c = velocity; f = frequency.

Ultrasound waves travel through the body. The 
body is comparable to a semi-fluid medium, and the 
speed of sound within the body is assumed to be 
1540 m/s. However, the speed of sound within the 
body varies; stronger binding forces within a specific 
medium, such as bone, increase the speed of sound. 
The speed of sound within the body can not be 
changed and is considered a constant; frequency and 
wavelength are inversely proportional. Thus, a higher 
frequency sound wave always has a shorter wave-
length and vice versa.

Propagation of sound waves
Within gases, liquids or semi-solids (such as the 
body), sound and ultrasound are transmitted as longi-
tudinal waves, also called compression waves. Part-
icles in the medium are periodically displaced by a 
sound wave due to alternating pressure deviations 
from the equilibrium pressure, and therefore oscillate. 
The region of increased pressure in relation to the 
equilibrium is called compression; the region of 
decreased pressure in relation to the equilibrium is 
called rarefaction (Figure 1.1bc). The energy carried 
by the sound wave converts back and forth between 
the potential energy of the compression and the 
kinetic energy of the oscillations of the medium. A  
single vibrating point sends out waves in all directions 
from the point of origin as concentric circles. The 
direction of propagation of the wave is the same as 
the direction of initiation, which is the direction of 
expansion of the piezoelectric crystal.

How are ultrasound waves produced?
The formation of ultrasound waves is based on the 
so-called piezoelectric effect, which was detected in 
1880 by Pierre and Jacques Curie. The name’s origin 
is the Greek word ‘piezein’ which means to press or 
squeeze, because the effect describes the ability of a 
crystal to convert pressure – a mechanical energy – 
into an electric energy. The opposite is used for the 
production of an ultrasound wave: an electric voltage 
is applied to a crystal, which is converted into 
mechanical energy, causing oscillation of the crystal. 
The oscillation is transmitted as an ultrasound wave 
into the body.

A modern ultrasound wave transducer contains 
multiple crystals, which work as piezoelements. Today, 
synthetic piezoelectric ceramics are employed, most 
often lead–zirconate–titanate (PZT).

(a) Sound waves are characterized by
wavelength (h), frequency and amplitude (A).

(b) Particles of matter at rest. (c) Sound waves cause
compression and rarefaction of the particles of matter.

1.1

Compression Rarefaction

h

(a)

(b)

(c)

A

Ch01 Ultra.indd   1 26/04/2012   12:02

Downloaded From Vet-eBooks.com



Chapter 1 Physical principles

2

Detection of returning echoes
The transducer acts not only as a transmitter of 
sound waves but, as described above, the piezo-
elements are also able to act as a receiver. The  
reflecting echoes carry energy and transmit their 
energy to the transducer, causing a mechanical 
compression of the piezoelectric crystal. The com-
pression forces the dipoles within the crystal to 
change their orientation, resulting in an electric volt-
age at the surface of the crystal which is amplified 
and converted for display.

The transducer is not able to send and receive 
echoes at the same time and alternates between  
a sending and receiving mode. Receiving or listening 
to echoes takes about 99% of the time, whilst sending 
the echoes takes about 1% of the time. The echoes 
are sent out as pulses and each pulse consists of 
several (normally two or three) waves. The length of 
the pulse is defined by the number of waves and their 
wavelength (spatial pulse length). The pulse rate or 
pulse repetition frequency (PRF) refers to the num-
ber of separate little packets of sound waves that are 
sent out each second.

Interaction of ultrasound waves with 
tissues

As sound waves propagate through a medium, differ-
ent interactions occur (Figure 1.2), including:

• Reflection
• Refraction
• Diffraction
• Attenuation.

Reflection
The sound wave reflected back towards the source 
(probe) is called an echo, which is used to generate 
the ultrasound image. The reflection of echoes 
occurs mainly at tissue interfaces, which cause 
reflection of ultrasound waves due to differences in 
the acoustic impedance. The acoustic impedance 
(Z) is an indicator of the resistance or flexibility of a
medium, which is determined by its density (l) and
the speed of sound (c) within the medium according
to the following formula:

Z = lc

(a) Reflection of sound waves is dependent on the difference in impedance of two media. If the incident echo
hits the reflecting surface at a 90 degree angle, the reflecting echo goes back to the transducer. (b) If the

incident echo does not hit the reflecting surface at a 90 degree angle, the angle of incidence is the same as the angle of 
reflection (ei= er). At boundaries between two media with different acoustic velocities, refraction occurs at an angle et.
(c) Diffraction is a change of direction of waves caused by an obstacle or a hole. (d) Scatter causes the beam to diffuse in
many directions with only parts of the incident echo returning to the transducer.

1.2

Incident echo

Reflection echo

Transmission

Z1=l1c1

Z2=l2c2

(a) Reflection

Incident echo

(c) Diffraction

Incident echo

Reflection echo

Transmission

ei er

et

c2>c1

(b) Refraction

Incident echo

(d) Scatter
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Chapter 1 Physical principles

3

The proportion of sound waves that is 
transmitted or reflected at an interface is dependent 
on the difference in impedance of both media 
(Figure 1.3). The greater the difference in imp-
edance of two adjacent media, the greater the 
proportion of reflection. For a typical muscle–fat 
interface, approximately 1% of the ultrasound wave 
intensity is reflected and thus almost 99% of the 
intensity is transmitted to greater depths in the 
tissues. At a muscle–air interface, nearly 100% of 
incident intensity is reflected, preventing the an -
atomy beyond an air-filled cavity from being 
visualized. This also explains the need for acoustic 
coupling gel to fill the air space between the 
transducer and the skin.

No refraction occurs when the acoustic velocity is 
the same in the two media, or when the wave is per-
pendicular to the interface between the two media. 
The ultrasound machine assumes a straight line of 
propagation of the wave and places the returning 
echoes in a straight line beyond the transducer. 
When refraction occurs, artefacts in the image such 
as edge shadowing or speed displacement (see 
below) are seen.

Diffraction
Diffraction involves a change in the direction of 
waves as they pass through an opening or around a 
barrier in their path. Due to diffraction sound waves 
can be detected around a corner (see Figure 1.2c). 
There is an increase in the amount of diffraction with 
longer wavelengths and a decrease in the amount of 
diffraction with shorter wavelengths. As the wave-
length becomes smaller than the obstacle, the wave 
is no longer able to diffract around the obstacle, and 
instead reflects off the obstacle.

Attenuation
Attenuation is a composite effect of loss of energy 
by scatter and absorption. The absorption of 
sound waves is a conversion of the sound wave 
energy into heat, and depends on the frequency of 
the sound wave and the temperature of the 
medium. The higher the frequency, the greater the 
absorption of the ultrasound beam. The absorption 
of ultrasound waves due to loss of acoustic energy 
also increases with the distance travelled through 
the medium. In soft tissues there is an almost linear 
relationship between the frequency and attenuation 
(dB/cm); a rule of thumb is a loss of 0.5 dB per cm 
per MHz.

Scatter of sound waves is due to either reflec-
tion or refraction by small particles within the 
medium, and causes the beam to diffuse in many 
directions (see Figure 1.2d). Acoustic scattering 
usually originates from objects within a tissue that 
are about the size of the wavelength. The internal 
structure of the parenchymal organs causes a cer-
tain pattern of scatter, which is characteristic for 
each organ. This pattern is responsible for the 
echotexture of each organ, with a speckling of ech-
oes which range from fine to coarse.

Ultrasound image

Display mode
As the pulse passes through the patient, sound 
waves are reflected back to the transducer from 
each tissue interface. Assuming an average speed of 
sound of 1540 m/s in soft tissues, time can be con-
verted into distance. The depth recorded on the dis-
play is proportional to the time it takes for the echo to 
return from the reflector (Figure 1.4).

A-mode
The earliest image representation in diagnostic ultra-
sonography was with amplitude modulation or

Tissue Density (l) 
(g/cm2)

Velocity (c) 
(m/s)

Acoustic impedance 
(Z) (106 kg/m2s)

Fat 0.97 1470 1.42

Muscle 1.04 1568 1.63

Liver 1.05 1570 1.65

Spleen 1.06 1565 1.66

Kidneys 1.03 1560 1.61

Water 0.998 1492 1.49

Compact 
bone

1.7 3600 6.12

Air 0.0013 331 0.004

Acoustic impedance, density and velocity of 
sound waves within various tissues of the body.

1.3

The incident angle of the sound wave when it 
interacts with an object also plays a role in whether 
the beam is reflected back to the transducer. As 
with the reflection of light, the angle of incidence 
and angle of reflection of the sound wave are equal. 
As the angle of incidence increases, reflected 
sound waves are less likely to reach the transducer 
(see Figure 1.2).

Refraction
Sound waves travel at various speeds through the 
different body tissues. When a sound wave passes 
from one medium to another at different acoustic 
velocities, its frequency remains the same but its 
wavelength changes. This causes the course of the 
ultrasound beam to deviate, a phenomenon called 
refraction. The angle of refraction (et) is determined 
by the change in speed of the sound wave and is 
related to the angle of incidence (ei) by Snell’s law:

sin et/sin ei=c2/c1

If the speed of sound in the second medium (c2) 
is greater than that in the first medium (c1), the 
refraction angle (et) is greater than the angle of inci-
dence (ei) (see Figure 1.2b). If the speed of sound 
in the second medium is less than that in the first 
medium, the refraction angle is less than the angle 
of incidence.

Ch01 Ultra.indd   3 26/04/2012   12:02

Downloaded From Vet-eBooks.com



Chapter 1 Physical principles

4

A-mode. It is a one-dimensional (1D) representation
of the reflected sound wave as a peak on a display
(Figure 1.5). The x axis represents the penetration
depth and the y axis represents the amplitude (inten-
sity) of the echo. The greater the reflection at the tis-
sue interface, the larger the signal amplitude.
Hist orically used for cerebral midline shift detection or
exact distance measurements in ophthalmology,
A-mode imaging is of no diagnostic importance today.

B-mode
B-mode displays a static image of a section of tissue.
The peaks of A-mode are converted into dots, and
brightness replaces the amplitude (brightness modu-
lation). The intensity of the returning echo is converted
into greyscale information: the greater the amplitude,
the brighter the dot on the image. Every reflected
sound wave is displayed as a dot as a function of
location and intensity. In modern ultrasonography, the
B-mode image is constantly updated, resulting in
‘real-time’ imaging.

M-mode
M-mode displays moving structures over time (motion
mode). The echo data from a single ultrasound wave
passing through moving anatomy are acquired and
displayed as a function of time on the horizontal axis.
The motion pattern allows functional evaluation of
moving structures such as the heart.

Resolution
B-mode images are the result of a cross-section
through a three-dimensional (3D) body. Spatial res-
olution describes the ability of a modality to discern
objects in close contact. Resolution along the direc-
tion of the ultrasound beam is called axial resolu-
tion. It is determined by the ability of the transducer
to detect two reflecting echoes separately without an
overlap in the returning echoes; therefore, both ech-
oes have to be separated by half the spatial pulse
length (Figure 1.6). The shorter the transmitted pulse
and likewise its returning echo pulse, the better the
axial resolution. The pulse length is determined by

The transducer sends a 
pulse and records the 

time taken for the echo to return. 
The depth of the reflector 
recorded on the display is 
proportional to the distance of the 
reflector from the transducer. Due 
to attenuation, returning echoes 
are weaker with increased depth.

1.4

Pulse 1. Echo 2. Echo

t1

Timet2

Receiver

Amplitude

1. Reflector

2. Reflector

Transmitter

Different image display 
modes (A, B, M) using 

the heart as an example. LA = left 
atrium; LV = left ventricle; RV = 
right ventricle.

1.5

Time
A-Mode B-Mode M-Mode

Transducer

RV

LV Aorta

LA
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the number of cycles emitted multiplied by the wave-
length. Typically, in diagnostic ultrasonography the 
pulse consists of three cycles. The higher the fre-
quency, the shorter the wavelength and the spatial 
pulse length.

Lateral resolution is the ability to separate two 
adjacent objects perpendicular to the beam direction 
(Figure 1.7). Lateral resolution is determined by the 
beam width, which must be narrower than the space 
separating the objects. As beam diameter varies with 
distance in the near- and far-field, lateral resolution 
is depth-dependent. The best lateral resolution 
occurs at the interface between near- and far-field, 
where the beam diameter is approximately equal to 
half the transducer diameter. Greater lateral 
resolution can be reached by focusing the beam 
(see below).

Focusing the beam

Beam properties
Ultrasound waves interfere with each other, either in 
a constructive way (reinforcement) or by cancelling 

each other out, depending on the phase when they 
meet. Piezoelectric crystals do not behave as a sin-
gle point source; an infinite number of vibrating 
points produce multiple concentric rings of waves. 
Wave interactions cause multiple constructive and 
destructive interference patterns, resulting in a wave 
front parallel to the transducer surface. As the beam 
courses away from the transducer, a slightly con-
verging beam profile forms in the near-field. Beyond 
that, in the far-field, the beam diverges (Figure 1.8).

Near-field: The length of the near-field or Fresnel 
zone is determined by the diameter of the transducer 
and the wavelength of the ultrasound wave:

x'=r2/h�

Where: x' = length of Fresnel zone (cm); r = radius of 
transducer (cm); h = wavelength (cm). The Fresnel 
zone is longest with a large transducer and high 
transmitter frequency.

(a) Reflectors are detected separately if they are separated by a distance of >0.5 spatial pulse lengths.
(b) Overlap of the returning echoes occurs if the distance between the two reflectors is <0.5 spatial pulse

lengths; the two reflectors cannot be distinguished from one another in the resulting image. Reduction of spatial pulse 
length results in better axial resolution because reflectors that are closer to each other can be distinguished. 

1.6

Time Time

Lateral resolution is the ability 
of the transducer to separate 

two reflectors perpendicular to the 
beam direction and is dependent on 
beam width.

1.7
Display Display

(a) (b)
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Focal zone: The point of narrowest beam width is 
called the focal point, and the region over which the 
width of the beam is less than two times the width of 
the focal point is called the focal zone. Lateral resolu-
tion is best in this region.

Far-field: The amount of dispersion in the far-field or 
Fraunhofer zone is determined by the angle e:

sin e = 1.22�h/D

Where: e = dispersion angle of far zone; h = wave-
length (mm); D = diameter of transducer (mm). An 
increase in frequency (resulting in a shorter wave-
length) with a constant transducer diameter leads to 
a smaller dispersion angle. Lower frequency trans-
ducers cause a higher angle of dispersion.

Beam steering
Focused transducers restrict beam width and 
improve lateral resolution at a specific depth. Single-
element transducers are focused by using a curved 
piezoelectric element or a curved acoustic lens. 
Focusing moves the transition point between the 
near-field and far-field from its determined position.

Effect of frequency
Higher frequency beams have two advantages over 
low frequency beams: depth resolution is superior; 
and the near-field is longer. However, tissue absorp-
tion rises with increasing frequency; therefore, a lower 
frequency beam is required to penetrate thick tissues.

• High frequency beam: increased attenuation,
decreased penetration with increased resolution

• Low frequency beam: less attenuation, better
penetration with decreased resolution.

Artefacts
An artefact on B-mode greyscale ultrasound images 
is any alteration in the image which does not repre-
sent an actual structure. Artefacts may be produced 
by technical imaging errors or echo distortions 
caused by ultrasound wave/matter interactions. In 
this section artefacts caused by physical interac-
tions between the ultrasound beam and matter are 
discussed. Understanding and identifying artefacts 
is necessary to avoid interpretation errors. One 
main reason for artefact formation is the manner in 
which the ultrasound machine registers data from 
echoes, assuming that:

• Sound waves travel at a constant speed
• Sound waves travel in straight lines (transmitted

and reflected echo)
• Attenuation of sound waves in tissue is constant.

Reverberation
Reverberation artefacts are produced by a pulse 
bouncing back and forth between two interfaces. 
They may be produced by sound waves reflecting 
between the transducer and tissue interfaces, or 
internally between two reflecting interfaces.

Transducer–interface reverberation echoes: 
These are produced each time the sound wave 
pulse returns to the transducer. Only the initial 
recorded echoes are real; other reverberation ech-
oes that appear deeper in the tissue are multiples of 
the original transducer–interface echo. The time 
lapse that occurs between the second, third and 
fourth returning echoes places them at a greater 
depth in the tissue on the recorded image. 
Reverberation echoes will be smaller because of 
higher attenuation.

Transducer–interface reverberations (also called 
repetition artefacts) are more likely to occur from 
highly reflective interfaces such as gas and bone, 
particularly if the reflecting interface is near the 
transducer.

Near-field

Far-field

Focal zone

Characteristic beam profile. 1.8
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Internal structure–structure reverberation ech-
oes: These occur when the sound wave pulse 
bounces back and forth between two tissue inter-
faces. This delays the sound wave pulse from return-
ing to the transducer, and the reverberation echoes 
are recorded deeper than the original reflecting inter-
face (Figure 1.9). Due to its typical appearance, the 
artefact is also called a comet tail artefact.

Mirror image
A strongly reflective, obliquely oriented surface may 
reflect the sound beam distally instead of returning it 
to the transducer (angle of incidence is equal to the 
angle of reflection). Objects within the direction of the 
beam reflect the sound beam back to the reflective 
surface and from there back to the transducer (Figure 
1.10). Because it takes the sound waves longer to 
return, the object will be shown deeper to the oblique 
reflector surface on the image. A mirror image arte-
fact is recognized as the object and its mirror image 
are equidistant from the mirror. The shape of the arte-
fact is distorted when the mirror is curved. A typical 
example is the diaphragm: this is an obliquely ori-
ented surface with high acoustic impedance (air-filled 
lung behind the diaphragm), and as a result on ultra-

sound images the liver and gallbladder are often mis-
registered  as being cranial to the diaphragm. It is 
important to recognize this artefact to avoid the false 
conclusion of diaphragmatic rupture. This artefact will 
not occur in the presence of pleural effusion, be-
cause of lack of a highly reflective surface.

Attenuation

Shadowing: This is created by complete reflection or 
attenuation of the sound beam (Figure 1.11). The 
zone deep to the reflecting or attenuating structure is 
anechoic; however, some reverberation echoes may 
appear in the shadowed area. Shadowing may be 
produced by bone, gas, or calculi and can impede 
adequate imaging of deeper structures. The artefact is 
very useful to identify calculi within the urinary blad-
der, and to recognize that a hyperechoic structure is 
solid in nature.

Refractive and reflective acoustic shadowing 
zones may occur distal to the margins of rounded 
structures containing material of lower acoustic velo-
city, such as fluid-filled cavities. The sound waves pen-
etrating the edge of such a structure may be slightly 
refracted or reflected, producing a linear anechoic 

Reverberation artefacts are produced by a pulse bouncing back and forth between two reflecting interfaces. An 
example of this artefact (arrowed) is gas bubbles in an intestinal loop.

1.9

Time

Display

1

2

3

1 2 3

Mirror image 
artefacts are 

produced by a strong 
reflective, obliquely 
oriented surface which 
reflects the sound beam 
into an organ instead of 
returning it to the 
transducer. An example of 
this artefact is the 
appearance of a vessel 
and liver parenchyma 
distal to the diaphragm.

1.10
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zone deep to the cystic structure. This is called edge 
shadowing. Such zones are evidence of a rounded 
structure such as a cystic cavity or even the kidney, 
and should not be mistaken for shadows produced by 
calculi, gas or bone (Figure 1.12).

Enhancement or through transmission: This is 
caused by a relative lack of sound wave attenuation. 
When sound waves pass through a fluid-filled struc-
ture, there is less tissue reflectance and attenuation 
(see Figure 1.12). A bright or echogenic area is pro-
duced immediately deep to the cystic structure 
because more sound waves are present in this area 
compared with tissues at the same depth not be-
neath the cyst. The bright or echogenic area may be 
confused with increased tissue echoes if it is not 
associated with an overlying fluid-filled cystic struc-
ture. Acoustic enhancement can be helpful in differ-

entiating fluid-filled structures from solid structures of 
low echogenicity.

Sound wave speed
The ultrasound machine assumes a constant speed 
of sound of 1540 m/s within the body and calculates 
the distance of the reflector according to this. The 
speed of sound is in fact different in every tissue (see 
Figure 1.3). For instance, sound is slower in fat, result-
ing in the machine calculating the position of reflec-
tors deeper than they actually are. The same happens 
to reflectors beyond tissues within which sound trav-
els faster: they are represented closer to the trans-
ducer than they are in reality.

Secondary lobes
Secondary lobes are unwanted ultrasound beams 
originating from the transducer in a direction different 
from that of the primary beam. Side lobes and grat-
ing lobes are types of secondary lobes. These lobes 
have a different origin but both produce image arte-
facts due to error in positioning of the returning echo. 
Altering the plane of the image will usually abolish 
artefactual echoes, whilst real structures will remain.

Side lobes: These are present in all transducers and 
arise from the expansion of the piezoelectric elements 
perpendicular to the main beam. Returning echoes 
from the side lobes are positioned in the image as if 
they occurred along the main beam. This occurs in 
imaging of the gallbladder or urinary bladder, where 
side lobes produce artefactual ‘pseudosludge’ in an 
otherwise echo-free organ.

Grating lobes: These are specific to linear arrays 
and are associated with the regular spacing of the 
individual crystals in the transducer. More precisely, 
they are due to constructive interferences of the 
ultrasound beam between adjacent elements of the 
array, and may be reduced by using transducers with 
very closely spaced array elements. The misdirected 
energy can cause ghost images of highly reflective 
off-axis objects.

Slice thickness/beam width
When part of the ultrasound beam includes a cystic 
structure and the other part includes surrounding tis-
sues, the echoes from the tissue are displayed within 
the cystic structure, mimicking the presence of sedi-
ment (Figure 1.13). This does not happen when the 
entire width of the beam includes a cystic structure. 
Therefore, slice thickness artefacts are reduced if the 
beam width is narrow, such as in the focal zone of the 
beam. Slice thickness is widest close to the trans-
ducer and beyond the focal zone.

Ambiguity
Ambiguity artefacts are created when a high pulse 
repetition frequency (PRF) limits the amount of time 
spent listening for echoes during the pulse repetition 
period (PRP). As the PRF increases, the PRP de-
creases. If an echo originating from a greater depth 
returns after the next pulse is already initiated, it will 
be displayed close to the transducer.

Complete reflection of the sound beam due to 
highly reflective surfaces (such as a urolith) 

within the urinary bladder creates acoustic shadowing, 
which appears as an anechoic zone deep to the structure 
preventing that region from being examined.

1.11

The gallbladder causes a relative lack of sound 
wave attenuation and distal enhancement. The 

hypoechoic lines tangential to the gallbladder wall are 
caused by edge shadowing (white stars).

1.12
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Doppler ultrasonography

Doppler ultrasonography is used to detect and evalu-
ate blood flow, and offers information on its presence, 
direction, speed and character. The first description  
of the physical principles used in Doppler ultrasono-
graphy is attributed to Johann Christian Doppler, an 
Austrian mathematician and scientist who lived in the 
first half of the 19th century.

Doppler effect
The Doppler effect describes a change in the wave-
length (or frequency) of energy transmitted as waves 
(e.g. sound or light) as a result of motion of either the 
source or the receiver of the waves. For example, the 
Doppler effect can be heard when an ambulance 
approaches, passes and retreats from an observer. 
A pedestrian ahead of the siren (in driving direction) 
perceives a higher frequency than the frequency 

sent out by the siren. As the ambulance passes and 
drives away from the pedestrian, the perceived fre-
quency decreases.

In diagnostic ultrasonography the Doppler effect 
depends entirely on measurement of the relative 
change in the returned ultrasound wave frequency 
when compared with the transmitted frequency: the 
Doppler shift. It results from moving reflectors sending 
back to the stationary transducer ultrasound waves of 
a different frequency to those emitted (Figure 1.14).

Blood cells act as moving reflectors in the body. 
When the ultrasound wave is reflected back at a 
higher frequency, a positive Doppler shift results; 
when the returned frequency is lower, the Doppler 
shift is negative. If flow is perpendicular to the 
beam, no frequency change occurs and no Doppler 
shift is detected. The Doppler equation is expressed 
as follows:

ƒd= 2ƒi v cos e/c

Where, the Doppler shift (fd) of ultrasound waves 
depends on both the transmitted frequency (fi) of the 
waves and the velocity (v) of the moving blood, but 
the speed of sound within blood is constant (c). Since 
the Doppler shift happens twice, first when the sound 
wave hits the reflector and second when the sound 
wave is reflected back from the still moving reflector, 
there is a factor of 2 included in the formula. The 
Doppler shift is highly dependent upon the angle (e) 
between the beam transmitted and the moving red 
blood cells; this is expressed with the cosine in the 
formula. An angle of 0 degrees would not influence 
the formula (cosine 0° = 1), and an angle of 90 
degrees would lead to no Doppler shift (cosine 90° = 
0). All angles between 1 degree and 90 degrees 
would slightly reduce the amount of Doppler shift 
(Figure 1.15). Blood velocity can be calculated by 
rearranging the Doppler equation as follows:

v = ƒdc/ 2ƒi cos e

Pseudosludge in the urinary bladder. This 
artefact is due to the thickness of the ultrasound 

beam causing the false impression of sludge in the urinary 
bladder.

1.13

(a) A non-moving
reflector reflects the

echo (grey wave) at the same 
frequency and wavelength as 
the transmitted echo (black 
wave). (b) If the reflector moves 
towards the transducer, the 
ultrasound wave is reflected 
with a higher frequency and 
shorter wavelength (red wave). 
(c) A lower frequency and
longer wavelength (blue wave)
results if the reflector moves
away from the transducer.

1.14

Reflector Reflector
Reflector

(a) (b) (c)
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Types of Doppler system
There are two main types of Doppler system in com-
mon use today: continuous wave and pulsed wave. 
They differ in transducer design and operating fea-
tures, signal processing procedures and in the type 
of information provided. Each has important advan-
tages and disadvantages and the current practice of 
Doppler echocardiography requires some capability 
for both forms.

Continuous wave Doppler
Continuous wave (CW) Doppler is the older and elec-
tronically simpler of the two systems. CW Doppler 
involves continuous transmission of ultrasound waves 
coupled with simultaneous reception. A double crystal 
transducer accomplishes this dual function with one 
crystal devoted to each function.

Reflectors anywhere within the beam contribute 
to the Doppler signal until the ultrasound beam 
becomes sufficiently attenuated due to depth. CW 
Doppler ultrasonography gives information about 
velocity and flow direction, but is unable to determine 
the specific location of the reflector within the beam 
and cannot be used to produce colour flow images. 
The main advantage of CW Doppler is its ability to 
measure high blood velocities accurately. The main 
disadvantage of CW Doppler is its lack of selectivity 
or depth discrimination.

Pulsed wave Doppler
Pulsed wave (PW) Doppler systems use a transducer 
that alternates between transmission and reception of 
ultrasound pulses (as in real-time imaging). Doppler 
shift data are only selected from a small segment 
along the ultrasound beam, referred to as the ‘sample 
volume’, which can be positioned by the operator at 
any point along the axis of the PW Doppler ultrasound 
beam. Echoes return to the transducer during a spe-
cific time interval, so that reflector depth and fre-
quency shift can be determined. All other returning 
information is essentially ‘ignored’.

One main advantage of PW Doppler is the accu-
rate determination of the depth from which the return-
ing echoes originate. An additional advantage is that 
some imaging may be carried out simultaneously, with 
the sample volume shown superimposed on the two-
dimensional (2D) image for guidance (Duplex ultra-
sonography). The main disadvantage of PW Doppler 
is its inability to accurately measure high blood flow 
velocities, such as those encountered in valvular ste-
nosis. This limitation is technically known as ‘aliasing’ 
(see below) and results in an inability of PW Doppler 
to unambiguously record velocities >1.5 m/s.

It can usually be said that when an operator wants 
to know where a specific area of abnormal flow is 
located that PW Doppler is indicated. When accurate 
measurement of elevated flow velocity is required, 
then CW Doppler should be used.

Display modes
Various display modes are available in Doppler ultra-
sonography (Figure 1.16):

• Spectral Doppler
• Colour Doppler
• Power Doppler.

Spectral Doppler
Spectral Doppler is a form of ultrasound image dis-
play in which the spectrum of flow velocities is repre-
sented graphically on the y-axis, and time on the x 
axis; flow towards the transducer is displayed on top 
of the baseline and flow away from the transducer is 
displayed below the baseline (see Figure 1.15). Both 
PW and CW Doppler are displayed in this way. The 
spectral outputs from PW and CW Doppler have a dif-
ferent appearance:

Doppler shift
The Doppler signal depends on:

• Blood velocity – as velocity increases the
Doppler shift increases

• Frequency of the transmitted ultrasound beam
– the higher the ultrasound wave frequency
the greater the Doppler shift. As in B-mode,
lower ultrasound wave frequencies have better
penetration. The choice of frequency is a
compromise between better sensitivity to flow
and better penetration

• The angle between the ultrasound beam and
the moving reflectors – Doppler shift increases
as the ultrasound beam aligns itself with the
flow direction. This concept is paramount in
optimal use of Doppler ultrasonography.

B-mode ultrasonograms of the abdominal aorta of a dog and the corresponding pulsed wave Doppler images
showing the wave form spectrum and velocity of the aortic blood flow in m/s. As the angle between the

transmitted beam (dotted green line and gate) and the moving red blood cells increases, the calculated velocity decreases 
according to the Doppler formula. Flow direction cannot be detected if the angle is 90 degrees.

1.15
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• When there is no turbulence, PW Doppler will
generally show a laminar (narrow band) spectral
output

• CW Doppler rarely displays such a neat narrow
band of flow velocities, even with laminar flow,
because of the larger spectrum of velocities
encountered.

Since CW Doppler imaging provides a limited
amount of information over a large region, and spec-
tral Doppler provides more detailed information about 
a small region, the two modes are complementary 
and, in practice, are used as such. Concurrent imag-
ing with spectral Doppler and B- mode ultrasonogra-
phy can also be used. Duplex Doppler employs a 
static or frozen B-mode image whilst the spectral 
Doppler waveform is observed. Triplex Doppler utilizes 
a real-time B-mode image with concurrent real-time 
spectral Doppler.

Colour Doppler
Colour Doppler or colour flow ultrasonography is a 
form of PW Doppler in which the energy of the return-
ing echoes is assigned a colour. A colour Doppler 
instrument measures Doppler shifts in a few thousand 
sample volumes in the image plane. For each sample 
volume, the average Doppler shift is encoded as a 
colour and usually displayed as a map on top of the 
B-mode image; by convention, echoes representing
flow towards the transducer are seen as shades of 
red, and those representing flow away from the trans-
ducer are seen as shades of blue (Figure 1.17).

Colour Doppler images are updated several times 
per second, thus allowing the flowing blood to be 
easily visualized. However, colour Doppler is very 
demanding on the electronics of the instruments, and 

is therefore relatively expensive. Colour flow imaging 
can be used to identify the presence and direction of 
flow, determine the vascularity of normal organs and 
ab normal structures, to detect gross circulation 
anomalies, and to provide beam/vessel angle correc-
tion for velocity measurements. When B-mode, colour 
flow and PW Doppler are used simultaneously, their 
respective performances are decreased: frame rate is 
decreased, the colour flow box is reduced in size and 
the available PRF is reduced, leading to increased 
susceptibility to aliasing and a slower moving image.

Advantages and disadvantages of the various Doppler display modes.1.16

Spectral Doppler Colour Doppler Power Doppler

Properties Examines the flow waveform within a 
specific part of the vessel

Provides a map of flow superimposed 
over an organ or structure

Colour brightness is related to the 
number of moving cells, not the velocity 
or frequency

Advantages Provides directional information about 
flow

Provides directional information about 
flow

Sensitive: can detect low flow, smaller 
vessels, better penetration

Provides velocity information and allows 
calculation of indices

Provides velocity information and shows 
vascular distribution

Not angle dependent

Assesses the quality of blood flow Detects turbulent flow, lack of flow Free from aliasing

Disadvantages Location only delivered in combination 
with additional images such as real-time 
B-mode

Limited flow information (only shows 
mean velocity)

No directional information

Highly angle dependent – flow 
perpendicular to the transducer is very 
difficult to detect

Highly angle dependent – flow 
perpendicular to the transducer is very 
difficult to detect

No velocity information

Low dynamics (frame rate can be low 
when scanning deep) 

No flow character information

Poor temporal resolution Very poor temporal resolution

Susceptible to noise and motion

Colour flow Doppler ultrasonogram of an
arteriovenous fistula within the liver of a dog. 

The mean Doppler shift is encoded to a colour and 
displayed on top of the B-mode image. The colour map is 
visible in the upper left corner, and shows the range of 
velocity which is encoded (–50 to +50 cm/s): flow toward 
the transducer is displayed in red and flow away from the 
transducer is displayed in blue. The course of the fistula is 
like a corkscrew and therefore both flow directions are 
present within one vessel.

1.17
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Power Doppler
Power Doppler is based on the principles of PW 
Doppler and is also known as energy Doppler, ampli-
tude Doppler and Doppler angiography. Instead of 
relying on Doppler frequency shift, the colour flow sig-
nal is derived from the total Doppler signal strength 
(amplitude) and ignores direction (frequency shift). 
The signal strength is determined by the concentra-
tion of moving reflectors being detected. Power 
Doppler does not display flow direction or different 
velocities. This method is free of aliasing and angle 
dependence, and is more sensitive to slow flow and/or 
flow in small vessels. The drawback is that due to a 
slower frame rate and PRF, it is highly susceptible to 
motion artefacts.

Artefacts

Aliasing
Aliasing is one of the most significant artefacts in 
Doppler examinations (Figure 1.18). The sampled 
nature of PW Doppler is at the origin of aliasing. 
When pulses are transmitted at a given PRF, sam-
pling is performed at a rate equal to the PRF. When a 
signal is sampled at less than twice its frequency, the 
resulting signal is ambiguous and the digitized signal 
has a lower frequency than in reality.

ties, is decreased. The time interval between sampling 
pulses is shorter with a higher PRF and might be 
insufficient for a pulse to travel from the transducer to 
the reflector and back. If a second pulse is sent before 
the first is received, the receiver cannot discriminate 
between the reflected signal from both pulses, and 
ambiguity in the range of the sample volume ensues. 
In colour Doppler this can cause a phantom image of 
a vascular structure seen midway between the trans-
ducer and the real structure. As the depth of the ves-
sel of interest increases, return time of the pulse is 
increased, reducing the PRF for unambiguous imag-
ing. The result is that the maximum Doppler shift 
decreases with depth.

Velocity scale error
The velocity scale controls the range of frequencies 
displayed and is critical in colour and spectral Doppler 
imaging. If the scale is too high, the dynamic range is 
too large and low velocity signals are missed. An error 
on the part of the ultrasonographer to lower the velo-
city scale can lead to a false diagnosis of lack of blood 
flow in a vessel. If the velocity scale is too low, the 
dynamic range is too small to display the high velocity 
signals accurately, and wrap around of the signal 
occurs, simulating aliasing.

Blooming
Blooming is more commonly known as ‘colour 
bleed’ because the colour spreads out from the ves-
sel and into adjacent areas. The explanation for this 
artefact lies in the fact that the colour Doppler 
image consists of two images, namely the colour 
Doppler and the greyscale image. Thus, depending 
on how the parameters are set, the colour portion 
of the image can extend beyond the true greyscale 
vessel margin. This extension usually occurs deep 
to the vessels and, most commonly, is caused by 
excessively high gain settings.

Directional ambiguity
Directional ambiguity or indeterminate flow direc-
tion results when the interrogating beam intercepts 
a vessel at a 90 degree angle. The waveform of the 
spectral Doppler is displayed with nearly equal 
amplitude above and below the baseline in a mirror 
image pattern.

Pseudoflow
Pseudoflow is the motion of fluid imitating flow, and 
can sometimes be seen in colour or power Doppler. 
Pseudoflow occurs in ascites, urine within the urinary 
bladder, and jets created by urine entering the bladder 
at the ureterovesicular junction. However, the spectral 
Doppler tracing does not exhibit a normal arterial or 
venous waveform.

Flash
A flash artefact is a sudden burst of random colour 
that fills the frame, obscuring the greyscale image. 
This artefact may be caused by object motion or 
transducer motion. Flash artefacts may occur any-
where but are most commonly seen as a result of car-
diac pulsation and in hypoechoic areas, such as cysts 

PW Doppler spectral tracing of the abdominal 
aorta of a dog showing aliasing. Aliasing occurs 

when the blood flow velocity exceeds the rate at which the 
PW system can record it properly. The aliased portion is 
cut off the top of the velocity spectrum and wraps around 
to point up from below the baseline.

1.18

The Nyquist limit is a descriptive term which 
specifies the maximum velocity that can be recorded 
without aliasing. It specifies that measurements of 
frequency shift will be appropriately displayed only if 
the PRF is at least twice the maximum velocity (or 
Doppler shift frequency). A similar effect is seen in 
movies where wagon wheels can appear to be going 
backwards due to the low frame rate of the film, 
causing misinterpretation of the movement of the 
wheel spokes.

Aliasing can be alleviated by increasing the PRF, 
decreasing the Doppler frequency shift using a lower 
insonating frequency, or by increasing the Doppler 
angle. However, as the PRF is increased, the sensitiv-
ity to low Doppler shifts, corresponding to low veloci-
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or fluid collections. Power Doppler is more susceptible 
to flash artefacts than colour flow Doppler.

Twinkling
The twinkling artefact is a colour Doppler signal that 
imitates motion or flow behind a strongly reflecting 
stationary interface. It can be seen behind any irreg-
ular or rough reflecting surface, but is commonly 
caused by urinary bladder calculi (Figure 1.19). 
Twinkling appears as a quickly fluctuating mixture of 
Doppler signals, with an associated characteristic 
spectrum of noise. With power Doppler, the signal 
location is the same, but the colour is uniform. A nar-
row band signal error generated by highly echogenic 
interfaces seems to be the primary cause of the 
artefact. Rough surfaces increase the delay in meas-
uring the signal and amplify the errors, increasing 
the spectral bandwidth of the noise above the level 
of the wall filter.

The first ultrasonographic contrast medium was 
detected incidentally during echocardiography, where 
little gas bubbles were situated at the tip of an intra-
cardiac catheter. The different acoustic impedance of 
gases makes microbubbles agitated in a saline solu-
tion an ideal contrast medium, and this is in fact still 
used to detect right-to-left cardiac shunts. However, 
the large size of the air bubbles (>50 µm) and their 
short half-life hamper their use in other parts of the 
body. Thus, other contrast media have been devel-
oped. Microbubble persistence and stability have 
been increased by encapsulating the gases in a shell, 
and this means that the diameter of the microbubbles 
can be decreased to 2–3 µm. Although highly reflec-
tive, these contrast agents also are highly attenuating, 
causing severe loss of signal strength as the sound 
waves travel through the body. The use of ultrasono-
graphic contrast media in conventional ultrasonogra-
phy is therefore relatively unsuccessful.

However, in the process of optimizing the imaging 
qualities of these stable microbubbles, it was discov-
ered that they responded in a non-linear manner to 
incident sound waves. At low wave amplitude, the 
bubbles oscillate in sine wave fashion, generating 
echoes with the same frequency as the incident echo. 
At higher acoustic pressures, the waveform of the 
returning echo is distorted and no longer sinusoidal, 
containing the incident frequencies as well as their 
higher multiples. These frequencies are called har-
monic frequencies, like the overtones of a musical 
note. In harmonic imaging the second (or higher) har-
monic echo signals are also acquired and displayed. 
For example, in a 5 MHz transducer the transmitted 
frequency is 5 MHz, which is called the fundamental 
frequency or first harmonic frequency; the second 
harmonic frequency is 10 MHz; the third harmonic fre-
quency is 15 MHz, and so on.

Contrast media are very efficient generators of 
harmonics, so the blood signal is greatly increased 
compared with that of the extravascular tissues. 
With contrast harmonic ultrasonography, fewer 
attenuation effects are observed from the contrast-
enhanced region, and deeper structures can be 
seen more clearly than with contrast-enhanced fun-
damental ultrasonography.

Although harmonic imaging was originally devel-
oped for use in contrast ultrasonography, it was rec-
ognized that ultrasound images obtained in the 
‘second harmonic’ mode had enhanced resolution 
and reduced acoustic noise. These naturally occur-
ring harmonics are commonly called native har-
monic or tissue harmonic imaging. Tissue harmonic 
imaging operates by transmitting a fundamental 
beam that has a low frequency. This fundamental 
pulse, as it propagates through the body tissues in a 
non-linear fashion, results in a gradual deformation of 
the wave shape and thus generates higher frequency 
harmonic sound waves. Echoes from the fundamen-
tal frequency are rejected and not used for image for-
mation. The image is created only by the higher 
frequency harmonic sound waves.

Several techniques are currently used to detect 
harmonics and eliminate the unwanted fundamental 
echoes. Filtration techniques remove the echoes from 

Colour flow image of the urinary bladder of a 
dog with a urolith showing twinkling. The rough 

reflecting irregular surface of the urolith imitates motion 
and causes a quickly fluctuating mixture of Doppler 
signals.

1.19

Harmonic ultrasonography

The ability of Doppler ultrasonography to detect blood 
flow in small parenchymal vessels is limited. To 
improve the detection of tissue perfusion and charac-
terization of vascular patterns in organs and lesions, 
contrast media are used. An ultrasonography contrast 
medium needs different properties to those contrast 
media used in radiography, computed tomography 
(CT) and magnetic resonance imaging (MRI). To 
improve ultrasonic visibility, the contrast agent has to 
be a better reflector than the surrounding tissue.
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the fundamental frequency and allow the harmonic 
frequencies to pass, so that the harmonic image can 
be formed. Other techniques cancel the fundamental 
echoes; for example, using a single line pulse inver-
sion (PI) or a so-called side-by-side phase cancella-
tion. Sophisticated transmit beam formation and 
signal detection is required to produce good quality 
harmonic images, which is not available in all ultra-
sound equipment. In addition, the transducers need 
special features and the range of harmonic frequen-
cies capable of being detected and displayed de-
pends mainly on the bandwidth of the transducer. The 
same is true for contrast harmonic imaging.

Recent publications indicate the use of contrast 
medium for the differentiation of benign from malig-
nant lesions in the liver, spleen and lymph nodes. 
Potential other indications are perfusion studies of 
organs such as the kidney and heart, and superficial 
tumour perfusion. In addition, trauma patients with 
suspected haemorrhage might benefit from contrast 
harmonic ultrasound examinations. At this time the 
benefits have not been fully demonstrated and the 
availability of the equipment and the relatively high 
costs for the contrast medium hamper the routine 
use of this technique in veterinary practice.
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2

Equipment
Patrick R. Kircher

Introduction

The technology of diagnostic ultrasonography is dev-
eloping rapidly. Advances in new technologies, new 
transducer types, and new system designs are deliv-
ered every year by the diagnostic ultrasonography 
companies. Even for experts in ultrasonography it is 
difficult to follow this progress. ‘The technology 
bought today is already outdated yesterday’; this is 
probably not entirely correct but shows one of the 
problems, especially when investment in equipment 
is planned. The multitude of vendors, ultrasound sys-
tems and different transducer types complicate the 
choice of the perfect product. Furthermore, the 
majority of the machines available on the market 
have not been designed for veterinary use, but built 
for the human medical market and adjusted to the 
needs of the veterinary ultrasonographer.

Knowledge of the different types of transducer and 
their respective advantages, together with an under-
standing of the tools available to improve the image 
during an ultrasonographic examination are essential. 
When sitting in front of an ultrasound unit it becomes 
apparent how many ways there are to manipulate 
image quality. For the novice it seems like sitting on 
the flight deck of an aeroplane, where lots of knobs 
and lamps are visible (Figure 2.1). Gain, power, focal 
zones, depth selection and frequency selection are the 
settings most frequently manipulated during an ex am  -
ination, but many other secondary adjustments exist, 

such as line density, dynamic range and filters. Most of 
these are optimized in the factory and adjusted by the 
vendor’s application specialist when the machine is 
purchased, and stored as ‘presets’. For each trans-
ducer, several presets may be needed, taking into 
account the different areas of the body to be examined 
and the varying sizes of the prospective patients.

Transducers

Ultrasonic transducers (or probes) are manufactured 
for a variety of applications (e.g. the region of interest). 
Careful attention must be paid to selecting the most 
appropriate transducer for the application, taking into 
account transducer design and technology, and the 
available frequency range.

Types
There are two types of ultrasound transducer  
(Figure 2.2):

• Array transducers (linear or curved/convex),
where the crystal elements are arranged in a line
along the surface of the transducer

• Phased array transducers, containing only a
small number of crystals that are fixed in position
and activated sequentially to create a fan-type
image.

Control panel of a high-end ultrasound machine.
The ergonomic and intuitive set-up of this unit 

make it easy to use.

2.1

Types of transducer.  (a) Microcurved array.  
(b) Curved array. (c) Linear array.

(d) Phased array. Note the different sizes of the footprints
of the transducers.

2.2

(a)

(c) (d)

(b)
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Ultrasonograms of the head
of the spleen using a 

transcostal window. (a) With the linear 
array transducer the ribs (R) hamper the 
image, and the contact between the 
skin and transducer in this case was 
insufficient. (b) With the microcurved 
array transducer the window is more 
appropriate due to the small footprint of 
the transducer fitting in between a rib 
pair (R).

2.3

(a)  (b)  

Array
Array transducers have the advantage of allowing a 
wide superficial field of view. Very superficial tissues 
are particularly well seen with linear arrays. They have 
the disadvantage of requiring a relatively large contact 
area between the skin and the transducer. In areas 
such as the thorax or the most cranial part of the 
abdomen, where an intercostal approach is required, 
the use of linear or large curved array transducers is 
limited (Figure 2.3a). To overcome this, small curved 
array transducers have been developed. These types 
are called microcurved or microconvex transducers 
(Figure 2.3b). Linear and curved array transducers 
are used for examination of the musculoskeletal  
system, abdominal organs, eyes, body wall and non-
cardiac thoracic structures.

Phased array
Phased array (sector) transducers have the advan-
tages of working with small footprints and creating 

pie-shaped images, which allow deep structures to be 
seen well. These transducers have poor near-field 
image resolution and are not a good choice for imag-
ing superficial structures. Phased array transducers 
are used for echocardiography and for very deeply 
located abdominal or thoracic structures in large dogs.

Frequency
The ultrasound wave frequency produced by the 
transducer is characteristic of the crystals within it. 
Usually transducers have one characteristic fre-
quency, determined by the size of the crystals. 
However, the frequency can be electronically altered 
within a certain range. For example, an 8 MHz probe 
can produce a range of frequencies from 5 to 10 
MHz (Figure 2.4). These are commonly called ‘multi-
frequency transducers’. Low frequencies (2–3.5 
MHz) have good tissue penetration and are therefore 
used to depict the deeper abdominal and thoracic 

Ultrasonograms of the liver.
(a) Transducer frequency is

set relatively low at 5 MHz. 
(b) Transducer frequency is set at 10
MHz. Note the improvement in axial
resolution: the image appears less
grainy and the detail of the fine
echotexture of the liver is clearer.

2.4

(a)  (b)
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structures in large animals or giant-breed dogs. High 
frequencies (7.5–12 MHz or above) produce optimal 
image resolution but are limited in tissue penetration. 
They are selected for superficial structures where 
image detail is needed.

Stand-off pads
Stand-off pads are used to overcome limited resolu-
tion and image quality in the near-field. The near-field 
image using high frequency linear transducers is often 
very good without a stand-off pad. However, for very 
superficial structures (such as the body wall, skin sur-
face, etc.) a stand-off pad moves the area of interest 
further from the probe and therefore out of the near-
field and into the focal zone. For lower frequency linear 
probes and other probe types where the focal zone is 
even further distal, a stand-off pad will ultimately be 
required to improve the image quality of the superficial 
tissues. Stand-off pads are made of echolucent, gel-
like material (Figure 2.5) and serve as an acoustic 
window between the transducer and the body surface. 
The stand-off pad increases the distance between the 
transducer and the body surface, placing the area of 
interest at a more optimal distance from the trans-
ducer for improved image quality. They are most com-
monly used for superficial imaging in musculoskeletal 
examinations (e.g. superficial tendons) and also for 
investigation of subcutaneous pathology.

Gain
In contrast to power, the gain control is frequently 
adjusted during an examination. The gain controls 
do not affect sound wave output, but alter the elec-
tronic amplification of the returning echoes (Figure 
2.7; see also Changing gain clip on DVD). Thus, 
increasing the overall gain has a similar effect on 
the image as increasing the power, and results in 
increased image brightness.

In general, echoes from deeper regions are 
weaker than those from superficial tissues near to the 
transducer. This is a result of the gradual attenuation 
of the beam over distance. Assuming that this attenu-
ation is the same in all soft tissue types (an average 
over the different potential tissues is taken) the com-
puter can calculate the gain to apply to echoes from 
each depth. In this way a homogeneous image inten-
sity is created. As the depth is encoded by the time 
taken to receive the echo, this compensation is called 
time–gain compensation (TGC). As the assumed 
average does not apply to all tissues and regions 
imaged, the TGC can be influenced manually by the 
ultrasonographer via the TGC controls. This is essen-
tial when sound wave attenuation is less than 
expected (e.g. in the urinary and gallbladder regions) 
but also when attenuation is greater than expected 
(e.g. hyperattenuating liver tissue in cases of storage 
diseases). Newer equipment may provide automatic 
TGC functions. (See Applying the ‘image opti-
mizer’ and Time–gain compensation controls clips 
on DVD.)

Stand-off pad for 
linear array 
transducers.

2.5

(a) Low acoustic power is selected. Note: the
power is displayed as 20% of the maximum

available (top right). The image appears dark, 
representing an insufficient amount of returning echoes. 
(b) The power is set to 95% of the maximum available
(using the same gain settings), resulting in a better image.
See also Changing acoustic power clip on DVD.

2.6

(a)  

(b)  

Image processing during 
examination

Power
The power control allows adjustment of the total ultra-
sound wave output from the transducer (Figure 2.6; 
see also Changing acoustic power clip on DVD). 
The higher the power is set, the higher the amplitude 
(dB) of the sound waves. This allows better tissue 
penetration and therefore higher echo intensities. 
Increasing the power has the effect of increasing the 
overall brightness of the image. The drawback is that 
the examined tissues have a higher mechanical expo-
sure, measured by the mechanical index (MI). In addi-
tion, potential artefacts such as oversampling (see 
Gain) are possible. Usually the power control is not 
altered during an examination, but is rather given in 
the presets programmed for the different transducers 
and regions of interest. In general, although ultra-
sonography is considered biologically safe in the light 
of current knowledge, it is considered good practice to 
keep the power as low as possible without losing the 
details of structures being examined.
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Depth selection
Depth selection controls allow the depth of the image 
to be adjusted according to the area of interest 
(Figure 2.8). This effectively ‘zooms in’ on superficial 
tissues as the chosen depth is reduced. Reducing the 
selected depth also has a small effect on improving 
frame rate.

Positioning of the focal zones
The focal zone represents the zone of optimal image 
resolution (see Chapter 1). Irrespective of the design 
of the transducer, focusing of the sound beam is 
essential; an unfocused sound beam diverges rapidly, 
with consequent loss of image resolution. The focal 
zone of the transducer is that part of the sound beam 
where focusing, and therefore image quality, is opti-
mal. Complex diffraction patterns can occur in the 

near-field (Fresnel zone). Beyond the focal zone is the 
far-field (Fraunhofer zone), where the beam diverges 
rapidly and image resolution decreases.

In modern equipment the focal zone can be 
selected along the axis of the sound beam electroni-
cally. The position of the focal zone is most often 
shown on the screen by a triangular marker on the 
side of the image. It is also possible to work with mul-
tiple focal zones within the displayed image. This opti-
mizes a wider range of the image but results in a 
significant decrease in frame rate, as the different 
focal zones are a summation of single frames with 
differently positioned focuses (see Changing the 
number of focal zones clip on DVD). The aim is to 
keep the region of interest within the focal zone. If the 
tissues are deep to the focal zone, gentle pressure 
on the abdominal wall may decrease the distance 

(a) The gain is set for optimal 
image quality. (b) Increasing 

the gain results in an overall increase in 
image brightness, and oversampling, 
creating a worsened signal-to-noise 
ratio. See also Changing gain, 
Applying the ‘image optimizer’ and 
Time–gain compensation controls 
clips on DVD.

2.7

(a )  (b)  

The difference between 
(a) and (b) is the depth 

selection. In (b) the region of interest in 
the near-field is enlarged. Note that the 
frame rate (upper right, Hz) is increased 
by selecting a lower depth.

2.8

(a)  (b)  
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between the transducer and the structure of interest. 
If the tissues are too superficial, use of an echolucent 
stand-off to increase the distance between the trans-
ducer and structure of interest may be helpful.

Sector angle and image width
The sector or beam angle describes the size of the 
field of view in sector and curved transducers. In lin-
ear transducers it is referred to as image width. In 
phased array transducers, the angle of the beam is 
altered, resulting in a narrower or wider pie-sector.

Reduction of the sector angle or image width can 
result in a decrease in the axial lines acquired, allow-
ing an increase in frame rate, which may be advant-
ageous in depicting moving objects. Depending on 
the settings of the unit, it can alternatively result in a 
higher line density, which improves lateral resolution 
and therefore image quality. With wider angles or 
image width, the field of view is larger. As more axial 
lines have to be computed to be displayed, the frame 
rate is reduced (see below). A wide angle is helpful 
for providing a good overview (Figure 2.9).

•	 The second is to reduce the line density (i.e. the 
number of lines per millimetre) in the spatial 
plane. This has the adverse effect of reducing the 
spatial resolution, leading to an inferior image 
quality.

There is therefore a trade-off between frame rate 
and either sector angle/image width or spatial 
resolution.

It may be necessary to increase the frame rate in 
animals or organs where excessive motion is occur-
ring (e.g. in a rapidly breathing animal). The lower the 
frame rate, the less sharp motion is depicted on the 
image. Therefore, selecting a slower frame rate will 
improve image resolution, and selecting a faster 
frame rate will provide a more accurate evaluation of 
movement. In some units, the frame rate can be cho-
sen and when increased, the machine reduces either 
line density or the image width. Other settings may 
also influence the frame rate, including the selection 
of multiple focal zones. In other machines, direct 
adjustment of the frame rate is not an option.

Image documentation and storage

As the images produced during the ultrasound exam-
ination are an important part of the patient record, 
image storage and retrieval is a crucial issue. Modern 
ultrasound machines contain hard disks on which a 
certain number of studies can be stored as raw data. 
The disk space is limited and usually, when full, older 
studies have to be deleted manually or the system 
reverts to the first in, first out mode and deletes the 
oldest study automatically. In some machines hard 
drive images are lost when a software update is per-
formed during a service. Therefore, an external stor-
age system is recommended. Some machines have 
the ability to export images in a .jpeg, .bmp or .tiff for-
mat to a local area network (LAN) on ‘memory sticks’ 
or CD/DVDs. With this form of storage the mainte-
nance of the archive and retrieval of the images is dif-
ficult for many reasons, not least because files are 
only stored with file names.

An easier approach is to work with dedicated 
storage software. Almost all vendors provide storage 
of images and video clips in the DICOM format. 
DICOM (Digital Imaging and Communication in 
Medicine) is a standard for handling, storing, printing 
and transmitting medical imaging data. It has been 
developed by the American College of Radiology 
(ACR) and the National Electrical Manufacturers 
Association (NEMA). The current DICOM 3 standard 
is also known as NEMA Standard PS3 or ISO 
Standard 12052. All the manufacturers using this 
standard must provide a DICOM conformance state-
ment for the US system model. The DICOM file pro-
vides the image format information, the image 
information, patient information, calibration informa-
tion and additional data storage fields and is commu-
nicated through the TCP/IP protocol. It enables the 
integration of imaging equipment from various manu-
facturers into a network and Picture Archiving and 
Communication System (PACS).

Changes in sector angle. (a) Maximum field of 
view for this transducer. (b) More narrow field of 

view. Note the increase in frame rate (upper right, Hz) in 
(b) compared with (a).

2.9

(a)  

(b)  

Frame rate
The frame rate describes the number of ‘single’ 
images built up and displayed per second. The frame 
rate therefore depends on the speed of the ultrasound 
unit in building up a single frame. Each frame consists 
of a certain number of axial lines; the number of lines 
is therefore one of the factors influencing the time 
taken to create a frame. There are two options which 
may be taken to reduce this time:

•	 The first is to narrow the sector angle or image 
width (see above), which reduces the number of 
axial lines computed for each image, but also 
reduces the size of the field of view
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The PACS is basically the archive system/server, 
where the images are stored and provided for all 
users in the network. With a PACS, studies can be 
queried by name, patient number, study ID and many 
other possibilities. Another advantage of storing the 
images in the DICOM format is the possibility to post-
process the images and also to perform off-site meas-
urements, as the calibration information of the studies 
is stored within the DICOM file. Video clips are usually 
stored as multi-frame files and can then be exported 
from the PACS as media (such as .avi or .mpeg) files.

Equipment and transducer care

As ultrasound units are expensive, their care is 
important. Most vendors provide manuals describ-
ing how to maintain their systems. In institutions 
where several people use the equipment, each indi-
vidual should be thoroughly trained on how to care 
for the machine.

This starts with cleaning the air filters, which is 
often forgotten. As veterinary surgeons work with 
animals, much more dust, dirt and hair pollute the fil-
ters than in human medicine. The ultrasound units 
usually have a considerable ventilation system to 
cool the internal elements, so keeping the filters 
clean is important and has to be undertaken more 
often than the ‘once a year’ service by the vendor. 
The machines at the author’s clinic are cleaned 
every 2 weeks by taking the filter pads out of the 
slots and vacuuming them. It is recognized very 
quickly how often this has to be done to prevent the 
ultrasound unit from overheating.

Care also has to be taken with the control panel, 
which is usually not waterproof and ultrasound gel on 
the fingers quickly leads to sticky buttons and the mal-
function of the potentially available trackballs. For 
some units transparent protective covers for the pan-
els exist and may be helpful. An important rule must 
be not to place any liquid containers on the unit. This 
may sound obvious, but it can prevent severe damage 
to the system.

The care of transducers is a frequently discussed 
topic. First of all, the surface material of the ultra-
sound transducer is delicate. Contact with needles, 
sharp objects and scraping cloths must be avoided. 
Specially dedicated microcidal wipes can be bought, 
but are expensive. Safe cleaning agents are usually 
described by the vendors. There is always a debate 
about the use of alcohol for cleaning transducers 
and/or the skin surface, or to promote good contact, 
e.g. during ultrasound-guided cystocentesis or fine-
needle aspiration. The use of alcohol in such situa-
tions is widespread, but there is the potential danger

of damaging the surface of the probe. Certain ven-
dors allow isopropyl alcohol to be used with selected 
probes, at a maximum concentration of 70%. The 
probes should then be rinsed with water after use. 
Some vendors provide lists of usable disinfectants 
and alcohol for the probes. In general it is wise to dis-
cuss the matter with the vendors.

Choosing an ultrasound machine

Before starting the discussion about what to look for, 
one thing has to be kept in mind: the ideal system 
does not exist. Each system has its advantages and 
disadvantages, and personal preference plays an 
important role in choosing an ultrasound machine. 
However, it is good to seek the advice of an experi-
enced person and to compare different systems 
before taking a decision.

As ultrasound machines are usually expensive, 
finances play a role in the process of evaluation. 
However, the first consideration must be the potential 
use of the machine, now and over the next few years. 
The more experience one gets with using ultrasound 
machines, the greater the range of potential applica-
tions. The more basic the system chosen, the faster 
the limits of the equipment are reached and frustra-
tion is created. For example, the question may be 
asked whether Doppler ultrasonography is really nec-
essary. The answer to this is ‘yes’. Blood vessels are 
important landmarks for finding smaller organs, such 
as adrenal glands. Furthermore, the differentiation 
between vessels and other tubular structures, such 
as ureters or bile ducts, is sometimes important. 
Thus, even beginners will quickly reach the stage 
where they find Doppler ultrasonography useful.

The size of the patient determines the frequency 
range and design of the transducers chosen. Hospital 
patient population may also play an important role. 
Where cats are the patients, a high frequency linear 
and microcurved transducer may serve best. If car-
diac ultrasonography is planned, a phased array 
transducer is needed. If dogs are also within the 
patient population, lower frequency transducers have 
to be added.

Another question to consider is the mobility of the 
unit. Is it planned to have it stationary in a dedicated 
room or does it have to be mobile? Today’s portable 
systems are of very high quality and also used by 
mobile ultrasonography specialists. Last, but not least, 
the service of the vendor has to be taken into account. 
Pricing and contents of the service contracts and war-
ranties have to be evaluated carefully, together with 
the quality of the after-sales service.

DVD extras

• Applying the ‘image optimizer’
• Changing acoustic power
• Changing gain

• Changing the number of focal zones
• Time–gain compensation controls
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3
Principles of the ultrasound 

examination
Stefanie Ohlerth

Preparation of the patient

If possible, food should be withheld from animals for 
approximately 12 hours prior to the examination but 
access to water can be allowed. An empty stomach 
improves imaging of the cranial abdomen, in particu-
lar the liver, the porta hepatis, the stomach itself, and 
the pancreas. It can sometimes be useful to allow the 
animal a drink of water before undertaking ultrasound 
examination of the cranial abdomen. The water can 
highlight the stomach wall, intraluminal foreign mate-
rial or mural masses of the stomach.

In addition, evacuation of the colon should be 
encouraged prior to conducting the examination. This 
helps to reduce artefacts produced by gas and 
ingesta from the gastrointestinal tract. Ideally, the 
urinary bladder should be moderately full for examin -
ation of the urogenital tract.

Abdominal ultrasonography may be easily per-
formed in conscious animals. However, in uncoopera-
tive dogs and cats, animals with a painful abdomen, 
or in cases where an interventional procedure is 
planned, sedation, analgesia, or general anaesthesia 
is indicated. Medications that cause marked vasodila-
tion, panting, aerophagia or gastric atony should not 
be used.

Preparation of the scanning site

For an abdominal ultrasound examination, animals 
are clipped from the xiphoid along the costal arch to 
the areas of the right and left kidney, respectively, and 
to the cranial aspect of the pubic bone (Figure 3.1). 
Clipping of the scanning site is necessary to remove 
hair, which otherwise traps small air bubbles and 
degrades the quality of the images acquired. In small 
dogs and cats, all dorsal abdominal structures may be 
imaged from a ventral acoustic window. It is important 
to extend the clipped area dorsally and cranially over 
the ribcage in larger and deep-chested dogs so that 
an acoustic window as close as possible to the organ 
may be chosen.

To improve rapid acoustic coupling, the skin may 
be prepared first by rubbing it gently with alcohol. 
Then, acoustic gel is applied to the skin and mas-
saged in lightly. In general, an animal is gently re-
strained by one or two assistants and scanned in 
dorsal or right lateral recumbency (with its head to the 
left and feet facing the ultrasonographer). In dorsal 

recumbency, dogs and cats may feel more comfort-
able if they are positioned in a wide U-shaped foam 
plastic trough (Figure 3.2a) or on a cushion (Figure 
3.2b). To scan the right cranial abdomen, in particular 
in deep-chested dogs, animals may be positioned in 
left lateral recumbency.

Clipped fi eld for a complete abdominal
ultrasonographic examination. The dog is in 

right lateral recumbency with the head to the left and legs 
facing the ultrasonographer.

3.1

(a) A U-shaped foam plastic trough or (b) a
cushion helps greatly with the positioning and

restraint of the patient.

3.2

(a)

(b)
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For examination of the thorax or musculoskeletal 
system, alternative positioning and patient prepara-
tion may be required. For example, in animals with 
pleural effusion, the ultrasound examination may be 
performed in sternal recumbency, especially if the 
patient is dyspnoeic. Clipping a large region for tho-
racic ultrasonography is generally not preferred and 
instead alcohol is used to scan for the appropriate 
acoustic window. These points are discussed in more 
detail in the Chapters specifically dealing with those 
body regions.

Selection of acoustic window

The acoustic window is the region of the body sur-
face from which the tissue or organ of interest can be 
imaged. Selection of an appropriate acoustic window 
is important, and there are some basic principles to 
take into account.

•	 An acoustic window should be as close as 
possible to the organ of interest. This allows the 
selected region to be examined using the highest 
possible frequency, giving the best possible 
resolution.

•	 The size of the transducer should match with the 
coupling area. A microconvex probe is best suited 
for intercostal or parasternal approaches due to 
its smaller footprint. Linear array transducers, 
with their large footprint, are better suited to 
larger surface areas such as the mid-abdomen.

•	 Air interfaces degrade image quality and can be 
avoided by scanning from a dependent window. 
For example, the antrum, pylorus and duodenum 
are scanned best with the patient in right lateral 
or dorsal recumbency, because in this position 
the structures mainly contain liquid ingesta and 
only a little amount of gas. Similarly, to avoid gas 
artefacts from the lung, the cranial mediastinum 
is best imaged from the dependent intercostal 
site or via a thoracic inlet approach.

•	 The pubic bone may produce an acoustic shadow 
that prohibits visualization of the prostate gland 
or the urethra. In this instance a perianal 
approach may be chosen instead.

•	 Whilst the liver can be examined in most dogs 
using a substernal window, intercostal windows 
may be necessary to visualize the liver in deep-
chested breeds.

Figure 3.3 is an overview of the common acoustic 
windows for major structures and regions. 

Organ or region Acoustic window

Cranial mediastinum 1st–4th intercostal space
Parasternal approach for sternal lymph nodes
Thoracic inlet

Liver Caudal to xiphoid process, with cranial angulation of the ultrasound beam
Left and right mid-abdominal to dorsal intercostal window

Spleen Splenic head:
•	 Left dorsal intercostal window
•	 Left cranial ventral abdomen with sagittal beam angulation
Splenic body and tail:
•	 Along left costal arch
•	 Left cranial ventral abdomen with sagittal beam angulation

Stomach Caudal to xiphoid process, with cranial angulation of the ultrasound beam
Fundus and body: along the left costal arch
Antrum and pylorus: ventral to the right of midline or right intercostal window

Duodenum and pancreas Ascending duodenum and body of the pancreas:
•	 Right cranial mid-abdominal to dorsal window with sagittal and craniodorsal beam angulation
•	 Right dorsal intercostal window
Descending duodenum and right pancreatic limb:
•	 Right mid-abdominal to dorsal window with sagittal beam angulation
Left pancreatic limb:
•	 Left mid-abdominal/sagittal window

Left kidney and left 
adrenal gland

Left cranial mid-abdominal to dorsal/sagittal window
Left dorsal intercostal window (rarely)

Right kidney and right 
adrenal gland

Right cranial mid-abdominal to dorsal/sagittal window with craniodorsal beam angulation
Right dorsal intercostal window 

Ileum Right mid-abdominal to dorsal window with sagittal beam angulation (just medial and parallel to the descending duodenum)

Colon Ascending colon:
•	 Right mid-abdominal to dorsal window with sagittal beam angulation (just medial and parallel to the descending 

duodenum)
Transverse colon:
•	 Ventral abdomen, caudal to the xiphoid process (just caudal to the stomach)
Descending colon:
•	 Left mid-abdominal to caudal window with sagittal beam angulation

Common acoustic windows for major structures and regions. For further information, the reader is referred to  
the Chapters on the various organs. (continues)

3.3
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(a)

Longitudinal ultrasonograms of the normal liver, 
spleen and right kidney in a dog. (a) The liver is 

hypoechoic in comparison with the spleen. The structural 
fat (*) is hyperechoic in comparison with the liver. (b) The 
medulla of the right kidney is hypoechoic compared with 
the renal cortex, which in turn is hyperechoic compared 
with the liver. The capsule of the liver and spleen are 
partially seen as thin hyperechoic lines (arrowed).

3.4 

(b)

Principles of image interpretation

Orientation
Diagnostic ultrasonography is a cross-sectional imag-
ing technology. The orientation of the image on the 
monitor should be consistent with the orientation of 
the transducer (i.e. the position of the marker on the 
probe should correspond with the position of the 
marker on the screen). Regardless of the orientation 
of the probe, the top of the image always represents 
the skin surface. With an animal in dorsal recum-
bency and an abdominal image in the transverse 
plane, the image on the monitor has the patient’s left 
side on the right-hand side of the image and its right 
side on the left-hand side of the image. In this 
instance, if the probe marker faces the right side of 
the patient, the marker on the image will also be on 
the right (shown on the left-hand side on the monitor 
image). In a longitudinal plane, cranial or proximal 
should be to the left and caudal or distal to the right 
on the monitor image.

Echogenicity and echotexture
Tissues with a relatively homogeneous architecture 
such as the liver, spleen, pancreas, prostate gland or 
thyroid gland, typically present as a mixture of bright, 
grey and dark dots (speckles) like a salt and pepper 
mixture. However, the speckles do not represent true 
reflecting anatomical structures, but rather originate 
from complex interactions of reflection, absorption 
and scattering. Nevertheless, the resulting speckle 
pattern with a definite brightness (echogenicity) and 
dot size (echotexture) is often characteristic for a cer-
tain organ or pathological condition.

The echotexture of a tissue refers to a small or 
large dot size (fineness or coarseness) and dot 
spacing. Furthermore, the texture may be uniform 
(homo geneous) or non-uniform (heterogeneous). 
The echo genicity of normal parenchymal organs and 
tissues is depicted as various shades of grey and is 
usually described in relation to the echogenicity of 
neighbouring tissues. The normal liver, for example, 
is defined as hypoechoic in comparison with the 
hyper echoic spleen (Figure 3.4).

Fluid or blood that does not contain cells, debris or 
protein, appears black (i.e. anechoic), because only a 
few or no echoes are returned. The more cells, debris 
or protein that are contained in the fluid, the more 
echogenic it becomes. Regions producing few echoes 
are termed hypoechoic, whereas tissues that produce 
strong or numerous echoes are defined as hyper-
echoic. Similarly to echotexture, the echogenicity of a 

tissue may be further described as uniform (homo-
geneous) or non-uniform (heterogeneous).

In the normal patient, echogenicity increases 
from the more or less anechoic urine, bile and 
blood, through hypoechoic structures such as lymph 
nodes, the pancreas, liver, renal medulla and mus-
cle to the relatively more hyperechoic tissues such 
as the spleen, the renal cortex and the prostate 
gland. Structural fat, organ capsules, vessel walls 
and other connective tissues appear even more 
hyperechoic, and bone, mineralization and gas are 
the most hyperechoic structures.

(continued) Common acoustic windows for major structures and regions. For further information, the reader is 
referred to the Chapters on the various organs.

3.3

Organ or region Acoustic window

Urinary bladder Caudal ventral or lateral abdomen, cranial to pubic bone

Prostate gland and 
urethra

Caudal abdomen, cranial to pubic bone with caudodorsal beam angulation
Perianal approach

Uterus Body: caudal abdomen, cranial to pubic bone (just dorsal to urinary bladder)
Uterine horns: left and right mid-abdominal window with sagittal beam

Ovaries Left and right mid-abdominal window (just caudal to the kidneys) with sagittal and dorsolateral beam angulation
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4

Interventional procedures
Robert M. Kirberger and Nerissa Stander

Introduction

Interventional ultrasonographic procedures have 
been in common use in humans since the early 
1980s and provide samples safely and with a high 
diagnostic yield. In veterinary practices with diagnos-
tic ultrasound equipment, percutaneous fine-needle 
aspiration (FNA) and core tissue biopsy (CTB) should 
be routine procedures in order to make a diagnosis. 
The need for sedation when performing FNA is 
patient- and ultrasonographer-dependent. Puncture 
of superficial structures, such as the spleen, may not 
require sedation in cooperative animals. Sampling of 
deeper structures or sampling in uncooperative or 
panting animals requires sedation. If the samples are 
non-diagnostic, a CTB can be performed under deep 
sedation with or without local anaesthesia, or short-
acting general anaesthesia.

Indications

Free abdominal or thoracic fluid, intraparenchymal 
fluid accumulation (e.g. cyst or abscess), urine and 
pericardial fluid can readily be aspirated. Extension 
tubes and three-way stopcocks may be used if 
complete drainage of substantial volumes of fluid is 
required. Diffusely affected organs, nodules and 
masses in any part of the body can undergo FNA 
or, if large enough, CTB provided the region of 
interest is not obscured by overlying gas. This 
includes evaluating bone lesions, particularly neo-
plasia that has penetrated the cortex, as well as 
superficially located lung pathology. Samples may 
be used for culture, biochemical tests, cytology and 
histopathology. Other less commonly used interven-
tional procedures are discussed at the end of the 
Chapter. Being able to visualize the pathology and 
then guide a needle into it results in a much greater 
success rate than blind sampling, particularly if an 
organ is focally affected.

Equipment

Transducers
Linear and convex array transducers are preferred 
as superficial lesions are seen more easily due to 
the wide footprint. Freehand guiding of FNA or CTB 
is easier with linear array transducers in the 

authors’ experience. Image quality should always 
be optimized before beginning the sampling proce-
dure and the transducers operated at the highest 
possible frequency to enhance needle visibility.

Aspiration needles
A 22-gauge, 1.5 inch needle is most commonly 
used. Thinner needles may be used if the region 
involved is highly vascular or an abscess is sus-
pected, and leakage of residual contents after aspi-
ration needs to be minimized. Thicker needles are 
used where larger volumes of fluid have to be 
removed or viscous fluid is expected. Generally, 
the thinnest needle possible should be chosen. 
Spinal needles are available in lengths up to 3.5 
inches and are thus used for deeper structures.  
The stylet helps to avoid aspiration of unwanted 
material along the needle tract and should only be 
removed once the area to be aspirated is reached. 
More sophisticated and expensive needles are  
also available. These may have a stylet, depth 
markings and a small butterfly spring system to act 
as an adjustable needle stop to set the depth 
required (Figure 4.1). These needles may have a 
normal bevelled edge (e.g. Chiba biopsy needle) or 
a crown-shaped tip (e.g. Franseen biopsy needle) 
for FNA of harder tissues such as bone (Figure 
4.2). Other needles (e.g. Westcott) may have an 
additional slot similar to a Tru-Cut needle for collec-
tion of larger samples.

Chiba (top) and Franseen (bottom) biopsy 
needles. Note the centimetre markings and 

adjustable needle stop to set the depth.

4.1
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Core tissue biopsy instruments
CTB instruments are generally of the Tru-Cut type. 
Manually operated biopsy needles are rarely used 
nowadays and have been replaced by semi- or fully 
automated spring-loaded instruments. These have 
the advantages that they provide superior specimens 
and require only one operator who holds the trans-
ducer in one hand and the biopsy gun in the other. 
The trocar part of the needle has a sample notch, 
which can be up to 20 mm in length (Figure 4.3), and 
on some systems the size of the sample may be 
reduced by 50% for smaller nodules. The thickness of 
the needle usually varies between 14- and 18-gauge.

Disposable automated devices (Figure 4.4) are 
made of plastic but can usually be gas sterilized to 
use two or three times if required.

Non-disposable devices (Figure 4.5) are made of 
metal and can be conventionally sterilized. The initial 
expense is quite high. However, although the dispos-
able needles are cheaper and can be sterilized to 
use two or three times, this results in blunting of the 
needle and possible remnant infection.

Close-up of a Tru-Cut type biopsy needle 
showing the sample notch and echo-enhancing 

coating (arrowed).

4.3

(a) Disposable semi-automatic biopsy device. 
The sample notch is adjustable to 9.5 or 19 mm. 

(b) Disposable automatic biopsy device. Note the safety 
button on top to avoid inadvertent firing.

4.4

(a)

(b)

Sterilizable fully automated biopsy gun with 
disposable needle placement shown in the 

opened instrument.

4.5

Ultrasonogram of the liver with diverging 
stippled guidelines, indicating the direction that 

needle angulation will take when using a transducer 
needle guide adaptor for cholecystocentesis. Numbered 
graduations on the side of the guidelines indicate a 
centimetre scale, which can be used to determine the 
correct depth of needle insertion.

4.6

Transrectal/vaginal/oesophageal/
gastrointestinal biopsy instruments
Special intraluminal transducers are available and 
may also have biopsy capabilities. Due to their cost 
these instruments are usually available only at sel-
ected specialized imaging institutions.

Close-up of Chiba (top) and Franseen (bottom) 
biopsy needles. Note the crown-shaped tip of 

the latter for bone sampling.

4.2

Needle guidance systems
Specific adaptors are available for transducers to 
guide the needle to the affected area. These can 
accommodate a variety of needle sizes. The monitor 
will usually have centimetre markings along two white 
lines between which the needle can be seen as it 
enters the organ of interest (Figure 4.6). This greatly 
facilitates needle placement, but there can be less 
flexibility in the angle of introduction of the needle and 
its subsequent path.

Ch04 Ultra.indd   25 26/04/2012   12:08

Downloaded From Vet-eBooks.com



Chapter 4 Interventional procedures

26

Sampling techniques

Patient preparation
For FNA the clipped skin needs to be suitably steri-
lized. Sedation or local anaesthesia are usually not 
required unless the patient is uncooperative. CTB 
must be performed in a sterile environment. 
Coagulation parameters should be checked and any 
coagulopathies should be treated before CTB is 
undertaken. The transducer is usually covered by a 
sterile glove or transducer sleeve. It is advisable to 
make a small skin incision adjacent to the transducer 
to avoid blunting the needle. Pressure can be applied 
to the overlying tissues, especially in the abdomen to 
displace interfering gas-filled structures and to bring 
the lesion closer to the skin surface.

If colour flow Doppler is available this should be 
used to check the vascularity of the lesion and to 
avoid major vessels, particularly arteries which are 
usually not visible ultrasonographically. If large vol-
umes of ascites are present it may be better to reduce 
this before sampling as the organ of interest may tend 
to bounce around in the fluid. Potential post-biopsy 
haemorrhage is also difficult to detect in ascites cases 
if colour flow Doppler ultrasonography is not available.

Indirect sampling
An indirect sampling technique is usually used in 
circumstances where there are large amounts of 
free fluid or a large mass lesion. The area of inter-
est is located ultrasonographically and the required 
needle depth determined. The point of needle entry 
can be marked by applying pressure to the sam-
pling point for 30 seconds with the hub of a hypo-
dermic needle. The transducer is then removed and 
the needle placed blindly in the affected region to 
obtain the sample. However, it may be easier to 
perform direct freehand sampling.

Direct freehand sampling
The plane of needle insertion must be in the midline 
plane of the transducer. Needles may be scarified or 
have an echo-enhancing coating (see Figure 4.3) to 
improve visibility. It should be ensured that the bevel 
of the needle faces the transducer as any gas 
trapped in the bevel will aid visibility. Needle visibility 
can be further maximized by positioning the focal 
zone at the region of interest, and moving the needle 
or stylet in and out or gently rocking the transducer 
to and fro to find the needle (Figure 4.7). The needle 
should pass obliquely across the ultrasound beam to 
enhance visibility. The needle is guided to the region 
of interest and the sample is taken. Freehand sam-
pling does require some practice to place the needle 
accurately in the affected area, and using gelatine or 
agar tissue phantoms are useful ways to learn the 
technique (Finn-Bodner and Hathcock, 1993).

Direct sampling using a needle guidance 
system
Using guidance adaptors is an easy method of obtain-
ing samples, but their use in collecting specimens 
from poorly positioned nodules may be limited, where-
 as the freehand technique allows more flexibility.

Fine-needle aspiration
FNA is a cheap, easy technique with minimal risk of 
complications. The sampling methodology varies be-
tween operators and organs being aspirated. The 
stab technique involves getting the needle tip to the 
region of interest and stabbing the needle back and 
forth a few times and then withdrawing the needle. 
This is particularly useful in vascular lesions or the 
spleen, to avoid aspirating a very bloody sample. The 
suction technique involves 3–4 gentle suctions when 
the needle tip is in the area of interest, but may result 
in more blood contamination of the sample. Suction 
should not be applied whilst removing the needle to 
avoid tissues along the needle tract being aspirated.

Core tissue biopsy
Due to its more invasive nature CTB is usually only 
performed if FNA is non-diagnostic. It should be 
ensured that the length of needle advancement is 
known when the gun is fired to avoid penetrating the 
far side of the organ under investigation and pos-
sibly damaging other vital organs (Figure 4.8). It 
should also be ensured that there is some normal 
tissue superficial to the biopsy site, which can act as 
a seal for any potential haemorrhage. Particularly 
when performing CTB of the liver, the biopsy site 
should not traverse two liver lobes (i.e. the edges of 
adjacent lobes should be identified before sam-
pling). Haemorrhage should be checked for at about 
1 minute and 30 minutes after the procedure. 
Examining the biopsy site immediately after the pro-
cedure with colour flow Doppler ultrasonography 

Technique of rocking the transducer to fan the 
ultrasound beam so that the beam is aligned 

with the needle. Note the needle guide adaptor attached 
to the transducer. (Reproduced from Dodd et al., 1996 
with permission from Radiographics).

4.7
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may show some haemorrhage, hence the 1 minute 
wait at which stage bleeding has usually stopped. 
As tissue samples may be fairly small they should 
be placed in a biopsy cassette (Figure 4.9) before 
putting the sample in formalin. At least two or three  
samples should be taken from different regions of 
the lesion to obtain representative samples. Where 
possible, some normal tissue at the periphery 
should be included and necrotic centres avoided.

Specimen quality and accuracy
Published data vary on the diagnostic accuracy of the 
various techniques. FNA may provide a cytological 
diagnosis in up to 84% of cases and CTB can provide 
up to 97% diagnostic quality samples. In the liver FNA 
is much less accurate than CTB, but still may be a 
useful first diagnostic approach. The correlation 

between cytological diagnoses and final histopatho-
logical diagnoses may also vary between organs. 
Lung FNA has been shown to be diagnostic in 82% of 
cases (DeBerry et al., 2002). Splenic FNA samples 
were diagnostic in 61% of cases, whilst in the liver, 
feline samples were 51% and canine samples 30% 
diagnostic with respect to the final histopathological 
diagnosis (Wang et al., 2004; Ballegeer et al., 2007). 
Impression smears from the biopsy sample, whilst 
preserving the sample for histopathology, can give an 
immediate cytological sample, which is usually more 
diagnostic than FNA cytology (Bonfanti et al., 2006).

Potential complications

Generally the advantages of obtaining a diagnostic 
sample far outweigh the risk of any possible compli-
cation, with one study reporting only three major 
post-biopsy complications from 233 cases (Léveillé 
et al., 1993).

• Haemorrhage is rare and will usually stop within
a few minutes unless a coagulopathy is present.
The kidney has greater bleeding potential than
other organs.

• Peritonitis is rare if infected lesions are sampled
with thin needles, but appropriate antibiotics
should be used.

• Penetrating hollow organs should be avoided,
particularly with CTB.

• Tumour seeding along the needle tract is rare, but
has been reported in bladder and prostate gland
transitional cell carcinomas (Nyland et al., 2002).
It is also advisable to avoid passing the needle
through two body cavities, but benefits may
outweigh potential complications (for example,
aspirating an accessory lung lobe lesion
transhepatically).

• Adrenal gland biopsy of a potential
phaeochromocytoma should be avoided as a
hypertensive or paradoxical hypotensive crisis
may be precipitated.

• Use of an automated biopsy gun to collect
hepatic samples in cats has been associated with
19% of cats developing severe shock compared
with 0% when a semi-automated biopsy gun was

(a)

Sagittal ultrasonograms of the left liver lobe 
demonstrating the CTB technique. (a) The 

linear hyperechoic biopsy needle can be seen at the 
periphery of the liver prior to firing of the biopsy gun. 
(b) Firing the biopsy gun causes the needle to advance
further into the hepatic parenchyma as the sample is
collected. White arrows indicate the needle tip.

4.8

(b)

Liver

CTB sample being placed in a biopsy cassette 
prior to placement in formalin.

4.9
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used. This is believed to be due to the pressure 
wave created by the automatic device resulting in 
intense vagotonia (Proot and Rothuizen, 2006). 
However, this complication has not been 
encountered by the authors or editors.

•	 Post-biopsy arteriovenous fistulas are a rare 
complication and occur more commonly in the 
kidney.

Other interventional procedures

A number of other ultrasound-guided procedures 
are possible and are briefly mentioned here. 
Readers should refer to the relevant organ Chapters 
or references.

Intraoperative procedures
Sterile transducers may be used in the operating  
theatre to guide the surgeon to lesions not visible 
superficially, such as brain neoplasia or intrahepatic 
shunts close to the diaphragm. In addition, in cases 
with a spinal tumour or disc herniation ultrasono- 
graphy can also be used to provide the surgeon with 
in for mation on lesion borders and exact location.

Ultrasound-guided tissue ablation
Hepatic and renal cysts and abscesses have been 
successfully treated by means of alcoholization. The 
cavitary lesion is drained, filled with 95% ethanol for 3 
minutes, and then drained again. Percutaneous ultra-
sound-guided chemical ablation of pathological para-
thyroid and thyroid nodules with ethanol have also 
been described.

Seldinger drainage techniques
Large intra-abdominal abscesses can be drained 
using this technique, but its use is limited to special-
ized institutions. Briefly, the technique involves pas-
sing a trocar into the affected region under ultrasound 
guidance, a round-tipped guide wire is then passed 
through the trocar into the abscess and the needle is 
withdrawn. A blunt cannula or drainage tube is then 
passed over the guide wire into the lesion, followed 
by removal of the guide wire and drainage. The tech-
nique is also commonly used in angiography.

Ultrasound-guided lymphography
Chylothorax secondary to thoracic duct rupture can 
be diagnosed by means of contrast-enhanced com-
puted tomography (CT) following ultrasound-guided 
injection of contrast medium into the popliteal or mes-
enteric lymph nodes.

Percutaneous cholecystography and 
pyelography
Ureteral obstruction can be confirmed by means of 
percutaneous antegrade pyelography by passing a 
spinal needle into the distended renal pelvis, aspi-
rating 50% of the hydronephrotic fluid and injecting 
iodinated contrast medium. Similarly, ultrasound-
guided cholecystography or cholecystocentesis can 
be performed using a 22-gauge needle. Passing the 

needle through the liver apparently minimizes the 
rare risk of complications.

Ultrasound-guided urinary catheter 
suction samples
In dogs with suspected bladder or prostatic trans-
itional cell carcinoma, a urinary catheter with side 
holes can be passed and placed adjacent to the 
mass using ultrasound guidance. Suction can then 
be applied to obtain cytological samples. This avoids 
potential seeding of tumour cells along an aspirating 
needle tract.
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Thorax
Gabriela Seiler

Indications

Non-cardiac thoracic ultrasonography complements 
radiography in the examination of patients with chest 
wall, pleural space, mediastinal and pulmonary dis-
ease (for information on cardiac ultrasonography, 
see Chapter 6). Since ultrasound waves are re-
flected at soft tissue–gas interfaces, indications for 
non-cardiac thoracic ultrasonography include evalua-
tion of peripheral lesions that are not surrounded by 
air, or thoracic diseases that are associated with 
pleural effusion. Pleural effusion provides an ideal 
window for ultrasonographic evaluation of thoracic 
structures, and thoracocentesis should be post-
poned until after the examination unless the patient 
is in severe respiratory distress. Ultrasonography is 
often used to investigate the cause for the effusion 
(e.g. presence of a cranial mediastinal mass). Most 
thoracic lesions, if visible with ultrasonography, are 
also accessible for ultrasound-guided fluid or tissue 
sampling, which is essential for definitive diagnosis. 
Thoracic ultrasonography is often used to determine 
the origin of a thoracic mass if it is equivocal on radio -
graphy. Lesions such as pulmonary or mediastinal 
masses can be further characterized as cystic or 
solid, and vascularity can be determined using 
Doppler ultrasonography. Evaluation of thoracic wall 
masses is another indication for ultrasonography; 
presence of erosive rib lesions, fistulous tracts and 
foreign bodies, and extension of disease into the 
pleural cavity can be assessed.

Value of ultrasonography compared 
with radiography and computed 
tomography

Thoracic radiography and ultrasonography are com-
plementary as the lesions surrounded by air are eas-
ily visualized on a radiograph, whereas soft tissue 
structures can be further characterized on an ultra-
sonogram. Ultrasonography is inherently limited to 
the non-aerated portion of the thorax; therefore, it 
should always be performed in conjunction with radio -
graphy for a full assessment of thoracic disease. 
Radiographs help determine whether a lesion is likely 
to be visible ultrasonographically and which acoustic 
window is the most appropriate.

One advantage of ultrasonography compared with 

radiography is the fact that the presence of pleural 
effusion allows better visibility of intrathoracic struc-
tures, whereas it can obscure lesions on radiographs. 
Observation in real time allows better differentiation 
of pulmonary and intrathoracic extension of thoracic 
wall lesions, as pulmonary lesions slide against the 
chest wall with respiratory movement, and blood flow 
can be assessed using Doppler ultrasonography. 
Cross-sectional imaging eliminates superimposition, 
and the internal architecture of thoracic structures 
can be assessed.

When compared with computed tomography 
(CT), the biggest advantage of ultrasonography is 
the ability to perform the examination in the con-
scious or lightly sedated patient. In patients with 
severe respiratory compromise, the general anaes-
thesia and prolonged recumbency necessary for CT 
scanning can be detrimental to their health. Similar 
to radiography, large volumes of pleural effusion also 
decrease the diagnostic quality of a CT study.

Imaging technique

Patient preparation
For optimal image quality, the area of interest should 
be prepared by clipping the hair coat, cleaning the 
skin with alcohol and applying ultrasound gel. 
However, it is often not reasonable to clip the entire 
thorax to identify the area of interest such as the loca-
tion of a pulmonary mass. In these cases, wetting the 
hair coat generously with alcohol (without clipping) 
allows sufficient image quality to localize the lesion in 
most instances. Once the acoustic window is located 
that allows visualization of the lesion, the precise area 
can then be prepared as described above.

Positioning
Patients can be examined in either lateral or sternal 
recumbency. If tolerated by the patient, dorsal 
recumbency may be used as well. Small footprint 
transducers are ideal as they allow access to the 
thoracic cavity through several windows. Sector or 
microcurved transducers are recommended, at a fre-
quency between 5 and 10 MHz, depending on the 
size of the patient. High frequency linear transducers 
are very useful for assessment of the superficial 
structures, especially in smaller patients.
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Three different windows are commonly used for 
thoracic ultrasonography (Figure 5.1):

• Intercostal
• Thoracic inlet
• Substernal.

For an intercostal window, the transducer is
placed between the ribs in both a longitudinal (across 
the ribs) and an oblique transverse (parallel to the 
ribs) direction. Moving the transducer in a ventral-to-
dorsal direction along the intercostal space allows 
assessment of the chest wall, pleural space, lung 
surface and the ventral portion of the mediastinum. 
For assess ment of the cranial aspect of the cranial 
mediastinum, the trachea and oesophagus as well as 
the large mediastinal vessels, the transducer is 
placed at the thoracic inlet and tilted caudally into the 
thorax. The scan window with this approach is lim-
ited, but there is less interference by air and no 
superimposed triceps musculature. For a substernal, 
transhepatic window the transducer is placed caudal 
to the sternal xiphoid and angled cranially. This 
approach allows assessment of the diaphragmatic 
surface and the caudoventral mediastinum.

Normal ultrasonographic 
appearance

The thoracic wall consists of skin and layers of subcu-
taneous fat and muscle, resulting in alternating layers 
of hyperechoic and hypoechoic bands (Figure 5.2). 
Normal ribs are seen as smooth hyperechoic sur-
faces, which are straight in a long-axis view and 
curved in a short-axis view. A clean shadow is cast 
deep to the rib. The pleural–lung interface is charac-
terized by a smooth hyperechoic line. Distinct layers of 
parietal and visceral pleura are not seen in dogs and 
cats; however, the lung surface can be distinguished 
by observing the lung lobes slide along the parietal 
pleural surface during respiration (see Normal lung 
clip on DVD).

Assessment of the normal lung is limited to the 
surface, which should be smooth and hyperechoic 
with reverberation artefacts deep to the lung surface 
(‘dirty shadowing’) created by complete reflection of 
the sound waves at the soft tissue–air interface. Any 
superficial lung alteration such as atelectasis, con-
solidation or nodules may lead to an interruption of 
the smooth surface. The normal mediastinum, which 
is usually only visible if pleural effusion or pulmonary 
disease is present, consists of a small amount of 
echogenic, irregular fat surrounding the large ves-
sels, extending to the thoracic inlet. Normal lymph 
nodes are not differentiated from the mediastinal fat.

In young animals, the thymus may still be visible 
as echogenic tissue with a coarse structure in the 
ventral mediastinum cranial to the heart; it is well 
vascularized when interrogated with colour Doppler 
ultrasonography. The intrathoracic trachea and oe s o-
ph agus are rarely seen; even in the presence of  

Transducer placement for 
different scan windows. 

A = thoracic inlet window; 
B = transverse intercostal window; 
C = long-axis intercostal window; 
D = substernal, transhepatic window.

5.1

Long-axis view of the chest wall of a normal 
Cairn Terrier using a linear transducer. The lung 

surface is seen as a smooth, straight hyperechoic line 
(arrowed). The superficial soft tissues have a striated 
appearance consistent with layers of fat, muscle fibres and 
fascial planes. A rib (*) is seen in cross-section: it has a
smooth, curved surface and creates a distal shadow.

5.2
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pleural effusion, the remaining air in the dorsal lung 
obscures the dorsal mediastinal structures. Complete 
assessment of the diaphragm requires a combination 
of a substernal transhepatic and an intercostal app-
roach. It is seen as a hyperechoic, smooth and con-
tinuous surface of the liver. Only in the presence of 
both peritoneal and pleural fluid is it visible separately 
as a thin, hyperechoic linear structure.

Thoracic wall lesions

The structure and content of a thoracic wall mass as 
well as the involvement of the ribs and invasion into 
the pleural space can be assessed with ultrasono-
graphy. Tumours of the thoracic wall originate in the 
soft tissues (sarcoma, infiltrative lipoma), the ribs or 
the sternum (chondrosarcoma, osteosarcoma). 
Inflammatory lesions such as abscesses and granu-
lomas may be caused by superficial wounds or pen-
etrating foreign bodies. Ultrasonography is usually 
successful at identifying fluid pockets and draining 
tracts. Small foreign bodies are difficult to identify, 
but if visible most foreign bodies present as a hyper-
echoic structure with distal shadowing. The subcuta-
neous tissues in the near-field should be scrutinized 
for the presence of a fistulous tract, seen as an 
irregular hypoechoic path leading towards the sur-
face of the chest wall. Thoracic wall oedema or cel-
lulitis presents as thickened subcutaneous tissues 
with a striated appearance caused by fluid in 
be tween the fascial planes and fat layers of the 
chest wall.

Thoracic wall masses can be differentiated from 
lung masses by observing the mass during respira-
tion: lung masses slide along the thoracic wall with 
inspiration and expiration, whereas thoracic wall 
masses remain fixed in position relative to the ribs. 
Penetration of the thoracic cavity is recognized by 
an absence of the hyperechoic pleural surface and 
medial displacement of the lung lobes.

Rib lesions and fractures

Aggressive rib lesions typically present as an irregu-
lar bone surface; often the rib is expanded and sur-
rounded by a hypoechoic mass (Figure 5.3). 
Discontinuity of the cortex or smooth thickening of the 
rib is seen with acute and chronic rib fractures and 
callus formation (Figure 5.4). Rib fractures are not 
usually associated with significant soft tissue thicken-
ing. Osteomyelitis or tumours such as osteosarcoma 
may involve the sternum and can be difficult to differ-
entiate radiographically from commonly observed 
degenerative changes. Ultrasonography is useful to 
determine the presence of a soft tissue mass associ-
ated with an abnormal sternebra, and to obtain tissue 
samples if an aggressive lesion is suspected.

Pleural space disease

Pleural effusion is readily detected by thoracic 
ultrasonography and is visible as an anechoic or 

hypoechoic layer between the chest wall and the 
lungs or mediastinum. The echogenicity of the effu-
sion is related to its type:
  
•	 Exudate, haemorrhage and neoplastic effusions: 

very echogenic and consist of a large number of 
cells, fibrin or protein (Figure 5.5)

•	 Transudate, modified transudate and chylous 
effusions: anechoic (see Pleural fluid clip 
on DVD).

Chronic effusions are often characterized by loc-
ulation of fluid into pockets, a large amount of fibrin 
strands and increased rounding and irregularity of 
the lung lobes (Figure 5.6). Thickening and irregular-
ity of the pleural surface can be seen with chronic 

Ultrasonogram of an 8-year-old male neutered 
Golden Retriever with a thoracic wall mass. The 

transducer is aligned with the long axis of the 7th rib. 
Dorsal is to the left of the image. The proximal portion of 
the rib is normal with a smooth hyperechoic surface (black 
arrows); the distal portion of the rib is surrounded by a 
large hypoechoic mass (white arrowheads). The bone 
surface of the distal portion of the rib is interrupted and 
very irregular, consistent with lysis and periosteal 
reactions. Biopsy of the mass revealed a poorly 
differentiated sarcoma.

5.3

Thoracic ultrasonogram of a 6-year-old 
neutered Australian Shepherd bitch. The 7th 

and 8th ribs are seen in cross-section. The 8th rib is much 
larger in diameter than the 7th, but has a smooth surface 
and no associated soft tissue mass. This is consistent with 
callus formation following rib fracture. The dog had 
sustained thoracic trauma several months prior to this 
ultrasound examination.

5.4
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effusion, but may also be a sign of pleuritis or neo-
plastic pleural disease. Pleural masses are uncom-
mon, and most often caused by metastatic disease 
such as carcinomatosis or by mesothelioma.

The presence of pneumothorax limits the value of 
thoracic ultrasonography, but it is very important that 
the ultrasonographer is able to recognize it, especially 
as a complication of thoracic interventional proce-
dures such as biopsy or fine-needle aspiration (FNA). 
The air-filled lung and free gas within the pleural 
space both result in a hyperechoic surface beneath 
the chest wall with distal reverberations; however, no 
movement of the free pleural air relative to the chest 
wall is observed during respiration.

Mediastinal masses

Evaluation of a cranial mediastinal mass effect 
observed radiographically is a common indication 
for thoracic ultrasonography. Mediastinal masses 
are usually readily identified as hypoechoic nodules 

in the otherwise hyperechoic mediastinal fat (Figure 
5.7). Differential diagnoses include lymphoma, thy-
moma, histiocytic sarcoma, ectopic thyroid or para-
thyroid tissue, other tumours such as metastatic 
melanoma and lymphomatoid granulomatosis, as 
well as mediastinal haematomas, abscesses and 
granulomas, which can appear identical to neoplas-
tic lesions. Enlarged lymph nodes tend to be round 
or lobulated, whereas thymomas often have a more 
complex heterogenic and cystic structure (Figure 
5.8). Enlarged sternal lymph nodes are hypoechoic 
round to oval structures immediately dorsal to the 
sternum, whereas cranial mediastinal lymph nodes 
are found in a more dorsal location and surrounded 
by mediastinal fat. In the presence of a media  - 
stinal mass, visible mediastinal vessels should be 
assessed for thrombosis or vascular invasion to 
determine surgical resectability.

Ultrasonogram of the cranial pleural cavity of a 
3-year-old male neutered mixed-breed dog with 

pyothorax. There is a large amount of very cellular pleural 
fluid present. The lung lobes are partially collapsed and 
there are multiple fibrin tags seen along the pleural 
surface (arrowed).

5.5

Long-axis view of the cranioventral thorax of a 
6-year-old male neutered Borzoi with chronic 

idiopathic chylothorax. Note the round pockets of fluid 
separated by thick hyperechoic fibrin strands.

5.6

Long-axis view of the cranial thorax of a 
10-year-old female neutered Domestic 

Shorthaired cat. Bilateral pleural effusion is present (*). 
The cranial mediastinum is thickened and contains 
multiple enlarged, hypoechoic lymph nodes (arrowed). 
The cranial lung lobes are partially collapsed and very 
rounded. The cat was diagnosed with idiopathic 
chylothorax. Histopathology showed reactive hyperplasia 
of the lymph nodes.

5.7

An 8-year-old neutered Labrador bitch was 
presented for regurgitation. Megaoesophagus 

and a cranial mediastinal mass were seen 
radiographically. On ultrasound examination of the 
cranial mediastinum, a large heterogenic mass with 
multiple cavitations was seen. Thymoma was diagnosed 
on cytology.

5.8
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Cranial mediastinal cysts, more commonly seen 
in older cats than in dogs, can readily be differen-
tiated from mediastinal masses by their thin wall, 
anechoic contents and distal acoustic enhancement 
(Figure 5.9). FNA typically yields clear, almost acel-
lular fluid. Caudal mediastinal masses are rare 
(Figure 5.10). Caudodorsal mediastinal masses, 
often associated with the oesophagus, may be seen 
using a transhepatic approach. The transducer is 
placed in midline, pointing cranially, and then is 
slowly fanned to the left to identify the cardia and 
oesophageal hiatus. In deep-chested larger dogs it 
may not be visible. Paraoesophageal abscesses are 
uncommon, but may be recognized by a thick hyper-
echoic wall and hypoechoic to hyperechoic mobile 
contents. Cytology is needed to differentiate absces-
sation from necrotic neoplasia.

Diaphragmatic rupture and 
herniation

Ultrasonographic assessment of the diaphragm can 
be valuable if the diagnosis of diaphragmatic hernia 
is equivocal on radiographs due to the superimposi-
tion of pleural fluid. However, complete ultrasono-
graphic assessment of the diaphragm is challenging, 
especially in larger breed dogs. Care should be taken 
to follow the outline of the diaphragm bilaterally, both 
from a substernal and an intercostal window.

In the presence of diaphragmatic rupture, the 
smooth outline is no longer continuous, the cranial 
hepatic margin is irregular and typically pleural effu-
sion has accumulated in the caudal thoracic cavity. 
Abdominal organs identified within the thoracic cavity, 
either in direct contact with the pericardial sac or lat-
eral to it, confirm the diagnosis (Figure 5.11). More 
difficult to diagnose are diaphragmatic tears with only 
mild cranial displacement of the liver or falciform fat, 
which cannot be differentiated from pericardial or 
mediastinal fat. In these cases, discontinuity of the 
diaphragmatic outline and absence or displacement 
of abdominal organs within the peritoneal cavity need 
to be taken into account.

Long-axis view of the caudal mediastinum of a 
16-year-old male neutered Persian cat with

squamous cell carcinoma in the accessory lung lobe and 
metastasis into the caudal vena cava (CVC) diagnosed on 
necropsy. The accessory lung lobe mass is labelled. A 
second hypoechoic mass (arrowed) is seen in the caudal 
mediastinum, extending into the caudal vena cava 
(double-headed arrow). Pleural effusion is also present.

5.10 Ultrasonograms of the caudoventral thorax of 
(a) a cat and (b) a dog with traumatic

diaphragmatic hernia. In the cat, the liver and gallbladder 
(GB) have herniated into the thoracic cavity; some of the 
liver lobes are adjacent to the heart and surrounded by 
echogenic pleural effusion (haemorrhage). In the dog, the 
spleen and some small intestinal (SI) loops are seen 
adjacent to the heart. Pleural effusion is also present.

5.11

(a)

(b)

Ultrasonogram of the cranial mediastinum of an 
18-year-old female spayed Domestic

Shorthaired cat presented with lethargy and icterus. Liver 
neoplasia was subsequently diagnosed. On thoracic 
radiographs a cranial mediastinal mass was observed. 
Ultrasonographically there are two hypoechoic, thin-walled 
cystic structures seen cranial to the heart with distal 
acoustic enhancement (arrowed) of the larger structure. 
Cranial mediastinal cysts, unrelated to the liver disease, 
were diagnosed.

5.9

Ch05 Ultra.indd   33 26/04/2012   12:10

Downloaded From Vet-eBooks.com



Chapter 5 Thorax

34

Several artefacts present potential pitfalls and 
should be recognized. Sound waves reflected off 
the diaphragm and other reflective surfaces within 
the abdomen (such as the gallbladder wall) result in 
an image of liver parenchyma being displayed in 
the thoracic cavity. This ‘mirror image’ artefact can 
be recognized by the complete symmetry of the 
liver vasculature on each side of the diaphragm. 
Repositioning of the transducer using a different 
angle or window will often make the artefact disap-
pear. This artefact is only visible if the diaphragm is 
intact and may in fact help rule out a diaphragmatic 
hernia. Refraction of the ultrasound beam on the 
diaphragmatic surface in the presence of peritoneal 
fluid may lead to a false appearance of a discontin-
uous diaphragm. Investigating the diaphragmatic 
surface from a different angle will also help in rec-
ognizing the artefact. Consolidated lung tissue can 
be confused with herniated liver, but following the 
vascular structures will aid differentiation.

Peritoneopericardial diaphragmatic hernia (PPDH) 
is readily identified with ultrasonography by the pres-
ence of abdominal contents in the pericardial sac. 
True diaphragmatic hernias can be recognized as 
such if an abnormal bulge containing liver or fat is 
protruding into the thorax but is still covered by a 
smooth hyperechoic border without any evidence of 
pleural effusion.

Lung lobe conditions

Ultrasonographic examination of the lungs is possible 
if alveolar air has been replaced by fluid or tissue, or if 
the lung lobes have collapsed. It is also often used to 
confirm suspicion of lung lobe torsion if radiographs 
are equivocal.

Consolidation
Mild or partial consolidation is often first seen as 
interruption of the smooth hyperechoic pulmonary 
surface with distal ring-down artefacts. These arte-
facts are characterized by vertical streaks, com-
posed of densely spaced hyperechoic lines 
extending into the deep portions of the lung (Figure 
5.12). With more severe consolidation, the periph-
ery of the lung lobes increasingly loses aerated 
alveoli and becomes more hypoechoic. Residual air 
within the airspace results in hyperechoic speckles 
within the lung tissue, best seen during inspiration 
(Figure 5.13).

A consolidated lung lobe usually retains its size 
and shape. Differential diagnoses include pneumo-
nia, pulmonary haemorrhage (contusions), oedema, 
fibrosis and lobar neoplasia. Linear hyperechoic 
structures creating reverberation artefacts represent 
gas-filled airways. Once all the air is replaced with 
fluid or cells, the lung tissue has an echotexure simi-
lar to that of the liver; this appearance is called 
‘hepatization’. Fluid-filled bronchi may be seen as 
hypoechoic tubular structures with hyperechoic walls 
(‘fluid-bronchograms’) and are differentiated from 
vessels by means of Doppler ultrasonography.

Atelectasis
Atelectatic lung lobes, commonly identified in the 
presence of pleural effusion, present as small trian-
gular structures with a smooth surface and various 
amounts of residual gas in the airways (Figure 5.14). 
If observed during respiration, increased air content 
resulting in more reverberation artefacts can be 
appreciated during inspiration.

Pulmonary masses
Pulmonary masses are round to irregular but still 
convex structures within the lung and may distort the 
surface and architecture of the affected lobe (Figure 
5.15). The pulmonary origin of a mass can usually  
be determined by observing movement with respira-
tion and by the presence of gas foci within the mass 
(see Pulmonary mass (1) clip on DVD). Although 
the margins may be irregular, they are usually still 

Long-axis view of the thorax of an 18-month-old 
Domestic Shorthaired cat presented for 

lethargy and coughing. Multiple areas of focal 
consolidation are seen in the periphery of the lung lobes 
(arrowheads). Some of the consolidations create ring-
down artefacts (arrowed) seen as a narrow strip of 
densely spaced hyperechoic lines. Mycoplasma infection 
was the final diagnosis.

5.12

Ultrasonogram of the cranial lung lobe of an 
11-week-old Dogue de Bordeaux bitch 

presented for dyspnoea and vomiting. The lung lobe is 
partially consolidated but hyperechoic foci consistent 
with residual air in the airways or alveolar space are 
seen throughout the lobe. Necrotizing pneumonia was 
the final diagnosis.

5.13
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Lung lobe atelectasis in a dog with a large 
volume pleural effusion. The lung lobe is 

collapsed to a thin triangular structure (arrowed). The 
hyperechoic foci in the centre represent gas-filled bronchi.

5.14

Power Doppler ultrasonogram of a pulmonary 
mass in a 9-year-old male neutered Poodle. The 

mass is hypoechoic, well delineated towards the aerated 
lung tissue (hyperechoic) and is well perfused. Pulmonary 
carcinoma was diagnosed with fine-needle aspirates.

5.16

relatively distinct towards the normal lung tissue, 
whereas pulmonary consolidation resulting from 
non-neoplastic disease tends to have indistinct mar-
gins. Blood flow may be detected within the mass 
using Doppler ultrasonography (Figure 5.16).

Anechoic areas within the mass lesion are con-
sistent with necrotic tissue or abscessation. 
Cavitated lung masses may contain cystic, fluid-
filled or air-filled areas. Abscesses tend to have a 
thick wall structure and larger fluid-filled cavitations 
(Figure 5.17). Metastatic neoplasia or granuloma-
tous lung disease results in well defined, round 
hypoechoic nodules throughout the lung lobes, but, 
normally, since the remainder of the lobe is still aer-
ated, only the very superficial ones are visible 
(Figure 5.18; see also Pulmonary mass (2) clip on 
DVD). Cytology is needed for a definitive diagnosis 
in all cases.

5.17 A 2-year-old Weimaraner was presented for 
lethargy, fever and coughing. Pleural effusion 

and a mass lesion in the right caudal lung lobe were seen 
radiographically. On ultrasound examination, a fluid-filled 
mass with a thick hyperechoic capsule (arrowed) was 
seen. The lung lobe was resected and a pulmonary 
abscess was diagnosed.

Metastatic pulmonary disease in an 11-year-old 
neutered Labrador Retriever bitch. Two 

hypoechoic nodules are seen on the surface of the lung 
(arrowed). Nodules deeper in the parenchyma are 
obscured by the air-filled lungs.

5.18

Long-axis view of the thorax of a 3-year-old 
male neutered Domestic Shorthaired cat with 

pulmonary adenocarcinoma. The affected lung lobe is 
distorted and contains a hypoechoic mass (*). The tip of 
the lung lobe is surrounded by cellular effusion due to 
carcinomatosis (arrowed).

5.15

*
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Torsion
Typically, torsed lung lobes are enlarged and hypo-
echoic, and the tip of the lung lobe is somewhat 
blunted. An abnormal position, with the tip pointing 
dorsally for instance, may be recognized. Pockets of 
gas within the torsed lung lobe, seen radiographically 
as a vesicular gas pattern, can be recognized ultra-
sonographically as irregular hyperechoic regions 
within the lung lobe that create distal reverberation 
artefacts. The central bronchus may be fluid-filled, 
resulting in a ‘fluid-bronchogram’; a linear hypoechoic 
tube with hyperechoic wall structure (Figure 5.19). 
Pleural effusion often surrounds the torsed lung lobe 
(see Lung lobe torsion clip on DVD). If the patient is 
calm and the respiratory rate low enough to avoid 
significant motion artefact, colour Doppler examina-
tion of the torsed lung lobe can be used to confirm 
absence of venous blood flow. If the torsion is rela-
tively acute, arterial blood flow may still be present 
and should not be used to rule out lung lobe torsion. 
Adjacent lung lobes are usually at least partially ate-
lectatic, especially in the presence of pleural effusion.

5.19 Ultrasonogram of a 9-year-old male neutered Pug
with torsion of the left cranial lung lobe. The 

rotated lung lobe is very hypoechoic, enlarged and contains 
multiple hyperechoic speckles, consistent with trapped gas 
(arrowheads). The tubular hypoechoic structure with 
hyperechoic walls (arrowed) represents a fl uid-fi lled 
bronchus. No blood fl ow could be detected in this lung lobe 
with Doppler ultrasonography and the diagnosis of lung 
lobe torsion was confi rmed during surgery.

FNA of thoracic masses or pulmonary consoli-
dations should only be attempted by experienced 
ultrasonographers and in patients that are immobi-
lized. If the targeted structure is very large, deep 
sedation may be sufficient; whereas for smaller tar-
gets, especially if located in the lungs, general 
anaesthesia is required in order to stop respiration 
for the duration of the sampling procedure (see 
Fine-needle aspiration of a pulmonary mass clip 
on DVD). For biopsy, general anaesthesia is recom-
mended. Complications of FNA and biopsy of 
pul monary lesions include haemorrhage and pn eumo   -
thorax. Personnel should always be prepared to do 
an emergency thoracocentesis before starting the 
procedure, in case the lung tissue is lacerated and 
results in leakage of air into the pleural space.
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Particular considerations for 
sampling

The general principles of fluid collection are cov-
ered in Chapter 4. Ultrasound-guided thoracocen-
tesis is very helpful in the presence of loculated 
effusion or if the fluid is associated with a large 
amount of fibrin strands that may obstruct the nee-
dle. For diagnostic thoracocentesis and drainage of 
transudate, 22-gauge needles are sufficient, but 
larger needles may be needed for therapeutic re-
moval of large amounts of viscous fluid. If a large 
volume has to be drained, the needle should be 
attached to an extension set with a three-way stop-
cock. As with any type of thoracocentesis, the cau-
dal margin of the ribs should be avoided during 
needle placement to avoid laceration and bleeding 
of the intercostal vessels.

DVD extras

• Fine-needle aspiration of a
pulmonary mass

• Lung lobe torsion
• Normal lung
• Pleural fluid
• Pulmonary mass (1)
• Pulmonary mass (2)
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6

Heart
Romain Pariaut

Introduction

Transthoracic cardiac ultrasonography, or echo-
cardio graphy, provides high-quality images of the 
heart, great vessels and paracardiac structures. It 
has developed into an essential diagnostic tool for 
the evaluation of dogs and cats with cardiac disease.

Indications

The range of indications for echocardiography is 
large and includes:

•	 Auscultation abnormalities:
 o Heart murmurs
 o Muffled heart sounds
 o Arrhythmias.

•	 Physical examination abnormalities:
 o Ascites
 o Jugular vein distension and increased 

pulsation
 o Central cyanosis
 o Weak femoral pulse; pulse deficit.

•	 Electrocardiography abnormalities:
 o Variation in electrocardiogram (ECG) wave 

amplitude or duration; changes in the cardiac 
electrical axis

 o Arrhythmias.

•	 Radiography abnormalities:
 o Cardiac silhouette enlargement
 o Pulmonary vein enlargement
 o Pulmonary artery enlargement; tortuous 

pulmonary artery
 o Pleural effusion
 o Interstitial to alveolar lung pattern associated 

with pulmonary vein enlargement.
•	 Hypertension
•	 Dyspnoea with radiographic changes suggesting 

cardiac involvement
•	 Syncope
•	 Arterial thromboembolism
•	 Cardiac tamponade
•	 Use of a cardiotoxic agent (e.g. doxorubicin)
•	 Identification of phenotypically normal animals 

prior to use in a breeding programme.

Value of echocardiography 
compared with radiography

Thoracic radiography and echocardiography are 
complementary techniques in the evaluation of the 
patient with cardiac disease (Figure 6.1). Echo-
cardiography provides more detailed information on 
the structure and function of the heart; however, 
there are limitations to the technique. Thoracic radio-
graphy allows detailed evaluation of the pulmonary 

Echocardiography Thoracic radiography

Mild or no sedation Mild or no sedation

Detailed, dynamic image of the cardiac chambers and great vessels in 
real time

Image of the cardiac silhouette

Examination of the heart from multiple imaging planes Examination of the cardiac silhouette limited to four views in two 
orthogonal planes (left lateral, right lateral, dorsoventral, ventrodorsal)

Information on cardiac function and intracardiac blood flow No information on cardiac function or intracardiac blood flow

Evaluation of the heart possible in the presence of pleural effusion Evaluation of the cardiac silhouette impaired by pleural effusion

Pneumothorax, dyspnoea and tachypnoea may hinder ultrasonographic 
examination

Dyspnoea and tachypnoea may result in movement blur on radiographs

Does not provide information on lung disease or presence of pulmonary 
oedema

Provides critical information on lung disease, most importantly pulmonary 
oedema and pulmonary vascular disease

Expensive and requires ultrasound system equipped with dedicated 
software and transducers

Available in most veterinary practices and inexpensive

Safe for the patient and operator Exposes patient and personnel to ionizing radiation

Comparison of echocardiography and thoracic radiography.6.1
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vasculature and parenchyma, which is important for 
completing the assessment of cardiac function.

Imaging technique

Positioning
In order to decrease lung interference, an echo-
cardio gram is usually performed with the patient in 
lateral recumbency on a ‘cut out’ table (Figure 6.2), 
which allows transducer manipulation from beneath 
the animal. One or two assistants can help restrain 
the patient in left or right lateral recumbency. 
Sedation is usually not needed. Dogs and cats can 
also be examined in a standing position.

3rd to the 6th intercostal space. On the left side of the 
thorax the windows are adjacent to the sternal bor-
der, between the 5th and 7th intercostal spaces (cau-
dal or apical views), and between the sternum and 
the costochondral junction at the 3rd or 4th intercos-
tal space (cranial views). A subcostal window is 
located just caudal to the xiphoid process.

Protocol
Both cardiac anatomy and function can be assessed 
using echocardiography. A comprehensive examina-
tion utilizes various imaging modalities (Figures 6.3 
and 6.4), including:

•	 Two-dimensional (2D)
•	 M-mode
•	 Doppler.

Right parasternal acoustic window
The transducer is placed on the right ventral thorax. 
Long-axis and short-axis views can be recorded 
from this approach. An initial qualitative evaluation of 
cardiac chamber size and function is performed. In 
addition, the diameter of the left ventricle and the 
thickness of the interventricular septum and left 
ventricular free wall can be measured in diastole and 
systole, and the left atrial diameter to aortic diameter 
ratio can be calculated. From the right parasternal 
acoustic window, the direction of blood flow is, for the 
most part, oriented perpendicular to the ultrasound 
beam and therefore cannot be reliably assessed by 
Doppler techniques.

Long-axis views: Two standard views can be 
obtained from a right parasternal position: the right 
parasternal long-axis 4-chamber view and the right 
parasternal long-axis outflow view (Figure 6.5).

2D echocardiography

Obtain standard long-axis and short-axis views from right parasternal, left parasternal and subcostal acoustic windows
Assessment of cardiac chamber, valve and great vessel anatomy
Qualitative evaluation of cardiac chamber size and systolic function of the ventricles
Measurement of the left atrium, left ventricle and aortic annulus
Detection of pericardial effusion and/or cardiac masses

M-mode echocardiography

Obtain views at the left mid-ventricular, mitral valve and aortic valve level from a right parasternal acoustic window
Quantification of left ventricular diameter and wall thickness at end-diastole and end-systole
Quantitative assessment of left ventricular function (shortening fraction)
Provides high temporal resolution, allowing detection of fine, rapid motion of the cardiac structures (valves and chordae)

Doppler echocardiography

Evaluation of laminar and turbulent blood flow across the valves
Detection of blood flow across intracardiac and extracardiac shunts
Quantitative assessment of blood flow velocity and volume
Determination of pressure gradients across valves and obstructions
•	 Pulsed wave Doppler is limited to low velocity, non-turbulent blood flow (e.g. normal flow within the left and right ventricular outflow tracts, mitral and 

tricuspid valve inflow in diastole, and pulmonary vein flow)
•	 Colour flow Doppler is used to detect valve insufficiencies, stenosis and septal defects
•	 Continuous wave Doppler is indicated to determine the severity of subvalvular, valvular and supravalvular stenosis, to detect and quantify valve 

regurgitation, and to detect intracardiac and extracardiac shunts

Applications of the different echocardiographic imaging modalities.6.3

A dog restrained in right lateral recumbency on 
a ‘cut out’ table, which allows 

echocardiographic examination from underneath.

6.2

Transthoracic images of the heart can be 
obtained where lung tissue is not interposed between 
the heart and the chest wall. A parasternal window is 
present on the right side of the thorax, between the 
sternal border and costochondral junction, from the 
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(a) 2D echocardiogram recorded from the right parasternal long-axis window, revealing the left and right
cardiac chambers. Ultrasound waves reflected by structures closer to the transducer are displayed at the top

of the image, which is shown in greyscale. Note the ECG tracing at the bottom of the image, which is used to identify the 
phases of the cardiac cycle. (b) M-mode echocardiogram recorded through the left ventricle at the level of the papillary 
muscles. Motion of the interventricular septum and left ventricular free wall is shown over many cardiac cycles. (c) PW 
Doppler echocardiogram of blood flow, obtained by placing the sample volume within the left ventricular outflow tract. 
Note that the envelope of the Doppler tracing is empty, indicating laminar blood flow during systole. The Doppler tracing 
is displayed below the baseline, indicating that blood flow is away from the transducer. (d) Colour flow Doppler 
echocardiogram recorded in a cat with a ventricular septal defect. Note the pyramid-shaped region of interest, in which 
colour Doppler is performed and superimposed on to the 2D image. Red indicates blood travelling towards the 
transducer; blue indicates blood travelling away from the transducer; and turbulent blood flow is displayed as a mosaic 
of colours. (e) CW Doppler echocardiogram recorded from a subcostal window in a dog with subaortic stenosis. Note 
that the Doppler flow profile is filled, indicating that many different blood flow velocities have been recorded along the 
ultrasound beam at the same time. LA = left atrium; LV = left ventricle; P = pericardium–lung interface; RA = right atrium; 
RV = right ventricle.

6.4

(a)

(c) (d) (e)

(b)

(a)

2D right parasternal long-axis views.  
(a) Transducer placement between the

sternum and the costochondral junction at the level of 
the precordial impulse. The transducer is aligned with 
the long axis of the heart (from apex to base). In most 
dogs and cats, the long axis of the heart is along a line 
connecting the xiphoid process to the caudal border of 
the scapula at a 45-degree angle with the spine. On the 
monitor, the image should be oriented with the base of 
the heart to the right side of the screen, with the 
reference mark symbol on the top right side of the image 
and the reference index of the transducer pointing 
towards the heart base (i.e. oriented towards the 
patient’s head in most cases). (continues)

6.5
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(continued) 2D right parasternal long-axis views. (b) The right parasternal long-axis 4-chamber view allows 
visualization of the right atrium (RA), right ventricle (RV), left atrium (LA) and left ventricle (LV). Note the 

pulmonary vein (PV) entering the left atrium. (c) The aortic root (Ao) and aortic valve are visualized from the right 
parasternal long-axis outflow view. Starting with the 4-chamber plane, the outflow view is obtained by tilting the transducer 
more vertically with a slight clockwise rotation when the animal is in right lateral recumbency. LAu = Left auricular 
appendage.

6.5

(b) (c)

Short-axis views: Right parasternal short-axis views 
(Figure 6.6) are obtained with the animal and the 
probe in the same basic position as for the right 
parasternal long-axis view. Short-axis views are 
acquired by rotating the transducer 90 degrees 
towards the animal’s sternum, so that the imaging 

plane is perpendicular to the long axis of the heart.

Left parasternal acoustic window
The animal is restrained in left lateral recumbency. 
Blood flow patterns are usually best assessed by 
Doppler ultrasonography from the left-sided window.

(a)

(b) (c)

2D right parasternal short-axis views.  
(a) Transducer orientation with the ultrasound

beam perpendicular to the long axis plane. The reference 
mark of the probe is oriented towards the animal’s elbow. The 
transducer is positioned so that the pulmonary artery is 
visualized on the right side of the screen when the base of 
the heart is imaged. By sweeping the ultrasound beam 
between the apex and the base of the heart, the operator 
can examine various cardiac structures (displayed as 
successive 2D planes). (b) Left ventricular papillary muscle 
level. The right ventricle (RV; displayed at the top of the 
screen) has a crescent-shaped appearance and is 
positioned above the left ventricle (LV). The anterolateral 
(ventral) papillary muscle (PM) is visible on the right side of 
the screen; it may also be visualized on the right parasternal 
long-axis outflow view. The posteromedial (dorsal) papillary 
muscle is on the left side of the screen. (c) Mitral valve level. 
In this view the mitral valve looks like a ‘fish mouth’ in 
diastole. (continues)

6.6

Ch06 Ultra.indd   40 26/04/2012   12:16

Downloaded From Vet-eBooks.com



Chapter 6 Heart

41

Caudal (apical) views: Two standard views can be 
obtained from a left parasternal position: the left 
apical 4-chamber view and the left apical 5-chamber 
view (Figure 6.7).

Cranial views: From a left parasternal position, a 
long-axis view of the ascending aorta and a view of 
the pulmonary artery and its bifurcation can be 

obtained (Figure 6.8). The pulmonary artery view is 
very useful for visualization of patent ductus 
arteriosus (PDA) in dogs. From a cranial position, the 
transducer can be oriented caudally to obtain a view 
of the cranial and caudal venae cavae, the right 
atrium (see Left cranial view of the right atrium 
clip on DVD), the tricuspid valve and a portion of the 
right ventricular inflow.

(continued) 2D right parasternal short-axis views. (d) Aorta level. The transducer is angled towards the base of 
the heart. In this view, the right atrium (RA), right ventricle and right ventricular outflow tract (RVOT) are 

visualized. The left atrium (LA) lies below the aorta (Ao). (e) Pulmonary artery level. With further tilting of the transducer, a 
view of the pulmonic valve and pulmonary artery (PA) with its bifurcation is obtained. rPA = right pulmonary artery.

6.6

(d) (e)

(b) (c)

2D left caudal (apical) views. (a) The transducer 
is placed in the left intercostal space where the 

precordial impulse is palpated; usually the 6th intercostal 
space. This is also the region of the apex of the left ventricle. 
With the animal in left lateral recumbency, the transducer is 
placed on the left sternal border, held at a 30–40 degree 
angle to the animal’s sagittal plane and oriented towards the 
left shoulder of the patient with the reference index facing the 
floor. With the transducer in this position, the heart is 
displayed upside down on the monitor, with the apex on top 
of the screen and the left cardiac chambers on the right side. 
(b) 4-chamber view. This view shows all four cardiac 
chambers, the interatrial septum, the interventricular septum 
and the atrioventricular valves. LA = left atrium; LV = left 
ventricle; RA = right atrium; RV = right ventricle.  
(c) 5-chamber view. This view allows visualization of the left 
ventricular outflow tract and the aorta (Ao).

6.7

(a)
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Subcostal window
The only indication for using a subcostal approach is 
the measurement of blood flow velocity within the left 
ventricular outflow tract by continuous wave (CW) 
Doppler in dogs suspected to have subaortic 
stenosis. Peak aortic velocity is usually higher when 
recorded from the subcostal window compared with 
the left apical 5-chamber view. The heart is imaged 
by placing the transducer just caudal to the xiphoid 
process and orientating it cranially towards the head 
of the animal with the index mark within the mid-
sagittal plane. The depth of the image is increased 
and a significant amount of manual pressure against 
the abdomen is usually necessary to display the 
heart in the far-field. The liver is seen in the near-
field. When the transducer is adequately oriented, 
the left ventricular outflow tract and the long axis of 
the aortic root are visible.

Outcomes
At the end of an echocardiogram, the following 
questions should have been answered:

•	 What is the primary lesion?
•	 What is the likely aetiology of the primary lesion?
•	 Are there coexisting abnormalities?
•	 What is the size and function of all four cardiac 

chambers?
•	 What is the severity of the lesion (mild, moderate, 

severe)?

In addition, the initial echocardiographic assess-
ment provides baseline information to determine the 
progression of the disease and monitor the response 
to treatment on follow-up examinations.

Equipment

Electrocardiogram
Ultrasound systems used for echocardiography 
should be equipped with ECG cables in order to dis-
play a continuous ECG tracing on the monitor during 
the examination. The electrodes should be connected 
to the limbs of the animal before the examination is 
started; lead II is usually recorded. Electrocardio-
graphic waves help identify the diastolic (ventricular 
filling) and systolic (ventricular contraction) phases of 
the cardiac cycle.

Transducer selection
Transducers with a small contact surface are pre-
ferred to prevent shadowing artefacts from the ribs. 
Newer transducers use phased array technology. 
High frequency transducers provide better resolution 
in the near-field, whilst low frequency transducers 
facilitate the examination of deeper structures and 
usually provide the best colour Doppler signal. The 
optimal transducer frequency is therefore deter-
mined by the size of the animal: 8–10 MHz for cats 
and small-breed dogs; 5–8 MHz for medium-sized 
dogs; and 2–5 MHz for large-breed dogs.

Transducer manipulation
The ultrasound beam fans out of the transducer in a 
plane; its orientation is indicated by an index mark 

2D left cranial views. (a) The transducer is 
moved along the sternal border towards the left 

axillary region. The transducer is oriented towards the 
spine of the animal. (b) This view shows the long axis of 
the ascending aorta (Ao), the left ventricle (LV) and the left 
atrium (LA). The index mark of the transducer is directed 
towards the head of the animal and the transducer is kept 
in contact with the left sternal border. (c) This view allows 
visualization of the pulmonic valve and main pulmonary 
artery (PA). It requires the transducer to be held almost 
parallel to the animal’s sagittal plane. Portions of the aortic 
root and descending aorta (Ao) are also visible. RVOT = 
right ventricular outflow tract.

6.8

(a)

(b)

(c)
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Allometric scaling on M-mode measurements 
in dogs
Mean left ventricle measurements (cm) in normal 
dogs can be predicted from bodyweight (BW, kg) 
(Cornell et al., 2004)

Left ventricle internal diameter:
• Diastole = 1.53 BW0.294

• Systole = 0.95 BW0.315

Interventricular septum:
• Diastole = 0.41 BW0.241

• Systole = 0.58 BW0.240

Left ventricular free wall:
• Diastole = 0.42 BW0.232

• Systole = 0.64 BW0.222

on the probe (Figure 6.9). The index mark is a plastic 
ridge on the transducer itself, so the operator holding 
the probe is aware of its position without having to 
look at the transducer. By convention, the location of 
the index mark on the transducer corresponds to the 
part of the image plane that appears on the right 
side of the screen.

at the base of the heart. There is no anatomical parti-
tion of the outflow tract in the apical and mid-ventricu-
lar regions. The outflow tract is best seen on the right 
parasternal long-axis outflow view and the left apical 
5-chamber view. The interventricular septum sepa-
rates the left ventricle from the right ventricle, and is
best seen on the right parasternal long-axis view. It is
thick and muscular for most of its length, but has a
thin membranous part at the origin of the aorta.

Dimensions
Studies have shown that, in dogs, coefficients of vari-
ation of echocardiographic parameters vary between 
3 and 26% and on average between 10 and 15% 
(Chetboul et al., 2005). The level of expertise of the 
operator and external factors that can impair optimal 
image acquisition may further decrease the accuracy 
of these measurements. Therefore, measurements 
should be interpreted in conjunction with the qualita-
tive assessment of cardiac structure and function, as 
well as the patient’s history and physical examination.

Standard measurements include:

• Interventricular septum thickness
• Left ventricular internal diameter at end-diastole

and end-systole
• Left ventricular free wall thickness at end-diastole

and end-systole.

End-diastole occurs at the onset of the QRS
complex on the ECG, which also corresponds to the 
frame following mitral valve closure or the frame in 
which the left ventricular internal diameter is at its 
maximum. End-systole occurs at the end of the T 
wave. In the absence of an ECG, systole coincides 
with the frame preceding mitral valve opening or the 
frame in which the left ventricular internal diameter 
is at its minimum. Measurements are made on the 
right parasternal short-axis view at the chordae 
tendinae level, either directly with callipers on a 2D 
still frame or on an M-mode image (Figure 6.11). 
Alternatively, the right parasternal long-axis view at 
the chordae tendinae level, just below the tip of the 
mitral valve, may be used (Figure 6.12). If an 
M-mode image is used to take measurements, the
cursor should be placed perpendicular to the long
axis of the left ventricle.

Phased-array transducer. The index mark on 
the transducer indicates the plane of the 
ultrasound beam.

6.9

Normal echocardiographic 
appearance

Initial screening
The examination starts from a right parasternal 
approach with qualitative assessment of the cardiac 
structures and function using real-time 2D echocar-
diography (Figure 6.10).

Qualitative evaluation of cardiac structure and 
function.

6.10

• The right atrium and left atrium are of similar size
• The diameter of the left atrium is 1–1.5 times the diameter of the 

aortic annulus
• The right ventricular internal diameter is approximately one-third 

of the left ventricular internal diameter in diastole
• The free wall of the right ventricle is equal to one-third or half the 

thickness of the left ventricular free wall
• The interventricular septum and the left ventricular free wall are 

similar in thickness
• The mitral valve leaflets should be thin, and should close on the 

plane of the mitral valve annulus in systole with no apparent 
bulging towards the left atrium

• The internal diameter of the left ventricle should decrease by 
30–40% in systole compared with diastole

• For the experienced operator, a qualitative evaluation of 
ventricular contraction is usually sufficient to determine when 
cardiovascular dysfunction is present. This knowledge is only 
gained by frequent evaluation of normal animals

Left ventricle

Structure
The left ventricle is the largest cardiac chamber. It is 
conical in shape and forms the apex of the heart. The 
cavity of the left ventricle is divided into an inflow and 
an outflow region. The interventricular septum delim-
its the outflow tract medially, and the septal leaflet of 
the mitral valve forms an intermittent lateral boundary 
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Function

Systolic function: Qualitative assessment of left 
ventricular function should be complemented with 
quantitative measurements (see Figure 6.11). In 
dogs and cats, left ventricular systolic function is 
usually determined by calculating the shortening 
fraction (FS) from linear measurements of the  
left ventricular internal diameter at end-diastole 

(LVIDd) and end-systole (LVIDs). Shortening fraction 
(expressed as a percentage) is calculated from the 
following formula:

FS =
 (LVIDd – LVIDs) 

x 100
 LVIDd

Example
An FS of 30% indicates that the left ventricular 
internal diameter is 30% smaller in systole than it 
is in diastole. In the author’s echocardiography 
laboratory, normal dogs have an FS of 25–45%. 
However, it seems that the FS can be as low as 
22–25% in normal large-breed dogs. The FS is 
around 40% in cats.

M-mode echocardiogram of the left ventricle from a right parasternal short-axis view at the chordae tendinae 
level. The M-mode cursor is positioned perpendicular to the interventricular septum (IVS) and bisects the free 

(posterior) wall of the left ventricle between the papillary muscles. The left ventricular internal diameter at end-diastole 
(LVIDd) is measured at the onset of the QRS complex on the ECG. The left ventricular internal diameter at end-systole 
(LVIDs) is measured at the point of maximal posterior excursion of the interventricular septum. The shortening fraction (FS) 
is calculated from the LVIDd and LVIDs. The ejection fraction (EF) is automatically calculated using the Teichholz’s formula 
(Teich), which is based on the cube formula with correction factors for the increasingly spherical shape of the ventricle with 
increasing dilatation. The interventricular septum wall thickness in diastole and systole, and the left ventricular posterior 
wall (LVPW) thickness in diastole and systole have also been measured. Note that the echolucent line at the epicardium–
lung interface is consistent with a small amount of pericardial effusion (PE).

6.11

PE

Changes in preload, afterload and left ventricular 
contractility affect the shortening fraction. Preload 
represents ventricular filling pressure during diastole. 
In normal animals, it corresponds to the end-diastolic 
volume. Afterload represents the resistance the left 
ventricle has to overcome during systole. In normal 
animals, an approximation of afterload is the arterial 
blood pressure. Contractility represents the inherent 
capacity of the left ventricle to contract indepen-
dently from a change in end-diastolic volume or arte-
rial blood pressure. The shortening and ejection 
fractions increase with increased preload, decreased 
afterload or increased contractility.

Right parasternal long-axis 4-chamber view 
showing measurement of the left ventricular 

internal diameter (LVID). The diameter is measured 
between the papillary muscles and the mitral valve, 
perpendicular to the long axis of the heart.

6.12

LVID
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Diastolic function: Diastole represents two-thirds of 
the cardiac cycle. Diastole refers to the filling phase 
of the ventricles. It starts with the closure of the aor-
tic and pulmonic valves and the active relaxation of 
the ventricular myocardium. The filling phase starts 
with the opening of the atrioventricular valves when 
ventricular pressure decreases below atrial pressure. 
The filling phase is divided into an initial rapid phase 
and a slow phase. Diastole ends with atrial contrac-
tion, which contributes 10–20% of the left ventricular 
end-diastolic volume. Diastolic dysfunction is the 
cause of heart failure in cats with hypertrophic 
cardio myopathy. It is present in addition to systolic 
dysfunction in dogs with dilated cardiomyopathy. 
Diastolic function can be assessed non-invasively by 
Doppler echocardiography. However, it is technically 
challenging to identify diastolic dysfunction. Doppler 
evaluation of mitral inflow is the most commonly 
used technique (Figure 6.13).

Right ventricle

Structure
The right ventricle has a complex geometry, described 
as crescent-shaped or pyramid-shaped. This, in addi-
tion to its smaller size and thinner walls, makes the 
echocardiographic assessment of the right ventricle 
difficult. The right ventricle chamber is divided into an 
inflow and an outflow region by a ridge of muscular 
tissue known as crista supraventricularis. Both regions 
cannot be fully examined on the same echocardio-
graphic view. The inflow region is directly beneath the 
tricuspid valve. It is best assessed from the right para-
sternal long-axis 4-chamber view and the left apical 
4-chamber view (see Figures 6.5b and 6.7b). The out-
flow region extends upward and to the left. It is best 
imaged from the right parasternal short-axis view at 
the level of the aorta and the left cranial short-axis 
views (see Figures 6.6d and 6.8c). Small papillary 
muscles originate from the apical portion of the inter-
ventricular septum.

Dimensions
In clinical practice, the assessment of the right ven-
tricle is mostly qualitative (Figure 6.14). Measure-
ments of the inflow portion of the right ventricle can 
also be obtained from the left apical 4-chamber view 
(Figure 6.15).

PW Doppler 
echocardiogram of 

the normal mitral valve inflow 
velocities. From the left apical 
4-chamber view, the ultrasound 
beam is aligned parallel to the 
blood flow across the mitral 
valve. The sample volume is 
placed at the level of the tips of 
the mitral valve leaflets. Mitral 
valve inflow is recorded as a 
biphasic flow. The early rapid 
filling wave (E) is larger than the 
second wave resulting from 
atrial contraction (A).

6.13

Qualitative assessment of right ventricle 
dilatation from the left apical and right 

parasternal 4-chamber views (Gordon et al., 2009).

6.14

Severity of 
dilatation

Comments

Mild Right ventricular width between 35 and 50% of the 
left ventricle

Moderate Right ventricular width between 50 and 100% of 
the left ventricle

Severe Right ventricle larger than the left ventricle

Length and diameters of the right ventricle 
inflow portion measured on an apical 

4-chamber view. D1 represents the diameter of the right 
ventricle at the tricuspid valve annulus. D2 is the diameter 
of the right ventricle at the level of the left ventricular 
papillary muscles. L is the length of the right ventricular 
inflow portion from the tricuspid annulus to the apex.

6.15

Ch06 Ultra.indd   45 26/04/2012   12:16

Downloaded From Vet-eBooks.com



Chapter 6 Heart

46

Left atrium

Structure
The left atrium is positioned caudal to the aorta and 
above the left ventricle. It is divided into the body of 
the atrium and the auricular appendage. The 
auricular appendage is heavily trabeculated. It is best 
seen from a right parasternal short-axis view at the 
aortic valve level (see Figure 6.6d). Contraction of the 
left atrium delivers 15–30% of left ventricular filling. 
The left atrium receives blood from five to eight 
(usually seven) pulmonary veins, which enter the 
craniodorsal and caudodorsal parts of the chamber. 
They are usually not clearly visible on the echo-
cardiogram, but pulmonary venous inflow can be 
identified and studied by pulsed wave (PW) Doppler 
ultrasonography. The interatrial septum separates the 
left atrium and the right atrium. The flap of the 
foramen ovale may be seen from a right parasternal 
long-axis 4-chamber view on the left atrial side in 
animals with a patent foramen ovale.

Dimensions
Linear measurements of the left atrium are used to 
calculate the left atrium to aortic ratio (LA/Ao). The 

(a) Left atrial (LA) and aortic (Ao) diameters
obtained from a right parasternal short-axis view

at the level of the aortic valve. The measurement is made 
on the first frame following aortic valve closure. The aortic 
diameter is measured along the commissure between the 
left coronary and right coronary aortic valve cusps. The 
left atrial diameter is measured on the same frame on a 
line extending from and parallel to the commissure, 
between the non-coronary and left coronary aortic valve 
cusps to the blood–tissue interface of the left atrial wall. 
(b) Left atrial circumference and area can also be
determined by tracing the contour of the atrium on a 2D 
frame. LC = left coronary cusp; RC = right coronary cusp.

6.16

(b)

(a)

Modified left apical 4-chamber view obtained by 
tilting the transducer medially. The coronary 

sinus (arrowed) is seen as an echo-free linear structure 
opening in the right atrium (RA) at the level of the 
atrioventricular junction. A dilated coronary sinus is usually 
seen with cardiac conditions associated with elevated 
right atrial pressures. RV = right ventricle.

6.17

Qualitative assessment of right atrial dilatation 
from the left apical and right parasternal 

4-chamber views (Gordon et al., 2009).

6.18

Severity of enlargement Comments

Mild Area of the right atrium is between 100 
and 150% of the left atrium

Moderate Area of the right atrium is between 150 
and 200% of the left atrium

Severe Area of the right atrium is more than 
twice the size of the left atrium

LA/Ao ratio is independent of bodyweight (Figure 
6.16). In normal dogs, the LA/Ao ratio is between 1.3 
and 1.5. It is usually not greater than 1.6.

Right atrium

Structure
The right atrium is divided into a main chamber and 
the right auricular appendage. The right auricular 
appendage is difficult to image with transthoracic 
echocardiography. The right atrium receives blood 
from the caudal vena cava, the cranial vena cava 
and the coronary sinus. The cranial vena cava is dif-
ficult to assess on a 2D echocardiogram. Blood 
inflow can be identified by PW Doppler ultrasonogra-
phy. The caudal vena cava can be imaged from a 
modified right parasternal short-axis view at the level 
of the aortic valve, and from an oblique view of the 
base of the heart with the transducer placed in a left 
cranial position (see Left cranial view of the right 
atrium clip on DVD). The coronary sinus is the 
dilated end of the great coronary vein (Figure 6.17).

Dimensions
In clinical practice, qualitative assessment of the 
right atrium is made by comparing its size to the left 
atrium (Figure 6.18).
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Cardiac valves
The echocardiographic appearance of the mitral 
valve, tricuspid valve, aorta and aortic valves, and 
pulmonary arteries and pulmonic valve are shown in 
Figures 6.19 to 6.22.

Mitral valve anatomy. (a) Right parasternal 
long-axis 4-chamber view recorded in early 

systole in a dog with normal mitral valve apparatus. The 
mitral valve apparatus comprises the parietal (posterior, 
caudal) and septal (anterior, cranial) leafl ets, the annulus, 
the underlying left ventricular wall and the chordae 
tendinae (CT). Chordae tendinae are attached to the tip 
and mid portion of the leaftets and anchor them to the 
papillary muscles. (b) The septal leafl et of the mitral valve 
(MV) is continuous with the aortic valve (AoV) and together 
with the interventricular septum defi ne the anatomical 
region of the left ventricular outfl ow tract. (c) M-mode 
recording of the mitral valve. The interrogation beam 
transects the tip of the leafl ets. The septal leafl et motion 
follows a typical ‘M’ shape pattern in diastole. This 
corresponds to the valve opening during early diastole 
(E point), slowly returning to a closed position and 
re-opening during atrial contraction (A point). LA = left 
atrium; LV = left ventricle; PM = papillary muscles.

6.19

(a)

(b)

(c)

Aortic valve and aorta anatomy. (a) The three 
cusps are visualized from the right parasternal 

short-axis view at the level of the aortic valve. In this 
plane, the three lines of closure form a Y shape in diastole. 
Starting from the left coronary cusp (L), which faces the 
left auricular appendage, and rotating clockwise, there are 
the non-coronary cusp (S) and the right coronary cusp 
(R). The right cusp faces the right ventricular outfl ow tract 
(RVOT). The cusps are crescent-shaped. They open fully 
in systole and their commissures form a tight seal in 
diastole preventing backfl ow from the aorta into the left 
ventricle. (b) Three aortic sinuses or sinuses of Valsalva 
(SV) appear as dilatation of the aorta, just above the aortic 
valve. The left and right coronary arteries originate from 
the left and right sinuses, respectively. The ascending 
aorta is also visualized from this right parasternal long-axis 
outfl ow view. LA = left atrium; RA = right atrium.

6.21

(a)

(b)

Tricuspid valve anatomy. Right parasternal 
long-axis view. The tricuspid valve apparatus 

consists of the parietal (PT L) and septal (SP L) leafl ets, the 
tricuspid valve annulus, which is slightly more apical than 
the mitral valve annulus, and the chordae tendinae, which 
are much thinner in the right ventricle than in the left 
ventricle. Note that the tricuspid valve is made of only two 
leafl ets in dogs and cats. RA = right atrium.

6.20
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Congenital cardiac diseases

Patent ductus arteriosus
Patent ductus arteriosus (PDA) is a persistent 
communication between the cranial portion of the 
descending aorta and the main pulmonary artery at 
the level of its bifurcation. 

Left-to-right shunting
PDA is the most common congenital cardiac defect in 
dogs. It is usually diagnosed during physical exami-
nation by the characteristic continuous machinery-
type murmur, auscultated best in the left axillary 
region, and bounding femoral pulses. It is a heredi-
tary disease with a higher prevalence in small-breed 
dogs (Toy and Miniature Poodles, Pomeranians, 
Maltese, Yorkshire Terriers). German Shepherd Dogs 
are also predisposed to this condition. PDA is rare in 
cats. PDA is usually present as an isolated defect; 
however, rarely, accompanying congenital cardiac 
defects are identified during the transthoracic echo-
cardiographic examination.

In the fetus, the ductus arteriosus allows venous 
blood from the right ventricle to bypass the pulmo-
nary circulation and the non-functional lungs. Blood 
flow from the right ventricle is directed into the 
descending aorta and is oxygenated in the placenta. 
Failure of the ductus to close shortly after birth 
results in left-to-right shunting, causing volume over-
load of the left ventricle and atrium. The degree of 
volume overload depends on the size of the PDA and 
the amount of blood re-circulating, as well as the age 
of the animal at diagnosis, because left ventricular 

enlargement worsens with time. Pulmonary hyperten-
sion is another complication of large PDAs that have 
been left untreated, as the chronic increase in pulmo-
nary blood flow causes vascular damage.

The presence of a PDA is usually confirmed by 
demonstrating continuous blood flow from the aorta 
into the main pulmonary artery on Doppler imaging 
(Figure 6.23; see also Patent ductus arteriosus 
viewed from the left cranial window clip on DVD). 
Direct visualization of the PDA can be obtained from 
a left parasternal cranial view (Figure 6.24). The 
ampulla diameter and minimal ductal diameter 
should be measured if transcatheter occlusion of the 
vessel is the selected treatment option. The minimal 
ductal diameter corresponds to the point of insertion 
of the PDA into the pulmonary artery. At the time of 
the procedure, better visualization of the PDA and 
more detailed measurements can be obtained by 
transoesophageal echocardiography (Figure 6.25; 
see also Patent ductus arteriosus viewed from a 
transoesophageal approach clip on DVD).

Pulmonic valve and pulmonary artery anatomy. 
The pulmonary trunk originates from the right 

ventricular outflow tract (RVOT). It wraps around the 
ascending aorta (Ao) with its medial surface in contact 
with the aortic wall. This is visualized best on a right 
parasternal short-axis view at the aortic valve level. The 
pulmonary trunk bifurcates into the right pulmonary artery 
(RPA), which leaves the main pulmonary artery at nearly a 
right angle, and the left pulmonary artery (LPA), which is 
shorter and more difficult to image on a transthoracic 
echocardiogram. The pulmonic valve is similar in structure 
to the aortic valve. The cusps of the valve are thinner than 
the aortic cusps, and are more difficult to image.

6.22

Colour flow Doppler image of a PDA from a left 
cranial view. Turbulent flow (displayed as a 

mosaic of colours) delineates the walls of the ductus. The 
colour jet narrows at the junction between the PDA and 
the main pulmonary artery. Laminar blood flow within the 
pulmonary artery is shown in blue.

6.23

A PDA is clearly seen (*) opening into the 
pulmonary artery (PA) on this left parasternal 

cranial view. Note that part of the PDA seems to travel 
within the wall of the descending aorta (Ao).

6.24

*
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This view of a PDA (*) was obtained by
transoesophageal echocardiography with the 

transducer placed in a cranial position and oriented at 54 
degrees. The minimal ductal diameter, which corresponds 
to the junction between the PDA and the pulmonary artery 
(PA), was measured prior to transcatheter occlusion of the 
PDA with a canine ductal occluder. Transoesophageal 
echocardiography can be used to assess placement of 
the occlusion device and the presence of residual blood 
flow (on colour Doppler imaging) prior to its release.

6.25

*

(continued) (b) M-mode image of the left 
ventricle of a 4-year-old, 15 kg dog with a PDA. 

There is severe left ventricular enlargement and a 
decreased shortening fraction. Note the irregular ECG 
rhythm caused by frequent ventricular premature beats. At 
this stage of the disease, it is still recommended to 
occlude or ligate the PDA. However, long-term prognosis 
is guarded.

6.26

(b)

(a)

(a) Right parasternal long-axis 4-chamber view
showing left ventricular (LV) and left atrial (LA)

enlargement in a dog with a PDA. Note that left ventricular 
enlargement occurs sooner and is more pronounced than 
left atrial dilatation. However, with time, left atrial pressures 
increase, causing signs of left-sided congestive heart 
failure. (continues)

6.26

Use of Doppler echocardiography to measure 
pressure gradients. (continues)

6.27

General information

• Pulsed wave and continuous wave Doppler echocardiography can 
be used to determine blood flow velocity

• Blood flow velocity across a stenotic area (e.g. stenotic valve, 
restrictive ventricular septal defect, mitral or tricuspid valve 
insufficiency) is proportional to the difference in pressure between 
the two cardiac chambers across the stenosis (e.g. left and right 
ventricles, left ventricle and left atrium)

• The simplified Bernoulli equation states that:

Pressure gradient = 4 x peak velocity2

Determining the pressure gradient across a stenosis

the peak systolic pressure gradient across the PDA 
by CW Doppler (Figures 6.27 and 6.28). This can be 
undertaken from a right parasternal short-axis view 
at the level of the pulmonary artery, or more accu-
rately from the left parasternal cranial view. CW 
Doppler (Figure 6.29) measures the peak velocity of 
blood as it reaches the main pulmonary artery. The 
pressure gradient is derived from the simplified 
Bernoulli equation:

Pressure gradient = 4 x peak velocity2.

The magnitude of the left-to-right shunt and the 
clinical significance of the PDA are usually estimated 
indirectly by assessing the degree of left ventricle 
overload and severity of left atrial dilatation. In young 
dogs with moderate to severe shunting, left ventri-
cular end-diastolic and end-systolic diameters are 
increased, and the shortening fraction is within nor-
mal limits (see Patent ductus arteriosus clip on 
DVD). The shortening fraction may decrease over 
time (Figure 6.26).

The presence of pulmonary hypertension may 
affect prognosis following occlusion of the PDA. Pul-
mon ary artery pressure is estimated by measuring 
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CW Doppler is used 
to measure the 

velocity of flow through a PDA 
from a left parasternal cranial 
view. The flow is continuous. 
The maximal flow velocity can 
be used to estimate the 
pressure gradient between the 
aorta and the pulmonary artery. 
In this case, a peak velocity of 
4 m/s corresponds to a pressure 
gradient of 64 mmHg (using the 
simplified Bernoulli equation, 
see text for details), suggesting 
elevated pulmonary artery 
pressure. The normal pressure 
gradient is expected to be 
around 85 mmHg (peak systolic 
pressure in the aorta of 120 
mmHg; peak systolic pressure 
in the pulmonary artery of 25 
mmHg).

6.28

(continued) Use of Doppler echocardiography to measure pressure gradients.6.27

Application: determining the pulmonary artery pressure

•	 Systolic pulmonary artery pressure can be estimated if a jet of 
tricuspid valve regurgitation is present

•	 In systole, pulmonary artery pressure (PPA) is equal to right 
ventricular pressure

•	 It is important to confirm that there is no right ventricular outflow 
tract obstruction

•	 According to the simplified Bernoulli equation:

PRV – PRA = 4VTR
2

Where:
PRA = right atrial pressure
PRV = systolic right ventricular pressure
VTR = peak velocity of tricuspid valve regurgitation

PPA = PRV

Therefore: PPA = 4VTR
2 + PRA

•	 VTR is measured by continuous wave Doppler from an apical 
4-chamber view

•	 PRA can be measured invasively by placing a catheter in the right 
atrium. However, PRA is usually estimated according to the size of 
the right atrium (Serres et al., 2007):

 o Normal sized right atrium = 5 mmHg
 o Enlarged right atrium, no heart failure = 10 mmHg
 o Enlarged right atrium with right-sided heart failure = 15 mmHg

•	 Pulmonary hypertension is usually considered to be present when:
 o VTR is >3 m/s, which corresponds to a PPA of 35–40 mmHg. 

Tricuspid valve regurgitation is almost always present with 
pulmonary hypertension

 o Right ventricular free wall hypertrophy, interventricular septal 
flattening, right atrial dilatation and right ventricular dilatation 
are visualized by 2D echocardiography

(a) (b)

(a) Right parasternal short-axis view of a dog with severe pulmonary hypertension. The right ventricle (RV) is 
severely dilated and there is flattening of the interventricular septum (*) throughout the cardiac cycle.  

(b) Severe dilatation of the main pulmonary artery (PA) and right pulmonary artery (RPA) as visualized from a right 
parasternal view. AO = aorta; LV = left ventricle; RA = right atrium. (continues)

6.29
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Right-to-left shunting
A right-to-left shunting PDA is rarely diagnosed. Two 
conditions must be present for right-to-left shunting 
to occur. Firstly, a large PDA that does not taper on 
the pulmonary side, offering little or no resistance to 
blood flow, must be present. Secondly, the pulmo-
nary artery pressure must approach systemic arte-
rial pressure (Eisenmenger physiology). In many 
dogs, right-to-left shunting is most likely the conse-
quence of the absence of a drop in pulmonary vas-
cular resistance soon after birth. In these dogs, 
left-to-right shunting may never be present. In some 
dogs, pulmonary vascular obstructive disease devel-
ops as a consequence of a large pre-existing left-to-
right shunt; a continuous murmur may be present 
initially and then disappears when the direction of 
flow reverses. Reversal of a left-to-right PDA is rare 
and almost always occurs in puppies.

Dogs with a right-to-left PDA are usually pre-
sented for signs associated with polycythaemia. 
Many dogs do not manifest clinical signs, but suspi-
cion of a right-to-left PDA is raised by a high haema-
tocrit in the absence of dehydration. The presence of 
differential cyanosis (i.e. cyanosis of the mucous 
membranes in the caudal region and normal mucous 
membrane colour cranially) is almost always diag-
nostic of a right-to-left PDA. Dogs with a right-to-left 
PDA do not have a murmur associated with blood 
flowing from the pulmonary artery to the descending 
aorta because the amount of blood shunting may be 
small. In addition, blood flow is laminar when the 
ductus does not taper and has a diameter similar to 
that of the aorta.

Echocardiographic signs of a right-to-left PDA 
include right ventricular hypertrophy associated with 
severe pulmonary hypertension. From a right para-
sternal short-axis view at the level of the papillary 

muscles, flattening of the septum is often noted in 
diastole. On a short-axis view at the level of the pul-
monary artery, dilatation of the pulmonary artery is 
visible. Tricuspid valve regurgitation is usually pre-
sent with severe pulmonary hypertension. CW 
Doppler interrogation of the jet of tricuspid valve 
insufficiency provides an estimate of the right ventri-
cle to right atrium pressure gradient. The left atrium 
and left ventricle are small or normal size. Direct vis-
ualization of the PDA is possible, but usually difficult 
because of the absence of turbulent blood flow to 
detect its location by colour Doppler echocardiogra-
phy. Agitated saline echocardiography is used to 
confirm the presence of an extracardiac right-to-left 
shunt (Figure 6.30; see also Bubble study clip on 
DVD). When a right-to-left PDA is present, micro-
bubbles are visualized within the abdominal aorta 
following injection of agitated saline into a peripheral 
vein, despite the lack of intracardiac shunting.

(continued) (c) A severely dilated right pulmonary artery (RPA) is visualized in cross-section from the right 
parasternal long-axis outflow view. Note that the right atrium (RA) is markedly dilated. (d) CW Doppler recording 

of a tricuspid valve regurgitant jet. The pressure gradient between the right ventricle and the aorta is estimated from the 
peak velocity of the tricuspid jet, measured at 53 mmHg. This indicates that pulmonary artery pressure is at least 
53 mmHg. This is consistent with moderate pulmonary hypertension. Ao = aorta; LV = left ventricle.

6.29

(c) (d)

Preparation of agitated saline (see also Bubble 
study clip on DVD).

6.30

•	 An indwelling peripheral venous catheter placed in the right 
cephalic vein or a saphenous vein facilitates the procedure

•	 3–5 ml of 0.9% heparinized saline should be drawn up. It can be 
mixed with 0.5–1 ml of blood, which may increase the stability of 
the microbubbles

•	 Microbubbles are created by agitating the syringe vigorously, or by 
running the saline back and forth between two syringes connected 
to each other by a three-way stopcock

•	 The agitated saline is rapidly injected through the catheter. On a 
real-time right parasternal long-axis 4-chamber view of the heart, 
the contrast medium should only be visible in the right cardiac 
chambers. The size of the air-filled microbubbles prevents them 
from crossing the pulmonary capillary bed and reaching the left 
atrium. Contrast medium in the left cardiac chambers is consistent 
with a right-to-left intracardiac shunt
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Abnormalities of cardiac septation

Atrial septal defects
An atrial septal defect (ASD) is a communication 
between the left and right atria, resulting from the 
incomplete closure of a portion of the interatrial sep-
tum. ASDs are rarely diagnosed in dogs and cats, 
although a recent study suggested the prevalence 
may be higher than previously thought. In the popu-
lation studied, ASDs represented 37.7% of all con-
genital heart diseases diagnosed during a 4-year 
period (Chetboul et al., 2006). In dogs, the preva-
lence is higher in Standard Poodles and Boxers.

Three types of ASD have been documented in 
dogs and cats (Figure 6.31):

• Ostium primum septal defects involve the lower
portion of the atrial septum

• Ostium secundum septal defects are in the area
of the fossa ovalis (i.e. the middle of the atrial
septum). The vast majority of ASDs diagnosed in
dogs and cats are of this type (Figure 6.32)

• Sinus venosus septal defects involve the upper
portion of the atrial septum, near the junction of
the septum with the cranial vena cava.

The presence of an ASD usually results in a left-
to-right shunt across the interatrial septum (Figure 
6.33; see also Atrial septal defect clip on DVD). In 
normal conditions, left atrial pressure is higher than 
right atrial pressure. Moreover, the compliance of the 
left side of the heart is lower than the compliance of 
the right side of the heart, which facilitates shunting 
of blood into the right atrium and ventricle. However, 

Different types of ASD. LA = left atrium; LV = left 
ventricle; RA = right atrium; RV = right ventricle.

6.31

Normal Ostium secundum septal defect

Sinus venosus septal defectOstium primum septal defect

RA

RV

LA

LV

Normal Ostium secundum septal defect

Sinus venosus septal defectOstium primum septal defect

RA

RV

LA

LV

Left-to-right flow, demonstrated by Doppler 
imaging from a modified left apical view, in a 

dog with an ostium secundum ASD and a markedly 
enlarged left atrium secondary to mitral valve 
regurgitation. Note that left-to-right shunting increases 
following the P wave on ECG (i.e. atrial contraction). 
Shunting is also increased during ventricular systole. This 
is most likely due to elevated left atrial pressures caused 
by mitral valve regurgitation.

6.33

Echocardiogram showing an ASD ( ) in a dog 
with left atrial (LA) enlargement secondary to 

chronic degenerative mitral valve disease. The location of 
the defect is consistent with an ostium secundum defect. 
It is possible that marked stretching of the atrial septum 
may restore patency at the level of the foramen ovale, if 
the membrane of the foramen has not fused with the atrial 
septum soon after birth. LV = left ventricle; RA = right 
atrium.

6.32

*

Normal

Ostium primum  
septal defect

Ostium secundum  
septal defect

Sinus venosus  
septal defect
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the direction of shunting can be reversed if pressure 
increases or compliance decreases in the right side 
of the heart. This may occur if tricuspid valve 
regurgitation or pulmonary hypertension develops.

Possible haemodynamic consequences of an 
ASD include volume overload of the right atrium and 
ventricle and pulmonary hypertension. Enlargement 
of the right atrium and ventricle depends on the vol-
ume of blood shunting from the left atrium to the 
right atrium. The size of the ASD and the differences 
in pressure and compliance between the left and 
right side of the heart determine the volume of shunt. 
Dogs with right-sided volume overload develop signs 
of right-sided heart failure, including ascites. 
Increased blood flow through the pulmonary circula-
tion may promote pulmonary hypertension. This 
seems to be a rare occurrence in animals with ASDs.

Echocardiography is performed to assess the 
nature and haemodynamic consequences of the 
lesion. The right parasternal long-axis 4-chamber 
view provides the best visualization of the atrial sep-
tum. The left apical 4-chamber view may also pro-
vide a good image of the defect. However, the 
position of the septum parallel to the ultrasound 
beam may cause echo dropout in the region of the 
fossa ovalis and increase the number of false-posi-
tive results. Direct visualization of small ASDs can be 
challenging. Colour Doppler imaging of the atrial 
septum region from a right parasternal long-axis 
view may help identify blood flow across the septum.

The clinical significance of ASDs is based on 
qualitative assessment of the degree of enlargement 
of the right atrium and ventricle from a right paraster-
nal long-axis 4-chamber view and a left apical 
4-chamber view. Pulmonary hypertension is esti-
mated by assessing the degree of right ventricular 
concentric hypertrophy, and measuring the pressure 
gradient across the tricuspid valve when tricuspid 
valve regurgitation is present. Clinically significant 
pulmonary hypertension is usually associated with 
detectable tricuspid valve regurgitation.

The direction of blood flow through an ASD is 
determined by injection of a small volume of agitated 
saline into a peripheral vein. Right-to-left shunting is 
identified by visualizing microbubbles crossing the 
interatrial septum. A small number of microbubbles 
can be seen crossing the interatrial septum in 
predominantly left-to-right ASDs because, for a short 
period of time during the cardiac cycle, atrial 
pressure or ventricular compliance may be lower in 
the left side than in the right side. Evidence of left-to-
right shunting relies on the visualization of blood free 
from bubbles originating from the left atrium within 
the right atrium during the injection of agitated 
saline. This is called a negative contrast effect.

Ventricular septal defects
A ventricular septal defect (VSD) is an abnormal 
communication between the left and right ventricles 
at various levels within the interventricular septum. 
VSDs represent the most common congenital heart 
disease in the human paediatric population, but their 
prevalence is much lower in dogs and cats. English 
Springer Spaniels are predisposed to VSDs.

Anatomically, VSDs are classified as:

•	 Perimembranous or membranous
•	 Muscular.

Membranous or perimembranous defects are 
located in the membranous portion of the septum. 
Perimembranous VSDs have extensions into the tra-
becular, inlet or outlet region of the septum. On the 
left side they are located just below the aortic valve, 
and on the right side they are adjacent to the septal 
leaflet of the tricuspid valve. They represent the vast 
majority of the VSDs identified in dogs and cats.

Muscular VSDs are bordered entirely by 
myocardial tissue. They can be further classified as 
trabecular, inlet or outlet VSDs.

•	 The trabecular septum extends from the 
membranous septum to the cardiac apex.

•	 The inlet septum is posterior to the membranous 
septum and between the mitral and tricuspid 
valves.

•	 The outlet septum is anterior to the membranous 
septum and between the trabecular septum and 
the great arteries. VSDs in this portion of the 
septum are described as supracristal. They are 
situated just below the aortic valve on the left 
side and the pulmonic valve on the right side.

VSDs are also described as restrictive or non-
restrictive. Restrictive VSDs are small in size and pro-
vide high resistance to blood flow. They do not 
interfere with the pressure gradient that normally 
exists between the left and right ventricles, but allow 
left-to-right shunting of blood during systole. A small 
amount of blood may flow in diastole. Restrictive 
VSDs may result in left-sided volume overload, as 
blood shunting across the VSD re-circulates to the left 
side of the heart, but this is not usually the case. The 
defect is typically located just below the aortic valve 
and may result in progressive aortic valve regurgita-
tion caused by the prolapse of an aortic cusp through 
the defect. This is a more common complication.

Non-restrictive VSDs are large in size and do not 
offer resistance to blood flow. There is therefore 
equalization of pressures between the left and the 
right ventricles. Non-restrictive VSDs are associated 
with severe pulmonary hypertension, and may result 
in severe left ventricular volume overload if pulmo-
nary vascular resistance is significantly lower than 
systemic resistance. More commonly, they result in 
right-to-left shunting across the defect because of 
progressive development of pulmonary vascular dis-
ease (Eisenmenger physiology). Spontaneous clo-
sure of VSDs is rare in dogs.

Echocardiography is performed to assess the 
location, size and haemodynamic consequences of 
the VSD. Most VSDs are first detected with colour 
flow Doppler, which displays the rapid and turbulent 
jet of blood across the VSD.

•	 Perimembranous VSDs can usually be identified 
on a right parasternal short-axis view. They are 
located just below the tricuspid valve at the 10 
o’clock position (see Ventricular septal defect 
(1) clip on DVD).
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Restrictive perimembranous VSD in a cat. (a) The VSD (arrowed) is visualized just below the aortic valve (Ao) on 
a right parasternal long-axis outflow view. The left atrium (LA) appears to be mildly dilated. (b) The clinical 

significance of a VSD is determined by calculating the left atrial (LA) to aortic (Ao) diameter ratio from a right parasternal 
short-axis view. A LA/Ao ratio of 1.6 indicates mild atrial enlargement. (c) Linear measurements of the interventricular 
septum, left ventricular internal diameter in diastole (LVIDd) and left ventricular free wall can be obtained using this image. 
The LVIDd is 2.1 cm, which is consistent with moderate left ventricular (LV) dilatation (normal LVIDd in cats is approximately 
1.3 cm). (d) Blood flow velocity (Vel) is measured across the defect using CW Doppler. The pressure gradient between the 
ventricles is determined using the simplified Bernoulli equation. In this case the pressure gradient was 95.3 mmHg.  
(e) Colour Doppler imaging confirms the presence of a VSD. The dimensions of the colour flow jet across the defect may 
provide an estimate of the size of the VSD. (f) The position of the VSD at 10 o’clock and the blood flow turbulence across 
the defect, as shown by Doppler imaging from a right parasternal short-axis view at the level of the left ventricular outflow 
tract, confirm that the VSD is perimembranous and restrictive. RV = right ventricle.

6.34

(c)

(e)

(b)

(d)

(f)

(a)

•	 Outlet VSDs are located between the 12 and 2 
o’clock position, usually just below the pulmonic 
valve. Due to the complex 3-dimensional (3D) 
shape of the interventricular septum, multiple 
echocardiographic views are necessary to fully 
assess the defect. Outlet and perimembranous 
VSDs can be seen on a right parasternal long-

axis outflow view (Figure 6.34a; see also 
Ventricular septal defect (2) clip on DVD) and a 
left apical 5-chamber view. The right parasternal 
short-axis view allows differentiation between 
perimembranous and outlet VSDs (Figure 6.34f).

•	 Inlet VSDs are visualized from a left apical 
4-chamber view.
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Colour Doppler image demonstrating turbulent
systolic flow in the left ventricular outflow tract of 

a dog with subaortic stenosis. A mild degree of aortic 
valve regurgitation was visualized in diastole. LA = left 
atrium, LV = left ventricle.

6.35

The size of the VSD can be compared with the 
diameter of the aortic annulus. Small VSDs are <25%, 
moderate VSDs are between 25 and 75% and large 
VSDs are >75% of the diameter of the aortic annulus.

Various parameters are assessed to determine 
the clinical significance of restrictive VSDs. The 
direction and velocity of blood flow across small 
defects is recorded using Doppler imaging. Colour 
Doppler echocardiography is used to scan the sur-
face of the interventricular septum from different 
views, and can demonstrate a left-to-right turbulent, 
high velocity jet during systole (Figure 6.34e). The 
velocity of blood flow across a perimembranous 
defect can usually be measured accurately using 
CW Doppler from a right parasternal short-axis or 
right parasternal long-axis outflow view (Figure 
6.34d). The beam should be oriented as parallel as 
possible to the blood flow. Blood flow velocity meas-
urements, as recorded by CW Doppler, can be used 
to estimate the pressure gradient across the defect 
using the simplified Bernoulli equation. The normal 
pressure gradient between the ventricles is around 
100 mmHg (which corresponds to blood flow velocity 
of approximately 5 m/s).

The size of the restrictive VSD relates to the risk 
of left ventricular volume overload and congestive 
heart failure. However, clinical significance is better 
determined by measuring the size of the left-sided 
cardiac chambers. Follow-up examinations are usu-
ally necessary to evaluate the long-term haemo-
dynamic consequences of a VSD. Most small VSDs 
are not clinically significant (Figure 6.34bc). Finally, it 
is important to assess the structure and motion of 
the aortic valve for signs of cusp prolapse and aortic 
valve insufficiency. This is a complication that may 
lead to left ventricular volume overload secondary to 
aortic valve insufficiency.

Right-to-left VSDs are large and directly visual-
ized on 2D transthoracic echocardiography. They are 
typically associated with severe pulmonary hyperten-
sion, and on occasion pulmonic stenosis, which 
results in marked concentric hypertrophy of the right 
ventricular free wall and hypertrophy of the right ven-
tricular papillary muscles, flattening of the interven-
tricular septum and dilatation of the pulmonary 
arteries. Right-to-left shunting is confirmed by injec-
tion of agitated saline into a peripheral vein. After 
injection, microbubbles can be identified within the 
left ventricle.

Aortic stenosis
Aortic stenosis is an obstruction of the left ventricular 
outflow tract that can occur at the subvalvular, valvu-
lar and supravalvular levels. Subvalvular stenosis is 
caused by a fibrous membrane or a fibromuscular 
narrowing of the left ventricular outflow tract just 
below the aortic annulus. The fibrous ring may extend 
to the septal leaflet of the mitral valve. Subaortic ste-
nosis is usually an isolated congenital heart disease, 
and is one of the most common congenital defects in 
dogs. It is more common in large-breed dogs; Boxers, 
Golden Retrievers, Newfoundlands and Rottweilers 
are over-represented. The severity of the stenosis 
typically worsens from birth until 12 months of age.

Subaortic stenosis results in left ventricular con-
centric hypertrophy, secondary to pressure overload 
and decreased perfusion of the left ventricle when 
severe hypertrophy is present. As a result, ventricu-
lar arrhythmias are frequently detected. In some 
dogs, subaortic stenosis progresses to myocardial 
failure and secondary mitral valve insufficiency. 
Valvular stenosis results from abnormal valve devel-
opment. The cusps are usually partially fused. In the 
case of a dysplastic valve, the cusps are thickened 
and poorly mobile. Valvular aortic stenosis is uncom-
mon. Supravalvular stenosis is extremely rare.

Echocardiography is indicated to assess the 
nature and haemodynamic consequences of subaor-
tic stenosis. Evidence of subaortic stenosis is first 
obtained by colour flow Doppler scanning of the left 
ventricular outflow tract region, which reveals turbu-
lent blood flow. Mild aortic valve insufficiency usually 
accompanies subaortic stenosis. Mild aortic valve 
regurgitation is visualized by colour flow Doppler 
from the right parasternal long-axis outflow tract view 
and the left apical 5-chamber view (Figure 6.35; see 
also Subaortic stenosis (1) and (2) clips on DVD). 
Echocardiography may also reveal subaortic narrow-
ing and post-stenotic dilatation of the ascending 
aorta. A fibrous ridge may be visualized as a discrete 
linear echo within the left ventricular outflow tract 
(Figure 6.36). The membrane is detected more  
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easily from an apical view because it is perpendicu-
lar to the ultrasound beam. However, small lesions 
may not be visible on 2D echocardiography.

The severity of the subaortic gradient is determined 

by CW Doppler from the left apical 5-chamber view. 
The subcostal window (Figure 6.37) can also be 
used because it allows perfect alignment of the ultra-
sound beam with blood flow in the left ventricular 
outflow tract, and has been shown to provide the 
maximal velocity values. A low frequency transducer 
is often required because of the increased distance 
(depth) between the transducer and the heart from 
this window. The severity of the stenosis is based on 
the magnitude of the peak systolic pressure gradient 
across the stenosis (Bussadori et al., 2000).

• Mild stenosis corresponds to a peak gradient of
20–49 mmHg (velocity of 2.25–3.5 m/s).

• Moderate stenosis is defined as a peak gradient
of 50–80 mmHg (velocity of 3.5–4.5 m/s).

• Severe stenosis corresponds to a peak gradient
>80 mmHg (velocity >4.5 m/s).

Concentric hypertrophy is present with moderate 
to severe subaortic stenosis (see Subaortic 
stenosis (3) and (4) clips on DVD). This is confirmed 
by measuring left ventricular and interventricular wall 
thickness on a 2D or M-mode image (Figure 6.38).

Right parasternal long-axis outflow view 
showing a ridge of fibrous tissue (*) just below

the aortic valve (Ao). LA = left atrium; LV = left ventricle.

6.36

(a) The ascending
aorta (Ao) visualized

from a subcostal window. Blood 
flow is perfectly aligned with the 
ultrasound beam. (b) CW 
Doppler image demonstrating a 
peak velocity of 4 m/s, 
consistent with a peak pressure 
gradient of 64 mmHg across the 
stenosis.

6.37

(a) (b)

M-mode
echocardiogram of a

dog with severe subaortic 
stenosis demonstrating 
concentric hypertrophy of the 
interventricular septum and left 
ventricular free wall.

6.38
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Pulmonic stenosis
Pulmonic stenosis is an obstruction of the right 
ventricular outflow tract. It may occur at subvalvular, 
valvular or supravalvular levels. Subvalvular stenosis 
is rare, and is always associated with valvular 
lesions (Figure 6.39; see also Pulmonic stenosis 
(1) clip on DVD). A coronary artery anomaly (R2A) is 
found in some breeds, mainly Bulldogs and Boxers. 
In these dogs, coronary supply to the left ventricle 
originates from the right coronary artery. The artery 
circles in front of the pulmonary outflow tract in the 
subvalvular region. Rupture of the vessel may occur 
when balloon valvuloplasty is performed to treat the 
valvular stenosis (Figure 6.40).

Valvular stenosis is the most common form of  
pulmonic stenosis. It is more common in small-breed 
dogs, and is known to be hereditary in Beagles. Two 
forms of valvular stenosis are described. In the most 
common form, there is commissural fusion of the 
cusps, which gives the valve a dome-like shape with 
a narrowed orifice. The valve annulus is normal in 
size. There is marked post-stenotic dilatation with 
moderate to severe disease (see Pulmonic stenosis 
(2) clip on DVD). The dysplastic form is associated 
with thick leaflets and hypoplasia of the pulmonary 
valve annulus. Post-stenotic dilatation of the pulmo-
nary artery is usually absent. Supravalvular stenosis 
is extremely rare.

Subvalvular and 
valvular stenosis in a 

dog. A fibromuscular area of 
stenosis (*) is visible in the right 
ventricular outflow tract region 
from a right parasternal short-
axis view. Valvular stenosis 
(arrowed) is also present. There 
is marked post-stenotic 
dilatation of the main pulmonary 
artery (PA). The colour Doppler 
image shows the turbulent 
blood flow originating at the 
level of the subaortic region. RV 
= right ventricle.

6.39

*

Coronary artery anomaly (type R2A) in an English Bulldog with pulmonic stenosis. (a) The right parasternal 
short-axis view at the level of the aorta (Ao) reveals a large coronary artery, originating at the level of the right 

coronary cusp (RC) and travelling in from the right ventricular outflow tract (RVOT), just below the valve. This may be an 
echocardiographic sign of a coronary anomaly. However, it is common for dogs with severe pulmonic stenosis to have a 
dilated right coronary artery. An angiogram is usually necessary to confirm the suspicion. Note the post-stenotic dilatation 
of the main pulmonary artery (PA). (b) Aortic root angiogram showing the main left coronary artery (*) branching from the 
origin of the right coronary artery. No artery is seen originating from the left sinus of Valsalva. BrT = brachiocephalic trunk; 
LC = left coronary cusp; ScA = subclavian artery.

6.40

*

(a) (b)
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The haemodynamic effects of pulmonic stenosis 
result in concentric hypertrophy of the right ventricu-
lar free wall and ventricular papillary muscles in 
response to a fixed right ventricular outflow tract 
obstruction. Right ventricular and right atrial volume 
overload may occur in older animals, when the 
obstruction is extreme, or if concurrent tricuspid 
valve insufficiency is present. The severity of the ste-
nosis does not worsen during the first year of life.

In the case of valvular stenosis, 2D echocardio-
graphy is used to determine whether the stenosis 
results from fused cusps or a dysplastic valve. This is 
best visualized in a right parasternal short-axis view 
at the level of the pulmonary artery (Figure 6.41). To 
determine whether annular hypoplasia is present, 

the diameter of the pulmonary annulus is measured 
and compared with the aortic annulus. Normally, the 
pulmonary valve annulus is similar in size to the aor-
tic annulus (ratio of 1).

Doppler echocardiography is essential to deter-
mine the severity of the stenosis. CW Doppler is used 
to determine the peak systolic pressure gradient 
across the stenosis (Figure 6.42). Good alignment of 
the Doppler beam with blood flow can usually be 
obtained from the right parasternal short-axis view at 
the level of the pulmonary artery, or from a left cranial 
window along the sternum. The severity of the steno-
sis is based on peak systolic pressure gradient.

•	 Mild stenosis corresponds to a peak gradient of 
20–49 mmHg (velocity of 2.25–3.5 m/s).

•	 Moderate stenosis is defined as a peak gradient 
of 50–80 mmHg (velocity of 3.5–4.5 m/s).

•	 Severe stenosis corresponds to a peak gradient 
of >80 mmHg (velocity >4.5 m/s).

Right ventricular size and function is assessed 
qualitatively by 2D echocardiography.

Importantly, right ventricular wall thickness does 
not always correlate well with the severity of the 
stenosis; therefore, Doppler echocardiography is 
essential to determine the severity of the stenosis.

Atrioventricular valve dysplasia

Tricuspid valve
Tricuspid valve dysplasia is a malformation of the tri-
cuspid valve leaflets, chordae tendinae and right 
ventricular papillary muscles. Labradors and Boxers 
are most commonly affected. Tricuspid valve dyspla-
sia is associated with variable degrees of tricuspid 
valve regurgitation. Right ventricular and atrial vol-
ume overload occur in dogs with severe disease.

On echocardiography, tricuspid valve dysplasia is 
best assessed from the right parasternal long-axis 
4-chamber view (Figure 6.43) and the left apical 

Right parasternal short-axis view in a dog with 
valvular pulmonic stenosis. There is mild 

thickening of the valvular cusps. A post-stenotic bulge of 
the main pulmonary artery (PA) is present. The dog was 
diagnosed with severe pulmonic stenosis. However, the 
right ventricular (RV) hypertrophy is only moderate. The 
right atrium (RA) is mildly dilated. Ao = aorta; rPA = right 
pulmonary artery.

6.41

CW Doppler image 
through the right 

ventricular outflow tract and the 
pulmonic valve of a dog with 
pulmonic stenosis. The peak 
pressure gradient in systole is 
approximately 64 mmHg (peak 
velocity of 4 m/s). Note that 
pulmonic valve insufficiency is 
also present.

6.42
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4-chamber view. A dysplastic valve is characterized
by elongated and redundant leaflets with abnormal
chordal attachment. Ebstein anomaly describes a
form of tricuspid valve dysplasia characterized by
apical displacement of the tricuspid valve annulus.
This is best assessed from the apical 4-chamber
view. It is important to note that the tricuspid valve
annulus is normally positioned more apically than
the mitral valve. 2D echocardiography is also used to
qualitatively assess the dimensions of the right ven-
tricle (see Tricuspid valve dysplasia (1) clip on
DVD). Severity of the disease is based on the degree
of enlargement of the right atrium. The right atrium is
severely dilated when it appears significantly larger
than the left atrium.

Tricuspid valve regurgitation is always present 
with tricuspid valve dysplasia. Colour and CW 
Doppler are used to evaluate its severity and peak 
velocity (see Tricuspid valve dysplasia (2) clip on 
DVD). The severity of tricuspid valve regurgitation 
can be assessed by comparing the size of the colour 
jet to the area of the atrium on a 2D image. The 
regurgitation is severe if it covers >50% of the sur-
face of the atrium (Figure 6.44). The peak velocity of 
tricuspid valve regurgitation may be decreased if 
right atrial pressures are markedly increased.

Mitral valve
Mitral valve dysplasia is a term used in veterinary 
cardiology to describe primary mitral valve regurgita-
tion in the absence of signs of mitral valve endo-
cardiosis or endocarditis. Secondary mitral valve 
regurgitation as a result of annular dilatation or papil-
lary muscle displacement, which is commonly asso-
ciated with dilated cardiomyopathy, should also be 
ruled out. 2D imaging of the mitral valve apparatus 
may reveal short and thick leaflets, long and thin 
chordae tendinae, or an abnormal attachment of the 
leaflets to the chordae (Figure 6.45). Moderate to 
severe mitral valve regurgitation is usually present 
on colour Doppler imaging. Finally, decreased left 
ventricular systolic function may be observed from 
the right parasternal approach in large-breed dogs 
with severe mitral valve insufficiency.

Colour Doppler image from the left apical 
4-chamber view in a dog with tricuspid valve

dysplasia. A large jet of tricuspid valve regurgitation 
covers approximately 50% of the area of the right atrium. 
LA = left atrium; LV = left ventricle; RV = right ventricle.

6.44

2D echocardiogram of the mitral valve in a dog 
with mitral valve dysplasia. The elongated 

septal leaflet (arrowed) is connected to the papillary 
muscle by short and thick chordae tendinae. Ao = aorta; 
LA = left atrium.

6.45

Right parasternal long-axis 4-chamber view, 
revealing severe dilatation of the right atrium (RA) 

and right ventricle (RV) in a dog with tricuspid valve 
dysplasia. The anterior leaflet of the valve is elongated. Note 
the hypertrophied moderator band (*). LV = left ventricle.

6.43

Complex diseases

Tetralogy of Fallot
Tetralogy of Fallot is the most common cyanotic con-
genital cardiac disorder in small animals. It is rarely 
diagnosed and has been reported more frequently in 
dogs than cats. It is a hereditary disorder in 
Keeshonds. The defects that make up the complex 
anomaly include a large non-restrictive VSD, right 
ventricular outflow tract obstruction, rightward dis-
placement of the aorta (dextroposition) and second-
ary right ventricular concentric hypertrophy. In this 
condition, the large VSD offers no resistance to blood 
flow. The direction of blood flow is determined by the 
resistance of the pulmonary versus the systemic cir-
culation. Due to the presence of pulmonic stenosis, 
right-to-left shunting is normally present, and this is 
responsible for central cyanosis and polycythaemia.

On echocardiography, the VSD and the overriding 
of the aorta are visualized from the right parasternal 
long-axis view. Up to 50% of the aorta overlies the 
right ventricle. If >50% of the aorta overlies the right 
ventricle, the disorder is called double-outlet right 
ventricle. The right ventricular outflow tract is best 
assessed from the right parasternal short-axis view. 
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The stenosis is usually subvalvular as a result of the 
displacement of the infundibular septum. Valvular 
stenosis may also be present. CW Doppler interroga-
tion of flow in the right ventricular outflow tract is 
used to determine the pressure gradient across the 
stenosis. Right ventricular concentric hypertrophy 
and septal flattening are assessed from 2D views. 
Direction of blood flow across the VSD can be deter-
mined by injection of agitated saline. However, the 
animal’s haematocrit is a better indicator of the 
degree and chronicity of the right-to-left shunting.

Persistent truncus arteriosus
Persistent truncus arteriosus is characterized by a 
single great vessel originating from the base of the 
heart, which then divides into pulmonary and sys-
temic vessels. The unique vessel overrides a large 
non-restrictive VSD. This condition has rarely been 
described in dogs and cats. Visualization of a large 
VSD and a single large vessel that overlies the sep-
tum is usually obtained from a right parasternal long-
axis view. The posterior wall of the great artery is 
continuous with the septal leaflet of the mitral valve. 
The pulmonary vessels originate from the unique 
vessel. If they arise from the vessel as a pulmonary 
trunk, which then bifurcates into the left and right 
pulmonary arteries, the defect is described as a type 
1 truncus. The defect is classified as a type 2 truncus 
if the left and right pulmonary arteries originate inde-
pendently, but in close proximity, from the posterior 
wall of the unique vessel. The defect is classified as 
a type 3 truncus if the pulmonary arteries originate 
independently from the lateral sides of the vessel.

Atrioventricular canal defect
Atrioventricular canal (endocardial cushion) defects 
combine an ostium primum septal defect, an inlet 
VSD and structural abnormalities of the atrioventric-
ular valves. The defect is described as partial (or 
incomplete) if there are two distinct atrioventricular 
orifices. It is called complete if there is one large ori-
fice and an atrioventricular valve made up of multiple 
leaflets, including two large leaflets bridging the VSD. 
2D echocardiography is used to identify the struc-
tural abnormalities. Colour Doppler imaging com-
monly reveals significant atrioventricular valve 
insufficiency. Saline injection is used to determine 
the direction of flow across the septal defects. The 
degree of cardiac chamber enlargement depends 
upon the severity of the atrioventricular valve regur-
gitation, blood shunting and the presence of pulmo-
nary hypertension.

Cor triatriatum
Cor triatriatum is the partition of the left or right 
atrium by a fibrous membrane. Partition of the left 
atrium, or cor triatriatum sinister, occurs in cats. 
Partition of the right atrium, or cor triatriatum dexter, 
occurs in dogs. Identification of the membrane, as a 
hyperechoic line within the atrium, is usually readily 
made using 2D echocardiography. On the left side, 
the membrane divides the atrium into a superior 
chamber that receives blood from the pulmonary 
veins, and a bottom chamber that communicates 

with the mitral valve. On the right side, the caudal 
chamber receives blood from the caudal vena cava 
and usually the coronary sinus. The cranial vena 
cava enters the cranial chamber that communicates 
with the tricuspid valve. Colour Doppler imaging is 
used to identify blood shunting between the two 
atrial chambers. In the left atrium the membrane is 
usually perforated; however, in the case of cor triatri-
atum sinister, the membrane is occasionally not per-
forated. Venous blood from the caudal half of the 
body usually reaches the heart via the azygous vein.

Acquired valvular diseases

Endocardiosis
Valvular endocardiosis, also known as chronic degen-
erative mitral valve disease or myxomatous valvular 
disease, is the most common acquired cardiovascular 
disease in small dogs. Moreover, it is the most com-
mon cause of left-sided congestive heart failure in 
dogs. Valvular endocardiosis is a chronic disease that 
develops with age. Its rate of progression from mild to 
severe varies markedly between dogs. It is known that 
Cavalier King Charles Spaniels develop the disease 
at a younger age than other breeds. The disease is 
also more common in males than females.

Myxomatous thickening of the mitral valve leaflets 
allows regurgitation of blood from the left ventricle 
into the left atrium during systole. This regurgitation 
results in volume overload of the left-sided cardiac 
chambers and subsequent dilatation of the left  
ventricle and left atrium. Elevated left atrial pressure 
promotes pulmonary congestion and secondary pul-
monary hypertension. Tricuspid valve leaflet prolapse 
and lesions of endocardiosis on the tricuspid valve 
are commonly present at the same time. Tricuspid 
valve insufficiency is also frequently present (see 
Tricuspid valve prolapse and Tricuspid valve 
regurgitation clips on DVD).

Echocardiography is performed to describe the 
structure of the mitral valve apparatus. Mitral valve 
prolapse is generally present in dogs with endocardi-
osis. It is best visualized from the right parasternal 
long-axis 4-chamber view or the left apical 4-cham-
ber view. There is prolapse when one or two leaflets 
break the plane of the mitral annulus and bulge into 
the left atrium (Figure 6.46). In addition, mitral valve 
thickening secondary to myxomatous degeneration 
may affect one or two leaflets (Figure 6.47a). In some 
dogs, it may resemble a mass and can be confused 
with a vegetative lesion of endocarditis. Special atten-
tion should be paid to chordae tendinae thickening 
and rupture, which is best visualized in the right para-
sternal long-axis 4-chamber view. Rupture of small, 
second order chordae tendinae, which are attached 
to the mid-ventricular surface of the leaflets, is usu-
ally of no clinical significance. However, the tips of the 
mitral valve leaflets are anchored to the papillary 
muscles by large, first order chordae tendinae; their 
disruption may lead to acute heart failure. A flail leaf-
let is identified by the chaotic motion of its tip, which 
extends beyond the mitral annular plane and points 
toward the left atrium in systole (Figure 6.47b). In 
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diastole, the leaflet is thrust into the left ventricle and 
towards the left ventricular outflow tract. Thickened 
chordae tendinae, which are detached from the papil-
lary muscles, can be seen as bright hyperechoic fila-
ments moving freely between the left ventricle and 
the left atrium. Rupture of chordae tendinae 
anchored to the septal leaflet of the mitral valve is 
more common. When this occurs colour Doppler 
reveals a large jet of mitral valve insufficiency.

The severity of valvular disease is based on the 
degree of left atrial and left ventricular enlargement. 
Qualitative evaluation of left atrial dilatation is under-
taken from the right parasternal long-axis 4-chamber 
view (see Mitral valve regurgitation (1) clip on 
DVD). Calculation of the ratio between the left atrial 
diameter and aortic diameter, usually from a right 
parasternal short-axis view at the aortic level, is used 
to semi-quantify the severity of the disease as mild, 
moderate or severe (Figure 6.48). In addition, linear 
measurements of the left ventricular internal diameter 
in diastole and systole give information on the degree 
of left ventricular eccentric hypertrophy (Figure 6.49). 
The shortening fraction is typically increased in dogs 
with valvular endocardiosis. Myocardial failure may 
occur in dogs with end-stage disease; however, this 
is difficult to assess on 2D echocardiography.

Doppler echocardiography is used to describe the 
direction and size of the regurgitant jet across the 
mitral valve. This is undertaken from the right para-
sternal long-axis view (Figure 6.50) and left apical 
4-chamber view. The orientation of the jet of mitral 
valve regurgitation is described as central or eccen-
tric, single or multiple. Usually, the direction of an 
eccentric jet is opposite to the leaflet with the lesion at 
the origin of the regurgitation. For example, a lesion of 
the septal leaflet results in a posterior jet of regurgita-
tion. The severity of the mitral valve regurgitation can 
be determined by comparing the surface covered by 
the colour Doppler jet to the area of the left atrium on 
a left apical 4-chamber view (Gouni et al., 2007).

Early systolic right parasternal long-axis 
4-chamber view showing the prolapse of the 

septal leaflet (*) of the mitral valve behind the plane of the 
annulus. LA = left atrium; LV = left ventricle.

6.46

(a) Right parasternal long-axis 4-chamber view 
in a dog with chronic degenerative valve 

disease. The left atrium is markedly enlarged and the 
interatrial septum is bowing towards the right atrium. 
Myxomatous lesions (*) are visualized on the mitral valve 
leaflets. (b) Right parasternal long-axis 4-chamber view in 
a dog with a flail septal leaflet (*). Note that the leaflet and 
attached chordae are positioned above the mitral valve 
annulus, and that the tip of the leaflet is pointing away 
from the left ventricular apex. LA = left atrium; LV = left 
ventricle.

6.47

(b)

(a)

The left atrial diameter to aortic diameter ratio 
(LA/Ao) is determined from the right parasternal 

short-axis view at the level of the aortic valve. In this case 
the ratio is 2.8, which indicates severe atrial enlargement 
secondary to chronic mitral valve disease. Normal LA/Ao 
ratio is approximately 1.4.

6.48
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• Mild mitral valve regurgitation corresponds to a
jet area <30% of the area of the left atrium.

• Moderate mitral valve regurgitation is defined as
a jet area ≥30% but <70% of the area of the left
atrium (see Mitral valve regurgitation (2) clip
on DVD).

• Severe mitral valve regurgitation is defined as a
jet area ≥70% of the area of the left atrium (see
Mitral valve regurgitation (3) clip on DVD).

The maximal velocity of the mitral valve regurgi-
tant jet is measured by CW Doppler from the left api-
cal 4-chamber view (Figure 6.51). By estimating left 
atrial pressure and using the simplified Bernoulli 
equation, peak systolic left ventricular pressure can 
be calculated. It may be increased in dogs with sys-
temic hypertension. On occasion, it is decreased in 
dogs with elevated left atrial pressure and severe left 
ventricular myocardial failure.

M-mode image of the left ventricle (LV) in a dog
with chronic mitral valve disease. The left

ventricular contraction is hyperdynamic, as demonstrated 
by the shortening fraction (FS) at 52%. This is a result of 
the low resistance to blood ejection during systole created 
by the large volume of regurgitation into the low pressure 
left atrium. Note that the motion of the interventricular 
septum (IVS) is more pronounced than the motion of the 
left ventricular free wall (LVPW). This is common in dogs 
with chronic mitral valve disease.

6.49

Right parasternal long-axis view in a dog with 
moderate to severe mitral valve regurgitation. 

The colour flow covers approximately 50% of the total left 
atrial surface. This is consistent with moderate mitral valve 
regurgitation. Note that the size of the left atrium is another 
parameter used to define the severity of the disease, and 
this may be a stronger predictor of the risk of developing 
congestive heart failure than the size of the mitral valve 
regurgitation jet.

6.50

CW Doppler image of a jet of mitral valve
regurgitation. The peak velocity of the jet is 

approximately 5 m/s and corresponds to a pressure 
gradient of 100 mmHg between the left ventricle and the 
left atrium.

6.51

Left atrial rupture is an uncommon complication 
of severe chronic mitral valve disease. It results from 
chronic trauma to the endocardial surface of the left 
atrium by a high velocity jet of mitral valve regurgita-
tion. Left atrial rupture leads to cardiac tamponade. 
Dogs are presented with signs of low cardiac output, 
extreme weakness and collapse. On echocardio-
graphy, an atrial tear is not directly visible. However, 
pericardial effusion is present in association with 
signs of severe mitral valve disease, such as thick-
ened mitral valve leaflets, a severely dilated left 
atrium, and a large jet of mitral valve regurgitation. A 
clot may also be seen in the pericardial space.

Endocarditis
Endocarditis is suspected in medium to large-breed 
dogs with signs of an acute ongoing infection and a 
new murmur or a change in intensity of a previously 
diagnosed murmur. However, endocarditis does not 
always cause a cardiac murmur, and it is only diag-
nosed after an extensive investigation that includes 
a full cardiology work-up. Vegetative lesions are 
most likely to be seen on the mitral valve; less com-
monly, they develop on the aortic valve. A vegetative 
lesion visualized by echocardiography supports the 
diagnosis of endocarditis. Vegetations usually 
appear as irregularly shaped, highly mobile masses 
attached to the free edge of a leaflet. The absence 
of mobility argues against the diagnosis of endocar-
ditis. The lesion usually develops on the atrial side of 
the mitral valve and on the ventricular side of the 
aortic valve (Figure 6.52; see also Endocarditis (1) 
and (2) clips on DVD). In addition, the mass is usually 
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homogeneous with echogenicity similar to that of  
the myocardium. Mitral valve endocarditis is com-
monly associated with mild to severe mitral valve 
regurgitation, and aortic valve endocarditis with  
aortic valve insufficiency. It is important that images 
are taken from all echocardiographic windows to 
increase the probability of detecting vegetations. It 

Canine DCM. (a) Right parasternal long-axis 4-chamber view in diastole. Note the dilatation and spherical shape 
of the left ventricle (LV). (b) Systolic frame demonstrating the generalized hypokinesis of the myocardium.  

(c) M-mode echocardiogram demonstrating that the shortening fraction (FS) is approximately 10.7%. (d) M-mode 
echocardiogram recorded at the level of the mitral valve. The increased E-point to septal separation (EPSS) is an indication 
of decreased ejection fraction. LA = left atrium; LVIDd = left ventricular internal diameter in diastole; LVIDs = left ventricular 
internal diameter in systole.

6.53

(a)

(c)

(b)

(d)

A large aortic valve vegetation ( ) is seen in 
diastole from the right parasternal long-axis 

outflow tract view. Ao = aorta; LA = left atrium; LV = left 
ventricle.

6.52

should also be remembered that myxomatous mitral 
valve disease may mimic lesions of endocarditis.

Myocardial diseases

Dilated cardiomyopathy
Dilated cardiomyopathy (DCM) is characterized by 
left ventricular dilatation and systolic dysfunction. It is 
more common in large-breed dogs. It may result 
from infection or cardiotoxic agents but it is usually 
idiopathic. In cats, DCM was frequently associated 
with a deficiency in the essential amino acid taurine 
until this was added to commercial feline diets.

Echocardiographic diagnosis of DCM is based on 
visualization of left ventricular dilatation associated 
with systolic dysfunction. M-mode imaging of the left 
ventricle is used to determine the left ventricular inter-
nal diameter in diastole and in systole, and thus cal-
culate the shortening fraction (Figure 6.53). However, 
because of the variability in the echocardiographic 
parameters, it is difficult to use fractional shortening to 
monitor response to inotropic therapy. Echocardio-
graphy can be used to decide whether therapy with 
inotropes is indicated, but only clinical response 
determines whether they should be continued.
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Parameters, such as the index of sphericity and 
the E-point to septum separation (EPSS) can be 
determined to further quantify the degree of systolic 
dysfunction. The index of sphericity is the ratio 
between the length of the left ventricle and its diame-
ter. With chamber enlargement, the left ventricle 
takes a more spherical shape and the index of sphe-
ricity decreases. It contributes to papillary muscle 
displacement, causing mitral valve regurgitation. 
EPSS is measured as the distance between the tip 
of the septal leaflet of the mitral valve at maximal 
opening (E wave) and the interventricular septum on 
an M-mode right parasternal short-axis view at the 
level of the mitral valve. EPSS is correlated with sys-
tolic function. Normal EPSS is <6 mm.

In dogs with DCM, colour Doppler evaluation of 
the mitral valve frequently reveals mild to moderate 
regurgitation, which results from mitral valve annulus 
dilatation. In addition, pulmonary hypertension is a 
common complication of left heart disease, resulting 
from passive pulmonary venous congestion, active 
pulmonary arterial vasoconstriction and vascular 
remodelling. Echocardiographic features of pulmo-
nary hypertension include right ventricular dilatation, 
right ventricular free wall thickening and tricuspid 
valve insufficiency.

Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy (HCM) is character-
ized by inappropriate left ventricular concentric 
hypertrophy. Primary HCM is sporadic or familial. It 
is more common in cats, with breed predispositions 
including Maine Coons and Ragdolls; it is rare in 
dogs. Importantly, cardiac changes similar to HCM 
are commonly seen secondary to hyperthyroidism in 
cats. The degree of left ventricular hypertrophy is 
variable as well as the location, which can be 
equally distributed or limited to portions of the  

interventricular septum or left ventricular free wall.
HCM results in diastolic dysfunction (i.e. impaired 

filling, secondary to left ventricular hypertrophy). In 
some animals, dynamic left ventricular obstruction in 
systole (SAM) is secondary to systolic anterior 
motion of the mitral valve. Displacement of the septal 
leaflet of the mitral valve and chordae towards the 
region of the left ventricular outflow tract in systole.  
It occurs in response to changes in left ventricle geo-
metry in combination with increased outflow tract 
velocities in systole, which are associated with septal 
hypertrophy and a decreased left ventricular outflow 
tract diameter. SAM results in obstruction of the out-
flow tract and a small jet of mitral valve regurgitation. 
It is important to note that this is a dynamic phenom-
enon, which is dependent on heart rate and the con-
tractility of the left ventricle, and is usually observed 
with elevated heart rates.

On echocardiography, feline HCM is defined as a 
diastolic left ventricular free wall (Figure 6.54) or an 
interventricular septal thickness >6 mm. In some 
cats, hypertrophy is limited to only small regions of 
the left ventricular wall. Papillary muscle hypertrophy 
is usually evident (Figure 6.55). Systolic left ventricu-
lar cavity obliteration due to hypertrophy can be 
demonstrated from a right parasternal short-axis 
view of the left ventricle (see Hypertrophic cardio-
myopathy (1) clip on DVD). Repeated contact 
between the septal leaflet of the mitral valve and the 
hypertrophied septal base may result in a hyper-
echoic lesion on the endocardial surface of the inter-
ventricular septum, which can be seen on a right 
parasternal long-axis view. Moreover, in cats with 
congestive heart failure, a small amount of pericar-
dial effusion, identified on an echocardiogram as an 
echolucent line surrounding the ventricles, may be 
present (Figure 6.56; see also Hypertrophic cardio-
myopathy (2) clip on DVD).

M-mode 
echocardiogram in a 

cat with HCM. The left 
ventricular free wall is markedly 
thickened. Note that the 
hypertrophy of the 
interventricular septum is less 
pronounced. An echo-free 
space, consistent with 
pericardial effusion (PE) is seen 
below the left ventricular free 
wall. LV = left ventricle.

6.54
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Other important parameters to assess using 
Doppler echocardiography include the presence of 
dynamic left ventricular obstruction (SAM) and signs 
of diastolic dysfunction. Dynamic left ventricular out-
flow tract obstruction can be demonstrated on an 
M-mode image from a right parasternal long-axis
view at the level of the mitral valve. In the presence of
SAM, displacement of the septal leaflet of the mitral
valve towards the septum is visualized in systole
(Figure 6.57; see also Systolic anterior motion of
the chordae clip on DVD). In addition, colour Doppler
imaging of the left ventricular outflow tract region and
mitral valve from a right parasternal long-axis view
demonstrates turbulent flow in the outflow tract region
associated with a small eccentric jet of mitral valve
regurgitation (Figure 6.58; see also Systolic anterior
motion of the mitral valve clip on DVD). From a left

apical 5-chamber view, CW Doppler imaging of the 
left ventricular outflow tract provides information on 
the severity of the obstruction; the flow has a typical 
‘dagger’ shaped appearance (Figure 6.59).

Diastolic dysfunction can be demonstrated by 
assessing mitral valve inflow with PW Doppler from 
a left apical 4-chamber view. The normal E wave to 
A wave ratio is >1. Abnormal left ventricular relaxa-
tion results in an inversion of the ratio (E/A <1) 
(Figure 6.60). As the disease progresses, volume 
overload of the left atrium and elevated filling pres-
sures are responsible for a normalization of the ratio 
(pseudonormalization). E and A wave fusion occurs 
when the heart rate reaches 160–180 beats/minute, 
which limits the clinical use of this parameter to 
assess the degree of left ventricular diastolic 
dysfunction.

Right parasternal short-axis view at the papillary 
muscle level in a cat with HCM. This view allows 

the distribution of hypertrophy between the interventricular 
septum and the wall of the left ventricle (LV) to be 
appreciated. Note the two prominent papillary muscles. 
This is a finding consistent with HCM.

6.55

Right parasternal long-axis 4-chamber view 
recorded in early systole in a cat with HCM 

(same cat as in Figure 6.52). The left atrium (LA) is 
markedly enlarged. There is massive hypertrophy of the 
left ventricular free wall. Note the hypertrophy at the base 
of the septum in the region of the left ventricular outflow 
tract. A small amount of pericardial effusion (*) is present.
LV = left ventricle.

6.56

M-mode echocardiogram of a cat with HCM
showing SAM of the mitral valve (*). During

systole there is anterior displacement of the mitral valve, 
which results in contact with the interventricular septum, 
and provides evidence of left ventricular outflow tract 
obstruction.

6.57

Right parasternal long-axis 4-chamber view with 
colour flow Doppler of the left ventricular outflow 

tract and mitral valve areas. On this systolic image, 
turbulent blood flow (arrowed) is identified in the outflow 
tract secondary to SAM of the mitral valve. There is 
secondary mitral valve regurgitation resulting from the 
abnormal coaptation of the leaflets. Note the small 
eccentric jet of mitral valve regurgitation. Ao = aorta;  
LA = left atrium; LV = left ventricle.

6.58
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Echocardiographic parameters can also be used 
to assess the severity of the disease. The diameter of 
the left atrium and the left atrial to aortic diameter ratio 
are used to determine the severity of disease. In cats, 
enlargement of the left auricular appendage may 
occur without significant dilatation of the main cham-
ber of the left atrium. Therefore, the left atrial to aortic 
diameter ratio does not always correlate well with the 
qualitative assessment of atrial enlargement made 
from the right parasternal short-axis view (Figure 
6.61). The degree of left ventricular hyper trophy may 
also suggest a higher risk of complications, including 
arrhythmias, and a more rapid progression of the dis-
ease. Careful examination of the left auricular 
appendage region is important to detect the presence 
of a thrombus in cats with a severely enlarged left 
atrium (Figure 6.62). Spontaneous echo contrast is 

CW Doppler image of the 
flow in the left ventricular 

outflow tract in a cat with obstructive 
HCM. Note the late peaking ‘dagger’ 
shaped contour of the spectral 
display. This CW Doppler profile 
reflects the occurrence of the 
obstruction during mid- to late 
systole.

6.59

PW Doppler image of mitral valve inflow in a cat 
with HCM. The sample window is placed at the 

level of the tip of the mitral valve leaflets in diastole. There 
is an E/A wave ratio reversal, indicating an abnormal 
relaxation pattern of the left ventricle.

6.60

Left atrial (LA) to aortic (Ao) diameter ratio of 2.3 
measured from a right parasternal short-axis 

view at the aortic valve level in a cat with HCM. Note the 
enlargement of the left auricular appendage.

6.61

Right parasternal short-axis view in a cat with 
HCM showing a thrombus (*) in the left 

auricular appendage. Ao = aorta; LA = left atrium;  
RA = right atrium.

6.62
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also seen in the markedly dilated left atrium of cats 
with HCM. This may be an indicator of an increased 
risk for systemic thromboembolism.

Arrhythmogenic right ventricular 
cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy 
(ARVC) is most commonly identified in Boxers. It is 
characterized by fibrofatty replacement of the right 
ventricular myocardium and severe ventricular 
arrhythmias. Dogs may be presented as an emer-
gency after an episode of collapse or with signs of 
cardiogenic shock due to rapid sustained ventricular 
tachycardia. Echocardiography is frequently unre-
markable in these dogs. Some patients show signs 
of myocardial failure secondary to the extension of 
the disease to the left side of the heart. It is impor-
tant to know about cardiac function before using 
antiarrhythmic drugs, as some of them have negative 
inotropic effects.

Echocardiographic evaluation of a dog with 
ARVC may reveal isolated right ventricular 
enlargement, localized aneurysms (identified as 
outpouchings of the right ventricular free wall) and 
increased echogenicity of the myocardium, reflecting 
adipose infiltration. However, these reported findings 
in humans are not usually seen in dogs. Many dogs 
with ARVC have a normal echocardiographic 
evaluation. Left ventricular myocardial failure may 
also occur with left ventricular dilatation in diastole 
and systole, and with decreased fractional 
shortening.

ARVC is also reported in cats. It is associated 
with ventricular arrhythmias, and most cats have 
signs of congestive heart failure. Marked right ven-
tricular and right atrial dilatation, and tricuspid valve 
regurgitation are the main echocardiographic find-
ings; these abnormalities are best seen from the 
right parasternal acoustic window.

Restrictive cardiomyopathy
Restrictive cardiomyopathy (RCM) occurs in cats; 
however, it is rare compared with HCM. Diagnosis is 
challenging because there is significant impairment 
of ventricular diastolic function without significant 
changes in the morphology of the ventricles. 
Moreover, non-invasive diagnosis of diastolic dys-
function is difficult to perform and interpret.

A myocardial form and an endomyocardial vari-
ant of the disease have been described. Suspicion 
of the myocardial form of feline RCM is based on 
the presence of atrial enlargement without evidence 
of left ventricular concentric hypertrophy (which 
would raise suspicion for HCM) and in the presence 
of normal systolic function. In the endomyocardial 
form of the disease, large areas of fibrosis cover 
the endocardial surface of the ventricle, forming 
bridges between the free wall and the interventricu-
lar septum.

On echocardiography, left and right atrial dilata-
tion is usually obvious, and the size and systolic func-
tion of the left ventricle is normal in the myocardial 

form of the disease. Echocardiography also reveals 
hyperechoic lesions of fibrosis covering the endocar-
dial surface of the left ventricle in the endomyocar-
dial form of the disease. Doppler echocardiography 
of the mitral valve inflow may suggest diastolic dys-
function. In the endomyocardial form of the disease, 
turbulent blood flow may be detected within the left 
ventricle where fibrous bands bridging between the 
free wall and the interventricular septum cause mid-
ventricular stenosis.

Pericardial diseases

Pericardial effusion
Pericardial effusion is the accumulation of fluid within 
the pericardial space, which can be acute or chronic. 
Acute cases result from haemorrhage within the peri -
cardial space. Most commonly, haemopericardium is 
associated with atrial haemangiosarcoma, but other 
causes include diffuse neoplasia (such as mesotheli-
oma), rupture of the left atrium secondary to chronic 
valvular disease and trauma.

Echocardiography is an important tool to confirm 
suspicion of cardiac tamponade, a situation which 
occurs when the accumulation of pericardial fluid 
impairs cardiac function. Acute tamponade is 
characterized by the accumulation of a small 
amount of fluid within a non-compliant pericardial 
sac, causing clinical signs of low cardiac output. 
Chronic tamponade results from the slow 
accumulation of a large volume of fluid, which slowly 
stretches the pericardium. Right intracardiac 
pressure rises until it causes right heart failure with 
ascites. Chronic tamponade may be associated with 
a cardiac tumour, but commonly the cause for 
tamponade is not found (see Pericardial effusion 
clip on DVD).

On echocardiography, pericardial effusion 
appears as an echo-free (black) space around the 
ventricles. A small effusion can be seen as a very 
small echo-free space in the left atrioventricular 
groove on a right parasternal long-axis view. Due to 
the fact that the pericardium adheres to the large 
vessels, there is no accumulation of fluid at the base 
of the heart. This can be used to differentiate 
pericardial effusion from pleural effusion, which 
accumulates homogeneously around the heart 
unless marked inflammation results in loculated 
effusion. The identification of the tip of the right 
auricular appendage moving freely within the 
pericardial fluid on a right parasternal long-axis view, 
or the tip of the left auricular appendage surrounded 
by fluid on a right parasternal short-axis view, are 
two very helpful signs to discriminate between 
pericardial effusion and pleural effusion. It should 
also be noted that a markedly dilated left auricular 
appendage may mimic pericardial effusion in some 
echocardiographic views. This is because, in dogs 
and cats with severe left atrial dilatation, the left 
auricular appendage expands along the 
lateroposterior side of the left ventricle, creating an 
echo-free space on the side of the left ventricle 
(Figure 6.63).
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Additional echocardiographic parameters are 
used to establish the diagnosis of cardiac tampon-
ade. Signs of cardiac tamponade include:

• Right atrial collapse during atrial diastole
following atrial contraction

• Right ventricular collapse during ventricular
diastole

• Underfilling of the left side of the heart.

The echocardiographic signs of tamponade are
best appreciated on a right parasternal long-axis view 
(Figure 6.64); their presence indicates that intraperi-
cardial pressure exceeds intracardiac pressure.

Right parasternal long-axis view in a dog with 
cardiac tamponade. Pericardial effusion is 

visible (PE). There is also a mass above the left atrium (*);
this is usually consistent with a chemodectoma.

6.65

Right parasternal long-axis 4-chamber view in a 
dog with cardiac tamponade. There is a large 

amount of pericardial effusion (PE) and a small mass is 
visible at the right atrioventricular junction (*). Note the
collapse of the wall of the right atrium (RA) in diastole. This 
is a sensitive sign for cardiac tamponade.

6.64

*

Right parasternal short-axis view at the level of 
the papillary muscles in a dog with a severely 

enlarged left atrium (*). The left atrium is visualized on the
lateral wall of the left ventricle (LV), mimicking pericardial 
effusion.

6.63

A large heart base mass ( ), compressing the 
dorsal wall of the left atrium, is visible on the left 

apical 4-chamber view. LV = left ventricle; RV = right 
ventricle.

6.66

Echocardiography is the most sensitive diagnos-
tic test to identify the cause of the effusion. It is 
important to thoroughly examine the area of the right 
atrium, right auricular appendage and right atrioven-
tricular junction for the presence of an echogenic 

mass. An atrial mass is usually a haemangiosar-
coma (see Right atrial mass clip on DVD) but blood 
clots can have a similar ultrasonographic appear-
ance. Pericardial fluid around the heart facilitates the 
detection of an atrial mass. It is the preference of the 
author to perform the echocardiogram before peri-
cardiocentesis, if possible. The heart base should 
also be examined for the presence of a mass. Most 
heart base masses are chemodectomas. On echo-
cardiography, chemodectomas are usually located 
caudal to the ascending aorta and above the left 
atrium (Figures 6.65 and 6.66; see also Heart base 
mass clip on DVD).

Constrictive pericarditis
In dogs, constrictive pericarditis has been reported. 
It is more common in large-breed dogs. Diagnosis is 
based on clinical findings of right-sided heart failure 
in the presence of normal cardiac structures on 
echocardiography. A small amount of pericardial 
effusion and a thickened pericardium may be visible 
in some cases. However, thickening of the 
pericardium is difficult to evaluate.
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Screening programmes for cardiac 
diseases

Hereditary cardiac disease may be present at birth 
(congenital) or become apparent later in life 
(acquired). Common congenital diseases include 
subaortic stenosis, pulmonic stenosis and PDA. 
Common acquired diseases include atrioventricular 
valve endocardiosis, DCM and HCM. Currently, there 
is no consensus on the diagnostic work-up that 
should be performed prior to breeding dogs of 
breeds that have a high prevalence of inherited 
cardiac diseases. However, recommendations are 
available for a few disorders. Recommendations 
between dog breeding clubs may vary.

Subaortic stenosis
As the disease is known to progress until 12 months 
of age, screening of dogs prior to breeding should be 
performed after their first year of life. An echocardio-
gram should be performed in dogs with a heart mur-
mur. However, it may be difficult to differentiate dogs 
with mild subaortic stenosis from normal dogs. With 
mild disease, structural cardiac changes are usually 
not present on 2D echocardiography. Doppler imag-
ing of the left ventricular outflow tract is performed 
from the left apical view and the subcostal window to 
determine the pressure gradient below the aortic 
valve. There is no consensus on the maximal blood 
velocity in the left ventricular outflow tract that differ-
entiates normal dogs with flow murmurs from dogs 
with mild subaortic stenosis. An aortic peak velocity 
>2 m/s as determined by CW Doppler usually indi-
cates stenosis. Boxers have been shown to have a 
narrower outflow tract than other breeds. Innocent 
murmurs are common in this breed, and it is pos-
sible that normal Boxers have a peak velocity >2 
m/s. The American Boxer club has raised the cut-off 
value for mild subaortic stenosis to 2.4 m/s and rec-
ommends screening at 24 months of age. Trivial to 
mild aortic valve insufficiency, detected by Doppler 
imaging, is common in dogs with subaortic stenosis. 
It is likely that dogs with an aortic peak velocity 
between 1.5 and 2 m/s and aortic valve insufficiency 
have mild subaortic stenosis.

Endocardiosis
Cavalier King Charles Spaniels have a higher inci-
dence of endocardiosis than other breeds of dog. 
Breed clubs have developed guidelines to decrease 
the prevalence of the disease. The dogs should be 
≥5 years old and have a normal cardiac examination 
prior to breeding. Alternatively, they should be at 
least 2.5 years old with documentation of both par-
ents having a normal cardiac examination at ≥5 
years of age. Dogs should be evaluated every year 
and importantly within a year of being bred. 
Endocardiosis is usually diagnosed by auscultation. 
2D echocardiography and Doppler imaging are used 
to confirm the presence of the disease.

Dilated cardiomyopathy
The non-clinical phase of DCM may last up to 3–4 
years. It is challenging to identify this occult phase of 

the disease. In Dobermanns, the prevalence of the 
disease is high. Diagnosis of cardiomyopathy is 
based on the detection of structural and functional 
cardiac changes on echocardiography and arrhyth-
mias on 24-hour Holter recording. Echocardiographic 
criteria to diagnose DCM include increased end-
diastolic and end-systolic left ventricular dimensions, 
increased left ventricular sphericity, a shortening 
fraction <20–25% and an increased EPSS.
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DVD extras

• Atrial septal defect
• Bubble study
• Endocarditis (1)
• Endocarditis (2)
• Heart base mass
• Hypertrophic cardiomyopathy (1)
• Hypertrophic cardiomyopathy (2)
• Left cranial view of the right atrium
• Mitral valve regurgitation (1)
• Mitral valve regurgitation (2)
• Mitral valve regurgitation (3)
• Patent ductus arteriosus
• Patent ductus arteriosus viewed from a

transoesophageal approach
• Patent ductus arteriosus viewed from the

left cranial window

• Pericardial effusion
• Pulmonic stenosis (1)
• Pulmonic stenosis (2)
• Right atrial mass
• Subaortic stenosis (1)
• Subaortic stenosis (2)
• Subaortic stenosis (3)
• Subaortic stenosis (4)
• Systolic anterior motion of the chordae
• Systolic anterior motion of the mitral valve
• Tricuspid valve dysplasia (1)
• Tricuspid valve dysplasia (2)
• Tricuspid valve prolapse
• Tricuspid valve regurgitation
• Ventricular septal defect (1)
• Ventricular septal defect (2)
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7

Abdomen
Jennifer Kinns

Indications

Ultrasonography of the abdomen is indicated in the 
evaluation of many conditions, and can be catego-
rized as either emergency evaluation or elective 
abdominal ultrasonography. In many cases ultra-
sonography will be used as an adjunct to radio-
graphic evaluation.

Emergency evaluation
Ultrasonography of the acute abdomen is performed 
primarily to determine whether surgery is indicated. In 
addition, the underlying disease process may be 
determined. It may have to be performed before the 
results of bloodwork are available. If the animal is 
unstable a rapid scan protocol (see below) may be 
employed to look for free fluid. Portable ultrasound 
systems can allow evaluation of the patient in the 
treatment room, limiting the need to move an unstable 
animal or one undergoing emergency treatment. The 
main aims of ultrasonography of the acute abdomen 
are to:

• Identify and sample free fluid
• Identify free gas
• Evaluate the intestines for evidence of

mechanical obstruction
• Evaluate the pancreatic region for evidence of

acute inflammation
• Evaluate the biliary tract for evidence of

obstruction or perforation
• Evaluate the urinary tract for evidence of

obstruction or rupture
• Look for evidence of neoplasia.

Elective evaluation
The majority of abdominal ultrasonographic proce-
dures are performed as an elective part of the work-
up of surgical or medical conditions for which 
ab   d o minal involvement is suspected. Although the 
indications vary widely, the scanning techniques rec-
ommended (see below) are applicable to all cases.

Staging of neoplasia is a specific and common 
indication for elective abdominal ultrasonography in 
animals that may not have clinical signs referable to 
abdominal disease. Malignant neoplasms that typi-
cally metastasize to the abdominal organs, or dis-
seminated round cell neoplasia, may be staged prior 
to instituting therapy. Draining and sentinel lymph 
node evaluation is also performed transabdominally 

for tumours such as perianal adenocarcinoma or 
prostatic neoplasia, which can spread to the sublum-
bar lymph nodes. Ultrasonography is also widely 
used for identifying, describing and staging primary 
tumours of the intra-abdominal organs.

Ultrasonography alone does not provide a defini-
tive diagnosis, but can be used to guide fine-needle 
or tissue core biopsy procedures. In all cases a thor-
ough evaluation of the abdomen is necessary.

Certain indications for elective abdominal ultra-
sonography may be evaluated by examination of a 
single system. Reproductive system exam ination 
and serial examinations to monitor progression of 
organ-specific disease are indications for a focused 
evaluation.

Value of ultrasonography compared 
with radiography and advanced 
imaging modalities

Ultrasonography is currently the best modality for 
small animal abdominal evaluation. Unlike with radio-
graphy, there is no superimposition of structures and 
the contrast is superior. Ultrasonography allows evalu-
ation of organ parenchymal characteristics and can 
be used to accurately sample specific lesions. For 
certain conditions, such as mechanical obstruction of 
the small intestines, ultrasonography can be more 
sensitive than survey radiographs. Surgical planning 
may also be enhanced as more specific lesion locali-
zation and details of vascular and lymph node involve-
ment are possible. From a safety perspective, there is 
no ionizing radiation involved and, therefore, no risk to 
personnel. In many cases the animal can be evalu-
ated without the need for sedation or anaesthesia, as 
manual restraint is possible. Ultrasonography is widely 
available and less costly than computed tomography 
(CT) or magnetic resonance imaging (MRI). However, 
ultrasonography is strongly operator-dependent, and 
the value of the study will therefore increase with the 
expertise of the ultrasonographer.

Imaging technique

Patient preparation
Appropriate patient preparation can improve the diag-
nostic quality of a scan. Withholding food for 12 hours 
prior to examination is recommended for elective 
ultrasound studies, as the presence of air or food in 
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the gastrointestinal tract decreases the visibility of 
certain organs. Standard skin preparation should be 
employed (see Chapter 3). The area of hair to be 
clipped varies according to the scanning position. For 
scanning in dorsal recumbency, the animal should be 
clipped from the pubis to the xiphoid following the co-
stal arch on both sides. For scanning in lateral recum-
bency, the area clipped should extend further 
laterally. To examine the pylorus, pancreas, duode-
num, right kidney and right adrenal gland it is often 
necessary to use an intercostal approach, for which 
the clipped area should be extended cranially.

Positioning
Abdominal ultrasonography may be performed with 
the animal in dorsal or lateral recumbency (Figure 
7.1a). The method chosen is largely determined by 
the prior experience of the operator, but can also be 
influenced by the clinical presentation. Animals with 
haemodynamic or respiratory compromise may better 
tolerate lateral recumbency. If lateral recumbent scan-
ning is performed, it is recommended that the animal 
be turned on to its other side part-way through the 
examination for complete evaluation. Dorsal recum-
bency is best maintained with the animal in a padded 
trough (Figure 7.1b). It may be necessary to change 
the position of the animal to answer certain questions. 

The presence of gravity-dependent material, such as 
bladder stones, can be confirmed by moving the ani-
mal. Conversely, free gas will accumulate in the non-
dependent abdomen.

Protocol
Whichever position is chosen, a systematic approach 
is recommended for thorough and consistent evalua-
tion. A protocol that images each organ in turn is rec-
ommended, the order of which may be determined by 
the scanning position. It is not always possible to vis-
ualize every part of a normal organ or every lymph 
node, but a thorough examination and good know-
ledge of the anatomical location of each structure will 
increase the likelihood of detecting abnormalities.

Lateral recumbent ultrasonography
Start with the patient in right lateral recumbency 
and image:

1. Left liver.
2. Gastric fundus and body.
3. Spleen.
4. Left pancreas.
5. Left kidney and ovary.
6. Left adrenal gland.
7. Small intestines.
8. Colon.
9. Left medial iliac lymph nodes.
10. Urinary bladder and prostate gland or uterus.

Turn the patient so that they are in left lateral 
recumbency and image:

11. Right liver.
12. Biliary system.
13. Pylorus.
14. Duodenum.
15. Right pancreas.
16. Ileocolic region.
17. Right kidney and ovary.
18. Right adrenal gland.
19. Jejunal and colic lymph nodes.
20. Right medial iliac lymph nodes.

Dorsal recumbent ultrasonography
With the patient in dorsal recumbency, image:
   
1.  Liver and biliary system.
2.  Spleen.
3.  Left kidney and ovary.
4.  Left adrenal gland.
5.  Left medial iliac lymph nodes.
6.  Urinary bladder.
7.  Prostate gland or uterus.
8.  Right medial iliac lymph nodes.
9.  Right kidney and ovary.
10.  Right adrenal gland.
11.  Duodenum.
12.  Right and left pancreas.
13.  Stomach.
14.  Small intestines.
15.  Colon.

(a) Positioning for lateral recumbent abdominal 
ultrasonography. It is recommended that the 

animal be scanned from both sides and therefore turned 
part-way through the examination. (b) Positioning for 
dorsal recumbent abdominal ultrasonography. A padded 
trough makes positioning easier and more comfortable for 
the animal.

7.1

(a)

(b)
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Rapid scan protocols have been developed to look 
for free fluid in animals that present as an emergency 
with clinical signs referable to an acute abdomen. 
These FAST (Focused Assessment with Sonography 
for Trauma) protocols are similar to those used in 
human emergency departments (Boysen et al., 2004). 
The technique is designed for trauma patients, but 
can be used in any animal suspected of having free 
fluid, and can be performed adequately by clinicians 
with little previous ultrasonography experience.

FAST scan for identifying free fluid
With the animal in lateral recumbency, obtain 
transverse and longitudinal images at four sites:

1. Caudal to the xiphoid.
2. Midline over the urinary bladder.
3. Right flank.
4. Left flank.

Equipment
Appropriate use of machine settings (see Chapter 2) 
is imperative in obtaining a diagnostic scan. Many 
machines allow the operator to use established pre-
sets for different sized animals, such as ‘large abdo-
men’ or ‘cat abdomen’. Depth, gain and focal zone 
location should all be adjusted throughout the scan to 
maximize image quality for each structure. The abdo-
men should be scanned with the transducer in a  
longitudinal orientation, with additional transverse 
images used to verify findings and complete meas-
urements as necessary. Consistent orientation of the 
image will enable interpretation. The cranial part of a 
dorsal or sagittal scan plane image should be on the 
left of the screen. For transverse images the standard 
radiographic protocol should be followed, with the 
right side of the animal on the left side of the screen. 
Labelling of the image, particularly for oblique scan 
planes, can assist in understanding of the orientation.

The choice of transducer will be determined by the 
size of the animal. In general, a curvilinear 8 MHz 
transducer will provide adequate penetration for most 
canine abdomens. The exceptions are broad-chested 
and obese large-breed dogs for which a lower fre-
quency transducer may be necessary for complete 
evaluation of the cranial abdomen. Cats and toy breed 
dogs may also be examined using a higher frequency 
linear transducer, such as 12 MHz. This improves 
spatial resolution, but the larger footprint of the linear 
transducer can limit access to some areas of the 
abdomen. In general, when a higher frequency trans-
ducer is available it is recommended for evaluation of 
superficial organs (such as the spleen) in all animals.

When the abdominal vessels are evaluated they 
may be interrogated with Doppler ultrasonography. 
Colour Doppler can help rule out filling defects such 
as those due to tumour invasion or thrombosis. Colour 
or power Doppler can also be used to determine the 
presence of blood flow within lesions suspected to be 
either neoplastic or ischaemic. Tissue har monics, 
when available, can be used to increase the contrast 
and therefore conspicuity of tissue interfaces. 
Compounding, available on newer machines, can be 
used to decrease the noise on the image and thus 
improve border definition of structures such as lymph 
nodes (Whatmough et al., 2007).

(a) Depth misregistration due to falciform fat.
There is an artefactual discontinuity of the

diaphragm (arrowed). (b) Mirror image artefact, giving the 
appearance of the liver and gallbladder on the thoracic 
side of the diaphragm.

7.2

Normal ultrasonographic 
appearance

The normal appearance of the major abdominal 
organs is covered in other Chapters. Thus, only cer-
tain features of the abdomen, the peritoneal and 
retroperitoneal spaces, and the lymph nodes are 
discussed here.

Diaphragm
The normal diaphragm is seen as a curved 
hyperechoic line at the cranial aspect of the liver. 
Certain common artefacts can be mistaken for 
diaphragmatic rupture. Depth misregistration occurs 
when the ultrasound beam traverses a volume of 
falciform fat rather than soft tissue. As the speed of 
sound waves in soft tissue is used to calculate 
depth, those that have travelled more slowly through 
fat will be misplaced on the image as being further 
from the skin surface. When this occurs on an image 
of the diaphragm it can appear as a sharply 
demarcated defect (Figure 7.2a). Scanning the same 
area from a different approach will determine 
whether the perceived lesion is real. The ‘mirror 
image’ artefact is associated with the curved highly 
reflective nature of the gas interface. The sound 
wave is reflected in a different direction before it 
returns to the transducer. As the system assumes 
that all echoes arise from points in a straight line, 
this results in the liver being artefactually placed 
within the thorax on the image (Figure 7.2b).

(a)

(b)
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Peritoneal space and general abdomen
The normal peritoneal cavity is a potential space 
between the thin membranes that line the parietal and 
visceral components of the abdomen. A scant amount 
of fluid within this space lubricates the serosal sur-
faces, but it is not usually detected ultrasonographi-
cally, except in very young animals. There is a variable 
amount of fat within the abdomen located in the falci-
form ligament, mesentery and omentum. These are 
not visualized as separate structures unless there is a 
large volume effusion. In general, the mesentery 
ap pears mildly hypoechoic to the adjacent organs, 
with hyperechoic linear scatter throughout (Figure 7.3; 
see also Normal mesentery clip on DVD).

Lymph nodes
Many normal lymph nodes are now seen routinely on 
small animal abdominal ultrasonograms. The location 
of these lymph nodes and the organs drained by 
them is shown in Figure 7.4. Normal nodes are char-
acteristically smooth in outline, oval or fusiform in 
shape, uniform in echogenicity and isoechoic or 
mildly hypoechoic to the adjacent mesentery. The 
short- to long-axis ratio of the nodes should be <0.5 
in normal dogs (Llabres-Diaz, 2004; Nyman et al., 
2004). A hyperechoic linear hilus may be seen in nor-
mal lymph nodes, and blood flow, if identified, is hilar 
in distribution. It is recommended that the anatomical 
location of certain lymph nodes be routinely evalu-
ated, even if the nodes themselves are not always 
seen. The drainage characteristics of these nodes 
are summarized in Figure 7.5.

Jejunal lymph nodes are the most easily identified 
of the mesenteric group. They are markedly fusiform 
in shape and lie either side of the mesenteric artery 
and vein (Figure 7.6a). They are generally easiest to 
locate when the animal is in left lateral recumbency, 
using an acoustic window on the right mid-abdomen. 
The size of the nodes is positively correlated with 
body weight and age in dogs, with the reported 
median maximum height and width being 3.9 mm and 
7.5 mm, respectively (Agthe et al., 2009), although 
there is a wide size range. The colic nodes are 
more easily seen in cats than in dogs. They are found  

Normal appearance of the mesentery. The 
spleen is superfi cially in this image and has 

normal mesentery adjacent to it.

7.3

Spleen

Abdominal lymph nodes.
1 = hepatic; 2 = gastric;

3 = pancreaticoduodenal; 4 = colic;
5 = jejunal; 6 = splenic; 7 = renal;
8 = lumbar aortic; 9 = medial iliac;
10 = hypogastric; 11 = sacral.

7.4

2

1

6

3

7

4 4

5
5

9 9

10 10

11
11

8

1 2

1

6

3

7

4 4

5
5

9 9

10 10

11
11

8

1

Liver

Right
kidney

Duodenum

Spleen

Stomach

Left
kidney

Jejunum

Ch07 Ultra.indd   75 26/04/2012   13:47

Downloaded From Vet-eBooks.com



Chapter 7 Abdomen

76

adjacent to the ileocaecocolic junction in the right mid-
abdomen, cranial to the jejunal nodes, and typically 
appear as a cluster of two or more nodes that are 
more oval in shape. The hepatic nodes (Figure 7.6b) 
are located either side of the portal vein, immediately 
caudal to the hepatic hilus, but are not often seen 
when normal. The gastric node is located between the 
stomach and liver, whilst the pancreaticoduodenal 
node lies in front of the cranial duodenal flexure. 
These are also more often identified in the cat.

The medial iliac nodes (Figure 7.6c) are the larg-
est nodes of the parietal group and are located 
between the deep circumflex iliac and external iliac 
arteries. There is usually one node on each side, 
although more may be present. They are most easily 
seen with the patient in lateral recumbency, using a 
window on the flank ventral to the epaxial muscles. 
They are seen cranial and superficial to the aortic and 
caval bifurcation. The more caudal nodes of the pari-
etal chain (the hypogastric and sacral nodes) are 
rarely seen unless enlarged.

Abdominal vessels
Imaging of the abdominal vessels is indicated to rule 
out vascular invasion by neoplastic tissue, to diag-
nose the presence of suspected vascular anomalies, 
and to identify clinically suspected intravascular 
emboli. Vascular evaluation is also indicated in any 
animal presented with a condition that is likely to 
produce a hypercoagulable state, such as immune-
mediated haemolytic anaemia. In addition, the 
abdominal vessels serve as important landmarks  
for identifying, amongst others, lymph nodes, the 
adrenal glands and pancreas. The normal vascular 
anatomy of the abdomen is shown in Figure 7.7. 
Complete evaluation of the vasculature requires ex-
perience as well as an understanding of both ana-
tomy and Doppler techniques.

Position, conspicuity and drainage characteristics of the abdominal lymph nodes (Bezuidenhout, 1993).7.5

Lymph node group Location Normal lymph 
nodes seen?

Drainage

Hepatic Either side of the portal vein adjacent to the 
porta hepatis

Variable Stomach; duodenum; pancreas; liver

Gastric Between the stomach and liver in the lesser 
omentum

Variable Oesophagus; stomach; liver; diaphragm; peritoneum

Pancreaticoduodenal Adjacent to the cranial duodenal flexure Variable Duodenum; pancreas; omentum

Colic Adjacent to the ileocolic junction Yes (cats) Ileum; caecum; colon

Jejunal Either side of the mesenteric artery and vein Yes Jejunum; ileum; pancreas

Splenic Adjacent to the splenic vein No Oesophagus; stomach; pancreas; spleen; liver; omentum; 
diaphragm

Renal Adjacent to the renal vessels No Kidneys

Lumbar aortic Along the aorta and caudal vena cava No Lumbar vertebrae; ribs; lumbar, intercostal and abdominal 
muscles; aorta; nervous system; mediastinum and pleura; 
diaphragm and peritoneum; adrenal glands; urogenital 
system 

Medial iliac, 
hypogastric and 
sacral

Medial iliac: between the deep circumflex 
and external iliac arteries
Hypogastric: between the internal iliac and 
median sacral artery
Sacral: along the median sacral artery

Medial iliac Pelvic limb and pelvis; caudal urogenital system

(a) Normal jejunal lymph node (arrowed)
demonstrating the fusiform shape. (b) Hepatic

lymph node (arrowed) seen adjacent to the portal vein. 
This node has a small cyst-like area within it. (c) Normal 
medial iliac lymph node (arrowed) in a 5-year-old Cocker 
Spaniel. The caudal vena cava is seen deep to the node.

7.6

(a)

(b)

(c)
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Certain ultrasonographic features pertain to all 
vessels. On greyscale images the vessel lumen 
should be anechoic (Figure 7.8). Slice thickness arte-
facts may result in spurious echoes within the lumen, 
but interrogation of the vessel in both transverse and 
longitudinal planes permits differentiation of the arte-
fact from an abnormality. Colour Doppler imaging of 
vessels, when performed with the correct machine 
settings, should result in a solid colour within the 
lumen representative of flow in the expected direction 
towards (red) or away from (blue) the transducer. It 
should be noted that, depending on the direction of 

the ultrasound beam, flow in both arteries and veins 
may be shown as either red or blue. A mosaic effect 
will result if there is turbulent flow within a vessel, 
such as that caused by narrowing, intraluminal dis-
ease or abnormal vascular anatomy. Such an effect 
can be created in normal vessels if the pulse repeti-
tion frequency (PRF) or wall filter settings are too low, 
or if the Doppler gain is set too high.

On routine abdominal ultrasonography the caudal 
vena cava, aorta, renal vessels, splenic vein and por-
tal system may be visualized. The caudal vena cava 
can be seen most easily in the caudodorsal abdomen 
where it runs parallel and close to the aorta, and in 
the mid-cranial abdomen where it traverses the liver 
before crossing the diaphragm. Cranially, pulsed wave 
(PW) Doppler of the normal vena cava demonstrates 
a waveform characteristic of the change in pressure 
within the right atrium into which it flows, as well as 
the intra-abdominal and intrathoracic pressure 
changes associated with ventilation (Figure 7.9a). 
This is in contrast to the portal vein, which has an 
almost flat characteristic venous profile (Figure 7.9b). 
The difference in pulsed waveform can be used in 
addition to anatomical location, and the straighter 
course of the caudal vena cava, to differentiate the 
two vessels. The portal system is discussed in more 
detail in Chapter 8.
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Major abdominal vessels.
1 = caudal vena cava;

2 = renal vein; 3 = circumfl ex iliac vein; 
4 = external iliac vein; 5 = internal iliac 
vein; 6 = aorta; 7 = coeliac artery; 
8 = cranial mesenteric artery; 
9 = phrenicoabdominal artery; 
10 = renal artery; 11 = circumfl ex iliac 
artery;12 = external iliac artery;
13 = internal iliac artery; 14 = portal 
vein; 15 = gastroduodenal vein;
16 = splenic vein; 17 = left gastric vein; 
18 = cranial mesenteric vein.

7.7

Normal caudal vena cava and aorta at their 
bifurcation.

7.8
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  The aorta is also best visualized in the caudo-
dorsal abdomen, where it runs parallel to the caudal 
vena cava, and can then be followed forward. The 
cranial mesenteric and coeliac arteries can be identi-
fied as they leave the aorta cranial to the renal 
artery; their location is important for identification of 
the right adrenal gland.

Abdominal conditions

Abdominal wall rupture and herniation
Abdominal wall defects can be congenital or trau-
matic in origin. A suspected hernia or rupture is often 
identified on clinical examination, and ultrasonogra-
phy can then be used to determine whether there is 
organ displacement through the defect. The small 
intestine is the most commonly displaced structure. 
Loops of bowel adjacent to the abdominal wall defect 
should be carefully followed to detect displacement 
into the area. Herniated bowel may become entrap-
ped and then dilated. The associated ischaemia  
that may occur appears as thickening of the intes-
tinal wall and pos-sible loss of wall layering and 
corru gation. Abdominal wall defects can also occur 
secondary to breakdown of surgical closure (see 
Post surgical hernia clip  on DVD).

Traumatic body wall ruptures are most often 
caused by bite wounds and can lead to herniation 
with the small intestine being the most commonly dis-
placed organ. These ruptures can occur in any loca-
tion and there is often significant trauma to the 
adjacent subcutaneous tissues, which can make eval-
uation of the wall itself difficult. Continuity of fluid 
between the peritoneal cavity and the subcutaneous 
tissues may be seen, along with displacement of the 
intestine or other organs into the defect. Such hernias 
are often closed and free gas is therefore not neces-
sarily present.

Abdominal wall masses
Ultrasonography can assist in the evaluation of pal-
pable abdominal wall masses, but such masses 
may also be identified during a routine abdominal 
ultrasound examination. The appearance of the 
mass is determined by its tissue composition. The 
most commonly identified abdominal wall mass is a 
lipoma. These characteristically appear well defined 
with a thin hyperechoic capsule and internal hyper-
echoic striations (Figure 7.10). Most occur within 
the fascial planes or in the subcutaneous tissues, 
but invasive lipomas disrupt the normal contours of 
the abdominal wall musculature. Liposarcomas 
have a much greater soft tissue component and are 
likely to appear more heterogeneous, but it is not 
possible to differentiate invasive lipomas from lipo-
sarcomas ultrasonographically.

PW Doppler ultrasonograms. (a) Normal 
caudal vena cava at the diaphragm. (b) Normal 

portal vein.

7.9

(a)

(b)

Abdominal wall lipoma (arrowed) in a 12-year-
old Labrador Retriever.

7.10

Other neoplastic masses of the abdominal wall 
include fibrosarcomas, haemangiosarcomas and 
caudal rib associated osteosarcomas or chondrosar-
comas. Malignant lesions generally have a hetero-
geneous or complex appearance, and irregular or 
poorly defined margins (Figure 7.11); although, sar-
comas can have a well defined wall, which belies the 
finger-like extensions of the tumour that characteris-
tically occur. Mast cell tumours often have a homo-
geneous echotexture with well defined margins and 
sub capsular vessels. Abdominal ultrasonography can 
also be used to identify invasion into the peritoneal 
cavity by any abdominal wall mass.
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Abdominal wall sinus tracts
Sinus tracts within the abdominal wall may occur 
due to penetrating trauma, foreign body migration or 
drainage of a body wall abscess. The tract itself is 
typically linear and hypoechoic to anechoic, with 
surrounding hyperechoic tissue due to inflammation. 
Following draining tracts requires appropriate re- 
orientation of the transducer for thorough evaluation, 
as clinically important extensions of the tract can be 
missed. Pockets of fluid are often present at the ori-
gin of the tract and appear hypoechoic, frequently 
with internal echoes due to the cellularity of purulent 
material. Gas within an abscess appears as hyper-
echoic foci with associated reverberation artefacts, 
which are often moving within the fluid pocket. The 
presence of distal acoustic enhancement can be 
used to confirm fluid content, but purulent material 
is frequently seen to swirl around when pressure is 
applied with the transducer.

Diaphragmatic rupture and herniation
Animals with clinical signs that raise suspicion for dia-
phragmatic rupture should always have abdominal 
radiographs performed prior to the ultrasonographic 
examination. Disruption of the diaphragm can occur 
congenitally or secondary to blunt trauma. True dis-
ruption must be differentiated from artefact (see 
above). Peritoneopericardial diaphragmatic hernias 
(PPDHs) are always congenital. Peritoneal structures 
can be identified adjacent to the heart within the peri-
cardial sac. For further information, see Chapter 5.

Peritoneal fluid
Free fluid accumulates in the dependent part of the 
abdomen, and its location may therefore depend on 
the position of the patient. Small volumes of fluid tend 
to accumulate adjacent to the urinary bladder or 
between liver lobes. Ultrasonography is more sensi-
tive than radiography for detection of small volumes 
of fluid. In 1989 Henley et al. were able to detect 1 ml/
kg of peritoneal free fluid, and with advances in tech-
nology it is very likely that smaller volumes can now 
be reliably identified.

The echogenicity of the fluid gives some informa-
tion about its composition. Increased echogenicity 
generally indicates increased cellularity (Figure 7.12a; 
see also Peritoneal effusion clip on DVD), but the 
smaller the volume of fluid, the more difficult it is to 
accurately judge echogenicity. Fluid adjacent to the 
urinary bladder can be compared with urine, which 
should be anechoic (Figure 7.12bc). Increasing the 
gain setting when imaging free fluid can improve char-
acterization of the echogenicity.

(a) Heterogeneous cavitated mass in the
inguinal region of an 11-year-old mixed-breed

dog. This was diagnosed as an undifferentiated sarcoma. 
(b) Cutaneous haemangiosarcoma in a 9-year-old
Labrador Retriever. The lesion crossed the abdominal wall
and displaced the right kidney.

7.11

(a)

(b)

(a) Echogenic effusion surrounding the small
intestines in a 10-year-old Golden Retriever with

a haemoabdomen secondary to a splenic haemangio-
sarcoma. (b) Anechoic fluid adjacent to the urinary 
bladder in a dog with ascites secondary to cirrhosis and 
portal hypertension. (c) Echogenic effusion adjacent to 
the urinary bladder in a dog with peritonitis.

7.12

(a)

(c)

(b)

Bladder

Bladder
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Pneumoperitoneum
Pneumoperitoneum can be spontaneous or traumatic. 
The most common cause of spontaneous pneumo-
peritoneum is rupture of the gastrointestinal tract, but 
it may also be due to bacterial peritonitis, splenic 
necrosis or bladder rupture. Iatrogenic pneu -
moperitoneum may be seen following abdominocen-
tesis, needle biopsy or percutaneous gastrotomy tube 
placement. Therefore, it is recommended that a com-
plete ultrasound evaluation be performed prior to such 
procedures. Abdominal radiography is an important 
screening method for pneumoperit oneum. Ultrasono-
graphy can be used in conjunction with radiography 
(including horizontal beam radiography) to increase 
the chances of detection of peritoneal gas.

Small amounts of free gas appear as floating 
hyperechoic foci or lines that may be recognized by 
the associated reverberation artefacts (Figure 7.13). 
This should not be confused with gas within the 
lumen of the small intestines. Free peritoneal gas bub-
bles move when the position of the animal is adjusted. 
Gas typically accumulates in the non-dependent part 
of the abdomen adjacent to the wall, although focal 
gas accumulation may occur with a local gastrointes-
tinal perforation.

Large volumes of free gas, such as may be pre-
sent postoperatively, can theoretically limit evaluation 
of the abdomen due to reflection and reverberation. In 
practice there is very rarely enough to limit the exami-
nation, and a different approach to each organ can 
bypass the problem. As free gas can persist for sev-
eral days after surgery, pneumoperitoneum alone is 
not sufficient for a diagnosis of dehiscence.

Focal peritoneal free gas 
(labelled) in a dog with 

duodenal perforation secondary to 
ulceration. The gas bubble (arrowed) is 
associated with a reverberation artefact.

7.13
free gas

Diffuse peritoneal disease

Steatitis
Inflammation of fat is referred to as steatitis. 
Idiopathic omental and mesenteric steatitis has 
been described in the dog, where the ultrasono-
graphic appearance was of mesenteric and omental 
masses between the stomach and spleen and 
around the small intestines (Komori et al., 2002). In 
contrast to steatitis, nodular fat necrosis is a benign 
and incidental finding, most common in obese ani-
mals. It appears as well defined hyperechoic nod-
ules in the mesenteric and omental fat. These 
nodules tend to be hyperattenuating and thus pro-
duce distal shadows.

Peritonitis
Peritonitis refers to diffuse inflammation of the perito-
neum and can occur due to infectious (e.g. feline cor-
onavirus) or non-infectious causes (Figure 7.14). It 
leads to increased attenuation of sound waves by the 
mesenteric fat and variable amounts of effusion. The 
ultrasonographic appearance is characterized by the 
hyperechoic mesentery (Figure 7.15; see also 
Changes to the mesentary clip on DVD) and varia-
ble shadowing, which may obscure visualization of 
local organs. Small volumes of non-inflammatory peri-
toneal effusion can also lead to hyperechogenicity of 
the mesentery, without histopathological evidence of 
inflam -mation; therefore, evidence of peritoneal inflam-
mation should be interpreted in relation to other find-
ings, such as corrugation of adjacent small intestines.

Causes of peritonitis and the associated ultrasonographic findings.7.14

Cause Ultrasonographic findings

Rupture of the biliary tract Inflammation localized in the cranial abdomen; evidence of biliary disease (e.g. mucocele)

Gastrointestinal perforation Free peritoneal gas; gastrointestinal lesion

Pancreatitis Inflammation in the region of the pancreas; associated pancreatic changes

Penetrating trauma Evidence of fistula; free peritoneal gas

Feline coronavirus  Large volumes of anechoic fluid (wet form); may find enlargement of multiple organs

Foreign body Focal hyperechoic mesentery and possible focal free fluid; shadowing object not associated with any known 
anatomical structure

Ch07 Ultra.indd   80 26/04/2012   13:48

Downloaded From Vet-eBooks.com



Chapter 7 Abdomen

81

Abdominal carcinomatosis
Abdominal carcinomatosis refers to the dissemination 
of neoplasia along the peritoneal surfaces (Figure 
7.16). The term includes peritoneal invasion by epi-
thelial, mesenchymal or haemopoietic tumours. Free 
peritoneal fluid and masses in the connecting perito-
neum are the most common finding in cats with carci-
nomatosis. There may also be concurrent pleural 
effusion, lymph node enlargement and masses in the 
abdominal organs. In some cases, peritoneal effusion 
may be the only ultrasonographic finding.

Abdominal masses
Certain neoplastic masses can arise within the mes-
entery without an identifiable organ of origin (Figure 
7.17). Intra-abdominal lipomas are similar in echo-
genicity to the mesenteric and omental fat, and 
appear hyperechoic to the spleen and renal cortex. 
They may have internal hypoechoic streaks and, if 
necrotic, can have a hypoechoic to anechoic centre. 
Mesenteric haemangiosarcoma is similar to other 
haemangiosarcoma lesions, with marked hetero- 
geneity, irregular margination and cavitated regions. It 
cannot be ultrasonographically differentiated from a 
mesenteric haematoma (such as those that may 
result following trauma). Intra-abdominal abscesses 
most often appear as irregularly defined, hypoechoic 
masses, often with echogenic fluid in the centre. Gas 
within the abscess appears as hyperechoic foci with 
associated reverberation artefacts. Mesenteric granu-
lomas are rare, but may occur with foreign bodies.

Hyperechoic mesentery adjacent to the 
duodenum in a dog with localized peritonitis 

due to pancreatitis. The inflamed pancreas is seen deep 
to the duodenum, but is poorly defined due to shadowing 
from the inflamed mesentery.

7.15

Mesentery

Abdominal carcinomatosis secondary to ovarian 
carcinoma in a 7-year-old Shih Tzu bitch. The 

echogenic fluid is characteristic of carcinomatosis. 
(a) Focal peritoneal masses. (b) Masses along the 
median ligament of the bladder.

7.16

(a)

(b)

Mass in the omentum (arrowed) adjacent to the 
gastric fundus in a 7-year-old Bernese Mountain 

Dog. The mass was diagnosed as a histiocytic sarcoma 
by ultrasound-guided fine-needle aspiration.

7.17

Foreign bodies
Abdominal foreign bodies can occur through pene-
trating injury (including direct penetration of the 
abdominal wall), penetration of the gastrointestinal 
tract by ingested foreign bodies, and penetration of 
the diaphragm by inhaled foreign material. The other 
origin of abdominal foreign bodies is iatrogenic, with 
retained surgical sponges being most common.

Foreign material can be directly visualized ultra-
sonographically, although the ability to do so is de pen-
dent on the size of the object. The ultrasonographic 
appearance of a structure depends on its acoustic 
impedance, which varies with physical density.

•	 Wooden foreign bodies have a moderate surface 
echo with complete or ‘dirty’ distal shadowing.

•	 Grass awns have a double or triple spindle-
shaped echogenic surface and a variable distal 
shadow, which is more often seen in the 
transverse plane.

•	 Retained surgical sponges characteristically 
appear as a hypoechoic mass with an irregular 
hyperechoic centre.

Peritonitis often results from the presence of a 
foreign body, and this may be easier to identify than 
the object itself. Chronic foreign bodies may be asso-
ciated with abscesses, granulomas or sinus tracts.
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Abnormal lymph nodes
Lymph node enlargement may occur due to reactiv-
ity or malignant infiltration. Whilst ultrasonographic 
changes in lymph nodes are not specific, certain fea-
tures are more likely to occur with malignant rather 
than benign processes (Figure 7.18; see also 
Enlarged abdominal lymph nodes (1) and (2) clips 
on DVD). A lymph node short- to long-axis ratio of 
>0.5, peripheral rather than hilar blood flow, and
increased resistive and pulsatility indices have all
been associated with malignancy in dogs (Nyman et
al., 2004; Prieto et al., 2009). Abdominal lymph node
heterogeneity has also been associated with malig-
nancy in dogs, but not cats (Kinns and Mai, 2007);
although, normal younger animals may also have
nodes with a heterogeneous echotexture.

Caudal vena cava abnormalities are most com-
monly seen in association with neoplasia of the right 
adrenal gland (see Chapter 13), but can occur with 
invasion of hepatic, lymph node (Figure 7.21) or 
renal neoplasia, or due to extension of femoral or 
iliac thrombosis. It is difficult to differentiate between 
thrombosis, which can occur secondary to compro-
mise or compression of the wall, and overt neoplas-
tic invasion. Both appear as echogenic structures 
within the lumen of the vessel. Colour Doppler imag-
ing shows a filling defect within the vessel. Complete 
occlusion will result in absence of flow beyond the 
lesion. Partial occlusion may result in turbulence 
adjacent to the lesion, which will appear as a mosaic 
of colour.

(a) An enlarged and irregular jejunal lymph
node with a hypoechoic rim in a 9-year-old

Rottweiler with lymphosarcoma. The adjacent mesentery 
is hyperechoic. (b) An enlarged, rounded and hypoechoic 
right medial iliac lymph node in an 11-year-old mixed-
breed dog with prostatic carcinoma. The lymph node was 
aspirated under ultrasound guidance and confirmed to be 
infiltrated with metastatic neoplasia.

7.18

(a)

(b)

(a) Thrombus in the splenic vein of a 7-year-old
Dobermann with renal failure. (b) Splenic vein

thrombus in an 8-year-old Shih Tzu with immune-mediated 
haemolytic anaemia. Note the echogenic filling defect in 
the lumen of the vessel.

7.19

(a)

(b)

Echogenic blood flow in the caudal vena cava 
(CVC) of an 8-year-old Shih Tzu with immune-

mediated haemolytic anaemia. Thrombi (arrowed) were 
located in the portal and splenic veins, but blood flow was 
continuous in the cava.

7.20

CVC

Vascular abnormalities
Embolic disease can affect any of the intra-abdominal 
vessels. Thrombi appear as echogenic tissue within 
the lumen of the vessel (Figure 7.19a; see also 
Splenic thrombi clip on DVD), causing partial or 
complete obstruction to visualized blood flow. Within 
the first few hours thrombi can be difficult to visualize 
as they are poorly echogenic, but they then remain 
echogenic for at least a week or more. Where thrombi 
are suspected Doppler interrogation is recommended 
(Figure 7.19b) and any lesion should be confirmed by 
imaging in both longitudinal and transverse planes. 
Animals presenting in a hypercoagulable state may 
have slow or turbulent blood flow that can be re -
cognized prior to thrombus formation. On greyscale 
images this can appear as echogenic ‘smoke’ within 
the abdominal vessels (Figure 7.20; see also ‘Smoke’ 
in the caudal vena cava clip on DVD).
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Aortic and iliac arterial thromboembolism is most 
commonly seen in cats with hypertrophic cardiomyo-
pathy, but can also be found in dogs secondary to 
neoplasia, cardiac disease or hypercoagulable states. 
The ultrasonographic appearance is similar to that of 
venous thrombi.

Vascular anomalies, other than those arising from 
the portal system, are rare. Lesions such as segmen-
tal caudal vena cava aplasia may be recognized 
ultrasonographically, although other modalities such 
as CT angiography are usually required for a defini-
tive diagnosis.

Retroperitoneal conditions

The retroperitoneal space is bound by the vertebrae 
and sublumbar muscles dorsally, the parietal surface 
of the peritoneum ventrally, the diaphragm cranially 
and the anus caudally. Thus, lesions within the retro-
peritoneal space can originate from the adjacent struc -
tures, as well as from the retroperitoneal contents. 
The retroperitoneal space contains blood vessels, fat, 
small muscle bundles, nerves and lymphatic tissue in 
addition to the great vessels, kidneys, adrenal glands, 
ureters and sublumbar lymph nodes. Retroperitoneal 
ultrasonography can be very useful in determining the 
origin of a retroperitoneal mass effect or loss of retro-
peritoneal detail identified radiographically.

Retroperitoneal effusion
Retroperitoneal free fluid can be an ultrasono-
graphic feature of haemorrhage, neoplasia, inflam-
mation and urine extravasation. As with peritoneal 
effusion, the echogenicity of the free retroperitoneal 
fluid can help to determine its cellularity. Ultra-
sonography may also be used to guide sampling of 
localized pockets of effusion.

Retroperitoneal haemorrhage may be associated 
with neoplasia, trauma or coagulopathy. Adrenal gland 
phaeochromocytomas, in addition to renal and  
retroperitoneal sarcomas, can cause acute retroperi-
toneal haemorrhage. Trauma-associated haemor-
rhage may arise from the kidney or retroperitoneal 
vessels. Renal artery avulsion is difficult to visualize 
directly, but Doppler interrogation demonstrates a lack 
of renal perfusion and may reveal the presence of an 
arterial thrombus.

Retroperitoneal haemangiosarcoma (arrowed) 
adjacent to the kidney in a 10-year-old mixed-

breed dog.

7.22

Mass (arrowed) in the caudal vena cava (CVC) 
of an 8-year-old Golden Retriever with 

lymphosarcoma. On necropsy the mass was confirmed to 
be an extension of a lymph node malignancy into the 
vessel.

7.21

CVC

The leakage of urine into the retroperitoneal 
space is most often associated with blunt trauma and 
consequent ureteral rupture. Iatrogenic ureteral tear-
ing or transection also results in uroretroperitoneum. 
Counter intuitively, when ureteral rupture occurs, the 
renal pelvis may appear dilated. Proximal urethral 
and bladder trigone tears can also result in retroperi-
toneal urine accumulation, due to tracing of urine 
along tissue planes. Ultrasonographically, the acute 
appearance is of anechoic fluid.

Perirenal fluid accumulation can occur in dogs and 
cats with acute renal failure (see Retroperitoneal 
effusion clip on DVD). It is most often bilateral and is 
not specific for any underlying cause, having been 
seen with obstructive, neoplastic, toxic and infectious 
aetiologies. Other ultrasonographic features of acute 
renal disease (see Chapter 10) may also be present.

Retroperitonitis
Inflammation of the retroperitoneal space can occur 
secondary to urinary extravasation, surgery, trauma 
or infection.

Retroperitoneal masses
Retroperitoneal neoplasia may occur due to local 
spread from organs within the retroperitoneal space 
or from the structures bordering to the retroperito-
neum, or may arise from the retroperitoneum itself. 
Soft tissue sarcomas, in particular haemangiosarco-
mas (Figure 7.22), are the most common type of 
spontaneous retroperitoneal tumour, although retro-
peritoneal carcinoma can occur.

The most common clinical presentations are inap-
petence and abdominal pain, although these may 
also reflect the involvement of adjacent structures 
such as the spine. The retroperitoneal location can be 
difficult to determine, especially with large lesions. 
Secondary obstruction of the proximal ureters, inva-
sion of the retroperitoneal structures or surrounding 
tissues, and displacement of the kidneys may be seen 
ultrasonographically, along with ventral displacement 
of the peritoneal organs that is more easily recog-
nized radiographically. Differentiation of malignant 
from benign solid retroperitoneal masses is not possi-
ble using ultrasonography alone. Ultrasonography can 
be used to direct biopsy or fine-needle aspiration of 
mass lesions.
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Foreign bodies
Retroperitoneal foreign bodies have a similar ultra-
sonographic appearance and aetiology to those in 
the peritoneal cavity (see above). Due to the associ-
ation of the retroperitoneal space with the diaphragm 
and sublumbar musculature, the incidence of migrat-
ing foreign bodies (such as grass awns) may be 
higher in this location than in the peritoneal cavity.

Particular considerations for 
sampling

Abdominocentesis is commonly performed for sam-
pling of peritoneal effusion. Ultrasound guidance can 
assist in needle placement, particularly where only 
small volumes of fluid are present.
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8

Liver
Nathalie Rademacher

Indications

Ultrasonography is an essential imaging and screen-
ing method in animals with suspected liver disease, 
including vascular anomalies. Indications include:

• Clinical signs or biochemical changes associated
with liver disease

• Icterus
• Ascites
• Pyrexia of unknown origin
• Cranial abdominal mass
• Cranial abdominal pain
• To search for metastatic disease when a primary

tumour has been found elsewhere.

A complete abdominal ultrasound examination is
recommended for each animal. Normal findings do 
not rule out liver disease and abnormal findings are 
not pathognomonic for a specific disease. Therefore, 
fine-needle aspiration (FNA) or ultrasound-guided 
core tissue biopsy of the liver is required for a final 
diagnosis. Doppler ultrasonography adds important 
information about blood flow and vascular patterns.

Value of ultrasonography compared 
with radiography and computed 
tomography

Radiography
Radiography is widely available and recommended in 
cases of suspected liver disease, but is more sensi-
tive for focal or multifocal disease than diffuse dis-
ease. Radiographs provide valuable information for 
the assessment of liver size and whether enlargement 
is generalized or focal. Radiography also gives an 
overview of the entire abdomen and the extra-skeletal 
structures, which is not possible with ultrasonography.

Ultrasonography
Ultrasonography is complementary to abdominal 
radiography and provides more detailed evaluation of 
the inner structure of the liver and surrounding 
organs. Ultrasonography has replaced radiography in 
most instances as an imaging tool for the evaluation 
of liver disease due to its non-invasive nature, ease 
of examination and higher sensitivity. Hepatic paren-
chymal abnormalities are characterized as being dif-
fuse, focal or multifocal. Ultrasonography is sensitive 

at detecting focal and multifocal disease, but can be 
poor at detecting diffuse changes. A definitive diagno-
sis should be based on a combination of features 
such as ultrasound examination findings, blood test 
results, clinical examination and tissue sampling.

Contrast-enhanced ultrasonography is a new 
imaging technique, utilizing intravenously injected 
microscopic gas bubbles that are between 2 and 6 
µm in diameter. It allows non-invasive assessment of 
the perfusion of organs and has been used in veteri-
nary medicine in the liver, spleen and kidney. The 
underlying principle is the detection of the non-linear 
oscillation or harmonic frequencies, which are gener-
ated when the ultrasound beam interacts with the 
contrast media (see Chapter 1). Therefore, special-
ized equipment (such as transducers and software) is 
needed for this technique. The liver is the most com-
mon organ investigated with contrast-enhanced ultra-
sonography. The technique seems to be accurate in 
differentiating benign from malignant nodules in the 
liver of dogs, with no reported complications or mor-
bidity (O’Brien et al., 2004; Kanemoto et al., 2009; 
Kensuke et al., 2010). Contrast-enhanced ultrasono-
graphy may be a promising new method of detecting 
increased arterial blood flow, which is an indicator of 
portosystemic shunting in dogs.

Computed tomography
Computed tomography (CT) of the liver in dogs and 
cats has been mainly used for identification of hepatic 
shunts and vascular abnormalities. The contrast 
medium can be injected into a peripheral vein, elimi-
nating the need for invasive radiographic angiography 
procedures. Other advantages include excellent ana-
tomical depiction of the origin, determination and 
course of the anomalous vessel, and the possibility of 
three-dimensional (3D) reconstructions. In comparison 
with ultrasonography, this technique is less operator-
dependent. Disadvantages include the need for gen-
eral anaesthesia and access to CT scanners being 
limited to academic institutions and specialty prac-
tices. CT has been used as an aid for surgical plan-
ning, especially for liver masses >2 cm in diameter, as 
this technique provides better information on the rela-
tionship between the hepatic mass and other anatom-
ical structures, in order to determine resectability. In 
humans, differentiation of benign and malignant 
hepatic lesions is commonly made with magnetic res-
onance imaging (MRI) or CT. However, no studies in 
veterinary medicine are available to this date.
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Imaging technique

Patient preparation
The ability to visualize the liver is dependent upon 
body conformation, liver size and gastrointestinal con-
tent. Gas in the stomach is a barrier to successful 
ultrasonographic imaging; therefore, procedures that 
result in aerophagia should be avoided. In addition, 
food should be withheld prior to the examination. Hair 
should be clipped from the cranial ventral abdomen, 
along the costal arch, to the last two intercostal 
spaces, especially in deep-chested dogs and those 
with microhepatica.

Positioning
Animals can be scanned in dorsal, left lateral or right 
lateral recumbency, after acoustic gel application, 
depending on the preference of the ultrasonographer. 
Most commonly, a 7.5 MHz sector or curvilinear trans-
ducer is used in small to medium-sized dogs and cats. 
In large to giant-breed dogs, a )5 MHz transducer 
may be necessary to visualize the entire liver. Linear 
transducers are usually not ideal due to their large 
footprints and the linear field of view, which limit evalu-
ation of the intracostally located liver.

Subxiphoid and intercostal windows should be 
used for complete evaluation of the liver and gallblad-
der. In small dogs and cats, the subxiphoid or subcos-
tal window can usually be used to visualize the entire 
liver. The transducer should be placed immediately 
caudal to the xiphoid process, and oriented in both 
transverse and longitudinal directions whilst fanning 
through the entire liver. The transverse colon can limit 
hepatic visibility, especially when filled with gas or fae-
cal material, or if the liver is small. In these cases, the 
intercostal approach provides a useful alternative. The 
right intercostal approach is especially useful for eval-
uation of the biliary tract and portal vasculature (e.g. 
in cases of suspected portosystemic shunts (PSSs)).

Normal ultrasonographic 
appearance

In dogs and cats the liver is located within the 
ribcage, just cranial to the stomach, with its cranial 
margins against the diaphragm and lung interface. 
The diaphragm appears as a curved hyperechoic 
line, sometimes associated with a ‘mirror image’ arte-
fact caused by multiple echoes at the highly reflective 
interface with the air-filled lung. This artefact results in 
the liver being displayed beyond the diaphragm on 
ultrasonograms (Figure 8.1a). Caudally, the liver is in 
contact with the spleen on the left, the stomach cen-
trally (Figure 8.1b) and with the kidney on the right 
side at the level of the renal fossa of the caudate 
lobe. The falciform ligament, filled with a variable 
amount of fat, is located ventral to the liver and dorsal 
to the xiphoid process. This poorly defined structure 
is usually isoechoic to hyperechoic with a coarse 
echotexture relative to the liver, and can be sepa-
rated from it by a hyperechoic capsule (Figure 8.2). 
The falciform ligament may be mistaken for an 
enlarged liver, especially in cats.

Transverse ultrasonogram of the normal liver in 
a dog showing the coarse echotexture of the 

falciform fat (*) compared with the liver. Note the
hyperechoic interface (arrowed) marking the separation 
between the liver and ventrally located falciform fat, which 
can be mistaken for an enlarged liver. The liver is of 
normal size and echogenicity.

8.2

*

(a) Longitudinal image of the normal liver in a
dog. Note the liver parenchyma (*) is displayed

distal to the hyperechoic diaphragm as a result of a ‘mirror 
image’ artefact. (b) Longitudinal image of the left side of 
the normal liver in a dog. Note the caudal location of the 
stomach (ST) and the hyperechoic interface of the 
diaphragm (arrowed).

8.1

*

(b)

ST

(a)
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The liver is divided into left, quadrate, right and 
caudate lobes. The separation of liver lobes is not well 
seen ultrasonographically unless abdominal fluid is 
present. The normal hepatic parenchyma has a uni-
form medium level of echogenicity, with interruption 
caused by the hepatic and portal veins. The echotex-
ture is coarser and more hypoechoic compared with 
the spleen (Figure 8.3). The echogenicity in compari-
son with the renal cortex is more variable, although 
the liver is usually more hyperechoic. Hepatic echo-
genicity must be evaluated in comparison with neigh-
bouring organs at the same depth and preferably 
within the same image. Portal veins have echogenic 
walls (see Figure 8.4c) and can be traced back to the 
porta hepatis in cases where Doppler ultrasonogra-
phy is not available. Hepatic veins lack these echo-
genic walls and may be seen entering the caudal 
vena cava.

Longitudinal ultrasonogram of the normal liver 
(L). The liver appears more hypoechoic and 

coarse in echotexture compared with the spleen (S). This 
is due to the presence of the hepatic and portal veins.

8.3

The intrahepatic biliary tree is not seen in normal 
patients. The gallbladder, occasionally bilobed in cats 
(Figure 8.4a), is a pear-shaped anechoic structure, 
located between the quadrate and right medial liver 
lobes in the dog and between two parts of the right 
medial liver lobe in the cat. The gallbladder functions 
as a bile reservoir and can vary in size, becoming 
enlarged in anorexic or fasted animals. It can also 
contain a variable amount of sludge (Figure 8.4b). 
The wall of the gallbladder is thin and smooth (Figure 
8.4c), measuring <1 mm in cats and up to 2–3 mm in 
dogs. Acoustic enhancement is commonly observed. 
The gallbladder must be differentiated from a focal 
hep atic lesion.

Diffuse parenchymal disease

Diffuse parenchymal disease generally affects all 
lobes, which may appear isoechoic, hypoechoic or 
hyperechoic to the expected appearance. A large 
group of diseases exist that can infiltrate the liver, with-
out disrupting the architecture, and cause only subtle 

(a) Longitudinal ultrasonogram of the liver in a
cat. The gallbladder is bilobed and appears

heart-shaped. This is an incidental finding in cats. Note 
also the acoustic enhancement distal to the gallbladder 
(*), which is due to lower attenuation from the bile and
should not be confused with a hyperechoic lesion. The 
liver is diffusely hyperechoic due to the presence of 
hepatic lipidosis. (b) Transverse ultrasonogram of a 
gallbladder in a dog. Note the hyperechoic sludge (*) in
the dependent part of the gallbladder. (c) Ultrasonogram 
of the normal liver in a dog. The gallbladder (GB) is seen 
with anechoic content and thin walls, which are barely 
visible. Note the hyperechoic walls of the portal veins 
(arrowed).

8.4

(a)

L

S

(b)

*

GB

(c)
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changes, making disease difficult to detect. It can be 
challenging to differentiate diffuse parenchymal dis-
eases from poorly defined multifocal diseases. It is 
also not uncommon to find more than two abnormali-
ties in the same patient. Biopsy or FNA is almost 
always necessary to achieve a definitive diagnosis, 
even if the liver appears normal. The echogenicity of 
the liver must be compared with that of the right kidney 
and spleen at the same depth and image settings. 
Care must be taken to ensure that the organ being 
compared with the liver is not also diseased. Figure 
8.5 summarizes the differential diagnoses for diffuse 
echogenic changes of the liver parenchyma.

such as biliary sludge, cholelithiasis and gallbladder 
wall thickening, especially in cats. Decreased liver 
size with hyperechoic parenchyma, irregular margins, 
regenerative nodules and abdominal effusion is usu-
ally seen with chronic hepatitis. The presence of 
chronic active inflammation, consisting of inflam-
matory cells, oedema, fibrosis, necrosis and regenera-
tive nodules can cause a severely heterogeneous liver 
with variable echogenicity (Figure 8.7). In addition, 
acquired PSSs may be present due to the developing 
portal hypertension.

Differential diagnoses for diffuse changes in 
echogenicity of the hepatic parenchyma.

8.5

Diffuse hypoechogenicity

• Passive congestion
• Acute hepatitis or cholangiohepatitis
• Lymphoma
• Leukaemia
• Histiocytic neoplasia
• Amyloidosis
• Liver lobe torsion

Diffuse hyperechogenicity

• Steroid hepatopathy
• Lipidosis
• Vacuolar hepatopathies
• Fibrosis
• Cirrhosis
• Lymphoma
• Mast cell tumour

Diffuse mixed echogenicity

• Steroid hepatopathy with benign hyperplasia or other combination 
of diseases

• Chronic active hepatitis
• Lymphoma
• Hepatocellular carcinoma 
• Metastasis
• Necrosis
• Amyloidosis

The ultrasonographic assessment of liver size is 
subjective and changes may be focal or generalized. 
The caudal tips are usually rounded with hepatomeg-
aly. Causes for generalized hepatomegaly include:

• Steroid hepatopathy
• Lipidosis
• Amyloidosis
• Diabetes mellitus
• Hepatitis
• Congestion
• Neoplasia (e.g. lymphoma, mast cell tumour,

histiocytic sarcoma and hepatocellular
carcinoma).

Inflammation
Diffuse hepatic inflammatory processes can show 
variable ultrasonographic features. In cases with acute 
hepatitis or cholangiohepatitis, the liver may appear 
diffusely hypoechoic with prominent hyperechoic por-
tal vein walls or periportal tissue (Figure 8.6). 
Additional findings often include biliary abnormalities 

(a) Ultrasonogram of a dog with hypoglycaemia
and in hypovolaemic shock. Note the diffusely

hypoechoic liver with prominent hyperechoic portal vessel 
walls, consistent with hepatitis. (b) Ultrasonogram of a 
dog with pancreatitis and elevated liver enzymes. Note the 
thick-walled portal vessels and diffusely hypoechoic liver, 
consistent with cholangiohepatitis.

8.6

(a)

(b)

Ultrasonogram of the liver in a dog with 
chronically elevated liver enzymes for the past 

year. Note the irregular border of the liver and hetero-
geneous parenchyma. The surrounding mesentery 
appears hyperechoic. This finding is suggestive of liver 
fibrosis or cirrhosis.

8.7
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Hepatocutaneous syndrome or canine superficial 
necrolytic dermatitis causes a unique Swiss-cheese 
or honeycomb appearance within the hepatic paren-
chyma (Figure 8.8) and characteristic skin lesions in 
older dogs.

Hepatic ultrasonogram of a dog with chronic 
skin lesions. Note the diffusely hypoechoic foci 

surrounded by hyperechoic parenchyma resembling a 
honeycomb or Swiss-cheese pattern, commonly seen with 
hepatocutaneous syndrome.

8.8

(continued) Hepatic ultrasonograms of 
confirmed lymphoma. (b) Diffuse hyperechoic 

liver with loss of vessel demarcation and irregular organ 
margins. (c) Hyperechoic well defined mass within the 
liver parenchyma.

8.9

Hepatic ultrasonograms of confirmed 
lymphoma. (a) The liver appears diffusely 

hypoechoic with prominent portal markings. (continues)

8.9

(a)

(b)

(c)

Neoplasia
Neoplasia of the liver can manifest as diffuse, multi-
focal or focal disease. Lymphoma, histiocytic sarcoma 
and mast cell tumour are the most common neo-
plasms that may lead to diffuse changes and can 
remain ultrasonographically undetectable. Diffuse 
hypo echogenicity, hyperechogenicity or a mixed pat-
tern may also occur (Figure 8.9). Generalized hepato - 
megaly is usually seen with neoplastic disease.

Metabolic conditions
Vacuolar hepatopathy associated with steroid hep-
atopathy and hepatic lipidosis are common in small 
animals and often occur with other primary disorders. 
These hepatopathies usually present with hepato-
megaly and an increase in echogenicity, making ves-
sel walls indistinct and difficult to detect (Figure 8.10). 
The hepatic parenchyma can also cause increased 
beam attenuation, which results in a gradual decrease 
in echogenicity in the far-field of the image (Figure 
8.11). In addition, the parenchyma can appear hetero-
geneous or contain hypoechoic foci (Figure 8.12), 
most likely due to concurrent nodular hyperplasia.

Hepatic amyloidosis can cause hepatic enlarge-
ment and parenchymal changes. Hepatic amyloidosis 
is commonly associated with inflammatory conditions 
in other organ systems and develops in the liver over 
the course of a chronic inflammatory disorder. In Shar 
Peis and Abyssinian, Siamese and other oriental cat 
breeds, a predisposition to amyloid deposition is 
known (Cullen, 2009). Ultrasonographically, diffusely 
heterogeneous liver parenchyma with mixed hypere-
choic and hypoechoic foci may be present.
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Ultrasonogram of a dog with elevated liver
enzymes. The liver appears diffusely 

hyperechoic with loss of vessel wall distinction. 
Cytological diagnosis was hepatopathy with glycogen 
accumulation.

8.10

Ultrasonogram of the liver in an obese cat with 
diabetes mellitus and hepatic lipidosis 

diagnosed with FNA. The liver is markedly hyperechoic in 
the near-field. Note the decreased echogenicity in the 
far-field due to beam attenuation; this is commonly seen in 
cats with hepatic lipidosis.

8.11

Ultrasonogram of a dog with histological 
confirmation of vacuolization and regeneration. 

The liver appears diffusely hyperechoic with loss of vessel 
wall distinction and multifocal hypoechoic lesions (*). The
stomach (ST) is seen caudally.

8.12

*

* ST

Ultrasonogram of a dog with histological 
confirmation of a hepatocellular carcinoma. 

Note the well defined hypoechoic nodules, partially 
protruding beyond the liver surface (arrowed). Multifocal 
target lesions (*) are seen with a hyperechoic centre and
a hypoechoic rim.

8.13

Focal parenchymal disease

Focal or multifocal changes are easily identified on 
ultrasonography because of the uniform background 
of the liver parenchyma. Focal or lobar hepatomegaly 
can be caused by:

• Primary or metastatic neoplastic disease
• Cysts
• Haematomas
• Abscesses
• Granulomas
• Lobar torsion
• Thrombosis.

Small lesions on the serosal surface of the liver
may be difficult to detect due to interference from 
gas in the stomach or surrounding fat, unless perito-
neal effusion is present. Intraparenchymal lesions 
can also deform the capsule, causing irregular liver 
margins. These focal lesions may be isoechoic, 
hypoechoic, hyperechoic or of mixed echogenicity, 
and in some cases target lesions are seen. It is not 
possible to make a diagnosis based on the ultra-
sound appearance alone; tissue sampling is neces-
sary for confirmation.

Target lesions (Figure 8.13) are a specific type of 
focal lesion consisting of a hyperechoic or isoechoic 
centre surrounded by a hypoechoic rim, resulting in a 
bullseye effect. They are usually associated with 
malignancy (primary or metastatic neoplasia), espe-
cially if more than one lesion is present in an organ. 
However, they have also been reported with non-neo-
plastic conditions such as nodular hyperplasia, pyo-
granulomatous disease and cirrhosis. In dogs with 
PSSs, cirrhosis or fibrosis, the liver is usually small 
and the stomach appears closer to the diaphragm 
than usual (Figure 8.14).

*
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Inflammation
Hepatic abscesses occur rarely in small animals and 
may appear similar to primary tumours, granulomas 
or haematomas because of the highly variable ultra-
sonographic features. Hepatic abscesses form either 
as isolated lesions or, more commonly, in association 
with infections elsewhere in the body. They may also 
form secondary to necrosis of hepatic neoplasia and 
can look similar to parasitic cystic structures. On 
ultrasonography, abscesses may appear as round or 
irregular with a hypoechoic centre or mixed echo-
genicity (Figure 8.15). Central hyperechoic foci with 
reverberation artefacts consistent with gas can also 
be observed. Anechoic centres with distal acoustic 
enhancement also occur. Regional lymphadenopathy 
may be present with hepatic neoplasia or abcess-
ation. Free peritoneal effusion and hyperechoic mes-
entery may be seen with abscessation.

Hepatic granulomas may occur in a wide variety of 
diseases, but most are part of a generalized disease 
process. Infectious causes include Myco bacterium 
spp., Bartonella spp., systemic mycoses, Leishmania 
spp. and other parasitic infections. Ultrasonographically, 
granulomas may appear as multifocal hyperechoic and 
well marginated parenchymal lesions.

Longitudinal ultrasonogram of the liver in a dog 
with a congenital extrahepatic shunt and 

elevated bile acids. Note the small liver with the stomach 
(ST) being closer to the diaphragm (arrowed) than usual.

8.14

ST

(b)

(a)

(c)

(continued) (b) Lateral radiograph showing the 
radiolucent gas bubbles (arrowed) in the liver. 

(c) Ultrasonogram of the lesion showing the well defined
hypoechoic area (between the callipers) and the
hyperechoic areas with dirty shadowing consistent with
gas inclusion. The cytological diagnosis confirmed a liver
abscess.

8.15

(a) Ventrodorsal radiograph of the cranial
abdomen in a dog with lethargy, anorexia and

fever. Radiolucent gas bubbles are present within the liver 
parenchyma cranial and medial to the stomach (between 
the arrows), consistent with a cavitary hepatic lesion such 
as a liver abscess. (continues)

8.15

Neoplasia
Primary neoplasia is uncommon and accounts for 
<1.5% of all canine tumours and 1.0–2.9% of all feline 
tumours. Hepatocellular carcinoma is the most com-
mon, although other malignant liver tumours include 
bile duct carcinomas, carcinoids and sarcomas 
(Liptak et al., 2004). Metastasis to the liver from non-
hepatic neoplasia is more common and occurs 2.5 
times more frequently than primary hepatic tumours in 
dogs. These neoplasms originate mainly from the 
spleen, pancreas and gastrointestinal tract. Primary 
hepatobiliary tumours are more common than meta-
static disease in cats (Liptak, 2007). Carcinomas tend 
to spread diffusely throughout the liver and often lead 
to a mixed pattern of echogenicity (Figure 8.16; see 
also Hepatocellular carcinoma with contrast clip 
on DVD). Often target lesions are evident, more com-
monly with metastasis. With histiocytic sarcoma 
(Figure 8.17) and lymphoma, multifocal nodules or 
masses (hypoechoic or mixed in echogenicity) have 
been identified on ultrasound examination.
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Regenerative nodular hyperplasia
Benign regenerative nodular hyperplasia is common 
in dogs, especially in older animals. These regenera-
tive nodules vary in echogenicity and size, appear as 
hypoechoic nodules measuring <1 cm in diameter, 
and are detected often (Figure 8.18; see also 
Hepatopathy with contrast clip on DVD). The mar-
gins may be well or poorly defined. Benign hepatic 
adenomas or hepatomas are usually focal hyper-
echoic masses of variable size.

Cysts
Causes for anechoic cavitary structures in the liver 
include necrosis, neoplasms or cysts. Hepatic and 
biliary cysts are sometimes identified in dogs and 
cats as well defined regular or irregular, anechoic 
structures, typically with distal acoustic enhancement 
(Figure 8.19). Cysts are benign lesions surrounded 
by normal parenchyma. They may appear similar to 
biliary cystadenomas and cystadenocarcinomas. 

(a) Ultrasonogram of the liver in a dog with histological confirmation of a hepatocellular carcinoma. Note the
multifocal hypoechoic lesions throughout the liver parenchyma. (b) Contrast-enhanced harmonic ultrasonogram

of the liver following intravenous injection of contrast medium. Note the multifocal hypoperfused well defined areas 
consistent with a malignant hepatocellular carcinoma.

8.16

(a) (b)

(a) (b)

A variety of ultrasonographic changes are associated with histiocytic sarcoma. (a) A cat with a well defined 
hypoechoic nodule within the otherwise hyperechoic liver. (b) A dog with target lesions within the liver.

8.17

Causes include congenital cysts, post-traumatic cavi-
tations, biliary pseudocysts and parasites. Cats with 
polycystic kidney disease may also have cysts within 
the liver.

Peliosis hepatis
Peliosis hepatis is defined as a random distribution of 
dilated vascular spaces in the hepatic parenchyma. It 
occurs in aged cats, and occasionally in dogs, and 
can be mistaken for a vascular tumour such as haem -
angioma or haemangiosarcoma (Cullen et al., 2006; 
Cullen, 2009).

Liver lobe torsion
Liver lobe torsion is rare in dogs, but can be the cause 
of acute abdomen and abdominal effusion. The tor-
sion leads to congestion and necrosis of the affected 
lobe or lobes. Ultrasonographically, the affected lobe 
appears hypoechoic, with reduced or no blood flow on 
colour Doppler.
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Biliary tract conditions

Biliary sludge and cholelithiasis
Sludge is routinely identified in cats and dogs and 
is composed of a complex mixture of cholesterol 
crystals, precipitated bile pigments, mucin and bile 
salts. It appears as echogenic debris, is usually 
mobile and changes with body position, causing 
swirling and redistribution. It is usually considered 
non-significant, especially in dogs. In cats, it has 
been associated with elevated serum liver para-
meters and could predict hepatobiliary disease 
(Harran et al., 2009).

Sludge balls are accumulations of thick or 
inspissated bile and can be found in the gallbladder 
lumen or within the bile duct. They are round, 
mobile, non-shadowing structures of moderate 
echogenicity (Figure 8.20). Mineralized and non-
mineralized material can also be found in the bile 
ducts. Choleliths can occur, more commonly in 
dogs, and appear as hyperechoic structures of vari-
able size, number and shape, which can produce 
acoustic shadowing (Figure 8.21). They may also 
be associated with cholecystitis.

(a) Ultrasonogram of the liver in a dog with
multifocal hypoechoic nodules. The liver is

diffusely hyperechoic. Hepatopathy with vacuolization and 
regeneration was diagnosed on FNA. (b) Contrast-
enhanced harmonic ultrasonogram following injection of 
microbubble contrast medium. The liver appears generally 
hyperechoic without evidence of nodules consistent with 
nodular hyperplasia.

8.18

(a)

(b)

Ultrasonogram of the liver in a dog. In the left 
liver lobe an anechoic, round, thin-walled 

structure (*) with distal acoustic enhancement was found.
This was considered an incidental finding and a liver cyst 
was diagnosed.

8.19

*

(a) Ultrasonogram of the liver in a dog showing
accumulation of a round structure (*) within the

gallbladder isoechoic to the liver parenchyma with no 
evidence of distal shadowing, indicating no mineralization 
(sludge ball). (b) Ultrasonogram of a sludge ball (between  
the callipers) in the lumen of the gallbladder in a dog. The 
structure is hyperechoic in comparison with the liver 
parenchyma. Note the lack of distal acoustic shadowing.

8.20

(b)

(a)

*
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Biliary obstruction
Ultrasonography has become a routine diagnostic 
tool for assessing icteric dogs and cats with biliary 
obstruction. Cholestasis can be caused by extra-
hepatic and intrahepatic diseases. Causes of extra-
hepatic obstruction (affecting mainly the distal 
common bile duct) include luminal obstruction by bile 
duct calculi, inspissated bile and extraluminal com-
pression due to neoplasia or inflammation, especially 
of the pancreas or duodenum. Dilatation of the duct 
depends on the degree and duration of the obstruc-
tion. The normal diameter of the common bile duct 
can be up to 3 mm in dogs and up to 4 mm in cats. 
Long-standing obstruction (3–7 days) of the common 
bile duct may lead to dilatation of the extrahepatic 
and intrahepatic ducts. Anechoic tubular structures at 
the porta hepatis or throughout the parenchyma are 
seen (Figure 8.22; see also Obstructive cholestasis 
clip on DVD), which follow the more linear portal 
veins and lack blood flow on colour Doppler examina-
tion. Gallbladder dilatation was seen in <50% of cats 
in a retrospective study (Gaillot et al., 2007). 
Therefore, absence of gallbladder dilatation does not 
rule out extrahepatic biliary obstruction.

(a) Ultrasonogram of the gallbladder in a dog.
The curvilinear structures with distal shadowing

(arrowed) in the gallbladder lumen representing choleliths. 
Note the diffuse thickening of the gallbladder wall.  
(b) Ventrodorsal radiograph of a cat. Note the mineral
opaque material (*) consistent with sand in the
gallbladder. (c) Ultrasonogram of the gallbladder of the 
cat in (b). Note the hyperechoic line with marked distal 
shadowing (*) in the gallbladder lumen representing
accumulation of dense sludge, likely containing crystals. 
The material was swirling and mobile with positional 
changes of the patient.

8.21

(b)

(a)(a)

*

(c)

*

Ultrasonograms of the liver in an icteric cat with 
elevated liver enzymes. (a) Note the anechoic 

free fluid in the abdomen and the marked dilatation of the 
common bile duct (*). The common bile duct ends
abruptly and a hyperechoic round mass is seen in 
between the arrows. (b) Magnified image of the mass in 
the common bile duct showing extrahepatic cholestasis.

8.22

(b)

(a)

*
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Thickening of the gallbladder wall
Generalized gallbladder wall thickening can occur 
with cholecystitis, cholangiohepatitis, hepatitis and 
oedema (hypoproteinaemia, congestion). Moderate 
thickening can be mimicked by free peritoneal fluid 
accumulated around the gallbladder (Figure 8.23). 
The wall may have a double-layered appearance 
with an echogenic outer and inner rim. Cholecystitis 
occurs more frequently in cats than in dogs and is 
generally associated with bacterial infection. 
Neoplastic disease of the gallbladder wall resulting in 
focal thickening is less common than benign cystic 
hyperplasia of the mucous glands, which appear as 
broad-based or pedunculated hyperechoic struc-
tures. A similar ultrasonographic appearance has 
been described for polyps. Irregular or pinpoint-sized 
hyperechoic structures producing reverberation arte-
facts within the gallbladder lumen and/or liver paren-
chyma is consistent with gas and can be seen with 
cholecystitis (e.g. emphysema associated with dia-
betes mellitus or gas-producing bacteria such as 
Escherichia coli or Clostridium perfringens), cholangio - 
hepatitis, choledochitis and abscess formation.

Ultrasonogram of the gallbladder in a dog. Note 
the concentric layered thickening of the 

gallbladder (‘double gallbladder wall’), which can be 
observed in cases of peritoneal effusion, oedema or 
inflammation.

8.23

Gallbladder mucocele
Gallbladder mucoceles occur in dogs and are an 
important cause of icterus and obstructive disease. 
They are caused by cystic mucinous hyperplasia, 
leading to increased mucin production, which dis-
tends the gallbladder and can eventually cause wall 
necrosis and perforation. Ultrasonographically, they 
have a varied appearance. The classic finding is that 
of a ‘kiwi fruit’ pattern of hyperechoic striations radia-
ting from a central point (Figure 8.24). Variations 
include irregular or striated non-gravitational depend-
ent content, or content with a stellate pattern with a 
more or less prominent hypoechoic rim attributed to 
mucin between the gallbladder wall and the organized 
structure (Figure 8.25).

Gallbladder mucocele can also lead to extra-
hepatic biliary obstruction. Distension of either or both 
the intrahepatic and extrahepatic bile ducts may be 

Ultrasonogram of the gallbladder in a dog 
showing a mucocele. The gallbladder contains 

hyperechoic striations in an organized pattern resembling 
the cut surface of a kiwi fruit. Note the hypoechoic rim 
representing mucin in between the wall and the mucocele.

8.24

Gallbladder mucocele in different dogs showing
the various types of pattern that can be 

observed on ultrasonographic examination.

8.25
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seen. The therapeutic dilemma as to whether to per-
form cholecystectomy arises when a gallbladder 
mucocele is identified ultrasonographically but without 
signs of rupture. It has been shown that they can 
transform into an acute clinical condition. A breed pre-
dilection has been suggested in Cocker Spaniels, 
Shetland Sheepdogs and Miniature Schnauzers. In 
one study, a significant predisposition for gallbladder 
mucoceles in Shetland Sheepdogs was shown com-
pared with the general hospital population.

Biliary tract rupture
Ultrasonographic signs of rupture include loss of gall-
bladder wall continuity, hyperechoic surrounding mes-
entery and free peritoneal fluid (Figure 8.26). A 
sensitivity of 94.4% and specificity of 44.4% for diag-
nosing gallbladder rupture on abdominal ultrasound 
examination has been reported, with echogenic reac-
tion and effusion adjacent to the gallbladder as well 
as generalized echogenic abdominal effusion (Crews 
et al., 2009). Biliary mucus or sludge filling the gall-
bladder was associated with an increased risk of gall-
bladder wall necrosis, regardless of the type of 
content (Uno et al., 2009).

diffuse hypoechoic parenchyma, hepatomegaly and 
peritoneal effusion. On spectral Doppler examination 
a high-velocity retrograde flow, indicating high resist-
ance to flow toward the right heart, can be identified.

Portosystemic shunts
Congenital
Congenital PSSs are single large calibre connections 
between the portal vein and systemic veins that allow 
blood from the intestine to bypass the liver. Congenital 
PSSs are more frequently seen in dogs than in cats. A 
congenital shunt can be intrahepatic or extrahepatic in 
location. Intrahepatic congenital shunts occur predom-
inantly in large-breed dogs and are often attributable 
to a patent ductus venosus, originating from the left 
branch of the portal vein. If originating from the right 
branch of the portal vein, they drain directly into the 
caudal vena cava (Figure 8.28). Extrahepatic congeni-
tal PSSs occur more commonly in small-breed dogs 
(e.g. Yorkshire, Maltese and Cairn Terriers, Miniature 
Schnauzers) and connect the portal vein to the caudal 
vena cava or to another vein (e.g. the splenic, azy-
gous, gastric or renal vein).

Ultrasonogram of the liver in a dog presented 
for vomiting. The gallbladder (*) contains some

hyperechoic sludge and a thickened wall. Note the 
asymmetric fluid accumulation surrounding the 
gallbladder (arrowed). Gallbladder wall necrosis and 
rupture were diagnosed during surgery.

8.26

*

Vascular abnormalities

Hepatic venous congestion
Congestion usually occurs secondary to increased 
resistance to flow toward the right atrium by way of 
the caudal vena cava. Causes include obstruction due 
to a right atrial mass, pericardial effusion, invasion of 
the caudal vena cava by a tumour and right-sided car-
diac failure. Enlargement of the hepatic veins and 
caudal vena cava is best visualized near the dia-
phragm (Figure 8.27; see also Hepatic venous con-
gestion clip on DVD). Concurrent findings include a 

Ultrasonogram of the liver in a dog in right heart
failure. Note the anechoic abdominal effusion 

(O). The liver is enlarged and the hepatic veins and 
caudal vena cava (*) are severely distended.

8.27

*

O

(a)

Ultrasonograms of the liver in a 9-month-old 
Labrador Retriever with elevated bile acids. 

(a) A large vessel connecting the portal vein with the
caudal vena cava (CVC) is visible. The CVC is markedly
distended. Diagnosis was a single congenital intrahepatic
PSS. (continues)

8.28
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detected. The sensitivity and specificity of ultrasono-
graphy for the detection of extrahepatic PSSs have 
been reported to be 80.5% and 66.7%, respectively. A 
greater sensitivity of 100% was seen for intrahepatic 
PSSs alone. In a second study using ultrasonography 
for the diagnosis of congenital PSSs, results were 
improved by demonstrating a specificity of 98%, sen-
sitivity of 95%, and an accuracy of 94% in 38 dogs.

Acquired
Multiple acquired PSSs (Figure 8.30a) develop sec-
ondary to chronic portal hypertension and result in 
reduced blood flow to the liver. Causes of portal 
hypertension are many and include chronic liver dis-
ease (see Figure 8.7), diffuse nodular regeneration, 
infiltrative neoplasia, congenital hypoplasia of the 
portal vein, arteriovenous fistula and portal vein 
thrombosis or extraluminal compression. Multiple 
small collateral tortuous vessels form connecting the 
portal vein or its tributaries to the caudal vena cava. 
Screening of the mid-abdomen is recommended to 
evaluate these vessels (Figure 8.30b). The vessels 
may develop collateral circulation by way of the renal 
vein and lead to clinical signs of PSS. Ascites is com-
monly found on ultrasonography in association with 
portal hypertension and the blood flow is reduced, 
seen on spectral Doppler ultrasonography, to mean 
velocities of )10 cm/s (Figure 8.30a).

(continued) Ultrasonograms of the liver in a 
9-month-old Labrador Retriever with elevated

bile acids. (b) Transverse view of the liver showing the 
enlarged CVC with the termination of the large intrahepatic 
shunt (*).

8.28

(b)

*

Ultrasonograms of the liver in a 10-month-old 
Maltese mixed-breed dog with central 

neurological signs. (a) A large tubular vessel (*) is visible
originating from the portal vein. A single congenital 
extrahepatic shunt was diagnosed and confirmed on 
surgery. (b) The large vessel connecting to the caudal 
vena cava (between the callipers) is visible.

8.29

(a)

*

In the cat both intrahepatic and extrahepatic 
shunts occur; extrahepatic shunts vary widely with 
respect to their origin and course.

Extrahepatic shunts typically originate from the 
splenic and left gastric vein and enter the caudal 
vena cava between the phrenicoabdominal vein and 
the liver. They are usually identified as tortuous 
appearing vessels with hepatofugal flow (Figure 
8.29; see also Portosystemic shunt clip on DVD). 
The vena cava, portal vein and porta hepatis region 
should be scanned from the diaphragm to the level 
of the kidneys in search of an anomalous branching 
vessel entering the vena cava or travelling dorsally 
through the diaphragm toward the azygous vein 
adjacent to the aorta. Portocaval shunts terminate in 
the caudal vena cava, and their entrance is charac-
terized by turbulent flow with colour and spectral 
Doppler ultrasonography.

Acoustic windows include the subxiphoid as well 
as a high right dorsal one. For the latter, the dog is 
placed in left lateral recumbency with the limbs posi-
tioned either toward or away from the ultrasono- 
grapher. A window is found in the intercostal spaces 
of the last three ribs, relatively close to the spine, until 
the liver is visualized cranial to the right kidney. In 
cross-section, the aorta, caudal vena cava and portal 
vein can be identified adjacent to one another. The 
shunting vessel can be identified coursing between 
the vena cava and portal vein. Furthermore, measure-
ment of portal vein size can also be made in this win-
dow. The size of the portal vein cranial to the shunt is 
generally reduced in diameter. A portal vein: aortic 
ratio of )0.65 is predictive for the presence of an 
extrahepatic shunt, and a value of ≥0.8 excludes it. If 
the ratio is ≥0.80, other types of disease, such as 
microvascular dysplasia, intrahepatic shunt and portal 
hypertension attributable to chronic liver disease with 
secondary shunting, could still be present.

In addition, microhepatica, bilateral renomegaly, 
nephrocalcinosis, nephroliths and cystoliths attributa-
ble to urate crystals or stones may be identified. If 
portal hypertension is present, free fluid may be 

(b)
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Arteriovenous fistula
Arteriovenous fistulas can be congenital or acquired 
and create connections between the portal vein and 
hepatic arteries. The resulting high pressure over-
loads the venous side and hypertension occurs. 
Acquired PSSs form because of the portal hyperten-
sion, and clinical signs of shunting occur. These ani-
mals usually present at a young age with marked 
ascites. Ultrasonographically, enlargement of the por-
tal vein is seen. Intrahepatic tortuous and dilated 
branches may be difficult to detect ultrasonographi-
cally (Zwingenberger et al., 2005).

Portal vein thrombosis
Thrombosis of the portal vein occurs with numerous 
diseases that are associated with the development of 
coagulopathies. They are recognized ultrasonographi-
cally as intraluminal structures of moderate to high 
echogenicity and the absence of colour Doppler sig-
nals within the lumen. Thrombosis can be focal or can 
extend into all branches of the portal venous system 
and cause acquired shunting. Free peritoneal fluid 
may develop.

Considerations for sampling

General principles are covered in Chapter 4. 
Percutaneous ultrasound-guided aspiration and 

Spectral Doppler ultrasonograms of the liver in 
a 5-year-old Golden Retriever with a 4-month 

history of weight loss and lethargy after heartworm 
treatment. (a) Reduced blood flow velocity of 10 cm/s is 
evident in the portal vein consistent with portal 
hypertension. (b) Multiple enlarged tortuous vessels are 
identified caudal to the left kidney and outlined with power 
Doppler.

8.30

(a)

(b)

biopsy of the liver have become routine in dogs and 
cats. Cytology or histopathology is often required to 
obtain a definitive diagnosis of most liver diseases, 
because the ultrasonographic appearance may be 
identical in different conditions. The decision to per-
form an aspiration or a tissue core biopsy is deter-
mined by the lesion to be sampled and the suspected 
abnormality. Ultrasound-guided FNA of the liver is a 
safe procedure that is usually performed on conscious 
animals, with sedation depending on the tempera-
ment of the dog or cat. Cats and dogs should prefer-
ably be placed under general anaesthesia for biopsy 
of the liver. A coagulation profile is an important 
screening test before tissue core biopsy procedures, 
especially considering that several coagulopathies 
may occur with liver disease.

FNA is generally performed with 20–22-gauge 1.5 
inch needles for diffuse lesions (e.g. lymphoma, mast 
cell tumour and fatty infiltration), small nodules and 
cystic or highly vascular structures. A sector, curved 
or linear array transducer may be used depending on 
the location of the lesion. A superficial lesion can be 
well visualized with a high-frequency curved or linear 
array transducer, whereas deeper lesions may require 
low-frequency curved array or sector (phased array) 
transducers. Tissue core biopsy is generally recom-
mended in most diffuse liver diseases (for chronic 
hepatitis, cirrhosis, amyloidosis, fibrosis, etc.) and 
larger masses (>2 cm). Tissue core biopsy needles 
with a 2 cm long sample notch should be used and 
are typically 16–18-gauge depending on the size of 
the animal. For medium to large dogs, 16-gauge nee-
dles are recommended; whereas 18-gauge needles 
are best for smaller dogs and cats. Manual, semiauto-
matic and automatic (spring-loaded gun) needles can 
be used, depending on the personal preferences of 
the ultrasonographer.

Generally, if a tissue core biopsy sample is being 
obtained, fine-needle aspirates can be collected at the 
same time, because a ‘preliminary’ cytological diagno-
sis can be made whilst waiting for the histopathology 
results, which usually take at least 24 hours. Touch 
preparations of the core biopsy sample can also be 
made for cytological analysis. Complications of ultra-
sound-guided tissue sampling are rare. After any 
tiss ue sampling procedure, the patient should be 
monitored directly with ultrasonography for the pres-
ence of free fluid. Small amounts of free fluid at the 
sampling site are not uncommon with tissue core 
biopsy, but are less frequent with FNA. Small amounts 
of fluid are generally self-limiting when the coagul-
ation status of the patient is normal.

Ultrasound-guided percutaneous cholecystocen -
tesis may be performed safely and can provide  
valuable cytological and bacteriological information 
to make a diagnosis of cholecystitis and apply 
appropriate antimicrobial therapy. The transhepatic 
approach is considered the safest method of bile 
aspiration, enabling the liver to seal off the area of 
gallbladder puncture (d’Anjou, 2008). The risk of 
complications is increased with a diseased wall or 
distended gallbladder, and include bile leakage and 
subsequent peritonitis, as well as haemorrhage.
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Spleen
Paul Mahoney

Introduction

The spleen is an elongated, strap-like organ located 
adjacent to the left mid-abdominal wall, typically 
aligned in a dorsocranial–ventrocaudal plane. In 
describing the spleen, three regions are identified 
(the head, body and tail), although in practice there 
is no visible demarcation between each. In dogs 
with out hepatomegaly or gastric distension, the head 
of the spleen is usually located deep to the 11th–
13th ribs, cranial to the left kidney, and is often seen 
to fold medially on to itself (Figure 9.1a). The body 
continues just deep to the abdominal wall in a ventro -
caudal direction, usually passing free of the rib shad-
ows at a level midway between the vertebrae and 
the sternum. From there its continuation can be quite 
variable, and the tip of the tail may be found any-
where from alongside the left wall of the bladder   to 
curving ventrally towards the right ventral mid-
abdominal wall. In cats, the entire spleen is usually 
visible just deep to the left mid-abdominal wall, and 
the head of the spleen may be partly obscured by 
the 12th–13th ribs (Figure 9.1b).

The spleen acts as a blood reservoir, capable of 
storing up to 20% of the normal blood volume and 

30% of the body’s platelets. It has roles in haemo -
poiesis, red blood cell filtration and phagocytosis, 
body immunity, storage of Factor VIII coagulant, 
regulation of angiotensin-converting enzyme (ACE), 
iron metabolism, and modulation of noradrenaline 
(norepinephrine) levels. Changes in size, shape and 
echogenicity may represent a normal response of 
the organ to these functions, and may be ultrasono-
graphically indistinguishable from significant patho-
logical processes.

In several recent large histopathology studies, 
approximately 35–50% of all spleen submissions had 
a non-neoplastic lesion, and 50–65% had a neoplas-
tic lesion. Approximately half of the neoplastic lesions 
were haemangiosarcomas.

Indications

The spleen can be involved with many diseases, and 
clinical signs can be non-specific. Therefore, complete 
assessment of the spleen should form part of any rou-
tine abdominal ultrasound examination in clinical 
patients. Particular attention should be given to the 
spleen in animals presenting with:

(a) CT image showing the location of the canine spleen along the left abdominal wall. The head can be seen to
fold on to itself and the tail passes along the floor of the abdomen towards the right side. (b) CT image showing

the location of the feline spleen along the left abdominal wall. The head of the spleen is partly overlain by the 13th rib.

9.1

(a) (b)
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 •	 Haemoabdomen
•	 A palpable (or radiographically evident) mid-

abdominal mass
•	 Palpable splenomegaly
•	 A history of abdominal trauma
•	 Deep-chested dogs with vague clinical signs that 

include abdominal discomfort.

Targeted assessment of the spleen may be con-
sidered in patients with known haemangiosarcoma 
elsewhere, and in dogs with a confirmed mast cell 
tumour where there is clinical suspicion of meta-
static spread, or a histopathological grading where 
that may occur. Doppler ultrasonography is indi-
cated in dogs suspected of having splenic torsion 
and in any patient with a coagulopathy or a predis-
posing disease process.

Value of ultrasonography compared 
with radiography and computed 
tomography

Ultrasonography should never be thought of as a 
replacement for abdominal radiography; the two pro-
cedures are often complementary. However, when 
specifically assessing the spleen, radiography can 
often be of limited benefit. Radiography will not detect 
many of the changes that are seen on ultrasono- 
graphy and described later in this Chapter. As very lit-
tle of the spleen is normally seen in most patients, 
occasionally an incorrect radiographic diagnosis of 
splenomegaly can be made when the normal spleen 
aligns along the floor of the abdomen such that the 
tail rests adjacent to the bladder, resulting in more 
spleen being visible on the lateral radiograph than is 
normal. Occasionally (particularly in cats) no spleen at 
all is seen on abdominal radiographs.

The presence of fluid within the abdomen can 
sometimes improve the quality of the ultrasound 
scan, but it invariably leads to reduced serosal detail 
on an abdominal radiograph. In animals with very 
large abdominal masses, it can be helpful to assess 
ab-dominal radiographs before starting the ultra-
sound scan; in many instances, the differential diag-
noses list can be reduced quickly by starting with 
the radiographs (Figure 9.2). Ultrasound scans can 
sometimes prove quite time-consuming in such 
cases as very little of the original organ may remain, 
having been replaced by abnormal tissue, and pre-
sumptive diagnoses are instead made by ruling out 
normal organs one-by-one.

Computed tomography (CT) can be used to 
examine the spleen, but clinical experience in the 
veterinary setting is quite limited. It gives an improved 
view of the entire spleen in all animals, including 
those where the head of the spleen can be par-
ticularly difficult to image with ultrasonography. CT has 
been reported to be of value in dogs with splenic 
torsion. Fife et al. (2004) looked at the post-contrast 
enhancement characteristics of large splenic masses 
in 21 dogs, and found that haemangiosarcoma tended 
to have a lower Hounsfield unit (HU) when compared 
with non-malignant masses. However, although at the 

cut-off (55 HU) it suggested to differentiate between 
the two types of mass, three of the 14 non-malignant 
masses would have been false-positives for malig-
nancy. It is not known how the sensitivity and spec-
ificity of pre- and post-contrast CT scans of the spleen 
compare with those of ultrasonography.

Imaging technique

Patient preparation
A large area of skin needs to be clipped to view all of 
the spleen in many canine patients.

Positioning
In both dogs and cats the spleen can be examined 
with the patient in right lateral recumbency, and the 
organ visualized using a left flank approach. Not un-
commonly in dogs, the tail of the spleen crosses the 
ventral midline as it arcs along the abdominal floor 
towards the right side, and this part of the spleen is 
then best visualized from the ventral right flank with 
the patient in left lateral recumbency.

It is surprising how far dorsal the head of the 
spleen can be located in dogs. The left kidney is a 
con venient landmark to find this part of the spleen, 
as it lies just cranial to the kidney’s cranial pole. An 
intercostal approach is usually required, and if so, 
aligning the image plane parallel to the ribs and 
rocking the probe to sweep the image from cranial 
to caudal allows imaging of the head of the spleen 
without interference by the ribs (Figure 9.3a). This 
region should then be re-evaluated in a transverse 
(cross-sectional) imaging plane (Figure 9.3b), which 
is then continued caudoventrally following through 
the body and finally the tail. With some probes, the 
width of the spleen in the transverse plane can be 
greater than the width of the ultrasound beam. In 
such cases it is important to be sure that all of the 
spleen is visualized, and to ensure that this is done, 
the spleen should be scanned (in the transverse 
imaging plane) from head to tail with its cranial bor-
der kept within the field of view, and then scanned 
again from tail to head with its caudal border kept 
within the field of view.

Lateral abdominal radiograph of a mid-
abdominal mass showing displacement of 

intestines cranially, dorsally and caudally. The primary 
differential diagnosis for this would be a splenic mass.

9.2
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Equipment
There is no single transducer that would suit exami-
nation of the spleen in all canine and feline 
patients, and the choice depends upon the probes 
that are available at the practice as well as the 
patient size and conformation. As much of the 
spleen is relatively superficial, the use of higher fre-
quency probes (>7 MHz) will improve image resolu-
tion. In feline and some canine patients, part of the 
spleen may be too close to the transducer to image 
well, and if there is no access to a linear probe, a 
stand-off may be required. However, it must be real-
ized that the appearance of some spleen patholo-
gies may alter depending on the type of probe and 
the frequency selected (Figure 9.4).

Normal ultrasonographic 
appearance

The size of the spleen in dogs and cats can be quite 
variable, and a diagnosis of splenomegaly is often 
made subjectively. Radiography may better demon-
strate displacement of adjacent organs when the 
spleen is enlarged. The splenic parenchyma has a 
fine granular, relatively homogeneous echotexture 

throughout (Figure 9.5a; see also Normal spleen in 
a cat clip on DVD). In many dogs the splenic paren-
chyma is slightly more echogenic than the hepatic 
parenchyma, but this relationship is variable and 
changes do not necessarily represent pathology. 
The splenic parenchyma is generally more echo-
genic than the renal cortex. The spleen is sur-
rounded by a thin hyperechoic capsule, which is 
only visible when the capsule and beam are at right 
angles to each other (Figure 9.5b; see also Normal 
spleen in a dog clip on DVD).

Ultrasonograms of the head of the spleen.
(a) Intercostal approach with the probe aligned

parallel to the ribs: the spleen is seen folding on to itself. 
(b) Transverse imaging plane: the tip of the head of the
spleen is difficult to view and there is shadowing by an
overlying rib.

9.3

(a)

(b)

Ultrasonograms of a section through an 
enlarged canine spleen affected with lymphoma 

using different transducers. (a) 5 MHz curvilinear probe. 
The spleen has a variable echogenicity throughout and is 
less echogenic than a normal spleen. (b) 8 MHz 
microconvex probe. Numerous small hypoechoic nodules 
that were not clearly seen in (a) are now visible. 
(c) 15 MHz linear probe. The hypoechoic nodules are
much more clearly seen and appear to be greater in
number than in (b).

9.4

(a)

(b)

(c)
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The blood supply to the spleen is via the splenic 
artery, a branch of the coeliac artery. Once it enters 
the spleen its branches are not generally visualized 
unless colour Doppler ultrasonography is used. 
Intrasplenic branches of the splenic vein can be read-
ily visualized as anechoic tubular structures that drain 
towards the hilus. From here the splenic vein empties 
into the portal vein. Occasionally, hyperechoic invagi-
nations can be seen around the splenic vein branches 
along the hilus (Figure 9.6). These represent myelo-
lipidosis and have no clinical significance.

Thiopental and acepromazine can cause pas-
sive congestion of the spleen, resulting in an in-
crease in size, reflectivity and attenuation, but often 
these changes are not noticed. Occasionally, dogs 
sedated with medetomidine show spontaneous 
echoes (‘smoke’) within the intra-abdominal veins 
(including the splenic vein), the degree of which is 
over-and-above the more subtle echogenic blood 
that can sometimes be seen within any slow-flowing 
vessel. A similar finding may be seen occasionally 
in dogs with anaemia (Figure 9.7). This should not 
be considered a precursor to intravascular thrombo-
sis formation. Occasionally, accessory splenic tis-
sue may be seen as nodules adjacent to the 

(a) The normal feline spleen has a fine evenly 
granular appearance. (b) The normal canine 

spleen has a fine evenly granular appearance. The 
hyperechoic line seen along the distal border of the 
spleen is the splenic capsule, which is at right angles to 
the beam in this region. In many normal dogs the splenic 
parenchyma is more echoic than the liver.

9.5

(a)

(b)

Spleen

Liver

spleen. Typically they have a similar echogenicity to 
spleen, and histologically they are identical to 
spleen (Figure 9.8).

Hyperechoic invaginations along the splenic 
hilus are typical of myelolipidosis and are not 

felt to be clinically significant.

9.6

Ultrasonograms of a dog with immune-mediated 
haemolytic anaemia and a packed cell volume of 

0.17. (a) Hyperechoic blood within a branch of the splenic 
vein (arrowed). The vessel is not clearly seen until 
demonstrated with colour Doppler. (b) Colour Doppler 
identifies the branch of the splenic vein not readily seen in (a).

9.7

(a)

(b)
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gran ulonodular texture, or a combination of these 
changes. A normal looking spleen does not rule out 
diffuse neoplastic infiltration. Tissue sampling of the 
spleen is therefore needed to obtain a definitive diag-
nosis. The most commonly reported infiltrative neo-
plasms affecting canine and feline spleens are 
ly m  phoma (Figure 9.10), mast cell tumour and histio-
cytic sarcoma. Less common differential diagnoses 
include leukaemic and myelomatous infiltrates.

Ultrasonogram of an 8-year-old Rottweiler with a 
distal femoral osteosarcoma showing a rounded 

mass (between the callipers) deep to the spleen, most of 
which is isoechoic to the spleen. Fine-needle aspiration of 
the mass confirmed that this was accessory splenic tissue.

9.8

Ultrasonogram of a 5-year-old Springer Spaniel 
with immune-mediated anaemia showing a 

moderate degree of generalized splenomegaly without 
alteration of the parenchymal appearance.

9.9

Diffuse parenchymal disease

Inflammation
The spleen has many functions, and its appearance 
may alter as a result of stimulation from a variety of 
sources. Examples in cats and dogs include extra-
medullary haemopoiesis, lymphoid hyperplasia, 
chronic inflammatory disease, immune-mediated 
dis ease, bacterial, fungal or rickettsial diseases, and 
blunt abdominal trauma. In each case the patient 
may develop an enlarged spleen that has a normal 
or altered echogenicity (Figure 9.9). Feline corona-
virus has been reported to cause generalized spleno -
megaly without alteration to its echogenicity.

Ultrasonogram of a dog that developed a 
hyperechoic spleen with a diffuse 

granulonodular appearance to its parenchyma. The 
spleen was not significantly enlarged. Cytology of a 
fine-needle aspirate confirmed the presence of lymphoma.

9.10

Neoplasia
The neoplasms that can diffusely infiltrate the spleen 
can have variable effects on its appearance, none of 
which are specific. There may be no change at all in 
size, texture or echogenicity, there may be an in-
crease in size, an increase in echogenicity, a reduc-
tion in echogenicity, the development of a diffuse 

Focal parenchymal disease

Inflammation
Splenic abscesses (Figure 9.11) may be solitary or 
multifocal, and can be hypoechoic, hyperechoic or 
have a mixed echogenicity. If gas is present within 
the lesion it is associated with reverberation or shad-
owing artefacts (see Chapter 1). The appearance of 
a splenic abscess may change over a relatively short 
period of time.

Hypoechoic splenic mass containing several 
small hyperechoic flecks (arrowed) indicating 

the presence of gas. Colour Doppler shows blood flow 
around but not within the mass. The mass was confirmed 
as a splenic abscess.

9.11
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Neoplasia

Solitary lesions
The most common solitary splenic malignancy in 
dogs is haemangiosarcoma. It typically presents as a 
mass of variable size, but its ultrasonographic appear-
ance can be quite diverse. It may be solid or contain 
central area(s) of anechoic fluid accumulation. It may 
be isoechoic, hypoechoic or hyperechoic to the 
remainder of the spleen, or have a mixed echogenic-
ity. It can also be ultrasonographically indistinguish-
able from benign mass lesions such as haematoma, 
infarct, abscess or haemangioma. Other malignant 
neoplasms that can have a similar appearance 
include other sarcomas (e.g. histiocytic sarcoma, fib ro  -
sarcoma, osteosarcoma, leiomyosarcoma, myxosar-
coma, rhabdomyosarcoma, poorly differentiated 
sarcoma), lymphoma and metastatic disease (Figure 
9.12). Both malignant and non-malignant lesions can 
bleed, so although the presence of concurrent haemo -
abdomen may raise the index of suspicion for a malig-
nancy, it cannot be used to confirm the presence of 
haemangiosarcoma. Reduced total plasma protein 

and/or platelet count in such cases are most likely a 
consequence of severe haemorrhage and are not 
necessarily reliable biomarkers for predicting malig-
nancy. The presence of schistocytes on a blood 
smear has been associated with haemangiosarcoma; 
however, they can be associated with non-malignant 
splenic lesions as well as other non-splenic diseases.

Contrast harmonic imaging has recently been 
used to evaluate splenic lesions in a number of stud-
ies, but experience so far is limited and more work 
needs to be done to fully assess its value. Ivancic et 
al. (2009) felt that it did not reliably differentiate hae-
matoma from haemangiosarcoma, although there 
may be some value in differentiating metastatic nod-
ules in the liver from benign hepatic nodular hyper-
plasia. Rossi et al. (2008) found that all malignant 
lesions became hypoperfused during the wash-out 
phase 30 seconds after injection, and this differed 
from all but one benign lesion. With a larger group of 
dogs, Ohlerth et al. (2008) found a greater overlap in 
the perfusion patterns of benign and malignant dis-
eases, but extensive to moderate hypoechogenicity 
during all blood pool phases had a high association 
with malignancy.

(a) Large hypoechoic mass in a canine spleen containing several anechoic areas representative of intralesional
haemorrhage. The mass had a histopathological diagnosis of haemangiosarcoma. (b) Large mixed echogenic

mass in a canine spleen containing a small amount of intralesional haemorrhage. The mass had a histopathological 
diagnosis of benign haemangioma. (c) Large mixed echogenic mass in a canine spleen with a histopathological diagnosis 
of benign nodular hyperplasia. (d) Large mixed echogenic mass in a canine spleen with a histopathological diagnosis of 
histiocytic sarcoma.

9.12

(a) (b)

(c) (d)

Ch09 Ultra.indd   105 26/04/2012   13:54

Downloaded From Vet-eBooks.com



Chapter 9 Spleen

106

Although uncommon, solitary feline splenic 
masses (Figure 9.13) can have an appearance sim-
ilar to that seen in dogs and have as wide a variety 
of differential diagnoses.

Ultrasonogram of a bulging nodule (between 
the callipers) that was isoechoic to the 

remainder of the cat’s spleen. The mass had a cytological 
diagnosis of lymphoma.

9.13

Multiple lesions
Neoplasia of the spleen can manifest itself as hypo-
echoic or hyperechoic multiple nodules scattered 
throughout the parenchyma, and in this respect it 
can resemble nodular hyperplasia or extramedullary 
haemopoiesis. The more widespread and the greater 
the number of lesions, the higher the suspicion of 
malignant disease. However, tissue sampling may 
still be required to reach a diagnosis. The more com-
mon differential diagnoses for malignant multiple no -
d ules include lymphoma (Figure 9.14a), histiocytic 
sarcoma, mast cell tumour, haemangiosarcoma and 
metastatic disease (Figure 9.14b).

Target lesions
Splenic target lesions are nodules or masses with a 
hypoechoic rim and a hyperechoic or isoechoic core, 
which resembles a bullseye target (Figure 9.15). They 
have been associated with malignancies in humans 
and it has been suggested that this may also be the 
case in dogs. However, they have a non-specific 
appearance, which requires tissue sampling to differ-
entiate benign from malignant disease.

Nodular hyperplasia
Nodular hyperplasia is probably the most common 
cause of solitary or occasional nodules within the 
spleen of middle-aged or older dogs, and is an occa-
sional finding in cats. The nodules are usually small 
(<3 cm in diameter), hypoechoic, hyperechoic or of 
mixed echogenicity, and may be within the paren-
chyma or bulging from a surface (Figure 9.16). In 
cases where they are isoechoic to the spleen, they 
may only be noticed as a surface bulge. Occasionally, 
nodular hyperplastic lesions can be quite numerous.

(a)

(a) Canine spleen containing numerous 
variably sized hypoechoic nodules scattered 

throughout the parenchyma. Cytological diagnosis was 
lymphoma. (b) Canine spleen containing numerous 
variably sized nodules scattered throughout the 
parenchyma, which range in appearance from hypoechoic 
to target-type nodules. Cytological diagnosis was 
metastatic carcinoma secondary to an anal sac tumour.

9.14

(b)

Small solitary canine splenic nodule with the 
appearance of a target lesion (between the 

callipers). Note the hyperechoic core and hypoechoic rim. 
Cytological diagnosis was nodular hyperplasia.

9.15
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Extramedullary haemopoiesis
Extramedullary haemopoiesis may result in general-
ized splenomegaly or manifest itself as solitary or 
multiple nodules within the spleen (Figure 9.17), and 
in this respect may be indistinguishable from nodular 
hyperplasia in appearance.

(a) Hypoechoic nodule (arrowed) in the spleen
of an elderly dog. (b) Two hyperechoic nodules

(arrowed) in the spleen of an elderly dog. (c) Mixed 
echogenic nodule (arrowed) in the spleen of an elderly 
dog. All of these lesions were diagnosed as nodular 
hyperplasia on fine-needle aspirate cytology.

9.16

(a)

(b)

(c)

(a) Ultrasonogram of a 2 cm diameter mass in a
cat with immune-mediated haemolytic anaemia.

The mass is isoechoic to the remainder of the spleen. 
Fine-needle aspirate cytology diagnosed the mass as a 
focal region of extramedullary haemopoiesis. (b) Small 
hypoechoic nodule representing a focal area of 
extramedullary haemopoiesis. (c) Mixed echogenic 
splenic mass (*) diagnosed as a focal area of extra-
medullary haemopoiesis on fine-needle aspirate cytology.

9.17

(a)

(b)

(c)

*

*

*

*
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Infarction
Splenic infarction may occur secondarily to hyper- 
ad renocorticism, hypothyroidism, immune-mediated 
disease, protein-losing enteropathy, protein-losing 
nephropathy, bacterial endocarditis and neoplasia. The 
appearance of an infarct is variable and may change 
over time. They may extend over large areas, appear 
evenly hypoechoic and show no blood flow on Doppler 
assessment. Affected areas may contain hyperechoic 
flecks, giving a coarse lacy pattern (‘starry sky’ 
appearance) (Figure 9.18; see also Splenic infarction 
(1), (2) and (3) clips on DVD). There may be haemor-
rhage within the lesion, resulting in a mass that resem-
bles a neoplasm, haematoma or abscess. In time the 
affected area may reduce in size as it reorganizes, 
eventually resembling a hyperechoic scar associated 
with an overlying distortion of the splenic capsule.

(a) Ultrasonogram of a 
canine spleen showing 
the demarcation line 
between the normal 
hyperechoic spleen (to 
the left of the image) 
and the hypoechoic 
infarcted spleen (to the 
right of the image). 
Hyperechoic flecks 
within the infarcted area 
give it a ‘starry sky’ 
appearance. 
(b) Colour flow Doppler 
assessment shows flow 
in the normal 
hyperechoic splenic 
tissue, but no flow in the 
infarcted hypoechoic 
region of spleen.

9.18

(b)

(a)

non-specific, and may include abdominal pain or dis-
comfort, weakness, tachycardia, hypotension, poor 
peripheral perfusion and collapse. The spleen is usu-
ally markedly enlarged, and may have a normal or 
reduced echogenicity. Free fluid may be present within 
the abdomen. Blood flow within the splenic vessels 
may be present or absent, depending upon the 
degree of torsion and the effect on its blood supply, 
and there may be areas of infarction with resultant 
coarse lacy parenchyma (Figure 9.19). Echogenic 
thrombi may be detected within the intrasplenic ves-
sels and/or the splenic vein as it leaves the hilus. A 
hyperechoic invagination of mesenteric tissue around 
the hilar veins as they exit the spleen may be a further 
indication of torsion. However, this may be confused 
with myelolipidosis (described above), so care needs 
to be taken when interpreting this finding.

Ultrasonogram of a large spleen showing the 
‘starry sky’ appearance of thrombosis. A 

laparotomy was performed and splenic torsion was 
confirmed as the underlying cause.

9.19

The splenic vein of this dog with 
hyperadrenocorticism was thrombosed. The 

colour flow Doppler shows recanalization of the vein with 
flow around and through the thrombus.

9.20

Splenic torsion

Splenic torsion is most commonly associated with 
gastric dilatation and volvulus, but can occasionally 
occur as a primary problem, typically in large or giant-
breed dogs, particularly German Shepherd Dogs and 
Great Danes. The clinical signs are usually vague and 

Splenic thrombosis

Splenic vein thrombosis (Figure 9.20) may occur 
without torsion or obvious infarction. Underlying dis-
eases that may cause venous thrombosis include 
those listed for splenic infarction (see above).

Ch09 Ultra.indd   108 26/04/2012   13:54

Downloaded From Vet-eBooks.com



Chapter 9 Spleen

109

Particular considerations for 
sampling

It is not possible to differentiate neoplastic from non-
neoplastic disease affecting the spleen using ultra-
sonographic appearance alone. The presence of 
lesions in other organs, abnormal intra-abdominal 
lymph nodes and/or peritoneal fluid may make neo-
plastic disease more likely, but without a definitive 
diagnosis, the clinician runs the risk of an incorrect 
diagnosis and subsequent inappropriate clinical 
decisions. In the United Kingdom where fungal dis-
eases are rare, the presence of pulmonary nodules 
is the finding that gives the clinician the greatest con-
fidence that a malignancy is likely. Ultimately, how-
ever, confirmation requires sampling.

When performing canine and feline splenic sam-
pling for cytology, a non-aspiration technique is 
likely to give a superior sample when compared 
with an aspiration technique. Cell morphology is 
preserved, and there is higher cellularity because 
of reduced haemodilution. The technique is quick, 
minimally invasive and relatively simple to perform, 
and as long as the patient is adequately restrained 
to reduce the risk of splenic laceration, it is a rela-
tively low risk procedure.

The limitations of cytological evaluation should 
also be understood. Errors in diagnosis can occur if:

• Inappropriate areas are sampled
• An insufficient number of samples are taken
• Samples are incorrectly presented or preserved
• The samples are evaluated by an inexperienced

person
• Histopathology is required to differentiate

between reactive and neoplastic conditions.

It is of limited value to attempt to reach a cytologi-
cal diagnosis of a large splenic mass before splenec-
tomy; once the spleen is removed, the entire mass 
should be sent for histopathological evaluation. In 
cases of splenic lymphoma, treatment with cortico-
steroids prior to sampling reduces the likelihood of a 
definitive diagnosis.
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Sampling procedure
The author’s preferred method for cytological 
sampling of the canine and feline spleen is given 
below.

Preparation
Preparation before sampling is very important as 
spleen samples clot very quickly in the needle.

• Place frosted slides on a bench nearby ready
for the samples.

• Place several 5 ml syringes near the slides,
and introduce 2–3 ml of air into each syringe
ready for use after sampling.

Procedure
Spinal needles of a length suitable for the depth of 
sampling are used (22-gauge, 1.5 inches or 3.5 
inches). The stilette is left inside the needle.

• Using ultrasound-guidance, place the needle
tip at the margin of the region of interest.

• After a colleague gently removes the stilette,
pass the needle through the region of interest
once, and withdraw.

• Attach one of the pre-prepared 5 ml syringes
and gently expunge the sample from the
needle on to a slide.

• Make a smear and air-dry the sample.

This procedure is repeated several times for each 
area of interest. If the slides are to be sent away 
for evaluation, they should not be placed in the 
same package as anything in formalin, as 
exposure to formalin fumes inhibits routine 
staining, resulting in loss of cellular detail.

DVD extras

• Normal spleen in a cat
• Normal spleen in a dog
• Splenic infarction (1)
• Splenic infarction (2)
• Splenic infarction (3)
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Kidneys and proximal ureters
John P. Graham

Introduction

Ultrasonography is a versatile tool for evaluating the 
kidneys and ureters as it is quick, non-invasive and 
relatively sensitive. Changes in renal size, architec-
ture and echogenicity can be assessed. However, it 
provides no data about renal function.

Indications

Common indications for renal ultrasonography 
include:

• Gross or microscopic haematuria
• Pyuria
• Proteinuria
• Suspected urolithiasis
• Bilateral or unilateral renomegaly/renal mass
• Acute renal failure
• Congenital renal dysplasia or familial

nephropathy
• Polyuria/polydipsia
• Loss of retroperitoneal detail radiographically
• Chronic renal failure.

Suspected renal or ureteral disease is a com-
mon indication for abdominal ultrasonography. The 
kidneys should also be evaluated when scanning 
patients with clinical signs of lower urinary tract dis-
ease, as some conditions can affect multiple sites 
(e.g. urolithiasis) and lower urinary tract infections 
may ascend to cause pyelonephritis. Clinical tests 
of renal function are insensitive and only show 
changes once 70% or more of the functional ne-
phrons have been destroyed. Ultrasonographic ab-
normalities are not always reflected in serum 
chemistry tests and urinalysis. Conversely, the 
ultra  sonographic appearance of the kidneys may be 
normal even when significant renal compromise is 
present and the patient is azotaemic. Ultrasound 
examination is relatively unhelpful in assessing 
patients with chronic renal failure and azotaemia, 
as the findings are similar for almost all chronic 
renal diseases. Ultrasonography may be somewhat 
more helpful in investigating acute renal failure, 
determining its cause and in distinguishing acute 
from chronic renal failure.

Value of ultrasonography compared 
with radiography and computed 
tomography

Ultrasonography has largely supplanted survey and 
contrast radiography in evaluating the upper urinary 
tract. Radiographs are preferred for a global assess-
ment of the urinary tract and for determining renal 
size and detecting mineralization. Ultrasonography is 
particularly helpful in patients with renal enlargement 
as it can distinguish between causes such as hydro-
nephrosis, polycystic disease and renal masses.

Renal neoplasia may efface all normal architec-
ture, so the ultrasonographic diagnosis may be 
based on being confident that the mass has not dis-
placed a normal kidney. The pattern of organ dis-
placement caused by a renal mass on survey 
radiographs usually points to the kidney as the prob-
able organ of origin, and may help confirm the ultra-
sonographic diagnosis. Excretory urography can 
confirm the absence of a normal kidney. Ultra-
sonography is more sensitive than radiography for 
assessing local invasion by renal tumours, especially 
invasion or encasement of the vena cava and aorta. 
In cases where the mass is very large, this may  
be difficult and contrast-enhanced computed tomo-
graphy (CT) is often more helpful.

With the exception of cysteine and urate calculi, 
uroliths can be seen on survey radiographs unless 
they are quite small. Ultrasonography is superior for 
detecting small renal calculi and sand-like material. It 
can also differentiate mineralization of the paren-
chyma from intraluminal mineralized structures. In 
addition, ultrasonography can be used to locate ure-
teral calculi, especially if ureteral dilatation is present. 
Tracing the ureter distally is difficult unless there is 
moderate or severe dilatation. Ultrasonography is 
best used in combination with radiography for evalu-
ating ureteral calculi, especially if these are small or 
located distally.

In cases of abdominal trauma, excretory urogra-
phy is the technique of choice to diagnose renal  
rupture, renal avulsion and ureteral rupture. Ultra-
sonography may show fluid within the retroperitoneal 
space, but cannot distinguish urine from haemorrhage 
and cannot confirm a ureteral laceration. In patients 
with little body fat or cachexia, ultrasonography is the 
preferred technique for assessing the kidneys.
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Imaging technique

Patient preparation
The patient is prepared by clipping the hair coat and 
applying acoustic coupling gel.

Positioning

Dogs
The kidneys can be scanned with the patient in either 
dorsal or lateral recumbency. With the dog in dorsal 
recumbency, the left kidney is imaged through the left 
ventral abdominal wall, just caudal to the ribs. In most 
patients, minimal pressure is applied to the transducer 
to displace the small and large bowel. Both sagittal 
and transverse plane images should be obtained. For 
sagittal plane images, the transducer can be kept in 
one place and the beam fanned medially and laterally. 
For transverse plane images, the transducer must 
usually be moved cranially and caudally, sliding on the 
skin, as the kidney is relatively long. The descending 
colon may block this acoustic window. In this case, the 
transducer is moved laterally, pressure is applied, and 
the transducer is then swept medially to displace the 
colon towards the midline and reveal the kidney. In 
some patients, it may be easier to move the trans-
ducer medially, apply some pressure, and then 
attempt to displace the colon laterally. If this fails, the 
probe should be moved laterally and dorsally to the 
paralumbar fossa to locate an imaging window dorsal 
to the colon. Dorsal and transverse plane images 
should then be obtained.

The right kidney in dogs is more difficult to image 
because it is located further cranially and dorsally 
and deep to the ribs. Scanning the right kidney from 
the ventral abdomen requires pressure to be applied 
with the transducer to displace the pylorus, duo-
denum and ascending colon. The degree of force 
required depends upon the size of the dog, body 
condition, tension of the abdominal wall and filling of 
the gastrointestinal tract. From this approach, sagit-
tal and transverse plane images should be obtained. 
If the patient is tense, obese, large or deep-chested 
or has abdominal pain, it may not be feasible to use 
a ventral abdominal window to scan the right kidney. 
In such patients, the transducer is moved either lat-
erally and dorsally to scan through the last few inter-
costal spaces, or angled cranially and medially from 
caudal to the last rib whilst the patient is tilted to the 
left. Using this approach, dorsal and transverse 
plane images are obtained. The transducer will likely 
have to be moved back and forth between the inter-
costal spaces to avoid acoustic shadows from the 
ribs and to scan the entire kidney. This window has 
the advantage of placing the transducer closer to 
the kidney and requires little or no application of 
pressure, which is more comfortable for both patient 
and ultrasonographer.

When scanning a patient in lateral recumbency, 
the uppermost kidney is examined. The transducer is 
placed in the left paralumbar fossa to scan the left kid-
ney. This has the advantage that the descending 
colon usually drops ventrally, away from the kidney. 

However, the kidney also rotates medially and  
ventrally, and obtaining a true longitudinal image re-
quires adjusting the image plane. When evaluating the 
right kidney, the transducer is placed in the last two or 
three intercostal spaces or immediately caudal to the 
last rib, and the kidney scanned in the same manner 
as described above.

Cats
In cats both kidneys are located caudal to the ribs, 
which makes the examination substantially easier. 
The imaging technique is the same as described for 
dogs, with the exception that an intercostal approach 
is almost never required to view the right kidney. If 
available, a linear transducer is preferred for the ex-
amination of cats as the image quality is superior.

Equipment
Linear transducers offer superior image quality and 
may be used to examine both kidneys in most cats. 
In dogs, it is usually not possible to view the right 
kidney with a linear transducer as the contact area of 
the probe is too large. For this reason curved array 
or sector transducers are more often used. The  
kidneys are superficial and for most patients high-
frequency transducers (7–10 MHz) provide adequate 
penetration and good detail. In larger dogs, espe-
cially those with a deep-chested conformation, a 
lower frequency transducer may be needed, particu-
larly for the right kidney.

Doppler ultrasonography
Colour Doppler ultrasonography of a kidney shows its 
rich vascular supply. Flow within the renal artery and 
vein and lobar vessels is clearly seen (Figure 10.1). 
Colour Doppler has been used to identify renal arter-
ies in donor patients for renal transplants. Some cats 
have two major renal arteries, but this is only clinically 
significant when planning a nephrectomy or screening 
potential kidney donors.

Pulsed wave (PW) Doppler can be used to eval-
uate flow in the renal arcuate arteries. For this  

(a) Colour Doppler ultrasonogram of a normal 
left kidney showing the presence of multiple 

large vessels within the organ. The veins are larger than 
the arteries. Venous flow is shown as blue, indicating flow 
below the baseline or away from the transducer. Arterial 
flow is shown as red/orange, indicating flow towards the 
transducer. (continues)

10.1

(a)
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technique, a colour Doppler box is placed on the 
kidney and an arcuate artery is identified at the cor-
ticomedullary junction. Using the colour Doppler 
image for guidance, a 1–2 mm PW Doppler sample 
volume is placed over the arcuate artery and a 
recording of flow made (Figure 10.1e). Several 
identical, sequential wave forms should be 
obtained. This is relatively easier in the left kidney 
as there is less motion from breathing; it can be 
quite difficult in the right kidney. The resistive index 
(RI) is calculated by the following formula:

RI =
  (Peak systolic velocity – Minimum diastolic velocity)

 Peak systolic velocity

Most ultrasound machines have software to calcu-
late and display the RI on the monitor in realtime. 
Values in excess of 0.70 are considered abnormal. 
Increased RI values have been reported with obstruc-
tion of the ureter, in all acquired renal diseases, 
except chronic glomerular disease, and with rejection 
of renal transplants. Hypotensive animals will also 
exhibit an elevated RI. An increased RI is quite non-
specific and is seldom used in clinical practice.

Pyelography
Ureteral obstruction can be confirmed with 
ultrasound-guided pyelography (Figure 10.2). The 
skin overlying the kidney is aseptically prepared and 
with ultrasound guidance a 22-gauge hypodermic 
needle is placed in the dilated renal pelvis. Urine is 
withdrawn and a similar volume of water-soluble 
iodinated contrast medium (at least 250 mgI/ml) is 
injected whilst observing filling of the pelvis. If 
leakage of contrast medium along the needle tract is 
seen, the injection is stopped. Lateral and vent ro-
dorsal radiographs are made at regular intervals for 
20 minutes or until the contrast medium enters the 
bladder. The injection of contrast medium directly 
into the renal pelvis produces good filling, and 
evaluating the patency of the ureter is usually 
straightforward. The technique does not rely on the 
kidneys to concentrate the contrast medium and 
avoids the risk of contrast medium-induced renal 
failure or systemic hypotension. Leakage of contrast 
medium is usually confined to the subcapsular space 
or perirenal retroperitoneal space, and seldom ham-
pers interpretation. Culture of the pelvic urine sa m-
ple can confirm or exclude pyelonephritis.

(continued) (b) Power Doppler ultrasonogram of a normal left kidney. Power Doppler is more sensitive to the 
presence of flow, but includes no information about flow direction or velocity. Transverse images of the hilus of 

the right kidney (c) without and (d) with colour flow Doppler. The greyscale image shows the renal artery (arrowhead) and 
renal vein (arrowed) at the renal hilus. The renal vein is much wider than the corresponding artery. The colour Doppler 
ultrasonogram shows flow within these vessels. (e) Doppler evaluation and RI in an arcuate artery. The arcuate artery was 
identified using colour flow Doppler, and a small (1–2 mm) PW Doppler sample volume was then placed over the artery. 
Normal flow within the arcuate arteries is characterized by rapid acceleration at the beginning of systole followed by 
gradual deceleration. Flow is present even during diastole. The RI in this patient is <0.70 and thus is normal.

10.1

(b) (c)

(d) (e)
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Normal ultrasonographic 
appearance

The kidneys of dogs are paired elongated ovoid struc-
tures. There is a hilus at the medial aspect of the mid-
body where the renal artery enters and the renal vein 
and ureter exit. The renal capsule is seen as a thin 
hyperechoic line when perpendicular to the ultra-
sound beam. When the beam strikes the capsule 
obliquely, the ultrasound waves are reflected away 
from the transducer and the capsule is not visible. The 
cortex has a very fine, uniform echotexture. The 
medulla is quite dark and appears almost anechoic by 
comparison (Figure 10.3a). The medulla is lobulated, 
divided by fine, radiating, echogenic lines. The arcuate 
vessels may be seen as small hyperechoic structures 
at the corticomedullary junction. The depth of the 
renal cortex and medulla are approximately the same. 
The renal pelvis, peripelvic fat (Figure 10.3b), proxi-
mal ureter, renal artery and vein appear as a hyper-
echoic structure at the medial aspect of the kidney. 
Pulsation of the renal artery may be seen on B-mode 
images, although the lumen is usually seen only in 
larger dogs. The renal vein is of larger calibre and is 
seen as an anechoic tubular structure (Figure 10.3c). 
The normal pelvic lumen and ureter are not seen as 
distinct structures.

When comparing echogenicity, the kidney must 
be scanned at the same depth and with the same 
machine settings as the reference organ. The right 
kidney is compared with the liver and the left with the 
spleen. The right kidney lies within the renal fossa of 
the caudate liver lobe, and in most dogs it is possible 
to obtain images of the right kidney in contact with 
the liver (Figure 10.4). The left kidney lies caudal to 
the last rib and is medial and caudal to the head of 
spleen, and the two are usually close together allow-
ing comparison (Figure 10.5; see also Normal kid-
ney in a dog clip on DVD). The cortex of the right 

kidney is hypoechoic or isoechoic to the caudate lobe 
of the liver, and the cortex of the left kidney is hypo-
echoic to the spleen. In some normal patients, the 
cortex of the right kidney appears more echoic than 
the liver. These relationships are not absolute and 
can vary with different transducers, imaging frequen-
cies and machine settings.

Lateral abdominal radiograph of an ultrasound-
guided pyelogram in a cat. The contrast medium 

was injected into the renal pelvis following urine aspiration. 
Some contrast medium has accumulated between the 
renal cortex and capsule, creating a halo around the 
kidney. The renal pelvis and pelvic diverticula are 
moderately dilated and there is mild to moderate dilatation 
of the ureter. There is a small air bubble within the ureter 
just distal to the ureteropelvic junction. An obstructive 
calculus (arrowed) is present in the dorsal mid-abdomen. 
On subsequent radiographs there was no evidence of the 
contrast medium passing beyond the calculus.

10.2

(a) Sagittal plane image of a normal left kidney
in a dog. The cortex has a uniform granular

echotexture and medium echogenicity. The medulla is 
hypoechoic in comparison to the cortex. There is good 
distinction between the cortex and medulla. (b) Dorsal 
plane image of a normal left kidney in a dog. The lateral 
cortex is in the near-field. Note the hyperechoic 
appearance of the renal pelvis and peripelvic fat at the 
renal hilus (arrowed). (c) Transverse plane image at the 
mid-body of a normal left kidney in a dog. The renal artery 
is seen as two parallel slightly irregular lines (arrowed). 
The renal vein is much larger and positioned slightly 
deeper (arrowhead). The papilla of the renal medulla is 
almost anechoic and protrudes slightly into the renal 
pelvis, which is hyperechoic and concave.

10.3

(a)

(b)

(c)
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Feline kidneys are shorter and rounder than the 
kidneys of dogs (Figure 10.6; see also Normal kid-
ney in a cat clip on DVD). The appearance of the 
medulla and renal hilus in a normal feline kidney is 
similar to that of a dog. Fat is deposited in renal tubu-
lar cells in cats with a moderate or large amount of 
body fat. This causes the cortex to appear much 
more echogenic than the medulla and enhances con-
trast between the two areas. In fat cats, a hyper-
echoic renal cortex should not be interpreted to 
indicate renal disease. The kidneys, liver and spleen 
are seldom in contact with each other in cats, which 
makes comparison more difficult. Normal feline kid-
neys measure 30–45 mm in length. The renal 
medulla is divided into segments by the diverticula 
and radiating lobar vessels. The renal pelvis is hyper-
echoic because of the presence of fat and fibrous tis-
sue. The renal vein may be seen at the hilus with a 
high-frequency linear probe but the renal artery is 
usually too small to be seen.

Collecting system conditions

Hydronephrosis and hydroureter
Dilatation of the renal pelvis and ureter may be unilat-
eral or bilateral and may be caused by lesions any-
where within the urinary tract. In normal patients, the 
renal pelvic lumen and ureteral lumen are too small to 
be seen with ultrasonography. Mild dilatation of the 
renal pelvis appears as a thin hypoechoic or anechoic 
line in the inner medulla in sagittal or dorsal (Figure 
10.7a) plane images. Mild dilatation is easier to iden-
tify in transverse images, as it appears as a semilunar 
hypoechoic or anechoic area outlining the renal 
papilla (Figure 10.7b). Dilatation of 1–2 mm may be 
iatrogenic, caused by fluid administration, diuresis or 
even bladder distension. Dilatation of >2 mm should 
be considered abnormal and investigated (Figure 
10.7c). Possible causes include chronic parenchymal 
renal disease, pyelonephritis and ureteral obstruction.

Sagittal plane image of a normal right kidney 
(RK) and the caudate lobe of the liver in a dog. 

The cranial two-thirds of the right kidney is seen. The 
cranial pole of the kidney sits in the renal fossa of the 
caudate lobe of the liver. The renal cortex is comparable 
in echogenicity and echotexture to the liver parenchyma.

10.4

Sagittal plane image of a normal left kidney and 
spleen in a dog. The spleen is in the upper left 

corner of the image, in close contact with the cortex of the 
kidney. The splenic parenchyma is hyperechoic in 
comparison with the renal cortical parenchyma.

10.5

Dorsal plane image of a normal left kidney in a 
cat. The kidney is somewhat shorter and 

rounder than a normal canine kidney. The cortex is 
moderately echogenic, whilst the medulla is hypoechoic in 
comparison. The hyperechoic structure of the renal pelvis 
and hilar fat is seen at the medial aspect of the mid-body 
of the kidney.

10.6

(a) Dorsal plane image of the left kidney. The 
renal pelvis is mildly dilated, measuring slightly 

<2 mm in depth. There is increased cortical and medullary 
echogenicity with some loss of normal corticomedullary 
distinction. (continues)

10.7

(a)
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Uroliths are the most commonly encountered 
obstructive lesions. Complete ureteral obstruction by 
a urolith, iatrogenic ligation or other cause leads to 
progressive dilatation of the pelvis and ureter. 
Accumulation of urine and increased pressure within 
the pelvis causes the renal parenchyma to atrophy 
and the kidney to become grossly enlarged, which is 
termed hydronephrosis (see Hydronephrosis clip on 
DVD). In end-stage hydronephrosis, the normal archi-
tecture is completely effaced and the kidney becomes 
a thin-walled cavity filled with urine with no functional 
tissue left. Perirenal fluid accumulation may also be 
seen in acute obstructive renal failure. Partial obstruc-
tion may be caused by ureteral uroliths or by extrinsic 
compression by masses and tumours in the trigone 
area of the bladder. Partial obstruction is common 
with transitional cell carcinomas of the bladder and 
may affect one or both kidneys.

 Left untreated, complete urethral obstruction 
causes severe urinary bladder distension and eventu-
ally bilateral renal pelvic and ureteral dilatation. Renal 
pelvic and ureteral dilatation is also common with 
ectopic ureters because of the partial obstruction of 
the distal ureter and ascending infection (Figure 10.8).

(a) Dorsal and (b) transverse plane images of 
the left kidney in a 1-year-old Golden Retriever. 

There is moderate to severe dilatation of the renal pelvis 
(,) and similar dilatation of the ureter (9). The urine within 
the collecting system is quite echogenic. There is atrophy 
of the medulla and increased cortical echogenicity. These 
abnormalities were the result of a partial obstruction 
caused by ureteral ectopia and chronic secondary 
pyelonephritis.

10.8

(a)

(b)

(continued) (b) Transverse plane image of the 
left kidney in a 17-year-old cat. The renal pelvis 

is mildly dilated, measuring slightly >1 mm in depth. It 
appears as a hypoechoic half moon-shaped structure, 
outlining the renal papilla at the renal hilus. The 
echogenicity of the cortex and medulla is comparable with 
little corticomedullary distinction. This is a non-specific 
indicator of chronic renal disease. (c) Transverse plane 
image of the right kidney in a cat. There is mild to moderate 
dilatation of the renal pelvis (arrowheads) and proximal 
ureter (arrowed). The urine within the pelvis and proximal 
ureter appears anechoic and outlines the renal papilla.

10.7

(b)

(c)

Uroliths
Uroliths can form anywhere in the upper urinary tract. 
In general, ultrasonography is more sensitive than 
radiography in detecting uroliths. Even in patients with 
signs of lower urinary tract disease, the kidney and 
ureters should be examined for evidence of uroliths. 
Uroliths which are large enough to block the entire 
ultrasound beam appear as a bright, echogenic inter-
face with a distal acoustic shadow (Figure 10.9ab). If 
the uroliths are small, they may not be wide enough to 
block the ultrasound beam and there will not be an 
acoustic shadow. Renal parenchymal mineralization 
(nephrocalcinosis) may occur in chronic renal disease 
(e.g. interstitial nephritis) and can mimic small uroliths. 
Distinguishing small pelvic uroliths from nephrocalci-
nosis or mineralization of the renal pelvis may not be 
possible in all cases.

Smaller uroliths are usually located in the pelvic 
diverticula and are often multiple in number (see 
Renal calculi clip on DVD). Large uroliths may fill the 
renal pelvis and appear as a broad echogenic inter-
face with an acoustic shadow in the centre of the 
medulla. The shape of the urolith may conform to the 
pelvis and diverticula, the so-called ‘staghorn’ (Figure 
10.9c), or may be round or oblong. Dilatation of the 
renal pelvis may be present as a result of concurrent 
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pyelonephritis, renal parenchymal atrophy or partial or 
complete ureteral obstruction. If the renal pelvis and 
proximal ureter are dilated, the ureter should be fol-
lowed as far distally as possible to confirm or exclude 
the possibility of obstruction (Figure 10.10a). In some 
cases, multiple uroliths lodge at different points within 
the ureter (Figure 10.10b). If the dilatation abruptly 
ends at a ureteral urolith it should be considered to 
indicate that there is partial or complete obstruction. 
Following the ureter distally is quite challenging and 
may not be possible if the degree of dilatation is mild. 
Ingesta, gas and faeces in the gastrointestinal tract 
may obscure the lesion, especially in the distal half of 
the ureter. In such cases, ultrasonography should be 
supplemented with abdominal radiography. Diagnostic 
yield is improved if the patient is prepared as for a 
contrast study of the upper urinary tract.

Acute renal failure may be caused by ureteral 
obstruction as a result of calculus formation, espe-
cially in older cats. These patients have subclinical 

(a) Sagittal plane image of the left kidney in an 
elderly dog. There is a large calculus within the 

renal pelvis, seen as a curved hyperechoic interface with 
a distal acoustic shadow. A small calculus is present 
within one of the pelvic recesses, just above the large 
calculus. The renal pelvis is moderately dilated. A cyst 
(indicated by the cursors) is present at the 
corticomedullary junction of the kidney. There is increased 
cortical and medullary echogenicity with loss of 
corticomedullary distinction. (b) Transverse plane image 
of the left kidney in a cat. A small calculus is present 
within the renal pelvis, appearing as a hyperechoic 
structure with a well defined distal acoustic shadow.  
(c) Sagittal plane image of the right kidney in a 12-year-
old Pomeranian. There is a large calculus within the renal 
pelvis. The calculus has an irregular shape and extends 
into the pelvic diverticula, giving a so-called ‘staghorn’ 
appearance. The calculus is quite large and generates a 
wide complete acoustic shadow.

10.9

(a)

(c)

(b)

(a) Dorsal plane image of the left kidney in a 
dog. There is moderate dilatation of the renal 

pelvis and proximal ureter with echogenic urine. The renal 
medulla is partly atrophied. A large calculus (arrowed) is 
present within the proximal ureter just distal to the 
ureteropelvic junction. There is no evidence of ureteral 
dilatation distal to the calculus, which indicates at least 
partial obstruction. (b) Sagittal plane image of the left 
ureter in the mid-abdomen. The ureter (arrowed) is mildly 
dilated and the ureteral wall appears mildly to moderately 
thickened. There are multiple small calculi within the ureter 
(arrowheads), which are too small to cause an acoustic 
shadow. There was similar dilatation of the ureter distal to 
these calculi, indicating that they are unlikely to be 
obstructive.

10.10

(a)

(b)

Ch10 Ultra.indd   116 26/04/2012   14:00

Downloaded From Vet-eBooks.com



Chapter 10 Kidneys and proximal ureters

117

renal disease and the loss of renal function by unilat-
eral ureteral obstruction is sufficiently great to cause 
clinical renal failure. This diagnosis should be sus-
pected in patients with acute renal failure and mild or 
moderate renal pelvic and ureteral dilatation and pel-
vic calculi. The dilated ureter should be traced distally 
to locate the urolith, but it may be quite small and dif-
ficult to find. In patients where the ureteral dilatation 
ends abruptly at a urolith, acute obstructive renal fail-
ure is the presumptive diagnosis. The presence of 
fluid within the retroperitoneal space adjacent to the 
affected kidney is indicative of acute failure.

Ureteral rupture
With rupture of the ureter, ultrasonography shows 
anechoic or echogenic fluid within the loose fascia of 
the retroperitoneal space. However, ultrasonography 
cannot distinguish between urine and haemorrhage. 
In cases of ureteral rupture, both blood and urine may 
be present in the retroperitoneal space. Perirenal retro -
peritoneal fluid accumulation may also be caused by 
acute renal failure. Reported aetiologies include ethyl-
ene glycol poisoning in dogs, Easter Lily poisoning in 
cats and acute, complete ureteral obstruction. 
Ureteral rupture can only be definitively diagnosed by 
a contrast study, either using ultrasound-guided pye lo-
graphy (as described above) or conventional excre-
tory urography.

Diffuse parenchymal disease

Congenital
Young cats and dogs may present with chronic renal 
failure due to congenital or hereditary disease. This 
must be differentiated from acute renal failure caused 
by toxic agents such as ethylene glycol and amino-
glycoside antibiotics. Familial nephropathies have 
been reported in numerous dog breeds. These 
patients present in renal failure quite young, often <1 
year of age. The kidneys are small and diffusely 
hyperechoic with poor corticomedullary distinction, 
and the cortical surface and shape are irregular 
(Figure 10.11). There may be mild renal pelvic dilata-
tion. In severely affected individuals the kidneys are 

sometimes difficult to identify. Rarely, the kidneys 
have normal echogenicity and internal architecture 
but are small. Similar abnormalities are seen in cases 
of renal dysplasia or hypoplasia. With unilateral hypo-
plasia there is often marked compensatory hyper-
trophy of the contralateral kidney.

Acute renal failure due to ingestion of or expo-
sure to a toxin usually causes increased renal echo-
genicity with preserved size and architecture. In the 
case of ethylene glycol intoxication, the increased 
echogenicity is severe and the kidney may show 
acoustic shadowing.

Acquired
Acquired renal parenchymal diseases which are diag-
nosed in cats and dogs include:

•	 Chronic interstitial nephritis
•	 Glomerulonephritis
•	 Acute and chronic pyelonephritis
•	 Tubular necrosis
•	 Amyloidosis
•	 Nephrocalcinosis.

Chronic conditions
Chronic interstitial nephritis is a common cause of 
chronic renal insufficiency in both dogs and cats. The 
ultrasonographic changes identified in chronic renal 
parenchymal disease are non-specific. The most 
commonly observed abnormalities are alterations of 
renal echogenicity (Figure 10.12; see also Chronic 
renal disease in a cat clip on DVD). In some dis-
eases, the cortex is more severely affected and 
appears hyperechoic with enhanced corticomedullary 
distinction. In chronic interstitial nephritis, there is 
usually increased echogenicity of both the cortex and 
medulla with reduced corticomedullary distinction. 
Small cyst-like lesions with anechoic contents may be 
seen within the cortex. The kidney may be reduced in 

Sagittal plane image of the right kidney and 
caudate liver lobe in an 8-month-old Shih Tzu. 

The kidney is markedly hyperechoic in comparison with the 
caudate lobe of the liver. There is poor corticomedullary 
distinction and the cortical surface is irregular. Mild 
dilatation of the renal pelvis is also seen (indicated by the 
cursors). The final diagnosis was renal dysplasia.

10.11

Liver

(a) Sagittal plane image of the right kidney in a 
12-year-old Yorkshire Terrier. There is increased 

echogenicity of the cortex and medulla with near complete 
loss of normal corticomedullary distinction. Multiple small, 
pinpoint hyperechoic foci are seen within the medulla, 
consistent with nephrocalcinosis. These findings are 
non-specific and indicate chronic acquired renal disease. 
The patient was azotaemic and the final diagnosis was 
chronic interstitial nephritis. Note also the large calculus in 
the renal pelvis causing a well defined acoustic shadow. 
(continues)

10.12

(a)

Ch10 Ultra.indd   117 26/04/2012   14:00

Downloaded From Vet-eBooks.com



Chapter 10 Kidneys and proximal ureters

118

size and have an irregular cortical contour. In severe 
cases, there may be so-called ‘end-stage’ changes to 
the kidney, which appears as an amorphous, irregu-
larly shaped, hyperechoic structure with little or no 
identifiable internal architecture. Determining that the 
abnormal structure is a kidney is based on its posi-
tion and a thorough search which confirms that a nor-
mal kidney has not been overlooked.

Renal amyloidosis results in a marked increase in 
echogenicity of the cortex, which increases the nor-
mal corticomedullary distinction. 

In some patients ultrasonographic abnormalities 
are seen without biochemical evidence of renal com-
promise because renal failure only occurs once 70% 
of the functional nephrons are destroyed (Figure 
10.13). Conversely, some patients with azotaemia 
have no significant abnormalities on ultrasonography.

A diagnosis of renal failure is typically based on 
serum chemistry and urinalysis findings. Some dogs 
with chronic severe renal failure may show charac-
teristic ultrasonographic abnormalities. Chronic renal 
insufficiency leads to deranged calcium and phos-
phorus homeostasis and soft tissue mineralization. 
Uraemic gastropathy (Figure 10.14) causes minerali-
zation of the mucosa seen as a prominent, thin, 
hyperechoic band close to the luminal surface. This 
finding indicates chronic severe renal insufficiency.

(continued) (b) Dorsal plane image of the left kidney in an 
elderly cat. The kidney is small measuring slightly less 
than the lower limit of the normal range (3.0–4.5 cm). The 
cortex is markedly hyperechoic and has an irregular 
contour. The medulla appears atrophied. These findings 
are consistent with chronic acquired renal disease such 
as chronic interstitial nephritis.

Sagittal plane image of the right kidney and 
caudate liver lobe of an 11-year-old Dachshund. 

The renal cortex is hyperechoic in comparison with the 
adjacent liver tissue. There are multiple small cysts 
(arrowed) within the cortex. The medulla is also increased 
in echogenicity with reduced corticomedullary distinction. 
These findings are consistent with chronic renal disease. 
However, this patient had no evidence of renal 
insufficiency and was diagnosed with a linear foreign body 
of the pylorus and descending duodenum.

10.13

(b)

Sagittal plane image of the body of the stomach 
in a 10-year-old mixed-breed dog. A thin 

hyperechoic line (arrowed) is seen at the mucosal surface 
consistent with mineralization of the gastric mucosa, 
indicating uraemic gastropathy and chronic severe renal 
insufficiency.

10.14

Inflammation and infection
A number of infectious diseases may affect the kid-
ney. The reported ultrasonographic changes in 
canine leptospirosis include increased renal cortical 
echogenicity, dilatation of the renal pelvis, renal 
enlargement, perirenal effusion and a hyperechoic 
band within the medulla. The latter finding is consid-
ered relatively characteristic of leptospirosis. The 
hyperechoic band extends from the renal pelvis to the 
mid-point of the medulla. A hyperechoic band in the 
outer medulla or at the corticomedullary junction has 
been reported with hypercalcaemia and in both nor-
mal cats and dogs.

Cryptococcus infection and granulomatous feline 
infectious peritonitis, caused by feline coronavirus 
infection, result in renal changes in cats. Ab nor-
malities which may be seen include multiple small 
nodules or mass lesions within the cortex and me-
dulla, and a band of hypoechoic tissue between the 
renal capsule and the cortex. There is often some dis-
tortion or blurring of the normal internal renal architec-
ture. These findings are similar to those seen in renal 
lymphoma in cats.

Pyelonephritis may occur as a sequel to lower uri-
nary tract infection. It is also a common concurrent 
condition with ureteral ectopia. The ultrasonographic 
findings in experimentally induced pyelonephritis in 
dogs include dilatation of the proximal ureter and 
renal pelvis, a hyperechoic line within the pelvis or 
ureter, and hyperechoic or hypoechoic foci within the 
renal cortex and medulla. In humans, acute pyelon-
ephritis causes renal swelling, reduced echogenicity 
of the parenchyma and hyperechoic foci from haemor-
rhage. Acute pyelonephritis (Figure 10.15) should be 
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ingestion of the toxin, so ultrasonography may be 
used to confirm a suspected diagnosis. In more 
chronic cases, there is increased renal and cortical 
echogenicity with loss of corticomedullary distinction. 
Similar abnormalities may be seen in cats with acute 
renal failure caused by eating the Easter Lily plant, 
and in dogs with acute renal failure as a result of con-
suming grapes.

Focal parenchymal disease

Cysts
Cysts within the cortex of the kidney are a common 
finding in chronic renal disease (see Figure 10.9a). 
They are usually small, well defined and have 
anechoic contents. These cysts do not disrupt or 
distort the normal outline of the kidney. Cysts can be 
distinguished from solid lesions by the presence of 
acoustic enhancement deep to the lesion. Single, 
large cysts are occasionally encountered in middle-
aged and older patients (Figure 10.18).

Dorsal plane image of the left kidney in a cat. 
The patient had been treated 1 week earlier for 

acute, complete urethral obstruction and presented with 
acute onset dullness, lethargy and abdominal pain. On 
physical examination the left kidney was palpably enlarged 
and appeared painful. Ultrasonography showed that the left 
kidney was larger than at the examination 1 week earlier. A 
thin hypoechoic rim is visible adjacent to the outer cortex 
(arrowheads), the cortex is hyperechoic, and a hypoechoic 
defect is seen within it in the near-field. There were large 
numbers of neutrophils in the urine and the patient had a 
marked leucocytosis. The diagnosis was acute 
pyelonephritis superimposed on chronic renal disease.

10.15

suspected if urine analysis confirms infection, and 
there is renal pelvic and ureteral dilatation and non-
uniform altered parenchymal echogenicity. Chronic 
pyelonephritis causes abnormalities similar to chronic 
interstitial nephritis, with increased medullary and cor-
tical echogenicity, pyelectasia, irregular cortical con-
tours and reduced kidney size.

Metabolic conditions
Hypercalcaemic nephropathy in the dog has relatively 
characteristic ultrasonographic changes. Lymphoma 
is the most common cause of paraneoplastic hyper-
calcaemia in dogs. A hyperechoic band is present at 
the corticomedullary junction, sometimes referred to 
as the medullary rim sign. The increased echogenicity 
is a result of calcification of the Bowman’s capsule 
and tubular epithelium within the cortex and medulla. 
The presence of these abnormalities and hypercal-
caemia indicates a poor prognosis as there is exten-
sive damage to the renal tubules. However, a 
hy p erechoic medullary band has also been reported 
in patients with no clinical evidence of renal disease 
or hypercalcaemia (Figure 10.16); therefore, this find-
ing should be evaluated in conjunction with a serum 
chemistry panel.

Toxic conditions
Ethylene glycol ingestion is a common cause of acute 
renal failure in the dog and cat as the substance is 
quite palatable and readily consumed. In acute cases, 
there is a severe increase in renal cortical echogenic-
ity with enhanced corticomedullary distinction (Figure 
10.17). This appearance is caused by renal tubular 
necrosis and deposition of calcium oxalate crystals 
within the renal tubules. There may be perirenal fluid 
accumulation as a result of the acute renal failure. The 
ultrasonographic changes develop within hours of 

Dorsal plane image of the left kidney in a 
middle-aged cat. There is a thin, well defined 

hyperechoic line in the upper medulla close to the 
corticomedullary junction. This abnormality may be seen 
with hypercalcaemia, acute tubular necrosis and chronic 
renal disease. However, the patient had no evidence of 
renal insufficiency.

10.16

Sagittal plane image of the left kidney in a 
1-year-old Australian Cattle Dog. The patient 

presented in acute renal failure. There is a marked increase 
in echogenicity of the renal cortex. An ill defined 
hyperechoic band is also present within the medulla. These 
abnormalities are the result of ethylene glycol poisoning.

10.17
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Polycystic kidney disease is a progressive condi-
tion, which may ultimately result in renal failure in 
affected animals. The condition is heritable in Persian 
and Himalayan cats, and Cairn Terriers. Ultra sono-
graphy was at one time used as a screening test to 
identify affected cats and remove them from the 
breeding population, but this has been supplanted by 
a recently developed genetic test. Affected cats have 
several cysts in each kidney, although the exact num-
ber and size vary considerably (Figure 10.19). These 
may be quite small in juvenile cats but are reliably 
detected by 10–12 months of age.

The cysts have thin walls, which blend with the 
kidney parenchyma, and originate in the cortex or at 
the corticomedullary junction. The cyst contents are 
usually anechoic and there is acoustic enhancement. 
Echogenic cyst contents may be found in some 
patients, but this finding is usually not significant. The 
cysts progressively enlarge, destroying normal paren -
chyma and ultimately causing gross renomegaly. In 
moderately and severely affected cats, progressive 
loss of normal renal tissue causes renal insuffi-
ciency. In severely affected, late-stage cases there is 
little or no recognizable normal renal architecture, as 
it has been replaced by numerous thin-walled cysts 
of varying size, with an appearance similar to a 
bunch of grapes.

Infarction
Renal infarcts are a common and usually incidental 
finding, especially in older cats. The lesions are corti-
cal and result from occlusion of a branch of an arcu-
ate artery by an embolus. In the acute phase the 
infarct appears hypoechoic and causes a slight bulge 
of the renal capsule. The lesion is wedge-shaped with 
the base at the renal capsule and apex at the corti-
comedullary junction (Figure 10.20a). Acute infarcts 
are more likely to be seen in patients with severe sys-
temic illness and resultant hypercoagulability. In the 
chronic phase, the affected part of the renal cortex 
atrophies, resulting in a concave dimple at the cap-
sule (Figure 10.20bc). Chronic infarcts usually have a 
hyperechoic appearance (see Renal infarction (1) 
and (2) clips on DVD). Multiple chronic infarcts may 
cause the kidney to appear small and have an irregu-
lar shape.

Sagittal plane image of the left kidney in a 
12-year-old Schnauzer. The caudal half of the

kidney has been replaced by a well defined, thin-walled 
cyst-like lesion with echogenic contents. The patient had 
no evidence of renal insufficiency. The lesion was 
presumed to be a benign renal cyst.

10.18

(a) Sagittal plane image of the left kidney in a
Himalayan cat. There are several cysts within

the renal cortex. The cyst at the lower left of the image 
contains some echogenic debris. The other cysts have 
anechoic contents, are well defined and the cyst walls 
blend with the renal cortex. These abnormalities are 
consistent with polycystic kidney disease. (b) Sagittal 
plane image of the left kidney in an 8-year-old Persian cat. 
There is gross enlargement of the kidney, which extends 
beyond the field-of-view. There are multiple, variably sized 
cysts within the kidney. These cysts have effaced all 
normal renal architecture. This patient had bilateral 
palpable renal enlargement and was azotaemic.

10.19

(a)

(b)

(a) Transverse plane image of the right kidney
in a dog. There is a wedge-shaped hypoechoic

lesion within the renal cortex in the near-field. The colour 
Doppler sample volume demonstrates absence of flow 
within this lesion consistent with an acute renal infarct. 
(continues)

(a)
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Neoplasia

Primary renal neoplasms include renal cell carci-
noma, soft tissue sarcoma, transitional cell carci-
noma and nephroblastoma. Synchronous bilateral 
primary renal tumours occur in about 4% of dogs. 
Renal cystadenocarcinoma with nodular dermato-
fibrosis is a syndrome of German Shepherd Dogs 
and has been shown to be hereditary. Renal lym-
phoma occurs rarely in dogs but is the most common 
renal neoplasm in cats.

Canine renal tumours are often quite large at the 
time of diagnosis. Many tumours completely efface 
the normal kidney and the diagnosis of a renal mass 
is based on the lesion position and the absence of a 
normal kidney (Figure 10.21a). In some cases,    

scanning the mass reveals a vestige of normal kidney 
tissue, which makes confirmation of the diagnosis 
easier (Figure 10.21bc; see also Renal lymphoma 
clip on DVD). Adrenal carcinomas and phaeochromo-
cytomas are locally aggressive and may invade and 
partly or completely efface the ipsilateral kidney. The 
ultrasonographic appearance of renal neoplasms is 
variable. The echogenicity is most often mixed or 
complex, and cystic or cavitated lesions are common. 
Definitive diagnosis requires fine-needle aspiration 
(FNA) or biopsy, but is more often obtained by surgi-
cal excision. The renal vessels, caudal vena cava and 
aorta should be examined for evidence of a tumour 
thrombus or encasement by the lesion, which may 
preclude surgical removal. Vascular invasion most 
likely indicates a malignant adrenal gland lesion such 
as adenocarcinoma or phaeochromocytoma. Trans-
itional cell carcinomas which arise in the renal pelvis 
or proximal ureter may cause obstruction and dilata-
tion of the renal pelvis, progressing to hydronephrosis. 
The mass is outlined by urine within the renal pelvis. 
Colour Doppler interrogation of the mass may be 
helpful in distinguishing it from a blood clot.

(continued) (b) Sagittal plane image of the left 
kidney in a dog. There are several well defined 

hyperechoic lesions within the renal cortex of the cranial 
pole of the kidney. These are wedge-shaped with the base 
at the cortical surface and apex at the corticomedullary 
junction. A shallow concave depression is seen in the 
cortical surface (arrowed), overlying the lesion in the 
near-field. The abnormalities are consistent with chronic 
renal infarcts. (c) Transverse plane image of the right 
kidney in a cat. There is a broad, well defined concave 
defect (arrowed) within the cortex in the near-field. This is 
consistent with local atrophy of the cortex as a result of a 
chronic infarct.

(b)

(c)

10.20

(a) Sagittal plane image of the left kidney in a 
12-year-old Shetland Sheepdog. All normal 

renal architecture has been effaced by a mass. The mass 
lesion has a hypoechoic outer rim and an irregular 
hyperechoic centre with a few small cavitated areas. The 
mass was determined to be renal in origin based on the 
absence of a normal kidney and its location. The final 
diagnosis was renal carcinoma. (b) Dorsal plane image of 
the left kidney in a cross-breed German Shepherd Dog. 
There is a mixed echogenic mass slightly >5 cm in 
diameter at the caudal pole of the left kidney. The mass 
lesion has effaced the cortex in this area and expanded 
beyond the renal capsule. The histological diagnosis was 
haemangiosarcoma. (continues)

10.21

(a)

(b)
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Lymphoma can affect one or both kidneys. There 
may be nodules or masses of the cortex and medulla. 
Some cats have diffuse infiltration of the kidney, which 
causes enlargement and partial or complete oblitera-
tion of the normal internal renal architecture. A hypo-
echoic subcapsular infiltrate or halo is a common 
appearance (Figure 10.22). This may also be caused 
by granulomatous feline infectious peritonitis (caused 
by feline coronavirus), Cryptococcus infection and 
acute pyelonephritis. Many cats with renal lymphoma 
also have lesions in the gastrointestinal tract.

(continued) (c) Sagittal plane image of the right 
kidney in a dog. There is a well defined mass 

lesion of uniform echogenicity and echotexture originating 
from the cranial and ventral aspects of the right kidney. 
The mass lesion appears slightly hyperechoic in 
comparison with the normal renal cortex. The normal 
architecture of the renal medulla and pelvis have been 
partly preserved. This mass was diagnosed as lymphoma.

10.21

(c)

Dorsal plane image of the left kidney in a 
Domestic Shorthaired cat. There is gross 

enlargement of the kidney, which measures 7 cm in 
length. The medulla is expanded and the renal cortex is 
hyperechoic. In the near-field, an irregular hypoechoic rim 
can be seen between the renal capsule and cortex. This 
rim of hypoechoic tissue adjacent to the cortex is 
frequently seen in feline renal lymphoma. Lymphoma was 
confirmed by FNA.

10.22

Renal metastases are reported to be quite com-
mon at necropsy. However, in clinical practice these 
are identified relatively infrequently. Nodules and 
masses are most likely to be seen in the cortex. The 
size, number, echogenicity and echotexture are quite 
variable. In a patient with a proven malignancy, solid 
lesions in the renal cortex may represent acute 
infarcts or metastasis. Colour Doppler examination 
shows no blood flow within infarcts. Serial scans may 
be helpful in distinguishing infarcts as these lesions 

will usually become smaller over time, whereas 
metastases will usually grow. Definitive diagnosis 
requires FNA or biopsy.

Perirenal disease

Pseudocysts
Perirenal pseudocysts are found in older cats. The 
lesions cause severe, usually bilateral, renal enlarge-
ment. The pseudocyst appears as a large cyst-like 
structure with a thin, well defined wall and anechoic 
contents. The kidney is eccentrically placed within the 
pseudocyst (Figure 10.23). In most cases, the kidney 
is hyperechoic with reduced corticomedullary distinc-
tion as a result of disease (e.g. chronic interstitial 
nephritis). Pseudocysts can be drained quite easily 
with ultrasound guidance and this procedure makes 
the cat more comfortable. However, the fluid accumu-
lates again, but this may take several months.

Sagittal plane image of the left kidney in a 
15-year-old Domestic Shorthaired cat. The 

field-of-view is nearly completely filled by a large cyst-like 
lesion with anechoic contents. The left kidney is contained 
within the cyst and is seen in the near-field. The kidney is 
small (2.28 cm long; normal 3.0–4.5 cm), has increased 
cortical and medullary echogenicity and an irregular 
cortex. This is a perinephric pseudocyst.

10.23

Urinoma
A urinoma is an encapsulated extravasation of urine, 
also called a paraureteral pseudocyst. It has been 
reported in a dog as a sequel to ureteral trauma dur-
ing ovariohysterectomy. The lesion formed a palpable 
mass and on ultrasonography appeared as a sharply 
marginated, anechoic mass with an irregular, hyper-
echoic wall caudal to the right kidney. There was dila-
tation of the ipsilateral renal pelvis and proximal 
ureter. Excretory urography showed no evidence of 
ureteral contrast medium distal to the urinoma. 
Transection of the ureter and an adjacent urinoma 
were found at surgery.

Particular considerations for 
sampling

Core biopsy samples and fine-needle aspirates may 
be obtained from the kidney. The indications for renal 
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biopsy are limited as the treatment and prognosis for 
most forms of chronic renal disease are non-specific. 
For core biopsy, an 18-gauge needle device is pre-
ferred. When performing a renal biopsy, the most 
important consideration is to limit the path of the 
needle to the cortex to avoid laceration of the arcu-
ate arteries, which will cause profuse haemorrhage 
and subsequent infarction. Cortical biopsy with an 
18-gauge needle usually obtains samples with sev-
eral glomeruli that are suitable for histopathological 
evaluation. General anaesthesia is preferred. Either 
kidney may be biopsied and the choice depends 
upon clinical indication and operator preference. In 
most patients, the left kidney is more accessible but 
more mobile. The right kidney is somewhat more dif-
ficult to access without interposed gastrointestinal 
structures and is subject to more respiratory motion.

The needle path and distance of travel must be 
carefully assessed when using automated biopsy 
devices. Devices which advance the obturator to 
transfix the target before the outer cutting sleeve is 
fired are preferred as there is far less risk of poor 
needle placement or overshooting the target. 
Overshooting the kidney can result in laceration of 
the aorta, caudal vena cava, renal artery or renal 
vein. There is a greater risk of iatrogenic injury of 
the right pancreas and major abdominal vessels 
when biopsying the right kidney. FNA is less hazard-
ous and usually obtains a diagnosis for lesions such 
as renal neoplasia or metastasis. Gross haematuria 
is a common sequel to renal biopsy or FNA. In cats, 
ureteral obstruction associated with the resultant 
blood clots has been reported, and intravenous fluid 
administration during the biopsy procedure has 

been recommended to reduce this risk. Ultrasound 
guidance can also be used for pyelocentesis to con-
firm pyelonephritis.
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11
Stomach, small and
large intestines
Lorrie Gaschen and Daniel Rodriguez

Indications

Abdominal ultrasonography has become in many 
instances a part of the minimum database in conjunc-
tion with abdominal radiography for the assessment of 
intestinal disease. Some of the most common indica-
tions for gastrointestinal ultrasonography include:

•	 Persistent or chronic vomiting
•	 Diarrhoea
•	 Abdominal pain
•	 Palpable abdominal mass
•	 Palpable thickening of the small intestinal loops
•	 Weight loss and anorexia
•	 Suspected ingestion of foreign bodies
•	 Staging of neoplasia
•	 Suspected hernias.

Value of ultrasonography compared 
with radiography and computed 
tomography

The greatest advantages of ultrasonography com-
pared with computed tomography (CT) and conven-
tional radiography are: the lack of any biological risks 
at commonly used frequencies (1–10 MHz); the fact 
that little patient preparation is needed; the ability to 
assess intestinal motility, wall thickness (Figure 11.1) 
and layering; and to be able to determine the type and 
origin of lesions. Abundant free and/or intraluminal 
gas can be problematic when assessing the gastro-
intestinal tract and other structures deep to the gas-
filled viscus. Large volumes of faecal material can 
cause similar problems. Additional information can be 
gained from vascular assessment of the intestinal 
tract using Doppler ultrasonography. CT is an alterna-
tive to abdominal ultrasonography in situations where 
examination of the organs is difficult. This may occur 
in obese animals where good resolution is not pos -
sible as low frequency probes are required, or prior to 
surgery when there is pathology that is difficult to 
assess ultrasonographically.

Radiography of the abdomen is important in all 
patients with vomiting and diarrhoea, and the findings 
should be used to help interpret those of the ultra-
sound examination. Abdominal radiographs are stand-
ardized, rapidly performed and allow mechanical 
obstruction or radiopaque foreign material to be iden-
tified. Ultrasonography is a more targeted examination 

and lacks the overview of the abdominal radiograph. If 
abdominal radiographs are unremarkable, ultrasono-
graphy is an excellent non -invasive method of further 
examining the gastrointestinal tract. In the hands of 
experienced operators, intestinal ultrasonography has 
largely replaced the use of barium contrast studies. 
Ultrasonography can be used to inspect the small 
intes tines for wall layering, thickness, dilatation and 
peristalsis as well as for intraluminal, intramural and 
extraluminal causes of obstruction.

Abdominal radiography should also be the first 
diagnostic imaging examination performed in dogs 
and cats with constipation, haematochezia or painful 
defecation. Abnormalities of the colon such as 
obstruction, megacolon and obstipation can usually 
be recognized radiographically. Lateral and ventro-
dorsal radiographs that include the pelvic region can 
provide helpful information and rapid assessment of 
the size and content of the entire large intestine. 
Ultrasonography cannot provide the same informa-
tion and is a more targeted examination of segments 
of the large intestine.

One major advantage of ultrasonography is its 
ability to assess the wall thickness and layering of 
the colon. Although not common, colonic torsion 
can occur causing severe dilatation and displace-
ment of the colon from its normal location, and  
is best diagnosed radiographically. Mechanical  
obstruction of the descending colon and rectum 
due to previous pelvic trauma or space-occupying 
lesions can also be ruled out radiographically. 
Increased soft tissue opacities or displacement or 
compression of the colon within the pelvic canal, as 
well as a normal radiographic examination, are indi-
cations for ultrasonography of the colon in animals 
with appropriate clinical signs.

Intestinal wall measurements in relation to 
bodyweight.

11.1

Bodyweight (kg) Jejunum (mm) Duodenum (mm)

<10 4.1 5.1

10–20 4.1 5.0

21–30 4.4 5.3

31–40 4.4 6.0

>41 4.7 5.7
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Stomach

Imaging technique

Patient preparation
Ventral abdominal clipping is necessary and the use 
of coupling acoustic gel helpful before starting the 
imaging procedure. Sedation may be necessary in 
some fractious patients. Withholding food for 12 
hours (with access to water) prior to the examination 
is recommended to avoid excess gas within the 
stomach and prevent artefacts, although the effects 
of fasting may vary.

Positioning
Dorsal, left lateral and right lateral recumbency as 
well as a standing position can be used to examine 
the gastrointestinal tract. The purpose of multiple 
positions and acoustic windows is to displace lumi-
nal gas away from the area of interest. Left lateral 
recumbency improves visualization of the gastric 
fundus; right lateral recumbency of the pylorus; and 
the standing position enhances the ventral pylorus 
and body of the stomach. The transducer is com-
monly placed caudal to the costal arch, but in some 
deep-chested dogs (e.g. Dobermann, Greyhound, 
German Shepherd Dog) an intercostal approach is 
necessary. The stomach should be scanned from 
the fundus to the pylorus in both the transverse and 
sagittal planes.

Equipment
Medium to high frequency transducers are prefer-
able (5–8 MHz) in medium to large sized patients, 
and high frequency transducers in small dogs and 
cats (7–10 MHz). Common ultrasound arrays include 
curvilinear, linear and sector (Figure 11.2). Small 
footprint curvilinear probes are ideal for the majority 
of the gastrointestinal tract, but high frequency linear 
probes often allow a higher resolution image of the 
intestinal walls of the jejunum and colon.

layers, all of which can be seen ultrasonographi-
cally in a normal dog and cat. Hypoechoic layers 
correspond to the mucosa and muscularis; the 
remaining layers are hyperechoic. The normal 
stomach has a varied appearance, dependent 
mostly on the degree of intraluminal distension and 
intraluminal contents. The normal stomach may 
contain small amounts of fluid, gas or ingesta or a 
combination thereof. The rugal folds are prominent 
in the fundus of both dogs and cats, but as the 
stomach becomes distended the rugal folds 
become less apparent. One difference between the 
dog and cat is that the feline stomach resembles a 
‘wagon wheel’ appearance in the transverse plane 
(Figure 11.3).

Transducer arrays and clipping area for 
ab do minal ultrasonography. From top to bottom: 

multi-frequency linear; convex; and microconvex 
transducers.

11.2

Normal ultrasonographic appearance
The stomach and small intestines have a similar 
layered appearance ultrasonographically. The outer-
most layer corresponds to the serosal surface, fol-
lowed by the muscularis, submucosal and mucosal 

Short-axis view of a normal empty stomach of a 
cat showing the ‘wagon wheel’ appearance.

11.3

Measurements of the stomach wall should be 
made between the rugal folds on a transverse plane 
image. The inter-rugal fold thickness ranges be-
tween 3 and 5 mm in the dog, and is 2.2 mm in the 
cat. The rate of gastric peristalsis is variable and 
dependent on several factors. Intrinsic and extrinsic 
factors such as stress, caloric density of the meal, 
food particle size, tranquillizers and prokinetic drugs 
can all affect peristalsis. Normal gastric peristalsis in 
dogs accounts for five antral contractions per minute 
or one contraction every 12 seconds.

Functional abnormalities

Pylorospasm
Pylorospasm is impaired relaxation of the pyloric 
sphincter in the absence of a thickened pyloric mus-
cular layer. This condition has been described in 
human infants and adults secondary to bile reflux 
from the duodenum, as an early functional mani  fest -
ation of pyloric stenosis, and as an idiopathic con-
dition. Ultrasonographically pylorospasm may be 
suspected if forceful contractions of the pylorus are 
observed without movement of ingesta into the duo-
denum and without evidence of abnormal muscular 
layer thickening. The normal ultrasonographic app ear  -
ance of the pylorus is shown in Figure 11.4.
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Ileus
Paralytic ileus, also called adynamic ileus, is non-
mechanical obstruction of the gastrointestinal tract 
due to reduced or absent peristalsis (Figure 11.5; 
see also Functional ileus clip on DVD). The 
aetiology is multifactorial and can be seen after 
surgery, and secondary to peritonitis, pancreatitis, 
neuromuscular intestinal disease and the 
administration of drugs such as atropine, opioids and 
vincristine. Paralytic ileus may also be seen in any 
condition in which serum potassium is reduced.

Obstruction
Functional gastric outflow obstructions are difficult to 
document ultrasonographically. Measurement of the 
pyloric circumference may be made postprandially, 
but normal ranges have not been well established in 
dogs and cats. Pyloric wall thickness, especially the 
muscular layer, should be assessed to rule out mural 
infiltration or hypertrophy. Mechanical obstructive 
lesions can involve the antrum and pyloric canal and 
include foreign material, neoplasms and functional 
diseases. Common causes for gastric outflow obstruc-
tion are listed in Figure 11.6.

Long-axis view of the normal (a) canine and  
(b) feline pylorus.

11.4

Gastric functional ileus in a dog. The stomach is 
severely dilated and fluid-filled (F) and does not 

show peristaltic activity.

11.5

Cause Comments

Functional obstruction

Pylorospasm Not described formally in 
veterinary patients; mostly 
anecdotal

Paralytic or adynamic ileus Multifactorial; seen as a 
pseudo-obstructive pattern in 
parvovirus infection

Mechanical obstruction

Foreign body

Congenital or acquired (chronic) 
pyloric hypertrophy

Age or presentation may help 
differentiation; similar 
ultrasonographic findings for 
both diseases; in the acquired 
form the hypertrophy can affect 
the mucosa and muscularis

Neoplasia Adenocarcinoma

Common causes of gastric outflow obstruction.11.6

Foreign bodies
A strong and uniform acoustic shadowing artefact 
characterizes the ultrasonographic appearance of 
foreign bodies, although this appearance may vary 
depending upon the size and composition of the for-
eign material. The position of the gastric foreign 
body may change according to gravity, and placing 
the patient in right lateral recumbency on an echo-
cardiography table may aid the examination of the 
dependent pylorus. Linear foreign bodies are com-
mon in both dogs and cats. They may be anchored 
around the tongue and extend in through the py-
lorus to the duodenum. The stomach, like the small 
intestine, can appear gathered up ultrasonographi-
cally if the linear foreign body is anchored at two 
ends. Gastric trichobezoars (hair balls) are also 
common in cats and the ultrasonographic appear-
ance is usually of an irregular hyperechoic gas inter-
face and strong uniform acoustic shadowing.

Diffuse lesions

Inflammation
Acute gastritis is rarely diagnosed with ultrasono-
graphy unless it is related to a foreign body. Chronic 
gastritis on the other hand may be seen ultrasono-
graphically due to the insidious nature of the  
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underlying cause, which may modify the normal 
ultra sonographic appearance of gastric walls. The 
hallmark finding is diffuse rather than focal wall 
thickening, with a hypoechoic or hyperechoic wall. 
Loss of layering can occur in severe cases (Figure 
11.7; see also Gastric oedema clip on DVD). A 
fluid-filed stomach and enlarged rugal folds may 
also be seen.

Neoplasia
The most common diffuse gastric neoplastic disease 
in small animals is lymphoma, especially in cats. 
Other systemic infiltrative neoplasms such as mast 
cell tumours, especially the systemic form, affect the 
upper gastrointestinal tract including stomach, duo-
denum, liver, spleen and local lymph nodes. A predis-
position in the Maltese Terrier has been observed in 
a retrospective study of 39 dogs with gastrointestinal 
mast cell disease (Ozaki, 2002). Diffuse complete 
loss of layering with wall thickening, hypoechoic walls 
and focal mass effect with regional lymphadenopathy 
are common ultrasonographic features of gastric lym-
phoma, especially in cats.

Ischaemia
Ischaemic gastropathy may be induced by uraemia, 
thrombosis, disseminated intravascular coagulation 
(DIC) and hypovolaemic shock. In humans, partial 
pancreatectomy and recent mesenteric angiography 
are two of the most common causes. The end result 
of an ischaemic event, if severe enough, is ulceration 
with necrosis.

Other
Pythiosis is caused by Pythium insidiosum, an aquatic 
pathogen belonging to the class Oomycetes in the 
Kingdom Stramenopila (Chromista). Endemic areas 
include the Gulf Coast states of North America as well 
as southeast Asia, eastern coastal Australia and 
South America. Ultrasonographic features include 
gastric transmural and occasionally circumferential 
wall thickening with some characteristics of malig-
nancy, such as loss of layering and local lymphade-
nopathy. The duodenum and ileocolic junction may 
also be involved.

Focal lesions

Neoplasia
Benign and malignant neoplasia may create an 
obstruction at the pyloric outflow tract. Malignant neo-
plasia has been reported more frequently than be-
nign, and occurs more commonly in males with the 
exception of adenomas, which are more frequent in 
females. Benign gastric polyps (also known as ade-
nomatous hyperplasia) can be an incidental finding, 
but in some cases cause obstruction due to their 
large size or pedunculated or sessile shape. The 
ultrasonographic appearance of gastric polyps has 
been recently described and is summarized in Figure 
11.8. Ultrasonographic features of malignant gastric 
neoplasia can include focal or diffuse loss of layering, 
usually with wall thickening (8–25 mm; median of 15 
mm) and local lymphadenopathy. Some of the largest 
lesions may be ulcerated.

A high genetic predisposition for gastric carci-
noma has been reported in Belgian Shepherd Dogs 
with an average age of occurrence at 8 years and a 
2.5:1 dog to bitch ratio. Adenocarcinomas, carcino-
mas and lymphomas are commonly associated with 
local lymphadenopathy. Lymphoma can present as 
either a focal or diffuse, hypoechoic thickening with a 

Severe gastritis in a dog with chronic vomiting. 
The wall (between the callipers) shows 

generalized thickening with loss of wall layering in both 
(a) long and (b) short-axis views.

11.7

(a)

+

+

(b)

+

+

Gastritis induced by uraemia may resemble non-
specific gastritis ultrasonographically, but may also 
show a hyperechoic line at the mucosal/submucosal 
interface, likely representing mineralization. This type 
of mineralization generally does not cast an acoustic 
shadow. Differential diagnoses for this finding include 
gastric wall haemorrhage and oedema due to 
hypoalbuminaemia.

Eosinophilic and lymphocytic–plasmacytic gastri-
tis may share ultrasonographic features (described 
above), and some overlap with diffuse neoplastic 
disease is possible.
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loss of wall layering (Figure 11.9; see also Gastric 
lymphoma clip on DVD). A focal transmural thicken-
ing with pseudolayering of the affected segment has 
been reported as a common feature of carcinomas 
(see Pseudolayering clip on DVD). Histiocytic sarco-
mas rarely produce a solitary hypoechoic gastric 
mass. Leiomyosarcomas and leiomyomas (Figure 
11.10) can be difficult to differentiate, especially in 
the early stages, due to the fact that both originate 
from the same layer and share echogenic features 
(hypoechoic lesions). Leiomyosarcomas tend to have 
a mixed echogenic pattern as they become larger in 
size. Biopsy of the lesion is always necessary to con-
firm the diagnosis. Figure 11.11 details the most 
common gastric tumours seen in dogs and cats.

Hypertrophy
Normal pyloric muscular and complete wall thickness 
measurements have been reported to be <4 mm and 
<9 mm, respectively, in dogs. Congenital or acquired 
pyloric hypertrophy can be diagnosed if previous 
measurements are exceeded. Chronic acquired 
pyloric hypertrophy is a disease of small, middle-
aged to older dogs; breeds reported to be frequently 
affected include Lhasa Apso, Shih Tzu and 
Pekingese. It has also been reported in Siamese cats 
in association with megaoesophagus.

Ultrasonographically, hypertrophic pyloric disease 
results in circumferential pyloric sphincter thickening 
involving the muscular layer and sometimes the 
mucosa (acquired form). Direct visualization with 
endoscopy and positive contrast gastrography may 
be necessary to confirm the diagnosis of obstructive/
delayed emptying disease.

Ulcers
The ultrasonographic characteristics of a gastric ulcer 
include focal wall thickening, with or without loss of 
layering, and with or without an ulcer crater. The ulcer 
crater sometimes contains trapped gas, which 
appears as small hyperechoic foci that produce rever-
beration artefacts. The affected portion of the stom-
ach wall may appear hypomotile or stiff. A small 
percentage of gastric ulcers are due to neoplasia and 
it has to be included in the differential diagnoses. If 
neoplasia is suspected fine-needle aspiration (FNA) 
or biopsy is recommended for a definitive diagnosis.

Duodenum

Imaging technique
Regardless of the recumbency used, the proximal 
duodenum is identified by scanning the right lateral 
abdomen as it lies just medial to the body wall. An 
intercostal approach is sometimes necessary to visu-
alize the cranial duodenal flexure in deep-chested 

Appearance Comments

Single mucosal antral lesion Differential diagnoses include 
acquired pyloric hypertrophy, 
granulomatous gastritis and smooth 
muscle neoplasia (less common)

Hyperechoic to mixed 
echoic appearance

No evidence of gastric layer 
disruption

A mild disruption of layers can be 
seen in larger polyps with adjacent 
wall oedema

No evidence of 
lymphadenopathy

Ultrasonographic features of gastric polyps. 
Note: final diagnosis may require full-thickness 

biopsy.

11.8

Gastric lymphoma in a cat. Note the focal 
thickened and hypoechoic wall with loss of wall 

layering (between the callipers).

11.9

Focal leiomyoma (+–+) in a dog with 
hypoglycaemia.

11.10

+

+

Neoplasm Location Comments

Malignant

Lymphoma Commonly diffuse, can 
be local

Transmural 
hypoechoic loss of 
layering common

Adenocarcinoma Lesser curvature and 
antrum of the stomach

Pseudolayering 
occurs

Histiocytic 
sarcoma

Rarely a solitary 
mass, liver and 
splenic involvement 
is more common 

Leiomyosarcoma Variable Mixed pattern 
common

Benign

Leiomyoma Cardia

Adenoma (polyp) Pyloric antrum

Common gastric neoplasms.11.11
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dogs. In dogs the duodenum is characterized by its 
right cranial abdominal location; its course is mostly 
superficial and its caudal flexure is usually cranial to 
the full urinary bladder (Figure 11.12). In cats the duo-
denum is more midline and can generally be identified 
by tracing the stomach from left to right. High fre-
quency transducers are preferred (7.5–10 MHz) and 
small curvilinear arrays are recommended for an 
intercostal approach.

patches). The major duodenal papilla is usually rec-
ognizable in the cat, located close to the pylorus 
(see Normal feline pylorus clip on DVD), and 
appears as a small round nodule at the mesenteric 
border of the duodenal wall. The papilla can be 
more difficult to identify in dogs (see Normal duo-
denal papilla clip on DVD) if deep-chested.

Functional abnormalities

Paralytic ileus
The most common causes of paralytic ileus in small 
animals are pancreatitis and peritonitis, but it is impor-
tant to remember that recent surgery and drugs, 
especially opioids and atropine, can also cause para-
lytic ileus. The duodenum appears mildly dilated, pos-
sibly rigid or corrugated, and the lumen is filled with 
fluid and gas.

Obstruction
Obstruction can occur either proximally in the 
descending duodenum (see Inflammatory polyp clip 
on DVD), or at the caudal flexure leading to dilatation 
of the duodenum and stomach. Proximal duodenal 
obstruction may not result in the degree of dilatation 
expected since most of the accumulated fluid can 
migrate to the stomach through a flaccid pyloric 
sphincter. Both intraluminal foreign material and 
mural infiltration with wall thickening or masses may 
lead to partial or complete obstruction.

Foreign bodies
Duodenal foreign bodies are not different from gastric 
foreign bodies in the sense that they share the same 
ultrasonographic characteristics. Linear foreign bod-
ies occur frequently in cats; the affected segment of 
intestine may be thickened and bunched, and mildly 
fluid-filled intestinal loops can be seen in conjunction 
with plicated loops with an intraluminal echogenic 
structure. A systematic approach to the evaluation is 
important due to the fact that multiple foreign bodies 
can be located in the same patient. Chronic foreign 
bodies have the potential for intestinal perforation 
(see below).

Neoplasia
Neoplasia may lead to luminal occlusion and steno-
sis, especially if the growth pattern is concentric. 
Typically, a hypoechoic to mixed echoic mass with 
fluid-filled bowel proximal to the obstruction is seen, 
and efforts to examine the dilated segment as it 
enters the mass is recommended. The regional 
mesentery should be scanned for local lymphade-
nopathy and signs of perforation (free fluid or gas in 
the peritoneal cavity).

Adhesions
Adhesions may occur secondary to previous abdomi-
nal surgery. Trapped intestinal loops with strangulation 
may be seen with ultrasonography as an area of 
hyperechoic mesentery with adjacent hypomotile, 
fluid-filled intestinal loops and focal peritoneal fluid 
accumulation. Differential diagnoses for the same 
changes are as for intestinal perforation and infarction.

Normal anatomical location of the proximal 
duodenum viewed from a right dorsal acoustic 

window. Dorsal is towards the left of the image and the 
duodenum (D) is ventral to the short-axis of the right 
kidney (RK).

11.12

Normal ultrasonographic appearance
The normal duodenum (see Normal duodenal 
contractions clip on DVD) usually has a thicker 
wall than the small intestine with measurements 
that vary according to the patient’s weight (see 
Figure 11.1). The duodenum, in common with the 
rest of the small bowel, has five ultrasonographi-
cally recognized layers: (from the lumen outward) 
mucosa, submucosa, muscularis, subserosa and 
serosa (Figure 11.13). The mucosa and muscularis 
are hypoechoic, the rest of the layers are hypere-
choic. On occasion, hyperechoic indentations can 
be seen within the mucosal layer of the antimesen-
teric border of the duodenum; this has been histo-
logically correlated with lymphatic tissue (Peyer’s 

Duodenum in a dog showing normal wall 
layering. m = mucosa; mus = muscularis;  

s = serosa; sub = submucosa.

11.13

m

s mus
sub
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Diffuse lesions

Inflammation
Inflammatory bowel disease (IBD) can affect the 
duodenum as well as the rest of the small intestinal 
tract. There is an overlap of ultrasonographic 
changes associated with diffuse neoplasia and IBD 
(Figure 11.14). Commonly, IBD produces a focal to 
diffuse thickening of the intestinal layers with intact 
layers and with or without mild lymphadenopathy. In 
severe cases of IBD a partially disrupted intestinal 
layer may be seen. In cats, a thickened muscularis 
has been reported with IBD and in these cases an 
overlap with lymphoma is present as well. Full-
thickness biopsy is warranted to further characterize 
the most severe cases.

ultrasonographic patterns described for intestinal 
lymphoma in cats and all except the diffuse mucosal 
infiltration are transmural.

Ultrasonographically, focal wall thickening with a 
hypoechoic to mixed echoic appearance, loss of lay-
ering and local lymphadenopathy are common find-
ings for intestinal lymphoma. Less commonly, 
leiomyomas, adenocarcinomas, leiomyosarcomas 
and mast cell tumours can be focal in distribution, 

Parameter Enteritis Neoplasia

Motility No significant 
difference

Same

Distribution 72% diffuse
28% focal

2% diffuse
98% focal

Layering 88% normal or 
reduced
11% not present

1% normal or 
reduced
99% not present

Wall thickness (cm) 0.2–2.9 0.5–7.9

Lymph node size 
(thickness; cm)

0.6–2.6 0.3–9.0

Ultrasonographic differences between enteritis 
and neoplasia in the duodenum.

11.14

Neoplasia
Diffuse thickening of the duodenal walls with loss of 
layering and local lymphadenopathy would be 
expected as ultrasonographic signs of infiltrative dif-
fuse neoplasia. Differential diagnoses include lym-
phoma, mast cell tumour and IBD since some overlap 
in their ultrasonographic appearance exists. Mast cell 
tumours in cats tend to be more focal, but this is not 
invariably so.

Lymphangiectasia
Lymphangiectasia can be congenital or secondary 
to intestinal disease such as IBD or neoplasia. 
Ultrasonographic changes seen in patients with lym-
phangiectasia are non-specific and may include 
hyperechoic mucosal striations (Figure 11.15), 
intestinal wall thickening, a small amount of free 
anechoic fluid, hypermotility, corrugated small intes-
tines (not only the duodenum) and in some cases 
lymphadenopathy. Hyperechoic mucosal speckling 
(Figure 11.16) may also be seen with lymphangiec-
tasia, but can be a normal variation. In dogs with 
clinical signs, mucosal biopsy is necessary.

Focal lesions

Neoplasia
Lymphoma is common in cats and in dogs and can 
involve the duodenum. It can lead to either a focal or 
a diffuse duodenal lesion. There are six different 

Intestinal lymphangiectasia in a Yorkshire 
Terrier. (a) Long-axis ultrasonogram of the 

proximal duodenum and (b) the corresponding 
endoscopic view. There are hyperechoic striations in the 
mucosa, which are arranged parallel to one another and 
perpendicular to the long axis. The endoscopic image 
shows multifocal pinpoint white raised structures 
representing the dilated lacteals.

11.15

Hyperechoic mucosal speckling in a normal 
dog. Small pinpoint hyperechoic foci are 

present throughout the mucosa and can be seen as a 
normal variation.

11.16

(a)

(b)
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especially in the cat. On occasion, the layer of origin, 
size of the mass at presentation and pattern observed 
may guide the differential diagnosis. Large (>3 cm) 
eccentric, mural masses originating from the muscu-
laris layer have been described as ultrasonographic 
features of leiomyosarcomas. Be -nign neoplasms 
such as leiomyomas can be found incidentally in the 
intestinal tract, most commonly in the stomach, but 
also in the small intestines including the duodenum. 
The ultrasonographic appearance is usually homoge-
neous and hypoechoic or hyperechoic (Figure 11.17). 
Leiomyomas can be a cause of intestinal intussus-
ception in dogs.

•	 Gastric dilatation and volvulus; intestinal volvulus
•	 Surgical dehiscence; percutaneous gastrostomy 

site leakage
•	 Gastric and duodenal ulcers
•	 Neoplasia
•	 Penetrating or blunt trauma
•	 Foreign body
•	 Intussusception.

The ultrasonographic appearance of gastrointes-
tinal perforation includes:

•	 Regional hyperechoic mesentery
•	 Peritoneal effusion
•	 Fluid-filled stomach and/or intestines
•	 Gastric or intestinal wall thickening with loss of 

layering
•	 Regional lymphadenopathy
•	 Intestinal corrugation.

Jejunum

Imaging technique

Patient preparation
Withholding food for 12 hours (with access to 
water) as for general abdominal ultrasonography is 
adequate preparation of the patient for examination 
of the small intestines.

Positioning
The patient can be positioned in dorsal, right lateral 
or left lateral recumbency. More than one position 
may be required to examine the bowel segment of 
interest due to the presence of gas or overlying fae-
cal material. For example, examination of the intes-
tines from the dependent aspect of the abdomen 
allows better visualization of the wall layering, since 
gas rises to the non-dependent portion of the abdo-
men. Each jejunal segment should be traced from 
proximal to distal as far as possible. Due to the twist-
ing and turning nature of the intestines, it is generally 
not possible to trace the jejunum completely. The wall 
thickness, layering, mucosal echogenicity, luminal 
diameter and content should be assessed. Attention 
to the echogenicity of the surrounding mesentery, 
regional lymph nodes and presence of free fluid is 
important in every examination.

Doppler ultrasonography
Colour Doppler ultrasonography can be helpful in 
assessing the vascularity of masses or for determin-
ing whether blood flow is present in the mesenteric 
arteries and veins when strangulated bowel or an 
intussusception is detected.

Normal ultrasonographic appearance
The jejunum can be differentiated from the duode-
num, ileum and colon based on its location, wall lay-
ering and communication with adjacent intestinal 
segments. Jejunal segments in the right lateral abdo-
men can be confused with the duodenum. However, 
as they are traced cranially they do not travel towards 

Duodenal polyp in a cat with hyperbilirubin-
aemia. (a) Ultrasonogram showing the long-

axis of the polyp (+–+), which is well marginated, ovoid 
and homogeneously hyperechoic. (b) Ultrasonogram 
showing dilatation and likely partial obstruction of the 
common bile duct (+–+).

11.17

+ +

(a)

+

+

(b)

Ulcers
Duodenal ulcers are common in patients undergoing 
long-term anti-inflammatory therapy, either non- 
steroidal or steroidal, and to a lesser degree in 
patients with chronic severe uraemia. Ulceration 
with duodenal tumours is also possible, especially in 
larger fast-growing masses in which the tumour out-
grows its vascular supply. They appear similar to 
those in the stomach with focal wall thickening and 
loss of layering. An irregularly shaped crater at the 
mucosal surface with trapped hyperechoic gas bub-
bles may also be detected.

Gastrointestinal perforation
Perforation of the gastrointestinal tract is multi-
factorial. The common causes are:
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the pylorus as does the duodenum. Furthermore, the 
jejunal wall is not as thick as that of the duodenum. 
The ileum is identified by its communication with the 
colocaecal junction and its more prominent submu-
cosal layer compared with the jejunum. Contractions 
can be observed in two-dimensional (2D) real-time 
imaging, and approximately 1–3 per minute is consid-
ered normal for the small intestine. Recently, investi-
gators have tried to correlate intestinal wall thickness 
with bodyweight in healthy dogs. In that study, the 
authors (Delaney et al., 2003) suggested normal val-
ues for the jejunal wall thickness of )4.1 mm for dogs 
up to 20 kg, )4.4 mm for dogs between 20 and 39.9 
kg, and )4.7 mm for dogs 40 kg or over. The wall lay-
ering is the same as that of the duodenum (see 
Figure 11.13). Normal luminal content depends on 
the stage of fasting and dietary composition. A com-
pletely empty and contracted lumen is expected in 
healthy animals, but a small amount of gas or fluid 
can be present. It is important that the luminal con-
tent appears similarly throughout the entire jejunum.

Functional abnormalities
Chronic diarrhoea due to small intestinal disease is 
common in dogs and cats. Survey radiographs are 
often non-specific, and gastrointestinal contrast stud-
ies are often unrewarding for detecting wall infiltration 
in the majority of cases. For detecting intestinal wall 
infiltrates, ultrasonography is superior to both survey 
and contrast radiography. Abdominal ultrasonography 
allows for assessment of wall thickness, layering, 
localization of lesions, peristalsis and involvement of 
the regional lymph nodes and mesentery.

As seen with abdominal radiography, functional 
ileus appears ultrasonographically as mild general-
ized dilatation of the jejunum, usually with fluid and 
some gas content (Figure 11.18). The intestinal dia-
meter is fairly uniform from one segment to the next. 
Little if any peristaltic activity is observed and the fluid 
content tends to have a to-and-fro movement, often 
random or synchronized with abdominal wall move-
ment and respiration. Causes include enteritis, perito-
neal inflammation, abdominal pain, anticholinergic 

drugs, malabsorption, partial obstruction, vascular 
compromise and postoperative abdomen. Wall layer-
ing may be affected with some causes of functional 
ileus such as IBD. In puppies with parvovirus enteritis, 
mild generalized dilatation and increased fluid con t -
ent is observed together with decreased thickness  
(1 mm) of the mucosal layer compared with normal 
puppies (Stander et al., 2010).

Obstruction
Scanning the jejunal segments for non-uniformity of 
intestinal diameter is an important part of the ultra-
sound examination in vomiting animals. Signs of 
mechanical obstruction on ultrasonography are simi-
lar to those seen on radiography. There is often a 
mixed population of intestinal diameters present, 
with those proximal to the obstruction being moder-
ately to severely dilated whilst those distal are empty 
or only mildly dilated. The abnormal segments 
should be examined for wall thickening, loss of wall 
layering and for hyperechoic content that creates 
acoustic shadows.

Foreign bodies
Intestinal foreign bodies may be detected using ultra-
sonography, regardless of whether or not they are 
evident radiographically. Radiolucent foreign bodies 
such as wood, clothing (Figure 11.19), plastic and 
rubber can be detected since solid material generally 
appears as a hyperechoic interface, which casts an 
acoustic shadow from the intestinal lumen. Balls have 
a round or curvilinear surface, peach pits (see 
Jejunal foreign body clip on DVD) are irregular, and 
bones generally have a smooth regular surface. The 
intestinal segment just proximal to the obstruction is 
markedly dilated and often fluid-filled. Foreign bodies 
tend to remain fixed in the same position and a 
repeat examination a short time later shows that they 
have not moved. Care should be taken not to mis-
interpret a gas–liquid interface in dilated bowel seg-
ments as an obstruction. These interfaces appear as 
linear, hyperechoic intraluminal structures with 
acoustic shadowing. However, the bowel often has a 
similar diameter proximally and distally to the arte-
fact; this is usually not the case with intraluminal for-
eign bodies causing obstruction.

Functional ileus in a dog due to haemorrhagic
gastroenteritis. Note the normal wall layering 

and mild distension of the jejunal segments, which are 
fluid-filled. A uniform population of mildly distended small 
intestines is common with functional ileus.

11.18 T-shirt foreign body in a jejunal segment in a
dog. There is a smooth hyperechoic structure

with clean distal shadowing (arrowed) within the lumen of 
one jejunal segment. The fluid distending the lumen 
proximal to it is echogenic (between thicker arrows).

11.19
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Linear foreign bodies can sometimes be identified 
in plicated segments of small bowel. Plication ap-
pears as small intestinal segments gathered up with 
the linear foreign material binding them together. The 
surrounding mesentery should be examined for 
increased echogenicity and free fluid, which could be 
indicative of rupture. The presence of pneumoperito-
neum together with abdominal effusion on a radio-
graph should alert the clinician that bowel perforation 
has occurred.

Neoplasia
Localized mural infiltrations due to inflammation or 
neoplasia can slowly narrow the intestinal lumen 
causing complete or, more commonly, partial ob-
struction. Some degree of intestinal dilatation is 
often present and solid foreign material such as 
small stones or dehydrated ingesta can collect prox-
imal to the stricture. Ultrasonographically, neoplastic 
infiltrates produce intestinal wall thickening often 
with a loss of wall layering.

Lymphoma is the most common intestinal 
tumour in cats (see Jejunal lymphoma clip on 
DVD) and also occurs frequently in dogs (Figure 
11.20a). It commonly leads to either a symmetrical 
or asymmetrical, transmural, circumferential thick-
ening. The wall layers are difficult to identify and the 
entire wall appears hypoechoic to anechoic. The 
infiltration of the intestinal wall may be solitary, dif-
fuse or multi focal, and the regional lymph nodes 
may be enlarged (Figure 11.20b). Intestinal carci-
noma often produces a solitary intestinal mass, as 
can polyps, leiomyomas and leiomyosarcomas. 
Carcinomas tend to be annular, irregular infiltrations 
that invade the lumen and cause obstruction. 
Regional lympha denopathy can also commonly be 
identified. As the ultrasonographic appearance of 
the bowel wall alone is not sufficient for a definitive 
diagnosis, full-thickness biopsy, ultrasound-guided 
percutaneous biopsy or FNA of the bowel wall is 
required for a definitive diagnosis of tumour type 
and to rule out non-neoplastic causes.

Non-neoplastic focal masses
Hypertrophy, fungal infections, abscesses, haemato-
mas and foreign body granulomas may cause focal 
intestinal masses with complete or partial obstruction. 
Jejunal smooth muscle hypertrophy has been de-
scribed in the cat and can cause focal wall thicken-
ing, but the wall layering is maintained. Fungal granu-
lomas can occur in endemic areas and are often due 
to pithiosis or histoplasmosis (Figure 11.21). They 
often lead to either masses or diffuse wall infiltration 
with loss of wall layering and regional lymphadeno-
pathy, which cannot be differentiated from neoplasia 
and require histology for a definitive diagnosis.

Intestinal lymphoma in a dog. (a) Focal 
hypoechoic thickening of the wall is present 

with a loss of wall layering (arrowed). (continues)

11.20

(a)

(continued) Intestinal lymphoma in a dog.  
(b) There is also regional lymphadenopathy due 

to the lymphoma. The jejunal lymph nodes (arrowed) are 
severely enlarged, rounded, hypoechoic and display a 
heterogeneous echotexture.

11.20

(b)

Histoplasmosis in a dog. There is focal jejunal 
wall thickening with loss of wall layering 

(between the callipers). The wall appears hypoechoic in 
the affected region. Histopathology confirmed the 
presence of histoplasmosis. Differential diagnoses include 
lymphoma, mast cell tumour, foreign body granuloma and 
other types of fungal and neoplastic disease.

11.21

Torsion, intussusception and ischaemia
Volvulus or mesenteric thromboembolism is usually 
recognized radiographically; patients present in shock 
or with an acute abdomen and cannot usually 
undergo abdominal ultrasonography due to the severe 
gas distension of the jejunum. Generalized, severely 
dilated and air-filled jejunal segments in combination 
with the clinical signs are usually diagnostic. Other 
complicated forms of ileus include thromboembolism 
and intussusception. Intestinal intussusception can 
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usually be quickly diagnosed with ultrasonography. 
Multilayered, concentric rings of bowel can be identi-
fied (Figure 11.22). The outer bowel segment is often 
thickened, oedematous and hypoechoic. More normal 
appearing inner segments can be identified. 
Hyperechoic tissue representing invaginated mesen-
teric fat may also be detected. In older animals, care-
ful examination of the affected bowel for nodular 
infiltrations of the bowel wall and regional lymphade-
nomegaly is important since underlying neoplastic 
disease may be responsible for the intussusception. 
Doppler ultrasonography can be used to determine 
whether the mesenteric vessels within the intussus-
ception (central bowel segments) show flow or not.

Strangulation, entrapment and adhesions
Intestinal entrapment and strangulation can lead to 
ischaemia and luminal obstruction and can occur 
within adhesions or rents in the mesentery or omen-
tum (Swift, 2009). Fortunately, these are rare in cats 
and dogs. They have been reported secondary to 
adhesion formation following surgery, omental tears 
or rupture of the duodenocolic ligament. Abdominal 
herniation of intestines can also lead to entrapment 
and ischaemia. Clinical signs include vomiting, leth-
argy, pain, collapse and haematochezia. Ultrasono-
graphically, the entrapped portion of jejunum is often 
surrounded by hyperechoic mesentery, and perito-
neal effusion is present. The entrapped intestine may 
have a thickened or corrugated wall or altered layer-
ing or appear amotile.

Diffuse lesions
A number of gastrointestinal diseases lead to dif-
fuse infiltration of the small intestinal wall (see 
Hypereosinophilic syndrome clip on DVD). 
Ultrasonography is important for localizing lesions 
within the gastrointestinal tract and allowing further 
characterization of the degree of infiltration inferred 
from wall thickness and the appearance of wall lay-
ering. The mucosa, submucosa and muscularis are 
most commonly affected.

Inflammatory diseases of the small intestines are 
common in dogs and cats, but do not always result 
in gross changes that can be detected with ultra-
sonography. IBD in cats and dogs must be con-
firmed histopathologically, either with mucosal or 
full-thickness biopsy samples. The abnormalities are 
generally diffuse, but the disease can also present 
focally or segmentally. Inflammatory disease gener-
ally leads to mild to moderate transmural thickening 
of the intestinal wall with preserved wall layering. 
Decreased intestinal motility due to wall thickening 
can also be seen with diffuse or segmental inflam-
matory disease. The relative thickness of the layers 
may also change whilst maintaining a normal total 
wall thickness. Although wall layering is generally 
preserved, in some instances it can be indistinct or 
completely lost. A 2D ultrasonography score has 
been established for canine chronic enteropathies. 
The number of intestinal wall abnormalities has 
been shown to correlate with the canine IBD clinical 
activity index (CIBDAI) at initial presentation when 
the disease is clinically active. However, improve-
ment in the CIBDAI does not correlate with improve-
ment of the ultrasonography score upon follow-up 
examinations. Therefore, intestinal ultrasonography 
is considered a poor method for monitoring intes-
tinal wall abnormalities in dogs diagnosed with IBD.

In cats, the muscular layer is often selectively 
thickened (Figure 11.24). This finding in cats has 
also been attributed to lymphoma (Zwingenburger et 
al., 2010). Lymphoma is the most common neoplas-
tic cause of diffuse infiltration and wall thickening, 
which can appear similar to inflammatory disease.

The mucosa may also exhibit alterations in echo-
genicity, varying in severity from diffuse pinpoint 
hyperechogenic foci to generalized hyperechogenicity 
(Figure 11.25). Severe mucosal thickening with 

Intestinal intussusception in a puppy. 
Concentrically layered intestinal walls are 

evident in this cross-section of a jejunal intussusception.

11.22

Small intestinal corrugation can be seen in dogs 
and cats with pancreatitis, peritonitis (Figure 
11.23), enteritis (including lymphocytic–plasmacytic 
enteritis), neoplasia, thrombosis, infarction and  
protein-losing enteropathy (Moon et al., 2003). 
Corrugation and plication may initially appear simi-
lar; however, with corrugation the wall has an undu-
lating appearance and with plication the wall 
appears gathered up in association with a linear 
foreign body.

Corrugated jejunum in a dog with peritonitis. 
The jejunal segment has an undulating course 

that is fairly regular. Note the lack of plication associated 
with linear foreign bodies.

11.23

Ch11 Ultra.indd   134 26/04/2012   14:04

Downloaded From Vet-eBooks.com



Chapter 11 Stomach, small and large intestines

135

(a) (b)

increased echogenicity may be seen in animals with 
protein-losing enteropathy and lymphangiectasia. In 
dogs with lymphangiectasia, hyperechoic striations 
arranged perpendicularly to the long axis of the intes-
tine can be detected (see Figure 11.15); these repre-
sent dilated lacteals. Free peritoneal fluid is also often 
present in these patients. In addition, the small intes-
tine generally shows some dilatation with fluid and 
gas, and may have decreased motility or a rigid 
appearance, representing a functional ileus.

Jejunal lymph nodes may appear rounded, hetero -
geneous, and possibly show target lesions in 
patients with both inflammatory (Figure 11.26) and 
neoplastic disease. However, lymph nodes tend to 
be more severely enlarged, rounded and hypoechoic 
when neoplasia is present.

Perforation
Complicated forms of jejunal disease include bowel 
perforation with peritonitis and free air in the abdomi-
nal cavity (Figure 11.27). The presence of pneumo-
peritoneum together with abdominal effusion on a 
radiograph should alert the clinician that bowel perfo-
ration may be the cause. Ultrasonography may be 

Muscularis thickening in a cat with lymphoma. 
The muscular layer is markedly thickened in all 

jejunal segments. When diffuse, the main differential 
diagnosis is inflammatory bowel disease. Intestinal biopsy 
is required to differentiate neoplasia from inflammation.

11.24

Inflammatory bowel disease in a dog. Mild 
generalized thickening of the mucosa is present 

with mild luminal distension. The mucosa has an 
increased echogenicity (arrowed) but the wall layering is 
preserved. Intestinal biopsy is necessary to rule out 
neoplasia.

11.25

Reactive lymph nodes associated with chronic 
inflammatory bowel disease (between the 

callipers). The lymph nodes are increased in size and 
somewhat irregular in shape. The echogenicity is close to 
normal, being moderately echogenic, but with a 
heterogeneous architecture.

11.26

(a) Peri-intestinal focal free fluid and 
hyperechoic mesentery associated with an 

intestinal perforation due to a long-standing linear foreign 
body. (b) Free peritoneal air. There is a hazy hyperechoic 
reverberation artefact (arrowed) at the non-dependent 
margin of the peritoneum. This represents free air 
following an intestinal perforation. Care is required not to 
confuse with gas-filled bowel loops adjacent to the 
non-dependent aspect of the abdomen. If in doubt, 
radiographs should be performed to assess for free air.  
FF = free fluid.

11.27

(a)

(b)
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used to identify the site or sites of perforation and 
help to elucidate the cause.

Masses due to granulomatous or neoplastic infil-
tration can perforate the intestinal wall due to necro-
sis. Perforations may also be caused by administration 
of non-steroidal anti-inflammatory medications, which 
cause ulcers. Ulceration of the small intestine can 
appear ultrasonographically similar to malignant dis-
ease. Both benign and malignant ulcerations can 
appear as focal wall thickening with a focal accumula-
tion of hyperechoic air bubbles at the mucosal sur-
face. Foreign bodies may also perforate the small 
intestine; these are commonly wooden sticks or 
screws. A foreign body may also cause indirect wall 
perforation due to necrosis following long-standing 
mechanical obstruction. The surrounding mesentery 
at the perforation site appears hyperechoic and vari-
able amounts of free fluid are present in the abdo-
men, depending on the size and duration of the 
perforation. Regional lymph nodes may be enlarged 
when neoplastic disease is present. Full-thickness 
biopsy of the affected intestinal segments should be 
performed to rule out neoplastic disease.

Large intestine

Imaging technique

Patient preparation
No additional patient preparation is required for the 
initial examination of the colon. If an excessive 
amount of faeces is present, a cleansing enema may 
be required to examine not only the colon but also the 
remainder of the abdomen ultrasonographically. If a 
mechanical obstruction is present, it may not be pos-
sible to evacuate the colon. However, ultrasonography 
can still be useful for differentiating intramural from 
extamural lesions as the cause of the obstruction.

Positioning
The descending colon can be scanned from the pel-
vic inlet along the left abdominal wall where it lies 
very superficially. Placing the transducer transversely 
at the level of the urinary bladder shows the colon to 
be located dorsally. Tracing the colon cranially, it can 
be observed to turn towards the right just caudal to 
the stomach. From a right-sided acoustic window, the 
ascending colon and caecum can be identified. Using 
the descending duodenum as a landmark, the 
ascending colon can be searched for medial to it. The 
ileum can then be identified as it enters the colon at 
the ileocolic junction by sweeping the probe back and 
forth in the mid-abdomen on the right side. The ileum 
appears to end bluntly in a large intestinal segment. 
In cats, there may be no faeces or air in the caecum 
and therefore fewer reverberation artefacts.

Normal ultrasonographic appearance
The ileum, ileocaecal junction, caecum, and ascend-
ing, transverse and descending colon can be identi-
fied. When distended, the wall of the colon should 
have the appearance of having three to five layers 
and a thickness of 1–2 mm (Figure 11.28). The colon 

is often observed as a bright hyperechoic linear 
structure causing reverberation artefacts due to the 
presence of gas and faecal matter. The empty colon 
appears contracted and many stacked layers can be 
appreciated. This should not be misinterpreted as 
colonic wall thickening. Due to the presence of air 
and faeces, only the near wall (close to the trans-
ducer) can be examined from one acoustic window. 
Left, right and ventral acoustic windows are likely 
necessary to examine the wall more completely.

The colon can be differentiated from small intes-
tine by its thickness and wall layering. The colonic lay-
ers are thin and equal in thickness compared with the 
greater thickness of the jejunal mucosa. The ileum 
can be identified medial to the duodenum and 
appears as a short segment with small bowel layering 
but with a prominent hyperechoic submucosa in both 
dogs and cats. Its identity can also be differentiated 
from the jejunum by its entrance site at the ileocaeco-
colic junction (Figure 11.29). Unlike the stomach and 
jejunum, peristaltic activity is not evident in the normal 
colon. The bony pelvis also limits examination of the 
colon, but the rectum as well as the perirectal and 
perineal regions can be examined via a perineal 
approach. If the region of interest within the pelvic 
canal cannot be assessed due to overlying bone, radio -
graphic contrast studies, CT or magnetic resonance 
imaging (MRI) may be required to fully assess the 
extent of disease affecting the colon and rectum.

Normal colon. (a) The colon wall (arrowed) is 
thin with alternating hyperechoic and 

hypoechoic layers that are equal in diameter. Only the 
near wall is visible when the colon is filled with gas or 
faeces. Note the jejunal segment (between the callipers) 
adjacent to the colon whose thick mucosa helps to 
differentiate the two types of bowel. (b) Normal fluid-filled 
colon. Due to the lack of solid faeces, both the near and 
far wall can be identified (arrowed).

11.28

(a)

(b)
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Diffuse lesions
Ultrasonographically, the colon can be evaluated for 
wall thickening and loss of layering as well as re-
gional lymphadenopathy. Neoplastic, inflammatory 
and infectious diseases can cause severe diffuse 
colon wall thickening. Colitis due to diffuse, mild to 
moderate lymphocytic–plasmacytic infiltration often 
shows no radiographic or ultrasonographic changes, 
and colonoscopy is the diagnostic method of choice 
when clinical suspicion of colitis exists. Severe or 
chronic disease may result in diffuse, moderate thick-
ening of the wall (Figure 11.30a). The colon lumen 
may also be fluid-filled in patients with colitis (Figure 
11.30b). However, ultrasonography is an important 
screening examination when haematochezia is pre-
sent in order to rule out a colonic wall mass. Lesions 
that can be missed are those that are located in the 
pelvic canal, which lacks a good acoustic window. 
Severe diffuse thickening of the colon wall may occur 
in ulcerative colitis, fungal infections and diffuse neo-
plastic processes such as lymphoma.

Ileum showing the ileocaecocolic junction in a 
cat with inflammatory bowel disease. The short 

ileum enters the colon (arrowed). The muscular layer is 
thickened. A plasmacytic–lymphocytic–eosinophilic 
inflammatory infiltration was present.

11.29

Focal lesions
Focal infiltration of the colon by neoplastic masses 
may be recognized radiographically if the lesions are 
large enough; however, they are not always evident. 
Ultrasonographically, focal infiltrations or intramural 
masses of the colonic wall may be detected with high 
frequency transducers and are usually associated 
with either neoplasms (Figure 11.31) or granulomas. 
Both MRI and CT are alternative methods for examin-
ing the pelvic region or determining the involvement 
of the colon and surrounding tissues, especially when 
space-occupying lesions are present in that region or 
radiation therapy may be required.

Neoplastic masses usually appear large and irreg-
ularly shaped with a loss of wall layering (see Colonic 
carcinoma clip on DVD). Masses are usually hetero-
geneous with a mixture of echogenicities. Dystrophic 
mineralization may also be present in colonic wall 
masses, and may occur in both neoplastic and granu-
lomatous diseases. Mineralization appears as multi-
focal hyperechoic structures with distal acoustic 
shadowing. The sublumbar lymph nodes are often 
enlarged and can be rounded and hypoechoic when 
colonic neoplasia is present. However, fungal infection 

(continued) (b) Fluid-filled colon. The bladder is 
a good landmark for confirming that a fluid-filled 

bowel segment is colonic by its dorsal location to the 
bladder.

11.30

(b)

(a) Mildly, diffusely thickened colon wall in a cat 
with chronic, severe colitis diagnosed by 

mucosal biopsy. The wall layering is less distinct than 
normal, the wall thickness is 3.5 mm (normal is 1 mm) and it 
appears hyperechoic. The lumen is fluid-filled. (continues)

11.30
Focal, circumferential infiltration of the 
descending colon wall in a cat. The thickened 

portion has a heterogeneous, hypoechoic appearance 
with loss of wall layering. Biopsy confirmed a carcinoma.

11.31

(a)
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can also lead to lymphadenopathy. In addition, lym-
phoma has a hypoechoic appearance with wall thick-
ening and loss of layering, which can also be diffuse. 
Mast cell infiltration and leiomyosarcomas can have a 
similar appearance. Adenocarcinomas generally 
cause a circumferential and focal thickening of the 
colon with stricture. Adenocarcinoma is the most com-
mon colonic neoplasm in cats, followed by malignant 
lymphosarcoma. Leiomyosarcoma can also be found 
in the large intestine.

Focal masses can also be caused by pyogranu-
lomatous colitis, resulting from histoplasmosis in dogs 
from endemic regions. Therefore, obtaining cytological 
or histological confirmation is critical for a definitive 
diagnosis. FNA with a 22–25-gauge needle for cytol-
ogy can be performed on the thickened colon wall or 
mass if an appropriate acoustic window can be 
obtained. This is usually easier to perform in the cau-
dal abdomen where the colon is more fixed in posi-
tion. Tissue core biopsy can be performed on colonic 
wall masses if large enough: a rule of thumb is a mini-
mum size of 2.5 cm in diameter. This will also depend 
on the penetration depth of the biopsy needle, which 
must be verified prior to performing the biopsy.

Intussusception
Ultrasonography can be very helpful for diagnosis 
of large intestinal intussusception and caecal inver-
sion, and is usually preferred to contrast studies by 
experienced ultrasonographers. Lesions appear 
similar to small intestinal intussusceptions and have 
a multi-layered wall appearance in the region of the 
ascending or transverse colon on both longitudinal 
and transverse views. They occur most commonly 
at the ileocolic junction and can be ileocolic, caeco-
colic (caecal inversion), ileocaecal and colocolonic. 
Small intestinal dilatation can occur secondarily 
with obstruction.

Perforation
Colonic perforation can occur secondary to neoplasia 
or surgical dehiscence. Other causes are non-steroi-
dal anti-inflammatory medications, steroids, pelvic 
fractures and foreign bodies. Ulceration of the colonic 
mucosa is difficult to detect with either contrast radio-
graphy or ultrasonography. However, secondary signs 
of perforation include a perilesional zone of hyper-
echoic mesentery, free fluid and possibly free air. 
These findings in a patient with an acute abdomen 
should raise suspicion of perforation. If the rectal area 
is affected, these abnormalities may be present in the 
retroperitoneal space. Perforations affecting the 
ascending, transverse and descending colon result in 
peritoneal free fluid or gas.
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DVD extras

•	 Colonic carcinoma
•	 Functional ileus
•	 Gastric lymphoma
•	 Gastric oedema
•	 Hypereosinophilic syndrome

•	 Inflammatory polyp
•	 Jejunal foreign body
•	 Jejunal lymphoma
•	 Normal duodenal contractions
•	 Normal duodenal papilla
•	 Normal feline pylorus
•	 Pseudolayering
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12

Pancreas
Silke Hecht and Matt Baron

Indications

As clinical signs of pancreatic disease are variable 
and often non-specific, evaluation of the pancreas 
should form part of every complete abdominal ultra-
sonographic examination. Specific indications include:

•	 Anorexia
•	 Weight loss
•	 Vomiting
•	 Diarrhoea
•	 Abdominal pain
•	 Palpable abdominal mass
•	 Therapy-resistant diabetes mellitus
•	 Hypoglycaemia
•	 Icterus.

Pancreatic disease may result in complications 
affecting other organs (e.g. extrahepatic biliary ob-
struction) or may be associated with concurrent disor-
ders such as inflammatory bowel disease (IBD) or 
cholangiohepatitis. Therefore, ultrasonographic evalu-
ation of the entire peritoneal cavity is warranted if pan-
creatic disease is of concern.

Value of ultrasonography compared 
with radiography and computed 
tomography

Radiography
Radiography is often the first diagnostic imaging 
modality employed in working up abdominal disorders 
in small animals. Unfortunately, radiographs are of  
little value in the diagnosis of pancreatic disease. The 
normal pancreas is not observed in dogs on abdomi-
nal radiographs, and is only occasionally visible in 
cats, if they are obese. Furthermore, the utility of 
abdominal radiographs in diagnosing pancreatic dis-
eases is limited; in dogs, their sensitivity for the diag-
nosis of severe pancreatitis is as low as 24% (Hess et 
al., 1998). The accuracy of abdominal radiography for 
the diagnosis of feline pancreatitis has not been quan-
tified to the authors’ knowledge, but is considered low. 
Whilst the sensitivity of abdominal radiography for the 
detection of pancreatic tumours in dogs has also been 
shown to be low (19%) (Lamb et al., 1995), radio -
graphic abnormalities were observed in 100% of cats 
with pancreatic malignancies and pancreatic nodular 
hyperplasia according to one study (Hecht et al., 
2007). However, in no case were the radiographic 

abnormalities observed necessarily specific to the 
pancreas, and pancreatic nodular hyperplasia could 
not be distinguished from pancreatic malignancy 
based on radiographic findings.

Ultrasonography
Abdominal ultrasonography allows visualization of the 
normal pancreas in the majority of dogs and cats, and 
has proven useful in the diagnosis of various pancre-
atic disorders. In dogs, abdominal ultrasonography 
was found to have a sensitivity of 68% for the detec-
tion of severe pancreatitis (Hess et al., 1998), and a 
sensitivity of 75% was reported for the diagnosis of 
pancreatic neoplasia (Lamb et al., 1995). Ultrasono-
graphy is of limited value in the detection of endocrine 
pancreatic tumours, likely due to their small size 
(Robben et al., 2005). It may be inferred from one ret-
rospective study that abdominal ultrasonography is 
not as helpful in the diagnosis of pancreatitis in cats 
as it is in dogs: most reports indicate a sensitivity of 
11–35% (Gerhardt et al., 2001; Saunders et al., 
2002), although one study reports a sensitivity of 80% 
(Forman et al., 2004). Abdominal ultrasonography 
fares well at identifying and characterizing lesions  
in cats with pancreatic neoplasia and nodular hyper-
plasia: in a retrospective study, ultrasonography re-
vealed pancreatic abnormalities in 16 of 17 cats with 
pancreatic malignancy and 5 of 5 cats with nodular 
hyperplasia (Hecht et al., 2007). There was consider  - 
able overlap in ultrasonographic findings between the  
two diseases, although a solitary mass of >2 cm 
appeared to be specific for malignancy.

Computed tomography
Contrast-enhanced computed tomography (CT) is 
considered the modality of choice for the diagnosis of 
acute pancreatitis and other pancreatic disorders in 
human medicine. Disadvantages of CT in veterinary 
medicine in comparison with radiography and ultra-
sonography include cost and the need for general 
anaesthesia. Initial case studies describing the use of 
CT in the diagnosis of canine pancreatitis yielded 
promising results (Jaeger et al., 2003). Studies inves-
tigating the use of contrast-enhanced CT in the diag-
nosis of feline pancreatitis indicated that this modality 
was largely unhelpful, with a sensitivity as low as 20% 
(Gerhardt et al., 2001; Forman et al., 2004). Recent 
reports investigating the use of CT for diagnosing 
pancreatic neoplasms such as insulinoma in dogs 
(Robben et al., 2005) yielded promising results.
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Imaging technique

Patient preparation
Patient preparation (sedation if necessary, clipping 
and application of ultrasonographic coupling gel) is 
per formed in a routine manner.

Positioning
In most patients the pancreas can be examined 
using a routine ventral abdominal approach with the 
patient positioned in dorsal recumbency. However, 
especially in deep-chested dogs and animals with 
severe abdominal pain, a right intercostal approach 
with the patient in left lateral recumbency may be 
chosen to facilitate evaluation of the body and right 
lobe of the pancreas.

Equipment
Choice of transducer is dictated by availability and 
personal preference, and both linear and curvilinear 
transducers may be used. Due to the small size of the 
pancreas, the examination should be performed using 
the highest frequency possible. In small dogs and 
cats, an 8–15 MHz transducer is typically used. In 
large dogs, a lower frequency transducer (5–8 MHz) 
may be needed to increase penetration depth.

Normal ultrasonographic 
appearance

As the pancreas is a fairly inconspicuous organ, it is 
important to be familiar with anatomical landmarks to 
aid in identification (Figure 12.1). The pancreas in 
both the dog and cat is a slightly ill defined organ, 

normally isoechoic to the surrounding mesentery, 
iso echoic to slightly hyperechoic to the adjacent liver, 
and hypoechoic to the spleen.

It is important to remember that the pancreas can 
appear ultrasonographically normal even when dis-
eased, especially in cats. This is particularly true in 
many cases of pancreatitis and certain neoplastic dis-
orders (e.g. insulinoma). Therefore, a normal ultra-
sonographic examination should not solely be relied 
upon to rule out pancreatic pathology.

Dogs
Pancreatic size in the dog is variable and has been 
reported to range from 1–3 cm in width and up to 1 
cm in thickness. The right lobe of the pancreas is 
often the more readily observable lobe. It can be 
found by identifying the descending duodenum in 
transverse section, and then looking for a triangular 
portion of tissue lying medially, dorsally or some-
times laterally to it. The cranial pancreaticoduodenal 
vein is often readily observable within this triangu-
larly shaped tissue, and may aid in identification of 
the pancreas (Figure 12.2; see also Normal pan-
creas (dog) clip on DVD). The vein runs parallel to 
the long axis of the right lobe of the pancreas and 
the descending duodenum. The body and left lobe 
of the pancreas are more difficult to identify and are 
located ventral to the portal vein and between the 
stomach and transverse colon, respectively.

Pancreas and associated anatomical 
landmarks. The left lobe of the pancreas (LL) 

can be found caudal to the stomach (ST) and is intimately 
associated with the splenic vein. The body of the 
pancreas (B) is located ventral to the portal vein. The right 
lobe of the pancreas (RL) follows the descending 
duodenum (DD). APd = accessory pancreatic duct; 
Bd = common bile duct; GB = gallbladder; LK = left 
kidney; Pd = pancreatic duct; RK = right kidney; S = 
spleen. (Reproduced from the BSAVA Manual of Canine 
and Feline Abdominal Imaging)

12.1
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(b)

Ultrasonograms of the normal canine pancreas. 
(a) Transverse view. The right pancreatic lobe 

(between arrows) manifests as a triangular structure of 
intermediate echogenicity, immediately adjacent to the 
descending duodenum (DD). (b) The centrally located 
round anechoic structure represents the 
pancreaticoduodenal vein, which exhibits a fl ow signal on 
colour Doppler examination.

12.2
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Cats
In cats, the pancreas measures approximately 0.5–
1.0 cm in thickness. The left lobe and the pancreatic 
body are the most readily identifiable parts. With the 
transducer oriented parallel to the long axis of the 
patient, just to the left of the midline, the left lobe of 
the pancreas should be observed between the stom-
ach cranially and the transverse colon caudally. 
Turning the transducer transversely, the pancreatic 
body is located ventral to the portal vein, at approxi-
mately the level where the splenic vein enters the 
portal vein (Figure 12.3; see also Normal pancreas 
(cat) clip on DVD). The remainder of the splenic vein 
may be traced just caudal to the left lobe of the pan-
creas, running parallel to the lobe. The pancreatic 
duct is usually visible in cats as a tubular, anechoic, 
approximately 1–2 mm structure in the centre of the 
pancreas, and is often crucial in the identification of 
the organ. The right pancreatic lobe is often difficult to 
observe in the cat. When seen, it is usually located 
dorsomedially to the descending duodenum.

Ultrasonogram of the normal pancreas in a cat. 
The transducer is positioned in transverse 

orientation to the patient, allowing visualization of the long 
axis of the pancreatic body (B) and left lobe (LL; between 
the cursors). Note the associated anatomical landmarks: 
portal vein (PV); splenic vein (SV); and stomach (ST). The 
pancreas is of intermediate echogenicity and is readily 
identified by the centrally located tubular anechoic 
pancreatic duct.

12.3

Acute pancreatitis in a 5-year-old Miniature 
Schnauzer presented with a 3-day history of 

vomiting and abdominal pain. Transverse image of the 
right cranial abdomen showing enlargement and 
hypoechogenicity of the right lobe of the pancreas 
(between the cursors) and adjacent strongly hyperechoic 
fat. Abdominal effusion was also noted in this patient (not 
shown). DD = duodenum; L = liver.

12.4

Diffuse disease

Inflammation

Acute pancreatitis
Acute pancreatitis is a common pancreatic pathology 
in the dog, and less so in the cat. Classic ultrasono-
graphic features of acute pancreatitis in both species 
include an enlarged pancreas, hypoechoic pancre-
atic parenchyma, surrounding hyperechoic mesen-
tery, focal peritoneal fluid accumulation, corrugated 
duodenum, and focal mild intestinal dilatation with 
decreased intestinal motility (indicative of focal ileus) 
(Figure 12.4; see also Acute pancreatitis in a dog 
clip on DVD).

Observation of all of these ‘classic’ findings is not 
necessary to make a diagnosis of pancreatitis, and 
in many cases not all are present. Common bile duct 
dilatation may be seen if pancreatic inflammation 
causes (partial) obstruction due to external compres-
sion of the distal duct. Dilatation of the pancreatic 
duct in association with pancreatitis has been 
reported. Pancreatic cysts, pseudocysts, necrosis 
and abscesses can be seen in association with 
acute pancreatitis in dogs and cats. Although ultra-
sonography is highly specific for acute pancreatitis in 
the dog, it has only moderate sensitivity. Therefore, 
an ultrasonographically normal pancreas does not 
rule out pancreatitis. In cats, the sensitivity of ultra-
sonography in the diagnosis of acute pancreatitis is 
poor, indicating that in most cases the pancreas 
appears ultrasonographically normal.

Chronic pancreatitis
Chronic pancreatitis affects both dogs and cats, 
and is more common than acute pancreatitis in 
cats. Ultrasonographically, chronic pancreatitis can 
have a variable appearance, and often the abnor-
malities observed are more subtle and subjective 
than in acute pancreatitis. Ultrasonographic findings 
of chronic pancreatitis include a hypoechoic irregu-
lar pancreas, hyperechoic pancreatic parenchyma 
believed to represent pancreatic fibrosis, and hyp er -
echoic mineralized foci with distal acoustic shadow-
ing within and/or surrounding the pancreatic 
parenchyma, resulting from dystrophic mineraliza-
tion of chronically inflamed pancreatic and peripan-
creatic tissue (Figure 12.5; see also Chronic 
pancreatitis in a cat clip on DVD). Displacement of 
the stomach and/or duodenum may be seen if 
adhesions develop secondary to chronic inflamma-
tion in the pancreatic region. In cats, chronic pan-
creatitis has been associated with hepatic lipidosis, 
IBD and cholangiohepatitis, and therefore concur-
rent ultrasonographic changes in the liver and small 
intestine may be encountered.
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Neoplasia
Pancreatic neoplasms are rare in dogs and cats. 
Adenocarcinoma is the most common exocrine tu-
mour affecting the pancreas. Other tumour types 
include adenoma, squamous cell carcinoma, lymph-
oma, lymphangiosarcoma and spindle cell sarcoma. 
Insulinoma is the most common endocrine tumour of 
the pancreas. A pancreatic neoplasm most com-
monly manifests as a pancreatic or peripancreatic 
nodule or mass lesion of variable size and echo-
genicity (Figures 12.8 and 12.9; see also 
Insulinoma clip on DVD).

Pancreatic lymphoma in a 16-year-old cat. The 
pancreas (left lobe shown between the arrows) 

is diffusely enlarged (1.5 cm thickness), hyperechoic and 
heterogeneous. Fine-needle aspiration of the pancreas 
was performed and yielded a diagnosis of lymphoma.

12.6

Chronic pancreatitis in an 8-year-old cat 
presented with anorexia. The pancreas is 

hypoechoic, nodular, irregular and more conspicuous than 
usual. The ultrasonogram of the left cranial abdomen 
shows the extremity of the left lobe of the pancreas 
(between the cursors) at the level of the spleen (SP).

12.5

Pancreatic oedema in a 6-year-old Cocker 
Spaniel with chronic hepatopathy and portal 

hypertension. Longitudinal image of the right lobe of the 
pancreas (arrowed) showing generalized thickening and a 
classic ‘tiger stripe’ appearance.

12.7
Neoplasia
Pancreatic tumours most commonly manifest as focal 
pancreatic or peripancreatic nodules or masses (see 
below). Diffuse infiltration of the pancreas can be 
seen with various tumour types, including adenocar-
cinoma and lymphoma (Figure 12.6), which may 
result in diffuse thickening, abnormal echogenicity 
and/or nodular contour of the pancreas. Diffuse pan-
creatic neoplasia may mimic other diffuse pancreatic 
diseases, especially pancreatitis.

Oedema
Pancreatic oedema has been associated with hypo-
albuminaemia, portal hypertension and experimen-
tally induced pancreatitis. Ultrasonographically, it 
appears as thickening of the pancreas with multiple 
hypoechoic striations dissecting between the pancre-
atic parenchyma, producing a characteristic ‘tiger 
stripe’ appearance (Figure 12.7).

Focal lesions

It must be emphasized that it is often difficult to dis-
tinguish different types of focal pancreatic lesions 
via ultrasonography alone. Although colour Doppler 
examination may be helpful in select cases, tissue 
sampling such as ultrasound-guided fine-needle 
aspiration (FNA) is commonly needed to establish 
a diagnosis.

Exocrine pancreatic tumour (adenocarcinoma) 
in a 16-year-old Scottish Fold presented for 

lethargy and anorexia. Transverse ultrasonograms of
(a) the mid and (b) the left cranial abdomen showing a 
solid, irregularly marginated, mixed echogenic mass 
(arrowed), approximately 4 cm in diameter, originating 
from the extremity of the left lobe of the pancreas (LL). 
(Courtesy of Dr G. Henry, University of Tennessee)

12.8

(a)

(b)
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Other common ultrasonographic features include 
multifocal pancreatic nodules, pancreatic enlarge-
ment, abdominal effusion and extrahepatic biliary 
obstruction. Potential pitfalls for the imaging diagnosis 
of pancreatic neoplasms include:

•	 Variations of the normal ultrasonographic 
appearance of the pancreas

•	 Abnormal lymph nodes in close proximity to the 
pancreas

•	 Masses arising from neighbouring structures
•	 A similar ultrasonographic appearance of 

malignant and benign pancreatic lesions such as 
abscesses and nodular hyperplasia.

Ultrasonography is fairly sensitive in the diagnosis 
of exocrine pancreatic tumours; however, identification 
of endocrine pancreatic tumours is often limited by 
their small size. Metastases are a common feature of 
malignant pancreatic neoplasms. Lymphatic drainage 
of the pancreas is provided by the splenic, hepatic, 
pancreaticoduodenal and jejunal lymph nodes. As  
all of these lymph nodes are also involved in drainage 
of other abdominal structures, the aetiology of lymph -
a denomegaly may be difficult to determine. Hepatic 
metastases may manifest as nodules of variable 
echogenicity. Metastatic spread to the mesentery (car-
cinomatosis) manifests as numerous hypoechoic nod-
ules emanating from the connecting peritoneum, 
commonly associated with abdominal effusion.

Nodular hyperplasia
Pancreatic nodular hyperplasia is a common inc i-
dental finding in old dogs and cats. Ultrasonogra ph-
ically, nodular hyperplasia in cats manifests as 
multiple, <1 cm diameter, mostly iso echoic or hypo-
echoic nodules associated with the pancreas and 
pancreatic enlargement (Figure 12.10). Ultrason o-
graphic findings in dogs have, to the authors’ 
knowledge, not been reported, but would be expected 
to have a similar appearance. Hyperplastic nodules 
may mimic other focal pancreatic lesions (such as 
pancreatic neoplasms) and cytology or histopathology 
is required to establish a definitive diagnosis.

Endocrine pancreatic tumour (insulinoma) in a 
16-year-old West Highland White Terrier 

presented with a history of trembling, seizures and 
hypoglycaemia. Transverse image of the right cranial 
abdomen demonstrating a hypoechoic nodule, 
approximately 8 mm in diameter, with a few hyperechoic 
shadowing foci associated with the right lobe of the 
pancreas (arrowed). DD = descending duodenum.

12.9

Cysts and pseudocysts
Congenital pancreatic cysts are of uncertain signifi-
cance and are occasionally seen as incidental  
findings in dogs or cats. They have also been do  c u -
mented in association with feline polycystic renal and 
liver disease. Pancreatic cysts and pseudocysts may 
occur as sequelae of acute or chronic pancreatitis. 
Pseudocysts appear to be more common than true 
cysts, although this differentiation cannot be made 
based on ultrasonography. Both cysts and pseudo-
cysts appear as variably sized, anechoic, spherical 
to lobulated structures with thin walls and distal 
acoustic enhancement (Figure 12.11). Large lesions 
may displace or indent adjacent viscera.

Incidental finding of pancreatic nodular 
hyperplasia in a 15-year-old cat with a history of 

numerous non-pancreatic diseases, including chronic 
renal failure, hyperthyroidism and hypertrophic 
cardiomyopathy. The pancreas contained numerous 
hypoechoic nodules. The largest nodule (arrowed) 
measured approximately 1 cm in diameter and was 
associated with the body of the pancreas. LL = left lobe of 
the pancreas; PV = portal vein; SV = splenic vein.

12.10

Pancreatic cyst in an 11-year-old cat with a 
history of diabetes mellitus and chronic 

pancreatitis. Ultrasonographic examination revealed a 
thin-walled structure, approximately 3 cm in diameter, 
containing anechoic fluid in the right cranial abdomen 
adjacent to the descending duodenum. Exploratory 
laparotomy revealed a cystic lesion associated with the 
right lobe of the pancreas, which was drained and 
omentalized. An endothelial lining found on histological 
examination was consistent with a true cyst. 

12.11
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Abscesses
Pancreatic abscesses, like pancreatic cysts and 
pseudocysts, may be sequelae of pancreatitis but 
may also develop secondary to systemic sepsis. 
They are more common in dogs than in cats. Ultra-
sonographically, they can have a variable appear-
ance. The walls of an abscess are commonly thick, 
irregular and highly echogenic (Figure 12.12). The 
central portion may be anechoic, hypoechoic to the 
surrounding tissue, or even isoechoic to the abscess 
wall, creating the impression of a solid mass. 
Swirling debris may be observed in the central por-
tion of the abscess upon mild agitation. Hyperechoic 
bubbles with associated reverberation artefacts may 
be seen if the abscess contains gas, potentially from 
gas-producing bacteria.

Pancreatic abscess in an 11-year-old Labrador 
Retriever presented with a 1-month history of 

vomiting. Sagittal ultrasonogram of the right cranial 
abdomen showing a thick-walled mass lesion (arrowed), 
approximately 3 cm in diameter, containing echogenic 
fluid adjacent to the descending duodenum (DD). FNA 
cytology yielded a diagnosis of septic suppurative 
inflammation.

12.12

Other diseases

Pancreatolithiasis
Mineralized calculi within the pancreatic duct have 
been described in cats and are believed to occur 
most commonly as sequelae to chronic pancreatitis. 
Ultrasonographic findings include a hyperechoic 
structure with distal acoustic shadowing within the 
pancreatic duct, and pancreatic duct dilatation up-
stream from the calculus.

Exocrine pancreatic insufficiency
Exocrine pancreatic insufficiency (EPI) is character-
ized by a lack of adequate amounts of digestive 
enzymes necessary for sufficient breakdown of nutri-
ents from the intestinal tract. In dogs, this disease is 
most commonly due to pancreatic acinar atrophy. 
Ultrasonographic findings in dogs with EPI have, to 
the authors’ knowledge, not been described in the lit-
erature. Feline EPI is uncommon, and the underlying 
cause is often unable to be determined. On ultra-
sonographic examination the pancreas may appear 
normal, may be diffusely hyperechoic, or may have a 
heterogeneous echogenicity and contain nodules.

Pancreatic bladder and pseudobladder
Pancreatic (pseudo)bladder is a rare abnormal focal 
expansion of the pancreatic ductal system. These 
lesions can have a similar appearance as pancreatic 
cysts and pseudocysts. A single case report exists in 
the veterinary literature describing a cat with a pan-
creatic pseudobladder that developed secondary to 
pancreatolithiasis (Bailiff et al., 2004).

Particular considerations for 
sampling

FNA or biopsy of diffuse or focal pancreatic lesions 
can be performed safely following the usual precau-
tions. Pancreatic cysts and pseudocysts can be differ-
entiated from cystic lesions arising from other 
ab do minal viscera by fluid sampling and enzyme 
analysis, as fluid aspirated from lesions of pancreatic 
origin should have a high lipase activity. In addition to 
obtaining diagnostic samples, ultrasound guidance 
can be used to monitor therapeutic drainage of fluid-
filled pancreatic lesions.
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13

Adrenal glands
Livia Benigni

Indications

Common indications for ultrasonography of the adre-
nal glands include:

•	 To differentiate between primary and secondary 
hyperadrenocorticism

•	 To investigate a retroperitoneal or dorsal 
abdominal mass

•	 To investigate hypertension or other clinical signs 
which may be related to phaeochromocytomas

•	 To search for metastasis in known cases of 
extra-adrenal primary malignancy.

Value of ultrasonography compared 
with radiography and computed 
tomography

Radiography
Compared with ultrasonography, radiography is a 
less sensitive imaging modality for the evaluation of 
the adrenal glands. The normal adrenal glands are 
not usually visible radiographically, although inciden-
tal mineralization in older cats is not uncommon and 
is easily recognized. Adrenal masses must be of rel-
atively large dimensions in order to be identified on 
a radiograph. However, in cases where a specific 
dia gnosis of adrenal disease has not yet been 
made, an abdominal radiograph can be useful to 
provide an overview of the abdomen. In cases of 
hyp er adre nocorticism, for example, associated hep-
ato megaly and calcinosis cutis may be seen on the 
abdominal radiograph.

Ultrasonography
Ultrasonography is preferred when assessing the 
size, shape and internal structure of the adrenal 
glands. It is also useful to check for abdominal meta-
stasis and/or vascular invasion in cases of adrenal 
neoplasia, and to assess the liver in cases of hyper-
adrenocorticism. Typically, the liver of patients suffer-
ing from hyperadrenocorticism appears hyperechoic 
and diffusely enlarged on ultrasound examination.

Computed tomography
Computed tomography (CT) can also be used to 
assess the size, shape and internal structure of the 
adrenal glands, but is less widely available than ultra-
sonography in veterinary practice. CT requires a 

heavily sedated or anaesthetized patient, whereas 
ultrasonography can be performed in conscious or 
lightly sedated patients. A further advantage of ultra-
sonography over CT is that if multiple follow-up exam-
inations are needed, these can be repeated without 
being too costly for the owner (e.g. follow-up of a clin-
ically silent adrenal mass). CT is very valuable for the 
investigation of adrenal masses which show local 
invasion. Compared with ultrasonography, CT is con-
sidered easier to interpret and more reliable in the 
determination of the margins and the extent of the 
lesion. On post-contrast CT images the demarcation 
between affected and non-affected soft tissue may be 
further enhanced by the different distribution of the 
contrast media in the two areas. CT may also help in 
differentiating benign from malignant masses based 
on their characteristic attenuation and enhancement. 
CT angiography is used to evaluate whether there is 
vascular invasion. CT is considered by many to be 
the imaging modality of choice when planning surgi-
cal removal of some adrenal masses. In cases of 
adrenal malignancy, another advantage of CT over 
ultrasonography is the possibility of assessing the 
thorax for the presence of pulmonary metastasis.

Imaging technique

The adrenal glands are usually evaluated using a 
5–7.5 MHz transducer in dogs and a 7.5–10 MHz 
transducer in cats.

Positioning
The patient can be scanned in either dorsal or 
lateral recumbency.

Dogs
With the patient in right lateral recumbency, the left 
adrenal gland can usually be visualized by position-
ing the transducer on the dorsal aspect of the left lat-
eral abdominal wall, ventral to the lumbar 
mus culature, and just caudal to the last rib, at the 
level of the left kidney (Figure 13.1a). In some deep-
chested breeds (e.g. Pointer, Greyhound) the left 
adrenal gland is visualized from an intercostal win-
dow (12th intercostal space). At the level of the left 
kidney, the aorta should be identified as the closer of 
the two large vessels running in a craniocaudal direc-
tion (the other being the caudal vena cava). The left 
renal artery can be used as a second landmark. The 
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renal artery is directed caudally at the exit from the 
aorta, but after a short path it hooks cranially to reach 
the renal hilus. The adrenal gland is found between 
the aorta and the left kidney and cranial to the hook 
made by the left renal artery (Figure 13.1b). The 
transducer is aligned to the long axis of the aorta and 
from this position, by slowly fanning the plane of the 
ultrasound beam dorsally and ventrally, the ultra-
sonographer should be able to identify the left adre-
nal gland. It should be noted that the position of the 
probe on the skin is maintained whilst undertaking 
the fanning movement. Owing to the variable position 
of the left kidney, the aorta and the left renal artery 
are more reliable landmarks to locate the left adrenal 
gland than the kidney itself.

slowly fanned laterally and medially. By doing so the 
right adrenal gland is generally visualized parallel to 
the caudal vena cava at the level of the cranial pole of 
the right kidney. In some dogs, when using this 
approach, it may be difficult to differentiate between 
the right adrenal gland and caudal vena cava as they 
lie very close together. In such cases changing the 
angulation of the probe slightly may help; otherwise 
an alternative approach can be attempted.

(a) The position of the transducer for imaging 
the left adrenal gland with the dog in right 

lateral recumbency. (b) Ultrasonogram obtained from the 
left window with the dog in right lateral recumbency 
showing the landmarks used to locate an enlarged left 
adrenal gland (LA). The left adrenal gland is found cranial 
to the left renal artery (ra) and medial to the left kidney 
(LK). Note the enlarged caudal pole of the adrenal gland.

13.1

(a)

(b)

With the patient in left lateral recumbency, the right 
adrenal gland can be visualized either with the probe 
placed on the abdominal wall just caudal to the 13th 
rib (transabdominal approach, excellent for small-
breed dogs) (Figure 13.2) or with an intercostal 
approach (often necessary in very deep-chested 
dogs). The landmarks for locating the right adrenal 
gland are the caudal vena cava and right kidney. If the 
transabdominal window is used, the probe is posi-
tioned just ventral to the lumbar muscles and caudal 
to the edge of the last rib. The ultrasound beam is 
then oriented parallel to the length of the caudal vena 
cava and pointed cranially to visualize the caudal 
vena cava at the level of the cranial pole of the right 
kidney. From this position, the ultrasound probe is 

The position of the transducer for imaging the 
right adrenal gland with the dog in left lateral 

recumbency.

13.2

From an intercostal approach (11th or 12th inter-
costal space) the right adrenal gland can be located 
using a transverse or a dorsal plane to the patient. If 
the right adrenal gland is imaged in a transverse 
plane it is located by following the caudal vena cava 
and is seen lying lateral to the caudal vena cava at 
the level of the cranial pole of the right kidney. If a dor-
sal plane is used then the right adrenal gland is seen 
medially to the cranial pole of the right kidney, 
between the right kidney and the caudal vena cava. 
When scanning with the patient in dorsal recumbency, 
the same anatomical landmarks are used to locate 
the adrenal glands.

Cats
The feline adrenal glands are imaged using similar 
techniques to those described above for dogs. The 
only major difference is that in cats the adrenal glands 
are positioned more cranially along the main abdomi-
nal vessels with respect to the position of the kidneys. 
They are often visualized immediately cranial to the 
cranial pole of the respective kidney.

Normal ultrasonographic 
appearance

The adrenal glands are relatively small elongated 
structures located in the retroperitoneal space along 
the main abdominal vessels at the level of the corre-
sponding kidney. The right adrenal gland is often 
adjacent to the caudal vena cava, whereas the left 
adrenal gland is often separated from the aorta by 
some fat, making it easier to identify. Being fairly uni-
formly hypoechoic, the adrenal glands can be easily 
confused with portions of the regional vessels (renal 
artery and veins). Occasionally, a hypoechoic outer 
and hyperechoic inner region may be recognized. If 
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the internal structure of the adrenal gland is visible, 
then it is easier to identify them with certainty; colour 
flow Doppler techniques may help in this respect by 
showing the blood flow within the regional vessels. 
Two small vessels, the phrenicoabdominal artery and 
vein, pass dorsally and ventrally, respectively, to each 
adrenal gland. On the left the vein is frequently visu-
alized with good quality ultrasound equipment.

Dogs
In dogs the size and shape of the adrenal glands 
may vary with bodyweight and breed. The left adre-
nal gland of small-breed dogs has a typical bilobed 
appearance (Figure 13.3a), often described as pea-
nut-shaped; in large-breed dogs the shape becomes 
more elongated (Figure 13.3b; see also Normal left 
adrenal gland in a dog clip on DVD). In a trans-
verse plane both the left and right adrenal glands 
appear oval or round to triangular. When visualized 
in a long-itudinal plane from a transabdominal win-
dow, the right adrenal gland often appears ‘L’-shaped 
(also described as pistol- or arrow-shaped) (Figure 
13.4a). When visualized in a longitudinal plane from 
an intercostal approach it appears more elongated 
(Figure 13.4b; see also Normal right adrenal gland 
in a dog clip on DVD).

A wide range of normal adrenal gland size has 
been reported in dogs. Subjective assessment of 
the size and shape of the adrenal glands is used by 
the experienced ultrasonographer to raise suspicion 
for enlargement. As a general rule it has been sug-
gested that 7.4 mm be used as the upper normal 
limit of adrenal gland diameter. When measuring 
the adrenal glands, it must be borne in mind that 
some healthy dogs have normal adrenal glands 
measuring >7.4 mm in diameter and many dogs 
with hyperadrenocorticism have normal-sized adre-
nal glands. Therefore, the ultrasonographic findings 
need to be interpreted in light of the clinical signs 
and the blood analysis results. A finding of normal 
adrenal glands on ultrasonography is not sufficient 
to rule out hyperadrenocorticism.

Cats
In cats the adrenal glands are more oval than in the 
dog and are generally uniformly hypoechoic (see 
Normal right adrenal gland in a cat clip on DVD). It 
is rarer to see a corticomedullary distinction (Figure 
13.5) within the adrenal glands in cats than in dogs. 
The short diameter of the adrenal glands in healthy 
cats and in cats that have non-adrenal dependent ill-
ness has been reported to range between 2.8 and 
5.5 mm. Mineralization of the adrenal glands is a 
common incidental finding in cats (Figure 13.6); in 

(a) Ultrasonogram of the normal left adrenal 
gland in a Cocker Spaniel. The thickness of the 

caudal pole is measured between the callipers and the 
length of the gland is indicated between the asterisks.
(b) Ultrasonogram of the left adrenal gland in an Irish 
Setter. The thickness of the caudal pole is measured 
between the callipers and the length of the gland is 
indicated between the asterisks. Note the elongated 
appearance of the gland and the adjacent 
phrenicoabdominal vein seen in cross-section (arrowed). 
LK = left kidney; ra = renal artery; rv = renal vein.

13.3

(a)

(b)

(a) Right adrenal gland viewed from a 
transabdominal window. Note the ‘L’ (or pistol) 

shape of the gland. The thickness of the caudal pole is 7.5 
mm and is measured between the callipers. The length of 
the adrenal gland is denoted by the asterisks. (b) Right 
adrenal gland viewed from an intercostal approach. Note 
that the gland looks more elongated when imaged using 
this window. The thickness of the caudal pole is measured 
between the callipers and the length of the adrenal gland 
is denoted by the asterisks. AO = aorta; CVC = caudal 
vena cava.

13.4

(a)

(b)
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Ultrasonogram of the normal left adrenal gland 
in a cat. The thickness of the caudal pole is 3.9 

mm and is measured between the callipers. Adrenal 
glands in cats are generally uniformly hypoechoic, but 
in this case a corticomedullary distinction is seen. 
AO = aorta; LK = left kidney.

13.5

Ultrasonogram of the mineralized left adrenal 
gland in a cat (between the asterisks). Note the 

hyperechoic, hyper-refl ective appearance of the adrenal 
gland, causing an acoustic shadow. (Courtesy of 
P. Mantis)

13.6

Ultrasonograms of the bilaterally enlarged
(a) left and (b) right adrenal glands in a dog 

suffering from PDH. Note that the shape of the glands is 
bilaterally preserved; however, both glands appear 
‘plumped’. Asterisks indicate the long axis of the gland.

13.7

*
*

*
*

(a)

(b)

glands and is found in a small proportion of PDH 
cases. A large hyperplastic nodule looks similar to an 
adrenocortical adenoma; therefore, ultrasonography is 
not always helpful in differentiating between PDH and 
adrenal-dependent hyperadrenocorticism.

Bilateral enlargement of the adrenal glands can 
be found in dogs with PDH treated with trilostane 
(3`-hydroxysteroid dehydrogenase inhibitor). It has 
been suggested that the changes observed on ultra-
so no graphy reflect hypertrophy of the adrenal cortex 
due to increased adrenocorticotropic hormone 
(ACTH) stimulation. 

Reduced cortisol production and diminished neg-
ative feedback on ACTH production explain the effect 
of trilostane on the adrenal glands. After trilostane 
treatment a change in the echogenicity of the adrenal 
gland may be noticed. In some cases the difference 
in echogenicity between the central and outer layers 
may become more marked, and in other cases the 
ad renal gland may become more heterogeneous in 
echogenicity. It is hypothesized that haemorrhage 
and/or hyperplasia may be responsible for the 
change in the echogenicity of the adrenal glands 
observed following trilostane treatment (Figure 13.8).

It is important therefore to perform ultrasono-
graphy before commencing treatment with trilostane, 
in order to differentiate between changes in the adre-
nal gland due to disease, and those which may be 
as a consequence of therapy.

these cases the adrenal glands appear hyperechoic 
and, if the mineralization is substantial, a distal acou-
stic shadow is present. The size of the adrenal glands 
remains unchanged.

Hyperplasia

Approximately 80% of dogs with hyperadrenocorti-
cism have pituitary-dependent hyperadrenocorticism 
(PDH). Ultrasonography may reveal bilateral adreno-
megaly (Figure 13.7) in a large proportion of dogs and 
cats with PDH. The adrenal glands appear symmetri-
cally enlarged and rounded, reflecting generalized 
cortical hyperplasia secondary to pituitary disease. 
However, bilateral adrenal gland enlargement may 
occasionally be found in patients with chronic, non-
endocrine disease. The findings of normal or asym-
metrically enlarged adrenal glands does not exclude 
the possibility of PDH. Nodular hyperplasia is respon-
sible for asymmetrical enlargement of the adrenal 
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Neoplasia

The finding of an adrenal nodule or mass on ultra-
sonographic examination does not necessarily indi-
cate neoplasia. Furthermore, most of the adrenal 
neoplasms encountered are not malignant. There is a 
surprisingly high incidence of clinically silent adrenal 
lesions in older dogs; often they represent adrenal 
nodular hyperplasia (Figure 13. 9), with only a small 
proportion found to be neoplastic. Further investiga-
tions that may be indicated include function tests (e.g. 
ACTH stimulation test) and repeat imaging in 1–3 
months. Further ultrasonographic monitoring of the 
nodule or mass can be performed at 3–6 monthly 
intervals. In many cases the final diagnosis is only 
reached at necropsy.

In dogs showing signs of hyperadrenocorticism, 
the finding of an adrenal nodule leads to the differen-
tial diagnoses of cortical adenoma, cortical adenocar-
cinoma and hyperplastic nodule. The ultrasonographic 
appearance of these lesions is non-specific. Nodules 
or masses >2 cm and/or showing mineralization are 
considered less likely to represent nodular hyperpla-
sia and more likely to be either benign or malignant 
neoplasia. Therefore, in such cases the findings are 
suggestive of adrenal-dependant hyperadrenocorti-
cism. If the mass is ≥4 cm then a malignant rather 
than a benign neoplastic lesion should be suspected 
(Figure 13.10).

* ra
rv

Ultrasonograms of the bilaterally enlarged
(a) left and (b) right adrenal glands in a dog 

treated with trilostane. The asterisks denote the long axis 
of the gland and the callipers indicate the caudal pole. 
Note the hyperechoic appearance of the caudal pole of 
the left adrenal gland in (a) which, in the case of trilostane 
treatment, may be related to intraparenchymal 
haemorrhage and/or hyperplasia. AO = aorta; CVC = 
caudal vena cava; LK = left kidney; RK = right kidney.

13.8 

(a)

(b)

When an adrenal nodule or mass is found, there 
are a number of further possible differential diagno-
ses, including:

•	 Myelolipoma
•	 Phaeochromocytoma
•	 Metastatic tumour (see Metastatic nodule clip 

on DVD)
•	 Haematoma
•	 Granuloma
•	 Cyst.

Myelolipomas are benign, endocrinologically inac-
tive tumours, occasionally found in the adrenal 
glands of dogs. They appear as hyperechoic adrenal 
nodules on ultrasonography. Their fatty component 
can be recognized on CT images and because of 
this, CT may be useful in differentiating myelolipomas 
from other lesions.

Phaeochromocytomas are relatively rare catechol-
amine-secreting tumours arising from the chromaffin 
cells of the adrenal medulla. The presenting signs are 
often non-specific (e.g. weakness/lethargy, tachy-
arrhythmia, polyuria/polydipsia, pale or injected 
mucous membranes, collapse, vomiting, tachypnoea, 

Ultrasonogram of a hyperechoic nodule 
(between the asterisks) found incidentally within 

the cranial pole of the left adrenal gland (between the 
callipers). The differential diagnoses include myelolipoma, 
hyperplastic nodule and neoplastic nodule (primary or 
metastatic). In cases of incidentally found nodules, 
follow-up ultrasonography of the adrenal gland is 
suggested.

13.9

Ultrasonogram of a large heterogeneous mass 
found in the region of the right adrenal gland 

(periphery of the mass is highlighted by the asterisks). The 
fi nal diagnosis was adrenal adenocarcinoma. RK = right 
kidney.

13.10

*
* *

*
*

*
*

*
**

*
* *

*
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panting/dyspnoea, anorexia/inappetence and fever) 
and result either from the direct presence and space-
occupying nature of the tumour, or are secondary to 
the excretion of excessive amounts of catecholamines. 
Feline phaeochromocytomas are extremely rare.

Metastases to the adrenal glands are common. In 
dogs the tumours found to most commonly metasta-
size to the adrenal glands are pulmonary, mammary, 
prostatic, gastric and pancreatic carcinomas, squa-
mous cell and transitional cell carcinomas, melano-
mas, histiocytic sarcomas and haemangiosarcomas. 
In cats those tumours which commonly metastasize 
to the adrenal glands are renal and colonic carci-
noma, haemangiosarcoma and melanoma.

Ultrasonography is useful in the investigation of 
hyperaldosteronism. Primary hyperaldosteronism re-
sults from either an adrenal tumour or adrenal hyper-
plasia affecting the mineralocorticoid-producing zona 
glomerulosa of the adrenal cortex. Persistent 
hypokalaemia is associated with the disease. 
Aldosterone-secreting tumours are rare in both dogs 
and cats. Aldosterone-producing tumours in cats 
have been reported to be frequently hypoechoic, 
rounded and variable in size (0.9–3 cm).

Occasionally bilateral adrenal nodules or masses 
can be found (Figure 13.11). As previously 
men tioned, it is not possible to differentiate with 

ultrasonography an endocrinologically active from an 
inactive mass/nodule. Therefore, in cases where 
bilateral adrenal masses/nodules are found with 
signs of hyperadrenocorticism, ultrasonography may 
not be particularly helpful in suggesting which of the 
lesions is responsible for the disease. It is important 
to combine ultrasonographic with clinical and labora-
tory findings, and to consider follow-up imaging stud-
ies before undertaking an unnecessary complicated 
surgical procedure.

In some cases an adrenal mass may invade adja-
cent organs (e.g. kidney; see Left adrenal gland 
tumour clip on DVD) and disrupt the normal regional 
anatomy. Finding signs of local invasion is a strong 
indicator of malignancy (adenocarcinoma or phaeo-
chromocytoma; Figure 13.12). Large adrenal masses 
may bleed, leading to an ultrasonographic finding of 
retroperitoneal fluid.

Ultrasonograms of adrenal masses/nodules in 
(a) the left and (b) the right adrenal glands in a 

dog. The asterisks denote the long axis of the gland and 
the callipers indicate the cranial pole. (a) The cranial pole 
of the left adrenal gland is deformed by a fairly isoechoic 
nodule. (b) The cranial pole of the right adrenal gland is 
deformed by a hyperechoic nodule. The dog was 
asymptomatic and it was not possible to confi rm a 
diagnosis. A repeat ultrasound examination was performed 
1–3 months later to monitor the size of the lesions. AO = 
aorta; CVC = caudal vena cava; RK = right kidney.

13.11

(a)

(b)

(a) Ultrasonogram of an irregularly marginated 
mass (arrowheads) in the region of the right 

adrenal gland. (b) Doppler ultrasonography confi rmed 
that the mass (arrowheads) was highly vascularized.
(c) Ultrasonogram showing the mass (arrowheads) 
invading the caudal vena cava (CVC) (arrowed). The fi nal 
diagnosis was phaeochromocytoma.

13.12

CVC

(a)

(b)

(c)
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LK

Vascular invasion

A common complication observed ultrasonographi-
cally with adrenal gland malignancies is neoplastic 
invasion of the caudal vena cava (Figure 13.13; see 
also Phaeochromocytoma clip on DVD). This is more 
frequently observed with neoplasia of the right adre-
nal gland, but aggressive tumours of both the left and 
right adrenal glands can reach the caudal vena cava 
by invading the local vasculature (renal veins, adrenal 
gland veins and phrenicoabdominal vessels) and 
extending into the caudal vena cava. The presence of 
static echogenic material within the caudal vena cava 
adjacent to an adrenal mass is suggestive of a tumour 
thrombus. Colour or power Doppler may help confirm 
the presence of a mass. However, it is difficult to 
determine ultrasonographically how much of the mass 
observed is neoplastic tissue and how much is throm-
bus. A negative finding of local vascular invasion on 
ultrasonography is not sufficient to exclude this possi-
bility. In cases of large masses adjacent to the caudal 
vena cava and main vasculature, vascular invasion 
should be suspected, and further investigation by CT 
angiography should be considered.

in some patients, the ultrasonographic findings alone 
cannot be used to make a diagnosis of hypoadreno-
corticism. In cats, a subjective assessment is used to 
judge whether the adrenal glands are small.

Mitotane therapy induces ultrasonographically rec-
ognizable bilateral reduction in size of the adrenal 
glands (compared with the size before treatment). 
Measurement of the adrenal glands during therapy 
cannot be used to differentiate adequate and in-
adquate control of adrenal cortical secretion. Small 
adrenal glands can be found in patients rece-
iving long-term corticosteroid treatment; an associated 
hyp erechoic and uniformly enlarged liver is generally 
found in these patients.

Particular considerations for 
sampling

Sampling of the adrenal gland is not commonly 
undertaken. Fine-needle aspirates are often unre-
warding in the differentiation of hyperplasia and be-
nign and malignant adrenocortical tumours. In the 
case of phaeochromocytoma, tissue core biopsy and 
fine-needle aspiration can both be extremely danger-
ous, as they may cause paroxysmal hypertension 
and/or uncontrollable haemorrhage.

(a) Ultrasonogram of a hyperechoic thrombus 
(between the asterisks) causing widening of the 

lumen of the caudal vena cava (at the level of the 
callipers). (b) Colour Doppler ultrasonogram showing 
absence of fl ow at the level of the thrombus (between the 
asterisks). AO = aorta; CVC = caudal vena cava.

13.13

(a)

(b)

Ultrasonograms of the bilaterally small (a) left 
and (b) right adrenal glands in a case of 

hypoadrenocorticism. The callipers are used to measure 
the thickness of the caudal pole: left adrenal gland = 2.1 
mm; right adrenal gland = 2.3 mm. The asterisks indicate 
the long axis of the gland. CVC = caudal vena cava; LK = 
left kidney; RK = right kidney.

13.14

(a)

(b)

Atrophy

In patients with suspected hypoadrenocorticism, the 
finding of small adrenal glands (Figure 13.14) or fail-
ure to find the adrenal glands is supportive of the clini-
cal diagnosis. In dogs, the adrenal glands are 
considered small when the left adrenal gland is <3 
mm and the right adrenal gland is <3.4 mm in thick-
ness. Due to the large variation in adrenal gland size 
in dogs, and the difficulty in finding the adrenal glands 
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Bladder and urethra
Esther Barrett

Indications

Common indications for ultrasonography of the blad-
der in the dog and cat include:

•	 Dysuria/haematuria/stranguria
•	 Acute, chronic or recurrent urinary tract infections
•	 Abnormalities identified on urinalysis
•	 Urinary incontinence
•	 Evaluation of suspected ectopic ureters
•	 Assessment of bladder integrity following trauma
•	 Palpable caudal abdominal mass
•	 Evaluation of perineal or inguinal rupture/hernia
•	 As part of an abdominal ultrasound examination
•	 As a crude assessment of urine output
•	 To obtain a urine sample by cystocentesis.

Factor Plain radiography Contrast radiography Ultrasonography Computed tomography

Availability Widely available Widely available Reasonably widely available Limited

Cost Low Low to medium Low High

Safety Ionizing radiation Ionizing radiation: personnel are 
required to be in closer proximity for 
contrast procedures. Possible 
adverse reaction to positive contrast 
media. Small risk of air embolism 
with negative contrast studies

Safe High-dose ionizing radiation. 
Possible adverse reaction to 
positive contrast media. Small risk 
of air embolism with negative 
contrast studies

Invasiveness Sedation/general 
anaesthesia 
usually needed for 
restraint

General anaesthesia needed. 
Positive/negative contrast media 
instilled into the bladder/urethra. 
Urethral catheterization required

Non-invasive. May need 
sedation for fractious patients

General anaesthesia usually 
required. Intravenous contrast 
media routinely used. Positive/
negative contrast media may be 
instilled into the bladder/urethra

Operator 
dependence

Accurate 
positioning 
required 

Accurate positioning required. Ability 
to catheterize bladder ± place Foley 
catheter in distal urethra also 
needed

Results obtained depend on 
the quality of the ultrasound 
machine and experience of 
the operator

Straightforward procedure, but 
experience with CT needed to 
facilitate accurate positioning, 
acquisition, reconstruction and 
interpretation of images

Artefacts Avoidable with 
good technique. 
Beware of nipples, 
dirt on the hair 
coat and small skin 
masses mimicking 
radiopaque calculi

Avoidable with good technique. 
Beware of air bubbles lying within 
the luminal contrast medium puddle 
mimicking radiolucent calculi

Several important artefacts 
need to be recognized: side 
and grating lobe artefacts 
and slice thickness artefacts 
can give the false impression 
of material present within the 
bladder lumen. Acoustic 
enhancement is recognized 
deep to the bladder. Acoustic 
shadowing is useful in the 
identification of calculi 

Partial volume averaging makes 
detailed assessment of the curved 
surface of the bladder lumen 
difficult

Technical considerations for the different imaging modalities available to examine the bladder and urethra.14.1

Value of ultrasonography compared 
with radiography and computed 
tomography

Ultrasonography and radiography are generally 
considered to be complementary imaging tech-
niques in the evaluation of the bladder and urethra. 
Computed tomography (CT), although still not 
widely available, has the advantage of providing 
cross-sectional images which can then be reformat-
ted into any plane, providing superior visualization 
of structures which may otherwise be obscured by 
the pelvic canal. Figures 14.1 and 14.2 compare 
the technical considerations and diagnostic useful-
ness of each technique.
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Consideration Plain radiography Contrast radiography Ultrasonography Computed tomography

General 
comments

Allows the identification 
of bladder shape and 
size and the detection 
of radiopaque calculi. 
The ureters are not 
usually seen

Retrograde contrast studies 
provide more information 
about the bladder lumen and 
the location of the urethra. 
Ureters will only be seen 
following an intravenous 
urogram (IVU)

Good for evaluation of the bladder, 
but the inability to image through 
bone limits its usefulness for 
assessment of the pelvic urethra. 
Ureteral terminations can usually 
be identified with experience and 
patience

Intravenous ± retrograde 
contrast studies facilitate good 
visualization of the ureters, 
bladder and urethra, but 
detailed assessment of the 
mucosal surface is inferior to 
double contrast radiography/
ultrasonography due to partial 
volume averaging 

Intraluminal 
calculi

Larger radiopaque 
calculi are usually 
recognized. Small and 
radiolucent calculi are 
not seen. Evaluate the 
whole urethra from the 
bladder neck to the 
external orifice when 
looking for urethral 
calculi. Calculi within 
the pelvic urethra may 
be difficult to identify

Bladder contrast studies 
(positive/negative/ double 
contrast) should detect both 
radiopaque and radiolucent 
calculi. Beware of ‘drowning’ 
calculi in too much contrast 
material. A positive contrast 
urethrogram should highlight 
urethral calculi as filling 
defects

Sensitive in the identification of 
calculi, which should collect in the 
most dependent aspect of the 
bladder. Most calculi will cast an 
acoustic shadow, even if 
radiolucent. Ballotte the bladder/
turn the animal and use gravity to 
disturb the calculi and assess their 
individual size. It is not possible to 
accurately assess the pelvic 
urethra for calculi

Limited reports on detection 
of bladder calculi, but unlikely 
to be more sensitive than 
ultrasonography. Good for 
evaluation of the urethra due 
to the lack of superimposition 
in the images

Bladder wall Plain radiographs are 
insensitive in the 
detection of wall 
lesions/masses. The 
wall and any soft tissue 
lesions silhouette with 
the urine and are seen 
as a single soft tissue 
opacity 

A double contrast cystogram 
provides excellent luminal 
mucosal detail, and 
reasonable filling of the 
bladder should allow an 
accurate assessment of wall 
thickness. All bladder contrast 
studies should allow 
identification of mural masses 

Ultrasonography has the potential 
for excellent visualization of the 
different layers making up the 
bladder wall, but it is important to 
use a high frequency (ideally ≥10 
MHz) transducer with good 
near-field imaging. If the bladder is 
empty, the wall may appear 
artefactually thickened. Mural 
masses should be readily identified

Partial volume averaging 
makes assessment of the 
bladder wall less accurate. CT 
is sensitive in the identification 
of mural masses and in 
determining their exact 
location and extent

Bladder and/or 
urethral rupture

Not possible to 
diagnose from plain 
radiographs, but a loss 
of contrast in the caudal 
abdomen due to the 
presence of free fluid 
may be recognized

A positive contrast cystogram 
is considered the gold 
standard for the diagnosis of 
bladder rupture. A positive 
contrast urethrogram is 
sensitive in the detection of 
urethral rupture

Free abdominal fluid should be 
readily identified, but the defect 
within the bladder wall is rarely 
recognized

Although free abdominal fluid 
can be recognized, the wall 
defect is unlikely to be 
identified without the use of 
intraluminal contrast medium

Ectopic ureters Ureters will not be 
recognized unless 
severely dilated

An IVU allows visualization of 
the ureters and is reasonably 
sensitive in the detection of 
abnormally terminating 
ureters. However, due to 
ureteral peristalsis, the 
termination is not always 
seen, which can make a 
definitive diagnosis of ectopia 
difficult. If available, 
fluoroscopy may be useful

With experience and patience, the 
termination of the ureters on to the 
bladder neck can be recognized in 
most cases, allowing ectopic 
ureters to be ruled out. Where a 
normal termination is not seen, it 
may be possible to identify 
termination of a (usually dilated) 
ureter in an abnormal location 
(most commonly the urethra)

CT allows superior 
identification of the ureters, 
and is very accurate in the 
identification of abnormal 
termination

Obtaining 
samples

No imaging guidance 
available

No imaging guidance 
available

Ultrasound-guided cystocentesis is 
a very commonly used and useful 
procedure. Where bladder masses 
are identified, the preferred method 
is to pass a urinary catheter via the 
urethra, using ultrasonography to 
guide the catheter to the mass 

Although CT-guided biopsy is 
theoretically possible, this is 
not a recommended technique 
for the evaluation of bladder 
lesions

Evaluation of 
possible 
metastatic 
disease

Local lymphadenopathy 
will be recognized only 
if moderate to severe. 
Inflated right and left 
lateral thoracic 
radiographs allow 
evaluation of the lungs 
for pulmonary 
metastases

As for plain radiography Very sensitive in the detection of 
local lymphadenopathy, and can be 
used to guide fine-needle aspiration 
to obtain samples for cytological 
assessment. Ultrasonography 
cannot be used to visualize the 
air-filled lung

Very sensitive in the detection 
of local lymphadenopathy. 
CT-guided biopsy is possible, 
but technically more 
challenging than ultrasound-
guided sampling. CT is the 
gold standard for the 
identification of pulmonary 
metastases

Diagnostic usefulness of the different imaging modalities available to examine the bladder and urethra. 14.2
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Imaging technique

Patient preparation
To facilitate accurate ultrasonographic evaluation of 
the bladder, the patient needs to be calm, relaxed 
and comfortable. Depending on patient temperament, 
this may require sedation. As with any ultrasound 
examination, the skin should be properly clipped and 
cleaned to maximize the transmission of ultrasound 
waves into the patient. For optimal imaging, the blad-
der needs to be moderately full; if the bladder is 
empty, ideally the examination should be postponed, 
giving the bladder a chance to fill. Alternatively, intra-
venous furosemide can be given to accelerate blad-
der filling, or the bladder can be distended with sterile 
saline, infused via a urinary catheter.

Protocol
The bladder should be examined from several differ-
ent angles and in at least longitudinal and transverse 
planes. Ballotting the bladder and repositioning the 
patient during the examination is useful in disturbing 
any sediment or calculi.

A medium to high frequency transducer (≥7.5 
MHz) should be used for imaging the bladder. A con-
vex or linear transducer is ideal, but sector probes 
can also be used. As the bladder is fluid-filled, there 
will be less attenuation of the ultrasound beam in 
comparison with the adjacent soft tissue structures, 
and it may be necessary to reduce the overall gain 
and adjust the time–gain compensation to optimize 
the image.

To facilitate accurate evaluation of the bladder 
wall, the focal zone should be aligned with the wall 
and the transducer positioned so that the beam is 
perpendicular to the area of interest. With a high fre-
quency (≥10 MHz) linear transducer, the large near-
field of view may allow detailed evaluation of the 
bladder wall closest to the transducer. However, it is 
often more accurate to image the far wall of the blad-
der, especially when using a transducer with a lower 
frequency or more limited near-field of view, making 
sure that the wall lies within the focal zone. Slow sys-
tematic evaluation of the wall should minimize the 
chance of missing a focal mural lesion.

The bladder neck should be followed caudally as 
far as possible in both longitudinal and transverse 
planes; in most animals this facilitates examination of 
the cranial urethra before it is shadowed by the bony 
confines of the pelvis. A transducer with a small con-
tact area (such as a microconvex probe) may be use-
ful in angling the ultrasound beam further caudally 
into the pelvis. Ultrasonographic evaluation of the 
feline and the canine (bitch) urethra is generally lim-
ited to this cranial section. However, in the male dog it 
is possible to examine a large part of the membra-
nous and penile urethra as it passes through the per-
ineal area and penis. A high frequency (≥10 MHz) 
linear transducer is ideal: the urethra is fairly superfi-
cial at this point and is examined through the over 
lying perineal and penile skin, which should be 
appropriately clipped and prepared. Passing a uri-
nary catheter may be helpful in identifying the course 
of the urethra.

Normal ultrasonographic 
appearance

The normal canine and feline bladder should be 
approximately pear-shaped, with a rounded cranial 
apex tapering to the bladder neck. When full, the 
bladder should lie within the caudoventral abdomen; 
the empty bladder tends to move caudally towards, 
and in the dog sometimes partly into, the pelvic inlet. 
The feline bladder tends to have a longer bladder 
neck and usually remains cranial to the pelvis. 
Although normal urine should be anechoic, swirling 
sediment is a common and often clinically insignifi-
cant finding. In particular, fat droplets, seen as hyper-
echoic speckles, are a frequent and incidental 
component of feline urine.

Using a high frequency probe, it should be pos -
sible to identify three layers within the bladder wall 
(Figure 14.3):

•	 An inner (luminal) hyperechoic layer, which 
corresponds to the submucosa

•	 A middle hypoechoic layer, which comprise three 
layers of smooth muscle

•	 An outer hyperechoic serosal layer.

The three layers of the normal bladder wall 
(between the arrows) are clearly seen using a 

high frequency linear probe in this Domestic Shorthaired 
cat. (Sagittal plane; cranial is to the left of the image.)

14.3

A further hypoechoic mucosal layer may occasion-
ally be recognized on the inside of the submucosa. 
Normal bladder wall thickness in the dog varies with 
bladder distension and bodyweight, with one study 
demonstrating the mean wall thickness to decrease 
from 2.3 mm in minimally distended bladders to 1.4 
mm in moderately distended bladders (Geisse et al., 
1997). Normal bladder wall thickness in the cat varies 
from 1.3–1.7 mm (Finn-Bodner, 1995). There should 
be a smooth internal surface and fairly uniform wall 
thickness throughout the bladder, with the exception 
of the ureteral papillae which are recognized as small 
focal wall thickenings on the dorsolateral aspect of the 
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bladder trigone. With a high frequency probe, intermit-
tent jets of urine may be seen entering the bladder as 
small ‘clouds’ of echoes mixing with the anechoic 
urine. If available, colour Doppler can be used to 
enhance the signal from these moving jets of urine, 
displaying them as small bursts of colour (Figure 14.4; 
see also Ureteric jet clip on DVD). There is no obvi-
ous delineation between the bladder and the urethra 
at the bladder neck, although the layers within the 
urethral wall become less obvious as it passes into 
the pelvis, and the lumen of the distal urethra is usu-
ally not seen unless it is abnormally dilated.

in the stronger echoes from the primary beam; how-
ever, when imaging the bladder, the lack of echoes 
from the fluid-filled lumen provides an ideal back-
ground against which these additional echoes can be 
recognized. The typical appearance of secondary lobe 
artefacts is as faint curvilinear echoes within the blad-
der lumen. Due to the weak nature of these echoes, 
they disappear if the power or gain settings are turned 
down. Reducing the number of focal zones and plac-
ing the focal zone deeper within the bladder may also 
help to eliminate these artefacts (Figure 14.5). 

Slice thickness artefacts are a consequence of 
the third dimension (thickness) of the ultrasound 
beam, which is not separately represented on two-
dimensional (2D) images. This creates a problem at 
fluid: soft tissue interfaces, where both structures lie 
within the finite width of the same ultrasound beam. 
The strength of the returning echoes represents the 
‘average echogenicity’ of the fluid and adjacent soft 
tissue, resulting in artefactual echoes being displayed 
at the periphery of the bladder lumen and giving the 
appearance of ‘pseudosludge’. These artefactual ech-
oes can be differentiated from true sediment because 
they have a curved rather than a flat interface with 
the urine, they are only seen at the periphery of the 
lumen perpendicular to the direction of the ultrasound 

A jet of urine from the left ureter is seen as a 
burst of colour on colour Doppler. (Transverse 

plane; right is to the left of the image.) (Courtesy of the 
University of Bristol)

14.4

Important artefacts
Artefacts frequently recognized during ultrasono-
graphic evaluation of the urinary bladder include:

•	 Acoustic enhancement – seen beyond the 
fluid-filled bladder

•	 Acoustic shadowing – seen deep to the bladder 
calculi

•	 Edge shadowing – seen due to the differential 
refraction of the ultrasound beam at the curved 
fluid:soft tissue interfaces of the bladder margins.

Side lobes, grating lobes and slice thickness arte-
facts are further important artefacts resulting in the 
apparent presence of additional intraluminal echoes. 
Side lobes and grating lobes result from secondary 
ultrasound beams, arising from the transducer and 
travelling into the patient in a different direction to the 
primary beam. Side lobes are generated by all trans-
ducers, whilst grating lobes are unique to linear trans-
ducers. As these secondary beams follow a different 
path into the patient, they are reflected by different 
structures to those encountered along the path of the 
primary beam. The ultrasound machine cannot differ-
entiate between echoes returning from the primary 
and secondary beams, and displays all the informa-
tion as if it was generated by interfaces along the path 
of the primary beam. This results in multiple faint 
images generated by each secondary ultrasound 
beam being superimposed on the primary image. In 
most situations, these faint secondary images are lost 

(a) Multiple echoes are seen within the bladder 
lumen of a Golden Retriever due to secondary 

lobe artefacts. Note the multiple focal zones depicted by 
the yellow arrowheads to the right of the image. (b) The 
bladder imaged with a single focal zone (yellow 
arrowhead) aligned with the middle of the lumen. The 
secondary echoes are no longer present. (Sagittal plane; 
cranial is to the left of the image.)

14.5

(a)

(b)
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beam, and they do not alter position with gravity 
(Figure 14.6). Imaging within the focal zone and using 
a higher frequency transducer results in a thinner 
beam and therefore fewer slice thickness artefacts.

(a) ‘Pseudosludge’ due to slice thickness 
artefacts. This can be differentiated from 

genuine sediment by the curved interface with the urine 
(arrowed) and the fact that this ‘pseudosludge’ does not 
move with gravity. A similar band of echoes due to slice 
thickness artefacts is seen within the superficial part of the 
bladder lumen (arrowheads). (b) Genuine sediment 
settled dependently within the bladder of a crossbred 
dog. Note the straight interface (arrowed) between the 
urine and sediment. (Sagittal plane; cranial is to the left of 
the image.) (Courtesy of the University of Bristol)

14.6

(a)

(b)

Intraluminal material

Possible sources of intraluminal material include:

•	 Bladder sediment
•	 Calculi
•	 Air bubbles
•	 Haemorrhage/blood clots
•	 Foreign material.

Bladder sediment
Bladder sediment is usually recognized as multiple 
small echogenic foci within the bladder lumen. The 
distribution depends mainly on the effects of gravity. 
Typically, the sediment consists of small quantities 
of red blood cells, white blood cells, organisms, epi-
thelial cells, crystals and casts which settle depend-
ently against the bladder wall until disturbed into a 
swirling cloud by ballotting the bladder or reposition-

(a) The colon (arrowed) lies immediately 
adjacent to the bladder and can mimic the 

appearance of a large calculus. This dog also had a large 
bladder mass. (b) A genuine calculus (C) lying against 
the bladder wall, casting a strong acoustic shadow. The 
calculus moves position with gravity. (Transverse plane; 
right is to the left of the image.) (Courtesy of the University 
of Bristol)

14.7

ing the patient. Fat droplets are a common compo-
nent of feline urine, and will remain floating within 
the urine. Whilst a small amount of sediment can be 
an incidental finding, urinalysis is indicated for fur-
ther investigation.

Calculi
Although acoustic shadowing deep to the sediment is 
consistent with mineralized calculi, the lack of shad-
owing does not rule out calculi. The likelihood of shad-
owing increases with the size of the calculus and the 
frequency of the transducer, but does not depend on 
the type of calculus (Weichselbaum et al., 2000). 
When examining the patient in dorsal recumbency, it 
is important to distinguish dependent mineralized 
material from mineralized faecal material within the 
colon, which lies immediately adjacent to the bladder 
wall and casts a similar acoustic shadow (Figure 
14.7). Following the extent of the shadowing structure 
in transverse and longitudinal planes, imaging the 
bladder from a different angle and repositioning the 
patient are useful techniques in differentiating intra-
luminal material from colonic contents (Berry, 1992). 
Calculi tend to collect against the dependent bladder 
wall; small calculi may be resuspended on ballotting 
the bladder (see Cystic calculi clip on DVD), whilst 
larger calculi are usually dislodged by repositioning 
the patient.

Mass

(a)

C

(b)
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Air bubbles 
Air bubbles may be seen within the bladder lumen 
secondary to cystocentesis, catheterization or occa-
sionally with emphysematous cystitis. Air bubbles 
should be recognizable as brightly echogenic foci, 
usually associated with a localized reverberation arte-
fact and located in the highest (non-dependent) part 
of the bladder (Figure 14.8).

Blood clots are usually recognized as variably 
sized and often irregularly shaped non-shadowing 
echogenic masses, which may be floating free in the 
lumen or may be adherent to the bladder wall. The 
lack of blood flow on Doppler ultrasonography may be 
useful in distinguishing clots from neoplastic lesions. 
By repositioning the patient and/or gently ballotting 
the bladder, it may be possible to dislodge adherent 
clots into the lumen; however, care should be taken 
not to cause additional trauma, and, depending on the 
history, it may be more prudent to re-evaluate the 
bladder after 24–48 hours.

Foreign bodies
Foreign bodies are occasionally recognized within 
the bladder lumen. Urinary catheters are readily visi-
ble as parallel echogenic lines (Figure 14.10) and 
suture material may be seen as echogenic foci within 
or immediately adjacent to the bladder wall.

Emphysematous cystitis. The air is seen as a 
brightly echogenic line (arrowed) with distal 

reverberation artefacts located within the highest (non-
dependent) part of the bladder. (Sagittal plane; cranial is 
to the left of the image.) (Courtesy of the University of 
Liverpool)

14.8

Haemorrhage settled dependently in the 
bladder of an adult dog due to a coagulopathy 

caused by warfarin toxicity. (Sagittal plane; cranial is to 
the left of the image.) (Courtesy of the University of 
Liverpool)

14.9

A urinary catheter is recognized as parallel 
echogenic lines passing through the urethra into 

the bladder lumen. (Sagittal plane; cranial is to the left of 
the image.) (Courtesy of the University of Bristol)

14.10

Haemorrhage and blood clots
Intraluminal haemorrhage often arises from the blad-
der itself, but may also originate from the kidneys or 
ureters. It may occur secondary to trauma, coagulo-
pathy, neoplasia, severe cystitis and occasionally as 
an idiopathic finding. Recent haemorrhage may be 
seen as multiple small echoes either swirling within 
the lumen or settled dependently against the wall 
(Figure 14.9), and can be difficult to distinguish from 
bladder sediment.

Mural masses

The majority of mural mass lesions identified within 
the urinary bladder are malignant tumours; how-
ever, benign masses, polyps and adherent blood 
clots mimicking a mass are occasionally seen. If a 
mass is identified, the kidneys, ureters, local lymph 
nodes and urethra should be evaluated for the pres-
ence of obstructive disease and local metastases.

Transitional cell carcinoma is the most commonly 
diagnosed bladder tumour. It is typically identified at 
the trigone or bladder neck as a single, irregular, 
broad-based mass of complex echogenicity, often 
hypoechoic to the wall and highly vascular on colour 
Doppler evaluation (Figure 14.11). Less frequently, it 
is seen as multiple masses, pedunculated masses 
or an area of irregularly thickened wall (Leveille et 
al., 1992).

Smooth muscle tumours arising from the bladder 
wall are rare in the dog and cat, but may be seen as 
single, round, well defined, broad-based hypoechoic 
or mixed echogenic masses, often with little detect-
able blood flow on colour Doppler examination 
(Heng et al., 2006). Bladder polyps are usually seen 
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with polypoid cystitis, a relatively rare condition in 
dogs, characterized by inflammation of the bladder 
wall and the development of benign polypoid masses 
(Martinez et al., 2003). Ultrasonographically, these 
polyps appear as irregular, pedunculated soft tissue 
masses (Figure 14.12), typically multiple in number 
and arising from the cranioventral or craniodorsal 
bladder wall (Takiguchi and Inaba, 2005). It is not 
pos sible to differentiate accurately between neoplas-
tic and non-neoplastic lesions, or between different 
tumour types without a biopsy.

Although urethral neoplasia most often occurs 
due to local spread from the bladder (Figure 14.13) 
or prostate gland, primary tumours are occasionally 
id-entified. Primary urethral transitional cell carci-
noma has been described as a well defined, smooth 
or irregular non-shadowing hyperechoic line seen at 
the epithelial margin of the proximal urethra, 
together with hypoechoic thickening of the urethral 

(a) Irregular broad-based mass, confirmed as a 
transitional cell carcinoma, located at the 

bladder trigone in a 7-year-old bitch. Colour Doppler 
ultra sono graphy demonstrated the mass to be well 
vascularized. (Transverse plane; right is to the left of the 
image.) (Courtesy of the University of Liverpool) (b) Cystic 
appearing mass identified arising from the bladder wall in 
a female neutered Domestic Shorthaired cat. (Sagittal 
plane; cranial is to the left of the image.) (Courtesy of the 
University of Bristol)

14.11

(a)

(b)

Multiple polypoid masses seen in a male 
neutered Cocker Spaniel with polypoid cystitis. 

Note the adjacent thickened bladder wall. (Sagittal plane; 
cranial is to the left of the image.) (Courtesy of the 
University of Bristol)

14.12

An irregular broad-based mass in an entire 
male dog extending beyond the bladder neck 

(arrowed) to involve the proximal urethra. (Sagittal plane; 
cranial is to the left of the image.) (Courtesy of the 
University of Liverpool)

14.13

wall (Hanson and Tidwell, 1996). In the male dog, 
ultrasonography may be useful in the identification 
or further characterization of distal urethral masses 
(Figure 14.14).

(a) Positive contrast retrograde urethrogram in 
a male neutered dog demonstrating the 

presence of a filling defect (arrowed) within the urethra 
consistent with a urethral mass. (continues) 

14.14

(a)
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(continued) (b) Ultrasonogram using a high 
frequency linear transducer confirming the 

presence of the mass (arrowed). The parallel echogenic 
lines (arrowheads) seen deep to the mass lesion are 
echoes from the urethral catheter. A diagnosis of undiffer-
entiated carcinoma was made from an ultrasound-guided 
fine needle aspirate. (Courtesy of the University of Bristol)

14.14

(b)

Ureterocele (arrowed) seen as a ‘cyst within a 
cyst’. (Transverse plane; right is to the left of the 

image.) (Courtesy of the University of Bristol)

14.15

Irregular cranioventral and craniodorsal wall 
thickening in a neutered bitch with cystitis. 

(Sagittal plane; cranial is to the left of the image.) 
(Courtesy of the University of Bristol)

14.16

Ureteroceles are uncommon congenital cystic dil-
atations of the terminal ureter as it passes through 
the bladder wall. They appear ultrasonographically as 
anechoic structures within the dorsolateral bladder 
wall (Figure 14.15), described as a ‘cyst within a cyst’ 
(Takiguchi et al., 1997).

diabetic animals, results in the collection of small gas 
bubbles initially within the bladder wall and ultimately 
within the bladder lumen. Ultrasonography is very 
sensitive in the detection of mural gas, seen as irreg-
ular hyperechoic foci which remain trapped in the 
same location within the bladder wall, irrespective of 
patient position (Petite et al., 2006). The presence of 
reverberation artefacts beyond the gas is useful in 
distinguishing gas bubbles from mineralization.

Although a sessile mural mass is the most com-
mon presentation of transitional cell carcinoma, irreg-
ular thickening of the bladder wall in the trigone 
region without a discrete mass lesion may also be 
seen. Diffuse infiltrative neoplasia, recognized as 
local or generalized wall thickening is uncommon but 
has been seen with diffuse carcinomatous infiltrations 
(Sutherland-Smith, 2008).

Mural haemorrhage has been reported in three 
dogs with coagulopathy (O’Brien and Wood 1998), 
seen as fairly marked diffuse wall thickening that re-
solved within several days following treatment of the 
underlying problem.

Ischaemia and partial sloughing of the bladder 
mu  cosa is an occasional complication of over-
distension of the bladder due to obstruction. Fluid 
may be seen under-running the bladder mucosa, 
whilst sloughed portions may be seen within the 
bladder lumen as linear or irregularly shaped hypo-
echoic material.

Bladder rupture

Positive contrast retrograde urethrocystography re-
mains the technique of choice for the identification of 
bladder and urethral rupture in dogs and cats. 
Although the ultrasonographic identification of bladder 
rupture has been described (Dubinsky et al., 1999), it 
is not a very sensitive technique. The most reliable 
feature is the presence of free abdominal fluid, a sam-
ple of which should be obtained by ultrasound-guided 
aspiration. A concentration of creatinine within this 
fluid >1.5–2 times the serum concentration confirms 
urinary leakage. The actual defect within the bladder 
wall is rarely recognized, and there is often residual 

Diffuse lesions
Diffuse mural lesions are recognized as changes to 
the thickness, shape and echogenicity of the blad-
der wall. These changes may be generalized or loc-
alized to one area of the bladder. A subjective 
asse ss ment of bladder distension is required to 
evaluate relative wall thickness; it is difficult to eval-
uate accurately the wall when the bladder is empty. 
Bladder wall thickening is most frequently seen due 
to cystitis or neoplastic infiltration, but may also be 
caused by intramural haemorrhage.

Cystitis results in wall thickening with irregularity 
of the mucosal surface, which may be localized (typi-
cally cranioventrally) or generalized (Figure 14.16). 
Emphysematous cystitis, reported most frequently in 
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urine present within the bladder lumen. The infusion of 
agitated saline into the bladder via a urinary catheter 
has been described as a way of increasing the sensi-
tivity of ultrasonography in the identification of bladder 
rupture (Cote et al., 2002). The microbubbles within 
the agitated saline are recognized as multiple brightly 
echogenic foci within the bladder lumen; in cases of 
rupture, these should subsequently appear in the peri-
toneal fluid. Although theoretically it should be pos -
sible to identify the defect as the bubbles leave the 
bladder, this has not been demonstrated.

Ectopic ureters

Although intravenous urography and cystoscopy 
remain the most commonly used techniques, ultra-
sonography has the potential to allow the reasonably 
quick and non-invasive diagnosis of ectopic ureters. 
However, in some cases ultrasonographic identifica-
tion of the abnormal ureter can be technically chal-
lenging, and thus the accuracy of the technique is 
operator-dependent. The main ultrasonographic fea-
tures to be recognized are the absence of normal ure-
teric termination(s) and the presence of abnormal 
ureteric termination(s). The normal ureteric termina-
tions are identified as small echogenic bumps, sym-
metrically located in the dorsolateral wall of the 
bladder trigone. A high frequency probe, time and 
patience should allow identification of the intermittent 
jets of urine entering the bladder from the ureteral 
papillae. If available, power Doppler can be used to 
enhance the signal from these moving jets of urine, 
which are displayed as small bursts of colour. Ectopic 
ureters, which are often abnormally dilated, most fre-
quently terminate on the urethra just distal to the blad-
der neck. They may be recognized as anechoic 
tubular structures running within the retroperitoneal 
space to converge with the urethra just beyond the 
bladder neck (Figure 14.17; see also Ectopic ureter 
clip on DVD). Occasionally an ectopic ureter may be 
seen to run within the bladder wall, before terminating 
in the urethra. Colour Doppler is useful in distinguish-
ing between blood vessels, which show pulsatile or 
continuous flow, and dilated ureters, which may show 
intermittent waves of peristalsis. If an ectopic ureter is 
suspected, it is important to evaluate the kidneys (see 
Chapter 10) for evidence of pelvic dilatation, which 
may suggest the presence of ascending infection.

Particular considerations for 
sampling

Ultrasound-guided cystocentesis is a very useful 
technique for obtaining non-contaminated urine sam-
ples, especially in cats and dogs where the bladder 
is difficult to palpate. However, ultrasound-guided 
fine-needle aspiration of bladder masses is not rec-
ommended, due to the risk of seeding tumour cells 
along the needle tract (Nyland et al., 2002). 
Ultrasound-guided catheter biopsy of the bladder 
and urethra provides a safe, non-invasive alternative 
to needle aspiration (Lamb et al., 1996). A urinary 
catheter is passed and identified on the ultrasono-
gram within the urethra or bladder lumen. The cathe-
ter can then be manipulated to line the side holes up 
with the lesion and suction applied to draw tissue 
fragments into the catheter. Limitations of this tech-
nique include the potential difficulty of aligning the 
catheter and the lesion, small sample sizes and the 
inability to sample deeper lesions.
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15

Prostate gland
Kate Bradley

Indications

Indications for ultrasonographic examination of the 
prostate gland in the dog include:

•	 Recurrent or chronic urinary tract infections
•	 Haematuria
•	 Dysuria
•	 Dyschezia
•	 Prostatomegaly (palpable or radiographic)
•	 Pyrexia of unknown origin
•	 Caudal abdominal pain
•	 Orchitis
•	 Haemospermia.

Prostatic disease is rare in cats, but there are simi-
lar indications for ultrasonographic examination of the 
feline prostate gland.

Value of ultrasonography compared 
with radiography and computed 
tomography

Ultrasonography
Ultrasonography is a quick, non-invasive and inexpen-
sive way of evaluating the size and parenchyma of the 
prostate gland; the prostatic urethra may also be 
assessed. Fine-needle aspirates and core tissue 
biopsy (CTB) samples may be obtained under ultra-
sound guidance, and urethral catheters can be guided 
for prostatic washes.

Radiography
Compared with ultrasonography, plain radiographs 
provide little extra information; radiography may give a 
better overview of prostatic position, but is often less 
helpful for assessment of size due to the superimposi-
tion of other structures, especially on the ventrodorsal 
view. Little information about the parenchyma of the 
gland is obtained on radiographs, other than identifi-
cation of any gas accumulations or areas of minerali-
zation. Radiographs are even more limiting if free 
abdominal fluid is present, or if an animal has little 
intra-abdominal fat. Contrast studies still have a place 
in evaluating the prostate gland; retrograde urethro-
graphy allows better assessment of the urethral path, 
diameter and epithelial surface than ultrasonography, 
and is also valuable for further assessment of cavitat-
ing lesions within the prostate gland, particularly with 

respect to any urethral communication. Radiographs 
are useful for identifying any reactive bony changes 
on the lumbar vertebrae and/or pelvis, which may 
occur secondary to prostatic neoplasia.

Advanced modalities
Cross-sectional imaging techniques (i.e. computed 
tomography and magnetic resonance imaging) pro-
vide more information on the prostatic parenchyma 
than radiography, and are potentially more valuable 
than ultrasonography for assessing the local extent 
and spread of neoplastic lesions. However, cost and 
limited availability still preclude their use for investi-
gating most cases of suspected prostatic disease.

Scintigraphy is widely used in humans for the 
detection of osseous metastases from prostatic neo-
plasms, but these are reported to occur less fre-
quently in dogs and early detection is currently 
unlikely to alter subsequent treatment or prognosis.

Imaging technique

Patient preparation
Hair is often sparse in this area, so clipping may not 
be necessary to obtain adequate skin contact for 
imaging, but should be done to facilitate asepsis if 
aspirates or biopsy samples are to be taken.

Positioning
For examination of the prostate gland, the dog can 
be placed in dorsal or lateral recumbency. The trans-
ducer should be positioned on the caudal abdominal 
wall, to one side of the prepuce and just cranial to 
the pubic bone.

By scanning the area just caudal to the bladder 
neck, there is usually no difficulty in locating an 
enlarged prostate gland. Smaller, intrapelvic glands 
may be harder to find. The easiest way to locate the 
prostate gland is to identify the bladder neck on a 
long-axis view and angle the probe caudally following 
the orientation of the bladder neck. Imaging a dog 
with a full bladder makes locating the prostate gland 
easier, as the weight of the urine tends to displace the 
prostate gland cranially. Imaging a dog in a standing 
position may have a similar effect, as gravity helps 
displace the bladder and prostate gland cranially. In 
placid or sedated animals, an assistant can help 
locate the prostate gland by digital manipulation per 
rectum, and push it cranially. In this situation, it may 
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be advisable to withdraw the finger before attempting 
a biopsy procedure. If the prostate gland still proves 
difficult to locate, a perineal approach may be helpful 
for identifying and assessing the gland, particularly 
the more caudal aspects of the parenchyma. A peri-
neal approach is also the method of choice in cases 
of perineal hernia, to enable identification and evalua-
tion of the hernia contents.

Having identified the prostate gland, it should be 
systematically examined in both sagittal and trans-
verse planes. For caudally positioned prostate glands, 
the short-axis plane is more dorsally oriented due to 
the angulation of the transducer. For a complete 
examination, the rest of the urinary tract (kidneys, 
bladder, region of the ureters), the sublumbar area 
and, in entire males, the testicles should also be 
examined. The presence or absence of sublumbar 
lymphadenopathy may be relevant in many clinical 
scenarios, and aspiration of enlarged nodes may help 
with diagnosis and staging of disease.

Equipment
As the prostate gland is a relatively superficial struc-
ture, it is best examined with a higher frequency trans-
ducer. A 7.5–10 MHz probe gives good detail of the 
prostatic parenchyma. A linear transducer may be 
used to image a prostate gland lying within the abdo-
men; however, in many cases a smaller footprint 
trans ducer (microconvex or phased array) is better as 
it allows the beam to be angled caudally into the pel-
vic canal. Transrectal ultrasonography with a special-
ized endorectal probe is a standard means of imaging 
the prostate gland in humans, but is little used in dogs 
due to the need for specialized equipment and the 
discomfort of the procedure, which is likely to necessi-
tate sedation or general anaesthesia in most animals.

Doppler ultrasonography
Prostatic perfusion can be assessed using contrast-
enhanced Doppler ultrasonography, and has been 
described in the normal canine prostate gland (Russo 
et al., 2009). The prostatic artery enters the prostate 
gland on the dorsolateral surface and branches into 
parenchymal arteries directed towards the urethra. A 
normal prostate gland shows homogeneous enhance-
ment with contrast medium. Altered patterns of con-
trast medium ‘wash-in’ and ‘wash-out’ may be useful in 
the future to differentiate different disease entities.

Normal ultrasonographic 
appearance

Dogs
The normal canine prostate gland surrounds the 
proximal urethra; it may encircle the area immediately 
caudal to the bladder neck or there may be a short 
portion of urethra between the bladder neck and 
prostate gland. In a mid-sagittal section, the prostate 
gland appears ovoid with the urethra running through 
it as a hypoechoic linear structure (Figure 15.1; see 
also Normal prostate gland (1) clip on DVD). In 
transverse section, the prostate gland appears 
bilobed, each lobe being semi-ovoid, with a rounded 

Sagittal ultrasonogram of the bladder neck and 
prostate gland (x–x). The urethra is visible as a 

hypoechoic linear structure running through the prostatic 
parenchyma. Edge shadowing is seen to the right of the 
image (arrowed).

15.1

X

X

ventral margin and more flattened dorsal margin. The 
bilobed appearance can be subtle in a normal pros-
tate gland, but becomes much more evident when the 
prostate gland is enlarged (see Figure 15.5). The ure-
thra may be seen as a hypoechoic structure between 
the lobes, and is centrally to slightly dorsally located.

The size of the prostate gland is variable, increas-
ing with age and decreasing in neutered males. The 
normal prostatic parenchyma has a homogeneous, 
finely stippled echotexture. In older, intact males, the 
prostate gland is typically hyperechoic to the surround-
ing tissues (Figure 15.2a; see also Normal prostate 
gland (2) clip on DVD), whereas in young and neu-
tered males it appears smaller and hypoechoic (Figure 
15.2b). However, the echogenicity in different animals 
can be variable and depends on the age and hormo-
nal status of the dog, as well as the ultrasound 
machine settings. Small anechoic cystic lesions (<1 
cm), which are thought to represent an accumulation 
of prostatic secretions, are frequently seen in asymp-
tomatic dogs, and in the absence of other changes are 
considered normal findings. The capsule may be evi-
dent in places, where the ultrasound beam is perpen-
dicular to it, and is seen as a thin echogenic line. Edge 
shadowing is frequently seen on transverse images of 
the prostate gland. Acoustic shadowing is commonly 

(a) Sagittal ultrasonogram of the prostate gland 
(x–x) in an entire male dog, showing a 

homogeneous, relatively echogenic parenchyma. The 
urethra (arrowed) is visible as a hypoechoic linear 
structure. (continues)

15.2

(a)

X

X

Ch15 Ultra.indd   166 26/04/2012   15:39

Downloaded From Vet-eBooks.com



Chapter 15 Prostate gland

167

seen deep to the descending colon/rectum and pubic 
bone, which lie dorsally and ventrally, re-spectively, to 
the prostate gland.

Cats
In the cat the prostate gland is also bilobed, but only 
covers the urethra dorsally and laterally. It tends to be 
more caudally positioned than in the dog, with some 
prostatic tissue disseminated within the urethral wall 
caudal to the prostate gland itself.

Diffuse disease

Benign hyperplasia and metaplasia
Benign prostatic hyperplasia (BPH) is so common 
that it is considered a normal finding in middle-aged 
to old entire male dogs. Histologically, it can start from 
around 2 years of age and is present in 100% of male 
dogs >7 years of age, many of whom will remain com-
pletely asymptomatic. It results from diffuse epithelial 
or glandular proliferation throughout the prostate 
gland. Variable distension of prostatic acini can occur 
to form cystic areas.

Squamous metaplasia occurs when the glandular 
epithelium of the prostate gland becomes stratified 
squamous in type instead of the columnar epithelium 
normally present. The main cause of this change in 
cell type is an increase in circulating oestrogen levels 
(such as with Sertoli cell tumours), but it can also 
occur secondary to chronic inflammation. Secretory 
stasis as a result of squamous metaplasia can lead to 
cyst or abscess formation.

Ultrasonographically, the prostate gland is usually 
mildly to moderately enlarged and appears smoothly 
marginated and symmetrical. The echotexture of the 
gland is variable; it most commonly appears diffusely 
hyperechoic but may appear heterogeneous (Figure 
15.3; see also Benign prostatic hyperplasia (1), (2) 
and (3) clips on DVD). Mineralization is uncommon 
unless there is concurrent disease. Cystic areas are 
common and appear as variably sized and shaped 
anechoic regions, demonstrating distal acoustic 
enhancement. The capsule remains intact and local 

lymph nodes are unaffected. It is not possible ultra-
sonographically to distinguish hyperplasia from meta-
plasia; however, a complete ultrasound examination 
may detect an underlying cause of metaplasia, such 
as a Sertoli cell tumour in a testicle.

As the majority of entire male dogs presenting with 
suspected prostatic disease have existing BPH, this 
complicates interpretation of the ultrasonographic find-
ings, as changes due to other disease entities add to 
those already present due to BPH. Hyperplasia, pros-
tatitis and neoplasia may all be present in the same 
gland, increasing the importance of biopsy samples 
for a diagnosis, although it should be remembered 
that biopsy samples only reflect changes in the small 
proportion of the gland sampled. Biopsy is necessary 
to definitively diagnose BPH, but a presumptive diag-
nosis and monitoring response to treatment is often 
more practical. Following castration, the prostate 
gland starts to shrink after 7–14 days and will sub-
stantially reduce in size (by ≥50%) within 3–4 months.

Inflammation
There is considerable overlap in the ultrasonographic 
appearance of BPH and prostatitis. Typically, acute, 
diffuse prostatitis presents as a symmetrically 
enlarged gland with an overall hypoechoic paren-
chyma. However, the ultrasonographic appearance is 
variable and the parenchyma can also appear 
coarsely hyperechoic or mottled, presumably reflect-
ing the varying degrees of oedema, haemorrhage and 
necrosis that may be present within the gland. Small 
hypoechoic to anechoic cavitary lesions may be seen, 
representing areas of abscessation. Abscesses may 
coalesce to give a larger cavitary lesion (Figure 15.4), 
which may exhibit distal acoustic enhancement.

With chronic disease, the prostate gland is usually 
smaller and the overall appearance is typically more 
hyperechoic, which is likely to relate to fibrosis within 
the gland. Mineralization may be present, but is less 
common than with neoplasia. Granulomatous prostati-
tis, resulting from blastomycosis and cryptococcosis, 
is unlikely to be seen in the UK, but has rarely been 
reported in endemic areas such as parts of the United 
States. The prostate gland may appear enlarged and 
heterogeneous with overall increase in echogenicity.

(continued) (b) Sagittal ultrasonogram of a 
normal prostate gland (x–x) in a young male 

dog, which is positioned close to the bladder neck. The 
prostate gland appears relatively small and hypoechoic. 
The capsule is seen as a thin echogenic line surrounding 
the prostate gland, and is more obvious than in (a) due to 
the contrast with the parenchyma.

15.2

X

X

(b)

BPH: the prostatic parenchyma (arrowed) is 
heterogeneous and contains numerous small 

cystic areas.

15.3
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Neoplasia
The most common tumours to occur in the canine 
prostate gland are carcinomas, mainly adenocarcino-
mas, but also transitional cell carcinomas, squamous 
cell carcinomas and mixed morphology carcinomas. 
Other tumour types such as leiomyosarcoma, haem-
angiosarcoma, osteosarcoma and lymphoma have 
been reported but are very rare. Prostatic neoplasia 
is seen in both entire and neutered dogs, usually 
middle-aged to old, medium to large breeds. Prostatic 
neoplasia is very rare in the cat, although there are 
sporadic reports of adenocarcinoma.

On ultrasound examination, the prostate gland is 
usually asymmetrically enlarged. Asymmetry can be 
appreciated ultrasonographically, either by identifying 
the two lobes in the transverse plane (Figure 15.5) or 
by identifying the urethra (if possible), as this should 
run centrally to slightly dorsally within the prostate 
gland. The capsule is frequently disrupted with neo-
plasia, so particular attention should be paid to 
assessing the margins of the gland. Many tumours 
also spread locally to involve the bladder neck, so 
this should be examined in detail for any thickening 

or irregularity. A perineal approach may be helpful to 
assess whether there is any evidence of caudal 
extension of the tumour to involve the pelvic canal 
and rectal area.

The prostatic parenchyma is usually very hetero-
geneous with neoplasia, and cavitary lesions may be 
present. Mineralization is another common feature, 
and this is seen ultrasonographically as hyperechoic 
foci with distal acoustic shadowing (Figure 15.6; see 
also Prostatic carcinoma (1) clip on DVD). Chances 
of seeing shadowing are maximized by using a high 
frequency transducer with the area of interest within 
the focal zone.

Although there are no ultrasonographic features 
specific to neoplastic prostatic disease, enlargement 
of the prostate gland in a neutered male dog, espe-
cially if mineralized foci are present, warrants further 
investigation as neoplasia is the most likely reason.

Irregularly marginated, anechoic cavitary lesion 
within the prostate gland. The cavity was 

aspirated and Escherichia coli cultured.

15.4

Transverse image showing asymmetry of the 
prostate gland. Both lobes (arrowed) contain 

anechoic cystic areas. A mixed growth was cultured 
following aspiration of the cavities and the lesions resolved 
following appropriate antibiotic therapy.

15.5

Ultrasonogram showing mineralization within the 
prostate gland (x–x), characterized by 

echogenic foci with distal acoustic shadowing (arrowed). 
The prostate gland is generally heterogeneous. 
Histological diagnosis was squamous cell carcinoma.

15.6

Metastasis
Metastases to the sublumbar lymph nodes (see 
Prostatic carcinoma (2) clip on DVD) are common 
and therefore the medial iliac, hypogastric and lumbar 
aortic nodes should be examined, looking for any 
increase in size or alteration in echogenicity. The nor-
mal medial iliac nodes are relatively easy to locate, as 
they lie lateral to the caudal aorta and external iliac 
arteries. The hypogastric nodes lie caudal to this area, 
between the internal iliac vessels and the median 
sacral artery. Aortic nodes lie along the length of the 
aorta. Both the hypogastric and aortic lymph nodes 
are difficult to identify unless enlarged. For an opti-
mum examination of this area, it is best to scan the 
dog in both right and left lateral recumbency, with the 
probe positioned on the uppermost flank, just ventral 
to the lumbar muscles.

Osteoblastic bone metastases to the pelvis and 
lumbosacral spine can occur, and it is possible to 
detect irregularity of the bone surfaces on an ultra-
sound examination. However, radiography gives a 
better overview of this area and provides more infor-
mation on the nature of any new bone production.

X

X

X

X
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Focal disease

Intraprostatic cysts
Focal cysts are frequently seen in the prostate gland 
and can either be incidental findings or occur in asso-
ciation with other disease entities, such as prostatitis 
or neoplasia. Most are retention cysts, where cavitary 
lesions within the prostatic parenchyma fill with pros-
tatic secretions and/or urine. Congenital cysts can 
result from anatomical abnormalities, for example, 
persistence of Müllerian duct remnants. Cysts appear 
ultrasonographically as anechoic structures with thin 
walls and distal acoustic enhancement (Figure 15.7; 
see also Prostatic cysts (1) and (2) clips on DVD). 
The internal margin of the cavity is typically smooth 
and regular. Multiple tiny cysts may appear hypere-
choic due to the distal enhancement being the pre-
dominant feature seen. Cysts may be infected and still 
appear anechoic on ultrasonography.

thin calcified wall not casting an acoustic shadow 
when the ultrasound beam crosses it perpendicularly. 
Radiography may be more sensitive than ultrasono-
graphy for detecting cyst wall mineralization, and is 
also useful for providing an overview of the relative 
position of the cyst(s), prostate gland and bladder 
within the caudal abdomen. Concurrent prostatic dis-
ease is common, so the prostatic parenchyma should 
also be fully assessed.

Sagittal ultrasonogram of a prostate gland 
showing two anechoic lesions: one small and 

well defined, and the other larger with slightly irregular 
margins. The prostate gland otherwise appears 
homogeneous. Differential diagnoses for these lesions 
includes cysts and abscesses. Diagnosis in this case was 
confirmed as cysts associated with BPH.

15.7

Ultrasonogram showing a paraprostatic cyst. 
The contents of the cyst are predominantly 

anechoic, and echogenic internal septations are present. 
The prostate gland (not pictured) appeared large, 
echogenic and contained a small intraprostatic cyst.

15.8

Paraprostatic cysts
Paraprostatic cysts arise outside the prostatic paren-
chyma. They are often connected to the prostate 
gland by a stalk, but otherwise have no contact with 
the prostatic parenchyma. The origin of these cysts is 
hard to ascertain; theories include development from 
remnants of the uterus masculinus or arising subse-
quent to either haematoma formation or squamous 
metaplasia and ductal occlusion.

Ultrasonographically, cysts may be located either 
within the abdomen or in the pelvic/perineal area. 
Most cysts appear as large anechoic structures with a 
thin echogenic wall. Their size can be considerable, 
with cysts reaching diameters of ≥30 cm. Many cysts 
have internal septations (Figure 15.8), which helps in 
distinguishing them from the urinary bladder. In some 
cases echogenic material may be present within a 
cyst, and it is possible for cysts to contain a proportion 
of solid-looking material. Mineralization of the wall is a 
common feature, but this may not always be con-
firmed ultrasonographically, probably due to a very 

Abscesses
Prostatic abscesses may occur due to infection of 
cysts or as a sequel to acute or chronic prostatitis. 
Prostatic abscesses are often lobulated, the walls 
are usually thicker and more irregular than those of 
cysts, and there may be septated internal margins. 
Size is variable and it is possible for abscesses to in-
volve the entire prostatic parenchyma (Figure 15.9). 
Peripherally located lesions may distort the overall 
shape of the prostate gland. The contents of ab-
scesses are variable in appearance: they may be 
anechoic or hypoechoic and distal acoustic enhance-
ment may be present. If echoes are present within 

Sagittal ultrasonogram of an abscessed 
prostate gland. The abscess appears septated 

and contains echoes, which were swirling on real-time 
imaging (see also Prostatic abscess clip on DVD). Other 
than a peripheral rim, little normal prostatic tissue remains.

15.9
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the cavity it may be possible to see ‘swirling’ in real-
time imaging (see Prostatic abscess clip on DVD). 
Identification of reverberation artefacts within a cavi-
tary lesion indicates the presence of gas; as gas is 
more likely to be present within an abscess than 
within other cavitary lesions, this can be a useful 
diagnostic feature. Radiographs are also useful for 
de tecting any foci of gas within the prostate gland. 
Differential diagnoses include haematomas, cysts, 
hae m atocysts and cystic neoplasia. The necrotic 
centre of a large neoplasm may also resemble an 
abscess ultrasonographically.

Calculi
Examination of the prostate gland may aid in the 
detection and localization of calculi lodged within the 
prostatic urethra. Calculi may also form directly in the 
prostatic urethra or in cystic periurethral areas sec-
ondary to chronic inflammation. Ultrasonographically, 
calculi are seen as hyperechoic linear interfaces with 
distal acoustic shadowing. If there is any obstruction 
to urine outflow, the prostatic urethra may appear 
wider and more dilated than normal. As calculi can 
move between the bladder and prostatic urethra, their 
position should be confirmed by ultrasonography or 
radiography prior to any surgical procedure.

Particular considerations for 
sampling

As there is considerable overlap in the ultrasono-
graphic appearance of different prostatic disease 
processes, prostatic washes, fine-needle aspiration 
(FNA) and core tissue biopsy (CTB) are essential in 
most cases for achieving a diagnosis through cyto-
logy and/or histology.

Prostatic wash
When performing a prostatic wash, ultrasound guid-
ance can be useful for positioning the tip of the uri-
nary catheter prior to introducing the sterile saline 
(Figure 15.10). Having the tip of the catheter in the 

urethra, just distal to the prostate gland, makes the 
wash more selective. For an optimum sample, the 
prostate gland should be massaged per rectum for 
about 1 minute prior to the wash being taken. If a 
transitional cell carcinoma involving the prostate 
gland is suspected, a traumatic catheterization 
technique may be used, where a catheter is 
advanced to the level of the prostatic urethra and 
several aspirates are taken whilst concurrently mas-
saging the prostate gland per rectum. This tech-
nique is an alternative to percutaneous FNA and 
avoids any risk of tumour cells implanting along the 
needle tract.

Aspiration and biopsy
Fine-needle aspirates and biopsy samples are usu-
ally taken from a transabdominal approach with the 
dog lying in dorsal or lateral recumbency. A transperi-
neal approach is also feasible if the prostate gland is 
very caudally positioned. Cytological samples may be 
preferable to larger biopsy samples in some cases, 
as they are less invasive, usually do not require gen-
eral anaesthesia, multiple areas of the gland can be 
easily sampled, and results can be obtained quickly. 
Individual cell morphology can often be better 
assessed in a monolayer, and cytology is more sensi-
tive than histology for the detection of sepsis (bacte-
ria are not generally seen in histological sections). Up 
to 80% agreement between histological and cytologi-
cal diagnoses has been reported (Powe et al., 2004). 
Histopathological examination allows a more detailed 
assessment of tissue architecture; therefore, collec-
tion of biopsy samples is indicated following FNA 
results that are inconclusive, or that are clinically sus-
pected to be unrepresentative.

Both FNA and CTB are relatively easy to perform 
using ultrasound guidance when the prostate gland is 
enlarged and lying within the abdomen. Obtaining 
samples from a smaller, intrapelvic prostate gland 
can be more challenging in terms of aligning the nee-
dle with the plane of the ultrasound beam, and care 
needs to be taken to ensure the path of the needle is 
visible at all times.

There are no specific contraindications to taking 
fine-needle aspirates from the prostate gland. 
Sedation for the procedure should be considered, 
both for analgesia and to minimize the likelihood of 
movement during needle placement, as the aorta 
and caudal vena cava lie in relatively close proximity 
to the dorsal border of the prostate gland, and could 
be inadvertently damaged if the dog moves. Core tis-
sue biopsy samples should only be taken if the pros-
tate gland appears to have a ‘solid’ parenchyma. 
Biopsy of a cyst or an abscess is unlikely to yield a 
useful sample for histology and may lead to peritoni-
tis. Prior to biopsy, it is advisable to check clotting 
parameters and to have the animal under deep seda-
tion or general anaesthesia. The biopsy needle path 
should be directed so as to avoid the urethra, but if it 
inadvertently includes the urethra, haematuria (which 
may last for a few days) is likely to be the only compli-
cation. Other potential complications of FNA and CTB 
include local haemorrhage and seeding of neoplastic 
cells and/or bacteria.

Sagittal ultrasonogram showing a urinary 
catheter within the prostatic parenchyma. 

The catheter was withdrawn slightly prior to a wash 
sample being taken.

15.10
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Drainage
Ultrasound guidance may also be used therapeuti-
cally to drain cavitating prostatic lesions (i.e. cysts 
and abscesses). More than one drainage procedure 
is usually necessary and there is no guarantee of 
permanent resolution, although ultrasound-guided 
percutaneous drainage has been reported to have 
a good success rate when used as the primary 
treatment for prostatic abscessation. Animals 
should be monitored for 24–48 hours following each 
drainage procedure, and ultrasound-guided drain-
age should not be used as the primary treatment if 
there is any evidence of peritonitis or other severe 
systemic signs.

DVD extras

•	 Benign prostatic hyperplasia (1)
•	 Benign prostatic hyperplasia (2)
•	 Benign prostatic hyperplasia (3)
•	 Normal prostate gland (1)
•	 Normal prostate gland (2)

•	 Prostatic abscess
•	 Prostatic carcinoma (1)
•	 Prostatic carcinoma (2)
•	 Prostatic cysts (1)
•	 Prostatic cysts (2)
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Uterus
Frances Barr

Indications

A complete ultrasonographic examination of the abdo-
men should always include the uterus in the entire 
bitch or queen. In the neutered animal, the vaginal or 
uterine stump should be examined where possible. 
However, specific indications for ultrasonographic ex -
am ination of the uterus include:

•	 Pregnancy diagnosis
•	 Assessment of fetal viability
•	 Monitoring uterine involution post-partum
•	 Investigation of infertility
•	 Vaginal discharge
•	 Perivulval irritation
•	 Haematuria
•	 Evaluation of palpable masses in the caudal 

abdomen/pelvis
•	 Evaluation of caudal abdominal or pelvic pain
•	 Evaluation of abdominal distension
•	 Systemic signs suggestive of pyometritis.

Value of ultrasonography compared 
with radiography and computed 
tomography

Diagnostic ultrasonography has many advantages 
over alternative imaging techniques for examination of 
the uterus. It is an imaging modality which is now 
widely available in small animal practice, and the level 
of operator expertise is rising all the time. The exami-
nation can be performed with the patient conscious, 
and the owner can safely be present if that is consid-
ered to be helpful. The procedure is non-invasive, 
painless, and, in the light of current knowledge, safe 
to the patient, to the developing fetus and to the oper-
ator. This is in contrast to imaging modalities which 
make use of ionizing radiation (i.e. computed tomo-
graphy (CT) and conventional radiography).

Conventional radiography allows evaluation of the 
uterine silhouette. Thus, the enlarged uterus is visi-
ble radiographically, but soft tissues and fluid are of 
the same radiographic opacity; not until fetal skeletal 
mineralization occurs during the third trimester of 
pregnancy can fetal structures be confirmed radio-
graphically. During the last trimester of pregnancy it 
is often easier to count the number of fetuses on a 
radiograph, if this information is required, than on 
ultrasonographic examination.

Radiography can be a useful means of detecting 
fetal death during late pregnancy; as fluid is resorbed 
from the dead fetus, the skull bones begin to overlap 
and the body becomes more tightly curled. 
Eventually, fetal structures start to disintegrate, and 
gas may be seen within the fetus, within the uterine 
lumen or uterine wall. In some instances the dead 
fetus may become mummified, with the compacted 
skeletal structures producing a small mineralized ball.

Ultrasonography allows fetal structures to be 
identified much earlier in pregnancy, and the real-
time images allow evaluation of fetal viability. 
Doppler techniques allow blood flow within the 
uterus, placenta and fetus to be assessed. In cases 
of uterine disease, ultrasonography allows differenti-
ation between fluid and soft tissues, thus refining 
the differential diagnosis list.

CT allows more detailed evaluation of abdominal 
structures than does conventional radiography, and as 
technology advances to allow reduced scan times and 
higher resolution, it is likely that CT will be used more 
for the diagnosis of uterine disease. In particular, CT 
may be useful in the staging of uterine malignancies. 
However, the hazards of ionizing radiation mean that 
ultrasonography remains the diagnostic procedure of 
choice for patients who are, or may be, pregnant.

Imaging technique

Ultrasonographic examination of the uterus may be 
performed with the patient in either dorsal or lateral 
recumbency. If the patient is reluctant to lie, then the 
examination may be carried out with the animal stand-
ing. Hair is clipped from the ventral abdomen, extend-
ing from the umbilicus back to the pubic brim, and 
extending several centimetres each side of the mid-
line. Clipping is not usually necessary in animals with 
pronounced mammary gland development, but if clip-
ping is required in such patients, then care should be 
taken not to damage this sensitive region.

After cleaning the skin and applying a water-solu-
ble acoustic gel, a high frequency (usually 7.5–10 
MHz) microconvex or linear array transducer should 
be placed on the skin in the midline, just cranial to the 
pubic brim. The ultrasound beam should be oriented 
in a sagittal plane. A useful initial landmark is the fluid-
filled bladder. The colon, which often contains gas 
and/or faecal material, lies dorsal and often to the left 
of the bladder. The proximal vagina, cervix and uterine 
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body should be looked for first dorsal to the bladder 
and ventral to the colon. If not apparent, then look to 
the right and to the left of the bladder. Once the uterus 
is identified, it can then be examined in both sagittal 
and transverse planes. It is not usually possible to fol-
low normal, non-gravid uterine horns cranial to the 
bladder, but if the uterus is enlarged or there is free 
abdominal fluid, then this may become possible.

Normal ultrasonographic 
appearance

The normal, non-gravid uterus may be difficult to 
identify in dogs, and is often not seen in cats. When 
imaged during late dioestrus or anoestrus, the 
uterus is a narrow, uniformly hypoechoic tube. The 
uterine wall does not usually show any layering, in 
contrast to the distinct layering of the wall of the nor-
mal small intestine. However, during pro-oestrus, 
oestrus and early dioestrus there may be a hyper-
echoic streak in the centre of the uterus (Figure 16.1; 
see also Normal uterus in a dog clip on DVD), and 
the wall may variably show a hypoechoic inner layer. 
The cervix is usually only obvious during this time, 
and has multiple layers which are best appreciated 
on transverse section. Absolute diameter of the 
uterus will vary according to species/breed, parity 
and the stage of the oestrous cycle. The diameter of 
the uterine body is said to range from 3 mm in small 
breeds of dog to 8 mm in larger breeds, with an 
increase in diameter of 1–3 mm during oestrus. The 
uterine stump is not usually recognized in neutered 
animals, although a narrow, blind-ending tubular 
structure may be identified lying between the bladder 
and the colon.

the preovulatory surge in luteinizing hormone (LH). 
This should be borne in mind when using the pub-
lished data, as most owners will only be aware of the 
dates of mating. When gestation is timed from the LH 
surge, the fluid-filled gestational sac is usually first 
identified at around day 20, with the embryo and its 
heartbeat evident at day 23–25. Since confirmation of 
a viable pregnancy relies on positive identification of 
the embryo, it is common to perform ultrasonographic 
examinations for this purpose around 4 weeks after 
the last known mating (Figure 16.2; see also 4-week 
pregnancy in a Jack Russell Terrier clip on DVD). 
Although it is often possible to diagnose pregnancy 
earlier than this, a confident negative diagnosis is dif-
ficult. If no embryonic structures are seen at 4 weeks, 
a repeat examination a week later can be performed 
to conclusively rule out pregnancy. The canine fetus 
develops rapidly after day 30, with individual fetal 
organs differentiating and becoming visible (Figure 
16.3). Fetal movements are usually visible from day 
34–36 onwards.

In the queen, gestational age is defined as the 
number of days after mating, which makes interpre-
tation of the published data more straightforward. 
Positive identification of gestational sacs may be 
possible as early as 10 days after mating, with the 

Sagittal image of the caudal abdomen of an 
entire Springer Spaniel bitch. The uterus 

(arrowed) lies dorsal to the bladder. A central hyperechoic 
line is visible.

16.1

Pregnancy

Normal ultrasonographic appearance
Ultrasonography is a well established technique for 
the diagnosis of pregnancy in the bitch and queen. 
There have been numerous ultrasonographic studies 
following normal gestation in the bitch, and most of 
these determine the length of gestation according to 

4-week pregnancy in a Jack Russell Terrier. The 
fetus is clearly visible, surrounded by fetal fluids 

and fetal membranes, within the uterus.

16.2

A Great Dane pup in utero near term. The heart 
(H) is visible to the right of the image, 

surrounded by the lungs (arrowed). The hypoechoic liver 
(L) is visible to the left of the image.

16.3

L

H
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embryo visible from day 16–18 (Figure 16.4; see 
also 4-week pregnancy in a cat clip on DVD). 
Pregnancy diagnosis is thus usually possible at an 
earlier stage in the queen than in the bitch.

Doppler techniques have been used to monitor 
uterine and fetal blood flow as gestation progresses in 
dogs and cats. Theoretically, such baseline informa-
tion could be used to monitor high risk pregnancies, 
but the technique is not yet widely applied.

embryos usually resorb, although a focal thickening 
of the uterus may persist at the site of resorption 
until the end of gestation. In the queen, although the 
dead embryo progressively decreases in size, the 
surrounding membranes and fluid may persist and 
even increase in volume until the end of gestation.

Late fetal death is recognized by the absence of 
a fetal heartbeat and of any fetal movements. The 
fetal structures become less distinct as disintegra-
tion occurs, and the surrounding fetal fluids become 
echogenic and reduced in volume. If gas forms 
within or around the fetus, then echogenic foci with 
streams of reverberations may be seen. However, 
gas as a result of fetal death may be easier to rec-
ognize radiographically.

Fetal distress
The normal fetal heart rate is around twice the 
maternal heart rate. Slowing of the fetal heart rate is 
an indicator of fetal hypoxia and thus fetal distress. 
This can be a useful parameter in trying to deter-
mine whether intervention is appropriate in an over-
due pre gnancy or a prolonged parturition, although 
other factors including the wellbeing of the bitch or 
queen are also relevant.

Fetal development
Whilst a wide range of developmental abnormalities 
may occur in the dog or cat, these are rarely diag-
nosed in utero. A case report (Allen et al., 1989) 
described the ultrasonographic diagnosis of hydrops 
fetalis in a Bichon Frise bitch.

Uterine torsion
Uterine torsion is a rare but serious condition, which 
may occur in cats and dogs. Although torsion of the 
non-gravid uterus may occur, most reported cases 
in cats occur in mid to late pregnancy. Ultra-
sonographic examination is likely to reveal fetal 
death (see above), whilst the uterine wall may 
appear thickened and of increased echogenicity. 
Vascular perfusion of the affected segment of the 
uterus would be expected to be reduced or absent. 
In the bitch, most published reports of uterine tor-
sion do not involve pregnant animals.

Post-partum uterus
In the immediate post-partum period, the uterus 
remains enlarged, due to both residual fluid con-
tents and thickening of the uterine wall. However, 
the uterus should then progressively reduce in size 
as involution takes place. A study of 6 normal 
queens post-partum (Ferretti et al., 2000) showed a 
mean total uterine thickness of 16.5 mm on day 1, 
whilst on day 14 the mean total uterine thickness 
was 6.2 mm, with individual wall thickness of 2.1 
mm. Involution was considered ultrasonographically 
complete by 24 days post-partum. In the bitch, nor-
mal uterine involution (Figure 16.5) is reported to 
take a little longer. Involution is usually largely com-
plete within 3–4 weeks, although focal enlarge-
ments may persist at placental sites for up to 15 
weeks (Yeager and Concannon, 1990; Pharr and 
Post, 1992).

4-week pregnancy in a Domestic Shorthaired 
cat.

16.4

Prediction of parturition date
During early and mid pregnancy in the bitch and 
queen, the internal diameter of the gestational sac 
may be measured and used to predict the number 
of days to parturition. In late pregnancy the gesta-
tional sac loses its spherical shape and is less easy 
to measure. A number of fetal dimensions may then 
be recorded as gestation progresses; biparietal 
head diameter has been found to be the most accu-
rate parameter for estimation of gestational age in 
the bitch, and thus for prediction of parturition date, 
but body diameter or crown–rump length may also 
be used. Measurement of head diameter or body 
diameter may used to predict the parturition date in 
the queen.

Prediction of fetal numbers
Ultrasonography is not an accurate means of assess-
ing fetal numbers in either the dog or cat, and accu-
racy diminishes as litter size increases. If an 
approximate estimate of litter size is required, then 
this is most readily achieved between 25 and 35 
days’ gestation, when the gestational sacs are large 
enough to be clearly seen but remain separate from 
each other. However, embryonic resorption or fetal 
loss may subsequently occur, so estimation of final 
litter size can only be approximate.

Abnormalities

Embryonic or fetal loss
Death of the embryo before day 25 of gestation 
leads to a collapse of the normally spherical gesta-
tional sac. The contents may become echoic and the 
wall may thicken. The embryo itself becomes indis-
tinct and no heartbeat is visible. In the bitch, dead 
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Uterine diseases

Pyometra
Pyometra results in the accumulation of fluid within 
the uterine lumen. This fluid may be anechoic 
(Figure 16.6) or variably echoic (Figure 16.7), and 

Sagittal image of the caudal abdomen of a 
13-year-old entire Cocker Spaniel bitch, 

presented with a persistent vaginal discharge since 
oestrus 2 months previously. There is irregular thickening 
of the uterus (arrowed), which lies dorsal to the bladder. 
The uterus is also mildly heterogeneous in echogenicity.

16.8

Ultrasonogram of the right uterine horn 
(arrowed) of a 10-year-old Cocker Spaniel bitch 

with CEH. Note the multiple small hypoechoic foci within 
the thickened horn.

16.9

Transverse section through the distended uterus 
of a 9-year-old German Shepherd Dog 

presented for persistent vaginal bleeding since oestrus. 
The uterus contains fluid with few echoes. The final 
diagnosis was pyometra.

16.6

Rough Collie bitch with pyometra. The uterine 
horns are distended with fluid, which contains 

echoes that could be seen to swirl in real-time images.

16.7

One uterine horn of a Great Dane bitch, which 
had undergone a Caesarean operation 5 days 

previously. The uterus is involuting well, with residual 
luminal fluid at a minimum, but remains enlarged with an 
overall diameter of approximately 2 cm.

16.5

may contain amorphous accumulations of debris. 
The uterine wall may appear thickened or be thin 
and barely visible; however, when the wall is visible, 
it may be distinguished from intestinal wall by the 
lack of visible layering and the absence of peristaltic 
activity. Mucometra, hydrometra and haematometra 
are also characterized by intraluminal uterine fluid, 
but cannot be distinguished from pyometra based on 
ultrasonographic criteria alone.

Cystic endometrial hyperplasia
Cystic endometrial hyperplasia (CEH) most com-
monly develops as a result of prolonged exposure of 
the endometrium to progesterone. Although cats are 
not generally spontaneous ovulators, and thus might 
be expected to have a lower incidence of CEH than 
the bitch, in fact there is a significant incidence of 
CEH in the older queen. In both dogs and cats with 
CEH, the uterine wall becomes thickened and irregu-
lar (Figure 16.8), and proliferation of the endometrial 
glands may result in multiple tiny cystic lesions within 
the uterine wall (Figure 16.9). There is sometimes a 
small volume of fluid within the uterine lumen. CEH 
may progress to pyometra or mucometra.
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Uterine stump lesions
The uterine stump normally lies between the bladder 
and descending colon, and is usually a slender, 
inconspicuous structure. Images of the uterine stump 
in the days immediately following ovariohysterectomy 
may show an irregular mass-like lesion of mixed 
echogenicity around the stump (Figure 16.10). Such a 
mass is likely to represent a blood clot and/or sterile 
surgical reaction at the site, and should progressively 
decrease in size.

A 3-year-old Springer Spaniel crossbred dog 
presented with pyrexia of unknown origin. The 

bitch had undergone ovariohysterectomy 5 days 
previously. A mass of mixed echogenicity (arrowed) is 
visible cranial to the bladder. The mass was considered 
most likely to be a result of the recent surgery, and thus an 
incidental fi nding.

16.10

When a mass is detected in the region of the uter-
ine stump without a history of surgery in the preced-
ing few days, then a stump abscess or granuloma 
(Figure 16.11), or less commonly a neoplasm, should 
be considered. The presence of localized fluid and 
hyperechoic fat around the lesion is suggestive of an 
inflammatory process, but differentiation of inflamma-
tory and neoplastic lesions is not usually possible 
using ultrasonographic findings alone. Enlargement 
of the medial iliac lymph nodes may be seen whether 
the disease process is inflammatory or neoplastic.

Neoplasia
Uterine neoplasms are not common in dogs and cats. 
When they occur, they may be benign or malignant, 
of variable size, and of uniform or complex echo-
genicity. The histological type cannot be determined 
from the ultrasonographic appearance, although a 
lack of distinct margins may indicate local infiltration, 
and enlarged, rounded medial iliac lymph nodes may 
signal metastatic spread. Benign uterine polyps can 
occur, and may be small structures outlined by fluid 
within the lumen or large masses. Vaginal masses 
may be imaged ultrasonographically if they extend 
cranial to the pubic brim (Figure 16.12).

A 10-month-old neutered Border Collie bitch 
presented with pyrexia and lethargy. A rounded 

hypoechoic mass (arrowed) in the caudal abdomen, 
ventral to the colon (C), was identifi ed. The mass was 
confi rmed as a uterine stump granuloma.

16.11

C

This ill defi ned, rounded, hypoechoic, mildly 
heterogeneous mass in the caudal abdomen of 

an 11-year-old entire Cocker Spaniel bitch was confi rmed 
as a vaginal mass, which extended just cranial to the 
pubic brim.

16.12
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•	 Normal uterus in a dog
•	 4-week pregnancy in a cat
•	 4-week pregnancy in a Jack Russell Terrier
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17

Ovaries and testes
Gawain Hammond

Ovaries

Indications
Indications for ultrasonography of the ovaries include:

•	 Derangement of the normal oestrous cycle (e.g. 
prolonged oestrus or anoestrus)

•	 Investigation of hormonal disorders such as 
diabetes mellitus and acromegaly, which may be 
linked to progesterone secretion during the luteal 
phase

•	 Investigation of an abdominal mass that may 
have an ovarian origin.

In addition, the use of ultrasonography may be 
considered if the neutering history of the patient is 
unknown; however, it may be easier to identify the 
uterus than the ovaries.

Value of ultrasonography compared with 
radiography and advanced imaging 
techniques
Ultrasonography is the most convenient imaging 
modality for the investigation of ovarian disease in 
small animals. Unless there is severe enlargement 
and/or mineralization of the ovarian tissue, the ova-
ries are extremely unlikely to be visualized on 
abdominal radiography. Whilst the ovaries may be 
seen on computed tomography (CT) or magnetic re-
sonance imaging (MRI), the cost, limited availability 
and requirement for deep sedation or anaesthesia 
for these modalities limits their use in practice.

Imaging technique
The patient may be positioned in either dorsal or lat-
eral recumbency, and the hair coat should be clipped 
(ideally) or soaked down over the area of the kidneys 
on both sides. The ovaries are peritoneal organs 
located caudally to the kidneys and close to the 
abdominal wall. The blood supply to the ovaries arises 
directly from the aorta caudal to the renal arteries, 
whilst the ovarian veins drain into the left renal vein 
(left ovary) or directly into the caudal vena cava (right 
ovary). The left and right ovaries are found by identify-
ing the ipsilateral kidney and then interrogating the 
area caudal and ventral to the caudal pole of the kid-
ney (Figure 17.1). This should be performed in both 
transverse and sagittal planes.

Ultrasonographic investigation of the ovaries is 
best performed with a high frequency transducer. 
Due to the superficial position of the ovaries, optimal 

images are likely to be obtained with a linear trans-
ducer due to the excellent near-field resolution. 
However, in some patients use of a linear transducer 
may be limited by the conformation or the presence 
of gas in the adjacent gastrointestinal tract; in these 
cases a microconvex or curvilinear array transducer 
may be required. Not infrequently, the ovaries cannot 
be visualized due to interference by the gastrointes-
tinal tract contents or due to the large amount of fat 
in the surrounding ovarian pedicle.

Normal ultrasonographic appearance
The ovaries are ovoid structures of about 1.5 x 0.7 
x 0.5 cm in the dog, and slightly smaller in the cat. 
Although the ovary has a medulla and a cortex, it is 
difficult to clearly distinguish these on an ultrasono-
gram (Figure 17.2). However, the ultrasonographic 
appearance of the ovary does vary during the  

Normal left ovary located caudal to left kidney.17.1

Normal left ovary in a dog. A high frequency 
linear array transducer was used to examine the 

superficially located ovary.

17.2
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oestrous cycle, and the stages of the cycle and 
appearance of the ovary are summarized in Figure 
17.3. It should be noted that the detection of ovula-
tion in the dog using ultrasonography is of debat-
able accuracy, and requires serial scanning during 
oestrus. Even then the ultrasonographic appear-
ance of the early corpus luteum is very similar to 
that of the ripe follicle.

Ovarian neoplasia
Ovarian tumours fall into four broad categories:

•	 Epithelial cell neoplasia (carcinomas, 
cystadenomas, adenocarcinomas and papillary 
carcinomas)

•	 Germ cell neoplasia (dysgerminoma, teratoma 
and teratocarcinoma)

•	 Sex-cord stromal neoplasia (granulosa cell 
tumours)

•	 Metastatic neoplasia.

Ultrasonographically, the tumour appears as a 
mass in the area of the ovary, and the architecture 
may be largely solid, largely cystic, or heterogene-
ous and complex (Figure 17.5). In addition, in some 
ovarian tumours (especially teratomas) areas of min-
eralization with distal acoustic shadowing may be 
identified within the mass (Figure 17.6).

Other ovarian diseases
Ovarian haematomas and hydrovarium are rarely 
reported conditions of the ovary, which may be identi-
fied on ultrasonographic examination. In addition, 
ovarian stump granulomas have been reported fol-
lowing ovariohysterectomy, producing complex mass 
lesions seen in the area of the ovary on ultrasono-
graphic examination.

Correlation of the changes in the ovary during 
the oestrous cycle with ultrasonographic 

appearance.

17.3

Oestrous 
cycle stage

Ovarian 
changes

Ultrasonographic appearance

Anoestrus Small, ovoid. Echogenicity 
similar to renal cortex

Early 
pro-oestrus

Developing 
follicular cysts 
(small)

Similar to anoestrus

Pro-oestrus 
(days 2–7)

Enlarging 
follicular cysts. 
May approach 
approximately 1 
cm in diameter 
as ovulation 
nears

Increasing size, irregular shape 
as cysts enlarge. Identification of 
cysts. Many small cysts may 
give hyperechoic appearance

Ovulation Decrease in number of visible 
cysts

Dioestrus Development of 
corpus luteum

Hypoechoic 6 days following 
ovulation, returning to more 
rounded shape. Anechoic to 
hypoechoic corpus luteum may 
also be identified 

Cysts (believed to be follicular) in the ovary of a 
dog.

17.4

Ovarian cystic disease
Ovarian cysts typically have a rounded, well defined 
appearance with anechoic content, and may show dis-
tal acoustic enhancement (Figure 17.4). Cysts may be 
solitary or multiple, and be variable in size, although 
the ovary often shows generalized enlargement. Cysts 
may be follicular or luteal, but ultrasonography cannot 
distinguish between the forms. Follicular cysts may be 
associated with prolonged oestrus, and luteal cysts 
may be implicated in extended anoestrus. Cysts are 
often seen in conjunction with uterine diseases such 
as cystic endometrial hyperplasia and pyometra.

Granulosa cell tumour in the ovary of a dog 
showing (a) solid and (b) cystic components.

17.5

(a)

(b)
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Teratoma with a highly complex nature in the 
ovary of a dog. (a) Solid components.  

(b) Mineralized tissue with distal acoustic shadowing.  
(c) Cystic components.

17.6

(a)

(b)

(c)

Testes

Indications
Indications for ultrasonography of the testes include:

•	 When there is evidence of prostatic or urinary 
tract disease or reproductive dysfunction

•	 Endocrine dysfunction
•	 Testicular enlargement
•	 Testicular mass
•	 Testicular or scrotal pain
•	 Investigation of cryptorchidism
•	 As part of the diagnostic work-up in cases of 

infertility.

Value of ultrasonography compared with 
radiography and advanced imaging 
techniques
Ultrasonography provides a quick and convenient 
method for examining the scrotal testes, and is gen-
erally possible without patient sedation. Radiography, 
CT and MRI are unlikely to offer any significant ben-
efits in the examination of the descended testis;  
however, CT could be considered in cases of c ry pt-
orchidism where the undescended testis cannot be 
located by conventional imaging or palpation. CT 
may also be useful in the investigation of more dis-
seminated systemic disease associated with testicu-
lar abnormalities. Thoracic radiography should be 
performed in cases with suspected testicular neopla-
sia (although distant metastasis from testicular neo-
plasia is uncommon), but radiography is unlikely to 
offer much information on the testes themselves that 
cannot be obtained by ultrasonography.

Imaging technique
For the descended testes, the ultrasound transducer 
is simply applied to the scrotal skin, with the testis 
immobilized manually. A high frequency linear probe 
is optimal, as this allows greater coverage of the tes-
ticular parenchyma than a microconvex or phased 
array probe. In addition, due to the thin layer of scro-
tal skin interposed between the testis and the trans-
ducer, a stand-off pad may improve visualization of 
the testicular parenchyma. Colour Doppler ultra-
sonography is useful for assessing blood flow through 
the testicular parenchyma.

Normal ultrasonographic appearance
The normal testis has a central hyperechoic media-
stinum (Figure 17.7a), which has a linear appearance 
in sagittal plane images, with the surrounding paren-
chyma having a medium echogenicity. The tunics give 
a thin hyperechoic outer margin. The epididymis lies 
mainly around the dorsal aspect of the testis, with the 
tail caudally and the head craniodorsally (Figure 
17.7b). The tail of the epididymis is hypoechoic com-
pared with the normal testis, and the body and head 
are isoechoic compared with the testicular paren-
chyma. The epididymis can be visualized in both sag-
ittal and transverse planes.

<<Figure 17.7 near here>>

(a)

(a) Section through the testis of a dog showing 
the central mediastinum. (continues)

17.7
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Testicular abnormalities

Testicular descent
During development of the reproductive tract, the 
testes are drawn through the inguinal canal into the 
scrotal sac from their original intra-abdominal loca-
tion by contraction of the gubernaculums. When tes-
ticular descent fails, the cryptorchid testis may be 
found within the abdominal cavity (Figure 17.8) or, 
more commonly, in the area of the inguinal canal 
(often between the superficial inguinal ring and the 
scrotum). Therefore, in cases of cryptorchidism, 
these areas should be interrogated during the ultra-
sonographic examination. However, the retained tes-
tis is often small and flaccid, and may be easily 
missed or mistaken for other structures such as 
inguinal lymph nodes.

(continued) (b) Ultrasonogram of a normal 
testis in a dog showing the faintly hyperechoic 

central mediastinum and hypoechoic epididymis 
(arrowed) wrapping around the far side of the testis.

17.7

(b)

indicative of the tumour type. A mass of mixed echo-
genicity may be seen within the testicular paren-
chyma, possibly distorting or obliterating the 
mediastinum (Figure 17.9). Alternatively, with very 
large tumours, the entire testicle may be occupied by 
neoplastic tissue (Figure 17.10). Multiple nodules are 
common and the testis is frequently enlarged. The 
contralateral testicle may atrophy (particularly with 
Sertoli cell tumours). Cryptorchid testes are predis-
posed to development of neoplasia, and in these 
cases a rounded heterogeneous mass may be found 
in the area of the inguinal canal or within the abdom-
inal cavity (Figure 17.11).

Intra-abdominal cryptorchid testicle. This mass 
can be recognized as a testicle due to the 

central hyperechoic mediastinum.

17.8

Testicular neoplasia
Testicular neoplasia is rare in the cat. In the dog most 
tumours fall into one of three categories:

•	 Sertoli cell tumour (most common)
•	 Seminoma
•	 Interstitial or Leydig cell tumour.

They are most common in older dogs and the 
majority do not metastasize (<10% of seminomas 
and Sertoli cell tumours, and almost no interstitial 
cell tumours show metastatic spread). The ultrasono-
graphic appearance of testicular neoplasia is not 

Sertoli cell tumour of the testis showing 
heterogeneous echogenicity. Note that the 

tumour has caused distortion of the normal testicular 
architecture.

17.9

Testicular tumour obliterating the entire 
parenchyma.

17.10
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Orchitis
Orchitis (inflammation of the testis) may arise from 
infectious agents ascending the vas deferens, and 
may be associated with prostatic or lower urinary 
tract infections. Orchitis generally results in a hypo-
echoic patchy appearance to the testicular paren-
chyma (Figure 17.12). The testicle may appear 
swollen, with a cross-section that is more rounded 
than usual. Abscessation can also occur, with an 
irregular cavitated area within the testicular paren-
chyma. Orchitis is frequently seen in conjunction with 
epididymitis (see below). Chronic orchitis may lead  
to testicular atrophy, with the parenchyma having a 
heterogeneous echotexture. Inflammation of the tes-
ticle and/or epididymis is frequently associated with 
peritesticular fluid or oedema of the scrotal wall.

Testicular torsion
Torsion of the testis typically results in an enlarged 
testicle with diffuse hypoechogenicity of the paren-
chyma and swelling of the epididymis and spermatic 
cord. On colour Doppler ultrasonography no blood 
flow is identified in the abnormal testis. A small vol-
ume of peritesticular fluid may be noted.

Other testicular abnormalities
Testicular cysts and haematomas have been 
reported. Cysts typically appear as rounded thin-
walled structures with anechoic content and possible 
distal acoustic enhancement. A haematoma may 
have the appearance of a heterogeneous nodule, 
and could appear similar to a testicular neoplasm.

Localized testicular infarcts may occur as a result 
of injury or disease. In common with infarcts in other 
parenchymal organs, recent infarcts may appear 
hypoechoic or isoechoic to the normal testicular 
parenchyma, whilst older, organized infarcts are typi-
cally hyperechoic and wedge-shaped.

Epididymitis
Epididymitis arises from the same routes as orchitis 
(from an infection of the vas deferens, lower urinary 
tract or prostate gland), and can occur in the absence 
of orchitis. Typical ultrasonographic findings are dilata-
tion of the epididymis, which has a more hypoechoic 
appearance than normal, and possible dilatation of 
the ductus deferens (Figure 17.13). In addition, peri-
testicular fluid is also commonly identified.

Caudoventral abdominal mass identified as a 
Sertoli cell tumour in a retained testicle.

17.11

Orchitis in the testicle of a dog. Note the 
diffusely hypoechoic testis, resulting in 

increased prominence of the mediastinum. Culture 
following castration confirmed infection with Escherichia 
coli. Note the hyperechoic and thickened scrotal skin in 
the near-field due to the associated scrotal oedema.

17.12

Ultrasonogram of the same dog as in Figure 
17.12 showing epididymitis. Note the marked 

enlargement of the head of the epididymis and dilatation 
of the epididymal duct.

17.13

Scrotal disease
Disease affecting the scrotal wall generally presents 
ultrasonographically as thickening and hyperecho-
genicity (especially with oedema) (see Figure 17.12). 
In cases of inflammatory disease, peritesticular fluid 
may also be seen.

Hydrocele, or accumulation of fluid within the 
scrotal sac, is uncommon in the dog. However, it 
may occur secondary to conditions resulting in fluid 
accumulation within the peritoneal cavity (i.e. a dog 
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with ascites may also have hydrocele), or be local-
ized to the scrotal sac (e.g. due to venous obstruc-
tion). Haematocele refers to blood within the scrotal 
sac; trauma is the most common cause, but any con-
dition leading to haemorrhage should be considered.

Herniation of abdominal organs (especially small 
intestinal loops) into the scrotal sac via the inguinal 
canal can easily be detected using ultrasonography, 
particularly if intestinal wall layering or peristalsis 
can be identified. Rarely, scrotal haematomas may 
be identified following castration; these typically 
have an irregular shape and a heterogeneous echo-
texture, and no blood flow is evident on colour 
Doppler ultrasonography.
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Eyes
Susanne A.E.B. Boroffka

Indications

Ultrasonography has become a standard imaging 
modality in ophthalmology and is routinely used as 
the first imaging technique for evaluation of ocular and 
orbital structures. Ultrasonography allows:

•	 Detection and evaluation of intraocular or orbital 
neoplastic and non-neoplastic lesions

•	 Detection of intraocular changes such as lens 
luxation and/or retinal detachment in opaque 
eyes

•	 Measurement of the dimensions of the lens, 
anterior chamber and globe

•	 Evaluation of traumatic injuries to the eye and 
orbit.

A-mode ultrasonography, Doppler techniques 
and ultrasound biomicroscopy are also used to 
examine ocular and orbital structures for clinical and 
research purposes.

Value of ultrasonography compared 
with radiography and advanced 
imaging techniques

Conventional radiography provides limited diagnostic 
information about the eye and orbit. Disruption of the 
bony structures of the orbit may be appreciated to 
some extent on good quality radiographs. Radiopaque 
foreign material may be visible radiographically, and 
multiple radiographic views allow an approximate 
three-dimensional (3D) localization.

Ultrasonography, computed tomography (CT) and 
magnetic resonance imaging (MRI) are excellent 
and complementary cross-sectional diagnostic 
modalities for imaging the ocular and orbital struc-
tures. The choice of the imaging modality depends 
on availability, experience of the operator and cost. 
Ultrasonography is a non-ionizing and cost-effective 
imaging technique, which can be performed without 
general anaesthesia. B-mode ultrasonography pro-
vides biometric and detailed morphological and vas-
cular information about the ocular structures, but 
information on the orbital structures is limited. Fine-
needle aspiration may be performed under ultra-
sound guidance.

CT and MRI require general anaesthesia, are 
more expensive and their availability is limited. 

However, both techniques provide outstanding  
morphological detail of the orbital structures. MRI 
provides excellent contrast resolution of the soft  
tissues (with no radiation exposure) and has multi-
planar imaging capability; whereas CT is superior for 
imaging the bony structures and mineralization in the 
soft tissues.

Imaging technique

Ocular structures
The patient is positioned in either sternal or lateral 
recumbency with the diseased eye uppermost. It is 
preferable to avoid sedation of the patient, so that 
rotation and retraction of the eye is minimized. After 
topical corneal anaesthesia, the eyelids are retracted 
manually and the transducer is placed gently on to 
the corneal surface in conjunction with water-soluble 
lubricating acoustic gel. After the examination the gel 
should be flushed from the eye.

B-mode ocular ultrasonography is performed 
using a high resolution 10–20 MHz sector or linear 
transducer. Both eyes are imaged in horizontal, ver-
tical and transverse planes. The entire globe is eval-
uated, beginning from the central axis (an imaginary 
line from the centre of the cornea to the centre of 
the scleroretinal rim) and then angling the trans-
ducer gently from one side to the other in each scan 
plan. The following biometric measurements are 
routinely obtained:

•	 Anteroposterior depth of the eye, including the 
scleroretinal rim

•	 Anteroposterior depth of the anterior chamber
•	 Anteroposterior depth and mediolateral/

dorsoventral diameter of the lens.

Orbital structures
An orbital ultrasonographic examination can be per-
formed using either the corneal contact method 
(described above) or the temporal approach. With the 
temporal approach the patient is positioned in lateral 
recumbency with the diseased orbit uppermost. The 
procedure can be performed with or without sedation. 
The temporal fossa is shaved caudal to the orbital lig-
ament and a high frequency (7.5–8.5 MHz) phased 
or curved array transducer is used.

Both eyes are imaged in longitudinal and trans-
verse planes. For longitudinal images, the transducer 
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is aligned rostrocaudally, with a slight rotation of the 
caudal sector medially to adjust to the normal course 
of the periorbita, including the optic nerve. The trans-
ducer is then angled gently medially and laterally for 
evaluation of the entire orbit. For transverse images, 
the transducer is rotated 90 degrees placed caudal to 
the orbital ligament, and then moved gently caudally. 
Longitudinal images provide most information on the 
orbital soft tissues, whereas the bony orbit can be 
evaluated more clearly on transverse images. The  
zy go matic salivary gland may be imaged from the 
area ventral to the zygomatic arch and caudoventral 
to the globe.

Normal ultrasonographic 
appearance

Ocular structures
The normal canine and feline eye is a nearly spheri-
cal, well delineated structure with anechoic contents 
and echogenic interfaces with the cornea, iris, lenti-
cular capsules and scleroretinal rim (Figure 18.1). 
Depending on the breed, the eye is between 18 and 
23 mm in diameter. The cornea appears as two dis-
crete parallel hyperechoic curvilinear lines, repre-
senting ultrasound beam reflection from the anterior 
epithelial and posterior endothelial corneal layers, 
with the anechoic stroma inbetween. The anterior 
part of the sclera is visible as a continuation of the 
cornea without the anechoic stroma, resulting in a 
homogeneous echogenic appearance.

Horizontal plane ultrasonogram of the normal 
eye of a 5-year-old Standard Poodle.

18.1

Horizontal plane ultrasonogram of the 
iridocorneal angle (arrowed) of the normal eye 

of a 5-year-old Standard Poodle.

18.2

The iridocorneal angle is formed by the corneo-
scleral junction and the iris, and represents the 
most important site for aqueous humour outflow 
(Figure 18.2). The anterior and posterior areas of 
the lenticular capsule are visible as discrete hyper-
echoic convex/concave curvilinear interfaces, lying 
symmetrically between the ciliary body. The lens is 
supported by zonular fibres, which appear as stria-
tions that attach to the lens contour. The normal 
lens nucleus is anechoic. The highly vascular ciliary 
body appears as a circumferential echogenic struc-
ture at the periphery of the lens and forms the ora 
serrata at the junction with the choroid. The iris is 

an elongated echogenic contractile structure, con-
tinuous with the ciliary body and located anterior to 
the lens. The central opening in the iris, the pupil, is 
circular in dogs and elliptical in cats. It has a varia-
ble size depending on the amount of light shining 
on the eye. It is best imaged using a dorsal or lat-
eral approach to the conjunctiva.

The anterior chamber is delineated by the poste-
rior aspect of the cornea, the iris and the anterior 
lens capsule, and is distended by anechoic aqueous 
humour. The posterior chamber is a triangular, ane-
choic space bound by the anterior lenticular surface, 
iris and ciliary body. The anechoic vitreal body fills the 
vitreous cavity and attaches primarily at the region of 
the optic disc and at the ora serrata. The echogenic 
choroid, retina and sclera cannot be identified sepa-
rately and are referred to as the scleroretinal rim. The 
optic disc may be visible in the ventrolateral aspect of 
the posterior wall of the globe, as an indistinct focal, 
slightly recessed and hyperechoic area.

Orbital structures
The optic nerve appears as an undulating, hypo-
echoic linear structure bound by hyperechoic lines 
extending caudoventrally from the optic disc towards 
the optic foramen. The extraocular rectus muscles 
and retractor bulbi are very thin hypoechoic bands 
and are visible dorsal, ventral, lateral and medial to 
the optic nerve. The oblique muscles have not been 
identified with ultrasonography. The shape of the 
muscles may change with eye movement due to 
contraction or lengthening. The orbital fat is hyper-
echoic and visible between the extraocular muscles 
and optic nerve and surrounding the cone-shaped 
periorbita. The zygomatic salivary gland is located in 
the ventrolateral aspect of the orbit and appears as a 
slightly more hypoechoic structure than the ventro-
medially located medial pterygoid. The bony orbit is 
represented on ultrasonograms as a hyperechoic 
line with distal acoustic shadowing and interruptions 
for the optic canal and orbital fissure.
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Intraocular abnormalities

Cornea
Corneal disease may be caused by inflammation, 
trauma, degeneration, oedema or neoplasia. Irresp-
ective of the precise aetiology, there is a change in 
depth and/or echogenicity of the cornea. The cornea 
becomes thicker and the normally anechoic stroma 
becomes echogenic (Figure 18.3).

Uveitis
Uveitis refers to inflammation of the uveal tract; in 
small animals most commonly the entire uveal tract 
(panuveitis) is involved. In some patients only the 
anterior (iriditis/iridocyclitis) or posterior (choroiditis/
chorioretinitis) uvea are diseased. Ultrasonogra ph-
ically, the diseased structures appear thickened and 
more hypoechoic than normal. The aetiology may be 
either ocular or systemic. Ocular causes include  
corneal ulceration, lens-induced (immune-mediated 
or metabolic), ocular trauma or a primary ocular 
tumour. Systemic causes include bacteraemia (lepto-
spirosis, brucellosis, Borelia), fungal (blastomycosis, 
cryptococcosis, coccidiomycosis, histoplas mosis), 
viraemia (distemper, infectious canine hep a titis) and 
septicaemia.

Neoplasia
Occasionally neoplasms may be identified which 
involve the uveal tract (see below).

Horizontal plane ultrasonogram of the eye of a 
3-year-old mixed-breed dog with corneal 

oedema following injury to the eye. There is thickening of 
the mid-region of the cornea with increased echogenicity 
of the corneal stroma. Note also the echogenic strand 
(arrowed) connecting the posterior aspect of the cornea 
with the anterior lens capsule.

18.3

Anterior chamber
An increased depth of the anterior chamber may be 
caused by glaucoma, posterior lens luxation or apha-
kia (absence of the lens). A shallower anterior cham-
ber may be created artificially due to compression by 
the transducer, or may be due to anterior lens luxa-
tion caused by trauma, glaucoma or neoplasia. Cells 
and fibrin debris may be seen as echogenic foci mov-
ing within the aqueous of the anterior chamber. Free-
moving masses may represent blood clots, perforated 
lens material or neoplasia arising from the iris, ciliary 
body or cornea. Doppler examination may be help- 
ful for differentiation between vascularized and non- 
vascularized tissue.

Uveal tract
Cysts
Iridociliary cysts (Figure 18.4a) are usually congeni-
tal and may occur in both dogs and cats. Golden 
Retrievers, Great Danes, Rottweilers and Labrador 
Retrievers are predisposed. Depending on the loca-
tion, these cysts may cause uveitis or glaucoma, but 
are usually incidental. Arising from the iris and/or cili-
ary body, the cysts may extend into the anterior and/
or posterior chamber or the vitreous body, and may 
be attached to the cornea or free-floating. They 
appear as single or multiple, thin-walled, anechoic, 
round structures. Only the wall of the cyst is vascu-
larized, which can be seen on Doppler examination 
(Figure 18.4b).

(a) Transverse image obtained from the dorsal 
aspect of the anterior section of the eye of a 

10-year-old Domestic Shorthaired cat. Two cysts are 
visible at the anterior aspect of the iris, appearing as 
anechoic, round structures with an echogenic wall.  
(b) Power Doppler ultrasonogram showing only 
vascularization of the walls of the cysts and not of the 
centre.

18.4

(a)

(b)
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Lens
Congenital
Many congenital abnormalities of the lens have been 
reported in a wide range of dog breeds, including:

•	 Aphakia (absence of the lens)
•	 Microphakia (abnormally small lens)
•	 Lenticonus (abnormally shaped lens)
•	 Lentiglobus (abnormally shaped lens)
•	 Coloboma (abnormally shaped lens)
•	 Vascular.

These changes seldom occur, but when they do 
they may be associated with other ocular changes, 
including retinal detachment or dysplasia, microph-
thalmia and microcornea. In cats sporadic cases 
have been reported in Siamese kittens. Ultrasono-
graphically, aphakia, microphakia, lenticonus, lenti-
globus and coloboma may be seen, possibly in 
combination with a small eye and/or retinal detach-
ment. With posterior lenticonus the lens has a local-
ized cone-shaped protrusion of the mid-region of the 
thin posterior capsule, which may appear irregular 
and thickened on an ultrasonogram. These changes 
may be associated with a retrolenticular membrane 
and a persistent hyperplastic primary vitreous, with or 
without a persistent hyaloid artery. In patients with 
vascular abnormalities, blood flow may be seen 
within the normally avascular lens with colour flow or 
power Doppler imaging.

Nuclear sclerosis
Nuclear sclerosis is often found in dogs >7 years old. 
This condition may be confused with cataracts, since 
the lens is no longer anechoic. However, on ultraso-
nography only a thin hyperechoic curvilinear line is 
seen running parallel with the lens capsule and the 
nucleus remains anechoic (Figure 18.5).

are the most common cause of cataracts, but nutri-
tional deficiencies, toxic substances, uveal adhe-
sions and diabetes mellitus may also cause 
cataracts. In cats, cataracts occur more often sec-
ondary to chronic inflammation and rarely because 
of an inherited abnormality. However, congenital 
cataracts have been described in Persian, British 
Shorthair, Himalayan and Birman cats, suggesting 
an autosomal recessive trait. Ultrasonographically, 
the echogenicity, shape and size of the lens may 
vary with the type and duration of the cataract. With 
cortical cataracts (anterior and posterior or equato-
rial) the anterior and posterior cortices of the lens 
become echogenic, and the entire capsule may be 
apparent (Figure 18.6ab). With nuclear cataracts, 
the central nucleus becomes echogenic and the 
entire lens may be involved. Diabetic or immature 
cataracts usually show an increased axial thickness 
of the lens, whereas hypermature cataracts may 
show a decreased axial depth. Prognosis in pa-
tients with posterior cataracts and irregularity is 
guarded because more complications during sur-
gery may occur.

Horizontal plane ultrasonogram showing 
nuclear sclerosis in a 9-year-old mixed-breed 

dog. The nuclear sclerosis is visible as a curvilinear 
hyperechoic line running parallel with the anterior 
(arrowed) and posterior lens capsule.

18.5 (a) Vertical plane ultrasonogram of the eye of a 
1-year-old Golden Retriever with a juvenile 

cataract. Note the decreased anterior–posterior diameter 
(between the callipers) and the increased echogenicity of 
the lens nucleus. The other intraocular structures are 
within normal limits. Biometric measurements have been 
performed. (b) Horizontal plane ultrasonogram of the eye 
of a 5-year-old Cavalier King Charles Spaniel with 
diabetes mellitus and secondary cataract formation. Note 
the increased anterior–posterior diameter and the 
increased echogenicity of the lens nucleus.

18.6

(b)

(a)

Cataracts
A cataract is defined as any opacification of the 
lens and/or its capsule regardless of cause, loca-
tion or size. In dogs, inherited congenital defects 

Ch18 Ultra.indd   186 26/04/2012   15:50

Downloaded From Vet-eBooks.com



Chapter 18 Eyes

187

Rupture
Lens rupture may occur anteriorly, posteriorly or peri-
pherally, and may be associated with anterior uveitis, 
proliferation of granulation or fibrous tissue, and ad-
herence to the pupil. Ultrasonographically, the lens 
capsule appears irregular and lenticular tissue is visi-
ble adjacent to the capsule (Figure 18.7).

to trauma, glaucoma, secondary to chronic uveitis 
(especially in cats), neoplasia, secondary to a hyper-
mature cataract, senile zonular degeneration or 
hereditary predisposition. Potential complications of 
lens (sub-) luxation are corneal damage, corneal 
oedema, secondary glaucoma, anterior uveitis and 
retinal detachment.

Vitreous and scleroretinal rim
Ultrasonographic changes of the vitreous include 
changes in the shape of the eyeball, vitreous opaci-
ties (degeneration, asteroid hyalosis, synchysis scintil-
lans, haemorrhage, inflammation), posterior vitreous 
detachment, persistent and hyperplastic primary vitre-
ous and/or remnant of the hyaloid artery, retinal 
detachment, and presence of neoplasia or a foreign 
body. Alteration of the shape and size of the globe 
may be caused by developmental anomalies, trauma, 
endophthalmitis, intraocular mass lesions, glaucoma 
or pressure from orbital mass lesions.

Vitreal degeneration
Degenerative changes often occur in the vitreous of 
older patients and include:

•	 Asteroid hyalosis caused by calcium-containing 
lipids (pinpoint reflectors with faint small comet 
tails, which are dispersed throughout the 
vitreous)

•	 Synchysis scintillans caused by cholesterol 
crystals, which sink to the bottom of the liquefied 
vitreous body

•	 Vitreal degeneration (increase in echogenicity of 
the normal anechoic vitreous).

Vitreal degeneration is often seen during the pre-
surgical cataract ultrasound examination, with the fre-
quency depending on the cataract stage (in 100% of 
patients with hypermature cataracts). Fibrin tags, vit-
real membranes and a detached vitreous may appear 
as faint or clear hyperechoic lines or curvilinear con-
vex structures in the vitreal body. Vitreal membranes 
usually appear less echogenic than retinal detach-
ments, but may be difficult to differentiate.

Vertical plane ultrasonogram of the eye of a 
7-year-old Golden Retriever presented with a 

cataract. Note the increased echogenicity of the nucleus 
of the lens. There is a rupture of the posterior lens capsule 
indicated by the presence of lenticular tissue (arrowed) 
adjacent to the posterior lens capsule with interruption of 
the posterior lens capsule.

18.7

Luxation
In patients with subluxation of the lens, there is par-
tial rupture of the lens zonule. The position of the lens 
may be asymmetrical, but is still posterior to the iris 
and anterior to the vitreous (Figure 18.8a). With com-
plete lens luxation there is total rupture of the zonule, 
and the lens luxates anteriorly into the anterior cham-
ber or posteriorly into the vitreal cavity (Figure 18.8b). 
The luxated lens receives no nutrition and is there-
fore often cataractous. Lens luxation may occur due 

(a) Horizontal plane ultrasonogram of the right eye of an 8-year-old mixed-breed dog presented with cataracts 
and suspected lens luxation. Subluxation of the lens is indicated by its asymmetrical position within the anterior 

segment. The distance between the cornea and anterior lens capsule is wider at the medial aspect compared with the 
lateral aspect. (b) Horizontal plane ultrasonogram of the left eye. There is complete posterior luxation of the lens, which is 
located in the posterior chamber.

18.8

(b)(a)

Medial LateralMedial Lateral

Ch18 Ultra.indd   187 26/04/2012   15:50

Downloaded From Vet-eBooks.com



Chapter 18 Eyes

188

Haemorrhage
Haemorrhage may appear as multiple point-like  
echoes in a liquefied vitreous (Figure 18.9), but the 
appearance depends on the duration, severity and 
location of the bleeding. Acute haemorrhage may not 
be visible with ultrasonography for several days or 
until clots form. Vitreal haemorrhage is resolved slowly 
and a blood clot may present as a mass, mimicking a 
tumour. Fibrous strands may develop after resorption 
of the blood and can cause tractional retinal detach-
ment. Haemorrhage is often traumatic in origin, 
although coagulopathies should be considered. A per-
sistent hyaloid artery may bleed into the vitreous in 
young animals.

referred to as ‘seagull wings’ or ‘morning glory’ (Figure 
18.10). Over time the detached retinal membrane 
becomes thickened, rigid and more echogenic, and 
moves towards the centre of the vitreous (funnel reti-
nal detachment). Echogenic subretinal fluid (Figure 
18.11) may be caused by haemorrhage or exudate 
due to chorioretinitis. Causes for retinal detachment 
include trauma, inflammation, tumours or systemic 
hypertension. Patients with hypermature cataracts 
may develop retinal detachment due to traction and 
tearing caused by the shrinking lens.

Ultrasonogram of the eye of a 9-year-old Golden 
Retriever presented with hyphaema. The 

anterior chamber and the vitreous body are echogenic 
due to the presence of blood cells. The echogenic 
structures visible within the anterior and posterior aspect 
of the lens are compatible with a cataract.

18.9

Retina
Many retinal diseases show no ultrasonographic 
changes. However, retinal detachment has a charac-
teristic appearance. The retina is normally firmly 
attached to the optic nerve and the ora serrata, so in 
patients with retinal detachment, the retinal layers will 
always stay attached to these two points. Ultraso no-
graphically, focal or entire retinal detachment is visible 
as a curvilinear hyperechoic line(s) separated from 
the choroid by anechoic or echogenic fluid. Focal reti-
nal detachment can occur in various locations and 
may be only a few millimetres long. A total retinal 
detachment is V-shaped, and is often descriptively 

Vertical plane ultrasonogram of the eye of a 
5-year-old Labrador Retriever with a cataract 

presented for preoperative evaluation. There is a total 
V-shaped retinal detachment (arrowed). Within the anterior 
segment of the eye, an oblique section of the complete 
opacified lens is visible.

18.10

Horizontal plane ultrasonogram of the eye of a 
6-year-old Boxer presented with glaucoma. 

There is an elevation of the retina visible on the medial 
and lateral aspects of the globe (arrowed). The subretinal 
material appears echogenic, compatible with subretinal 
bleeding.

18.11
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Endophthalmitis and scleritis
Endophthalmitis is inflammation of all intraocular 
struc  tures. The ultrasonographic appearance may be 
similar to haemorrhage, with echoes within either the 
vitreous or the echogenic subretinal fluid. In follow-up 
examinations the inflammatory echoes appear to 
become organized faster then those associated with 
haemorrhage and produce vitreous mem branes 
more often.

Persistent hyperplastic tunica vasculosa lentis/
hyperplastic primary vitreous
In this congenital disease, the primary vitreous (hya-
loid artery and posterior tunica vasculosa lentis) fails 
to regress completely after birth. It has been reported 
to be an inherited disease in the Dobermann and 
Miniature Schnauzer, but has also been described in 
other breeds and in cats. The lens shows a hyper-
echoic nucleus with a triangular-shaped, echodense, 
retrolenticular structure (Figure 18.12a). A persistent 
hyaloid artery appears as a very thin or funnel-shaped 

(a) Horizontal plane ultrasonogram of the eye of 
a 1-year-old Dobermann presented with a 

left-sided cataract and suspected microphthalmia. A small 
hyperechoic lens (L) is visible with a linear hyperechoic 
strand running from the posterior aspect of the lens to the 
optic nerve head. Note the triangular-shaped posterior 
lens capsule showing mild lenticonus. (b) Horizontal 
plane ultrasonogram of the eye of a 9-month-old mixed-
breed dog with a cataract and suspected microphthalmia. 
There is a hyperechoic linear strand running from the 
posterior aspect of the lens to the optic nerve head. Note 
the increased echogenicity at the medial aspect of the 
posterior lens nucleus and the power Doppler signal 
within the hyperechoic strand. These findings are 
compatible with a cataract and patent hyaloid artery.

18.12

retrolenticular hyperechoic strand, which is visible 
penetrating the anechoic vitreous from the retrolentic-
ular tissue to the area of the optic nerve. Using colour 
or power Doppler imaging, blood flow may be evident 
in parts of the retina and the hyperechoic strand 
(Figure 18.12b). Concurrent microphthalmia, cataract 
formation and retrolenticular connective tissue have 
been reported in these patients.

Foreign bodies
The ultrasonographic appearance of an intraocular for-
eign body depends on the type and shape of the for-
eign material and its location. Most foreign bodies 
found in animals are plant materials (grass awns, 
wooden pieces), recognizable as hyperechoic struc-
tures with acoustic shadowing. However, not all foreign 
bodies show acoustic shadowing and normal intra   -
ocular structures may mimic foreign bodies. Metal, 
such as bullets, show the typical comet-ring artefact.

Neoplasia
Intraocular neoplasia occurs regularly in dogs and 
cats and may mimic or induce ocular inflammatory 
disease, and can cause hyphaema and/or second-
ary glaucoma. Early diagnosis is important for  
suc cessful management and choice of therapy. In tra  -
ocular tumours may present as focal echogenic 
mass lesions or as diffuse infiltrative disease. They 
may arise from the conjunctiva, including the nictitat-
ing membrane, from the cornea, iris and ciliary body, 
or from the scleroretinal rim; the iris and ciliary body 
are the most common sites of origin. The iris is most 
often affected by limbal or uveal tract melanoma, 
whereas ciliary body neoplasia is more often caused 
by lymphoma, adenocarcinoma, adenoma, medullo-
epithelioma or metastatic disease. Limbal mass 
lesions (Figure 18.13a) may be evaluated ultraso no-
graphically for depth and extension to the ciliary 
body or iris. Differentiation of neoplasms from blood 
clots and granulomas may be made by colour 
Doppler examination, since neoplasms are vascular-
ized (Figure 18.13b).

(b)

L

(a)

(a)

(a) Horizontal plane ultrasonogram of the 
anterior aspect of the eye of a 7-year-old 

Flat-coated Retriever. Note the echogenic thickening of 
the medial aspect of the iris, extending to the ciliary body. 
The echogenic and enlarged iris/ciliary body are 
compatible with neoplasia, such as melanoma or 
adenocarcinoma. (continues)

18.13
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Orbital abnormalities

The location and extent of a soft tissue or cystic 
lesion, deviation and/or changes in the shape of the 
globe and orbital structures, appearance of the nor-
mal orbital structures, and in some cases bone 
destruction may be evaluated ultrasonographically. 
Identification of an enlarged optic nerve sheath com-
plex on ultrasonography may be used to diagnose 
increased intracranial pressure. Ultrasonography can 
also be used to guide real-time fine-needle aspiration 
or core tissue biopsy of orbital lesions, as well as to 
aid removal of orbital foreign bodies.

Cellulitis, abscess formation and foreign 
bodies
Tooth root abscesses, trauma, foreign bodies and 
extension of sinusitis may result in orbital inflamma-
tion, with or without abscess formation. Inflammation 
may also occur from haematogenous, trans-scleral, 
or transmucosal disease or laceration. Diffuse orbital 
cellulitis results in a generalized loss of definition of 
the hypoechoic optic nerve, extraocular muscles and 
other orbital tissues (Figure 18.14). Cellulitis can also 

produce focal mass lesions which may be mistaken 
for neoplasms. Hypoechoic and homogeneous mass 
lesions with well delineated margins, proven on histo-
logical examination to be granulomatous inflamma-
tion, have been described as orbital pseudotumours. 
Abscesses are variable in appearance and may be 
seen as mass lesions with well defined or ill defined 
echogenic walls, smooth or ragged internal margins, 
and echogenic to hypoechoic fluctuant content 
(Figure 18.15). Fungal cellulitis, such as that due to 
aspergillosis, has been associated with bone lysis.

(continued) (b) Horizontal plane ultrasonogram 
of the eye of a 4-year-old Shih Tzu suspected of 

having a ciliary tumour. Colour flow Doppler demonstrates 
vascularization within a limbal mass at the lateral aspect of 
the ciliary body. Pathology confirmed a limbal melanoma.

18.13

Horizontal plane ultrasonogram of the orbit of a 
7-year-old mixed-breed dog presented with 

painful unilateral exophthalmos. The orbital fat (*) is more 
hyperattenuating and the optic nerve and extraocular 
muscles are less well defined than usual. The optic head 
is mildly elevated (arrowed). These changes are 
suggestive of orbital inflammation.

18.14

*

Transverse image of the orbit of a 3-year-old 
Domestic Shorthaired cat from a dorsal 

approach. The near-field shows an indention (arrowed) of 
the posterior aspect of the scleroretinal rim. Note the mass 
lesion (M), which has a thick and irregular echogenic wall 
surrounding a more hypoechoic centre. These changes 
are compatible with an abscess.

18.15

M

(b)

Myositis
Masticatory muscle myositis produces similar ultra-
sonographic changes to those described for orbital 
cellulitis, but is more often bilateral. The history and 
clinical examination may help to differentiate these 
diseases. In extraocular polymyositis, one or more 
extraocular muscles may be severely thickened and 
hypoechoic (Figure 18.16). Unilateral or bilateral thick-
ening of the extraocular muscles usually only occurs 
with immune-mediated myopathy, but a case of infil-
trative lymphoma has been reported. Optic neuritis is 
the inflammation of one or both optic nerves, and may 
be a primary disease or secondary to systemic cen-
tral nervous system disease. The optic nerve often 
has a normal appearance on ultrasonography, but 
may also appear thickened and hypoechoic.
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Cystic disease and haematomas
Orbital cysts, arising from epithelial or glandular tis-
sue (lacrimal gland, gland of the nictitating mem-
brane, zygomatic gland or mucosa of the paranasal 
sinus, conjunctiva or nasolacrimal apparatus), may 
be caused by trauma, blocked salivary ducts or 
infection. On ultrasonography, the orbital cyst or 
haematoma shows an echogenic thin wall with 
echogenic to anechoic fluctuant contents. The sur-
rounding structures may show loss of definition.

Zygomatic sialocele and sialoadenitis
Ultrasonograms of zygomatic sialoadenitis and sialo-
cele show the enlarged gland with a mixed echogenic 
or mainly hypoechoic pattern. Depending on the 
severity of the disease there may be ocular involve-
ment with signs of endophthalmitis. In severe cases 
abscess and/or mucocele formation may be appreci-
ated as fluctuant contents within the gland. Possible 
causes are immune-mediated disease, trauma, sys-
temic or localized infection.

Neoplasia
Orbital tumours may be primary, arising from the 
soft tissues within the orbital space or from the adja-
cent skull, or secondary to local extension into the 
orbit from the nasal cavity, paranasal sinuses, or 
oral cavity. These tumours are mostly unilateral, 
whereas metastatic orbital neoplasia from distant 
sites may be unilateral or bilateral. Differentiation 
between neoplastic and non-neoplastic disease may 
be difficult. However, typically, neoplastic disease 
appears as a well defined hypoechoic to echogenic, 
non-fluctuant mass lesion. Depending on the exten-
sion and location of the orbital tumour, indentation 
of the globe may also be appreciated (Figure 18.17). 
Osteogenic tumours or chondrosarcoma of the skull 
appear as very echogenic mass lesions with distal 
acoustic shadowing. Diffusely growing neoplasms 

only alter the echogenicity of the orbital structures 
and may be difficult to recognize. Bone lysis is diag-
nosed when the hyperechoic delineation of the 
orbital wall shows interruptions (Figure 18.18) and 
new bone formation is recognized when the bone 
margins are irregular. Optic nerve or optic nerve 
sheath tumours (meningioma, glioma) have been 
described as round, well defined echogenic to hypo-
echoic mass lesions caudal to the posterior aspect 
of the globe, sometimes also causing enlargement 
of the optic disc (Figure 18.19).

Horizontal plane ultrasonogram of the orbit of a 
3-year-old mixed-breed dog presented with 

painful bilateral exophthalmos. Note the severe thickening 
and hypoechoic appearance of the extraocular muscles 
(*), together with the ill defined margins. In addition, the 
orbital fat appears more hyperattenuating than usual. 
These changes are compatible with extraocular 
polymyositis. Differential diagnosis includes lymphoma of 
the extraocular muscles. (Courtesy of the Department of 
Surgical and Radiological Sciences, University of 
California-Davis)

18.16

*

Longitudinal plane ultrasonogram, from a dorsal 
approach, of the orbital space of a 9-year-old 

Irish Terrier presented with non-painful unilateral left-sided 
exophthalmos. There is a well defined hypoechoic mass 
(M) visible at the caudal aspect of the eye with indention 
of the posterior aspect of the globe. The well defined 
margins and hypoechoic aspect should raise suspicion for 
neoplasia.

18.17

M

(a) Transverse image, from a dorsal approach 
caudal to the eye, of a 10-year-old Siberian 

Husky presented for mild unilateral left-sided nasal 
discharge and exophthalmos. Left: the normal right orbital 
space is shown using the temporal muscles as an 
acoustic window. Note the hyperechoic line (arrowed) 
representing the medial orbital wall. Right: the abnormal 
left orbital space. Note the irregular hypoechoic mass 
extending medially beyond the margins of the medial 
orbital wall. There are interruptions within the hyperechoic 
margin of the medial orbital wall (arrowed), representing 
severe osteolysis. (continues)

18.18
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(continued) (b) Transverse CT image illustrating 
the extension of the bony lysis and mass lesion. 

Pathology confirmed an adenocarcinoma.

18.18

(b)

Horizontal plane ultrasonogram of the eye of a 
4-year-old Welsh Springer Spaniel showing a 

severe hypoechoic thickening of the optic nerve head 
(arrowed) and proximal optic nerve. Differential diagnoses 
include granulomatous optic nerve neuritis and neoplasia. 
Pathology confirmed the diagnosis of a meningioma.

18.19
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Thyroid and parathyroid glands
Olivier Taeymans

Indications

The indications for ultrasonography of the thyroid and 
parathyroid glands include:

•	 The presence of a space-occupying lesion of 
unknown origin

•	 To differentiate solid from cystic thyroid masses
•	 To stage a thyroid mass
•	 To search for ectopic thyroid tissue
•	 To document primary hypothyroidism in dogs
•	 To differentiate canine primary hypothyroidism 

from euthyroid sick syndrome
•	 To document a goitre
•	 To assess thyroid size before radioiodine 

treatment of thyroid tumours
•	 Treatment planning and monitoring of thyroid 

tumours
•	 Hypercalcaemia (and hypocalcaemia).

Value of ultrasonography compared 
with radiography and advanced 
imaging techniques

Ultrasonography has numerous advantages com-
pared with other imaging techniques. It is readily avail-
able, relatively inexpensive, usually does not require 
any sedation or general anaesthesia, is safe, and has 
a high inherent spatial and contrast resolution. It is 
possible to identify the thyroid and parathyroid glands 
ultrasonographically in normal dogs and cats, given 
careful technique and the availability of high resolution 
technology. In cases of disease, the size and structure 
of the thyroid and parathyroid glands can be evalu-
ated and the relationship with adjacent anatomical 
structures (including major blood vessels) determined.

However, image quality and interpretation is oper-
ator-dependant. Ultrasonography provides a limited 
field of view, resulting in difficulties determining the 
origin of large space-occupying lesions, and as the 
ultrasound beam does not penetrate gas-containing 
structures, the evaluation of the soft tissues dorsal to 
the trachea is limited. Similarly, ultrasonography has 
limited value in searching for intrathoracic ectopic thy-
roid tissue and pulmonary thyroid carcinoma metasta-
ses. Although ultrasonography has its limitations, it is 
routinely used as a first line imaging modality and 
often provides a diagnosis, especially when combined 
with ultrasound-guided aspiration.

Radiography has limited scope in the investigation 
of thyroid and parathyroid disease, but allows the 
detection of pulmonary metastases, as well as the 
skeletal changes which may occur with primary 
hyperparathyroidism. Computed tomography (CT) and 
magnetic resonance imaging (MRI) are less widely 
available, but offer advantages in the detailed evalua-
tion of the margins of a thyroid neoplasm, particularly 
when there is extension into the thoracic cavity and/or 
invasion of the surrounding tissues (trachea, oeso-
phagus, major blood vessels). CT is also more sensi-
tive than conventional radiography in the detection of 
pulmonary metastases. Scintigraphy is an imaging 
modality that allows detection of functional thyroid tis-
sue, and so offers advantages when searching for 
ectopic thyroid tissue or evaluating hyperthyroidism 
when there is no palpable goitre.

Imaging technique

Positioning
The patient should be positioned in dorsal recum-
bency with the neck in maximal extension. Maximal 
extension of the neck is obtained by having the dorsal 
aspect of the skull resting on the table. The patient’s 
front legs need to be pulled backwards to obtain good 
access to the more caudal aspect of the neck. Care 
should be taken to align the neck with the rest of the 
body, and to straighten the neck and head. This con-
siderably helps in recognizing the normal symmetrical 
anatomy of the neck. A high frequency (>10 MHz) lin-
ear transducer is recommended for ultrasonography 
of the neck.

Protocol
Both thyroid lobes are located along the dorsolateral 
aspect of the trachea, just caudal to the larynx and 
medial to the common carotid arteries. The sterno-
thyroid, sternocephalic and sternohyoid muscles de- 
lineate the thyroid lobes ventrally. The oesophagus 
can often be found just dorsal to the left thyroid lobe, 
although its location may be variable in the cranial 
neck. An isthmus, connecting the caudal aspect of 
both lobes and spanning the trachea ventrally, is 
almost never seen ultrasonographically but has been 
described on CT and MRI in dogs.

Location of the thyroid lobes is best achieved in 
the transverse plane. Once found, the thyroid lobe 
can be scanned along its long axis by rotating the 
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transducer through 90 degrees. This requires dexter-
ity, as the relatively small thyroid lobe is easily lost 
from the image during rotation of the probe. Alter-
natively, once the craniocaudal location of the thy roid 
lobe is identified on transverse images, the trans-
ducer can be placed in a longitudinal plane at this 
level within the jugular groove. Once the common 
carotid artery is identified and displayed in its entire 
length, the probe is slowly fanned medially. The thy-
roid lobe subsequently appears in a long-axis view. If 
the probe is fanned too far medially, a longitudinal 
image of the trachea is obtained. Minimal transducer 
pressure should be applied to avoid distortion of the 
anatomy. Care should be taken to scan the entire 
neck, including both the tongue base and thoracic 
inlet, for possible ectopic thyroid tissue.

Normal ultrasonographic 
appearance

In long-axis views, both thyroid lobes are fusiform in 
shape with a rounded cranial pole and a pointed cau-
dal end (Figure 19.1; see also Normal thyroid gland 
(1) clip on DVD). In transverse images, the lobes 
appear triangular to polygonal in shape (Figure 19.2; 
see also Normal thyroid gland (2) clip on DVD). 

Normal thyroid lobes have a homogeneous paren-
chyma, being slightly to moderately hyperechoic 
compared with the surrounding musculature. A well 
defined and smooth hyperechoic capsule outlines 
each lobe. The size of the lobe is directly correlated 
to the size of the patient. In Beagles the average size 
is 2.5 cm (L) x 0.5 cm (W) x 0.6 cm (H). On MRI, the 
thyroid lobe diameter corresponds to twice the dia-
meter of the common carotid artery in healthy dogs. 
Thyroid lobes in cats measure approximately 2.0 cm 
(L) x 0.2 cm (W) x 0.3 cm (H).

There are usually four parathyroid glands in dogs 
and cats, two on each side. The two most cranial 
glands are often seen in the extrathyroidal fascia of 
the thyroid gland (external parathyroid), and colour 
Doppler should be used to differentiate them from 
the cranial thyroid vein and artery. The two most cau-
dal glands are commonly embedded within the thy-
roid parenchyma (internal parathyroid), and should 
not be confused with small thyroid cysts. Their loca-
tion and number may vary significantly. The para- 
thyroid glands appear as discrete, well defined, small 
(2–3 mm), oval to round, hypoechoic to almost an-
echoic structures (Figure 19.3).

19.1 Longitudinal image of the left thyroid lobe 
(between the callipers) in a healthy Beagle. The 

thyroid lobe has a rounded cranial pole and a pointed 
caudal pole. Note the homogeneous, hyperechoic gland 
parenchyma compared with the surrounding musculature, 
and the hyperechoic smooth capsule. E = oesophagus;  
St = sternothyroid muscle.

Transverse image of the left thyroid lobe 
(between the callipers) in a healthy Beagle. The 

thyroid lobe has a polygonal to almost triangular shape.  
C = common carotid artery; E = oesophagus;  
Sc = sterno cephalic muscle; Sh = sternohyoid muscle;  
St = sterno thyroid muscle; T = trachea.

19.2

Longitudinal image of an external parathyroid 
gland (between the callipers) in a healthy dog. 

The gland measures 2 mm. E = oesophagus; T = thyroid 
lobe.

19.3

Thyroid gland abnormalities

Euthyroid sick syndrome
Ultrasonography is an extremely helpful tool in differ-
entiating euthyroid sick syndrome from true hypo-
thyroidism. Dogs with euthyroid sick syndrome have 
abnormal thyroid hormone levels as a result of a 
variety of diseases other than primary hypothyroid-
ism. It may be very difficult to differentiate euthyroid 
from hypothyroid patients, based on clinical findings 
and serum thyroid levels alone. In comparison with 
dogs with hypothyroidism, the thyroid gland in dogs 
with euthyroid sick syndrome has a normal appear-
ance on ultrasonography.

Hypothyroidism
A variable combination of diffusely small, irregular, 
hypoechoic and/or heterogeneous thyroid lobes 
characterize primary canine hypothyroidism (Figure 
19.4). Using a combination of these parameters, 
ultrasonography has a sensitivity of 94% in detecting 
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hypothyroidism. Thus, it is recommended that ultra-
sonography be utilized as an additional diagnostic 
tool in the often challenging diagnosis of hypo- 
thyroidism. After initiating treatment with thyroid hor-
mone supplementation, the thyroid lobes decrease 
in size over time and the ultrasonographic abnormal-
ities remain unchanged.

Neoplasia
Thyroid tumours (adenoma or carcinoma) in both 
dogs and cats are vascularized, hypoechoic and het-
erogeneous masses deforming the contour of the 
affected lobes. Almost all thyroid tumours in cats are 
adenomas (Figure 19.5), and anechoic necrotic cen-
tres are frequently seen in these often bilaterally 
occurring hypersecreting tumours.

In dogs, adenomas and carcinomas are equally 
distributed and can have the same ultrasonographic 
appearance. However, adenomas tend to remain 
undetected during life because they do not result in 
serum thyroid hormone abnormalities and are often 
small in size. Consequently, adenomas are often not 
palpated by the dog’s owner, do not tend to com-
press adjacent organs, resulting in the absence of 
respiratory or swallowing abnormalities, and do not 

Longitudinal image of an adenoma in the right 
thyroid lobe (between the callipers) in a cat. 

Note the multiple anechoic areas in the cranial aspect of 
the diffusely enlarged lobe. The remainder of the lobe is 
normal in echotexture and echogenicity. Power Doppler 
indicates mildly increased vasularization within the gland. 
The larger blood vessels at the cranial and caudal poles 
of the thyroid lobe represent the normal cranial and caudal 
thyroid arteries and veins.

19.5

Longitudinal image of a compact cellular thyroid 
carcinoma of the right thyroid lobe in a 10-year-

old Golden Retriever. The lobe contains multiple areas of 
dystrophic mineralization, suggesting the malignant nature 
of this neoplasm. Note the multiple anechoic areas of 
necrosis throughout the gland parenchyma. No capsule 
disruption or local tissue invasion were detected. The lobe 
measured 24 mm x 11 mm.

19.6

(a) Transverse and (b) longitudinal images of a 
thyroid lobe (between the callipers) of a dog 

with primary hypothyroidism. The lobe is mildly decreased 
in size, is isoechoic to almost hypoechoic compared with 
the surrounding muscles, has a heterogeneous 
parenchyma, an undulating and ill defined capsule, and 
has a rounded shape on transverse section. C = common 
carotid artery; St = sternothyroid muscle; T = trachea.

19.4

(b)

(a)

result in hyperthyroidism or hypothyroidism. On the 
other hand, rapid growth, large size, local tissue 
invasion, capsule disruption and foci of dystrophic 
mineralization are characteristic of malignancy 
(Figure 19.6). Unilateral carcinomas are found twice 
as often as bilateral carcinomas. When bilateral car-
cinomas are present, clinical signs of hypothyroid-
ism may occur as a result of destruction of the 
majority of the gland.

Cysts
Thyroid cysts appear as anechoic cavities of variable 
size, with or without septations. If small, the cysts can 
be confused with parathyroid glands. Thyroid cysts 
are rare and often considered incidental, but have 
been observed in dogs being treated for hypothyroid-
ism (Figure 19.7).
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Longitudinal image of a thyroid lobe (between 
the callipers) containing a cyst. The cyst was 

noted in a dog being treated for primary hypothyroidism. 
Note the faint distal enhancement dorsal to the cyst (*), 
together with side lobe artefacts (arrowheads).

19.7

*

Parathyroid gland abnormalities

Diseases affecting the parathyroid glands include:

•	 Diffuse hyperplasia
•	 Adenoma
•	 Adenomatous hyperplasia
•	 Adenocarcinoma (less common).

All these conditions are characterized by one or 
more enlarged parathyroid glands. Parathyroid 
tumours are usually solitary and >4 mm in diameter 
(average is 7 mm), whilst diffuse hyperplasia (seen in 
secondary hyperparathyroidism; Figure 19.8) involves 
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Longitudinal image of the left external 
parathyroid gland (between the callipers) in an 

11-year-old Samoyed with primary hyperparathyroidism. 
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normal parathyroid tissue. Histopathology confirmed the 
lesion was an adenoma.
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Longitudinal images of the (a) left and (b) right 
thyroid lobes with the corresponding external 

and internal parathyroid glands (between the callipers) in 
a 9-year-old Weimaraner with renal secondary 
hyperparathyroidism. The largest parathyroid gland 
measures 7.0 mm, the smallest measures 3.5 mm.

19.8

(a)

(b)

all parathyroid glands and results in a less pro-
nounced enlargement (range of 3–6 mm). Both ad e-
no mas and adenocarcinomas usually have a slightly 
increased echogenicity compared with the normal 
parathyroid tissue, but remain hypoechoic to the sur-
rounding thyroid tissue (Figure 19.9). Accuracy of 
ultrasonography for detecting a single adenoma in 
cases of primary hyperparathyroidism has been 
reported to be >90%. Due to overlap in size and 
appearance between secondary hyperplasia and pri-
mary adenomas, histopathology is necessary to make 
a definitive diagnosis.
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Musculoskeletal structures
Martin Kramer

Indications

Ultrasonography is an established method for the 
detection of muscle and tendon pathology. The ultra-
sonographic evaluation of joints and associated liga-
ments can also be performed in dogs and cats but is 
more technically challenging. Indications for ultra-
sonographic examination of musculoskeletal struc-
tures include:

•	 Diffuse or focal soft tissue swelling around a joint, 
long bone, tendon or muscle belly

•	 Atrophy of muscle
•	 Palpable thickening of a tendon
•	 Palpable defect in a tendon or muscle belly
•	 Abnormal range of movement of a joint
•	 Pain on manipulation of a joint
•	 Discharging sinus tract.

Value of ultrasonography compared 
with radiography and advanced 
imaging techniques

Radiography and ultrasonography are complemen-
tary techniques in the examination of the musculo-
skeletal system. Radiography allows evaluation of 
the bony structures, whereas ultrasonography can 
reveal changes in the soft tissues. Radiographic 
evaluation of joint pathology is limited to the detec-
tion of increased soft tissue swelling, bony sclerosis 
or lucency, and osteophyte or enthesophyte forma-
tion. Ultrasonography allows the evaluation of the 
soft tissue structures, especially the ligamentous and 
tendinous components of the joints. Differentiating 
subcutaneous oedema or cellulitis from limb swelling 
involving the muscles, tendons or joints is a major 
advantage of ultrasonography. Fracture healing as -
sess ment is typically reserved for radiography; how-
ever, ultrasonography can be used to assess callus 
development in certain fractures.

Computed tomography (CT) remains the method 
of choice for examining skeletal structures. It is also an 
excellent tool for scanning the musculoskeletal system 
as part of the pre-surgical planning for mass resec-
tion, in order to determine the margination and extent 
of the soft tissue mass and the possible involvement 
of the skeleton. For example, large lipomas can be 

better assessed with CT than with ultrasonography to 
determine their extent and invasiveness.

Magnetic resonance imaging (MRI) is an excellent 
diagnostic tool to examine the musculoskeletal sys-
tem. Usage of different imaging pulse sequences 
facilitates examination of tissues with variable con-
trast, tissue signal and slice orientation. It allows eval-
uation of all components of the joint, including bone 
and soft tissue structures (e.g. muscles, tendons, lig-
aments, menisci and joint fluid). Disadvantages of 
MRI are the high costs, the need for general anaes-
thesia and the current limited accessibility.

Imaging technique

Individual structures should be scanned in their 
entirety in both longitudinal and transverse planes. 
The examination should begin with the evaluation of 
structures that are easy to identify (so-called orienta-
tion points, e.g. muscle belly, tendon body, insertion 
of a tendon), in order to determine the origin and 
extent of abnormalities. The unaffected contralateral 
limb can be of great value for making comparisons 
when examining an unfamiliar structure, as well as to 
rule out normal variations. In general, anaesthesia or 
sedation of the patient is not necessary to perform 
standardized examinations for most of the larger 
joints (e.g. shoulder and stifle) unless they are pain-
ful to manipulate.

A high frequency (≥7.5 MHz) linear transducer is 
required to perform examination of tendons, ligaments 
and joints. The scan format and excellent near-field 
resolution of the linear probe are ideal for visualization 
of the fine structure of tendons, small superficial struc-
tures and ligaments. Curved array probes are gener-
ally reserved for deeper muscular structures.

Muscles

Normal ultrasonographic appearance
In longitudinal images the structure of normal mus-
cle appears hypoechoic with fine, oblique, hyper-
echoic striations. In cross-section, the appearance is 
hypoechoic with uniformly distributed hyperechoic 
foci (Figure 20.1). The overlying muscle fasciae are 
visible as a thin hyperechoic band.
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Muscular trauma
The appearance of muscular trauma depends on the 
age and severity of the injury. With complete muscle 
rupture, the uniform, striated echotexture of the mus-
cle structure is lost at the site of trauma (Figure 20.2). 
In an area of acute haemorrhage, the tissue can 
appear hypoechoic. If the rupture is more chronic, the 
region appears heterogeneous and has a mixed 
echotexture, indicating organization of the haem-
atoma. The muscle stumps have been described as 
cob-like, thickened, heterogeneous structures that are 
more echogenic than the surrounding tissue. A partial 
muscle rupture is visible as an incomplete loss of the 
normal echotexture. The changes are best interpreted 
in comparison with other unaffected muscle groups.

(a) Probe position for scanning of the supraspinatus insertion site on 
the major tubercle of the humerus in a longitudinal plane.  

(b) Longitudinal image of the normal supraspinatus muscle. Note the normal 
echotexture of the muscle; hypoechoic with hyperechoic stipples throughout. 
The short tendon (arrowed) is the hypoechoic structure above the hyperechoic, 
concave surface of the major tubercle (with acoustic shadowing).

20.1

Infraspinatus muscle rupture. Note the complete 
rupture of the muscle (thin arrows represent the 

muscle stump) with small hyperechoic structures 
representing the avulsed bone at the lateral aspect of the 
humerus (open arrow). The muscle has a complex, 
heterogeneous appearance at the rupture site.

20.2

(a)

(b)

Muscle fibrosis and atrophy
In fibrotic myopathies (e.g. gracilis, infraspinatus or 
quadriceps muscle) the normal echotexture disap-
pears almost completely, depending on the stage of 
the disease. The muscle becomes hyperechoic and 
shows a varying degree of heterogeneity. The sur-
rounding fascia is usually difficult to differentiate from 
the adjacent tissue. Muscle atrophy due to denerva-
tion or inactivity, on the other hand, is associated 
with only minimal changes in the echotexture. The 
echogenicity of the atrophic muscle is increased, but 
remains homogeneous.

Longitudinal image of the quadriceps muscle. 
Cellulitis is present in this dog, seen as a 

characteristic complex pattern of hypoechoic areas 
between hyperechoic bands of tissue.

20.3

Cellulitis
Inflammation of the connective tissue can lead to 
focal or diffuse hypoechoic areas in the subcutane-
ous tissue, which exhibit a heterogeneous echo-
genicity with indistinct borders (Figure 20.3).

Neoplasia
Soft tissue tumours of the musculoskeletal system 
can be differentiated into benign (e.g. lipoma) and 
malignant (e.g. leiomyosarcoma, fibrosarcoma, mast 
cell tumour). Both benign and malignant tumours 
can be detected using ultrasonography and are 
classified as solid, cystic or mixed lesions. Tumours 
often show mixed echogenicity, but can range from 
anechoic to hyperechoic with a homogeneous to 
heterogeneous echotexture. The tumour margins 
may or may not be clearly visible. When using 
Duplex or colour Doppler, malignant tumours tend to 
be hypervascular and the vessels within the tumour 
have a random distribution (Figure 20.4). Despite 
these findings, ultrasound-guided fine-needle aspi-
ration or biopsy is strongly recommended for any 
heterogeneous mass within the musculature to dif-
ferentiate an organizing haematoma or abscess 
from neoplasia.
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ent position. To obtain a perpendicular scan plane of 
the biceps tendon, the shoulder must be rotated out-
wards and abducted. This requires the aid of addi-
tional personnel to position both the patient and the 
limb properly.

Normal ultrasonographic appearance
In the longitudinal plane, the muscle (located distal 
to the shoulder joint) appears hypoechoic with a 
hyperechoic central line, representing the border 
between the two fused muscle bellies of the biceps. 
Hyperechoic lines extend from this central line and 
run at a slightly oblique angle to the longitudinal axis 
(fishbone pattern). In cross-section the shape of the 
muscle resembles a slice of tangerine.

After identification of the biceps muscle, the trans-
ducer should be moved proximally to the muscle–ten-
don interface. This interface appears continuous with 
the muscle because the typical hypoechoic pattern of 
the musculature extends a few millimetres beyond 
the beginning of the tendon structure. The next and 
most important step in the examination of the biceps 
tendon is imaging the tendon in the intertubercular 
groove of the humerus. The intertubercular ligament 
cannot be distinguished from the surrounding soft tis-
sue. The transverse plane is preferred for assessing 
changes in the tendinous tissue texture, the tendon 
sheath and the intertubercular groove.

The transducer should be rotated 90 degrees to 
the long axis of the limb, so that the lateral structures 
are displayed on the left side of the image and the 
medial structures on the right. A thin hypoechoic halo 
is visible surrounding the oval tendon, defined by the 
hyperechoic structure of the tendon sheath wall facing 
the transducer and the hyperechoic surface of the 
humerus on the side opposite the transducer (Figure 
20.6). The greater tubercle appears as a hyperechoic 
convex, smooth line on the left side of the image. It is 
more distinct than the lesser tubercle on the right side 
of the image, which is seen only as a small elevation 
of the reflective line on the surface of the bone. The 
intertubercular groove is visible as a mildly concave 
hyperechoic, smooth line continuous with the border 
of the tubercles.

Longitudinal image in the region of the perineal 
musculature. An adenocarcinoma (hypoechoic, 

heterogeneous mass with well defined margins) was 
diagnosed. Power Doppler ultrasonography shows the 
irregular tortuous pattern of the vessels, which raises the 
suspicion of malignancy.

20.4

Abscesses
Soft tissue abscesses of the musculoskeletal system 
appear as focal hypoechoic to anechoic, round to 
irregularly shaped structures. The content may be 
anechoic or of mixed echogenicity with hyperechoic 
foci floating within the fluid. Depending on the age of 
the abscess, a hyperechoic capsule of variable thick-
ness may be visible. Foreign bodies in the muscular 
tissue, such as wooden sticks, grass awns (Figure 
20.5) or metal objects (e.g. needles) are easily iden-
tified as hyperechoic structures if their size exceeds 
2–3 mm. In some cases abscesses appear as a 
hyperechoic double line with a more or less distinct 
hypoechoic, irregular area surrounding the foreign 
body (reactive tissue).

Transverse image of the biceps tendon within 
the intertubercular sulcus. The tendon (between 

the arrows) has a somewhat elliptical shape, is 
homogeneous and hyperechoic with a thin hypoechoic rim 
surrounding it.

20.6

Tendons

Biceps brachii muscle and tendon

Imaging technique
To examine this region, the animal should be placed 
in lateral recumbency with its legs toward the ultra-
sonographer, and the affected limb in a non-depend-

Longitudinal image of the quadriceps muscle. 
An abscess (well delineated, hypoechoic fluid 

pocket) with a hyperechoic foreign body (arrowed) is 
present. Plant material was diagnosed.

20.5
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The final step is the longitudinal examination, per-
formed by following the tendon across the joint to its 
origin on the supraglenoid tubercle (hyperechoic, 
convex structure) (Figure 20.7). Distally, the small 
hypoechoic to anechoic area of the joint space can 
be distinguished. Due to the tendon curvature, its 
hyperechoic margins can only be visualized when the 
transducer is positioned perpendicular to the tendon.

(a) Biceps muscle and tendon. The probe is 
positioned to scan the origin of the biceps 

brachii muscle over the supraglenoid tubercle.   
(b) Longitudinal scan of the origin of the normal biceps 
brachii muscle at the supraglenoid tubercle of the shoulder 
(thin arrow represents proximal humerus). The normal 
echotexture of the biceps tendon is seen. Note the uniform 
and parallel tendon fibre alignment and homogeneity of the 
tendon structure (open arrows).

20.7

(a)

(b)

Tenosynovitis
Tenosynovitis of the biceps brachii tendon can be 
due to trauma, degeneration or neoplasia of the ten-
don. It can also occur secondary to osteoarthritis or 
osteochondrosis of the shoulder joint.

Tendon sheath effusion appears as a hypoechoic 
to anechoic area surrounding the affected tendon. 
The effusion can range from mild to severe and is 
well visualized in cross-sectional scans at the level of 
the intertubercular groove. The tendon appears mildly 
to severely thickened. Assessment of tendon size is 
aided by examination of the unaffected contralateral 
limb. The wall of the tendon sheath is clearly visible 
as a hyperechoic line, representing the border be-
tween the fluid and the surrounding musculature 
(Figure 20.8).

The intertubercular groove should be examined for 
the presence of osteophytes. These lie on the ventral 
aspect of the tendon and appear as hyperechoic, 
more or less concave, smooth, curved structures with 

Biceps brachii tenosynovitis caused by a partial 
tendon rupture. Transverse scan at the level of 

the intertubercular groove. The fluid-filled tendon sheath 
and the heterogeneous tendon are visible. A small piece 
of bone (arrowed) (from the supraglenoid tubercle) is 
visible as a hyperechoic structure with acoustic 
shadowing in the tendon sheath.

20.8

acoustic shadowing. These osteoarthritic changes 
can be found in almost one-third of dogs with teno-
synovitis and indicate the chronicity of the disease.

Complete and partial tendon rupture
Most tendon ruptures are secondary to trauma. 
However, approximately 5–10% of dogs with ultra-
sonographically diagnosed tenosynovitis have com-
plete rupture of the tendon. With complete rupture, 
the homogeneous parallel, fibrillar structure of the 
tendon is lost. An anechoic to hypoechoic region 
(haematoma) between the tendon stumps is a fre-
quent finding. The distal stump appears oedema-
tous, hypoechoic to hyperechoic (mixed echotexture) 
and heterogeneous. A moderate to severe tendon 
sheath effusion may also be observed.

Partial ruptures occur most frequently in the area 
of the supraglenoid tubercle. Slightly >10% of the 
cases have underlying tenosynovitis (Figure 20.9). 
Multiple, small hyperechoic bone fragments with 
acoustic shadowing are visible within the tendon at 
the site of avulsion. The tendon tissue appears 
oedematous, hypoechoic and mildly to moderately 
heterogeneous. In contrast to a complete rupture, 
areas of tendon tissue displaying a normal fibrillar 

Partial rupture (arrowed) of the biceps tendon. 
Transverse scan of the biceps brachii tendon 

over the intertubercular groove. Accumulation of anechoic 
fluid in the tendon sheath (open arrow) is consistent with 
chronic tenosynovitis and synovitis.

20.9
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echotexture can be found in the transverse image. 
The partial rupture appears as an anechoic focus in 
the rounded tendon. Tendon sheath effusion is visi-
ble as an anechoic margin surrounding the tendon. 
The prognosis of a partial or complete rupture of the 
biceps brachii tendon in medium sized and large 
dogs is good with surgical repair.

Luxation of the biceps tendon
Rupture of the transverse ligament results in luxation 
of the tendon over the lesser tubercle. In the trans-
verse plane, the tendon is not located in the inter-
tubercular groove. The round tendon with its typical 
fibrillar echotexture can be seen medially, in the 
region of the lesser tubercle. During a dynamic exam-
ination (rotating the limb internally and externally) the 
tendon slides back into the groove. The ruptured liga-
ment itself cannot be visualized ultrasonographically.

Achilles tendon

Imaging technique
Ultrasonographic examination of the Achilles tendon 
is performed in a standardized fashion with the tarso-
crural joint slightly flexed, thus increasing the tension 
in the tendon.

Normal ultrasonographic appearance
Initially, a longitudinal scan is performed by placing 
the probe over the calcaneus at the insertion site of 
the tendon (Figure 20.10a). The transducer is then 
moved proximally in order to examine the whole 
structure as well as the musculotendinous junction 
and the muscles. Cross-sectional plane images are 

generally obtained at the site where abnormalities 
are detected. A longitudinal image taken directly over 
the tuber calcanei shows the surface of the calca-
neus as a convex hyperechoic line with distal acous-
tic shadowing (Figure 20.10b). Immediately proximal 
to this bony point of orientation, a 5 mm x 5 mm 
hypoechoic, ill defined area comes into view, which 
represents the bursa calcanei with its surrounding tis-
sue and the insertion of the tendon. The tendon 
appears as an echogenic, homogeneous structure 
with parallel hyperechoic lines (fibrillar texture). The 
peritendon is visible as a hyperechoic smooth band. 
Due to the hyperechoic borders, differentiation of the 
superficial from the deep portions of the tendon is 
easy. Further proximally, the muscles display the typi-
cal echotexture (see above). In transverse images, 
the Achilles tendon is seen as a moderately echo-
genic round structure with multiple small hyperechoic 
dots. The peritendon is visible as a hyperechoic line.

Rupture
Achilles tendon injuries are uncommon in small ani-
mals, and are usually the result of direct trauma. A 
partial or complete rupture of the Achilles tendon 
looks similar to that of the biceps brachii tendon 
(Figure 20.11).

(a) The probe is positioned to scan the insertion 
region of the Achilles tendon over the calcaneus. 

(b) Longitudinal scan of the normal insertion site of the 
Achilles tendon. The normal tendon echotexture of the deep 
and superficial parts of the Achilles tendon is clearly seen 
proximal to the hyperechoic surface of the calcaneus (C; 
acoustic shadowing behind the bony surface). The hypo-
echoic region in the area of the insertion of the deep part of 
the tendon to the calcaneus represents the bursa (arrowed).

20.10

(b)

(a)

(a) Achilles tendon rupture. There is complete 
interruption of the tendon echotexture. On the 

right side of the image a hypoechoic, irregular mass 
(haematoma) is visible. (b) Longitudinal scan over the 
calcaneus (C) showing a chronic ruptured Achilles tendon 
(between the arrows). Heterogeneous, hypoechoic zones 
of tendon healing and small calcifications are visible and 
are indicative of the chronic nature of the disease.

20.11

(a)

(b)
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Monitoring healing: Using ultrasonography, the 
healing process of the Achilles tendon with or without 
surgical intervention can be readily observed. In the 
first 24 hours post-trauma, the haematoma between 
the ends of the tendon stumps appears hypoechoic 
to anechoic. Organization of the haematoma during 
the 1st and 2nd week leads to a more heterogeneous 
mass with echogenic areas. From the 2nd to 6th 
week, the diameter and the heterogeneity of the 
injured area increase. After 8 weeks, replacement tis-
sue begins to grow in a longitudinal direction and 
there is a decrease in both diameter and heterogene-
ity. The decrease in diameter is accompanied by the 
reappearance of the typical tendinous fibrillar echo-
texture. The healing process is generally completed 
10–12 weeks post-trauma. However, the injured 
Achilles tendon remains much less homogeneous in 
comparison with the unaffected tendon for a long 
period of time.

Displacement and luxation
Displacement of the superficial digital flexor tendon 
(medially or laterally) is mostly caused by trauma. Mild 
to severe lameness is seen clinically. The displace-
ment can be visualized ultrasonographically by obtain-
ing a transverse image above the hyperechoic convex 
structure representing the tuber calcanei and locating 
the malpositioned tendon. Nearly 10% of dogs with an 
injury of the Achilles tendon also have a luxation. 
Surgical repair consists of fixing the tendon over the 
tuber calcanei with sutures.

Calcifying tendinopathies and myopathies
In the condition referred to as calcifying tendinopathy 
of the abductor pollicis longus or the supraspinatus 
muscle, the calcium deposits are visible as hyper-
echoic, irregular dots displaying acoustic shadowing 
within the tendon tissue.

Bones

Imaging technique
In some instances, ultrasonography can be a helpful 
tool in gaining additional information on diseased 
bone. Images obtained with a linear probe are easier 
to assess than those gained with sector or convex 
transducers because the field of view is larger. The 
surface of a long bone is examined by placing the 
probe along the long axis of the bone. Compared with 
a transverse image this longitudinal view enables the 
examiner to assess a larger area of bone.

Normal ultrasonographic appearance
Due to the reflection and absorption of sound waves, 
bone appears as a very hyperechoic, continuous, 
smooth line with acoustic shadowing. The bony sur-
face of the sites of origin and insertion of the tendons 
and ligaments, appears as an irregularly delineated, 
hyperechoic area with acoustic shadowing. In the 
near-field the image of the skin–transducer interface 
can be seen as a hyperechoic zone. Superficial to the 
bony surface the typical echotexture of the soft tissue 
structures (muscles and tendons) comes into view.

Inflammation
Inflammatory processes (e.g. periostitis or osteomyeli-
tis) appear as hypoechoic, heterogeneous areas in 
the surrounding soft tissue, and if the cortex is 
destroyed, the bony surface (periosteum) appears 
uneven with multiple indentations, giving it a pallisad-
ing appearance. Although the alterations in the perio-
steum and underlying cortical bone are mainly 
assessed with ultrasonography, the underlying spongy 
bone can also be visualized when larger cortical 
defects are present. Radiography is crucial for 
assessing the depth of the lytic zone detected at the 
bony surface on ultrasonograms.

Fractures
Fractures of the long bones and the healing process, 
as well as the associated soft tissue damage (mus-
cle rupture, haematoma), can be assessed ultra-
sonographically (Figure 20.12). As there are no 
points of orientation, the exact relationship between 
the fractured ends is difficult to determine, and radio-
graphy is required for complete assessment. Ultra -
son ography can be used to evaluate secondary 
fracture healing in uncomplicated fractures and in 
instances of non-union and delayed union fractures. 
Power Doppler can be used to show neovasculariza-
tion in callus formation.

(b)

Longitudinal images showing fracture healing 
(grades 1–5) in a femur. (a) Grade 1. A fracture 

gap is present with a sharply defined, linear, hyperechoic 
bone fragment. Note the homogeneous, hypoechoic to 
anechoic areas of haematoma formation adjacent to the 
bone fragment and in the fracture gap. (b) Grade 2. 
Haematoma resorption is evident at the fracture site and 
heterogeneous tissue remains adjacent to the fracture. Note 
the margins of the fracture remain fairly sharp.

20.12

(a)
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Articular ligaments

Imaging technique
The articular ligaments of dogs and cats are usually 
very small and normally located close to the uneven 
bony surfaces of the joints, making ultrasonographic 
assessment difficult. Transducers with a frequency 
>12 MHz should be used and the examination must 
be performed directly perpendicular to the ligament.

Normal ultrasonographic appearance
In longitudinal images, ligaments appear as hyper-
echoic structures with a fibrillar echotexture (with the 
exception of the cranial cruciate ligament, which 
appears hypoechoic because of its tortuous struc-
ture). The articular surface is visible as an anechoic 
rim (cartilage and synovial fluid) above the hyper-
echoic, mostly convex, bony surface.

Ligament disorders
An acute rupture cannot always be seen ultrasono-
graphically, due to the small size of the ligaments in 
cats and dogs. However, a small anechoic haema-
toma in the traumatized area may be seen. If the 
injury is associated with avulsion, a bone fragment 
may be visible as a hyperechoic structure with acous-
tic shadowing within the reactive tissue. With chronic 
injuries, the ruptured end appears as a hyperechoic, 
irregular structure in the area of the insult (e.g. rup-
ture of the cranial cruciate ligament).

Joints

Joint examination has to be performed with a high 
frequency (>10 MHz) linear transducer. It is neces-
sary to clip the hair from the whole region of the 
joint to be examined. For the shoulder, elbow, hip 
and stifle joints, a standardized examination proce-
dure should be used to visualize the important 
structures and their diseases.

Shoulder
The standardized examination begins with scanning 
the supraspinatus and infraspinatus muscles down to 
their attachment sites at the major tubercle. Then the 
biceps brachii muscle is examined with maximum 
outward rotation of the shoulder (see above). In the 
final step, the intra-articular structures are examined 

(continued) (c) Grade 3. Fracture margins are 
irregular and blunted due to resorption. The early, 

non-ossified callus has a heterogeneous appearance and 
irregular contours. (continues) Longitudinal images showing 
fracture healing (grades 1–5) in a femur. (d) Grade 4. The 
callus is increasingly echogenic, continuous and laminar in 
appearance. The callus is still heterogeneous, which is 
consistent with immaturity and incomplete ossification. The 
callus surface is irregular. (e) Grade 5. The fracture is 
completely healed and a continuous hyperechoic contour 
can be identified bridging the fracture.

20.12

(d)

(e)

Longitudinal image of the dorsal bony surface 
of the distal radial metaphysis. An irregular 

bony surface with lysis and proliferation is seen. The soft 
tissue involvement is visible as a hypoechoic, 
heterogeneous area directly over the bone. The diagnosis 
was confirmed as osteosarcoma.

20.13

Neoplasia
Bone tumours that extend into the surrounding soft 
tissue can also be assessed ultrasonographically. 
They have a variable appearance ranging from ane-
choic to hyperechoic, and homogeneous to heteroge-
neous. Occasionally, detachment of the periosteum 
(Codman’s triangle) is seen. If the bony surface is 
destroyed the deeper portions of the bone can be vis-
ualized. Whether bone proliferation or bone lysis pre-
dominates, the surface of the bone is often markedly 
irregular (Figure 20.13).

(c)
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the bony margins of the joint due to synovial effu-
sions (Figure 20.15b). In the case of subluxation, the 
femoral head can be identified as a convex hyper -
echoic structure located dorsolaterally to the acetabu-
lum. Avascular necrosis of the femoral head results in 
an irregular, disrupted, convex, hyperechoic structure 
where the femoral head would generally be located.

Stifle
The patient is initially placed in lateral recumbency 
with the affected limb in a non-dependent position. 
The stifle joint is examined from proximal to distal. 
After scanning the cranial, caudal and lateral 
aspects of the joint, the patient is turned over to 
examine the medial aspect of the joint. A dynamic 
examination follows with flexion and extension, as 
well as inward and outward rotation, of the knee in 
the area of the menisci. The stifle examination can 
be divided into five main regions:

•	 Suprapatellar (quadriceps tendon, patella, 
proximal recess)

•	 Infrapatellar (patella and patellar ligament, medial 
and lateral femoral condyle, fat pad, cranial and 
caudal cruciate ligaments, synovium, capsule)

Longitudinal image of a septic shoulder joint. 
Osteomyelitis and synovitis are present. The 

normally hyperechoic convex surface of the humeral head 
(H) is now irregular and interrupted. It is surrounded by 
hypoechoic tissue, representing the inflamed synovium 
(arrowed).

20.14

by positioning the transducer craniocaudally and 
immediately distal to the acromion. The limited space 
usually does not allow a second image (perpendicu-
lar to the first) to be made. The joint is scanned by 
slowly adducting and simultaneously rotating the 
limb, whilst the probe remains in the same position. 
Subchondral defects caused by osteochondritis on 
the caudal part of the humeral head can be visual-
ized as concave irregular defects in the hyperechoic 
convex bone surface. Associated joint effusions 
appear as distended and hypoechoic areas between 
the hyperechoic margins of the capsule and the bone 
surface (Figure 20.14). In chronic osteoarthritis the 
capsule is seen as a hyperechoic thickened struc -
ture, and joint effusion is seen as a hypoechoic to 
anechoic area between capsule and bone surface.

(a) Longitudinal image of the normal hip joint. 
The smooth rounded hyperechoic surface of the 

femoral head is shown (arrowed). The joint space appears 
as a thin hypoechoic rim adjacent to the hyperechoic 
bony surface of the femoral head. (b) Longitudinal image 
of a hip joint with septic arthritis. Note the presence of 
heterogeneous, hypoechoic synovitis above the 
hyperechoic, convex line, which represents the bony 
surface of the femoral head (arrowed).

20.15

(b)

(a)

Elbow
The first step of the examination focuses on the lateral 
and caudal region of the elbow joint. The patient is 
placed in lateral recumbency with the elbow of inter-
est in a non-dependent position. The patient is then 
turned over, allowing assessment of the medial and 
cranial structures. In a normal joint the capsule and 
the synovial fluid cannot be visualized. In coronoid 
disease, kissing lesions and osteochondritis defects 
are seldom visualized with ultrasonography. Sec-
ondary osteoarthritic changes such as thickening of 
the capsule, joint effusion and osteophytes are easier 
to detect. Ununited anconeal processes, as well as 
metaplasia of the deep digital flexor muscle, are seen 
as hyperechoic structures with an acoustic shadow.

Hip
For ultrasonographic imaging of the hip joint, the ani-
mal is placed in lateral recumbency. The probe is 
placed laterally and longitudinally over the joint dorsal 
to the major trochanter. With a dynamic examination 
(slight movement in a cranial and caudal direction), 
the femoral head and adjacent structures can be 
examined (Figure 20.15a). Signs of osteoarthritis 
appear as for other joints, and occur most commonly 
secondary to hip dysplasia in the dog. In an infected, 
degenerative or traumatized joint, the hyperechoic 
capsule can be thickened and displaced away from 
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Infrapatellar view (transducer is rotated 
approximately 20 degrees laterally) of cruciate 

rupture. The ligament stump is seen as a small 
hyperechoic area with irregular margins (bottom arrow). 
The hypoechoic area around the stump represents the 
inflamed synovial tissue surrounding the ligament rupture. 
The top arrow indicates the area of the changed fatty 
body. PT = patellar ligament.

20.16

•	 Lateral (lateral collateral ligament, lateral 
meniscus, long digital extensor tendon, lateral 
fabella)

•	 Caudal (popliteal lymph node and popliteal 
vessels)

•	 Medial (medial collateral ligament, medial 
meniscus, medial fabella).

Osteoarthritis appears as in other joints and is 
best seen in the suprapatellar and infrapatellar 
regions. Osteochondrosis of the lateral femoral con-
dyle appears as an irregular concave defect in the 
convex hyperechoic structure of the condyle. The 
cruciate ligaments are best seen using a flexed infra-
patellar probe position. The normal cranial cruciate 
ligament is hypoechoic. With chronic cruciate rup-
ture, a hyperechoic area can be seen close to the 
insertion on the tibia (Figure 20.16). This structure 
represents part of the ligament and the surrounding 
hypoechoic haematoma and inflammation.

In the medial and lateral regions, the medial and 
lateral menisci can be visualized. A normal meniscus 
appears as a triangular structure of homogeneous, 
medium echogenicity located between the femoral 
condyle and the tibial plateau. Degeneration charac-
teristically results in a heterogeneous meniscus with 
hyperechoic and hypoechoic areas. Due to the diffi-
culty in seeing all parts of the medial and lateral 
menisci (internal portions), it is difficult to visualize 
partial or complete tears. The presence of a hyper-
echoic double line in the parenchyma often correlates 
with a mensical tear.

References and further reading
Arnault F, Cauvin E, Viguier E et al. (2009) Diagnostic value of 

ultrasonography to assess stifle lesions in dogs after cranial 
cruciate ligament rupture: 13 cases. Veterinary Compendium 
Orthopedic Traumatology 22, 479–485
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Superficial soft tissues
Federica Rossi

Indications

Ultrasonography of the superficial soft tissues is indi-
cated in order to:

•	 Further examine cutaneous and subcutaneous 
nodules or masses

•	 Differentiate nodules and masses from lymph 
nodes

•	 Examine the body wall
•	 Search for foreign bodies
•	 Examine the mammary glands
•	 Assess the body wall for defects (congenital or 

acquired).

Value of ultrasonography compared 
with radiography

Ultrasonography of the soft tissues is generally 
indicated when a soft tissue swelling is palpated or 
recognized radiographically. High frequency ultra-
sono graphy is a valuable tool for the evaluation of the 
skin and other superficial soft tissues affected by focal 
or diffuse conditions. A high frequency (10–15 MHz) 
linear transducer is required to obtain detailed images 
of these very superficial structures. 

Imaging technique

Clipping of the hair and the application of an abun-
dant quantity of coupling gel is necessary to obtain 
high quality images.

Normal ultrasonographic 
appearance

The normal ultrasonographic appearance of the 
superficial tissues is variable, depending on the loca-
tion, body condition and hydration status. Usually, 
some layering is recognized in the skin, correspond-
ing to the epidermal interface, the sum of the epider-
mis and dermis, and the subcutaneous tissue. The 
subcutaneous layer, composed of a mixture of fat and 
connective tissue, can be identified due to its hetero-
geneous hypoechoic pattern with linear hyperechoic 
bands. The fat is normally in contact with the deeper 
layer of the thoracic/abdominal wall or with the  
skeletal musculature, which shows variable thickness 
and a typical longitudinal striated pattern (Figure 
21.1). Depending on the area being examined, addi-
tional structures such as bones (e.g. ribs), glandular 
structures (e.g. mammary or salivary glands), lymph 
nodes, vessels and nerves can be identified.

Mammary glands

Normal ultrasonographic anatomy
The non-lactating mammary gland appears as a very 
thin layer of hypoechoic, homogeneous tissue without 
evidence of vessels or mammary ducts. During preg-
nancy, the amount of glandular tissue progressively 
increases, becoming clearly visible at the beginning of 
lactation. The margins of the lactating gland are more 
visible and the parenchyma shows a medium echo-
genicity with a coarse granular pattern (Figure 21.2; 
see also Lactating mammary gland clip on DVD), 
due to small hypoechoic areas separated by hypere-
choic thin lines corresponding to stroma. In addition, 
anechoic milk-filled ducts can be observed. Branches 
of the supplying arteries and veins are easily visual-
ized and can be distinguished from the ducts using 
colour Doppler ultrasonography.

Ultrasonogram of the normal superficial soft 
tissues at the level of the caudal abdominal 

ventral wall. The normal skin (SK), hypoechoic 
subcutaneous tissue (S) and abdominal wall musculature 
(M) are visible.

21.1

(a)

Lactating mammary gland. (a) The mammary 
gland tissue (MG) extends between the skin (S) 

and the abdominal wall musculature (M). It has a medium 
echogenicity with a coarse granular echotexture. (continues)

21.2
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Neoplasia
Ultrasonography can be used to evaluate tissue com-
position and vascularity of mammary gland neoplasia 
(Figure 21.4). A good correlation between the two-
dimensional (2D) greyscale ultrasonogram, colour 
Doppler appearance, and histopathological changes 
of benign and malignant lesions has been shown. 
Size, shape, echogenicity and echotexture, the pres-
ence of acoustic enhancement or shadowing, and the 
density and distribution of supplying vessels can be 
accurately represented.

(continued) Lactating mammary gland.  
(b,c) Colour Doppler ultrasonograms showing 

the abundant vasculature, and one round small structure 
without flow signal representing a dilated milk duct 
(arrowheads).

21.2

(b)

(c)

Mammary gland cysts. (a) These cysts appear 
as round anechoic structures. (b) There is no 

evidence of blood flow on colour Doppler ultrasonography.

21.3

(a)

(b)

Ultrasonographic findings of mammary gland 
neoplasia can be variable. (a) Small 

hypoechoic nodule with irregular margins. Diagnosis was 
confirmed as a mixed benign tumour. (b) Well marginated 
homogeneous nodule with some edge shadowing. 
Diagnosis was confirmed as an adenocarcinoma. (c,d) 
Irregular, heterogeneous mass with low vascularization. 
Diagnosis was confirmed as an inflammatory carcinoma.

21.4

(a)

(b)

(c)

(d)

Cysts
Cysts are anechoic, well marginated structures that 
are sometimes divided by thin septae (Figure 21.3; 
see also Mammary cysts clip on DVD). These 
lesions are sometimes visualized as incidental find-
ings in the mammary gland; however, they can also 
be found with tumours. If a cyst is identified, careful 
examination of the surrounding parenchyma is 
required to exclude more complex disease. Diff-
erentiating cystic tissue from mastitis is typically 
based on the absence of clinical findings of infection 
and inflammation.
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Compared with benign lesions, malignant tumours 
tend to be larger masses of more variable echogenic-
ity and heterogeneous pattern, and show more evi-
dent acoustic enhancement due to the frequent 
presence of necrotic areas. The distribution of vessels 
is variable with both central and peripheral flow being 
possible. Malignant tumours tend to have smaller total 
flow area with evidence of bifurcations and trifurca-
tions of the vessels. However, definitive differentiation 
between benign and malignant tumours is not possi-
ble on the basis of the ultrasonographic appearance 
alone; tissue sampling for cytology or histopathology 
is required. Cystic areas and foci of mineralization 
with shadowing can be observed with both benign 
and malignant lesions. Evaluation of local invasive-
ness to the surrounding tissue is another limitation of 
ultrasonography compared with histopathology.

In young intact queens with single or multiple 
mammary gland masses, benign fibroepithelial hyper-
plasia should be considered and differentiated from 
mastitis and malignant neoplasia. Ultrasonography 
can be helpful to recognize the benign nature of  
this condition. Fibroepithelial hyperplasia appears  
as homogeneous, hypoechoic lesions with regular  
margins and edge shadowing.

Mastitis
Mastitis is characterized by an increase in size and 
overall hypoechogenicity of the gland with heteroge-
neous areas. There is loss of regular arch itecture and 
of distinction of the gland from the surrounding sub-
cutaneous tissue and musculature. The presence of 
anechoic pockets and echogenic content is found in 
instances of abscess formation.

Superficial swellings and masses

Imaging a superficial swelling or mass is very useful 
to identify the location and involvement of adjacent 
tissue layers, and to evaluate its composition. This 
information is often sufficient to reach a final diagno-
sis. If not, ultrasound-guided aspiration or biopsy can 
be easily performed, allowing samples to be obtained 
from specific areas of the lesion. Ultrasonography is a 
focused examination technique that does not always 
allow the extent of a swelling or mass to be deter-
mined. In these instances, computed tomography 
(CT) is often necessary to determine the margination 
of a mass and its potential invasiveness.

Cavitary lesions
Subcutaneous cysts arising from sebaceous or other 
superficial glands are a frequent clinical finding; they 
can be differentiated from solid tumours by ultra-
sonography. Abscesses can originate from infected 
cysts or tissues. In dogs and cats, they are often the 
consequence of a migrating foreign body. The typical 
appearance of a cavitary lesion is a well marginated 
structure, delineated by an echogenic peripheral wall 
of variable thickness. The echogenicity of the content 
ranges from anechoic to hyperechoic foci or particles 
depending on the cellular density (Figure 21.5; see 
also Abscess clip on DVD). If an abscess is sus-
pected, careful evaluation of the content is important 
to identify the foreign body.

Typical ultrasonographic appearance of a 
subcutaneous abscess. The abscess was 

located in the cervical region. The lesion is well 
marginated and has a thick, slightly irregular hyperechoic 
wall and scattered echogenic content.

21.5

Foreign bodies
The ultrasonographic appearance of foreign bodies 
varies depending on size, shape and acoustic prop-
erties of the surface. Plant awns are visualized as 
linear spindle-shaped hyperechoic structures sur-
rounded by a hypoechoic halo, representing oedem-
atous tissue or collection of fluid. Often, two or three 
parallel reflecting interfaces are seen, corresponding 
to seeds and seed covers (Figure 21.6; see also 
Foreign body (1) and (2) clips on DVD).

The presence of acoustic shadowing is an impor-
tant feature to distinguish a foreign body from other 
hyperechoic bands or lines formed by fibrin or con-
nective tissue septae. A very careful examination of 
the area involved is important in these cases. 
Frequently, fistulous tracts are visualized as hypo-
echoic tubular bands, extending out into the sur-
rounding tissue and possibly communicating with the 
skin surface. They should be followed until the lesion 
is completely explored. This can be difficult, espe-
cially in chronic cases, when the lesion involves a 
large portion of the thoracic wall or sublumbar region. 
In these situations, performing a CT scan of the area 
before or after the ultrasonographic examination is 
very useful to identify the extent of the condition.

Subcutaneous foreign bodies. (a) Plant awn 
located under the 10th rib. The foreign body is 

visible as a linear spindle-shaped hyperechoic structure 
with multiple parallel reflecting interfaces, surrounded by a 
hypoechoic halo representing oedematous tissue. The 
hyperechoic interface on the left of the image corresponds 
to the pleural surface of the left caudal lung lobe 
(arrowheads). (continues) 

21.6

(a)
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Wooden, glass and metallic foreign bodies are 
less frequently encountered and their appearance 
ranges from medium echogenicity (wooden) to hyper-
echoic (glass, metal) with acoustic shadowing. They 
may also be associated with comet tail artefacts 
(metal). If a foreign body is identified, its retrieval and 
drainage of the abscess can sometimes be performed 
under direct ultrasonographic guidance. In other 
cases, intraoperative ultrasonography may be neces-
sary to assist the surgeon and visualize the position of 
the foreign body during dissection of the soft tissues.

Trauma and surgical wounds
Trauma (Figure 21.7; see also Abdominal wall 
injury (1) and (2) clips on DVD) and previous sur-
gery are indications to investigate superficial swell-

(continued) Lateral abdominal wall of a dog 
following a bite injury. (b) The muscular wall is 

interrupted. The two vertical white lines indicate the ends 
of the ruptured muscular wall. Through the gap, a small 
bowel loop is visible extending toward the subcutis 
(arrowheads).

21.7

Lateral abdominal wall of a dog following a bite 
injury. (a) The subcutaneous tissue is thickened 

and heterogeneous. Note that there are small bowel loops 
visible just under the skin (arrowed). (continues)

21.7

(b)

(b)

(continued) Subcutaneous foreign bodies.  
(b) Porcupine spine located in the deep part of 

the temporal muscle. The dog was presented with a fistula 
in the skin in the zygomatic region. The foreign body (FB) 
appears as a hyperechoic pointed structure with sharp 
margins. The tip of the foreign body (on the right) is in 
contact with the hyperechoic bone surface of the coronoid 
process of the mandible (arrowheads). The temporal 
muscle (TM) is heterogeneous due to the inflammatory 
process.

21.6

ing of the thoracic or abdominal wall. 
Ultrasonography is useful to identify complications 
in wound healing, including infection, suture failure 
and dehiscence with possible herniation of organs. 
Recent haemorrhage or subcutaneous haematoma 
appears as irregular anechoic to hypoechoic areas. 
The organization of the haematoma produces a het-
erogeneous appearance with mixed echogenicity. 
The integrity of the abdominal or thoracic wall mus-
culature can be assessed by ultrasonography. A gap 
in the continuous longitudinal hyperechoic muscular 
layer is an indication of an interruption of the muscu-
lature due to direct trauma or following dehiscence 
of a suture. Mesenteric fat or abdominal organs (e.g. 
intestinal loops) can be observed extending into the 
subcutaneous tissue if present.

Neoplasia
The role of ultrasonography in the evaluation of soft 
tissue superficial neoplasia is still under investiga-
tion in small animals. It is clear that 2D greyscale 
and Doppler ultrasonography are able to represent 
the morphology of the tumour with high accuracy, 
showing its shape, size, echogenicity, echotexture, 
margination and the presence and distribution of 
vessels (Figure 21.8; see also Soft tissue neo-
plasm (1) and (2) clips on DVD). However, using 
these parameters to distinguish between different 
types of neoplasia is not possible; therefore, biopsy 
of the lesion is always required.

Lipoma is the only tumour type which can be dis-
tinguished from other forms of neoplasia on ultra-
sonography. Lipomas are well marginated lesions with 
smooth margins, homogeneous and mostly isoechoic 
with the surrounding tissue, with a striated pattern 
produced by thin parallel hyperechoic lines (Figure 
21.9; see also Lipoma clip on DVD). They show a 
very low vascularity. However, lipomas, liposarcomas 
and infiltrative lipomas can all appear similar, empha-
sizing the need for tissue sampling. Fatty masses 
whose margins are difficult to assess ultrasonographi-
cally often require CT for pre-surgical planning.

(a)
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Typical ultrasonographic appearance of a 
lipoma. The mass is well marginated with 

smooth margins, homogeneous and mostly isoechoic with 
the surrounding tissue. Note also the striated pattern 
produced by thin parallel hyperechoic lines.

21.9

Large subcutaneous mass of the humeral region, histologically diagnosed as a peripheral nerve sheath tumour. 
(a) The mass is very heterogeneous with irregular hypoechoic and anechoic zones. (b) Many of these 

hypoechoic and anechoic zones represent vessels, as demonstrated on colour Doppler.

21.8

(a) (b)

Brachial plexus

The brachial plexus is formed by the contribution of 
several spinal nerves (sixth, seventh and eighth 
(sometimes with branches from the fifth) cervical 
nerves, and first and second thoracic nerves). After 
exiting the corresponding interverterbal foramina, 
these nerve roots join one another ventrally toward 
the axillary region, where the brachial plexus is local-
ized between scapula and the first ribs, close to the 
axillary artery and vein. The main nerves of the fore-
limb (suprascapular, subscapular, musculocutane-
ous, axillary, ulnar, median and radial) originate from 
the brachial plexus. The ultrasonographic anatomy of 
these nervous structures has been described in the 
dog. The scanning technique and ultrasonographic 
features are detailed in Figures 21.10 and 21.11.

Neoplasia
Neoplasia affecting the brachial plexus is mainly rep-
resented by peripheral nerve sheath tumours. Less 
frequent tumours are sarcomas arising from other soft 
tissues of the region and metastatic lesions. Ultra-
sonography of the brachial plexus region can be use-
ful in dogs with unexplained forelimb lameness. 
Per ipheral nerve sheath tumours increase the size of 
the brachial plexus roots, producing homogeneous, 
hypoechoic, tubular masses, extending between the 
vessels and deviating their course. They are typically 
poorly vascularized lesions. Doppler examination is 
useful to differentiate these lesions from elongated 
vascular structures.
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Recumbency Probe position Beam orientation View Features

Lateral – shoulder 
pulled caudally (area of 
interest in non-
dependent position)

Lateral aspect of the neck 
at the level of the C5–6, 
C6–7 and C7–T1 
intervertebral foramina

Longitudinal view: aligned 
perpendicular to the 
vertebral column with a 
mild (10–20 degree) 
ventrocaudal inclination
Transverse view: rotate 
probe 90 degrees from 
position for longitudinal 
view

Longitudinal and transverse 
views of the ventral branches 
of the sixth, seventh and 
eighth cervical spinal nerves

Close to the intervertebral 
foramina: single, round, 
hypoechoic structure 
surrounded by a 
hyperechoic rim (transverse 
view; Figure 21.11a); single, 
tubular, hypoechoic band 
located dorsally to the artery 
and vein (longitudinal view; 
Figure 21.11b). More 
distally, each nerve is 
formed by multiple small 
components (Figure 21.11c)

Aligned parallel to the 
lateral aspect of the first rib

Mildly caudal Transverse view showing the 
multiple branches of the 
brachial plexus

Multiple small, round, 
hypoechoic structures 
surrounded by a 
hyperechoic rim

Thoracic inlet window; 
parasagittal plane with the 
probe placed between the 
sternum and the shoulder

Caudal Transverse view of the 
brachial plexus close to the 
axillary artery and vein

Multiple small, round, 
hypoechoic structures 
surrounded by a 
hyperechoic rim (Figure 
21.11d) 

Dorsal – limb abducted In the axilla Dorsal (for both 
longitudinal and transverse 
views)

Transverse view of the 
branches of the brachial 
plexus (musculocutaneous, 
median and ulnar nerves) 
close to the axillary artery 
and vein

Multiple small, round, 
hypoechoic structures 
surrounded by a 
hyperechoic rim (Figure 
21.11e)

Lateral – flexed 
contralateral leg (area 
of interest in dependent 
position)

Medial aspect of the 
mid-humerus, then 
exploring the region from 
the axilla to the elbow

Transverse to the humerus 
(rotation of 90 degrees)

Transverse and longitudinal 
views of the 
musculocutaneous, median 
and ulnar nerves

Musculocutaneous nerve 
cranial to the brachial artery. 
Median and ulnar nerves 
between the brachial artery 
and vein

Mediocaudal aspect of the 
mid-humerus

Transverse to the humerus Transverse view of the radial 
nerve

Cluster of small, round, 
hypoechoic structures 
surrounded by a 
hyperechoic rim

Lateral (area of interest 
in non-dependent 
position)

Lateral aspect of the distal 
humerus

Transverse to the humerus Transverse view of the 
superficial branch of the 
radial nerve

Very small, round, 
hypoechoic structures

Scanning techniques and ultrasonographic features of the canine brachial plexus.21.10

Ultrasonograms of the lateral aspect of the neck, thoracic inlet and axillary region. The ventral branches of the sixth, 
seventh and eighth cervical spinal nerves contributing to the brachial plexus, and the major nerve components of 

the plexus can be identified with ultrasonography. (a) Transverse view of the sixth spinal nerve at the level of the intervertebral 
foramina. The nerve appears as a hypoechoic round structure of 1–2 mm diameter surrounded by a hyperechoic rim (circle). 
The hyperechoic interfaces produced by the transverse processes of the fifth and sixth vertebrae (arrowheads) are also 
visible. (b) Rotation of the probe through 90 degrees in a mild ventrocaudal direction enables the nerve to be seen in a 
longitudinal view. The nerve is seen as an elongated hypoechoic band (arrowheads). (continues)

21.11

(a) (b)
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(e)

Nerve sheath tumour of the brachial plexus. 
The tumour increases the size of the nerve 
root, producing a homogeneous, hypoechoic, 

tubular mass, which follows the path of the nerve.

21.12

(d)

(continued) Ultrasonograms of the lateral aspect 
of the neck, thoracic inlet and axillary region. The 

ventral branches of the sixth, seventh and eighth cervical 
spinal nerves contributing to the brachial plexus, and the 
major nerve components of the plexus can be identified 
with ultrasonography. (c) In a more distal position, the 
nerve appears to be formed by multiple adjacent branches 
(circle). (d) Brachial plexus as seen from a thoracic inlet 
window. The probe is aligned longitudinally between the 
sternum and the scapula. Multiple round, hypoechoic, 
nerve roots are visible. The axillary vein and artery are 
located close to the nerves but are not visible in this image. 
(e) Brachial plexus as seen from an axillary window. 
Multiple small nerve roots (arrowed) are located close to the 
axillary artery (a) and vein (v).

21.11

(c)

Axillary lymphadenomegaly is another important 
differential diagnosis. Enlarged lymph nodes have an 
oval/round shape, more defined border and typical 
hilar vascularization. Although ultrasonography is 
able to show peripheral nerve sheath tumours 
(Figure 21.12; see also Nerve sheath tumour in the 
brachial plexus clip on DVD) located in the axilla, 
the complete extent of these masses can be under-
estimated, especially if the lesion extends into the 
vertebral canal. CT or magnetic resonance imaging 
(MRI) is therefore required for full evaluation of the 

lesion and spinal cord for the complete staging of  
the tumour.

Ultrasound-guided biopsy is indicated if an axil-
lary mass is seen. Ultrasound-guided injection of a 
small quantity of anaesthetic around the nerve roots 
has been shown to be a simple and precise proce-
dure in dogs for performing regional nerve blocks.
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Index

Page numbers in italics refer to figures
● indicates clip on the accompanying DVD

Abdomen
 abnormalities  78–84
 comparison with radiography/CT/MRI  72
 emergencies  72
 equipment  74
 indications  72
 normal appearance  74–8
 patient preparation/positioning  72–3
 protocols  73
 wall  207
  injury  210  ●
 (see also specific organs and conditions)
Abdominocentesis  84
Abscesses
 liver  91
 lung  35
 muscle  200
 orbit  190
 pancreas  145
 prostate gland  169–70, 171  ●
 spleen  104
 subcutaneous  209  ●
Achilles tendon  202–3
Acoustic impedance  2–3
Acoustic power  17  ●
Acoustic windows  22–3
 heart  38, 40, 42
 kidney  111
 liver  86
 portosystemic shunts  97
 thoracic  30
Acute abdomen  72
Acute pancreatitis  142  ●
Adenocarcinoma
 adrenal gland  151
 lung  35
 mammary gland  208
 orbit  192
 pancreas  143
 perineal muscle  200
Adenoma, thyroid  195
Adhesions, duodenum  129
Adrenal glands
 abnormalities
  atrophy  153
  hyperplasia  150–1

  mineralization  150
  neoplasia  151–3  ●
  vascular invasion  153
 acoustic windows  22
 comparison with radiography/CT  147
 indications  147
 normal appearance  148–50  ●
 patient preparation/positioning  147–8
 sampling  153
 technique  147–8
Air filters, maintenance  20
A-mode display  3–4
Angiography, aortic root  57
Aorta
 angiography  57
 Doppler  10
 normal appearance  47, 77
Aortic stenosis  55–6
Aortic valve
normal appearance  47
vegetative lesion  63
Arrhythmogenic right ventricular cardiomyopathy  67
Artefacts  6–8, 12–13
Arteriovenous fistula  98
Arthritis, hip  205
Ascites  79
Aspiration see Fine-needle aspiration
Atelectasis (lung)  34, 35
Atrial septal defects  52–3  ●
Atrioventricular canal defect  60

Beam angle see Sector angle
Benign nodular hyperplasia, spleen  105
Benign prostatic hyperplasia  167  ●
Biceps brachii muscle/tendon
 abnormalities  201–2
 normal appearance  200–1
 technique  200
Biliary tract  93–6
 (see also Gallbladder, Liver and specific conditions)
Biopsy
 colon  138
 complications 27–8  
 equipment  24–5
 kidney  123
 liver  98
 prostate gland  170
 techniques  26–7, 28
 urinary bladder/urethra  163
Bite injury  210
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Bladder see Urinary bladder
Blood pressure, Doppler studies  49–50
B-mode display  4
Body wall hernia/rupture  78
Bones  
 abnormalities  203–4
 acoustic impedance  3
 normal appearance  203
 technique  203
 (see also specific bones)
Brachial plexus  211–13  ●
Bubble study echocardiography  51  ●

Calculi
 prostate gland  170
 urinary bladder  159  ●
 (see also Urolithiasis)
Carcinoma
 colon  137   ●
 jejunum  133
 kidney  121
 liver  90, 92  ●
 lung  35
 mammary gland  208
 prostate gland  82  ●
 spleen  106
 stomach  128  ●
 thyroid  195
 urethra  162
Carcinomatosis, abdominal  81
Cardiac tamponade  68
Cataracts  186, 189
Cellulitis
 muscle  199
 orbit  190
Chemodectoma  68
Chest wall
 lesions  31
 normal appearance  30–1
Cholangiohepatitis  88
Cholecystitis  95
Cholecystocentesis  98
Cholecystography  28
Cholelithiasis  93–4
Cholestasis  94  ●
Chordae tendinae  47  ●
Chronic interstitial nephritis  117
Chronic kidney disease, cat  ●
Chronic pancreatitis  142–3  ●
Chylothorax  32
Colitis  137
Colon
 abnormalities
  diffuse lesions  137
  focal lesions  137–8
  intussusception  138  
  perforation  138
 acoustic windows  22
 normal appearance  136
 patient preparation/positioning  136 
Constrictive pericarditis  68
Contrast media  13, 14
Cor triatriatum  60
Core tissue biopsy (CTB) see Biopsy

Corneal disease  185
Cruciate ligaments  206
Cryptorchidism  180
Cystic endometrial hyperplasia  175
Cystitis  160, 162
Cystocentesis  163
Cysts
 eye/orbit  185, 191
 kidney  119–20
 liver  92
 mammary glands  208  ●
 mediastinal  33
 ovaries  178
 pancreas  144
 prostate gland  169, 171  ●
 subcutaneous  209
 testes  181
 thyroid  195–6
 

Diaphragm
 hernia/rupture  33–4, 79
 normal appearance  74
DICOM  19
Dilated cardiomyopathy  63–4
 screening programme  69
Doppler ultrasonography
 abdomen  74
 applications  20, 38
 artefacts  12–13
 atrial septal defect  52
 caudal vena cava  78
 ciliary tumour  190
 colour  11
 continuous wave  10
 dilated cardiomyopathy  64
 hypertrophic cardiomyopathy  65, 66
 intussusception  134
 iridociliary cysts  185
 jejunum  131
 lactation  208
 mammary gland cysts  208
 mitral valve  45, 62
 patent ductus arteriosus  48, 50
 perineal adenocarcinoma  200
 peripheral nerve sheath tumour  211
 phaeochromocytoma  152
 physical principles  9–10
 portal vein  78, 98
 power  11, 12
 prostate gland  166
 pulmonary artery  49–50
 pulmonic stenosis  57, 58
 pulsed wave  10
 renal arcuate arteries  111–12
 renal infarction  120
 spectral  10–11
 splenic vein  103, 108
 subaortic stenosis  39, 55, 56
 subcutaneous neoplasia  210
 thrombi  82, 153
 tricuspid valve  51, 59
 urine jet  158
 ventricular septal defect  54
 vitreous  189
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Duodenum
 abnormalities
  diffuse lesions  130
  focal lesions  130–1
  functional problems  129
 acoustic windows  22
 normal appearance  129  ●
 technique  128–9

Echocardiography
 acoustic windows  38, 40, 42
 comparison with radiography   37–8
 Doppler studies  39, 45, 48, 49–50, 51, 52, 54, 55,  
 56, 58, 59, 62, 65, 66
 equipment  42–3
 function assessment, left ventricle  44–5
 indications  37
 myocardial disease  63–7  ●
 normal appearance
  left atrium  46
  left ventricle  43–4
  right atrium  46  ●
  right ventricle  45
  screening  43
  valves  47–8
 patent ductus arteriosus  48–52  ●
 patient preparation/positioning  38
 pericardial diseases  67–8  ●
 screening programmes  69
 septal defects  52–5  ●
 stenosis  55–8  ●
 valve diseases  58–63  ●
 views  38–42
Echogenicity  23
Echotexture  23
Ectopic ureters  156, 163  ●
Elbow  205
Embryonic loss  174
Emergencies
 abdominal  72
Emphysematous cystitis  160
Endocardiosis  60–2
 screening programme  69
Endocarditis  62–3  ●
Endophthalmitis  189
Epididymitis  181
Equipment  
 care and maintenance  20
 controls  15, 17–19  ●
 image storage  19–20
 selection  20
 stand-off pads  17
 transducers  15–16
Escherichia coli infection, prostate gland  168
Ethylene glycol poisoning  119
Euthyroid sick syndrome  194
Exocrine pancreatic insufficiency (EPI)  145
Extramedullary haemopoiesis, spleen  107
Eyes
 abnormalities
  intraocular  185–90
  orbit  190–2
 comparison with radiography/CT/MRI  183
 indications  183

 normal appearance  184
 technique  183–4

FAST protocols, abdominal fluid  74
Fat, acoustic impedance  3
Feline infectious peritonitis  118
Femur, fracture healing  203–4
Fetal problems  174
Fibrosis  199
Fine-needle aspiration (FNA)  24–7
 colon  138
 liver  98
 pulmonary mass  ●
 thorax  36
Focal zones  18–19  ●
Foreign bodies
 abdominal  81
 duodenum  129
 eye/orbit  189, 190
 jejunum  132–3  ●
 muscle  200
 retroperitoneal  84
 stomach  126
 subcutaneous  209–10  ●
 urinary bladder  160
Fractures
 healing  203–4
 rib  31
Frame rate  19
Fraunhofer zone  18
Fresnel zone  18

Gain  17–18  ●
Gallbladder
 abnormalities  93–6
 artefacts  8
 normal appearance  87
 (see also Biliary tract and specific conditions)
Gastric hypertrophy  128
Gastric outflow obstruction  126
Gastric polyps  128
Gastric ulcers  128
Gastritis  126–7
Gastrointestinal tract
 comparison with radiography/CT  124
 indications  124
 perforation  131
 (see also Colon, Duodenum, Jejunum, Stomach  
 and specific conditions)
Granulomas, liver  91
Granulosa cell tumour, ovary  178

Haemangioma, spleen  105
Haemangiosarcoma
 abdominal  79, 83
 kidney  121
 spleen  105
Haemoabdomen  79
Haemorrhage
 urinary bladder  160
 vitreous  188
Harmonic ultrasonography  13–14
Healing
 fractures  203–4
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 tendon rupture  202–3
 wounds  210
Heart see Echocardiography and specific structures 
and conditions
Heart base mass  68
Hepatic amyloidosis  89  ●
Hepatic lipidosis  90
Hepatic venous congestion  96  ●
Hepatitis  88
Hepatocutaneous syndrome  89
Hernia/rupture 
 abdominal wall  78
 Achilles tendon  202–3
 biceps brachii tendon  201–2
 cruciate ligament  206
 diaphragmatic  33–4, 79
 lens  187
 muscle  199
 postsurgical   78  ●
 urinary bladder  162–3
Hip  205
Histiocytic sarcoma
 liver  92
 spleen  105
Histoplasmosis, jejunal lesions  133
Hydronephrosis  114–15  ●
Hydroureter  114–15
Hyperadrenocorticism  150
Hyperaldosteronism  152
Hypercalcaemia, nephropathy  119
Hypereosinophilic syndrome  ●
Hyperparathyroidism  196
Hypertrophic cardiomyopathy  64–7  ●
Hypoadrenocorticism  153
Hypothyroidism  194–5

Ileum, acoustic windows  22
Ileus  126,  129,  132  ●
Image 
 interpretation  23
 optimizer  17  ●
 storage and retrieval  19–20
 width  19
Inflammatory bowel disease  130, 134, 135, 137
Infraspinatus muscle, rupture  199
Insulinoma  144  ●
Intestine see Colon, Duodenum, Jejunum and specific 
conditions
Intussusception  133–4, 138
Ischaemic gastropathy  127

Jejunum
 abnormalities
  diffuse lesions  134–5
  functional problems  132–4
  perforation  135–6
 normal appearance  131–2
 patient preparation/positioning  131
Joints  204–6
 (see also specific joints) 

Kidney
 abnormalities
  calculi  115–16  ●

  diffuse parenchymal disease  117–19
  focal parenchymal disease  119–21
  neoplasia  121–2
  pelvic dilatation  114–15
 acoustic impedance  3
 acoustic windows  22, 111
 comparison with radiography/CT  110
 Doppler technique  111–12
 echogenicity  23
 indications  110
 normal appearance  113–14  ●
 patient preparation/positioning  111
 pyelography  112–13
 sampling  122–3
 transducer choice  111
 (see also specific conditions)

Lactation  208  ●  
Left atrium
 normal appearance  39, 40, 41, 46
 to aorta ratio  61, 66
Left ventricle
 function  44–5
 normal appearance  39, 40, 41, 43–4
Leiomyoma, stomach  128
Lens, abnormalities  186–7
Leptospirosis  118
Ligaments  204
Lipoma  210, 211  ●
 abdominal wall  78
Liver
 abnormalities
  diffuse parenchymal disease  87–90
  focal parenchymal disease  90–3
  vascular disease  96–8
 acoustic impedance  3
 acoustic windows  22, 86
 biopsy  98
 comparison with radiography/CT  85
 Doppler study  11
 echogenicity  23
 indications  85
 normal appearance  86–7
 patient preparation/positioning  86
 sampling  98
 transducer frequency  16
 (see also Biliary tract, Gallbladder and specific   
 conditions)
Lung
 abnormalities  33, 34–6  ●
 normal appearance   30  ●
Luxation/subluxation
 Achilles tendon   203
 biceps brachii tendon  202
 lens  187
Lymph nodes
 abdominal
  abnormalities  82  ●
  normal appearance   75–6
 axillary  213
 jejunal  135
Lymphangiectasia  130
Lymphography  28
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Lymphoma
 jejunum  133, 134, 135  ●
 kidney  122  ●
 liver  89
 pancreas  143
 spleen  102, 104, 106
 stomach  127–8  ●
Lymphosarcoma  82, 83

Mammary glands
 abnormalities  208–9  ●
 normal appearance  207–8
  lactation  208  ●
Mastitis  209
Mediastinum (cranial)
 acoustic windows  22
 lesions  32–3
Melanoma, eye  190
Meningioma  192
Mesentery
 abnormalities  80  ●
 normal appearance   75  ●
Mitotane, and adrenal size  153
Mitral valve
 dysplasia  59
 myxomatous disease  61
 normal appearance  47
 prolapse  61
 regurgitation  60, 62  ●
M-mode display  4
Mucocele, gallbladder  95–6
Muscles
 abnormalities  199–200
 acoustic impedance  3
 normal appearance  198
Musculoskeletal system
 comparison with radiography/CT/MRI  198
 indications  198
 technique  198
 (see also specific structures and conditions)
Mycoplasmosis  34
Myelolipidosis, spleen  103
Myelolipomas, adrenal  151
Myositis, extraocular  190–1

Neoplasia 
 abdominal wall  78–9
 adrenal glands  151–2  ●
 bone  204
 brachial plexus  211–13  ●
 colon  137–8
 duodenum  129, 130–1
 eye/orbit  189–90, 191–2
 jejunum  133
 kidney  121–2
 liver  91–2
 lung  34, 35
 mammary glands  208–9
 muscle  199–200
 ovaries  178–9
 pancreas  143–4
 parathyroid glands  196
 prostate gland  168
 retroperitoneal  83

 spleen  104, 105–6
 stomach  127–8
 subcutaneous  210  ●
 testes  180–1
 thoracic wall  31
 thyroid gland  195
 urethra  161
 urinary bladder  160–2
 uterus/vagina  176
 (see also specific tumours)
Nodular hyperplasia
 adrenal gland  150, 151
 pancreas  144
 spleen  106–7
Nuclear sclerosis  186

Obstructive cholestasis  94  ●
Oedema
 gastric  127  ●
 pancreatic  143
Oestrous cycle  178
Orchitis  181
Osteolysis, orbit  191
Osteomyelitis  203
 shoulder  205
Osteosarcoma, radius  204
Ovaries
 abnormalities  178–9
 acoustic windows  23
 comparison with radiography/CT  177
 indications  177
 normal appearance  177–8
 technique  177

PACS  20
Pancreas
 abnormalities
  diffuse disease  142–3  ●
  focal lesions  143–5  ●
  other  145
 acoustic windows  22
 comparison with radiography/CT  140
 equipment  141
 indications  140
 normal appearance  141–2  ●
 patient preparation/positioning 141
 sampling  145
Pancreatic bladder/pseudobladder  145
Pancreatitis  142–3  ●
Pancreatolithiasis  145
Parathyroid glands
 abnormalities  196
 comparison with radiography/CT/MRI  193  
 indications  193
 normal appearance  194
 patient preparation/positioning   193
 technique  193–4
Patent ductus arteriosus  48–51  ●
Patient preparation/positioning  21–2
 abdomen  72–3
 brachial plexus  212
 colon  136
 heart  38
 jejunum  131
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 kidney  111
 liver  86
 pancreas  141
 prostate  165
 spleen  101
 stifle  205
 stomach  125
 superficial soft tissues  207
 thorax  29–30
 urinary bladder  157
 uterus  172
Peliosis hepatis  92
Pericardial effusion  67–8  ●
Periostitis  203
Peripheral nerve sheath tumour
 brachial plexus  213  ●
 subcutaneous  211
Peritoneal cavity, normal appearance  75
Peritoneal effusion  79  ●
Peritoneopericardial diaphragmatic hernia  34
Peritonitis  79, 80, 81, 134
Persistent hyperplastic tunica vasculosa lentis  189
Persistent truncus arteriosus  60
Phaeochromocytoma  151–2  ●
Pleural effusions  31–2, 33, 35  ●
Pneumonia  34
Pneumoperitoneum  80, 135
Pneumothorax  32
Polycystic kidney disease  120
Polyps
 duodenum  131
 intestinal  129  ●
 stomach  127–8
 urinary bladder  161
Portal vein thrombosis  98
Portosystemic shunts  91, 96–7  ●
Pregnancy
 abnormalities  174
 normal  173–4  ●
Prostate gland
 abnormalities
  diffuse disease  167–8  ●
  focal disease  169–70  ●
 acoustic windows  23
 carcinoma  82
 comparison with radiography/other  165
 Doppler studies  166
 drainage  171
 equipment  166 
 indications  165
 normal appearance  166–7  ●
 patient preparation/positioning  165–6
 sampling  170
Prostatic wash  170
Prostatitis  167
Pseudocysts, perirenal  122
Pulmonary artery
 blood pressure  49–50
 dilatation  50
 normal appearance  48–9
Pulmonary hypertension  49, 50–1
Pulmonic stenosis  57–8  ●
Pulmonic valve, normal appearance  48
Pyelography  112–13

Pyelonephritis  118–19
Pylorospasm  125
Pylorus, normal appearance  126  ●
Pyometra  175
Pyothorax  32
Pythiosis  127

Quadriceps muscle
 abscess  200
 cellulitis  199

Regenerative nodular hyperplasia, liver  92, 93  ●
Renal amyloidosis  118
Renal arcuate arteries, Doppler studies  111–12
Renal dysplasia  117
Renal infarction  120–1  ●
Resistive index, renal arcuate arteries  112
Restrictive cardiomyopathy  67
Retinal disease  188
Retroperitoneal effusion  83  ●
Retroperitoneal masses  83–4
Retroperitonitis  83
Rib lesions  31
Right atrium
 mass  68  ●
 normal appearance  39, 40, 41, 46  ●
Right ventricle, normal appearance  40, 41, 45
Rupture see Hernia/rupture

Sarcoma
 abdominal  79, 81
 thoracic wall  31
Scrotum, disease  181–2
Sector angle  19
Sediment, urinary bladder  159
Seldinger techniques  28
Sertoli cell tumour  180, 181
Shortening fraction  44
Shoulder  204–5
Sialoadenitis/sialocele, zygoma  191
Sinus tracts, abdominal wall  79
Skin see Superficial soft tissues
Sludge balls in gallbladder  93
Spinal nerves  212–13
Spleen
 abnormalities
  diffuse parenchymal disease  104
  focal parenchymal disease  104–8
   infarction  108  ●
  thrombosis  108
  torsion  108
 acoustic impedance  3
 acoustic windows  22
 comparison with radiography/CT  101
 echogenicity  23
 indications  100–1
 normal appearance  102–4  ●
 patient preparation/positioning  101
 sampling  109
 transducer choice  16, 102
Splenic vein  103
Squamous cell carcinoma
 lung  33
 prostate gland  168
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Stand-off pads  17
Steatitis  80
Stifle  205–6
Stomach
 abnormalities
  diffuse lesions  126–7
  focal lesions  127–8
  functional problems  125–6
 acoustic windows  22
 equipment  125
 normal appearance  125  ●
 patient preparation/positioning  125
Subaortic stenosis  55–6  ●
 Doppler studies  39
 screening programme  69
Subcutaneous tissue see Superficial soft tissues
Subluxation see Luxation/Subluxation
Superficial soft tissues
 abnormalities
  brachial plexus  211–13
  mammary gland  208–9
  swellings/masses  209–11
 comparison with radiography  207
 indications  207
 normal appearance  207
 patient preparation  207 
Synovitis, shoulder  205

Tendons, calcification  203
 (see also specific tendons)
Tenosynovitis, biceps brachii tendon  201  
Teratoma  179
Testes
 abnormalities  180–1
 comparison with radiography/CT  179
 indications  179
 normal appearance  179–80
 technique  179
Tetralogy of Fallot  59–60
Thoracic wall see Chest wall
Thoracocentesis  36  
Thorax 
 abnormalities  31–6
 acoustic windows  30
 comparison with radiography/CT  29
 indications  29
 normal appearance  30–1
 patient preparation/positioning  29
 sampling  36
 (see also specific organs and conditions)
Thrombosis  82
 caudal vena cava  153
 portal vein  98
 spleen  108  ●
Thymoma  32
Thyroid gland
 abnormalities  194–6
 comparison with radiography/CT/MRI  193  
 indications  193
 normal appearance   194  ●
 patient preparation/positioning   193
 technique  193–4
Time–gain compensation  17  ●

Tissue 
 ablation  28
 biopsy see Biopsy
Transducers
 for abdominal imaging  74
 for bladder imaging  157 
 care and maintenance  20
 for echocardiography  42–3
 function  1–2
 for gastric imaging  125
 for musculoskeletal imaging  198, 204
 for pancreatic imaging  141
 for renal imaging  111
 for splenic imaging  102
 for thoracic imaging  29
 types  15–16
Transitional cell carcinoma, urinary bladder   160, 161
Tricuspid valve
 dysplasia  58  ●
 normal appearance  47
 prolapse   60  ●
 regurgitation   60  ●
Trilostane, and adrenal enlargement  150–1

Ulcers
 duodenum  131
 stomach  128
Ultrasound
 beam/waves
  acoustic impedance  2–3
  attenuation  3, 7–8
  characteristics  1
  detection  2
  diffraction  2, 3
  production  1
  reflection  2–3
  refraction  2, 3
   scatter  2, 3
 imaging
  artefacts  6–9
  display mode  3–4
  effects of frequency  6, 16
  focus  5–6
  resolution  4–5
Ureteroceles  162
Ureters
 abnormalities
  calculi  116
  dilatation  114–15
  ectopic  156, 163  ●
  rupture  117
 comparison with radiography/CT  110
 indications  110
 pyelography  112–13
 urine jet  158  ●
Urethra
 acoustic windows  23
 comparison with radiography/CT  155–6
 neoplasia  161, 162
 technique  157
Urinary bladder
 abnormalities
  intraluminal material  156, 159–60
  masses  160–2
  rupture  156, 162–3
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 acoustic windows  23
 artefacts  9, 158–9
 comparison with radiography/CT  155–6
 indications  155
 normal appearance  157–8  
 patient preparation  157
 sampling  163
 technique  157
Urine jet  158  ●
Urinoma  122
Urolithiasis  115–17  ●
Uterine stump granuloma  176
Uterine torsion  174
Uterus
 abnormalities  175–6
 acoustic windows  23
 comparison with radiography/CT  172
 indications  172
 normal appearance  173  ●

 patient preparation/positioning  172
 pregnancy  173–4  ●
 technique  172–3
Uveitis  185
 
Vaginal mass  176
Vascular disease
 abdominal  82–3
 hepatic  96–8
 (see also specific conditions)
Vena cava
 caudal
  abnormalities  82, 96, 97, 153  ●
  normal appearance   77, 78
Ventricular septal defects  53–5  ●
Vitreal degeneration  187

Wound healing  210
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BSAVA Manual of

Canine and Feline
Ultrasonography

Edited by
Frances Barr and  

Lorrie Gaschen

With
 DVD  

included

The BSAVA Manual of Canine and Feline Ultrasonography provides an overview of the 
physical properties of this increasingly popular imaging technique and discusses the 
equipment required as well as the general principles of the ultrasound examination, 
before moving on to consider body systems in individual chapters.

Each of the system chapters follows a 
similar format:

• Indications
• Comparison of ultrasonography with 

radiography and computed tomography
• Imaging technique
• Normal ultrasonographic appearance
• Interpretation of disease.

CONTENTS: Physical principles; Equipment; Principles of the ultrasound examination; 
Interventional procedures; Thorax; Heart; Abdomen; Liver; Spleen; Kidneys and proximal 
ureters; Stomach, small and large intestines; Pancreas; Adrenal glands; Bladder and 
urethra; Prostate gland; Uterus; Ovaries and testes; Eyes; Thyroid and parathyroid glands; 
Musculoskeletal structures; Superficial soft tissues; Index

BSAVA Manual of
Canine and Feline  
Ultrasonography
Edited by Frances Barr and Lorrie Gaschen

Frances Barr MA VetMB PhD DVR DipECVDI MRCVS
European Veterinary Specialist in Diagnostic Imaging
Frances Barr qualified from Cambridge University in 1979. She holds 
RCVS and European Diplomas In Veterinary Diagnostic Imaging, and has 
been awarded the BSAVA Blaine and Woodrow Awards for advances in 
small animal medicine and surgery. She was Senior Teaching Fellow in 
Diagnostic Imaging at the University of Bristol, where she spent most of 
her time working in the hospital clinics and teaching diagnostic imaging to 
veterinary undergraduates.

Lorrie Gaschen PhD Dr.habil DVM DrMedVet DipECVDI
Lorrie Gaschen received her DVM from the University of Florida and was 
in private practice in Florida for 2 years before completing a diagnostic 
imaging residency at the University of Bern. She received her PhD in 
renal transplant imaging from the University Medical School in Utrecht, 
then returned to the University of Bern where she became an Associate 
Professor. She is currently a Professor and Section Chief at the Louisiana 
State University, Section of Diagnostic Imaging. She is a frequent speaker 
on ultrasonography at national and international meetings, and regularly 
conducts ultrasonography courses for veterinarians in private practice.

The Manual is extensively illustrated with images of both 
normal anatomy and the abnormalities associated with 
disease. In addition, as the moving image is such a vital part 
of interpreting ultrasound studies, a DVD-ROM featuring 
video clips relevant to the individual chapters accompanies 
this Manual.

with DVD included
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