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A mode: a display system which describes the amplitude
and location of each echo in one~dimension and is used

to determine tissue thickness.

Acoustic enhancement: an area of an uvltrasonograph in
which the amplitude of the echoes is increased. This
is due to reduced attenuation of the ultrasound beam by
an overlying interface at which there is a small

difference in acoustic impedance.

Acoustic impedance: the resistance to passage of sound

energy which is a function of the density of any medium.

Acoustic shadow: an area of an ultrasonograph in which
the amplitude of the echoes is reduced. This is due to
increased attenuation of the ultrasound beam by an

overlying interfacé at which there is a large difference

in acoustic impedance.

Anechoic / Echolucent / Non-echogenic: describes an area
of an ultrasonograph which has no echoes. These areas
represent tissues in which there are no interfaces

between structures of different acoustic impedances.

B mode: a display system which produces a two-dimensional

image. Tt describes the position of each echo on a two-
dimensional plane and the brightness of each echo is

determined by its amplitude.

(ix)



BE.P.H.: Benign prostatic hyperplasia.

B.S.P.: Eromosulphathalein.

Compound E mode: a display system which produces a two-
dimensional irage. This is achieved by the performance
of numerous scans across the kody by moving the

transducer and display of the information simultaneously.

This system is now obsolete.

Curved linear array: an arrangenent of piezoelectric
crystals within a transducer which produces a sound beam

with a diverging shape.
Echogenicity: the echo-producing quality of tissues.

Grey-scale: the system in which echoes of different
amplitudes are represented by pixels of different shades

of grey which describe the size of the amplitude.

Hypoechogenic / hypoechoic: describes an area of an
ultrasonograph which has echoes of low amplitude.
These areas represent structures in which the difference

in acoustic impedance at the tissue interfaces is small.

Hyperechogenic / hyperechoic: describes an area of an
ultrasonograph which has echoes of high amplitude.
These areas represent structures in which the difference

in acoustic impedance at the tissue interfaces is large.
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Linear array: an arrangement of piezoelectric crystals
within a transducer which produces a rectangnlar shaped

sound beam.

M mode: a display system in which the movement of
tissues is described by display of a continuously updated

image of structures in one-~dimension.
mHz: megaHertz, a unit of frequency.

Real-time: the system whereby the ultrasonographic image

is constantly updated to produce a dynamic image.

Piezoelectric crystal: a material which has the ability

to convert sound energy to electrical energy and vice versa.

Sector array: an arrangement of piezoelectric crystals
within a transducer which produces a sound beam which is

a sector of a circle.

Transducer: the part of the ultrasonographic unit which

converts electrical energy to sound energy and vice versa.

Ultrasound: sound which has a frequency outwith the

audibility of the human ear.
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EQUIPMENT

Three ultrasonographic units were used in this study.

Vetscan, Dynamic Imaging: a portaktle ultrasonographic
unit with a 3.5mHz linear array transducer which was
provided on loan by the West of Scotland Agricultural

College.

Siemens Sonoline 1300: an ultrasonographic unit with

3 and 5 mHz sector transducers.

Concept 1, Dynamic Imaging: a portable ultrasonographic
unit with a 3.5mHz curved linear transducer and a 5mHz
linear array transducer which was provided initially on
loan from Dynamic Imaging and was subsequently purchased

with a grant from the Home of Rest for Horses.

Polaroid Camera: The ultrasonographic images were stored
as photographs taken directly from the screen with a

polaroid camera.
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This study was designed to evalvate the use of
abdominal ultrasonography in small animals and horses
presented at Glasgow University Veterinary School for
investigation of abdominal disease and to assess the
application of ultrasonography in ovine, canine and feline
pregnancy.

Initially, the normal ultrasonographic appearance
of the liver and spleen were determined by examination of
four dogs, six horses and two cats. The appearance of
these organs was found to be consistent within and across
the species. The most suitable anatomical sites from
which these structures could be imaged in these species and
the most appropriate equipment were also determined in this
study.

Twenty-seven dogs and three cats were selected
for hepatic ultrasonography and the clinical, radiographic
and laboratory indications for the procedure were considered.
In twelve out of the thirteen cases of confirmed hepatic
disease ultrasonographic abnormalities were detected and
these were subsequently compared with the findings at post-

mortem examination or exploratory laparotomy in the majority
of the cases.

Twenty dogs and one horse were selected for
splenic ultrasonography and in four of these abnormalities
The indications and final diagnoses were

were detected.

reviewed to evaluate the merits and limitations of this

(xxix)




procedure.

An experiment was designed to determine the
accuracy of ultrasonographic estimation of ovine foetal
number and to compare the results of inexperienced and
experienced operators at various stages of gestation. The
optimum efficiency was obtained by uvltrasonographic
examination at, or around, day 60 of gestation and
considerable improvement was observed during the training
period of the inexperienced operator.

The efficiency of uvltrasonographic determination
of pregnancy and estimation of foetal numbers in bitches
and queens was evaluated by examination of thirty-six
bitches and four cats referred to this hospital. §Sy$ﬁyﬁy
of pregnancy diagnosis was 100% but the sensitivity of
estimation of foetal number was found to vary with the stage

of gestation and the litter size. The most sensitive

estimations were obtained in medium sized litters (four to
eight foetuses) at days 37 to 43 of gestation.

Two methods of estimation of ovine foetal age were
developed which were based on ultrasonographic measurement
of biparietal and transthoracic diameters, but the estimated
age range obtained with these methods was wide.

Nine dogs were selected for prostatic
ultrasonography. In all of these cases there were clinical
signs referrable to the prostate and prostatic disease was

subsequently confirmed. Ultrasonographic abnormralities

(xxx)




were detected in all of these cases.

(xxx1i)



GENERAL INTRODUCTTION
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A THE DEVELOPMENT OF ULTRASONOGRAPHIC TECHNOLOGY.

In 1880, the Curie brothers first discovered the
means to produce high frequency sound waves electronically,
utilizing the piezoelectric effect (Curie and Curie, 1880).
This discovery was fundamental to the development of the
science of ultrasonics. Apparatuses to detect submerged
objects and potential hazards by fog-bound ships, based
on ultrasonic waves were first patented in 1912 (Richardson,
1912%; Richardson, 1912P) and further development of this
concept led to the invention of a device for the detection
of submarines (Langevin, 1924). During the Second World
War, Langevin's system was improved as SONAR (Sound
Navigation and Ranging) became widely used (Shirley,
Blackwell, Cusick, Farman and Vicary, 1978). The same
principle was also applied in the detection of flaws in
metals (Sokolov, 1935).

The development of medical ultrasound has been
slow. In 1945, the use of ultrasound as a diagnostic aid
was proposed (Dussik, 1942) and in 1947 "hyperphonograms”
of the head were produced (Dussik, Dussik and Wyt, 1947).
Ultrasound was next used to identify gallstones and foreign
bodies by the acoustic shadows which they produced (Ludwig
and Struthers, 1949) and throughout the 1950’s reports of
the identification of intracranial masses appeared
(Ballantine, Bolt, Heuter and Ludwig, 1950; Wild, French

and Neal, 1950; Miyajimia, Wagai, Uchid and Hagiwara, 1952;

(2)



Leskell, 1956).

The use of ultrasonography to image the heart
was proposed in 1955 (Edler, 1955; Edler and Hertz, 1955)
and the following year it was used to deronstrate the
structure of the eye (Henry, Mundt and Hughes, 1956). In
anipals, ultrasound formed the basis of a technique for
assessing carcass quality by the measurement of back fat
(Temple, Stonaker, Howry, Posukany and Hazelus, 1956;
Hazel and Kline, 1959).

The first compound waterkath scanner was described
in 1958 (Howry, 1958). This system reguired total
submersion of the subject in water to achieve acoustic
contact and, therefore, its use was limited to experimental
situvations (Shirley et al, 1978). Subseguent refinement
of the technique in Glasgow led to the production of the
first contact scanner (Brown, 1960). This apparatus was
used by gynaecologists to distinguish between cystic and
solid lesions in the female reproductive tract using the
full urinary bladder to create an acoustic window (Donald
and Brown, 1961).

The early ultrasonographic units utilized
analogue conversion systems (Wells and Ross, 1969) .
Analysis of small echoes arising within organs to produce
an image had originally been proposed in 1950 (wild, 1950),
but it was not until the application of a digital computer

system that this was achieved successfrlly (Kossoff, Fry and
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Eggleton, 1971; Milan, 1972). This innovation has led to
the development of grey-scale systers, the present form of
two dimensional ultrasonographic imaging (Shirley et al,
1958). Further major improvements followed the
development of sector scanning (Northeved, Holm and
Gammalgaard, 1971), and real-time systems (Griffith and
Henry, 1973).

Reports of imaging of the breast (Kossoff, 1974)
and thyroid gland (Crocker, McLaughlin and Kossoff, 1974)
marked the beginhing of the clinical application of grey-
scale technology, and the successful demonstration of the
anatomy and pathology of the liver (Taylor, Carpenter, Hill
and McCready, 1976) stimulated interest,which led to the
widespread adoption of the technique in many fields of
medicine and revolutionised non-invasive imaging.

By INITIAL VETERINARY APPLICATIONS OF ULTRASONOGRAPHY.

In 1966,.A mode ultrasonography was successfully
used in the diagnosis of pregnancy in the ewe (Lindahl, 1966).
Throughout the 1970’s this application continued to be
developed in ewes, goats and pigs (Fraser and Robertson,
1968; Fraser, Nagartham and Callicott, 1971; Lindahl,
1972; Lindahl, 1976; Inaba, Nakajima, Matsui and Imari,
1983). In 1980, the first report of intrarectal imaging
of the reproductive tract of the mare using B mode
ultrasonography was published (Palmer and Draincourt, 1980) .

Initially ultrasonography was principally used in mares for
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early dstection of pregnancy. However, technigues have
been daveloped for examination of the ovaries to determine
cyclicity and for assessment of ovarian and aterine
pathology (Ginther, 1935). Eqiaine reproductive tract
examinations remain the most widely used ultrasonographic
technigie in both clinical practice and ressarch. The
other major application in equine medicine was in assessment
of the soft tissues of the limb and :he ultrasonographic
appearance of the soft tissues of various regions of the
limb has been described (Hauser, Rantanen and Modraasky,
1982; Rantanen, 1982; Hauser and Rantanen, 1983;
Modransky, Rantanen, Hauser and Grant, 1983; Rantanen, 1983;
Rantanen, Genovese and Gaines, 1983; Hauser, Rantanen and
Modransky, 1984; Hauser, Rantanen and Genovese, 1984;
Genovess, Rantanen, Hauser and Simpson, 1986; Hauser, 1986;
MacLellan and Colby, 1986).

Ultrasonographic examinations of the abdomen of
domestic animals was first performed in 1975 using compound
B mode ultrasonography (Janes, Sanders, Osterman, Novak and
Bush, 1975). In 1980, Cartee, Seller and Patton described
several advantages of abdominal ultrasonography. In
addition to being safe for both operator and subject,
ultrasonography was able to detect changes in tissue
density rather than simply the increase in overall size of
organs which was evident radiographically (Cartee, Seller,

Patton, 1980). In recent years, reports have appeared in
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the literature which described both the normal
ultrasonographic appearance of the abdomen and the changes
which were detected in association with various abdominal
diseases (Cartee et al, 1980; Cartee, 1981; Nyland, Park,
Lattimer, Lebel and Miller, 1981; Nyland, 1982; Feeney,
Johnston and Hardy, 1984; Yamaga and Too, 1984: Feeney,
Johnston and Walker, 1985; Rantanen, 1985: Konde, Lebel,
Park and Wrigley, 1986; Rantanen, 1986, 19863). However,
the literature concerning veterinary abdominal ultrasonography
was miniscule when compared to that available to the human
abdominal ultrasonographer.

C: AIMS OF THIS STUDY.

The overall aim of this study was to describe the
clinical application of abdominal ultrasonography and the
ultrasonographic appearance of various abdominal diseases.
Findings of abdominal ultrasonographic examination were
compared to radiographic findings and those produced by
various other diagnostic procedures to assess the value of
the information obtained. Particular emphasis was placed
on the indications for abdominal ultrasonography. Also,
an experiment was designed to assess the accuracy of
pregnancy diagnosis in sheep at various stages of gestation

and to determine if ultrasonography could be used to monitor

growth.
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i PHYSICS AND PRINCIPLES OF THE PRODUCTION OF B MODE

ULTRASONOGRAPHIC IMAGES.

Sound energy has been defined as the vibration of
molecules within a medium such that pressure changes
resulted in the formation of a longitudinal waveform. The
term "ultrasound" was used to define those waves which have
a frequency outwith the range of the human ear. In the
production of ultrasonographic images for medical purposes
the frequency range of 1-10 mHz has been used (Shirley et al,
1978; Powis and Powis, 1984). In the production of
ultrasound, the piezoelectric principle was utilized. An
electric current passing through a piezoelectric material
deformed the internal structure of that material in such a
way that a pressure change was induced. This pressure
change could be transmitted across a medium, in this case
the body tissues, such that the molecules vibrated to
propogate a wave (shirley et al, 1978; Bartrum and Crow,
1983; Powis and Powis, 1984) . This mechanism was acting
essentially in the same way as a gong. although in that
case kinetic energy was transformed to pressure (Bartrum
and Crow, 1983). This mechanism could also work in
reverse and a piezoelectric material could also convert
pressure changes into electrical voltage changes.

when a beam of high frequency sound was produced
and directed at a tissue, echoes were caused at each change

in acoustic impedance within the body and some of those
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echoes were reflected such that they returned to their
source. Within the transducer, which was a mechanism for
converting one energy to another, an array of piezoelectric
crystals was housed. When these crystals were not
producing ultrasound they were receiving it and so they were
alternatively being stimulated with and producing change in
electrical voltage many times per second. This alteration
between production and reception of sound was described as
the pulse-echo principle (Shirley et al, 1978; Bartrum and
Crow, 1983; Powis and Powis, 1984).

The voltage change which was induced by the
returning echo could be recorded and transferred to a
memory system for storage and processing (Shirley et al,
1978; Bartrum and Crow, 1983; Powis and Powis, 1984).
In modern ultrasonographic units digital information
storage was used (Bartrum and Crow, 1983). This system
replaced analog scan converters, which were used in the past,
because digital systems facilitated rapid processing and
storage and they were more robust (Bartrum and Crow, 1983).

sound has been found to travel at approximately
the same speed throughout the body (1540 ms™1) and,

therefore, a computer could calculate the distance that an

echo has travelled from its source by recording the time

taken for the sound to return to the transducer (Shirley

et al, 1978).

The two dimensional nature of the B mode
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ultrasonograph was achieved by placing multiple sources

in an array so that they operated in conjunction with each
other to produce a beam of sound (Shirley et al, 1978;
Bartrum and Crow, 1983; Powis and Powis, 1984) . Therefore,
multiple sources were used, each interrogating the tissues
in the path of the sound wave it produced. The information
from each crystal was transferred to the digital storage
system where the location of each echo-producing structure
was defined by identifying the two co-ordinates which
described it on a two dimensional matrix (Powis and Powis,
1984).

The amount of sound energy or amplitude of the
echo returning from any interface was found to be dependent
on the magnitude of the difference in acoustic impedance
between the two tissue types. Thus, interfaces between
tissues of differing acoustic impedances produced echoes
of differing amplitude (Herring and Bjornton, 1985).

Further, sound has been found to react with
interfaces within the body to produce reflections in one of
two ways: specular and non-specular reflections. Specular
reflections occurred at an interface which was larger than
the sound beam. The direction of the reflected sound was
dependent on the angle of incidence of the sound wave and,
therefore, only those interfaces which lay at right angles

to the sound beam could return to the transducer.

Non-specular reflection occurred at an interface
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which was smaller than the width of the beam. This was
independent of angle but produced a scattering effect so
that only a small amount of sound returned to the transducer
(Bartrum and Crow, 1983). A large number of small echoes
could be produced within an organ and, following
amplification of the range of electrical changes which they
produced, these data could be used to prodvuce an image of
the internal anatomy of an organ. In addition, the display
of larger specular echoes demonstrated the boundaries of the
organ (Bartrum and Crow, 1983).

The piezoelectrical crystals which were utilized
produced a range of voltages dependent on the amplitudes of
the echoes and, therefore, they had the ability to describe
the interface that produced each echo in terms of the
amplitude of that echo (Powis and Powis, 1984).

This information was then transferred to a display
system based on a video monitor which was composed of many
pixels. Each pixel represented one location on a two
dimensional plane (Bartrum and Crow, 1983; Powis and Powis,
1984). These pixels could be illuminated in a range of
brightnesses of light ranging from black to white. These
different brightnesses were used to describe the amplitude
of each echo (Shirley et al, 1978). Smaller echoes

resulted in grey areas while large echoes produced bright

illumination of the pixel. This concept, which was described

as "grey-scale" (shirley et al, 1978), enabled small echoes
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to be displayed as well as the larger ones which were used
to produce compound B mode ultrasonographic scans prior to
the introduction of grey-scale (Shirley et al, 1978). One
of the earliest successful applications of this technique
was in distinguishing between the ultrasonographic
characteristics of normal and diseased livers (Joseph,
Dewbury and McGuire, 1979).

To determine the shade of grey which represented
each echo, the input signal amplitudes were grouped into
several categories and each group was allocated a different
shade of grey (shiplgy et al, 1978). Initially this was a
fixed function on each machine, but more sophisticated
equipment became available in which the operator could select
the grey-scale allocation to enhance different groups of
echoes depending on the characteristics of the tissue under
examination (Bartrum and Crow, 1983).

To produce a real-time image, the data which were
collected and analysed by the system were constantly updated
many times per second to produce a constant moving image.
Major advances in computer technology and digital information
systems throughout the last twenty years have permitted the
development of ultrasonographic technology to follow suit

(Bartrum and Crow, 1983).

During recent years, dramatic improvements have
been made in the quality of the screens and focussing of

transducers and each development has produced equipment with
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superior resolving powers (Bartrum and Crow, 1983). n
addition, facilities for hard copy, such as direct video
recording, polaroid or multiformat cameras and measurement
systems, based on electronic calipers, have become standard
features of ultrasonographic units (Bartrum and Crow, 1983:
Powis and Powis, 1984). However, the resolution of any
ultrasonographic unit was limited to some extent by the
frequency of sound that it produced. Separate echoes
could only be produced by interfaces which were more than
one pulse width apart. The shortest pulse width which
could be achieved was one wavelength in length (Bartrum and
Crow, 1983; Powis and Powis, 1984). Therefore, equipment
which utilized ultrasound with higher frequencies had
inherently superior resolution (Bartrum and Crow, 1983).

As an ultrasound wave travels through the body,
it has been found that its energy was progressively lost.
This attenuation was due to adsorption, reflection and
scattering of sound energy (Shirley et al, 1978).
Attenuation ;ate was directly proportional to the frequency
of the sound wave. Thus high frequency sound was attenuated
more rapidly than low frequency sound and in order to
produce a large fiéld of imaging, lower frequency transducers
were used (Shirley et al, 1978). Ultrasonographic units
were supplied with amplification systems to overcome the
effects of attenuation due to tissue depth Dbut,nevertheless,

the penetrating powers of sound in the higher frequency
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range was limited (Shirley et al, 1978; Powis and Powis,
1984). In an attempt to overcome the progressive decrease
in the intensity in the sound wave and in order that
differing depths of tissue could be compared, the ultrasound
machine was fitted with a depth gain compensation function.
Echoes were amplified in proportion to their distance from
the source. The level of amplification and the point at
which this function was applied to the returning echoes
could be controlled by the operator (Powis and Powis, 1984)
and by the late 1970’s, equipment was available which could
produce images of diagnostic quality over a field of
penetration)of up to around 200mm (Bartrum and Crow, 1983).

Two types of beam shape could be produced: sector
and linear array (Bartrum and Crow, 1983; Powis and Powis,
1984). In a linear array transducer, the piezoelectric
crystals were arranged such that a rectangular shaped beam
was produced. This equipment had the advantage that it
was less expensive to produce and maintain. However, the
transducers were bulky and, therefore, harder to use in the
production of abdominal images where areas with extremely
large differences in acoustic impedance occurred and had to
be avoided:; for example, the interfaces between soft tissues
and gas in the bowel (Bartrum and Crow, 1983). The
initial design of sector scanners utilized several

piezoelectric crystals mounted on a rotating wheel which

produced a pie-shaped image. This system was more delicate
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and expensive but it had the advantage that only small

areas of contact with the body were required to image a
large area internally (Bartrum and Crow, 1983; DPowis and
Powis, 1984). This design was then followed by phased
array transducers in which crystals were stimulated in
sequence to produce a similar effect (Bartrum and Crow, 1983:
Powis and Powis, 1984). These transducers were extremely
expensive and did not replace the use of mechanical sector
scanners in veterinary medicine (Barr, 1988).

The versatility of diagnostic ultrasonography has
contributed largely to its application in a wide range of
medical disciplines (Powis and Powis, 1984). The other
quality of the technique which has promoted its use in
medicine was its non-invasive nature and it was regarded
as safe for both operator and patent (Ginther, 1986). 1In
1975, the following statement was issued by the American
Institute of Ultrasound in Medicine : "In the low megahertz
frequency range there have been (as of this date) no
demonstrated significant biological effects in mammalian
tissues exposed to intensities below 100 mW/cmZ.
Furthermore, for ultrasonic exposure times less than 500
seconds and greater than one second, such effects have not
been demonstrated even at higher intensities when the product

of intensity and exposure time is less than 50 joules/cm"

(American Institute of Ultrasound in Medicine, 1975).

(14)




CHAPTER ONE

LITERATURE REVIEW
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1.1 HEPATIC IMAGING TECHNIQUES IN VETERINARY MEDICINE

Radiography has been the most widely vsed imaging
technique for assessment of the liver in small animals
(suter, 1982). Increased or diminished size was reported
as the npost common abnormality detected on plain radiography
in small animals (Suter, 1982). However, radiographic
evaluations of liver size were subject to substantial
errors and technical artifacts and the method was subjective
and inexact. Nevertheless, documentation of gross
alteration in size was considered to be valuable (Suter,
1982) . Useful and diagnostic radiographs of the liver in
large animals have not been achieved due to the bulk of the
equine abdomen (Rantanen, 1985).

Generalised hepatic enlargement has been reported
as a result of a variety of pathological processes
including venous congestion, fatty infiltration, neoplasia,
extrahepatic bile duct obstruction, early cirrhosis and
nodular hyperplasia (Wrigley, 1985). Early stages of these
diseases have been radiographically undetectable, in some
cases, owing to the inaccuracy of survey radiography
(Wrigley, 1985).

Localised liver enlargement has been appreciated
in cases in which the;e was displacement of the adjacent
organs (Wrigley, 1985). The most common cause of
localised liver enlargement was neoplasia but cysts and

abscesses have also resulted in radiographically-detected
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localised enlargement (Wrigley, 1985).

Marked reduction in liver size was considered
significant, especially if combined with clinical or
biochemical abnormalities of the liver. Decreased size
was due to portosystemic shunts, advanced cirrhosis or
chronic hepatocellular degeneration (Wrigley, 1985).

Portal vein angiography permitted the precise
identification of portosystemic shunts. It has been
performed intraoperatively to allow the successful
localisation and ligation of congenital portosystemic
shunts (Suter, 1982).

Mineralisation was the only process that has
resulted in altered radiodensity in small animals. It
occurred in association with gall bladder and bile duct
calculi which were an uncommon clinical entity in the dog
(Suter, 1982). Diffuse hepatic diseases such as fatty
infiltration, cirrhosis or venous congestion did not
produce detectable density changes (Wrigley, 1985).

Quantitative hepatobiliary scintigraphy has been
described in the dog (Kerr and Hornof, 1986). The authors
found it useful in the diagnosis of portocaval shunts and

reported its potential in investigations of extrahepatic

jaundice. Measurement of excretion of Techneticium 99
labelled sulphur colloids also provided information on the

functional status of the hepatocyte (Kerr and Hornof, 1986).

A technique for hepatobiliary nuclear scintigraphy has also
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been described in normal and fasting horses and this
procedure showed potential for the evaluation of equine
hepatobiliary disease (Hornof and Baker, 1986).

HEPATIC ULTRASONOGRAPHY.

The earliest reports of hepatic ultrasonography
in man were confined to the differentiation of solid and
discrete intrahepatic masses (Taylor, 19773). Initial
studies of the detection of hepatic metastatic disease
resulted in failure rates of 53% and 39% (McCarthy, Davis,
Wells, Ross and Follet, 1970). However, the introduction
of grey-scale technology allowed the internal structure of
organs to be assessed by displaying low level echoes
(Taylor, &97735. Taylor (19778) concluded that grey-scale
ultrasonography promised to be a useful tool in the
investigation of liver disease. Since that time a large
number of reports have described the ultrasonographic
appearance of various hepatic diseases and the indications
for hepatic ultrasonography in man have been defined. These
indications included investigation of hepatomegaly, abnormal
radionucleotide scans, jaundice, abdominal masses,
unexplained fever, weight loss, upper abdominal pain and
ascites, the identification of metastases, provision of
guidance for hepatic biopsy and to aid treatment planning
and monitoring (Merritt, 1980).

Ultrasonography produced highly accurate

assessment of hepatic neoplasia and proved more accurate
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than any other investigative technique (Taylor, 19775).
However, the ultrasonographic appearance of malignant
hepatic neoplasia was not closely associated with the
histological or angiographic characteristics of the
specific neoplasm involved (Green, Bree, Goldstein and
Stanley, 1977; Hillman, Smith, Gammalgaard and Holm, 1979).
Differentiation between malignant and benign neoplasms has
been possible in children by investigating the portal
vessel radicles supplying the lesion and identifying
compression of the lumen and invasion of the vessel walls
(Brunelle and Chaumont, 1984).

The identification of intrahepatic abscesses has

.

been possible using ultrasonography (Taylor, 1977%: callan,
Filly and Marcus, 1980). However, the ultrasonographic
appearance of hepatic abscess was non-specific and varied
from anechoic to highly echogenic (Kuligowska, Connors and
Shapiro, 1982).

Evaluation of the biliary tract and gall bladder
has also been successful (Taylor, 1977;; Birnholz, 1979;
Merritt, 1980). Hepatic vasculature has been identified
and in cases of hepatic congestion due to congestive or
right-sided cardiac failure, dilation of the hepatic vessels
was apparent (Leopold, 1979). A significant difference in
the diameter of hepatic vessels was demonstrated between
normal patients and those with congestive cardiac failure

(Henriksson, Hedman, Johansson and Lindstrom, 1982) .
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In investigation of hepatocellular disease
ultrasonographic characteristics have not correlated well
with pathological findings (Joseph, Dewbury and McGuire,

1979; Cohen, Siddiqui, Weetman, Provisor and Coates, 1986).
Chronic hepatitis has not produced a characteristic
ultrasonographic appearance (Kurtz, 1980). 1In contrast,

acute hepatitis has produced a typical appearance of reduced
overall echogenicity with increased numbers and echogenicity
of the portal vessels visible (Kurtz, Rubin, Cooper, Nisenbaum,
Cole-Beuglet, Medoff and Goldberg, 1980). Liver size
determined ultrasonographically has also proved to be a

useful indicator of acute hepatitis (Niederau and Sonnenberg,
1984).

A highly echogenic liver with increased attenuation
and a heterogeneous appearance has been found in association
with cirrhosis (Taylor, 19772). A-mode evaluations have
provided further evidence that cirrhosis may result in increased
attenuation (Mountford and Wells, 1972). This finding was
considered to be the result of fibrosis (Joseph et al, 1979).

Fatty change resulted in a similar increase in
echogenicity but this was of a more homogeneous nature
(Foster, Dewbury, Griffith and Wright, 1980; Birnholz, 1979).
Heterogenicity has been described as the most characteristic
feature of cirrhosis (Birnholz, 1979). However, numerous
authors have concluded that increased echogenicity and

attenuation may be observed in a variety of hepatic diseases

(20)




including cirrhosis, fatty change, portal tract fibrosis,
long-standing congestive cardiac failure and hepatitis
(Joseph et al, 1979; Foster et al, 1980, Kurtz et al, 1980:
Cohen, Kaude and Wright, 1981). Nevertheless, analysis of
the application of ultrasonography in investigation of
hepatocellular disease has produced good sensitivity
(Foster et al, 1979; Joseph et al, 1979) and in one series,
ultrasonographic change was the earliest indication of
liver disease in 13% of cases (Joseph et al, 1979). The
technique has produced poor specificity and in some cases
of established cirrhosis, the echogenicity and attenuation
have been normal (Joseph et al, 1979; Giorgio, Amoroso,
Lettieri, Fico, Stefano, Finelli, Scala, Tarantino, Pierri and
Pesce, 1986). The reasons for this were unclear (Joseph et
al, 1979). However, recent work based on amplitude and
frequency change analysis to provide further tissue
characteristics has suggested that fatty infiltration rather
than fibrosis resulted in elevation of attenuation and in
advanced cirrhotic cases in which there was fibrosis without
fatty infiltration, attenuation was similar to that of
controls (Taylor, Riely, Hammers, Flax, Weltin, Garcia-Tsao,
Conn, Kuc and Barwick, 1986).

The application of ultrasonography in the
investigation of abdominal disease in domestic and exotic
animals was first proposed by James et al (1975). Compound

B mode ultrasonographs allowed delineation of the borders
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of the liver and assessment of size but visvalisation of
the gall bladder, blood vessels and parenchymal detail was
iimited (James, Osterman, Bush, Sheehan, Novak and Wright,
1976). The development of grey-scale ultrasonographic
technology and its application to veterinary medicine
allowed the visualisation of the internal structures of the
liver and the normal ultrasonographic appearance in various
species has been reported (Cartee, 1981; Nyland, Park,
Lattimer, Lebel and Miller, 1981; vYamago and Too, 1984:;
Rantanen, 1985; Wrigley, 1985).

Detailed descriptions of the ultrasonographic
appearance of hepatic diseases in domestic animals are
limited in number at present but some retrospective studies
have been performed comparing ultrasonographic findings
with clinical, radiological anc¢ pathological findings.

The successful diagnosis of hepatic neoplasia in
dogs has been reported (Cartee, 198l; Nyland et al, 1981;
Nyland and Park, 1983; Nyland, 1984) . Three ultrasonographic
patterns were initially recoynised in association with hepatic
lymphosarcoma in the dog (Nyland, 1984) . These were similar
to those reported in humans (Ginaldi, 1980). 1In a s2ries of
17 cases of canine hepatic and splenic neoplasia investigated
ultrasonographically, 14 cas=s had hepatic involvement. A
mixed echo-pattern was the most fregquently encountered
nd no pattern was considared to be specific for

appearance a

the tumour-type involved (Feeney, Johnston and Hardy, 19384;.
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Non-neoplastic masses have also been identified
successfully using hepatic ultrasonography (Nyland and Park,
1983: Konde, Lebel, Park and Wrigley, 1986). The
appearance of a gas=-producing abscess has been reported
(Konde et al, 1986). Hepatic cysts have been described and
were considered an identical finding and nodular hyperplasia
has resulted in multiple echogenic foci (Nyland and Park, 1983).

The hepatic and portal circulations have been
examined (Nyland and Park, 1983). In right=sided cardiac
failure,dilated hepatic veins were easily identified
(Nyland and Park, 1983). Portal hypertension, secondary to
acquired liver disease, has resulted in tortuous portal veins
which were identified at the porta hepatis (Nyland and Park,
1983). Congenital intrahepatic portosystemic shunts have
been diagnosed successfully using ultrasonography (Nyland and
park, 1983; Wrigley, Macy and Wykes, 1983). Intraoperative
use allowed identification and subsequent ligation of a
ductus venosus in a dog (Wrigley et al, 1983).

The ultrasonographic appearance of the canine
biliary system and gall bladder has been described by several
authors (Cartee, 1981l; Nyland Gillet, 1982; Nyland and
Park, 1983). The bile ducts could not be identified in the
However, following experimental ligation of

normal dog.

the common bile duct, the dilated biliary system could be

identified and be distinguished from blood vessels by the

branching, tortuous appearance (Nyland and Gillet, 1982) .
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The authors concluded that identification of dilated bile
ducts could support the diagnosis of extrahepatic jaundice
(Nyland and Gillet, 1982).

Choleoiithiasis has resulted in focal hyperechogenic
areas in the cat (Cartee, 1981). In the dog, choleoliths
could be identified as highly echogenic structures which
fell tb the dependent portion of the gall bladder with
positional changes (Nyland and Park, 1983). Choleoliths
have been identified in the bile ducts associated with
recurrent colic in aged horses (Traub, Rantanen, Reed and
Schecter (1982; Rantanen, 1985). Choleocystitis produced
a double-rim effect due to oedema of the gall bladder wall
in the dog (Nyland and Park, 1983).

l:2 SPLENIC DISEASES IN SMALL ANIMALS AND HORSES.

The functions of the spleen have been defined as
filtration of the blood, formation of antibodies and
production of cells (Feldman and Zinkl, 1983). Functional
enlargement of the spleen could occur in response to
haemolytic anaemia or infection and splenomegaly might also
occur secondary to portal hypertension, extramedullary
haemopoiesis or due to neoplasia (Feldman and zink1l, 1983).
Neoplasic. diseases of the spleen included acute and chronic
leukaemia, lymphoma, haemangioma and haemangiosarcoma
(Theilen and Madewell, 1979; Feldman and Zinkl, 1983; Jubb,

Kennedy and Palmer, 1985). canine leukaemia and lymphoma

were considered to be among the most frequently recognised
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neoplastic diseases recognised in canine clinical practice
(Madewell, 1985). However, lyrphosarcoma was recognised as
an uncommon event in the horse. It accounted for only
0.42% and 1.3% respectively of neoplasms in two surveys of
equine tumours (Sundberg, Eurnstein, Page, Kirkham and
Robinson, 1977; Pascoe and Summers, 1981). Equine
lymphosarcoma has been classified as mediastinal,
multicentric, alimentary, cutaneous and generalised forms
(Theilen and Madewell, 1979). These forms could exist in
combination and considerable variation occurred between
individual cases (Neufeld, 1973; Theilen and Madewell, 1979).
Both alimentary and generalised forms might involve the
spleen (Theilen and Madewell, 1979) and solitary splenic
lymphosarcoma has been reported (Jubb et al, 1985).

The bone marrow has been identified as the primary
site of involvement in leukaemia and malignant cells could
infiltrate lymphatic organs. Therefore, the discrimination
between leukaemia and lymphosarcoma was based on the
finding of nalignant cells in the peripheral blood in
leukaemia cases (Leifer and Matus, 1985).

Haemangiosarcoma has been defined as a malignant
tumour composed of endothelial cells and it has been found
more frequently in the dog than in any other species where
it may affect the spleen (Brown, Patnaik and McEwen, 1985).

Splenic rupture and haematoma has occurred in

association with abdorinal trauma (Feldman and Zinkl, 1983;
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Spier, Carlson, Nyland, Snyder and Fischer, 1986) and
abscessation could occur secondary to infection of a
haematorna (Spier, Carlson, Nyland, Snyder and Fischer, 1986).

The diagnosis of splenic disease has been aided by
abdominal radiography in swall animals (Thrall, 1977:
Kealey, 1979). The spleen could vsually be distinguished
on radiographs of the abdomen. However, it could be
demonstrated more clearly using pneumoperitonography or
following intravascular injection of contrast medium
(Kealey, 1979). For a definitive diagnosis of splenic
disease, biopsy was considered necessary, being performed
either percutaneously or through laparotomy and excision
(Farrow, 1987).

Radiography of the equine spleen has not been
possible (Rantanen, 1986%) and reports of splenic disease
in the horse have been based largely on post-mortem findings
with the exceptions of those in which exploratory
laparotomy (Browning, 1986) or splenic uvltrasonography had
been performed (Spier et al, 1986).

SPLENIC ULTRASONOGRAPHY.

In man, the spleen has been a difficult organ to
evaluate clinically due to its anatomical position (Taylor,

1977b). Ultrasonographic examination was especially

important since it was highly diagnostic of certain diseases

and could avoid the necessity for the patient to undergo

other diagnostic procedures which were associated with
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greater morbidity and discomfort (Hassani and Bard, 1976).
A techniqre for ultrasonographic estimation of the volime
of the spleen has been devised which was based on performing
several transverse scans at 20mm intervals (Kardel, Holm,
Norby-Rasmussen and Mortensen, 1971). Using grey-scale
technology, haematomata, cysts and abscessation of the
spleen have been identified u}trasonographically (Hassani
and Bard, 1976; Taylor, l977£; Mittlestaedt and Partain,
1980; Lupien and Sanerbrei, 1984). Generalised
splenomegaly due to systemic infection and vascular
congestion have produced increased echogenicity (Hassani
and Bard, 1976; Siler, Hunter, Weiss and Naber, 1980).
Diffuse increase in echogenicity has also been observed in
association with neoplastic processes in the spleen (Siler
et al, 1980). Haemangioma of the spleen produced an
ultrasonographic pattern which was predominantly composed
of cystic spaces. However, the findings reflected the
spectrum of solid to cystic change seen in gross specimens
(Ros, Moser, Dachman, Murari and Olmsted, 1987). Efforts
have been made to recognise lymphomatous involvement of the
spleen in man by evaluating the echogenicity of the organ.
A hypoechoic pattern has been observed in Hodgkin's
disease, lymphomas and leukaemia (Brascho, 1980). However,
it has been impossible to distinguish this appearance from
etastases from other malignancies (Brascho,

abscesses and m

1980) and a hyperechoic pattern has also been observed in
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association with lymphoma and leukaemia (Siler et al, 1980)
and, therefore, laparotomy has been advocated to reach a
definite diagnosis (Brascho, 1980).

In 1976, James et al, described the normal
ultrasonographic appearance of the canine spleen using
compound B mode equipment (James, Sanders, Osterman, Novak
and Bush, 1975). Reports of the normal ultrasonographic
appearance and techniques of examination of the spleen using
compound B mode and real-time grey-scale technology have
subsequently appeared in the literature (James et al, 1976;
Yamaga and Too, 1984; Nyland and Hager, 1985; Rawlinson
and Hoffman, 1986; Rantanen, 1986), but reports of
abnormalities which were detected in association with splenic
disease remain sparse.

In 1983, Foss et al described the ultrasonographic
findings of primary and metastatic splenic neoplasia.
Ultrasonographic examination confirmed the presence of
splenomegaly and illustrated the changes in tissue texture
which were the result of splenic disease. These authors
also concluded that the technique was easy to perform (Foss,
Wrigley, Park, Konde and Lebel, 1983). Feeney, Johnston
and Hardy (1984) reported the ultrasonographic findings in
a series of 17 cases of hepatic and splenic neoplasia which
included six cases of splenic involvement. Ultrasonographic

examination provided information on tissue architecture

which was not demonstrated by radiography and, therefore,
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ultrasonographic examination was considered a useful

adjunct to radiography (Feeney, Johnston and Hardy, 1984).
Splenic haematoma in the horse has been described

and it produced an image of areas of anechoic fluid

surrounded by an echogenic wall (Spier et al, 1986).

Splenic abscess in the dog has been located ultrasonographically

and resulted in a hypoechoic area with a thick, echogenic

wall (Konde, Lebel, Park and Wrigley, 1986).

1:3 ULTRASONOGRAPHIC ESTIMATION OF OVINE FOETAL NUMBERS.

The efficiency of management of a ewe flock could
be improved by early detection of non-pregnant ewes and
determination of foetal numbers. Barren ewes could be
sold to avoid unnecessary feeding. Pregnant ewes could be
divided into groups according to foetal number and fed
accordingly. This could decrease the incidence of overgrown
single lambs and accompanying losses due to dystocia and
prevent undernourishment of ewes and lambs in multiple
pregnancies. Thus birth weight of twins could be increased
with a reduction incidence of pregnancy toxaemia. Extra
attention at lambing could be provided for the multiple
bearing group (White and Russel, 1984).

The absolute nutritional requirement of ewes
during pregnancy was dependent on several factors in
addition to foetal numbers. Body score, stage of gestation,

live weight of the ewe and type of grazing all influenced

energy requirement. Tables for nutritional requirements
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were generally calculated in experimental situations rather
than on commercial farrs and so the allowance required for
climate and locomotion was difficult to assess (Russel,
1985) . These factors must also be taken into account when
deciding feeding regimes based on foetal numbers (Russel,
1985). However, a study by Parker and Waterhouse (1986)
indicated that the overall benefit of scanning in a hill
flock where the incidence of twinning was low, was at least
1l kg extra liveweight weaned per ewe. Similarly, in the
upland or lowground situation, identification of barren
ewes and reduction in lamb and ewe mortality resulted in
considerable savings (Russel, 1985).

A wide range of methods of pregnancy diagnosis in
the ewe has been reviewed by Richardson (1972), who
suggested that there was not a simple, accurate and
inexpensive method available. With the development of
B mode ultrasonic scanning this situation has changed.
Lindahl (1976) reported 84% accuracy of single and multiple
detection with a composite scanning technique. White,
Russel and Fowler (1984) carried out a trial 