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Abstract:

Application of a 3.5 MHz sector transducer over the right flank allows the
rapid and clear visualization of bovine pregnancy (ie: fetus, fetal
membranes, fetal fluid and/or placentomes). A total of 1736 cows in ten
commercial, pasture-based New Zealand dairy herds were examined for
pregnancy by transcutaneous ultrasound across the right flank and
transrectal ultrasound between 37 and 198 days of gestation. The gold
standard was derived from calving records or examination at slaughter. The
overall sensitivity of transrectal ultrasound (96.24%) was markedly higher
than flank ultrasound (58.55%) and the overall probability of a correct
diagnosis of pregnancy status was also significantly higher (p<0.0001).
From 155 days of gestation, however, flank ultrasound represented a more
accurate method of pregnancy diagnosis and the probability of a correct

diagnosis was significantly higher (p<0.0001) after this gestational age.

The gestational age of 225 cows from four Spring-calving dairy herds was
determined and ultrasound pregnancy test recorded, to determine possible
fetal characteristics able to be visualized via transcutaneous ultrasound over
the right flank in order to age pregnancy during mid to late gestation. Linear
or quadratic equations and curves were formulated from 60 to 198 days of
gestation. The fetal characteristics of thoracic diameter, abdominal diameter
or umbilical diameter can be used to age pregnancy from 60 days of
gestation.  Placentome height and length were not significant in the

determination of gestational age.
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CHAPTER 1:
LITERATURE REVIEW OF MID-GESTATION
PREGNANCY TESTING IN CATTLE

The accurate diagnosis of pregnancy is an essential factor in the assurance
of economic success on the New Zealand dairy farm (Oltenacu et al., 1990;
Honey, 1998). Although transrectal ultrasound and manual palpation per
rectum are the most common techniques currently used for pregnancy
diagnosis, the accuracy of both is limited in mid to late gestation due to
movement of the fetus over the cranial pelvic brim and towards the dam’s
ventral abdominal wall. Veterinarians are commonly asked to pregnancy
test either individual or groups of cows in mid to late gestation and a
technique which would allow accurate and efficient pregnancy detection and
ageing at this stage of gestation would be an asset to both the veterinarian
and herdowner.  Although transcutaneous scanning over the ventral
abdomen and right flank in order to diagnose pregnancy has been
successfully completed in a number of species. including horses. deer and
sheep. there has not been a comprehensive study of its potential use in
cattle. The unusual uterine anatomy and abdominal shape and size of dairy
and beef cattle, the possible advantages of accurate mid-gestation pregnancy
diagnosis and the accuracy of currently available methods must be taken

into consideration when assessing the potential of this technique.

1.1 THE ANATOMY OF BOVINE PREGNANCY:

1.1.1 THE NON-PREGNANT COW:

Although the structure and position of the bicornuate, non-pregnant bovine
uterus is highly dependant on the stage of the reproductive cycle and the
age, parity and condition score of the animal, in general the uterine body can
be found lying within the pelvic cavity (Dyce et al., 1996). The main
support for the uterus arises from a fold of peritoneum known as the broad
ligament which originates from the dorsolateral wall of the pelvic cavity

(Sorenson, 1979). The cranial section of the broad ligament, or

13



mesovarium. attaches to and supports the ovary and 1s continuous with the

mesosalpinx which supports the oviducts (see Figure 1.1). The proper
ovarian ligament. which 15 a section of the mesovariun. directly anchors the
ovary in place. The caudal broad ligament. or mesometrium. attaches to the
lateral borders of the uterine horns and body. The round ligament 15 situated
in the lateral fold of the mesometrium and plays an active role in
maintaining the non-pregnant uterus within the pelvic cavity (Smallwood.

19923,

The vagina of the non-pregnant animal is 25-30 cms long with collapsed.
muscular walls (Sorenson. 1979) (See Figure 1.1} The 8-10 ¢m long
cervical canal is tortuous and. in the non-pregnant uterus. tightly closed and
difficult to dilate (Getty. 1975).  Although the uterine body. externally.
appears to be up to 15 cms. it is. in reality. only 3-4 ¢cms long. due to an
intercornual ligament connecting the caudal sections of the two uterine
horns (Hatez and Rajakoski, 1964). The myometrium or uterine body wall
consists of an external longitudinal layer and two inner circular strata and 1s
lined with longiudinal folds (Getty. 1975). During uterine development
within the foetus. small. rounded prominences called caruncles develop on

and in these longitudinal tolds.

The uterine horns, which have an average length of 35-40 cms. are coiled
into a spiral, similar to the horns of a ram. and taper at their junction with
the uterine tubes or oviducts {Smallwood. 1992y, The mucosa of the
oviducts consists of a complex arrangement of primary. secondary and
tertiary folds which almost fill the oviductal lumen (Hafcz and Hafez.
2000y, The ciliated cells of the oviductal mucosa have slender, motile cilia
which ¢xtend into the lumen and beat towards the uterine body. The cranial
end of the coiled oviducts torm a large. funnel-shaped uterine orifice. or
infundibulum, and the fringed border of the terminal membrane. or fimbriae.
lie closely over the ovary allowing safe passage of the ovum following

ovulation (Sorenson. 1979). In the non-pregnant cow. the ovaries lie in a
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thin peritoneal fold of the mesosalpinx, or ovarian bursa, within the
peritoneal cavity, near the middle of the lateral margin of the pelvic inlet
(Hafez and Hafez, 2000). The size of the oval, flattened ovaries varies
greatly with the stage of the reproductive cycle but they are measured at 4
cms in length and 2.5 cms in width in their anoestrus state (Getty, 1975;

Sorenson, 1979).

The primary blood supply to the uterus is the uterine artery which arises as
the first branch of the umbilical artery, which. in turn, is a branch of the
internal iliac artery (see Figure 1.2). The uterine artery anastomoses
cranially with the ovarian artery, a direct branch of the abdominal aorta,
which becomes tortuous and forms a plexus with the ovarian vein near the

ovary (Smallwood, 1992).

1.1.2 THE PREGNANT COW:
The accepted average gestation length of dairy cattle within New Zealand is
currently 282 days. with a range of 272-293 days. Nonetheless there are a
number of factors which have been repeatedly shown to influence the
gestation length of cattle including season, region, breed of sire. calf sex and
the presence of twins (Anderson and Plum, 1965; MacMillan and Curnow,
1976). Pregnancy can be divided into three time periods:

“Early” pregnancy (first trimester): less than 3 months

“Mid” pregnancy (second trimester): 3-6 months

“Late” pregnancy (third trimester): over 6 months

1.1.2.1 EARLY pregnancy (< 3 months):

Fertilization and cleavage:

After ejaculation of semen into the cranial end of the vagina and cervix,
large amounts of sperm are trapped in the complex mucosal folds of the
cervical crypts (Hafez and Hafez, 2000). The sperm, which are released

sequentially for a prolonged period, are transported to the uterine tubes via

15
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1. Dorsal part of intercornual ligament 22. Mesometrium

2. Right uterine horn 23. Abdominal opening
3. Right ovarian artery of oviduct

4. Caruncles in right uterine horn 24, Infundibulum

5. Right uterine horn 25. Frimbriae

6. Right uterine artery 26. Ampulla of oviduct
7. Uterine body 27. Mesosalpinx

8. Cervical canal with circular folds 28. Ovarian bursa

10. Vagina 29. Isthmus of oviduct

13. External urethral orifice

31. Ovarian follicle
32. Proper ligament of ovary

Figure 1.1: Dorsal view of a cow’s uterus, partially dissected (From

Smallwood, 1992)

Aorta

Right internal iliac artery
Right uterine artery
External ostium of uterus
Vagina

Vestibule

22. Subcutaneous abdominal vein

23. Cranial mammary artery

28. Intercornual ligament

29. Lateral fold of right broad ligament,
containing round ligament of the uterus
30. Right ovarian artery

Figure 1.2: Lateral view of the genitalia and udder of a cow (From

Smallwood, 1992)
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the contractile activity of the vagina and myometrium. Follicles, which
produce and contain the growing ovum, appear as clear blisters bulging from
the ovarian surface (Sorenson, 1979) (see Figure 1.1). The ovary, through
the action of the proper ovarian ligament and the mesovarium, is propelled
to the surface of the fimbriae into which the mature ovum is released on
rupture of the follicle. The cilia of the mucosa of the uterine tubes convey
the egg and sperm in opposite directions almost simultaneously, allowing
fertilization within the infundibulum. In cattle, ovulation occurs most
commonly from the right ovary and. as the embryo is typically confined
unilaterally, 58-60% of bovine pregnancies occur in the right horn (Dyce et
al., 1996; Nation et al., 2003). In the majority of twin pregnancies, one
ovulation occurs in each ovary and one twin is present in each horn (Arthur
et al., 1982). Unicornual twins, where two foeti are found in the one horn,
result from two ovulations from the one ovary, while 4-6% of all twin

pregnancies are identical twins which result from a single ovulation.

The sperm undergo capacitation within the uterine tubes, which involves
modification and removal of components on the sperm’s surface, before it
can become capable of penetrating the ovum (Hunter, 1982). Movement of
the sperm through the zona pellucida and into the perivitelline space causes
the ovum to become “activated”. The ovum undergoes meiosis resulting in
the two haploid groups of chromosomes becoming enclosed within
pronuclei (Hafez and Hafez, 2000). These pronuclei meet in the centre of
the ovum, undergo cytoplasm division and produce a 2-cell egg which
undergoes several mitotic divisions.  Spontaneous separation of the
blastomeres (embryonic cells) at this stage can result in the development of
identical twins (Latshaw, 1987). After remaining within the uterine tube for
3 days, the embryo is propelled towards the uterine body at the 8-16 cell
stage (morula) via the peristaltic contractions and ciliary currents of the
oviduct (Arthur et al., 1982) (see Figure 1.3). The timing of uterine entry

appears to be critical for future embryonic development and is delayed by
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Figure 1.3: Early embryonic development within the bovine uterine tube
(From Hunter, 1982).
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4 — Inner cell mass
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Hatching

Figure 1.4: Hatching of the blastocyst (From Sorenson, 1979)
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the sphincter action of the isthmic region of the uterine tube (Dyce et al.,
2002). Although the embryo is released with a considerable cytoplasmic
reserve of yolk, it soon becomes dependant on uterine fluid or “milk”

(Hunter, 1982).

b. Early embryonic development:

The embryonic cells, on 7-9 days post-fertilization, secrete fluid into the
intracellular spaces and form a central, fluid-filled space known as the
blastocyst (Sorenson, 1979). The surrounding single layer of cells is called
the trophoblast and contributes to the formation of extra-embryonic
structures including the foetal membranes (Latshaw, 1987). At one pole of
the blastocyst, there a small group of cells, known as the inner cell mass,
which develop into the embryo proper. Expansion and contraction of the
blastocyst causes tearing of the surrounding zona pellucida 9-11 days after
fertilization, in a process called hatching (Arthur et al., 1982) (see Figure
1.4).  From 13-17 days of gestation, the blastocyst elongates rapidly,
through hyperplasia of the trophoblast and rearrangement of the cell layers,
from a sphere to a filamentous thread-like structure up to 25 c¢ms in length
(Hunter, 1982). There is relatively little embryonic migration within the
uterus but by 18 days of gestation the blastocyst has extended into the
contralateral horn and so caused extensive preimplantation exposure to the
myometrium (Latshaw, 1987: Hafez and Hafez, 2000).  Maternal

recognition of pregnancy in cattle occurs between 15-17 days of gestation.

¢. Implantation and placentation:

Embryonic and placental development in the cow requires the
differentiation of four distinct extraembryonic membranes: yolk sac,
amnion, allantois and chorion. The yolk sac, which is continuous with the
embryonic gut, is initially large but regresses as the placenta develops. It
functions to nourish the embryo during its early development and forms the
first red blood cells and primordial germ cells (Latshaw, 1987). By 25 days
post-fertilization, the yolk sac is reduced to a solid, cord-like structure

within the umbilical cord.
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The embryo 1s situated within the amnionic vesicle (see Figure 1.5.) The
allantois, which is an ouwtgrowth of the embryonic hindgut. fills with
allantoie fluid and makes contact with the outer chorion to form the vascular
allanto-chorionic membrane 40-60 days post-fertilization (Arthur er ol..
1982). The allantois also fuses inwardly with the amnion to form the
allanto-amnion. In twin or triplet pregnancies, adjoining sacs coalesce to
create allantoic vascular communication between the fetal membranes by
Day 40 of gestation. Although the source of amnionic and allantoic fluid is
not clear, it is likely to be a distilate of the blood within the allantoic
vessels and urine collected through the urachus in the umbilical cord

(Sorenson. 1979: Latshaw. 1987) (se¢ Figure 1.6),

At 28 days of pregnancy the amniotic sac 1s spherical and approximately 2
ems in diameter but by 60 days of gestation the amnion is oval and
relatively tense with a transverse diameter of 5 cms (Artbur et «f.. 1982).
The majority of tetal fluid in the first third of pregnancy is allantoie fluid
that gravitates to the poles of the allantochorion lying in the dependant
sections of the uterine horns (Arthur ef «af.. 1982). Fetal tluid provides a
protective cushion for the developing fetus. prevents adherence of the
embryo to the surrounding membranes and allows unrestricted movement ot
the fetus in the ecarly stages of pregnancy.  As there 1s no pronounced
decidual reaction in cattle. it 18 difficult to determine when implantation
takes place (Dyce ef af.. 2002). The ruminant placenta 1s cotyledonary and
histologically has been classified as epitheliochorial (Noakes. 1985}
Within 22 days of fertilization. the chorioallantois attaches to caruncles on
the uterine endometrium at speclalized areas of attachment known as
cotyledons (see Figure 1.5) (Hunter, 1982). The attachmenis take the form
of interdigitating villous projections within the walls of the matemal erypts,
which allow a surface arca of contact between the dam and fetus of over 130
metres squared {Latshaw, {987. Schlafer. 2000). The bovine placenta

consists of 70-120 of these combinations of cotyledons and caruncles,



1. Remnant of yolk sac 7. Chorion 14. Urinary bladder
2. Amnion 8. Cotyledon 15. Urachus

3. Amnionic plaques 10.  Umbilical vein 16. Allantoic stalk
4. Amnionic cavity 11. Liver 17. Umbilical cord
5. Allantois 12, Stomach 18. Caruncle

6. Allantoic cavity 13. Umbilical arteries  19. Chorionic villus

20. Placentome

Figure 1.5: Bovine fetus and placenta (From Smallwood, 1992)
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collectively known as placentomes. which are arranged in four rows. two
ventral and two dorsal. running lengthwise along both uterine homns
(Roberts, 1986). The largest placentomes are situated around the fetus itself
and at the attachment of the middle uterine artery and tend to decrcase in
size towards the hom’s apex. There are also accessory placentomes at the
intercaruncular areas {Latshaw, 1987). There 15 no refationship between
either the placentome weight or length and the number of placentomes
present which suggests the normal bovine placentome has a large reserve
capacity available (Laven. 2001).  Placentome development in the non-
gravid horn remains unaffected by growth within the gravid horn and Laven
et al. (2001) found 21% ¢10/47) of uterl. in fact. had no placental
development within the non-gravid hom. The section of choricaliantols
which occupies the uterine horn tip undergoes degeneration and coagulative
necrosis and these necrotic placentat tips can reach 3-5 ¢ms in length

(Schlafer er af.. 2000,

Organogenests begins at or shortly after the time of implantation (Curric.
1995).  The three cell layers of ectoderm. mesodermy and entoderm are
formed through thickening of the trophoblast in a process known as
gastruelation.  The ectodermy {outer c¢ll layer) forms the outer skin.
epidermis, hooves. brain and nervous system. The mesoderm {middle ceil
layer) torms muscle, cartilage. ligaments. bones and circulation organs (eg:
heart) while the entoderm (inner cell Jayer) forms the glands. liver and
lining of the gastrointestinal tract (Sorenson. 1979). Inittally amniotic and
altantoic fluid production exceeds early foetal growth. Prior to 90 days of
gestation the increase in embryonic weight 1s 85 tmes relative to crown-
rump length. while the amniotic fluid volume increases 580 times in the

same time period (sec Figure 1.6) (Hatez and Rajakoski, 1964).



1.1.2.2 MID pregnancy (3-6 months):

Uterine distension is marked by 90 days of gestation, with a gravid and non-
gravid horn width of 9 cms and 4.5 cms respectively (Arthur er al., 1982).
There is a dramatic increase in the volume of amniotic fluid between 3 and 4
months of gestation and. although broad ligament hypertrophy initially
prevents it, by 120 days of gestation the gravid horn has sunk below the
cranial pelvic brim (Zemjanis, 1970). In some multigravid or obese
animals, the uterus will lie in the abdomen before this time. The uterus
typically enters the supraomental recess, between the right face of the rumen
and the greater omentum, before descending to the dam’s abdominal floor
by 150 days of pregnancy. On occasion, the uterus may slip forward against
the right or, less frequently, the left flank, displacing the intestines or rumen
respectively from the abdominal wall (Dyce et al., 1996). Allantoic fluid
gravitates towards the extremities of the cornua between 4-5 months and
concurrent elongation of the cervix and vagina is readily noticeable at this
stage of gestation (Abusneina, 1969). During the early months of gestation,
the fetus enjoys relative freedom of movement, and the incidences of
anterior and posterior presentations are approximately equal. Longitudinal
rotation is limited by the length of the umbilical cord and, by 5 to 6 months
of gestation, transverse rotation is also limited as the fetal crown-rump

length at 35-40 cms exceeds the width of the amnion (Arthur er al., 1982).

1.1.2.3 LATE pregnancy (>6 months):

Between approximately 6.5 and 7.5 months of gestation, there is a dramatic
increase in the volume of allantoic fluid and at term this volume has reached
20 litres (Arthur et al., 1982). Throughout gestation the allantoic fluid is
watery, but, in the final third of gestation, the amniotic fluid becomes
mucoid in nature which gives it a lubricant quality at parturition. Rapid
foetal growth in the last trimester of pregnancy causes the tissues of the

dam’s abdominal wall to become stretched and hypertrophied. The fetus
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becomes aligned in parallel to the long axis of the dam with its limbs flexed
against its trunk {Roberts, 1986). As the hindquarters are of relatively
higher density in comparison to the head. in over 95 percent of pregnancies
the fetus adopis an anterior presentation at parturition with the head raised
and presented towards the pelvis (Roberts, 1986: Dyce er af., 1996). At
birth. Holstein fetuses weigh 35 percent more than Jersey calves and 15%
more than the average dairy calf (Holmes er «/.. 2003).  Although
environmental factors such as parity and nutrition of the dam, litter size and
climatic stress all play a role in fetal size at birth. maternal size is the most

significant factor.

1.2 CURRENTLY AVAILABLE MID-GESTATION
PREGNANCY TESTING TECHNIQUES:

The first record of man’s awareness of conception and pregnancy can be
traced back over 35,000 years. to the art of Cro-Magnon man {Dunlop and
Williams, 1996).  The surprisingly complex artworks contain numerous
images of phallic symbols and pregnant animals. suggesting the artist had
some sense of both tertilization and its consequences. I 1993, Veena and
Narendranath mvestigated the first written example of a test for pregnancy
in cattle from a Kahun papyrus of ancient Egypt. dated 2100-2200 BC.
They found the germination of barley seeds was inhibited due to the
presence of plant growth reguiators in the urine of pregnant cows. Visual
examination of cow’s urine was also undertaken through the 15" century in
order to diagnose pregnancy (Keil, 1988). In 1607. England’s Gervase
Markham promoted one of the more barbaric attempts at pregnancy
diagnosts in the cow by pouring water nto the animal’s ear (Fleming. 1896;
Dunfop and Williams. 1996). The diagnosis was based on whether the
animal shook her entire body (non-pregnant) or just her head {pregnant) to

rid herself of the water.



Since that time, countless tests have been designed, developed and/or
discarded in order to diagnose pregnancy in cattle more accurately, more
easily and at an earlier gestational age. They include:

1. Manual palpation per rectum

S

Transrectal ultrasonography

9

Plasma and milk oestrone sulphate

Plasma and milk progesterone

-

Oestrus detection

i

Abdominal enlargement and right abdominal wall
ballottement

7. Post-oestrus bleeding

8. Changes in udder size

9. Doppler/ fetal echocardiography

10. Electrocardiography

1. Early pregnancy factor (EPF)

12. Bovine pregnancy specific protein B (bPSP-B) and
bovine pregnancy associated glycoprotein (bPAG)

13. Transcutaneous flank ultrasonography

1.2.1 MANUAL PALPATION PER RECTUM:

Manual palpation of the uterus involves the insertion of a gloved, lubricated
hand into the cow’s rectum and downwards palpation through the ventral
rectal wall (Zemjanis, 1970). The first known record of rectal examination
in cattle was described in the Kahun papyrus, where a bull with severe
necrotic gastroenteritis was treated by manual evacuation of infected tissue
via the rectum (Schwabe, 1978; Dunlop and Williams, 1996). Columella
and Vegetius of Rome, in the first and fourth centuries AD respectively,
described rectal palpation of abdominal organs for the diagnosis of digestive
disorders (Smithcors, 1957). Manual palpation of the uterus to diagnose
pregnancy has been mentioned in various references from the early 1800s

and was described in detail by Fleming in 1896. Burgess was responsible



for the introduction of manual palpation into the cuiticulum of Edinburgh’s
Roval Veteninary College in 1942 and the technique is now a fundamental

part of veterinary practice throughout the world (Momont. 1990).

1.2.1.1 Early (<3 months): manual palpation per rectum:

Although manual palpation of bovine pregnancy can be successfully
completed from 27 days post-conception. the carliest recommended stage is
36-42 days in heifers and 42-49 days in mature cows (Zemjanis, 1970:
Roberts, 1986). The definitive diagnosis of pregnancy at this early stage 1s
dependant on the detection of one or more of the four positive signs of

pregnancy (Momont, 1990: Honey. 1998):

a. Fetal membrane slip: was first described by Abalein and involves slipping

the chorioallantoic membrane. as a band over the greater curvature of the
uterus. between the thub and forefinger at 30 to 42 days of pregnancy
(Zemjanis. 1970: Arthur et «f.. 1982).  Embrvonic implantation and
organogenesis also occur at this time and numerous investigations have
been undertaken to ascertain whether fetal slip can cause iatrogente. early
embrvonic death (Paisley er «f.. 1978 Abbitt ¢t al., 1978: Vaillancourt et al..
1979: Franco er af.. 1987: Thurmond and Picanso. 1993: Alexander et af..
1995).  Despite claims of up to 9 pereent embryonic loss, rescarch has
proven difficult as. prior to the development of ultrasound and fetal heart
visualization. 1t was impossible to unequivocally confirm the pregnancy
status of the animal before and after manual palpation (Abbitt er .. 1978:
Thompson ef af.. 1994). Confirmation was further complicated as fetal
membranes can take up to three months to disperse after embryonic loss
(Parmigiani ¢t «al.. 1978). Early studies also typically failed to take into
account naturally occurring embryonic loss. which has been estimated 1o
vary between 9-28 percent in cows with normal fertility and up to 60
percent in repeat breeder cows. from 31 to 55 days post-breeding (Forar et

al., 1995y, Recent investigations have concluded the economic and



managerial risks of failing to pregnancy test makes any potential embryonic
loss due to manual palpation relatively insignificant (Thompson et al., 1994;

Alexander er al., 1995).

b. Palpation of the amniotic vesicle: was first described in 1923 by two

German veterinarians, Pissl and Ruther, and involves placing gentle
pressure over the chorioallantoic sac, from 30 days of gestation, to detect the
round, turgid amniotic vesicle floating within the chorioallantoic fluid
(Studer, 1969; Arthur et al., 1982). Rowson et al. (1963) found amniotic
vesicle palpation caused heart rupture in 2 out of 4 fetuses examined and
Dawson (1974) reported intentional rupture of the amniotic vesicle per
rectum resulted in abortion within 2-3 weeks. Development of the caudal
intestine is completed between days 30-40 of gestation and Bellows et al.
(1975) were the first to suggest amniotic vesicle palpation within this time
period may result in rectal and/or colonic atresia. due to colonic vascular
damage (Winters et al., 1942: Von Schlegel et al.. 1986: Syed and Shanks,
1992a). It has been found, however, that there is a marked predisposition
for atresia coli development in Holstein-Friesians. due to an autosomal
recessive lethal factor, regardless of pregnancy examination technique
(Constable et al., 1997, Brenner and Orgad, 1999). Although vigorous
palpation of the amniotic vesicle may increase the risk to the genetically
predisposed fetus, some consider it a safer form of pregnancy diagnosis
compared to the fetal slip technique (Abbitt et al.. 1978; Syed and Shanks,
1992b).

¢. As the amnion becomes flaccid, the uterine wall thins and direct palpation
of the fetus becomes possible at approximately 60 to 70 days of gestation
(Benesch and Wright, 1950; Honey, 1998). From approximately 30 to 35
days of gestation, a pronounced asymmetric enlargement of the gravid horn,
due to allantoic fluid accumulation within the chorioallantoic membrane,
also gives strong evidence of the presence of pregnancy (Noakes, 1985;

Sheldon and Noakes, 2002). The uterine wall is thinner relative to the non-



gravid horn. and feels fluctuant when palpated. The examiner should.
however. be conscious of other possible causes of fluid accumulation within
an empty uterus, particularly in older. multiparous cows. and the fact that
btcornual twins will also create symmetrical fluid accumulation between the

two uterine horns {Arthur ef «f.. 1982).

d. Placentomes. which consist of interdigitating tissue projections of the
fetal cotyledon and matemal caruncle. are first detectable wvia manual
palpation at 70 to 80 days of pregnancy as circumscribed. ovoild. thickened
areas (Roberts, 1986: Schlafer et al.. 2000). During the last two trimesters
of the gestation period. as the fetus “falls™ to the abdominal fleor. the
placentomes are typically the most accessible. positive characteristic of

pregnancy (Zemjanis, 1970).

The palpation of a mature corpus luteum, middle uterine artery hypertrophy
and fremitus andfor a “heavy” cervix are considered signs suggestive of
pregnancy (Honey, 1998). Repeated palpation of a mature corpus luteum.
typieally on the ovary ipsilateral to the pregnancy. has been shown to be 85-
90 percent accurate as a pregnancy tesling technigue (Zemjanis, 1970:
sheldon and Noakes, 2002). From 3-4 months of gestation. the uterine
arteries undergo hypertrophy and a characteristic change in their pulse wave
{Arthur ef ¢l.. 1982). The tremor-like pulse e tremitus) can be distinetly
felt approximately 2 cms lateral (o the anterior border of the iliac shaft. The
artery supplying the pregnant horn becomes noticeably larger in diameter
relative to the other uterine artery from approximately {00 days of gestation
(Ginther and del Campo. 1974). Fremitus can also be felt. however, in cases
of fetal maceration or mummification. and should not be used as the sole

indicator of pregnancy.

The reported sensitivity, specificity and positive and negative predictive
values for pregnancy diagnosis by manuai palpation per rectum at less than

90 days of gestation are well summarized by Mueller (2001). Sensitivity.



positive and negative predictive values were consistently over 90 percent.
Specificity values, however, were highly variable ranging from 49.2 percent
in the study of White et al (1989) to 100 percent in a study of manual
palpation per rectum in beef cows by Tierney (1983). This indicates that
there is a wide variability in the ability of the operator to correctly diagnose

a non- pregnant cow as such by manual palpation per rectum.

The ease of rectal palpation per rectum is highly dependant on the age, size,
breed and condition score of the cow and the relative experience and
strength of the palpator (Burgess, 1942: Honey, 1998). In the last 50 years,
the average liveweight of the New Zealand dairy cow has increased from an
estimated 375 to 440 kgs (Holmes et al., 2002). Holstein-Friesians have
also surpassed Jerseys as the dominant dairy breed in New Zealand and
pregnant uteri within the relatively deep abdomen of this larger framed dairy
breed can be extremely difficult to palpate, particularly in mid to late
gestation (Roberts, 1986; Dairy Statistics, 2003). In pluriparous. older
cows, where multiple pregnancies have caused the cervix and mesometrium
to become stretched, the pregnant uterus can also commonly be found in the

abdominal cavity from a relatively early stage of gestation (Roberts, 1986).

It is difficult to distinguish the landmarks of pregnancy via palpation per
rectum in high condition score cows grazed for a season without lactating
(ie: carry-overs), due to non-pregnancy in the previous year (Honey, 1998).
The uterus of a non-pregnant, obese cow, pulled ventrally by increased
mesometrial fat, can be easily misdiagnosed as pregnant as the only
detectable characteristic of pregnancy may be fremitus. Autumn calvers
also tend to be in relatively high body condition score (ie: 5+) at pregnancy
testing in December/January as they undergo mid and late lactation during

the spring and early summer pasture flush (Holmes er al., 2002).

Although pregnancy diagnosis requires a thorough knowledge of bovine

reproductive anatomy, embryology and physiology, only those experienced
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in palpating large numbers of cattle can claim to have mastered this
particular skill.  Inexperienced palpators and/or palpators with thick
forearms. who are unaccustomed to palpating large numbers of cattle.

fatigue easily and mustakes can occur. particularly in beef cows and heifers

(Honey. 1998).

Enzootic Bovine Leucosis (EBL). a malignant. systemic neoplasia of the
bovine reticuloendothelial system. is present in approximately 5 percent of
cattle infected with bovine leukemia virus (BLV)Y (Hopkins et af.. 1991}
BLV is spread via the horizontal transmission of contaminated biological
materials and proven routes of inoculation include oral. intradermal,
subcutancous.  intramuscular.  intravenous.  vaginal  and  intrauterine
(Radostits. 1994). The transniission of EBL via the rectal mucosa, however,
has remained somewhat contentious (Henry, 1987).  Vigorous rectat
palpation can result in superficial rectal mucosal hemorrhage which is
visible as blood on the rectal glove. Despite contrary results in a previous
study (Lassauzet et al. 1989). Wentink ¢t al (1993) found BLV was
transnutted after manual palpation per rectum using a glove covered in
blood contaminated mucus. Hopkins er al. (1991) found BLV transmission
via palpation per rectum was dependant on the degree of trauma induced by
the palpator and generally this routine procedure does not play a major role

in most commercial dairies.

Lang-Ree et al (1994) found Bovine Viral Diarrhoca Virus (BVDV) from a
persistently infected (PI) animal could be transmitted via a shared rectal
glove. At less than four months of gestation, when manual palpation for
pregnancy is typically completed. the calf 1s not immunologically competent
to recognize the BVD virus and either foetal death or deformities may resutt
(Radostits. 1994). Programs to controt the potential spread of BLV and
BVDV, thercfore. currently include the use of a new glove for each rectal

examination (Honey, 1998).
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Figure 1.7: Right lateral view demonstrating the position of the gravid
uterus: at 5 months the uterus is out of reach via manual palpation per
rectum (From Dyce et al., 2002)

Figure 1.8: Left lateral view demonstrating the position of the gravid
uterus: Manual palpation per rectum of a late pregnancy (From Arthur ef al..
1982)
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1.2.1.2 Mid (3-6 months) and Late (>6 months): manual palpation per

rectiem.

From approximately 90 to 120 days of pregnanacy. the uterus passes over the
pelvic brim as a result of increasing fetal and fetal fluid weight. Darect
palpation of either fetal membrane shp or amniotic vesicle palpation 1s not
possible after this time period. Between 120 and 160 days of pregnancy. the
fetus and/or placentomes can be palpated in only 50 percent of pregnancies
and pregnancy diagnosis per rectinn becomes progressively more difficult
as the uterus slips further cranially within the abdomen (Arthur er af., 1982).
From 160 to 220 days of pregnancy. frequently the only palpable signs
suggestive of pregnancy are a heavy cervix, which a palpating hand finds
difficult to lift. and detectable fremitus of the uterine arteries (see Figure
1.7). From 220 days of pregnancy onwards the fetal head and/or tegs may
become detectable as the fetus ascends towards the pelvie cavity in
preparation for parturition (see Figure 1.8).  In deep-bellied. multiparous
cows. however, the fetus and placentomes can be undetectable throughout

pregnancy. even (o term.

There is littde information available on the average sensitivity, specificity.
positive and negative prediciive values for the diagnosis of pregnancy over
90 days of gestation through manual palpation per rectum. Meacham et al.
(1976). in a study of over 1,800 beet cattle in 4 years. found pregnancy
testing at an average of 127 days of gestation resulted in a sensitivity.
specificity, positive and negative predictive value of 99.0 percent. 69.6
percent. 94.9 percent and 92.8 percent respectively. The effect of increasing

gestational age on each of these values was not discussed. however.

1.2.1.3 Fetal ageing using manual palpation per rectum:

Prior to the development of manual palpation per rectum. fetal age was

primarily determined via measurement of crown-rump leagth and fetal flud
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volumes collected from aborted and postmortem fetuses (Winters, 1942;
Maneely, 1952; Lyne, 1960; Gjesdal, 1969: Richardson, 1990). The
accuracy of fetal ageing using manual palpation per rectum is greatest
between 35 and 65 days of gestation and tends to decrease with increasing
gestational age as the fetus passes out of reach (Honey, 1998). There is a
general tendency to underestimate the age of the fetus in early gestation and
overestimate fetal age within and after mid gestation. Up to a 7 week error
in fetal age estimation can be expected as the calf nears parturition, a large
part of which is due to the variation in normal gestation length between 272

and 293 days (MacMillan and Curnow, 1976).

Between 30 to 70 days of gestation, the size of the amniotic vesicle (see
Table 1.1) and a volumetric measurement of the gravid uterine horn in
relation to the non-gravid horn can be used to determine fetal age using
manual palpation per rectum (Honey, 1998). The relative accuracy of
uterine fluid volume is less versus amniotic vesicle size as fluid amounts

vary between individual animals and from heifers to cows.

Gestation Amniotic vesicle Rule of thumb
age (days): length (cms): measurement:
38 days 0.7 cms V2 finger

42 days 1.5 cms | finger

49 days 3.5 cms 2 fingers

58 days 7.5 cms 4 fingers

63 days 9.0 cms hand less thumb
70 days 10.5 cms hand plus thumb

Table 1.1: Approximate size and rule of thumb measurement using the
average hand for amniotic size according to gestational age (From Honey,
1998)

By 70 days of gestation, the amnionic fluid volume decreases and the
amnion becomes flaccid to the point where the fetus may be palpated.
There is a linear relationship between fetal age and crown-rump length and a

general equation of:
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A=65+(23 XCR)

where A 1s the foetal age in months and CR 1s the crown-rump length.
allows the operator to age the pregnancy between 60 and 210 days of
gestation (Richardson. 1990), The presence and strength of fremitus in one
ot both of the middle uterine arteries and their relative size also gives a good
approximation of pregnancy duration after 5 months. Fetal hoof and head
size arc currently the only measurements available to estimate fetal age after

7 months of gestation using manual palpation per recfum.

Although detection of placentomes is a cardinal sign of pregnancy. the
measurement of placentome size is one of the least accurate methods of
deternmining fetal age (Honey. 1998).  Placentomes can be palpated as
circumseribed, firm nodules over the uterine surface at approximately 75 to
80 days of gestation (Roberts. 1986: Ferrell. 1991). There 1s great variation
in placentome size within the gravid horn at all stages of gestation.
Placentomes are larger. heavier and more numerous within the gravid horn
relaive (o the non-gravid horn. particularly near the fetus and the
attachment of the middle uterine artery which, after approximately 90 days
of gestation. are out of reach of mianual palpation (Echternkamp. 1992:
Lewser er al.. 1997). Hypertrophy of placentomes within the gravid homn
oceurs 1n 10-20 percent of cattle in response to a failure in development of

placentomes in the non-gravid horn (Roberts. 1986).

1.2.2 TRANSRECTAL ULTRASONOGRAPHY:

Transrectal ultrasonography involves insertion of an ultrasound probe. either
cupped 1n the operator’s hand or taped to a rigid “extender™. into the cow’s
rectum. The probe’s scanning surface is positioned in direct contact with
the ventral rectal wall to allow visualization of structures within, or cranial

to. the pelvic cavity (Mueller. 2001),

Ultrasound tmaging 1s based on the pulse-echo principle (Herring and



Bjornton, 1985). Piezoelectric crystals within the ultrasound probe emit
low-intensity, high-frequency sound pulses into the patient (Peter et al.,
1992). When these ultrasound waves strike an interface between two tissues
of different density or acoustic impedance (eg: soft tissue vs bone), a
characteristic portion of the ultrasound beam is reflected back to the probe
(Reeves et al., 1984). The manner in which the echo’s amplitude is
displayed is subject to the mode chosen. A-mode indicates tissue interfaces
via a series of vertical peaks on a horizontal axis (Haibel, 1990). In B-mode
the relative brightness of dots on a screen represent the amplitude of the
echo. The vertical position of the pixel on the monitor is dictated by the
time it takes the echo to return to the transducer face, which in turn directly
correlates to the reflector’s depth in the tissue. Real-time B-mode involves
a constantly updated image of tissues scanned and allows for observation of
motion in addition to anatomy (Siems, 2000). White, hyperechoic images
are created by tissues (eg: gas and bone) which cause the bulk of the
ultrasound beam to be reflected. while black, anechoic images are created
by tissues (eg: fluid) which allow the bulk of the beam to pass without

attenuation (Herring and Bjornton, 1985 Siems. 2000).

In the first recorded use of ultrasound to diagnose pregnancy in a domestic
animal, Lindahl (1966), using A-mode ultrasound in sheep, described an
accuracy of approximately 95 percent. A-mode was rapidly replaced.
however, with real-time B-mode ultrasound and when Chauffaux et al.
(1982) described several anechoic structures within a cow’s uterine lumen,
it represented the first use of transrectal ultrasound to diagnose pregnancy in
this species. Today, a 3.5 or 5.0 MHz, linear transducer is the most
commonly used probe for transrectal ultrasound pregnancy diagnosis in
cattle and ultrasound now rivals manual palpation per rectum as the primary
pregnancy testing technique of cattle in many veterinary practices

worldwide (Cranefield, 2004).
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1.2.2.1 EARLY (<3 months): transrectal ultrasonography

Although the spherical equine amniotic vesicle 1s relatively easy to detect
via transrectal ultrasound as early as 8 to 9 days of gestation. the bovine
vesicle i1s more difficult to visualize at this early stage due to its unusual
anatomical shape in utero (Ginther. 1984; Hickey, [990). The length of the
bovine blastocyst increases dramatically from a sphere at 8 days of gestation

to a filamentous structuse at 14 days of gestation (Winters ef af., 1942).

The age at which the bovine amniotic vesicle can be tirst visualized by
transrectal ultrasound is dependant on the frequency of transducer used.
High frequency transducers. with relatively high resolution. allow
visualization of structures with a diameter of only 2 mm. Boyd er al.
(1988). using a high frequency 7.5 MHz transducer. reported the earliest
identification ot the bovine amniotic vesicle at 9 days of gestation. Curran et
al (1986a) reported 88 percent of amniotic vesicles could be visuahlized by
12 days of pregnancy using a 5 MHz linear transducer in the horn ipstlateral
to the corpus luteum.  The vesicle was typically located in the first major
curve of the gravid horn proximal to the remaining. highly convoluted hotn
(Picrson and Ginther. 1984}, The vesicle occupied the entirety of the gravid
horn by 17 days and all of the contralarcral horn by 19 days ol gestation

(Curran et «l.. 1986a).

Despite this early success. il 18 generally acecepted that 20 days ot gestanon
is the resolution limit of most modern transrectal transducers for the
detection of pregnancy and the majority of operators cannot regularly
diagnose a pregnancy at less than 30 to 35 days of gestation In the mature
cow (Curran ¢t «l.. 1986b. Rajamahendran ef «f.. 1994). The highly
convoluted bovine uterine horn creates difficulties in obtaining a clear cross-
sectional view of the small amount of fluid present at this carly stage of
pregnancy. The uterus can also contain similar amounts of fluid upte 3 to 4
days after the end of the oestrus cycle and with mucometras and early

pyometras (Badtram et al.. 1991).



The numerous reported sensitivity, specificity, positive and negative
predictive values for pregnancy diagnosis by transrectal ultrasound at less
than 90 days of gestation are well summarized by Mueller (2001). With few
exceptions, these values range above 90 percent if pregnancy is diagnosed
from 30 days of gestation onwards, with increasing gestational age and
transducer frequency resulting in improved accuracy (White et al., 1985;
Hanzen and Delsaux, 1987: Badtram et al., 1991; Hanzen and Laurent,
1991; Szenci et al., 1995; Chauffaux et al., 1998; Pieterse et al., 1990).
Hughes and Davies (1989) found the accuracy of detection of pregnancy
was also inversely proportional to the age of the cow with heifers able to be
diagnosed earlier (ie: 22-28 days) and with higher accuracy than mature
cows (ie: 30-35 days). Nation er al. (2003), using a 7.5 MHz transducer,
found a sensitivity and specificity of 96 percent and 97 percent respectively
between 28-35 days of gestation when using the simplified method of
visualizing uterine fluid accumulation and embryonic membranes only as
opposed to observation of the fetus. The authors concluded, however, that
pregnancy diagnosis between 28-35 days of gestation was too early to
reliably detect pregnancy due to the high degree of fetal loss (9%) found

between the early test and a 13-week recheck (Nation et al., 2003).

The most definite sign of a viable embryo using transrectal ultrasound is the
observation of an echogenic area with rhythmic pulsations (ie: heartbeat)
within the presumptive thorax at approximately 20 to 26 days of gestation
(Pierson and Ginther, 1984) (see Figure 1.9). The embryo develops from a
prominent C shape, due to the cephalic and caudal flexures and general
curvature of the back, to an L-shape as a result of straightening of the neck
and raising of the fetal head (Curran et al., 1986b). The placentomes
become visible at approximately 33 to 38 days of gestation as smooth,
flattened, semicircular elevations on the surface of the uterine lumen.
Movements of the fetal head and feet generally become detectable at 40 to
50 days of pregnancy and the bones of the braincase calcify into a

distinctive, oval hyperechoic shape by 55 days of gestation.
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Figure 1.9: A transrectal ultrasound image of a fetus at 65 days of gestation
showing the heart (red arrow), rumen (white arrow), ribs (white arrows) and
a placentome (blue arrow)

1.2.2.2 MID (3-6 months) and LATE (>6 months): transrectal

ultrasonography:

At mid and late gestation, the fetus within the gravid horn generally passes
over the pelvic brim and out of range of the ultrasound beam. Pregnancy at
this age is typically visualized as uterine fluid cranial to the bladder and/or
placentomes but commonly the gravid horn cannot be seen regardless of the
transducer frequency used. Manual palpation per rectum must then be
completed in an attempt to confirm pregnancy status. The vast majority of
studies investigating the accuracy of pregnancy testing using transrectal
ultrasound have focused on the time period of less than 90 days of gestation,
endeavoring to develop a test which will diagnose pregnancy at the earliest
date possible. Although White ef al. (1985), using a 3.5 MHz transducer
between 92 and 202 days after last service, found an overall accuracy of
pregnancy diagnosis of 98.3 percent, it was not described whether this

accuracy changed with increasing gestation length.

1.2.2.3 Fetal ageing using transrectal ultrasonography:
The efficiency and accuracy of fetal age determination by transrectal

ultrasound depends on the length of gestation, transducer frequency and the



position and orientation of the fetus (Kahn, 1989). The most accurate
assessment of fetal age is between 40 and 120 days of gestation (Wright et
al., 1988). White ef al. (1985), in their definitive study of bovine fetal
ageing, found the regression and correlation coefficients of fetal crown-
rump length, trunk diameter, head diameter, head length and nose diameter
to gestational age were all highly significant. Trunk diameter was most
frequently and crown-rump length least frequently measured (White et al.,
1985). In a similar study, Wright et al. (1988) found the overall difference
between actual and predicted calving dates was 0.9 days (standard deviation
= 9.0 days), with 80.5 percent of cows calving within 10 days of the
predicted date.

White et al. (1985) did find, however, that the fetus could not be regularly
scanned, and therefore aged. beyond approximately 140 days of gestation.
Kahn (1989) found fetal heads could be visualized in approximately 80
percent of pregnancies up to 10 months of gestation, but as only heifers
were examined. it could be expected that this percentage would be lower in
older, multiparous animals, where the fetus is located deeper in the abdomen

at an early gestational age.

1.2.3 The potential consequences of pregnancy diagnosis per rectum:

It is conceivable that insertion of an ultrasound probe through the anus of a
cow and the application of pressure to the ventral rectum could result in

stress, pain and/or injury to that animal.

1.2.3.1 STRESS AND PAIN:

The question of whether a dairy cow feels pain during pregnancy testing per
rectum via ultrasound or manual palpation does not have a simple answer.
Despite our natural tendency to interpret animal behaviour in terms of our
own emotions (ie: anthropomorphism), from a strictly scientific point of

view, it is not possible to objectively prove what another being is
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subjectively experiencing (Martin and Bateson, 1993).

Bicod and Studdert (1994} defined pain as ~a teeling of distress. suffering or
agony. caused by the stimulation of specialized nerve endings
{nociceptors)”.  Although it cannot be proven. it is a common assumption
that animals. such as cattle. which have a central nervous system containing
analogous nociceptive systems to those of humans, could suffer pain in a
similar manner (Zayan. 1986). Unlike other receptors. nociceptors do not
show “‘fatigue™ and continued stimulation can actually result 1n increased
receptor sensitivity.  In particular. it has been found the greater the
stimulation and area involved. the greater the intensity of visceral pain (eg:
duc to intestinal distensien) (Ettinger and Feldman. 2000).  Although
measurement of nociception 1s curtently not possible. it 1s conceivable that
the increased pressure applied to the ventral rectal walll particular in
ultrasonography. to diagnose the “deep” pregnancies of mid and late
gestation could create increased nociceptor stimulation and therefore
increased “pain” for the antmal. There 1s a widespread belief that cattle arc
relatively insensitive to pain. due to their inherently stoical nature
(O Callaghan. 2002). This 1s likely. however. to be a survival strategy
developed by prey species 1n the wild to divert attention away from a sick or

injured antmal. rather than a lack of pain sensitivity {Zimmerman. 1986).

The quantification of pain 15 acknowledged as a perilous undertaking in
humans due to confounding psychological factors (Morton and Griffiths,
1985).  Although it cannot be proven, from a strict animal welfare
perspective. it must be assumed that conscious animals are capable of
experiencing a potentially damaging sensory event and that that animai will
subsequently modity its biochemistry, physiology and behavior to allow
active avoidance of that event. An animal's acute response 10 a noxious
experience involves a rapid-onset. but short-lived adrenaline response
mediated by the sympathetic nervous system and a slow-onset, but relatively

fonger lasting, cortisol response mediated by the hypothalamic-pituitary-
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adrenocortical system (Mellor et al., 2002). These and other biochemical
and physiological responses, plus any behavioural changes, have all been
utilized to assess the pain status of domestic animals in order to produce

adequate guidelines on animal welfare (O’Callaghan, 2002).

Behaviour:

Behavioural changes are possibly the most commonly used indicator of pain
both in research and in routine animal husbandry procedures (O’Callaghan,
2002). How an animal alters its behaviour when experiencing pain, or
presumed pain, is dependant on both the evolution of that species and the
individualistic nature of the animal (Zimmerman, 1986). It could be
assumed that those best suited to assess any behavioural responses to acute
pain, including protective motor reflexes (eg: kicking). vocalization and
defense reactions (eg: freezing), would be a stockmen or veterinarian
accustomed to both the species and the animal (Molony and Kent, 1997).
Although an observer’s qualitative assessment of an animal’s behaviour
could be affected by their own individual bias, Wemelsfelder er al. (2000)
found there was significant agreement between 18 naive observers of

spontaneous behaviour of 20 piglets.

Numerous studies have utilized both acute and long-term changes in
behaviour as an indicator of pain in response to castration and mulesing in
lambs and dehorning and castration in calves (Faulkner and Weary, 2000;
Fisher et al., 2001; Thornton and Waterman-Pearson, 2002). A 2000 study
found calves administered a subcutaneous injection of an anti-inflammatory
or local anaesthetic prior to dehorning exhibited significantly less head
shaking and/or ear flicking (Faulkner and Weary, 2000). Fell er al. (1989)
found that although lambs resumed normal behaviour in the paddock within
72 hours of undergoing a modified mulesing operation, they showed
pronounced aversion to their human handler for up to 37 days post-surgery.

The reliability of methods used for behavioural assessment of pain has
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remained controversial, however. as there exists substaniial individual
animal. datly and scasonal variation in behaviours shown (Thomton and

Waterman-Pearson, 2002).

Physiological:

Physiological signs of acute pain and stress. such as changes in blood
pressure. an increased heart and breathing rate. changes in plasma
noradrenaline and adrenaline and increased body temperature. are aspects of
the sympathetic (flight or fight) nervous system (Sanford et ¢l 1986). A
1998 study found the increase in heart rate seen in bulls subjected to
transrectal palpation was lower in comparison to electroejaculation. but
higher than if a hidocaine epidural or xylazine sedation was administered

(Mosure et al.. 1998).

Brochemical;

Numerous studies have used the increased cortisol fevels present in sheep
and calves as an indicator of acute pain and stress in response (o
venipuncture, restraint, sheanng. mulesing. tail amputation and/or dehoming
(Bassett and Hinks., 1969: Fulkerson and Jamicson, 19820 Johnston and
Buckland. 1986: Jepheott er af.. 1988: Lester ¢f al.. 1991 Niczgoda ef al..
1993: Graf and Senn. 1999). Changes in expected liveweight gain has also
been used as a potential physical measurement of chronic pain (Cohen et ¢l..

1985).

In 1986, Alam and Dobson found plasma cortisol concentrations remained
elevated 1-1.5 hours after reproductive tract palpation per rectum. with more
experienced animais showing a lower response in comparison {0 naive
animals. Interfering variables. such as individual variation. diurnal changes
and a variety of altemate environmental stressors. however, can limit the use
of cortisol as the sole indicaror of pain. It 1s generally acknowledged.
therefore. that a wide range of physiological, biochemical and behavioral

variables should be used in an integrated approach to pain assessment in



domestic animals.

1.2.3.2 INJURY:

Insertion of a gloved hand or ultrasound probe through the anus and into the
rectum during pregnancy testing stimulates the defaecation reflex. This
results in contractions of the colonic and intestinal musculature and
voluntary contraction of the external anal sphincter (Dyce er al.. 1996:
Ettinger and Feldman, 2000). If too much force is applied during the
straining commonly encountered during transrectal palpation or scanning.
the palpating hand or ultrasound probe can perforate the rectal or intestinal
wall (Burgess, 1942: Boyd and Omran, 1991). If faeces are manually
evacuated before palpation, negative pressure within the abdomen can cause
aspiration of air into the rectum, resulting in an atonic and stretched rectal
wall (Zemjanis, 1970: Roberts, 1986). This causes palpation to become
extremely difficult and can also lead to trauma to the rectum and intestine.
Rectal tissue, oedematous as a result of long-standing enteritis or diarrhea.
can also be inadvertently traumatized by the action of rectal palpation

(Zemjanis, 1970).

Even though superficial hemorrhage of the rectal mucosa is a relatively
common and accepted occurrence during manual palpation, rectal
perforation is generally considered to be a rare event (Burgess. 1942). An
experienced palpator can detect the waves of peristaltic contractions and
alter manual pressure accordingly (Momont, 1990). Rectal insertion of an
ultrasound probe, attached to a long, rigid rod, however, does not have the
dexterity of manual palpation and the possibility of rectal damage or
perforation is increased (NZVA, 2002). This is particularly the case in
pregnancies of 4-7 months where the fetus is positioned on the ventral
abdominal wall and the “rod” must be inserted to its full length and pushed

downwards to allow imaging of these “deeper” pregnancies.

In 1972, Hulet described a “rectal-abdominal™ technique for the diagnosis of



pregnancy in sheep. A plastic rod. nserted approximately  30-35
centimetres into the rectum. was moved horizontally across the ventral
abdominal wall until the pregnant uterus was located and elevated to within
reach of the non-palpating hand. Although Hulet claimed 100 percent
accuracy with this technique. blood was reported to be “frequently”™ present
on removal of the rod and, in numerous studies completed between 1973
and 1979, up to 20 percent of cwes aborted and 3 percent died from
intestinal perforation and/or peritomitis (Morcan. 1973; Plant. 1974 Tumer
and Hindson. 1975: Tyrell and Plant. 1979). Tyrell and Plant (1979} found
almost halt of all ewces pregnancy tested demonstrated bruising or abrasions
of the rectal tissue. despite increasing operator experience.  Similar abortion
and death rates of 16 pereent and § percent respectively. were also proven
after vse of the reclal-abdominal technique in does (Ott er af.. 1981).
Although. this technique 1s consequently not recommended for pregnancy
diagnosis in small ruminants, rectal uftrasonography with a fixed rod. which
sometimes requires similar deep. forcelul manipulation. particularly in

advanced pregnancies. 1s a common form of pregnancy diagnosis in cattle.

Currently. therc 18 no siandard ultrasound fixed probe handie or rod
manufaclured for use by New Zealand veterinarians (Crancticld. 2004). As
a result, veterinarians are forced to test and modity rods of their own design
over a nuimnber of seasons. despite an obvious lack of expertenced engineers
in this profession. Despite some ingenious designs. it is not surprising.
therefore. that in March 2004, Murray Gibb. as chairman of the Veterinary
Veterinary Protection Insurance Society (VPIS) of New Zealand. stated “the
increascd use of ultrasound machines with fixed probes for per rectal
pregnancy diagnosis has seen a significant increase in rectal perforations.”
Ultrasound examinations per rectum. by both claim number and dollar
value, have become the most “risky”™ activity insured by the VPIS since
2002 (Gibb. 2004). If the incidence of rectal perforations does not decrease
ultrasound examination per rectum may not be insurable in the future.

Contributing factors include the time constraints placed on veterinarians
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working in rotary sheds during milking and the VPIS encourages active
communication with farmers on the inherent risks of this now popular

method of pregnancy diagnosis.

The New Zealand Veterinary Association’s (NZVA) policy on ultrasound
transrectal pregnancy examination states rigid rectal probes should only be
used by veterinary surgeons and in unskilled hands “there is a significant
threat to the animal’s welfare due to the potential for damage to vital
structures” (NVZA, 2002). As the percentage of veterinarians and
herdowners utilizing rectal ultrasonography increases, the number of
“layscanners”, who have little to no formal training in the anatomy and
potential dangers of a rigid rectal probe, has also increased (Hollands,
1994). Although Yaniz et al (2002) found any peritoneal surface alterations
present after manual palpation were insignificant, there have been no
controlled studies completed on the potential incidence and severity of rectal
and intestinal injury after routine manual palpation per rectum and
transrectal ultrasonography. One study of 1115 cows. however, noted the
death of one animal as a result of peritonitis caused by rectal perforation by
a Doppler probe head during routine pregnancy examination (Cameron and

Malmo, 1993).

Until such controlled studies are completed alternative techniques for the

diagnosis of pregnancy in cattle 4-7 months in calf should be considered.

1.2.4 OESTRONE SULPHATE:

Oestrone sulphate is the primary oestrogen synthesized via sulpho-
conjugation in placentomes and has been used in the assessment of fetal
viability (Mueller, 2001). Although the concentration of oestrone sulphate
increases gradually during gestation, it is virtually undetectable in the milk
of non-pregnant animals (Noakes, 1995). Oestrone sulphate can be analysed
from the plasma, serum, faeces and milk of pregnant cows and during the

first half of gestation, there is a relatively close correlation between plasma
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and milk levels (Heap and Hamon. 1979}

The development of cestrone sulphate as a potential pregnancy diagnosis
technique began in the 1970s and a recently developed enzyme-
immunoassay. based on ocstrone sulphate competing with an added
oestrone suiphate enzyme conjugate for antibody binding sifes. uses a
relatively minor colour change as the diagnostic indicator (Mueller, 2001).
Henderson et «l. (1994a) found milk oestrone sulphate concentrations of O
to 1.3 nmol/t in non-pregnant cows and 1.1 nmol/l at 70 to 90 days of
gestation and 3.2 nmol/l at 140 to 160 days of gestation in pregnant cows.
The peak in median milk oestrone sulphate concentration occurs at 160-180
days of gestation at a level of 1 ng/ml {Hendeison er wf.. 1993). There is
considerable individual variation, however. 1n ocstrone  sulphate
concentrations between cows. Power er al. (19853 found the highest milk
copcentration in non-pregnant cows was 022 pg/mi and the lowest
concentration in pregnant cows at 121 days of gestation was 127 pg/ml.
Currently. a recommicnded cut-oft level between pregnant and non-pregnant

cows of 120 pg/ml 1s used in cows more than 100 1o 120 days in calf.

The sensitivity. specificity. positive and negative predictive values for
pregnancy diagnosis by ocstrone sulphate are well summarized by Mueller
(2001).  Sensttivity values of less than 60 percent were seen in studies
completed at less than 120 days of gestation and Mueller {2001) found that a
milk oestrone sulphate enzyme-immunoassay only reached a sensitivity
level comparable to transrectal ultrasound and manual palpation per rectumn
after 140 days of gestation (Hamon et «f.. 1981: Henderson ef af.. 1992
Henderson et «f.. 1993: Henderson et af.. 1995). Alihough the specificity of
oestrone sulphate appeared unaffected by the gestational age range. values
of 98-100 percent found 1n previous studies could not be rephicated in
Mueller’s study. resulting 1n non-pregnant cows incorrectly diagnosed as
pregnant (Heap and Hamon. 1979: Henderson et «l.. 1994a; Henderson ef

al.. 1994b).
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Oestrone sulphate levels are unaffected by either calf sex, calf birthweight,
cow condition score during gestation or any of the dairy management
systems prevalent in New Zealand (Bloomfield er al., 1982; Henderson et
al., 1994b). Echternkamp (1992) found higher oestrone sulphate levels in
cows carrying twins, presumably as more placental tissue is present in these
pregnancies, but this level was not significant and could not be used to

predict twin pregnancies.

Although over 90 percent of the oestrone sulphate content in milk is
confined to the whey portion due to its aqueous solubility, milk yield or
composition does not influence the concentration (Heap and Hamon, 1979).
Mastitis and/or oestrus can lead to a misdiagnosis of pregnancy using
oestrone sulphate, however, and concentrations can also be slightly

increased by freezing (McCaughey er al., 1982).

1.2.5 PROGESTERONE:

The corpus luteum produces progesterone which remains elevated in the
peripheral circulation of the cyclical, non-pregnant cow throughout the
oestrus cycle (Noakes, 1985). Just prior to ovulation, however, the
concentration of progesterone decreases and, with a simultaneous decrease
in the concentration of oestrogen, causes the animal to show behavioral
signs of oestrus. The concentration of progesterone in the first 14 days of
gestation are similar to those of the dioestrus period, but by Day 18-21 in
the pregnant cow, due to persistence of the corpus luteum, progesterone
concentrations remain elevated, while in the non-pregnant cow
concentrations decrease. The main purpose of measuring progesterone as a
form of pregnancy diagnosis, therefore, is to identify cows that have either
failed to conceive or have undergone early embryonic death before maternal

recognition of pregnancy (Carriere et al., 2000).

The diagnosis of pregnancy via measurement of plasma progesterone was

first studied by Robertson and Sarda (1971) and found to be over 87 percent
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accurate 1n dairy cattle.  Although the concentration of milk progesierone
remains relatively constant until just prior to calving. i1t does not generally
exceed the levels found during the normal luteal phase of the oestrus cycle
(McCaughey. 1981). Therefore. accurate knowledge of mating dates and
correct sampling during the follicular phase of the next cycle post-mating.
when progesterone levels are iow in the non-pregnant cow, are essential.
The normal bovine interoestrus interval 1s, on average. 18-24 days in length
and. as Pennington et «f. {1985) found no statistically significant difference
in accuracy between the two dates, sampling 1s recommended between 21 to

24 days post-mating (Sheldon and Noakes, 2002},

Milk progesterone sampling 21-24 days post-mating has proven 63-85
percent and 94-100 percent accurate for pregnancy and non-pregnancy
detection respectively (McCaughey. 19810 Roberts. 1986: Humblot et af..
1988). An cmbryonic 10ss rate of up to 40 percent within 42 days of mating.
which results tn a return o cyeling after 24 days post-mating. 18 a major
rcason for the relatively high incidence of false positives (Peters. 1996). A
persistent corpus luteum (cg: due to chronie pyomietra). luteal cysts. fetal
mummification and unusually short or prolonged luteal function can also
result in a false positive result (Paisley et af.. 1978: Sheldon and Noakes.
2002).  Kourletaki-Belibasaki et «f. (1995) estimated approximately 8
percent of cows presented with high serum progesterone at mating and so
were inappropriately inseminated during dioestrus.  This is a prominent
cause ol non-pregnancy and false positive diagnosis when measuring serum
progesterone at 21-24 days post-mating. The high false positive results of
milk progesterone therefore fimits its value as a diagnostic test for
pregnancy and confirmation at a later date via manual palpation per rectim
or transrectal ultrasound is recommended. Accuracies of 95.2 pereent and
94.7 percent, however. for positive and negative pregnancy diagnosis
respectively have been demonstrated if milk is sampled on 38 and 46 days

post-mating (ie: double sampling technique) (McCaughey. 1981).
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Progesterone concentrations vary with the fat content of the milk
and, as this changes with evening versus morning milking and bulk versus
hand-drawn foremilk samples, the type of milk sample analyzed as well as
the assay method used are important in determining the actual pregnancy
status of the animal via the milk progesterone method (Carriere et al., 2000).

The choice of an appropriate cutoff level has also proved contentious.

Since 1975, the milk progesterone assay has been routinely available to
dairy farmers and, despite the widespread availability of the rapid milk
progesterone test (RPMA), which has allowed cow-side detection of
progesterone levels, there has been minimal acceptance of this method of
pregnancy diagnosis in the UK, with poor accuracy and cost cited as the
main deterrents (Newton et al., 1982; Hickey, 1990; Pitcher and Galligan,
1990: Kourletaki-Belibasaki et al.. 1995). By 1981, only 2 percent of herds
with 100 or more cows in Northern Ireland and approximately 5 percent of
cattle in the United Kingdom were undergoing pregnancy diagnosis via milk

progesterone (Booth, 1979; Newton, 1982).

1.2.6 OESTRUS DETECTION:

The decreased progesterone level and simultaneous increased oestrogen
level of the bovine pro-oestrus period results in the manifestation of intense
and characteristic oestrus behaviour which lasts, on average, 9.5 to 14 hours
(Nebel et al., 1992). The cow will stand to be mounted, commonly by a
herdmate, vocalize, become agitated and temporarily stand separate from
the herd (Foote, 1974). Based on normal bovine reproductive physiology,
the failure of a cow to return to oestrus and demonstrate oestrus behaviour
18-24 days after insemination may indicate pregnancy has been established
(Sheldon and Noakes, 2002). Oestrus detection, therefore, appears to
represent a relatively simple and inexpensive method of pregnancy

detection, particularly in small, owner-run herds.

Accurate oestrus detection requires a thorough knowledge of the normal
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signs of bovine oestrus, a conscientious. patient and experienced approach
to animal husbandry and good record keeping. Although many cows will
show a “silent heat” during their first ovulation at approximately 39 days
post-calving. by 90 days postpartum up to 93 percent of cows should be
demonstrating a standing heat (Foote. 1974). Donaldsen (1968) found both
morning and afternoon oestrus checks were essential as of the 67 percent of
dairy cows showing signs of oestrus in the morning. up to 45 percent did not

show behavioural oestrus in the afternoon (Appleyard and Cook. 1976).

The efficiency of oestrus detection by the average herdsmen. measured via
serum progesterone or continuous observation, ranges from 51 to 77 percent
{Williamson ef ¢/.. 1972 Esslemont. 1973: Senger, 1994). Up to 90 percent
of cows submitted as anoestrus are due 1o a failure to observe oestrus
correctly rather than a lack of normal cycling and between 5 and 30 percent
of all inseminations occur in cows that are not in oestrus (Bozworth, 1972:
Appleyard and Cook. 1976). The use of oestrus detection aids such as
mounted heat-detectors and tail paint, however, have increased the accuracy
and etficiency of heat detection (Senger. 1994). Despite an approximate 5-
fold increase in the number of cows per tarm in New Zealand since the
1930s. the number of workers on cach farm has remained relatively constant
and. unless actively encouraged. oestrus detection remains a low priority on

many modern. busy New Zealand dairy farms (Holmes e af.. 2002).

Approximately 15-30 percent of mseminated cows which do not return to
oestrus and are, therefore. assumed to be pregnant. are actually non-
pregnant (Zemjanis. 19703 Uterine and/or ovarian pathology (eg:
pyomelra. ovarian cysts) can prevent luteolysis and the resumption of
normal oestrus cycling and a certain percentage will undergo early
embryonic death (Roberts. 1986). A 2001 study also found up to 18 percent
are phantom cows which did not conceive at insemination. did not suffer
any pathological reproductive conditions. but still failed to cycle for reasons

unknown (Nation ef «f., 20010).
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Approximately 6-10 percent of pregnant cattle will exhibit
behavioural signs of oestrus particularly between 4 and 8 months of
gestation (Thomas and Dobson, 1989; Sheldon and Noakes, 2002). Oestrus
behaviour is seen most commonly in pregnant cows in high condition score
and those in their 4" or 5" lactation (Thomas and Dobson, 1989). Plasma
progesterone and oestrogen levels do not change significantly in pregnant
cows and the mechanism responsible for the oestrus behaviour in these
animals is currently unknown. Artificial insemination of a pregnant cow
based on the signs of oestrus, can result in abortion due to a breakdown of

the integrity of the cervical seal and the introduction of infection.

Although highly variable, the accuracy of oestrus detection has been
estimated at approximately 70 percent and a recent New Zealand-based
abattoir study found an average 7 percent difference in the perceived and
actual pregnancy status of cull cattle at slaughter (Esselmont, 1973; Lawton
et al., 2000). Of the cattle culled on the basis of oestrus detection, 10.3
percent recorded as pregnant were non-pregnant at slaughter and pregnancy
was commonly more advanced in those cattle diagnosed via oestrus
detection in comparison to those diagnosed by manual or ultrasound
examination. Farmer observation of oestrus, therefore, commonly results in

an overestimation of pregnancy rates.

1.2.7 ABDOMINAL ENLARGEMENT AND RIGHT ABDOMINAL
WALL BALLOTTEMENT:

From approximately 6 months of gestation, the right abdomen of the
pregnant cow noticeably swells. This is not, however, a constant nor
absolute sign of pregnancy (McCaughey, 1981). Some herdowners believe
twin-bearing cattle are easily identified by their relatively bell-shaped right
abdomen when viewed from behind (Lambert er «al., 1998). Direct
ballottement of the fetus, by firmly pushing a closed fist into the right flank
and feeling the rebound of the solid fetus, is easier in older dairy cows at

this stage due to their relatively relaxed and flaccid abdominal walls



(Roberts, 1986 Honey. 1998). Sporadic. rapid foetal movement. which
differentiates it from intestinal peristalsis. may also become visible at the
right abdominal wall from approximately 7 months of gestation onwards

{McCaughey. 1981},

1.2.8 POST-OESTRUS BLEEDING:

Although the presence of bleeding or “menstruation” from the cow’s vulva
24-48 hours post-insemination 1s taken by some to indicate a successiul
conception, studies have shown S0-60 percent of cows and 75-85 percent of
heifers exhibit bleeding after ocstrus regardless of pregnancy status
(Roberts, 1986). Approximately one-third of heifers discharge blood-tinged
mucus post-ovulation and it has now been proven that there is no
refationship between vulval bleeding and pregnancy (Pierson and Ginther.

1984}

1.2.9 CHANGES IN UDDER SIZE:

At approximately 4 months of gestation. maiden pregnant heifers show
noticeable udder development and teat enlargement (Arthur er af.. 1982:
Roberts. 1986).  Although the udder 1s initially primarily fat. mammary
parenchyma gradually becomes the dominant tissue and herdowners will
commonly consider uddering up in heifers as confirmation of pregnancy and
impending parturition {Dyce ¢f «l.. 1996). Heifers which abort after 3 to 4
months of gestation, however. will still demonstrate udder enlargement and
$0 can be falsely diagnosed as pregnant. In pluriparous cows. enlargement
and oedema of the udder occurs only in the last month of gestation and so is

not useful as confirmation of pregnancy.

1.2.10 DOPPLER/ FETAL ECHOCARDIOGRAPHY:

When ultrasound waves strike a moving object (eg: beating fetal heart or
fetal blood vessel) they are reflected back to the source at a slightly altered
frequency which can be amplified as an audible blowing or swishing sound

(ie: fetal echocardiography or Doppler) (Mitchell, 1973 McDougall. 2003).
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Mitchell (1973), in the first study of Doppler as a potential pregnancy
testing technique in cattle, found “it was not possible to detect the fetus
consistently at any stage of pregnancy”. The passage of the fetus over the
pelvic brim during mid gestation and out of Doppler range was cited as the
principle reason for this inconsistency. A 1985 study found the Doppler
agreed with calving results on only 46 percent of occasions, disagreed on
31% and gave no clear indication on 23 percent of occasions (Ducker,
1985). Despite these results, a number of simplified ultrasonic Doppler
rectal probes have been marketed to herdowners to allow on-farm pregnancy
diagnosis without additional veterinary assistance. A comprehensive
Australian study (Cameron and Malmo, 1995) of one such machine yielded
a sensitivity of 92.8 percent and specificity of 75.8 percent which was found
to be “insufficient to recommend the probe to be used by farmers for the

diagnosis of pregnancy.”

1.2.11 ELECTROCARDIOGRAPHY:

Despite numerous studies dating back to the 1940s, the measurement of
foetal heart rate through the use of an electrocardiograph to diagnose and
age either bovine or equine pregnancy has proven highly inaccurate and is
currently not recommended (Maneely, 1952: Too et al., 1965: Pipers and

Adams-Brendemuehl, 1984).

1.2.12 EARLY PREGNANCY FACTOR (EPF):

Early pregnancy factor (EPF), a pregnancy-associated glycoprotein with
growth regulatory and immunomodulatory properties, is detectable in the
serum and milk of pregnant cattle as early as 3 days post-conception
(Cordoba et al., 2001; Sheldon and Noakes, 2002). An ECF dipstick test,
performed 11-15 days post-insemination, was found to have a sensitivity,
specificity, PPV and NPV of 81 percent, 26 percent, 40 percent and 69
percent respectively, indicating there was no significant agreement between
the test result and the actual pregnancy status of the cow (DesCouteaux et

al., 2000). Varying incubation times, individual variation in visual
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assessment of the test strip and the source of light available for this
assessment were possible factors responsible for the inaccuracy of the test
(Hafez and Hafez, 2000). Investigations of a qualitative serum ECF assay.
undertaken 1-3 and 7-9 days post-insemination. yielded similar results with
the authors concluding “the current ECF test cannot accurately identify the
nen-pregnant cow  with the precision needed by the dairy producer™

{Cordoba et al.. 2001 Gandy et «l.. 2001).

1.2.13 BOVINE PREGNANCY SPECIFIC PROTEIN B (bPSP-B) and
BOVINE PREGNANCY ASSOCIATED GLYCOPROTEIN (bPAG):
Placental proteins. such as cquine chortonic gonadotrophin (ECG). have
been used to detect pregnancy in mares for many years (Cole and Hart,
1942; Sasser et al.. 1986). The pregnancy specitic proteins bPSP-B and
bPAG arc produced by the trophoblastic ectoderm of the developing embryo
tHickey. 1990: Zoli er al.. 1992). As these proteins indicate the presence of
a five embryo they have proven to be accurate indicators of pregnancy and.
as the concentration of bPAG 1s raised with increasing gestational age. it can
also be used to estimate the age ol gestation (Zol er al.. 1992: Sheldon and
Noakes, 20000, Patel er of. {1997 also tound bPAG can offer accurate
prediction of fetal number 1n the bovine pregnancy. Breed of dam. fetal sex
and twins. however, can affect the concentration of bPAG (Zoks et of.. 1992:

Ectors ef «f.. 1996).

Although bPAG and bPSP-B are detectable in the serum of pregnant cows
from 24 days post-conception. Humblot et «f. (1988) found that the
measurement of serum bPSP-B was only an efficient test from 30 days of
gestation. due to early embryonic mortality {Szenci er al.. 1996). Szencl ef
al. (1996) found pregnant animals were diagnosed with a greater than 95
percent accuracy from Day 29-30 of gestation. The use of bPSP-B and
bPAG can result in false positive pregnancy diagnosis. however, as each
have long half-lives and arc readily detectable up to 100 days after

embryonic or fetal death and parturition (Ruder and Sasser. 1996; Sheldon
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and Noakes, 2000). Although a serum bPSP-B assay is currently available
for pregnancy detection at less than 33 days post-conception and at least 100
days post-partum, cost and convenience currently limit its use (Sheldon and

Noakes, 2000).

1.2.14 TRANSCUTANEOUS FLANK ULTRASOUND:

In 1966, Lindahl, through A-mode ultrasonography, was the first to
diagnose pregnancy in a domestic animal (sheep) through the use of
ultrasound across the abdominal skin. While rapid advances were being
made in rectal-based pregnancy diagnosis via ultrasound in the early 1980s.
transcutaneous, flank, real-time B-mode ultrasonography was also actively
developed in a number of domestic species including sheep, goats, horses,

pigs. deer and camelids, as well as a variety of exotic species.

Transcutaneous, flank ultrasonography is currently the most common
technique used to diagnose ovine and caprine pregnancy in New Zealand
and Australia. In early studies the ewe was placed in dorsal recumbency in
a cradle with the flank area shorn, but sheep are now scanned in the right
inguinal area while standing, with vegetable oil as a contact agent, without
prior clipping or shearing (White et al., 1984: Bretzlaff et al., 1993).
Fowler (1984) found an accuracy of 99.4 percent to 100 percent from 46
days of gestation onwards using this technique. Experienced operators with
good facilities (eg: a chute) can pregnancy test over 300 ewes per hour
(Bretzlaff et al., 1993). Differentiation of single and twin pregnancies via
transcutaneous scanning resulted in an accuracy of 97 percent and was
found to be most accurate “a month either side of mid-pregnancy.” (Fowler
and Wilkins, 1980; Fowler, 1984). Logue et al (1987) found similar
accuracy levels (95%) were achieved by inexperienced operators scanning
for multiple pregnancies after only two days of instruction. The most
accurate interval for the prediction of ovine and caprine gestational age is 40
to 80 days, with occipito-snout diameter (head length) and/or biparietal

diameter (head width) providing the most accurate predictors (Haibel and



Perkins. 1989: Kelly and Newnham. 1989: Aiumlamai ef ¢f.. 1992).

Despite a previous claim to the contrary (Palmer and Driancourt. 1980)
ultrasound across the flank to diagnose equine pregnancy was successfully
completed for the first time in 1981 by O'Grady ef ¢, in two mares at 175
and 225 days of gestation. Transcutancous ultrasonography has since been
utilized 1n the development of an equine fetal biophysical profile for high-
risk pregnancies via indicators such as fetal movement, heart contractions
and aortic diameter (Pipers and Adams-Brendemuehl. 1984: Reef. 1995:
MeGladdery, 1999 Direct foetal cardiac puncture with KCI via a
transcutancous  ultrasound-guided needle can result in successful twin
reduction in mares over 40 days of gestation (Rantanen and Kincaid. 1988),
Although blood PMSG (pregnant mare serum gonadotrophin) and oestrone
sulphate are currently the maost common mid-gestation pregnancy testing
techniques used. transcutancous ultrasound measurement of the orbit. aortic
root and intercostal spaces have been used to estimate equine foctal age after

70-80 days of gestation (Reef, 1998).

A 3.5 MH/ lincar scanner placed against the right abdominal wall caudal to
the umbilicus of the standing sow is 99 pereent and 100 percent accurate in
the diagnosis of pregnancy and non-pregnancy. respectively. from 24 days
post-service (Jackson. 1986). Transcutancous scanning for pregnancy has
been described as “a highly accurate. rapid on-farm method of confirming
pregnancy in sows” and ts less invasive and traumatic relative to transrectal

ultrasound scanning (Cartee et af., 1985 Cohen er ¢l.. 1999).

Fallow deer are generally constdered too small for rectal examination and
Muliey et af. (1987) found transcutancous scanning 100 percent accurate for
both pregnancy and non-pregnancy from 50 days of gestation.  Although
rectal examinations are readily completed in red deer. trunk and head
diameter have been measured to age foeti via transcutaneous scanning

across the right flank from 50 to 170 days (White ef ¢/, 1989). In camels.



new world camelids and llamas a 5 MHz linear probe against the right flank
is used to determine fetal biparietal diameter in order to age pregnancy from
66 days of gestation (Haibel and Fung, 1991; Kahn, 1992). Successful
transcutaneous scanning for pregnancy has also been reported in dolphins

from 78 days to the end of gestation (Kahn, 1992).

Despite numerous studies in almost all other domestic species. there is a
noticeable lack of detailed research into the possible use of transcutaneous
flank ultrasound to diagnose pregnancy in either the dairy or beef cow.
Yamaga et al. (1984), as part of a general ultrasonographic study of bovine
abdominal structures across the lower right abdomen and flank. reported the
visualization of fetal organs, fetal fluid, the placenta and umbilical cord. in
pregnancies of 4 to 7 months. Fetal movements and heart contractions were
also visible.  Although mentioned in several texts. the transcutaneous
technique in cattle is universally criticized for various reasons including the
perceived need for special skin preparation and apparatus. assuming the cow
will kick in response to scanning over the right flank skin and that the
bovine abdomen is too large to allow detailed examination (Chauffaux et

al.. 1986: Boyd and Omran, 1991; Boyd. 1995).

Braun and associates have completed numerous studies of the
ultrasonographic appearance of various abdominal organs of the cow via the
transcutaneous approach. Once the hair over the area of interest was clipped
and remaining hair removed via depilatory cream, the abomasum, caecum,
sections of the colon, small intestine and liver were all clearly visible using
a 3.5 MHz linear transducer (Braun, 1990; Braun and Marmier, 1995; Braun
et al., 1997a; Braun and Amrein 2001). Abdominal disease conditions such
as peritonitis, left displaced abomasum and caecal dilatation and/or torsion
can also be visualized via this approach (Braun et al., 1997b; Braun et al.,
2001; Braun et al., 2002). Transcutaneous ultrasonography has been

described as the “diagnostic imaging modality of choice™ for the bovine
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mammary gland and detailed echocardiograms have also been successfully
completed in mature dairy cows {Trostle and O'Brien. 1998: Braun er af..

2001).

1.3 PREGNANCY TESTING AND THE HERDOWNER:

1.3.1 The Northland/New Zealand dairy farm:

In both beef and dairy herds. etficient reproductive management is pivotal to
the economic success of the both types of farming operation. Knowledge of
the herd’s pregnancy status is fundamental to gaining control over the
calving pattern, pasture avatlability. culling rates, production of replacement
cattle and age structare of the herd (Boneschancher er ad.. 1982: Oltenacu er

al.. 1990: Honey. 1998).

The current New Zealand dairy herd stands at 3.3 million in over 14.000
herds. incorporating 1 percent of the world’s total population of 230 million
cows {Holmes ef «l.. 2002). Over 76 pereent of dairy herds are located in
the North Island and approximately 10 percent are found in Northland. the

g

-

iont north of Auckland (Dairy Statistics. 2002). The overall average herd
stze 1s 271 cows. but South Island farms tend to carry a higher number of
cows with an average herd size of 394 cows. Since the 19305 there has been
a five-fold increase 1n the New Zealand cow population. and, in 2001/2002,
there was record production nationwide with almost 13 biliion litres of milk

processed { Dairy Statistics, 2003),

Over 65 percent of New Zealand farms are operated by the owner. 23
percent are operated by a 50 percent sharemilker and the remaining are
contract milkers (Holmes ef «l.. 2003} Although the Jersey breed
dominated umil the late 1960s, by 1970 Holstein-Friesians were and
continue fo be the foremost dairy breed in New Zealand. Friestan/Jersey
cross-breds and Ayrshires have also recently increased in popularity. Beef

breeds utilized on New Zealand datry farms include potled Heretord, Angus.
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Belgian Blue, Charolais and Simmental (Holmes et al., 2003). In the last 50
years, the percentage of herringbone and rotary dairies has increased from 0
percent to 90 percent of sheds, with the herringbone continuing to be the

most popular design.

1.3.2 Spring vs Autumn calving:

The typical New Zealand dairy farm is at least partially pasture-based and
herdowners are highly dependant on good weather to promote fast pasture
growth and allow synchronization of the herd’s feed requirements
(MacMillan, 2002). The main factors limiting pasture growth include
temperature in winter and moisture in summer. In most temperate regions
of New Zealand. pasture growth is most rapid in spring and, therefore, on
over 90% of New Zealand farms, all cows will ideally calve in a highly
concentrated pattern between July to September (MacMillan and Moller,

1977 Garcia and Holmes, 1999; Holmes et al., 2003).

In certain regions of New Zealand (eg: Northland). however, hot, dry
summers are the period of slowest pasture growth. Approximately 120,000
cows (<10% New Zealand total) calve in Autumn (ie: February to April) to
allow drying off in the dry summer and winter milk production for which
the herdowner receives a premium (Holmes er al., 2003). This gives the
herdowner some flexibility as valuable cows which do not conceive in the

Spring can be carried over to the Autumn.

On average, 80-85 percent of a herd will be submitted for artificial
insemination (Al) in a 36 day Al period with an average of 1.34
inseminations per cow (MacMillan and Moller, 1977; Dairy Statistics,
2003). Approximately 55-65 percent of cows will conceive to each
insemination, whether artificial or natural, with 1.5 inseminations required
per pregnancy (Holmes er al., 2003). By the end of the sixth week of
mating, approximately 80 percent of cows should be pregnant and after a

mean mating period length of 14-15 weeks, only 5-7 percent of the herd
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should be empty (MacMillan and Moller. 1977: Lawton et af.. 2000). The
majority of New Zealand herds will use a lersey. Friesian or Hereford herd

sire dusing the last 3-5 weeks of therr mating period.

Pregnancy diagnosis is ideally carricd out less than 21 days after the last
service to allow a cow which has not conceived to be presented for
insemination at her next cycle. A reliable. accurate and convenient test is
currently not available for this stage of gestation and practitioners now
recommend pregnancy testing 42 days after the end of the Al pertod and a
seccond test 42 days after the end of natural mating by either manual
palpation per rectinn or transrectal ultrasound. There 1s a need. however.
for accurate pregnancy diagnosis during mid 1o late gestation on both a herd

and individual cow level,

New Zealand herdowners have an average mating start date (MSD) of
October 10" and a mating end date of January 30" (Holmes er al.. 2003).
Pregnancy diagnosis is commonly carried out at a minimum of 42 days after
the last service. The most advanced gestation length at the date of
preznancy  diagnosts, based on the “average”™ mating period would.
therefore. be 4-4%2 months. Il a herdowner pregnancy tests their autumn
calving cows with their spring herd or tests later due to drought or a low
payout. the pregnancics become more advanced and. therefore. more
difficult to correctly diagnose using manual palpation per rectum or

transrectal wltrasound.

Pregnancy testing in beef herds is commonly completed at weaning, 8-10
weeks after the end of mating after a mating period of 2-4 months. primartly
allowing identification of non-pregnant cattle (Honey. 1998). The gestation
length of beef cattle at the date of pregnancy diagnosis can therefore range

from 2 to 6 months.

Veterinarians are routinely asked to pregnancy test individual or groups of
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dairy cattle while in mid to late gestation, including “carry-overs”, cull
cows, suspected aborted cows and cows sold in May/June with a guarantee
of pregnancy. An accurate mid to late pregnancy diagnosis technique would
reduce the number of cows culled while pregnant, reduce the number of
non-pregnant cows on-farm and allow accurate planning of the calving
period throughout the year. Manual palpation per rectum and transrectal
ultrasound are both difficult to apply at mid to late gestation due to
movement of the fetus within the gravid horn over the pelvic brim and into

the abdominal cavity.

Culling:

Up to half of cows culled from New Zealand dairy herds in the 1998/99
season were due to suspected infertility (Holmes et al., 2003). Abattoir
surveys have revealed that a significant source of reproductive wastage is
the slaughter of pregnant cows, although the percentage varies considerably
(Ladds et al., 1975: Al-dahash and David. 1977: Singleton and Dobson,
1995: Singleton and Dobson, 1996: Esslemont and Kossaibati, 1997:
Lawton et al.. 2000). Singleton and Dobson (1995) found 23.5 percent of
cows slaughtered at a UK abattoir were pregnant, 49.1 percent of which
were in their second trimester and 26.9% in their third trimester. In 50.9
percent of cases the farmer believed a pregnant cow was non-pregnant pre-
slaughter, resulting in an estimated annual loss of 30.78 million pounds to
the UK cattle industry (Singleton and Dobson, 1995:; Esslemont and
Kossaibati, 1997). A recent New Zealand abattoir study found 39 percent of
slaughtered cows were pregnant and the mean fetal size in cows that were
pregnancy tested pre-slaughter was significantly smaller than those that had

pregnancy status based on oestrus detection alone (Lawton ef al., 2000).

Ladds et al.(1975), in a northern Australian study of extensively farmed
beef cattle, found 629 percent of cows examined were pregnant at
slaughter. Pregnancy testing completed in herds prior to disposal of cull

cows resulted in the slaughter of 34 percent fewer cows than in undiagnosed
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herds and the majority of pregnant cows were 1n early pregnancy. In
undiagnosed herds. 41.8 percent of pregnant cull cattie were 3-6 months in

calf,

Non-pregnant cows on-farm:

Pregnancy testing allows identification of non-pregnant cows early in the
season (Lawton ef al.. 2000). The proportion of cows culled for low fertitity
in New Zealand 1s only 3.4 percent even though the average empty rate is
5.4 percent which results in the retention of non-pregnant cows on-farm for

an unproductive season (MacMillan and Moller. 1977).

Planned calvine pauern:

The distribution of calving dates within the herd has a major effect on the
herd’s pattern of feed demand and 1ts supply of milk throughout the year
(Garcia and Holmes. 1999). The majority of New Zealand dairy farms have
a natural mating pertod of 4-5 weeks which results in unknown service dates
and difticeity in the accurate prediction of calving dates (White er al..
1985y, A cow which calves late in the season has a postpartum period
which extends into the mating period. resulting in a relatively short factation
and subsequent late mating (Holmes er ¢l.. 2003). Accurate knowledge of
which cows will be late calvers allows an informed choice of which cows
need to be culled or induced to calve earlier. taking into account the
condition score and age of the animal (Welch, 1971 Singleton. 1996). The
careful management of late calving cows is becoming of increasingly
important as calving induction, which is currently used in over 80 percent of
New Zealand herds. 15 now actively discouraged on animal welfare grounds

(Stevens et af.. 2000: MacMillan. 20023,

During the last month of gestation. a large amount of the cow’s energy
intake is channeled towards fetal and mammary gland development and a
dry period of at least 6 weeks is essential for future udder health and milk

productivity (Gill and Allaire, 1976; Honey. 1998). Accurate knowledge of



a cow’s pregnancy status and gestation length allows management of
adequate feed distribution, vaccination programs (eg: Rotavirus vaccine)

and milk quota as well as an ample dry period (Garcia and Holmes, 1999).

1.4 MID-GESTATION PREGNANCY TESTING AND THE
VETERINARIAN:

In the United States, a survey of nonfatal occupational injuries found dairy
farmers and veterinary services amongst the highest risk industries with 12.9
and 8.1 cases per hundred workers, respectively (Cattell, 2000). The
repetitive nature of rectal examination can cause a traction type injury to the
roots of the spinal nerves 5 to 7 at the cervical foramina, which results in
“repetitive motion or cumulative trauma disorder” (CTD) (Ailsby. 1996;
Cattell, 2000). The clinical symptoms indicate a chronic “neurological
deficit in the median, ulnar and radial nerves with slight wasting of the
shoulder musculature in the deltoid and upper arm™ which can remain after a
three month rest period (Ailsby. 1996). Symptoms occurring in the side
contralateral to the palpating arm are believed due to the neck being bent
away from the arm in use (Cattell. 2000). The percentage of female
veterinarians, relative to men, has been progressively increasing over the
last 20 years and there was some evidence that shorter veterinarians are at

higher risk of injury to the shoulder due to upwards extension of the arm.

Rectal examination can place the operator in danger, particularly if they are
dealing with poorly handled and/or aggressive cattle. Sudden lateral or
ventral movements of the cow during rectal examinations can also result in
serious injury, particularly of the elbow, if posts, rails or partitions are
nearby (Zemjanis, 1970; Honey, 1998). The bovine hindlimb also has a
wide range of motion and the operator, when working from behind the

animal, is in danger of a strike if a kick rail is not in place (Honey, 1998).

Examination of a herd with an average gestation length of over 3-4 months
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can be frustrating. tiring and time-consuming. as a veterinarian attempting
to pregnancy test using transrectal ultrasound will need to repeatedly stop to
confirm pregnancy status via manual palpation per rechivn.  Pregnancy
diagnosis in obese carry-overs, large. deep-belhied. multiparous animals and
beef cattle at all stages of gestation via either manual palpation per rectum
or transrectal ultrasound can also be extremely difficult with the operator
commeoenty dependant on fremitus as the sole indicator of pregnancy. Fetad
ageing in these cattle 1s also subsequently close to impossible.
Veterinarians are facing increasing competition from lay scanners who are
commonly used by herdowners due to their gencrally lower cost despite a
tack of formal training. Veterinarians. therefore. require constant updating
and refinement of their pregnancy testing knowledge and skills.  An
ctficient and accurate technigue which can accurately diagnose pregnancy
status at nud and late gestation may allow veterinarians to supply a valuabie

service which is superior to that available trom lay-scanners.

1.5 Conclusion:

The development of novel techniques in order to determine the pregnancy
status of cattle have focused on the accurate and carly diagnosis of
pregnancy. Accuracies of over 90% from 25-30 days post insemination
through the use of manual palpation per rectumr and/or transrectal
ultrasonography allow relatively carly intervention for non-pregnant cows
{(White er af.. 1985: Pieterse et «f.. 1990: Nation er af.. 2003). Both
techniques are highly invasive. however, involving insertion of either a
palpating hand or uitrasound transducer into the rectum and application of
pressure to the ventral rectal and intestinal wall. The increasing incidence
of rectal bruising and perforations during routine transrectal ultrasound
pregnancy testing are of immediate concern and potentially threaten the
future use of this technique in the dairy and beef industries (Gibb., 2004).
The transmission of the Bovine Viral Diarrhoea Virus {BVD} and Enzootic
Bovine Leucosis (EBL) via manual palpation per rectum is also still

contentious. Less commonly used tests such as serunymilk progesterone,
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oestrone sulphate, early pregnancy factor and bovine pregnancy specific
proteins are also currently limited by cost, availability, reliability and/or
accuracy and oestrus detection by the herdowner tends to lead to

overestimation of pregnancy rates.

It is difficult for the bovine pregnancy to be either palpated or visualized
during mid to late gestation via manual palpation per rectum or transrectal
ultrasound, due to movement of the fetus over the dam’s cranial pelvic brim.
There is a need, therefore, by both herdowners and veterinarians for the
development of a rapid. accurate and safe technique for both the animal and
the operator to diagnose pregnancy in mid to late gestation. There is
currently no proven technique that is able to accurately and consistently or
age bovine pregnancy after 120 days of gestation. Transcutaneous
ultrasound across the flank to diagnose pregnancy has been successfully
completed in a variety of other species, including sheep. goats, deer and
horses. Despite detailed knowledge of the characteristic anatomy,
physiology and movement of the bovine fetus in mid to late gestation this
technique has not been comprehensively investigated, however, in either
dairy or beef cattle. This literature review has stimulated a desire to
investigate the potential use of transcutaneous ultrasound across the right

flank in order to determine the pregnancy status of the dairy cow.
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CHAPTER 2:

DEVELOPMENT OF A TRANCUTANEOUS
ULTRASOUND METHOD OVER THE RIGHT FLLANK
TO DIAGNOSE PREGNANCY IN THE DAIRY COW

To the author’'s knowledge, a comprehensive, detailed study of
transcutaneous ultrasound over the right flank to diagnose pregnancy in the
dairy or beef cow has not been previously completed. This project,
therefore, involved the development of the flank ultrasound method
including choice of transducer frequency, type and placement based on the
anatomy of the pregnant and non-pregnant dairy cow. The possible
practical application of this method, utilizing the currently available holding

facilities in New Zealand, was also investigated.

2.1 SCANNER PLACEMENT: the right flank

In the non- and early pregnant dairy cow, the uterus and ovaries are
typically held within the pelvic cavity. The uterus in some older,
multiparous and/or obese animals may lie cranial to the pelvic brim and
within the abdominal cavity in both the early pregnant and non-pregnant
animal. Between 3 and 4 months of gestation there is a dramatic increase in
the volume of amniotic fluid and, although broad ligament hypertrophy
initially prevents it, by Day 120 of gestation the gravid horn has sunk below
the cranial pelvic brim (Zemjanis, 1970). The uterus typically enters the
supraomental recess, between the right face of the rumen and the greater
omentum, before descending to the dam’s abdominal floor by Day 150 of
pregnancy (Dyce et al., 1996). On occasion, the uterus may slip forward
against the right or, less frequently, the left flank, displacing the intestines or

rumen respectively from the abdominal wall (deLahunta and Haibel, 1986).

Although the caudoventral abdomen of the cow ascends steeply to the pubic
brim, this is not immediately obvious as it is overlain ventrally by the udder
and covered laterally by the flank fold, which passes between the flank and

the stifle joint (Dyce et al., 2002) (see Figure 2.1). The wall of the right
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flank consists of a triple muscle layer covered externally by freely moveable
skin with only a sparse cover of hair. The meeting of the udder skin with
the caudal abdominal wall at the right flank is demarcated only by an
indentation. In older. multiparous cows, the abdomen of the non-pregnant
animal tends to be relatively deeper and wider with a consequent deepening
of the flank fold. A thin layer of fascia covers the flank muscles within the
abdominal cavity and supports the parietal peritoneum. The nervous supply
to the right flank area consists of the last thoracic (T13) and 1™ and i

lumbar nerves (See Figure 2.2).

Direct ballottement of the fetus over the right {lank. by firmly pushing a
closed fist into the right caudoventral abdomen i order to feel the
“rebound” of the solid fetus. 1s often used as a confirmatory form of
pregnancy diagnosis. Yamaga and Too (1984). while completing a general
transcutaneous. ultrasonographic study of the bovine abdomen. found the
fetus. fetal organs. fetal fluid. placenta and unbilical cord could be
visuahized by scanning over the right flank. In a number of domestic
specics. including fallow deer. red deer and horses. the fetus can be
visualized across the body surface over the right {Tank and ventral abdomen.
in close proximity to the dorsal surface of the mammary ¢land (Mulley et
el . 1987 White et ¢l.. 1989 Reef. 1998). Reef (1998} found that scanning
the equine fetus in the sagittal plane initially was usetul in determining tetal
orientation. whilst multiple transverse and parasagittal scans across the
ventral abdomen and right flank were used to determine fctal numbers.
Pipers and Adams-Brendemuehl (1984) noted transcutaneous scanning of
equine fetuses at 85-150 days of gestation was best accomplished with the
probe positioned between the mamimary and inguinal areas. while from Day
180 of gestation to terin fetuses were typically tound 20 c¢m cranial to the

mammary gland on the right of the midline.
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A: udder C: hock joint
B: flank fold D: stifle joint

Figure 2.1: The surface anatomy of the bovine right flank. The transducer
is placed underneath the right flank fold (B).

4. 12" intercostals nerve (T12) 7. ilioinguinal nerve (L2)
5. costoabdominal nerve (T13) 8. genitofemoral nerve (L3, L4)
6. iliohypogastric nerve (L1) 10. ventral perineal nerve

Figure 2.2: Topography of the nerves to the flank (From Dyce et al., 2002)
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Based upon previous transcutancous studics in horse and deer. uitrasound
visualization of early pregnancy in cattle could be best accomplished by
positioning the probe in the most caudodorsal section of the flank fold.
while later pregnancies could be visualized by scanning further cranially

(see Figure 2.3).

In the non-pregnant cow. the right caudoventral abdomen may be filled by
either the tleum. jejunum and/or rumen. while the ventral boundary of the
abdomen 1s marked by the udder (deLahunta and Haibel. 1986) (see Figure
2.4}. The small intestine and ascending colon lie almost entirely to the nght
of the midiine and a common mesenteric support holds them in a complex
coiled arrangement with all but the ascending duodenum separated from the
ahdominal wall by the greater omentum (deLahunta and Hatbel, 1986: Dyce

et af.. 2002y,

The rumen 1s a large. muscular sac with a capacity measuring over 60 litres.
It extends from the cardia to the pelvic inlet and almost entirely tilis the Ieft
side of the abdominal cavity. but can pass caudally and ventrally to enter the
lower right flank {Dyee er af.. 2002). The rumen 1s subdivided mto sacs by
muscular pillars which appear as grooves on its external surface with the
dorsal sac compnsing the largest compartment (Frandson and Spurgeon.
1992).  With increasing gestational age. the uterus begins to fill the right
side of the abdomen, displacing the intestines and rumen crantally and to the
left ¢(sce Figure 2.5). In late gestation. the cranial border of the uterus is
located well within the right costal arch. placing pressure on the diaphragm

and the great vessels (see Figure 2.0).
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Figure 2.3: Scanner placement for the visualization of early (A) and late (B)
pregnancies

4. Dorsal sac of the rumen 11. Caudoventral blind sac
5. Ventral sac of the rumen of the rumen
12. Ventral sac of the rumen (opened) 16.Greater omentum covering the

intestinal mass
Figure 2.4: Topography of the abdominal viscera in the non-pregnant cow.
A: Relationship of abdominal viscera to the left abdominal wall; B: The interior of the
rumen seen from the left: C: Relationship of the abdominal viscera to the right abdominal
wall; D: position of the rumen when seen from the right (From Dyce et al., 2002)
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Figure 2.5: Ventral views of the abdominal viscera of a newborn calf (A), a

non-pregnant cow (B) and a heavily pregnant cow (C). Note the uterus fills
the right flank area, displacing the rumen and intestinal mass (From Dyce et

al., 2002)
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Figure 2.6: Right lateral and transverse view of the gravid and non-gravid
horn in mid to late pregnancy (From Dyce et al., 2002).
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The external appearance of the mammary gland varies greatly depending on
the cow’s maturity and stage of lactation as well as individual and breed
characteristics (Dyce er al., 2002). The fluid (milk/colostrum)-filled
lactiferous ducts are easily identified via transcutaneous ultrasonography
within the udder as anechoic, tubular areas contiguous with the gland sinus
(Takeda, 1988). Blood vessels can be easily differentiated from the ducts-as
they have thin inner walls and a characteristically turbulent blood flow
(Waldridge and Ward, 1999). The glandular parenchyma of the udder has a

homogeneous, hyperechoic appearance on ultrasound (Cartee et al., 1986).

During the early months of gestation, the bovine fetus enjoys relative
freedom of movement, and the incidence of anterior and posterior
presentations are approximately equal. In late gestation, the fetal
hindquarters are of relatively higher density in comparison to the head and,
in over 95% of pregnancies, the fetus adopts an anterior presentation with
the head raised and presented towards the pelvis (Roberts, 1986: Dyce et al.,
1996).

2.2 TRANSDUCER TYPE: sector scanner

Real-time ultrasound enables the operator to visualize a moving gray-scale
image of cross-sectional anatomy. Two basic types of real-time B-mode

transducer types are available: sector and linear-array (see Figure 2.7).

A linear-array transducer has a long series of piezo-electric crystals arranged
in a row which are fired in a predetermined sequence and create a
rectangular image on the screen (Rajamahendran et al., 1994). Although
linear scanners are commonly used for transrectal ultrasound pregnancy
diagnosis, their main disadvantage for transcutaneous studies is their
relatively large surface area which makes positioning across the skin
difficult. A sector transducer has a few piezoelectric crystals which rotate
around an axis to produce an arc-shaped segmental image with a typical

sector angle of 90 degrees (Herring and Bjornton, 1985; Nyland and
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Mattoon. 1983). A smaller surface area allows easier positioning against the
skin but a disadvantage of this transducer type can be a lack of definition at
both the edges and in the near ficld of the tmage (Goddard. 1995). Kahn
(1990) found a sector transducer “more suitable for the study of the fetus
than lincar array scanners”™ and numerous studies of the pregnant mare over
the right tlank and ventral abdomen also promote the use of a scctor scanner
as the relatively smaller surface area alfows a wider, more complete view of
the fetus (Pipers and Adams-Brendemuehl, 1984 Rantanen and Kincaid.
1988: Reef er al.. 1995). Sector scanners are also used for transcutaneous
pregnancy diagnosis in red deer, fallow deer and sheep (Mulley er af.. 1987:

White ef .. 1989 Bretzlaff er ¢f.. 1993).

2.3 TRANSDUCER FREQUENCY: 3.5 MHz

The depth to which the ultrasound beam will penctrate into a soft tissue
structure 1s directly related to the frequency of wansducer used (Nyland and
Mattoon. 1995). The frequency emitted by a particular transducer is
dependant on the properties of the piezoclectric crystal within the scanhead.
High frequency soundwaves are more attenuated within tissue relative to
low frequency soundwaves and. therefore. a 3.5 MHz transducer will image
decper structures relative to a 7.5 MHz transducer.  The resolution {ie:
image qualityy of an ultrasound image, however. is dependant on the
wavelength and. as the wavelength 1s inversely proportional to frequency,

the fower the frequency. the higher the wavelengti.

The 3.5 MHz transducer. therefore. has a relatively decreased tissue
resolution in comparnson to the 7.5 MHz transducer (Herring and Bjomton.
1985 Nyland and Mattoon. 1995). As the reproductive tract in the carly
pregnant cow is in close proximity to the rectal wall. transrectal ultrasound
pregnancy diagnosis utilizes high-frequency transducers which result in a
detailed image. Although the pregnant uterus in mid to late pregnancy

commonly lies directly against the right abdominaj flank wall.
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transcutaneous scanning would be facilitated by a low frequency (ie: 3.5
MHz) transducer to allow imaging of a large section of the fetus and/or

placenta.

The majority of transcutaneous ultrasound studies to image the abdominal
organs or specifically the pregnant uterus in cows, horses, deer and sheep
have been completed using a low frequency transducer of 2.25 to 3.5 MHz
(Fowler, 1984: Pipers and Adams-Brendemuehl, 1984; Braun and Marmier,
1995; Braun et al., 2002).

2.4 PREPARATION OF THE ANIMAL AND RIGHT
FLLANK:

Braun, in numerous transcutaneous ultrasonographic studies of organs
within the bovine abdomen. found it necessary to clip and clear the skin of
the animal prior to scanning (Braun et al., 1997a; Braun and Amrein, 2001
Braun et al., 2002). Aqueous gel was typically used as a coupling agent
between the skin and the transducer surface. It is a common assumption
that transcutaneous scanning over the bovine flank would require prior
shaving of the body wall: a view supported by Kahn (1989). However,
flank skin, which is overlain by the stifle fold, was typically only sparsely
haired and early trials found time-consuming clipping of the flank hair is not

necessary to obtain a high-quality ultrasound image.

Placing tactile pressure over the skin of the right flank of the dairy cow
could conceivably present a real danger to the operator from a hindlimb
strike. Dairy cows undergo manual manipulation of their teats and quarters
on a twice daily basis, however, as the milker checks for the heat and
swelling associated with mastitis. Vacuum pressures of approximately 45-
50 kPa are applied to the udder and milkers commonly use a high-pressure
hose to wash dirt and mud from the udder prior to milking. These actions

combine to ensure the dairy cow is experienced to touch in the udder and
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flank areas and early trials of the transcutaneous ultrasound technique found
very few cows reacted negatively to application of the transducer head

against the skin with most settling within 3-5 seconds.

Rantanen and Kincaid (1988) administered a combination of acepromazine,
xylazine and butorphanol to a mare to cause uterine relaxation and forward
fetal movement to allow easier visualization via transcutaneous scanning.
This appears to be the only published study in which sedation was used on
any species to allow transcutaneous ultrasound scanning for pregnancy

diagnosis.

2.5 PRACTICAL CONSIDERATIONS:
2.5.1 CURRENT NEW ZEALAND HOLDING FACILITIES:

The primary practical limitations of the transcutaneous technique involves
adequate access to the right flank and the availability of facilities able to
hold the animal during scanning. The New Zealand dairy farm offers a

variety of stock holding facilities including:

—_—

. Vet/Artificial Insemination (Al) race
. Crush
3. Walk-through dairy

8]

4. Herringbone dairy

5. Rotary Herringbone dairy

6. Rotary Turnstyle dairy

2.5.1 Vet/Al race:

Cows can be either pushed individually or in groups into the race with heads
directed away and rumps towards the operator to allow easy access to the
right flank (see Figure 2.8). The ultrasound machine can be transported
along the race on a moveable trolley. This method would be particularly
useful for animals which are not trained to enter either a Herringbone or

Rotary shed (eg: heifers, beef animals).
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Figure 2.7: Linear (A) and sector (B) transducers (ALOKA). Note: the
rectangular and arc-shaped scanning surface of the linear and sector
transducers respectively.

Figure 2.8: Cows held in an Al/vet race allowing easy access to the right
flank
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2.5.2 Crush:
A crush with a head bale holds an individual animal relatively immobile

(See Figure 2.9). A side gate can be opened to allow access to the right
flank (See Figure 2.10). Flank scanning an animal held in a crush is a
relatively safe method for both the operator and cow, especially for animals

that have not been previously well handled (eg: beef animals).

2.5.3 Walk-through dairy:

Until the 1950s, the walk-through dairy was the most common shed type in
New Zealand, particularly in herds of less than 100 cows (Holmes et al.,
2002). Cows were milked in individual stalls and one person could milk 30-
40 cows per hour. Although now quite uncommon, this shed type would

allow easy access to the right flank.

2.5.4 Herringbone dairy:

During the 1960s the Herringbone shed design became very popular on New
Zealand dairy farms and, in 2001, there was an estimated 11,000
Herringbones present (Holmes et al., 2002). This shed type allows 80-130
cows to be milked per person per hour (see Figure 2.11). Cattle positioned
in the left hand race allow easy access to their right flanks either from the pit

or planks which hold the operator at cow level (see Figure 2.12).

2.5.5 Rotary Herringbone:

In a Rotary Herringbone shed, the cow’s head is directed to the outside of
the shed while the milker stands in the centre to apply the cups (see Figure
2.13). If the shed has a left hand-side entry, the cows readily expose their

right flanks to an operator (Figure 2.14).
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2.5.6 Rotary Turnstyle:
Although rotary dairies have increased in popularity since the 1970s, they

have been reserved mainly for the larger herds due to their high cost (see
Figure 2.15). The larger, modern dairies can milk up to 200 cows per
person per hour. Standard bail design specifications are a 200 mm wide bail
dummy. a 660 mm wide entry to the bale and a 1640 mm bale length.
These measurements allow a reasonable degree of animal movement and
this, plus the fact that the operator cannot gain direct access to the side of
the animal due to intervening pipework, makes transcutaneous scanning

over the right flank very difficult in this type of dairy (see Figure 2.16).

Figure 2.9: A crush with head bale and side gate access
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Figure 2.10: Movement of the bottom side gate allows access to the right
flank in a crush

Figure 2.11: A simple high-line, swing-over Herringbone dairy
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Figure 2.12: Access to the right flank at pit level in the left side of a
Herringbone shed

Figure 2.13: Direction of cow movement and accessibility to the right flank
of each animal in a Rotary Herringbone dairy (modified from Holmes et al.,
2002)
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Figure 2.14: Cow position on a Rotary Herringbone shed. Note: allows
easy access to the right flank

Figure 2.15: Rotary Turnstyle dairy




Figure 2.16: Demonstrating the difficulty in gaining access to the right
flank due to intervening pipework of the bail dummy and kick rail in the
turnstyle rotary shed (at pit level) (A) and the area available for cow
movement within the bale (B).

2.6 PRELIMINARY IMAGES DERIVED FROM
TRANSCUTANEOUS SCANS OVER THE RIGHT FLANK:

2.6.1 THE NON-PREGNANT COW:

The right caudoventral abdomen of the non-pregnant cow is principally
occupied by the ileum and jejunum, although the rumen can enter the right
flank if overfilled. Preliminary transcutaneous scans over the right flank of
the non-pregnant dairy cow using a 3.5 MHz sector transducer found cross-
sectional images of the small intestinal loops could be easily identified as
echoic, irregular oval-shaped structures with visible peristaltic motion (see
Figure 2.17). Braun et al. (1995) found more than 10 loops of small
intestine could be visualized via transcutaneous ultrasonography over the

right flank in over 94% of non-pregnant cows scanned.



The ileum and jejunum can be differentiated ultrasonographically from the
large intestine on the basis of their contents. The small intestinal contents
appear hypoechoic to echoic, whereas the contents of the large intestine are
anechoic due to higher levels of intraluminal gas produced from
carbohydrates remaining in the ingesta after passage through the
forestomachs (Braun and Amrein, 2001). An ultrasonographic study in
horses found the small intestine was identified more consistently when the
animal was fed hay and concentrate relative to a grass-based diet (Freeman,
2002). The collapsed small intestine is characterized by echogenic mucous
contents without acoustic shadowing (ie: a “mucous pattern™) (Nyland and
Mattoon, 1995). As gas acts as an acoustic barrier to ultrasound and reflects
most of the incident beam, a small intestine containing gas appears as a
series of highly hyperechoic-reflective interfaces with acoustic shadowing

(1e: a “gas pattern™).

“Mucous
pattern”

“Gas
pattern”
due to
bubbles
within the
small
intestine

Figure 2.17: Small intestinal loops (red arrows) filling the right
caudoventral abdomen in a non-pregnant cow

The walls of the small intestine are in relative close proximity to the

abdominal wall in comparison to the large intestine where intraluminal gas
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prevents visualization of the wall furthest from the examiner. The ileum
and jejunum can be differentiated from the duodenum due to constant
motion as a result of peristaltic and oscillating movements (Braun and
Marmier, 1995). The ileum and jejunum, however, cannot be differentiated

individually ultrasonographically.

2.6.2 THE PREGNANT COW:

Preliminary transcutaneous scans of the pregnant dairy cow using a 3.5
MHz sector transducer found the fetus, placentomes, umbilical cord, fetal
membranes and fetal fluids could be readily visualized. Yamaga and Too
(1984) found similar results for basic transcutaneous scans over the right
flank of 5 cows from 4-7 months of gestation. In this preliminary study, an
image able to provide a definitive diagnosis of pregnancy could be achieved

within 2-5 seconds of transducer application in the majority of animals.

Prior to 5 to 6 months of gestation. the fetus enjoys a limited degree of
movement within the amnion and can be visualized in a variety of planes
when scanned from the right flank (see Figure 2.18). Rotation around the
longitudinal axis is limited by the length of the umbilical cord and no more
than a three-quarter revolution is possible. Movement around the transverse
axis is also limited once the fetal length exceeds the width of the amnion
and a complete revolution is generally only seen in mummified calves

(Arthur et al., 1982).

Although the use of a low frequency transducer decreases the resolution of
the ultrasound image, it was still possible to visualize the uterine structures
in a relatively high degree of detail (see Figure 2.20). Calcification of the
ribs becomes visible from 59 days of gestation and acoustic shadowing, or
areas of low-amplitude echoes created by bony structures such as the
vertebrae and ribs, are readily visible in transcutaneous scans (Curran et al.,
1986b). The largest anechoic area in the fetal abdomen was the developing

fluid-filled rumen subdivided into compartments. Cranioventral to the
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rumen was the echogenic reticulum and intestinal mass.

Figure 2.18: A lateral (A) and craniocaudal (B) view of a fetal abdomen and
thorax with anechoic ruminal compartments (R), acoustic shadowing from
the ribs (white arrow), the hyperechoic reticulum (black arrow) and granular
intestinal mass (red arrow).

The bones of the fore- and hindlimbs, incorporating the humerus, femur,
radius, tibia, ulna, fibula, metatarsus and metacarpus, are readily identifiable

from 10-12 weeks of gestation using transcutaneous scanning (Kahn, 1989)

see Figure 2.19). By 12 weeks of gestation, the cartilage of the hooves can

aq

Fetal
cranial
thorax with
echogenic
ribs

Figure 2.19: Fetal forelimbs (white arrows) and cranial thorax at
104 days of gestation
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Figure 2.20: Lateral view of fetal tail vertebrae (red arrow) at 111 days of
gestation illustrating the relatively fine detail achievable by transcutaneous
scanning.

Dynamic images such as fetal movements and beating of the fetal heart
within the cranial. cone-shaped thorax could also be easily visualized (see
Figure 2.21). By 35 days of gestation, placentomes are evident via
transrectal ultrasound as discrete, raised, arcuate areas over the uterine
lumen (see Figure 2.22) (Boyd and Omran, 1991; Boyd, 1995). There is
great variation in placentome number, size and shape with the largest
placentomes found surrounding the fetus (Roberts, 1986: Leiser et al.,
1997). Placental vessels anastomose in cases of twinning in cattle, which
results in fetal chimarism. a characteristic obvious on transcutaneous scans

(Schlafer et al.. 2000).

Figure 2.21: Two views of the fetal heart chambers (white arrows),
pericardium (blue arrow) and ribs (red arrow) at 139 days (A) and 95 days
of gestation (B)
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Fetus 2

Fetus 1

Figure 2.22: Placentomes (white arrows) and a placental anastomosis (red
arrow) of a twin pregnancy at 106 days of gestation.

In a transrectal ultrasonographic study, Kahn (1989) found the umbilical
cord was detectable at a very early stage of fetal development and by 3
months of gestation, detailed anatomy such as the paired umbilical arteries
and veins become visible within the cord. In cross-section, the four vessels
can be visualized in a quadrilateral arrangement, whereas in the longitudinal
9 93

view, only one to two vessels can be seen at one time (see Figure 2.23).

Fetal
abdomen

Figure 2.23: Longitudinal (A) and cross-sectional (B) images of an
umbilical cord (white arrows) and fetal membranes (red arrow).
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2.7 Conclusion:

The use of transcutaneous ultrasound in order to diagnose pregnancy in the
dairy or beef cow has not been previously studied in detail. Knowledge of
the characteristic anatomy, development and movement of both the bovine
uterus within the dam’s abdomen and the bovine fetus, however. indicates
the right flank is the most appropriate position for pregnancy diagnosis

across the skin in this species.

Studies in red and fallow deer, horses, sheep. goats and pigs allow
extrapolation of practical details such as transducer frequency and type. In
preliminary studies of dairy cows, it was found the use of a 3.5 MHz sector
transducer produced detailed images of the bovine fetus in utero, allowing

easy and rapid diagnosis of pregnancy.

The commonly available New Zealand holding facilities of the Herringbone
dairy, Rotary Herringbone dairy. Vet/Al race, crush and/or Walk-through
dairy allow rapid access to the right flank of a dairy or beef animal and
securely holds the animal to safely allow this access. Transcutaneous
scanning of an animal held in a Rotary Turnstyle dairy, however, is
impractical due to intervening pipework limiting access to the right flank

and the relatively large area allowed for animal movement.

Transcutaneous ultrasound utilizing a 3.5 MHz sector transducer applied
over the right flank allows rapid and detailed visualization of bovine
pregnancy (ie: fetus, fetal fluids, placentomes and/or fetal membranes).
Further investigation of the accuracy of this method over the entire gestation

period and its possible use in ageing the bovine fetus is merited.
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CHAPTER 3:

COMPARISON OF TRANSCUTANEOUS ULTRASOUND
OVER THE RIGHT FLANK WITH TRANSRECTAL
ULTRASOUND FOR PREGNANCY DIAGNOSIS IN THE
DAIRY COW

3.1 Introduction:

Pregnancy diagnosis via either manual palpation per rectum and/or
transrectal ultrasound is essential in the controlled and economic
management of the modern New Zealand dairy farm (Williamson, 1994).
Numerous, comprehensive studies have demonstrated high and acceptable
accuracy levels (>90%) for both techniques between 30-90 days of gestation
(White et al.. 1985; Pieterse ef al.. 1990; Hanzen and Laurent. 1991: Szenci
et al., 1995: Nation et al.. 2003). After this time period, however, the bovine
fetus passes over the dam’s cranial pelvic brim and out of range of the
ultrasound beam or palpating hand, and the accurate diagnosis of mid to late
gestation using either technique becomes increasingly difficult (White er al..
1985). Both manual palpation per rectum and transrectal ultrasound are
also invasive. requiring insertion of a gloved. lubricated hand or transducer
probe into the cow’s rectum, risking rectal and/or intestinal bruising or

perforation.

The development of alternative pregnancy testing techniques has focused on
the first 30 days of gestation, allowing rapid and accurate intervention for
non-pregnant cows. There is a requirement, however. for a rapid, safe and
accurate technique for the diagnosis of pregnancy status in mid to late
pregnancy. Preliminary trials of transcutaneous ultrasound over the right
flank, both by Yamaga and Too (1984) and in this study have found a 3.5
MHz sector transducer over the skin allows rapid visualization of the fetus,
fetal membranes, fetal fluids and placentomes within the uterus. Small
intestinal loops, which occupy the right caudoventral flank in the absence of

a pregnant uterus, were also readily visible.
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The current study was aimed at assessing the accuracy of transcutaneous
ultrasound over the right flank for pregnancy diagnosis over the entire
gestational period and in early vs mid-late pregnancy in dairy cattle, while

comparing it to transrectal ultrasound.

3.2 Materials and methods:

The pregnancy status of ten commercial, spring and autumn-calving dairy
herds in the Northland region of New Zealand was identified using a
combination of real-time transrectal ultrasound, transcutaneous ultrasound
over the right flank and manual palpation per rectum. Herds were chosen
on the basis of:

being long-standing clients of Whangarei Veterinary Services

a history of annually presenting their entire herd for transrectal ultrasound

pregnancy diagnosis

availability of a herring-bone dairy or vet/Al race

a history of herd testing on a regular basis

accurately recording their farm data using the MindaLINK or MindaPRO

systems monitored by the Livestock Improvement Corporation (LIC)

Herd size ranged from 73 to 422 cows. A total of 2325 cattle were used (see
Table 2.1). All herds, with the exception of Herd 3, had an artificial
insemination (Al) period of 4 to 5 weeks with a subsequent natural mating
period of 4 to 9 weeks. Herd 3 was mated by natural service only, while
Herd 8 had an extended Al period of 7 weeks. Pregnancy diagnosis was
carried out between 127- 193 days after the start of mating. Table 2.1
shows the date of pregnancy diagnosis in relation to the start of artificial
insemination, start of natural mating (ie: end of artificial insemination) and
the end of mating for each herd. The range of possible gestation lengths at
pregnancy diagnosis, based on the service periods, over all herds was 42 to

193 days.
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Table 3.1: Herd size and the date of the start of artificial insemination and natural

mating and end of natural mating relative to the date of pregnancy diagnosis

HERD

—

CWAONOODGOEWN =

Herd
size:

240
177
73
363
191
422
260
300
174
125
2325

Start of
artificial

insemination

(Al):
20/10/2002
16/10/2002

N/A
10/10/2002
7/10/2002
1/10/2002
11/10/2002
9/10/2002
11/10/2002
1/10/2002

Start of
natural

mating:

12/11/2002
UNK
1/10/2002
14/11/2002
7/11/2002
8/11/2003
12/11/2002
3/12/2002
23/11/2002
5/11/2002

End of
natural

mating:

31/12/2002
9/01/2003
1/01/2003

31/12/2002

27/12/2002

20/01/2003

20/12/2002
1/01/2003

20/02/2003
1/01/2003

Day of
pregnancy

diagnosis (PD):
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25/02/2003
20/02/2003
14/02/20083
28/02/2003
27/02/2003
3/03/2003
11/03/2003
8/04/2003
16/05/20083
11/05/2003
RANGE:

Start of
mating
to PD:
127 days
128 days
137 days
142 days
144 days
154 days
163 days
182 days
187 days
193 days

127-193 days 42-101 days

End of
mating
to PD:
57 days
42 days
45 days
60 days
63 days
42 days
81 days
98 days
56 days
101 days



The cows were held in rows of six to eight in either a herring-bone dairy or
vet/Al race. All examinations were completed before the next row was
examined. One veterinarian (JCG) completed all examinations in all herds,
with the exception of Herd 6. In Herd 6, one veterinarian completed the
transrectal ultrasound and manual palpation per rectum (ASC) while another
veterinarian (JCG) completed the flank ultrasound examinations. Due to the
difference in the lead length of the linear transducer, used for transrectal
ultrasound scans, and the sector transducer, used for flank ultrasound scans
(approximately 295 cms and 200 cms respectively), of the 2325 animals
scanned by the transrectal technique, only a random number in each row,
totaling 1736 (74.7%) animals, were examined by the flank technique (see
Table 3.2). Only animals scanned by the flank technique were included in
the analysis. The individual ear tag number of each animal was used as the

sole source of identification in all cases.

Adhering to practice policy, any cows diagnosed as “non-pregnant” on
transrectal ultrasound were then examined via manual rectal palpation,

regardless of the resuit of the flank ultrasound examination.

3.2.1 REAL-TIME B-MODE TRANSRECTAL
ULTRASONOGRAPHY:

An ALOKA SSD-500 ultrasound machine with a 7.5 MHz linear probe was
used for all transrectal ultrasound examinations. The probe was taped to an
“extender”, which consisted of a flattened, stainless steel rod (length: 35
cms ; width: 3 cms; depth: 0.5 cm), screwed to a wooden handle, for easier
insertion of the probe head into the rectum. The probe was carefully
introduced into the rectum of each cow lubricated with Veterinary Lubricant
(active compound = Methylcellulose). The probe, while being directed into
the rectum, had pressure applied ventrally and was rotated to the left and
right to ensure a thorough examination of the pelvic area. A diagnosis of

pregnant, non-pregnant or ‘‘re-examination at a later date needed” was made
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and recorded by an assistant or the herdowner.

A diagnosis of pregnant was made when an anechoic, fluid-filled structure
was visualized, cranial to the bladder, containing an entire fetus, fetal parts
and/or placentomes. A diagnosis of non-pregnant was made when the
above structure(s) could not be visualized in the area between the bladder
and the caudal wall of the rumen. Re-examination at a later date was
recommended when the above structures could not be visualized but the
uterus, when palpated manually. contained fluid that resembled a 5 to 6
week pregnancy. Re-examinations were completed 3 to 4 weeks after the
initial pregnancy diagnosis date. These animals were not included in the

analysis.

3.2.2 MANUAL PALPATION PER RECTUM:

The veterinarian who completed the transrectal ultrasound examination and
diagnosed the animal as non-pregnant, manually checked the same animal

within 2-3 minutes using a gloved. lubricated hand inserted into the rectum.

3.2.3 REAL-TIME TRANSCUTANEOUS FLANK
ULTRASONOGRAPHY:

An ALOKA SSD-500 ultrasound machine with a 3.5 MHz sector probe was
used for all flank ultrasound examinations. The probe was taped to an
extender similar to that used in the transrectal ultrasound examinations. In
all cases, the sector probe was positioned against the skin of the right flank,
dorsal to the udder and underneath the flank fold of the cow or heifer (see
Figure 3.1). The probe was initially placed centrally under the flank fold
and then directed caudally and cranially along the flank fold to identify
earlier and more advanced pregnancies, respectively. Lubricant was used to
facilitate contact between the probe and the skin. No hair removal or skin
preparation was necessary or used. Diagnoses of “pregnant” or “no

detectable pregnancy” (NDP) was recorded by an assistant. A diagnosis of
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pregnant was made when a fluid-filled structure containing a fetus, fetal
parts and/or placentomes were visualized on application of the probe to the
flank skin. A diagnosis of no detectable pregnancy was made when the
above structure(s) could not be visualized but a clear ultrasound image was

produced of the small intestines.

Figure 3.1: Application of the transcutaneous flank technique to diagnose

A

pregnancy in the left side of a Herring-bonc shed.

Method of pregnancy diagnosis using transcutaneous ultrasound over
the right flank:

Cows were scanned either at cow level from planks spanning the pit of a
Herringbone shed or within a vet/Al race, or from pit level within a

Herringbone shed.

3.2.3.1 PLANK:

Two specially designed stainless steel planks running parallel with the left
side of a Herringbone dairy hung over two cross-bars spanning the pit and
were used to elevate the operator to cow level. The cows were run into the
left side of the shed and examined with the ultrasound machine suspended

from the milk line. All herds, except Herds 2 and 3, were examined via
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transrectal ultrasound in this way, and all herds except Herds 2, 3 and 6
were examined via flank ultrasound in this manner. No additional roping or

holding devices were used.

3232 PIT:

The cows were run into the left side of a Herring-bone dairy with their right
flanks exposed. The cows were flank scanned from the pit of the dairy with
the ultrasound machine secured on a moveable, stainless steel trolley which
was wheeled along the pit. Flank ultrasound examinations were completed

in this way for Herd 6.

3.2.3.3 VET/AI RACE:

The cows were run into a vet/Al race with their heads facing away and
rumps facing towards the operator on the right side, allowing access to the
right flank. Transrectal and flank ultrasound examinations were completed

in this manner in Herds 2 and 3.

In Herd 6, due to time constraints, rectal ultrasound and manual palpation
per rectum were completed by veterinarian B on the planks while flank
ultrasound was performed simultaneously by veterinarian A from the pit.
To ensure the two veterinarians were compatible in terms of their relative
sensitivity and specificity in rectal ultrasound diagnosis, the pregnancy
status of a separate herd of 139 mixed age. mixed breed dairy cattle was
identified. The age of the pregnancies ranged from 52-172 days, which was
in a comparable range to Herd 6. The veterinarians completed their herd
pregnancy tests two days apart and were not aware of the results diagnosed

by the other veterinarian.

3.2.4 GOLD STANDARD OF PREGNANCY STATUS:

Cows remaining on-farm:

The applied gold standard (ie: confirmation of pregnancy status at
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pregnancy diagnosis) for each animal which remained on-farm until the end
of the calving period (ie: 31* October 2003) was a specific calving date. A
non-pregnant animal was confirmed as such by a lack of known calving date
by the end of the calving period. The calving dates were collected from the
herdowner, where necessary, and from the farm data set via the MindaPRO
(Livestock Improvement Corporation, 2003) system. Further information
was sought from farmers where there was significant discrepancy between

the test result and the recorded calving outcome.

Herdowners were also asked to record any abortions, premature calvings
and all animals which received induction shots and their subsequent calving

dates.

Cull cows:

The senior veterinarian or the head of the meat department at the two local
abattoirs were asked to check the pregnancy status of any animals culled
from the enrolled herds up to the 31™ October 2003. The abattoir was made
aware of the tag and slaughter line numbers of the cattle and their date of
transport to enable slaughterline examination. The results of the cull cow
examinations were pregnant/non-pregnant only and specific ageing
measurements (eg: crown-rump length) of the fetuses were not completed.

The author was made aware of the cull cow examinations via phone and fax.

Sold cows:

In Herds 2 and 7, cull cows were sold either privately or through saleyards.
In all cases, the subsequent buyers did not remove the original ear tags and
so could state whether the animals calved before October 31* 2003. If
possible the calving date of any pregnant cows was noted but the focus was

on establishing a gold standard for the sold, non-pregnant cows.
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3.2.5 CALCULATION OF CONCEPTION DATES:

The age of gestation at the time of pregnancy diagnosis was determined

using the definitions formulated by Mueller (2001).

Cows with full term pregnancies:

The conception date for cows which remained in the herd and calved at full-
term was defined as the calving date minus 282 days. The calculated
conception date was compared to recorded artificial insemination and
natural service dates and where the discrepancy between recorded service
date and calculated conception date was:

* 12 days or less, the recorded service date was taken as the actual
conception date

* 13 days or more and the calculated conception date fell into the
natural mating period for that farm, this calculated date was used as actual
conception date

* 13 to 21 days and the calculated conception date fell into the
artificial insemination period for that farm. the recorded service date was

used as actual conception date.
For cows for which there was irreconcilable disagreement between the dates
of recorded service and calculated conception dates, the calculated

conception date was used.

Cows with induced parturitions:

The conception date was initially calculated as the induced calving date
minus 282 days. The last recorded service was then used as the actual
conception date where this was later then the calculated conception date. If
the last recorded service date fell before the calculated conception date,
multiples of 21 days were added to the last service date, until the new

service date was later than the calculated conception date. Where the
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difference between calculated conception date and last recorded service date
was seven days or less, the calculated conception date was used as actual

conception date.

Cows with abortions and premature calvings:

The last recorded service date was used as the actual conception date for
cows with a recorded abortion or premature calving.

3.2.6 COMPARISON AND STATISTICS:

Results were grouped into (a) correct diagnosis pregnant; (b) incorrect
diagnosis non-pregnant; (c¢) incorrect diagnosis pregnant; and (d) correct

diagnosis non-pregnant.

PREGNANCY STATUS:
PREGNANT NON-PREGNANT
TEST: PREGNANT a(TP) b (FP)
NON- ¢ (FN) d (TN)
PREGNANT
TP = True pregnant FP = False positive
FN= False negative TN = True negative

Sensitivity was calculated as

[a/(a+c)] X 100

Specificity was calculated as:

[d/(b+d)] X 100

Positive predictive value was calculated as:
[a/(a+b)] X 100

Negative predictive value was calculated as:

[d/(c+d)] X 100
Sensitivity, specificity, negative and positive predictive value analysis of

flank and transrectal ultrasound overall and with cows grouped into 14-day

periods was carried out. For each flank and transrectal ultrasound
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pregnancy test a new variable of “correct diagnosis™ was created combining
the results of sensitivity and specificity. True positive and true negative
diagnoses were given a score of 1 and false positive and false negative
diagnoses were given a score of 0. Using the “proc freq” command of SAS
(2001), the differences in the probability of a correct diagnosis between
flank and transrectal ultrasound were compared using the chi-square test.
Factors affecting the probability of a correct diagnosis were evaluated using
logistic regression (SAS, 2001). The models considered the effects of herd.
cow age, cow breed, bull breed, calf sex and method of diagnosis. A
threshold value of gestational age at pregnancy diagnosis was determined as

the value where there existed an odds ratio of 1.

3.3 Results:

3.3.1 NUMBERS EXAMINED AND DERIVATION OF GOLD
STANDARD:

As shown in Table 3.2, of the 1736 cows examined for pregnancy by both
flank and transrectal ultrasonography, 11.3% were culled and 88.7% were
retained to calve on-farm. While 98.8% of retained cows had their
pregnancy status confirmed by gold standard, only 24.8% of culled cows

had a gold standard result.

Although cow deaths (15 cases: 7.8%) and incomplete record keeping (5
cases; 3%) accounted for the loss of retained cows on-farm, the majority of
cows lost to the study were due to culling without confirmation of
pregnancy status (148 cases: 89.2%). In total, 1570 (90.4%) had their

pregnancy status confirmed by gold standard.

Overall, 91.7% of cows scanned via flank ultrasound were pregnant, all of
which were confirmed by calving records (See Table 3.3). Of the cows
retained on-farm, 94.9% (1440/1517) were pregnant while 5.1% were non-
pregnant (81/1517). Non-pregnant cows (130/1570; 8.3%) had their
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pregnancy status confirmed either by a lack of calving date on-farm
(81/130; 62.3%); abattoir examination of the reproductive tract (37/{30:
28.4%) or lack of calving date via vendor (12/130: 9.29). Only non-

pregnant cull cows were included in this study.

3.3.2 SENSITIVITY, SPECIFICITY, POSITIVE AND NEGATIVE
PREDICTIVE VALUES:

3.3.2.1 Overall resules:

Table 3.4 illustrates the number of cows that had their pregnancy status
correctty or incorrectly diagnosed for each herd in the study. Significantly
(p< 0.001) more pregnant cows were incorrectly diagnosed as not detectably
pregnant (NDP) by flank ultrasound (594) relative to transrectal ultrasound
(54) while marginally more non-pregnant animals  were  incorrectly

diagnosed as pregnant by transrectal ultrasound (3 vs 1),

The overall sensitivity, specificity and positive and negative predictive
values for all cows flank scanned with gold standard in the ten herds is
shown in Table 3.5. The scnsitivity of flank ultrasound overall was
refatively much lower than transrectal ultrasound at 58.535% and 96.24%
respectively  while  the  specificity of flank  ultrasound (99.20¢%) was
marginally higher than transrectal ultrasound (97.70%) (see Table 3.5). The
overall negative predictive value of flank ultrasound was relatively low 1n
comparison to transrectal ultrasound at 17.84% . The positive predictive
value of the two methods was almost 1dentical. however, at 99.85% for
transrectal ultrasound and 99.80% for flank ultrasound. The probability of
making a correct diagnosis of pregnancy status was significantly (p<.0001)
higher when using transrectal ultrasound in comparison to flank ultrasound

over the entire gestational age range of 42-193 days.
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3.3.3 RESULTS BY:

3.3.3.1 Gestational Age at Pregnancy Diagnosis (days):

The effect of gestational age at date of pregnancy diagnosis upon the
specificity and sensitivity of pregnancy diagnosis was highly significant for
both flank and transrectal ultrasound (p<0.0001). Sensitivity, specificity
and positive and negative predictive values of flank and transrectal
ultrasound were calculated with cows grouped according to their gestational

age at date of pregnancy diagnosis (see Table 3.6).

The sensitivity of flank ultrasound increased in a linear fashion with
advancing stage of gestation, reaching a plateau at approximately 155 days
of gestation (see Figure 3.2). For cows at least 155 days in calf, the
sensitivity of flank ultrasound improved significantly by 49.75% (49.2% to
98.95%) and after this date the sensitivity of flank ultrasound was
marginally higher than the sensitivity of transrectal ultrasound (98.5% vs
91.85%). The sensitivity of rectal ultrasound remained relatively constant
to 168 days of gestation, after which it decreased to less than 86%. Although
the positive predictive values remained relatively constant for the flank
ultrasound method, they were quite variable for transrectal ultrasound

particularly between 70 and 170 days of gestation (see Table 3.6).

The specificity of both transrectal and flank ultrasound remained relatively
constant from 31 to 196 days of gestation (see Table 3.6 and Figure 3.3).
The negative predictive values of flank ultrasound improved significantly
(P<0.001) from 8.7% at less than 155 days of gestation to 83.35% after 155
days of gestation and was greater for flank ultrasound than transrectal

ultrasound during this time period (83.35% vs 53.20%) (see Table 3.6).

The probability of making a correct diagnosis of the pregnancy status was
significantly (p>0.0001) higher for flank ultrasound after 155 days of

gestation in comparison to transrectal ultrasound.
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Table 3.2: Number of cows culled and retained on-farm with results for each

herd

Herd
size:

HERD:

240
177

73
363
191
422
260
300
174
125
TOTAL: 2325

S W ND A R W

—h

Cows
with
flank
scan

result:
Number:
164
166

73

216
183
334
203
196
01

99
1736

Yo:
68.3
93.7
100
595
95.8
79.1
78
65.3
58
79.2
74.7

Flank

scanned

cows
with full
set of

results*:
Number:

153

148

71

196

166

298

159

184

26

99

1570

Yo'
93.2
89.1
97.2
90.7
90.7
89.2
78.3
93.8

95
100
90.4

Total number of
flank scanned

cCOws

culied frorm herd:

Number:

19
24

3
23
17
36
48

7

Yo:
12.4
14.4

4.1
10.6
6
10.7
23.6
13.7
4.9

1
11.3

104

Cows
with full
set of
results
of cull
COWS:
Number:

—
- o @~ DO 0w e

iy
1]

Yo:
473
33.3
100
2.7

14.5

59.2

100
24.8

Total
number of
flank scanned
cows
retained in the
herd

Number:
145
142

71
193
172
298
155
169

96

98

1539

Yor
88.4
85.5
95.9
89.4
93.9
89.2
76.3
ge.2
95
98.9
88.7

Cows

with full

set of

results of
retained

COWS:
Number:

144

141

67

193

167

298

149

169

95

a8

1521

Yo
99.3
08.6
94.4
100
97.1
100
96.1
100
98.9
100
98.8



Flank
scanned
cows
with full
set of
results
Herd:
153
148
7
196
166
298
159
184
96
10 99
TOTAL: 1570

XN B WN =

o

Pregnant
COwSs:
Flank
scanned
cows

pregnant on

gold
standard:

No:

144
133
66
171
163
298
151
165
54
95
1440

%:

94 .1
89.9
92.9
87.2
98.1
100
94.9
89.7
56.3
95.9
91.7

Pregnant cows
with

gold standard
derived

from calving
records:

No:

144
133
66
171
163
298
151
165
54
95
1440

Y%

100
100
100
100
100
100
100
100
100
100
100

Non-pregnant cows

Flank scanned
cows

non-pregnant
on

gold standard:

No:

130

105

Yo

5.8
10
A
13
1.8

10
44

8.3

Non-pregnant
cows with

gold standard
derived

from calving
records:

No:

N~ S

20

w

—

42

Yo

46.6
40
80

100

12.5
156.7
100
75

Non-pregnant
cows with

gold standard
derived

from abattoir:
No:

—
- OO0 WOOoOUwOoo

Yo
100
60

25

37.5
84.2

N
o O

Non-pregnant
cows with

gold standard
derived

from vendor:
No:

COO MOO OO OO

o O o



Table 3.4: Comparison of results for pregnant and non-pregnant cows:

Number Flank Rectal HERD:
of cows: ultrasound: ultrasound: 1 2 3 4 5 6 7 8
Pregnant cows: 791  Pregnant Pregnant 26 45 48 52 75 219 83 129
48 Pregnant NDP 2 8 5 3 0 3 1 13
588 NDP Pregnant 116 77 12 115 88 76 66 23
6 NDP NDP 0 3 1 1 0 0o 1 0
Non-pregnant 1 Pregnant Pregnant 0O 0 O 0 O 0O O 1
cows: 0 Pregnant NDP 0O 0 O 0 O 0 o 0
2 NDP Pregnant 0 0 O 1 0 o 1 0
127 NDP NDP 9 156 5 24 3 o 7 18

Table 3.5: Values for correct pregnant (a), incorrect pregnant (b), correct non-
pregnant (c), incorrect non-pregnant (d), sensitivity, specificity, and positive (PPV)
and negative (NPV) predictive values for the two methods:

Method: a b c d Sensitivity: Specificity: PPV: NPV:
Rectal ultrasound: 1379 3 54 127 96.24 97.70 99.85 70.16
Flank ultrasound: 839 1 594 129 58.55 99.20 99.80 17.84

106
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35

42

10
79
10

6
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Table 3.6: Values for a, b, c, d, sensitivity, specificity, positive (PPV) and negative (NPV) predictive values
for each gestational stage

Gestational
Stage (days):
37-70

71-84

85-98

99-112

113-126

127-140

141-154

155-168

169-196

Method:

47 cows: 39 pregnant, 9 non-pregnant
Rectal ultrasound
Flank ultrasound

65 cows: 59 pregnant, 6 non-pregnant
Rectal ultrasound
Flank ultrasound

128 cows: 121 pregnant, 7 non-pregnant
Rectal ultrasound
Flank ultrasound

211 cows: 200 pregnant, 11 non-pregnant
Rectal ultrasound
Flank ultrasound

331 cows: 323 pregnant, 8 non-pregnant
Rectal ultrasound
Flank ultrasound

340 cows: 332 pregnant, 8 non-pregnant
Rectal ultrasound
Flank ultrasound

176 cows: 175 pregnant, 1 non-pregnant
Rectal ultrasound
Flank ultrasound

50 cows: 45 pregnant, 5 non-pregnant
Rectal ultrasound
Flank ultrasound

149 cows: 142 pregnant, 7 non-pregnant
Rectal ultrasound
Flank ultrasound

36

59

120

23

197
63

312
173

322
237

170
156

44
45

122
139

107

o

o

o

@©

(o ¢]

D

d Sensitivity:

2 94.7%
35 7.9%
0 100.0%
55 6.8%
2 98.4%
99 18.9%
3 98.5%
137 31.5%
11 96.6%
150 53.6%
10 97.0%
95 71.4%
5 97 1%
19 89.1%
1 97.8%

0 100.0%
20 85.9%
3 97.9%

Specificity:
88.9%
100.0%

100.0%
100.0%

83.3%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

85.7%
85.7%

PPV:

97.3%

100.0%

100.0%
100.0%

99.2%
100.0

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

99.2%
99.3%

NPV:

80.0%

20.5%

100.0%
9.8%

71.4%
5.7%

78.6%
7.4%

42.1%
5.1%

44 .4%
7.6%

20%
5%

83.3%
100.0%

23.1%
66.7%
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Figure 3.2: Sensitivity of transrectal and flank ultrasound according
to age at pregnancy diagnosis (days)
120
83.3| 85.7
_ 8o iy
§ co 1 : @ Flank ultrasound
3 : ‘B Transrectal ultrasound
40 H |
20
O =
1 2 3 4 5 6 7 8 9

Gestational age at pregnancy diagnosis

113-126 days 7 = 141-154 days 9 =169-196 days

31-70 days 3 = 85-98 days =11
=127-140days 8 = 155-168 days

} =
2=71-84 days 4=099-112days 6

Figure 3.3: Specificity of transrectal and flank ultrasound according to age
at pregnancy diagnosis (days)
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3.3.3.2 Probability curves:

Figure 3.4 and 3.5 illustrates the probability of a correct diagnosis of an
animal’s pregnancy status by flank or transrectal ultrasound respectively.
There is a significantly high probability of making a correct diagnosis
(p<0.0001) from 155 days of gestation onwards. An odds ratio of 1 for the
flank ultrasound probability curve occurs at 114 days indicating that after
this gestational age there is a greater than 50% probability of making a
correct diagnosis. The probability of making a correct diagnosis using
transrectal ultrasound is relatively high to 130 days of gestation but

progressively falls with increasing gestational age.

0.8 1

0.6 1

0.4

0.2 1

50 100 150

Age at pregnancy diagnosis (days)

Figure 3.4: The probability of a correct diagnosis of pregnancy status (p)
using transcutaneous flank ultrasound according to gestational age at
pregnancy diagnosis (days)
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Figure 3.5: The probability of a correct diagnosis of pregnancy status (p) by
transrectal ultrasound according to gestational age at date of pregnancy
diagnosis (days)

3.3.3.3 Herd

Ten herds were involved in this study and were pregnancy tested over three
months between the 14" March 2003 and 16" May 2003. The effect of herd
was significant in the determination of a correct diagnosis of pregnancy
status by flank ultrasound (p<0.0001), but was not significant for transrectal

ultrasound (p>0.6).
3.3.3.4 Method of flank ultrasound diagnosis:

The method of flank ultrasound pregnancy diagnosis using flank ultrasound
was known for 1498 cows. 1109 cows, or 67.3% of the total, were
pregnancy tested while the operator stood on a set of planks in a
Herringbone shed, 296 (19.8%) cows were pregnancy tested from the pit of

a Herringbone shed and 193 (12.9%) were pregnancy tested from the right
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side of a vet or artificial insemination (Al) race. The effect of method of
pregnancy diagnosis approached significance (p = 0.1328) in determining

the probability of a correct diagnosis of pregnancy status.

3.3.3.5 Comparison of cow breeds:

The breed was known for a total of 1420 cows. Over one-third were pure
Friesians (588, 41.4%) or Friesian/Jersey crossbreds (504, 35.4%). Pure
Jerseys and Ayrshire or Ayrshire crosses accounted for 19.6% (279) and
3.4% (49) respectively. The breed of the remaining 79 cows was unknown
and was not included in this section of the analysis. Breed had no
significant effect on the probability of a correct diagnosis of pregnancy
status by either the transrectal or flank ultrasound method (p>0.3) and there
was no significant difference between pure Friesians or Friesian/Jersey

crosses and pure Jerseys (p>0.3).

3.3.3.6 Comparison of cow age:

The age was known for a total of 1468 cows and ranged from first-calving 2
year old heifers to 14 year olds. Approximately 10% were heifers but
comparison between heifers and mature cows (ie: greater than 3 years of
age) was not significant in the determination of a correct diagnosis of
pregnancy status by either the transrectal or flank ultrasound methods

(p>0.3).

3.3.3.7 Comparison of sire breed:

The sire breed was known for a total of 1329 pregnancies. Over one-third
consisted of either pure-bred Friesians (592, 44.5%) or pure-bred Jerseys
(498; 37.5%). The remaining bulls were beef breeds (ie: Hereford, Hereford
crossbred or Angus) (239; 18.0%) and 170 sires were of unknown breed.
Sire breed was not significant in the determination of a correct diagnosis of

pregnancy status by flank ultrasound but was significant when pregnancy
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was diagnosed by transrectal ultrasound (p = 0.0252) (pure-bred Friesian =
0.0087; pure-bred Jersey = 0.0502; Beef breeds = 0.4324). The effect of
bull breed became insignificant, however, when the herd effect was

removed from the analysis.

3.3.3.8 Comparison of calf sex:

The sex of the calf at birth was known for 1361 pregnancies and 138 were
unknown. Over half of the calves were male (755; 55.5%) and just under
half were female (606; 44.5%). The sex of the calf was not significant in
the probability of a correct diagnosis of pregnancy status by either

transrectal or flank ultrasound (p>0.3).

3.3.3.9 Comparison of veterinarians:

In Herd 6, due to time constraints, rectal ultrasound and manual palpation
per rectum were completed by veterinarian B on the planks while flank
ultrasound was performed simultaneously by veterinarian A from the pit.
The sensitivity and specificity values were 100% for both veterinarians with
complete agreement in the pregnancy status of every animal in the herd,
whether pregnant or non-pregnant. The rectal ultrasound results from Herd
6 as completed by veterinarian B were therefore included in the analysis as

comparable to veterinarian A.

3.4 Discussion:

The incorrect diagnosis of a pregnant cow as non-pregnant will result in a
significant economic waste due to pregnant cows being sent for slaughter.
Pregnant cows will also be sent to grazing without the necessary
management through the dry period, resulting in a relatively high number of
dystocias and metabolic diseases. On average, 13.6% of the New Zealand
dairy herd is culled each year with the predominant reason for cull selection
being perceived infertility (Holmes et al., 2003). In a 1995 abattoir study in
the UK, of the 23.5% of cattle that were pregnant at slaughter, the

herdowner believed over half (50.9%) were not pregnant (Singleton and
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Dobson, 1995). A 1975 study of the culling policy of extensive Australian
beef herds found 62.9% of cows examined were pregnant at slaughter and.
in herds not undertaking pregnancy diagnosis, this rate increased to 71.6%
of slaughtered cows (Ladds er al., 1975). Although herds which had
undergone pregnancy diagnosis had significantly lower levels (16.6% to
41.8%), a sizeable number of pregnant cows were 3 to 6 months in calf,
indicating the sensitivity of the pregnancy test at this stage of gestation was,

in some instances, not sufficiently accurate (Ladds ef al.. 1975).

The incorrect diagnosis of a non-pregnant cow as pregnant is also of
concern to the herdowner as these animals are retained on-farm, utilizing

pasture and resources with little to no gain.

Transcutaneous flank ultrasound pregnancy diagnosis:

To the author’s knowledge, there have been no comprehensive studies of the
accuracy of transcutaneous ultrasound over the right flank in dairy or beef
cattle. Sensitivity values of 100% using the flank ultrasound technique in
red deer has been demonstrated in numerous studies, with the fetus able to
be clearly visualized from 40-50 days of gestation (Mulley et al., 1987:
White et al., 1989). White et al. (1984) found pregnancy diagnosis by
transcutaneous ultrasound in sheep was 99% accurate between 50-100 days
of gestation. There was also a significant association (p<0.005) between the
number of lambs born and the number of fetuses observed in utero by this
method with a 100% sensivity in ewes carrying a single fetus and 97.3% in
ewes carrying twins (White er al., 1984; Gearhart et al., 1988). Lower
sensitivity values were found for transcutaneous ultrasound in does with
82% in does carrying a single fetus and 100% for does carrying triplets, but
a lower frequency 5 MHz transducer was used. A 3.5 MHz linear
transducer applied to the flank and ventral abdomen of the sow also resulted

in a sensitivity of 99% (Jackson, 1986).
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The probability of a correct diagnosis of pregnancy status using flank
ultrasound for all cows over the gestational period of 37-198 days in this
study was significantly lower (p<0.0001) than that of transrectal ultrasound.
The sensitivity value of flank ultrasound increased in a linear fashion with
increasing gestational age, however, reaching a plateau at 155 days of
gestation. Between 155-198 days of gestation, flank ultrasound was more
accurate in the correct diagnosis of pregnancy status in comparison to
transrectal ultrasound which had a sensitivity of only 85.9% after 168 days
of gestation. Although the negative predictive value of flank ultrasound was
extremely low prior to 155 days, averaging 8.7%, it also increased markedly

after this gestational age (83.4%).

The specificity of the flank ultrasound method was extremely accurate
throughout the gestational range of 37-198 days as only one animal was
falsely diagnosed as pregnant while non-pregnant. The structures visible via
ultrasound over the right flank in the non-pregnant animal (ie: small
intestinal loops) cannot be easily misdiagnosed as a pregnancy, in
comparison to transrectal ultrasound where the bladder, uterine vessels and

ovaries can resemble a pregnancy to the unexperienced operator.

The gravid horn will generally remain within the pelvic cavity prior to 90
days of gestation. After approximately 120-150 days of gestation, however,
increasing fetal weight and fetal fluid volume cause the pregnant uterus to
pass over the cranial pelvic brim and towards the dam’s ventral abdominal
wall (Arthur et al., 1982). The uterus can either pass through the
supraomental recess, between the right face of the rumen and the greater
omentum, against the right flank directly or less frequently against the left
flank, displacing the intestines or rumen respectively from the abdominal
wall (Dyce et al., 1996). As the depth of a 3.5 MHz sector transducer is
generally limited to 15 cms, early bovine pregnancies cannot be visualized
by transcutaneous ultrasound over the right flank. During mid gestation,

however, the uterus passes to within range of the transducer and pregnancy
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is more likely to be visualized. Although only a minority of pregnancies lie
against the dam’s left flank, it could be assumed they would be impossible
to visualize throughout pregnancy when scanning from the right flank, due

to the intervening intestines and rumen.

Herd was a significant effect in the determinaton of a correct diagnosis of
pregnancy status by flank ultrasound. Although there was a significant
association between herd and gestational age at pregnancy diagnosis (days),
this result also represents the effect of increasing operator experience.
Fowler (1984) found the accuracy of inexperienced operators using the flank
ultrasound method in sheep improved significantly after only one session

with an experienced operator.

The method of flank ultrasound pregnancy diagnosis approached
significance in the determination of a correct diagnosis of pregnancy status.
Increased pressure can be applied upwards against the flank skin when the
operator is scanning from the pit of a Herringbone shed. allowing the
visualization of pregnancies located within the caudodorsal abdomen. An
operator located at cow level, such as on the planks or beside the vet/Al
race, needs to bend from the waist before applying the transducer to the

flank making visualization of these earlier pregnancies more difficult.

In a 1984 study of the accuracy of transcutaneous pregnancy diagnosis in
sheep, Fowler found Merino ewes were diagnosed less accurately than twin-
bearing Dorset-Merino cross ewes and more accurately than Border
Leicester-Merino cross ewes. Although these apparent breed effects were
without obvious explanation, anatomical features of the differing breeds
such as wool follicle density and structure, thickness and nature of the skin
and associated tissue layers of the abdomen were believed to have affected
the accuracy of the technique (Fowler, 1984). In older, obese and/or
multigravid animals, where the non-pregnant uterus can be found lying

cranial to the pelvic brim, it could be assumed that the pregnant uterus

115



would be visualized at an earlier gestational age via flank ultrasound. There
was no statistically significant association, however, between maternal age
or breed and the probability of making a correct diagnosis of pregnancy
status. Similarly, there was no significant association between bull breed or
calf sex and a correct diagnosis of pregnancy status when using

transcutaneous ultrasound across the right flank.

Transrectal ultrasound diagnosis:

This study confirms the value of pregnancy diagnosis via transrectal
ultrasound in cattle. The overall sensitivity of transrectal ultrasound in this
study (96.2%) was comparable to previous studies, particularly between 70-
168 days of gestation (Chauffaux et al., 1988 Pieterse et al., 1990; Szenci et
al., 1995, Nation et al., 2003). The sensitivity of transrectal ultrasound in
the earliest gestational age period of 37-70 days (94.7%) was low in
comparison to the results of previous studies completed within 70 days post-
insemination, in particular Szenci et al. (1996) and Hanzen and Laurent
(1991) who achieved 100% and 97% respectively. The sensitivity of
transrectal ultrasound when undertaken less than 33 days post-insemination
in previous studies tends to be, on average, lower, ranging from 38.1% to
97.7% (Pieterse et al., 1990; Szenci et al., 1996). Possible explanations
given for the low sensitivity values found during early pregnancy have
included a difficulty in visualizing the filamentous bovine amniotic vesicle,
the caudal intrapelvic uterine position in early pregnancy and the frequency
of the transducer used (Szenci et al., 1996; Pieterse et al., 1990; Szenci et
al., 1995; Hanzen and Laurent, 1991; Hanzen and Delsaux, 1987; Badtram
et al., 1991; Willemse and Taverne, 1989). The low sensitivity seen at 37-
70 days of gestation in this study should not, however, have been as
dependant on these factors particularly as a high frequency, 7.5 MHz
transducer was used. Operator experience may have contributed to this
lower sensitivity value as this study was completed in the operator’s second

year of pregnancy testing by transrectal ultrasound.
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The lowest sensitivity of transrectal ultrasound in this study was found from
168-198 days of gestation (85.9%). Movement of the bovine fetus towards
the dam’s ventral abdominal wall and therefore out of range of the
ultrasound beam would have contributed to this relatively low value. Kahn
(1989), using a 3.5 MHz sector transducer. however, found a fetal head,
thorax or abdomen was accessible for 80% of pregnancies. with the only
exceptions confined to Months 8 to 10 of pregnancy. This study was
completed on heifers, however, which generally have increased uterine tone
relative to older, multiparous animals. Kahn’s (1989) result could not be
replicated in one of the few studies which have investigated the sensitivity
of transrectal ultrasound in cattle over 70 days of gestation. White et al.
(1985). using a 3.5 MHz transducer. found an overall sensitivity of 98.8%
when pregnancy testing cattle between 92-202 days of gestation. Although
the effect of increasing gestational age on this sensitivity value was not
discussed. the author found the fetus could not be imaged beyond 120 days

of gestation.

The specificity of 97.7% for transrectal ultrasound found in this study was
comparable to previous studies (Hanzen and Delsaux. 1987; Szenci et al.,
1995; Szenci et al., 1996). Although the overall specificity value for
transrectal ultrasound was lower in comparison to flank ultrasound, only 3
animals were falsely diagnosed as pregnant when non-pregnant. Conditions
which cause abnormal fluid accumulation. such as pyometra, mucometra
and hydrometra can resemble an early pregnancy via transrectal ultrasound
(Bretzlaff, 1993). Naturally occurring early embryonic loss, which has been
estimated to vary between 9-28% in cows with normal fertility and up to
60% in repeat breeder cows, may have also contributed to this relatively

lower specificity value (Forar et al., 1995).
The possible effect of cow breed, calf sex and bull breed were not

statistically significant in the determination of a correct diagnosis of

pregnancy status by transrectal ultrasound.
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Mulley et al., (1987) found a transcutaneous scan in order to diagnose
pregnancy could be completed in red deer within 60 seconds of restraint.
Haibel (1988) found pregnant does could be differentiated from open does
within 5-30 seconds using transcutaneous ultrasound and some operators
can pregnancy test up to 300 sheep per hour in a specially designed chute
for transabdominal scanning (Buckrell, 1988). Although the average time
taken to complete each transcutaneous study was not calculated in this
study, the author found a bovine pregnancy could generally be visualized as
fetal parts, fetal fluids, fetal membranes and/or placentomes within seconds

of placement of the transducer against the abdominal skin.

Due to time constraints, this study did not complete flank and transrectal
ultrasound diagnosis of pregnancy after 198 days of gestation. Haibel and
Fung (1991) found visualization of the llama fetus became particularly
difficult in the last trimester of gestation due to the posture of the fetus and
the limited penetration of the 5 MHz transducer. Although the 3.5 MHz
transducer used in this study allows greater penetration into the abdomen,
visualization of recognisable fetal parts may also be difficult in the cow in
late gestation. Diagnosis of pregnancy, however, should not be difficult at
this gestational stage as the bovine uterus generally maintains contact with

the right abdominal wall throughout late gestation until parturition.

The twinning rate of dairy cattle increases from an average of 1% in first
calving heifers to approximately 8% for all subsequent calvings, particularly
in cows over 7 years of age (Ryan and Boland, 1991). McMillan et al.
(1994) found transrectal ultrasound imaging to Day 60 of gestation was not
an accurate technique for determining the twin pregnancy status in cattle,
with an accuracy ranging from 20%-52%. Lambert et al. (1998), however,
found an accuracy of 74-94% with no difference between cows carrying
single calves or twins. As only four sets of twins were born to this study’s

animals, a statistical analysis of the accuracy of twin pregnancy diagnosis
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by flank ultrasound was not possible.  The placental anastomoses
characteristic of bovine twin pregnancy, however, was readily visible via

flank ultrasound.

3.5 Conclusion:

This study found a higher overall probability of a correct diagnosis of
pregnancy status in cattle when using transrectal ultrasound in comparison
to transcutaneous ultrasound over the right flank. Flank ultrasound could
not be recommended as an accurate method for early pregnancy diagnosis.
At less than 155 days, flank ultrasound has a lower sensitivity and
probability of a correct diagnosis of pregnancy status in comparison to
transrectal ultrasound.  After 155 days of gestation, however, flank
ultrasound is the more accurate technique and represents an accurate method
of pregnancy diagnosis for cows in mid to late gestation. such as possible

cull cows, beef cows, and obese and/or multigravid cattle.

Flank ultrasound is an easy and rapid technique to learn and utilize. One
possible limitation, however, is the cost of ultrasound equipment. The
majority of New Zealand veterinary practices which service a reasonable
number of dairy farms have purchased and are actively using an ultrasound
scanner, however, for transrectal ultrasound pregnancy diagnosis. Although
flank ultrasound would not be recommended for whole herd diagnosis,
unless the average gestational age is known to be 150-155 days, the use of
this technique in individual animal or small mob pregnancy testing while the

animals were in mid to late gestation would be worthwhile.
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CHAPTER 4:

MEASUREMENT OF FETAL CHARACTERISTICS IN
ORDER TO DETERMINE THE LENGTH OF
GESTATION AT DATE OF PREGNANCY DIAGNOSIS
BY TRANSCUTANEOUS ULTRASOUND OVER THE
RIGHT FLANK

4.1 Introduction:

The accurate detection of pregnancy in both beef and dairy herds is essential
for the maintenance of high levels of reproductive efficiency and accurate
ageing of these pregnancies allows for management decisions such as the
early induction of cows calving late in the season (White et al., 1985). The
measurement of bovine fetal anatomical characteristics in order to estimate
the age of pregnancy has previously only been reported for aborted and post
mortem fetuses (Maneely, 1942; Winters, 1942: Rexroad et al., 1973:
Thomsen. 1974, Eley et al.. 1977). This process has recently been refined,
however. by the development of manual palpation per rectum and

transrectal ultrasound.

Manual palpation per rectum is most accurate between 35 and 65 days of
gestation and fetal age estimation curves developed by White et al.(1985),
based on the transrectal ultrasound measurement of such fetal characteristics
as crown-rump length, head diameter and trunk diameter, are of limited
accuracy after approximately 120 days (Honey, 1998). During mid-
gestation, the fetus passes over the cranial pelvic brim and towards the
dam’s ventral abdominal wall, and out of range of either the palpating hand
or a transrectal ultrasound beam (White et al., 1985; Kahn, 1989). The
operator must often base a diagnosis of pregnancy at this stage on either the
detection of fremitus or the visualization of uterine fluid and/or
placentomes, neither of which can be used to accurately determine

gestational age.



An accurate and relatively convenient method to age pregnancy after this
stage of gestation would be useful for both the veterinarian in both routine
herd and individual animal pregnancy diagnosis, and would allow the
herdowner greater knowledge when deciding the future of cows at this stage

of pregnancy.

4.2 Materials and Methods:

4.2.1 Pregnancy diagnosis:
The pregnancy status of 225 spring calving cows from three herds in the
Whangarei area was established using methods as outlined in Chapter 3.
These herds were chosen on the basis of:

being long-standing clients of Whangarei Veterinary Services

a history of annually presenting their entire herd for transrectal ultrasound

pregnancy diagnosis

availability of a herring-bone dairy or vet/Al race

a history of herd testing on a regular basis

accurately recording their farm data using the MindaLINK or MindaPRO

systems, as provided by the Livestock Improvement Corporation (LIC).

Pregnancy diagnosis by transcutaneous ultrasound over the right flank was
carried out between 57 to 195 days of gestation using an ALOKA® SSD-
500 machine. A 3.5 MHz sector transducer was positioned against the skin
of the right flank, dorsal to the udder and underneath the flank fold of the
cow or heifer, either held in the operator’s hand or taped to a stainless steel
“extender”. The penetration depth of the transducer was approximately 15
cms. The probe was initially placed centrally under the flank fold and then
directed caudally and cranially along the dorsal udder line to identify earlier
and more advanced pregnancies, respectively. Lubricant was used to
facilitate contact between the probe and the skin. No hair removal, skin

preparation, roping or additional holding devices were used.

122




Cow age varied between 2 to 14 years (see Figure 4.1). Almost half of the
cows were Holstein-Friesians (44.2%), with the remaining cows were either
pure Jersey (27.6%), Jersey/Friesian cross (24.1%) or a beef breed (4.9%).
Bull breeds included pure Friesians (91; 40.2%); pure Jersey (77; 34.0%)
and Hereford/Angus (58: 25.8%), while over half of the calves were male
(127; 55.9%), 38.3% were female and the sex of the remaining calves was

unknown (13: 5.7%).

Cow age: Number and frequency:
2 15 (6.6%)
3 28 (12.3%)
4 22 (9.7%)
5 37 (16.3%)
6 20 (8.8%)
7 33 (14.5%)
8 20 (8.8%)
9 22 (9.7%)
10 8(3.5%)
11 4 (1.7%)
12 8 (3.5%)
13 5(2.2%)
14 1 (0.4%)

unknown 4 (1.7%)

Figure 4.1: The number and frequency scanned by transcutaneous
ultrasound for fetal ageing

The determination of a gold standard result for cows remaining on-farm.
cull cows and sold cows and the determination of conception dates for cows
with full-term pregnancies, induced or premature calvings was undertaken

using the same materials and methods as described in Chapter 3.

4.2.2 Estimation of fetal age:

Each scan was recorded in real-time directly onto video tape on a Panasonic
VHS video player. All animals were identified by an ear tag number which
was typed on screen previous to each scan to allow future identification. All
scans were individually loaded onto a PC using the AverCap Version 2.3

program (AverMedia Technologies Inc., Copyright 2000) and then onto
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compact disc. Each scan was examined on an individual basis to establish
possible characteristics to be used for fetal ageing and to measure each
characteristic based on a set scale present on the ALOKA ultrasound

machine.

4.2.3 Statistical analysis:

The principal measurements made were (see Figure 4.2):
1. thoracic diameter: greatest diameter between the lateral extremities of the
rib cage (ie: between the vertebrae and sternum) where the heart is clearly

visible.

2. abdominal diameter: greatest diameter between the lateral extremities of

the abdomen where the anechoic rumen was clearly visible.

3. umbilical diameter: the greatest diameter of either a cross-sectional or
longitudinal view of the umbilical cord within the amnion

4. placentome height: The greatest distance from the base of the placentome
at the placenta to the placentome pole

5. placentome length: The greatest distance from one lateral pole of the

placentome to the opposite lateral pole
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Figure 4.2: Principal fetal and placental measurements
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Relationships between gestational age and the measurements recorded were
derived using regression analysis with respect to fetal thoracic diameter,
umbilical diameter, abdominal diameter, placentome height and placentome
length (SAS, 2000).

4.3 Results:

Figure 4.3 illustrates the number of observations made of each
measurement, and the relative accessibility of each measurement to the total
number of animals available. Placentome height and length were visualized

most frequently (64.4%) and umbilical diameter least frequently (20.8%).

Measurement: Number: Percent of total:
Thoracic diameter: 49 21.7%
Abdominal diameter: 107 47.5%
Umbilical diameter: 47 20.8%
Placentome height: 145 64.4%
Placentome length: 145 64.4%
Figure 4.3: The number and relative accessibility of each measurement

relative to the total number of animals available
4.3.1 THORACIC DIAMETER:
Images of thoracic diameter with increasing gestational age:

Transcutaneous scans of increasing thoracic diameter with gestational age

are illustrated in figures 4.4 and 4.5.

Figure 4.4: Thoracic diameter at 89 days of gestation (A) and 107 days of
gestation (B). Heart shown (white arrows)



Figure 4.5: Thoracic diameter at 127 days of gestation (A} and 153 days of
gestation (B). Heart shown (white arrows)

N =49

Effect: F-value: p-value:
Cow age: 0.79 0.3808
Cow breed:  1.76 01709
Bull breed: (.82 0.4460
Calf sex: .10 0.9028
Age at PDx: 19.12 <0.0001

Figure 4.6: The significance of possible eftects on fetal thoracic diameter

Thoracie diameter was measured 1n 49 animals between 57 and 190 days of
gestation.  The regression of thoracic diameter {(td) of the fetus on
gestational age (d) was described by the following equation:

td (cm) = 0.0577d (+/- 0.0056)

as determined by linear regression. Only gestational age at pregnancy
diagnosis was significant {p<0.001) in relation to fetal thoracic diameter. as
shown in figure 4.6. Figure 4.7 illustrates the fetal estimation curve of

thoracic diameter according to age at pregnancy diagnosis.
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Figure 4.7: Foetal age estimation curve: Thoracic diameter according to
gestational age at pregnancy diagnosis (days)

4.3.2 ABDOMINAL DIAMETER:

Images of abdominal diameter with increasing gestational age:

Transcutaneous scans of increasing abdominal diameter with gestational age

are illustrated in figures 4.8, 4.9 and 4.10.

Figure 4.8: Abdominal diameter at 57 days (A) and 118 days of gestation
(B)



Figure 4.10: Abdominal diameter at 183 days of gestation

Abdominal diameter was measured in 107 animals between 57 and 195 days
of gestation. The regression of abdominal diameter (abd) of the fetus on
gestational age (d) was described by the following equation:
abd (cms) = 0.0586 d* (+/- 0.0034)

as determined by quadratic regression. Gestational age at pregnancy
diagnosis, cow breed and bull breed were all significant in the measurement
of fetal abdominal diameter (see Figure 4.11). Figure 4.12 shows that
Friesian cows and Jersey bulls had the main effect on fetal abdominal

diameter.




N =107

Effect: F-value: p-value:
Cow age: 0.98 0.3249
Cow breed:  3.15 0.0284*
Bull breed:  4.32 0.016%*
Calf sex: .07 0.3136
Age atPD:  13.37 0.0004*%**

Figure 4.11: The significance of possible effects on fetal abdominal

diameter

o p-value:
Cow breed:

Friesian: 0.0037%**
Jersey: 0.0639%*
Jersey cross:  0.0245%*
Bull breed:

Friesian: 0.0115%*
Jersey: 0.0045 %%

Figure 4.12: The significance of each cow and bull breed on fetal
abdominal diameter
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Figure 4.13: Fetal age estimation curve: Abdominal diameter according to
gestational age at pregnancy diagnosis (days)
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UMBILICAL DIAMETER:

Images of umbilical diameter with increasing gestational age:
Transcutaneous scans of increasing umbilical diameter with gestational age

are illustrated in figures 4.14, 4.15 and 4.16.

Figure 4.14: Umbilical diameter (red arrows) at 89 days of gestation (A)
and 118 days of gestation (B)

Figure 4.15: Umbilical diameter (red arrows) at 137 days of gestation (A)
and 146 days of gestation (B)

Figure 4.16: Umbilical diameter (red arrow) at 192 days of gestation



Umbilical diameter was measured in 47 animals between 89 and 192 days
of gestation. The regression of umbilical diameter (umd) of the fetus on
gestational age (d) was described by the following equation:

Umd (cms) = 0.0160 d (+/- 0.0224)
as determined by linear regression. Only gestational age at pregnancy
diagnosis was significant in the measurement of fetal umbilical diameter
(see Figure 4.17). Figure 4.18 illustrates the fetal estimation curve of

umbilical diameter according to age at pregnancy diagnosis

N =47

Effect: F-value: p-value:
Cow age: 1.58 0.2161
Cow breed:  0.59 0.6226
Bull breed:  1.31 0.2824
Calf sex: 0.43 0.6521
Age atPD:  7.40 0.0099%**

Figure 4.17: The significance of possible effects on fetal umbilical diameter
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Figure 4.18: Fetal age estimation curve. Umbilical diameter according to gestational age
at pregnancy diagnosis (days)
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434 PLACENTOME HEIGHT and
4.3.5 PLACENTOME LENGTH:

Images of placentomes using transcutaneous ultrasound:

Figure 4.19: Similar sized placentomes at 124 days of gestation (A) and 89
days of gestation (B)

Gestational age at pregnancy diagnosis was not a significant factor when

measuring either placentome height or length (see Figure 4.20). Both

Friesian and Hereford bull breeds were significant in the measurement of

The effect of bull

placentome height and length. breed became

insignificant, however, once the herd effect was also removed from the

analysis.
N =145
Effect: F-value: p-value:
Length: Height: Length: Height:

Cow age: 0.05 0.8 0.8154 0.3733
Cow breed:  0.35 1.55 0.7914 0.2044
Bull breed:  3.04 5.33 0.D51]%%* 0.0059% %%
Calf sex: 1.79 2.32 0.1712 0.1025
Age at PD:  0.04 0.64 0.8343 0.4255

Effect p-value:

Bull breed:  Length: Height:

Friesian: 0.0478%** QOO 7%+

Hereford: 0.0168%** 0.0008***

Figure 4.20: The significance of possible effects on placentome height




4.4 Discussion:

Prior to the development of transrectal ultrasound, bovine fetal age was
determined principally via the measurement of bodyweight and crown-rump
length from postmortem and aborted fetuses (Maneely, 1942; Winters et al.,
1942; Nichols, 1944; Gjesdal. 1969; Rexroad et al., 1973: Thomsen, 1974,
Eley er al.. 1977). Bodyweight is highly dependant, however, on breed and
breed strain making the estimation of fetal age based on this characteristic
relatively inaccurate across all cattle breeds (Richardson et al., 1990;
Rajamahendran, 1994). Fetal age estimation curves, based on
ultrasonographic fetometry, are currently available for horses, sheep, goats,

deer, swine, dogs and cats as well as cattle via transrectal ultrasound (Kahn,

1992).

Studies by White et al. (1985), Wright et al. (1988) and Kahn (1989) have
formed the basis of tables used by veterinarians to age bovine fetuses to
approximately 120 days of gestation. Although the mean difference
between the actual and predicted calving date. based on the fetal ageing
equations of White e al. (1985), was only 0.9 days (standard deviation = 9.0
days) the authors found “it was not possible to make measurements of fetal
dimensions beyond about 140 days of gestation” (Wright et al., 1988).
Wilson and Bingham (1990) found the mean error of prediction of red deer
fetal age by transrectal ultrasound increased with increasing gestational age
and, although the number of dimensions measured per scan increased, there
was a tendency to underestimate the age of older fetuses. The fetus became
too large to image via transrectal ultrasound from 100 days of gestation, but
was readily visible from Day 50 to 170 of gestation via transcutaneous

ultrasound over the right flank (White et al., 1989; Bingham et al., 1990).
The probability of a correct diagnosis of pregnancy status can only be used

with confidence from approximately 114 days of gestation using

transcutaneous ultrasound over the right flank. Fetal age, however, may be
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estimated with relative confidence from approximately 60 to 190 days of
gestation. The relationship of fetal thoracic diameter, abdominal diameter
and umbilical diameter according to gestational age at pregnancy diagnosis

were all highly significant (p<0.0005).

Fetal thoracic diameter:

Kahn (1990) found longitudinal sonographic images of the bovine fetal
thorax were characterized by parallel rows of acoustic echoes from the ribs
overshadowing the thoracic contents. During late gestation, these echoes
became more pronounced requiring a 90 degree turn of the transducer to
allow visualization of the heart and lungs. The measurement of thoracic
diameter in this study was based on the definition used in transcutaneous
ultrasound studies of sheep and red deer as the maximum distance between
the echogenic thoracic vertebrae and the sternum with a detectable heartbeat
(Bingham et al., 1990; Sergeev et al., 1990) The heart is readily visible as
echogenic muscle tissue surrounding a hypoechoic lumen which, in cattle,
demonstrates pronounced pulsation after Day 30 of gestation (Kahn, 1990).
The surrounding lung tissue appears as a granular echo pattern which was

relatively less dense than the liver.

Over the entire gestational period, Kahn (1989) found the bovine fetal
thorax was accessible for 69% of cases, but, during mid gestation, as the
fetus passed over the pelvic brim, visualization of the thorax declined
significantly (see Figure 4.21). Fetal thoracic diameter has been
recommended in previous studies as one of the most precise measurements
of bovine fetal age up to 120 days of gestation, as measured via transrectal
ultrasound (White er al., 1985; Wright et al., 1988). The results of this
transcutaneous ultrasound study were similar to those of previous studies
until 4 months of gestation, after which fetal thoracic diameter was lower
than that found in the transrectal studies. Fetal thoracic diameter has been
successfully used to estimate fetal age in red deer throughout gestation by

transcutaneous ultrasound and between 61 and 80 days of gestation using
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transrectal ultrasound (White et al., 1989; Bingham et al., 1990; Wilson and
Bingham, 1990; Revol and Wilson, 1991). Sergeev et al. (1990) found a
linear relationship between thoracic depth and gestational age was also an

acceptable measurement for the estimation of fetal age in sheep.
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Figure 4.21: Relative frequencies at which various parts of the fetal body
were accessible for transrectal ultrasound in relation to month of gestation
(From Kahn, 1990).

Fetal abdominal diameter:

Although Kahn (1989) found abdominal diameter was visualized less
frequently than thoracic diameter when scanning by transrectal ultrasound,
the opposite was found when transcutaneous ultrasound was used (see
Figure 4.21). Previous measurements of bovine fetal abdominal diameter as
measured via transrectal ultrasound were generally lower than those found
via transcutaneous ultrasound (White ef al., 1989). As fetal length exceeds
amnionic vesicle width and limits movement of the fetus around the
transverse axis from mid gestation, the fetus is found in either an anterior or
posterior presentation with the head or rump, respectively, directed towards
the cervix (Arthur er al., 1982; Kahn, 1990). When using transrectal
ultrasound, therefore, the view and diameter of the fetal abdomen would be
significantly different from the view using transcutaneous ultrasound which

consistently images the lateral fetus.

135



Although bull and cow breed were both significant in the measurement of
fetal abdominal diameter, further analysis found these effects were not

significant once the effect of herd was removed from the analysis.

The anechoic, fluid-filled rumen subdivided into compartments can be
visualized from 40 days of gestation using transrectal ultrasound (Kahn,
1990). By 5 months of gestation, the ruminal contents display echogenic
patterns and occasional turbulence. Kahn (1989), using a 3.5 linear
transrectal transducer, found a linear relationship between the largest
intraluminal diameter of the fetal rumen and age of gestation and, although
it was not investigated, this measurement could conceivably form a
measurable characteristic via transcutaneous flank ultrasound as the rumen

is visible on most fetal abdominal scans.

Fetal umbilical diameter:

Kahn (1990) found the paired umbilical arteries and veins within the
umbilical cord become visible from approximately 90 days of gestation in
cattle. As the umbilicus takes a winding course through the placental fluids,
cross-sectional views are relatively straightforward to locate until
approximately 7 months of gestation. Although umbilical blood flow
increases throughout pregnancy, averaging 0.18 L/min/kg, there is a
significant (p<0.001) increase in umbilical and uterine blood flow in mid-
late gestation in response to the escalating uptake of oxygen, glucose, lactate
and nitrogen by the fetus and gravid uterine horn (see Figure 4.22)

(Reynolds and Redmer, 1995).

Of the three fetal measurements found to be significant in relation to
gestational age, umbilical diameter demonstrated the largest variation
around the mean, particularly after 150 days of gestation. Similarly, Revol
and Wilson (1991), in a transrectal ultrasound study of fetal ageing in red
deer, found that although umbilical diameter was the most frequently

visualized measurement and was valid from 33-192 days of gestation, it
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provided the largest standard error of all measurements at over 11 days.
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Figure 4.22: Regression of uterine and umbilical blood flows on day of
gestation (From Reynolds and Redmer, 1995)

Placentome height and length:

Placentomes are first visible by transrectal ultrasound on Day 35 of
gestation as flattened. semicircular elevations on the surface of the uterine
lumen (Curran et al., 1986; Boyd and Omran, 1991). In the cow, unlike
other ruminants, the placentome weight and surface area continually
increase throughout gestation (Laven and Peters, 1991 Perry et al.., 1999).
Numerous references have found the significant variation in placentome size
and number between gravid and non-gravid horn and proximal to distal
fetus precludes their use as a measurement for fetal ageing via transrectal
ultrasound or manual palpation per rectum (Honey, 1998; Schlafer et al..
2000). Laven and Peters (2001) found, however, that there was no
correlation between the number and mean length of placentomes in the cow.
The same study found there was a significant linear increase in the average
placentome length with increasing gestational age, although there were four
separable homogeneous subsets of 71-130 days, 131-160 days, 161-190
days and 191+ days. A linear relationship was also found between
placentome diameter and thickness to 93 days of gestation by Bertolini et al.

(2002) for in vivo singleton pregnancies (see Figure 4.23). The rate of
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increase of placentome length decreased significantly after 190 days of
gestation and the estimation of fetal age based on this measurement was
considered not possible after this time period (Laven and Peters, 2001).
Although there is great variation in the number, size and shape of bovine
placentomes, there appears, therefore, to be consistent changes overlaying

this individual variation.

Placentome height and length were not significant in relation to gestational
age when measured via transcutaneous ultrasound across the right flank. As
the majority of placentomes measured were those directly surrounding the
fetus, the effect of the inherent variation in placentome size within the horn
should be lessened. The placentome is not two-dimensional, however, and
placentome length and height may not be significantly related to gestational
age due to the lack of obvious landmarks to standardize measurements via
ultrasound and because of the dependence of the placentome image on its
position and orientation within the uterus.
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Figure 4.23: Mean diameter and thickness (mm) of placentomes
surrounding in vivo embryos and fetuses from Day 37 to Day 93 of
pregnancy (From Bertolini ef al., 2002)
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In sheep. foetal requirements, maternal nutrition and season have significant
effects on placental development, particularly placentome weight and shape
(Laven and Peters, 1991; Doize et al., 1997). Although the placental tissue
can demonstrate a high degree of plasticity to adapt to adverse nutritional
and environmental conditions, there is no indication in cattle that fetal
growth is mediated by restriction or enhancement of placental development
(Prior and Laster, 1979; Perry et al., 1999; Bertolini et al., 2002). Bull
breed was significant in the measurement of placentome height and length
by transcutaneous ultrasound. Although not replicated in this study Ferrell
(1991) also found placentome development to be dependant on maternal
breed, with greater placentome weights in Charolais in comparison to

Brahman cows.

Additional dimensions, such as head diameter and limb length and width,
were visible via transcutaneous ultrasound but in insufficient numbers to
allow a thorough investigation of their potential use as measurable
characteristics of fetal age. White et al. (1985). using transrectal ultrasound
in cattle, showed a highly significant relationship between gestational age
and head diameter, crown-rump length, head length, nose diameter and
uterine diameter. Richardson e al. (1990). however, in an abattoir study of
Jersey calves, found the prediction equation for crown-rump length
developed by White er al. (1985) underestimated fetal age by more than 30
days once the fetus reached a length of greater than 11 cms. The long bones
of the fore- and hindlimbs are readily visible via transrectal ultrasound from
120 days of gestation (Kahn, 1989). Richardson et al. (1990) found long
bone length, in particular the tibia and radius which have long, straight
diaphyses measurable on a lateral radiograph, was the most useful single
measurement for predicting bovine fetal age to 250 days of gestation. Fetal
head length and width (biparietal diameter) are the most accurate predictors
of fetal age in sheep and goats respectively using transcutaneous ultrasound
(Kelly and Newnham, 1984; Haibel and Perkins, 1989; Riechle and Haibel,
1991; Aiumlamai et al., 1992).
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Galland et al. (1994) found it took, on average, 11.3 seconds per animal to
determine the fetal age of beef heifers by rectal palpation and 16.1 seconds
per animal by transrectal ultrasound. This time was relatively less in heifers
40 to 108 days pregnant, as the fetus was quickly visualized at this later
stage of gestation, but was unaffected by breed or heifer body condition
score at pregnancy diagnosis. The average length of time necessary to
confirm fetal age via transcutaneous flank ultrasound was not investigated
in this study, but, as fetal visualization was possible within 2-5 seconds of
transducer application to the skin, the author predicts visualization of a
measurable fetal characteristic would not extend this time beyond that found

for transrectal ultrasound.

A measurement’s variability at a given gestational age is influenced by the
dam and sire’s breed, by the nutrient intake of the fetus and by fetal
exposure to agents capable of producing stress (Richardson et al., 1990).
There is also considerable inherent variation in the gestation length of cattle
and thus it is impossible to reduce the standard deviation of the difference
between the actual and predicted calving date based on the measurement of
a fetal characteristic in utero to below 5.0 days (Wright et al.,1988). The
length of gestation and calf birth weight are also decreased as the number of

calves born increases from single to twins to triplets (Echternkamp, 1992).

Conclusion:

Transcutaneous ultrasound over the right flank in dairy cattle thus appears to
be an accurate and reliable means of ageing pregnancy in the cow from 60
days of gestation. The choice of measurement used will depend, however,
on the position and orientation of the fetus in relation to the transducer.
Abdominal diameter was the most frequently seen measurable
characteristic, while thoracic diameter was the least. An apparent limitation
of this technique is that, overall, a measurable characteristic was able to be

visualized in only 67.2% (151/225) of cases. The study was completed,
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however, during routine herd pregnancy diagnosis which did not allow
sufficient time to adequately explore each visible pregnancy. It is possible
that thoracic diameter, abdominal diameter and/or umbilical diameter may

be visible in more cases than were seen in this study.

It is considered that the technique of transcutaneous ultrasound over the
right flank is a potentially valuable aid to the management of both beef and
dairy herds. Fetal ageing of cows in mid and late gestation will allow
grazing management based on a known calving pattern and correct culling
and management of cattle due for induction and vaccination based on the

expected date of calving (Galland et al., 1994).
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