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Abstract

During the past decade portable ultrasound units
that Prowde excellent |mage qualltﬁ have become avail-
able 1o veterinary practitjoners. The use oftransrectal
ultrasonography” for evaluation of reprodyctive struc-
tures.in cattle extends and enhances the diagnostic ca-
pabilities of practitioners beyond the traditional use of
palpation per rectum. UltraSonography of ovaries en-
ables more consistent differentiation ofovarian follicles
and corpora lutea. Accurate counting of follicles and
precise measurement of follicles or corpora lutea is pos-
sible. Sequential monitoring of ovarian structures en-
ables the user to characterize ovarian follicular waves,
to identify dominant follicles and to_detect ovulation,
Images can be used to identity, objectively measure and
to characterize the quality ofa corPus,Iuteu,m. Ultra-
sonography is also a valuable tool Tor identification of
abnormal (cystic) luteal and follicular structures. Preg-
nanc¥ diagnosis can be performed using.ultrasound B
day 19 to 24_Eost_-bre_ed|ng and fetal Viapility can be
verified by visualization of a fetal heartbeaf. Aging
embryos and fetuses between days 20 and 100 of gésta-
tion ¢an be facilitated by measuring crown-rump [ength

20-50 days) or the djameter of the head or trunk (50-
00 days). exmg ofhovine fetuses is accomplished by
visualizing the ? nital tubercle (Pems) and scrotum in
males or by the fack ofmale genetalia and the presence
ofthe genital tubercle (vulva) in females. Sex determi-
nation’is most practical between days 60 and 85 of ges-
tation. Like other diagnostic tools, ultrasound has
limitations. Skill of the"ultrasound technician in cap-
turing clear images, differentiating anatomical orign-
tations and interpreting ultrasound'images is essential.
The effective use ofultrasound technolog enhances di-
agnostic.capabilities and increases the Sérvices offered
by veterinarians.

Resume

Durant la derniere decennie, les appareils por-
tables a ultrasons offrant des images d'excellentes
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qualites sont devenus disponibles aupres des
veterinaires praticiens. Lutilisatjon transrectale de
| ultrasonographie pour I'examen des structures repro-
ductives chez les bovins a permis d'accroitre les capacites
|a?nost|qu_es des praticiens au-dela de la palpation
rectale traditionnelle. Lultrasonographie des ovaires
permet une differentiation plus constante des follicules
ovulaires et des corps jaunes. Un decompte ade_%uat des
follicules de meme ‘que des mesure _Brem es des
follicules ou des corps jaunes est possible. Le suivi
sequentiel des structures ovariennes permet a
lutilisateur de caracteriser les vagues folliculaires
ovariennes, d’identifier les folliculesdominants et de
detecter I'oyulation. Les images \Peuvent etre utilisges
Pour Identifier, mesurer objectivement et caracteriser
a qualite dun corpsjaune, Lultrasonographie est aussi
un outil precieux g)_our lidentification des structyres
|uteales ou folliculaires anormales, (kystiques). Le diag-
nostic de gestation peut aussi se faire avec des ultrasons
de 19.a 24jours suivant la fecondation et la viabilite du
foetus peut etre gugee,sun,e a la visualisation du pouls
cardjaque. La detérmination de I'age des embryons et
des foetus entre 20 et 100 Aours de gestation estrendue
Plus facile Ear la.mesure de la longueur entre la tete et
a croype (20-50jours) oy du diametre de la tete ou du
tronc (50-100 jours). La determination du sexe dles foe-
tus hovins se fait stite a la visualisation du penis et du
scrotum chez les males et de la presence de la vulve
chez les femelles. La determination du sexe est possible
surtout entre Jes (gjours 60.et 85 de la gestation. Comme
les autres outils diagnostics, lutilisation des ultrasons
a ses limites. Lhabiléte du technicien est essentielle pour
Pro,duwe des images claires, pour differentier les orien-
ations anatomiques et interpreter les images.
L utilisation appropriee des ultrasons accroit la capacite
diagnostique et les services offerts par les veterinaires.

Introduction

The use of transrectal ultrasonography to evalu-
ate the reproductive tract in cows has énhanced our un-

derstanding of ovarian and uterine processes during
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both the bovine estrous cycle and prePnanc Ultrasound
has improved our ability to manipulate these processes
In order to improve reproductiv oerformance and in-
crease genetic improvement of cattle. It has, also pro-
vided a window to examine the environment ofthe fetus,
to hetter understand the rnteractron between the fetus
and its dam, and to ao?urate r¥ apredrctfetal sex, Ultra-
sonograph has literal Bye-opening” experl-
enfe ¢h an?mg static glimpses that were achieved via

Patron roscwor ostmortem examination into
real-time images. - Although ultrasound 1s a powerful
tool, the scannrng images do not reveal the biochemical
processes that qovern reproductive function.

A principal reason tor the increased routine yse of
ultrasound In cattle has heen the development of rela-
tively inexpensive, Portable equipment, Several compa-
nies now offer excellent uItrzﬁound units for diagnostic
examination ot large or small animals (Table 1)

The purpose f this article 1s to review the litera-
ture pertarnrn to reproductive uItrasound in the cow, as
we as \os aes me practic Jal essons |earned thro(ulo
the ap rcatrono utrasoun for monitoring reproguc-
tion rn cattle The objective Is to describe thie use of ul-
trasound to monitor normal and pathalogical ovarian
structures, to describe uterine characteristics during the
estrous cycle prePnancY and disease, and to_ desCribe
monitoririg of fetaPviability and gender identification.

Principles of Ultrasound

Real-time, B-mode ultrasound provides a djspla
mode m Whrch the signal eohoed(tjg a tissue rsp
P ed asa ot Therntensrty ofthe dot s proportronal
0f eam litude of t esrgnal and its position Is rela-
five to t edrstance betwe

flective tissue surface. The image is 2-dimensional,

n the transducer and the re-

created by rapid succession of B-mode traces so that as
the ultrasound transducer moves, the image changes,
depicting motion In real-time.

Theé ultrasound transducer acts to send and recerve
sound waves. When aneectrrc fre IS arttro led tote
prezoelectrrc cr;(stals In the transd ucer e c an e

shape and viprate, creatin vvaveso sound eu tra-
sound transducerdrrects ese high f quencg owrn-
tensity sound waves toward the tjssue crystals

are a an?ed maIrnear ashron along the face of most
common transducers, hence, the name linear array.
Drfferent proportions of the sound waves emitted are
ref ected back to the transducer, dependrng on the den-
sity ofth etrssue The returnrng sound waves produce
Ph ssure on the crystals, generatrnian eIectrrc charge

at Is converted to a vi age {dot) on the scr en
Fluid, such as ?ood or tsol?rcul gfe d does not reflect
sound waves; this no-image (black) appears on the
screen. This IS referred to as no echo enic’or ‘anechoic’
Bone is the densest tissue and reflects sound waves ﬁl'
mostcom letely. Thebrrghtwhrte ima edeprctrngt
one sur ace Is referred to as hypet-echogenic’ or
erechoic’. Other tissues retleotv r¥rng praportions

o ound waves and produce images of various shades

Brfferences in the reflection of sound waves from
varioys tissues, or differences in the ang Ie at which
sound waves, strike tissue_ surfaces, }/ cause
echogenic artifacts. These artifacts ap earer herasa
Signa enhancement, a reEetrtrve srgna or a shadow
no signal). . Because fluids do not impede the passage
f sound, "tissues that reflect waves after they ass
unattenuated through a fluid compartment mart]/
pear denser than normal (hyperecho enrc This 1S
referred to as enhancement arftifact, % ﬁr act can
distort the appearance oftissues posrtroned elow fluig-

Table 1. Major suppliers of ultrasound equipment.3

Ultrasound Supplier Address Telephone

Aloka 10 Fairfield Blyd. 1-800-442-5652
, _ Wallingford, CT 06492

Universal Medical Systems 299 Adams St. 1-914-666-6200

, Bedford Hills, NY 10507
Products Group International P.0. Box 1807 1-800-336-5299
. . L ons, CO 80540

Classic Medical Supply Inc. ! 9001|\6I50na Rd. 1-561-746-9527
, , Tequesta FL 33469

Alliance Medical, U.S.A. Bridge St 1-816-532-4838

PO x 40
SmrthvrIIe MO 64089
‘Mention of suppliers does not imply endorsement nor does failure to mention a supplier imply a lack of endorsement of that

corporation or its equipment.
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filled structures. On the other hand, bone impedes the
passage of sound waves almost completely and a
shadow (nonechogenic) appears below bonP/ structures
makin magmg ofthose tissyes impossible. Shadow-
Ing s dlso caused when sound waves encounter a tan-
gential surface such as the lateral margins of fluid-filled
Cavities. The beam distal to the margip is weaker due
to the attenuation ofthe beams and a’shadow appears.
Reverberation or echoes occur when sound waves
boynce between the transducer and the surfaces ofthe
reflecting structures. Strong reflecting substances
such as metal or bone, can créate a “comet-tail” effect
due to reverberation. Mirror images may be produced
when the soungd waves encounter an air interface.
Hence, reflected waves bounce offthe transducer hack
to the interface and back again to the Hransduc r. The
ultrasound unit interprets this time lag of echoes as
Images beyond the air interface and r&produces the
Image on the other side ofthe alr Interface.
Understanding the principles and limitations of
uItrasound technolo%y enhances interpretation ofultra-
sound images. Successful monitoring of reproductive
events usmg ultrasonog rath depends on.the ability of
the technician to capture a clear |ma?e With maximum
resolution and the ability to interpret that image.

Monitoring Ovarian Structures

Prior to ultrasound, evaluat|on of bovine ovarlan
follicles was limited to palpation, | aparosco%y or visual
examination of excised ovaries. With the advent oful-
trasound, however, non-invasive, repeated monitoring
ofhovine follicular and ufeal development became pos-
sible (Figure 1). Resolution and clarity of ovarian im-
a%es epend on'the qualjty ofthe ultrasound equipment

d the experience of the operator.b However, ultra-
sound Is a more accurate method than palpatlonP
rectum for detecting and, measuring ovarian follicles
especially those lymg within the ovarian stroma. 3B
Correlation coefficients between ultrasound measure-
ments and actual measures obtained from slicing ova-
rigs recovered foIIowm(I; slaughter ranged from “80 to
92 for number of follicles detected in various size cat-
egories, and was .97 for dlamater ofthe Iarqest follicle.J

Ultrasonic monjtoring o ovanan function as been
used to determine that bovine fol |cular eveo ment
occurs In two, three or four coorainated waves th
out the estrous cycle and that follicular Waves contmue

tooccuratapprommate g day Intervals d urlngﬁ1 q
nanc ﬁ e 2). Asseveéral foIthesbegImdeveIo
one fol h sup-

Icle emerqes as the dominant follicle whi
Rressest e development of its cohorts. 5182940 A domi-
ant follicle appears in each wave and continugs to
enIarPe while suPpressmg the growth of subordinate
follicles. If luteolysis is initiated while the dominant
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follicle is still functional, the domlnant follicle will be-
?m secreting estrogen and ovulate. Ifthe dominant fol-
icle beging’to reqress before luteolysis is complete,
another follicular wave will ensye.b
The echotexture characteristics of the dominant
follicle are related to the functional and endocrine sta-
fus ofthe follicle.447 After the dominant follicle reﬁches
Its peak diameter (referred to as the static p aseg
8ra qusa cells are ‘sloughed into the antrum, Thi
ebris | mcreases the echoHem? heterogenenz ofantral
fluid. The chanqes in follicular echotexture, as, mea-
sured by, computer-assisted echotexture analysis, co-
Incide with both the ovulatorY potential of the follicle
and steroid content of follicutar fluid. 4147 At present,

however, there 1s no method to determine the physi-

Flgurel UItrasound |mag? of bovine ovan¥ with a
corpus luteum (CL) and follicle (F). Upper | ae has
diagrammatic representations o fstructures |n lower
Image.

Follicle diameter, mm
~

Days

lé lrﬁ 2. Bovipe estroug cycle characterized by two

al WaVes arrow Indicates ovulation; open sym-

Fi
fol ?I
(())sl ominant folllcle filled symbols = subordinate

licles).



ological status of a large follicle without serial exami-
nations and retrospective analysis. Future use ofcom-
puter-assisted |made analysis may improve the
diagnostic pote tral ofultrasodnd to determine the sta-
tus'of a large tollicle in a single examination.

The effects of nutritjon and bovine somatotropin
beT) treatment op ovarian follicular develogment In
actating and non-lactating Holsteins have been exam-
ined with ultrasound. X3 "Lactating cows fed low en-
ergy diets or treated with bST had increased numbers
otsmaller §<10 mm) follicles, Iarger subordrnate follicles

and higher plasma estradrol evels than non-lactating
cows ossr n¥ due tq reduced health orsecreton{cagac
ity of hedo mantfollrcle 103 The developmerit ofova-
rran follicles in actatrnq cows treated with bST
resembled that ofnon-lacta mg cows.DCorrect classifi-
catron ofthe follicular structute on the ovary requires
knowledg eofthetyHne of cattle, stage of production, nu-
tritjonal status cu enttreatment and ovarian effects
and medical history ofthe patient, Discernment between
conditions mdrcatrng treatment (persistent anovulatory
follicles or cystic ovarian disease), management action
SIarge pre-ovulatory foIIrcIel)I and normal varjan struc-

urés.(normal dominant foflicles) is critical for proper
veterinary care.d

Several studies have been conducted to test the
effects ofa dominant follicle present at the initiation
offollicle stimulating hormane (FSH) treatment on the
suPerovulatory response. Guilbault and coworkersly
determined that ovulation rate was reduced by 40 to
50% and was more variable In dairy heifers treated
with FSH while a dominant follicle was present. Domi-
nant follicles were defined in that study as being >9mm
In diameter and either in a growth or static phase. The
removal of a d?mrnant follicle was followed by an in-
crease In circulating FSH and a subserluent increase
in smal] follicles.1 "Heifers superovulated in the ab-
sence of a dominant follicle had. more corpora lutea 7
da)(s after estrus than heifers with a dominan follicle
atthat time. [fan embryo transfer donor has failed to
respond to a standard superovulation regimen, the use
ofultrasonoqraphy to characterize the activity of the
dominant fatlicle prror 0 beg{rnnrng FSH treatment
may assrst in devel ornrng a Strategy to improve the
superovu atory respons
Ovulation, as detected by ultrasonogra 0nhy, IS the

acute drsarr)pearance of a large follicle mm) that
was rese tata previous, recentexamr ation. The site
o ovu lation Is vrsrble on the day that the large follicle
|sagPears andt ecorﬂrsluteum (CL maK evelop as
either a solid or fluid-filled structure (as 1n Figure 1)
The cavities offluid-filled corpora lutea are distinguished
from follicles by a non-spherical, often tabulated, appear-
ance and by the surrounding border of uteal tiSsue.
Several researchers have dentonstrated that a CL with

a fluid-filled cavrty IS a normal condition and that the
cavity |s usyal %re placed by a dense, solid core of luteal
trssue late In the estrous cycle or during the first 25
days ofpreqnancy
The relative echogenicity ofthe corpus Iuteum tCL)
depends on the stage of CL deveIoFment The corpus
hemorrhagicum is visible from ovulation to day 3 post-
ovulation as it is less dense than the surroundin stroma
and often has an angchorc fluid-filled center Zg
pus luteum can be detected more easil a sater
ovulation. The growth ofthe CL IS m st exten
tween days 3 and 4 ofthe eftrous C c% vr)l = ovu a
tion) and’it reaches maximal diamefer bet een days 12
and" 16 of the cycle.B UItrasonrc detectron 0 corpora
|utea may be niore accuratet an detection b
tion, but this is dependent on the experience of e|n |
vidual performing rectal palpation. 4324 Detection of
a CL with ultrdsound 'is based on differences in
echogenrcrty between the stroma and the luteal tissue,
whereas CL detection by palpation is based on the pres-
ence of g crown protrudrnd from the ovary, a discern-
ible, defined structure within the ovary and/or total
ovarian size.3
The ability to discern. CL from the surrounding
stroma depends on the quality of the ultrasound equip-
ment and the skill of the ultrasound technician, QOcca-
sionally 1t can be difficult to differentiate the CL from
the stroma due to the size ofthe CL and the area ofthe
ovaryoccutpre by the corpus luteum. Usually the stroma
can be differentiated from the CL by the presence of nu-
merous small follicles dispersed thydughout the stroma, B
Ultraspund machines with expanded gray scale capabili-
ties enhance the ability to differentiate ovarian structures
due to subtle differences in echogenrcrt
Embryo transfer Eractrtro ers often regect recipj-
ents presented for transfer based on the absence of pal-
Pable |uteal tissye or the r?resence ofa small, irregular,
luta-filled or soft CL. Ultrasonography may, provide a
better method_ of evaluating corpora futea’i embryo
transfer recipients (Beal, Unpyblished datag en
embryos were trangferr dto recr |entsthath acéeg
anle futeal tissue hased on ultrasonography (soly L
>13mm or a fluid-filled CL with at least 3 mim of [uteal
trssue unrformly surrounding the central cayity), but
that had been re{ected based"on rectal palpatior ofthe
CLjust prior fo fransfer, the pregnancy rate of the re-
crprentswassrmrlartothatofrecrprentswhose CLshad
been classif |e as satrs actorg or "excellent” by rectal
palpation. In fact, 79% (96/121) ofthe recip |ents that
Wolld have been rejecte ecause ofan unsatrsfacto
CL based on palﬁa lon became pregnant, It 1S recg
mended that, ifthere is a question about the surtabrlrty
ofa CL after performing rectal palpation, the ovary can
be scanned with_ultrasound and'a decision made on
whether to transfer to that recipient.
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' FoIhﬁngr CYsts zlire non-gchog%rglc struc}ures W||th
a thin wall (2mm or less) and are”25mm or larger. In
a(}dmon t0 t?wewniarge S|2e and a%sence ofi)u_tea_ tISSue,
follicular cysts may be dlstlngmshed by coincident es-
trous behavior %nd low i|olasm rogesteron? concentra-
tions, 1921408 C an?es n the appedrance of a follicylar
cyst following treatment with” gonadotropin releasing
hormone (GnRH) have been momtoredusmgultrasono -
raphy. Durqu the 14 days after tredtment wi

GNRH, the wall ofthe follicular cyst increased in width
from 2 to 6 mm due to the appearance of luteal tissue.
Ultrasound-quided injection of hyman chorionic gona-

dotropin (hCG) directly into follicular structures has also
been described.Z

Figure 3. Gross appearance (left) and ultrasound im-
age (rlghtg ofa 45-mm [uteal cyst. Note: luteal tissue is
scarce and pot evenly distributed around the fluid-filled
central cavity.

Ultrasound Examination ofthe Uterus

Ultrasonic appearance of the bovine uterus is de-
Pendent on the stage of the estrous cycle. Variatjon in
he appearance ofthe uterus Involves changes in en-
dometrial thjckness, vascularity and the presence_of
intraluminal fluid, 3% The changes in endometrial
echotexture are aftributed to develolpment_ ofedemathat
Increases In uteri ofnon-pred heifers beginning around
day 16 and continues until day 20 oftheestrous cycle.b
Durln% estrus the endometrium Is noticeably echogenic
the en ometnal/qumetnaI border is obviods and Small
accumulations of fluid occur throughout the uterine |u-
men.5 The echogenicity and “puffy” apg)earance of the
uterine endometrium decreases by4 or 5 days after ovu-
lation.3%_The uterine horns are”extended durmg and
shortly after estrus, but become h'ﬁhlr coiled undgy the
influence of progesterone during the luteal phase.®
Real-time, B-mode ultrasonography has been re-
ported to detect P_regnancy In cattlé as early as 94or 12
da¥s:8|nto gesta, lon. Other reports, however, have dis-
BF ed thosé claims ang emphasized that accurac %f
trasound diagnosis of pregnancy on day 10 throlg
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16 was not significantly better than a guess (<50%%.50A>§-
0),

curacy of diagnosis improved, however, %y day 18 (
20 (100%) aridl 22 (100%) of pregnancy.

35 - 368

igure 4, Ultrasound images of bovine embrKos anq
I nther and

Figur
fetlises; Da?]/s 1710 48. (Colirtesy of 0.J. Gint
RA. Pierson)

. UItrasomcaI_Ié/, the embryo _;t)ro er is defined as a
distinct echogeniC structure within a nonechogenic,
fluid-filled vesicle. Presence and vitality ofthe embryo
can he confirmed bfythe detection ofa heartbeat as early
as 19 to 24 days of gestation.8 The embryo |n|t|all¥ ap-
Bears as a shart, straight echoic ling (20-22 days), Tater
ecomes C-shaped (22-30 days) and finally, by 30-32 days
ofgestation, assumes an L Shape.8
The gotentlal advantages of usmg uItrasono?ra-
phy for pregnancy diagnosis are that thé presence ofan
enibryo can be detected earlier than hy palpation Per
rectym and that direct physical manlgulatlon of the
gravid reproductive tract Is ynnecessary with ultra-
Sonography. The Jatter fact should reduCe the risk of
mducmg embryonic mortality or atresja coli. An asso-
ciation between early, vigorous galgatlon per rectum of
the amniotic vesicle gpnor to day 42 of gestation) and
atresia coli in calves has been ofiserved.3 Vascular in-
sufficiency to the developing spiral colon caused by dam-
age o, the colonic hlogd supplly during aggressive
palpation of the ampionic vessicle has been Sliggested
as a probable mechanism.6 Use of ultrasonography
rather than palpationper rectum may also imprgve con-
sistency of early (<45, daysg pregnancy diagnosis bg re-
ducing the variation in accuracy among practitioners.
he efficiency (speed and’ accuraCy) of _detectmg
early pregnancy with ultrasound is markegly increase
when the'embryo can be detected more easily. Although



the embryo_can first be detected between days 19 and
24 of gestation, wh?n scannin IarPe numbers of cattle,
it is most practical fo scan females expected to have
embryos >24 days of age, Wb
he ability to dentify non- pregnant cows with ul-
trasonography earlier than by rectal palpation can be
of economic bienefit to heef and daer producers, ]1?2Z6
Some have reported using ultrasound as early as 2
days after insemination™to identify non- re nant
cows.o The accuracy of a negatrve diagnosis open)
reached 100% by day 28 post inseminationXor by da
331n anotherstud 26 One study reported a reduction
of as man ais open per pregnancy in embryo
transfer r crprents
The effect of poisonous plants on the developrng
fetus has also been Investigated using u trasono%ra g/
Real time ultrasound has revealed significant reduction
In fetal movements In sheep o owrng rngestron 0 nd)
eridine g ka 0Id- contarnrn%ad ants.d trasonr? a%
Ing provides another meth ofobservrn% the effects of
noxious weeds on fetal development, possibly improv-
|ng our understanding of how poisonous plants may af-
feCt re[productrve processes in other species of ljvestock.
he yltrasonographic appearance of abnormal
uterrne fluid can vary from anechoic fluid wrth floating
Partrc es greferredto as nowy specks’)to a homogenous,
locculent exudate that can appear simflar in
echogenicity to the surroundin uterus In cows with
endometritis, the uterine fluid containing echogenic
particles can easrl be disting urshed from the cIear non-
echogenic fluid ofthe perrovu atorr{(perro or el yprerf
nancy. The presence of a thickened ufering wall
associated with metrrtrs can also be identified Wrth ul-
trasound.  In cows @ ra nosed with 'nyometra the 1 urd
contains diffuse, ech ogenrc particles within the dis-
tended uterus as well as a thickened uterine wall. The
viscous fluid may resemble uterine tissue but can be
distinguished by the flowing motion of the exudate
within'the lumen, Mucometra and hydrometra are of-
ten associated with segmental aplasia of the uterus,
Here, athin walled uterds a gears to be full ofechogenrc
particles154) Ultrasound offers an obrectrve methdd to
assess treatment progress and to ditferentiate tissue
character associated with pathology of the bovine re-
productive tractd)

Determination of Fetal Viability and Age

Curran and coworkersScharacterrzed the ?rowth
ofth eembr roRerfrom 0through ag/ %gesta
tron an te mined vvhen charact rrstrcs uch ds the
heartbeat (0 y22 , spinal cord
Ba y 35), spl ooves gja 44g an ar( 52) first
ecame defectable, Subjectivé evaluation ofthe devel-
opment of anatomical traits can be used to age bovine

a aCentomeS
o

fetuses, but the most accurate estimate of gestational
age Is derrved from actual measurements of Specific fea-
tures. he regressrons and correlatron coefficients be-
tween t edeve% pment of the bovine fetﬂ and age of
?estatron were obtained for at least 25 different fea-
ures. Measurements of crown rump Iengh head di-
ameter and trunk diameter are the easiest Predrctrve
measurements to use for estimation of gestational age
Tanle 2; Fig uresSandG In addition, the use ofthese
easurements In formulas to estimate age results In
the least variation etween the estimated and actual
ages. Crown-rump distance is that measured from the
tailhead to the greater curvature ofthe skull. It js most
easily measured jn embryos or fetuses presented in the
frontal or sagittal view. Head and trunk measurements
are re?ord dat their maximal diameters (brarnfase ust
caudal to the eyes, and abdomen near the_umbilicus).
cross-sectional or frontal presentation_is requrred to
record head or trunk measurements. Experience has
revealed that crown- rumﬁ length 1s best f restrmatrng
ages of embryos less than 50 days, and head or trun
diameters are more easily obtained for fetuses over 50
days old When the date of calving was determined for
oneot ese threemeasurements e actual day ofcalv-
?nwas é)re dicted wrt |nan average of4.5 days (crown-
days (head) or 7.8 days (trunk).
erateo early embryonic death between days
25 and 90 was estimated at"10% + 5% when based on
uterine fluid alone, but the estimate decreased to 6% +

Table 2. Formulas for determination offetal age from
ultrasonic measurements.1

Measurement Day of Gestation =

Iogofheaddra) (45 2}+377
log of trunk ra)x(7 }+39
log of crown-rump) X (16.73) +27.5

formula requires natural log (In) function available on most
pocket calculators.

Head diameter (cm)
Trunk diameter (cm)
Crown-rump (cm

Figure 5. Ultrasound
rmaqe of fetal head: di-
ameter 2.0 cm: estrmated
age 69 days.

Frgure6 Ultrasound
rmade of crown- rumg &
Iengh 35 cm; estimated

age 48 days.
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5% when the diagnosis oﬁ)re nancy was based on visu-
alization_of an émbryo.% Qthers have reported engP/
embryonic mortality rates of6%,Ab8%Dand 15%24duf-
mg the first 530 day% ofgestatlon. Knowmg this, it Is
reCommended that the p es%nancy status of all cows di-
agnosed pregnant before 35 days be reconfirmed after

ays.
K/Iacerated fetuses may appear as distorted images
surrounded b){ nyrulent fluid characterized by anechoic
backgro,und fluid cont,ammg echQ%emc particles. De-
enefating embryonic tissue§ within the vesicle increase
e echogenicity of the amnjotic fluid surrounding the
embryo, Which may appear distorted as well. Frequenly,
these change_s aré 100 subtle to be detected by palpa-
tion. - Sometimes, the fetus may retain its shape but a
heartbeat cannot be detected and the amnigti _VB?IC|6
may appear gray due to the degen_eratm? ebris from
the dead fetds while the surrodnding alfantois main-
tains its non-echogenic appearance. Mummified fetuses
often %ppea_r as a poorly defined echogenic intrayterine
mass out without syrrounding fluid. “Occasionally, the
bones may be identified as denge echogenic tissues shad-
owmg thé tissue below. Athickened uterine wall may
also be apparentd _
. Retention ofa non-viable embryo is usually accom-
Pamed by the maintenange ofthe corpus luteumn. Cows
reated With prostaglandin to induce luteolysis experi-
ence rapid expulsion ofthe embryonic tissue {<24hr) and
return to estrus within 5 days. " In a recent study, over
50% ofthe cows treated to expel a non-viable fetus con-
celved to the first Al following treatment (Beal, unpub-
lished). Hence, detection ofa non-viahle embryo can b?
followed quickly by a return to pregnancy i thie anima
IS treated and rebred.

Determination of Fetal Number and Gender

The hovine genital tubercle is an embryonic struc-
ture that gives rise to the clitoris in the female and to
the glans Denis in the male. |t originates between the
rear |e(I]S of the fetus and migrates to a position just
caydal to the umbilicus in the Case ofthe male and ven-
tral to the anus in the female. After day 50 ofgestatmn,
male and female fetuses can be differentiated by rela-
tive location ofthe genital tubercle presumlotwe penis
or clitoris) and development of genital swel mgs into a
scrotum 1 the male fetus.. Diagnogis of sex should be
made by visualization of either male or female sex or-
tqans and should be nearly 100% accurate. Determina-
jons made on the hasis ofabsence or inability to identify
the organs either ventral to the tailnead or caudal to
the umbilicus may resylt in lower accuracy.

Ultrasound imaging of bovine fetuses on day 43
to 119 has been perfornied to determine fetal sex.27
Here, the ultrasound transducer must be manipulated
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Figure 7. Ultrasound images ofa male fetus (68 days;
fro tal%. LeH panel shows ein limbs (HLS an penis

(P). Right panel shows scrotum (S)

within the rectum to provide a frontal, cross-sectional
or saplttal |mag_e of the ventrum of the fetys. The
umnilicus and tail serve as excellent landmarks when
determining the location of the gemtal tubercle or the
Presence_ or absence of the scrotum. The accuracy of
etal sexmq can be optimized by Froper_tlmm% Inrela-
tion to fetd a?e. Sex determination prior to day 60 is
more difficult because the_relative migration ‘of the
tubercle is_not complete, Conversely, when scanning
after day 85, two situations occur which ma% reducé
accuracy. First, as the fetus gets Iarge,r It becornes more
difficult to move the transducer relative to the fetus to
attain the desired image. Second, the gravid uterus is
more likely to have descenged over the pelvic_brim
which makes sexing impossible without retraction of
the grawd horn. Concurrent retraction ofthe horn and
handling of the transducer is difficult and manipula-
tion of the horn increases the risk to the fetus. Be-
cause of these factors, the best window for sexing
fetuses is between 60 and 85 days ofq_estat_lon_.

Ultrasound can be accuratein dis mgjmshmg COWS
carr mg one or more fetuses.92 Qne study reported a
S|Ig tincrease in accuracy b ev_aluatlngfetuses at 51
versus 43 days of gestationgwhile a seCond study re-
%orted improved accuracy after 45 days of?estat|on.]2
_he_)( also concluded that'the uterine Size after da%/ 80
limited thorough examination of the uterus and fetal
counts at that Stage were not reliable.

Conclusion

. Ultrasound has the potential to improve diagnos-
tic methods ysed in traditional veterinary practice.” The
g_rea_test application is to improve and extend the capa-

Ilities of rectal palpation. Tojustify the cost of ultra-
sound equipment, the use of ultrasound must he
incarporated into other areas of the practice. Modem
equipment is versatile and the same e_qum_ent can he
used for equine, bovine and small animal diagnastics.
The areas discussed in this paper are the most likely,
but certainly not the onla/ applications ofultrasound for
bovine reproductive management.,
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