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 Preface     

  Ultrasound enables us to see what we cannot hear. 
If a picture is worth 1,000 words, a live, three - 
dimensional, ultrasonographic image can tell an even 
more compelling and accurate story. Ultrasonography 
has added a new dimension to the traditional physical 
examination, including transrectal palpation, of the 
reproductive tract. 

 Ultrasonographic technology has made major 
strides during the last quarter of a century. However, 
mastering the skill and art of ultrasonography requires 
patience, diligence, and persistence, which generally 
means a slow learning curve.  Practical Atlas of Rumin-
ant and Camelid Reproductive Ultrasonography  was 
conceived and developed to facilitate the learning 
process. The three primary authors assembled an inter-
national team of 25 experienced collaborators from 11 
different countries to produce a comprehensive trea-
tise on the use of ultrasonography in the management 
of reproduction in cattle, sheep, goats, water buffalo, 
zebu, and camelids. Cattle are the reference model for 
reproductive technology as it has been for all species 
in the areas of artifi cial insemination, embryo transfer, 
in vitro fertilization, nucleus transfer, and cloning. It is 
nice to see that economic species beyond  Bos taurus  are 
included. 

 Chapters  1  and  2  guide practitioners and researchers 
through the basic principles and guidelines of ultraso-
nography and scanning techniques. Anatomy of the 
bovine reproductive tract, with special emphasis on 
the ovary and the uterus, is reviewed in Chapters  3 ,  4 , 
and  5 . Thus the stage is set to focus on pregnancy 
diagnosis and detection of twins (Chapter  6 ), evalua-
tion of fetal viability and fetal gender determination 
(Chapter  7 ), and advanced reproductive technology 
(ET, IVF, cloning) (Chapter  8 ). Chapter  9  addresses the 
breeding soundness evaluation (BSE) of the bull, and 
Chapters  10 ,  11 , and  12  highlight the water buffalo, 
small ruminants, and camelidae, respectively. The 

detailed information and perspective of more than 450 
illustrations (ultrasound images, photographs, and 
drawings) throughout the  Atlas  refl ect the collective 
knowledge and expertise of the coauthors of the respec-
tive chapters. A helpful didactic feature is the inclusion 
of a summary of practical aspects to remember at the 
end of each chapter. 

 In the 21st century, owners expect and demand more 
from their veterinarians with respect to technology and 
procedures concerning specifi c assessment of the 
reproductive status of their animals, i.e., early preg-
nancy diagnosis, fetal viability, and ovarian activity. 
An exciting aspect is that the readily available equip-
ment can be taken to the farm. The benefi ts of an accu-
rate diagnosis justify the expense of the equipment and 
the expertise, while the sonographer reaps the benefi ts 
of satisfaction and motivation to be on the cutting edge 
of technology. 

 The  Atlas  also provides glimpses of new or alterna-
tive methods when it discusses the use of color Doppler 
ultrasonography to study angiogenesis and its role in 
fetal development, and the use of a small curvilinear 
probe.  Practical Atlas of Ruminant and Camelid 
Reproductive Ultrasonography  is a valuable global edu-
cational resource because it fi ne - tunes reproductive 
programs. Visual learning is superior to verbal learn-
ing, and the knowledge acquired by visual learning is 
retained better. The  Atlas  abounds with more than 400 
authentic images. 

 Congratulations to the editor - in - chief, Dr. Luc 
DesC ô teaux, associate editors Dr. Giovanni Gnemmi 
and Dr. Jill Colloton, and their coauthors, whose dili-
gent work has resulted in a premier publication. 

   Maarten Drost D.V.M., Dipl. ACT 
 Theriogenologist 

 University of Florida 
  www.drostproject.vetmed.ufl .edu  
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 Introduction     

     Four years ago, my two associate editors and I came 
up with the idea of creating a practical guide to ultra-
sound imaging in ruminant and camelid reproduction. 
Our goal was straightforward: to assemble a practical, 
concise, and well - illustrated reference document for 
veterinary practitioners and teachers who want to use 
ultrasound technology, currently the most effi cient 
and least invasive diagnostic tool, with the ultimate 
goal of improving reproductive performance in 
ruminants. 

  Practical Atlas of Ruminant and Camelid Reproductive 
Ultrasonography  is a unique aid to learning and covers 
reproduction in all small and large ruminants: domes-
tic, companion, and exotic (buffalo and zebu); male 
and female; and camelids. It is the fruit of efforts in 
international teamwork, combining the expertise of 25 
authors, all specialists in related fi elds. 

 Whether it is read on a per subject basis or used as 
a reference for special situations in practice, this book 
contains many useful features. There are tables of 
ultrasound markers that can be used as guides during 
the reproductive examination, and the  Atlas  can be 
placed beside the imaging unit for handy reference. 
The important practical aspects to remember are pre-
sented at the end of each chapter, and several multiple -
 choice questions provide readers with the opportunity 
to evaluate their comprehension. 

 This guide provides valuable assistance in setting up 
a diagnostic imaging service in your everyday practice 
to take the most appropriate and responsible approaches 
to treatment, offer new and specialized services to your 
clients, and open doors to a new clientele.  

 Luc DesC ô teaux, D.M.V., M.Sc., Dipl. ABVP (Dairy) 
 Editor - in - chief 

  From the Associate 
Editors 
 Ultrasonography in production animal reproduction 
has progressed over the years from a technique used 
by a small group of elite farmers and veterinarians to 

an opportunity accessible to everyone anywhere in the 
world. The cosmopolitan origin of the coauthors of 
 Practical Atlas of Ruminant and Camelid Reproductive 
Ultrasonography  is proof of this. Furthermore, the  Atlas  
is an ideal bridge between the world of research and 
the world of practice. One cannot exist without the 
other. 

 Only through real cooperation and deep intellectual 
discussion is it possible to build the foundation for 
constructive growth. This is the spirit that led us to 
produce this work. The editor - in - chief, associate 
editors, and coauthors have varying opinions, which 
sometimes led to diffi cult debates, but always we 
remained loyal to the goal and open to each other ’ s 
ideas. 

 Today I cannot think of any production animal 
reproduction management system that does not benefi t 
from ultrasonography. Veterinarians, producers, and 
researchers must keep this in mind as we learn how to 
maximize the value of ultrasound in production animal 
reproduction. 

 Change requires a huge effort, mostly intellectual. 
The  Atlas  is an apologia to skeptics who think it is pos-
sible to function adequately without ultrasonography. 

 My sincere thanks go to all our coauthors, who are 
pioneers in this art and extraordinary experts in their 
fi elds. 

 Luc DesC ô teaux has been an indefatigable orchestra 
director. Without his patience and especially his tenac-
ity this work would still be only an idea. Jill Colloton 
is a great practitioner whose daily work in the fi eld 
develops into extraordinary ideas for research. She is 
not afraid to debate with those of different opinions or 
to alter her thinking when they produce logical 
arguments. 

 It has been an honor to take part in producing this 
book. It has enabled me to grow through interaction 
with my colleagues. Even more importantly, it has 
allowed me to share with our readers my extraordi-
nary enthusiasm for this remarkable technique. Thanks 
to all of you. 

 Giovanni Gnemmi, D.V.M., Dipl. ECBHM 
 Associate Editor 



xiv  INTRODUCTION

 As a  “ plain vanilla ”  D.V.M. it has been a terrifi c 
honor for me to be involved with  Practical Atlas of 
Ruminant and Camelid Reproductive Ultrasonography . It 
says much about our profession that the fi nest minds 
in practice, research, and academia are not only willing 
but quite eager to converse with their colleagues in the 
fi eld. I encourage every reader of the  Atlas  to commu-
nicate with the editors, coauthors, and authors listed 
in the References section at the end of each chapter. 
Bovine reproductive ultrasound has advanced greatly 
since its inception, but the fi eld is still in relative 
infancy. Input from practitioners and producers will 
drive research to the most productive path. 

 I am proud to be part of a profession that values 
fi eld veterinarians, producers, university academi-

cians, and corporate researchers equally. I am also 
proud to be associated with people who dedicate their 
precious time with little recompense to advance our 
profession. Luc DesC ô teaux devoted an entire sabbati-
cal year to organizing, editing, writing, and promoting 
this book. Giovanni Gnemmi found time beyond his 
busy practice, teaching, and travels to write, research, 
and contact potential coauthors. These coauthors 
contributed their time and expertise without ever 
asking  “ What ’ s in it for me? ”  Thank you all for a job 
well done!  

     Jill Colloton, D.V.M. 
 Associate Editor 
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 Principles and 
Recommendations, 

Essential Concepts, and 
Common Artifacts in 
Ultrasound Imaging  

  V é ronique   Gayrard  ,   Paul D.   Carri è re  , and   Luc   DesC ô teaux       

C H A P T E R  O N E

   Introduction 
 This chapter outlines the principles of ultrasound 
imaging using recommendations and fundamental 
concepts that are the basis of ultrasound use in therio-
genology. The fi rst part describes the different charac-
teristics of ultrasound equipment with regard to image 
quality and the different uses of ultrasound in female 
reproduction in ruminants. The second part expands 
on the general principles of ultrasound imaging; these 
concepts are essential to understanding how image 
quality and diagnostic value can be improved accord-
ing to the characteristics and imaging modes of the 
different types of ultrasound equipment. The third part 
presents the principal artifacts encountered when 
inspecting the genital organs. Understanding these 
artifacts is essential in forming a rational interpretation 
of an ultrasound examination and improving diagnos-
tic accuracy.  

  Description and Practical 
Recommendations in the 
Choice of Ultrasound 
Equipment with a View to 
Image Quality 
 The ultrasound apparatus consists of a probe that 
is connected by a cable to a console. The console 
includes an electronic case, a command keyboard, and 
a monitor with an imaging screen (Figure  1.1 ). A 

     Figure 1.1.     Principal components of the ultrasound appa-
ratus. 1: Monitor; 2: Command keyboard; 3: Probe; 4: Printer.  
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        Figure 1.2.     The different types of ultrasound units. A: Nontransportable hospital grade ultrasound unit; B: Transportable 
hospital grade ultrasound unit; C: Portable ultrasound unit.  

A A

B

B C

B

voltage regulator located between the electric cable 
and the apparatus prevents damage to the electronic 
system caused by fl uctuations in electric potential, par-
ticularly during electric storms. Three overall catego-

ries of equipment are used in female ruminant 
reproduction: nontransportable hospital grade ultra-
sound units, transportable hospital grade ultrasound 
units that can be used on farms, and portable ultra-
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C C

C C

Figure 1.2. Continued

probes contain a large number of crystals (128 – 256) 
aligned along the longitudinal axis of the probe over a 
length of 5 to 15   cm. The section is scanned electroni-
cally by sequential ignition of the crystals along the 
probe. Linear scan probes generate a rectangular -
 shaped image of constant and suffi cient width to cover 
the region being examined. A larger zone can be viewed 
if the crystals are placed on a convex surface. This is 
the case with a convex or curved linear probe that 
generates an image which could be as large as the one 
produced by a linear probe at the surface, but which 
expands with the depth of the image.   

 Mechanical sector probes contain a small number of 
rotating crystals, a single crystal with an oscillating 
mirror, or a single oscillating crystal. Sector probes 
produce a fan - shaped image that is very narrow at the 
surface and which expands with depth (Figure  1.4 ). 

sound units (Figure  1.2 ). The quality of the ultrasound 
images depends essentially on the characteristics of the 
probe and the way the ultrasound image is processed.   

  Choosing a  p robe 

 The probe is made of crystals with piezoelectric prop-
erties (quartz, certain ceramics). The crystals dilate and 
contract when electrical impulses are applied, with a 
frequency in the order of magnitude of their own reso-
nance frequency, which produces an ultrasound wave. 

  Probe  t ypes 

 Probes are classifi ed according to whether they provide 
a linear or sector scan of the tissue section with the 
ultrasound beam  1,4,7,10   (Figures  1.3 ,  1.4 ). Linear scan 
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     Figure 1.3.     The different types of probes. A: Convex or curved linear probe; B: Sector probe; C: Linear probe.  

     Figure 1.4.     The different probe types and their scanning surface. A: Linear probe; B: Sector probe.  
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 Table 1.1.    
 Advantages, disadvantages, and principal use of the different probe types in theriogenology 

   Probe Types     Sector Probe     Linear Probe     Convex or Curved Linear Probe  

  Advantages    Small surface of contact in the near fi eld    High resolution in the near 
fi eld  

  High resolution in the near fi eld  

  Disadvantages    Weaker resolution in the near fi eld    Greater surface of contact    Good surface of contact but 
smaller than the linear probe  

  Divergence in the far fi eld  

  Use    Intravaginal probe in small ruminants 
 Transvaginal folliculocentesis in cattle for in 

vitro fertilization 
 Abdominal examination in small ruminants 
 Evaluation of fetal health in advanced 

gestation of cattle  

  Rectal probe for most large 
ruminants (males and 
females) 

 Examination of the testicles  

  Evaluation of the ovaries in 
superovulation 

 Preferred by some practitioners 
for transrectal examination of 
the reproductive system  

This allows the veterinarian to view large structures 
located deep in the body and to produce images 
through narrow acoustic windows, such as between 
two ribs. With electronic sector probes the crystals are 
aligned but the resulting image is identical to the one 
obtained with a convex or curved linear probe. Sector 
scans are obtained by a phase difference in the signals 
transmitted and received by the crystals. The linear 
scan probes are preferred for transrectal ultrasound 
examinations of bovine reproductive organs because 
their shape permits safer manipulation in the rectum. 
Most linear probes have grooves or indicators that 
facilitate manipulation in terms of properly orienting 
the probe. Table  1.1  presents the advantages, disadvan-
tages, and main uses of the different types of probes in 
theriogenology.    

  Frequency and  p ower of  r esolution 

 The frequency represents the number of crystal oscil-
lations per second (number of hertz, Hz) and depends 
on the crystal ’ s characteristics (type and thickness of 
the matter). The frequencies used in medical imaging 
are between 2 and 10 megahertz (MHz), where 1   MHz 
is 1 million cycles per second, 50 times greater than the 
maximum frequency of audible sound by the human 
ear — hence the name  ultrasound . The high bandwidth 
probes with a broad - spectrum frequency (from 4 to 
8   MHz) emit different frequencies depending on the 
electrical impulse applied. These probes, like multifre-
quency probes with crystals of different resonant fre-
quencies, allow variations in frequency without having 
to change probes.  

  Axial  r esolution 

 Frequency has a major infl uence on image quality 
because it controls the axial resolution, the equipment ’ s 
ability to discriminate between two structures located 
close together on the ultrasound propagation axis  4,5   
(Figure  1.5 ). To obtain good axial resolution a high 
frequency is required, but because penetration is 
inversely proportional to frequency it is the depth of 
examination that guides the choice of the probe fre-
quency  2   (Table  1.2 ).      

  Lateral  r esolution 

 Lateral resolution is the equipment ’ s ability to distin-
guish between two adjacent structures that are located 
at the same depth. Lateral resolution depends on the 
diameter of the ultrasound beam, which varies accord-
ing to the probe ’ s frequency and the depth of observa-
tion. To improve lateral resolution the ultrasound 
beam diameter is decreased by focalization  3   (Figure 
 1.6 ). The best lateral resolution is obtained in the focal 
zone, a short distance (a few cm) on each side of the 
focal point, which corresponds to the center of the nar-
rowest part of the focalized ultrasound beam. The focal 
distances of the probes used in transrectal ultrasound 
are 7.0, 3.5, and 2.0   cm deep for the respective frequen-
cies of 3.5, 5.0, and 7.5   MHz  4  . In the fi rst approach good 
quality images can be obtained at up to twice the focal 
distance. The number and depth of the focalization 
points can be set at or below the depth of the objects 
to be viewed. It should be noted that setting multiple 
focal points decreases frame rate.   
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     Figure 1.5.     Ultrasound image resolution (illustration by Dr. Guy Beauregard). A: Axial resolution — capacity to distinguish 
between two nearby structures that are located along the ultrasound wavelength propagation axis; B: Lateral resolution —
 capacity to distinguish between two nearby structures located at the same depth.  

 Table 1.2.    
 Characteristics and indications of probes with different 

frequencies used in theriogenology 

   3   MHz     5   MHz     7.5   MHz  

  Best fi eld depth 
(0 – 20   cm)  

  Intermediate fi eld 
depth (0 – 12   cm)  

  Reduced fi eld depth 
(0 – 7   cm)  

  Lower resolution    Good resolution    Higher resolution  

  Advanced 
gestation 
 Postpartum 
uterus  

  Routine 
pregnancy 
diagnosis 
 Determining fetal 
sex  

  Follicles and corpus 
luteum 
 Early pregnancy 
diagnosis 
 Determining fetal sex  

 Table  1.2  recapitulates the characteristics and the 
indications for the different frequencies used in 
theriogenology  2  .   

  Image  p rocessing 

 The ultrasound beam emitted by the probe penetrates 
the tissues of the body where it undergoes numerous 
refl ections. The refl ected waves, or echoes, are cap-

tured by the probe and the ultrasound information is 
converted into electronic signals. The analog electronic 
signals are immediately amplifi ed and then digitalized 
via an analog - digital converter and sent to the monitor 
to provide a  “ live ”  image in gray scale with 16, 64, or 
256 shades of gray (Figure  1.7 ).   

     Figure 1.6.     Focalization of the ultrasound beam (according 
to Fishetti and Scott 2007). A: The beam is nonfocalized and 
expands in the distant fi eld; B: Mechanical focalization 
obtained by the curve of the crystals or with an acoustic lens; 
C: Electronic focalization obtained by playing off the delays 
in the excitation of the crystals.  
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 The main objective of image processing is to produce 
images with uniform brightness. The returning echo is 
a weak signal that needs to be amplifi ed. In particular, 
the echoes from deeper structures are weaker than 
those from tissues closer to the surface. Signal amplifi -
cation increases the amplitude of the echoes to adjust 
the brightness of the image. Adjustment by the opera-
tor is carried out manually by looking at the image. 
Three gains must be adjusted: 

   •      One gain for the overall image that has the same 
effect on all echoes (general gain)  

   •      One gain for the near fi eld  
   •      One gain for the distant (deeper) fi eld    

 An onscreen marker helps highlight the point(s) 
of focalization. The entire depth or only a part of 
the image can be viewed with the  zoom  control that 
magnifi es the image. To study an image more carefully, 
it can be set using the  freeze  control. An image can also 
be split in two, allowing the user to identify and pre-

serve an image onscreen while continuing the ultra-
sound examination. The digital images can also be 
printed, saved, and pulled up to complete patients ’  
medical fi les.   

  General Principles and 
Essential Concepts to 
Improve Image Quality 
  Physical  p roperties of  u ltrasound 

 A sound wave can be described by its various proper-
ties: velocity (v), intensity, length, and frequency. Wave 
velocity is the speed of pressure variation in the 
medium; it depends solely on the characteristics of the 
medium (elasticity, density). In body tissues the average 
speed of propagation is approximately 1540   m/s, with 
the exception of bone tissue (4080   m/s) and lung tissue 
(600   m/s because of the presence of air)  4  . This means 
that an ultrasound wave is propagated in tissues over 
a distance of 1.5   mm in 10  − 6    s. 

 Wave amplitude, which corresponds to the ampli-
tude of particle movement, determines the intensity of 
the wave. Intensity is the quantity of energy that 
crosses the unit of surface area per unit of time and is 
expressed in watts per cm 2  (W/cm 2 ). 

 Frequency expresses the number of vibrations of the 
ultrasound source per unit of time. Frequency is there-
fore identical to the number of waves that pass through 
a given point in the medium per second and to the 
number of times that the particle vibrates per second. 
The unit of frequency measurement is the hertz (Hz). 
Ultrasound is defi ned as being any sound wave with 
a frequency above 20,000   Hz. 

 The wavelength ( λ ), which is characterized by both 
the wave and the medium through which it passes, 
measures the spatial extent of one vibration cycle. It is 
related to frequency (f) and to velocity by the equation 
 λ    =   v/f. Therefore, the length of a wave in a water 
medium (velocity   =   1540   m/s) at a frequency of 5 
million Hz (5   MHz) is 0.3   mm. The wavelength has a 
major signifi cance for diagnosis because it determines 
the axial and lateral resolutions that are respectively in 
the order of 2 to 4 times and 3 to 10 times the length 
of the wave  6  . Therefore, at a frequency of 5   MHz the 
axial and lateral resolutions are respectively included 
between 0.6 and 1.2   mm, and 0.9 and 3   mm depending 
on the quality of the apparatus. The greater the fre-
quency the shorter the wavelength, resulting in better 
axial and lateral resolutions.  

     Figure 1.7.     Ultrasound image processing (illustration by 
Dr. Guy Beauregard). The ultrasound beam emitted by the 
piezoelectric crystals from the probe penetrates body tissues 
where it undergoes numerous refl ections. The refl ected 
waves, or echoes, are captured by the probe and the ultra-
sound information is converted into electronic signals. The 
analog electronic signals are immediately amplifi ed and then 
digitalized via an analog - digital converter; then they are sent 
to the monitor to provide a  “ live ”  image in gray scale with 
16, 64, or 256 shades of gray. The gain settings that control 
the level of amplifi cation of the echoes are adjusted by the 
operator.  
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  How  e choes  a re  f ormed 

 Ultrasound waves interact with the tissues they pen-
etrate. Refl ection produces the echoes that result in the 
echographic image. Refl ection occurs when the ultra-
sound wave meets an acoustic interface, which is the 
interface between two media with different acoustic 
impedances (Figure  1.8 ). The acoustic impedance ( z ) of 
a tissue is the product of the density of the medium (  ρ  ) 
and the velocity ( v ):

    z v= ×ρ     (1.1)     

 The acoustic impedance describes the greatest or least 
resistance of a given medium to the penetration of 
ultrasound waves. It is weak in air and very high in 
bone tissue. The relative importance of the intensity of 
the echo compared to that of the incident wave, i.e., the 
wave that meets the interface, depends on the value of 
the interface, which is the difference in acoustic imped-
ance of the media of the interface. Therefore, most of 
the energy is transmitted through the weaker inter-
faces and explores the tissues located deeper in the 
body. Hence, the transmitted wave is less intense than 
the incident wave. Air and bone impedances are very 
different from that of soft tissue. In particular, the 
acoustic impedance of air is much less than soft tissue. 
Therefore at the soft tissue/air interface, more than 
99% of the energy is refl ected. For this reason, clipping 
the hair and using an appropriate gel to minimize air 
pockets is recommended prior to transabdominal 
ultrasound examinations. 

 The refl ected wave or echo returns to the piezoelec-
tric crystal where it produces a current in response to 
the perception of the echo. The delay between the 
ultrasound wave propagation and the reception of the 
echo enables us to determine the distance between the 
crystals and the interface.  

  Attenuation 

 The energy of the wave is attenuated during its propa-
gation through the tissues. Attenuation corresponds to 
the decrease in intensity of the wave as it progresses 
through the tissues, which limits the depth of the 
tissues that can be explored. Attenuating mechanisms 
are the interactions during which energy is removed 
from the incident beam to be either reemitted in differ-
ent directions (refl ection, refraction, diffusion) or 
absorbed (absorption) by the tissues and transformed 
into heat (Figure  1.9 ).   

  Refraction 

 Refraction is the deviation of the transmitted ultra-
sound wave as it is propagated through a medium 
with a different velocity (soft tissue/liquid interface). 
Refraction occurs only if the interface is not perpen-
dicular to the wave. The wave refl ected at an angle 
equal to the angle of incidence does not return toward 
the source of the emission and the transmitted wave is 
deviated with regard to the incident wave (Figure 
 1.9 C). This phenomenon occurs frequently during 
examinations of the reproductive system because of 
the various spherical liquid structures encountered 
(follicles, embryonic vesicle, ovarian cysts, etc.) The 
deviation of the transmitted wave by refraction is the 
source of a visual artifact known as a  shadow cone,  
which will be described later.  

  Diffusion 

 Diffusion is the refl ection of a small fraction of the 
energy of the ultrasound wave in several directions by 
targets that are smaller than the wavelength (Figure 
 1.9 B). Diffusion is also observed when the wave hits an 
irregular surface that effectively decreases the size of 
the continuous interface.  

  Absorption 

 Absorption is the transformation of energy into heat 
when the wave is propagated in a homogenous 
medium. Therefore, the ultrasound wave intensity 

     Figure 1.8.     Emission and reception of an ultrasound wave 
(adapted from Pierson et al. 1988). The ultrasound wave 
produced by the vibrations of the piezoelectric crystal is 
refl ected by an acoustic interface, which is an interface 
between two media with different acoustic impedances. The 
refl ected wave, or echo, returns to the piezoelectric crystal 
and produces a current in response to its reception. The delay 
between the ultrasound propagation and the reception of the 
echo enables us to determine the distance between the crys-
tals and the interface.  



11  CHAPTER 1 :  PRINCIPLES AND RECOMMENDATIONS IN ULTRASOUND IMAGING

     Figure 1.9.     The attenuation mechanisms of the ultrasound wave (according to Ginther 1995). A: Refl ection is the return of 
part of the wave (and its energy) in the form of an echo; B: Diffusion is a reemission of the ultrasound energy in all directions 
due to refl ections by small interfaces or a rough surface; C: Refraction is the deviation of the ultrasound wave; D: Absorption 
is the transformation of ultrasound energy into heat.  

decreases exponentially with the depth of penetration 
in the tissue. Absorption depends on the tissue type: It 
is very low in liquids and very high in bone and air. 
The coeffi cient of attenuation of soft tissue that takes 
into account both absorption and diffusion is propor-
tional to the frequency and has an average value of 
0.5   dB per MHz and per cm  6,7  . Therefore, at equal atten-
uation levels, the penetration distance of ultrasound is 
weaker when the frequency is high. Consequently, an 
increase in frequency reduces the penetrating distance 
of the ultrasound waves.   

  Image  f ormation 

 The crystal undergoes a series of short electrical 
impulses that causes a short series of vibrations called 
a  burst  (Figure  1.10 ). Intervals of quiescence allow the 
echoes to be captured by the same crystals. One thou-
sand bursts can be emitted per second, in spite of the 
pauses between each pulsation. The number of vibra-
tions in a burst is the same (3 to 4) at any frequency. 
As a consequence, an increase in frequency translates 
into a decrease in the duration of the burst, thus 
improving axial resolution. The burst is propagated in 
the underlying tissues and the volume explored by the 
burst is called the  sonic beam .   

 B - mode (brightness mode) ultrasound refers to the 
section of the image obtained by automatic, rapid, and 
sequential scanning of the plane of the section as estab-
lished by the orientation of the probe  10   (Figure  1.11 ). In 
this mode we can produce images of tissue sections 
that are similar to histological sections of the plane 

scanned by the ultrasound beam (Figure  1.4 ). By slowly 
moving the probe over the area of interest (ovary, fetus, 
etc.), the veterinarian is able to create a mental and 
spatial image of the information. This compilation of 
image sections resulting in a three - dimensional mental 
image assumes its true importance in determining the 
sex of the fetus (Chapter  7 ).   

 The ultrasound beam will encounter different inter-
faces and produce detectable echoes. These echoes are 

     Figure 1.10.     Diagram of the ultrasound burst as a function 
of frequency. The frequency is lower in A than in B. The result 
is that the duration occupied by the burst t 1  is greater than 
t 2 , the time occupied by a burst emitted with a higher fre-
quency probe. This is due to the fact that a burst is formed 
by the same number of cycles (3 or 4). We also observe long 
silences, or time intervals without emission, between two 
bursts. During these periods of silence the echoes are cap-
tured by the probe.  
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processed to produce the ultrasound image, each 
element of which is called a  pixel . The image appears 
on the screen with a depth that is determined by the 
latency of the return of the echo. The information from 
a beam produces a vertical line on the screen and the 
image is formed from the echoes coming from different 
scan lines that compose the plane of the section (Figure 
 1.11 ). 

 The brightness of the different parts of the image 
varies according to the intensity of the echo: anecho-
genic structures (follicle liquid, amniotic and allantoic 
fl uid, urine) appear black, and highly echogenic struc-
tures (bone, gas) appear white. The structures with 
intermediate echogenicity are represented in shades of 
gray (Figure  1.12 ). The speed of image formation is 
typically between 20 to 30 images per second. Therefore 
the ultrasound images produced in real time change 
when the structures move (e.g., heartbeats) or when 
the probe is moved  9  .     

  Common Artifacts 
 Artifacts are often observed in the ultrasound exami-
nation of reproductive organs because of the many 
pockets of air or liquid. Understanding the different 
types of artifacts is essential in improving the diagnos-
tic value of ultrasound images  4,7,8  . 

     Figure 1.11.     Image formation in B - mode or two - dimensional ultrasound (adapted from Whittingham 2007). A: The ultra-
sound beam moves laterally along the plane of the section with the sequential ignition of a group of crystals. B: Thoracic cage 
of a fetus (10.0   MHz probe; depth of 5   cm). The information from a beam creates a vertical line on the screen and the image is 
produced from the echoes coming from the different scan lines that form the plane of the section.  

     Figure 1.12.     Representation of the amplitude of the echo 
on the head of a 70 - day - old fetus, using the gray scale 
(10.0   MHz probe; depth of 4   cm). 1: Very dense tissue refl ec-
tor: pixels are bright (white); 2: Intermediately dense tissue 
refl ector: pixels are gray; 3: No refl ector: pixels are black. The 
highly echogenic areas (skull of the fetus) are shown in white 
on the screen, whereas the nonechogenic structures (amniotic 
liquid) are shown in black. The structures with intermediate 
echogenicity (uterine wall) are shown in shades of gray. Each 
point (pixel) shown on the screen has a brightness that varies 
somewhere between total (white) and null (black).  
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     Figure 1.13.     Specular refl ections in the folds in the bovine 
cervix (8   MHz probe; depth of 4.5   cm). The cervix is shown 
in its longitudinal axis in a nonpregnant cow. In the cervical 
canal the specular refl ections (arrows) are caused by the 
refl ection of the ultrasound beam off the surface of the folds 
in the cervical wall. This occurs because the cervical wall 
is a smooth surface, larger than the beam, and parallel to 
the probe.  

     Figure 1.14.     Specular refl ections in an ovarian follicle in a 
cow (10.0   MHz probe; depth of 4   cm). In this image a specular 
refl ection (arrow) is created by the refl ection of the ultra-
sound beam off the dorsal part of the follicle. The adjacent 
areas do not give a specular refl ection because the echoes are 
refl ected at a different angle than the angle of impact. If the 
probe is moved to the surface where the beam hits at a 
perpendicular angle the specular zone moves as well. The 
majority of the beam that provides the specular refl ection 
penetrates deeper into the tissues and also hits the ventral 
part of the follicle perpendicularly, resulting in a second 
specular refl ection.  

  Specular  r efl ection 

 Specular refl ection occurs when the beam falls on a 
smooth surface that is larger than the beam and paral-
lel to the probe. Only one impulse that hits a specular 
refl ector at a perpendicular angle will be registered as 
an echo on the screen. An impulse that hits an interface 
at a nonperpendicular angle will be refl ected at the 
same angle, and the interface will not be detected. This 
means that the amplitude of the echo will depend not 
only on the difference in acoustic impedance between 
the two tissues of the interface, but also on the angle 
of impact. 

 Specular refl ections occur frequently in the repro-
ductive system due to the many folds in the wall of 
the cervix (Figure  1.13 ) and the surface of ovarian 
follicles (Figure  1.14 ), all of which cause specular 
refl ections.    

  Nonspecular  r efl ections 

 Nonspecular refl ections (diffuse refl ections) result 
from the refl ections off rough surfaces or surfaces that 

are narrower than the beam. Contrary to specular 
refl ections, the amplitude of the echo from nonspecular 
refl ectors does not depend on the incident angle of the 
beam. The ultrasound impulse is about 2 – 3   mm wide 
in the focal zone; therefore, interfaces that are less than 
2 – 3   mm in size provide nonspecular images. As well, 
when the beam hits a rough surface the effective inter-
face is narrower than the beam width. In diffusion a 
very small fraction of the refl ected energy returns to 
the probe (1/1000 of the amplitude of a specular echo). 
With the different shades of gray, these diffused echoes 
allow the user to recognize tissues. Because the ampli-
tude is independent of the incident angle the gray 
shades of these structures remain relatively constant 
no matter how the probe is oriented. Diffusion pro-
vides most of the echoes that identify the structures. 
The corpus luteum is a source of nonspecular echoes 
(Figure  1.15 ).    

  Shadow  a rtifacts 

 With a normal image, a black zone corresponds to the 
absence of a refl ector, such as occurs with a fl uid - fi lled 
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     Figure 1.15.     Nonspecular images: corpus luteum (8.0   MHz 
probe; depth of 4   cm). The corpus luteum is a source of non-
specular echoes. The echostructure of the corpus luteum is 
due to the echoes diffused by the many small heterogeneous 
structures such as capillaries and connective tissue. The gray 
tone is relatively constant no matter how the probe is 
oriented.  

     Figure 1.16.     Source of shadow artifacts (adapted from 
Ginther, 1995). Shadowed areas (1: appearing black on the 
screen) can sometimes be artifacts. Normally, a black image 
on the screen corresponds to a tissue, such as follicular liquid, 
that does not emit an echo because it does not contain a 
refl ector. A: Black hole artifacts can appear because the beam 
is blocked by a very dense refl ector (e.g., bone (2), air/tissue 
interface) that refl ects the entire echo. The underlying 
area will not be seen, even though it contains refl ectors. 
B: The deviation of the beam transmitted by refraction on 
a smooth, curved structure will create a shadowed area 
because these areas are not hit by the beam. This occurs 
especially in the presence of pockets of liquid (3: follicles, 
ovarian cysts, etc.).  

structure. However, the areas that appear black on the 
screen can also be artifacts. Figure  1.16  shows the pos-
sible sources of these shadow artifacts. One shadow is 
caused by a blocked or deviated beam. The black area 
on the ultrasound image corresponds to the area of 
tissue from which the ultrasound wave is not retrans-
mitted back to the probe.   

 A shadow can result from a beam that is blocked by 
a very dense refl ector such as the pelvic bones (Figure 
 1.17 ) or the refraction of the beam from beside a liquid -
 fi lled cavity (follicles, amnion, etc.). The ultrasound 
beams that hit the cavity tangentially will result in a 
shadow cone (Figure  1.18 ).    

  Enhancement  a rtifacts 

 Enhancement artifacts occur frequently due to the 
presence of liquid - fi lled cavities. When crossing a 
cavity the beam is not attenuated, and its amplitude 
for a given depth is greater when it crosses a liquid 
structure. This type of increase indicates the presence 
of liquid and helps identify a liquid structure such as 
a follicle (Figure  1.19 ).    

  Reverberation  a rtifacts 

 Reverberation refers to the production of  “ illegitimate ”  
echoes due to two or more refl ectors located on the 
trajectory of the ultrasound wave. The fi rst refl ector is 
generally the skin/probe interface or rectal wall/probe 
interface. The second refl ector can be an air pocket or 
bone tissue. Reverberation is due to the repeating 
rebound of the echo between the two refl ectors until 
the extinction of the echo by attenuation. This gives 
rise to a pileup of echoes on the screen. The fi rst is 
legitimate, whereas the others are reverberations that 
become progressively weaker and move toward the 
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     Figure 1.17.     Example of shadow artifacts (8.0   MHz probe; 
depth of 5   cm). 1: Pelvic bones; 2: Shadow artifacts resulting 
from a high level of refl ection off the pelvic surface.  

     Figure 1.18.     Shadow cone (8.0   MHz probe; depth of 5   cm). 
The beams that hit the follicles tangentially will result in 
shadow cones.  

     Figure 1.19.     Enhancement artifact (adapted from Ginther 1995). A: The amplitude of an echo depends on all the attenuations 
it undergoes before being refl ected. When the beam crosses a liquid area (in the middle of the illustration) it is not attenuated 
and its amplitude is relatively greater than that of the beam that was attenuated by the adjacent tissues; this causes a column 
of brighter echoes underneath the liquid structure. B: A typical enhancement artifact is shown in the image that appears right 
before a follicle, which appears clearly whiter than the adjacent areas, even though the tissue structures are the same for this 
depth over the entire width of the ultrasound image (8.0   MHz probe; depth of 4.5   cm).  
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     Figure 1.20.     A reverberation artifact (8.0   MHz probe; depth 
of 3.5   cm). Reverberation is the phenomenon by which the 
echo rebounds one or many times between two interfaces 
with high acoustic impedance until the echo is extinguished 
by attenuation. The fi gure shows the example of reverbera-
tion due to the rebound of waves between the soft tissue/
bony pelvis interface and the interface of the probe placed 
on the rectal wall with high acoustic impedance (no gel). The 
beam will go back and forth three times between the two 
interfaces. The fi rst back - and - forth pass results in a legiti-
mate echo on the screen. The second and third passes result 
in reverberations (arrows), which are images that do not cor-
respond to echogenic structures located outside the fi rst 
image. This is due to the fact that the fi rst echo will rebound 
off the probe/rectal wall interface and then go toward the 
pelvis. The second echo takes more time to be produced, and 
is  “ seen ”  lower on the image, in a shadowy area. In light of 
attenuation, the echoes will be increasingly diffi cult to 
distinguish.  

     Figure 1.21.     Example of a mirror image during early 
pregnancy diagnosis in a cow (5   MHz probe; depth of 7   cm). 
Courtesy of the Universit é  de Montr é al. 1: A section of a 
uterine horn containing embryonic liquid is identifi ed above 
the echogenic line that represents the bone structure of 
the pelvis. 2: A second image of the uterine section 
is observed beyond the echogenic line of the pelvis. This 
 “ illegitimate ”  image results from the return of the refl ected 
wave to the uterine horn at the very refl ective surface of the 
pelvis. The returning echoes produced by the uterine horn 
are refl ected again to the surface of the pelvis and then return 
to the probe. Due to the latency of the return of the echoes, 
the image of the uterine horn is reproduced beyond the 
pelvis.  

bottom of the screen. Given the decreasing strength of 
the reverberated echoes, these can also be called  comet -
 tail artifacts  (Figure  1.20 ).    

  Mirror  i mage  a rtifact 

 A mirror image artifact occurs with a very refl ective 
interface. A second image of a structure (mirror image) 
is obtained beyond the highly refl ective interface 
(Figure  1.21 ). This artifact is explained by the refl ected 
wave being returned toward the structure at the surface 
of the pelvis. The echoes produced by the structure are 
refl ected again to the surface of the pelvis and return 
to the probe with a time lag that causes the erroneous 
position of the second image of the structure.    

  Beam -  w idth  a rtifacts 

 The periphery of a large pocket of liquid or air, or even 
the entire volume of a small vesicle (follicle), has a 
grainy appearance due to fi lling of the nonechogenic 
area (liquid) by echogenic spot artifacts (Figure  1.22 ). 
This is due to a lateral resolution problem for the 
segment of the beam that simultaneously explores the 
fl uid and the wall at a given depth. When two echoes 
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     Figure 1.22.     A beam - width artifact (adapted from Ginther 1995). A: When the beam hits a solid and a liquid area simultane-
ously, the two structures will be seen together. Part of the liquid area will therefore appear gray even though it is normally 
totally anechogenic. This gives the impression that the wall is not clear, and that it is somewhat fragmented by aggregates. 
This is due to the echoes coming from tissues adjacent to the liquid area. To the left, there are image artifacts on the lateral 
walls of the follicle. On the right, these image artifacts include the upper and lower areas of the follicle. B: On this ultrasound 
image, artifacts are observed in the follicular liquid (arrow), giving the impression that there is granular material inside 
(8.0   MHz probe; depth of 4   cm).  
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are captured by the probe at the same time they are 
treated as a single signal. These artifacts can suggest 
solid projections and wall disorganization, and may 
lead to an erroneous conclusion of atresia or death of 
the embryo.     

  Points to Remember 
     •      Probes are classifi ed as either linear or sector.  
   •      The frequencies used in medical imaging are 

between 2 and 10 megahertz (MHz).  
   •      The speed of ultrasound wave propagation is inde-

pendent of frequency and remains nearly constant 
in soft tissue (1540   m/s).  
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   •      The higher the frequency the shorter the wave-
length, which results in better axial and lateral 
resolutions.  

   •      The higher the frequency the smaller the penetrat-
ing distance of the ultrasound waves.  

   •      The focal distances of the probes used in transrectal 
ultrasound are 7.0, 3.5, and 2.0   cm in depth with the 
respective frequencies of 3.5, 5.0, and 7.5   MHz.  

   •      Good quality images can be obtained at up to twice 
the focal distance of the probe.  

   •      The brightness of the different elements of the 
image varies according to the intensity of the echo: 
anechogenic liquid appears black, and highly echo-
genic structures appear white.  

   •      Understanding the different types of artifacts is 
essential in improving the diagnostic value of echo-
graphic images.  

   •      Specular refl ections occur frequently in ultrasound 
examinations of the reproductive system.     

  Summary Questions 
      1.   The penetration distance of ultrasound in 
tissues 

  a.     Increases with frequency  
  b.     Decreases with frequency  
  c.     Does not vary according to frequency  
  d.     Increases with focalization      

   2.   Axial resolution increases when 
  a.     The wavelength decreases  
  b.     The wavelength increases  
  c.     The frequency decreases  
  d.     The amplitude decreases      

   3.   The intensity of the refl ected wave increases with 
  a.     Frequency  
  b.     Attenuation  
  c.     The incident angle  
  d.     The difference in acoustic impedance      

   4.   At the soft tissue/bone interface, the ultrasound 
waves are 

  a.     Transmitted across the interface  
  b.     Strongly refl ected  
  c.     Diffused  
  d.     Deviated      

   5.   Compared to the ultrasound image on the left, the 
image on the right was obtained with   

   a.     Lower frequency  
  b.     Higher amplitude  
  c.     Higher frequency  
  d.     A longer wavelength      



19  CHAPTER 1 :  PRINCIPLES AND RECOMMENDATIONS IN ULTRASOUND IMAGING

   6.   Ultrasound blocking by the ribs of the fetus can be 
explained by 

  a.     An increase in velocity and density  
  b.     A decrease in velocity combined with an 

increase in density  
  c.     An increase in velocity combined with a 

decrease in density  
  d.     A decrease in velocity and density      

   7.   A nonspecular refl ection is obtained when the 
ultrasound waves hit 

  a.     A large interface at a perpendicular angle  
  b.     A small interface  
  c.     A large interface at a nonperpendicular angle  
  d.     Gas       

  Answers 
       1. b 
 2. a 
 3. d 
 4. b 
 5. c 
 6. a 
 7. b     
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 Scanning Techniques 
and Common Errors 
in Bovine Practice  

  Jill   Colloton  ,   Luc   DesC ô teaux  , and   Giovanni   Gnemmi       

C H A P T E R  T W O

   Description of Scanning 
Technique 
  Equipment and  m ethods to  h old the 

 l inear  p robe 

 For reproductive examinations of cattle in the fi eld, the 
5   MHz linear rectal probe is the most versatile and 
most commonly used  1 – 3  . Some researchers prefer 
7.5   MHz to 10   MHz transducers, particularly when 
studying ovaries or very early pregnancies. Newer 
machines often come equipped with a  “ variable fre-
quency ”  probe that adjusts from about 5 – 10   MHz. 
Some ultrasonographers use a curvilinear  3   or sector 
probe, but these can be diffi cult to manipulate transrec-
tally and have fallen out of favor in recent years so will 
not be discussed here. 

 All probe heads have a tactile way to determine 
whether the reading face is properly positioned. This 
indicator may be a groove, a raised dot, or a curved 
top. The probe may be held in the fi ngers (Figure  2.1 A), 
or it may be rested in the palm with fi ngers free 
(Figure  2.1 B).   

 One author prefers the palming method, fi nding it 
more relaxed. This method has the advantage of allow-
ing the operator to retract the uterus while scanning if 
necessary. Experienced operators rarely need to 
manipulate the uterus while scanning. However, some 
operators feel more confi dent that they have thor-
oughly examined the entire reproductive tract if the 
uterus is retracted.  

  Position of the  v iewing  d evice 

 The viewing device may be a monitor, a monocular 
eyepiece, or a binocular eyepiece. All must be posi-
tioned properly for the best image quality, particularly 
LCD devices. Cart - based monitors should be posi-
tioned on the opposite side of the palpating arm at an 
angle comfortable for the operator and safely out of 
the path of cow movement. Portable units worn on the 
person should be positioned to the side opposite the 
scanning arm. Positioning these units directly in front 
of the abdomen of the user obscures the view of the 
subject ’ s hindlegs. In addition, special care must be 
taken when using binocular eyepieces because they 
limit the vision of the operator.   

  Manipulation of 
the Probe 
  Systematic  m ethod to  s can the 

 r eproductive  t ract 

 Needless to say, the subject must be safely restrained 
to avoid injury to the operator or the equipment. 
Manure evacuation is necessary if the rectal wall is 
tight or when excellent image quality is required, such 
as for early pregnancy diagnosis and fetal sexing. It is 
most expedient to do this prior to introducing the 
probe. 

 The lubricated probe is then inserted into the 
rectum and a systematic examination of the entire 
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     Figure 2.1.     Controlled (on left) and palming (on right) methods of holding the ultrasound linear probe for transrectal exami-
nations. A: Ultrasonographers who prefer not to manipulate the uterus often choose to hold the probe in a very controlled 
fashion; B: Note that the palming method frees the fi ngers for retraction of the uterus if necessary.  

reproductive tract is performed. It is recommended 
that the same method is used with every examination  1  . 
The leading author prefers to examine the ovaries fi rst, 
proceeding from the ovary to the tip of the uterine 
horn, continuing through the entire horn to the uterine 
body, and back up the contralateral horn to the other 
ovary. Great care must be taken to follow all the curves 
of the uterus, particularly at the tips of the horns. The 
angle of the probe on the tract is not important. 
Longitudinal, cross, or oblique sections are all accept-
able as long as the entire tract is scanned. If the opera-
tor is unsure of the diagnosis after scanning the entire 
tract once, he or she must perform a second examina-
tion to verify the diagnosis. The cervix and vagina can 
be examined as the probe is withdrawn at the end of 
the examination.  

  Positioning for  b est  i mage  q uality 

 Objects close to the face of the probe appear high on 
the monitor screen. This is desirable for the best image 
quality (Figure  2.2 ). Objects more than 8   cm away from 
the face of the probe will have poor detail. The probe 
can be manipulated into any position to visualize the 
desired object (see Chapter  7  on fetal sexing scanning 
technique).    

  Centering the  o bject on the  s creen 

 An object under the tip (free end) of the probe may 
appear on either the right or the left side of the screen. 
This is a function of machine setting, not of position of 
the probe. Conventionally, most machines are set with 
the probe tip to the left. In this case, if the image is too 

     Figure 2.2.     Good image quality produced by excellent 
scanning technique (5   MHz probe; depth of 7   cm). This sono-
gram of an ovary with a corpus luteum (1) and a follicle (2) 
demonstrates excellent image quality. The face of the probe 
is very close to the ovary so the image appears high on the 
screen; 3: pelvic bone.  
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far to the left of the screen the probe must be pushed 
forward to center it. Conversely, if the image is too far 
to the right the probe must be pulled back to center it. 
The opposite is true when the probe tip is set to the 
right of the screen.  

  Examining the  o bject 

 Once the object is centered on the screen, the probe is 
moved side to side to fully examine it. These move-
ments must be very small and slow. For small objects 
such as ovaries, some ultrasonographers prefer to 
slowly rock the probe in each direction rather than 
moving the entire probe. For larger objects, such as 
fetuses for sexing, the entire probe must be moved 
along the entire object. Because the image on the screen 
represents a very thin section of tissue (Figure  2.3 ), 
it is very important to scan in each direction until 
the object is no longer seen to avoid missing important 
structures. This is especially important when perform-
ing fetal sexing examinations because the male 
and female genital tubercles protrude away from the 
body and will be missed if the ultrasonographer stops 
short.   

 Figures  2.4  and  2.5  demonstrate probe position and 
the resultant image in a fetal sexing examination. 
Further discussion of fetal sexing methods is found in 
Chapter  7 .     

  Common Errors 
  Manure,  g as, or  fi  nger  i nterferences 

 The reading face of the probe must be fi rmly in contact 
with the rectal wall. Excessive manure (Figure  2.6 ), gas 
(Figure  2.7 ), or fi ngers will interfere with the scan. Gas 
(reverberation) artifacts are common when a plastic 
sleeve is used to protect the probe. This can be avoided 
by putting lubricant inside the sleeve as well as on the 
outside. See Chapter  1  for further information about 
artifacts.    

  Incomplete  s can 

 Incomplete scans can occur when variations of the 
anatomy of the reproductive tract between animals 
are not considered. Depending on the age of the cow 
or the stage of pregnancy, the reproductive tract 
may be quite deep in the abdomen or completely in 
the pelvic cavity. Ovaries may be quite lateral to the 
uterine horns or nearly ventral to them. If the uterus 
is tightly curled the tips of the uterine horns may 

     Figure 2.3.     Demonstration of how the probe produces a 
thin section through tissue. Note that the image seen on the 
ultrasound monitor represents about a 2   mm section of tissue 
(see Figure  2.5 ).  

be lateral or even beneath the cervix, particularly in 
young animals. In older animals the uterine horns may 
extend cranially from the uterine body well into the 
abdomen.  

  Machine  s etting 

 Errors of improper machine settings include gain set 
too high or low, brightness set too high or low, focal 
points set at incorrect depths, or too many focal points. 
Chapter  1  discusses how to properly adjust the machine 
settings.  
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     Figure 2.4.     Position of the probe on a male fetus that produces the ultrasound image in Figure  2.5 . Note that the structures 
seen on the ultrasound scan are exactly those one would expect to see in a thin section through this portion of a fetus.  

     Figure 2.5.     Fetal organs as seen in cross section through 
the abdomen when the probe is located just behind the 
umbilical cord of a 69 - day - old male fetus (Figure  2.4 ). 1: Fetal 
stomach; 2: Liver; 3: Genital tubercle; 4: Placentome; 5: 
Umbilical cord in oblique section.       Figure 2.6.     Manure interference with image quality 

(7.5   MHz probe; depth of 7   cm). 1: The dark area on the left 
side of this image results from poor contact on the probe on 
the rectal wall, most likely due to manure; 2: Embryo; 3: 
Allantoic fl uid; 4: Enhancement artifact.  
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     Figure 2.7.     Gas interference with image quality produces 
reverberation artifacts (10   MHz probe; depth of 5   cm). The 
white half - moon shaped artifacts in the yellow square indi-
cate gas between the face of the probe and underlying 
structures.  
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  Bright  e nvironment 

 Inadequate shading of the monitor or eyepiece 
signifi cantly reduces the ability of the operator to 
distinguish tissue densities. When working outdoors, 
the operator should shade the viewing device, even on 
cloudy days. This is also true if working indoors with 
bright lights.   

  Points to Remember 
     •      Various types of probes and viewing devices can 

be used for reproductive ultrasound examinations. 
Probes can be linear, curvilinear, or sector, with 
frequencies ranging from 5 – 10   MHz. Viewing 
devices include monitors, monocular eyepieces, or 
binocular eyepieces.  

   •      Proper manipulation of the ultrasound probe 
across all portions of the reproductive tract is criti-
cal for complete examinations.  

   •      It is recommended that the same method be used 
with every examination. The reproductive tract 
examination can start on one ovary, proceeding 
from the ovary to the tip of the uterine horn, con-
tinuing through the entire horn to the uterine body, 
and back up the contralateral horn to the other 
ovary.  

   •      The most common errors in transrectal scanning 
are manure or gas interferences, incomplete scan 
of the reproductive tract, improper machine 
setting, and inadequate shading of the viewing 
device.     

  Summary Questions 
      1.   Objects under the tip of the probe appear 

  a.     To the left of the screen  
  b.     To the right of the screen  
  c.     To either the left or right of the screen, depend-

ing on machine setting  
  d.     At the top of the screen      

   2.   Retraction of the uterus is 
  a.     Necessary for all ultrasound examinations  
  b.     Necessary for fetal sexing examinations only  
  c.     Necessary for fetal sexing and early pregnancy 

exams only  
  d.     Usually not necessary for experienced 

operators      
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   4.   When examining a small object such as an ovary it 
is important to 

  a.     Position the ovary about 8   cm away from the 
probe  

  b.     Use the lowest frequency probe available  
  c.     Slowly rotate the probe across the entire ovary  
  d.     Hold the ovary with the fi ngers while examin-

ing it       

  Answers      
  1. c 
 2. d 
 3. a 
 4. c     

 
           
 

   3.   The dark area in the yellow rectangle on the fol-
lowing sonogram is most likely caused by 

  a.     Manure under the probe  
  b.     Air under the probe  
  c.     Incorrect machine settings  
  d.     Urine in the bladder         
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 Anatomy of the 
Reproductive Tract of 

the Cow  
  R é jean C.   Lefebvre   and   Giovanni   Gnemmi       

C H A P T E R  T H R E E

   Introduction 
 Real - time ultrasonography has become an essential 
diagnostic tool as well as a research tool in veterinary 
and animal sciences because it provides information 
beyond transrectal palpation of the reproductive 
organs. As a diagnostic aid ultrasonography is well 
suited for bovine practice, particularly for the examina-
tion of female and male reproductive tracts  1,3,6  . A 5.0 to 
7.5   MHz transducer is preferable to obtain good quality 
and detailed images of the different tissues of the 
reproductive organs. This chapter reviews the anatomy 
of the female bovine reproductive tract essential for 
effective ultrasonography and clinical interpretation of 
the results.  

  Genital Tract 
 A thorough understanding of the structures of the 
reproductive tract, including the vagina, the cervix, 
the uterus, and the ovaries is essential for interpreta-
tion of the physiological changes occurring during 
the estrous cycle, and of pathological conditions 
(Figure  3.1 ). The dynamic changes observed with 
ultrasonographic technology mirror ovarian steroid 
changes and aid in the assessment of uterine function 
(see Chapters  4  and  5  for more details). Much attention 
is given to the ultrasonographic appearance and 
orientation of the tubal tract, requiring the sonogra-
pher to do a systematic and complete examination 
(Chapter  2 ).   

  Vagina 

  Anatomy 

 Except for obvious intravaginal or perivaginal anoma-
lies (e.g., a mass), a vaginal examination by rectal pal-
pation is diffi cult, not effective, and not routinely 
performed. In cases where a complete and detailed 
vaginal examination is indicated, an ultrasound exami-
nation, vaginoscopy, and/or digital evaluation should 
be performed.  

     Figure 3.1.     Anatomy of the reproductive tract of the cow. 
1: Vulva; 2: Vagina; 3: Cervix; 4: Body of the uterus; 5: Right 
uterine horn; 6: Oviduct; 7: Ovary; 8: Urinary bladder; 9: 
Ischial bone (cut); 10: Rectum.  
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     Figure 3.2.     Ultrasonogram of a longitudinal view of the 
vagina of a cow (7.5   MHz probe; depth of 8   cm). The cranial 
portion of the vagina is observed as a longitudinal bright line 
when the transrectal transducer is applied to its dorsal 
surface. The bright line represents the apposition of both 
inner surfaces (dorsal and ventral) of the vaginal wall. When 
fl uid is present in the cranial vagina an elliptical anechoic 
form, representing the lumen, appears. With the presence of 
fl uid, the caudal portion of the cervix projecting in the cranial 
vaginal and the external urethra orifi ce can be identifi ed. 1: 
Bladder; 2: Vaginal wall (dorsal aspect); 3: Apposition of the 
inner vaginal surfaces; 4: Vaginal wall (ventral aspect); 5: 
Thickness of the vagina between + – +.  

     Figure 3.3.     Ultrasonogram of the longitudinal view of the 
cervix (7.5   MHz probe; depth of 8   cm). A very distinctive 
heterogeneous cylindrical structure with various degrees of 
alternate acoustic shadows can be seen on the longitudinal 
image. The cervical rings appear more echoic than the inter-
cervical spaces. It is diffi cult to recognize the internal os 
opening into the uterine body. The bones of the pelvic fl oor 
(hyperechoic) and the urinary bladder (anechoic) are fre-
quently visible close to the cervix. The vaginal portion of the 
cervix projecting into the cranial vagina can be identifi ed on 
the ultrasound image (4). 1: Cervical ring; 2: Ischial bone; 3: 
Cervix diameter (2.3   cm); 4: Vaginal portion of the cervix.  

  Ultrasound  t echnique and  i maging 

 Figure  3.2  presents the ultrasonographic appearance of 
the vagina in longitudinal view.     

  Cervix 

  Anatomy 

 The cervix is a fi rm, cylindrical, and mobile structure 
(7 to 10   cm long and 3 to 4   cm diameter) lying on the 
pelvic fl oor. Its size and location vary with age (parity) 
and reproductive status (postpartum or cycling). The 
lobulated appearance is explained by the presence of 
the three to four rings of the cervical mucosa. In a 

normal nonpregnant cow, the cervix is located in the 
pelvic cavity above the bladder.  

  Ultrasound  t echnique and  i maging 

 The veterinarian must advance the transducer or probe 
into the rectum and maintain it ventrally on the pelvic 
fl oor until the cervix is localized. Stabilizing the cervix 
with the other fi ngers may help visualize the structure 
(Figure  3.3 ).     

  Uterus 

  Anatomy 

 The bovine uterus has a short body (3.0   cm long) and 
two long uterine horns (30 to 40   cm) attached at the 
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bifurcation by the intercornual ligament. This ligament 
is divided into ventral and dorsal portions, forming a 
depression very useful for retraction of the uterus. The 
large and free convex curvature of the uterine horns 
faces dorsally and the small concave curvature, 
attached to the broad ligament, faces the abdominal 
cavity (Figure  3.1 ). The broad ligaments extend later-
ally and dorsally to join the dorsolateral abdominal 
wall. This anatomical arrangement gives a characteris-
tic twisting and turning shape to the uterine horns. 
Landmarks for general orientation during transrectal 
palpation are the pelvic or pubic brim, the iliac shafts, 
and the obturator and sciatic foramens.  

  Ultrasound  t echnique and  i maging 

 From the cervix, the transducer is advanced into the 
rectum. The demarcation between the cervix and the 
uterine body is not as obvious as the one between 
the vagina and the cervix. Beyond the uterine body the 
characteristic echotexture of the uterus can be followed 
laterally to examine each horn. Dividing the uterine 
horn into arbitrary segments (1 to 5) as described by 
Ginther may help to designate the location of a struc-
ture during the examination of the uterine tract  2   
(Figures  3.4 ,  3.5 ).   

 The ultrasonographic appearance of the uterine 
horns in the cow is characterized by different echotex-
tures representing different layers. The peripheral part 
of the cross - sectional or longitudinal image of the 
uterine horn produces a hyperechoic signal. Under this 

     Figure 3.4.     Ultrasonograms of a longitudinal view of the uterine horn (A) and of the uterine body and cervix (B) of a cow 
(7.5   MHz probe; depth of 6   cm). 1: Cervix; 2: Uterine body; 3: Bladder; 4: Uterine segment # 2; 5: Uterine segment # 3; 6: Uterine 
segment # 4; 7: Ischial bone.  

     Figure 3.5.     Ultrasonograms of the broad ligament (7.5   MHz 
probe; depth of 6   cm). 1: Uterine horn; 2: Broad ligament 
(multiple cross sections of vessels).  

hyperechoic surface a faint echoic line is observed rep-
resenting vascular structures and the external and 
internal longitudinal circular muscular layers. Finally, 
the endometrium is characterized by an echoic appear-
ance with nonspecular refl ection so that dark and 
bright signals are seen within its thickness. In absence 
of fl uid in the lumen, the dorsal and ventral endome-
trium join and appear as a bright line (see Chapter  5  
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for more details and images). The inner edge of the 
endometrium, or the bright line, is uneven and is 
thought to be due to the presence of uterine caruncles  1  . 
For the changes observed during the estrous cycle, 
readers are referred to Chapter  5 .    

  Descriptive Terminology 
of the Ovary and Ovarian 
Structures 
 Reproductive ultrasonography is an indispensable tool 
for the evaluation of the reproductive tract of the cow. 
The ovary is readily examined and can be imaged in 
longitudinal and transverse sections  5  . Since the ovary 
is extremely mobile the sonographer may need to repo-
sition the organ to obtain a clear image. When ultraso-
nography of the ovary is performed veterinarians must 
recognize the different structures and specify their 
locations. Follicles and corpora lutea may project from 
any part of the ovary surface. As with manual transrec-
tal palpation, good terminology is important. Based on 
Zemjanis (1970), the ovary is ovoid and has one border 
attached ventrally to the mesovarium  7  . On the oppo-
site side there is the free border. The posterior pole is 
in apposition to the tip of the uterine horns. The ante-
rior pole is the portion closer to the abdominal wall. 
The medial face of the ovary is the surface facing the 
abdominal organs, and the lateral surface occupies the 
opposite position. The ovary is included in the broad 
ligament and is generally located against the ventral 
part of the iliac shaft at the level of the bifurcation of 
the uterine horns. The ovary is connected to the tip of 
the uterine horn by the oviduct, a narrow, hard, coiled 
tube of about 2 to 3   mm in diameter and 20 to 25   cm 
long. The diameter of the oviduct increases signifi -
cantly at the anterior pole of the ovary forming the 
infundibulum, which is 4 to 6   cm deep and 8 to 12   cm 
wide. The mesosalpinx and the mesovarium ligaments 
join to form the ovarian bursa. The normal oviduct and 
infundibulum are not visible with fi eld ultrasound 
units. Pathology, such as blockage of the oviduct or 
adhesions, can sometimes be identifi ed, especially in 
cases of hydrosalpinx. 

  Ovary 

  Anatomy 

 The average size of an ovary without functional struc-
tures (corpus luteum or a dominant follicle) is about 

4.0   cm long, 2.0   cm wide and 2.5   cm high. Cows have 
larger ovaries than heifers. The presence of a corpus 
luteum, ovarian cyst, or tumor increases the overall 
size of the ovary. 

 Ovaries must be routinely examined during all 
reproductive examinations. For pregnancy examina-
tions ovarian evaluation enables the practitioner to 
determine the potential for pregnancy based on the 
presence or absence of a corpus luteum (CL), the prob-
able location of the pregnancy, the presence of double 
ovulations (see twin section in Chapter  6 ), and the 
quality of the CL.  

  Ultrasound  t echnique and  i maging 

 The ovaries are found about 10   cm laterally from 
the midline and about 5   cm anterior and at the 
same level as the pelvic brim or external uterine bifur-
cation. If the ovaries are not located rapidly, the tips 
of the fi ngers can be used to locate the ovaries by 
grasping the anterior edge of the broad ligament (see 
Chapter  2  for more details on manipulations of the 
linear probe). 

 When the ovary is identifi ed, the transducer can 
be slowly rotated to obtain different images (transverse 
or longitudinal). The sonographer must identify all 
sections of the ovary. Overlying intestinal gas, feces, 
and other organs can interfere with the visualization of 
the ovaries, but an adequate window can usually be 
found by repositioning the transducer or by evacuat-
ing fecal material. The transducer is positioned as 
closely as possible over the ovary and pointed toward 
the anterior pole of the ovary. By moving laterally or 
medially the ultrasonographer directs the transducer 
toward the anterior or posterior pole of the ovary, 
respectively. 

 Inactive ovaries are oval and have a fairly uniform 
echogenicity that is equal to or slightly greater than the 
cervix (see Chapter  4  for more details). Structures of 
the ovary that are easily observed on ultrasonography 
are the ovarian stroma, follicles (small:  < 4   mm; medium: 
4 – 7   mm; large:  ≥ 8   mm; and cystic), corpora hemorrhag-
ica and diestrous corpora lutea (with or without a 
cavity), and ovarian vessels peripheral to the ovary 
(Figures  3.6 – 3.8 ). The structures present on the ovary 
make it easier to fi nd. Without large active structures 
such as corpora lutea and large follicles, small and 
medium follicles are present within the outer portion 
of the ovarian stroma called the  cortex . The stroma 
occupies the central portion (medulla) of inactive 
ovaries (in anestrus) and surrounds signifi cant struc-
tures such as corpora hemorrhagica, corpora lutea, or 
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     Figure 3.6.     Anatomy (A) and ultrasonographic image (B) of an inactive ovary in anestrous cow (7.5   MHz probe; depth of 
6   cm). 1: Small follicle; 2: Attached border of the ovary; 3: Posterior pole; 4: Anterior pole; 5: Corpus albican; 6: Ovarian stroma.  

large follicles of active ovaries. The stroma is echoic 
and easily recognized with a good quality ultrasound 
unit.     

  Follicle 

 Figure  3.7  shows the anatomy (A) and ultrasono-
graphic image (B) of an active ovary with a corpus 
luteum and a large dominant follicle. 

  Ultrasound  a ppearance 

 Follicles appear as anechoic structures of various sizes. 
The line between the follicular wall and the follicular 
antrum is always smooth and well defi ned. The domi-
nant follicle increases in size until the end of a follicular 
wave or the day before the ovulation (see Chapter  4  for 
more details). Ovulation may be detected by the disap-
pearance of the preovulatory follicle, by the much 

     Figure 3.7.     Anatomy (A) and ultrasonographic image (B) of an active ovary with a corpus luteum and a large dominant 
follicle (7.5   MHz probe; depth of 6   cm). The follicle is recognized by its smooth, round raised surface on the ovary. 1: Corpus 
luteum (1.8   cm); 2: Dominant follicle (1.4   cm); 3: Ovarian stroma; 4: Posterior pole of the ovary.  



32  PRACTICAL ATLAS OF RUMINANT AND CAMELID REPRODUCTIVE ULTRASONOGRAPHY

     Figure 3.8.     Anatomy (A) and ultrasonographic appearance (B) of the ovary with the presence of a mature corpus luteum 
(7.5   MHz probe; depth of 6   cm). 1: Corpus luteum (2.5   cm); 2: Follicle (4   mm); 3: Posterior pole of the ovary.  

diminished size of a specifi c follicle, or when a decrease 
in the number of follicles is noted from one day to the 
next in superovulated cows (see Chapter  8  for exam-
ples). The borderline between the follicular wall and 
the surrounding stroma is not identifi able, except in 
images of large preovulatory follicles, just before ovu-
lation. All follicles are not uniformly spherical. This is 
possibly a result of transducer pressure on large folli-
cles or of pressure created by neighboring follicles. A 
small follicle adjacent to a larger follicle frequently 
appears as a convex impingement on the surface of the 
larger follicle. A bright straight line may appear 
between adjacent follicles, resulting from opposed 
walls when its thickness is within the range of the reso-
lution of the transducer. However, opposing walls of 
several follicles are too thin to be detected, causing 
only irregular forms. Other artifacts appear in the 
periphery of the follicular antrum as a cloudy appear-
ance and are caused by the width of the ultrasono-
graphic beam. Echoing of the sound waves from the 
side of a curved surface may obscure the follicular 
outline parallel to the direction of beams  4  . See Chapter 
 1  for more information on artifacts.   

  Corpus  l uteum 

  Ultrasound  a ppearance 

 On the ultrasonographic image, the diestrous corpus 
luteum (CL) may appear to be imbedded in the ovary 

or may appear to protrude from the ovary (Figure  3.8 ). 
The diestrous CL has a granular echogenic structure, 
which intensifi es during the luteal phase (see Chapter 
 4  for more details on ultrasonographic particularities 
of the corpus luteum during the estrous cycle). The 
distortion of the form is more marked in ovaries 
containing a fully developed CL. At about day 17 of 
the estrous cycle, the diestrous CL begins to decrease 
in size and gets fl atter. The structure becomes more 
hyperechoic and the outline of the regressing corpus 
luteum is not easily differentiated anymore from the 
ovarian stroma. In general, corpora albicantia are not 
discernible, because they have the same echogenicity 
as the stroma and are small (Figure  3.6 ).   

  Blood  v essels 

 When viewed in cross section, blood vessels may be 
confused with small follicles. Extended blood vessels 
are seen during the luteal phase as a result of an 
increased blood fl ow to the corpus luteum (see the 
color Doppler section in Chapter  4 ). Large vessels enter 
the posterior pole of the ovary where they are imaged 
as two or three anechoic structures of 2 to 5   mm in 
diameter  1  . They can be identifi ed by moving the trans-
ducer (Figure  3.9 ). Blood vessels, unlike follicles, can 
be traced over a longer distance and are generally seen 
on the border of the ovary, in the ovarian hilus, and 
around the CL.     
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     Figure 3.9.     Ultrasound image of the broad ligament near 
the attached border of the ovary (7.5   MHz probe; depth of 
6   cm). 1: Blood vessels near the broad ligament; 2: Fibrous 
tissues of the ligament; 3: Small intestine.  
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  Summary Questions 
      1.   What is the ultrasonographic distinction between 
the appearance of the vascular layer and the endome-
trium of the uterus? 

  a.     The vascular bed of the uterine wall appears 
as a faint echoic line compared to the endome-
trium and is characterized by an echoic appear-
ance with nonspecular refl ection so that dark 
and bright signals are seen within the 
thickness.  

  b.     There is no distinction between the appear-
ance of the vascular layer and the endome-
trium of the uterus.  

  c.     The vascular bed of the uterine wall between 
the serosa and the muscle tissues appears as a 
hyperechoic line compared to the 
endometrium.  

  d.     The ultrasonographic distinction between the 
vascular layer and the endometrium of the 
uterus is visible only in uterine infection 
(endometritis) and appears as a hyperechoic 
line compared to the endometrium.      

   2.   What are the anatomic features and ultrasono-
graphic characteristics of an inactive ovary? 

  a.     Without functional structures such as large fol-
licles, the ovarian stroma is enhanced and the 
ovary has a heterogenic echogenicity.  

  b.     An inactive ovary has an echogenic appear-
ance similar to that of a functional ovary.  

  c.     Without functional structures, the inactive 
ovary is almond - shaped and fi rm and has a 
uniform echogenicity that equals to or is 
slightly greater than the cervix.  

  d.     An inactive ovary is fi rm on transrectal palpa-
tion and has a heterogenic appearance with 
different anechoic structures (follicles) and 
hyperechoic areas (ovarian stroma).       

  Answers      
  1. a 
 2. c     
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C H A P T E R  F O U R

   Introduction 
 The bovine ovary is a fascinating structure that pro-
duces a single ovulatory follicle and corpus luteum 
(CL) at regular intervals. Correct interpretation of the 
nature of ovarian structures observed by ultrasonogra-
phy is a complex issue because follicles and CLs are 
continuously growing or regressing. The challenge for 
the practitioner is to determine in a limited number of 
observations whether the developmental process 
leading to ovulation and production of a CL is pro-
ceeding normally to ensure fertilization and preg-
nancy. The fi rst section of this chapter reviews the 
endocrinology and normal ovarian structures observed 
in the bovine ovary with emphasis on the identifi cation 
of the CL at different stages of development. The 
second section reviews the principal ovarian anoma-
lies and differential diagnosis. The third section intro-
duces a new frontier in the understanding of ovarian 
physiology using color Doppler. This technique will 
allow the practitioner to characterize the hemody-
namic changes that occur during the cyclical remodel-
ing of the ovary. The last section discusses the use of 
ovarian ultrasound in reproduction synchronization 
protocols for dairy cattle.  

  Endocrinology and 
Ovarian Structures in 
Pubertal Cows 
  Endocrinology 

 In the pubertal heifer and adult cow, growth of antral 
follicles occurs continuously throughout the estrous 
cycle. The speed of follicular growth increases expo-
nentially as follicles increase in size. It has been esti-

mated that small antral follicles grow from 1.5   mm to 
3.8   mm in 30 days and larger follicles grow from 4 to 
8   mm in less than 1 week  33  . In the absence of gonado-
tropin stimulation, follicles grow up to 4   mm but fail 
to grow beyond this size and will regress and disap-
pear by the process of atresia  13  . Growth of ovarian 
follicles beyond 4   mm requires FSH and LH stimula-
tion. Throughout the estrous cycle a transient increase 
in plasma FSH occurs periodically every 7 – 10 days, 
and is responsible for the recruitment of a cohort of 
follicles known as the follicular wave  4,48   (Figure  4.1 ). 
Among the recruited follicles of a follicular wave, a 
single dominant follicle (exceptionally two) will be 
selected over the next few days  18  . Selection is a term 
used to describe the point of divergence in growth 
between the largest and second largest follicle. In 
Holstein heifers, when the largest follicle grows from 
8.5 to 9.5   mm a slower rate of growth of the second 
largest follicle can be measured by ultrasound. This 
difference in growth rate results in a signifi cant differ-
ence in size between the largest and the second largest 
follicle and is referred to as deviation  23  . Selection of the 
dominant follicle corresponds to the time of deviation, 
and the terms  selection  and  deviation  are used synony-
mously. The largest follicle is called  dominant  because 
for a certain period of time no other follicle  > 4   mm can 
be observed in its presence. Plasma FSH values reach 
maximum when the future dominant follicle is about 
5   mm and reach low levels by the time of deviation  30  . 
Exogenous FSH delays or overrides deviation.   

 Although FSH, LH, estradiol, and progesterone are 
key players in follicular development (Figure  4.2 ), 
many other factors are involved, including insulin, 
IGF, and locally produced growth factors of the TGF -
 beta superfamily, and other endocrine, paracrine, and 
autocrine factors. It is important to realize that follicu-
lar waves are produced continuously during the 
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     Figure 4.1.     Follicular waves and corpus luteum development during the bovine estrous cycle with three follicular waves 
 (illustration by Dr. Xiaofeng Zheng) . During the estrous cycle of 18 to 24 days, usually two or three (and occasionally four) 
follicular waves will develop and from each wave will emerge a single large dominant follicle of 12 – 15   mm. During the luteal 
phase, the dominant follicle of the fi rst wave will regress slowly by atresia and only the dominant follicle emerging from the 
last wave of the cycle will become the ovulatory follicle. The dominant follicle of the last wave grows in the presence of declin-
ing progesterone concentration (due to luteolysis), which stimulates an increase in LH pulse secretion and induces a rapid 
rise in estradiol. The combination of low progesterone with high estradiol will stimulate the hypothalamus and pituitary for 
generation of the LH surge (Figure  4.2 ). The LH surge causes a decrease in estradiol secretion and a sudden rise in proges-
terone secretion from the granulosa cells of the preovulatory follicle. The rise in follicular progesterone will initiate the activa-
tion of the enzymes responsible for the degradation of the follicular wall and will favor ovulation  16  . In this fi gure atretic follicles 
are darker compared to healthy follicles.  
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follicular and luteal phases and also during pregnancy 
in the cow.   

 During antral follicular growth, the proportion of 
follicles undergoing atresia increases dramatically and 
the rate of atresia doubles between 2 and 8   mm  33  . 
Atresia of subordinate follicles in favor of the domi-
nant follicle is a physiological process that is necessary 
for selection of the dominant follicle and is associated 
with a decrease in circulating concentrations of FSH. 

Administration of exogenous FSH to induce superovu-
lation can overcome the natural process of selection 
and induce multiple ovulations (see Chapter  8 ).  

  Ovarian  s tructures 

 Ultrasound imaging is considered the most accurate 
diagnostic method to identify ovarian and uterine 
structures. Transrectal palpation is a complement to 
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     Figure 4.2.     Mean diameters of dominant follicles and 
corpora lutea (CL), plasma concentrations of estradiol 
and progesterone, and plasma concentrations of FSH and LH 
during the spontaneous luteal - follicular transition, ovula-
tion, and early luteal phase in fi ve cows (mean    ±    SEM). 
 From Kaneko et al. (1991)  27  , with permission of CSIRO 
PUBLISHING accessible at  http://www.publish.csiro.au/
nid/45/issue/2331.htm .   
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the ultrasound examination and remains a practical 
means of evaluating the contours and texture of these 
organs. 

  Follicles 

 The follicle can be easily identifi ed on the screen and 
appears black due to hypoechogenic follicular fl uid. 
The ultrasound appearance of ovarian follicles is 
shown in Figure  4.3 . During the ultrasonographic eval-
uation of the ovaries, it is important to be able to dis-

tinguish a follicle from a blood vessel. A cross - sectional 
view of an ovarian blood vessel resembles the image 
of a spherical segment of a follicle. However, when 
moving the probe in the direction that will allow a 
longitudinal section rather than a cross section of the 
blood vessel, the initial spherical image will become 
elongated, contrary to the follicle, which becomes a 
smaller sphere and simply disappears from view when 
the probe is moved away. Due to the continuous pro-
duction of follicular waves throughout the estrous 
cycle, large follicles  > 8   mm are always present in bovine 
ovaries (except for the fi rst few days of the cycle), and 
thus it can be misleading to attempt to predict the time 
of ovulation based solely on the size of the largest fol-
licle. We therefore need to rely on other signs, such as 
changes in ultrasound echogenicity of the uterine wall 
(see Chapter  5 ) and CL, increased uterine tone, the 
presence of endometrial secretion within the uterus, 
the presence of cervical mucus, and the cow ’ s behav-
ioral changes.    

  Corpus  l uteum 

 In bovine reproduction, it is very important to be able 
to recognize the presence of the corpus luteum (CL). 
The presence of a CL confi rms that a heifer has attained 
puberty. Localization of the CL on the left or right 
ovary can indicate to the practitioner in which uterine 
horn the presence of an embryo or fetus needs to be 
confi rmed for pregnancy diagnosis. Defi ning the 
age of the CL could be helpful in deciding when to 
start a synchronized ovulation protocol (OvSynch) 
or to propose treatment with prostaglandin. It is 
also possible in these cases to verify the presence of 
a large follicle ( ≥ 8   mm) in order to better predict 
the response and success of the proposed synchroniza-
tion reproduction protocol (see the last section of 
this chapter for more details). Correct identifi cation of 
the bovine CL is a real challenge to the practitioner 
because, depending on the stage of development, this 
structure can present many different morphological 
appearances. 

 The mature CL is hypoechogenic (darker) compared 
to the ovarian stroma due to extensive vascularization. 
Echographically we can distinguish differences 
between a mature compact corpus luteum and a mature 
cavitary corpus luteum (CCL). The ovaries can contain 
more than one CL and these can be compact and/or 
with a cavity (Figure  4.4 ). The size of the cavity can 
vary considerably and echogenic fi brin strands are 
occasionally observed within the fl uid - fi lled cavity 
(Figure  4.4 ).   
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     Figure 4.3.     Ultrasound images in BB - mode of both ovaries in a cow in diestrus (probe 8   MHz; depth 5   cm). Notice the pres-
ence of a single 16   mm follicle on the left ovary. A 2.5   cm CL and an 11   mm follicle are present on the right ovary. 1: Follicle; 
2: Corpus luteum (CL); 3: Blood vessel.  

     Figure 4.4.     Ultrasonograms of two ovaries that present cavitary and compact corpora lutea (CL) in the same ovary (7.5   MHz 
probe; depth of 5   cm). 1: Compact CL; 2: Luteal tissue of a cavitary CL (CCL); 3: Cavity of a CCL. Echogenic fi brin strands are 
also observed in the cavity of the CCL (A).  
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 Under fi eld conditions with a portable unit (5 to 
7.5   MHz) a well - defi ned border of the CL is visible after 
3 – 4 days. During the fi rst 10 days of the ovarian cycle, 
30 – 50% of all corpora lutea will develop a cavity  25,29,41  . 
A CCL is considered a normal structure producing 
normal progesterone levels  25  . It does not alter the 
length of the ovarian cycle, or reduce the likelihood of 
pregnancy  25,28,41  . Occasionally a CCL will be seen in a 
pregnant cow  25,26,29  . In pregnant cows, it is rare (but not 
impossible) to fi nd a CCL beyond day 30 of gestation  28   
(Figure  4.5 ). It is likely that the volume of luteal tissue 
is more important than the presence or absence of a 
cavity.   

 The cavity in the CL can be central or eccentric 
and we can fi nd more than one cavity in the same 
CL and in some cases only partial incomplete luteiniza-
tion of the follicular wall  25   (Figure  4.6 ). Between 
the 10th and 15th day of the cycle, most CCLs lose 
their cavity  25,41  . The cavity can be substituted by new 
echogenic tissue. Filling of the cavity can take many 
different forms: 

  1.     In some cases, uniform hyperechogenic tissue 
completely fi lls the cavity  22,25,26,42   (Figure  4.7 ). The 
exact nature of this tissue is unknown but might 
be due to specular refl exions of new lutal tissue 
intermixed with fi brin strands, which are known 
to be very echogenic.  

  2.     In some cases, the fi lling of the cavity occurs grad-
ually and can be partial or complete  42   (Figure  4.8 ).  

  3.     The cavity can be completely substituted by luteal 
tissue leaving only a hyperechogenic line or scar  22,25   
(Figure  4.9 ).  

  4.     The cavity stays but an evident hyperechogenic 
ring appears surrounding the same cavity (Figure 
 4.10 ).       

  Follicles and  CL  at  p roestrus,  e strus, 

and  m etestrus 

 The resolution of the corpus luteum changes according 
to the phase of the estrous cycle. The luteal tissue is 
more diffi cult to recognize during proestrus, estrus, 

     Figure 4.5.     Presence of a cavitary corpus luteum (CCL) in a 32 - day pregnant dairy cow (7.5   MHz probe; depth of 5   cm). 1: 
CCL; 2: Embryo proper; 3: Endometrium.  
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     Figure 4.6.     Cavitary corpus luteum (CCL) with central, eccentric, and double cavities and CCL with incomplete luteinization 
(7.5   MHz probe; depth of 5   cm). A: CCL with a central cavity; B: CCL with an eccentric cavity; C: CCL with two cavities; D: 
CCL with incomplete luteinization. 1: Luteal tissue; 2: Cavity; 3: Follicle; 4: Blood vessel.  

     Figure 4.7.     Cavitary corpus luteum (CCL) in which the cavity disappeared and is replaced by hyperechogenic tissue after 
10 days of the estrous cycle (7.5   MHz probe; depth of 5   cm). 1: Luteal tissue; 2: Hyperechogenic zone.  
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     Figure 4.8.     Cavitary corpus luteum (CCL) with different fi lling patterns of the cavity (7.5   MHz probe; depth of 4.5   cm). A: 
CCL with central fi lling; B: CCL with eccentric fi lling; C: CCL with eccentric incomplete fi lling. 1: Luteal tissue; 2: Cavity; 3: 
Follicle.  

     Figure 4.9.     Cavitary corpus luteum in which the cavity was 
replaced by white hyperechogenic line or scar at approxi-
mately 10 days of the estrous cycle (7.5   MHz probe; depth of 
4.5   cm). 1: Luteal tissue; 2: Central scar.  

     Figure 4.10.     Cavitary corpus luteum in which the cavity 
is surrounded by a hyperechogenic ring (7.5   MHz probe; 
depth of 4.5   cm). 1: Luteal tissue; 2: Cavity; 3: Hyperecho-
genic ring.  

and metestrus than it is during diestrus because the CL 
is isoechogenic compared to the surrounding stroma. 
During metestrus, the echogenicity of the CL depends 
on newly formed angiotrophic tissue of the corpus 
hemorrhagicum, and during proestrus it depends on 
the abundance of connective tissue  22  . This distinction 
is very diffi cult to obtain under fi eld conditions with 
current commercially available units. For this reason 
the age determination of a CL must be assisted by 
considering the differences in follicular structures that 
occur during the follicular waves in addition to the 

ultrasonographic appearance of the uterus during the 
cycle (see Chapter  5 ). 

 At estrus (day 0), the most obvious structure is 
the dominant ovulatory follicle, which has an 
average internal diameter of 13   mm, with a range 
between 11 and 16   mm  10  . The regressing CL is some-
times diffi cult to observe during the follicular 
phase (Figure  4.11 ). During transition from proestrus 
to estrus, other signs such as changes in echogenicity 
of the uterine wall (see Chapter  5 ), increased uterine 
tone at palpation, the presence of endometrial 
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secretion within the uterus, the presence of cervical 
mucus, and estrus behavior of the cow are needed to 
confi rm that the animal is truly approaching estrus.      

  Ovarian Anomalies and 
Differential Diagnosis 
  Inactive  o varies 

 Inactive ovaries are associated with anestrus and are 
characterized by the absence of large follicles, no CL, 
and the presence of small follicles less than 4   mm in 
diameter (Figure  4.12 ).    

  Ovarian  c ysts 

 Ovarian follicular cysts in cattle are characterized by 
the persistence of large anovulatory structures for 
various periods of time in the absence of corpora lutea, 
with interruption of normal estrous cycles. Although 
traditionally cysts have been defi ned as follicular 
structures of 25   mm or greater, more recently a 

     Figure 4.11.     Ultrasonogram of both ovaries in BB - mode during estrus with the presence of a regressing corpus luteum (CL) 
and a dominant preovulatory follicle on the right ovary and of an inactive left ovary which shows a small follicle. 1: Dominant 
preovulatory follicle (14   mm); 2: Regressing CL. Note the scale on this image is 1   cm per line.  

     Figure 4.12.     Ultrasound image of an inactive ovary (probe 
7.5   MHz; depth 2.5   cm). Notice the presence of many small 
follicles (less than 4   mm) around the ovarian stroma. 1: 
Follicle; 2: Ovarian stroma.  
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     Figure 4.13.     Reproductive tract of a cow in anestrus showing a polycystic right ovary and a left inactive ovary. 1: Follicular 
cyst #1 (3.7   cm); 2: Follicular cyst #2 (3.0   cm); 3: Inactive ovary.  (Photo, Dr. Luc DesC ô teaux.)   

     Figure 4.14.     Multiple follicular cysts: (A) cut section of the frozen ovary from Figure  4.13  and its ultrasonographic appear-
ance (B) (probe 8   MHz; depth 5   cm).  (Photo, Dr. Luc DesC ô teaux.)  1: Follicular cyst #1 (3.7   cm); 2: Follicular cyst #2 (3.0   cm).  
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     Figure 4.15.     Estrous behavior, follicular growth pattern, 
plasma estradiol, and progesterone profi le in a heifer (#79) 
injected with estradiol valerate and PG (day 0) during the 
follicular phase, which produced a follicular cyst that ovu-
lated and developed into a large cavitary CL.  From Carri è re 
et al. (1995)  10  .  Top panel shows diameter of the CLs (open 
squares), recruited anovulatory follicles (simple lines), ovula-
tory follicle (black circles), and broken vertical line represent-
ing day of ovulation. Black squares at top indicate estrous 
behavior signs. Middle and bottom panels show plasma pro-
gesterone and estradiol profi les. Note the increase in estra-
diol production due to the injection of estradiol valerate at 
day 0, which inhibited growth of the dominant follicle 
(inverted black triangles of top panel) and stimulated estrous 
behavior signs for 4 consecutive days. It was followed by a 
second increase in estradiol secretion produced by the 
growing follicular cyst. This heifer presented interrupted 
estrous behavior signs, and then the follicular cyst ovulated 
spontaneously and produced a large cavitary CL  (see Figure 
 4.16 ) .  
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     Figure 4.16.     Ultrasonogram of a large cavitary CL with a 30   mm cavity that developed following spontaneous ovulation of 
an experimentally induced follicular cyst in two heifers. A: Cavitary CL with fi brin trabecula of heifer #79; B: Cavitary CL 
with fi brin trabecula of heifer #89.  From Carri è re et al. (1995)  10  ; Amaya D (1994)  5  . Master ’ s thesis. Universit é  de Montr é al.   
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     Figure 4.17.     Estrous behavior, follicular growth pattern, 
plasma estradiol, and progesterone profi le in a heifer injected 
with estradiol valerate and PG (day 0). This heifer developed 
several successive follicular cysts and failed to ovulate for 52 
days.  From Carri è re et al. (1995)  10  .  Top panel shows diameter 
of the CLs (open squares), recruited anovulatory follicles 
(simple lines), ovulatory follicles (black circles), and the 
broken vertical line representing day of ovulation. Black 
squares at top indicate estrous behavior signs. ND indicates 
that ultrasonography was not performed for the fi rst 20 days 
to allow this heifer to recover from rectal fi ssures. Middle 
and bottom panels show plasma progesterone and estradiol 
profi les. Note the increase in estradiol production due to the 
injection of estradiol valerate at day 0 followed by subse-
quent increases in estradiol secretion produced by the 
growing follicular cysts. The four successive follicular cysts 
that were observed did not ovulate and regressed slowly. 
From day 35 of treatment, one of the follicles luteinized spon-
taneously and the fi rst ovulation occurred 52 days after 
treatment.  

40

50

40

20

15

10

5

0
–10 0 10 20

DAYS
30 40 50 60 70

25

20

10

5

0

5

4

3

2

1

0

15

D
IA

M
E

T
E

R
 (

m
m

)
P

R
O

G
E

S
T

E
R

O
N

E
 (

ng
/m

l)
E

S
T

R
A

D
IO

L 
(p

g/
m

l)

ND

diagnosis of ovarian follicular cyst was based on a 
diameter greater than 16 or 17   mm  10,21,47  . Cystic ovaries, 
ovarian cysts, and cystic ovarian degeneration are 
terms used synonymously with ovarian follicular 
cysts. The condition causes economic losses to the 
dairy industry by extending the interval from calving 
to conception. The macroscopic and ultrasonographic 
appearances of multiple follicular cysts on the same 
ovary are shown in Figures  4.13  and  4.14 .   

 It is important to recognize that ovarian cysts 
are dynamic structures. During an experimental 
study, heifers received an injection of estradiol and 
prostaglandin during the follicular phase and subse-
quently developed a single large follicular cyst in 
the absence of a corpus luteum  10  . There were several 
different outcomes in response to treatment. In the 
fi rst scenario, in two heifers, a dominant follicle 
emerged 5 days after treatment and continued to grow 
until it ovulated 10 to 14 days later at a diameter of 19 
and 24   mm, respectively, (mean diameter in control 
heifers: 13.4    ±    2   mm). Preceding ovulation, both animals 
exhibited prolonged or split estrus lasting several days. 
The estrous behavior, plasma concentrations of proges-
terone and estradiol, and diameter of the CL and fol-
licles during and after spontaneous recovery of one of 
these heifers are shown in Figure  4.15 . The ovulation 
of the follicular cyst subsequently developed into a 
cavitary CL, with a very large 30   mm cavity that was 
traversed by echogenic fi brin trabecula (Figure  4.16 ). 
This large cavitary CL regressed spontaneously during 
a normal interval, and this was followed by a regular 
estrous cycle with normal ovarian structures (Figure 
 4.15 ).   

 In the second scenario, the follicular cyst failed to 
ovulate, partially luteinized, and regressed. In the 
third scenario, several successive waves producing a 
follicular cyst developed and the heifer failed to ovulate 
for 52 days. Each wave produced an active estradiol -
 secreting follicular cyst that reached maximum size in 
5 – 10 days and then regressed slowly over 30 days  10  . 
The estrous behavior, plasma concentrations of pro-
gesterone and estradiol, and follicle dynamics of this 
heifer are shown in Figure  4.17 .   

 Based on this experimental study  10   and others  50  , 
active follicular cysts secreting estradiol may retain the 
capacity to ovulate. Ovulation of a follicular cyst in the 
estradiol - treated model was shown to result in the for-
mation of a large cavitary CL with traversing fi brin 
strands visible after 2 – 4 days  5,10   (Figure  4.16 ). The 
morphological appearance of these large cavitary CLs 
was indistinguishable from the morphological appear-
ance of so - called luteal cysts, which are believed to 
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     Figure 4.18.     Ultrasonographic appearances of granulosa cell tumors in cows. Granulosa cell tumors (GCT) in the cow are 
usually unilateral and the gross appearance varies considerably. The surface may be smooth or coarsely lobulated. The cut 
surface may be solid, consist predominantly of cysts of varied size, consist of a mixture of solid and cystic tissue, or consist 
of a single large cyst. Structurally, a GCT is generally heterogeneous, some parts may be echogenic, others anechogenic. In 
some cases areas of calcifi cation or necrosis may be found (A), as well as fl uid - fi lled spaces (or cavities) (B), in the stroma of 
the tumor. Ultrasound images are courtesy of Dr. Giovanni Gnemmi (A) and Dr. T.A.E. Stout of Utrecht University, The 
Netherlands (B).  

result from lutenization of follicular cysts that have 
failed to ovulate. Morphologically, it may not be pos-
sible to differentiate with certainty between a large 
cavitary CL and a luteal cyst unless daily ultrasound 
sessions have proved that the expulsion of follicular 
fl uid at ovulation had actually taken place. Nevertheless, 
these academic distinctions do not in any way modify 
the course of action to follow when the structures are 
identifi ed. Prostaglandins can be used to lyse the struc-
ture and induce a new estrus within the same time 
frame of 2 – 7 days after injection, just as with a normal 
or cavitary CL. Also, synchronization protocols of the 
ovulation such as OvSynch can be used effectively in 
the presence of luteal tissue originating from either a 
cavitary CL or a luteal cyst. Follicular cysts are treated 
with GnRH. However, based on the above, the practi-
tioner should be aware that follicular cysts are often 
benign; they may have become inactive and are slowly 
regressing during a normal cycle and can be seen in 
pregnant cows.  

  Granulosa  c ell  t umor 

 Although ovarian tumors are rare in the cow, granu-
losa cell tumors are the most common. Granulosa cell 
tumors are characterized by unilateral ovarian enlarge-
ment greater than 10   cm in diameter. The surface of the 
ovary may be smooth or coarsely lobulated. The behav-
ior of the cow can range from anestrus to nymphoma-
nia. In some cases udder development and lactation 
occur in heifers. The ultrasound appearance of a gran-
ulosa cell tumor is shown in Figure  4.18 .    

  Differential  d iagnosis of  c orpus  l uteum 

 It is very important to correctly distinguish ultrasound 
images that resemble a CL. In the following fi gures, 
various images are presented in order to avoid misdi-
agnosis of CL structures with placentomes, ovarian 
abscesses or transverse uterine horn sections (Figures 
 4.19  –  4.21 ).     
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     Figure 4.19.     Differential diagnosis of corpus luteum with a placentome (7.5   MHz probe; depth of 5   cm). A: Placentome; B: 
CL; 1: Placentome; 2: Luteal tissue; 3: Echogenic central zone.  

     Figure 4.20.     Differential diagnosis of corpus luteum with an ovarian abscess (7.5   MHz probe; depth of 5   cm). A: Ovarian 
abscess; B: CL; 1: Abscess; 2: Follicle; 3: Corpus luteum.  
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     Figure 4.21.     Differential diagnosis of cavitary corpus luteum (CCL) with the uterine horn in transverse section (7.5   MHz 
probe; depth of 5   cm). A: Transverse section of the uterus in the estrous phase; B: CCL; 1: Myometrium; 2: Endometrium; 3: 
Uterine lumen with anechoic liquid; 4: Vascular layer of the myometrium; 5: Luteal tissue; 6: Cavity of the CL.  

  Use of Color  D oppler 
to Monitor Ovarian 
Blood Flow 
 Physiological angiogenesis plays an essential role in 
the female reproductive system. Hemodynamic 
changes are involved in the cyclical remodeling of 
ovarian tissue that occurs during fi nal follicular growth, 
ovulation, and development of a new corpus luteum 
(CL)  3,9,12  . 

 Color Doppler ultrasonography is a useful, noninva-
sive technique for evaluating ovarian vascular func-
tion, allowing a visual observation of the blood fl ow in 
a delimited area in the wall of the preovulatory folli-
cle  9,36   or within the corpus luteum  3,36,38  . 

 In this section, recent observations of real - time 
changes in the ovarian blood fl ow during the estrous 
cycle will be described using data that investigated 
hemodynamic changes in the local blood fl ow in indi-
vidual follicles and CL of the cow using color Doppler 
ultrasonography. 

  Changes in the  o varian  b lood  fl  ow 

  Follicular  g rowth 

 A recent study, which examined the presence of blood 
fl ow for each follicle  > 2.5   mm in diameter during the 

fi rst follicular wave in cycling cows, demonstrated that 
the percentage of follicles with detectable blood fl ow in 
the subsequently determined largest follicle was not 
different from that in the second largest follicle before 
follicular deviation  1   (Figure  4.22 ). In the second largest 
follicles, the percentage of follicles with detectable 
blood fl ow signifi cantly decreased after follicular devi-
ation. From 1 day before the occurrence of follicular 
deviation, the diameter of small follicles with detect-
able blood fl ow was larger than those without detect-
able blood fl ow  1   (Figure  4.23 ). The data suggest that the 
change of blood supply to an individual follicle closely 
relates to follicular growth, selection, and atresia.    

  Ovulation 

 Ovulation or rupture of the follicular wall is one of the 
most dramatic morphological changes in the ovary. 
Analysis of the real - time changes in the local blood 
fl ow detected in the theca externa of preovulatory 
follicles showed that blood fl ow rapidly increased 
around the initiation of the LH surge and reached its 
maximum before ovulation  2   (Figure  4.24 ). The data 
suggest that a synchronous increase in local blood fl ow 
within the follicular wall concomitant with the initia-
tion of the LH surge may be closely associated with the 
structural and functional changes of the follicular wall 
during the process of ovulation.    
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     Figure 4.22.     Color Doppler images of the ovary around the days of follicular deviation. Boxed areas show the largest (upper 
panel), second largest (middle panel) and small follicles (lower panel) at days  − 2, 0, and 3 from follicular deviation. Note that 
the very large follicle shown in days  − 2 and 0 of upper left panel was a regressing dominant follicle of a previous wave. 
Enlarged boxed images in the lower right show typical changes in detectable blood fl ow. Arrow indicates areas with detect-
able blood fl ow within the follicle wall. Before follicular deviation (day  − 2), blood fl ow was detected in the largest, second 
largest, and small follicles. After follicular deviation (days 0 and 3), blood fl ow disappeared in the second largest follicle and 
small follicle. Scale bar represents 1   cm.  Reproduced with permission of the Society of Reproduction and Development from 
Acosta et al. (2005)  1  .   
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     Figure 4.23.     Changes in the follicular diameter and blood 
fl ow of small follicles around the day of follicular deviation. 
Diameter of the follicle with detectable blood fl ow (dia-
monds) and with undetectable blood fl ow (squares). Data are 
means    ±    SEM for each time period. Asterisks  *  *  * : p    <    0.001 
versus values of small follicles with detectable blood fl ow. 
 Reproduced with permission of the Society of Reproduction 
and Development from Acosta et al. (2005)  1  .   
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     Figure 4.24.     Images of the time - related changes in blood fl ow in the preovulatory follicle with spontaneous ovulation. Images 
were obtained at 30   h before LH surge, LH surge, 24   h after LH surge, and postovulation. At 24   h after LH surge, highly active 
blood fl ow surrounding the preovulatory follicle was observed.  Reproduced with permission of BioScientifi ca from Acosta 
et al. (2003)  2  .   

   CL   d evelopment 

 The CL is one of the most highly vascularized 
organs and receives the greatest rate of blood fl ow per 
gram of tissue of any organ in the body  54  . During CL 
development, the blood fl ow surrounding an early 
corpus luteum gradually increases in parallel with the 
increase in CL volume and plasma progesterone con-
centration  2  . The data suggest that blood fl ow is closely 
associated with the potential to produce and release 
progesterone.  

   CL   r egression 

 Studies, which evaluated the ratio of the colored area 
in a sectional image of the CL as a quantitative index 
of the changes in blood fl ow, demonstrated that a clear 
increase in blood fl ow surrounding the CL was 
observed on days 17 – 18 after estrus, followed by a 
decrease in plasma progesterone level 1 day later  37,45   
(Figure  4.25 ). This increase in luteal blood fl ow coin-
cided with an acute increase in plasma levels of PGFM, 
a metabolite of prostaglandin F 2 α   (PGF 2 α  )  24,45   (Figure 
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     Figure 4.25.     Images of the luteal blood fl ow during spontaneous luteolysis. Images were obtained at day 14, 17, 19, and 21 
of the estrous cycle. Clear increase in blood fl ow surrounding the corpus luteum was observed at day 17.  Reproduced with 
permission of the Society of Reproduction and Development from Miyamoto et al. (2006)  36  .   

 4.26 ). Furthermore, blood fl ow within the midcycle CL 
acutely increased within 30   min after injection of a 
luteolytic dose of PGF 2 α  , and remained high up to 2   h 
after PGF 2 α   injection  3   (Figure  4.27 ). These results clearly 
suggest that the drastic increase in luteal blood fl ow, 
which was induced by PGF 2 α   released from the uterus, 
is a key phenomenon of the onset of luteal regression. 
Changes in ovarian blood fl ow (BF) during the estrous 
cycle of cows are summarized in Figure  4.28 .     

  Cystic  o varian  d egeneration 

 A mature follicle may fail to ovulate but continue to 
grow and persist for 10 days or more, at which point 
it is considered a cyst. These may be follicular cysts 
with a thin follicular wall, or luteinized cysts with 
thicker luteal walls  15  . Generally, gonadotropin releas-
ing hormone (GnRH) analog or human chorionic 
gonadotrophin (hCG) is used to treat follicular cysts 
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     Figure 4.27.     Images of the luteal blood fl ow during PGF 2 α   - induced luteolysis. Images were obtained at pre - PGF 2 α  , 0.5, 2, 
and 24   h after PGF 2 α   administration on day 10 of the estrous cycle. Increase in blood fl ow surrounding the corpus luteum was 
observed at 0.5 and 2   h after PGF 2 α  .  Reproduced with permission of the Society of Reproduction and Development from 
Miyamoto et al. (2006)  36  .   
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     Figure 4.26.     Changes in luteal blood fl ow area and plasma PGFM during spontaneous luteolysis. Luteal blood fl ow area is 
denoted with bars, and PGFM concentrations are marked with a solid line. Means    ±    SEM are presented. Asterisks indicate 
values statistically different compared with baseline (p    <    0.05).  Reproduced with permission of BioScientifi ca from Shirasuna 
et al. (2008)  45  .   



     Figure 4.28.     Changes in ovarian blood fl ow (BF) during the estrous cycle. 1) BF surrounding the CL increases acutely in 
response to PGF 2 α   released from the uterus at 17 – 18 days after estrus. This acute increase in BF is a sign of initiation of luteal 
regression. 2) Decrease in BF surrounding the CL is observed during luteal regression. 3) After the LH surge, BF rapidly 
increases within the follicular wall of the preovulatory follicle. 4) Detectable BF surrounding the follicle is also observed in 
the developing follicles of the fi rst follicular wave. 5) However, unselected follicles lose BF and become atretic. 6) During CL 
formation, a gradual increase in BF surrounding the early CL is concomitant with an increase in plasma progesterone level.  

     Figure 4.29.     Color Doppler images of a follicular cyst (A) and a luteal cyst (B). Note the clear luteinized wall of the luteal 
cyst between the cavity and the detectable blood fl ow. In follicular cysts, blood fl ow appears very close to the cystic cavity. 
 Reprinted with permission from Elsevier, from Matsui and Miyamoto, Evaluation of ovarian blood fl ow by color Doppler 
ultrasound: Practical use for reproductive management in the cow. Vet Journal (2008).   
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and PGF 2 α   or its analog are used to treat luteinized 
cysts. Since treatment for ovarian cysts depends on the 
classifi cation of the cyst, a color Doppler US is one of 
the most effective applications to confi rm the thickness 
and blood fl ow of the wall of ovarian cystic structures 
(Figure  4.29 ).     

  Ultrasound Use in 
Reproduction 
Synchronization 
Protocols for Dairy 
Cattle: Two Perspectives 
  First  p erspective ( C olloton and 

 D es C  ô teaux) 

 The use of synchronization protocols has dramatically 
changed breeding management for dairy cattle. These 
authors believe that ultrasound can be used to great 
advantage to improve results in synchronization 
programs. 

  Reproductive  t ract  h ealth 

 Ultrasound is a more accurate assessor of uterine 
and ovarian health than palpation  17,34,46,53  . Naturally, 
animals with reproductive tract pathology will 
have poor conception regardless of the synchroniza-
tion method used. An ultrasound examination prior 
to beginning a synchronization protocol will identify 
these animals before time and money is spent on 
drugs and insemination. These authors believe that 
on farms with excellent cow health, good manage-
ment, and good records, postpartum examinations 
can be reserved only for cows with a history of 
dystocia, retained placenta, metritis, or metabolic 
disease.  

  Anovular  c ows 

 Ultrasound can help estimate the proportion of anovu-
lar cows at breeding time, particularly when a presyn-
chronization protocol (PreSynch) is used  7,46  . A typical 
PreSynch protocol is to give cows two prostaglandin 
(PG) injections at 2 - week intervals prior to beginning 
the OvSynch program (GnRH - PG - GnRH) 12 to 14 days 
after the second prostaglandin injection. Under this 

protocol almost all cycling cows should have a CL on 
the day the OvSynch portion of the protocol is started. 
Ultrasound is a very accurate method to detect the 
presence or absence of a CL  34,46  . High rates of anovular 
cows indicate herd management problems that must 
be addressed to improve fertility.  

  Protocol  s election 

 Ultrasound can help choose which synchronization 
protocol is most appropriate  6 – 8  . There is considerable 
evidence that the presence of progesterone improves 
response to ovulation synchronization protocols  7,11,35,49,52  . 
Healthy cows in good condition, but with no CL, 
benefi t from the inclusion of an intravaginal progester-
one releasing device in the protocol  52  . Cows with a CL 
likely will not benefi t from adding the expense and 
inconvenience of such a device. This was demonstrated 
in a study from Galvao et al. (2007)  20   and summarized 
in the following: 

   •      For cows with CL and ovulation at the fi rst injec-
tion of GnRH (G1), the 38 - day pregnancy rate was 
42.2%.  

   •      When the CL was present but no ovulation was 
recorded at G1, pregnancy rate was 37.7%.  

   •      For cows that had no CL at G1 but had ovulated 
after G1, pregnancy rate was 27.6%.  

   •      When no CL and no ovulation were recorded at G1, 
the pregnancy rate was only at 15.4%  20  .     

  Pregnancy  d iagnosis 

 Early pregnancy examinations with ultrasound can 
return open cows to the breeding pool as quickly as 
possible. Data from the University of Wisconsin  19   indi-
cates that approximately 32 days postbreeding is an 
optimal time to resynchronize open cows.  

  Limitations 

 There is evidence indicating improved conception 
rates if the fi rst GnRH injection (G1) of the OvSynch 
protocol produces an ovulation  20  . Ultrasound can be 
used to determine whether there is a potentially ovular 
follicle (greater than 8   mm) on the day of G1. However, 
these authors do not feel that this is an accurate predic-
tor of whether an ovulation will indeed occur. Because 
of this, and since the presence or absence of a CL 
appears to be more signifi cant than whether an ovula-
tion occurs after G1, these authors feel it is simpler and 
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saves time to base protocol selection only on the pres-
ence or absence of a CL. 

 As ultrasound units improve, particularly with the 
addition of a color Doppler component, it may be pos-
sible in the future to more accurately assess ovulation 
potential of follicles. Also, as more synchronization of 
ovulation research is done new ways may be found to 
utilize ultrasound to improve results.   

  Second  p erspective ( G nemmi) 

 Many scientists and practitioners consider routine 
postpartum examinations useless. This author, how-
ever, considers ultrasonographic evaluation of the 
reproductive tract before implementing any synchro-
nization program essential to improve the pregnancy 
rate of dairy herds. 

  Reproductive  t ract  h ealth in 

the  p ostpartum  p eriod 

 The fi rst ultrasonographic evaluation must be done 
after 10 days postpartum in order to assess the uterine 
condition (presence/absence of metritis/endometritis) 
and, most importantly, to determine whether ovarian 
activity has resumed. The higher precision of the ultra-
sound exam compared to manual palpation for identi-
fi cation of a CL after 25 days of the postpartum period 
enables a higher success rate of the PreSynch protocol. 
Moreover, identifying the presence of dominant folli-
cles is not possible without ultrasound.  

   E uropean  U nion  r estrictions  r egarding  h ormone 

 u se  i mpose  s erious  q uestions 

 Without precise ovarian evaluations too many proges-
terone devices are used in cycling cows with already 
high progesterone levels. This empiric method causes 
animal welfare problems and public health concerns. 
Beginning in October 2006, European Union restric-
tions regarding hormone use stimulated serious chal-
lenges. Can the use of hormones be optimized? Is it 
possible to establish when prostaglandin, GnRH, or 
slow progesterone release devices are really necessary 
in cows? 

 Protection of the health of consumers and respect of 
the animal welfare guidelines must push researchers 
and practitioners to look for new strategies. Using 
ultrasonography in synchronization programs is defi -
nitely a great approach to reconcile ethical, medical, 
and economic concerns and guarantee the production 

of good quality products through carefully limited use 
of hormone treatments.  

  Protocol  s election with the  u se of 

 u ltrasonographic  e xaminations 

 There are two basic types of synchronization 
programs: 

  1.     Synchronization of estrus  
  2.     Synchronization of ovulation    

 Synchronization of estrus is generally obtained with 
the use of prostaglandins followed by timed insemina-
tion. The time elapsing between the administration of 
prostaglandin and estrus depends on the diameter of 
the dominant follicle at the time of administration. In 
animals with two or three follicular wave cycles, the 
deviation of the fi rst dominant follicle generally occurs 
4 or more days after ovulation, when the follicle has a 
diameter of 8   mm. This is considered the minimum size 
for the follicle to ovulate since the quantities of LH 
receptors are suffi cient to respond to LH. Manual iden-
tifi cation of an 8   mm follicle is diffi cult, which justifi es 
the use of ultrasonography. 

 Synchronization of ovulation can be induced using 
programs that combine the use of GnRH, prostaglan-
din, and sometimes a progesterone releasing device 
(OvSynch, PreSynch, CIDRsynch and similar proto-
cols). Cows treated with OvSynch have similar concep-
tion rates to those obtained by insemination after 
natural heat recognition  40,43  . To use this system of syn-
chronization it is best to have a cycling cow with an 
active CL that remains functional for at least 7 days 
between the administration of the fi rst GnRH (G1) and 
the prostaglandin. Moreover, the cow needs the pres-
ence of a functional dominant follicle to ovulate after 
the fi rst GnRH administration. About 30% of all cows 
treated with OvSynch do not synchronize and there-
fore will not get pregnant  14,40,52  . Such a synchronization 
protocol works best in cows with two follicular wave 
cycles. Thus OvSynch is more appropriate in dairy 
cows and water buffalo but it is not as suitable for beef 
cows and zebu with three follicular waves per cycle. 

 If it is true that the presence of a CL is crucial, it is 
also true that the conception rate with OvSynch varies 
notably according to the age of the CL  43   (Table  4.1 ). 
Therefore, it is important to combine ultrasonographic 
examinations with the use of the OvSynch protocol.   

 From this table we note that the ovulatory response 
after the fi rst GnRH injection changes according to the 
age of the CL and dimensions/age of the dominant 
follicle. During the fi rst 4 days of the ovarian cycle, 
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recruitment of follicles takes place in the absence of a 
dominant follicle. The presence of only small follicles 
( < 8   mm) is responsible for the low ovulation response 
typical of this period  39,44,52  . After day 4, follicular devia-
tion takes place by which one dominant (two in the 
case of codominance) follicle grows more than the 
other follicles. Between day 5 and day 10 of the cycle 
there is usually a dominant follicle larger than 10   mm 
and, of course, a CL, which explains the high ovulation 
rate to GnRH given at this time. This is the best moment 
to start a synchronized ovulation program like 
OvSynch. The synchronization response is optimal 
when all prerequisite conditions for successful fertil-
ization have been met  39,44,52  . 

 Between day 11 and day 16 of the estrous cycle the 
ovulation response to GnRH is variable because the 
dominant follicle of the fi rst or second follicular wave 
may or may not ovulate if atresia has begun. During 
this period, it is very easy to detect the mature CL by 
transrectal palpation only, since it has reached its 
maximum diameter. However, the presence of a large 
CL can make transrectal identifi cation of relatively 
smaller follicles (even 8 – 13   mm) more diffi cult. The 
presence of follicles  ≥ 8   mm and precise assessment of 
their size by ultrasound examination can be used to 
estimate their ovulation potential. This window of time 
is the period where the OvSynch protocol gives 
minimal results because most dominant follicles have 
become atretic. It also explains why cows do not come 
into heat rapidly after a single injection of prostaglan-
din at this time. 

 After day 16 of the cycle, there will again be a domi-
nant follicle that responds to GnRH, but the ovulatory 
response is inferior to the one detected between day 5 
and day 10 of the cycle, probably due to the drop in 
the progesterone level. 

 The PreSynch program can be used provided that 
the cow is cycling, particularly when begun in the 
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 Table 4.1.    
 Ovulatory response after the fi rst  G  n  RH  injection at 
the start of an  O  v  S ynch protocol according to days 

after ovulation   (adapted from Pursley, Michigan 
State University)   

   Age of the Corpus 
Luteum  

   Ovulatory Response at First 
Injection of GnRH  

  1 – 4 days    23%  
  5 – 10 days    96%  
  11 – 16 days    54%  
  17 – 21 days    77%  

presence of a CL. Normally the PreSynch protocol is 
started after day 25 – 28 after calving. The fact that we 
obtain three heats in a 35 – 38 - day period makes this 
synchronization method suitable for therapeutic use in 
cows with endometritis  32,51,55  . When using the PreSynch 
protocol the overall pregnancy rate rises. The reason 
for this improvement is that the double prostaglandin 
injections lead to starting the OvSynch program with 
a CL of 5 – 10 days, which is the optimal period to start 
a synchronized ovulation protocol with GnRH. Note 
that only one single administration of prostaglandin 10 
days before the start of OvSynch does not improve 
reproductive performance  31  . 

 On the international market, slow - release progester-
one devices are sold in different varieties and with 
different recommendations for their use. They are one 
of the best systems to guarantee high conception rates 
in animals in real anestrus or with cystic ovarian 
degeneration. These devices can be inserted intravagi-
nally or under the skin of the ear. There are some 
objective limits to their use, including the expense; the 
anatomical conditions of the site of insertion, which 
may lead to irritations and infections; and other restric-
tions on their use by the European legislation. 

 For all these reasons, this author favors the use of 
ultrasonographic examinations as early as 10 days 
after parturition of all cows in order to make specifi c 
recommendations on the use of rational therapeutic or 
synchronization protocols.    
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  Points to Remember 
     •      Throughout the estrous cycle a transient increase 

in plasma FSH occurs periodically every 7 – 10 days 
and is responsible for the recruitment of a cohort 
of follicles known as the  follicular wave .  

   •      Growth of ovarian follicles beyond 4   mm requires 
FSH and LH stimulation.  

   •      During the estrous cycle of 18 to 24 days, two or 
three follicular waves will develop, and from each 
wave will emerge a single dominant follicle (excep-
tionally two) of 11 – 16   mm.  

   •      Follicular waves are produced continuously during 
the follicular phase and luteal phase and also 
during pregnancy in the cow.  

   •      If the dominant follicle of the last wave grows in 
the presence of declining progesterone concentra-
tion due to luteolysis, it will become the ovulatory 
follicle.  

   •      Follicles over 8   mm generally have suffi cient quan-
tities of LH receptors to ovulate after GnRH/LH 
treatment. Manual determination of an 8   mm 
follicle is diffi cult, thus justifying the use of 
ultrasonography.  

   •      Detectable blood fl ow surrounding a dominant fol-
licle is maintained throughout follicular deviation. 
However, unselected follicles lose blood fl ow and 
become atretic follicles.  

   •      After an LH surge, blood fl ow within the follicular 
wall of a preovulatory follicle rapidly increases.  

   •      During CL development, a gradual increase 
in blood fl ow surrounding the early CL is 
concomitant with an increase in plasma progester-
one level.  

   •      Blood fl ow surrounding a CL acutely increases in 
response to PGF 2 α   released from the uterus at 17 – 18 
days after estrus. This acute increase in blood fl ow 
is a sign of initiation of luteal regression.  

   •      Decrease in blood fl ow surrounding a CL is 
observed during luteal regression.  

   •      During the fi rst 10 days of the ovarian cycle, 30 –
 50% of all corpora lutea will develop a cavity.  

   •      A cavitary corpus luteum (CCL) is considered a 
normal structure producing normal progesterone 
levels. It does not alter the length of the ovarian 
cycle, or reduce the likelihood of pregnancy.  

   •      Using ultrasonography in synchronization pro-
grams is a great approach to reconcile ethical, 
medical, and economic concerns and guarantee the 
production of good quality products through care-
fully limited use of hormone treatments.    

  Summary Questions 
      1.   Which statement is false? 

  a.     Large follicles  > 8   mm are always present in 
active bovine ovaries except for the fi rst few 
days of the cycle.  

  b.     FSH is responsible for recruitment of a cohort 
of follicles known as the  follicular wave .  

  c.     Selection of a single dominant follicle is associ-
ated with a rise in circulating FSH.      

   2.   Which statement is true? The corpus luteum of the 
bovine ovary 

  a.     Is visible by ultrasound at days 3 – 4 of the 
estrous cycle  

  b.     Is rarely seen with a cavity (10 – 20%)  
  c.     Produces less progesterone when a cavity is 

present      

   3.   Which of the following structures can be misdiag-
nosed as a corpus luteum? 

  a.     Follicle  
  b.     Blood vessel  
  c.     Transverse section of a uterine horn      

   4.   When does the second largest follicle during the 
fi rst follicular wave lose detectable blood fl ow? 

  a.     Beginning of follicular emergence  
  b.     After follicular deviation  
  c.     When the dominant follicle reaches maximum 

size      

   5.   When is the drastic increase in blood fl ow sur-
rounding a corpus luteum observed? 

  a.     During luteal formation (3 – 4 days after estrus)  
  b.     Mid - luteal phase (11 – 14 days after estrus)  
  c.     Onset of luteal regression (17 – 18 days after 

estrus)       

  Answers      
  1. c 
 2. a 
 3. c 
 4. b 
 5. c      
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   Introduction 
 Ultrasound examination provides veterinarians with 
the most rapid, thorough, and least invasive method 
of evaluating the health of the uterus  4,28  . Ultrasound is 
more accurate and objective than transrectal palpation 
alone  4  . 

 Before carrying out ultrasound evaluations of the 
uterus it is vital to have adequate knowledge and 
understanding of the anatomical location and struc-
tures of the uterus (see Chapter  3 ). One must also 
remember the normal physiological changes that the 
uterus undergoes during the estrous cycle (tone, vas-
cular changes, edema, endometrial folds, etc.),  12,24   and 
in the postpartum period  14,18,22  . One of the most impor-
tant uses of this examination is to be able to diagnose 
uterine abnormalities and provide follow - up assess-
ment after treatment to ensure that the uterus returns 
to a normal state. 

 In this chapter the most important ultrasound images 
of the uterus in both longitudinal and transverse sec-
tions during the estrous cycle and the postpartum 
period are presented, and the major diseases of the 
bovine uterus are also presented. The advantages of 
color Doppler ultrasound are discussed to provide a 
comparison between this increasingly available tech-
nology and traditional ultrasound of the bovine uterus. 
Finally, the advantages of incorporating a routine 
uterine and ovarian ultrasound evaluation in the post-
partum period are discussed because this method pro-
vides a much more accurate and objective evaluation 
of the postpartum reproductive tract than palpation.  

  Ultrasound of the Uterus 
During the Estrous 
Cycle and Normal 
Postpartum Period 
  Main  s ection  v iews of the  u terus 

  Transverse  s ection  (Figure  5.1 )  

     

     Figure 5.1.     Ultrasonographic image of a transverse section 
of the uterine horn (probe 7.5   MHz; depth 5   cm). 1: 
Endometrium; 2: Myometrium; 3: Vascular portion of the 
uterus; Arrowheads: Edge of the uterus.  
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  Longitudinal  s ection  (Figure  5.2 )  

      

  3.     Edema of the uterus that normally decreases 
between 4 and 5 days after estrus  3,23      

 On the ultrasound monitor these physiological phe-
nomena translate into less uniform gray tones or more 
heterogenicity as well as a swollen or swirled appear-
ance of the uterine wall. There are also more areas of 
the uterus showing dark, anechogenic zones that 
denote areas of edema and increased vascularity under 
the endometrium (Figures  5.3  –  5.5 ) as compared to the 
uterus in diestrus (Figures  5.6 ,  5.7 ). During periestrus 
it is also possible to view a small to moderate quantity 
of mucus in the uterine lumen that appears as a rosette 
due to the presence of transverse sections of endome-
trial folds. At the center of the rosette is a thin, star -
 shaped anechogenic zone, approximately 1 – 2   mm, that 
denotes the presence of liquid in the uterus. Then the 
endometrium itself appears as an approximately 1   cm 
thick gray circle. Finally, an anechogenic area is seen 
under the mucosa. Thus, the entire rosette is seen on 
the screen as three concentric layers of black - gray -
 black (Figure  5.10 ). In some places the lumen may 
appear linear in the shape of a fi ne, wavy thread 
(Figures  5.5 ,  5.23 ).   

 During estrus the endometrial mucosa becomes 
especially echogenic  3   (Figures  5.3  –  5.5 ). Also, the limit 
between the endometrium and the myometrium is 
more obvious because the vascular portion increases 
in size,  8   and the uterine lumen may show a greater 
accumulation of mucus over a longer segment of the 
uterine horns  3,8,23   (Figure  5.5 ). This accumulation of 
liquid may be located in one of the uterine horns for 
up to 48 hours after estrus and give a false impression 
of early gestation (Figure  5.3 ). To avoid a false positive 
diagnosis of pregnancy the ovaries should be exam-
ined for the presence of a corpus luteum, the breeding 
history should be consulted, and the typical ultrasound 
evidence of gestation must be validated (see Chapter 
 6 ) before making a fi nal diagnosis  4  . 

 Some of these typical images of the uterus in peries-
trus may also be encountered with a follicular cyst. 
This will have to be confi rmed by an ultrasound exami-
nation of both ovaries (Chapter  4 ).  

  Diestrus 

 During diestrus the circulating progesterone levels 
bring the uterus back to a state of calm, preparing it 
for the implantation of an embryo if fertilization 
occurred during estrus (see Chapter  6 ). The uterus 
loses its tone, becomes thinner and normally loses the 
endometrial liquid. Figures  5.6  and  5.7  show the normal 

     Figure 5.2.     Ultrasonographic image of a longitudinal 
section of the uterine horn (probe 8   MHz; depth 6   cm). 1: 
Endometrium; 2: Myometrium; Arrowheads: Edge of the 
uterus.  

  Ultrasound  a ppearance of the  b ovine 

 u terus during the  e strous  c ycle 

 The cyclical variations in circulating levels of proges-
terone and estrogen (Chapters  3  and  4 ) are responsible 
for the changes in the ultrasound appearance of the 
uterus during the estrous cycle. 

  Periestrus ( p roestrus,  e strus, 

and  b eginning of  m etestrus) 

 During this period ( − 3 days to +4 days from estrus), 
which is characterized by a high level of circulating 
estrogen, the cervix partially opens, the uterus has 
increased tone, its walls are thicker, and the apex of the 
uterine horns unfold or are longer than during dies-
trus  3,8,12,23  . These modifi cations of the uterus are even 
more noticeable in camelids (Chapter  12 ). 

 These changes are caused by the following: 

  1.     Increased blood circulation in the uterus (see 
section on color Doppler ultrasound later in this 
chapter)  

  2.     Secretion of mucus by cells of the endometrial 
glands during proestrus and estrus  4,8  ; this mucus 
facilitates the transfer of sperm to the oviducts  4    
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     Figure 5.3.     Ultrasonogram of two edges of a uterine horn in transverse section in a cow during estrus (probe 8   MHz; depth 
4   cm). Note the considerable accumulation of endometrial mucus in the lumen of the uterus and the typical swollen appear-
ance of the uterine wall in periestrus. 1: Endometrium; 2: Myometrium; 3: Vascular portion of the uterus; 4: Lumen of the 
uterus containing mucus; Arrowheads: Edge of the uterus.  

ultrasound appearance of the uterine horns during 
diestrus. Compare these to Figures  5.4  and  5.5 , which 
show images of the bovine uterus during periestrus.     

  Ultrasound  a ppearance of the  n ormal 

 p ostpartum  b ovine  u terus 

 Ultrasound examination of the postpartum uterus has 
allowed us to study the rate of involution according to 
parity and in the presence of any pathological condi-
tions. In normal conditions with no complications 

(retained placenta, metritis, endometritis, and ovarian 
cysts), the bovine uterus completes its involution on 
average at day 23 in primiparous cows and day 27 in 
pluriparous cows  5   and at the latest at day 42 after 
parturition  17,22  . 

 Figures  5.8  –  5.10  show the uterus during involution. 
Note the ultrasound appearance of the images obtained 
with a 5 to 7.5   MHz linear probe. In the fi rst days after 
parturition, the caruncles can be seen (hyperecho-
genic), along with liquid in the uterine lumen and 
thickened uterine horns with a swollen and very non-
uniform echogenic appearance.     
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     Figure 5.4.     Sonograms of transverse (A) and longitudinal (B) sections of a uterine horn in a cow during proestrus (A: probe 
10   MHz, depth 3   cm; B: probe 8   MHz, depth 4   cm). Note the thickness of the myometrium and its uniform ultrasound appear-
ance, the swollen appearance of the endometrium and the slight accumulation of endometrial mucus in the uterine lumen in 
the longitudinal section. 1: Endometrium; 2: Myometrium; 3: Vascular portion of the uterus; 4: Uterine lumen containing 
mucus; Arrowheads: Edge of the uterus.  

     Figure 5.5.     Sonograms of transverse (A) and longitudinal (B) sections of a uterine horn in a cow during estrus (probe 10   MHz; 
depth 4   cm). Note the thickness of the endometrium, the swollen appearance of the uterus, the hyperechogenicity of the endo-
metrial mucosa, and the greater accumulation of endometrial mucus in the lumen in the transverse section. 1: Highly echogenic 
endometrium; 2: Myometrium; 3: Vascular portion of the uterus; 4: Lumen of the uterus containing mucus; Arrowheads: edge 
of the uterus.  
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     Figure 5.6.     Sonograms of transverse sections of uterine horns during diestrus at day 8 (A) and day 15 (B) of the estrous cycle 
(probe 8   MHz; depth 4.5   cm). Note the decreased thickness of the uterus and the reduced distinction between the endometrium 
and the myometrium due to more uniform echogenicity and the absence of liquid in the lumen. 1: Endometrium; 2: Myometrium; 
Arrowheads: Edge of the uterus.  

     Figure 5.7.     Sonograms of longitudinal sections of uterine horns during diestrus at day 8 (A) and day 11 (B) of the estrous 
cycle (probe 8   MHz; depth 4.5   cm). Note the reduced distinction between the endometrium and the myometrium in diestrus 
compared to periestrus in Figures  5.4 B and  5.5 B. B: In this ultrasonogram a transverse cut of a portion of the uterine horn 
(arrowhead) can also be visualized under the longitudinal section of the uterus. 1: Endometrium; 2: Myometrium; 3: Edge of 
the uterus; Arrowhead: Transverse section of the uterus.  
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     Figure 5.8.     Ultrasonograms of normal uterine involution between 7 and 10 days postpartum. Note that the diameter of the 
uterine horn between the edges of the uterus is approximately 7   cm. A: probe 7.5   MHz, depth 8   cm; B: probe 5   MHz, depth 
8   cm; 1: Thickened endometrium; 2: Thickened highly echogenic myometrium; 3: Normal liquid (lochia); Arrowheads: Edge 
of the uterus.  

     Figure 5.9.     Ultrasonogram of a normal uterine involution in longitu-
dinal view at 15 days postpartum (probe 5   MHz; depth 10   cm). Note the 
presence of liquid in the uterine lumen, a thickened uterine horn (espe-
cially the endometrium and to a lesser extent the myometrium). The 
diameter of the uterine horn is 5   cm at the level of the great curvature. 
1: Endometrium; 2: Highly echogenic myometrium; 3: Normal liquid 
(lochia); Arrowheads: Edge of the uterus.  
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     Figure 5.10.     Ultrasonogram of a normal uterine horn in 
transverse view between 20 and 25 days postpartum (probe 
7.5   MHz; depth 5   cm). Note that the appearance of this uterus 
resembles the one of a cow in periestrus  (Figures  5.4 A and 
 5.5 A) . The diameter of the uterine horn is 3   cm and the mac-
roscopic involution seems to be completed. 1: Endometrium; 
2: Myometrium; 3: Vascular portion of the uterus; Arrowheads: 
Edge of the uterus.  

     Figure 5.11.     Schematic representation of the pelvic area of 
a cow and the position of the ultrasound transducer during 
Doppler sonographic examination of the left uterine artery. 
From Herzog and Bollwein (2007)  15  , Blackwell Publishing. 
The uterine arteries can be found by following a systematic 
technique. With the ultrasound transducer oriented trans-
versely and the face dorsally, the aorta can be easily found 
and followed caudally. At the level of the branching of the 
aorta, the external iliac artery can be identifi ed coursing cau-
doventrally next to the body of the ilium. Proceeding cau-
dally, the artery (A.) iliaca interna is observed. A common 
stem for the A. umbilicalis and the A. uterina is detectable 
about 4   cm caudal to the origin of the A. iliaca interna from 
its ventral wall. Because the A. umbilicalis is canalized only 
in its proximal 5   cm, the A. uterina is the functional continu-
ation of the A. umbilicalis. The umbilical artery gives rise to 
a small vessel supplying the ureter  29  . The A. uterina repre-
sents the main supply of the uterus and shows a diameter of 
2.8 to 5.0   mm in nulliparous, nonpregnant animals  5,22  . During 
pregnancy the diameter of the A. uterina can reach 10 to 
12   mm. The A. uterina can be found within the mesometrium 
as a movable arterial vessel. Near its origin from the umbili-
cal artery, the A. uterina can be visualized with the color 
Doppler technique. 1: Uterus; 2: Ultrasound probe; 3: A. 
iliaca interna; 4: Aorta; 5: Left external iliac artery; 6: Left 
umbilical artery; 7: Ovary; 8: Left uterine artery.  

  Color  D oppler Sonography 
of the Uterine Blood Flow 
  Localization of  u terine  a rteries 

 Uterine blood circulation can be studied by transrectal 
color Doppler sonography of both uterine arteries 
(Figure  5.11 )  2,15  .    

  Equipment,  a djustments, 

and  t erminology 

 Transrectal pulsed Doppler ultrasound examinations 
of both uterine arteries take about 30 minutes for each 
cow. The Doppler measurements (Figure  5.12 ) can be 
performed using a Doppler ultrasound device equipped 
with a 7   MHz microconvex probe.   

  Adjustments of the  e quipment and  t erminology   15    

 The size of the Doppler gate, which determines the 
location and area from which Doppler information is 
processed and displayed, should be adjusted to the 
diameter of the uterine artery (A. uterina). All blood 
fl ow velocity waveforms should be obtained at an 

interrogation angle between Doppler ultrasound beam 
and fl ow direction from 20 to 60 degrees. The analysis 
is based on the envelope of the Doppler shift spectrum 
(Figure  5.13 ).    

  Terminology and  p arameters  2,20   

 The following parameters are suitable for measure-
ments of uterine blood fl ow in cycling cows: the time 
averaged maximum velocity (TAMV), the Doppler 
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     Figure 5.12.     Doppler sonography of the right uterine artery (UA) in a cow 7 days after insemination. From Herzog and 
Bollwein (2007)  15  , Blackwell Publishing. A: Uterine artery systolic peak frequency shift (S) and diastolic frequency shift (D); 
B: Uterine artery (UA) with Doppler gate (DG) and interrogation angle ( α    =   alpha) between Doppler beam (DB) and fl ow 
direction (FD).  

     Figure 5.13.     Schematic view of a Doppler wave with maximum systolic (S), minimum diastolic (MIN), end - diastolic (ED), 
and time averaged maximum frequency shift (TAMF) during one cardiac cycle and formulas for determination of time aver-
aged maximum velocity (TAMV); alpha ( α )   =   interrogation angle between Doppler beam and blood fl ow direction, Doppler 
indices resistance index (RI), and pulsatility index (PI). From Herzog and Bollwein (2007)  15  , Blackwell Publishing.  
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indices resistance index (RI) and pulsatility index (PI). 
Due to the limited size of the uterine arteries, a reliable 
measurement of vessel area is not possible; therefore, 
the uterine blood volume fl ow can not be established 
accurately in cycling cows. 

 Blood fl ow is typically evaluated semiquantitatively 
using the so - called  “ Doppler indices. ”  These indices 
are not a direct measure of blood fl ow, but describe the 
resistance to blood fl ow in vessels peripheral to the 
vessel being examined. As the values increase, so does 
blood fl ow resistance and vice versa  6  . The Doppler 
indices are relative quantities obtained from the 
maximum systolic (S), minimum diastolic (Min), end -
 diastolic (ED) or mean frequency shift (Mean) during 
one cardiac cycle  16  . This means that knowledge of the 
angle  α , which is required for determination of blood 
fl ow velocity, is not required.   

  Uterine  b lood  fl  ow  c hanges during 

 e strous  c ycle and  e arly 

 p regnancy in  c ows 

  Estrous  c ycle 

 A study of cows that were examined during the estrous 
cycle showed that uterine blood fl ow had a character-
istic pattern (Figure  5.14 ) with the highest TAMV 
values during proestrus and estrus and lowest values 
on day 1 (ovulation   =   day 0). TAMV stayed at a fairly 
constant level during early diestrus and mid - diestrus 

and had started to increase already at the end of dies-
trus. In this study, the cycle - associated changes in 
uterine blood fl ow velocity correlated with the plasma 
concentration of total estrogens, although the correla-
tion was only moderate.    

  Early  p regnancy 

 In pregnant cows, changes in uterine blood supply can 
be observed during the fi rst 3 weeks after insemination 
compared to cycling cows (Figure  5.15 ). There is an 
initial short - term rise in uterine blood supply on day 
11, which is followed by a decline until day 18. The 
reasons for these phenomena are unclear. Because no 
relationship could be observed with peripheral sexual 
steroid hormone levels, the alterations in uterine perfu-
sion seem to be caused by local embryo - maternal 
interactions.   

 Previous studies have suggested that older animals 
are less fertile because of a low uterine perfusion  7  . In 
human medicine, the resistance to uterine artery blood 
fl ow is used to predict a hostile uterine environment 
prior to embryo transfer  27  . Goswamy and Steptoe 
(1988) treated women with a high resistance to uterine 
blood fl ow with estrogens and noticed an improve-
ment in uterine perfusion and a trend toward higher 
pregnancy rates  13  . 

     Figure 5.14.     Variation of the uterine blood fl ow during the 
course of the estrous cycle in cows.  From Herzog and 
Bollwein (2007)  15  , Blackwell Publishing.  Changes of time 
averaged maximum velocity (TAMV) from the uterine arter-
ies and of total estrogens. Values are means    ±    SEM of 4 cows 
and 2 estrous cycles. Values with asterisks differ from those 
of the previous measurements (P    <    0.05).  

38 0,20

32

35

38

* 0,16

0,18

0,20

26

29

0,12

0,14

0,16

17

20

23

cm
/s

]
TA

M
V

 [
c

*
0,08

0,10

0,12

14

17

0

*
0,06

0,08

0

p
m

o
l/m

l]
ro

g
en

s 
[p

To
ta

l e
st

r
T

Day of estrous cycle
Ovulation

-1-2-3-40 4 7 10 131 2
0 0

     Figure 5.15.     Changes of time averaged maximum velocity 
(TAMV) from the uterine artery ipsilateral to the corpus 
luteum in cycling (green line) and pregnant cows (red line). 
From Herzog and Bollwein (2007)  15  , Blackwell Publishing. 
Values are means    ±    SD of 14 cycling cows and 18 pregnant 
cows. Values with different symbols (#, * ) and letters (a,b) 
differ (P    <    0.05).  
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 Due to the relatively high interindividual variability 
of TAMV and PI values both during estrous cycle and 
early pregnancy, the use of color Doppler sonography 
is not clinically helpful for an early pregnancy detec-
tion in cows.    

  Ultrasound of the 
Postpartum Abnormal 
Uterus and Vagina 
 The principal pathologic conditions of the uterus 
are infectious. Acute puerperal metritis, endometritis, 
pyometra, and abscesses are the most frequent 
infectious problems of the uterus. Other noninfectious 
pathologic conditions of the uterus that can be diag-
nosed with ultrasound are mucometra and pneu-
mouterus. Gestational abnormalities may also be 
encountered, such as death of the embryo or a mum-
mifi ed fetus (see Chapter  6 ). Lymphosarcoma may 
infi ltrate the uterine wall and create a thickened uterus 
with multiple masses. 

 The main vaginal abnormalities that can be viewed 
with ultrasound are urovagina, pneumovagina, hema-
toma, abscesses, and vaginitis. Some of these abnor-
malities do not need ultrasonographic examinations to 
confi rm their diagnosis because transrectal and vaginal 
examinations are generally adequate. The ultrasono-
graphic examination may help to differentiate between 
a hematoma and a vaginal abscess when the history of 
the cow is not readily available to the practitioner. It 
can also assist in the differentiation of vaginitis and 
clinical endometritis or metritis when vaginal dis-
charge is present. 

  Routine  e valuation of the 

 p ostpartum  u terus 

 The value of routine postpartum evaluation of the 
reproductive tract is controversial. In well - managed, 
healthy herds such examinations may cost more than 
the small benefi t they would provide. In such herds 
good record systems fl ag problem cows and PreSynch 
protocols are often used. In these herds perhaps only 
cows with a history of dystocia, retained fetal mem-
branes, puerperal metritis, and metabolic problems 
must be examined for uterine health prior to 
breeding. 

 However, most veterinarians work with herds that 
do not achieve this standard of excellence. In these 

herds routine postpartum and prebreeding examina-
tions may be justifi ed. 

 There are also regional differences in the manage-
ment of reproductive programs. In North America 
there is a tendency to manage the entire herd as a 
single unit. In some European countries individual 
cow management is more common. Animal welfare 
regulations in some countries also make individual 
cow management more acceptable and expected by 
producers. 

 In any case, research has indicated that palpation 
does not have economic benefi ts for these examina-
tions. Ultrasound provides a much more accurate and 
objective evaluation of the postpartum reproductive 
tract than palpation. 

  Ultrasound  u terine  e valuation during the  fi  rst 

10  d ays after  p arturition 

 Based on our experience, the ultrasound appearance of 
the uterus within the fi rst week after calving is not 
obviously different in the normal and pathological 
uterus. Thus, the practitioner should use other more 
obvious clinical signs (cow off - feed, fever, malodorous 
vaginal discharge, etc.) to establish the fi nal diagnosis 
of an acute puerperal metritis (Figure  5.16 ).    

  Ultrasound  u terine  e valuation between 10 

and 21  d ays after  p arturition 

 Ultrasound evaluation is the best cow - side diagnostic 
tool to evaluate the physiopathological conditions of 
uterus and ovary in the early postpartum period. Table 
 5.1  presents the diagnostic sensitivity of different 
examination methods available to bovine practitioners 
to detect infectious pathological conditions of the early 
postpartum uterus  9,10,12,21,25,26  .   

 When a uterine infection is diagnosed it is important 
to establish whether the cow has metritis or endome-
tritis. In a case of metritis, the infl ammatory process 
involves both the endometrium and the myometrium 
(Figure  5.17 A). In cases of endometritis the infl amma-
tion is limited to the endometrium (Figure  5.17 B). The 
correct diagnosis helps to select therapy and to propose 
reevaluation plans of the affected cow.   

 In some cows, the ovarian cycle starts as early as day 
12. This fi rst heat is generally silent in most cows but 
it is a very good indicator for the prognosis of the 
pathologic uterus because uterine health generally 
improves after estrus. 

 Starting at around 15 days after parturition, the 
ultrasound evaluation of the ovary may detect the 
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 Table 5.1.    
 Diagnostic sensitivity ( S  e ) of different examination methods to detect infectious pathological conditions of the uterus in 

the early postpartum period in cows   (adapted from Miller et al. 1980; Gilbert 1992, 2005, 2006; Ginther 1998; Sheldon et al. 
2002; Riddle 2004)   

   Examination Methods     Se     Comments  

  Transrectal 
examination  

  22%    Quick but not accurate method. The sensitivity of this method is too low to make an adequate 
clinical assessment of the uterus.  

  Vaginal speculum    60 – 80%    Accurate method but impractical because the reusable speculum needs to be disinfected 
between cows. It is possible to use a disposable cardboard speculum but this increases the 
cost to the producer. Hygienic preparation required prior to the exam is another limiting 
factor.  

  Vaginal evaluation 
with a gloved hand  

  60 – 80%    Accurate method but the compliance to hygienic conditions during the execution of the exam 
makes this method impractical. False negatives occur when there is no liquid in the 
vestibule.  

  Metricheck    60 – 80%    Accurate method but false negatives occur when there is no liquid in the vestibule. It also 
requires disinfection of the instrument between cows.  

  Cytology    95%    Accurate method but not a cow - side test. Data are not in real time, making this method 
impractical for day - to - day use.  

  Ultrasonography    94%    Accurate method with very high sensitivity and specifi city. Quick diagnosis in real time. 
Changing the sleeve and disinfecting the probe between exams to prevent leukosis 
transmission is very fast.  

     Figure 5.16.     Ultrasonographic image of an acute puerperal 
metritis in a dairy cow 8 days after calving (probe 6   MHz; 
depth 8   cm). Acute puerperal metritis produces infected 
lochia in the uterine cavity and delayed uterine involution. 
Ultrasonograms of this pathological condition of the uterus 
may show a thickened, highly vascular uterine wall with no 
caruncles, and grayish liquid containing hyperechogenic 
particles. If the expulsion of fetal membranes did not take 
place the overall image is abnormally large, showing consid-
erable delay in uterine involution. Clinical symptoms and 
vaginal examination should be included to support the diag-
nosis. 1: Endometrium; 2: Highly vascular portion of the 
uterus; 3: Thickened hyperechogenic myometrium; 4: Lumen 
contents with hyperechogenic particles.  
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     Figure 5.17.     Metritis (A) and endometritis (B) ultrasonograms in cows 12 and 19 days respectively after parturition (probe 
7.5   MHz; depth 8   cm). A: There is abundant thick liquid inside the uterus: lochia, blood, pus, fi brin, and polymorphonuclear 
cells. The image looks like a snowstorm. The endometrium and myometrium are thickened. B: There is thick liquid inside the 
uterus, delay in involution of the uterus, and a thickening of the endometrium. The caruncles are still evident due to a delay 
in uterine involution. 1: Caruncle; 2: Endometrium; 3: Myometrium; 4: Uterine content.  

presence of corpus luteum (CL). When a CL is present 
the use of prostaglandins to treat metritis/endometri-
tis may be more effective  19   (Figure  5.18 ).    

  Ultrasound  u terine  e valuation between 

21  d ays and the  e nd of the  v oluntary 

 w aiting  p eriod ( VWP ) 

 Ultrasound examination of the uterus during the 
voluntary waiting period (VWP) period allows the vet-
erinarian to assess the presence/absence of endometri-
tis (Figures  5.19 ,  5.20 ). This examination must also 
include the evaluation of the ovaries for the presence/
absence of a CL. In cases of endometritis with the pres-
ence of a CL, a PreSynch program will likely induce 
three heats in 35 – 38 days. The heats induced by this 
protocol stimulate the uterine immune system and 
assist in evacuation of purulent material. Manual 
determination of a CL has a low specifi city, which 
causes many diagnostic errors. The use of an accurate 

ultrasonographic examination of the ovaries is highly 
recommended in order to improve the effi ciency of 
reproductive synchronization programs (see Chapter  4  
for more details).    

  Ultrasound  u terine  e valuation 

 p ast the  VWP  

 Beyond the VWP ultrasound examinations, it is 
essential to recognize the presence of a CL and/or 
the presence of a chronic subclinical endometritis 
(Figure  5.21 ), pyometra (Figure  5.22 ), or mucometra 
(Figures  5.23 ,  5.25 ). Manual examination is nearly 
useless for diagnosing subclinical metritis and is 
unable to distinguish pyometra from mucometra. 
The ultrasound examination helps to establish which 
therapeutic strategy should be adopted. The presence 
of a CL after the VWP allows the veterinarian to 
direct the cow toward one of the following reproduc-
tion synchronization programs: PreSynch, OvSynch, 
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     Figure 5.18.     Endometritis ultrasonogram at 21 days after parturition (probe 7.5   MHz; depth 7   cm). Note the differences 
between the infected uterine horn on the left longitudinal view and the normal one on the right in transverse section. 1: Dense 
and hyperechoic pus in the lumen of the left uterine horn; 2: Endometrium; 3: Myometrium; 4: Lumen of the normal right 
uterine horn; 5: Endometrium of the normal horn; 6: Vascular portion of the right horn; 7: Myometrium of the normal horn.  

     Figure 5.19.     Ultrasonographic image of endometritis from a cow 25 days after parturition (probe 7.5   MHz; depth 6   cm). On 
this less extreme form of endometritis the accumulation of nonuniformly echogenic liquid is usually visible only in the cranial 
and lower segment of the uterine horns (see also Figure  5.20 A). Without an ultrasound examination this may give the veteri-
narian the impression of early gestation, resulting in diagnostic error. 1: Purulent uterine content; 2: Endometrium; 3: 
Myometrium.  
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     Figure 5.20.     Ultrasonograms of endometritis in cows between 25 and 30 days after parturition (probe 7.5   MHz; depth 8   cm). 
A: Note the clear delimitation between the endometrium and the myometrium; B: Split image ultrasonogram in BB - mode. On 
the left side one can see the  “ snowstorm ”  uterine content with multiple hyperechoic particles. On the right side there are two 
corpora lutea (CL). This is a good case in which to apply a PreSynch protocol. 1: Purulent content of the uterus; 2: Endometrium; 
3: Vascular portion; 4: Myometrium; 5: CL.  

     Figure 5.21.     Ultrasonogram in BB - mode of a chronic endometritis from a cow at 55 days after parturition (probe 7.5   MHz; 
depth 6   cm). Note the presence of a CL and of a follicle on the left side of the image. In the less extreme forms of chronic 
endometritis the accumulation of nonuniformly echogenic liquid is usually visible in the cranial and lower segment of the 
uterine horns. The more echogenic portion (1) of the accumulated fl uid contains fi brins, pus, and mucus. 1: Hyperechogenic 
content of the uterus; 2: Endometrium; 3: Vascular portion of the uterus; 4: Myometrium; 5: Shadow artifact; 6: CL; 7: Follicle.  
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CoSynch, or Target Breeding. In the absence of 
a CL, the use of a slow - release progesterone device can 
be an alternative to combine with an OvSynch 
protocol.   

 Even with ultrasound examination the resolution of 
the equipment does not always allow the demonstra-
tion of nonuniform echogenicity in a cavity that is less 
than 5   mm in diameter (Figure  5.23 ). In this case it is 
not always possible to differentiate between the pres-

ence of uterine anechogenic liquid due to estrus (Figure 
 5.24 ), pregnancy (Figure  5.25 B), follicular cyst, or 
mucometra (Figure  5.25 A) and nonuniform echogenic 
liquid indicating endometritis  17   or early embryonic 
death (see Chapter  6 ). Scanning the ovaries and check-
ing the breeding records will be helpful in these cases 
to guide the practitioner toward a probable diagnosis 
and plan of action.     

  Differential  d iagnosis of  e ndometritis 

 Figures  5.24  and  5.25  present ultrasonograms that 
must be evaluated carefully in order to differentiate 
nonuniform echogenic liquid in the uterus of cows.    

     Figure 5.22.     Ultrasonogram of a pyometra from a cow at 
62 days postpartum (probe 8   MHz; depth 9   cm). In the ulti-
mate form of endometritis, pyometra, ultrasound also shows 
the accumulation of a large quantity of a heterogenous echo-
genic liquid and a thickened uterine wall. The liquid is visible 
throughout the uterus. By balloting the uterus a few times 
the suspended hyperechogenic particles will be sent into 
movement within the uterine liquid, creating a snowfl ake 
effect. The diameter of the uterine cavity in pyometra is gen-
erally between 5   cm and 20   cm, but a uterine size similar to 
that of late gestation can also be observed  1  . 1: Uterine wall; 
2: Lumen contents with highly echogenic particles.  

     Figure 5.23.     Longitudinal section of a uterus from a cow 
with vaginal mucopurulent material (probe 6   MHz; depth 
6   cm). The diagnosis of this cow is uncertain. Is it endometri-
tis or an accumulation of endometrial liquid during estrus? 
It is diffi cult to establish a defi nitive diagnosis without other 
additional examinations. Note that the appearance of the 
uterus is similar to that of a cow in estrus  (see Figures  5.3  to 
 5.5  and  5.24 B) . 1: Endometrium; 2: Myometrium; 3: Vascular 
portion of the uterus; Arrowheads: Accumulation line of 
clear uterine content.  
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     Figure 5.24.     Split sonograms of endometritis (A) and of normal uterus during estrus (B) (probe 5   MHz; depth 5   cm). The 
difference between endometritis and uterus of a cow in heat is obvious in these ultrasonograms when viewed side by side. 
In both of these cases one can visualize the presence of a dominant follicle. Another possible differential diagnosis of this case 
of endometritis is the early embryonic death if the cow was bred 25 to 40 days prior to the ultrasound examination (see Chapter 
 6  for more details). 1: Uterus; 2: Accumulation of content (pus or mucus); 3: Follicle; 4: Old CL; Arrowhead: Tip of uterine 
horn in transverse view.  

     Figure 5.25.     Differential diagnosis of mucometra (A) and early pregnancy (B) (probe 7.5   MHz; depth 5   cm). Mucometra is 
an accumulation of nonpurulent, noninfectious fl uid in the uterine lumen. The fl uid may be completely clear or contain very 
small echogenic fl ecks, as opposed to the more echogenic fl uid in endometritis and to the very anechogenic fl uid in normal 
early pregnancy. The uterine wall tends to be thin and the uterus fl accid, in contrast to the uterus of a cow in estrus. Often, 
but not always, mucometra is associated with the presence of a follicular cyst. A false positive diagnosis of pregnancy must 
be avoided by carefully examining the uterus for the defi nitive signs of pregnancy described in Chapter  6 . Please note the 
difference between the thickness of the uterine wall in these two situations. 1: Accumulation of clear anechogenic content; 2: 
Uterine wall; 3: Embryo.  

  Other  u terine  a bnormalities 

 Although rare, it is possible to view an abscess in the 
uterine wall or in the broad ligament in cows with a 
perforated uterus due to obstetrical manipulation, arti-
fi cial insemination, or embryo transfer manipulation, 
or following intrauterine administration of antibiotics 

or uterine fl ushing (Figure  5.26 ). Figure  5.27  presents 
the ultrasonographic appearance of a pneumouterus.    

  Urovagina 

 Figure  5.28  shows an ultrasonographic image of the 
urovagina.     
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     Figure 5.26.     Ultrasound image of an abscess in the broad 
ligament of a dairy cow (probe 7.5   MHz; depth 8   cm). Note 
the typical ultrasound appearance of the abscess with the 
accumulation of a large quantity of nonuniformly echogenic 
liquid and many hyperechogenic particles. 1: Accumulation 
of nonuniform purulent liquid; 2: Edge of the abscess.  

     Figure 5.27.     Ultrasonogram of a pneumouterus in a dairy 
cow (probe 5   MHz; depth 8   cm). Pneumouterus also occurs 
rarely and presents as a series of air pockets in the uterus 
producing hyperechogenic images under which a shadow 
cone is formed (refl ected ultrasound waves). 1: Uterus; 2: Air 
pocket; 3: Shadow cones.  

     Figure 5.28.     Ultrasonographic image of an urovagina (probe 6   MHz; depth 6   cm). In the same image one can see the caudal 
portion of the cervix. The anechogenic image is the urovagina. The vaginal wall is irregular and the urine contains large, 
hyperechogenic particles in suspension. 1: Cervix; 2: Vagina wall; 3: Accumulated urine.  
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  Points to Remember 
     •      During periestrus ultrasound images of the uterus 

translate into less uniform gray tones. There is a 
swollen or swirled appearance of the uterine wall 
and a greater area of the uterus showing dark, 
anechogenic zones that denote areas of edema and 
increased vascularity under the endometrium.  

   •      During the periestrous period it is also possible to 
view a small quantity of mucus in the uterine 
lumen.  

   •      During estrus the endometrial mucosa becomes 
especially echogenic, the limit between the endo-
metrium and the myometrium is more obvious, 
and the uterine lumen may show a greater accu-
mulation of mucus over a longer segment of the 
uterine horns.  

   •      In normal conditions with no complications, the 
bovine uterus completes its involution on average 
at day 23 in primiparous cows and day 27 in plu-
riparous cows.  

   •      Ultrasound evaluation is the best cow - side diag-
nostic tool to evaluate the physiopathological con-
ditions of uterus and ovary during the early 
postpartum period.  

   •      The use of an accurate ultrasonographic examina-
tion of the ovaries and of the uterus is highly rec-
ommended in order to improve the effi ciency of 
reproductive synchronization programs.  

   •      During the estrous cycle the uterine blood fl ow has 
a characteristic pattern with the highest time aver-
aged maximum velocity (TAMV) values during 
proestrus and estrus.  

   •      During diestrus blood fl ow velocity remains at a 
fairly constant low level.  

   •      Due to the relatively high interindividual 
variability of TAMV and pulsatility index values, 
the use of color Doppler sonography is not 
clinically helpful for early pregnancy detection in 
cows.  

   •      The typical pyometra sonogram shows the accu-
mulation of a large quantity of a heteregenous 
echogenic liquid and a thickened uterine wall. By 
balloting the uterus the suspended hyperechogenic 
particles will be sent into movement within the 
uterine liquid.    

  Summary Questions 
      1.   A small quantity of nonechogenic fl uid may be 
found in a nongravid uterus in one or more of those 
situations. Please select all possible choices. 

  a.     Uterus in heat  
  b.     Pyometra  
  c.     Mucometra  
  d.     Follicular cyst      

   2.   Color Doppler ultrasonography is useful to detect 
any changes in the uterine artery blood fl ow. The 
increased blood fl ow in the uterine artery from day 16 
after insemination is a valuable parameter to confi rm 
early pregnancies in bovine species. True or False? 

  a.     True  
  b.     False      

   3.   The following is an ultrasonographic image from 
the uterus of a cow that was taken 23 days after calving 
(probe 7.5   MHz; depth 7   cm). What is your diagnosis? 

       a.     Acute puerperal metritis  
  b.     Normal involution of the uterus  
  c.     Mucometra  
  d.     Endometritis      
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   5.   The following is an ultrasonographic image from 
the uterus of a cow that was taken 56 days after calving 
(probe 7.5   MHz; depth 6   cm). This cow demonstrated 
signs of nymphomania since a week before the ultra-
sonographic examination. What is your diagnosis? 

       a.     Uterus in heat  
  b.     Gravid uterus  
  c.     Mucometra  
  d.     Endometritis       

   4.   The following is an ultrasonographic image from 
the uterus of a cow that was taken 42 days after insemi-
nation (probe 7.5   MHz; depth 7   cm). What is your 
diagnosis? 

       a.     Uterus in heat  
  b.     Pyometra  
  c.     Gravid uterus  
  d.     Endometritis      

  Answers      
  1. a, c, and d 
 2. b 
 3. d 
 4. a 
 5. c 
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   Introduction 
 Early pregnancy diagnosis in cows via ultrasound has 
been an integral part of dairy herd health programs 
since the mid - 1990s. This rapid, accurate, and secure 
transrectal diagnostic procedure is considered to be 
essential and economical for dairy producers who 
want to improve the reproductive performance of their 
herd  4,7,8,9,22  . 

 Linear probes with frequencies between 5 and 8 
MHz are generally preferred for early pregnancy diag-
nosis in bovines  11  . 

 This chapter presents the important stages of mor-
phologic embryonic and fetal development up to day 
55 of gestation to help the practitioner recognize the 
necessary ultrasound criteria for early diagnosis of ges-
tation. This comes prior to providing a defi nitive diag-
nosis of fetal sex, the topic to be developed in the next 
chapter. The principal signs essential to the diagnosis 
of a normal gestation will be reviewed before present-
ing some ultrasound images of embryonic and fetal 
death. The initial signs along with the characteristics 
of ultrasound images of twin gestations also will be 
explained.  

  Morphologic Embryonic 
and Fetal Development 
up to Day 55 
 The embryonic period is traditionally defi ned as the 
period between fertilization and the end of organogen-
esis on the 42nd day of gestation. 

 The beginning of the embryonic period can be 
described as a series of cell divisions and the fi rst dif-

ferentiations leading to the blastocyst stage, 6 days 
after fertilization. The zona pellucida disappears on 
day 9. The blastocyst changes in shape from spherical 
(0.2   mm in diameter) to oblong (1.5 to 3.3   mm by 0.9 to 
1.7   mm) on day 12 or 13 of gestation  2  . 

  Extraembryonic  t issues 

 As early as the 12th day of gestation the extraembry-
onic tissues lengthen considerably, and the blastocyst 
becomes fi lamentous. During the entire period preced-
ing implantation the conceptus grows within the 
uterine lumen and eventually occupies the entire ipsi-
lateral horn with the corpus luteum on approximately 
day 17, when it reaches approximately 40   cm in length. 
The length of the embryonic vesicle nevertheless shows 
signifi cant individual variations, measuring anywhere 
between 7 and 24   cm on day 16 of gestation  3,30  . Its diam-
eter, however, remains constant at 2   mm from day 10 
to day 18 of gestation (Figure  6.1 ). One end of the 
vesicle reaches the utero - tubular junction of the other 
horn on day 20 – 24  18  . At that time it resembles a long, 
hollow cord over 1 meter in length. The amnion appears 
as an oval - shaped fl uid swelling 3 – 4   mm in diameter 
in the center. Fluid accumulation increases consider-
ably at approximately day 25, when the embryo 
detaches from the uterine wall and is easier to detect 
by ultrasound.   

 The amniotic folds develop by about day 12, cover-
ing the embryo by approximately day 23 when a cavity 
is formed (Figure  6.2 ). The allantois can be seen on day 
18, in the shape of a two - lobed bud that extends rapidly 
toward the ends of the conceptus until around day 24, 
when it resembles a tube. From about day 18 to day 35 
the tips of the chorion degenerate, leading to a rapid 
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     Figure 6.1.     Blastocyst at day 18 measuring 40   cm in length 
 (adapted from Barone 1990) . 1: Developing amnion.  

     Figure 6.2.     Amniotic cavity and 55 - day - old bovine fetus. 
At this stage, the amniotic cavity resembles a bean - shaped 
swelling. 1: Amnion; 2: Fetus; 3: Umbilical cord.  

     Figure 6.3.     30 - day - old conceptus measuring 60   cm in 
length  (adapted from Barone 1990) . 1: Amnion; 2: Allantois 
covered by the chorion; 3: Degenerated chorionic 
extremity.  

shortening of the conceptus at the allantoic extremities 
(Figure  6.3 ). The conceptus thus acquires its defi nitive 
appearance, measuring 30   cm in length, although the 
maximum width does not exceed 3   cm 2   3  .   

 Implantation of the conceptus in the uterus begins 
on day 19 of gestation, and on the 20th day the fi rst 
placental villi develop. Toward day 27 bunches of villi 
located across from the uterine caruncles form the fi rst 
cotyledons  2,19   (Figure  6.4 ). The placentomes initially 
develop close to the embryo, followed by 100 to 120 
convex placentomes that arrange in four to six parallel 
rows over the whole surface of the chorion  24  .    

  Morphogenesis and  o rganogenesis 

of the  b ovine  e mbryo 

 The embryo is well demarcated by approximately day 
18, with a highly accentuated curve in its anterior -
 posterior axis. The fi rst somites are formed around day 
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19. At that time the embryo is 3 – 4   mm long, the neural 
tube is beginning to close, and the prominent cardiac 
primordium begins to beat  10  . 

 Table  6.1  presents the stages of bovine embryonic 
and fetal development. On day 22 the optical vesicles 
are formed, as well as the hepatic primordium and the 
mesonephros. On day 25 the anterior limb buds appear 

     Figure 6.4.     Fetus and fetal tissues on day 45 (A) and on day 55 (B) of gestation. The cotyledons are visible on the surface of 
the allantochorion. 1: Cotyledon; 2: Allantochorion; 3: Amnion; 4: Fetus; 5: Degenerated chorionic extremity.  

in the form of elongated swellings, and the next day, 
the posterior buds appear. On day 26 the embryo 
curves in upon itself and measures 7 – 8   mm long. 
Starting from the moment it becomes visible, and up 
to day 50 of gestation, it grows by an average of 
1.1   mm/day  23   (Table  6.1 ). Toward day 30 the optic 
buds are prominent but the eyelids are not formed. 

 Table 6.1.    
 Development of the bovine embryo and fetus up to day 55 of gestation (according to Barone 1990; Ginther 1998) 

   Stage of Gestation 
(Days)  

   Transverse Diameter of the Embryonic 
Vesicle (mm)  

   CRL  *   (mm)     Observations  

  20    2 – 3    3    Heartbeats  
  22    3 – 5    4 – 5    Optic vesicles  
  25    10    5 – 7    Limb buds  
  30    18 – 20    8 – 12    Optic primordium (no eyelids)  
  35    20 – 25    13 – 17    Folds around eyes 

 Neck is developed 
 Digits recognizable on all four limbs  

  40    30 – 35    17 – 24    Genital tubercle (undifferentiated stage) 
 Embryonic movement  

  45    35 – 40    23 – 26    Rudimentary eyelids 
 Rudimentary ear pinnae 
 Mammary primordium 
 Tactile hair follicles (lips, eyelids)  

  50    40 – 45    35 – 45    Migration of the genital tubercle in both sexes 
 Atrophy of labial tubercle  

  55    45 – 55    45 – 60    Fusion of the urogenital folds and the genital tubercle  

    * CRL: Crown - rump length.   
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     Figure 6.5.     35 - day - old embryo. The crown - rump length 
(CRL) is 1.5   cm. The embryo is C - shaped. The head is distin-
guishable. The heart cavity is prominent. 1: Heart cavity; 2: 
Limb buds; 3: Hepatic primordium.  

     Figure 6.6.     40 - day - old embryo. The crown - rump length 
(CRL) is 2.0   cm. The embryo is L - shaped in the amniotic 
cavity. The head is distinct. The eyes are prominent. 1: 
Amnion; 2: Embryo; 3: Umbilical cord; 4: Eye.  

Toward day 35 the embryo assumes an  “ L ”  shape; the 
eyes are bordered by thin folds or rudimentary eyelids 
(Figure  6.5 ); the neck is clearly developed and the 
digits are recognizable on all four limbs.     

 On day 40 of gestation the genital tubercle is promi-
nently located on the median line between the poste-
rior limbs (Figure  6.6 ). It becomes the embryonic penis 
in the male and the clitoris in the female. Urogenital 
folds, which are the embryonic prepuce in males and 
vulvar lips in females, are visible caudal to the genital 
tubercle. The labio - scrotal folds, which form the 
scrotum in males, are visible between the umbilicus 
and the genital tubercle, beside the median line (see 
Figure  6.8 A). At this stage there is no macroscopic dif-
ference in the genital tubercle between the two sexes, 
but the presence of the urogenital orifi ce and the ano-
genital raphe indicate that the embryo is male  16  .   

 At approximately day 45 of gestation the fetus loses 
its rudimentary embryonic shape, and its face, neck, 
limbs, and tail have lengthened and become more 
defi ned. The mammary primordium is recognizable in 
both sexes and the digits can be distinguished sepa-
rately (Figure  6.7 ).  

  Migration of the  g enital  t ubercle and 

 d etermination of  f etal  s ex 

 At approximately day 47 of gestation in the male 
fetus the genital tubercle begins to migrate toward 

the umbilicus. This migration results in a relative 
increase in the distance separating the genital tubercle 
from the fetus ’  tail and is usually completed by day 56 
to 58 after insemination (Figures  6.8 ,  6.9 ). The urogeni-
tal folds fuse with the genital tubercle on day 55 of 
gestation  14  .   

 In females the genital tubercle migrates toward the 
anus starting at day 48 – 49 to reach its fi nal position at 
approximately 53 days postinsemination (Figure  6.10 ). 
The labio - scrotal fold progressively atrophies starting 
on day 50, eventually disappearing completely.    

  Ultrasound of the  c onceptus 

 b efore  d ay 55 

 During the early development of the embryo before 
day 30 the development of the embryonic tissues and 
the different organs take place earlier (Table  6.1 ) than 
they can be viewed using ultrasound (Table  6.2 ). This 
delay is mainly related to the size of the structures 
compared to the probe ’ s accuracy of resolution. The 
typical ultrasound appearance of the bovine conceptus 
and the gravid uterus up to day 55 will be presented 
in the following section.     
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     Figure 6.7.     Fetus of undifferentiated sex at day 45 of gesta-
tion. The crown - rump length (CRL) is 3.1   cm. The genital 
tubercle is located between the two posterior limbs. 1: Eye; 
2: Limbs and digits; 3: Hepatic primordium; 4: Genital tuber-
cle; 5: Tail.  

     Figure 6.8.     Anatomy of the external genital organs of the 
male fetus between days 40 (A) and 55 (B) of gestation. 1: 
Umbilicus; 2: Genital tubercle; 3: Labio - scrotal fold (scrotum); 
4: Urogenital folds.  

     Figure 6.9.     55 - day - old male fetus. The crown - rump length (CRL) is 6.0   cm. The genital tubercle has migrated caudal to the 
umbilical cord. 1: Eye; 2: Limbs and digits; 3: Umbilical cord; 4: Genital tubercle caudal to the umbilical cord; 5: Labio - scrotal 
folds (scrotum); 6: Tail.  
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     Figure 6.10.     Anatomy of the external genital organs in the 
female fetus between days 40 (A) and 55 (B) of gestation. 1: 
Umbilicus; 2: Genital tubercle; 3: Labio - scrotal fold; 4: 
Urogenital folds.  

 Table 6.2.    
 Summary of embryonic and fetal measurements, principal characteristics of the conceptus, and their moment of 

apparition in ultrasound examinations (+) between days 25 and 55 of gestation   (adapted from Curran et al. 1986; Ginther 
1998; Kolour et al. 2005)   

   CRL  *   (cm)  

  Day 25    Day 30    Day 35    Day 40    Day 45    Day 50    Day 55  

   0.5 – 0.7     0.8 – 1.2     1.3 – 1.7     1.7 – 2.4     2.3 – 2.6     3.5 – 4.5     4.5 – 6.0  

  Embryonic shape    C    C    L    L    L    L    L  
  Cardiac frequency (b/min)    140 – 150    160 – 180    170 – 190    170 – 190    170 – 190    180 – 200    180 – 200  
  Allantois    +    +    +    +    +    +    +  
  Amnion        +    +    +    +    +    +  
  Spinal column        +    +    +    +    +    +  
  Anterior limbs        +    +    +    +    +    +  
  Posterior limbs            +    +    +    +    +  
  Trunk diameter (cm)            0.6    0.9    1.2    1.5    1.7  
  Placentome (cm)            0.3    0.5    0.6    0.8    1.0  
  Claws                    +    +    +  
  Movements                    +    +    +  
  Eye diameter (cm)                        0.3    0.4  
  Ribs                        +    +  

    * Crown - rump length measurement of the embryo/fetus.   
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     Figure 6.11.     A 30 - day - old embryo measuring 12   mm is 
located close to some uterine folds that are the same size as 
the embryo (7.5   MHz probe; depth 6   cm).  Courtesy of the 
Universit é  de Montr é al . There is a smaller quantity of amni-
otic fl uid compared to the allantoic fl uid. 1: Embryo; 2: 
Allantoic fl uid; 3: Uterine fold; Arrowhead: amnion.  

Figure  6.12 A we can distinguish a 0.5 cm placentome 
near the 40 - day - old embryo. 

 Other important signs of normal embryonic and 
fetal development are the appearance of the umbilical 
cord attachment to the uterus of the cow starting at day 
40 of gestation (Figure  6.13 ) and a view of the ossifi ed 
ribs in the fetus starting at day 50 (Figure  6.14 ).    

  Other  u ltrasound  l andmarks of  n ormal 

 f etal  d evelopment  b efore  d ay 55 

  Measurements  u sed to  d etermine 

 e mbryonic or  f etal  a ge 

 A growth curve helps determine the age of the embryo 
according to its size. The rate of fetal growth increases 
after day 50 of gestation compared to that of the pre-
ceding period  18  . Several different ultrasound machines 
come with a program allowing the veterinarian to esti-
mate the age of the bovine embryo or fetus using spe-
cifi c measurements. Among these are the distance 
between the top of the head (the crown) and the rump 
(crown - rump length or CRL) and the diameters of the 
head and trunk; these are the easiest measurements to 
obtain and are also the best predictors of gestational 

  Ultrasound Landmarks 
of Standard Early 
Pregnancy Diagnosis 
 Ultrasound diagnosis of bovine gestation can be carried 
out beginning at day 25 – 26 after insemination  11,15,27  . 
This diagnostic method has excellent sensitivity, indi-
cating the ability to detect gestation when the animal 
is truly pregnant. Sensitivity is superior to 95% as early 
as day 26 after insemination, and close to 100% after 
day 29  11  . This excellent diagnostic capability allows 
bovine practitioners to propose reproduction synchro-
nization programs for nonpregnant cows with the goal 
of successful insemination in the best possible time 
frame (see Chapter  4 )  9  . 

 The principal landmarks that are essential to early 
diagnosis of normal gestation are reviewed in the fol-
lowing section. 

  Normal  a ppearance of the  g ravid 

 u terus and the  b ovine  c onceptus 

between  d ays 25 and 55 of  g estation 

 Early ultrasound diagnosis of gestation reveals a 
uterine lumen containing a variable quantity of anecho-
genic fl uid produced by the conceptus  26  . Fluid accu-
mulation and uterine distension depend largely on the 
stage of gestation (Table  6.1 ) and the age of the cow  4,26  . 
There is normally too little fl uid inside the uterus prior 
to day 27 of gestation to be able to confi rm a diagnosis, 
which explains the better reported diagnostic value of 
ultrasound examinations carried out after this date. As 
well, fl uid accumulation during estrus in nonpregnant 
cows can be confused with the anechogenic image of 
the conceptus and cause potential diagnostic error by 
less experienced users  4,11,26  . 

 It is sometimes diffi cult to locate the embryo in the 
slight quantity of amniotic and allantoic fl uid before 
day 30 of gestation  11,26   because the young embryo is 
often lodged close to the uterine wall and may even be 
concealed by an endometrial fold  4  . Careful examina-
tion in the zone of anechogenic fl uid generally reveals 
the presence of the embryo close to the uterine folds. 
Starting on day 30 it is also possible to view the echo-
genic amniotic membrane that produces specular 
refl ections due to its round shape  4,18   (Figures  6.11 , 
 6.12 ).   

 The placentomes can be identifi ed starting on day 35 
of gestation and are visible close to the young embryo. 
Table  6.2  provides the approximate dimensions of the 
placentomes according to the age of the conceptus. On 
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     Figure 6.12.     40 - day - old embryo measuring 21   mm (A: probe 7.5   MHz, depth 4.5   cm; B: probe 10   MHz, depth 4   cm). Starting 
on day 30 of gestation, there is generally enough amniotic and allantoic fl uid in the uterus to be able to position and view the 
bovine embryo in the center of the zone of accumulated fl uid. On these ultrasonograms, the head, the anterior and posterior 
limb buds, and a 0.5   cm placentome are visible. 1: Embryo; 2: Amnion; 3: Allantoic fl uid; 4: Limbs; 5: Placentome.  

     Figure 6.13.     Fetus on day 47 with the umbilical cord. 
Courtesy of the Universit é  de Montr é al. 1: Fetus; 2: Amnion; 
3: Allantoic fl uid; 4: Umbilical cord.  

age  17,29,31   (Figure  6.15 ). According to the experience of 
users, the CRL measurement is the easiest and most 
precise in estimating gestational age before days 50 to 
55; the other two measurements are more practical 
after day 55 due to the fact that most ultrasound probes 
cannot provide a view of the entire length of the fetus 
at this stage. Tables  6.1  and  6.2  of this chapter provide 
a good summary of CRL measurements and also give 
the principal landmarks to evaluate normal embryonic 
and fetal development up to day 55. The following 
chapter includes a table with practical landmarks for 
the more mature fetuses.    

  Fetal  h eartbeat and  m ovement and 

 a ppearance of the  fl  uid 

 During pregnancy diagnosis it is also important to 
evaluate the embryo ’ s viability by paying special atten-
tion to the heartbeat. The heartbeats are generally 
visible starting on day 25 of gestation and appear at 
the center of the embryo in the form of a scintillating 
light with variable frequency depending on the age  4   
(Table  6.2 ). 

 Starting on day 45 one can also observe the fi rst 
movements of the fetus  18  . The fetus moves slightly 
within the amniotic vesicle between days 45 and 55. 
According to the observations carried out between the 
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     Figure 6.14.     Fetus on day 59 with the fi rst view of the ribs. A: transverse section of the fetus at the level of the anterior 
portion of the thorax (probe 10   MHz; depth 5   cm); B: longitudinal section (probe 8   MHz; depth 7   cm). 1: Fetus; 2: Anterior limb; 
3: Placentome; 4: Ribs; 5: Umbilical cord.  

     Figure 6.15.     Evaluation of gestational stage by measuring the crown - rump length (CRL) of a 40 - day - old embryo (A) and a 
53 - day - old fetus (B) with respective measurements of 1.63   cm and 3.97   cm (10   MHz linear probe; depth 5   cm). 1: Limbs; 2: 
Amnion; 3: Allantoic fl uid; 4: Head.  
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second and third month of gestation the most signifi -
cant fetal movements as it fl oats in the allantoic fl uid 
cause changes in presentation, position, and posture  14  . 
During fetal observation periods that lasted for 5 
minutes the authors reported a percentage of normal 
fetal activity of approximately 3 minutes, or 60% of the 
observation period, which remained essentially the 
same between days 65 and 175 of gestation  14  . In the 
absence of fetal movement a reevaluation of the gesta-
tion is recommended to ensure fetal viability. 

 Finally, it is important to observe the presence of 
clear (anechogenic) fl uid in adequate quantities around 
the embryo or fetus to confi rm that the conceptus is 
developing normally (Figures  6.11  to  6.15 ).    

  Early Embryonic and 
Fetal Death 
 Embryonic death is defi ned by the loss of an embryo 
between the time of fertilization and the end of organo-
genesis at approximately day 42. After this period loss 
of the conceptus is referred to as fetal death or mortal-
ity  1  . Even though the majority of embryonic deaths 
occur before day 25 of gestation, the period between 
days 25 and 42 is critical to the proper attachment of 
the embryonic membranes to the uterine epithelium. 
Embryonic death between days 28 and 42 has been 
reported to range from 10 to 15%  11,14  , whereas fetal 
deaths were reported at 6.3% and 3.4%, respectively, 

 Table 6.3.    
 Summary of the principal differences in the ultrasound examination of a gravid uterus in a cow having undergone 

therapeutic abortion with prostaglandin F 2 α   compared to spontaneous embryonic or fetal death in the fi rst trimester of 
gestation   (adapted from Ginther 1998)   

   Signs     Therapeutic Abortion 
 by Prostaglandin F 2 α   Injection  

   Spontaneous Embryonic or Fetal Death  

  Expulsion of the embryo or fetus    Less than 5 days    Several days to several weeks  

  Embryonic or fetal degeneration    None to minimal    Minimal to signifi cant  

  Ultrasound observations  
   ✓  Embryo often intact    Frequently    Rarely  
   ✓  Irregular contours of the embryo or fetus    +    ++ to +++  *    
   ✓  Debris on the surface of various structures    +    ++ to +++  
   ✓  Debris in the amniotic or allantoic fl uid    Rarely    ++ to +++  
   ✓  Break in the amniotic membrane    Rarely    ++  
   ✓  Reduction in the quantity of amniotic and 
allantoic fl uid prior to expulsion of the embryo 
or fetus  

  Rarely    ++  

    * +: often; ++: very often; +++: most of the time.   

for the periods between days 42 and 56, and days 56 
and 98  14  . Fetal and embryonic loss varies considerably 
with climate, general health of the herd, and biosecu-
rity procedures applied. 

  Ultrasound  o bservations 

 When the veterinarian observes cloudy (echogenic) 
debris in the amniotic and allantoic fl uids, or poorly 
defi ned fetal structures, mortality should be suspected 
and the ultrasound examination of the conceptus must 
be carried out even more thoroughly. In this situation, 
it is important to review the different signs of embry-
onic and fetal viability with the goal of obtaining a 
precise diagnosis. 

 Spontaneous embryonic and fetal mortality, con-
trary to therapeutic abortion induced by prostaglandin 
F 2 α  , often has a characteristic ultrasound appearance 
with a more obvious degeneration of the bovine con-
ceptus  14   (Table  6.3 ).   

 Figures  6.16  through  6.19  illustrate the principal 
ultrasound signs observed in embryonic or fetal mor-
tality. The majority of these observations are too subtle 
to be detected by transrectal palpation, which delays 
veterinary interventions in problem cows.   

 Fetal mummifi cation most often reveals poorly 
defi ned ultrasound images, a mass of hyperechogenic 
intrauterine tissue with no fl uid, hyperechogenic bone 
matter with shadow cones, and sometimes a thickened 
uterine wall  12  . 
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     Figure 6.16.     Ultrasound image of embryonic mortality observed at day 30 (7.5   MHz linear probe; depth 5   cm). Courtesy of 
the Universit é  de Montr é al. Debris from the dead embryo has been released outside the amniotic cavity. 1: Embryonic debris; 
2: Amnion; 3: Allantoic fl uid.  

     Figure 6.17.     Ultrasound images of embryonic death identifi ed on day 32 of gestation including an embryo with poorly 
defi ned contours and irregular, hyperechogenic amniotic and chorioallantoic membranes (8   MHz linear probe; depth 5   cm). 1: 
Embryo; 2: Amnion; 3: Allantois.  
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     Figure 6.19.     Ultrasound images of fetal death estimated on day 48 (CRL: 3   cm) on which one can see the beginning of fetal 
degeneration with signifi cant accumulation of hyperechogenic debris in the amniotic fl uid (7.5   MHz linear probe; depth 6   cm). 
Observe the irregular, hyperechogenic appearance of the amniotic membrane and placentomes above the dead fetus. 1: Fetal 
debris; 2: Amniotic membrane; 3: Placentomes 0.6   cm in diameter.  

     Figure 6.18.     Ultrasound image of the same bovine uterus as in the preceding fi gure on day 45, 13 days after diagnosis of 
embryonic death (10   MHz linear probe; depth 4   cm). The allantoic fl uid remains cloudy. The debris from the conceptus was 
completely expelled on day 50. 1: Embryonic debris; 2: Irregular chorioallantoic membrane.  
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     Figure 6.20.     Ultrasound image of dizygous twins (BB - mode; probe 5   MHz; depth 7   cm). Note the presence of two corpora 
lutea on the ovary (left) and twins in the same uterine horn (right).   Dizygous twins may be in one or both uterine horns. In 
this case they are ipsilateral. 1: Corpus luteum; 2: Embryos.  

 Finally, it is important to remember that the embryo, 
the fetus, and the fetal debris are generally expelled via 
the cervix rather than being reabsorbed by the uterus  4,18  .   

  Twins 
 The rate of twinning in lactating dairy cattle is increas-
ing. In one study of historical data the rate has increased 
from 4.54% in 1959 to 6.86% in 1997  6  . Today, many 
practitioners work for herds with twinning rates over 
10%. There appears to be a direct positive correlation 
between twinning rate and milk production although 
the mechanism is uncertain at this time  6,13  . Twinning 
rates in beef cattle are signifi cantly lower. 

 Cows carrying twins are more prone to abortion, 
dystocia, and postpartum problems such as metritis, 
displaced abomasum, ketosis, and fatty liver  28  . When 
a cow is known to be carrying twins, management 
changes can be made to monitor her more closely 
before, during, and after parturition. It is generally not 
recommended that twins be intentionally aborted due 

to the diffi culty of getting dairy cows pregnant. 
Furthermore, high - producing cows are likely to con-
tinue to double ovulate in subsequent cycles, thus 
increasing the risk of conceiving twins again. 

  Ultrasonographic  e xamination  m ethod 

and  i maging 

  Systematic  e xamination  p rocedure of the 

 r eproductive  t ract 

 A thorough examination of the entire reproductive 
tract is critical to identify twins. The authors prefer to 
begin with an examination of the ovaries. Fifty percent 
of pregnant cows with two corpora lutea will have 
twins (Figure  6.20 ). Monozygous twins comprise less 
than 5% of bovine twins  25  . Fortunately, monozygous 
twins are usually close together in the same uterine 
horn (Figure  6.21 ), so they will often be identifi ed even 
though examination of the ovaries reveals only one 
corpus luteum.    
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     Figure 6.22.     Ultrasonographic appearance of the twin line in a 26 - day twin pregnancy (BB - mode; probe 5   MHz; depth 5   cm). 
1: Embryo; Red arrow: Twin line.  

     Figure 6.21.     Ultrasonogram of monozygous twins (BB - mode; probe 5   MHz; depth 7   cm). Monozygous twins are almost 
always in the same uterine horn and tend to be close together. Note the presence of only one corpus luteum (right). 1: Corpus 
luteum; 2: Embryos.  
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     Figure 6.23.     Twin line/chorioallantoic membrane. Courtesy of the Drost Project ( http://drostproject.vetmed.ufl .edu/drost_
bovine_contents.html ). Distinguish the amniotic vesicles (in blue) from the allantoic vesicles (in yellow) and the shared cho-
rioallantoic membrane (black arrows).  

     Figure 6.24.     Ultrasonogram of a 39 - day twin pregnancy (BB - mode; probe 5   MHz; depth 5   cm). This split - screen image shows 
twins in contralateral uterine horns. Both are normal. 1: Embryo; 2: Amnion; 3: Allantoic fl uid; 4: Twin line.  

  Ultrasound  a ppearance 

 Examination of the uterus may reveal more fl uid than 
expected for the stage of pregnancy, more amniotic 
membrane than expected for a single pregnancy, or a 
 “ twin line. ”  The twin line is the shared chorioallantoic 
membrane between the fetuses (Figures  6.22 ,  6.23 ). It 
appears to move away from one or both fetuses, so it 
will not be confused with the amniotic membrane that 
appears as a circle around each fetus. It is not always 
seen, but when it is, a thorough examination for twins 
is indicated. Figures  6.24  and  6.25  are ultrasonograms 
of a 39 - day twin pregnancy and a 43 - day twin preg-
nancy, respectively.     

  Embryonic and  f etal  d eath  r isk of  t wins 

 Recheck examinations after 60 days of pregnancy are 
even more critical for twins than for single pregnan-
cies. In one study the rate of loss of contralateral twins 
from fi rst examination at 36 – 42 days to recheck at 90 
days was 8%  21  . In the same time period the rate of loss 
of ipsilateral twins was 32%. 

 In the same study one of the twin fetuses was lost in 
6.2% of twin cases, and the second fetus survived 
(Figure  6.26 ). If the surviving twin is a heifer and the 
lost twin was a bull there is a possibility of freemar-
tinism, particularly if the bull twin was lost after the 
embryonic period (past 42 days). Figure  6.27  is an 
ultrasonogram of 54 - day dead twins.      
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     Figure 6.25.     Ultrasonogram of a 43 - day twin pregnancy (BB - mode; probe 5   MHz; depth 5   cm). The split image presents 
normal 43 - day contralateral twins. Note that the amniotic membrane of the twin in the left uterine horn is visible on the image 
of the twin in the right uterine horn (white arrowheads). 1: Embryo; 2: Amnion; 3: Allantoic fl uid.  

     Figure 6.26.     Ultrasonographic image of 30 - day twins in 
which one embryo is alive and the other one is dead (probe 
5   MHz; depth 5   cm). The fetus to the right is normal. The fetus 
to the left is degraded and dead. This is a high - risk preg-
nancy and the cow should be rechecked at the next herd visit.  

     Figure 6.27.     Ultrasonogram of 54 - day dead twins (probe 
5   MHz; depth 8   cm). Both twins in this 54 - day recheck exami-
nation were dead. Note the cloudy amniotic fl uid (more 
obvious around the embryo on the left) and the lack of fetal 
defi nition. At this stage of pregnancy a normal fetus will 
have clear limbs, head, and movement. This pregnancy felt 
completely normal on palpation.  
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  Points to Remember 
     •      The embryonic period is traditionally defi ned as 

the period between fertilization and the end of 
organogenesis on the 42nd day of gestation.  

   •      Before 30 days of gestation a careful examination 
in the zone of anechogenic fl uid generally reveals 
the presence of the embryo close to the uterine 
folds.  

   •      The placentomes can be identifi ed starting on day 
35 of gestation and are visible close to the embryo.  

   •      Other important signs of normal embryonic and 
fetal development are the appearance of the umbil-
ical cord attachment to the uterus of the cow start-
ing at day 40 of gestation and a view of the ossifi ed 
ribs in the fetus starting at day 50.  

   •      Starting on day 45 one can also observe the fi rst 
movements of the fetus.  

   •      On day 40 of gestation the genital tubercle is prom-
inently located on the median line between the 
posterior limbs. It becomes the embryonic penis in 
the male and the clitoris in the female.  

   •      At approximately day 47 of gestation in the male 
fetus the genital tubercle begins to migrate toward 
the umbilicus and is usually completed by day 56 
to 58 after insemination.  

   •      In females the genital tubercle migrates toward the 
anus starting at day 48 – 49 to reach its fi nal position 
at approximately 53 days postinsemination.  

   •      The crown - rump length (CRL) measurement is the 
easiest and most precise in estimating gestational 
age before days 50 to 55.  

   •      Embryonic death between days 28 and 42 is gener-
ally in the range of 10 to 15%, whereas fetal deaths 
are 6.3% and 3.4%, respectively, for the periods 
between days 42 and 56, and days 56 and 98.  

   •      Embryonic or fetal mortalities should be suspected 
when the ultrasonographer observes cloudy (echo-
genic) debris in the amniotic and/or allantoic fl uids 
or poorly defi ned fetal structures.  

   •      The rate of twinning in lactating dairy cattle is 
increasing.  

   •      Monozygous twins comprise less than 5% of bovine 
twins.  

   •      Ultrasound examination of the uterus may reveal 
more fl uid than expected for the stage of preg-
nancy, more amniotic membrane than expected for 
a single pregnancy, or a  “ twin line. ”  Recheck exam-

inations after 60 days of pregnancy are critical for 
twins because the rate of loss of contralateral twins 
from fi rst examination to recheck at 90 days is 8% 
and the rate of loss of ipsilateral twins is 32%.     

  Summary Questions 
      1.   On day 30 of gestation the maximum diameter of 
the embryonic vesicle is approximately 

  a.     0.2   cm  
  b.     2   cm  
  c.     10   cm  
  d.     25   cm      

   2.   Which of the following statements is true regard-
ing the genital tubercle (the fetal structure allowing 
early determination of fetal sex by ultrasound)? 

  a.     The genital tubercle corresponds to the testi-
cles in the male.  

  b.     The genital tubercle corresponds to the devel-
opment of the vulva in the female.  

  c.     At day 45 of gestation the genital tubercle is 
located between the posterior limbs in the 
male.  

  d.     At day 55 of gestation the genital tubercle 
begins its migration toward the tail in the 
female.      

   3.   What is the name of the echogenic band (specular 
refl ection) around the 40 - day - old embryo? 

  a.     An artifact  
  b.     Chorioallantoic membrane  
  c.     Allantoic membrane  
  d.     Amniotic membrane         

31.     Wright   IA  ,   White   IR  ,   Russel   AJF  ,   Whyte   TK  ,   McBean   AJ   
( 1988 ).  Prediction of calving date in beef cows by real-
time ultrasonic scanning .  Vet Rec   123 :  228  –  229 .  
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   4.   What is the youngest age of pregnancy at which it 
is possible to visualize the umbilical cord of the 
embryo?

   a.     25 days  
  b.     30 days  
  c.     40 days  
  d.     60 days      

   5.   What are the ultrasonographic signs that one can 
use in order to confi rm that a 45 - day fetus is 
normally developed and viable? Select all answers that 
apply. 

  a.     Movements of the fetus are obvious  
  b.     Presence of heart beats  
  c.     The fetus has a crown - rump length between 1 

and 1.5   cm  
  d.     The fetus has a crown - rump length between 

2.5 and 3   cm      

   6.   Identify the twin line in the following image: 
  a.     1  
  b.     2  
  c.     3  
  d.     4         

   7.   The approximate rate of loss for ipsilateral twins 
from about 38 – 90 days of gestation is 

  a.     6%  
  b.     17%  
  c.     32%  
  d.     60%       

  Answers      
  1. b 
 2. c 
 3. d 
 4. c 
 5. a, b, and d 
 6. b 
 7. c     
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C H A P T E R  S E V E N

   Fetal Development after 
55 Days 
 Following the organogenesis of the embryonic period, 
there is a long fetal period of 7.5 months during which 
the fetus grows considerably in size  9  . Individual organs 
can be identifi ed by ultrasound examination when 
their size exceeds the resolution power of the ultra-
sound probe, and if their echogenicity can be distin-
guished from that of adjacent organs and tissues. 

 Table  7.1  describes the principal macroscopic and 
ultrasound characteristics of the bovine fetus during 
its development. Estimation of fetal age is based on 
fetal mass, measurements of fetal size or body parts, 
and hair growth  1,19   (Tables  7.1  to  7.3 ). However, only 
fetal measurements can be evaluated by ultrasound 
(Tables  7.2  and  7.3 ).   

  Head 

 The fi rst centers of ossifi cation in the skull, which 
appears very echogenic on the ultrasound image, 
appear toward the end of the second month of gesta-
tion, especially in the mandibular and maxillary bones. 
Ossifi cation of the skull is complete at day 100 of 
gestation  12  . 

 The diameter of the eye increases during the fi rst 
two trimesters of gestation  11   (Table  7.3 , Figure  7.1 ). The 
head of the fetus is generally accessible to ultrasound 
examination during the entire gestation, allowing fetal 

 Table 7.1.    
 Principal physical characteristics of the bovine fetus during 
its development, starting at day 60 of gestation (according 

to Maneely 1952; Evans and Sacks 1973; Barone 1990) 

   Stage of 
Gestation 
(Months)  

   CRL  *   
 (cm)  

   Macroscopic and Ultrasound 
Observations  

  2    6 – 7    Fusion of eyelids 
 External genital organs (clitoris, scrotum) 
 Claws on all 4 limbs 
 Omasum and abomasum 
 First centers of ossifi cation in the skull 

and vertebrae  
  3    14 – 15    Differentiated stomach compartments 

 Hair follicles near the eyes and lips 
 Ossifi cation of limbs and vertebrae  

  4    25    Teats (female) 
 Claws cornifi ed 
 Dental development  

  5    40    Descent of testicles completed  
  6    46    Eyelashes, hair on ears and end of tail  
  7    60    Eyelids open 

 Hair all over the body  
  8    60 – 80    Full coat of short hair  
  9    65 – 85    Hair tuft at end of tail  

    * CRL: crown - rump length.   

age to be determined based on the diameter of the eye 
(Table  7.3 ). At 2 months of gestation, the eyelids cover 
the eyes and become fused together (Figure  7.2 ), to 
reopen at 6.5 months of gestation.   
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 Table 7.2.    
 Summary of the principal fetal measurements from 60 to 140 days of gestation   (adapted from Winters et al. 1942; 

White et al. 1985; Hughes and Davies 1989; K ä hn 1989)   

   CRL  *   (cm)  

  60 Days    70 Days    80 Days    90 Days    100 Days    120 Days    140 Days  

   6 – 7     9 – 13     12 – 13     13 – 17     19     22 – 32     33  

  Eye diameter (mm)    4    6    8    10    12    16    19  
  Trunk diameter (cm)    1.7 – 2.2    2.3 – 2.9    3.0 – 3.7    3.9 – 4.5    5.1 – 5.3    7.0 – 8.7    8.9 – 14.8  
  External skull diameter (cm)    1.6 – 1.8    2.0 – 2.3    2.5 – 2.8    3.2 – 3.3    3.8 – 4.0    4.9 – 6.2    5.9 – 9.6  

    * CRL: crown - rump length.   

 Table 7.3.    
 Changes in crown - rump length and eye diameter, heart rate and fetal presentation from months 2 to 9 of gestation  

 (adapted from Winters et al. 1942; Scanlon 1974; K ä hn 1989; Barone 1990; Ginther 1998)   

   CRL  *   (cm)  

  2   Mos    3   Mos    4   Mos    5   Mos    6   Mos    7   Mos    8   Mos    9   Mos  

   6 – 7     14 – 15     25 – 27     37 – 40     46 – 54     60 – 70     60 – 82     65 – 88  

  Heart rate (beats/min)    160 – 195    150 – 180    145 – 165    140 – 155    135 – 155    135 – 145    125 – 135    120 – 125  
  Diameter of the eye (mm)    4    10    16    20    24    26    27    27  
  Fetal presentation (%) Anterior    50    43 – 50    43 – 50    50 – 65    50 – 70    70 – 80    85 – 95    95 – 98  

  Posterior    50    43 – 50    43 – 50    22 – 50    28 – 50    20 – 25    2 – 15    2 – 5  

    * CRL: crown - rump length.   

     Figure 7.1.     Frontal view of the head and neck of a bovine 
fetus at 4 months of gestation. The skull bones and vertebrae 
are ossifi ed. The eyes are visible. 1: Head; 2: Neck; 3: Cervical 
vertebrae; 4: Eye.  

 Various signs of fetal viability can be observed on 
the head, such as eyelid movements, swallowing, and 
muzzle licking.  

  Spinal  c olumn 

 Cervical, thoracic, lumbar, and sacral vertebrae begin 
to ossify starting on days 61 to 65 of gestation, with the 
coccygeal vertebrae starting on day 86 of gestation  12  .  

     Figure 7.2.     Head of a bovine fetus on day 58 of gestation 
 (adapted from Barone 1990) . The eyelids are fused together. 
1: Fetal telencephalon; 2: Fetal metencephalon; 3: Fused 
eyelids; 4: Ear pinna.  
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  Thorax 

 The ossifi cation of the ribs occurs earlier, between days 
55 and 60 of gestation, whereas the sternum begins to 
ossify between 81 and 85 days of gestation  12  . 

 The cone - shaped cranial section of the thorax is 
occupied almost entirely by the heart. Its four cham-
bers are separated by the septum and the valves (Figure 
 7.3 ). The heart is easy to visualize with ultrasound due 
to its obvious beating. The heart rate varies consider-
ably, even at different times in the same individual, 
because it increases during phases of fetal activity  16  ; it 
is also much faster than that of the mother (Table  7.3 ). 
The lungs fi ll the space around the heart, extending to 
the cranial surface of the diaphragm (Figure  7.4 ).    

  Abdomen 

 The embryonic abdominal cavity is occupied almost 
entirely by the liver and the mesonephros. On day 65 
of gestation, the liver weighs one - tenth the total weight 
of the fetus and extends past the umbilicus caudally  1  . 
Its growth slows down during the second half of gesta-
tion, when it is displaced slightly to the right and 
caudal to the diaphragm, gradually ceding space to the 
other viscera  2   (Figure  7.3 ). The liver has a rich vascular 
network that can be visualized by ultrasound (Figure 
 7.28 C).   

 At 2 months of gestation, the stomach is divided into 
its four compartments — the rumen and the reticulum 

are similar in size to the abomasum, whereas the 
omasum is clearly larger (Figures  7.5 ,  7.6 ). The aboma-
sum and the omasum appear as hyperechogenic spots, 
whereas the rumen is the largest hypoechogenic region 
in the trunk  11,18  . Starting at 6 months, the abomasum 
grows considerably; at the time of birth, it is three 
times larger than the rumen  1  .   

 The jejunum and ileum are differentiated as early 
as day 40 of gestation, but the differentiation of the 
large intestine and its proximal segments comes 
later, beginning at 4.5 months of gestation (Figures  7.7 , 
 7.3 ).   

 During the embryonic period, the mesonephros 
occupies a large volume and extends over practically 
the entire lumbar region; it subsequently atrophies 
at approximately day 70 of gestation  1, 21  . The defi nitive 
kidneys emerge from the development of the 
metanephros starting at 30 days of gestation. The 
kidneys possess their defi nitive appearance and lobu-
lation at approximately 3 months of gestation (Figures 
 7.8 ,  7.9 ).   

 In the fetal stage, the bladder can be viewed by ultra-
sound with a variable degree of fi lling.  

     Figure 7.3.     Frontal view of the thoracic and abdominal 
cavities of a bovine fetus at 4 months of gestation. The 
10   cm linear probe is located on the left side of the fetus. 
1: Thoracic cavity; 2: Ribs; 3: Heart (left and right ventricles); 
4: Pulmonary trunk; 5: Lungs; 6: Diaphragm; 7: Abdominal 
cavity; 8: Liver; 9: Reticulum; 10: Rumen; 11: Omasum; 
12: Abomasum; 13: Intestines.  

     Figure 7.4.     Transverse section view of the thoracic cavity 
of a bovine fetus at 100 days of gestation. The linear probe is 
located on the right side of the fetus. 1: Thoracic vertebra; 2: 
Rib; 3: Aorta; 4: Heart; 5: Lung; 6: Anterior limb.  
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     Figure 7.5.     Development of the stomach compartments in the bovine fetus at day 70 of gestation  (adapted from Noden and 
De Lahunta 1985) . Lateral view (A) and dorsal view (B). The dorsal sac of the rumen has been displaced to the right in B. 1: 
Dorsal sac of the rumen; 2: Ventral sac of the rumen; 3: Reticulum; 4: Abomasum; 5: Omasum.  

     Figure 7.6.     Ventral view from a transverse section of the 
abdomen of a bovine male fetus at 100 days of gestation. The 
linear probe is located on the left side of the fetus. 1: Lumbar 
vertebra; 2: liver; 3: Right kidney; 4: Rumen; 5: Abomasum; 
6: Omasum; 7: Spleen.  

     Figure 7.7.     Abdominal organs in a bovine fetus at day 90 
of gestation  (adapted from Barone 1990) . Left lateral view. 
The rumen and the greater omentum have been displaced to 
the left to display the intestines. 1: Rumen displaced cranially 
(dorsal sac, ventral sac); 2: Abomasum; 3: Greater omentum; 
4: Proximal segment of the jejunum; 5: Ascending colon; 6: 
Cecum; 7: Descending segment of the duodenum; 8: Distal 
segment of the jejunum; 9: Right kidney (under the duode-
num); 10: Spleen; 11: Left kidney; 12: Ascending segment of 
the duodenum.  

  Genital  o rgans 

 After day 70 of gestation, the genital tubercle is covered 
by small labia or by the prepuce, which decreases its 
echogenicity. Therefore, beginning at this stage there 
is no longer a genital tubercle; the external genital 
organs have taken its place. 

 In the male fetus at 60 days of gestation, the scrotal 
folds fuse on the median line to form the scrotum. The 
width of the scrotum increases over the course of ges-
tation, measuring 4, 10, and 33 mm, respectively, at 2, 
3, and 7 months of gestation  18   (Figures  7.10 ,  7.11 ). The 
teats remain rudimentary. The testicles cross the ingui-
nal space during the 4th month of gestation and reach 
their defi nitive position in the scrotal sac between the 
3rd and 5th months  1,22  . Thus an empty scrotum, resem-
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     Figure 7.8     Urinary and genital organs in a bovine male fetus 
at 90 days of gestation  (adapted from Barone 1990) . The 
kidneys are well developed within the abdominal cavity. 1: 
Right kidney; 2: Left kidney; 3: Right ureter; 4: Left ureter; 5: 
Right testicle; 6: Left testicle; 7: Penis and prepuce; 8: Scrotum; 
9: Section of posterior limbs.  

     Figure 7.9     Transverse section view of the lower abdomen 
and penis of a bovine male fetus at 100 days of gestation. The 
linear probe is located on the right side of the fetus. 1: Lumbar 
vertebra; 2: Kidneys; 3: Intestines; 4: Liver; 5: Penis.  

bling two white circles with black centers, is often 
observed until the end of the 3rd month of gestation.   

 In the female fetus, the labio - scrotal folds are smaller 
than in the male and they do not move from their posi-
tion between the posterior limbs; however, they disap-
pear completely by day 75 of gestation. The rudimentary 
teats are clearly visible by ultrasound, which reveals 
four hyperechogenic corners of a square or rhombus 
(Figures  7.12 ,  7.13 ). Even though they are present in 
the male fetus, these structures are usually not visible 
by ultrasound with fi eld units. The urogenital folds lift 
and form two labia that completely surround the 
genital tubercle during the 5th month of gestation  15  . 
They are visible by ultrasound as an equals sign (=) 
immediately beneath the tail.    

  Pelvis and  l imbs 

 The scapula, ilium, and ischium become ossifi ed at 
approximately 70 days of gestation  12  . 

 During the 2nd month of gestation, the claws can be 
seen on the four limbs as small cone - shaped tubercles 
(Figure  7.14 ). A few cornifi ed structures appear in the 
4th month of gestation. The long bones of the limbs 
begin to ossify as early as days 61 to 65 of gestation, 
with ossifi cation of the digits occurring later, between 
days 81 and 85 of gestation  12   (Figure  7.15 ). The anterior 
and posterior limbs of the fetus measure 2.1 and 1.2   cm, 
respectively, on day 60 of gestation. Exponential 
growth takes place after that and the diaphysis of the 
long bones of the limbs reaches a length between 5.5 
and 6.5   cm around the 6th month of pregnancy  18  .    

  Fetal  m obility and  p osition in 

the  u terus 

 The fetus is active approximately 60% of the time. Its 
activity level remains stable between days 65 and 175 
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     Figure 7.11.     Ventral view of a male fetus at 100 days of 
gestation. The penis and the scrotum are visible. 1: Umbilical 
cord; 2: Penis and prepuce; 3. Scrotum; 4: Perineal raphe.  

     Figure 7.12.     Development of the external genital organs in 
a bovine female fetus at 80 days of gestation  (adapted from 
Barone 1990) . 1: Umbilical cord; 2: Rudimentary teats; 3: 
Perineal raphe; 4: Vulvar labia; 5: Clitoris; 6: Anus; 7: Posterior 
limbs.  

     Figure 7.13.     Ventral view of a female fetus at 80 days of 
gestation. The rudimentary teats are visible. 1: Umbilical 
cord; 2: Four rudimentary teats.  

     Figure 7.10.     Development of the external genitalia in a 
bovine male fetus at 70 days of gestation  (adapted from 
Barone 1990) . 1: Umbilical cord; 2: Penis; 3: Prepuce; 4: 
Scrotum; 5: Perineal raphe; 6: Posterior limbs.  

of gestation  11  . Signifi cant fetal movements explain the 
changes in its location and position within the uterus 
during gestation. From the 2nd to the 5th months of 
gestation, the presentation of the fetus can be either 
anterior or posterior at equal rates  18  . However, anterior 
presentation predominates starting at the 5th month of 

gestation (Table  7.3 ). A defi nitive anterior presentation 
occurs on average at 192 days of gestation  11,24  . 

 The position of the fetus in the abdomen and its 
signifi cant increase in size limit the accessibility of 
certain body parts to transrectal ultrasound examina-
tion during the second half of gestation.   
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     Figure 7.14.     Limb extremities of a fetus at 80 days of gesta-
tion  (adapted from Barone 1990) . Posterior view (left) and 
left lateral view (right). 1: Cornifi ed claw; 2: Dew - claw.  

     Figure 7.15.     Transverse section of the posterior limbs of a 
male fetus at 100 days of gestation. The linear probe is located 
on the right side of the fetus. 1: Pelvis; 2: Femur; 3: Posterior 
limbs.  

  Ultrasound Fetal Sexing 
 Ultrasound fetal sexing is helpful to beef and dairy 
breeders in many ways. Purebred breeders can use this 
tool to know as early as 60 days of gestation the sex of 
the upcoming calf resulting from an embryo transfer 
or the insemination of a cow of high genetic value. It 
can also be used as a verifi cation to evaluate the accu-
racy of embryo - sexing or semen - sexing technologies 
without having to wait for the confi rmation of the sex 
of the calf at birth. Commercial breeders may include 
this approach in their culling and herd management 
decisions. 

  Ultrasound  d iagnosis of  f etal  s ex: 

Three  s teps  8   

 The fi rst step is to locate the fetus in the uterus by 
scanning the uterine body as well as both uterine 
horns from their proximal to distal parts or vice versa. 
Since twin (or even triplet) pregnancies can have a 
major impact on the next lactation, a careful examina-
tion of the uterus is needed to confi rm the number 

of fetuses present inside the uterine lumen (see 
Chapter  6 ). 

 The second step is to make sure that the fetus is alive 
and normal. The different signs showing the presence 
of a dead fetus were already presented in Chapter  6 . 
Keep in mind that in certain situations the only sign of 
the death of the fetus might be the absence of a heart 
beat, especially if the fetal death occurred very recently. 
Although many clinical malformations are diffi cult to 
identify at an early stage, such as 60 days of pregnancy, 
it is also part of the diagnostic procedure to make sure 
that the fetus looks normal (see the section on fetal 
anomalies in this chapter). 

 Finally, the operator will be ready to complete 
the procedure with the determination of the sex of 
the fetus. 

 Examination of the cow can be done between days 
54 and 100 of pregnancy, but the ideal window of 
opportunity is between days 60 and 70.  6,7,25   Even 
though the genital tubercle is visible as early as day 45, 
it does not reach its defi nitive position until day 58 in 
most animals. Migration may sometimes occur more 
rapidly, enabling defi nitive diagnosis at day 54 or 55. 
The possibility of establishing an accurate diagnosis at 
a later stage of the pregnancy (90 to 100 days) will 
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depend on the position of the uterus within the abdom-
inal cavity and the ability of the operator to reach the 
gravid uterine horn with the probe. 

 Diagnostic accuracy depends on the experience of 
the practitioner, the quality of the equipment, and the 
working conditions. Under ideal conditions, an expe-
rienced practitioner will get a defi nite and accurate 
diagnosis in almost 100% of the cows.  

  Appearance of the  g enital  t ubercle 

 The genital tubercle in both the male and the female, 
as well as the genital swellings and the urogenital folds 
in the male, are highly echogenic structures. Both the 
male and the female genital tubercles appear on the 
screen as bilobed structures whose echogenicity is 
similar to that of bone tissue.  6   

 The ultrasound appearance of the genital tubercle is 
the same in both the male and the female, at least from 
58 to 65 days of gestation. However, its position deter-
mines the diagnosis.  7,8,25   In Chapter  2 , a description of 
the scanning technique showed how the position of the 
probe on the uterus has an impact on what will be seen 
on the monitor.  

  Male in  d ifferent  s canning  v iews 

 At around day 58 of gestation, the genital tubercle 
reaches its fi nal position, slightly caudal to the umbili-
cus (Figures  7.16 ,  7.17 ).   

 Between 65 and 70 days of gestation, most of the 
male fetuses will show a change in the appearance of 
the genital tubercle. The two - lobed structure observed 
earlier gives way to a four - lobed structure representing 
the genital tubercle and the urogenital folds (Figure 
 7.18 ).  6     

 At this stage, the genital swellings are fused near the 
midline. These structures are at the origin of the 
scrotum and appear in the form of two small white 
lines on each side of the median line between the 
hindlimbs (Figure  7.19 ).  6      

  Female in  d ifferent  s canning  v iews 

 At around day 58 of gestation, the genital tubercle 
reaches its fi nal position, under the tail (Figures  7.20 , 
 7.21 ).    

  Identifying  e xternal  g enitalia 

 a fter  d ay 70 

 Differentiation of the female tract is completed by 
about day 70 and mammary glands are 0.6 to 3 mm in 
diameter on days 80 to 130. Descent of the testis in the 
bovine fetus is complete at about days 90 to 130. 
Because of these observations, the term  external genita-
lia  should be used after day 70, and the term  genital 
tubercle  should be discontinued.  11   

 In the male, the genital tubercle, the urogenital folds 
and the genital swellings are at the origin of the penis, 

     Figure 7.16.     Male fetus at 65 days of gestation in longitudinal plane. The left side of the fi gure shows the position of the 
probe in relation to the fetus inside the uterus. The right side of the fi gure shows what will be seen on the screen at the same 
moment. Please note that the free part of the probe appears on the left side of the ultrasound image. 1: Umbilicus; 2: Genital 
tubercle; 3: Hindlimbs; 4: Forelimbs; 5: Placentome.  
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     Figure 7.17.     Male fetus at 60 days of gestation in three consecutive transversal planes. The left side of the fi gure shows the 
position of the probe in relation to the fetus inside the uterus. The right side of the fi gure shows what will be seen on the 
screen at the same moment. The probe is moved from the umbilicus (A) to the genital tubercle (B) and the hindlimbs (C). 
 1: Umbilicus; 2: Genital tubercle; 3: Hindlimbs.  
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     Figure 7.18.     Ultrasound appearance of the genital tubercle 
and the urogenital folds from a male fetus at 68 days of gesta-
tion (longitudinal plane). 1: Umbilicus; 2: Genital tubercle; 3: 
Urogenital folds; 4: Hindlimbs.  

     Figure 7.19.     Ultrasound appearance of the genital tubercle 
and the genital swellings from a male fetus at 68 days of 
gestation (longitudinal plane). 1: Umbilicus; 2: Genital tuber-
cle; 3: Median line; 4: Hindlimbs; 5: Genital (scrotal) swell-
ings; 6: placentome; 7: Forelimbs.  

     Figure 7.20.     Female fetus at 60 days of gestation in longitudinal plane. The left side of the fi gure shows the position of the 
probe in relation to the fetus inside the uterus. The right side of the fi gure shows what will be seen on the screen at the same 
moment. 1: Hindlimbs; 2: Genital tubercle; 3: Tail.  
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     Figure 7.21.     Female fetus at 60 days of gestation in three consecutive transverse planes. The left side of the fi gure shows the 
position of the probe in relation to the fetus inside the uterus. The right side of the fi gure shows what will be seen on the 
screen at the same moment. The probe is moved from the hindlimbs (A) to the genital tubercle (B) and the tail (C). 1: Hindlimbs; 
2: Genital tubercle; 3: Tail; 4: Umbilicus.  
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     Figure 7.22.     Ultrasound appearance of the scrotum of a male fetus at 75 days of gestation (transversal plane). The left side 
of the fi gure shows the position of the probe in relation to the fetus inside the uterus. The right side of the fi gure shows what 
will be seen on the screen at the same moment. 1: Hindlimbs; 2: Umbilicus; 3: Scrotum.  

     Figure 7.23.     Ultrasonogram of a male fetus of 72 days. This 
image presents a situation where a less experienced manipu-
lator can be misled by an incorrect identifi cation of a fetal 
structure. For some practitioners, the appearance of the tail 
(caudal vertebra) on this day 72 male fetus can be misidenti-
fi ed as the external genitalia from a female fetus. 1: Hindlimbs; 
2: Scrotum; 3: Tail.  

the prepuce, and the scrotum, respectively (Figure 
 7.22 ). In the female, the genital swellings undergo 
gradual atrophy and eventually disappear around day 
50. The genital tubercle becomes the clitoris, and the 
urogenital folds form the vulvar labia.  6      

  Advice for  l ess  e xperienced 

 p ractitioners 

 Although highly variable between individuals, it 
usually takes considerable training and a few months 
of practice to reach a level of confi dence high enough 
to use this technology commercially. Some of the 
common mistakes made by less experienced manipu-
lators include confusing the umbilicus with the 
male genital tubercle or confusing a section of the tail 
(caudal vertebra) with the female genital tubercle 
(Figure  7.23 ). It is also not recommended to confi rm a 
female based on the impression that  “ nothing was seen 
in the umbilical region ”  or a male based on the impres-
sion that  “ nothing was seen under the tail. ”  Make sure 
that a complete examination of the fetus is done. 
Accurate knowledge of the fetal anatomy and the 
ultrasonographic appearance of the different fetal 
structures will help avoid confusion during the diag-
nostic procedure. The manipulator should never forget 
to confi rm the number of fetuses as well as the viability 
of the fetus(es).     
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     Figure 7.24.     Ultrasonographic image of a schistosomus 
refl exus fetus at 80 days (probe 5   MHz; depth 10   cm). Courtesy 
of Dr. Sandra Curran. This condition is characterized by 
acute angulation of the spine so that the tail lies close to the 
head of the fetus. Schistosomus refl exus (SR) is a rare and 
fatal congenital disorder. SR fetuses often survive to parturi-
tion but cannot be delivered live without a C - section and 
always result in a dystocia; SR is incompatible with life fol-
lowing birth of the calf. Primarily observed in ruminants, its 
defi ning features include a reverse ventro - dorsal curvature 
of the vertebral column, exposure of the abdominal viscera 
because the ventral abdominal wall cannot close, limb anky-
losis, and positioning of the limbs adjacent to the skull. 1: 
Acute reverse curvature of the vertebral column.  

  Fetal Anomalies 
 The incidence of bovine fetal anomalies is very low. It 
has been estimated at 0.07% or 15 detected anomalies 
from 21,000 pregnancy examinations over a 5 - year 
period  11  . Most of the reported anomalies were diag-
nosed at the time of fetal sexing. Often the pregnancy 
is noted as abnormal during the embryonic stage, but 
the exact nature of the abnormality cannot be described 
until the fetal stage. The following are some of the 
reasons justifying a second ultrasonographic examina-
tion after an early pregnancy evaluation: 

   •      Early detection of embryonic and fetal losses  
   •      Confi rmation of multiple fetuses  
   •      Evaluation of normal development of the concep-

tus and fetal viability  
   •      Detection of fetal anomalies    

 The early detection of fetal anomalies makes it possible 
to terminate the abnormal pregnancy and allow 
rebreeding of the cows without too much consequence. 
Most fetal anomalies have a very poor prognosis for 
the birth of a live calf, which justifi es the termination 
of the pregnancy. 

 The most easily detectable fetal anomalies during 
ultrasonographic exams in cattle are schistosomus 
refl exus, amorphus globosus (or fetal mole), conjoined 
fetuses (Siamese twins), a two - headed fetus, and an 
extrathoracic heart. Some other congenital or acquired 
anomalies worthy of mention are hydrocephalus, fetal 
ascites, and pericardial effusion. Figures  7.24  –  7.28  
present some of these anomalies.    
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     Figure 7.25.     Sonograms of an amorphus globosus or fetal mole (probe 5   MHz; depth 10   cm).  Courtesy of Dr. Sandra Curran . 
The amorphus globosus (AM) is a spherical structure of all three basic germ layers covered with normal, pigmented skin 
typical of the breed. AM may cause dystocia. 1: Heterogenous rounded structure with hyperechogenic bone tissue; 2: 
Placentome.  
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     Figure 7.26.     Ultrasonographic image of a two - headed fetus 
of 64 days (probe 6   MH; depth 6   cm).  Courtesy of Dr. S é bastien 
Buczinski . Note that the cervical column splits in two parts 
from the fi rst thoracic vertebrae. 1: Head #1; 2: Head #2; 3: 
Base of the neck; 4: Placentome.  

     Figure 7.27.     Ultrasound image of a bovine hydrocephalic 
fetus (probe 5   MHz; depth 8   cm).  Courtesy of Dr. Sandra 
Curran . Note the abnormal accumulation of cerebrospinal 
fl uid within the cerebral ventricular system of this 90 - day 
fetus. 1: Neck; 2: Mandible; 3: Brain.  



116  PRACTICAL ATLAS OF RUMINANT AND CAMELID REPRODUCTIVE ULTRASONOGRAPHY

     Figure 7.28.     Ultrasonograms of fetal ascites and pericardial effusion in a 100 - day fetus (probe 5   MHz; depth 10   cm).  Courtesy 
of Dr. Sandra Curran . Note the abnormal accumulation of fl uid around the heart (pericardial effusion) (A and B) and in the 
abdominal cavity (ascitis) (A and C), which permits easy identifi cation of the contour of the organs. The cause of this condition 
is often undiagnosed but is often fatal to the fetus.   1: Heart; 2: Liver; 3: Placentome; 4: Umbilicus.  

low - frequency probe (2 to 3.5   MHz) must be used to 
obtain deep images up to 20 – 25   cm and visualize the 
fetus and its adnexa (Figures  7.29 ,  7.30 ). To improve 
the quality of the ultrasound images the abdomen is 
prepared by shaving the area from the lower half of 
the right fl ank ventrally to the linea alba and cranially 
to the xiphoid process. Clipping is followed by rinsing 
with warm water and application of transducer cou-
pling gel. After the 7th month of pregnancy, pressing 
the abdomen may help in locating the fetus.    

  Ultrasonographic  p arameters that  c an  b e 

 a ssessed with  f etal  u ltrasound 

 Various parameters are used in different species to 
assess the fetus and its adnexa (amniotic and allantoic 
fl uids and uterus) (Table  7.4 ). Of those, the most per-
tinent are presented in this section.   

  Depth of  p lacental  fl  uids 

 The placental fl uids (amniotic and allantoic) are highly 
dependent on the fetus and the annexes for their pro-
duction. The amniotic fl uid contains small echogenic 

  Fetal Well - Being During 
Late Pregnancy (Normal 
Gestation, Compromised 
Pregnancy, and Clone) 
 The ultrasonographic assessment of the feto - placental 
unit can add highly valuable information concerning 
fetal well - being.  29   In human pregnancies this examina-
tion consists of the evaluation of fetal growth, health 
status, and early detection of congenital anomalies.  5   
There are few studies describing the ultrasonographic 
appearance of the conceptus in the bovine and equine 
late pregnancy.  3,13,23   

  Practical  a ssessment of  f etal  w ell -  b eing 

 d uring  l ate  b ovine  p regnancy 

 Two of the diffi culties of examination during late ges-
tation are the size of the fetus and the depth of the 
maternal abdomen. After 5 months of pregnancy the 
conceptus rests on the ventral abdominal wall. 
Therefore, transabdominal ultrasonography with a 
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     Figure 7.29.     Topographic representation of the fetus and 
uterus in late pregnancy. The right lateral view of the abdom-
inal cavity can be scanned in order to evaluate the fetal via-
bility in late pregnancy. Please note that it is often necessary 
to prepare the scanning area up to the xiphoid process. 1: 
Gravid uterus (brown); 2: Fetus (blue).  

     Figure 7.30.     Transverse section of the bovine maternal 
abdomen during late pregnancy. This drawing presents the 
position of a 7 - month fetus in the uterus of a cow and the 
possible area of interest for transabdominal ultrasonographic 
fetal viability assessment. Please note that it is often neces-
sary to scan over the midline of the abdomen to achieve a 
complete evaluation of the fetal well - being. 1: Gravid uterus 
(brown); 2: Fetus (blue); 3: Lungs (pink); 4: Heart (red); 5: 
Rumen (green).  

 Table 7.4.    
 The different ultrasonographic parameters used in human, equine, and bovine fetal well - being assessment (Buczinski et al. 

2006, 2007; Jonker 2004; Reef et al. 1996; Woodward et al. 2005) 

   Human     Equine     Cattle  

  Fetal movements    Global fetal activity    Global fetal activity  
  Heart rate variability    Fetal heart rate variability    Fetal heart rate (3 to 5 measurements)  
  Deepest pocket of amniotic fl uid    Maximal depth of fetal fl uids    Maximal depth of fetal fl uids, fl uid echogenicity  
  Fetal tone    Fetal aortic diameter    Mean size and aspects of 4 placentomes  
  Fetal breathing movements    Uteroplacental thickness and aspect    Allanto - amniotic membrane thickness  

particles in contrast to the allantoic fl uid, which is 
anechoic (Figure  7.31 ). Their quantity can be affected 
by various fetal or adnexial disorders. Their quantity 
is indirectly assessed by the deepest pocket of fl uid 
that can be observed when the ultrasonography is per-
formed (Figure  7.32 ). The deepest pocket of placental 
fl uid generally exceeds 20   cm after the 7th month of 
pregnancy.    

  Placental  a ssessment 

 The placental assessment is performed by assessing 
the shape, size, and echogenic aspect of the placent-
omes. The normal size of the placentomes is 6 by 8 to 
10   cm. They are ovoid with a homogeneous echo-
genicity (Figure  7.33 ). The allanto - amniotic membrane 
between the allantoic and the amniotic fl uid can 
be seen when imaging the placental fl uids. The thick-

ness of this membrane is usually less than 0.5   cm in 
healthy cows. The thickness of the allanto - amniotic 
membrane can occasionally be increased in case of 
hydrallantois.    

  Fetal  h eart  r ate 

 The fetal heart rate (FHR) is an interesting indicator of 
fetal health. The FHR can be measured when imaging 
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     Figure 7.33.     Ultrasonographic appearance of normal 
placentomes in a pregnant cow of 8 months. 1: Normal plac-
entome in transversal view; 2: Normal placentome in longi-
tudinal view; 3: Allantoic fl uid; 4: Uterine wall; 5: Fetal 
bone; 6: Acoustic shadow.  

     Figure 7.31.     Ultrasonographic image for the assessment of 
the amniotic and allantoic fl uid in a pregnant cow of 7 
months.   Note that the amniotic fl uid has numerous echo-
genic particles compared to the allantoic fl uid, which is ane-
chogenous. 1: Abdominal wall; 2: Uterine wall; 3: Allantoic 
fl uid (anechogenous); 4: Amniotic fl uid (hyperechogenous 
particles); 5: Allanto - amniotic membrane; 6: Fetal part of the 
fetus (moving).  

     Figure 7.32.     Ultrasound evaluation and measurements of 
the deepest pocket of uterine fl uid in a pregnant cow of 8 
months.   The deepest pocket of placental fl uid has been mea-
sured at 21.74   cm (yellow calipers). 1: Placentome; 2: Allantoic 
fl uid (anechogenous); 3: Fetus.  

the fetal thorax (Figure  7.34 ) by counting heartbeats for 
15 seconds and multiplying the number by 4 to obtain 
FHR or with M - mode if available. Highly variable FHR 
(see the normal ranges in the section on ultrasono-
graphic fetal well - being assessment in normal preg-
nancies during late gestation; see also Chapter  6  
concerning early pregnancy) indicates a healthy fetus, 
which adapts its FHR to its activity with a mature 
neurologic development. However, ultrasonographic 
measurements of FHR in late pregnancy have a limited 
value because the variation of FHR is not easily assessed 
and can be affected by various stimuli. Continuous 
recording of the FHR by Doppler ultrasonography 
could potentially help to assess fetal heart rate vari-
ability, but it is not available in most private 
practices.    

  Fetal  m ovements 

 Fetal activity is an important part of the assessment of 
fetal well - being.  3,5,23,29   As the nervous system develops, 
the movements of the fetus are accompanied by an 
increase of the FHR to increase cardiac output.  5   Due to 
the size of the fetus and the deep abdomen of the dam 
no gradation of the complexity of the movements can 
be made. A fetal joint can sometimes be recognized 



119  CHAPTER 7 :  BOVINE FETAL DEVELOPMENT,  SEXING,  AND ANOMALIES

     Figure 7.34.     Ultrasonographic examination of the heart 
and thorax of an 8 - month bovine fetus. 1: Atrioventricular 
limits of the heart in long axis view; 2: Left atrium; 3: Left 
ventricle; 4: Right atrium; 5: Right ventricle; 6: Placentome; 
7: Allantoic fl uid; 8: Thoracic limb.  

easily (Figure  7.35 ). However, it is quite easy to record 
the proportion of time the fetus is moving when per-
forming the ultrasonographic examination. This gross 
examination of fetal movement is used in equine fetal 
biophysical profi les.  23   According to the proportion of 
time that the fetus is moving, a four - grade scale can be 
used.  23   A score of 0 is given to fetuses that did not 
move during the 30   min period, 1 to fetuses moving 
less than one - third of the examination time, 2 for 
fetuses moving more than one - third but less than two -
 thirds of the time, and 3 for fetuses moving more than 
two - thirds of the examination time.    

  Indicators of  f etal  g rowth 

 The ultrasonographic indicators of fetal growth are 
well known in early pregnancy to midpregnancy when 
the fetus can be easily imaged (Table  7.2 ). However, 
late indicators have not been studied because they are 
diffi cult to observe or to measure consistently. The tho-
racic aortic diameter has been mentioned as a reliable 
parameter in horses. The aorta is easily observed as an 
anechoic tubular structure with a hyperechoic wall in 

     Figure 7.35.     Ultrasonographic observation of the fetal limb 
(fetal stifl e) to assess fetal movements in a pregnant cow of 
8 months. 1: Femoral condyle; 2: Tibial crest; 3: Tibia; 4: 
Shadow artifact; 5: Placentome.  

the thorax (Figure  7.36 ). Although mentioned as a pos-
sible fetal growth parameter in cattle, it has not been 
fully validated.  5,13   The only valid indicator of fetal 
weight in late pregnancy in cattle is the width of the 
metacarpal or metatarsal bone as measured by tran-
srectal ultrasonography. Those parameters are linearly 
correlated with birth weight, but can be assessed only 

     Figure 7.36.     Ultrasonographic fetal thorax examination 
and aortic (Ao) measurement during a fetal well - being evalu-
ation of a pregnant cow of 7 months. Ao: Longitudinal 
section of the aorta, which has a diameter of 1.28   cm. The 
transversal plane is between the calipers. 1: Acoustic shadow 
due to costal blockage of the ultrasound beam; 2: Fetal lung 
parenchyma.  
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     Figure 7.37.     Ultrasonographic aspect of the abomasum 
and liver of an 8 - month - old bovine fetus. 1: Abomasum with 
anechoic content; 2: Abomasal folds; 3: Fetal liver; 4: Fetal rib 
with acoustic shadow; 5: Placentome; 6: Allantoic fl uid; 7: 
Uterine wall.  

when the fetus is palpable per rectum the last month 
of pregnancy.  26   Various organs can also be assessed by 
fetal ultrasonography (Figure  7.37 ).     

  Ultrasonographic  f etal  w ell -  b eing 

 a ssessment in  n ormal  p regnancies 

 Preliminary data have shown that ultrasonographic 
fetal viability assessment can be done in cattle. The 
mean duration of the examination is 30   min. The FHR 
is variable in fetuses. The mean FHR is 105 beats per 
minute (bpm) in the last month of pregnancy and gen-
erally varies from 90 to 125   bpm.  5   However, large vari-
ations have been recorded, especially when contraction 
of the uterus occurs during parturition (from 60 to 
220   bpm). The fetuses are generally active less than 
one - third of the total examination time or between one -
 third to two - thirds of the examination time.  

  Ultrasonographic  f etal  w ell -  b eing 

 a ssessment in  c ompromised 

 p regnancies 

 Because any disease of the dam can have an impact 
on the perfusion of the conceptus and blood supply of 
the fetus  5   ultrasonographic fetal well - being can poten-
tially be helpful in determining the impact of any 
disease on the fetus.  4,5   Preliminary data in small 

numbers of pregnancies have shown that serial mea-
surements of FHR in abnormal pregnancies were not 
different from normal pregnancies. The absence of a 
heartbeat when imaging the thorax was indicative of 
fetal death.  3,17   Inactive fetuses during the examination 
period or fetuses active throughout the entire examina-
tion time were fetuses that had a poor outcome. 
However, sleeping periods with no detrimental impact 
on the fetus have been mentioned in mares  23   and 
women. For this reason, fetal inactivity should be con-
fi rmed by repeating the ultrasonographic assessment. 
If the outcome is the same it should be interpreted as 
an indicator of fetal distress or death.  5,17   Although 
hyperechoic particles are frequently observed in amni-
otic and more rarely in allantoic fl uid, permanent visu-
alization of a large amount of those particles in fetal 
fl uids during repeated examinations is indicative of 
fetal death.  17    

  Ultrasonographic  f etal  w ell -  b eing 

 a ssessment in  c loned  p regnancies 

 Various anomalies of the dam, the fetus, or its annexes 
have been reported in cloned pregnancies.  3   

     Figure 7.38.     Abnormal fi ndings in a 7 - month cloned 
pregnancy with irregular placentomes. Note the irregular 
shape of the placentome above the fetus. 1: Irregular placen-
tome with a lumpy shape and heterogenic echogenicity; 
2: Allantoic fl uid (anechoic); 3: Fetus moving during the 
procedure.  
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ening of the allanto - amniotic membrane (more than 
1   cm) is also often evident. Abnormal placentomes can 
also be seen with heterogenic echogenicity and lumpy 
shape (Figure  7.38 ).    

  Other  p otential  i nterest of 

 u ltrasonography in  l ate  p regnancy 

 Multiple anomalies have been identifi ed with the help 
of an ultrasonographic screening during late preg-
nancy in humans.  29   A decrease of the placental fl uid is 
mainly observed in cases of oligohydramnios when 
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pregnancy.  3     
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   •      Ultrasound fetal sexing diagnosis involves three 
steps. The fi rst step is to locate the fetus (or fetuses) 
in the uterus, the second is to make sure that the 
fetus is alive and normal, and the third step is to 
complete the procedure with the determination of 
the sex of the fetus(es).  

   •      Examination of the cow for ultrasound fetal sexing 
can be done between days 54 and 100 of pregnancy, 
but the ideal window of opportunity is between 
days 60 and 70.  

   •      In the male, the genital tubercle, the urogenital 
folds, and the genital swellings are at the origin of 
the penis, the prepuce, and the scrotum, 
respectively.  

   •      In the female, the genital swellings undergo 
gradual atrophy and eventually disappear 
around day 50. The genital tubercle becomes the 
clitoris and the urogenital folds form the vulvar 
labia.  

   •      Most of the reported fetal anomalies were diag-
nosed at the time of fetal sexing and were probably 
not detectable at the embryonic stage.  

   •      Although rare, the most easily detectable 
fetal anomalies that can be seen during ultrasono-
graphic exams in cattle are schistosomus refl exus, 
amorphus globosus, conjoined twins, two - headed 
fetuses, and extrathoracic heart.  

   •      Transabdominal ultrasonography examination 
with a low - frequency probe (2 to 3.5   MHz probe) is 
necessary to obtain good images when evaluating 
fetal well - being in late pregnancies.  

   •      The ultrasonographic evaluation of fetal move-
ments, heart rate, placental fl uids, and placentomes 
are good indicators for the assessment of fetal well -
 being and are helpful to identify compromised 
pregnancies.  

   •      Inactive fetuses during the entire ultrasonographic 
examination period or fetuses active throughout 
the entire examination time are fetuses that have a 
poor outcome.  

   •      Fetal inactivity should be confi rmed by repeating 
the ultrasonographic assessment. If the outcome is 
the same it should be interpreted as an indicator of 
fetal distress or death.  

   •      Although hyperechoic particles are frequently 
observed in amniotic and more rarely in allantoic 
fl uid, permanent visualization of a large amount of 
those particles in fetal fl uids during repeated exam-
inations is indicative of fetal death.    

  Points to Remember 
     •      A very good knowledge of fetal anatomy and ultra-

sonographic appearances of the fetal structures 
enables the practitioners to recognize the main 
landmarks of the gravid uterus greater than 55 
days.  

   •      The embryonic abdominal cavity is occupied 
almost entirely by the liver and the mesonephros. 
On day 65 of gestation, the liver extends past the 
umbilicus caudally.  

   •      At 2 months of gestation, the stomach is divided 
into its four compartments. The rumen and the 
reticulum are similar in size to the abomasum, 
whereas the omasum is clearly larger.  

   •      The abomasum and the omasum appear as hyper-
echogenic spots, whereas the rumen is the largest 
hypoechogenic region in the abdomen.  

   •      Cervical, thoracic, lumbar, and sacral vertebrae 
begin to ossify starting on days 61 to 65 of gesta-
tion, with the coccygeal vertebrae starting on day 
86 of gestation.  

   •      The fi rst centers of ossifi cation in the skull, which 
appears very echogenic on the ultrasound image, 
appear toward the end of the 2nd month of 
gestation.  
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  Summary Questions 
      1.   Starting at what month of gestation do the testicles 
descend into the scrotal sac of the fetus? 

  a.     2 months  
  b.     3 months  
  c.     5 months  
  d.     8 months      

   2.   Which compartmentalized cavity 2 – 3   cm wide is 
located in the left section of the abdomen in this trans-
verse section of the lower abdomen, taken at the level 
of the penis of a bovine male fetus at 100 days of gesta-
tion? The 10   cm linear probe is located on the left side 
of the fetus. 

  a.     Reticulum  
  b.     Abomasum  
  c.     Urachus  
  d.     Dorsal and ventral sacs of the rumen         

   3.   Identify the statement that is false regarding the 
scanning techniques when performing fetal sexing in 
cows.

   a.     The ideal window of opportunity for fetal 
sexing is between 60 and 70 days of 
pregnancy.  

  b.     The possibility of establishing an accurate 
diagnosis at a later stage of the pregnancy (90 
to 100 days) will depend on the position of the 
uterus within the abdominal cavity and the 
ability of the operator to reach the gravid 
uterine horn with the probe.  

  c.     Since the genital tubercle reaches its defi nite 
position only after day 58, it is never advisable 
to diagnose gender before that period of the 
gestation.  

  d.     It is an important step of the procedure to 
make sure how many fetuses are present in the 
uterus.      

   4.   Looking at the ultrasonographic appearance of the 
genital tubercle from this male fetus in transversal 
plane, identify its approximate age (probe 7.5   MHz; 
depth 6   cm). 

  a.     54 days  
  b.     61 days  
  c.     72 days  
  d.     None of the above         
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   6.   Observing a high variation of fetal heart rate mea-
surements (90 – 125   bpm) during the ultrasonographic 
fetal viability assessment is 

  a.     Compatible with fetal distress and should be 
interpreted as a compromised pregnancy  

  b.     Compatible with normal nervous develop-
ment and maturation of the fetus and can be 
an indicator of a healthy fetus  

  c.     Compatible with a disease of the fetus and is 
frequently observed in abnormal cloned calves  

  d.     Not conclusive      

   7.   Which of those parameters is not indicative of fetal 
death when performing the ultrasonographic fetal 
well - being (UFWB) assessment in late gestation? 

  a.     The absence of fetal heart beat when imaging 
the fetal thorax  

  b.     Repeated fetal inactivity when performing 
UFWB  

  c.     Permanent imaging of echoic particles in allan-
toic and amniotic fl uid  

  d.     Absence of visualization of the fetus when per-
forming the UFWB       

   5.   Identify the following structures from this day 60 
female fetus in longitudinal plane: genital tubercle 
(GT), placentome (PL), tail (TL).

   a.     1   =   GT / 2   =   PL / 3   =   TL  
  b.     1   =   PL / 2   =   GT / 3   =   TL  
  c.     1   =   TL / 2   =   GT / 3   =   PL  
  d.     1   =   PL / 2   =   TL / 3   =   GT         

  Answers      
  1. c 
 2. d 
 3. c 
 4. c 
 5. b 
 6. b 
 7. d      
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 Bovine Embryo Transfer, 
in vitro Fertilization, 

Special Procedures, 
and Cloning  

  Brad   Stroud   and   Jean   Durocher       

C H A P T E R  E I G H T

   Introduction 
 An embryo transfer (ET) practitioner uses transrectal 
palpation for most diagnostic procedures related to the 
technology, i.e., corpus luteum (CL) counts and early 
pregnancy diagnosis. However, there are several clini-
cal situations where real - time transrectal ultrasonogra-
phy provides additional information to the veterinarian, 
which affects the technical and fi nancial outcome of the 
ET process.  6,7   Whether it be a donor female on her fi rst 
day of a superovulation protocol, a superovulated 
donor female in estrus, a donor female on embryo col-
lection day, a recipient on transfer day, early preg-
nancy diagnosis for rapid recipient turnaround, or 
fetal sexing of the conceptus, ultrasound has become 
an essential tool for critical decision making that palpa-
tion alone cannot achieve in progressive embryo trans-
fer operations. The images from this chapter are typical 
examples in which reproductive ultrasound has been 
proven over the past 20 years to aid in reproductive 
diagnostics in progressive ET programs. 

 It takes years of experience to become an accom-
plished bovine reproductive ultrasonographer. The 
authors realize that some proposed applications may 
vary between bovine practitioners. Although ultraso-
nography gives the practitioner an elegant view of 
both the anatomical and the physiological state of the 
reproductive tract at a given moment in time, one 
should always combine the information visible on a 
sonogram in conjunction with past and recent repro-
ductive history before making critical diagnostic deci-
sions or predicting outcomes. There are exceptions to 

several of the predicted outcomes illustrated in this 
chapter and many recommendations on ET come from 
the clinical experiences of the fi rst author.  

  Notes About the Images 
 Most of these images were collected with an Aloka 
3500 unit equipped with a small 3.75   cm (1.5   inch) cur-
vilinear transducer (probe) of 10   MHz. This transducer 
is designed for use in human liver surgery to scan the 
surface of the liver for abscesses or tumors. The fi rst 
author prefers this transducer over a straight linear 
transducer because the total contact of the probe with 
rectal tissue is 3.75   cm (1.5   inch) as compared with 
10   cm (4 inches) for the linear probe, which creates a 
nicer image without black air space or reverberation 
artifacts (see Chapters  1  and  2  for more details) due to 
noncontact areas often seen when using a linear probe. 
However, a standard linear probe is used with success 
for these examinations by most practitioners. 

 Most of the images were taken in BB - mode, but a 
few were taken in B - mode. When in BB - mode, the left 
half of the image is always the left ovary and the right 
half of the image is always the right ovary. When in 
B - mode it could be either ovary, but only one ovary 
will be shown. 

 The reader should bear in mind that each image 
represents only a 1   mm slice of the ovary in a given 
plane (see Figures  2.3  through  2.5  in Chapter  2 ). More 
follicles or even an entire CL may be present on the 
ovary but may not be visible in a single still image. 
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 Along both the left edge and bottom side of each 
image there are several green dashes that can be used 
to estimate sizes and/or distances on the image pro-
duced by the Aloka 3500. The distance between two 
large dashes is 10   mm. There is also a small green dash 
between every two large dashes, and the distance 
between a small dash and a large dash is 5   mm. 

 The follicles were categorized based on their sizes. 
Large follicles are  ≥ 8   mm in diameter, medium ones are 
4 to 7   mm in diameter, and small follicles are less than 
4   mm in diameter. This categorization is also used in 
all other bovine chapters.  

  Embryo Donors 
  Day 1 of a  s uperovulation  p rotocol 

 Beginning with ET donor females on day 1 of a super-
ovulation protocol, transrectal ultrasound gives the 
technician some insight into the number of small, 
medium, and large follicles that are present on both 
ovaries. Additionally, the presence of a CL indicates 
that the donor is in a physiological state of diestrus. 
The evaluation of the amount of small and medium 
sized follicles on the ovaries on day 1 of a superovula-
tion protocol is a useful tool to predict the number of 
embryos at the time of embryo collection. Cows with 
a low number of small and medium - sized follicles at 
the onset of the hormonal stimulation protocol will 
usually give fewer embryos than the ones with an 
average or a high count.  3   Nevertheless, the ultrasonog-
rapher should be cautious in predicting the outcome 
of an embryo collection because there is variability in 
the fertilization rate from one fl ush to another. A highly 

signifi cant correlation between the number of small 
and medium - sized follicles on the ovaries before the 
initiation of hormonal stimulation and the number of 
follicles at oocyte collection, as well as the number of 
transferable embryos produced from IVF is reported.  2,5   
Also, large pathological cysts in the absence of a CL 
can persuade the veterinarian to strongly consider 
eliminating her from the donor pool. Cystic ovaries 
have been covered in Chapter  4  of this atlas. 

 Figures  8.1  to  8.3  present ultrasonograms of follicles 
before a superovulation protocol.    

  Ovarian  r esponse to  s uperovulation 

from  d ay 1 until  e mbryo  c ollection  d ay 

 The superovulation protocol includes the administra-
tion of FSH twice daily during four consecutive days 
with prostaglandin F 2 α   being given in the AM and PM 
of day 3 along with the fi fth and sixth FSH injections. 
Very few ET practitioners will enjoy the opportunity 
to scan donors every day throughout a superovulation 
protocol. However, there are a few points of noticeable 
changes of which the ultrasonographer should be 
aware. First, the antral follicles present on day 1 of the 
protocol do not show appreciable growth until day 3 
(about the time of the fi rst prostaglandin injection). 
Second, the most rapid follicular growth phase occurs 
between the fi rst prostaglandin injection and the onset 
of estrus. Third, when using a high - resolution ultra-
sound unit, the regressing corpus luteum that was 
present at the onset of the superovulation protocol can 
still be visible at the time of estrus. This can be confus-
ing to an ultrasonographer who is asked by an owner 
to scan the cow for estrus that otherwise may not be 

     Figure 8.1.     Ultrasonographic images in BB - mode with a low number of small follicles on day 1 of the fi rst FSH injection in 
a donor cow. The left ovary has a 6   mm medium - sized follicle on the upper - right edge of the ovary (1). About 5   mm below 
that follicle is another 4   mm medium - sized follicle (2). The very far right tip of the edge of the ovary has a small 2 – 3   mm fol-
licle (3). It sits between, and to the right of, the two medium - sized follicles. The remainder of that ovary consists of a large 
corpus luteum (CL). The right ovary has three medium - sized follicles (M).  
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     Figure 8.2.     Ultrasonographic images in BB - mode with an average number of small and medium - sized follicles on day 1 
before the fi rst FSH injection of a superovulation protocol. The left ovary has a medium - sized cavitated CL with a 6   mm fl uid -
 fi lled center (F). It has three medium - sized follicles (1, 2, 3) plus a small follicle (4). Notice that the medium - sized follicles are 
fl attened. That could be due to the ultrasonographer pressing the transducer too fi rmly against the ovary. The right ovary has 
one medium - sized follicle (M), and six small follicles (S).  

     Figure 8.3.     Ultrasonographic images in BB - mode with numerous small follicles on day 1 of the fi rst FSH injection in a donor 
cow. This sonogram is self - explanatory. Both ovaries have numerous medium - sized and small follicles.  
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     Figure 8.4.     Ultrasonographic image taken on day 1 of the superovulation protocol. This image was recorded at the time of 
the fi rst FSH injection. Left ovary: The left ovary image shows the luteal tissue of a CL that is approximately 3   cm in width 
(translucent white highlight). The lower - left corner of the CL is the ovulatory papilla (opaque white), which is that portion of 
the CL that protrudes above the surface of the ovary and is readily discernible by rectal palpation. The lower - right corner of 
the left ovary has one small (3   mm) follicle (S). Right ovary: The far right side of the right ovary has two medium - sized fol-
licles (m) that are somewhat fl attened by pressure exerted on the ovary by the ultrasonographer. The rest of the ovary has 
four small follicles, one of which is sandwiched between the two medium - sized follicles (s). The other tiny small black fi gures 
scattered across the ovary are cross sections of blood vessels. It is often diffi cult to distinguish between very small follicles 
and blood vessels.  

     Figure 8.5.     Ultrasonographic image taken on day 2 of the superovulation protocol. This image was taken on the second day 
of a 4 - day FSH injection protocol on the same cow as in Figure  8.4 . The left ovary is almost in the same position as it was 
during the scan of the previous day. However, it now shows a medium - sized follicle (m) immediately above the small follicle 
(s) on the right side of the ovary. This follicle is not a result of growth from the FSH injections of the previous day. It was 
present the day before, but it was not in the plane of the image captured the day before. The right ovary has three easily 
recognizable medium - sized follicles (m). When comparing the right ovary of day 2 with the right ovary of day 1 it is easy to 
see that the ultrasonographer has the probe or transducer in a different plane. Because ovaries are not perfectly round (many 
are oval and fl attened), one plane will make the ovary appear larger than the other. Generally, follicles do not show noticeable 
growth after only 24 hours of stimulation.  

exhibiting signs, or that may be in standing heat with 
the need to predict a stimulatory response. The practi-
tioner should be careful telling an owner of a donor 
that the cow is not going to come into estrus because 
the CL is still visible. It is very common for the CL to 
still be visible 12 to 18 hours after the onset of estrus. 
Close examination of the CL will reveal peripheral 
edge breakdown and a slightly hyperechogenic texture 
to the body or remnant of the regressing CL. 

 The following series of ultrasound images taken 
from the same cow demonstrate the evolution of the 

recruitment and growth of follicles in response to 
superovulation (Figures  8.4  to  8.8 ).    

  Response to  s uperovulation at 

the  t ime of  i nsemination 

 By the onset of estrus, or certainly by 12 hours after the 
fi rst mount, an ultrasonographer can count the number 
of ovulatory - sized ( ≥ 8   mm) follicles by carefully scan-
ning back and forth across the ovaries. This is an 
important factor in determining whether to use rare or 
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     Figure 8.6.     Ultrasonographic image taken on day 4 of the superovulation protocol. An image from day 3 was skipped, which 
was also the day that prostaglandin was given to the donor. Notice that the CL on the left ovary is noticeably smaller due to 
the effect of the prostaglandin the day before. The left ovary has a large 8   mm follicle (L) that was medium - sized 2 days previ-
ously. The right ovary now has fi ve large follicles (L), three medium - sized follicles (m), and one small follicle (s). Recruited 
follicles from superovulation have their steepest growth curve 24 to 48 hours after prostaglandin has been administered. Notice 
that the right ovary has grown substantially in diameter. This is due to the growth of follicles globally from within that ovary. 
One must not forget that this image represents only a 1   mm plane through the ovary. By scanning the entire ovary an ultra-
sonographer would see about twice the number of large follicles as shown in this image. As a point of reference, this image 
was captured 21 hours before the onset of estrus of the donor.  

     Figure 8.7.     Ultrasonographic image taken on day 5 of the superovulation protocol. The donor had been in estrus for 3 hours 
when the cow was examined by the ultrasonographer. Note that the ovary has been inverted or fl ipped by the practitioner 
when compared to the day 1 image. The corpus luteum (CL) on the left ovary is still visible, but it is only half its original size. 
The left ovary now has three large follicles (L). The right ovary has seven large follicles (L) in the plane of this image. The 
upper - right follicle (l) appears to be medium - sized, but was labeled large because this view captures only a portion of that 
follicle. A slight rotation of the transducer in the rectum revealed this follicle to be greater than 12   mm in diameter.  

     Figure 8.8.     Ultrasonographic images captured on collection/fl ush day of the superovulated donor, which was 7 days after 
the onset of standing heat. The follicles that were present on day 5 at the onset of estrus have ovulated and formed CLs. The 
left ovary has four CLs (CL) and the right ovary has fi ve CLs in this particular plane. A more thorough scan to other sections 
of the ovary will reveal more CLs. The right ovary has a large CL on the upper - left that is labeled FF CL. That CL has a fl uid -
 fi lled center surrounded by luteal tissue (cavitated CL), and is considered normal. It is very common to see fl uid - fi lled CLs 
on embryo collection day.  
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otherwise expensive semen on a superovulated donor 
female. A low number of ovulatory - sized follicles, as 
determined by ultrasound, is a consistently reliable 
diagnosis. On the other hand, just because there 
appears to be a high number of large follicles, that does 
not mean they will all ovulate and/or produce healthy 
viable embryos (Figures  8.9  to  8.10 ). It does, however, 
mean that there is a reasonable chance for a good 

superovulatory response and that the donor may be a 
good candidate for expensive semen.    

  Day after  o vulation 

 This is perhaps the most diffi cult time to evaluate the 
status of the reproductive tract of a superovulated 
female, particularly the ovaries. The day after ovula-

     Figure 8.9.     Ultrasonographic images of a superovulated donor in estrus after a heavy hormonal stimulation. This image is 
composed of numerous large follicles on both ovaries. A thorough scan of the ovaries of this cow through all geometrical 
planes revealed a total of 40 follicles. This could be helpful information when deciding to use rare or expensive frozen semen 
for a donor.  

     Figure 8.10.     Ultrasonographic image of the right ovary of a superovulated donor in estrus after a moderate hormonal stimu-
lation. The other ovary of this donor revealed a similar stimulation. This is a more moderate FSH stimulation than the one on 
the cow presented in Figure  8.9 . This type of stimulation generally produces healthier ova than a heavily stimulated donor.  
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     Figure 8.11.     Ultrasonographic image from the right ovary 
of a superovulated donor cow in estrus. At least 14 large 
follicles are visible on this image of the ovary of a cow 12 
hours after the fi rst mount of a superovulated estrus.  

     Figure 8.12.     Ultrasonographic image from the right ovary of the same superovulated donor cow in Figure  8.11  examined 
60 hours after the onset of standing estrus. Ovulation is one of the most diffi cult situations for a bovine reproductive ultraso-
nographer to evaluate or diagnose. Not every follicle expels all of its follicular fl uid (FF) within 36 hours postestrus, especially 
after superovulation. Luteal tissue (LT) at this early stage postovulation can be diffi cult to distinguish from ovarian cortical 
stroma. In some cases the follicular fl uid of an ovulated follicle will take several days to resolve and be replaced by luteal 
tissue. In other cases almost all of the follicular fl uid from individual follicles will still be present on embryo collection day (7 
days postestrus). Ultrasound units without high - quality resolution make accurate diagnostics diffi cult at this stage. CL: Corpus 
luteum.  

tion is diffi cult to defi ne because ovulation can occur 
over a 24 - hour period. To confuse matters more, in a 
strict sense, ovulation does not necessarily mean that 
the follicular fl uid is expelled along with the oocyte 
and associated cumulus cells. In a classical ovulation 
most often the follicular fl uid is expelled with the 
ovum. The removal of the follicular fl uid occurs over 
a period of several hours, but endoscopy reveals that 
the cumulus oocyte complex is picked up off the 
surface of the ovary before the follicle fl uid is com-
pletely expelled. One day postsuperovulation will 

often reveal a few day 1 CLs, plus some apparently 
unovulated follicles (intrafollicular fl uid present). Day 
1 CLs are often diffi cult to delineate since the luteal 
cells are just beginning to form the CL. The outer edge 
of the CL has not been fully formed/defi ned the day 
after ovulation, which makes it really diffi cult to iden-
tify or count them. The superovulated ovary at this 
stage of the cycle is mostly a confused mass of very 
early CLs without a well - defi ned outer edge, along 
with some apparently large unovulated follicles (not 
to be confused with very small follicles of the next fol-
licular wave). In some cases, the follicular fl uid remains 
for 7 – 10 days or more. 

 This series of three images follows the same super-
ovulated donor female from estrus to 60 and 72 hours 
postestrus to illustrate the complexity of ovulation 
from the point of view of an ultrasonographer (Figures 
 8.11  to  8.13 ).    

  Superovulated  o varies on  e mbryo 

 c ollection  d ay 

 This is a situation where an ultrasonographer can have 
a tangible impact on an ET program. Counting CLs by 
rectal palpation can be unrewarding and sometimes 
embarrassing. A diagnosis by palpation can be either 
under -  or overestimated. An ultrasound count is much 
more accurate, especially in the case of classical CLs 
that appear homogeneously echogenic. Often a palpa-
tor will diagnose more CLs, but the collection will 
reveal fewer total unfertilized ova, degenerate embryos, 
and viable embryos than CLs. Sometimes the palpator 
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     Figure 8.13.     Ultrasonographic image from the right ovary 
of the same superovulated donor cow in Figure  8.11  exam-
ined 72 hours after the onset of standing estrus. The CLs at 
this stage are beginning to take shape. Although the edges 
of the CLs are not clearly distinct at this stage the luteal tissue 
is obvious. There are seven CLs in this image of the right 
ovary, two of which have a fl uid - fi lled center (cavitated CL).  

     Figure 8.14.     Ultrasonographic images of a good ovarian response to superovulation on the day of the embryo collection. 
There are fi ve distinct CLs on each ovary. A few have fl uid centers, which have no negative physiological effect on oocyte 
quality or eventual embryo development.  

will predict only a few CLs, and the embryo harvest 
will be double or triple the number that was predicted. 
A careful ultrasound exam will accurately reveal all 
the classical CLs, even the small nonpalpable ones that 
reside between the larger ones. The fi rst author, as a 
matter of routine, relies on ultrasound to count CLs 
prior to the collection or fl ush. When the fl ushing 
process is complete, at least by feel, the embryo fi lter 
is rinsed and the total number of ova and embryos are 
counted. In the meantime, the Foley catheter remains 
in place inside the uterus of the donor. If the total 
number of embryos and/or ova count is less than the 
predicted CL count, the uterus of the donor is fl ushed 
several more times until the CL and total ova count are 
close. These repeated fl ushes result in an extra 0.9 

viable embryo per collection over the course of a year. 
In the practice of the leading author in 2007, that 
resulted in 900 extra embryos being recovered from 
donors. 

 A clinical situation where ultrasound is extremely 
important on embryo collection day is when the palpa-
tor diagnoses only one CL. Very often ultrasound 
reveals more CLs than the palpator diagnosed. Prior to 
using ultrasound the fi rst author elected to not fl ush 
these low CL count donors, and, in some cases, leave 
them pregnant with “one” embryo as a means of repro-
ductive therapy. After numerous cases of twinning —
 and in two cases, triplets — ultrasound became an 
essential diagnostic tool in donors with low CL counts. 

 Perhaps the most unrewarding situation using ultra-
sound on embryo collection day is trying to diagnose 
anovulatory follicles. Unfortunately, an ovum can 
leave the follicle while the follicular fl uid remains 
within the follicle. Even 7 days postestrus on embryo 
collection day ultrasound can reveal multiple large fol-
licles on both or either ovary without any apparent 
classical CLs with luteal tissue. However, embryo col-
lection may reveal a healthy number of viable embryos. 
As previously mentioned, the follicle fl uid is not neces-
sarily completely expelled along with the ovum from 
the follicle during ovulation, especially in superovu-
lated females. As a result, the authors recommend 
fl ushing donors that ultrasonically are presented with 
large apparently fl uid - fi lled follicles, but no classical 
homogenous CLs. Obviously, even though not visible 
via ultrasound, those fl uid - fi lled structures are CLs 
with little or no visible luteal tissue along their borders. 

 The group of images that follows clearly illustrates 
the diagnostic capability of a high - quality ultrasound 
unit (Figures  8.14  to  8.19   ). Palpation can sometimes be 
inadequate when counting CLs. The use of ultrasound 
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     Figure 8.15.     Ultrasonographic images of a mediocre ovarian response to superovulation on the day of the embryo collection.  
 The left ovary has two distinct CLs, and the right ovary has three CLs.  

     Figure 8.16.     Ultrasonographic images of a poor ovarian response to superovulation on the day of the embryo collection. 
The left ovary has one large follicle (F), and the right ovary has two distinct CLs. A total of two ova could be expected to be 
recovered.  

gives a more accurate count of the expected embryo 
recovery rate. 

 Figures  8.14  to  8.16  present ultrasonograms of 
a good, mediocre, and poor ovarian hormonal 
response to superovulation on the day of the embryo 
collection.   

 Figures  8.17  and  8.18  illustrate the possible appear-
ance of corpus luteum and follicles (Figure  8.19 ) on the 

ovaries on the day of the embryo collection. The pres-
ence of anovulatory follicles on embryo collection day 
is a potentially embarrassing diagnostic scenario for a 
bovine practitioner. It is sometimes diffi cult, if not 
impossible, to determine whether a follicle has ovu-
lated. Sometimes there is a rim of luteal tissue sur-
rounding the follicle that alerts the ultrasonographer 
that ovulation may have occurred. In other cases, there 

     Figure 8.17.     Ultrasonographic image in B - mode of one ovary with the presence of six solid or compact corpus luteum (CLs) 
on the embryo collection day.  
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     Figure 8.18.     Ultrasonographic image in B - mode of one ovary with the presence of solid and fl uid - fi lled corpora lutea (CLs) 
on the embryo collection day. This image clearly shows a healthy mixture of both solid CLs (S CL) and cavitated or fl uid - fi lled 
CLs (FF CL).  

     Figure 8.19.     Ultrasonographic images in BB - mode of the ovaries of a cow with apparent anovulatory follicles on the embryo 
collection day. This image represents an actual donor that was fl ushed. On ultrasound examination there were only a couple 
of distinct solid CLs. However, the embryo collection revealed 15 total ova with 12 grade one embryos. The practitioner had 
told the owner to expect nothing from the fl ush. The reader can compare the luteal tissue on the outer perimeter of these fol-
licles to those of the superovulated donor in estrus with a heavy stimulation in Figure  8.9 .  
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     Figure 8.20.     Photographs of the vaginal probe necessary 
for the ovum pickup procedure in cows. A: This picture 
demonstrates how the needle (1) enters the fi eld of view into 
the edge of the curvilinear probe (2). B: Vaginal probe, which 
includes an elongated needle guide and a curvilinear trans-
ducer strategically angled in the anterior end of a plastic 
housing.  

is no apparent luteal tissue, and yet ovulation has 
occurred, which is proven by embryo recovery. Finally, 
follicles of a cow in estrus can appear to have a small 
rim of luteal tissue, which confuses matters even more. 
The description of Figure  8.19  illustrates this poten-
tially embarrassing situation.     

  Oocyte Collection for in 
vitro Fertilization 
 In vitro fertilization (IVF) became a commercial adjunct 
to embryo transfer in the early 1990s after the advent 

     Figure 8.21.     Demonstration of the technique to illustrate 
the ovum pickup procedure in a cow with a special curvilin-
ear vaginal probe equipped with an elongated needle guide. 
Please note that the ultrasonographer guides the vaginal 
probe to the ovary, which is secured via transrectal manipu-
lation with the opposite hand.  

of ovum pickup (OPU) with a transvaginal ultrasound 
probe. Using an elongated needle guide and a curvi-
linear transducer strategically angled at the anterior 
end of a plastic holder (collectively called a  vaginal 
probe:  Figure  8.20 ), the ultrasonographer guides the 
probe to the ovary, which is secured via transrectal 
manipulation with the opposite hand (Figure  8.21 ), 
where antral follicles are easily visible. Then by pushing 
an elongated 17 or 18 gauge needle through the vaginal 
wall and into the follicle, the ultrasonographer gently 
aspirates the contents of the follicle, including the 
cumulus oocyte complex and follicular fl uid, into a 
collection vessel.   
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     Figure 8.22.     Ultrasonograms of the right ovary of a cow during and after an ovum pickup (OPU) procedure with the use 
of a special vaginal curvilinear probe equipped with an elongated needle guide like the one in Figure  8.20 . A and B: The 
elongated needle (1) passes through the vaginal wall and into the right ovary where the practitioner guides it into a follicle 
to retrieve a cumulus oocyte complex (COC). The tip of the needle has been slightly scratched at the factory to elicit a hyper-
echogenic effect to help guide the ultrasonographer. Once the needle enters the follicle, slight aspiration is applied to retrieve 
the follicular fl uid and oocyte complex; C: Ultrasonogram immediately after the OPU procedure. The follicles are no longer 
present on the right ovary. However, frequently the larger aspirated follicles will fi ll back up with blood making them appear 
not to have been evacuated. An inexperienced OPU practitioner may reaspirate these blood - fi lled follicles creating a very 
bloody collection. LF: large follicle; MF: medium follicle; S: small follicle.  

     Figure 8.23.     Ultrasound image of a corpus luteum (CL) with a papilla that is readily palpated. The papilla is the portion of 
the CL that protrudes above the surface of the ovary and is easily palpated. This type of CL is considered to be of good quality. 
The papilla is highlighted white in the right image.  

 Figure  8.22  presents ultrasonograms of a needle 
puncturing a follicular during the ovum pickup 
procedure.    

  Recipients 
 Ultrasound is of great benefi t in choosing potential 
recipients. The fi rst examination prior to synchroniz-
ing recipients assists in confi rming that the recipients 
are indeed cycling. Many anestrous females will 
respond (show estrus) to progesterone - containing 
devices, but conception rates on embryos transferred 
into induced anestrous females are lower than concep-
tion rates in recipients that are cycling when synchro-
nized with such devices. About 80% of CLs are 

diagnosed by rectal palpation and almost 100% by 
ultrasound. 

 At the time of embryo transfer an ultrasound exami-
nation to confi rm the presence of an appropriate CL is 
as important as the ET gun itself. The decision to use 
ultrasound will often make a difference between an 
acceptable pregnancy rate of 60% and an unacceptable 
rate of 50% with fresh embryos. The extra effort to 
confi rm the CLs by ultrasound could be the difference 
between retaining or losing the business of a client. 
Figures  8.23  to  8.27  present different qualities of CLs 
and highlight the advantages of ultrasonography over 
transrectal palpation.   

 Additionally, a quick scan of the uterus can pick up 
pathologies that would not have been diagnosed by 
transrectal palpation. Figures  8.28  and  8.29  illustrate 
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     Figure 8.24.     Ultrasound image of a cavitary or fl uid - fi lled corpus luteum (CL) and its anatomical appearance. The center of 
this large CL is fl uid - fi lled. It is considered a good quality CL. Pregnancy rates on recipients with fl uid - fi lled CLs are equal 
to recipients with compact or solid CLs.  

     Figure 8.25.     Ultrasound image of a nonpalpable corpus 
luteum (CL) surrounded by follicles. The CL in this image 
does not have a palpable papilla. It is also surrounded by 
several medium - sized follicles, which makes the CL very 
diffi cult to diagnose by transrectal palpation alone. The 
ovary will feel enlarged relative to its contralateral mate, but 
ultrasound is required to make a defi nitive diagnosis. The 
homogeneous echogenic luteal tissue is unmistakable.  

     Figure 8.26.     Ultrasound image of a large corpus luteum 
(CL) fl anked by three follicles. Although the CL in this 
picture does not have a papilla and is not completely sur-
rounded by follicles, one side is fl anked by two large and one 
medium - sized follicle. Palpation alone requires a little guess-
work under these anatomical circumstances whereas real -
 time ultrasonography confi rms the diagnosis.  

     Figure 8.27.     Ultrasonographic image in BB - mode of both ovaries of a potential recipient with the presence of a poor - quality 
corpus luteum (CL). The ovaries on this recipient are small. A CL was not palpable on either ovary although the right ovary 
was slightly larger. The right ovary has a small CL that is somewhat hypoechogenic compared to larger more homogenous 
luteal masses. Although there is no evidence to suggest that progesterone levels are lower in females with these types of CLs, 
it gives assurance to the ET practitioner to see luteal tissue on a relatively small ovary with a nonpalpable CL prior to trans-
ferring an embryo into such a recipient.  
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     Figure 8.28.     Ultrasound image of the uterus of a recipient with the presence of a fl oating mass within its content. A: Although 
the volume of fl uid exudate in this uterus is palpable, the fl oating mass of dead myometrial tissue is not. A neophyte ultra-
sonographer might confuse this pathologic condition with early pregnancy. B: This photograph presents the actual tissue that 
was recovered via therapeutic fl ushing of the aforementioned female. Histology revealed myometrium (uterine muscle tissue).  

     Figure 8.29.     Ultrasonographic image in transverse section of the uterus of a mature cow presented as being a problem 
breeder. The uterine wall is slightly hyperechogenic, but the intraluminal area is abnormal. There are several hyperechogenic 
specks interspersed in a fairly well - defi ned and enlarged nonechogenic lumen. Recipients with abnormal uterine scans should 
be eliminated as candidates for embryos.  

some examples of pathological conditions which could 
not have been diagnosed without the use of ultrasono-
graphic examinations.    

  Management of Clone 
Recipients 
 Cloning is an emerging technology in the bovine 
industry. On January 15, 2008, after years of detailed 

study and analysis, the United States Food and Drug 
Administration has concluded that meat and milk 
from clones of cattle, swine, and goats, and the off-
spring of clones from any species traditionally con-
sumed as food, are as safe to eat as food from 
conventionally bred animals. There was insuffi cient 
information for the agency to reach a conclusion on the 
safety of food from clones of other animal species, such 
as sheep.  10   

 The agency also stated that an animal clone is a 
genetic copy of a donor animal, similar to an identical 
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     Figure 8.30.     Sonogram of a dead clone fetus (probe 
7.5   MHz; depth 6   cm). The examination was performed at 70 
days of gestation. Although the size of the gravid uterine 
horn was compatible with a pregnancy of that stage, it is 
obvious when one looks at the size of the fetus (3   cm) that it 
died 3 weeks before the examination at around 50 days.  

 being is crucial.  1   The timing of assisted parturition 
might be infl uenced by the evaluation of the near - term 
fetal well - being (see Chapter  7  for more information). 
A recent study shows that conception rate following 
the transfer of a clone embryo drops from 37% (30 
days) to 23% (60 days), 18% (90 days), and 10% (270 
days).  4   Figure  8.30  is a sonagram of a dead clone fetus.    
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twin, but born at a different time. Cloning is not the 
same as genetic engineering, which involves altering, 
adding, or deleting DNA; cloning does not change the 
gene sequence.  10   

 This technology has been in use on a research basis 
for many years and the management of the clone preg-
nancies by ultrasonography is a very important com-
ponent of any cloning program. As observed with 
other assisted reproductive technologies,  8,9   the embry-
onic mortality and abortion rate of recipients carrying 
clone embryos is higher than normal. The conception 
rate of clone embryos is generally acceptable early in 
gestation (30 days). The fi rst trimester of the pregnancy 
is a critical period when a high incidence of fetal death 
is observed. A follow - up of these pregnancies until 100 
days of gestation is very important because many of 
these fetal deaths will not be followed by immediate 
expulsion of the fetus. Although the abortion rate will 
be higher throughout gestation, the prenatal period is 
another critical time when the evaluation of fetal well -
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  Points to Remember 
     •      There are several clinical situations where real - time 

transrectal ultrasonography provides much more 
information to the veterinarian, which affects the 
technical and fi nancial outcome of the embryo 
transfer (ET) process.  

   •      Ultrasound has become an essential tool for critical 
decision making in embryo transfer technology 
that palpation alone cannot achieve. Examples are 
the evaluation of the donor female on her fi rst day 
of a superovulation protocol, estimating the 
response of a superovulated donor female in estrus, 
estimating the number of potential embryos from 
a donor female on embryo collection day, evaluat-
ing a recipient on transfer day, early pregnancy 
diagnosis for rapid recipient turn around, and fetal 
sexing of the pregnant recipient ’ s conceptus.  

   •      The follicular fl uid is not necessarily always com-
pletely expelled along with the ovum during ovu-
lation, especially in superovulated females. 
Examination 7 days after superovulation will often 
reveal a few CLs, plus some apparently anovula-
tory follicles. Some of the apparently anovulatory 
follicles did indeed ovulate, but retained fl uid. As 
a result, the authors recommend fl ushing donors 
that ultrasonically are presented with large, appar-

ently fl uid - fi lled follicles, but no classical homog-
enous CLs.  

   •      A thorough ultrasound examination of the ovaries 
enables the practitioner to detect and accurately 
count all corpora lutea on embryo collection day. 
If the total ova count is short of the predicted CL 
count, the donor ’ s uterus is fl ushed several more 
times until the CL and total ova count are close. 
These repeated fl ushes result in an average extra 
0.9 viable embryos per collection.  

   •      Ultrasound is of great benefi t in choosing potential 
recipients. The fi rst examination prior to synchro-
nizing recipients assists in confi rming that the 
recipients are indeed cycling. At the time of embryo 
transfer an ultrasound examination must confi rm 
the presence of an appropriate CL and a healthy 
uterus in order to maximize the conception rate.  

   •      In vitro fertilization (IVF) became a commercial 
adjunct to embryo transfer in the early 1990s after 
the advent of ovum pickup (OPU) with a transvagi-
nal ultrasound probe.  

   •      The management of the clone pregnancies by ultra-
sonography is a very important component of any 
cloning program. As observed with other assisted 
reproductive technologies, the embryonic mortal-
ity and abortion rate of recipients carrying clone 
embryos is higher than normal.     
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  Summary Questions 
      1.   From the information obtained from the scanning 
of the ovaries of these two cows done just before the 
fi rst FSH injection of the superovulation protocol, 
which donor do you feel has the best chance of giving 
a higher number of good - quality embryos at the time 
of the embryo collection? 

  a.     Cow A       
  b.     Cow B           
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   2.   Which of the following statements is false? When 
scanning a donor cow at the onset of heat during the 
superovulation protocol: 

  a.     One can predict that a low number of 
ovulatory - sized follicles will lead to a low 
number of good - quality embryos at embryo 
collection.  

  b.     One can predict that a high number of 
ovulatory - sized follicles will lead to a high 
number of good - quality embryos at embryo 
collection.  

  c.     A high number of ovulatory - sized follicles 
might lead to a low number of good - quality 
embryos at embryo collection if many follicles 
fail to ovulate.  

  d.     A high number of ovulatory - sized follicles 
might lead to a low number of good - quality 
embryos at embryo collection if the fertiliza-
tion rate is low.      

   3.   At the time of embryo collection, if the total number 
of unfertilized eggs, degenerate embryos, and good -
 quality embryos is low compared to the number of CLs 
on the ovaries, refl ushing the donor cow might be a 
good idea. 

  a.     True  
  b.     False       

  Answers 
       1. b 
 2. b 
 3. a 
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 Bull Anatomy and 
Ultrasonography of the 

Reproductive Tract  
  Giovanni   Gnemmi   and   R é jean   Lefebvre       

C H A P T E R  N I N E

   Introduction 
 Fertility is ultimately one of the most important factors 
for the cattle industry. In the last decade, many studies 
have reported a   decrease in fertility in the commercial 
model of intensive management and high - producing 
animals. This reproductive ineffi ciency in the United 
States alone causes a loss of from 1 to 5 billion dollars 
per year  11  . Considering the male/female ratio, fertility 
of bulls is a key factor in the overall success of the cattle 
industry and must be maintained at its optimum 
potential  13  . Breeding soundness evaluation (BSE) is a 
reliable clinical method to differentiate bulls with high 
fertility potential from those that are clearly unsatisfac-
tory. However, it does not allow the veterinarian to 
establish a specifi c diagnosis and, therefore, estimate a 
prognosis. Routine BSE is currently based on semen 
parameters, scrotal circumference, and manual testicu-
lar palpation; however, other techniques are often 
needed to pursue a specifi c diagnosis. Compared to 
other more specialized examination procedures 
(biopsy), ultrasonography is a noninvasive and non-
traumatic technique that does not involve risks to the 
reproductive potential of the bulls  9,10,15  . The most 
promising application of ultrasonography is to estab-
lish precisely the type and the location of the patho-
logical conditions (diagnosis) of the different organs of 
the male reproductive tract and, consequently, give a 
prognosis. For valuable individual animals on farms or 
in bull testing centers, it is worthwhile to pursue a 
complete diagnostic approach to investigate causes of 
bull infertility. 

 Ultrasonographic imaging adds a new dimension to 
the BSE by effectively allowing clinical assessment of 

the structures and function of the reproductive tract. 
Therefore, real - time ultrasonography has signifi cant 
advantages in the diagnosis of penile, testicular, epi-
didymal, and accessory sex gland abnormalities. The 
ultrasonographical examination of the male reproduc-
tive tract should always be preceded by, at least, 
a   partial BSE and is not mandatory with a satisfactory 
BSE. It should be performed in specifi c situations such 
as the following  7,12  : 

   •      Azoospermia  
   •      Presence of a high number of morphological abnor-

mal sperms  
   •      Pyospermia  
   •      Abnormal size or shape of the reproductive organs  
   •      Unexplained pain    

 The fi rst part of this chapter presents the ultrasound 
equipment and techniques that are recommended 
in order to complete the bull evaluation of the key 
reproductive organs. The second portion reviews the 
anatomy, the specifi c scanning techniques, and the 
normal appearances of external genitalia and accessory 
reproductive glands of the bull. Finally, the third 
section describes and illustrates the most frequent 
anomalies and ultrasonographic fi ndings of the exter-
nal and internal reproductive organs of the bull.  

  Ultrasound Equipment 
and Techniques 
 A B - mode (brightness modality), real - time scanner 
fi tted with a 5.0 to 7.5   MHz linear - array transducer 
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designed for intrarectal use is necessary for the com-
plete examination of the reproductive tract of the bull. 
The sector - array transducer (pie - shaped image) is not 
recommended because of the round shape of the testis. 
The linear transducer is also more practical in a bovine 
veterinary practice because of its versatility for both 
transrectal and surface use. A portable, sturdy, and 
battery - operated unit is a great advantage because it 
can be carried anywhere on the farm and can with-
stand fi eld conditions. The choice of transducer is very 
important because it determines the tissue penetration 
of the sound waves and the image resolution. The 
7.5   MHz transducer offers additional applications over 
a 5.0   MHz transducer in more sophisticated ultrasound 
studies. Studies of degenerative tissues, small masses 
or evaluation of anomalies of the spermatic cord, are 
good examples of situations where the 7.5   MHz trans-
ducer is valuable. 

  Scanning  t echnique 

  External  s canning 

 A visual appraisal of the scrotum is performed while 
the bull is relaxed. While approaching the bull for 
ultrasonography, the same precautions as for any 

examination are required. In the posterior approach 
(Figure  9.1 ), the restrained bull is touched to evaluate 
its attitude. In a continuous and slow movement, the 
testes, the epididymis, and the spermatic cord are 
located and examined by palpation. While the animal 
is in standing position, one testis is manually pushed 
down into the scrotum while the opposite testis is 
pushed upward out of the scanning plane, stretching 
the scrotal wall to allow a good contact between the 
transducer face and the scrotum  7  .   

 After having examined both testicles individually, 
they are simultaneously pushed down into the scrotum 
and retained by grasping the spermatic cord at the 
neck of the scrotum while the other hand is used to 
move the transducer across the organ (Figure  9.2 ). This 
way the testes are easily compared. The sonographer 
must apply plenty of water - soluble coupling gel on the 
transducer face and on the scrotum to maximize the 
contact by excluding air. Normally, it is not necessary 
to shave the scrotal hair before the examination; 

     Figure 9.1.     Posterior approach to the bull for the ultraso-
nographic examination of the testicles. 1: Portable ultrasound 
machine; 2: Linear probe or transducer.  

     Figure 9.2.     Ultrasonographic examination of the testicles 
of a bull with the use of linear probe. 1: Transducer or ultra-
sound probe; 2: Left testis.  
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gland is produced on the monitor, frozen on the screen, 
and saved on storage device or as hard copy for the 
description and analysis of the architecture at a later 
point in time.    

  Anatomy of the 
Reproductive System  
(Figure  9.3 )  
     The following subsections review the anatomy, present 
the scanning techniques, and illustrate the normal 
sonograms of key reproductive organs of the bull. The 
main external reproductive structures (testis, epididy-
mis, testicular cord, and penis) are presented fi rst, fol-
lowed by the description of the internal reproductive 
organs (bulbourethral glands, pelvic urethra, prostate, 
vesicular glands, and ampullae). 

however, in old bulls or in winter it may be necessary 
to do so before applying the gel  7  .   

 For a complete ultrasonographic examination, each 
testis with its respective epididymis must be exam-
ined. Two ultrasonographic views must be performed. 
For the transverse view, the transducer is placed per-
pendicularly to the longest testicular axis to assess the 
testicular parenchyma, the tunica vaginalis, the diam-
eter of the testis, the head and tail of the epididymis, 
and the spermatic cord. A   comparative assessment of 
both testes is possible when they are scanned simulta-
neously. For the longitudinal or sagittal view, the 
transducer is apposed to the longest testicular axis to 
assess the testicular parenchyma, the tunica vaginalis, 
the length of the testis (if the transducer is long enough), 
and the head and tail of the epididymis. In both views, 
the head and tail of the epididymis are not always 
easily visible. For the tail, the lateral and caudal planes 
are usually the easiest approach  7  .  

  Internal  s canning 

 For the examination of internal reproductive organs 
(bulbourethral glands, pelvic urethra, prostate, ampul-
lae, and vesicular glands), all precautions that apply 
to transrectal palpation are applicable to transrectal 
scanning. See Chapter  2  for scanning technique 
information. In rare cases, aggressive bulls will require 
stall restraint and sedation (xylazine, 0.01 to 0.02   mg/
kg IV). With aggressive bulls, semen collection before 
the ultrasonography may relax the animal and facili-
tate the ultrasonographic examination, but it empties 
the ampullae. All feces should be removed from the 
rectum prior to the introduction of the transducer. 
Always carry out a preliminary exploration of the 
topography, size, and consistency of the organs before 
performing the actual ultrasonography examination. 
Transrectal palpation will reveal information impos-
sible to assess by ultrasonography alone. 

 For biosecurity security reasons (Johne ’ s disease, 
leukosis, BVD) and to protect the transducer for a pro-
longed functional life, the transducer can be placed in 
a plastic sleeve with ultrasound gel both inside and 
outside the sleeve. A very thin layer of gel is needed 
between the transducer face and the plastic sleeve; 
excessive or inadequate gel may reduce the quality of 
images and cause artifacts (see Chapters  1  and  2  for 
more details). The transducer face is pressed fi rmly 
against the rectal mucosa to allow good transmission. 
While the index fi nger directs the transducer the other 
fi ngers help to identify and locate the different struc-
tures. A two - dimensional image of each accessory sex 

     Figure 9.3.     Anatomy of the reproductive tract of the bull. 
Permission to reproduce the image from Le M é decin 
V é t é rinaire du Qu é bec, Volume 35 (4), page 159. 1: Penile 
gland; 2: Testis; 3: Penile retractor muscle; 4: Right 
vaginal ring; 5: Left deferent duct; 6: Ischial bone (cut); 
7: Bulbourethral gland; 8: Prostate body; 9: Vesicular gland; 
10: Left ampulla of deferent duct; 11: Rectum; 12: Urinary 
bladder; 13: Left urethra; 14: Right testicular vein and artery; 
15: Right deferent duct.  
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     Figure 9.4.     Right and left bull testes. 1: Testis; 2: Head of 
the epididymis; 3: Tail of the epididymis; 4: Body of the 
epididymis; 5: Testicular cord.  

     Figure 9.5.     Ultrasonographic images of the testes in longitudinal (A) and transverse (B) views (7.5   MHz probe; depth of 
6   cm). Normally, the parenchyma is moderately echoic and has a fi ne, homogeneous echotexture with a hyperechoic medias-
tinum. The mediastinum appears as a central line on longitudinal view and a dot in transverse view. The border of the testes 
is characterized by a smooth and hyperechoic tunica albuginea. On the outside an anechoic line, the cavum ( < 2.0   mm), appears 
between the parietal and visceral layers of the tunica vaginalis. Blood vessels appear as anechoic circular structures on trans-
verse view. 1: Parenchyma; 2: Mediastinum; 3: Tunica albuginea; 4: Scrotal septum.  

  Testis  (Figure  9.4 )  

      Anatomy 

 The testis of a mature bull is an ovoid - shaped organ 
with a long vertical axis (10 to 12   cm) and a short 
caudo - cranial (Ca - Cr) axis (6 to 8   cm). The scrotum is 
modeled upon the testes to form a median groove cor-
responding to the internal division between the testes 
and a narrower neck dorsal to the testes. The head of 
the epididymis is located proximoanterolaterally to the 
testis with its body running medially and its tail 
running ventrally. 

 On visual examination, the tunica should be relaxed 
enough to see the neck of the scrotum and the convex 
abaxial contour of the scrotum. The testicular length is 
roughly two times its diameter. The testes should be 
fi rm on palpation.  

  Ultrasound  t echnique and  i maging 

 Compared to internal organs, ultrasonographic exami-
nation of the external genital organs is easier because 
of better eye - to - hand coordination (Figure  9.5 ). Prior to 
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examination the testes must be pushed to the bottom 
of the scrotum to remove skin folds. One hand is used 
to keep the testes in place and the other one to hold the 
transducer. The rete testis is central and the most 
echoic structure of the testicular parenchyma. It is a 
useful landmark to identify the largest diameter. 
Longitudinal and transverse images of the testicular 
parenchyma of both testes must be obtained for com-
parative purposes.   

 In a 24 - month - old bull, the tunica albugenia, the 
mediastinum, and the testicular width are about 0.3, 
0.5, and 5.75   cm thick, respectively  8  . The echogenicity of 
the testes increases between 20 and 40 weeks of age of 
the bull, representing the most active phase of growth 
of the seminiferous tubules  4  . The testicular parenchyma 
has a moderate homogeneous echogenicity compared 
to the hyperechoic mediastinum. The testicular tunics 
are hyperechoic as well with an apparent anechoic line 
between the parietal and visceral layers of the tunica 
vaginalis. Ultrasonography can be used to predict tes-
ticular volume and sperm production  5  . In older animals 
with normal testes, small hyperechoic foci representing 
testicular septa are occasionally visible. Hyperechoic 
dots may appear and could represent fi brosis or miner-
alization secondary to insults.   

  Epididymis 

  Anatomy 

 The head of the epididymis is fl attened and close to the 
dorsal aspect of the testis. The thin and elongate body 
of the epididymis runs on the medial face of the testis 
to the tail. The tail is the most obvious of the three seg-
ments of the epididymis, located ventrally and forming 
a fi rm conspicuous conical swelling (Figure  9.4 ).  

  Ultrasound  t echnique and  i maging 

 Examination of the entire epididymis in one plane is 
impossible. The head and the tail of the epididymis are 
more diffi cult to study because images are recorded 
from an oblique plane near the proximal and distal 
poles of the testis, which requires repositioning of the 
transducer. Applying the transducer to the lateral face 
of the testis generally improves visualization of both 
parts of the epididymis (Figure  9.6 ).     

  Spermatic  c ord 

  Anatomy 

 The spermatic cord is identifi ed within the scrotal neck 
and appears dorsally to the testis. The testis is sus-

pended in the scrotum by the cremaster muscle. Other 
important structures are the ductus deferens and con-
voluted arteries and veins (the pampinifom plexus) 
that provide a thermoregulation mechanism with a 
counter - current heat exchanger.  

  Ultrasound  t echnique and  i maging 

 The examined testis is held with one hand and the 
transducer is applied to the horizontal plane to locate 
the rete testis. Keeping the transducer in the horizontal 
plane (transverse view), it is moved dorsally toward 
the epididymal head. Further dorsally, the pampini-
form plexus, the ductus deferens, and the cremaster 
muscle can be located if too much pressure is not 
applied on the structures (Figure  9.7 ).     

  Penis 

  Anatomy 

 The penis and the distal loop of the sigmoid fl exure are 
readily palpated through the skin of the prepuce and 
perineum, respectively. The penis of mature bulls is 
about 120   cm in length and 3 to 4   cm in diameter. It is 
a fi broelastic organ and therefore rigid even when non-
erect. The anatomy of the free extremity of the penis is 
very distinctive (Figure  9.8 ).    

  Ultrasound  t echnique and  i maging 

 Because of long hair, shaving the area of examination 
is necessary before the gel is applied to the skin. The 
transducer is moved perpendicularly to the long axis 
of the penis for a transverse view. Ultrasonography is 
very useful to diagnose conditions associated with 
enlargement of the penis (hematoma, abscess, urethri-
tis) (Figure  9.9 ).   

 The anatomical positions of the key internal repro-
ductive organs of the bull must be remembered by the 
ultrasonographer before their evaluations (Figure  9.3 ). 
The following text presents the scanning techniques 
and ultrasound images of the accessory glands and 
organs from the caudal aspect of the pelvic cavity to 
its cranial aspect. 

 The constituents of the spermatic cord disperse 
within the vaginal ring. The ductus deferens extends 
dorsally and reaches the dorsal aspect of the bladder 
where the prostate, vesicular glands, and — further 
caudally – the pelvic urethra and the bulbourethra can 
be studied (Figure  9.3 ). Most of the accessory glands 
lay close together on the pelvic fl oor, immediately 
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beneath the rectum. This convenient anatomy allows 
evaluation of the structure, function, and possible 
pathology of the internal sex glands.   

  Bulbourethral  g lands 

  Anatomy 

 The bulbourethral glands are the most caudal acces-
sory glands. Usually, they are not identifi ed by rectal 
palpation because they are covered by the bulbospon-
giosus muscle (Figure  9.10 ). They can also be diffi cult 
to visualize with ultrasonography. Bulbourethral 
glands are ovoid to fusiform with a diameter of about 
2.0   cm  6  .    

  Ultrasound  t echnique and  i maging 

 The transducer is pressed ventrally with the caudal 
pole of the transducer pushed against the inside edge 
of the sphincter of the anus at a slight lateral angle. 
This position may cause discomfort to the animal.   

  Pelvic  u rethra 

  Anatomy 

 The pelvic urethra is cranial to the bulbourethral glands 
and runs from the ischial arcade to the neck of the 
bladder. A powerful muscle asymmetrically surrounds 
the urethra and gives it a cylindrical shape. The ventral 
portion of the muscle is thicker than the dorsal one. 

     Figure 9.6.     Ultrasonograms of the head of the epididymis and the pampiniform plexus (A) and of the tail of the epididymis 
(B) (7.5   MHz probe; depth of 8   cm). Both head and tail of the epididymis are homogeneous on ultrasonography and present 
a slightly less echoic and more heterogeneous appearance compared to the testicular parenchyma. They are separated from 
the testis by an anechoic triangle. 1: Head of the epididymis; 2: Pampiniform plexus; 3: Parenchyma of the testis; 4: Tail of the 
epididymis.  
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     Figure 9.7.     Ultrasonogram of the spermatic cord in longi-
tudinal view (7.5   MHz probe; depth of 8   cm). The pampini-
form plexus, located on the upper pole of the testis or in the 
lower part of the testicular cord, appears like a Swiss cheese 
made of hyperechoic (vessel wall) and anechoic (lumen) 
dots, representing multiple transverse sections of blood 
vessels. Sometimes, sections of the vessels appear curved like 
a banana. The ductus deferens cannot be distinguished from 
blood vessels. The most external layers of the testis, the 
vaginal tunic, the spermatic fascia, and the skin are indistin-
guishable from each other and appear as one hyperechoic 
layer over the parenchyma. The plexus presents a prominent 
and complex fl ow pattern on color Doppler. 1: Pampiniform 
plexus; 2: Cremaster; 3: Skin.  

     Figure 9.8.     Drawing of the transversal section of the penis 
between the glans and the sigmoid fl exure. Courtesy of Dr. 
Andr é  Desrochers (Universit é  de Montr é al). Midway 
between the glans and the sigmoid fl exure (Figure  9.3 ), the 
urethra is ventral and surrounded by a small amount of 
corpus spongiosum. Most of the internal space of the penis 
is occupied dorsally by the corpus cavernosum. The body of 
the penis is enclosed in a fi brous tunic called the  tunica albu-
ginea . 1: Corpus cavernosum; 2: Corpus spongiosum; 3: 
Urethra; 4: Tunica albuginea; 5: Retractor muscle of the penis; 
6: Corpus cavernosum veins; 7: Dorsal arteries of the penis; 
8: Dorsal vein of the penis.  

Contrary to the bulbourethral glands, the pelvic urethra 
is easy to feel because of its size (3   cm in diameter and 
20   cm long) and its rhythmic muscular contractions 
when stimulated.  

  Ultrasound  t echnique and  i maging 

 Moving cranially from the bulbourethral glands, the 
face of the transducer is kept ventrally in the long axis 

to generate a longitudinal view of the pelvic urethra 
(Figure  9.11 ).     

  Prostate 

  Anatomy 

 The prostate is divided in two parts: the body and the 
pars disseminata. The body of the prostate is divided 
in two lobes readily palpated transrectally. Dorsal to 
the neck of the bladder it measures about 3.5   cm by 
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     Figure 9.9.     Ultrasonography of the penis in transverse view (7.5   MHz probe; depth of 5   cm). The probe is placed on the 
ventral aspect of the penis in order to obtain this image. In transverse view, the penis consists of a ventral hyperechoic urethra 
surrounded by the echoic corpus spongiosum and corpus cavernosum. The corpus cavernosum is surrounded by a dense 
hyperechoic membrane, the tunica albuginea. 1: Corpus cavernosum; 2: Corpus spongiosum; 3: Urethra; 4: Tunica albuginea; 
5: Retractor muscle of the penis; 6: Corpus cavernosum veins.  

     Figure 9.10.     Sonogram of a longitudinal view of the bulbourethral gland (5   MHz probe; depth of 7   cm). The bulbourethral 
glands (2.5   cm by 1   cm) appear homogenously hyperechoic compared to the other accessory glands and less echoic than the 
surrounding bulbospongiosus muscle, which embeds them and appears heterogeneous with hyperechoic and less echoic 
bands. 1: Bulbourethral gland; 2: Bulbocavernous muscle; 3: Urethra.  
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     Figure 9.11.     Ultrasound image of the nondilated pelvic 
urethra in longitudinal view (5   MHz probe; depth of 5   cm). 
The lumen of the pelvic urethra generally appears anechoic 
when visible or fi lled with urine compared to the moderately 
echoic appearance of the surrounding urethra muscle (see 
Figure  9.12 ). Forcing urine out of the bladder by pressure or 
urination allows a better view of the lumen. 1: Rectal wall; 2: 
Dorsal urethral muscle; 3: Hyperechoic appearance of the 
prostate pars disseminata (pelvic urethra nonvisible); 4: 
Ventral urethral muscle.  

     Figure 9.12.     Ultrasonographic image of the prostate body 
in longitudinal view (5   MHz probe; depth of 7   cm). The pars 
disseminata within the pelvic urethra is continuous with the 
body of the prostate (see description of the pelvic urethra and 
Figure  9.11 ). Ultrasonographically, the prostate body appears 
as a moderately echoic and homogenous structure located 
dorsal to the neck of the bladder with smooth margins. On 
longitudinal view, the shape of the prostate is round to 
ovoid. 1: Urethra; 2: Pars disseminata of the prostate; 3: Body 
of the prostate.  

1.5   cm. The pars disseminata is about 12   cm long and 
is not identifi able by transrectal palpation.  

  Ultrasound  t echnique and  i maging 

 After the examination of the pelvic urethra, the trans-
ducer is moved to the cranial pole of the pelvic urethra 
directly to the body of the prostate where longitudinal 
and transverse views are performed (Figure  9.12 ).     

  Seminal  v esicular  g lands 

  Anatomy 

 The paired seminal vesicular glands are free and can 
be imaged from their proximal attachments close to the 
neck of the bladder to their dorsolateral segments on 
each side of the bladder. The irregular and lobed shape 
of the vesicular glands makes them easy to recognize. 
Because of their irregular shapes, determining accu-
rately the dimensions of the vesicular glands (VGs) is 
diffi cult. However, the mean length of the longest axis 

of the VGs for a 24 - month - old bull is about 12   cm long 
and 1.7   cm wide  8  . The size of the VGs increases with 
age more than the other accessory glands  3  .  

  Ultrasound  t echnique and  i maging 

 Once the body of the prostate is imaged, the transducer 
is advanced cranially and rotated laterally (Figure 
 9.13 ).     

  Ampullae 

  Anatomy 

 From the tail of the epididymis, the ductus deferens 
runs along the medial face of the testis and passes 
through the inguinal ring dorsally to the bladder to 
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     Figure 9.13.     Sonograms of the seminal vesicular glands (VGs) in transverse (A) and longitudinal views (B) (7.5   MHz probe; 
depth of 7   cm). On ultrasonography, VGs are characterized by isoechoic lobes of glandular tissue, separated by hypoechoic 
regions and hyperechoic borders. The lobular structure of the glands can be identifi ed. The anechoic collection ducts of the 
VGs can be viewed running from each gland. Loss of lobular structure, increased volume, and the presence of fl uid cavities 
within the gland are the primary signs of vesiculitis. 1: Parenchyma; 2: Lumen of the vesicular gland.  

     Figure 9.14.     Ultrasonogram of the ampulla in longitudinal view (5   MHz probe; depth of 7   cm). The lumen of the ampulla 
represents 10 to 60% of the whole ampulla diameter  14  . The lumen appears irregular and homogeneously anechoic if fi lled with 
semen. Sometimes, valves are seen within the lumen. Closer to the insertion site in the urethra the ampulla gets smaller and 
terminates in a small and more echoic excretory duct  14  . A transverse view allows an overview of the whole region, including 
VGs, bladder, and prostate. 1: Lumen of the ampulla; 2: Urinary bladder.  
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     Figure 9.15.     Sonogram of chronic orchitis in transverse 
view (7.5   MHz probe; depth of 6   cm). Depending on the pro-
gression of the condition, the ultrasonographic appearance 
of orchitis may change. The transverse view shows enlarge-
ment of the affected testis with a heterogeneous echotexture. 
In severe cases, small, round, hypoechoic cystic structures 
within the testis are observed. The parenchyma has many 
dense echoic areas scattered through the testis, which may 
exhibit acoustic shadowing. Some of these areas could be foci 
of mineralization that occur in the chronic phase of orchitis. 
The mediastinum testis is unidentifi able. 1: Foci of mineral-
ization within the mediastinum; 2: Acoustic shadow; 3: 
Testicular parenchyma.  

form the ampullae (12   cm long and 1.5   cm wide). 
Ampullae are the most cranial accessory glands and 
have a tubular shape with thick walls.  

  Ultrasound  t echnique and  i maging 

 From the prostate, the transducer is pushed cranially 
and the depth is increased. For an overview of the 
ampullae a longitudinal view is recommended (Figure 
 9.14 ).      

  Anomalies and 
Ultrasonographic Imaging 
of External and Internal 
Reproductive Organs 
  Testicular  a nomalies 

 Testicular anomalies include infl ammatory disorders 
(orchitis and epididymitis), testicular and epididymal 
cysts, torsion, infarction, atrophy, trauma, and neopla-
sia. Disorders affecting the scrotum include accumula-
tion of fl uid (hydrocele and hematocele) and scrotal 
hernia. Infl ammatory and traumatic anomalies can 
occur within the spermatic cord. 

  Orchitis 

 Orchitis is infrequently diagnosed in the bull and 
usually only one testis is affected. The opposite testis 
can undergo degeneration secondary to thermal injury 
from the infl amed testis. The infection may occur sub-
sequent to hematogenous spread of organisms from 
infection in other parts of the body, including rumen-
itis, liver abscess, pododermatitis, and cystitis, or may 
be caused by trauma. The swelling associated with the 
infl ammation leads to pressure necrosis of the testicu-
lar parenchyma due to the inelastic tunica albuginea. 
Often, history and physical examination are enough to 
establish a diagnosis of orchitis. The scrotum is painful, 
hot, and edematous in acute phase. However, as an 
adjunct, ultrasonography is highly sensitive for ruling 
out other painful conditions, such as testicular torsion, 
and for demonstrating infl ammation of the testis or of 
the epididymis (Figure  9.15 ).    

  Testicular  d egeneration 

 Testicular degeneration is an acquired condition char-
acterized by loss of testicular parenchymal integrity 

and, eventually, reduced size (Figure  9.16 ). It is an 
important cause of infertility in the bull and tends to 
be a progressive process that increases with age. 
Factors that modify scrotal thermal regulation 
(extremely hot or cold environmental temperatures, fat 
in scrotum, infl ammation, etc.) may initiate testicular 
degeneration. Chronic exposure to certain drugs can 
also produce testicular degeneration. Laboratory 
species exposed to enrofl oxacin (quinolone) developed 
testicular degeneration and associated adverse effects 
on spermatogenesis. No studies have been done in 
bovine species.    

  Testicular  a bscess 

 The testis with an abscess is usually larger than normal 
and is painful in the acute phase (Figure  9.17 ).    
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     Figure 9.16.     Sonogram of a longitudinal view of testicular 
degeneration (7.5   MHz probe; depth of 7   cm). With testicular 
degeneration, the testicular parenchyma loses its tissue archi-
tecture and becomes hyperechoic over time. Shadow artifacts 
are frequently seen with this condition. 1: Mediastinum; 2: 
Shadow artifact; 3: Loss of the homogenous appearance of 
the testicular parenchyma.  

     Figure 9.17.     Testicular abscess in longitudinal view of a 
testis (5   MHz probe; depth of 7   cm). Courtesy of Dr. Denis 
Necchi. The abscess appears as a heterogeneous hypoechoic 
to anechoic mass, with no visible parenchyma, no distinct 
margin, and many small hypoechoic areas. Fibrinous debris 
may be observed in the anechoic fl uid. The testicular tissue 
is displaced away from the abscess. 1: Normal testicular 
parenchyma; 2: Mediastinum; 3: Foci of mineralization in the 
abscess; 4: Degenerated tissues in the testis.  

  Testicular  n eoplasm 

 Testicular neoplasms have been reported in bulls and 
can be easily overlooked during a rapid evaluation. 
Interstitial cell tumors, Sertoli cell tumors, and semino-
mas are the main types of testicular tumors in bulls 
(Figure  9.18 ).     

  Epididymitis ( h ead or  t ail) 

 Epididymitis is the most common abnormality of the 
epididymis and generally involves the tail (Figure 
 9.19 ).    

  Scrotal and  t esticular  c ord  a nomalies 

  Inguinal  h ernia 

 Inguinal hernias enlarge the neck of the scrotum 
(Figure  9.20 ). The intestinal loops are usually contained 
within the tunica vaginalis.    

  Hydrocele 

 Hydrocele is a fl uid collection (more than 2   mm) within 
the tunica vaginalis surrounding the testis that causes 
painless scrotal swelling (Figure  9.21 ). The excessive 
fl uid may be associated with many conditions: infec-
tion, neoplasm of the testis, torsion of the testis, sys-
temic disease (heart or kidney), or idiopathic disease. 
It is a relatively rare condition in bulls.    

  Hematocele 

 A hematocele is blood within the tunica vaginalis. It is 
caused by direct trauma to the testis or by testicular 
torsion. In the early stage, the hematocele contains 
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     Figure 9.18.     Neoplastic mass in the testis in transversal 
view (7.5   MHz probe; depth of 5.5   cm). Ultrasonographic 
images of testicular tumors are variable and range from cir-
cumscribed small nodules to large complex masses. Tumors 
may be hyperechoic, anechoic, or a mix of echogenicities and 
are usually distinguishable from the normal testicular paren-
chyma. 1: Neoplastic mass; 2: Mineralization; 3: Dartos 
muscle; 4: Degeneration of the testicular tissues.  

     Figure 9.19.     Chronic epididymitis of the tail in longitudi-
nal view (7.5   MHz probe; depth of 6   cm). In the acute phase 
of epididymitis the epididymis is enlarged, less echogenic, 
and more coarse than normal. In the chronic stage the tissue 
becomes more heterogeneous and more hypoechoic, proba-
bly due to edema or the presence of a transudate. A few 
hyperechoic areas are seen in the affected tissues in the 
chronic phase. The lesions are surrounded by a distinct 
echoic line. Epididymitis is often accompanied by vesiculitis 
or orchitis. 1: Testis; 2: Mineralization; 3: Epididymis.  

     Figure 9.20.     Ultrasonogram of an inguinal hernia in trans-
verse view (5   MHz probe; depth of 8   cm). Courtesy of Dr 
Andr é  Desrochers (Universit é  de Montr é al). The echoic 
content of the intestinal loops can be observed in the inquinal 
hernia. In real - time scanning the movement of the contents 
is apparent. On rare occasions intraluminal gas is also 
observed. Note on this image the presence of an intestinal 
loop near the pampiniform plexux. 1: Intestinal loop; 2: 
Pampiniform plexus.  
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     Figure 9.21.     Ultrasonogram of a hydrocele (7.5   MHz probe; 
depth of 7   cm). The ultrasonographic scan usually shows a 
completely anechoic fl uid - fi lled cavity. In an infectious 
process (for example, an incisional infection), adhesion of the 
tunica albuginea to the scrotal wall can be seen. Effusion 
within the peritoneal cavity is not always apparent on ultra-
sound. 1: Effusion within the vaginalis tunica; 2: Testis; 3: 
Effusion in the scrotum.  

     Figure 9.22.     Sonogram of a varicocele on longitudinal view 
showing enlarged blood vessels (7.5   MHz probe; depth of 
5   cm). Ultrasonographically, a varicocele appears as irregular 
hypoechoic areas, usually on the periphery of the spermatic 
cord, with no signs of pulsating blood fl ow. The size of the 
varicocele is variable. Sometimes, the central vein and its 
smaller branches can be dilated while the veins of the pampi-
niform plexus are moderately enlarged. Yellow arrowheads: 
Enlarged blood vessel; 1: Epididymis.  

localized fl uid with mixed echogenicity. Over time it 
becomes more hyperechoic.  

  Varicocele 

 This condition of varicosity and tortuosity of the 
testicular vascular cone is often associated with a 
reduction of the volume of the testis (Figure  9.22 ). It 
has been observed in the central portion of the scrotum 
of aged bulls, and vessels are subject to hemorrhage. 
Small varicoceles are normal in old bulls and are not 
associated with decreased fertility or poor semen 
quality  7  .     

  Penile  a bnormalities 

  Hematoma 

 The classical penile hematoma is the result of rupture 
of the dorsal surface of the tunica albuginea and sub-
sequent escape of blood from the corpus cavernosum 
(Figure  9.23 ). The larger the hematoma, the larger the 
size of the tunica albuginea rupture. A symmetrical 
delineated swelling encompasses the penis and is 
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     Figure 9.23.     Ultrasound image of a penile hematoma 
(7.5   MHz probe; depth of 5   cm). Courtesy of Dr. Andr é  
Desrochers (Universit é  de Montr é al). Ultrasonographic 
examination reveals a multilobed mass of mixed echogenicity 
and a well - delineated capsule on the dorsal aspect of the 
penis. 1: Hematoma (corpus cavernosum); 2: Tunica 
albuginea.  

     Figure 9.24.     Ultrasound image in transverse section of a 
penile abscess (7.5   MHz probe; depth of 5   cm). Courtesy of 
Dr. Andr é  Desrochers (Universit é  de Montr é al). On ultraso-
nography, a thick - walled hyperechoic structure is seen in a 
well - organized and mature abscess. A mixture of multiple 
hypoechoic, hyperechoic, or anechoic areas is seen within the 
abscess. The ultrasonographic appearance changes with 
time. The older the abscess is, the more echoic it appears on 
ultrasonography. It generally forms a round structure very 
close to the penile body. 1: Abscess; 2: Penis; 3: Tunica albu-
ginea; 4: Capsule of the abscess; 5: Anechoic area within the 
abscess; 6: Gas.  located cranial to the scrotum. A preputial prolapse 

frequently accompanies the condition and may be the 
reason for reproductive evaluation.    

  Abscess 

 The abscess is typically located midway between the 
prepuce and the scrotum and could be a complication 
of a penile hematoma (Figure  9.24 ). If the initial hema-
toma is over 15   cm in diameter, the risk of abscess 
formation is higher.     

  Vesiculitis 

 Even though the prevalence of vesiculitis is low (9%), 
it is the most common pathologic condition affecting 
the internal genitalia in bulls  1  . The etiology is not 
known; however the incidence of the condition appears 
to be much higher in some groups of young bulls 
where bacteria ( Brucella abortus, Arcanobacter pyogenes, 

Haemophilus somnus,  and  E. coli ) and virus (IBR) have 
been implicated. In the acute phase, vesiculitis is asso-
ciated with pain, enlarged glands, and localized pelvic 
peritonitis (Figure  9.25 ). Chronic seminal vesiculitis is 
characterized by fi rm (fi brotic) and enlarged glands. 
Purulent exudate is consistently present in the semen. 
In young bulls managed in groups, the prevalence of 
seminal vesiculitis can be as high as 49%  2  . In old bulls 
(more than 10 years old), vesicular hypertrophy is 
observed and is generally normal.    

  Internal  p elvic  u rethral  h ypertrophy 

 Figure  9.26  shows an ultrasonic image of an enlarged 
pelvic urethra.     
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     Figure 9.25.     Ultrasonograms of vesiculitis (7.5   MHz probe; depth of 8   cm). Ultrasonographic fi ndings of vesiculitis show an 
increase in overall size of the vesicular gland, a thickened wall, and increased echogenicity, when compared to the contralateral 
unaffected gland. See Figure  9.13  for comparison purposes. 1: Abscess capsule; 2: Pus.  

     Figure 9.26.     Ultrasound image of the hypertrophy of the pelvic urethra (7.5   MHz probe; depth of 8   cm). The urethra cannot 
normally be observed other than during micturition when it contains urine. Enlargement of the pelvic urethra is observed in 
cases of complete or partial urethral stenosis secondary to calculosis or urethritis. The lumen of the urethra appears enlarged 
and anechoic. 1: Lumen of the urethra; 2: Muscle of the urethra.  
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  Points to Remember 
     •      The ultrasonographical examination of the male 

reproductive tract should always be preceded by, 
at least, a partial BSE and is not mandatory with a 
satisfactory BSE.  

   •      In older animals with normal testes, small hyper-
echoic foci representing testicular septa are occa-
sionally visible. Hyperechoic dots may appear and 
could represent fi brosis or mineralization, second-
ary to insults.  

   •      Epididymitis is the most common abnormality of 
the epididymis and generally involves the tail.  

   •      Even though the prevalence of vesiculitis is low, it 
is the most common pathologic condition affecting 
the internal genitalia in bulls.  

   •      Ultrasonographic fi ndings of vesiculitis show an 
increase in overall size of the seminal vesicular 
gland, a thickened wall, and increased echogenicity 
when compared to the contralateral unaffected 
gland.  

   •      Ultrasonography is a useful tool for the diagnosis 
of reproductive pathologies in the bull.     

  Summary Questions 
      1.   What characteristic of ultrasonography enhances 

the breeding soundness evaluation (BSE) in bulls? 
  a.     Ultrasonographic imaging allows better clini-

cal assessment of the structures and functions 
of the reproductive tract.  

  b.     Ultrasonographic imaging allows better clini-
cal assessments of only the functions of the 
reproductive tract.  

  c.     When the initial BSE is normal, ultrasonogra-
phy is essential and adds more details to the 
description of the tissue structure.      
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   2.   Epididymitis is the most common unilateral con-
dition affecting the scrotal reproductive organs. 
Describe the ultrasonographic evolution of the 
condition. 

  a.     In the acute phase, a few hyperechoic areas 
are seen in the affected tissues and the epi-
didymis gets smaller. In the chronic phase, 
the epididymis is enlarged, less echogenic, 
and coarser than normal; the tissue becomes 
more heterogeneous with diffuse lucency, 
probably due to edema.  

  b.     In the acute phase, the epididymis is enlarged, 
less echogenic, and coarser than normal; the 
tissue becomes more heterogeneous with 
diffuse lucency, probably due to edema. In 
the chronic phase, a few hyperechoic areas 
are seen in the affected tissues and the epi-
didymis gets smaller.  

  c.     In chronic and acute epididymitis, the ultra-
sonographic appearances of the lesions are 
similar.      

   3.   Young bulls are the most affected by the following 
condition even though its prevalence is relatively low 
in the general population of bulls (about 9%): 

  a.     Testicular degeneration  
  b.     Epididymitis  
  c.     Vesiculitis      

   4.   What is the most cranial accessory gland in bulls 
and what are the ultrasonographic characteristics of 
the organ? 

  a.     Ampullae are the most cranial accessory 
glands and have a tube shape with thick 
walls. The lumens of ampullae appear irregu-
lar and homogeneously anechoic, if fi lled 
with sperm, and they represent 10 to 60% of 
the whole ampullae diameter. Sometimes, 
valves are seen within the lumen.  

  b.     The vesicular glands are the most cranial 
accessory glands. The lumens of vesicular 
glands appear irregular and always homoge-
neously hyperechoic. Sometimes, valves are 
seen within the lumen.  

  c.     Ampullae are the most cranial accessory 
glands and have a tube shape with thin walls. 
The lumens of ampullae appear regular and 
heterogeneously hyperechoic because of the 
presence of sperm.      

   5.   For biosecurity reasons, what can be done to 
prevent disease transmission during the transrectal 
examination of the internal reproductive organs of the 
bull? 

  a.     There is no reason to worry because there is 
no disease that can be transmitted during 
transrectal examination in bulls.  

  b.     There is no biosecurity concern during the 
transrectal examination of bulls. However, a 
plastic sleeve will prolong the functional life 
of the transducer.  

  c.     For biosecurity reasons (Johne ’ s disease, leu-
kosis, BVD/MD) and to protect the trans-
ducer for a prolonged functional life, the 
transducer can be introduced in a plastic 
sleeve with coupling medium (ultrasound 
gel) and an appropriate amount of lubricant 
in the rectum.      

   6.   What is seen in this ultrasound image of the testis 
(7.5   MHz probe; depth 6   cm)? 

       a.     Normal testicular parenchyma  
  b.     Abnormal testicular parenchyma  
  c.     Normal testicular parenchyma but the ultra-

sound unit was incorrectly set      
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   7.   Which type of probe is better for scanning the 
male reproduction tract? 

  a.     Linear 5.0 – 7.5   MHz  
  b.     Convex or curvilinear 2.5 – 5   MHz  
  c.     Sector 5.0   MHz      

   8.   What is seen in this ultrasonogram of the testis 
(7.5   MHz probe; depth 6   cm)? 

       a.     Abscess in the testis  
  b.     Testicular fi brosis  
  c.     The rete testis      

   10.   When is it useful to do an ultrasound examination 
of the male genital tract? 

  a.     In all bulls over 5 years of age  
  b.     Whenever semen quality or quantity is poor  
  c.     Whenever fertility of the bull is poor      

   11.   What do you see in this ultrasound image of the 
bull ’ s internal genital organs (7.5   MHz probe; depth 
6   cm)? 

       a.     Normal vesicular gland  
  b.     Bulbourethral gland with an abscess  
  c.     Longitudinal section of the urethra       

   9.   What do you see in this ultrasound image of the 
bull ’ s external genital organs (7.5   MHz probe; depth 
5   cm)? 

       a.     Pampiniform plexus  
  b.     Head of the epididymis  
  c.     Tail of the epididymis      
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  Answers      
  1. a 
 2. b 
 3. c 
 4. a 
 5. c 

 6. b 
 7. a 
 8. b 
 9. a 

 10. c 
 11. a 
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 Buffalo and Zebu Cattle  
  Giovanni   Gnemmi   and   Heraldo Marcus Rosi   Cruvinel       

C H A P T E R  T E N

     This chapter describes the practical use of ultrasonog-
raphy in water buffalo and zebu cattle. Ultrasound is 
an integral component of a reproductive management 
program. Early pregnancy diagnosis, early embryonic 
death diagnosis, follicular dynamic control (and 
application of synchronization programs), fetal sex 
diagnosis, and ovarian and uterine physiopathology 
monitoring are economically valuable in these two 
species.  

  Introduction 
 In the order Artiodactyla, the cloven - hoofed mammals, 
cattle belong to the genus  Bos  within the Family 
Bovidae. All modern bovidae have developed by 
natural selection into many distinct species, including 
 Bubalus bubalis , the domesticated water buffalo;  Bos 
taurus , the domesticated cow of Europe; and  Bos 
indicus , the domesticated zebu of India, Asia, and 
Africa  2  . 

 The buffalo (Figure  10.1 ) is present on every conti-
nent. According to the United Nations Food and 
Agriculture Organization (FAO) in 2002 the world 
buffalo population was estimated at 168 million head 
with the majority of the population in Asia (96%), 
where buffalo supply 40% of the milk and 3.32% of the 
meat. The buffalo population is increasing every year 
in every part of the world  33  .   

 Buffalo husbandry has been recognized throughout 
the world as a viable solution for food production in 
many areas within the tropical countries. Besides eco-
nomic benefi ts buffalo have many other advantages, 
such as their excellent adaptability to different ecosys-
tems, good fertility and longevity, and ability to learn 
quickly to respect electrical fencing. These benefi ts lead 
to more income for farmers  30  . 

  Bubalus bubalis  is a domestic species distributed in 
every continent and used mostly for milk and meat 
production and for work. Meat buffalo are found 
mostly in South America (Argentina, Brazil, Colombia, 

Venezuela), Asia, and Oceania (Australia). Milk buffalo 
are mostly concentrated in Asia and Mediterranean 
areas, particularly Italy  5  . 

 The zebu (Figure  10.2 ) was introduced to South 
America in the beginning of the 20th century and is the 
most important species of the genus  Bos . In Brazil, 
there are 206 million head of cattle and about 80% of 
them are zebu or zebu/ Bos taurus  crosses. Because of 
good adaptability to tropical temperatures and tick 
resistance, zebu are the primary source of meat cattle 
in Brazil and are crossbred with Holstein for dairy 

     Figure 10.1.      Bubalus bubalis  is present on every continent.  
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     Figure 10.2.     The zebu is the most important species of the 
genus  Bos  in South America. The Nelore is the most popular 
zebu breed chosen for meat production.  

     Figure 10.3.     Ultrasound examination of a water buffalo with or without a chute. The veterinarian is behind the animal with 
an assistant to hold the tail to avoid strong pressure on the arm of the veterinarian and movement of the dangerous tail.  

A B

production. Nelore is the chosen breed for meat pro-
duction due to its good rate of gain on pasture, with 
80% of the cattle registered in the zebu association 
(ABCZ). Gir is the zebu dairy breed.    

  Equipment and Scanning 
Techniques 
 Portable ultrasound units with self - contained power 
sources are preferable over cart - based units. Buffalo 
and zebu are normally very quiet, but fi eld conditions 
and management situations are often very diffi cult. 

 The scanning technique is the same as described in 
Chapter  2 . The probe may be held with the fi ngers or 

it may be rested in the palm with fi ngers free. The 
second method has the advantage of allowing the 
operator to retract the uterus while scanning, if 
necessary. 

 The probes normally used are 5 to 7.5   MHz linear or 
sector probes. When working with smaller ovaries it 
may be preferable to use a 7.5   MHz linear or sector 
probe. 

 The examination can be done from behind the animal 
in an appropriate chute (Figure  10.3 ). Domestic buffalo 
are very quiet animals in spite of their great size. 
However, the rectal contractions are very strong. Thus, 
it may be helpful to have an assistant hold the tail. 
Under fi eld conditions an experienced veterinarian 
with assistance can perform between 30 – 50 ultrasound 
examinations per hour.    
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 Table 10.1.    
 Dimensions of the reproductive tract in female buffalo, cows, and zebu   (adapted data from Aboul - Fadle et al. 1974; 

Luktuke and Rao 1962; Mobarak 1969)   

        Buffalo     Cow     Zebu  

  Adult body weight (kg)    600 – 1,100    500 – 700    340 – 589  
  Adult withers height (cm)    125    137 – 138      
  Ovary length (cm)    2.2 – 2.9    2.8 – 3.8      
  Diameter of ovulatory follicle (cm)    1.32 – 1.50    1.9 – 2.2    1.1 – 1.3  
  Diameter of mature corpus luteum (cm)    1.3 – 1.6    1.7 – 3.0    1.3 – 2.8  
  Oviduct length (cm)    19 – 23    25 – 26      
  Uterus length (cm)    30 – 38    35 – 45      
  Uterine body diameter (cm)    2.1 – 2.8    2.5 – 5.0      
  Puberty (months)    16 – 22    10 – 14    16 – 32  
  Length of the cycle (days)    20 – 22 

 River buffalo 
 19 – 20 

 Swamp buffalo  

  18 – 24    20 – 22  

  Duration of estrus (hours)    12 – 28    18 – 24    11  
  Ovulation    10 hours after the onset 

of heat  
  28 – 31 hours after the 
onset of heat  

  24 – 26 hours after the 
onset of heat  

  Pregnancy duration (days)    310 – 330    270 – 282    292  

  Major Differences 
Between Bovine and 
Bubaline Species 
  Anatomy 

 There is considerable similarity in the anatomy of the 
reproductive tracts of buffalo, cows, and zebu. The 
smaller total size of  Bubalus bubalis  and  Bos indicus  
refl ects the smaller size of their organs compared to  Bos 
taurus   1   (Table  10.1 ; Figures  10.4 ,  10.5 ). There are insuf-
fi cient data for the zebu for some measurements to 
complete Table  10.1 .  1        

  Physiology 

  Seasonality 

 Buffalo and zebu are generally seasonally polyestrous 
short - day breeders. Thus, their reproductive effi ciency 
(displaying estrous behavior, conception rate, calving 
rate, days postpartum to cyclicity) changes throughout 
the year. The female is usually sexually inactive from 
March to the end of June. Hours of daylight are impor-
tant in controlling seasonality in buffalo and zebu, but 
other correlated environmental factors such as tem-
perature (buffalo have lower plasma progesterone 
values and a lowered LH response to GnRH during the 

hotter months  1  ), rainfall, and food supply appear to be 
of overriding importance  1  . This is one of the reasons 
for the prolonged intercalving period during the off 
season  39  . For  river buffalo , the female is active from July 
until the end of February. The peak of fi rst mating 
occurs during autumn and winter.  Swamp buffalo  cycle 
throughout the year, but a nutritional seasonal pattern 
is observed. 

 Breeding during the rainy period and the winter 
appears to be most favorable while summer appears to 
be least favorable for buffalo reproduction  37  . Buffalo 
and zebu have a tendency to seasonality that depends 
in part upon the environmental characteristics of their 
place of origin. In the subtropical zones, north of the 
equator, forage availability and nutritional manage-
ment vary considerably throughout the year  37   leading 
to seasonality of the estrous cycle. This condition is 
absent in Italy where intensive breeding of buffalo 
occurs throughout the year. Climate and photoperiod 
(melatonin secretion!) are also important in buffalo 
and zebu seasonality. The proportion of buffalo exhib-
iting estrus during the period of short - day length is 
signifi cantly higher than during the period of long - day 
length, indicating that decreasing daylight is a strong 
determinant for the resumption of ovarian activity  39  . 

 In Brazil, below the equator where the average tem-
perature varies between 10    ° C and 15    ° C, there is a 
period of good quality pasture during the rainy 
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     Figure 10.5.     Ultrasonographic images of longitudinal (A) and transverse sections (B) of the uterus in a zebu (7.5   MHz linear 
probe; depth 6   cm). B: Note the presence of two uterine sections in this image; 1: Myometrium; 2: Endometrium; 3: Uterine 
lumen; 4: Vascular portion of the uterus.  

     Figure 10.4.     Ultrasonographic image of a compact and cavitary corpus luteum (CL) in a water buffalo (7.5   MHz linear probe; 
depth 5   cm). The size of the CL is smaller compared to  Bos taurus . 1: Compact CL; 2: Cavitary CL.  
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 Table 10.2.    
 Detection of the fi rst postpartum estrus of dairy Gir after 

calving according to season (Ferreira et al. 2005) 

   First Postpartum Estrus  

   Season     n     1st postpartum estrus (days)  

  Summer    31    98.6  
  Winter    17    85.5  

summer season from October to March. Between April 
and September the temperature is lower, it is less 
humid, and the length of day is shorter. The onset of 
estrus is delayed during this colder, dry period, and it 
is also the same time as the lower growing rate of the 
forage. There are many strategies to minimize the 
effects on ovarian activity. One of them is to restrict 
the breeding season to October through March. This 
method is used mainly for beef cattle at pasture. For 
dairy cattle, breeding occurs throughout the year but 
nutritional supplementation with silage, grass, hay, 
and other crops is provided during the colder dry 
months. Because of this supplementation, the nutri-
tional status of the dairy cattle during the dry season 
becomes better than during the rainy season, which 
translates into a more rapid onset of follicular develop-
ment. Table  10.2  presents the average fi rst detection of 
estrus after parturition of dairy Gir according to season.    

  Puberty 

 The attainment of puberty depends largely on body 
weight and nutritional management. In well - nourished 
buffalo the fi rst signs of estrus occur at 15 – 18 months 
of age, although under some fi eld conditions the onset 
of puberty has been reported at 24 – 36 months. 

 Puberty occurs at a later age (16 – 24 months) and 
higher percentage of adult body weight  1   in the zebu. 
There is much difference among the zebu breeds. The 
dairy Gir is the slowest, beginning puberty at over 20 
months for a fi rst calving between 30 and 42 months. 
On the Getulio Vargas Experimental Farm (Uberaba 
MG, Brazil), the age average at fi rst calving for Gir was 
39 months, with 392   Kg of live weight  26  . For beef breeds 
of zebu (Nelore, Tabapu ã , Guzera, Brahman) the onset 
of puberty occurs earlier but their nutritional manage-
ment is signifi cantly better. To participate in the 
Brazilian zebu show (Expozebu), the beef breed heifers 
must be pregnant at 20 months ( www.expozebu.com.
br/2008/downloads/regulamento ). The body weight 
generally determines when it is time to breed. For Gir 

 Table 10.3.    
 Characteristics of follicular turnover during an estrous 

cycle in buffalo having two or three follicular wave 
patterns   (adapted from Baruselli 1997)   

        N °  Waves  

   2     3  

  Percent of buffalo (%)    66.6    33.3  
  Duration of estrous cycle (days)    22.3    ±    0.9    24.5    ±    1.9  
  Emergence of fi rst wave (days)    1.2    ±    0.5    1.1    ±    0.3  
  Emergence of second wave (days)    10.8    ±    1.1    9.3    ±    1.2  
  Emergence of third wave (days)        18.8    ±    1.2  

 Table 10.4.    
 Characteristics of estrous cycle in dairy Gir (zebu breed) 

having two to fi ve follicular wave patterns 

        N °  Waves  

   2     3     4     5  

  Percent of 
dairy Gir (%)  

  36    41    14    9  

  Duration of 
estrous cycle 
(days)  

  20.2    ±    1.0    20.3    ±    1.2    20.5    ±    0.7    19.5    ±    0.7  

 Table 10.5.    
 Characteristics of follicular waves in Gir dairy cows with 

three follicular waves (Ferreira et al. 2005) 

   Characteristics     First 
Wave  

   Second 
Wave  

   Third 
Wave  

  Wave onset (days)    0.8    ±    0.4    7.1    ±    1.0    13.2    ±    2.4  
  Wave length (days)    13.0    ±    1.6    11.4    ±    2.2    7.7    ±    1.8  

and Sindi the accepted breeding weight is 250 – 270   kg, 
and for the others it is over 300   kg.  

  Follicular  d ynamics 

 Ovarian follicular growth in buffalo is similar to that 
observed in cattle and is characterized by follicular 
waves  9,10  . It has been demonstrated that buffalo typi-
cally have two follicular waves (66.6%) or three follicu-
lar waves (33.3%) during an estrous cycle  9,10   (Table 
 10.3 ). In dairy zebu breeds, most of the cows have two 
to three follicular waves, although 23% of them have 
more than three follicular waves (Table  10.4 ). The char-
acteristics of the follicular waves of Gir dairy cows 
with two to fi ve follicular waves are presented in 
Tables  10.4  and  10.5 .   
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     Figure 10.6.     Ultrasonogram of the uterus of a water buffalo in heat (7.5   MHz linear probe; depth 5   cm). 1: Uterine lumen 
with fl uid; 2: Specular refl ection; 3: Endometrium; 4: Vascular portion of the uterus; 5: Myometrium; 6: Follicle.  

 The length of the estrous cycle is similar in each 
species. Buffalo have a mean cycle length of 21.6    ±    0.2 
days. Zebu values of 21.3    ±    0.1 days have been reported, 
with 85% in estrus between 18 – 22 days  15  . Figure  10.6  
presents an ultrasonogram of the uterus of a water 
buffalo in heat.   

 The changes in the ovarian steroids and gonadotro-
phin blood concentrations during the estrous cycle in 
buffalo cows are considered to be comparable to those 
of  Bos taurus  cows  25  . The statement is generally correct, 
but during the hottest months in warmer countries 
these values are depressed  28  .  

  Estrous  b ehavior 

 Homosexual activity in buffalo and in zebu is not as 
pronounced as in the cow  23,30  . The duration of estrous 
signs ranges from 11 to 30 hours, but the intensity of 
signs is lower in buffalo  15  . Ovulation occurs spontane-

ously about 10 hours after the end of the estrus  15  . Silent 
heat is common in buffalo. Although the estrous cycle 
is present, the external symptoms of heat are absent or 
much reduced. This is due to the defi ciency of LH as 
well as estrogen or progesterone  39  . The duration of 
estrus in buffalo during early summer is shorter, and 
this may be mistaken for anestrus  15  . Detection of estrus 
to determine the proper time of AI can be diffi cult  11  . 
This is the principal reason for the development of the 
synchronization programs in buffalo.  

  Postpartum  r eturn to  c yclicity,  n utrition, and 

 b ody  c ondition  s core 

 Buffalo and zebu calving in the cooler winter months 
have shorter intervals from calving to fi rst estrus  2  . 
Table  10.6  presents physiologic reproductive charac-
teristics of Gir dairy cows after calving according to the 
type of nutrition programs. Gir cows show low repro-
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 Table 10.6.    
 Physiologic reproductive characteristics of dairy Gir cows after calving, according to the type of nutrition programs 

(Ferreira et al. 2005) 

        Calving to 1st 
Ovulation 

Interval (Days)  

   1st Ovulation 
to 1st Estrous 
Interval (Days)  

   Calving to 1st 
Physiological Cycle 

Interval (Days)  

   Calving to 1st 
Detected Heat 

(Days)  

   Length of 
Estrous Cycle 

(Days)  

   N °  of Follicular 
Waves per Cycle  

  Supplementation    58.7    9.2    66    83.8    20.7    2.9  
  Pasture only    68.8    7.6    75    76.7    20.9    2.7  
  Overall averages 
(Std deviations)  

  63.8 (21.3)    8.7 (1.7)    71.3 (23.3)    80.3 (26.6)    20.8    2.8  

ductive effi ciency due to the long period between 
calving and rebreeding, normally over 100 days in 
pasture conditions  20  . This long postpartum anestrus is 
the main reason for the economic loss in production 
systems of the tropical countries. The length of this 
period is affected by many factors in the zebu breeds, 
by nutritional variations due to the seasonal produc-
tion of forages, and by the suckling effect, the most 
important reason for the delay to fi rst estrus  40  . Suckling 
management increases the LH pulse frequency and can 
promote the beginning of ovarian activity. In addition, 
many progesterone, estradiol, and equine chorionic 
gonadotropin (eCG) programs have been used to 
promote estrus and ovulation on anestrous dairy 
cows  41  .   

 Poor body condition can invalidate any positive 
effect of suckling management on the ovarian activity 
in zebu cows  19  . Many authors emphasize the impor-
tance of body condition score (BCS) to improve the 
interval between calving and fi rst breeding  3,31,32,38  . 
Others assert that a good BCS at calving allows a 
modest body weight loss during the beginning of the 
lactation without delaying the postpartum 
estrus  13,16,21,38,42  . Long postpartum anestrus is mainly 
caused by low BCS at calving or by excessive body 
weight loss in the fi rst 2 or 3 months of lactation even 
if the initial BCS was good. For this reason, BCS has 
been proposed as an auxiliary method to evaluate 
nutritional and reproductive herd management  22  . 
More studies are needed about the relationship 
between body condition and the onset of the postpar-
tum ovarian activity in  Bos indicus . Similarities to  Bos 
taurus  cannot be assumed because there are differences 
in reproductive physiology (length and intensity of 
estrus, follicular development, corpus luteum volume, 
etc.) and fat deposition (internal versus external) 
between these two species  6,7,17  . In general, however, 

lower BCS at calving appears to lead to a longer inter-
val to the fi rst postpartum estrus in  Bos indicus  females.  

  Pregnancy 

 The gestation period of buffalo is between 310 – 330 
days; pregnancy in the zebu lasts 292 days  1  . The 
total number of placentomes in the pregnant zebu 
uterus is about 69, lower than the 70 – 142 reported for 
cows  1  . 

 Figures  10.7  to  10.13  present ultrasonographic 
images of pregnancy from 28 to 56 days in water 
buffalo.      

     Figure 10.7.     Ultrasonographic image of a 28 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: 
Endometrium; 2: Embryo (0.8 – 1.0   cm).  
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     Figure 10.8.     Ultrasonographic image of a 32 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: Uterus; 2: 
Embryo (1.5   cm); 3: Gestational pockets.  

     Figure 10.9.     Ultrasonographic image of a 34 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: 
Endometrium; 2: Embryo (2   cm).  

     Figure 10.10.     Ultrasonographic image of a 36 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: 
Endometrium; 2: Embryo (2.5   cm).  

     Figure 10.11.     Ultrasonographic image of a 40 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: 
Endometrium; 2: Embryo (3.0   cm); 3: Amniotic membrane; 4: 
Placentome.  
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     Figure 10.12.     Ultrasonographic image of a 48 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: 
Endometrium; 2: Embryo (4.0   cm).  

     Figure 10.13.     Ultrasonographic image of a 56 - day preg-
nancy in a buffalo (7.5   MHz probe; depth 5   cm). 1: 
Endometrium; 2: Embryo (5.0   cm).  

     Figure 10.14.     Vulvar traumatic lesion in a  Bubalus bubalis . 
This type of lesion is very frequent and is always the conse-
quence of forceful manipulations during calving assistance.  

     Figure 10.15.     Ultrasonographic images of cervicitis in 
buffalo (7.5   MHz linear probe; depth 5   cm). 1: Internal cervix 
ring; 2: Fluid in the vagina.  

  Pathology 
  Vulvar  l esions  34,35   

 Laceration of the vagina and vulva can occur during 
parturition mainly in heifers or during forceful manip-
ulation in cases of dystocia (Figure  10.14 ).    

  Cervicitis and  v aginitis  34,35   

 These pathological conditions are very common in 
female buffalo (Figure  10.15 ). Usually they originate 

from rough manipulation during parturition or from 
uterine prolapse.    

  Uterus 

 Uterine involution is more rapid in buffalo than in 
cows after normal parturition. Puerperal infection is 
the most important cause of reproductive failure in 
buffalo  39  . There is a 20 – 30% incidence of postpartum 
clinical metritis/endometritis in buffalo and zebu  15   
(Figure  10.16 ).    
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     Figure 10.16.     Ultrasonogram of endometritis in a zebu 
(7.5   MHz probe; depth 5   cm). 1: Purulent material in the 
uterine lumen; 2: Endometrium; 3: Vascular portion of the 
uterus; 4: Myometrium.  

     Figure 10.17.     Ultrasonogram of hydrosalpinx in a female buffalo (7.5   MHz linear probe; depth 5   cm). This is a rare pathologic 
condition in  Bubalus bubalis , as in  Bos indicus  and  Bos taurus . 1: CL; 2: Follicle; 3: Transversal section of the dilated salpinx.  

  Bursal  a dhesions,  h ydrosalpinx, and 

 b ursal  c yst 

 Pathological conditions of the ovarian bursa and 
oviduct are also common abnormalities observed as 
causes of infertility in female buffalo (Figure  10.17 ). 
These conditions originate from a primary infection in 
another segment of the tubular genital system, such as 
vaginitis, cervicitis, or endometritis  36,37  .    

  Ovarian  a bnormalities 

 The most common ovarian abnormalities in buffalo are 
ovarian inactivity, ovarian cysts, and infantile ovaries 
(particularly in buffalo heifers). 

 The long intercalving period is one of the major 
problems in buffalo and zebu breeding. The interval 
from calving to resumption of ovarian function is 
longer in buffalo and zebu compared with dairy cattle. 
The reasons for this delay are numerous; the most fre-
quent are breed, nutrition, milk yield, delayed uterine 
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involution, suckling, and seasonality  5  . Ovarian inactiv-
ity (Figure  10.18 ) is correlated with all these factors.   

 Cystic follicular degeneration (Figure  10.19 ) is 
more common in high - producing milk buffalo 
(Mediterranean water buffalo). There is no difference 
in the rate of cystic follicular degeneration in 
buffalo compared to cows. However, nymphomania 

     Figure 10.18.     Ultrasound image of ovarian inactivity in a 
buffalo (7.5   MHz linear probe; depth 5   cm). This is a very 
common condition in  Bubalus bubalis  and  Bos indicus . 1: 
Ovarian stroma; 2: Small follicles of less than 3   mm.  

     Figure 10.19.     Ultrasonogram of a cystic follicular degen-
eration in a Mediterranean water buffalo (7.5   MHz linear 
probe; depth 5   cm). This is a common condition in  Bubalus 
bubalis  and  Bos indicus . 1: Cystic follicular degeneration 
(2   cm); 2: Follicle.  

associated with this condition in buffalo is not a 
common observation, as it is in cows  39  .     

  Congenital and 
Hereditary Defects 
 Congenital problems such as imperforate hymen or 
hymenal bands have been described and are generally 
associated with morphological disturbances of genetic 
origin. 

 Intersexes such as true or pseudohermaphrodites 
and freemartinism are rare conditions in buffalo. 
Other abnormalities commonly observed are uterus 
unicornis segmental aplasia of one segment of the 
uterine horn, underdevelopment of genitalia, absence 
or double cervix, and atresia of the vagina  34,35  .  

  Ultrasound Services in 
Buffalo and Zebu 
 The following ultrasound services are available for 
buffalo and zebu: 

  1.     Uterine, ovarian, and follicular activity 
monitoring  

  2.     Early pregnancy determination  
  3.     Fetal viability determination  
  4.     Embryo and fetal age determination  
  5.     Fetal sex determination  
  6.     Improvement of synchronization programs    

 The techniques for these examinations are similar to 
those in the bovine with only minor differences. 

  Determination of the  a ge of 

 e mbryos or  f etuses 

 Determining the age of an embryo or fetus may be 
useful to determine the paternity of each pregnancy 
because in buffalo herds it is very common to use more 
that one bull in different time periods. It is possible to 
use the same parameters used in  Bos taurus  to deter-
mine the age of embryos or fetuses (see Chapters  6  and 
 7  for more details). 

  Fetal  g ender  d etermination 

 Fetal sex determination is possible and advisable after 
day 60 of pregnancy. See Chapter  7  to review the fetal 
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sexing techniques. It is possible to extend this exam 
until 110 – 120 days of pregnancy (Figures  10.20  and 
 10.21 ).     

  Synchronization  p rograms and 

 u sefulness of the  u ltrasonographic 

 e xaminations 

 Poor heat detection, long periods of anestrus, seasonal-
ity, and the growing interest in artifi cial insemination 
in  Bubalus bubalis  and  Bos indicus  have led to the 
increase in the importance of synchronization pro-
grams in these species. 

 The success of synchronization protocols can be 
improved by choosing the most appropriate protocol 
based on ovarian structures. Because the ovaries and 
ovarian structures in these species are smaller than in 
 Bos taurus , ultrasound improves diagnostic accuracy 
considerably over palpation. 

  Buffalo  c ows with the  p resence of  CL   11,14   

 In buffalo and zebu with a CL, two methods of syn-
chronization can be used: Target Breeding and 
OvSynch. In the fi rst case prostaglandins injections are 
given twice at an interval of 11 – 14 days and the animal 
is inseminated 80 hours after the second injection. 

 There is a commonly held opinion that prostaglan-
dins are less effective in zebu cows. This is not true 

     Figure 10.20.     Male buffalo fetus at 62 days (7.5   MHz linear 
probe; depth 5   cm). 1: Umbilicus; 2: Male genital tubercle; 3: 
Posterior limb; 4: Tail.  

     Figure 10.21.     Female buffalo fetus at 60 days (7.5   MHz 
linear probe; depth 5   cm). 1: Umbilicus; 2: Female genital 
tubercle; 3: Posterior limb; 4: Head; 5: Anterior limb.  

because the effi cacy of the commercial products in 
terms of luteolysis is absolutely comparable in cows of 
both genetic types. 

 The OvSynch protocol is widely used for synchroni-
zation for the bovine species and is now applied suc-
cessfully in the reproductive management of buffalo. 
The protocol used is the same as for cows. 

 The downside of this program is the need to restrain 
the cow four times for injections and insemination. 
Some buffalo farms do not have adequate facilities to 
restrain individual cows. On these farms the drugs can 
be administered in the milking room during milking 
and there may be a need to reprogram milking times 
to accommodate the protocol. 

 The conception/pregnancy rate achievable with the 
OvSynch protocol varies according to the factors dis-
cussed in the physiology section of this chapter. In one 
author ’ s experience, a yearly average conception rate 
of 35% can be expected. Although nonseasonal, buffalo 
cows have better conception rates when inseminated 
during autumn and winter. 

 In the near future, practitioners will be able to intro-
duce synchronization programs such as PreSynch, 
CoSynch 48, and CoSynch 72 for these species. The 
latter two would require fewer times for restraint. 
However, conception rates may lower when we assume 
that zebu and buffalo will respond similarly to these 
protocols as do dairy cows.  
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 Table 10.7.    
 Follicular parameters of Gir and Nelore cows synchronized 

with prostaglandin F 2 α   (Borges et al. 2003) 

   Characteristics     Gir     Nelore  

  Growth rate before PGF 2 α   (mm/day)    1.3    ±    0.8 a     1.1    ±    0.6 a   
  Growth rate after PGF 2 α   (mm/day)    1.6    ±    0.3 a     1.2    ±    0.2 b   
  Number of growth days before PGF 2 α      2.7    ±    2.3 a     2.2    ±    1.6 a   
  Number of growth days after PGF 2 α      3.2    ±    1.6 a     3.7    ±    1.4 a   

   Values with different superscript letters within rows differ 
(P    <    0.05) by F - test.   

 Table 10.8.    
 Means and standard errors for the intervals (hours) 
between prostaglandin F 2 α   treatment to beginning 
of estrus and to ovulation in Gir and Nelore cows 

(Borges et al. 2003) 

   Breed    PGF 2 α   to Estrus 
(Hours)  

  PGF 2 α   to Ovulation 
(Hours)  

   Mean    ±    sd     Mean    ±    sd  

  Gir (n   =   11)    91.6    ±    28.0 a     113.1    ±    30.2 b   
  Nelore (n   =   7)    88.7    ±    26.1 b     119.5    ±    31.9 b   

   Values with different superscript letters within columns differ 
P    <    0.05) by F - test.   

  Buffalo  c ows  w ithout the  p resence of  CL   4,8,11   

 In the absence of a CL the situation is much more com-
plicated. The success rates are lower and the manage-
ment costs of these animals increase signifi cantly. 
There are essentially two reasons for the absence of CL: 
1) cystic follicular degeneration and 2) ovarian 
inactivity. 

 For both conditions the same pathophysiological 
considerations are valid. In cases of cystic degenera-
tion, the preovulatory LH peak is missing. In the 
case of ovarian hypoplasia, the LH pulse, which is 
indispensable for the growth of the dominant follicle 
and for a normal course of follicular dynamics, is 
missing. 

 These situations can be addressed by improvement 
of nutritional and environmental management, but 
also by using slow progesterone releasing devices as 
part of a synchronization protocol. Intravaginal devices 
for slow release of natural progesterone offer the 
advantages of easier insertion and removal compared 
to those introduced under the skin of the ear or under 
the tail. The animal still must be restrained. but device 
removal is much easier. Limits to the use of these 
devices are changes to the vestibule, not infrequent 
conditions in a species in which prolapse of the uterus 
and B ü hner sutures are very common. Fibrosis of the 
vaginal vestibule makes the real absorption of proges-
terone diffi cult to predict. 

 The availability and legality of the various drugs and 
implants needed for these protocols varies geographi-
cally; hence, detailed explanations of reproduction 
synchronization programs are not discussed in this 
chapter. 

 Tables  10.7  and  10.8  present follicular characteristics 
and intervals between the injection of prostaglandin 
and estrus or ovulation for Gir and Nelore cows syn-
chronized with prostaglandin F 2 α  .      
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  Points to Remember 
     •      Buffalo and zebu are generally seasonally poly-

estrus short - day breeders. Thus, their reproductive 
effi ciency (displaying estrus, conception rate, 
calving rate, days postpartum to cyclicity) changes 
throughout the year.  

   •      Breeding during the rainy period and the winter 
appears to be most favorable while summer appears 
to be least favorable.  

   •      The length of the estrous cycle is very similar in 
each species (21.6    ±    0.2 days) with 85% in estrus 
between 18 – 22 days.  

   •      The duration of estrus signs ranges from 11 to 30 
hours, but the intensity of signs is lower in buffalo. 
Ovulation occurs spontaneously about 10 hours 
after the end of the estrus. Silent heat is common 
in buffalo. Although the estrous cycle is present, 
the external symptoms of heat are absent or much 
reduced.  

   •      The smaller total size of  Bubalus bubalis  and  Bos 
indicus  refl ects the smaller size of their organs com-
pared to  Bos taurus .  

   •      The gestation period of buffalo is 310 – 330 days; 
pregnancy lasts 292 days in the zebu.  

   •      The long intercalving period is one of the major 
problems in buffalo and zebu breeding. The inter-
val from calving to resumption of ovarian function 
is longer in buffalo and zebu compared with dairy 
cattle. The reasons for this delay are numerous; the 
most frequent reasons are breed, nutrition, milk 
yield, delayed uterine involution, suckling, and 
seasonality.  

   •      The incidence of puerperal infection (metritis -
 endometritis) is 20 – 30%. These infections are the 
most important cause of reproductive failure in 
buffalo and zebu and are generally associated with 
rough manipulations during parturition or from 
uterine prolapse.  

   •      The most common ovarian abnormalities in buffalo 
are ovarian inactivity, ovarian cysts, and infantile 
ovaries (particularly in buffalo heifers).  

   •      Poor heat detection, long periods of anestrus, sea-
sonality, and the growing interest in artifi cial 
insemination in  Bubalus bubalis  and  Bos indicus  have 
led to the increased importance of synchronization 
programs in these species.  

   •      The success of synchronization protocols can be 
improved by choosing the most appropriate proto-
col based on ovarian structures. Because the ovaries 
and ovarian structures in these species are smaller 
than in  Bos taurus , ultrasound improves diagnostic 
accuracy considerably over transrectal palpation.     

  Summary Questions 
      1.   Why is it particularly important to use ultrasound 
for the examination of  Bos indicus  and  Bubalus bubalis ? 

  a.     Because they are very aggressive and do not 
tolerate manual examination of the reproduc-
tive tract  

  b.     Because ovarian structures (CL and follicles) 
are smaller than in  Bos taurus   

  c.     Because the anatomy of the reproductive tract 
does not permit manual examination      
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   2.   What is the above ultrasound image, which was 
taken from a  Bos indicus  in BB - mode?

      a.     Left: A compact CL with a small follicle; Right: 
A large dominant follicle with two smaller 
ones  

  b.     Left: Ovarian stroma; Right: Cystic follicular 
degeneration  

  c.     Left: Ovarian stroma; Right: 28 - day pregnancy 
in cross section      

   3.   What are the following ultrasound images, which 
were taken from a  Bos indicus ?

      a.     A: 23 - day pregnancy; B: Cavitary CL  
  b.     A: Cavitary CL; B: Uterus in estrus in cross 

section  
  c.     A: Cavitary CL; B Endometritis in cross 

section      
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   4.   What is the following ultrasound image, which 
was taken from a  Bubalus bubalis  in BB - mode?

      a.     Left: 24 - day pregnancy in cross section; Right: 
24 - day pregnancy showing the embryo  

  b.     Left: Endometritis; Right: 24 - day pregnancy  
  c.     Left: Uterus in estrus in cross section; Right: 

Follicle      

   5.   Which is the most frequent ovarian problem in  Bos 
indicus  and  Bubalus bubalis ? 

  a.     Persistent CL  
  b.     Ovary inactivity  
  c.     Ovarian neoplasia      

   6.   What is the following ultrasound image, which 
was taken from a  Bubalus bubalis ?

      a.     A compact CL  
  b.     The ovarian stroma immediately after 

ovulation  
  c.     A placentome       

  Answers 
       1. b 
 2. a 
 3. b 
 4. c 
 5. b 
 6. c     
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 Sheep and Goats  
  Carolina   Vi ñ oles - Gil  ,   Antonio   Gonzalez - Bulnes  , 

  Graeme B.   Martin  ,   Francisco Sales   Zlatar  , 
and   Sebastiano   Sale       

C H A P T E R  E L E V E N

   Usefulness of 
Ultrasonography in 
Small Ruminants 
 Many of us can remember the fi rst Doppler machines 
that were used for pregnancy diagnosis in sheep. The 
relatively poor performance of this technology led to a 
degree of skepticism that probably inhibited wide-
spread acceptance of B - mode ultrasound when it 
arrived in the mid - 1980s. However, within a few years 
of demonstrations by Ginther and colleagues of the 
power of the new generation of machines, a wide range 
of applications was developed. This led to several 
breakthroughs in research into, and management of, 
the reproductive performance of small ruminants. 
There were technical developments on two fronts: the 
ultrasound probes and the software used to interpret 
the refl ections. This development continues apace as 
we explore the possibilities of both three - dimensional 
imaging for studies of structural details and color 
Doppler ultrasound for real - time studies of physiologi-
cal functions such as blood fl ow. 

 In females, ultrasound is now used routinely for 
observing follicular development and atresia (follicu-
lar  “ waves ” ), ovulation, and ovulation rate. Indeed, 
the study of follicular waves would never have been 
feasible without the use of ultrasound because it 
requires serial, daily observations of the interior of the 
ovary. The corpus luteum (CL) posed some initial dif-
fi culties, but ultrasound operators are now so confi -
dent at identifying corpora lutea that this technology 
is effectively replacing the more invasive  “ gold stan-
dard ”  of laparoscopy. This revolution in the study of 
ovarian function became feasible only with the advent 
of internal transrectal probes. These same probes are 
also useful for very early detection of pregnancy in the 

fi rst 4 weeks after conception. External probes are 
essential for later stages of pregnancy, including mea-
surement of litter size and fetal age. At fi rst, fetal aging 
seemed to be of limited use, but as we move toward 
sophisticated systems for managing reproduction in 
farm animals precise determination of fetal age will be 
important to plan for parturition, including feeding for 
colostrum production and early postnatal care  10  . 
Finally, ultrasound can be used to detect pathological 
conditions and abnormalities in both sexes, where it 
has replaced very invasive techniques such as biopsy. 

 In this chapter the authors present a guide for the 
use of ultrasonography in small ruminants. They 
describe the relevant equipment and techniques for 
ultrasound scanning, the anatomy of the reproductive 
tract in parallel with descriptions of the images gener-
ated by the different structures, the endocrine and 
ovarian processes that comprise the normal cycle, the 
embryonic and fetal development, and uses of ultraso-
nography during pregnancy (age, sex, and number of 
fetuses, and pathological conditions of the tract). 
Finally, the anatomy of the male reproductive tract and 
the use of ultrasound to evaluate the testis, epididymis, 
and accessory sex glands are presented.  

  Equipment and Scanning 
Techniques 
 A very important step is the selection of the most suit-
able machine. This is based on the principal use 
(research versus private practice) and whether the 
work will be restricted to small ruminants or will also 
include large animals. In the marketplace there are 
nontransportable hospital - type units, transportable 
machines, and portable machines (see Chapter  1 , 
Figure  1.2 ). 
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 Table 11.1.    
 Characteristics of the probes most frequently used for 

obstetrics and gynecology in small ruminants 

   Frequency     Type     Penetration 
(cm)  

   Uses  

  7.5   MHz    Linear, 
convex  

  5 – 7    Ovarian structures and 
early - pregnancy 
diagnosis  

  5.0   MHz    Linear, 
convex, 
sector  

  10 – 17    Corpora lutea and 
early -  to mid -
 pregnancy diagnosis  

  3.5   MHz    Linear, 
convex, 
sector  

  17 – 20    Mid -  to late - pregnancy 
diagnosis  

     Figure 11.1.     Anatomy of the female reproductive tract. 1: 
Vulva; 2: Vagina; 3: Cervix; 4: Body of the uterus; 5: Uterine 
horn; 6: Ovary; 7: Rectum; 8: Pelvic bone (cut).  

 Nontransportable instruments produce very high -
 quality images, and there is a great variety of machines 
and probes (Table  11.1 ). Their disadvantages are 
expense, weight, and large size, which make them dif-
fi cult to transport. They are useful in research centers 
for accurate examinations using a range of external and 
internal probes.   

 Transportable units are light (6 – 20   kg) and can func-
tion with batteries or main power, so they are easily 
carried to fi eld sites and used in research. Several 
options are available on the market (Figure  1.2 ). It is 
important to evaluate their quality and robustness 
before buying a machine. 

 Portable ultrasound units are a great choice for fi eld 
practitioners because they are very light ( < 3   kg) and 
they function with a battery that allows for 2.5 to 7.0 
hours of continuous work, depending on the manufac-
turer, the type of viewing device and the environmen-
tal temperature. In small ruminant practice the selection 
of the probe is crucial (Table  11.1 ). Ultrasound units 
that allow the use of both linear and sectorial probes 
are preferable (see Chapter  1 , Figure  1.3 ). Sectorial 
probes have an advantage because they require less 
contact with the surface of the skin, which reduces the 
time required per ewe and avoids the need to clip the 
wool in front of the udder. 

 For gynecological examination of the reproductive 
tract the practitioner can use transrectal, transvaginal, 
and transabdominal techniques. The choice depends 
on what one wants to study, so it is important to 
understand the advantages and limitations of each 
technique. For all techniques, however, the fi rst step is 
to become familiar with the equipment in order to 

adjust all the settings properly (see Chapter  1  for more 
details).  

  Ultrasonographic Imaging 
of the Female 
Reproductive Tract 
 An ultrasound examination of the female reproductive 
tract requires knowledge of its spatial anatomy as 
well as real familiarity with the ultrasound image 
created by each structure. The reproductive tract is 
located in the pelvic cavity, delimited by the pelvic 
bone (Figure  11.1 ). Due to the close proximity of the 
rectum to the reproductive tract, the transrectal route 
is ideal for ultrasonographic evaluation of the ovaries. 
This technique can be performed with the animal 
standing or in dorsal recumbency, as depicted in 
Figures  11.2 – 11.4 .   

 Irrespective of the technique, the urinary bladder is 
the major reference structure for identifying the repro-
ductive tract. The urinary bladder is readily visualized 
as a nonechogenic structure (Figure  11.5 ) of a size that 
depends on the volume of urine that it contains.   

 The vagina generates an image that appears as gray 
shadows over the bladder. At the internal end of the 
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     Figure 11.2.     Illustration of the transrectal technique for ultrasonographic examination of the reproductive tract with the 
animal in the standing position. A: It is crucial to have a darkened workplace (e.g., a tent) for viewing the ovaries; B: Once 
the ewe enters the crate, approximately 20   ml of lubricant is injected into the rectum and the abdomen is pushed up by the 
left knee of the operator; C: The 7.5   MHz rigid linear probe is introduced into the rectum and rotated clockwise and counter-
clockwise to locate the left and right ovaries.  

     Figure 11.3.     Illustration of the transrectal technique for ultrasonographic examination of the reproductive tract with the 
animal in dorsal recumbency. A: The ewe is restrained in dorsal recumbency in an insemination crate; B: Lubricant is added 
and feces are removed if necessary; C: The 7.5   MHz rigid probe is inserted into the rectum and rotated clockwise and coun-
terclockwise to locate the left and right ovaries.  

vagina is the cervix. Due to its fi brous composition, 
the cervix is a more echogenic structure than the 
vagina. 

 The uterus is a muscular structure that generates a 
gray echogenic image (Figure  11.6 ). The echogenic 
properties of the uterus depend on uterine tone, so it 
is affected by hormonal changes during the estrous 
cycle (see Chapter  5  for more details).   

 Each uterine horn continues into an oviduct that 
ends with the infundibulum, which envelops the 

ovaries. The ovaries are almond - shaped structures 
about 1.5    ×    1   cm in diameter. The ovarian stroma pro-
duces a gray ultrasound image, the size of which 
depends on reproductive status (Figure  11.7 ).   

 Once the ovaries are located, the best image is frozen 
and the largest section of each structure (follicles 
 ≥ 2   mm and CL) is measured with the built - in calipers. 
The structures are drawn on ovarian maps (Figure 
 11.8 ) and the images are recorded in individual videos 
for future reference.   
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     Figure 11.4.     Illustration of the transvaginal approach to study the reproductive tract of small ruminants. The transvaginal 
approach is another option for examining the reproductive tract in detail, and it can be done with the animal in a standing 
position or in dorsal recumbency. Images are obtained from several different orientations to get the best views of the uterus 
and ovaries. A: The probe is inserted into the vagina, with the ewe restrained in a crate in a standing position, and gently 
moved up and down to visualize the ovaries; B: The same technique can be applied with the ewe in dorsal recumbency, as 
described in Figure  11.3 .  

     Figure 11.5.     Ultrasonographic image of the urinary bladder (5   MHz probe; depth 2.5   cm). The urinary bladder is the refer-
ence structure to locate the reproductive tract. 1: Urinary bladder; 2: Uterus.  

 It takes 1 to 10 minutes to evaluate all the structures, 
depending on how easy it is to locate the ovaries (for 
example, excessive amounts of fat can make the ovaries 
diffi cult to fi nd). Using this technique to measure ovu-

lation rate on a farm, an average of 35 ewes per hour 
can be scanned. To accomplish this, a good setup and 
labor force are needed to assure a continuous fl ow of 
animals into the scanning tent.  
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     Figure 11.6.     Ultrasonographic image of two uterine horn sections in transverse view (8   MHz probe; depth 4   cm). Ewes and 
does have a bipartite uterus that is divided into the uterine body and uterine horns, but these two structures cannot be dif-
ferentiated by ultrasonography. The horns turn downward and backward and form two coils. This is important because 
ultrasound images are cross sections; hence, different images will be generated depending on the direction taken by the ultra-
sound waves as they pass through the uterus and horns. Typically, an image containing circular and longitudinal shapes is 
generated. 1 and 2: Uterine horn portions in transverse sections.  

     Figure 11.7.     Ultrasonographic images of ovaries in anestrous and cyclic females (A to C) (5   MHz probe; depth 4   cm). During 
anestrus (A) only small follicles are visible in the ovarian tissue. As the ewe or doe begins to cycle, the size of the follicles 
increases. Prior to ovulation, the preovulatory follicle increases in size giving an anechoic (black) image due to fl uid in the 
antrum (B). Immediately after ovulation, corpora hemorrhagica will also appear as anechoic structures because the antral 
cavities fi ll with blood. As the corpora hemorrhagica develop into corpora lutea (CL), they will appear as gray structures, 
usually solid but often with an anechoic central cavity (C). A: Ovary during anestrus with various small anechoic follicular 
structures (1) in the ovarian parenchyma; B: In the breeding season with a medium - sized preovulatory follicle (2); disappear-
ance of the large follicle means ovulation has occurred; that day is defi ned as day 0 of the reproductive cycle; 3: Corpus luteum 
(CL) visible 3 days after ovulation; C: Double ovulation; 4: CL becomes more echogenic until day 9 after ovulation and remains 
well defi ned until after day 12 when the boundaries start to lose defi nition concurrent with a decline in progesterone concen-
trations. Note that the right CL has a small central cavity.  
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     Figure 11.8.     Ovarian maps. Daily maps obtained by ultrasound examination of ovarian follicles and CL, presented as raw 
data (left) and analyzed data (right) for pairs of ovaries. Circles with the same colors in the same ovary represent the develop-
ment of the same structure between days 11 and 16 of the estrous cycle.  

  Endocrine and Ovarian 
Processes that Comprise 
the Normal Estrous Cycle 
and Pregnancy 
  Follicles 

 The estrous cycle is driven by a sequence of endocrine 
events regulated by the brain, ovary, and uterus (Figure 
 11.9 ).   

 The crucial role played by FSH in the short - term 
control of follicular development in does and ewes and 
was not elucidated until the wavelike pattern of fol-
licular growth was confi rmed by ultrasonography  5  . 

 A rise in FSH concentration precedes each follicular 
wave, from which one follicle (the  dominant follicle ) is 
selected to continue its growth while all the others 
regress through atresia (Figure  11.10 ). When a CL is 
present, the dominant follicle will also regress, leading 
to the emergence of a new wave  16  . If the CL regresses, 
the dominant follicle continues to expand until ovula-
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     Figure 11.9.     Illustration of the endocrine regulation of the estrous cycle. The major endocrine pathways that control ovarian 
function in the female, illustrating the pituitary control of ovarian production of inhibin and sex steroids, and the roles of 
these hormones in negative feedback. The secretion of FSH is inhibited by actions primarily at the pituitary level, whereas the 
frequency of secretion of GnRH (and LH) pulses is reduced by actions on the gonadotrophic centers in the brain. The main-
tenance of homeostasis involves two synergistic feedback loops, the fi rst involving the follicle(s) and the pituitary gland, and 
the second involving the follicles, the CL, and the brain. These processes explain the follicular waves that can be documented 
during the estrous cycle by ultrasound imaging. High progesterone concentrations produced by the corpus luteum at midcycle 
will inhibit GnRH pulse frequency, leading to reduced estradiol production by the follicles. Low progesterone concentrations 
during the follicular phase allow an increase in GnRH pulse frequency, so estradiol production by the dominant follicle will 
increase and elicit estrus, the LH surge, and ovulation. Estradiol and inhibin, both of which are follicular products, will reduce 
FSH concentrations, thus reducing follicular growth.  
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     Figure 11.10.     Wavelike patterns of follicular growth. Follicular and endocrine events during the late follicular phase, as the 
fi nal follicular wave becomes an ovulatory wave, and during the early luteal phase as the fi rst follicular wave of the next cycle 
begins. During the ovulatory wave, a dominant follicle grows, ovulates, and becomes a corpus luteum. Although the whole 
series of events can be documented with ultrasonography, the CL can be detected most accurately from days 8 to 12 after 
ovulation.  
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     Figure 11.11.     Ultrasonographic images of the same corpus luteum with a cavity taken at 3 and 6 days of the estrous cycle. 
A: Development of a CL with a large cavity 3 days after ovulation; B: Image of the same developing CL 6 days after ovulation. 
Note that the cavity of the CL (cavitary corpus luteum) has reduced signifi cantly in a 3 - day period.  

tion takes place. There are two to six waves per estrous 
cycle, with three waves being most common in ewes 
and four waves being most common in does.    

  Corpus  l uteum ( CL ) 

 The CL can be fi rst detected by ultrasonography 
on day 3 after ovulation, and its patterns of growth 
are highly correlated with the production of progester-
one during the midluteal phase  6  . Ultrasonography 
is 100% accurate for the detection of a fully functional 
CL, but less accurate during the growth and regression 
of a CL and when more than one CL is present  15,16  . 
Inaccuracies can also occur when CLs develop 
central cavities  16   (Figure  11.11 A). This problem can be 
avoided by measuring ovulation rate on day 10 of the 
cycle when most CL cavities will be small  14,16   (Figure 
 11.11 B).   

 Another source of error occurs when the CL devel-
ops a large crown (ovulatory papilla) that may be mis-
taken for a second CL (Figure  11.12 ). In these cases, a 
second examination a few days later may be necessary 
if the operator is uncertain about the number of CL.    

  Early  p regnancy 

 The embryo reaches the uterus on day 4 and starts to 
elongate by day 11 (Figure  11.13 ).   

 This is the beginning of implantation, but fi rm adhe-
sion to the endometrium will not occur until day 16. 

Around day 20 of pregnancy, the embryonic vesicle 
(Figures  11.14 ,  11.15 ) extends to the contralateral horn 
of the uterus, creating pockets of fl uid within the 
uterine lumen.   

 From day 21 of pregnancy, the placentomes can be 
discerned as small echogenic areas on the surface of 
the endometrium. The embryo becomes more readily 
visible between days 25 and 30. At this time the amnion 
(Figures  11.15 ,  11.16 ) can be seen as a hyperechoic line 
that encircles the embryo at a distance of 1 – 2   mm  9  .   

 The transrectal technique is the best choice for early 
diagnosis of pregnancy because the uterus will still be 
located in the pelvic cavity. Accuracy is low before day 
24 (50%), but increases by days 32 – 34  13   (85 – 100%). 
Before day 24, the pregnancy diagnosis is based on the 
presence of anechoic pockets of fl uid that can also 
originate from causes other than pregnancy. It is 
important to consider that, after a diagnosis of early 
pregnancy, some animals may lose their embryos, 
increasing the number of false positive diagnoses. The 
difference in conception rate between an early tran-
srectal diagnosis (day 30) and a later transcutaneous 
diagnosis (day 60) can be up to 16%.  

  Midpregnancy 

 At 40 to 60 days, it is possible to see echoic fetuses 
surrounded by large amounts of hypoechoic fl uid. 
Other structures of pregnancy, such as placentomes 
and the umbilical cord, also become readily visible 
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     Figure 11.12.     Ultrasonographic image of an ovariectomized corpus luteum with a large ovulatory papilla. A: Ultrasound 
image in vitro after ovariectomy; B: Photograph of the removed ovary (B).  

     Figure 11.13.     The temporal relationships between the development of the embryo, its position in the female tract, and 
maternal blood concentrations of progesterone during the fi rst 16 days of pregnancy  (modifi ed after Thomas E. Spencer).  The 
broken line in the progesterone pattern indicates the time that luteolysis would be expected if conception had failed.  
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     Figure 11.15.     Ultrasonographic image of an embryo at 21 
days of pregnancy. Notice that at this stage the embryo can 
be easily confused with a placentome.  

     Figure 11.16.     A 30 - day - old embryo encircled by the 
amnion, as seen by transabdominal ultrasonography (5   MHz 
sectorial probe; depth 10   cm). 1: Uterus; 2: Embryo; 3: 
Amnion; 4: Amniotic fl uid; 5: Allantoic fl uid.  

     Figure 11.14.     Ultrasonographic image of the embryonic 
vesicle. Image of an embryonic vesicle (1), which becomes 
visible after day 20 of pregnancy as an anechoic structure 
inside the uterine lumen.  

(Figure  11.17 ). At this stage numerous fetal organs 
such as the heart, liver, digestive tract, and kidneys can 
be imaged sonographically (Figures  11.17 B,  11.18 ). Due 
to their intense echogenicity (white), bony parts such 
as the skull, spinal column, ribs, and extremities can 
be easily identifi ed.   

 During midpregnancy, transrectal ultrasonography 
becomes less accurate and must be replaced by the 
transabdominal or transcutaneous technique because 
the uterus descends into the abdominal cavity (Figure 
 11.19 ).    

  Late  p regnancy 

 After day 100 of pregnancy, it is diffi cult to determine 
the number of fetuses. Imaging of placentomes is still 
possible (Figure  11.20 ), but fetal body parts are only 
partially visible.   

 Various approaches can be used for transabdominal 
diagnosis of pregnancy. The choice of technique and 
probe depends primarily on the stage of gestation and 
whether it is important to detect multiple fetuses (Table 
 11.1 ). After day 60 (midpregnancy) transcutaneous 
ultrasonography using a 3.5   MHz sectorial probe is 
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     Figure 11.18.     Ultrasound image of a 120 - day fetus viewed with the transabdominal technique using a 5   MHz sectorial probe 
(depth 10   cm). 1: The kidney of the fetus can be identifi ed on this sonogram.  

     Figure 11.17.     Ultrasound images of a 60 - day fetus (5   MHz sectorial probe; depth 8   cm). A1: Head appears as a hyperechoic, 
circular - shaped image; A2: Eye; A3: Placentome; B4: Heart and heart rate can be used as an indicator of fetal viability; B5: 
Ribs are easily observed due to their hyperechoic characteristics; B6: Umbilical cord; B7: Rumen fi lled with liquid indicating 
normal development of this portion of the digestive system.  
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     Figure 11.19.     Periods during pregnancy when the different ultrasonographic techniques are recommended and when preg-
nancy scanning on the farm is appropriate. Transrectal and transvaginal ultrasonography for the diagnosis of pregnancy can 
be done from day 25 to day 85 after mating, but accuracy is not maximized until day 30 and decreases after day 60 after the 
uterus has descended into the abdominal cavity. Transcutaneous or transabdominal techniques can be used from day 30 until 
after day 100 but, in the fi eld, the optimum period for accurate diagnosis is between days 45 and 85 after mating. It is impor-
tant to remember that embryo mortality between days 30 and 40 can lead to a false positive diagnosis of pregnancy.  
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     Figure 11.20.     Late pregnancy (day 120) ultrasonographic image from a ewe (7.5   MHz linear probe; depth 9   cm). Due to the 
rapid development of the placenta in the second half of pregnancy the sonographic image is dominated by placentomes that, 
on cross section, are seen as cup - shaped hyperechogenic structures. They are often the fi rst positive signs of pregnancy during 
ultrasound examination  9  .  

best. The accuracy of diagnosis will depend on the 
range in gestational age at scanning, so it is important 
to know the dates of the beginning and the end of the 
mating period. The selection of technique depends on 
several factors, but a combination of speed and accu-
racy are important for pregnancy diagnosis in the fi eld. 
Transcutaneous scanning can be performed under a 
tent and in a scanning crate with the ewe or doe in a 
standing (Figure  11.21 ) or sitting position (Figure 
 11.22 ) or with the animals a meter higher than the 

operator, as is the case in the milking parlor (Figure 
 11.23 ).   

 The number and viability of the fetuses can be deter-
mined up to day 100 of pregnancy, with the optimal 
period being days 45 – 85  9   (Figure  11.19 ). To minimize 
the number of false negatives and positives, the females 
should be fasted for 12   h and the abdominal wall lifted 
during the test. With the scanning crate set up appro-
priately, and three handlers to move animals, it is pos-
sible to scan 500 ewes per hour for pregnancy diagnosis 
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     Figure 11.21.     Illustration of transcutaneous pregnancy scanning with the female in a standing position. A: The scanning 
crate will be positioned at the end of the race and a tent is built around the operator to avoid direct light on the screen of the 
scanner; B: The ewe will enter the crate, which could be elevated 0.5 meter from the fl oor, and the operator will access the 
woolless area in front of the udder between the legs of the ewe; C: The sector probe covered with a layer of lubricant will be 
positioned on the right side of the ewe.  

     Figure 11.22.     Illustration of transcutaneous pregnancy scanning with the female in a sitting position. A: The handlers will 
catch the ewes from the pen and, while waiting in the queue, another operator will add lubricant in the left and right woolless 
areas in front of the udder; B: The ewe will be presented to the operator in the sitting position and the sector probe positioned 
on both sides; C: If the ewe is suspected to be nonpregnant, the handler will reposition her into the standing position for 
further evaluation.  

     Figure 11.23.     Illustration of transcutaneous pregnancy scanning with the female in the milking parlor. A: Using the left 
hand, the operator will access and clear the area between the udder and the right leg of the ewe; B: Using the right hand, the 
operator will position the sector 3.5   MHz probe on the right hairless area; C (right): The operator will identify the image on 
the screen and call out a diagnosis for recording.  
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and 350 per hour for litter size. By placing the animal 
in the sitting or standing position, single pregnancies 
can be detected in about 10 seconds. When twins are 
suspected, 20 – 30 seconds are needed to confi rm the 
diagnosis. Nonpregnant ewes require 20 – 30 seconds 
for diagnosis. Under commercial conditions, 100 – 150 
ewes can be scanned per hour (1200 per day) if two 
or three handlers are presenting sheep to the operator 
and one or two handlers are refi lling empty catching 
pens. The highest daily rate has been 1800 but the 
quest for speed can lead to loss of accuracy. The sensi-
tivity of ultrasound for detecting pregnancy is 99% and 
the specifi city is 100%. For detecting multiples, the sen-
sitivity is 91% and the specifi city 100%, giving a per-
centage of correct diagnosis of 98%. In the milking 
parlor, it is possible to detect pregnancies in about 10 
to 40 seconds, so it is possible to scan over 90 animals 
per hour.   

  Fetal Count, Age, and Sex 
  Fetal  c ount 

 It is also possible to determine the stage of pregnancy, 
the viability of the fetus, the number of fetuses, and 
their sex. Fetuses can be counted using various 
approaches. Often the fi rst observation is variation in 
the volume of uterine fl uid, which is greater in animals 
carrying twins than in animals with a similarly sized 
single fetus. On some occasions both fetuses are evident 
although one is in longitudinal section while the other 
is in cross section. To count the fetuses accurately it is 
important to identify the same body structure more 
than once (Figure  11.24 A,B).   

 The expertise of the operator is another factor affect-
ing the accuracy of the diagnosis of multiple fetuses. 
Newly trained operators are initially not able to scan 

     Figure 11.24.     Identifi cation of 60 - day twins in a doe (3.5   MHz linear probe; depth 12   cm). The ultrasonographer normally 
looks for the number of trunks or heads (cross or transverse section) or spines (longitudinal section) present in the uterus. 
The same structures must be identifi ed in both fetuses, in order to avoid errors in fetal counts. The key to accuracy is to always 
use the same methodology (Figure  11.25 ) so the same structure is not seen twice. A1: Trunk of fetus #1; A2: Trunk of fetus #2; 
B3: Head of fetus #1; B4: Head of fetus #2.  
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     Figure 11.25.     Suggested methodology for scanning ewes and does for fetal count in a sitting position. With the probe in the 
right hand, the operator touches its left surface with the right thumb to confi rm that the image is generated on the left side 
of the screen. The probe is positioned on the skin of the right woolless area of the ewe if she is in standing position and on 
the left woolless area if the ewe is in the sitting position, as on this drawing (circle). Then the probe is slowly moved right to 
left at the same level in order to localize the pregnancy and fetal parts (blue arrow). After that, the direction of the scanning 
movements will be perpendicular to the fi rst set of movements at different levels (red arrows) to cover the complete scanning 
area systematically, in a way to avoid going back on the same fetus twice.  

 Table 11.2.    
 Measurements used to predict the age of the embryo and fetus in sheep 

        Embryo/Fetus (Age)  

   24 – 35 Days     36 – 40 Days     41 – 65 Days     66 – 130 Days     131 – 147 Days  

  Embryonic vesicle (cm)    2.0 – 3.5    3.5 – 5.0     > 5.0          
  Crown - rump length (cm)    1.0 – 2.0    2.0 – 3.5     > 3.5          
  Thoracic diameter (cm)    0.5 – 1.2    1.2 – 1.5    1.5 – 3.0    3.0 – 8.0     > 8.0  
  Biparietal diameter (cm)            1.2 – 2.5    2.5 – 5.0     > 5.0  
  Head length (cm)            1.5 – 3.0    3.0 – 7.5     > 7.5  

accurately. Analysis of 0, 1, 2, 3, or 4 fetuses will high-
light differences among operators. After training with 
the technique (500 to 1000 animals) and an appraisal 
session with an expert, operators will improve their 
accuracy suffi ciently to be of commercial value (Figure 
 11.25 ).    

  Fetal  a ge 

 Fetal age can be estimated by measuring different parts 
of the body at different stages of pregnancy (Table 

 11.2 ). During the fi rst 3 months, fetal size is not related 
to litter size  7,13  . For example, the pattern of growth 
from day 20 to 40, as determined by crown - rump 
length (CRL) (Figure  11.26 ), is the same for litters of 
1 to 4  13  .     

 Up to day 40, the difference in predicted and actual 
birth date for sheep, based on the size of the fetus, 
ranges from  − 10 to +7 days  13  . Head diameters (Figure 
 11.27 ) and lengths provide a good index of fetal devel-
opment and offer an advantage over other measures 
because long periods of observation (from 36 to 91 
days) are feasible  7  .   
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     Figure 11.26.     Measurement of crown - rump length (CRL), which can be used to estimate fetal age. The length of the fetus 
from the top of the head (crown) to the end of the buttocks (rump) is called the  crown - rump length (CRL) . Table  11.2  gives CRL 
measurements that can be used to predict the age of the embryo and fetus in sheep. On this ultrasound image the 26 - day 
embryo has a CRL of 1.3   cm. 1: Embryo; 2: Amniotic fl uid; Yellow arrow: CRL.  

     Figure 11.27.     Measurements of head diameter, which can 
be used to estimate fetal age. The biparietal diameter (BD) of 
the head is strongly correlated with age in fetuses between 
40 and 130 days (Table  11.2 ). On this ultrasound image the 
42 - day fetus has a BD of 1.3   cm. 1: Head; Yellow arrow: BD.  

 During the last one - third of pregnancy, estimation 
of fetal age is affected by the individual characteristics 
of the fetus, which are determined by genetics, nutri-
tion, and the age of the ewe. Attempts to use the plac-
entomes for the determination of gestational age in 
ewes and does have been only partially successful 
because placentomes of different sizes coexist in the 
same animal throughout gestation.  

  Fetal  s ex 

 For sex determination, it is possible to locate and iden-
tify the genital tubercle at 60 to 69 days. With a linear -
 array 5   MHz transducer applied transcutaneously, the 
accuracy was 100% for male fetuses but only 76% for 
females. In this study, fetal sex could not be deter-
mined in 7% of the ewes  4  . In goats, the accuracy of fetal 
sexing is high (100%) for a single fetus, but lower for 
twins (93%) and triplets (63%)  12  . 

 The ultrasound appearance of the fetal genital tuber-
cle is the same in small ruminants and bovine species. 
See Chapter  7  for more details.   



197  CHAPTER 11 :  SHEEP AND GOATS

     Figure 11.28.     Ultrasonographic image of a pseudopreg-
nancy (5   MHz sectorial probe; depth 10   cm). This image 
shows an enlargement of the uterus due to fl uid accumula-
tion that could be easily confused with a normal pregnancy. 
No fetal structures will be observed nor will other signs of 
pregnancy, such as placentomes.  

     Figure 11.29.     Ultrasonographic image of a metrorrhagia. 
Arrow indicates the accumulation of blood inside the uterus, 
which may be related to pregnancy, abortion, or other abnor-
malities of the placenta.  

  Pathological Conditions 
in the Female 
 Ultrasound allows for the determination of abnormal 
causes of anestrus, such as pseudopregnancy 
(Figure  11.28 ) or pathological processes in the uterus 
(metritis, metrorrhagia) (Figure  11.29 ) and ovaries 
(Figure  11.30 ).   

 The ultrasonographer can also detect embryonic and 
fetal abnormalities during the course of pregnancy. 
Early mortality (Figure  11.31 ), detected by the absence 
of the heartbeat, will lead to a late return to estrus; a 
later mortality may lead to mummifi cation of the 
uterine contents (Figure  11.32 ).   

 It is also possible to see malformations in different 
parts of the fetal body. Intrapartum uterine torsion in 
ewes can be diagnosed by transabdominal sonographic 
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     Figure 11.31.     Ultrasound image of a dead embryo (5   MHz sectorial probe; depth 10   cm). In this image the dead embryo is 
more echoic than a normal embryo, with a small amount of amniotic liquid. 1: Dead embryo.  

     Figure 11.30.     Ultrasonographic images of a follicular cyst (A) and a paraovarian cyst (B). A: The follicular cyst is an anechoic 
structure similar to a follicle but of abnormally large size, located where ovulation did not occur; this condition is one of the 
most common ovarian pathologies observable by ultrasound in small ruminants; B: This anechoic structure is located alongside 
the ovary and can be confused with a follicular cyst. To identify these structures correctly, the limits of the ovary and its 
stroma must be observed. 1: Follicular cyst; 2: Paraovarian cyst; 3: Ovarian stroma.  
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     Figure 11.32.     Ultrasonographic image of a mummifi ed fetus (5   MHz linear probe; depth 4   cm). 1: Mummifi ed fetus; Yellow 
arrows: Placentome.  

measurements of the thickness of the uterine wall  17  . 
Normal uterine involution postpartum can be followed 
by measuring the width of each uterine horn by tran-
srectal ultrasonography  8   (Figure  11.33 ).    

  Ultrasonographic 
Evaluation of the Male 
Genital System 
 The hormonal control of reproduction in the male is 
described in Figure  11.34 .   

 Because the formation of sperm takes 49 days, males 
must be examined at least 2 months before the begin-
ning of the mating season to allow time to treat any 
pathological process and restore normal fertility. 
Traditionally, the male genital system is subjected to 
clinical examination of the penis, testes, and scrotum, 
followed by macroscopic and microscopic evaluation 
of the semen  2  . The application of these techniques is 
the gold standard for diagnosis of the more frequent 
causes of infertility, but their value as a diagnostic tool 

     Figure 11.33.     Measurement of the uterine horn width to 
evaluate involution of the uterus postpartum (5   MHz secto-
rial probe; depth 8   cm). The arrow indicates the width of the 
uterus that could be measured in order to identify abnor-
malities during involution.  
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     Figure 11.34.     Hormonal control of reproduction in the male. Schematic representation of the endocrine control of reproduc-
tive function in the male by the hypothalamo - hypophysial - gonadal axis. In brief, GnRH pulses from the hypothalamus induce 
secretion of the pituitary gonadotropins FSH and LH, which in turn stimulate Sertoli and Leydig cells, respectively. The Sertoli 
cells secrete inhibin and estradiol; the Leydig cells secrete androgens. All of these hormones exert negative feedback at the 
pituitary level, but androgens also inhibit hypothalamic GnRH output (probably after conversion to estradiol in brain tissue) 
while promoting the process of spermatogenesis in the seminiferous tubules.  
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for the determination of degenerative disease is limited. 
Ultrasonography offers the possibility of detecting 
anomalies in the internal accessory glands (e.g., bulbo-
urethral, seminal vesicular glands), all of which are 
inaccessible by palpation. A combination of all tech-
niques will increase the accuracy of an examination for 
breeding soundness. 

 Although ultrasonographic evaluation of the male 
genital system in small ruminants was fi rst reported 20 
years ago  3  , private practitioners have not adopted it 
routinely. The aim of this part of the chapter is to high-
light the advantages of using ultrasonography to reach 
a defi nitive diagnosis. 

  Anatomy of the  m ale  r eproductive  t ract 

 Figure  11.35  describes the anatomy of the male repro-
ductive tract. The ultrasonographic pattern of scrotal 
skin is well defi ned and echogenic.   

 The dimensions of the testes in the ram are highly 
variable, being affected by many factors including age, 
genotype, photoperiod, and nutrition  1  . The diameter of 

the testes can be measured by ultrasonography and the 
values are highly correlated with postmortem mea-
surements  11  . The testes are each suspended in the 
scrotum by the spermatic cord, which is composed of 
convoluted testicular arteries, the venous plexus 
(pampiniform plexus), nerves, and a smooth muscle 
(the cremaster) (Figure  11.35 ). 

 The tunica testis, albuginea, and vaginalis (parietal 
and vaginal), are composed of fi brous tissue and are 
seen as two hyperechoic lines between the skin and the 
testis (Figures  11.35 ,  11.41 ).   

 The testis feeds into the epididymis, which is divided 
into the head, the body, and the tail (Figure  11.35 ). The 
head of the epididymis is a well - defi ned structure with 
a more heterogeneous pattern than that of the testis 
(Figures  11.36 ,  11.37 ). The rete testis is seen near the 
head of the epididymis and is composed of anechoic 
tubules and hyperechoic interstitial tissue (Figure 
 11.37 ).   

 The body and tail of the epididymis are more diffi -
cult to identify due to their smaller size, but they are 
more easily seen when a pathological process is present 
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     Figure 11.35.     Schematic representation of the anatomy of external (testis, epididymis, and penis) and internal (prostate, 
seminal vesicular glands, bulbourethral glands) components of the male reproductive tract in small ruminants. 1: Penis; 2: 
Prepuce; 3: Testis; 4: Scrotum; 5: Tail of the epididymis; 6: Body of the epididymis; 7: Head of the epididymis; 8: Blood vessels 
of the pampiniform plexus; 9: Vas deferens; 10: Urethra; 11: Bulbourethral gland; 12: Prostate; 13: Seminal vesicular glands; 
14: Ampulla; 15: Bladder; 16: Mediastinum; 17: Lobule; 18: Seminiferous tubule; 19: Scrotal skin; 20: Scrotal fascia; 21: Parietal 
tunica vaginalis; 22: Visceral tunica vaginalis; 23: Tunica albuginea.  

     Figure 11.36.     Transverse (A) and longitudinal (B) ultrasonographic images of the normal testicular parenchyma and medi-
astinum. The ultrasonographic appearance of normal parenchyma of the testis is homogeneous, with anechoic areas that 
correspond to seminiferous tubules and hyperechoic areas that correspond to interstitial connective tissue. The mediastinum 
is a cord of connective tissue that extends along the long axis of the testis. In longitudinal sections it can be seen as a centrally 
located hyperechoic line (arrow).  
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     Figure 11.37.     Ultrasonographic image of the head of the epididymis (A) and rete testis (B). 1: Head of the epididymis (yellow 
arrow) with a pattern that is more heterogeneous than the testis seen alongside; 2: Testicular parenchyma; 3: Rete testis (white 
arrow) composed of anechoic tubules and hyperechoic interstitial tissue.  

     Figure 11.38.     Ultrasonographic image of normal seminal vesicular glands. Seminal vesicular glands appear as twin spherical 
or ovoid structures with an isoechoic central pattern and hyperechoic edges. 1: Vesicular glands; 2: Bladder.  
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     Figure 11.39.     Ultrasonographic image of bulbourethral glands. Bulbourethral glands, like normal seminal vesicular glands, 
appear as twin spherical or ovoid structures with a slightly hyperechoic pattern. A: Left bulbourethral gland; B: Right bulbo-
urethral gland.  

(e.g., hydrocele). The tail is continuous with the ductus 
deferens, which appears as an anechoic tubular struc-
ture with hyperechoic walls. The vas deferens emerges 
from the head of the epididymis and enters the urethra, 
a common duct for the reproductive and urinary 
systems. 

 The accessory glands are located along the pelvic 
portion of the urethra (Figure  11.35 ). Ultrasonographic 
examination of the accessory glands is focused mainly 
on the vesicular and bulbourethral glands (Figures 
 11.38 ,  11.39 ).   

 The prostate is too diffuse and irregularly located for 
ultrasonographic observation. The ultrasonographic 
pattern of the bulbourethral glands is slightly hyper-
echoic (Figure  11.39 ). In sagittal section, the measure-
ment of normal bulbourethral and seminal vesicular 
glands correlates with direct postmortem measure-
ments after dissection from surrounding fat and con-
nective tissue  11  .   

     Figure 11.40.     To securely perform a transcutaneous ultra-
sonographic evaluation of the testes of small ruminants, the 
animal must be restrained in this position.  
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     Figure 11.41.     Ultrasonographic images of acute orchitis (A) and chronic orchitis (B) in a buck. A: Acute orchitis shows 
anechoic areas of edema (arrow) between the parenchyma and the membranes of the testis; B: Chronic orchitis is characterized 
by a hyperechoic pattern throughout the testis; 1: Parenchyma; 2: Membranes of the testis (scrotal fascia, parietal and visceral 
tunica vaginalis).  

  Common Abnormalities of 
the Testis 
 Transcutaneous ultrasonographic observations of the 
testes are easier to perform with the male in dorsal 
recumbency, either restrained in a metallic cradle 
(Figure  11.40 ) or on the fl oor, although it is possible to 
perform this examination with the animal in a standing 
position, as with bulls (Chapter  9 ). Sedation may be 
required depending on the temperament of the animal. 
A hydrosoluble contact gel is applied to the area of 
study. The transducer is fi rmly pressed against the skin 
and swept back and forth over the area of interest.   

 The study of the scrotum, testis, and epididymis is 
useful for diagnosing causes of infertility or sterility, 
with or without the presence of deformation, pain, 
swelling, or trauma. The usual fi ndings are calcifi ca-
tions, cystlike structures (varicocele, hydrocele, cysts, 
hematoma, abscesses), solid nodular lesions (infarcts, 
neoplasms), and diffuse lesions (orchitis, hyperplasia). 
Ultrasound can also be useful for identifying retained 
testes and testicular torsion. 

 The most common fi ndings in small ruminants are 
acute and chronic orchitis and epididymitis. Acute 
orchitis is characterized by a diffuse hypoechoic 
pattern, due to edema and fl uid collection in the tes-
ticular tissues (Figure  11.41 A). 
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     Figure 11.42.     Ultrasonographic image of chronic testicular degeneration in a buck. Many areas of calcifi cation can be visual-
ized within the parenchyma of the testis.  

 It is normal to fi nd anechoic foci in orchitis of infec-
tious origin. Chronic infl ammation of the testis is 
usually accompanied by fi brosis, so the disease is rep-
resented by a generalized hyperechoic pattern (Figure 
 11.41 B), with hyperechoic spots signifying testicular 
degeneration and calcifi cation (Figure  11.42 ). Finally, 
advanced degeneration may end in atrophy (Figure 
 11.43 ).   

 Acute epididymitis, as a rule, is hypoechoic whereas 
chronic epididymitis is hyperechoic (Figure  11.44 ). 
Epididymal cysts are rare and diffi cult to differentiate 
from spermatocele by ultrasound (Figure  11.45 ). Thus, 
aspiration of fl uid is necessary to confi rm the diagno-
sis. Clear serous fl uid signifi es an epididymal cyst, 
whereas creamy fl uid signifi es a spermatocele.    



206

     Figure 11.43.     Ultrasonographic image of testicular atrophy in a ram. Comparison of ultrasonographic images of a normal 
testis (A) and an atrophied testis (B) in rams.  

     Figure 11.44.     Ultrasonographic image of chronic epididymitis. In this ultrasound image, it is possible to differentiate the 
hyperechogenic pattern of the enlarged epididymis (arrow).  
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     Figure 11.45.     Ultrasonographic image of spermatocele in 
a ram. The fl uid accumulation corresponds to spermatoceles 
in the body of the epididymis (arrows).  

     Figure 11.46.     Transrectal technique for ultrasonographic 
evaluation of internal reproductive accessory glands in the 
male. The probe is inserted into the rectum with the trans-
ducer oriented perpendicularly to the abdominal wall. When 
the urethra is located the probe is slightly rotated laterally to 
observe the internal glands. 1: Bulbourethral glands; 2: 
Prostate; 3: Seminal vesicular glands; 4: Ampulla; 5: Bladder.  

     Figure 11.47.     Ultrasonographic images of chronic infl ammation of the seminal vesicular glands without abscesses (A) and 
with abscesses (B) in a buck. A: Discrete chronic infl ammation and anechoic areas (arrows) in the vesicular gland (1); B: 
Abscessed seminal vesicular glands showing large areas of pus accumulation (arrow).  
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     Figure 11.48.     Ultrasonographic image of chronic infl ammation in the bulbourethral glands of a buck. Chronic infl ammation 
and anechoic areas (arrows) in both bulbourethral glands. A: Left gland; B: Right gland.  
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  Points to Remember 
     •      B - mode ultrasonography has led to major break-

throughs in our understanding of basic reproduc-
tive physiology and has had a great impact on the 
reproductive management of small ruminants in 
the fi eld.  

   •      Appropriate use of ultrasonography requires thor-
ough knowledge of the anatomy of the reproduc-
tive tract and the physiological processes that 
control reproductive function, because the images 
change with changes in the reproductive status of 
the animals.  

   •      Selection of appropriate equipment and technique 
is critical for producing accurate observations and 
diagnoses.  

   •      The transrectal technique is the only option for 
studying the accessory glands in the male, and it is 
also the best choice for pregnancy diagnosis 30 – 45 
days after conception.  

   •      The transabdominal technique is the best choice for 
the diagnosis of single or multiple pregnancies 

between 45 and 85 days after conception because it 
combines speed and accuracy.  

   •      The expertise of the operator is crucial in the inter-
pretation of the images, so extensive training is 
required.  

   •      Ultrasonography is a useful tool for the diagnosis 
of reproductive pathologies in both male and 
female small ruminants.     

  Summary Questions 
      FEMALE 
 1.   Which of the following statements regarding the 
structures of the urogenital system is true? 

  a.     The bladder is an irrelevant structure when 
working with the transrectal ultrasound 
technique.  

  b.     The cervix can be easily seen by ultrasound.  
  c.     Follicles are seen as gray structures and CLs as 

black structures.  
  d.     The ovaries are larger and easier to fi nd during 

the breeding season.      

   2.   When measuring ovulation rate, it is important to 
remember that 

  a.     The accuracy for detecting double ovulations 
is 100% throughout the estrous cycle.  

  b.     All CL present similar images.  
  c.     A CL with a large cavity can be mistaken for 

a large anovulatory follicle.  
  d.     CLs with cavities are associated with patho-

logical processes.      

   3.   Pregnancy can be diagnosed by 
  a.     Transrectal ultrasonography from day 20.  
  b.     Transabdominal ultrasonography from day 45 

to 85.  
  c.     Transvaginal ultrasonography after day 90.  
  d.     The selection of the technique and times from 

conception are not relevant to accuracy of the 
diagnosis.      

   4.   To detect multiple pregnancies it is crucial to 
  a.     Fast the ewes for 24 hours.  
  b.     Have an appraisal session with an expert and 

practice on 50 ewes.  
  c.     Detect one head and one trunk.  
  d.     Make sure that the same body structure is seen 

twice using the appropriate methodology.      
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   MALE 
 5.   Testes and accessory glands of small ruminants 
may be observed by 

  a.     Transrectal examination.  
  b.     Transcutaneous examination.  
  c.     Both transrectal and transcutaneous 

examination.  
  d.     Transcutaneous and transrectal examination, 

respectively.      

   6.   Which are the most common testicular pathologies 
that can be observed by transcutaneous ultrasonogra-
phy in a buck? 

  a.     Orchitis and spermatocele  
  b.     Orchitis and epididymal cysts  
  c.     Orchitis and epididymitis  
  d.     Orchitis and infarct of the testis      

   7.   In small ruminants which internal accessory glands 
of the male can be observed by ultrasonography? 

  a.     Seminal vesicular and bulbourethral glands  
  b.     Prostate and bulbourethral glands  
  c.     Prostate and seminal vesicular glands  
  d.     Seminal vesicular glands and rete testis       

  Answers      
  1. d 
 2. c 
 3. b 
 4. d 
 5. d 
 6. c 
 7. a 
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 Camelids  
  V í ctor H.   Parraguez  ,   Gregg   Adams  ,   Marcelo   Ratto  , 

and   Luis A.   Raggi       

C H A P T E R  T W E LV E

   Usefulness of 
Ultrasonography in 
Camelids 
 Real - time B - mode ultrasonic scanning has been dem-
onstrated to be a very useful technique for the evalua-
tion of the reproductive status in female camelids. 
Currently the main uses of this technique are 

   •      Reproductive tract evaluation  
   •      Pregnancy diagnosis  
   •      Estimation of the fetal age  
   •      Evaluation of fetal growth and fetal viability    

 There are also other specifi c, but less frequent, uses of 
ultrasonography in female camelids: 

   •      Follicular and uterine dynamic evaluation  
   •      Detection of ovulation  
   •      Evaluation of superovulatory treatments  
   •      Follicular aspiration    

 The introduction of ultrasound scanning for reproduc-
tive management has been shown to improve the preg-
nancy rate from 50 – 60% up to 85 – 90% in camelid herds 
located in their site of origin, the Andean highlands.  

  Equipment and Scanning 
Techniques 
  Ultrasound  e quipment 

 The criteria for selecting a specifi c scanner are cost, 
image quality and resolution, external power source, 
and portability. Based on the experience of one author, 
there is a direct relationship between the cost and 
durability of the equipment. Important issues to con-
sider for use under farm conditions is the capability of 

working with a dual power supply (DC/AC) and the 
capability of connecting different types of probes to the 
ultrasound unit. For transrectal use, a slim linear -  or 
convex - array or curvilinear probe with a frequency 
between 5 and 7.5   MHz is ideal. These characteristics 
ensure a clear and well - defi ned image with suffi cient 
depth penetration to examine the entire female repro-
ductive tract.  

  Restraint and  t echnique 

 Llamas and alpacas are usually docile and amenable 
to ultrasonographic examination and other manage-
ment procedures. Examination of the reproductive 
tract may be done transrectally or transabdominally, 
but the transrectal approach is preferable (Figure  12.1 ). 
Examination is usually done without sedation, with 
the animal restrained manually or in a chute, and may 
be done with the animal in a standing or recumbent 
position (Figures  12.1 ,  12.2 ). The probe may be intro-
duced into the rectum with a gloved hand, as in tran-
srectal palpation, in most adult llamas and many adult 
alpacas, particularly if multiparous. However, in 
young or small females, the pelvic space may be too 
small for intrarectal placement of the hand of the 
examiner, so the use of a rigid probe extension of the 
probe is very effective (e.g., PCV pipe  ∼ 2.0 to 2.5   cm 
diameter and 40   cm in length; Figures  12.2 ,  12.3 ). With 
experience, it may become easier and quicker to use an 
extended probe in all animals. Before the probe is 
introduced into the rectum, it should be lubricated 
using ultrasonographic gel or vegetable oil. Although 
it is not necessary, a plastic sleeve around the probe 
may provide additional protection against wear and 
tear (Figure  12.2 ).   

 Ultrasound examination of the pregnant female 
has not been associated with embryo loss or 
abortion  11  .   
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     Figure 12.1.     Restraint and technique for ultrasonographic examination of the reproductive tract in llamas and alpacas. 
Examples of restraint chutes are shown in (A) and (B). A transabdominal (C) or transrectal (D) approach may be used to 
evaluate the reproductive tract of camelids with the use of ultrasound.  
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     Figure 12.2.     Ultrasonographic examination of the reproductive tract of a female alpaca. Note that a rigid probe extension 
is demonstrated and that the female may remain standing (A) or assume sternal recumbency (B) during examination.  

     Figure 12.3.     Rigid PCV extension of the probe for a linear -
 array ultrasound transducer designed for intrarectal use in 
llamas and alpacas.  

  Ultrasonographic 
Anatomy 
 The ultrasonographic appearance of the ovary, uterus, 
and cervix is illustrated in Figure  12.4 . Similar to other 
domestic species, the uterus of the alpaca and llama is 
bicornuate, but the left uterine horn is slightly longer 
than the right (7.9    ±    1.3   cm versus 7.4    ±    0.9   cm), even in 
nulliparous animals. Llama and alpaca ovaries are 
round to oval and globular in shape, containing numer-
ous follicles on the surface. Ovarian size depends on 
the structures present, but in general the average 
length of the ovaries is 1.8   cm. Several fl uid - fi lled fol-
licles ranging in diameter from 2 to 10   mm, in the pres-

ence or absence of a corpus luteum (CL), may be 
detected in the ovaries at any given time. Follicles are 
characteristically arranged along the periphery of the 
ovary and large follicles and the corpus luteum pro-
trude distinctly from the ovarian surface. The preovu-
latory follicle grows at a mean rate of 0.8   mm/day and 
the average diameter on the day before ovulation is 
10   mm. Ovulation occurs on average 29 hours after 
mating  13   and may take place at any spot on the surface 
of the ovary. The mature corpus luteum is 11 to 13   mm 
in diameter and is characteristically a well - delineated 
hypoechogenic structure with a white (echogenic) hor-
izontal area in the center (Figures  12.4 C,  12.6 EF). The 
echotexture of the uterus and the cervix is darker 
during follicular dominance than during luteal domi-
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     Figure 12.4.     Scanning sequence (A) and the gross (B) and ultrasonographic (C) anatomy of the reproductive tract of female 
llamas and alpacas.  Reproduced with permission of Elsevier Limited. Previously published in  Current Therapy in Large Animal 
Theriogenology  and modifi ed from Sumar J and Adams GP, 2007  15  . B: The oviducts are long and tortuous and end in an open 
bursa that normally covers the ovary. The tip of the uterine horns is blunt and rounded, unlike other ruminants in which it 
tapers slowly toward the uterotubal junction. Accordingly, the oviduct of alpacas and llamas opens into the uterine horns via 
a small, raised papilla, which acts as a well - defi ned sphincter. The vagina is deceptively long and commonly exceeds 20   cm. 
C: By ultrasonography, the cervical folds appear as transverse echogenic bands, and they are especially prominent during the 
luteal phase and pregnancy. Curling of the uterine horns is greater for the left horn than for the right horn and is greater 
during the luteal phase and pregnancy than during the follicular phase. Profound uterine turgidity occurs during follicular 
dominance. CL: Corpus luteum; F: Follicle.   

 Table 12.1.    
 Morphologic dynamics of the reproductive tract of female llamas and alpacas 

during the follicular and luteal phases   (adapted from Adams et al. 1989)   

        Follicular Dominance     Luteal Dominance  

  Prevailing ovarian hormone    Estrogen    Progesterone  
  Ovaries    Preovulatory follicle    Corpus luteum  
  Uterine horn shape    Minimum curl    Maximum curl  
  Uterine echotexture    Heterogeneous, becoming dark    Homogeneous, gray  
  Uterine tone    Turgid    Flaccid  
  Cervical echotexture    Folds indistinct (gray)    Folds distinct (black)  
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nance, indicative of an increase in intercellular fl uid 
(edema) during follicular dominance.   

 Changes in appearance of the reproductive tract in 
accordance to follicular or luteal dominance are shown 
in Table  12.1 .    

  Ovarian Function and 
Endocrinology in  S outh 
 A merican Camelids 
  Ovarian  f ollicular  d ynamics 

 Llamas and alpacas are species in which ovulation 
depends upon mating — i.e., copulation induces 
ovulation. Hence, they do not have regular estrous 
cycles as in other ruminants. Instead they have a con-
tinuous follicular phase, during which the female is 

     Figure 12.5.     Mean ( ± SEM) diameter of the dominant fol-
licle for anovulatory (top), ovulatory nonpregnant (middle), 
and ovulatory pregnant (bottom) llamas.  Reproduced with 
permission of BioScientifi ca, member of the STM Agreement 
accessible at  http://www.stm-assoc.org/stm-permission-
guidelines . From Adams et al. 1990  3  .  The arrow indicates the 
day of mating (Day 0   =   day of ovulation) and the lightly 
shaded bars indicate the days of detection of the corpus 
luteum for the ovulatory groups.  

sexually receptive to the male. This is interrupted by a 
luteal phase if mating and ovulation occurs, during 
which the female is nonreceptive. If mating and subse-
quent ovulation results in pregnancy, the luteal phase 
persists throughout pregnancy and the female remains 
nonreceptive. If mating and subsequent ovulation does 
not result in pregnancy, the luteal phase lasts approxi-
mately 10 days, after which the female once again 
becomes receptive. Ovarian follicular development 
occurs in a wave pattern during both follicular and 
luteal phases. As in other ruminants, a wave of follicu-
lar development is characterized by synchronous 
growth of a group of follicles followed by continued 
growth of a single dominant follicle (selection) and 
regression of the remaining subordinate follicles  3,16   
(Figure  12.5 ).   

 The use of ultrasonography has revealed that domi-
nant follicles grow to a maximum diameter of 10 to 
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     Figure 12.6.     Ultrasonograms of llama ovaries.  Reproduced with permission from  Biology of Reproduction , originally published 
by Adams et al. 1989  2  .  A and B: Small follicles ( ≤ 3   mm) at the periphery of the ovary. Periphery of ovary is indicated by arrows; 
C: Ovulatory - sized follicle (14   mm diameter); D: Oversized dominant follicle that failed to ovulate (22   mm); E: Corpus luteum 
with central echogenic area and adjacent follicle; F: Corpus luteum protruding from ovary. Periphery of ovary is indicated by 
arrows. CL   =   Corpus luteum; F   =   Follicle.  

15   mm in llamas (Figures  12.5 ,  12.6 ) and 7 to 12   mm in 
alpacas. The lifespan of the anovulatory dominant fol-
licles ranged from 20 to 25 days in llamas and 15 to 22 
days in alpacas with an interwave interval of approxi-
mately 20 days and 16 days in the respective species  3,9,16  . 
The duration of follicular dominance, and hence the 
interwave interval, is shortened by the presence of a 
CL (progesterone) and by lactation  3   (Figure  12.5 ). 
Contrary to an early study involving laparoscopy, 
serial ultrasonographic examination of the ovaries 
revealed that dominant follicles of successive waves 
are equally as likely to develop in the same as in the 

opposite ovary — i.e., they do not regularly alternate 
between ovaries  3  .  

  Reproductive  e ndocrinology in  c amelids 

 Studies in which endocrine and ultrasonographic data 
were collected contemporaneously have validated the 
relationship of ultrasonographic dynamics of the 
ovaries with physiologic events. Several studies have 
reported circulating profi les of reproductive hormones 
in camelids, and the most consistent data are those of 
progesterone and estradiol concentrations. Maximum 



217  CHAPTER 12 :  CAMELIDS

     Figure 12.7.     Ultrasonographic assessment of the CL and 
circulating concentrations of progesterone in llamas (A) and 
pregnant alpacas (B). Reproduced with permission of Animal 
 Reproduction Science (Elsevier Limited) and modifi ed from 
Adams et al. 1991a  4   and Raggi et al. 1999  12  .  CL diameter: 
Diameter of the corpus luteum in mm; A (top): Chart is for 
nonpregnant llamas; A (bottom): Chart is for pregnant 
llamas; B: Chart is for pregnant alpacas.  

     Figure 12.8.     Urinary bladder (1) is observed as a well -
 defi ned anechoic structure. It is the most obvious landmark 
to localize the uterus (2) (5   MHz probe; depth 5   cm). The scale 
along the top of the image is in 1   cm increments.  

plasma estradiol concentration (23 to 31   nmol/L) and 
urine estrone sulphate concentration (20 to 30   ng/mg 
creatinine) have been correlated with the maximum 
diameter of the dominant follicle  1,7  . Progesterone pro-
fi les (Figure  12.7 ) have also been well characterized in 
the nonpregnant luteal phase as well as during preg-
nancy  1,4,12  . Ultrasonographically detected CL diameter 

is highly correlated with plasma progesterone concen-
tration  4,13  . Maximum CL diameter and maximum 
plasma progesterone concentration were detected 7 to 
9 days after mating in llamas, and the fi rst signifi cant 
decrease in CL diameter and plasma progesterone con-
centration during luteolysis in nonpregnant females 
occurred 11 and 10 days after mating, respectively. 
Regarding gonadotrophins, a signifi cant increase in 
circulating LH concentration occurs 15 – 30 minutes 
after mating with a maximum concentration (4 – 6   ng/
ml) at 2 hours  1,6 – 8  . Measurement of FSH in llamas and 
alpacas has provided equivocal data; a reliable assay 
for camelid FSH has yet to be established.     

  Pregnancy Diagnosis and 
Evaluation of Fetal 
Growth 
  Early  p regnancy  d iagnosis by  u ltrasound 

 Pregnancy diagnosis using ultrasonography involves 
the recognition of uterine changes associated with the 
development of a gestational sac and embryo/fetal 
structures. 

 The nonpregnant uterine horns in camelids appears, 
in a transverse plane, as a spherical or ovoid structure 
with an intermediate echogenic density, located dorsal 
and cranial to the urinary bladder (Figure  12.8 ). The 
lumen of the normal, nongravid uterus (potential 
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     Figure 12.10.     Ultrasonogram of a 25 - day pregnancy in an 
alpaca (5   MHz probe; depth 5   cm). 1: Gestational sac (allan-
toic fl uid); 2: Embryo located on the base of gestational sac. 
The scale along the top of the image is in 1   cm increments.  

     Figure 12.11.     Ultrasonogram of a 35 - day pregnancy in a 
llama (5   MHz probe; depth 7   cm). The fetus is clearly observed 
in the basal zone of the gestational sac. Note that the head, 
neck, trunk, and legs can be defi ned. 1: Head; 2: Neck; 3: 
Trunk; 4: Legs; 5: Allantoic fl uid. The scale along the top of 
the image is in 1   cm increments.  

space) is not clearly distinguished by ultrasonography 
in these species. The earliest echographic sign of preg-
nancy is the appearance of a spherical dark structure 
(anechoic) with well - defi ned external limits, located at 
the center (lumen) of the uterus. This structure corre-
sponds to the gestational sac (Figure  12.9 ). In alpacas 
and llamas, the gestational sac can be observed from 
day 10 after mating, with a diameter of 0.5    ±    0.04 and 
0.54    ±    0.03   cm, respectively. At day 23 after mating this 
structure can be observed in 100% of the alpacas, with 
a diameter of about 1.0    ±    0.14   cm. In more than 90% of 
llamas, the gestational sac can be observed from day 
21 after mating (diameter   =   0.9    ±    0.03   cm) and in 100% 
of animals by day 34.   

 The daily growth of the gestational sac diameter 
between days 15 to 30 of pregnancy is about 0.9   mm in 
alpacas and llamas. By day 25 it is possible to observe 
the appearance of the embryo in both species. It appears 
as a small spot of high echogenic density (hyperechoic), 
usually occupying the basal zone of the gestational sac 
(Figure  12.10 ). By day 35 of pregnancy, the embryo 
may be clearly defi ned (Figure  12.11 ) and the appear-
ance of the heartbeat at this gestational age is also an 
important echographic fi nding, both in alpacas and 
llamas  11  .    

     Figure 12.9.     Ultrasonographic image of the gestational sac 
in a camelid pregnancy of 15 days (5   MHz probe; depth 5   cm). 
The gestational sac (1) is observed as an anechoic sphere in 
the central zone of the uterus. 1: Gestational sac; 2: Urinary 
bladder; 3: Uterus. The scale along the top of the image is in 
1   cm increments.  
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     Figure 12.12.     Ultrasonographic image of the head of a 165 -
 day pregnancy in an alpaca (5   MHz probe; depth 6   cm). The 
calipers show the fetal biparietal diameter measurement 
(BPD   =   3.6   cm). Equations for estimation of the gestational 
age (GA, measured in days) using fetal BPD (measured in 
centimeters) according to Gazit ú a et al. 2001  10  . Alpacas: 
GA   =   (BPD - 0.11376) 47.23287; r   =   0.98; P    <    0.001. Llamas: 
GA   =   (BPD - 0.002399) 43.02293; r   =   0.98; P    <    0.001.  

     Figure 12.13.     Ultrasonographic image of the thorax of a 
173 - day - old fetus in a llama (5   MHz probe; depth 7   cm). The 
calipers show the fetal thorax height measurement 
(TH   =   3.8   cm). Note that the line defi ning the distance 
between the vertebral column and the sternum should cross 
the fetal heart. Equations for estimation of the gestational age 
(GA, measured in days) using the fetal TH (measured in 
centimeters) according to Gazit ú a et al. 2001  10  . Alpacas: 
GA   =   (TH - 0.36436) 52.87663; r   =   0.96; P    <    0.001. Llamas: 
GA   =   (TH - 0.07137) 46.94485; r   =   0.95; P    <    0.001.    Ultrasound  f etal  g rowth  e valuation 

 The ultrasound examination of the pregnant uterus 
allows discrimination among different anatomical 
structures of the fetus after the fi rst month of preg-
nancy. It has been demonstrated in different species, 
including the domestic South American camelids, that 
the growth of some fetal biometric characteristics is 
well correlated with gestational age. The ultrasound 
measurements of these characteristics allow evaluation 
of fetal growth dynamics when the date of mating is 
known, or estimation of gestational age when the date 
of mating is unknown. Among the fetal biometrics 
characteristics observed by ultrasound are biparietal 
diameter (BPD) and thorax height (TH). BPD should 
be measured as the distance between the external 
edges of the temporoparietal bones, in a transversal 
plane to the occipitofrontal axis, selecting the largest 
and clearest image (Figure  12.12 ). TH should be mea-
sured as the distance between the external edges of the 
sternum and vertebral column, following the sagittal 
plane and crossing the middle of the heart (Figure 
 12.13 ). It has been found that BPD and TH show con-
sistent correlation with fetal development at any ges-

tational age in both alpacas and llamas. Although we 
have found a signifi cant correlation between each attri-
bute and gestational age (see legends for Figures  12.12 , 
 12.13 ), the BPD is considered the best fetal biometric 
trait to estimate fetal growth or to determine gesta-
tional age in both species  10  .     

  Uterine and Ovarian 
Abnormalities 
 In general, 15 – 20% of females exhibit some reproduc-
tive abnormality, either congenital or acquired  14  . 

  Congenital  u terine and 

 o varian  a bnormalities 

  Ovarian  h ypoplasia 

 This is the most common ovarian anomaly recorded in 
camelids  14  . It has been found in 16.8% of the infertile 
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     Figure 12.14.     Gross (A) and ultrasonic appearance (B and C) of hemorrhagic follicles in llamas.  Reproduced with permission 
of Theriogenology (Elsevier Limited) and modifi ed from Adams et al. (1991b)  5  .  B: Echogenic lines (1) in follicular antrum 
indicate fi brinous bands of a forming blood clot; C: Note the prominence of echogenic debris in the antrum (1) and thickened 
(apparently luteinized) follicle wall; arrows delineate outer follicle wall.  

BA C

females and in 6.0% of females without reproductive 
history  14  . Hypoplastic ovaries are small (1    ×    1.5   cm) and 
follicular development is suppressed or completely 
absent. During ultrasound examination it can be 
observed as a small ovary with scarce or no follicular 
development. This abnormality may be observed in 
one or both ovaries. When it is present in both ovaries, 
it is usually concomitant with uterine/vaginal hypo-
plasia and females are infertile.  

  Uterine/ v aginal  h ypoplasia 

 This is the most common congenital anomaly of the 
reproductive tract of South American camelids. It is 
characterized by a signifi cant reduction in diameter 
and length of the uterine body and horns. In normal 
herds it can be observed with a frequency less than 
1%  14  . During ultrasound examination it can be detected 
by the small uterine horn diameter and dark (hypoecho-
genic) homogeneous uterine echotexture.  

  Uterus  u nicornis ( o ne -  h orned  u terus), 

 s egmental  a plasia, and  u terus  d idelphys 

 These anomalies have been described as incidental 
postmortem fi ndings, with very low frequency  14  . These 
abnormalities may be readily apparent during routine 
ultrasound examinations or transrectal palpation.   

  Acquired  u terine and  o varian 

 a bnormalities 

  Endometritis 

 Infl ammation of the uterus is a common condition in 
llamas and alpacas  14  . Ultrasonographic signs of endo-
metritis may include slight thickening of the uterine 
wall, small accumulations of anechoic intraluminal 
fl uid, and irregular echotexture of the endometrium.  

  Pyometra 

 This condition is uncommon in llamas and alpacas, but 
data on the incidence and pathogenesis of the condi-
tion have not been reported. The condition may be 
predisposed by endometritis, but the authors have 
seen some cases that appeared to result from a cervical 
tear and subsequent closure. Ultrasonographically, the 
uterine lumen is distended to varying degrees by 
purulent fl uid that may appear homogeneously black 
or contain a mixture of echogenic debris within other-
wise nonechogenic (black) fl uid. The echogenicity of 
the fl uid is not necessarily indicative of the visual 
opacity or thickness of the purulent fl uid.  

  Ovarian  f ollicular  c yst 

 The existence of an ovarian follicular cystic condition, 
as a clinical entity, remains equivocal in camelids. 
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  Points to Remember 

     •      Real - time B - mode ultrasonic scanning is a very 
useful technique for reproductive status evaluation 
in female camelids, improving reproductive 
management and fertility rate. No pregnancy 
losses have been associated with ultrasound 
procedures.  

   •      Camelids are usually docile, so ultrasonographic 
examination of the reproductive tract may be done 
with the animal restrained manually or in a chute, 
with the animal in a standing or recumbent posi-
tion. The transrectal exam using of a rigid probe 
extension is easier and very effective.  

   •      The ultrasound echotexture of the female repro-
ductive tract changes with the follicular (estro-
genic) or luteal (progestational) phases, being less 
echogenic and heterogeneous during the follicular 
phase. Follicles can be observed as dark spots at the 
periphery of the ovary. The corpus luteum is a well -
 delineated hypoechogenic structure with a white 
(echogenic) horizontal area in the center.  

   •      Female camelids are induced ovulators, without 
regular estrous cycles. They have a continuous fol-
licular phase (sexually receptive to the male), which 
is interrupted by a luteal phase if mating and ovu-
lation occurs. Follicular development occurs in 
waves during both follicular and luteal phases. The 
dominant follicles grow to a maximum diameter of 
10 – 15   mm in llamas and 7 – 12   mm in alpacas. The 
lifespan of anovulatory dominant follicles ranges 
from 20 to 25 days in llamas and 15 to 22 days in 
alpacas.  

   •      Maximum diameter of the dominant follicle is 
correlated with maximum plasma estradiol 
concentration and urine estrone sulphate concen-
tration. Maximum CL diameter and maximum 
plasma progesterone concentration are present at 7 
to 9 days after mating in llamas. A signifi cant 
decrease in CL diameter and plasma progesterone 
concentration during luteolysis in nonpregnant 
females occurs 11 and 10 days after mating, 
respectively.  

   •      The earliest echographic sign of pregnancy (gesta-
tional sac) can be observed at day 23 after mating 
in 100% of alpacas and at day 21 in more than 90% 
of the llamas. The earliest image of the embryo can 
be observed at day 25 in both species. By day 35 of 
pregnancy the embryo may be well defi ned, and 
the appearance of the heartbeat is also an impor-
tant echographic fi nding.  

   •      Ultrasound is also a powerful tool for evaluating 
intrauterine fetal growth and well - being. 
Ultra sonographic measurement of embryo - 
fetal biometric characteristics may also allow esti-
mation of gestational age or probable date of 
parturition.     

  Summary Questions 
      1.   Beginning at which age is it possible to recognize 
the fetal camelid head, trunk, and legs using 
ultrasound? 

  a.     15 days  
  b.     25 days  
  c.     35 days  
  d.     45 days      

   2.   Identify the fetal structure observed in the center 
of the following image:

      a.     Head  
  b.     Thorax  
  c.     Abdomen  
  d.     Neck      
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   5.   How long does the luteal phase in nonpregnant 
llamas last? 

  a.     10 days  
  b.     15 days  
  c.     20 days  
  d.     None of the above      

   6.   The interwave interval in alpacas is 
  a.     Longer than llamas  
  b.     Shorter than llamas  
  c.     Similar to llamas  
  d.     None of above      

   7.   Luteolysis in the nonpregnant llama female occurs 
  a.     On day 8 after mating  
  b.     On day 10 after mating  
  c.     On day 12 after mating  
  d.     On day 14 after mating       

  Answers      
  1. c 
 2. b 
 3. b 
 4. d 
 5. a 
 6. b 
 7. c     

 
                

    

   4.   By using fetal biparietal diameter (BPD   =   3.5   cm), 
give an estimation of gestational age in this image 
obtained from a pregnant llama.

      a.     50 days  
  b.     75 days  
  c.     125 days  
  d.     150 days      

   3.   According to the appearance of the alpaca gesta-
tional sac shown in this image, what is the gestational 
age?

      a.     Less than 10 days  
  b.     Between 10 and 24 days  
  c.     Between 25 and 34 days  
  d.     a, b, and c are false because the image does not 

show a gestational sac.      
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stroma, 31, 42

Oviduct
anatomy, 27

OvSynch, 37, 46, 54–56, 72, 75
Ovulation, 31, 131

induced, 215

P
Pampiniform plexus. See Testicular 

cord
Paraovarian cyst, 198
Pelvic urethra hypertrophy, 157, 

158
Penile

abscess, 157
hematoma, 156, 157

Penis. See also Genital organs
abscess, 157
anatomy, 147, 149
corpus cavernosum, 149, 150
corpus spongiosum, 149, 150
hematoma, 156, 157
tunica albuginea, 149, 150, 156
ultrasound technique, 147
urethra, 149, 150

Pericardial effusion, 113, 116
Placental assessment, 117
Placentome, 47, 82, 86, 87, 89, 110, 

117, 192
irregular, 120, 121

Pneumouterus, 70, 76, 77
Pneumovagina, 70
Pregnancy

cloned, 120
compromised, 120
diagnosis, 81, 87, 192, 217
early, 87, 217
embryonic development, 81, 83
fetal development, 81, 83, 101

PreSynch, 54–56, 72
Probe

advantages, 7
frequency, 7, 8, 9
convex, 6, 7, 182
curved linear, 6, 7, 125, 135
linear, 5, 6, 7, 182
principal use, 7, 182
rigid extension, 211, 213
sector, 5, 6, 7, 182
transvaginal, 135, 182

Prostate, 145
anatomy, 149
body, 149, 151
pars disseminata, 149, 151
ultrasound technique, 151

Pseudopregnancy, 197
Pyometra, 70, 72, 75, 220

R
Recipients. See also Embryo transfer

choosing potential, 136
clone, 138, 139
corpus luteum quality, 136, 137
palpation, 136, 137
pathologies, 136, 138
ultrasonography, 136, 137

Resolution
focal point, 7
focal distance, 7
axial, 7, 8, 9
lateral, 7, 8, 9

Reticulum, 103, 104
Ribs, 89, 103
Rumen, 103, 104

S
Scanning technique

centering the object, 22
common errors, 23
examining the object, 23
manipulation of the probe, 21
methods to hold the probe, 21
systematic method, 21
viewing device, 21

Schistosomus refl exus, 113
Scrotum, 84, 154. See also Genital 

organs
Seminal glands. See Vesicular glands
Sheep. See Small ruminants
Siamese twins, 113
Small ruminants

endocrine regulation, 186, 187, 
200

female anatomy, 182
fetal age, 194, 195
fetal count, 194, 195
male anatomy, 200, 201
ovarian maps, 183, 186
pregnancy, 188–194
pseudopregnancy, 197
scanning techniques, 181, 183, 184, 

192, 193, 204, 207
Specular refl ection, 13, 87
Spermatic cord. See Testicular cord
Spermatocele, 205, 207
Spinal column, 102
Spleen, 104
Superovulation

after ovulation, 130
donor, 125, 126, 130,131
embryo collection, 126, 131, 132, 

133, 134
FSH stimulation, 130
ovarian response, 130, 132, 133
protocol, 125, 126, 127
repeated fl ushes, 132
time of insemination, 128

Synchronization protocols, 174
anovular cows, 54, 169
CIDR synch, 55
estrus, 55, 169
limitations, 54
OvSynch, 37, 46, 54, 55, 56, 72, 75, 

174
ovulation, 55, 56, 169
pregnancy diagnosis, 54
preSynch, 54, 55, 56, 72, 174
reproductive tract health, 54, 55
resynchronization, 54
selection, 54

T
Tail, 110, 111, 112
Teats, 104, 105, 106
Testicles, 104, 105, 108, 145. See also 

Testis
Testicular cord, 145, 146

anatomy, 147
cremaster muscle, 147, 149
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Testicular cord (continued)
ductus deferens, 147
pampiniform plexus, 147, 148, 149, 

155
ultrasound technique, 147
varicocele, 156

Testis, 145
anatomy, 146
mediastinum, 146, 201
orchitis, 153, 204
parenchyma, 146, 147, 148, 154, 

201
testicular abscess, 153, 154, 204
testicular atrophy, 206
testicular degeneration, 153, 154, 

205
testicular neoplasm, 154, 155, 204
tunica albugenia, 147
tunica vaginalis, 146, 154
ultrasound technique, 146, 147

Thorax, 103
height, 219

Trunk diameter, 102
Twins

dead, 96
death risk, 95
dizygous, 93
freemartinism, 95
line, 94, 95
management, 93
monozygous, 93, 94
rate, 93

Two-headed fetus, 113, 115

U
Ultrasound

equipment, 3, 21
nontransportable hospital unit, 4, 

181, 182
portable ultrasound unit, 4, 5, 181, 

182

transportable hospital unit, 4, 181, 
182

Urogenital folds, 84, 85, 86, 105, 108, 
110

Urovagina, 70, 76, 77
Uterus

abscesses, 70, 76, 77
acute puerperal metritis, 70, 71
anatomy, 27, 28
blood fl ow, 67, 69
caruncles, 63, 72, 82
color Doppler. See Color Doppler
cow-side diagnostic tool, 70, 71
didelphys, 220
diestrus, 62, 65
edema, 62
endometritis, 70, 72, 73, 74, 76, 220
endometrium, 29, 62, 63, 64
estrous cycle, 61, 62, 69
estrus, 62, 63, 64, 76
hypoplasia, 220
involution, 63, 66
longitudinal section, 62, 64, 65
metrorrhagia, 197
mucometra, 70, 72, 76
myometrium, 62, 64
periestrus, 62, 63
pneumouterus, 70, 76, 77
postpartum, 61, 63, 66, 70, 77
proestrus, 64
pyometra, 70, 72, 75, 220
routine evaluation, 70
segmental aplasia, 220
segments, 29
transverse section, 61, 63, 64, 65
unicornis, 220
vascular portion, 63, 64

Umbilical cord, 106. See also Umbilicus
Umbilicus, 85, 87, 108, 109, 110, 111
Urethra, 145

anatomy, 148
pelvic, 148, 151

pelvic urethra hypertrophy, 157, 
158

ultrasound technique, 149

V
Vagina

abscesses, 70
anatomy, 27
hematoma, 70
hypoplasia, 220
pneumovagina, 70
ultrasonogram, 28
urovagina, 70
vaginitis, 70

Vaginitis, 70, 171, 172
Varicocele, 156, 204
Vesicular glands, 145, 202

anatomy, 151
parenchyma, 152
ultrasound technique, 151
vesiculitis, 152, 157, 158, 207

Vesiculitis, 152, 157, 158, 207
Vulvar lesions, 171

Z
Zebu

anatomy, 165
breeding season, 167
estrous behavior, 168
follicular dynamics, 167
gestation period, 169
ovulation, 165
population, 163
postpartum anestrus, 169, 172
pregnancy, 169, 170, 171
puberty, 165, 167
scanning techniques, 164
synchronization programs, 174, 

175
uterine involution, 171
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