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In the equine practice, attempts have been made to examine the fetus in the
second and third trimester of pregnancy but all of the available methods have limita-
tions. Until now, transabdominal ultrasonography has been regarded as the most in-
formative examination. This method allows us to measure fetal heart rate, fetal ac-
tivity as well as the quality and quantity of the fetal fluids. A modified biophysical
profile for horses was used by several researchers in the USA from the 1990s as a
gold standard. However, it is not sensitive enough and, in the authors’ experience,
professionals can face difficulties during its application (e.g. for measuring aortic
diameter and fetal breathing movements). In cows, this method was first used for
this purpose by a Canadian research group in 2007. They reported that transab-
dominal ultrasound was promising but showed low sensitivity in this species. The
present studies show that birth weight cannot be predicted from fetal aortic diameter
measurement in cows as suggested by other researchers. Transabdominal ultrasound
needs special equipment (2-3.5 MHz convex transducer) and basic ultrasonographic
knowledge; however, we suggest that in most cases it can be performed with the
dam placed in a stock and without shaving the examination area. The method pro-
vides useful information within 30-40 minutes, enabling the examiner to determine
whether or not the fetus is alive and to recognise placentitis or twins. This technique
also allows measuring the combined thickness of the uteroplacental unit, and the au-
thors’ ongoing study showed higher normal values in Lipizzaner mares compared to
values in other breeds. In conclusion, with the help of advanced techniques, simple
and low-cost methods should be developed for the evaluation of the pregnant dam
and its fetus to assess fetal viability in the veterinary practice.
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In human obstetrics, transabdominal ultrasonography has been used for 30
years to evaluate the well-being of the fetus. Various methods have been de-
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scribed for assessing the fetus by ultrasonography in normal and high-risk preg-
nancies in order to recognise fetal distress and compromise. Manning was a pio-
neer of this field, and developed a fetal biophysical profile (BPP) to evaluate the
vitality of the human fetus in utero (Manning et al., 1980). This profile consists
of the sonographic evaluation of the following five variables: fetal breathing
movements, generalised fetal movements, fetal tone, amniotic fluid index (AFI),
and transient accelerations in response to fetal movements (reactive heart rate).
Each criterion is given a score of 0 to 2 and the sum of all scores gives the over-
all result. Scores of 8 to 10 are considered normal. The usefulness and applicabil-
ity of this method were studied in many institutions in the last 30 years. It has
been described that the BPP score strongly correlates with perinatal mortality
and morbidity, and thus the BPP is an effective tool used all over the world for
the antepartum assessment of fetal well-being in late-term high-risk pregnancies
(Manning et al., 1980, 1984, 1985, 1986, 1987; Manning, 1990).

For at least 40 years, equine researchers and practitioners have been
searching for a reliable method to assess fetal well-being; therefore, transab-
dominal ultrasonography (also called transcutaneous ultrasonography) has been
used to evaluate late-term equine fetuses since the 1980s (Palmer, 2000). The
first antepartum evaluations on equine fetuses were performed in the 1980s,
when a BPP for horses and the technique and application of transabdominal ul-
trasonography in mares were described (Pipers and Adams-Brendemuehl, 1984;
Adams-Brendemuehl and Pipers, 1987). Then a modified equine BPP from 298
days gestational age to term was developed. This profile ‘specific to the equine
fetus’ includes six factors related to pregnancy outcome: fetal heart rate, fetal
aortic diameter, maximal fetal fluid depths, uteroplacental contact, uteroplacental
thickness and fetal activity. This profile provided information about fetal well-
being, perinatal morbidity and perinatal mortality in the mare. As in the case of
Manning’s biophysical profile for the human fetus, each variable was given a
score of 0 if it was abnormal and a score of 2 if it was normal. Then the scores
were summed up. A low score was a definite indication of an impending nega-
tive outcome; however, a high score did not provide assurance that the delivery
would have a positive outcome (Reef et al., 1995, 1996; Reef, 1998). This BPP
became the ‘gold standard’ for transabdominal ultrasonography for many years
in the examination and treatment of pregnant mares in the clinical practice.

LeBlanc (1996) published a review on antepartum fetal assessment in
horses. She reported that a variety of techniques were used for clinical evaluation
of the equine fetus, including palpation per rectum, collection of blood for hor-
mone analysis, collection of mammary secretions for the determination of elec-
trolyte concentrations, fetal electrocardiography, fetal ultrasonography and am-
niocentesis, but each technique had some limitations. Simple blood samples were
not informative in the hormone measurements, while rectal palpation was not
sensitive enough because only a small part of the fetus could be reached by hand.
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Monitoring fetal heart rate (FHR) with an electrocardiogram was not informative
in itself without additional information because of the variability in heart rate and
rhythm during equine and human pregnancy (Vaala and Sertich, 1994). Under
clinical and stud conditions, non-invasive techniques are preferred or required by
the owners (LeBlanc, 1996).

Renaudin et al. (1997) suggested that the transrectal sonographic assess-
ment of mid- and late-term pregnant mares should be added to the BPP because
of its diagnostic value in evaluating fetal fluids and the uteroplacental unit. By
transrectal sonography, the combined thickness of the uteroplacental unit near
the cervical star can be measured. This is important because an ascending placen-
titis can be easily recognised by this imaging modality (Palmer, 2000).

Reimer (1997) examined a large number of high-risk pregnant mares (n =
122) by transcutaneous ultrasonography in a retrospective manner. Nearly 40%
of the 122 high-risk pregnancies showed abnormality by sonography and 32% of
them were associated with a negative outcome. The authors concluded that this
examination was valuable in the diagnosis, management and prognosis of high-
risk equine pregnancies (Reimer, 1997).

However, Palmer (2000) reported that the predictive value of a normal
biophysical test was not as high in horses as in human beings, and clinical ex-
perience indicates that the predictive value of an abnormal test falls short of the
ideal. The equine BPP has a mix of parameters resulting from acute or chronic
hypoxia. It was also described that fetal monitoring techniques of universal ap-
plicability should be developed. The lack of sensitivity and specificity of the
BPP may be caused by the selection of the parameters measured. The equine
BPP shows promise but still requires refinement (Palmer, 2000).

Still, most authors have found that transabdominal ultrasonographic evalua-
tion of the equine fetus in normal and high-risk pregnancies is critically important
in perinatology (Pantaleon et al., 2003; Troedsson, 2007; Whitcomb, 2008; Ousey
and Fowden, 2012). Useful data were collected from late-term pregnant mares (n =
150) with normal pregnancies by Bucca et al. (2005), who also made a validation
study to compare the ultrasound measurements to actual organ sizes (n = 6). A
positive correlation was found between the ultrasonographic and the actual meas-
urements, but both the differences and the correlations were significant (P < 0.05).
In 3 out of 6 cases the difference between sonographic and postmortem measure-
ments was more than 13 mm. Therefore, it was concluded that more data were
needed before performing ultrasonographic validation (Bucca et al., 2005).

In a more recent study, clinicians have shown that a relatively new devel-
opment of human medicine is also available for veterinary use. With the modern
3D ultrasound imaging it is possible to visualise congenital and clinical disorders
such as fetal deformities in the mare (Kotoyori et al., 2012).

In cattle, transrectal examinations became an everyday practice in the field
already some time ago, but the method of transabdominal ultrasonographic ex-
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aminations has only recently been described by Buczinski et al. (2007). The au-
thors discussed current knowledge and future perspectives in fetal well-being as-
sessment (Buczinski et al., 2007) and highlighted the significance of transab-
dominal ultrasonography in cloning technology because of the high incidence of
developmental anomalies in cloned calves (Buczinski et al., 2009).

A detailed work was published about the technical requirements and pro-
tocol of transabdominal ultrasonographic assessment in late-term pregnant cows
(Buczinski, 2009). Then, measurements and attempts to create a BPP for the bo-
vine fetus were made, and normal (n = 10), high-risk (n = 10) and cloned (n =
10) late-term pregnant cows were examined by Buczinski et al. (2009). They
showed that the components of Reef’s BPP are not as informative in the predic-
tion of pregnancy outcome in cattle as in horses. On the one hand, they could ob-
serve long resting periods during the 10-min examinations when the calves did
not make any movement, so fetal activity was graded as zero without any nega-
tive consequences. In horses, fetal activity strongly correlates with fetal well-
being (Reef et al., 1995, 1996; Reef, 1998). In the equine fetus, thoracic aortic
diameter is a sensitive predictor of birth weight but in cattle the correlation coef-
ficient is not so high (Buczinski et al., 2011). This parameter needs further inves-
tigation because intrauterine growth retardation (IUGR) and large fetuses fre-
quently occur in Holstein-Friesian cows, and it would be an advantage for the
practitioners working on dairy farms to know whether or not the fetus has normal
size. In case of a too large fetus, early intervention could be performed. Accord-
ing to the authors’ ongoing study (n = 42), fetal aortic diameter in Holstein-
Friesian cows and heifers does not correlate with the birth weight. As described
by Buczinski et al. (2007), 42 Holstein-Friesian cows and heifers were examined
by transabdominal ultrasonography 10 days before parturition and the fetal aortic
diameters were measured. The correlation between this parameter and the birth
weight was evaluated. Unfortunately, no correlation could be established (Baska-
Vincze et al., unpublished). Buczinski’s research group has concluded that, just
like in horses, transabdominal ultrasonography is a useful technique for evaluat-
ing the fetus and the uterine environment in cows, but more detailed studies are
needed to diagnose fetal abnormalities more accurately and to improve the man-
agement of high-risk pregnancies in cattle (Buczinski, 2009; Buczinski et al.,
2007, 2009, 2011).

Examination procedure

Patient preparation

In cows, sometimes it is possible to restrain the dam only by holding her head
(Buczinski, 2009), but according to other authors and in the authors’ experience, for
safety reasons horses and cows should be placed in a stock wherever they are exam-
ined (Reef et al., 1995, 1996; Reef, 1998; Baska-Vincze et al., 2013, 2014).
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For the examination of horses it is recommended to clip the hair surgically
over the ventral abdomen. The size of the clipped area depends on the gestational
age (Pipers and Adams-Brendemuehl, 1984; Reef, 1998; Bucca et al., 2005). In
late-term mares, this area usually extends from the mammary gland to the
xiphoid process and includes both sides of the abdomen (Fig. 1). Although the
use of surgical clipping has been recommended, in the authors’ experience this is
not necessary. Horses with a fine hair coat can be scanned properly without clip-
ping. However, it is very important to remove any dirt possibly present on the
skin surface as this can decrease the contact between the ultrasound transducer
and the skin (Baska-Vincze et al., 2013, 2014).
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Fig. 1. Position and presentation of the foal fetus in the mare in late gestation (adapted from V. B.
Reef: Equine Diagnostic Ultrasound, Saunders, Philadelphia, 1998)

Because of the anatomical conformation, in cows the ventral part of the
right abdomen must be shaved in caudocranial direction from the udder to the
end of the milk vein cranially. This area extends to the horizontal line 15 cm dor-
sal to the stifle on the right and to the linea alba on the left (Buczinski, 2009). In
the authors’ experience, both shaving and clipping can often be avoided in cows.
In heifers, the fetus may sometimes move in cranial direction close to the xiphoid
or sometimes caudally to the base of the udder. In these cases thorough scanning
is required (Baska-Vincze et al., unpublished).

Technique and ultrasonographic findings

The method of transabdominal ultrasonographic evaluation in the mare
was described in detail previously (Reef et al., 1995; Reef, 1998). Since this first
description, the protocol has not been modified significantly.
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In mares and cows, transabdominal ultrasonography of the fetus can be
performed with a 2.5-3.5 MHz macro- or microconvex transducer capable of
reaching 20-30 cm penetration depth. However, the uteroplacental unit can be
scanned better by the use of higher frequencies, usually between 6—10 MHz with
a penetration of 4-10 cm. At present, different ultrasound transducers are avail-
able for clinicians and veterinarians working under field conditions. In both spe-
cies, diluted ethanol or propanol and ultrasound gel can be used on the skin sur-
face to increase penetration depth and image quality (Reef, 1998; Baska-Vincze
etal., 2013, 2014).

During the examination of a pregnant mare, the scanning starts in front of
the mammary gland and moves cranially. The first task is to locate the fetal tho-
rax with the typical sight of the fetal ribs (Fig. 2). In the cow, the examination is
similar but it should be done on the right side as described by Buczinski (2009).
If the fetal thorax is found (Fig. 3), the fetal aorta should be located and the aor-
tic diameter measured. The callipers of the ultrasound should be placed to the
leading edge of the aortic walls as close to the heart as possible (Reef, 1998). It
has been reported that fetal aortic diameter correlates with neonatal birth weight
and maternal weight in both the mare (n = 30) and the cow (n = 13), and equa-
tions have been developed to estimate body weight (Reef et al., 1995, 1996;
Buczinski, 2009).
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Fig. 2. The equine fetal thorax (imaged with a 3.5-MHz macroconvex ultrasound probe in
lateromedial direction in a 285 days pregnant warmblood mare)

The uterus of the mare should be thoroughly scanned to ascertain that only
one fetus is present. If twin pregnancy is detected, special attention must be paid to
decreasing its negative consequences. Twins can be present in 7—10% of dairy cow
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pregnancies and, although they are considered abnormal, they have less compli-
cation than in horses (Szelényi et al., 2011). After locating the fetal thorax, the
presentation of the fetus can be defined. In late gestation, the head of the fetus is
normally positioned towards the pelvis. If it is found in the abdomen, dystocia can
occur, so both the mare and its fetus should be closely monitored (Reef, 1998).

Abdomen

+ Dist 2.19cm

Fig. 3. The bovine fetal thorax (imaged with a 3.5-MHz macroconvex ultrasound probe in right
lateromedial direction in a 270 days pregnant Holstein-Friesian cow)

Ultrasonographic identification of cardiac activity and determination of fe-
tal heart rate have been shown to be useful indicators of fetal health in both the
mare and the cow. Most of the ultrasound scanners make it possible to measure
fetal heart rate using M-mode or B-mode. When using M-mode, the fetal heart
should be positioned to the sonographic marker and the heartbeat waves are
visualised on the screen. Then, after freezing the image, the distance between the
peaks can be marked, and the machine counts the heart rate which is displayed
directly on the screen (Fig. 4). The other possibility to measure the heart rate is
to count the number of beats during a 15-, 30- or 60-sec interval as viewed on the
B-mode ultrasound screen (Curran and Ginther, 1995).

Attempts have been made to measure and examine the FHR in cattle by
cardiotocography and ultrasonography. Normocardia (heart rates of 80 to 155
beats per minute) and tachycardia (heart rates of > 155 beats per minute) were
detected by cardiotocographic recording in 84 fetuses during the dilatation stage
of parturition, and a close correlation was found between the heart rate and the
degree of acidosis. All fetuses having tachycardia showed acidosis or severe aci-
dosis (Held et al., 1986).
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Fig. 4. Measurement of fetal heart rate (FHR) by M-mode ultrasonography (imaged with a 3.5-MHz
macroconvex ultrasound probe in lateromedial direction in a 299 days pregnant warmblood mare)

A great variation in antepartum FHR pattern was found, while uterine con-
tractions had no significant effect on FHR in the last month of gestation based on
transabdominal Doppler ultrasound examinations (Jonker et al., 1994). Basal
FHR (90 to 120 bpm) gradually decreased towards the end of parturition, with a
marked loss in variability. Breukelman et al. (2006) used computer-assisted
analysis after analogue-digital conversion of FHR data, which is more accurate
than the data calculated by visual inspection of paper recordings (Jonker et al.,
1994). The reference values for FHR were 108.6 + 1.9 bpm 2 days before ex-
pected calving, as compared to 109 + 1.9 bpm 2 weeks and 114.2 + 1.4 bpm 3
weeks before calving (Breukelman et al., 2006).

When decelerations (periodic decrease in FHR) occurred beyond the end
of a contraction, the calf was born in poor condition (Jonker et al., 1994). In the
acidotic group the mean baseline FHR increased from 113.5 to 138.6 bpm during
the last 55 minutes before birth, while in the normal group it changed from 116.9
to 121.3 bpm. Decelerations occurred during uterine contractions in acidotic fe-
tuses and in the majority of normal fetuses (12 out of 16) during the expulsive
stage of parturition; accelerations (periodic increase in FHR) were hardly re-
corded. The mean fall in FHR during a uterine contraction increased significantly
towards birth. It is concluded that continuous intrapartum FHR measurements
may provide additional information on the acidotic state of fetuses (Jonker et al.,
1994); however, short-term measurements have no diagnostic value (Jonker et
al., 1994). Therefore, at least 30-min continuous recordings are recommended in
the cow (Breukelman et al., 2006).
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Transit-time ultrasonography during stage 2 of labour in cattle allows the
direct and continuous measurement of umbilical blood flow volume per unit of
time. It also allows us to investigate the relationships between umbilical blood
flow, uterine contractions and fetal heart rate (Bleul et al., 2007). A decrease in
blood flow is most likely caused by compression of the umbilical vessels during
uterine contractions. Venous blood flow is more severely affected than arterial
blood flow during strong contractions because the walls of the umbilical veins
are thinner and have fewer muscle fibres than those of the umbilical arteries.
Umbilical arterial and venous blood flow in acidotic calves was lower than that
in non-acidotic calves during the last 30 minutes before birth (Bleul et al., 2007).

It has been reported that fetal breathing movements are present in late-
term human and equine fetuses and their absence can be a sign of acute fetal hy-
poxia (Manning et al., 1984; Reef et al., 1995, 1996; Palmer, 2000; Bucca et al.,
2005). Fetal breathing movements are best visualised by watching the movement
of the fetal diaphragm in relation to the fetal ribs. This can be difficult because of
fetal and maternal activity (Palmer, 2000; Baska-Vincze et al., 2013).

Sometimes other fetal organs can be imaged (fetal gonads, stomach, intes-
tines, liver, kidneys, lungs) and measured in both species; however, this is not as
important in veterinary medicine as in human perinatology (Reef, 1998).

Fetal activity and tone are also critical components of the examinations.
Fetal activity can be graded from 0 to 3 as described by Reef et al. (1995), and
grade 2 or grade 3 is considered normal. The equine fetus is relatively active dur-
ing the examinations; however, in the cow inactivity lasting 10 or more minutes
can occur without any negative consequences (Buczinski, 2009). Fetal tone is
present when the fetus flexes and extends the limbs, torso or neck, and fetal tone
is absent if the fetus appears flaccid (Reef, 1998).

Fetal fluid quality and quantity are important parts of fetal monitoring dur-
ing transabdominal ultrasonographic assessment. Allantoic fluid (in the majority
of cases) and amniotic fluid are anechoic until late gestation and, in the horse
near term, increased echogenicity can occur with small particles floating in the
allantoic fluid (Reef et al., 1995, 1996; Bucca et al., 2005). However, in late-term
cows, amniotic fluid is considered more echoic and allantoic fluid appears as a
clear fluid (Buczinski, 2009). In the first and second trimester of equine and bo-
vine pregnancy, increased echogenicity of the fetal fluids is considered to be
pathological. The two kinds of fetal fluids are separated by a thin membrane
called the amniotic membrane, which is often visualised near the forelimbs in
both species (Reef et al., 1995, 1996; Buczinski, 2009). The quantity of fetal flu-
ids can also be measured by ultrasonography, and too small or to large amounts
of fluids are abnormal in both species. When monitoring fetal well-being, maxi-
mal fluid depths can be determined by multiple measurements on the lateral ven-
tral abdomen of the dam (Reef, 1998, Baska-Vincze et al., 2014).
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Fig. 5. Measurement of the combined thickness of the uteroplacental unit (CTUP; between the two
callipers) by B-mode ultrasonography (imaged with a 3.5-MHz macroconvex ultrasound probe in
lateromedial direction in a 285 days pregnant warmblood mare)

An additional scanning measurement also critical for fetal well-being is
the combined thickness of the uteroplacental unit (CTUP). The CTUP consists of
two layers, an inner (sonolucent) and an outer (echogenic) one, but in most cases
the placenta and the uterus cannot be distinguished as separate structures (Fig. 5).
Thickness and continuity of this unit can be measured in the four quadrants of
the mare’s abdomen, and the unit is thickened in the case of placentitis, haemor-
rhage or oedema. Renaudin et al. (1997) reported normal CTUP values for preg-
nant mares (n = 9). They measured CTUP in Quarter Horse, Thoroughbred and
American Paint Horse breeds and the mean values for days 270-330 of gestation
were between 8 and 12 mm. According to the authors’ ongoing study on equine
well-being, in the breeding seasons of 2013 and 2014, 10 Lipizzaner mares were
examined by transabdominal ultrasonography and CTUP measurements were
made between days 280 and 315 of gestation. In these animals with normal preg-
nancies, CTUP was 12.7 = 3.1 mm (mean + SD), which is higher than that re-
ported by Renaudin et al. (1997). Therefore, there may be a difference in normal
CTUP values between horse breeds but this parameter needs further investigation
(Baska-Vincze et al., unpublished). Additionally, in these Lipizzaner broodmares
fetal aortic diameter in the last month of gestation was 20.7 + 0.7 mm (mean =+
SD). Uteroplacental continuity must be checked on the whole uterus, because
premature separation of the placenta is a life-threatening condition for the fetus.
Discontinuity appears in horses as an anechoic area. Additionally, placental cal-
cification has been observed in some cases and has been associated with abortion
or a periparturient asphyxia syndrome (PAS) in the foal. Haemorrhages are rare
in horses, but after a uterine torsion or a septic condition they can be observed
(Reef, 1998). The cervical region of the uteroplacental unit can be properly
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scanned by rectal ultrasonographic examination (Bucca et al., 2005). In the cow,
the anatomical structures are different, and in these animals the placentomes are
easily visualised during scanning and their size can be measured (Fig. 6). In
cloned pregnancies, much larger placentomes are often seen (Buczinski et al.,
2009, 2011).

84437-282C Abdomen

Fig. 6. Ultrasound image of three placentomes and the fetus in the cow (imaged with a 3.5-MHz
macroconvex ultrasound probe in right lateromedial direction in a 273 days pregnant Holstein-
Friesian heifer)

Ultrasonographic assessment in high-risk pregnancy

In cattle, perhaps because of their utilisation different from that of horses,
only few data are available about the management of at-risk or high-risk preg-
nant cows. In the horse, high-risk pregnancies have been studied in more detail
and the need for advanced knowledge has been recognised. Although improved
diagnostic techniques are available in equine reproduction, the incidence of
pregnancy loss is still high, varying between 10 and 15% during gestation
(Troedsson, 2007). During pregnancy, especially near term, specific conditions can
affect pregnant mares. For instance, colic in late gestation can be a life-threatening
condition; however, a retrospective study showed that only 18% of surviving
mares having undergone colic surgery experienced pregnancy loss. In these
cases, hypoxia and endotoxaemia could be identified as risk factors. Uterine tor-
sion, prepubic tendon rupture, hydrops amnii or placentitis are also known to
pose a significant threat to maternal, fetal and neonatal viability. All these condi-
tions can be visualised and imaged by transabdominal and transrectal ultrasono-
graphy; thus, the use of this non-invasive technology for the examination of mares
with normal or high-risk pregnancies has been recommended (Troedsson, 2007).
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Future perspectives

According to numerous publications, transabdominal fetal ultrasonogra-
phy is an effective, useful and often essential method for examining the fetus and
the dam in both mares and cows. There have been attempts to create a biophysi-
cal profile for both species, but these methods should be refined in order to ob-
tain a higher specificity and sensitivity in animals, comparable to that achieved
in human medicine. In the future, simple and low-cost methods should be devel-
oped for the evaluation of the pregnant dam and its fetus, in order to develop
highly effective methods for the assessment of viability. More and more ad-
vanced techniques are available for clinicians and researchers, and attempts
should be made to adapt these to everyday veterinary work also in the field.
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