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1  | INTRODUC TION

Ultrasound monitoring of the fetal heart is extremely important to 
detect congenital anomalies (Kovalchin, 2004; Suguna et al., 2008). 
Transabdominal and rectal ultrasonography are used to detect 

twins, document fetal position, estimate fetal size, evaluate placen-
tal integrity and fetal fluid clarity, and gain a general impression of 
fetal well-being (Le Blanc, 1996).

In humans and animals, fetal heart rate pattern, level of activ-
ity and degree of muscle tone are sensitive to hypoxaemia and aci-
daemia. Techniques such as cardiotocography, ultrasonography and 
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Abstract
In this study we aim to show the application of ultrasound evaluation of the fetal 
heart in the ovine species, as well as its limitations in the field. Ten Dorper sheep, 
without any sedation, were evaluated starting from the second month of pregnancy 
through transabdominal ultrasound with an ultrasound device equipped with a con-
vex transducer. Images of the fetal heart were obtained through maternal abdomi-
nal ultrasound by identifying the position of the fetus and conducting the following 
measurements: length and diameter of the heart, dimensions of the right and left 
ventricles and dimensions of the right and left atria. The measurements could only 
be conducted with acceptable precision starting from the third month of pregnancy. 
There was a significant difference only for left ventricle diameter, which was larger in 
the fifth month of pregnancy. The echocardiographic evaluation of the fetus enables 
monitoring the heart development identifying early fetal viability, assessing inade-
quate events that could put the pregnancy at risk, especially for production animals. 
For the experimental design of research employing production animals, it is impor-
tant to consider, among other factors, the limitations of the evaluation on the field, 
such as restraining the animals, the stress caused by handling and environmental con-
ditions, temperature, luminosity, facilities available and the qualifications of the team.
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maternal perception of fetal movement can identify fetuses that are 
either suboptimally oxygenated or acidaemic because of placental 
dysfunction (Vinzce et al., 2019). In human medicine, biometric al-
terations in the structure of the heart are assessed using fetal size 
parameters when there are suspicions of congenital cardiopathies 
or growth alterations in the heart unrelated to cardiac diseases 
(Giannico et al., 2016; Kulkarni, 2013), and fetal echocardiography 
has become the standard prenatal diagnostic test for fetuses with 
suspicions of heart anomalies (Smrcek et al., 2006). During preg-
nancy, the heart of the fetus undergoes several modifications until 
the formation of the blood vessels, when it becomes the central 
organ responsible for pumping the blood through rhythmic contrac-
tions (Saul et al., 2014).

Detecting pregnancy early in sheep is of utmost importance for 
identifying animals that are sterile or unsuitable for reproduction for 
slaughter. However, it is difficult to differentiate between failures 
to return to oestrus due to the occurrence of seasonal anoestrus at 
the end of the reproductive period (Garcia et al., 1993). The diagno-
sis of pregnancy in sheep involves an economic component for the 
producers and, when done early, is useful to ensure the adequate 
nutritional handling of the animal and to reduce the risk of toxae-
mia during pregnancy (Aiumlamai et al., 1992; Chalhoub et al., 2001; 
Fridlund et al., 2013).

This study aimed at, after the diagnosis of pregnancy, assessing 
the cardiac development in ovine fetuses during pregnancy consid-
ering that the species is often used in experimental studies in human 
neonatology due to the similarities of the hearts of both species. 
Identifying the size of the heart and possible congenital cardiopa-
thies may contribute towards further research about fetal surgical 
techniques. The study also aimed at discussing the technical limita-
tions of the ultrasound technique in the field.

2  | MATERIAL S AND METHODS

2.1 | Animals

Ten Dorper sheep (Ovisaries) were evaluated starting from the sec-
ond month of gestation. All sheep underwent physical examination 
and were excluded if any clinical abnormalities or extremes of body 
condition score were detected. All sheep were vaccinated and de-
wormed. The average age of the females was 4.4 ± 1.35 years (mini-
mum 2 years and maximum 7 years).

The ewes were kept in a semi-finishing system, receiving feed 
twice a day. The composition of the mixture was 65% ground corn, 
10% wheat bran, 20% soybean meal and 5% nucleous sheep feed 
concentrate (NSFC). The basic composition of the NSFC is illustrated 
in the Table 1.

The study was conducted according to the animal welfare guide-
lines and authorized by the owner, who consented to the experimen-
tal plan and the procedures conducted.

The study was conducted on a property located at the 
city of Botucatu, SP, Brazil, on the Rubiao Junior district, 

latitude S-22.902107 and longitude W-48.516534, from July 2017 
to December 2017. Ten non-pregnant sheep assessed by ultrasound 
prior to the study and submitted them to the oestrus-inducing pro-
tocol for fixed-time artificial insemination (FTAI).

2.2 | Fetal ultrasound evaluation

The first data from the fetuses were collected starting at 42 days 
after the FTAI protocol, as it is recommended that animals are not to 
be handled for a period of at least 28 days after the protocol to avoid 
losing embryos due to excessive handling. For the ultrasound evalu-
ation of the fetuses, the study employed a portable ultrasound de-
vice My LabTM30 Vet Gold (Esaote®-Esaote Healthcare do Brasil, 
São Paulo-SP, Brazil) equipped with a convex 5.0 MHz transducer at 
a frequency of 3.0 MHz. Imaging exams were always performed by 
the same operator (ASCA).

To acquire the images, the abdominal region of the ewe was 
properly epilated and cleaned. Transabdominal ultrasonography was 
performed with the sheep in a stationary position through manual 
physical restraint (manual), with the operator positioned laterally to 
the animal. The transducer was placed at the region of the right cau-
dal abdominal quadrant, near the inguinal region (Figure 1), initially 
to identify the fetus, but due to the movement of the fetus the trans-
ducer was repositioned to identify the cardiac region. Therefore, the 
transducer was positioned to obtain longitudinal sections of the 
fetus and subtle rotational adjustments were made until images sim-
ilar to those obtained through conventional echocardiography were 
obtained.

For each fetus, after identifying the cardiac chambers, the car-
diac parameters were measured, if possible, using bidimensional 
fetal echocardiography through transabdominal ultrasound of the 
pregnant sheep. The parameters measured were length and diam-
eter of the heart, dimensions of the right and left ventricles and 

TA B L E  1   The basic composition of the nucleous sheep feed 
concentration

Mineral Amount

Calcium (minimum) 120.0 g/kg

Calcium (maximum) 220 g/kg

Phosphorus (minimum) 18.00 g/kg

Sodium (minimum) 78.00 g/kg

Magnesium (minimum) 7700.00 mg/kg

Potassium (minimum) 10.00 g/kg

Iron (minimum) 250.00 mg/kg

Zinc (minimum) 1875.00 mg/kg

Manganese (minimum) 650.00 mg/kg

Iodine (minimum) 30 mg/kg

Selenium (minimum) 8.00 mg/kg

Cobalt (minimum) 20.00 mg/ kg

Monesine 600.00 mg/kg
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dimensions of the right and left atria (Figures 2, 3, 4 and 5). When 
the fetuses were twins, the measurements were taken only from one 
fetus and the measurements were not conducted when the position 
of the fetus was unsuitable for measurements.

The cardiac chambers were measured at their largest diameter, 
at the end of diastole. The atrial measurements were taken from the 
atrial walls and the ventricular measurements from the segments 
where the valves were closed, excluding the interventricular septum. 

Measurements were taken preferentially with the fetus in a longitu-
dinal position, longitudinal axis four chambers, with the spine of the 
fetus parallel to the maternal spine. Measurements were not taken 
with the fetuses in transverse or oblique positions.

2.3 | Statistical analysis

The results are shown as median, minimum and maximum values, 
interquartile ranges. The normality test employed to analyse the pa-
rameters was the Kolmogorov-Smirnov test; comparison between 
the proposed moments was conducted employing Friedmann's test 
because all measures were not normally distributed. The significance 
level considered for the study was 5%.

3  | RESULTS

Of the ten females assessed in the study, eight were pregnant with 
a single fetus and two were pregnant with twins. Table 2 shows the 
echocardiographic parameters of the fetuses obtained in this study, 
with the measurements being feasible starting from the third month 
of pregnancy due to the size of the heart.

These results show that the largest dimensions for each echo-
cardiographic variable occurred at the 5 months of pregnancy. The 
measured parameters do not present statistically significant differ-
ences between each time point, except for the diameter of the left 
ventricle (LV). Despite the absence of significant difference between 
the evaluated periods, we observed that the LV diameter and the 
cardiac length, as well as the dimensions of the atrial and ventricu-
lar chambers accompanied the fetal development being larger in the 
last gestational month.

Through the analyses performed, no structural changes compat-
ible with congenital heart disease were observed and the viability 
of all fetuses was maintained throughout the gestational period 
evaluated.

4  | DISCUSSION

The fetal evaluations started at the second month of pregnancy in 
this study, but at that time it was not possible to measure the cardiac 
chambers due to the small size of the heart and a worsened visuali-
zation caused by interference from other tissue and artefacts when 
acquiring the images, including the maternal adipose tissue, exces-
sive fetal movement and the maternal gastrointestinal tract, which 
is something that also happens in humans, who suffer interference 
from high maternal body mass scores and the depth of the fetus 
(Gardiner, 2001; Tatani, 1997).

Starting at the third month of pregnancy, it was possible to as-
sess the fetal heart, but the quality of the images was higher in the 
last month of pregnancy, which is in line with the cardiac evalua-
tion in human fetuses. In humans, the beats of the fetal heart can 

F I G U R E  1   Position of the operator and the demonstration of 
inguinal region for fetal identification in Dorper sheep

F I G U R E  2   Schematic representation of a longitudinal section 
of the four cardiac chambers showing the length and diameter 
measurements of the fetal heart
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be viewed by bidimensional echocardiography starting at the 6th 
week of pregnancy (Carvalho et al., 2004), but an adequate struc-
tural analysis is only possible starting at the 16th week. During this 
period, the fetal heart is still very small and a complete study is often 
not possible (Gardiner, 2001).

This study observed artefacts when acquiring the images, 
caused mostly by the maternal adipose tissue layer, tissue overlap 
of fetuses when there were twins and acoustic shadows created by 
the contents of the maternal gastrointestinal tract. In humans, better 
ultrasonographic windows are present for fetal evaluation, but arte-
facts causing shadows in the cardiac region also happen, mostly due 

to maternal obesity. The ideal timespan to observe the fetal heart in 
humans goes from the 18th to the 24th week of pregnancy, when 
the fetus is covered in a large volume of amniotic liquid (Lopes, 2016; 
Wiley, 2006). During the third trimester, the spine of the fetus is 
often anterior and the ribs are more calcified, creating shadows in 
the cardiac area, thus, making accurate cardiac assessment difficult 
at this stage (Allan, 2003).

In this study, the echocardiographic evaluation of the fetus during 
the second month of pregnancy observed that the dimensions of the 
heart were relatively small, but as the pregnancy progressed, we 
noted that, despite the larger measurements of the heart, there were 
still artefacts. We believe that this may be explained by the move-
ment of the fetus, which was exacerbated by maternal agitation due 
to handling. In addition, the breed selected may have contributed 
due to the abundant layers of adipose tissue.

We also consider important to note the technical limitations that 
happen when conducting imaging examination on the field. Both the 
experimental design and the behaviour of the animal should be con-
sidered when acquiring ultrasound images. The animals included in 
the study were restless during handling, which translated into more 
fetal movement as the restlessness of the mothers increased, which 
represented a limiting factor to acquiring diagnostic images. In addi-
tion, some images were acquired closer to the inguinal region, which 
caused discomfort to the ewes.

Vincze et al. (2019) conducted a study to evaluate equine fetal 
parameters using transabdominal ultrasonography by compiling six 
factors: fetal heart rate, fetal aortic diameter, maximal fetal fluid 
depth, uteroplacental contact, uteroplacental thickness and fetal ac-
tivity. The authors concluded that equine fetal tests do not reach the 
high accuracy of human surveillance tests but are promising tools for 
later development on large patient groups.

The Technical Bulletin for cardiac ultrasound examinations in 
human fetuses issued by the AIUM (American Institute of Ultrasound 
in Medicine) (2013) recommends that fetal echocardiographic 

F I G U R E  3   Fetal echocardiogram (4th month) in an ovine. 
Longitudinal section on the long axis showing the four cardiac 
chambers of the fetus

F I G U R E  4   Schematic representation of a longitudinal section 
showing the measurements of the atrial and ventricular chambers

F I G U R E  5   Fetal echocardiogram (4th month) in an ovine. 
Longitudinal section on the long axis showing the ventricular and 
atrial chambers
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examinations should be conducted between the 18th and 22nd 
weeks of pregnancy. This is when the quality of the images is ideal, 
resulting in more precise diagnoses, but even at 18 weeks, the fetal 
heart is a small structure (Drose, 2001) and even at later stages of 
the pregnancy, the echocardiographic evaluation may be compro-
mised by an attenuation caused by the cranium, ribs, spine or limbs 
of the fetus, or by the reduction in the levels of amniotic liquid as the 
pregnancy progresses (Lopes, 2016).

In our study, as is the case in humans, the dimensions of the RV 
and LV were very similar and within a centimeter, which highlights 
the similarities between the hearts of both species and justifies the 
use of ovines as experimental models for cardiovascular research. In 
humans, the cardiac cavities triple or quadruple their size from the 
17th week until the end of the pregnancy, revealing a linear growth 
pattern regarding age and diameter (Yagel et al., 2007). The ratio of 
the dimensions of the LV and the RV was around one and remained 
constant throughout the pregnancy. The measurements of the ven-
tricles are similar, but we have to consider that the geometries of 
the right and left ventricles are different (Rudiski et al., 2010), as 
are the morphologies of the trabeculae and ventricular exits (Rublin 
et al., 1977).

Translational studies are developed to better reproduce human 
physiological conditions and the main advantage of animal trials is 
that the controls may be selected according to their suitability rather 
than to what is permissible in a patient (Swanson & David, 2015). 
The experimental environment is an important factor, particularly 
in sheep, which are animals that do not adapt favourably to handling 
and alter their behaviour. Different imaging techniques should be 
considered according to the situation; in this study, with the sheep 
kept stationary, we chose the transabdominal technique in lieu of 
the transrectal technique, but dorsal decubitus may represent an al-
ternative to make acquiring the images, as containing the animal is 
easier in this position.

The transrectal examination is more efficient than the transab-
dominal method until the 35th day of pregnancy. Between the 35th 
and 70th days of pregnancy, both methods appear to be equally ef-
ficient. During the second half of the pregnancy, the transabdominal 
technique allows better accuracy due to the position of the intrapel-
vic uterus, located above the bladder and the horns deviate in a ven-
trolateral direction. In the final third of the pregnancy, due to the 
development of the fetal membranes and the accumulation of fluids, 
the uterus deviates in a cranioventral direction inside the abdomen 
(Renaudin et al., 1997). Therefore, we chose the transabdominal 
technique for this study also due to the changes in the position of 
the uterus that happen as the pregnancy progresses.

Other factors to be considered for fetal cardiac evaluation of the 
ovine field are the operator's experience, as the ideal is that the tests 
be performed in a short time to avoid animal stress; the number of 
fetuses and the breed are also relevant in this context, as, in the 
Dorper breed, the evident adipose tissue promotes artefacts in the 
acquisition of the image and the animals of the present study were 
in a corporal score of 4.5, being overweight due to overfeeding. Reef 
et al. (1996) states that time of examination is critical for evaluation TA
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of equine fetuses by ultrasound technique because horses usually 
get bored within a few minutes and are not very co-operative with-
out sedation. The use of sedatives should be minimized or avoided 
in pregnant animals. The faster the examination, the more time can 
be saved for the diagnosis. According to the authors, in equine hos-
pitals, several transducers are available with trained personnel, but 
under field conditions this is hardly achievable, evidencing that the 
ultrasound evaluation in the field has its restrictions.

The present study only evaluated fetal cardiac measurements. 
We did not employ the Doppler method for HR assessment which 
could have contributed to the assessment of fetal viability. However, 
qualitative analysis allows the identification of cardiac chambers, 
and heart valves may assist in the suspicion of congenital heart dis-
ease when cardiac size does not follow development or when car-
diac chambers and valves are identified with inadequate positioning. 
The ultrasound method is widely used for pregnancy diagnosis in the 
agricultural sector. As it is already used in reproductive practices, 
extending analysis for fetal heart evaluation, even through qualita-
tive analysis, can optimize pregnancy management, where detection 
of cardiac structural abnormalities or reduced movement of heart 
chambers may allow intervention in pregnancy, reducing losses and/ 
or costs with unviable animals.

Therefore, fetal evaluation is important to identify potential risks 
to the fetuses and allow them to benefit from early interventions, 
avoiding adverse effects that could potentially lead to death, par-
ticularly in high-risk pregnancies. According to Nomura et al. (2009), 
one of the adaptative responses of the fetus to hypoxemia is a he-
modynamic compensation mechanism involving the stimulation of 
the autonomic nervous system of the fetus, resulting in increased 
peripheral vascular resistance and heart rate in the fetus. In cases of 
placental alterations and progressive fetal hypoxemia, abnormalities 
in the fetal heart rate are considered early signs of a compromised 
fetus. Reductions in fetal movement may be associated with congen-
ital abnormalities, which are also something that may be identified 
by maternal transabdominal ultrasound, highlighting the importance 
of the method for intrauterine life.

Some limitations are attributed to the present study. The rela-
tively small sample size may have contributed to no significant dif-
ferences in cardiac dimensions over time and a larger animal sample 
could have more clearly explained cardiac development. In the anal-
ysis of twin fetuses, it was not possible to ensure that the measure-
ment of the cardiac size of the same fetus would be performed at all 
times of collection. We did not use the Doppler method to assess 
fetal heartbeat, which could have contributed to our assessment of 
HR, overall heart health and fetal viability. Post-mortem cardiac size 
assessment could more effectively represent heart size and develop-
ment, but was not performed in the present study.

5  | CONCLUSIONS

The dimensions of the heart follow the development of the fetus 
and sheep dimensions are similar to the observed in humans. This 

is important for monitoring pregnancy for fetal viability, as in the 
absence of fetal viability, pregnancy can be ruled out, resulting in 
negative economic impacts on producers, especially in inseminated 
animals, where investments for good quality semen acquisition as 
well as pregnancy maintenance are high and its return depends on 
the success rate of animals with pregnancy positive insemination. 
However, the experimental environment, operator experience, the 
number of fetuses and the breeds chosen are factors that should be 
considered when acquiring ultrasound images. Fetal echocardiogra-
phy is effective and useful for normal cardiac morphological evalua-
tion in sheep animals and is extremely important to identify fetuses 
in risk and allow short-term interventions.
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