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 Echocardiography is a noninvasive, highly sensitive method for evaluating heart disease in 
veterinary medicine, crucial for measuring cardiac structures and functions. Despite its importance, 
limited data exist on sheep, particularly the Ghezel breed, a significant breed in Iran. This study 
aimed to establish normal echocardiographic values for Ghezel sheep, providing reference data for 
both clinical and research applications. We evaluated 15 healthy Ghezel sheep with a mean age of 
16.50 ± 1.80 months and a mean weight of 42.69 ± 4.73 kg. Comprehensive clinical exams, 
biochemical and hematological tests and color Doppler echocardiography were performed. 
Descriptive results from standard right and left parasternal views in both longitudinal and 
transverse planes were obtained and compared to existing studies. The study successfully 
established pulse wave Doppler reference values for the Ghezel breed. These findings could be used 
in diagnosing heart disease in Ghezel sheep and would be beneficial in future research particularly 
in sheep used as an animal model for translation in human cardiac studies.  

© 2025 Urmia University. All rights reserved. 
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Introduction 
 

Echocardiography is a noninvasive method widely used 
for evaluating heart disease in both human and veterinary 
medicine. For the past 40 years, it has been a routine 
diagnostic tool in human medicine, providing detailed 
information on cardiac structures and functions. In 
veterinary practice, echocardiography is increasingly 
utilized to diagnose and monitor cardiac conditions in 
various species including horses,1-3 Dogs,4-6 cats,7,8 Saanen 
goats,9,10 cattle,11,12 and sheep.13-15 This method offers 
valuable insights into cavity sizes, wall thickness, valve 
velocities, blood flow direction and velocity, and overall 
cardiac function. 

Doppler echocardiography, in particular, provides 
critical information on the direction, character, velocity 
and timing of blood flow within the heart making it an 
essential tool for non-invasive stroke volume (SV) and 
cardiac output (CO) measurement.16 Proper imaging 
requires correctly orienting the transducer on both sides 
of the thorax, typically between the 3rd and 4th intercostal 
spaces. Despite its importance, there are limited studies on  
the normal echocardiographic parameters in sheep, 
 

 particularly in the Ghezel breed, which is one of the most 
important sheep breeds in Iran, valuable for its high-
quality wool and meat production. This breed is 
particularly well adapted to the harsh climates of 
northwestern Iran where it thrives in both mountainous 
and semi-arid regions. Ghezel sheep are medium to large 
in size and are known for their resilience and ability to 
graze in challenging environments. Due to its economic 
significance, understanding the health and physiological 
parameters of Ghezel sheep including cardiac function is 
essential for effective management and improving 
productivity. Sheep are considered ideal animal models for 
translation in human cardiac research due to their 
manageable size and comparable heart anatomy and 
physiology.17 Establishing normal reference values for 
echocardiographic measurements in Ghezel sheep is, 
therefore, essential for both veterinary clinical practice 
and translational research. 

The aim of this study was to establish reference values 
for pulse wave (PW) Doppler measurements in Ghezel 
sheep. These values not only enhance the clinical 
assessment of cardiac health in this breed but also support 
the use of sheep in broader cardiac research contexts. 
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Materials and Methods 
 

Animals. Fifteen healthy female Ghezel breed sheep, 
aged 16.40 ± 1.18 months (mean ± standard deviation), 
with an age range of 15 to 18 months and weight of 42.69 
± 4.73 kg (mean ± standard deviation) in the weight range 
of 37.00 to 54.00 kg, were evaluated in this study. This 
study was reviewed and approved by the Animal Ethics 
Committee at Faculty of Veterinary Medicine, Urmia 
University (Urmia, Iran; Ref: 1395/12/07-348/pd/3). 

Clinical examination. Clinical examination and cardio-
pulmonary auscultation were performed to ensure the 
health of sheep before the study. All sheep were in excellent 
condition. Electrocardiograms (ECGs) were recorded in a 
standard base apex lead system to further ensure the 
animals’ heart health. Hematological and biochemical tests 
including total blood cell count, fibrinogen, total serum 
protein and troponin I concentrations were performed 
before the echocardiographic examination. 

Echocardiography procedure. Complete color and 
PW Doppler echocardiography were performed from 
both the right and left sides on each sheep. To reduce 
stress, the sheep were confined in a solitary box for 
about 5 to 10 min before starting the procedure. For the 
comfort of the sheep under study, another sheep was 
kept next to it. The echocardiography was conducted in 
a quiet low-light environment. The transducer was 
placed between the 3rd and 4th intercostal spaces on 
both sides of the thorax. Acoustic transition was 
facilitated by clipping the wool in these areas and 
degreasing the skin with a denatured ethyl alcohol 
solution. After applying sufficient gel, two-dimensional 
and PW Doppler echocardiography were performed 
using a digital color Doppler ultrasound device (Q9Vet; 
Chison Medical Technologies Co., Wuxi, China) with a 
2.50 - 5.00 MHz phased array transducer. In our study, 
the 5.00 MHz setting was specifically applied to ensure 
optimal image quality for sheep echocardiography. 
Heart rate was regularly monitored during the 
procedure. When the heart rate exceeded 120 beats per 
min, echocardiography was halted. After obtaining 
standard views of the heart, appropriate images were 
captured as cine memory. These images were reviewed 
multiple times to ensure accuracy and measurements 
were made using the device onboard software. All 
examinations and measurements were conducted by 
the same observer, an expert in large animal 
echocardiography. Each parameter was measured three 
times at different heart cycles with intervals of at least 
three heart cycles between measurements. 

Pulse wave Doppler echocardiographic evaluation. 
To evaluate mitral and tricuspid valves, the transducer 
was placed in the 4th intercostal space in the right para-
sternal location, parallel to the ribs, with the orientation 
marker at one o’clock for a longitudinal four-chamber  
 

 view. For the mitral valve, the sample gate was positioned 
inside the left ventricle between the two leaflets (Fig. 1A). 
Parameters measured included maximum and mean 
velocities of E and A waves, ejection times, velocity-time 
integrals (VTIs), and deceleration time of the A wave. For 
the tricuspid valve, the sample gate was positioned inside 
the right ventricle between the leaflets (Fig. 1B). Similar 
parameters as for the mitral valve were measured. Aortic 
blood flow was assessed from the left parasternal region 
using a left caudal long-axis five-chamber view. The 
transducer was placed in the 5th intercostal space near 
the sternum, directed dorsocranially for optimal 
alignment with the aorta. The sample gate was 
positioned inside the ascending aorta, proximal to the 
sinus of Valsalva (Fig. 2A). 

Parameters measured included maximum velocity, 
VTI, mean velocity, ejection time, acceleration time, 
deceleration time and heart rate. The aortic valve diameter 
was measured to calculate SV and CO. 

 
 
 
 
 
 

 

 
 

Fig. 1. Placement of sample gates and corresponding spectral 
Doppler tracings for mitral valve (MV) and tricuspid valve (TV) in 
sheep echocardiography acquired in the right parasternal long-
axis view (4-chamber). A) Sample gate was positioned between 
the mitral leaflets. B) Sample gate was positioned between the 
tricuspid leaflets. The Doppler tracing below shows the 
characteristic biphasic waveform, with early diastolic filling (E 
wave) followed by atrial contraction (A wave). LV: Left ventricle; 
LA: Left atrium; RV: Right ventricle; RA: Right atrium. 

 
 
 
 
 
 
 

 
 

 
Fig. 2. Placement of sample gates and corresponding spectral 
Doppler tracings for the pulmonary valve (PV) and aortic valve 
(AV) in sheep echocardiography acquired in the right parasternal 
short-axis view for the PV and the left caudal long-axis five-
chamber view for the AV. A) The sample gate was positioned 
inside the ascending aorta, proximal to the sinus of Valsalva. B) 
The sample gate was paced just after the pulmonary valve in the 
pulmonary trunk. The Doppler tracing below shows the 
characteristic monophasic waveform. LV: Left ventricle; LA: Left 
atrium; RV: Right ventricle; RA: Right atrium. 
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Pulmonary trunk blood flow was measured using the 
right parasternal short-axis view (RPSA). The transducer 
was placed in the 4th intercostal space above the sternum 
and rotated 90.00 degrees counter-clockwise to achieve a 
short-axis view. The sample gate was paced just after the 
pulmonary valve in the pulmonary trunk (Fig. 2B). 
Parameters measured included maximum velocity, VTI, 
mean velocity, ejection time, acceleration time and 
deceleration time. The pulmonary artery diameter was 
measured to calculate valve area, SV and CO. 

Statistical analysis. For each variable, the average of 
the three measurements was calculated and recorded. 
Descriptive statistics including mean, standard deviation, 
maximum, minimum and 95.00% confidence intervals 
were used to summarize the data using SPSS Software 
(version 21.0; IBM Corp., Armonk, USA). 

 
Results 
 

All sheep exhibited a sinus rhythm on ECG with a 
normal heart rate averaging 52.89 ± 4.12 beats per min. 
Cardiopulmonary auscultations revealed no murmurs or 
abnormal breath sounds, affirming the health of all 15 
sheep selected for pulsed-wave echocardiography. 

 
 
 

 Imaging quality. In 26.00% of the sheep (4 out of 
15), imaging was initially hindered by a small acoustic 
window due to interference between the pleura and 
lungs. Repeated imaging from various views in the right 
parasternal position was necessary to obtain 
satisfactory images. For the remaining sheep the 
acoustic window was suitable allowing for standard 
images to be captured easily. Obtaining high-quality 
images from the right longitudinal parasternal position for 
the PW spectrum of the tricuspid valve was challenging 
and often requiring multiple attempts due to initial poor 
image quality. Tables 1 and 2 show the mean, standard 
deviation and range of PW Doppler echocardiographic 
measurements for the mitral and tricuspid valves and for 
the aortic and pulmonary valves, respectively. 

Mitral and tricuspid valves. The right parasternal 
long-axis view provided optimal alignment with mitral 
blood flow and the right parasternal four-chamber view 
was used for the tricuspid valve due to better acoustic 
alignment. 

Aortic valve. Measurements were obtained from the 
left parasternal region using a five-chamber view with the 
sample gate placed inside the ascending aorta proximal to 
the sinus of Valsalva. 

 
 
 

Table 1. Descriptive statistics of variables and indices of pulse wave echocardiography for mitral and tricuspid valves in 15 Ghezel sheep. 

Parameters 
Mitral 95.00% CI for mean Tricuspid 95.00% CI for mean 

Mean ± SD Range Lower bound Upper bound Mean ± SD Range Lower bound Upper bound 

E peak (cm sec-1) 79.04 ± 6.42 67.68 - 92.64 76.72 81.36 78.95 ± 11.50 66.32 - 105.67 71.97 85.94 
A peak (cm sec-1) 71.63 ± 9.54 51.73 - 87.83 68.18 75.07 71.76 ± 11.50 54.14 - 90.23 64.78 78.74 
VTI (E) (cm) 7.91 ± 1.49 4.55 - 11.71 7.37 8.45 8.85 ± 3.18 4.93 - 14.04 6.92 10.78 
VTI (A) (cm) 4.44 ± 1.48 2.56 - 9.32 3.91 4.98 6.20 ± 3.76 3.47 - 18.26 3.91 8.49 
E mean (cm sec-1) 42.81 ± 5.18 30.86 - 60.05 40.94 44.68 42.96 ± 4.79 36.85 - 52.24 40.06 45.86 
A mean ( cm sec-1) 38.47 ± 5.40 26.35 - 49.33 36.52 40.42 39.84 ± 7.01 28.57 - 54.62 35.60 44.08 
ET E (sec) 0.17 ± 0.02 0.13 - 0.23 0.16 0.18 0.20 ± 0.05 0.09 - 0.30 0.15 0.23 
ET A (sec) 0.14 ± 0.02 0.07 - 0.17 0.09 0.11 0.12 ± 0.01 0.09 - 0.24 0.10 0.16 
DEC (sec) 0.08 ± 0.01 0.06 - 0.12 0.08 0.09 0.14 ± 0.02 0.07 - 0.15 0.08 0.12 

CI: confidence interval, E peak: Maximum velocity of E wave, A peak: Maximum velocity of A wave, VTI (E): Velocity-time integral of E 
wave, VTI (A): Velocity-time integral of A wave, E mean: The mean velocity of E wave, A mean: The mean velocity of A wave, ET E: Ejection 
time of E wave, ET A: Ejection time of A wave, and DEC: Deceleration time. 

 
Table 2. Descriptive analysis of variables and indices of pulse wave echocardiography for aortic and pulmonary valves in 15 Ghezel sheep.  

Parameters 
Aorta  95.00% CI for mean Pulmonary artery  95.00% CI for mean 

Mean ± SD Range Lower bound Upper bound Mean ± SD Range Lower bound Upper bound 

V max (cm sec-1) 110.60 ± 12.70 88.43 - 137.16 105.68 115.52 85.05 ± 12.87 62.41 - 110.54 83.41 92.69 
VTI (cm) 15.50 ± 2.53 8.60 - 21.07 14.51 16.48 13.75 ± 2.49 8.53 - 18.84 12.85 14.65 
V mean (cm sec-1) 57.89 ± 9.28 43.16 - 78.82 54.29 61.48 45.99 ± 7.17 30.83 - 65.93 43.40 48.57 
ET (sec) 0.26 ± 0.03 0.18 - 0.33 0.25 0.27 0.28 ± 0.04 0.20 - 0.40 0.26 0.30 
DEC (sec) 0.17 ± 0.02 0.11 - 0.22 0.16 0.18 0.18 ± 0.03 0.13 - 0.25 0.17 0.19 
ACC (sec) 0.12 ± 0.15 0.05 - 0.19 0.05 0.18 0.09 ± 0.02 0.07 - 0.15 0.09 0.10 
SV (ml) 60.71 ± 12.7 38.00 - 108 55.78 65.68 42.13 ± 9.98 20.83 - 60.00 38.53 45.73 
AO/Pv (cm) 2.23 ± 0.15 1.96 - 2.50 2.17 2.29 1.98 ± 0.11 1.62 - 2.18 1.94 2.02 
CO (L min-1) 5.03 ± 1.09 3.40 - 8.60 4.60 5.46 3.44 ± 0.85 1.70 - 5.20 3.13 3.75 
HR 82.35 ± 8.37 65.00 - 102.00 79.10 85.60 82.34 ± 8.61 63.00 - 99.00 79.23 85.45 

CI: confidence interval, V max: Maximum velocity, VTI: velocity-time integral, V mean: Mean velocity, ET: Ejection time, DEC: 
Deceleration time, ACC: Acceleration time, SV: Stroke volume, AO/Pv: The ratio between aortic widths to the pulmonary width, CO: 
Cardiac output, HR: Heart rate. 
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Pulmonary valve. The RPSA was employed positioning 
the sample gate inside the pulmonary trunk just beyond 
the valve. For each variable, the average of three measure-
ments taken from different heart cycles was calculated and 
recorded. Descriptive statistics including mean, standard 
deviation, maximum, minimum and 95.00% confidence 
intervals were used to summarize the data. 
 
Discussion 
 

This study demonstrated that, similar to many other 
species, two-dimensional and pulsed wave echocardio-
graphy could be performed on sheep without the need for 
sedation and in a standing position. However, the lack of 
sedation required significant patience and extended study 
time due to the sheep natural behavior. Conducting 
measurements immediately after image acquisition 
proved to be time-consuming suggesting that capturing 
standard cine memory films for subsequent 
measurements might be more efficient. 

Bringing a companion sheep into proximity with the 
one undergoing echocardiography significantly improved 
the comfort levels of the studied animals. This was in 
agreement with established practices in managing stress 
in herd animals during veterinary procedure.10,14,16  

This study noted that 26.00 % of the sheep had a small 
acoustic window, impeding initial imaging. This limitation 
of imaging has been mentioned in another study.18 

Clinical experience has shown that the acoustic window 
is different for the heart in different animal species and it 
also can be different in the same species. The small size of 
the acoustic window occurs due to surrounding the heart 
by the pleura and lungs. Despite these challenges, our 
study demonstrated that with careful repositioning and 
patience, standard echocardiographic images could be 
obtained. Extending the front limb cranially while the 
sheep were standing was found to improve image quality. 

In this study, the parameters related to the PW Doppler 
study of tricuspid valves were difficult to achieve due to 
the interference with pleura and poor image quality and 
was a time-consuming procedure and was one of the 
challenges of the presented study. 

Anterior right parasternal view in the level of the right 
ventricular inlet and outlet (tricuspid valve and pulmonary 
trunk) to measure the pulmonary artery valve was not 
achievable in all sheep. Previous studies have shown the 
small size of the heart window in this view.10,19 The 
present study showed that the RPSA at the level of the 
pulmonary artery was a suitable alternative to this view 
for measuring the pulmonary artery. 

In this study, various variables and indices were 
measured and calculated in the pulsed-wave Doppler 
method with standard views. Based on our assessments, in 
only one study, the PW Doppler parameters of a sheep 
heart were evaluated.14 

 The right or left parasternal views can be used to 
obtain the spectral PW Doppler study of the mitral valve.10 
In horses, the left parasternal view is used to obtain 
spectral PW Doppler.20 In the present study, the right 
parasternal long-axis view was used due to better 
alignment with the blood flow of the mitral valve. Based on 
studies in goats, sheep and horses, the right and left 
parasternal long-axis view can be used to obtain a suitable 
spectral PW Doppler of the tricuspid valve.10,14,20 In our 
study, the right parasternal four-chamber view was used 
to obtain the spectral PW of tricuspid valve due to a better 
acoustic view and alignment with tricuspid blood flow.  

Studies in sheep, goats and horses have suggested a 
right parasternal five-chamber view to capture the 
spectral PW of the aorta.14,19,20 In the present study, the 
same view was used. In this view, the sample gate was 
placed inside the aortic artery and anterior to the sinus of 
Valsalva according to the recommendations.16 

The pulmonary artery can be studied in the RPSA.14,20,21 
In this view, the sample gate is placed inside the 
pulmonary trunk just after the valve.22 In the present 
study, the same view was used. It should be noted that this 
view in sheep had good quality and very good alignment 
with pulmonary blood flow. 

The CO is the result of the number of heart beats per 
min multiplied by the SV. It is said to be an insensitive 
indicator because compensatory mechanisms can 
maintain normal CO even in the presence of heart 
disease.22 In the present study, CO and SV were measured 
using a pulsed wave Doppler. 

The comparison of pulsed wave echocardiography of 
the present study and previous studies is given in Table 3. 

In the context of echocardiographic studies on Iranian 
sheep breeds, our findings was consistent with previous 
research conducted on Shall sheep and Lori-Bakhtiari 
sheep. Sadeghian Chaleshtori et al. conducted a thorough 
evaluation of M-mode and spectral Doppler echocardio-
graphic parameters in Shall sheep.23 Their study provided 
detailed measurements including interventricular septal 
thickness, left ventricular internal diameter and Doppler 
parameters such as mitral valve maximum velocity and 
pressure gradients. These reference values are essential 
for establishing benchmarks in echocardiographic 
assessment and can be used to compare and validate our 
findings in the Ghezel breed. 

Roustaei et al. conducted an echocardiographic study 
on 15 Ghezel breed sheep providing normal reference 
values for left ventricular parameters in M-mode.24 

Their study also reported two-dimensional echocardio-
graphic measurements including left atrial diameter, 
mitral valve annulus, aortic sinus, aortic valve, pulmonary 
sinus and pulmonary valve. These findings contributed to 
a more comprehensive understanding of normal echo-
cardiographic parameters in Ghezel sheep allowing for 
more accurate comparisons with other Iranian breeds. 
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In a study by Yadegari et al., conducted on Lori-

Bakhtiari sheep, similar echocardiographic techniques 
were employed.25 This research provided normative data 
for various parameters including left ventricular 
dimensions, ventricular septal thickness and SV. Also, it 
examined gender-related differences in these 
measurements, underscoring the variability present 
within sheep breeds. The alignment of our findings with 
these studies highlighted the robustness of our results and 
supported their relevance in the broader context of sheep 
echocardiography. However, this study was subject to 
several limitations that must be considered when 
interpreting the results. First, the relatively small sample 
size of fifteen Ghezel breed sheep, while providing initial 
reference data, may limit the statistical power and 
generalizability of the findings. A larger cohort would be 
beneficial to establish more comprehensive and 
representative echocardiographic reference values for this 
breed. Second, the study was constrained by the lack of 
simultaneous ECG with echocardiography. The 
echocardiographic device utilized did not support this 
feature which is crucial for accurate temporal alignment 
and measurement precision in Doppler studies. The 
absence of simultaneous ECG may impact the precision of 
the Doppler measurements and the overall interpretation 
of the cardiac data. These limitations are acknowledged in 
the manuscript and underscore the need for future studies 
to include a larger sample size and integrate simultaneous 
ECG to enhance the accuracy and applicability of 
echocardiographic assessments in Ghezel sheep. 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In conclusion, this study provided valuable insights 

into normal values of PW Doppler echocardiography in 
healthy Ghezel sheep. These findings would be helpful in 
both clinical and research settings enhancing the 
understanding of sheep cardiology and supporting the use 
of sheep as a model for human heart studies. 
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