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Introduction
Echocardiography or cardiac ultrasonography is currently con-
sidered an important non-invasive diagnostic technique for eval-
uating structural and functional values of the cardio-vascular 
system, heart chamber size, wall thickness and motion, anatomy 
and movement of the valves, great vessels and pericardium, be-
ing a useful technique for diagnosing cardiovascular disease in 
animals (Amory et al 1991). This harmless technique is particu-
larly suitable when is repeated and frequent measurements are 
required for research or clinical purposes (Amory et al 1992; 
Crippa et al 1992; Yadegari et al 2013).
The Lori-Bakhtiari sheep is one of the most common native 
breeds and the largest fat-tail size among all the Iranian fat-
tailed breeds in Iran (Talebi et al 2007; Vatankhah 2013). Due 
to the long history diversity of this breed and few information 
about echocardiography in sheep (Talebi et al 2007), it is im-
portant to studying and research (on different paraclinical pa-
rameters) on this breed. 
For longitudinal studies to be undertaken and individual cases 
to be evaluated by different clinicians, knowledge of the relia-
bility of these measurements is required. To the authors’ knowl-
edge, no studies have been undertaken evaluating technique 
and measurement reliability of echocardiographic parameters 
in Lori-Bakhtiari sheep. There are no studies reporting a full set 
of cardiac dimensions and time indices in Lori-Bakhtiari sheep, 
although one study has reported in adult sheep (Hallowell et 
al 2012).

The aim of the study was to establish normal reference echo-
cardiographic value in the Lori-Bakhtiari sheep. Methods for 
obtaining echocardiograms based on external anatomical land-
marks have been described (Bonagura et al 1985; Carlsten 1987) 
and adapted for obtaining quantitative measurements based 
upon internal land marks by other authors (Reef 1990; Long et 
al 1992) in horses previously. 
These guidelines have been used in this study in order to en-
sure consistent images and thus measurements are obtained.

Material and method
In this study, 20 healthy Lori-Bakhtiari sheep (ten males and ten 
females) at one year of age and weights 42±3 kg were selected. 
After the reduction of environmental stress (sheep’s were not 
sedated or anesthetized at the time of the study), echocardio-
graphic examinations were performed with an EX8000 Medison 
ultrasound system, using a 2-4 MHz Phased array transducer. 
All echocardiographic examinations were performed in the 
standing unsedated animal. Echocardiography was prepared 
from the 4th and 5th intercostals spaces in the longitudinal and 
transverse views and on the left and right chest. The left ventri-
cle was evaluated by B-mode and M-mode systems.
Left ventricular end-diastolic and end-systolic, left ventricu-
lar free wall at end systole and end diastole, inter ventricular 
septum at end systole and end diastole, right ventricular at end 
systole and end diastole, the aortic root, left atrial, the gap be-
tween mitral valve to septal ventricular end-diastolie, the stroke 
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volume and fractional shortening measurements were taken, re-
spectively (Fig. 1 & Fig. 2). Then, mean ± standard deviation 
(SD) of measurements was calculated (for each of the param-
eters) and the analysis between indicators in male and female 
sheep was conducted by SAS SAS 8.2 statistical software (SAS, 
1999) using Duncan method. 

Figure 1. Left ventricular diameter end-diastolic and end-systolic

Figure 2. The aortic diameter and left atrial diameter measurements

Results
The sheep in this study had no history or evidence of cardiac 
dysfunction. No abnormalities were detected on clinical ex-
amination of the cardiothoracic systems of any of the animal 
and no murmurs or dysrhythmia were detected by cardiac aus-
cultation. The mean and standard deviation of each parameter 
were summarized in Table1 and the mean and standard devia-
tion of two groups (female and male sheep) parameters were 
summarized in Table 2.
The overall, means of echocardiographic value in the Lori-
Bakhtiari sheep (except for fractional shortening of left ventricle) 
in males group was significantly higher than in females group.
Significant difference was observed between gender and size 
of the right ventricular at end systole, size of the left ventricle 
at end systole, size of the left ventricular free wall at end dias-
tole, size of the left atrial at end systole and volume of left ven-
tricular at end diastole was observed in males was significantly 
higher than in females (significant differences: p≤0.05) (Table 2).

Table 1. Mean and SD of the total echocardiographic param-
eters calculated for Lori-Bakhtiari sheep

1 Right ventricular internal diameter at end-diastole; 2 Right ventricular internal 
diameters at end-systole; 3 Interventricular septal thickness at end-diastole; 4 Inter 
ventricular septal thickness at end-systole; 5 Left ventricular internal diameter at 
end-diastole; 6 Left ventricular internal diameter at end-systole; 7Left ventricular 
posterior wall thickness at end-diastole; 8 Left ventricular posterior wall thick-
ness at end-systole; 9 Fractional shortening; 10 Ejection Fraction; 11 Septum E 
Point; 12 Aortic sinus diameter; 13 Left atrium in systole; 14 Left Ventricular End 
Diastolic volume; 15 Left Ventricular End Systolic volume; 16 Stroke Volume; 
17 Heart rate; 18 Left ventricular OUT PUT.

Discussion
Echocardiography is considered as noninvasive, most sensi-
tive and specific diagnostic approach and valuable method for 
evaluating structural and functional values of the cardiovascu-
lar system (Tharwat et al 2012). Importance of the heart and its 
location in the chest area indicates that the echocardiography 
could be a better technique for the diagnosis various types of 
heart disorders. It is a technique that has been utilized frequent-
ly in many animals and birds for evaluation of changes in wall 
thickness, chamber size and valvular appearance and function 
(Jacobs & Knight 1985; Patteson et al 1995; Hallowell et al 
2007; Mojca & Aleksandra 2007; Karimi et al 2008; Tharwat 
et al 2012; Yadegari et al 2013).
Echocardiography allows investigation of the morphology and 
function of cardiac structures and measurement of cardiac di-
mensions. In cattle, dogs, ostrich and horses, measurement of 
cardiac chamber dimensions is considered one of the most im-
portant tools for assessing heart disease severity and prognosis 
(Reef 1990; Crippa et al 1992; Buczinski 2009; Dehghan et al 
2011; Tharwat et al 2012; Yadegari et al 2013).

Parameters ±S.D. Mean

Weight (kg) 4.36 40.6
RVIDd (cm) 1 0.05 1.44
RVIDs (cm) 2 0.05 0.38
IVSd (cm) 3 0.11 0.92
IVSs (cm) 4 0.16 1.45
LVIDd (cm) 5 0.18 2.94
LVIDs (cm) 6 0.11 1.28
LVFWd (cm) 7 0.09 0.93
LVFWs (cm) 8 0.1 1.69
FS% 9 2.68 56.29
EF % 10 3.26 61.81
SEP (cm) 11 0.06 0.68
Aod (cm) 12 0.09 2.03
Las (cm)13 0.36 1.58
LVVd (cm3)14 3.44 43.94
LVVs (cm3)15 1.1 16.7
SV(cm3) 16 3.28 27.24
HR (bpm) 17 3.83 87.9
LV OUT PUT   
(cm3/min) 18 304.54 2394.39
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Table 2. Mean and standard deviation (S.D.) of the total echo-
cardiographic parameters calculated for male and female Lori-
Bakhtiari sheep

1 Right ventricular internal diameter at end-diastole; 2 Right ventricular internal 
diameters at end-systole; 3 Interventricular septal thickness at end-diastole; 4 Inter 
ventricular septal thickness at end-systole; 5 Left ventricular internal diameter at 
end-diastole; 6 Left ventricular internal diameter at end-systole; 7Left ventricular 
posterior wall thickness at end-diastole; 8 Left ventricular posterior wall thick-
ness at end-systole; 9 Fractional shortening; 10 Ejection Fraction; 11 Septum E 
Point; 12 Aortic sinus diameter; 13 Left atrium in systole; 14 Left Ventricular End 
Diastolic volume; 15 Left Ventricular End Systolic volume; 16 Stroke Volume; 
17 Heart rate; 18 Left ventricular OUT PUT.

To the authors’ knowledge, echocardiography of the normal 
Lori-Bakhtiari sheep heart and its internal dimensions has not 
previously been reported in the literature and there is limited 
information about echocardiographic measurements in sheep. 
However, in a study conducted by Moses & Ross (1987) was 
observed M-mode echocardiograms recorded from 20 ewes. 
Fifteen echocardiographic measurements were taken and com-
pared with body weights or heart rates, using linear regression 
equations. Significant correlations (p less than 0.05) were found 
when body weight was compared with left ventricular internal 
dimensions in systole and diastole, septal thickness in systole 
and diastole, aortic root dimension and left atrial dimension 
(Moses & Ross 1987).
Hallowell et al in 2012, was report reliability of quantitative 
echocardiography in adult sheep and goats (Hallowell et al 2012).
Studies of Locatelli et al in 2011, reference values for echocar-
diographic parameters and indexes of left ventricular function 
in healthy, young adult sheep and comparison with standard-
ized values in humans was investigated.
In the pilot study, acute mitral valve regurgitation created in 
sheep using echocardiographic guidance (Kunzelman et al 1999).

Aissi (2011) reported the anatomical structure of normal heart 
studied in vitro through ultrasonography of 27 healthy hearts 
of sheep collected following slaughter.
The objective of the study by Hallowell et al (2007) was to re-
port normal ultrasonographic appearance and intra-cardiac di-
mensions in two dairy breeds (ten Jersey (J) and 12 Holstein 
Friesians (HF)) in the body weight range of 400 to 700 kg and 
to calculate cardiac output (CO) using echocardiography. Left 
and right ventricular dimensions, adjusted for body weight, 
were significantly larger in J cows when compared to HF cows.
Braun et al (2001), performed a study on 51 clinically healthy 
cows were examined echocardiography of the normal bovine 
heart from the third and fourth intercostal spaces on both sides 
of the thorax.
Amory et al (1992) studied, by means of echocardiography in 
vivo, the cardiac consequences of the double-muscled charac-
ter selection in beef cattle. Morphologic and functional echo-
cardiographic variables were regularly estimated in 17 Friesian 
and 8 Belgian White and Blue calves during their growth. Most 
of the diastolic measurements of the left ventricle were not sig-
nificantly different between breeds when normalized for body 
weight. To the contrary, systolic measurements of left ventricu-
lar wall thickness and dimensions were significantly lower and 
greater, respectively, in Belgian White and Blue calves than in 
Friesian calves.
Olsson et al (2001) studied echocardiography and Doppler 
measurements were performed to investigate changes in heart 
dimensions and function during pregnancy, lactation and the 
non-pregnant, non-lactating (dry) period in dairy goats. Eight 
Swedish domestic goats (Capra hircus) were investigated. Cardiac 
dimensions did not differ between periods 
Other study was performed by Kayar et al (2006) on M-mode 
echocardiographic measurements made on 50 healthy German 
shepherd dogs (30 males and 20 females). There was a signifi-
cant relationship between gender and LVPW in systole and di-
astole and FS.
Crippa et al (1992) reported M-mode and two-dimensional echo-
cardiographic measurements made from the right sternal border 
of 50 healthy Beagles (25 males and 25 females). A statistically 
significant difference between the sexes was only observed for 
LVWT in systole and diastole. A linear regression with body 
weight was obtained only for LVID in systole and in diastole. 
Obtained data in this research demonstrates that it is possible 
to use a new simple and different approach for achieve suita-
ble echocardiogram in Lori-Bakhtiari sheep. Normal echocar-
diographic values in the healthy Lori-Bakhtiari sheep may be 
used as early diagnostic and prognostic values in Lori-Bakhtiari 
sheep with cardiac diseases.

Conclusion
This study showed that it is possible to obtain good-quality 
echocardiograms in Lori-Bakhtiari sheep and provide normal 
cardiac dimensions. This study could be used as a reference for 
further studies concerning sheep with cardiac diseases.
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Parameters ±SD
Mean

P valueMale 
(n=10)

Female 
(n=10)

RVIDd (cm) 1 0.022 1.441 1.441 0.994
RVIDs (cm) 2 0.013 0.423 0.349 0.001
IVSd (cm) 3 0.034 0.966 0.882 0.11
IVSs (cm) 4 0.04 1.497 1.404 0.13
LVIDd (cm) 5 0.057 2.96 2.927 0.663
LVIDs (cm) 6 0.02 1.324 1.251 0.028
LVFWd (cm) 7 0.025 0.988 0.889 0.01
LVFWs (cm) 8 0.027 1.72 1.66 0.17
FS% 9 0.635 55.26 57.32 0.04
EF % 10 0.852 63.7 59.9 0.74
SEP (cm) 11 0.019 0.703 0.665 0.17
Aod (cm) 12 0.032 2.042 2.02 0.63
Las (cm)13 0.090 1.74 1.43 0.02
LVVd (cm3)14 0.924 45.874 42.02 0.011
LVVs (cm3)15 0.381 16.79 16.61 0.74
SV(cm3) 16 0.815 29.263 25.22 0.67
HR (bpm) 17 1.29 88.9 86.89 0.3
LV OUT PUT   
(cm3/min) 18 72.65 2598.2 2190.5 0.25



Yadegari 2014

Volume 6 | Issue 2 Page 48 
HVM Bioflux

http://www.hvm.bioflux.com.ro/

Soroori Dr. Tahereh Nazari, Dr. Fatemeh Abbasian and Dr. 
Faham Khamesipour.

References
Aissi A. B-mode Real Time Ultrasonographic imaging of the Heart in 

Sheep. Vet World 2011;4(10):467-469.
Amory H, Kafidi N, Lekeux P. Echocardiographic evaluation of cardi-

ac morphologic and functional variables in double muscled calves. 
Ame J Vet Res 1992;53(9):1540-1547.

Amory H, Lekeux P. Effect of growth on functional and morpho-
logical echocardiographic variables in Friesian calves. Vet Rec 
1991;128(15):349-354.

Bonagura JD, Herring DS, Welker F. Echocardiography. Vet Clin North 
Am Equine Pract 1985;1(2):311-333. 

Braun U, Schweizer T, Pusteria N. Echocardiography of the normal 
bovine heart: technique and ulthrasonographic appearance. Vet Rec 
2001;148(2):47-51.

Buczinski S. Cardiovascular ultrasonography in cattle. Vet Clin North 
Am Food Anim Pract 2009;25:611-632.

Carlsten JC. Two-dimensional echocardiography in the horse. Vet Radiol 
Ultrasound 1987;28:76-87.

Crippa L, Ferro E, Melloni E, Brambilla P, Cavalletti E. Echocardiographic  
parameters and indices in normal beagle dog. Lab Anim 
1992;26(3):190-195.

Dehghan A, Rezakhani A, Veshgini A, Nasrollah ZM, Zarifi M. Normal 
echocardiographical parameters of healthy camel (Camelus drom-
edarius). Journal of Camel Practice and Research 2011;18(1)69-72.

Hallowell GD, Potter TJ, Bowen IM. Methods and normal values for 
echocardiography in adult dairy cattle. J Vet Cardiol 2007;9(2):91-98.

Hallowell GD, Potter TJ, Bowen IM. Reliability of quantitative echo-
cardiography in adult sheep and goats. BMC Vet Res 2012;8:181.

Jacobs G, Knight DH. M. mode echocardiographic measurements in 
anaesthetized healthy cat. Am J Vet Res 1985;46 (8):1705-1711.

Karimi H, Moghaddam GA, Naematollahi A, Rezazadeh F. In vitro ul-
trasonography of the normal sheep heart. Pak Vet J 2008;28(2):92-94.

Kayar A, Gonul R, Uysal A. M-mode echocardiographic parameters and 
indices in the normal German shepherd dog. Vet Radiol Ultrasound 
2006;47(5):482-386.

Kunzelman KS, Linker DT, Sai S, Miyake-Hull C, Quick D, Thomas 
R, Rothine C, Corchran RP. Acute mitral valve regurgitation cre-
ated in sheep using echocardiographic guidance. J Heart Valve Dis 
1999;8(6):637-643.

Locatelli P, Olea FD, De Lorenzi A, Salmo F, Janavel GLV, Hnatiuk AP, 
Guevara E, Crottogini AJ. Reference values for echocardiographic 
parameters and indexes of left ventricular function in healthy, young 
adult sheep used in translational research: comparison with stand-
ardized values in humans. Int J Clin Exp Med 2011;4(4):258-264.

Long KJ, Bonagura JD, Darke PG. Standardized imaging technique 
for guided M-mode and Doppler echocardiography in the horse. 
Equine Vet J 1992;24(3):226-235.

Mojca K, Aleksandra DP. Echocardiographic diastolic indices of the 
left ventricle in normal Doberman pinchers and retrievers. Slov Vet 
Zb 2007;44(1/2):31-34.

Moses BL, Ross JN Jr. M-mode echocardiographic values in sheep. 
Am J Vet Res 1987;48 (9):1313-1318.

Olsson K, Hansson K, Hydbring E, Winblad Von Walter L, Haggstrom 
J. A serial study of heart function during pregnancy, lactation and 
the dry period in dairy goat using echocardiography. Exp Physiol 
2001;8601:93-99.

Patteson MW, Gibbs C, Wotton PR, Cripps PJ. Echocardiographic meas-
urements of cardiac dimensions and indices of cardiac function in 
normal adult thoroughbred horses. Equine Vet J Suppl 1995;19:18-27.

Reef VB. Echocardiographic examination in the horse: the basics. 
Compend Contin Educ Vet 1990;12:1312-1319.

SAS Institute Inc. 1999. SAS/STAT User’s Guide, Version 8. SAS 
Institute Inc.: Cary, NC.

Talebi MA, Miraei-Ashtiani SR, Nejati-Javaremi A, Moradi-Shahrbabak 
A. Phenotypic and genetic characteristics of growth and carcass 
traits of Lori-Bakhtiari sheep. Biotechnology in Animal Husbandry 
2007;23(5-6):357-363.

Tharwat M, Al-Sobayil F, Ali A, Buczinski S. Echocardiography of the 
normal camel (Camelus dromedarius) heart: technique and cardiac 
dimensions. BMC Vet Res 2012;8:130.

Vatankhah M. Genetic analysis of ewe body weight in Lori-Bakhtiari 
sheep using random regression models. Journal of Livestock Science 
and Technologies 2013;1(1):44-49.

Yadegari M, Rezakhani A, Gholami M, Mahabadi S, Khamesipour 
F. Normal echocardiographic findings in four month male ostrich 
(Struthio camelus). Kafkas Univ Vet Fak Derg 2013;19(6):995-999. 

Authors
•Mehrdad Yadegari, Department of Clinical Sciences, Faculty 
of Veterinary Medicine Shahrekord Branch, Islamic Azad 
University, Shahrekord, Iran, Postal Box: 166, e-mail: yade-
gari_mehrdad@yahoo.com

Citation Yadegari M. Normal echocardiographic findings in Lori-Bakhtiari sheep. HVM Bioflux 
2014;6(2):45-48. 

Editor Stefan C. Vesa
Received 30 May 2014
Accepted 15 June 2014

Published Online 29 June 2014
Funding None reported

Conflicts/ 
Competing 

Interests
None reported


