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Abstract 
Echocardiography is the accepted term for the study of cardiac ultrasound. It is a technique by which we 
can do the imaging of the heart with the help of ultrasonography machine with a suitable probe. These 
techniques provide valuable diagnostic information without risk to the patient as it is a non-invasive 
procedure. The M-mode, two-dimensional (2D mode), and Doppler mode are maximum practiced 
techniques in echocardiography. Since there is no need of anaesthesia and special restraining procedure, 
the echocardiography is well developed and has become an integral part of cardiac evaluation of humans, 
small animal practices and reptile medicine especially in ophidian as well. But due to the huge body size 
and need of special restraining procedure with anaesthesia this technique is not established enough in 
wildlife practice particularly in sloth bear that belongs to ursidae family. The objective of this study is to 
develop the procedure for assessment of optimal approaches of echocardiography in sloth bears such as 
instrument selection, patient preparation and positioning etc and establish a cardiac image catalogue. This 
will help to identify the normal echo-anatomy of the heart and possible measurements B mode and M 
mode for further evaluation of the normal echocardial anatomy and colour flow Doppler to understand 
the normal blood inflow and outflow of heart. 
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1. Introduction  
The use of ultrasound in veterinary medicine is widespread as a diagnostic supplement in the 
clinical routine of small animals, but there are few reports in wild animals [6, 12]. It is a non-
invasive approach for exploration of morphology, topographic anatomy, and biological 
process in Non-domestic animals [13]. This imaging technique is still underutilised in wildlife 
medicine due to the limited knowledge of the topography and ultrasound anatomy of their 
organs and also the need for anaesthesia with special restraining procedure [12]. According to 
individual anatomical structure in different vertebrate taxa; use of ultrasonography is 
combined with the characteristic feature for applying this imaging technique [13]. Advanced 
progress of imaging modality in veterinary sciences is being improved in ultrasound 
technology through the development of new types of probes for different applications such as 
cardiovascular, abdominal and intra cavity ultrasonography scanning. Echocardiography is the 
accepted term for the study of cardiac ultrasound. Echocardiography uses sound waves in the 
order of frequency of greater than 20000 Hz. Piezoelectric crystals, in the form of a transducer, 
emit ultrasonic waves at high frequency when subjected to an alternating current. This same 
transducer receives the reflected waves and forwards them to be electronically processed and 
displayed for interpretation via one of three modes such as B-mode, M-mode and Doppler 
mode [3]. Echocardiography is a safe [1, 8], non-invasive method that provides quantitative 
information of cardiac wall thicknesses, internal cavity dimensions, valve motion, ventricular 
function and the presence or absence of intra cardiac structures [4, 5, 7]. The objective of this 
study is to develop the procedure for assessment of optimal approaches of echocardiography in 
sloth bears and establish a cardiac image catalogue for further feature study reference. Since 
the Agra bear rescue facility is a life time care and rehabilitation centre for the rescued dancing 
sloth bears which have come from poor health background [10], the initial and periodic health 
screening by adopting recent technique is more necessary to keep them in a comfortable 
healthy status and to establish preventive health care protocols. 
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2. Materials and method 
Since ultrasound propagates poorly through gaseous or bony 
media, an area free of lung interface must therefore be 
determined to achieve a proper cardiac imaging. Proper 
patient preparation and positioning, examination table 
selection, selection of suitable ultrasonography machine with 
required probe/transducer and knowledge of the sonographer 
regarding the different modes of ultrasonography along with 
basic organ anatomy and its topography within the body 
cavity (Fig.1) of the animal patient are major factors which 
influence the efficient echocardiographic examination in the 
desired animals. 
 
2.1 Patient preparation and positioning 
For getting good cardiac image the patient needs to be 
stationary in position and the transducer needs to be in contact 
with the animal’s skin as close as it can be without air pockets 
in between the transducer and skin. This can be achieved by 
chemical immobilization of the bear and clip or shave the hair 
on the intercostal region where we can recognise the apical 
beat then clean thoroughly eliminate the skin debris and dirt if 
any otherwise it may cause poor image quality by causing 
hindrance to the ultrasound beam penetration.  
The bear was tranquilized as per the standard protocol with 
Injection Xylazine @ 2 mg/kg and Injection Ketamine @ 5 
mg/kg intramuscularly using blow pipe [11]. Both left and right 
side hemithorax region clipped and cleaned thoroughly and 
the coupling gel is applied on the scanning area 5 minutes 
prior to start the examination to allow the gel to soak the skin 
tissue and avoid air pockets. This will enhance the penetration 
of ultrasound beam and produce good quality image. The bear 

was kept in right lateral recumbency and the right forelimb 
gently pulled and kept cranially (Fig.2). The same was 
followed for left forelimb while positioning the bear in left 
lateral recumbency. 
 
2.2 Equipment selection  
Sloth bears have body weights ranging between of 60 – 
120kg. The patient’s examination table needs to be selected 
accordingly to bear’s weight without compromising and also 
it should possess the facility to reach the animal’s hemithorax 
region with the scanning probe without any difficulties to the 
operator and bending the probe cable as well. We specially 
designed the examination table for this procedure in such a 
way to full fill the above said requirements (Fig.3). Any 
ultrasound machine with cardiac package and Transducer 
with small foot print can be used for Echochocardiographic 
studies as like in medical and small animal veterinary 
practices. We used LOGIQ e manufactured by GE healthcare 
company and Phased array transducer (model 3S-RS).  
 
2.3 Organ anatomy 
As like other mammalian species sloth bears also possess the 
well-developed 4 chambered heart with valves in the 
mediastinal cavity. The cardio vascular system has 
resemblance as close as to humans and canines, so we 
followed the echo cardiographic studies as described by the 
previous authors in mammalian species especially in dogs. 
We performed right parasternal long (Fig. 4) and short axis 
(Fig. 5), left apical parasternal location (Fig 6) views along 
with M mode (Fig.7) and Doppler mode (Fig.8 & 9) recorded 
the images [14]. 

 

  
 

Fig 1: Radiograph showing location of heart inside the thoracic cavity of a normal sloth bear. 
 

   
 

Fig 2: The bear kept in right lateral recumbency and the right forelimb gently pulled and kept cranially on the examination table after clipped the 
hair 
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Fig 3: Echocardiography examination table model. 
 

 
 

Fig 4: Right parasternal long axis view 
 

  
 

  
 

Fig 5: Right parasternal short axis views 
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Fig 6: Left parasternal apical four & two chamber view 
 

  
 

Fig 7: M mode view for mitral valve activity & left ventricle 
 

  
 

Fig 8: Colour Doppler mode showing left ventricle blood flow 
 

  
 

Fig 9: Pulsed wave Doppler- Mitral valve and Aortic valve activity 
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2.4 Types of echo Display Modes 
There are three basic modes to consider in Echocardiography 
for complete evaluation of heart anatomy and its functions 
effectively. 
B‐mode or brightness is the electronic conversion of the 
A‐mode and A‐line information into brightness‐modulated 
dots on a display screen. The brightness of the dot is 
proportional to the echo signal amplitude [9]. The B‐mode 
display is used for M‐mode and 2D gray‐scale imaging. This 
gives good cross-sectional images of the heart and is useful to 
identify conditions such as pericardial effusion, chamber 
enlargement and valvular disease. 
M‐mode (M for motion) is a technique that uses B‐mode 
information to display the echoes from a moving organ, such 
as the myocardium and valve leaflets, from a fixed transducer 
position and beam direction on the patient. The echo data 
from a single ultrasound beam passing through moving 
anatomy is acquired and displayed as a function of time, 
represented by reflector depth on the vertical axis (beam path 
direction) and time on the horizontal axis. Since M‐mode can 
provide excellent temporal resolution of motion patterns, it is 
used to evaluate chamber size and contractility, as well as 
indices of cardiac function. 
Doppler mode consists of four types of Doppler ultrasound, 
which rely on the change in frequency of returning echoes 
depending on whether flow is towards or away from the 
transducer. Pulsed wave Doppler (PWD) – ‘gates’ identifies 
the specific sampling area e.g. across the mitral valve. 
Unfortunately PW cannot calculate high velocities due to a 
phenomenon called ‘aliasing’. Continuous wave Doppler 
(CWD) – can identify high velocity but the exact location of 
the flow cannot be identified. Colour flow Doppler (CFD) – 
provides an easy visual identification of flow direction and 
velocity by producing red and blue coloration [9]. It can be 
remembered as BART= blue away red towards. Colour 
Doppler is angle dependent so that no Doppler shift is 
recorded when blood flow is 90 degrees to the transducer. The 
combination of all three types of Doppler is used in practice 
as per the need or as a routine examination procedure. Power 
Doppler (PD) detects very-low-velocity blood flow and small 
blood vessels. It is not prone to ‘aliasing’ artifact as it is 
essentially angle independent [2, 9]. 
 
3. Result and Discussion 
The right parasternal long axis is the best view for visualising 
left ventricle (LV) apex, mitral valve (MV), LV out flow tract 
(LV O), aortic valve (AV), proximal ascending aorta, left 
atrium and interventricular septum. The right parasternal short 
axis is the suitable view for LV apex, high papillary muscle 
level, chordae tendineae of the LV, mitral valve (MV), aortic 
valve, pulmonary arteries and pulmonic valve. Left 
parasternal apical long axis will help us to see the LV, MV, 
and left atrium (LA), with slight anticlockwise rotation the 
LV O can be seen. Left cranial parasternal location, short axis 
view at the level of the aortic root provides the right 
ventricular inflow and outflow tracts clearly. However we 
followed the previous author’s recommendation, we did 
necessary fine adjustments of transducer position and 
angulation and image plane orientation in sloth bears to obtain 
optimal cardiac images. Since the transducer movement and 
angulation is too sensitive we can’t achieve proper 
echocardiography in sloth bear without sedation. This image 
modality would be helpful to carryout efficient diagnosis of 
the cardiac problems such as pericardial effusion, dilated 

cardiomyopathy and degenerative valve disease efficiently in 
sloth bears. 
 
4. Conclusion  
Since echocardiography is a non-invasive and risk free 
technique and provides a wealth of data concerning cardiac 
morphology and function, it has to be an integral part of 
health examination in sloth bears and other captive wild 
animals as well. Adaptation of this procedure and images 
should facilitate consistent performance and provide basic 
information for further studies in future. It should always be 
borne in mind that echocardiography is a specialist area, 
requiring a thorough knowledge of cardiac anatomy and 
pathophysiology. Referral to a cardiologist should be 
considered if it is an option, and is a useful way of learning.  
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