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Abstract
The study reports the differences in the electrocardiographic responses of young and adult Indian sloth bear (Melursus

ursinus) to ketamine-xylazine anesthetic combination. Moreover, no baseline electrocardiographic data for Indian sloth
bears is available in the literature. A twelve-lead standard ECG recorder was used and its electrodes of the electrocardiograph
were connected over the olecranon and the patella. The configuration of the R wave was upright in most of the leads in
both young and adults while inverted R wave was obtained in both age groups in lead aVR. The PR interval of young sloth
bears was recorded as non-significantly (p>0.05) lower than that of adults. The QT interval was recorded significantly
(p<0.05) higher in adults than in young sloth bears in all the bipolar and unipolar leads. RR interval in young sloth bears
recorded significantly lower values in lead I and non-significantly lower values in the rest of the leads. Lead I and lead II
of young sloth bears recorded significantly higher heart rates than adults. The QRS electrical axis ranged from 57 to 131
degrees in young and 66 to 77 degrees in adults. No cardiac distress or arrhythmia was evident from the electrocardiograms
and use of ketamine-xylazine anesthetic combination for immobilization of sloth bears during ECG recording can be
recommended. The results of the study can be used for ECG interpretation in Indian sloth bears.
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Highlights
 The study presented age-specific electrocardiographic parameter values for bipolar and augmented unipolar

leads in Indian sloth bears.
 The study described the configuration of P wave and QRS complex across various leads.
 The findings of this study may serve as a reference for diagnosing ECG abnormalities in Indian sloth bears.

*Corresponding Author, E-mail: swagatmohapatra@ouat.ac.in

INTRODUCTION
The sloth bear is the most widespread bear species

in India (Garshelis et al., 2011). It is listed in  Schedule I
of the Indian Wildlife Protection Act, 1972. The Indian
sloth bear (Melursus ursinus) can easily be recognized
by its shaggy black coat, long muzzle, protruding lip,
and a white V-shaped patch on the chest (Surisetti et
al., 2023). The International Union for Conservation
of Nature (IUCN) estimated that less than 20,000 sloth
bears inhabit the Indian subcontinent and Sri Lanka.
Electrocardiography is a non-invasive and easily
applied technique used in the determination of cardiac
hypertrophy and dilatation, classification of cardiac
arrhythmias, and diagnosis of conduction
abnormalities (Mohapatra et al., 2015). There are also

reports on the variable influence of two different
anesthetic combinations on cardiac function in mice
(Hart et al., 2001). Chemical immobilization is a
necessary tool for research and management
concerning wild animals. Since it is not possible to
record ECG in active bears, breed-specific
electrocardiographic values under a specific anesthetic
combination will significantly contribute to the
enrichment of scientific literature for the interpretation
of electrocardiograms in sloth bears. This study aims
to highlight the differences in the electrocardiographic
response of young and adult Indian sloth bears to
ketamine-xylazine anesthetic combination and
establish a standard baseline data of their
electrocardiographic values for Indian sloth bears



which will prove beneficial not only for research and
monitoring purposes but also clinical treatment of these
animals aiding in their conservation.

MATERIALS AND METHODS
Ethical approval: Electrocardiography is a non-
invasive technique and the electrocardiograms were
recorded during routine clinical examination of Indian
sloth bears maintained in a semi-captive state at
Wildlife SOS, Bannerghatta Bear Rescue Center,
Bangalore, India. The animals were anaesthetized
during routine examination and clinically monitored
with electrocardiographic tracings at the Wildlife SOS
center. The data generated was assessed and compiled
for the present study.

Procedure: Adult Sloth bears aged between 12 to 20
years (n=6) and young bears aged between 2 to 3 years
(n= 6) were considered for the study. Before chemical
immobilization, the bears were fasted overnight
although the animals had access to water. The bears
were immobilized using a ketamine-xylazine
combination and  blowpipes were used for darting the
animal. The immobilizing drugs were administered as
per the dose (Hartley et al., 2025) i.e ketamine
hydrochloride (5 mg/kg body weight; Ketamil, Troy
Laboratories Pty Ltd., Smithfield, NSW, Australia) and
xylazine hydrochloride (Xylazil, 2 mg/kg body weight;
Troy Laboratories Pty Ltd.). A twelve-lead standard
ECG recorder Technocare Medisystems model
DP2020 digital single channel ECG recorder was used
to record ECG in the bears. The electrocardiograph
was set with a paper speed of 50 mm/sec and sensitivity
of 1 (20 mm = 1 mV). The sloth bears were positioned
in right lateral recumbency on an insulated table and
the clips of the electrodes fitted to alligator clips were
attached over the olecranon and the patella (Fig. 1).

Fig. 1. Electrocardiographic recording in Indian sloth
bear

To minimize the variables associated with anesthetic
depth, the ECG evaluation was conducted once a
surgical anesthetic plane was achieved based on the
lack of pedal reflexes. Statistical analysis was
conducted using Microsoft Excel 2007, with
significance determined at p<0.05 using Student’s
paired t-test.

RESULTS
The mean±SE values of different

electrocardiographic parameters in bipolar limb leads
and augmented unipolar limb leads are mentioned in
Table 1 and Table 2. The sloth bears are designated as
‘SB’. The configuration of ‘P’ waves and ‘R’ waves
are represented in Tables 3 and 4 respectively.

Table 3. Configuration of ‘P waves’ in different leads

Inverted Upright Total
Lead I
Young 1 5 6
Adult 0 6 6
Lead II
Young 0 6 6
Adult 0 6 6
Lead III
Young 0 6 6
Adult 0 6 6
Lead aVR
Young 6 0 6
Adult 6 0 6
Lead aVL
Young 5 1 6
Adult 0 6 6
Lead aVF
Young 0 6 6
Adult 0 6 6

Bipolar limb leads
Lead I: The electrocardiographic parameters in lead I
that differed significantly between young and adults
were T duration, QT interval, RR interval, ST segment,
and heart rate. The mean electrical axis of the
depolarization vector ranged from 57 to 131 degrees
in young and 66 to 77 degrees in adults.

Lead II: The parameters that significantly varied
between young and adults include R wave duration,
QT interval, and heart rate.

Lead III: The parameters that were found to be
significantly different in lead III electrocardiogram of
adult and young SB include QT interval and heart
rate.

Indian Journal of Animal Health,  20252



Electrocardiographic study in young and adult Indian sloth bears

T
ab

le
 1

. E
le

ct
ro

ca
rd

io
gr

ap
hi

c 
va

lu
es

 o
f y

ou
ng

 a
nd

 a
du

lt
 In

di
an

 sl
ot

h 
be

ar
s (

M
ea

n±
S.

E
.) 

in
 b

ip
ol

ar
 li

m
b 

le
ad

s

G
ro

up
P

 a
m

p
P 

du
r

Q
 a

m
p

R
 a

m
p

R
 d

ur
S 

am
p

T
 a

m
p

T
 d

ur
PR

 in
t

Q
T

 in
t

R
R

 in
t

P
R

 se
g

ST
 se

g
H

ea
rt

 R
at

e

L
ea

d 
I

Y
ou

ng
0.

07
5±

0.
05

6±
0.

00
±

0.
16

6±
0.

05
0±

0.
02

5±
0.

17
5±

0.
08

3±
0.

17
3±

0.
20

0±
1.

03
6±

0.
11

6±
0.

25
6±

58
.0

1±
0.

01
2a

0.
00

3a
0.

00
a

0.
01

8a
0.

00
4a

0.
01

2a
0.

01
2a

0.
00

3a
0.

00
4a

0.
01

1a
0.

02
4a

0.
00

3a
0.

00
3a

1.
39

6a

A
du

lt
0.

06
6±

0.
05

0±
0.

04
1±

0.
26

6±
0.

05
8±

0.
00

±
0.

15
8±

0.
07

5±
0.

17
6±

0.
28

3±
1.

52
0±

0.
12

6±
0.

16
±

40
.3

15
±

0.
01

1a
0.

00
5a

0.
00

9a
0.

05
9a

0.
00

1a
0.

00
a

0.
02

1a
0.

00
6b

0.
01

3a
0.

01
7b

0.
11

0b
0.

01
1a

0.
01

2b
2.

81
7b

L
ea

d 
II

Y
ou

ng
0.

10
8±

0.
04

6±
0.

04
2±

0.
65

8±
0.

02
6±

0.
39

1±
0.

45
8±

0.
15

3±
0.

14
0±

0.
12

6±
1.

13
3±

0.
09

3±
0.

24
0±

55
.5

66
±

0.
02

6a
0.

01
0a

0.
02

7a
0.

13
5a

0.
00

4a
0.

14
2a

0.
08

7a
0.

03
1a

0.
02

8a
0.

01
3a

0.
14

3a
0.

01
9a

0.
02

8a
5.

01
7a

A
du

lt
0.

11
6±

0.
06

3±
0.

02
5±

0.
78

3±
0.

04
5±

0.
10

8±
0.

34
1±

0.
12

0±
0.

18
0±

0.
30

3±
1.

63
±

0.
11

6±
0.

18
6±

37
.8

03
±

0.
01

1a
0.

00
6a

0.
01

4a
0.

07
9a

0.
00

3b
0.

03
2a

0.
03

8a
0.

01
8a

0.
01

1a
0.

02
2b

0.
14

4a
0.

00
8a

0.
03

4a
2.

71
3b

L
ea

d 
II

I
Y

ou
ng

0.
10

8±
0.

04
3±

0.
00

±
0.

58
3±

0.
02

6±
0.

38
3±

0.
36

6±
0.

11
6±

0.
13

3±
0.

14
3±

1.
05

3±
0.

08
3±

0.
23

6±
64

.2
81

±
0.

02
1a

0.
01

1a
0.

00
a

0.
08

6a
0.

00
4a

0.
12

8a
0.

06
4a

0.
01

8a
0.

02
3a

0.
01

6a
0.

17
7a

0.
01

8a
0.

03
5a

10
.8

82
a

A
du

lt
0.

11
6±

0.
06

3±
0.

02
5±

0.
78

3±
0.

04
5±

0.
10

8±
0.

34
1±

0.
12

0±
0.

18
0±

0.
30

3±
1.

63
±

0.
11

6±
0.

18
6±

37
.8

03
±

0.
01

1a
0.

00
6a

0.
01

4a
0.

07
9a

0.
00

3b
0.

03
2a

0.
03

8a
0.

01
8a

0.
01

1a
0.

02
2b

0.
14

4a
0.

00
8a

0.
03

4a
2.

71
3b

M
ea

ns
 h

av
in

g 
di

ff
er

en
t s

up
er

sc
ri

pt
s 

in
 a

 c
ol

um
n 

di
ff

er
s 

si
gn

if
ic

an
tly

 (
p<

0.
05

).

T
ab

le
 2

. E
le

ct
ro

ca
rd

io
gr

ap
hi

c 
va

lu
es

 o
f y

ou
ng

 a
nd

 a
du

lt
 In

di
an

 sl
ot

h 
be

ar
s (

M
ea

n±
S.

E
.) 

in
 a

ug
m

en
te

d 
un

ip
ol

ar
 li

m
b 

le
ad

s

G
ro

up
P

 a
m

p
P 

du
r

Q
 a

m
p

R
 a

m
p

R
 d

ur
S 

am
p

T
 a

m
p

T
 d

ur
PR

 in
t

Q
T

 in
t

R
R

 in
t

P
R

 se
g

ST
 se

g
H

ea
rt

 R
at

e

L
ea

d 
aV

R
Y

ou
ng

0.
07

5±
0.

04
3±

0±
0

0.
30

8±
0.

03
0±

0.
17

5±
0.

25
0±

0.
12

±
0.

14
3±

0.
13

6±
1.

07
3±

0.
10

0±
0.

23
6±

60
.0

6±
0.

01
8a

0.
00

8a
0.

08
0a

0.
00

4a
0.

07
5a

0.
00

6a
0.

02
4a

0.
02

2a
0.

02
0a

0.
15

0a
0.

01
3a

0.
03

3a
7.

40
9a

A
du

lt
0.

20
0±

0.
06

0±
0±

0
0.

43
3±

0.
04

5±
0.

03
3±

0.
62

5±
0.

09
3±

0.
18

0±
0.

29
0±

1.
40

6±
0.

12
0±

0.
17

0±
43

.2
66

±
0.

12
0a

0.
00

5a
0.

03
6a

0.
00

3b
0.

01
8a

0.
26

3a
0.

00
7a

0.
01

1a
0.

01
2b

0.
07

2a
0.

01
2a

0.
03

2a
2.

40
8a

L
ea

d 
aV

L
Y

ou
ng

0.
07

5±
0.

04
3±

0.
00

±
0.

24
1±

0.
03

3±
0.

20
0±

0.
17

5±
0.

09
0±

0.
13

3±
0.

17
0±

1.
11

3±
0.

09
±

0.
24

3±
54

.0
5±

0.
01

8a
0.

00
8a

0.
00

a
0.

04
5a

0.
00

4a
0.

07
2a

0.
04

1a
0.

02
0a

0.
01

8a
0.

01
7a

0.
03

0a
0.

01
0a

0.
03

5a
1.

41
8a

A
du

lt
0.

03
7±

0.
02

6±
0.

05
±

0.
23

3±
0.

03
6±

0.
07

9±
0.

07
5±

0.
04

6±
0.

15
0±

0.
27

3±
1.

36
3±

0.
11

8±
0.

21
3±

45
.2

95
±

0.
00

6a
0.

00
4a

0.
03

4a
0.

04
3a

0.
00

6a
0.

03
0a

0.
01

2a
0.

00
8a

0.
01

6a
0.

01
4b

0.
11

1a
0.

01
6a

0.
02

3a
3.

82
0a

L
ea

d 
aV

F
Y

ou
ng

0.
09

1±
0.

04
3±

0.
01

2±
0.

64
1±

0.
03

0±
0.

36
6±

0.
42

5±
0.

14
3±

0.
14

0±
0.

14
0±

1.
03

3±
0.

09
6±

0.
23

3±
71

.0
36

±
0.

01
6a

0.
01

0a
0.

00
9a

0.
10

8a
0.

00
4a

0.
11

6a
0.

06
5a

0.
02

2a
0.

02
2a

0.
02

1a
0.

21
8a

0.
01

3a
0.

03
2a

15
.8

28
a

A
du

lt
0.

07
5±

0.
04

6±
0.

01
6±

0.
73

3±
0.

05
1±

0.
15

8±
0.

26
6±

0.
09

0±
0.

17
0±

0.
27

0±
1.

46
6±

0.
12

1±
0.

20
3±

42
.5

08
±

0.
01

2a
0.

00
4a

0.
01

1a
0.

09
1a

0.
01

0a
0.

02
9a

0.
05

0a
0.

00
7a

0.
01

2a
0.

01
8b

0.
14

9a
0.

01
5a

0.
04

0a
3.

82
8a

M
ea

ns
 h

av
in

g 
di

ff
er

en
t s

up
er

sc
ri

pt
s 

in
 a

 c
ol

um
n 

di
ff

er
s 

si
gn

if
ic

an
tly

 (
p<

0.
05

).

3



4

T
ab

le
 4

. C
on

fi
gu

ra
ti

on
 o

f Q
R

S 
co

m
pl

ex
 in

 y
ou

ng
 (n

 =
 0

6)
 a

nd
 a

du
lt

 (n
 =

 0
6)

 sl
ot

h 
be

ar
s

L
ea

d 
I

Y
ou

ng
5

1
6

A
du

lt
4

2
6

L
ea

d 
II

Y
ou

ng
1

2
3

6
A

du
lt

2
4

6
L

ea
d 

II
I

Y
ou

ng
1

5
6

A
du

lt
2

4
6

L
ea

d 
aV

R
Y

ou
ng

1
5

6
A

du
lt

1
2

3
6

L
ea

d 
aV

L
Y

ou
ng

1
5

6
A

du
lt

4
2

6
L

ea
d 

aV
F

Y
ou

ng
1

2
3

6
A

du
lt

2
4

6

To
at

al

Indian Journal of Animal Health,  2025



Augmented unipolar limb leads
Lead aVR: The duration of the R wave and QT interval
were among the electrocardiographic parameters that
revealed significant variation among age groups.

Lead aVL: The QT interval was the only parameter
that varied significantly within groups in lead aVL.

Lead aVF: The QT interval is the only parameter that
altered significantly within groups in lead aVF.

DISCUSSION
The amplitude of the P wave obtained in lead I, III,

aVL, and aVF was insignificantly higher in young SB
in comparison to adults while higher  P wave amplitude
was found in adults with respect to young in lead II
and lead aVR although the difference was statistically
insignificant. The duration of the P wave in all the
leads also varied insignificantly in young and adults
and was mostly wider in adults suggesting dilatation
of atria with advancing age (Pradhan et al., 2017). The
P wave in young and adult SB was upright in most of
the leads while inverted P wave was obtained in lead
aVR in both young and adult SB. The configuration of
the P wave showcased a marked alteration in lead aVL
i.e in the case of young, an inverted P wave was
observed in the majority of the cases while in adults,
an upright P wave was reported in the majority of the
cases. All leads have different axes. Variation in the
configuration of the P wave in both age groups with
respect to different leads might be due to the difference
in the mean P vector with respect to axis of the leads.
Although there were slight variations, nevertheless the
atrial depolarization events were almost similar in both
young and adult SB. The Q wave was absent in most of
the leads in young SB whereas the Q wave was
prominent in adults in most of the leads. Q wave
represents normal left to right depolarization of the
inter ventricular septum. The variations in the
amplitude of the Q wave in young and adult SB are in
agreement with a similar line of research carried out
in dogs of different age groups (Mohapatra et al.,
2012).

The amplitude of the R wave was insignificantly
higher in adults compared to young with respect to
most of the leads. The R wave duration differed
significantly in lead II and aVR. Relatively higher R
wave duration may be an indication of more time
required for depolarization in adult SB. The
configuration of the R wave was upright in most of the
leads in both young and adult while inverted R wave
was obtained in both age groups in lead aVR.

Contrastingly, both ‘qr’ and ‘QS’ configuration was
obtained in lead aVL in different SB. The mean QRS
electrical axis ranged from 57 to 131 degrees in younger
and 66 to 77 degrees in adults. The change in the
electrical axis as age advances is apparently the reason
behind different configurations of  R waves in different
age groups. Tall R waves in adult bears indicate
hypertrophy of the ventricles with increasing age.
Ventricular hypertrophy facilitates pumping more
blood from the heart so as to maintain the cardiac
output with increasing age. There was a low amplitude
of R wave in lead I in both adult and young SB. R
wave showing low amplitude may be due to the high
degree of synchronized ventricular depolarization
(Mohan et al., 2005).

There was a wide variation among T wave
amplitude in young and adult SB. The variations in T
wave in young SB might be due to differences in the
anatomical distribution of Purkinje fibers resulting in
variable repolarization time of the ventricles
(Mohapatra et al., 2017).

The PR interval of young SB was recorded as
insignificantly lower than that of adult SB. This lower
value of PR interval might be due to faster
atrioventricular conduction time in younger SB.
Nevertheless, our values of PR interval were higher
than the values of PR interval reported by Gandolf
et al. (2010) in free-ranging brown bears (Ursus arctos).

The QT interval is the time from the start of the Q
wave to the end of the T wave which represents
electrical depolarization and repolarization of the
ventricles. The QT interval was recorded as
significantly higher in adult SB as compared to young
SB in all the bipolar leads and unipolar leads. A larger
QT interval indicates the need for a longer time for
repolarization (Diniz et al., 2017). Lower heart rate,
autonomic nervous activity and higher age of adult
SB may be the determinants of prolonged QT interval
(Locati et al., 2017). Our finding is in concordance
with a similar line of research which concluded higher
QT interval with advancing age in large white
Yorkshire piglets (Mohapatra et al., 2016).

RR interval in adult SB was recorded to be
significantly lower in lead I and non-significantly
lower with respect to young SB in the rest of the leads.
A shorter RR interval reveals less time interval
between successive heartbeats in young SB. This is in
agreement with the recordings which showed that the
mean of normal R-R intervals slightly increased with
age, which may be due to extracardiac regulatory factors
(Mongue-Din et al., 2009).

Lead I and lead II of young SB recorded significantly
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higher heart rates than adult SB. Higher heart rate in
young SB could be attributed to their less developed
tonic vagal inhibition and relatively smaller size
(Reece & Rowe, 2017). However, our study reported
lower heart rates than those reported by studies on
brown bears (Gandolf et al., 2010). The bradycardic
effects of ketamine-xylazine anesthetic combination
had been reported in mice (Hart et al., 2001). The
anesthetic combination used by us might be the reason
for getting lower heart rates. Sinus arrhythmia was
evident in all bears due to variations in vagal tone
during respiration which is considered to be a normal
finding in the electrocardiograms.

The study highlighted the difference in
electrocardiographic response of young and adult
Indian SB to ketamine-xylazine anesthetic
combination. Baseline electrocardiographic reference
values of Indian SB in two different age groups with
respect to different leads were also established. The
study highlighted the morphological pattern of P
waves and R waves in different leads of ECG and also
reported the variation in configuration of different
ECG waves with respect to age and also within the
same age group. The study concludes that age-specific
electrocardiographic reference values should be
considered while interpreting ECG in the Indian sloth
bear. The study also recommends the use of ketamine-
xylazine anesthetic combination while performing
ECG as there is no cardiac distress or arrhythmia
associated with it. The authors infer that the study
will be quite helpful in veterinary clinical practice for
diagnosis of cardiac problems in Indian sloth bear or

while considering interpretations for other Ursids.
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