
1885

Braz J Med Biol Res 38(12) 2005

Electrocardiogram of the three-toed sloth
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Abstract

Electrocardiograms (ECG) obtained with standard limb leads and
augmented unipolar limb leads were recorded from 17 unanesthetized
adult sloths. The animals were held in their habitual position in an
experimental chair. We determined heart rate and rhythm from the R-
R intervals, the amplitude and duration of each wave, and the duration
of the segments and intervals of the ECG. The mean electrical axes of
P and T waves and QRS complex were calculated on the basis of the
amplitude of these waves in leads I, II, III, aVR, aVL, and aVF. The P
wave appeared positive in most tracings with low amplitude in lead II,
the QRS complex was generally negative in leads aVR, III and aVF,
and no arrhythmias were observed. With a mean ± SD heart rate for all
recordings of 81 ± 18 bpm, the duration of P and T waves, QRS
complex, and PR, QT and RR intervals averaged 0.05 ± 0.02, 0.15 ±
0.05, 0.07 ± 0.02, 0.13 ± 0.02, 0.38 ± 0.04, and 0.74 ± 0.17 s,
respectively. The ECG shape had a definite configuration on each
lead. The angles of the mean ± SD electrical axes for atrial and
ventricular depolarization and ventricular repolarization in the hori-
zontal plane were +34 ± 68º, -35 ± 63º, and -23 ± 68º, respectively. All
electrical axes showed great variations and their mean values suggest
that, when the sloth is in a seated position, the heart could be displaced
by the diaphragm to a semi-horizontal position.
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The importance of the electrocardiogram
(ECG) as a tool to evaluate the electrical
activity of the heart and its wide use in a
variety of experimental models have led some
researchers to establish standards of varia-
tion of the values of its components in differ-
ent animals, such as dogs (1), rabbits (2),
hamsters (3), guinea pigs (4,5), cats (6), and
monkeys (7). Normally, the ECG is used to
measure heart rate (HR). Hence, the animal
being studied and the conditions under which
the signal is recorded (e.g., anesthetized or
unanesthetized, free ranging or tethered),

can present artifacts from muscular contrac-
tion, which limits visualization and a precise
analysis of the ECG signal components.

There have been some studies using the
sloth ECG to quantify HR (8-14) and to
identify the onset and termination of ventric-
ular fibrillation (15).

Sloths are Eutherian mammals belong-
ing to the order Xenarthra, family Bradypo-
didae. There are two genera, Choloepus and
Bradypus, which have many species and can
be distinguished by the number of toes (16).
The Bradypus genus is widespread and found
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largely in the Northeast region of Brazil.
These animals show very slow movements,
a low metabolic rate, and present peculiari-
ties in the cardiovascular system. George
MarcGrave, in the 17th century, was the first
to comment about the heart of these animals
and to describe that, when isolated and with-
out perfusion, it presented strong contrac-
tions (8). Wislocki, studying macro- and
microanatomical aspects, cited the relatively
small size of the heart when compared to
other mammals with higher metabolic rates
(11).

The HR of the sloth is under control of
the autonomic nervous system and is lower
than that recorded in other mammals of the
same size (12), such as dogs (1) and rabbits
(2).

The ECG of restrained and unanesthe-
tized Bradypus variegatus was recorded by
Didio (8), who could not establish an elec-
trocardiographic pattern, due to muscular
contraction interference subsequent to im-
mobilization of the animal. After anesthesia,
the interference was reduced but P- and T-
wave analyses were difficult to interpret.

A popular impression of the behavior of
this species is that sloths spend a large part of
their time suspended from tree branches,
head down. In contrast, Duarte et al. (11)
concluded that, in captivity, sloths (B. varie-
gatus) spend most of their time in a sitting
position in tree crotches. Thus, to make ex-
perimental conditions as natural as possible,
these investigators constructed a small chair
with a vertical post in the center of the seat.
This chair allowed the animal to adopt its
usually preferred position with little or no
struggling when placed in it. In the present
study, with unanesthetized sloths placed in
the experimental chair, the ECG was re-
corded merely to quantify HR; however, it
also provided good visualization of the vari-
ous waves, segments and intervals.

The aim of the present study was to char-
acterize the electrocardiographic patterns of
the unanesthetized three-toed sloth, B. va-

riegatus, when placed in the indicated ex-
perimental chair. Using surface electrodes
to record ECG leads I, II, III, aVR, aVL, and
aVF, we measured the duration and ampli-
tude of each wave, the duration of the seg-
ments and intervals, and the average values
of the mean electrical atrial and ventricular
axes.

ECG recordings were obtained from 17
adult sloths (3.9 ± 0.6 kg), 13 males and four
females. The sloths were obtained from the
forest in the vicinity of Recife, PE, Brazil,
and kept in the vivarium at the University for
about one week for habituation to the new
environment prior to being studied. In the
vivarium, they were free in a large room and
were given water and fresh leaves of imbauba
tree (Cecropia sp.) ad libitum. During this
period, body temperature and weight were
measured daily, and the behavior of the ani-
mals was observed. On three different days,
the animal was brought to the laboratory and
placed in the experimental chair for habitua-
tion.

On the morning before the ECG record-
ing, the animals were brought to the labora-
tory and shaved in four areas of the posterior
surface of the trunk, where dime-size silver-
plate electrodes were attached with adhesive
tape and held in place by a jacket. The
animals were then placed in the chair and left
there for about 1 h, after which the ECG was
recorded in the peripheral leads in the frontal
plane (I, II, III, aVR, aVL, and aVF) using a
polygraph recorder (model 7758D System,
Hewlett-Packard, Waltham, MA, USA). The
polygraph was calibrated to 1 mV per 1 cm
vertical deflection and used at a paper speed
of 25 mm/s. High-pass and low-pass filters
of 1.5 and 100 Hz, respectively, were used
for signal conditioning. The ECG signals
were obtained at 15-min intervals during a
2-h period, yielding eight ECG tracings for
each animal. The tracing strips were orga-
nized in plates for subsequent analysis.

We determined HR and rhythm from the
R-R intervals, the amplitude and duration of
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each wave, and the duration of the segments
and intervals. We also determined the mean
electrical axis for atrial (ÂP) and ventricular
(ÂQRS) depolarization and ventricular (ÂT)
repolarization by calculating the mean polar
vector and its standard deviation using the
MATLAB software after converting it to the
Cartesian coordinates and then projecting
the resultant cardiac vector on the hexaxial
system.

The experiments were carried out with
previous approval of the Ethics Committee
of Centro de Ciências Biológicas, Universi-
dade Federal de Pernambuco, and with li-
cense from Instituto Brasileiro de Meio Am-
biente (IBAMA, No. 013/DEVIS - 047/95 -
DIFAS).

The values of the ECG components for
the 17 sloths are shown in Table 1. As shown
in the ECG recording in Figure 1A, the P
wave appeared positive in most of the trac-
ings with low amplitude in lead II. The QRS
complex was generally negative in the aVR,
DIII and aVF leads. HR was 81 ± 18 bpm,
with normal sinus rhythm. No arrhythmias
were observed in any of the tracings ana-
lyzed (N = 136).

According to Prosser and Brown Jr. (16),
the ECG of vertebrates represents a set of
waves that is similar among species, irre-
spective of the existence of a septum or of
whether ventricular conduction is carried by
the Purkinje system (mammals and birds) or
by the muscle proper (heterothermic ani-
mals). The duration for the various ECG
components of B. variegatus (Table 1) is
longer than that obtained for other mammals
of similar size, such as rabbits (2) and cats
(6). This difference may be a result of the
significantly higher HR found in these ani-
mals (up to 250 bpm) compared to the sloth
(81 bpm). This view is supported by the obser-
vation that the values for sloths are similar to
those found in monkeys (Table 1) (7).

Petelenz and Kosmider (2) studying rab-
bits, Petelenz (4) studying guinea pigs and
Nara et al. (6) studying cats have demon-

strated a significant percentage of abnor-
malities in the electrocardiographic patterns
of these animals (13, 8, and 10%, respective-
ly). In our studies we did not observe alter-
ations such as atrial or ventricular extra-
systoles.

The PR interval (PRi) and QT interval
(QTi) occupied 26 and 74%, respectively, of
the total electrical cycle at the average HR of
the sloths. These percentages are similar to
those of the monkey (7), a mammal whose
HR is similar to that of sloths (17) and whose
PRi and QTi occupy 30 and 70%, respec-
tively, of the electrical cycle. By contrast,
the percentages of time for these intervals in
sloths differ from those of the rabbit, another
mammal of similar size but with a HR of 250
bpm (2) and whose PRi and QTi occupy 40
and 60%, respectively, of the electrical cycle.
These results corroborate Prosser and Brown
Jr.’s (16) statement that the percentage of
time occupied by the PRi and QTi in the
ECG of mammals differs in relation to the
HR level.

The mean electrical axis of the ventricle
is an important parameter as it shows the
sequence and direction of the electrical ac-
tivity of the ventricular fibers, varying in
human beings according to age, body type,
pregnancy, posture, and ventilatory cycle
(18). The mean ÂP, ÂQRS and ÂT of B.
variegatus in the erect position are shown in

Table 1. Comparison of electrocardiogram (ECG) components of the unanesthetized
sloth Bradypus variegatus with selected ECG components of cat, rabbit and monkey.

Parameter Duration (s) Amplitude
(mV)

Sloth Cat Rabbit Monkey

P wave 0.05 ± 0.02 0.03 0.02 0.14 0.05 ± 0.07
PR segment 0.07 ± 0.02 - - - -
PR interval 0.13 ± 0.02 - 0.06 0.15 -
QRS complex 0.07 ± 0.02 0.03 0.02 0.07 0.07 ± 0.33
ST segment 0.11 ± 0.05 - 0.03 - -
T wave 0.15 ± 0.05 0.10 0.08 0.29 0.08 ± 0.15
QT interval 0.38 ± 0.04 0.18 0.16 - -
RR interval 0.74 ± 0.17 0.43 - - -

Data for the sloth are reported as means ± SD.
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Kosmider (2) found ÂP ranging from +10º
to +80º, ÂQRS ranging from +15 to +100º
and ÂT ranging from -10 to +80º. The aver-
age ÂQRS in sloths reveals a left axis devia-
tion (-35º, Figure 1B). One possible expla-
nation for this deviation is the large abdomi-
nal cavity of these animals in which the
alimentary bolus accumulates for about 3 to
8 days before elimination as feces (19). We
suggest that in the seated position in which
the ECGs were recorded, the abdominal con-
tents of the sloth would tend to displace the
diaphragm upwards causing the heart to shift
similarly and to produce a mean ÂQRS that
indicates left axis deviation.
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Figure 1. A, Typical electrocardiogram of the three-toed sloth, Bradypus variegatus, in the
frontal leads. B, Directions of the mean instantaneous vectors of atrium (ÂP) and ventricle
(ÂQRS) depolarization and ventricle repolarization (ÂT).
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Figure 1B. The ÂP ranges from -60 to +90º,
with a mean of +34 ± 68º, the ÂQRS ranges
from +45 to -100º, with a mean value of -35
± 63º, and the ÂT ranges from -90 to +75º,
with a mean of -23 ± 68º.

In cats, the ÂQRS in the frontal plane
presents wide variation (6), with an average
projection in +67º. In rabbits, Petelenz and


