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Figure 1. Representative Electrocardiograms in Three Young Chimpanzees
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Table 1. P-R INTERVAL RELATED TO AGE AND HEART PATE

HEART RATE 1 - 3 YEARS 4 - 6 YEARS 7+ YEARS
Sec. No. Sec. No. Sec.

100 - 124 .12 1 .15

125 - 149 11 4 .12 2 . 125

150 - 174 .10 5 .11

175 - 199 .10 1 .10 1 .11

200 - 224 .075 1 .08

225 - 249 .08 1 .09

Table 2. DURATION OF P-R INTERVAL (AVERAGE DATA)

AGE GROUP HEART RATE P-R

1 -3Yrs. 159 .102

4 - 6 Yrs. 159 . 110

7+ Yrs. 152 . 120




linear relationships between the P-R interval and both the R=R
(p ~.01) and the square root of the R=R (p % 01) with equivalent
variance about both regression lines, A tendency for the P-R
interval to increase with age was also noted, (p <. 2) (Table 2).

The QRS interval as measured from the standard leads ranged
from .03 to . 07 second and averaged . 045 second (Table 3). In the
precordial leads the QRS ranged from .03 to ., 08 second and averaged
.047 second. A tendency for the QRS to wary inversely with heart rate
was best observed in the four to six year age group. In addition, -the
QRS tended to increase slightly with age, (p <.1) (Table 4),

The Q-T interval ranged from . 18 to .32 second. An inverse
relationship of the @-T to the heart rate was noted in all age groups,
(Table 5, Figure 6), No significant age trend inthe Q=T interval
was noted (Table 6), Regression analysis revealed a significant
linear relationship between the Q-T interval and both the R-R
(p €. 01) and the square root of R-R (p. -~ .01) with slightly less
variance about the Q=T/RR equation. The corrected Q=T interval,
(Q-T/--RR), ranged from .34 to .43 and averaged .375, The S-T
segment averaged , 187 second and ranged from , 14 to . 28 second.
The duration of the T wave averaged .122 second and ranged from
.05 to .18 second. The electrocardiographic intervals in the axillary

~

lead are summarized in Table 7.

Amplitude Analysis

Analysis of the data according to the average height of the P, Q,
R, S and T waves is summarized in Tables 8 and 9. In the standard
leads the P wave tended to be maximal and the T wave small. In
contrast, in the precordial leads the P wave tended to be low while
the T wave reached its maximal amplitude, Q waves were most
frequently noted in the standard and left precordial leads. The Q
waves were notably of low amplitude and of short duration, exceeding
.02 second in only two animals, (,025 and .03 second respectively).
The maximal amplitudes of both the R and S waves were found in the
precordial leads. An R' was noted in eight of the animals appearing
in leads III and aVF most frequently, Large initial downward deflec=-
tions in lead aVR were considered S waves in the present study.

Mean Electrical Axes

The position of the mean electrical axes of the I', QRS and T waves
as derived from the standard leads is illustrated in }igures 7, 8 and 9.



Table 3, QRS INTERVAL RELATED TO AGE AND HEART RATE*

HEART RATE 1 - 3 YEARS 4 - 6 YEARS 7+ YEARS
No. Sec, No. Sec. No. Sec.

100 - 124 3 .04 1 .06

125 - 149 5 .05 4 .05 2 .06

150 - 174 6 .04 5 . 05

175 - 199 3 .04 1 .04 1 .05

200 - 224 2 .05 1 . 04

225 - 249 1 .04 1 .04

*Standard Leads

Table 4, DURATION OF QRS INTERVAL (AVERAGE DATA)*

AGE GROUP HEART RATE QRS
1 -3 Yrs. 159 . 043
4 -6 Yrs. 159 .051
7+ Yrs. 152 . 057

*Standard Leads
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Table 5. Q-T INTERVAL RELATED TO AGE AND HEART RATE

HEART RATE 1 - 3 YEARS 4 - 6 YEARS 7+ YEARS
No. Sec. No. Sec. No. Sec.

100 - 124 4 . 28 1 .30

125 - 149 6 25 3 .21 2 .26

150 - 174 4 .22 6 .23

175 - 199 3 .21 1 .20 1 .22

200 - 224 -3 . 20 1 .19

225 - 249 0 - 1 .19

Table 6. DURATION OF Q-T INTERVAL (AVERAGE DATA)

AGE GROUP HEART RATE Q-T
1 -3 7Yrs, 154 ,233
4 - 6 Yrs. 160 , 233
7+ Yrs. 152 . 243

Table 7. ELECTROCARDIOGRAPHIC INTERVALS* IN THE
AXILLARY LEAD

R-R P P-R QRS Q-T T

Mean 0. 39 . 059 . 115 . 046 .23

Rangé .25-.54 .04-.10 .08-.18  .03-.08  .14-.30  ,06-,20

*in seconds
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The character of the P and T wave is further described in Table 10,
The mean axis of the P wave projected mainly in the frontal plane

in the range of +45° to +90° with a slight posterior tilt in the precordial
plane., The mean axis of the T wave, projected maximally in the
precordial plane in a markedly anterior position. The anterior
projection of the T wave accounts for the wide distribution of the T
waves in the frontal plane, and the relatively low amplitude of the T
waves in the standard leads. The mean spatial QRS axis projected

in a mid=position with respect to the standard and precordial leads
ranging from -30° to +90° in the frontal plane with a moderate pos=
terior tilt in the precordial plane, (transitional QRS zone V2-V4),

In six animals the finding of equivalent positive and negative deflections
throughout the electrocardiographic tracing (broad QRS vector loop)

did not permit evaluation as to the mean QRS axis.

Heart Rate and Rhythm

The heart rate in the animals studied ranged from 105 to 240 beats
per minute, Of note was the tendency for heart rate to change spon-
taneously in the course of the electrocardiographic tracing as the
degree of emotional arousal varied. Sinus arrhythmia was noted
in seven of the animals and was frequent when the heart rate was
relatively slow, (less than 125 beats per minute). One animal
demonstrated a wandering pacemaker from the sinus to the A=V
node. Rare premature atrial beats were observed. No ventricular
premature beats were recorded. The mean heart rate in the leads
where the P=R and QRS intervals were measured averaged 159, 159
and 152 respectively for the three age groups. The average heart
rate in the course of the Q-T and T wave measurements was 154,
160 and 152 respectively for the three groups.

Comparison With Human Electrocardiogram

The extensive electrocardiographic data accumulated by Ziegler (10)
on normal children offered an opportunity to compare the human elec~
trocardiogram with that of the chimpanzee of comparable age. The
age group three to five was chosen as the most convenient one for
comparison for several reasons, The three to five year group is
one of the age subdivisions in the above human series, The relatively
large number of subjects in the chimpanzee group in this age limit
(twenty-two) permits a more valid comparison with the human. The
average weight of the chimpanzees in this age group, 37.7 pounds,
compared well with the mean weight of children of comparable age,

20






v,

36. 6 pounds (11). Finally, the ratio of cardiac weight to total body
weight in 19 healthy young chimpanzees dying of incidental cause

at the Bioastronautics Research Laboratory, in the age range of one
to eleven years, has been found to be 0. 51% (range 0. 4% to 0. 7%),

a value similar to that in children of comparable age 0., 44% as
derived from Boyd (11). The electrocardiographic tracings were
compared as to the amplitudes of the P, @, R, S and T waves, the
mean P, QRS and T axes, and the P, P-R, QRS, S-T, Q-T and T
intervals. The data are summarized in Table 11 through 13,

Comparison of the amplitudes of the components of the electro=-
cardiogram in the two groups must take into account differences in
the spatial position of the P, QRS and T vectors (Table 12). - In this
light, the spatial position of the mean QRS axes differed only slightly.
Greater differences in the mean P axes and marked differences in the
distribution of the mean T axes were observed. Of note was the
finding of a diminished amplitude of the total QRS complex throughout
the standard and precordial electrocardiogram in the chimpanzee
(Table 11). Only little difference in the amplitude of the P waves
was apparent. Since the spatial position of the T waves differed so
greatly, comparison as to their relative amplitudes was not con-
sidered valid without more complete vector loop analysis.

In comparing the various electrocardiographic intervals differences
relative to heart rate must be considered. The uniform shortening of
the various electrocardiographic intervals in the chimpanzee is
therefore explained in part by the faster heart rate in these animals
(Table 13). However, shortening of the QRS interval, (63% of the
human) was greater than the P-R or S-T intervals (83% and 80%
of the human levels respectively). When the intervals were corrected
for heart rate by dividing by the square root of the R=R interval the
average corrected P-R interwals (, 166 sec, and . 165 sec. in chimpanzee
and child, respectively) and the average corrected S-T intervals, (304
sec. and . 310 sec, in chimpanzee and child) were similar in both series.
The corrected Q=T interval was shorter in the chimpanzee (, 379 as
compared to . 402 in the human). These data lend the impression that
the QRS component of the Q-T interval in the chimpanzee is shorter
than could be explained by differences in the heart rate alone.

L

Discussion
The problems in obtaining the electrocardiogram in the chimpanzee

proved comparable to those encountered under similar conditions in
children., With proper attention to the emotional lability in these animals

22
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and to their conditioning to the environment of the electrocardiographic
laboratory, the obtaining of electrocardiographic tracings of consistently
good technical quality was feasible, While the attainment of a basal
physiologic state under these circumstances proved difficult, the data
derived in the present study lends a formulation of the normal variation
in the electrocardiogram of the chimpanzee and forms a basis for com-
parison with the electrocardiogram in the human.

A comparison of the human and chimpanzee electrocardiogram suggesis
the presence of an absolute shortening of the QRS interval and a diminished
amplitude of the QRS complex in the chimpanzee. Ziegler (10) has observed
that the average QRS interval varies no greater than.012 second in the -
child over an age range of six months to twelve years, and over a mean
heart rate range from 80 to 180. The magnitude of the difference in
mean QRS duration between human and chimpanzee of . 026 second would
offer further support for the presence of an absolute decrease in the
duration of ventricular depolarization in the chimpanzee. A more rapid
ventricular depolarization process and a low QRS amplitude might be
explained by a relatively smaller cardiac size in the chimpanzee. However,
from the analysis of the post mortem heart weight data it would appear
that the relative cardiac size in the chimpanzee is similar or even slightly
greater than in the human, An alternate explanation for the lower QRS
amplitude in the chimpanzee is the presence of a greater impedence from
the heart, the source of electrical energy, to the extremity electrodes.

In this regard, the relatively greater length of the upper extremities in
the animals might explain these differences in the standard leads (12),
However, the observation of a similar chest girth in the child and the
chimpanzee (13), cannot support such a simple anatomic explanation
relative to the QRS complex in the precordial electrocardiogram, It
would appear therefore as if the ventricular depolarization process pro-
ceeds at a more rapid rate and at a lower amplitude of electrical energy
in the chimpanzee, Further studies employing direct recordings from the
ventricular surface are necessary in order to establish whether such an
absolute decrease in the rate and amplitude of ventricular depolarization
process is indeed present in this species,

In the age group three to five years, a marked variance between the
human and chimpanzee in the relative spatial position of the mean T axis
was evident. The mean T axis of the chimpanzee projects mainly in an
antero-posterior position manifesting maximal positive amplitude in
the right precordial leads and slight deflections in the frontal plane.

In contrast, the mean T axis in the child projecls more posteriorly in
the precordial plane, manifesting negative waves in the right precordial

25



leads (juvenile pattern), and is well projected with sizeable amplitude

on the standard limb leads. While the present study does not define the
underlying mechanism for the more postero-inferior spatial projection
of the T vector of the child, future comparative studies in the chimpanzee
and the child might elucidate the mechanism of these so-called juvenile

T waves.

Except for the appearance of sinus arrhythmia rhythm disturbances
were unusual in the animals studied. No premature ventricular beats
were observed in the entire series,

As a means for the experimental monitoring of electrocardiographic
data in the chimpanzee the axillary lead was devised. The axillary leads
are covered by a protective vest which prevents their removal by the
animal under laboratory conditions. The axillary lead proved to be
similar in form and amplitude to lead V5 or V6, From the point of view
of analysis, projection of the P, QRS and T waves proved adequate for
measurement of the various electrocardiographic intervals and for
monitoring rhythm changes.

SUMMARY

In the present paper an analysis of complete electrocardiograms obtained
on 36 young chimpanzees is presented, Age, weight and heart rate trends
in the electrocardiogram were observed and a comparison with the human
electrocardiogram was made. Of note in this comparison were the findings
of a lower amplitude and duration of the QRS complex in the chimpanzee
and a marked difference in the projection of the T wave between the groups.
The axillary lead obtained in 22 animals proved adequate for monitoring
cardiac rate, rhythm and electrocardiographic intervals when single lead
recordings are required in this animal.
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