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To assess the effects of age on left ventricular performance, multistage supine ergometer
exercise radionuclide ventriculography (RNV) was performed in 92 normal subjects. The
subjects ranged in age from 24 to 86 years and were free of cardiopulmonary disease and
diabetes. Age-related changes in exercise duration, left ventricular end-diastolic volume
(LVEDV), left ventricular end-systolic volume (LVESV), cardiac output (CO) left ventricular
ejection fraction (LVEF), left ventricular dv/dt, systolic and diastolic time indexes of dv/dt,
and peak systolic pressure/left ventricular end-systolic volume (PSP/LVESV) were analyzed
at rest and during the peak exercise stage.

Age-related decrease in LVEDV and peak diastolic dv/dt were significant at rest. The time
indexes of ECG R to peak systolic dv/dt and time of end-systole to peak diastolic dv/dt also
were prolonged with age. Both maximum heart rate and exercise duration were shown to
decline with age. No age-related difference was observed in LVESV, LVEF or PSP/LVESV
either at rest or during exercise. However, the change of LVEF and LVESV during exercise
was less in subjects aged 60 or more. These results indicate decreased left ventricular function

during exercise in elderly subjects.
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INTRODUCTION

THE INFLUENCE of age on exercise tolerance has been
studied by means of invasive and noninvasive
methods. Cardiovascular dysfunction is seen in
elderly subjects, and this is only one of the many
systems influenced by the aging process. A decrease
in maximum heart rate, cardiac output, maximum
stroke volume, maximum oxygen uptake, and age-
related decline in myocardial contractile response
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during exercise have been hypothesized.1=4 However,
relatively few age-related changes have been ap-
parent in intrinsic cardiac muscle function in the
isolated heart.5,6

Exercise tests5:7.8 have been used to evaluate the
aging process of the left ventricle. An age-related
increase in stroke volume, decreased heart rate, and
abnormal LVEF response during exercise have been
reported using radionuclide ventriculography.9-10
However, the possibility of latent coronary artery
disease could not be completely set aside. We per-
formed exercise RNV to evaluate age-related left
ventricular function in 92 normal Japanese subjects
who were thought to have relatively less silent coro-
nary artery disease than Americans.
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MATERIALS AND METHODS

Study population

The study group was composed of 78 asymptomatic
volunteers, 58 men and 20 women. The other 14 (11
men and one woman) were out-patients without
cardiovascular disease, chronic obstructive lung
disease or diabetes. All subjects had a negative history
of cardiovascular disease, normal physical examina-
tion of the cardiovascular system, negative rest and
stress ECG, and no stress-induced regional wall
motion abnormalities during exercise RNV,

All subjects aged 24 to 86 were divided into four
groups according to age. Group 1 was made up of
13 subjects aged 20 to 39. Group 2 consisted of 26
subjects aged 40 to 59. Group 3 had 45 subjects aged
60 to 79, and group 4 was made up of 8 subjects aged
80 or more.

Exercise radionuclide ventriculography

All subjects underwent ECG gated RNV at rest after
in vivo labeling of red blood cells with 0.925 GBq
(25 mCi) of technetium-99m.1! Cardiac imaging was
accomplished in a modified left anterior oblique
projection with a gamma camera equipped with an
all-purpose collimator. Data acquisition was per-
formed at 28 frames/beat for 5 minutes. Camera data
was acquired in the frame format of a 64 X 64 matrix
and stored in a Toshiba Nuclear Data Processor 90A
system. Symptom-limited supine ergometer multi-
stage exercise was performed at a work load of 25
watts, and the work load was increased by 25 watts
every 3 minutes. Cardiac imaging was also performed
at each exercise stage for 2.5 minutes in the same
way as at rest. Exercise was stopped by subjective
symptoms. Blood pressure measured with a sphygmo-
manometer and heart rate were monitored at regular
intervals.

After LVEF was computed by a routine method,
LVEDV was measured by a geometric method.12-13
In the end-diastolic image, the left ventricular region
of interest was traced manually. And the left ven-
tricular margin was determined automatically by the
percent cutoff level. LVEDV was calculated from
area-length analysis. LVESV was calculated with the
LVEF and LVEDYV values. Stroke volume was calcu-
lated by LVEDV and LVESV, and cardiac output
was the stroke volume times heart rate. The left
ventricular region of interest was generated manually
and the left ventricular time activity curve was ob-
tained from the 28-frame cardiac cycle. The left
ventricular background was assigned lateral to the
left ventricule at the end-diastole and the background
count was subtracted from the left ventricular time
activity curve. Temporal Fourier analysis, applied
to the left ventricular time activity curve, was done

20 Tokuji Konishi, Takao Koyama, Toshikazu Aoki, et al

to obtain: 1) a high temporal resolution time activity
curve from 28 to 56 points a beat, and 2) a reasonable
dv/dt value by eliminating the noise of the high
frequency harmonics. The synthesized LV volume
curve was generated by the sum of the third or fourth
frequency harmonics. By this method, a clinically
appraisable left ventricular differential curve was

Table 1 Hemodynamic and left ventricular parameters
during exercise radionuclide ventriculography in 92
normal subjects

Group1 Group2 Group3 Group4
(n=13) (n=26) (n=45) (n=8)
HR (beats/min)
Rest 68111 65411 68+12 65+11
Exercise 125+18 108+18 109-+19 94+21
SBP (mmHg)
Rest 121411 127417 134423 14719
Exercise 177418 178+22 179436 186420
LVEF (%)
Rest 63+ 4 64+ 5 65+ 6 65+ 7
Exercise 74+ 6 74+ 6 T+ 7 69+ 6
Difference 10+ 3 10+ 3 6+ 3 44 3
LVEDV (ml)
Rest 148413 150+14 136413 131421
Exercise 138+18 141416 131+15 130+21
LVESYV (ml/)
Rest 53+10 544- 8 47+ 9 47414
Exercise 36+ 9 37+ 9 38+ 9 42414
Difference —174+ 7 —17+ 6 —11+ 6 —5+ 6
SV (m/)
Rest 94114 96+12 89+11 85413
Exercise 105+15 104414 94413 89+15
CO (liter/min)
Rest 6.8+-19 63+14 6.0+1.3 56417
Exercise  13.0+1.9 11.1+2.0 10.142.3 84426
PSP/LVESV
Rest 23404 24106 29408 35+1.2
Exercise 51+1.1 51+1.5 51417 51+£18
Exercise duration (min)
10.8+1.9 8.8+1.6 6.6+2.2 6.042.6
PRP (x103)
Rest 82+1.7 82415 92424 94+1.8
Exercise 223442 18.9+3.2 250425 17.6449
Sdv/dt (EDV/sec)
Rest 3.84+0.5 3.9+08 43+1.0 47+1.1
Exercise 5.4+08 48408 6.2+23 45408
Ddv/dt (EDV/sec)
Rest 34+0.6 26405 3.04+0.8 29+0.6
Exercise 6.0+-09 51412 6.1+23 4341.1
T (msec) 135439 132418 150+£39 165432
T2 (msec) 129419  1664-31 159438 162436

Abbreviations: HR, heart rate; SBP, systolic blood pres-
sure; LVEF, left ventricular ejection fraction; LVEDV,
left ventricular end-diastolic volume; LVESV, left
ventricular end-systolic volume; SV, stroke volume; CO,
cardiac output; PSP, peak systolic pressure; PRP, pres-
sure rate product
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Fig. 1 Exercise duration in four groups during supine ergometer stress.

+++ P<0.05

200+

1501

100+

{L
/4

mmHg

R E R E
G1 G2

obtained. The peak differential values during systole
(peak systolic dv/dt) and rapid filling period (peak
diastolic dv/dt) were normalized by the end-diastolic
count. The time indexes T1: ECG R to peak systolic
dv/dt and T2: end-systole to peak diastolic dv/dt
were also calculated in the rest image.

Statistical analysis

The values in this study are all indicated as the mean
+1 standard deviation. A non-paired Student’s t-test
was used to determine if there were significant dif-
ferences between groups. P values of less than 0.05
were considered to indicate significant differences.
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G3 G4
Fig. 2 Systolic blood pressure (SBP) at rest and peak exercise in four groups.

RESULTS

Exercise test

Hemodynamic and left ventricular parameters during
exercise RNV describing the effect of age are shown
in Table 1. Exercise was stopped due to leg fatigue in
56, leg fatigue with dyspnea in 27, and dyspnea in 9
subjects. Group comparison revealed that the exercise
duration was longer in the younger groups and that
there was a statistically significant difference between
groups (Fig. 1). The age-related increase in systolic
blood pressure differed significantly among groups at
rest. However, there was no difference in systolic
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Fig. 4 Left ventricular ejection fraction (LVEF) at rest
and during peak exercise in four groups.

blood pressure during peak exercise (Fig. 2). The
heart rate at rest was identical in each of the 4 groups.
On the other hand, an age-related decline in the heart
rate was demonstrated during peak exercise (Fig. 3).
The pressure-rate product was significantly lower
(p<<0.05) in groups 2 and 4 than in group 1 during
peak exercise. These hemodynamic parameters
seemed to be related to the decreased exercise tole-
rance among elderly subjects. Stroke volume and
cardiac output both at rest and during exercise are
shown in Table 1. Stroke volume decreased in the
elderly groups and the change became marked dur-
ing exercise. There was no significant difference in
the individual groups at rest. However, the age-related
difference in cardiac output became apparent during
exercise.
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Fig. 5 The difference between left ventricular end-
diastolic volume at rest and during peak exercise in
four groups.

Response of LVEF and left ventricular volume

LVEF values both at rest and during peak exercise
were similar within each group. However, the
exercise-induced increase in LVEF was significantly
less (p<<0.01) in groups 3 and 4 than in groups 1 and

Annals of Nuclear Medicine



31 P<0.01

= “L.L
: %

1004

504

me N // A \ D // A S
R E R E R E R E R E R E R E R E
G1 G2 G3 G4 G1 G2 G3 G4

Fig. 6 Left ventricular end-diastolic volume (LVEDV) and left ventricular end-systolic
volume (LVESV) during exercise test in four groups.

%

30 AEF

20

AEDV

AESV

G4

G1 G2 G3 G4

G1 G2G3 G

Fig. 7 This figure shows percent changes in ejection fraction (EF), end-diastolic volume
(EDV), and end-systolic volume (ESV) due to exercise in four groups.

2, as shown in Figure 4. Subjects with an increase in
LVEF less than 59 during exercise were not found
in group 1 or group 2, but 14/45 (31 %) were observed
in group 3 and 5/8 (63%) in group 4.

In group comparison, LVEDV at rest was signi-
ficantly smaller in groups 3 and 4 than in groups 1
and 2. However, the decrease in LVEDV during ex-
ercise was statistically more significant in groups 1
and 2 than in groups 3 and 4, resulting in no signi-
ficant difference in LVEDV among the groups during

Vol. 4, No. 1, 1990

exercise (Fig. 5). There were no significant differences
in LVESV either at rest or during peak exercise
within the groups. However, the exercise-induced
decrease in LVESV was less (p<0.01) in groups 3
and 4 than in groups 1 and 2 (Fig. 6). PSP/LVESV
as an index of left ventricular contractility showed no
difference among groups either at rest or during
exercise.

An age-related significant decrease in LVEDV was
observed at rest. Shorter exercise duration, and less
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Fig. 8 Left ventricular peak systolic dv/dt at rest and during peak exercise in four groups.
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Fig. 9 Left ventricular peak diastolic dv/dt at rest and during peak exercise in four groups.

significant changes in LVEF and LVESV during ex-
ercise were also demonstrated in elderly groups

(Fig. 7).

Left ventricular volume curve analysis

Peak systolic dv/dt was significantly higher in group 3
than in group 1 both at rest and during exercise
(Fig. 8). On the other hand, as shown in Figure 9,
peak diastolic dv/dt was higher in group 1 than in
the other groups. Even during exercise, this para-
meter showed lower values (p<<0.05 or less) in groups
2 and 4 than in group 1. The time index in Figure 10
indicated prolonged T; in subjects aged 60 or more.
T2 also evidenced a significant (p<<0.01) prolonga-
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tion in groups 2, 3 and 4. Age-related changes in
diastolic indexes of peak diastolic dv/dt and pro-
longed T3 revealed decreased left ventricular diastolic
properties in elderly subjects.

DISCUSSION

The effects of age on left ventricular hemodynamics
in normal subjects have been reported.l=4.7-10 The
aim of the present investigation was to study exercise
response in normal Japanese elderly subjects. In
western studies, maximum heart rate, maximum
cardiac output, and maximum oxygen consumption
have been reported to decline linearly with age.l™4
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Fig. 10 Left ventricular time indexes of T1 and T2 in four groups at rest.

However, these hemodynamic parameters during ex-
ercise were obtained from the eldeily American popu-
lation. We evaluated left ventricular and hemody-
namic responses in normal Japanese elderly subjects
whose incidence of latent coronary artery disease is
considered to be lower than that of Americans.

Hemodynamic parameters during exercise
The major findings in this study indicated that older
subjects had higher systolic blood pressure at rest,
decreased exercise duration and lower maximum
heart rate during exercise. The age-related reduction
in the heart rate and maximum oxygen consumption
during exercise are known from longitudinal and
cross-sectional studies.l:14 Although the peripheral
muscle oxygen extraction ability was not determined
in this study, decreased maximum oxygen uptake and
decreased maximum heart rate during exercise are
usually considered a major cause of decreased ex-
exercise tolerance in elderly subjects.3:14.15 Relative
physical inactiveness in elderly subjects may be an
additional factor in this result.3,16

Mannl? reported the opposite result in the aged
heart. He performed supine ergometer exercise RNV
both in six normal young subjects and eight normal
old subjects to evaluate the effects of age on ven-
tricular performance, and reported no significant
difference in exercise heart rate or systolic blood
pressure during exercise. In this study, cardiac output
was decreased in elderly Japanese compared with the
Westerns.?17 The major cause of decreased cardiac
output seems to be decreased heart rate during peak
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exercise due to poor exercise tolerance. The difference
between the exercise duration of Japanese and the
Westeins has been unclear. However, the daily ac-
tivity of the aged population in Japan seems to be
the major cause of reduced exercise duration in this
study. Although we did not perform an exercise-
matched comparison of hemodynamic parameters,
age-related abnormal left ventricular response has
been reported in several studies.3.9,10,14,15

Left ventricular indexes

Although the age-related difference was smaller and
difficult to interpret at rest, left ventricular indexes
at rest showed decreased LVEDYV, decreased peak
diastolic dv/dt, prolonged time indices of T; (ECG R
to peak systolic dv/dt) and T: (end-systole to peak
diastolic dv/dt). Rodeheffer? reported age-related
changes in left ventricular function using radio-
nuclide ventriculography and concluded that an
increase in LVEDYV and stroke volume to compensate
or a diminished heart rate were the fundamental
changes in the elderly at rest. In the present study,
an opposite LVEDYV result and no age-related change
in heart rate was observed in elderly Japanese. The
clinical significance of an age-related change in left
ventricular volume should be discussed with refer-
ence to the left ventricular end-diastolic volume
index. In this study, the body weight and height of
all subjects were not measured. However, the relative
decrease in body weight and inactive life may con-
tribute to decreased LVEDYV in the elderly. Further-
more, compared with Rodenheffer study® the
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American population usually has a greater body
weight, and the larger body mass may contribute to
increased cardiac output and LVEDYV due to Starl-
ing’s mechanism.

Age-related change in T; has not been evaluated
in a longitudinal study.l8 Left ventricular ejection
time, measured from the carotid pulse recording and
corrected by the heart rate and blood pressure, was
prolonged in the aged population and estimated to
increase 2 msec/decade.’® However, left ventricular
ejection time is not identical to the Ty of the radio-
nuclide study as an index. Systolic function of the
left ventricle decreases due to increases in vascular
load from the second to the seventh decade. The non-
pulsatile component (peripheral vascular resistence)
increased by 379 due to the decreased arteriolar
cross-sectional area.l® The pulsatile component
(vascular impedance) increases by 13.7% due to
decreases in aortic distensibility and increases in
pressure wave 1eflection from the peripheral vascu-
lature.l® Although we cannot draw a conclusion
concerning the clinical significance of increased T
in the aged group, this index may represent an in-
creased left ventricular afterload during ejection or
latent left ventricular dysfunction. However, PSP/
LVESYV, as an index20 of left ventricular contractility,
both at rest and during exercise did not demonstrate
any age-related difference between groups. On the
other hand, the prolonged time from end-systole to
peak diastolic dv/dt and decreased values for peak
diastolic dv/dt suggest the presence of decreased left
ventricular compliance.2! Echocardiographic study
of the aging heart has demonstrated increased heart
weight and left ventricular mass.22:23 This age-related
increase in left ventricular wall thickness is considered
to be a mechanism that adapt to increased myo-
cardial work-load secondary to increased blood
pressure and increased vascular stiffness, resulting in
a less compliant ventricle.

The age-related difference becomes pronounced
under exercise stress. The diminished changes in
LVEF and LVESV during exercise are characteristic
of elderly subjects. Poor LVEF response during
exercise has been reported in aged subjects. Portl0
reported decreased LVEF during exercise in 21 of
29 subjects over 60 years of age. Osbakken?4 reported
that in 8 of 21 normal subjects, aged 47412, LVEF
did not increase 0.05 or more with exercise. In these
reports, coronary artery disease was not completely
excluded in normal aged subjects by coronary arterio-
graphy. The autopsy incidence? of coronary artery
disease in middle-year aged males is less than 109
in Japanese and 27-29.79 in the Westerns. In
another report26 in U.S.A., the prevalence of coro-
nary artery disease was found to increase markedly
with age to at least 50 9 in men by the end of the sixth
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decade and is occult in at least 509 of them.2? There-
fore, the incidence of latent coronary artery disease
may contribute to the abnormal LVEF response
during exercise in normal elderly subjects.10,24

Stroke volume during exercise was maintained by
decreasing LVESV in younger subjects. However,
in elderly subjects stroke volume was maintained by
preserving LVEDV. Mannl? reported the same
left ventricular volume changes during exercise in
an aged group. However, increased LVEDV during
exercise even in the younger population has been
reported by Schokenl® and Rodenheffer.® The dif-
ferent results may be produced by different ways of
measuring LVEDV, and the presence of latent
coronary artely disease seems to influence the change
in LVEDV. We conclude that the mechanism pre-
serving LVEDV during exercise in Japanese elderly
maintains stroke volume during exercise and results
from Starling’s mechanism of increased ventricular
wall stress.
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