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Exercise myocardial perfusion scintigraphy is useful for evaluating

myocardial ischemia even in the elderly
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Pharmacologic stress testing is recommended to elderly patients as a valuable alternative to exercise
testing. We examined whether exercise testing is as useful for evaluating myocardial ischemia in
the elderly as in the young. The consecutive 1,508 patients who underwent exercise 20! Tl single-
photon emission computed tomography (SPECT) were divided into six age groups: 6-29 years (n
=56), 3044 (n = 143), 45-54 (n=311), 55-64 (n =498), 65-74 (n = 402), and 75-88 (n = 98). Both
heart rate and rate-pressure product at peak exercise were significantly lower in patients aged 75—
88 than in the other five groups. The frequency of ischemic ST depression was higher in patients
aged 75-88 than in those aged 674, although the difference was not significant. Moreover, the
frequency of 20! Tl transient defect was significantly higher in patients aged 75-88 than in those aged
6~74. On the other hand, the sensitivity of ischemic ST depression for 2°' Tl transient defect was
similar among the six groups, but the specificity was significantly lower in patients aged 75-88 than
in those aged 6-74. In conclusion, exercise 2°!'TI SPECT is useful for evaluating myocardial
ischemia even in the elderly, but exercise electrocardiography has limitations such as lower

specificity in the elderly than 2°'T1 SPECT.
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INTRODUCTION

NONINVASIVE EVALUATION is important in the diagnosis of
coronary artery disease (CAD) in the elderly, who consti-
tute an increasing percentage of patients evaluated for
CAD.! Since a large percentage of elderly patients cannot
perform adequate physical exercise because of physical
impairment, exercise testing of them may result in a
negative study even if they have severe CAD. Pharma-
cologic stress testing with dipyridamole,”? adenosine*>
or dobutamine? is therefore recommended to elderly pa-
tients as a valuable alternative to exercise testing,”10 but
it has not been assessed whether exercise testing is effec-
tive in evaluating CAD in the elderly or not.

In exercise testing, myocardial scintigraphy is more
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sensitive to stress-induced myocardial ischemia than elec-
trocardiography (ECG),!!"'? and myocardial perfusion
imaging has been reported to improve the sensitivity for
CAD compared with ECG, regardless of the level of
stress.!3 Exercise myocardial scintigraphy may therefore
be more suitable for the elderly than exercise ECG
because of their limited exercise capacity, but it has not
been determined whether the superiority of myocardial
perfusion scintigraphy over ECG in the elderly and other
age groups is different.

The purposes of this study were thus to compare the
frequencies of positive exercise testing in the elderly and
other age group and to investigate the usefulness of
exercise ECG in the elderly from the viewpoint of myo-
cardial perfusion scintigraphy.

SUBJECTS AND METHODS
Patients

The 1,508 consecutive patients who underwent exercise
201'T] single-photon emission computed tomography
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(SPECT) in our nuclear cardiology laboratory were di-
vided into six age groups: 56 patients aged 6-29 years,
143 aged 3044 years, 311 aged 45-54 years, 498 aged
55-64 years, 402 aged 65-74 years and 98 aged 75-88
years. Of the 1,508 patients, 417 (27.7%) previously had
myocardial infarction, and 258 (17.1%) had known CAD
without myocardial infarction. The frequency of myocar-
dial infarction was not significantly different in patients
aged 75-88 years from that in patients aged 6-74 years
(28.3% versus 27.4%; p = 0.86). The exercise scintigra-
phy was requested for diagnostic reasons in 347 patients
(23.0%) with chest pain and for evaluation of possible
CAD in 177 (11.7%) with ECG abnormalities including
arrhythmias and positive exercise ECG in a medical
checkup. The remaining 309 patients (20.5%) with mis-
cellaneous clinical backgrounds such as Kawasaki’s dis-
ease, peripheral vascular disease, history of congestive
heart failure, multiple coronary risk factors and suspected
cardiomyopathy were referred to the exercise scintigra-
phy for evaluation of possible CAD. The percentage of
female patients was not significantly different among the
six groups (22.4% to 35.7%; p = 0.13). As a rule, we
performed exercise testing for noninvasive evaluation of
CAD in patients who were not restricted to bed rest.
During the same period, only 63 (4.0%) of 1,571 patients
who were referred to our laboratory for evaluation of
CAD underwent pharmacologic stress testing because of
aortic aneurysm, severe arteriosclerosis obliterans or a
bedridden condition.

Exercise testing

All patients underwent symptom-limited, maximal exer-
cise testing on an upright bicycle ergometer in a fasting
state. The stress workload was 25 or 50 watts with
subsequent stepwise increments of 25 watts every 2
minutes. The exercise end points included moderate-
to-severe chest pain, shortness of breath, leg fatigue,
hypotension, or severe arrhythmias. At peak exercise,
111-148 MBq of 2°'Tl was injected intravenously and
patients were encouraged to continue exercising for an
additional 60 seconds. The ischemic depression of ST
segments was defined as either horizontal or downward

depression that was 20.1 mV below the baseline 0.08
second after the J point.

Acquisition of SPECT

Myocardial images were obtained with a large filed-of-
view rotating gamma camera (ZLC 7500, Siemens
Gammasonics, Inc., Des Plaines, I11.) equipped with a
high-resolution, parallel-hole collimator and interfaced
with a computer (Scintipac 2400, Shimadzu Corp., Kyoto,
Japan). Thirty-two projections over 180 degrees from the
45-degree right anterior oblique position to the 45-degree
left posterior oblique position were acquired in a 64 x 64
matrix for 20 seconds per image. Stress imaging was
begun within 10 minutes after completion of exercise, and
delayed images were obtained 4 hours after the injection.
No attenuation or scatter correction was used. Orthogonal
images were generated by oblique-angle reconstruction
producing vertical long-axis, short-axis, and horizontal
long-axis slices each 6 mm thick.

Analysis of SPECT

Stress and delayed 2°'T1 SPECTSs were analyzed by previ-
ously reported methods.!>!415 In brief, the uptake score of
201'T] in the stress and delayed images was visually deter-
mined for each of the 9 myocardial segments according to
a 4-point scoring system: 3 = normal, 2 = mildly reduced,
1 = moderately reduced, and 0 = greatly reduced. A
transient defect was considered present if a segment had
an abnormal 20'T] washout rate (< mean — 2SD of normal
subjects) and its uptake score increased from the stress to
the delayed image. When a patient had one or more 20Tl
transient defects, we considered that the patient had
exercise-induced myocardial ischemia during exercise
testing, but we did not consider mildly reduced uptake
with minimal redistribution to be a transient defect if its
distribution was not consistent with the vascular territory.

Coronary angiography (CAG)

Of the 1,508 patients, 824 (54.6%) underwent CAG
within three months of exercise testing. Angiographically
documented CAD was defined as a 275% luminal narrow-
ing of one or more major coronary arteries or their major

Table 1 Hemodynamics before exercise and at peak exercise

6-29 y.o. 3044 y.0. 45-54 y.o. 55-64 y.o. 65-74 y.o. 75-88 y.o.

Before exercise

Heart rate (beats/min) 7112 71+12 69+ 12 70+ 13 70+ 14 72+ 14

Systolic BP (mmHg) 119 £ 19* 133 +20* 141 £ 21%* 146 £ 23* 152+25 154 £25

RPP (mmHg - beats/min) 8404 £ 1999* 9562 +2400* 9662 £ 2365* 10185 £ 2606* 10669 £2740 11063 + 2487
At peak exercise

Heart rate (beats/min) 158 £ 25* 153 +20* 145+ 21* 137 £ 22% 130+ 21 120+ 24

% of age-predicted maxHR (%) 78 £ 13* 85+11 85+12 86+ 14 86+ 14 84+16

Systolic BP (mmHg) 154 + 35% 183 +31 190 £ 30* 186 + 30 184 +29 181+ 37

RPP (mmHg - beats/min) 24451 + 7392*

28061 £6504*% 27701 £6337* 25774+ 6519% 24047 + 6149* 22041+ 6779

BP = blood pressure, RPP = rate-pressure product, maxHR = maximum heart rate; *p < 0.05 vs. the elderly patients aged 75-88 years.
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branches. The frequency of CAG was significantly lower
in those aged 75-88 years than those aged 6-74 years
(40.8% versus 55.6%; p = 0.004).

Statistical methods

Data were expressed as mean + SD or as proportions.
Proportions were compared by means of the chi-square
test or Fisher’s exact test. Mean data for the two groups
were compared by means of Student’s t-test. When data
were not normally distributed, the nonparametric Wilcoxon
T test was applied. Mean data for three or more groups
were compared by one-way analysis of variance followed
by multiple comparison test. A value of p < 0.05 was used
to identify statistically significant results.

RESULTS

Hemodynamics before exercise (Table 1)

Heart rate at rest was similar in all six groups (p = 0.14),
but systolic blood pressure at rest was significantly differ-
ent (p < 0.001), and it was significantly higher in patients
aged 75-88 years than in those aged 6-29, 30-44, 45—
54, and 55-64 years (all, p < 0.05). Similarly, the rate-
pressure product at rest was significantly different among
the groups (p < 0.001), and it was significantly higher in
patients aged 75-88 years than in those aged 6-29, 3044,
45-54 and 55-64 years (all, p < 0.05).
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Fig. 1 Frequencies of ischemic ST depression and transient
defect in patients aged 6-29, 30-44, 45-54, 55-64, 65-74, and
75-88 years. A number above each column represents the
number of patients with ischemic ST depression or those with
transient defect.

Hemodynamics at peak exercise (Table 1)

Heart rate at peak exercise in all six groups was signifi-
cantly different (p < 0.001), and it was significantly lower
in patients aged 75-88 than in the other five groups (all,
p < 0.05), but the achieved percentage of age-predicted
maximal heart rate was similar in patients aged 3044,
45-54, 55-64, 65-74 and 75-88 years (p > 0.05),
although it was significantly different among the six
groups (p = 0.002). Systolic blood pressure at peak
exercise was significantly different among the six groups
(p<0.001), and it was significantly higher in patients aged
75-88 than in those aged 6-29 (p < 0.05) but significantly
lower in those aged 75-88 than in those aged 45-54. As
a result, the rate-pressure product at peak exercise was
significantly different in the six groups (p < 0.001), and it
was significantly lower in those aged 75-88 than in the
other five groups (all, p < 0.05).

Chest pain during exercise testing

The frequency of chest pain during exercise in the six
groups was significantly different (3.6%, 12.6%, 9.0%,
14.5%, 16.4% and 16.3% in patients aged 6-29, 30-44,
45-54, 55-64, 65-74 and 75-88 years, respectively; p =
0.014), but it was not significantly different between
1,410 patients aged 6—74 years and 98 patients aged 75—
88 years (13.2% versus 16.3%; p = 0.38).

Ischemic ST depression and transient defect

The frequency of ischemic ST depression during exercise
was significantly different among the six groups (p <
0.001; Fig. 1). It was slightly higher in those aged 75-88
years than in those aged 674 years (36/98 [36.7%] versus
397/1410 [28.2%]), but the difference was not statisti-
cally significant (p = 0.08). On the other hand, the fre-
quency of 2°' Tl transient defect was significantly different
among the six groups (p < 0.001) and was significantly
higher in those aged 75-88 than in those aged 6-74 years
(45/98 [45.9%] versus 508/1410 [36.0%]; p = 0.049;
Fig. 1).

The sensitivity of ischemic ST depression for transient
defect was not significantly different between patients
aged 6-74 and 75-88 years (48.6% versus 50.0%; p =
0.86), as well as among the six groups (p = 0.42; Table 2).
On the other hand, the specificity was significantly differ-
ent between patients aged 674 and 75-88 years (81.0%
versus 69.8%; p = 0.045), although it was not significantly
different among the six groups (p = 0.13; Table 2).

Table 2 Sensitivity, specificity, positive and negative predictive value of exercise ECG for 2°' Tl transient defect

6-29 y.0. 3044 y.o. 45-54 y.o. 55-64 y.o. 65-74 y.o. 75-88 y.o.
Sensitivity 28.6% 40.0% 43.0% 50.9% 52.4% 50.0%
Specificity 91.8% 81.4% 82.0% 79.2% 80.2% 69.8%
Positive predictive value 90.0% 74.5% 77.1% 74.5% 69.3% 63.8%
Negative predictive value 40.0% 51.4% 50.6% 58.2% 69.6% 58.3%
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Comparison with CAG

The incidence of triple vessel disease was significantly
higher in patients aged 75-88 years than in those aged 6—
74 (27.5% versus 9.7%; p < 0.001), although that of
angiographically documented CAD was not significantly
different (65.0% versus 58.4%; p = 0.41). In 824 patients
who underwent CAG, the sensitivity and specificity of
transient defect for angiographically documented CAD
were 67.8% and 74.7%, respectively. On the other hand,
the sensitivity and specificity of ischemic ST depression
for angiographically documented CAD were 44.6% and
70.6%, respectively.

DISCUSSION

In this study, the frequency of exercise-induced 20! Tl
transient defect in patients aged 275 years was the highest
for the six age groups, and it was significantly higher than
in those aged <75, although heart rate and rate-pressure
product at peak exercise were significantly lower in those
aged 275. The frequency of ischemic ST depression in
patients aged 275 was also the highest for the six age
groups, but it was not significantly different from that
in those aged <75. On the other hand, the specificity of
ischemic ST depression for 2°!Tl transient defect was
significantly lower in patients aged 275 than in those aged
<75, although the sensitivity was similar.

Since the elderly have been often supposed to be hardly
able to perform physical exercise sufficient to induce
myocardial ischemia, most cardiologists may expect a
low positive rate of exercise testing in elderly patients
compared to younger patients and may choose pharma-
cologic stress testing instead of exercise testing.”-8:12.16
But it has not been reported whether the positive rate of
exercise testing may be significantly lower in elderly
patients than in younger patients. Contrary to expecta-
tions, this study demonstrated that the positive rate of
exercise testing in elderly patients was high in exercise
ECG as well as in exercise 2°!'TI SPECT.

Several backgrounds may be involved in the high
positive rate of exercise testing in the elderly. First, we
must remember that old age is one of the coronary risk
factors!'; that is, the older the patients referred to cardi-
ologists for evaluation of CAD are, the higher the preva-
lence of CAD is. In elderly patients, the high prevalence
of CAD may result in a high positive rate of exercise
testing. Similarly, the high prevalence of severe CAD in
the elderly may be one of the reasons for the high positive
rate. In fact, the incidence of triple vessel disease was
significantly higher in patients aged 75-88 years than in
those aged 674 among our 824 patients who underwent
CAG. Second, exercise testing may be performed less
often in elderly patients!”: inactive elderly patients may
have been excluded from our patient population. This bias
may however be minimal in this study, because we
accepted even inactive and frail elderly patients for exer-
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cise testing so far as they were not restricted to bed rest.
Third, the first experience of pedaling a bicycle, which is
not rare among Japanese elderly women, may have men-
tally stressed in some of our elderly patients and may have
helped to induce myocardial ischemia.'® On the other
hand, examiners needed to push a pedal by hand to help
those who had never bicycled before and had difficulty in
performing the bicycle ergometer test. This assistance,
which may reduce the load on the heart, may serve as a
counterbalance to the mental stress. Fourth, exercise
stress may occasionally induce coronary artery spasm.'®
and the incidence of coronary spasm is relatively high in
Japanese.?® Even inadequate exercise, which may be
enough to cause coronary spasm, may have induced
myocardial ischemia in some of our elderly patients.

Many reports have demonstrated that pharmacologic
stress testing with myocardial perfusion imaging has
almost the same diagnostic and prognostic abilities as
exercise testing.>!~2* Compared with pharmacologic stress,
however, physical exercise has the advantage of provid-
ing additional useful clinical and physiological param-
eters, such as total workload, maximum heart rate, exer-
cise-induced symptoms, electrocardiographic changes and
blood pressure response.? In daily clinical practice, there-
fore, the indications for pharmacologic stress testing are
limited to the diagnostic evaluation of patients who are
unable to do a maximal exercise stress test.2! As men-
tioned above, it is also not likely that pharmacologic stress
testing would be diagnostic in patients with normal coro-
nary vessels and symptomatic coronary spasm?'; that is,
exercise testing may be more sensitive for detecting
myocardial ischemia induced by coronary spasm.!%-26
Exercise testing may therefore be more favorable than
pharmacologic stress testing even in frail elderly patients
with physical impairments,?’ if patients are not restricted
to bed rest.

The ECG of elderly patients often shows ST-T abnor-
malities at rest,?®2° which may make exercise ECG less
specific for diagnosing myocardial ischemia.3®3! The low
specificity of ECG for 2°' Tl transient defect in our elderly
patients may be primarily due to a high incidence of
ST-T abnormalities in the elderly. In addition, the low
specificity may be secondarily due to diffuse myocardial
ischemia, which may be frequent in the elderly and cannot
be detected by °!'TlI SPECT. It is therefore advisable to
combine myocardial perfusion imaging with exercise
testing in elderly patients, particularly with ST-T abnor-
malities at rest.3?

We did not have the gold standard for myocardial
ischemia or CAD. The findings of CAG were available in
824 of our 1,508 patients, but the presence of angiogra-
phically documented CAD may not necessarily implicate
the inducibility of myocardial ischemia in our patients
because a large percentage of them had previous myocar-
dial infarction. In addition, anti-anginal medication was
not routinely discontinued before exercise testing in our
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patients with known CAD, because most of them were
referred to our laboratory for evaluation of effectiveness
of their medication. The sensitivity of 2°! Tl transient
defect for angiographically documented CAD may there-
fore have been low in our patients. On the other hand, the
specificity may have been low in our patients because they
included patients with various clinical backgrounds such
as exercise-induced coronary artery spasm and suspected
cardiomyopathy.

If the purpose of this study were to investigate the
diagnostic ability of exercise testing in the elderly, it
would be necessary to obtain the sensitivity, specificity
and predictive accuracy of exercise testing for the stan-
dard. But the purpose of this study was to investigate the
clinical usefulness of exercise testing in the elderly, and
the high positive rate of exercise testing in the elderly
observed in this study, at least, partly demonstrated that
exercise testing is useful even in the elderly. A clear
demonstration can be given by comparing the prognosis
of elderly patients with positive and negative exercise
testing. Indeed, the prognostic significance of exercise
testing has been reported in elderly patients,>*3* but these
studies selected physically active patients, who repre-
sented only some elderly patients. As the next study, we
are now investigating whether exercise testing may be
useful for predicting the prognosis of a large percentage of
elderly patients including inactive and frail patients.

In conclusion, exercise testing, particularly with 20'T]
SPECT, is as useful for detecting CAD in the elderly as in
the young. On the other hand, exercise ECG has limita-
tions such as low specificity in the elderly compared with
201T] SPECT. In exercise testing of the elderly myocardial
perfusion imaging may therefore be preferable to ECG.
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