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SUMMARY Myocardial scintigraphy with thallium-201 and electrocardiogram-gated left ventriculog-
raphy with technetium-99m labelled red blood cells were applied in four groups of subjects: 25 with
no signs or symptoms of cardiovascular disease (group 1), 28 with a "false" positive exercise
electrocardiogram (group 2), 14 with angina pectoris and normal coronary angiograms (group 3),
and 43 with angina pectoris and fixed coronary artery stenoses (group 4). In groups 1 and 4 the
radionuclide findings were in accordance with clinical and invasive measurements. In groups 2 and 3
the most important finding was the lack of increase in left ventricular ejection fraction during
exercise in about half of these subjects (even a decrease in 25%), indicating subnormal myocardial
reserve. The additional finding of pathological myocardial biopsies in four of these patients suggests
that asymptomatic ST depression in patients with normal coronary angiograms may in some cases

represent an early, preclinical sign of cardiomyopathy.

Radionuclide techniques added to conventional
evaluation such as exercise testing and angiographic
studies have provided valuable additional information
concerning myocardial function in the study of
patients with overt coronary heart disease.'-3
Among the most widely used radionuclide tests are

(1) the study of myocardial perfusion during exercise
and in the redistribution phase using thallium-201
(201TI), and (2) the study of left ventricular function
at rest and during exercise using technetium-99m
(99mTc) labelled red cells.
An increasing number of patients with mild or atyp-

ical angina pectoris or with ST depression without
symptoms found during screening exercise elec-
trocardiographic testing are currently being referred
to our hospital for further evaluation. A question of
major interest is whether the above mentioned
radionuclide techniques can provide more accurate
diagnostic data in such patients,45 and also provide
information unobtainable from conventional invasive
techniques. With these questions in mind we have
applied the two tests mentioned above in patients with
angina or a positive exercise electrocardiogram
response discovered prospectively, but in whom
coronary angiography disclosed normal findings.
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Subjects and methods

Included in the study were 110 subjects, who all gave
informed consent. None had valvular or congenital
heart disease. They are subdivided into four groups
(see below). Groups 1 and 2 are derived from a pros-
pective cardiovascular survey group of 2014 appar-
ently healthy middle aged men. All 115 men fulfilling
predetermined criteria of having suspected coronary
heart disease were offered coronary angiography to
confirm or exclude this suspicion. The details about
that survey (including angiographic findings) have
been published elsewhere.6 The latter two groups (3
and 4) include patients referred to our department for
evaluation of incapacitating angina pectoris.

GROUP 1:25 NORMAL SUBJECTS
Group 1 was selected randomly from the cardiovascu-
lar survey among men fulfilling the following criteria
on two examinations performed seven years apart: no
symptoms or signs of coronary heart disease or other
heart disease, normal blood pressure, normal findings
on x-ray film of the heart and lungs, normal resting
electrocardiogram, and a negative response to a near
maximal exercise test (heart rate of at least 900/o of
predicted maximal heart rate) without abnormalities
in the electrocardiogram.6 The mean age was 54 6
years (SD 5*5 years).
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GROUP 2:28 "FALSE" POSITIVE EXERCISE
ELECTROCARDIOGRAM
These 28 men had a "false" positive exercise elec-
trocardiogram during the primary study (described
above); that is significant ST depression, but normal
coronary arteries on the angiogram.6 This group orig-
inally included 36 men. At follow-up after seven

years, two had died suddenly, three had congestive
heart failure, two had diseases of the locomotor sys-

tem which made exercise testing impossible, and one

had moved to another area. The remaining 28 men

from this group were re-examined and all had similar
ST depression on their exercise electrocardiogram to
that recorded seven years earlier. A second angio-
graphic study-during which myocardial biopsies
were obtained-was performed in four of these 28
men in an attempt to clarify further their disease.79
The mean age of this group was 56*1 years (SD 5.1
years).

GROUP 3:14 PATIENTS WITH ANGINA PECTORIS
AND NORMAL ANGIOGRAMS
This group represents a consecutive series of 14
patients (six women and eight men) referred to hospi-
tal because of incapacitating angina and whose coro-

nary angiograms were normal. Three had significant
ST depression on their exercise electrocardiograms
and 11 had a normal exercise electrocardiogram.
Mean age was 46*9 years (SD 6-6 years).

GROUP 4: 43 PATIENTS WITH ANGINA PECTORIS
AND FIXED CORONARY ARTERY STENOSES
These patients represent a consecutive series of 43
patients (four women and 39 men) with severe angina
and pathological coronary angiograms. All had at least
one stenosis _70% of the vessel area in one of the
major epicardial arteries. Thirty-two had had a

myocardial infarction. Eighteen had significant ST
depression on the exercise electrocardiogram, 11 had
stress tests with normal electrocardiographic findings,
and in 14 we could draw no conclusions on exercise
testing because of the effects of drug treatment. Mean
age was 55-1 years (SD 7.1 years).

Methods

EXERCISE TESTING
This was started at 50 watts in groups 3 and 4 and at
100 watts in groups 1 and 2, and the load was

increased stepwise by 50 watts every six minutes.
Endpoints of the exercise tests were: angina, ST
depression _3 mm, severe dyspnoea, general
fatigue/exhaustion, arrhythmias, or any combination
of these factors. Chest-head leads CH1-7 were used
during exercise and 12 lead electrocardiograms
before, and for five minutes after exercise. A positive
exercise electrocardiogram was defined as one with ST

depression _1 5 mm 0.08 s from the J point in CH
leads 2-7, or 10mm in leads I, II, aVF, aVL, or V2-7,
irrespective of whether the ST segment was upward-
or downward-sloping or horizontal.6
Coronary angiography was performed as described

by Judkins.1I
RADIONUCLIDE PROCEDURES
An identical exercise test procedure was used for the
201TI perfusion imaging and radionuclide ventriculog-
raphy, and was similar to the above mentioned proce-
dure except for the fact that during the radionuclide
studies the patients were exercised supine with the
trunk immobilised. Cardiac scintigrams were
obtained with a GE scintilation camera (Maxicamera
400 T) with hardware 2:1 zoom. The camera was
interfaced to an Intertechnique cine 330 data system.

PERFUSION SCINTIGRAPHY
60 mli 201T1 was injected in an antecubital vein when
peak load was reached, and 90 seconds before termi-
nation of the exercise. Immediately after exercise and
five hours later images were obtained in three views
by collecting 200 000 counts per image. Areas show-
ing diminished uptake in the immediate post-exercise
period were scrutinised for differences in the pattern
five hours later. Reversible ischaemia was said to be
present in patients in whom perfusion defects were
observed immediately after exercise and in whom the
uptake was normal five hours later. Myocardial scar-
ring was thought to be present when perfusion defects
were observed immediately after exercise, persisting
unaltered five hours later.
RADIONUCLIDE VENTRICULOGRAPHY
This was performed as multiple gated acquisition at
equilibrium after in vivo labelling of erythrocytes with
900 mli of 99mTc pertechnetate. The detector was
located in the 400 left anterior projection with 15°
caudal tilt. In list mode 1 500 000 counts were stored
together with the electrocardiogram. Composite car-
diac cycles (16 frames) were computer generated. Left
ventricular end-diastolic and end-systolic contours
were operator outlined. Left ventricular ejection frac-
tion was calculated as end-diastolic counts - end sys-
tolic counts divided by end-diastolic count after back-
ground subtraction. An increase in left ventricular
ejection fraction from resting to exercise values of less
than 5% was considered as pathological.I1 12 Regional
wall motion abnormalities were assessed by cinematic
display of the composite cardiac cycles, and by con-
struction of stroke volume images, paradox images,
and regional ejection fraction images.

Results (see Fig.)
GROUP 1: NORMAL SUBJECTS
All 25 subjects had normal perfusion according to the
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201TI study. Left ventricular ejection fraction
increased from 68-4% (SD 6-5) at rest to 76.00% (SD
7*1) during exercise (p < 0-01). Only one man (62
years old) increased his left ventricular ejection frac-
tion by less than 5% during exercise (=4%). The
remaining 24 men increased theirs by 6 to 19%. There
was no association between age and increase in left
ventricular ejection fraction during exercise (data not
shown). Abnormal wall motion could neither be
detected at rest nor during exercise in any of the nor-
mal subjects.

GROUP 2: "FALSE" POSITIVE EXERCISE
ELECTROCARDIOGRAM
The 28 men with a "false" positive exercise elec-
trocardiogram all showed normal myocardial perfu-
sion at rest and during exercise. Left ventricular ejec-
tion fraction was 6700Yo (SD 8- 1) at rest and showed a
moderate increase to 70*3% (SD 11.3) during exercise
(p < 0 05). In 15 of the 28 men, however, left ven-
tricular ejection fraction increased by less than 5%,
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Fig. Myocardial perfusion and contractility pattern in four
groups ofpatients studied with 201TI scintigraphy and 99mTc
ventriculography. See text for details ofgroups. LVEF, left
ventricular ejection fraction; RWMA, regional wall motion
abnormalities.
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and in seven of these 15 the left ventricular ejection
fraction actually decreased during exercise. No
abnormal wall motion could be detected.
The myocardial biopsies showed nonspecific

changes with atrophy and hypertrophy of the muscle
fibres in three patients and oedema and interstitial
fibrosis in one patient. All had end-diastolic pressures
greater than 12 mmHg at rest and three greater than
20 mmHg after angiography. Left ventricular ejection
fraction was unaltered during exercise in all four
patients.

GROUP 3: ANGINA PECTORIS, NORMAL CORONARY
ANGIOGRAMS
In 11 of the 14 patients normal myocardial perfusion
was found both at rest and during exercise. Two pre-
sented regional perfusion defects during exercise with
normal perfusion five hours later, whereas one
showed regional perfusion defect during exercise as
well as five hours later. The resting left ventricular
ejection fraction, 64.0% (SD 7.9), increased
significantly during exercise to 71*2% (SD 11-6;
p < 0.01). In four patients the increase was less than
5% (including two with a decrease in left ventricular
ejection fraction during exercise). Regional wall
motion abnormalities were not seen in this group.
Perfusion defects and/or subnormal left ventricular
ejection fraction response during exercise were found
in five in this group.

GROUP 4: ANGINA PECTORIS WITH FIXED
CORONARY ARTERY STENOSES
Thirty-nine of the 43 patients had pathological 201Tl
images, either as myocardial scarring (32) or revers-
ible ischaemia (26), or both. Of the 32 with a previous
myocardial infarction, 31 were shown to have
myocardial scarring on 201Tl scintigraphy. The left
ventricular ejection fraction decreased from 46-3%
(SD 15-9) to 41*8% (SD 15.3) during exercise
(p < 0.01). In 38 of 43 patients the left ventricular
ejection fraction either decreased or increased by less
than 5%, that is only five in this group showed the
normal increase in left ventricular ejection fraction
during exercise. Regional wall motion abnormalities
were found in 17. All 43 from this group had at least
one pathological radionucide test finding.

Discussion

The diagnosis of coronary heart disease is made in
most patients admitted to hospital from clinical symp-
toms and resting and exercise electrocardiographic
findings, and can be verified by coronary angiogra-
phy. Under such circumstances radionuclide techni-
ques, as shown by 201T1 scintigraphy and 99mTc ven-
triculography, indicate disease which accords with the
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angiographic and clinical findings. The inclusion of
such patients in the present report as well as the inclu-
sion of men thought to be normal (those in group 1)
was done in order to document the reliability of the
radionuclide techniques in our hands. Our findings
agree closely with those of other investigators.'-3
Thus, the radionuclide studies disclosed disease in all
43 patients with angiographically documented coro-
nary heart disease. The diagnostic considerations,
however, proved to be more ambiguous among the
patients with normal angiograms from groups 2 and 3.
The knowledge of the presence or absence of
significant coronary artery disease in such patients has
prognostic as well as therapeutic implications. Thus,
the presence of symptom-free coronary heart disease,
angiographically verified after the finding of a
pathological exercise electrocardiogram,6 has recently
been shown to carry a grave prognosis.'3 On the other
hand, normal coronary angiograms in similar patients
have been reported to indicate a favourable prog-
nosis. 14 's
One side effect of cardiovascular surveys, and in

particular surveys that include electrocardiographic
exercise testing, is the identification of a large number
of subjects with pathological exercise electrocardio-
grams and/or mild or atypical angina.6'5 Radionu-
clide techniques should be a valuable tool for further
diagnostic evaluations in such cases. If the 201T1
studies only had been applied, however, one could
easily have reached the conclusion that nothing was
wrong with the men from group 2, for example. The
99mTc studies of left ventricular function, however,
disclosed significant abnormalities in a high number
of subjects from group 2 as well as from group 3. As
presented above, several subjects showed less than a
5% increase in left ventricular ejection fraction (or
even a decrease) during exercise. An increase in left
ventricular ejection fraction of less than 5% has been
said to indicate a pathological response,5 1112 a view
which is similar to ours among the 25 normal subjects.
The subnormal response in subjects from group 2,
and also to a lesser extent for patients from group 3,
cannot be explained as a physiological ageing
phenomenon since we did not find any association
between age and left ventricular ejection fraction
response.'6 Our findings of impaired myocardial
function in subjects from groups 2 and 3 are in agree-
ment with other recent reports. 17 18
As mentioned above, two men from the original

group of 36 men had died suddenly, and in addition
three had developed congestive heart failure. In four
men from group 2 nonspecific pathological myocar-
dial changes were found in endomyocardial biopsies
together with raised end-diastolic pressures, that is
findings consistent with a diagnosis of car-
diomyopathy.78 In the light of these combined

findings it is conceivable that the ST depression in the
exercise electrocardiograms as well as the subnormal
increase in left ventricular ejection fraction during
exercise reflect signs of cardiomyopathy in an early
phase in several cases.
The demonstration of coronary artery spasms as a

probable cause of coronary artery narrowing associ-
ated with angina pectoris has challenged the tradi-
tional view that only fixed coronary artery stenoses
may cause a reduction in blood flow sufficient to cause
transient myocardial ischaemia.'920 In the present
study reversible myocardial ischaemia related to poss-
ible coronary artery spasm was rare, since it was only
suggested in two patients from group 3 and none from
group 2. This is in agreement with some and in
conflict with other reports of similar groups of
patients.'8 21 22 The differences may be explained by
differences in patient selection and also by the fact
that we did not use drugs that could provoke coronary
artery spasm.23

In conclusion, the application of radionuclide tech-
niques in subjects with asymptomatic ST depression
on exercise electrocardiogram and in patients with
angina pectoris can help in identifying patients who
probably have coronary heart disease or other heart
diseases. Patients with pathological radionuclide
findings should be followed closely and receive
appropriate treatment. On the other hand, subjects
with normal radionuclide findings should be consi-
dered healthy and be reassured of a good prognosis.
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