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Effect of stenosed and occluded coronary arteries on
immediate and late myocardial uptake of thallium-20 1
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SUMMARY Exercise and redistribution myocardial scintigraphy using thallium-201 was compared
with the left ventricular angiogram and with the presence of stenosis or occlusion of coronary
arteries on angiography. Irreversible scintigraphic defects representing areas of myocardial infarc-
tion were found in all patients with occlusion of the left anterior descending artery but nearly
one-third of patients with stenosis of that artery also showed evidence of infarction. For the right
coronary or circumflex arteries the incidence of infarction was 82% with vessel occlusion and 57%
with vessel stenosis. Of abnormally contracting segments on the left ventricular angiogram, 95%
showed irreversible scintigraphic defects but 33% of normally contracting segments supplied by a
diseased artery also showed this.

Myocardial infarction is not uncommon in patients with angina even in the absence of coronary
occlusion. The incidence is underestimated by the left ventricular angiogram. These findings are of
importance in the assessment of patients with coronary disease and their evaluation before coronary
artery surgery.

Myocardial scintigraphy using thallium-201 is widely
used in the assessment of patients with suspected
coronary artery disease. 1-6 The sensitivity of the
method when compared with coronary angiography is
good and when computer processing techniques are
applied to scintigrams performed on exercise the
sensitivity is excellent.7-9 The myocardial distribu-
tion of thallium-201 immediately after intravenous
injection is directly related to regional myocardial
perfusion10 whereas after four hours the distribution
of thallium-201 is a reflection of the relative size ofthe
potassium pool between the heart and other organs
and between different regions of the myocardium.
This difference in the mechanisms of thallium-201
distribution has been used to separate areas of
reversible ischaemia from myocardial infarcts by
performing an initial scintigram during exercise and
repeating the investigation after four hours without a
further injection of thallium-201.

This technique was used to assess the relative
effects of stenosed and occluded coronary arteries on
regional myocardial uptake ofthallium-201 and there-
fore the relation between the vascular lesions and the
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presence of previous myocardial infarcts. A compari-
son was also made of the scintigraphic findings and
the left ventricular angiogram.

Patients and methods

Patients undergoing investigation for suspected
coronary artery disease were studied by myocardial
scintigraphy and coronary arteriography. Those with
a normal arteriogram were subsequently excluded
and the remaining 27 cases with lesions of at least 50%
severity affecting at least one coronary artery were
analysed. In each case scintigraphy was performed
before the angiogram and was reported by an observer
without knowledge of the angiographic findings.
A maximal treadmill exercise test was performed

and thallium-201 injected either at the onset ofangina
or 45 seconds before completion of the test. In the
former case exercise was continued at a reduced level
for a further 45 seconds. Patients were then posi-
tioned for myocardial scintigraphy in the erect position
in anterior, left anterior oblique (450), and left lateral
projections. Scintigrams were performed with a
Nuclear Enterprises Mk V HR scintillation camera
with a high resolution parallel hole collimator. Data
were stored in a 64x 64 matrix for subsequent
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processing using a Varian V76 computer. After four
hours a further series of scintigrams was obtained
using the same projections. The basic data were
initially processed by executing a nine-point smooth-
ing programme. The level of background was then
evaluated by examining a series of profiles passing
through the area of maximal myocardial activity.
Having determined this level, background subtrac-
tion was then performed. Any area of myocardium
showing 50% or less of maximal myocardial activity
after processing was regarded as abnormal both in
early perfusion scans or late redistribution scans.

Segmental analysis ofthe scintigrams was performed
and the two groups identified. The first showed
defects in either the anterior, apical, or anterolateral
segments and the second showed defects in the
inferior or posterior segments. Scintigraphic defects
in the first category were correlated with lesions of the
left anterior descending coronary artery and those in
the second group were correlated with circumflex or
right coronary artery lesions.

Coronary angiography was performed within two
weeks of scintigraphy using the Sones technique.
Cine-angiograms were recorded in multiple views and
lesions of greater than 50% severity were regarded as

significant. Left ventricular angiography was per-
formed in the right anterior oblique projection after
administration of sublingual isosorbide dinitrate to
avoid performing the angiogram during ischaemia
and thereby inducing transient disturbances of
regional ventricular contraction. The left ventricular
angiogram was described on the basis of a segmental
analysis of contraction. Hypokinesis, akinesis, and
dyskinesis were regarded as abnormal.
The relation between the scintigraphic findings and

the nature of the coronary lesions was evaluated by
the x2 test corrected for small numbers. The relation
between the scintigram and the left ventricular angio-
gram was assessed by the same method.

Results

Disease of three or more coronary arteries was found
in 15 of the 27 patients studied. Disease oftwo vessels
was found in seven patients and single vessel disease
was present in the remaining five. Three patients also
had a significant stenosis of the left main stem and for
the purpose of this study have been categorised as
having both left anterior descending and circumflex
artery disease.
The left anterior descending artery was affected in

21 patients; in 15 of these there was a significant
stenosis and in six patients the artery was occluded.
Disease of the right coronary artery in the absence of
circumflex disease was present in three cases; in two

the vessel was occluded. The circumflex artery was
diseased with a normal right coronary artery in five
patients; the artery or a major lateral circumflex
branch was stenosed in three and occluded in two.
Disease of both the right coronary and circumflex
arteries was present in 17 patients; in seven at least
one vessel was occluded. Because ofthe small number
of cases with right coronary or circumflex artery
disease these groups have been combined.

Scintigraphic defects were seen during exercise in
all cases in segments appropriate to the distribution of
the coronary disease with the exception ofone patient
with an isolated 50% lesion of the left anterior
descending artery in whom a normal scintigram was
obtained.
Out of 17 occluded vessels only two were associated

with reversible scintigraphic defects, the remaining
15 being irreversible. In contrast, the 29 stenosed
arteries were associated with reversibility of the
scintigraphic defect in 15 cases and an irreversible
defect in 13 cases, one having no defect. An analysis of
the type of scintigraphic defect in relation to the
specific vessel involved showed that, for lesions of the
left anterior descending artery (Table 1), occlusion
was accompanied by irreversible defects in all six
cases whereas in the 15 patients with stenosis only the
defect was reversible in nine (60%).

Reversible defects were found in six of 14 patients
(43%) with stenosis of the right coronary or cir-
cumflex arteries (Table 2). In eight the defect was
irreversible. Where one or more of these vessels were
occluded nine out ofthe 11 patients showed irreversible
defects.
The segmental analysis of the left ventricular

angiogram was compared with the scintigraphic find-
ings (Table 3). In all cases abnormally contracting
segments showed reduced thallium-201 activity on
exercise. A total of 21 such segments were found in 15
patients. A further 24 segments in 17 patients which

Table 1 Left anterior descending artery

Scintigraphic defect

Reversible Irreversible

Stenosed 9 5
Occluded 0 6

NB. One patient had a normal scan.

Table 2 Right coronary or circumflex arteries

Scintigraphic defect

Reversibk Irreversible

Stenosed 6 8
Occluded 2 9
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Table 3 Left ventricular angiogram

Segmental contraction

Normal Abnomral

Reversible defect 16 1
Irreversible defect 8 20
No defect 9 0

contracted normally were also associated with scinti-
graphic defects during exercise. Reversibility of the
abnormal scintigram occurred in 16 of 17 segments
with normal contraction. Conversely, only eight of 28
segments with irreversible defects contracted normally.
The extent of the scintigraphic defects in patients

with normal and abnormal segmental contraction
has been analysed when expressed as a reduction
below 50% of maximal myocardial activity for that
patient. No difference was found in the severity ofthe
defects in segments irrespective of the presence or
absence of contraction abnormality.

Discussion

Although the factors determining the distribution of
thallium-201 within the myocardium after intra-
venous injection were described some years ago11 it is
only recently that this knowledge has been used to
differentiate between reversible and irreversible
ischaemic segments.45 Since the immediate myocardial
uptake of thallium-201 is dependent on myocardial
perfusion"I the early scintigram can be used to
identify areas of diminished perfusion. The scinti-
grams obtained four hours later reflect the redistribu-
tion of thallium-201 in proportion to the relative size
of the potassium pool in different areas. It has been
shown experimentally that the redistribution of
thallium-201 is independent ofcontinuing myocardial
ischaemia. 12
The sensitivity of the early scintigram in detecting

myocardial ischaemia is increased by performing the
early perfusion scintigram during exercise and is
further improved by applying computer processing
techniqueskto the scintigraphic data.7-9 These tech-
niques are used to reduce the effect of relatively high
levels of background activity which tend to mask the
myocardial areas of reduced activity. 13 14 The correct
level of background to be subtracted cannot easily be
evaluated accurately because of the summation of
counts obtained from the heart and overlying lung
and chest wall. It is, however, of great importance
that the subtraction level closely approximates the
true background since excessive subtraction will
result in apparent myocardial defects which are not in
fact significant. Similarly, too low a level of subtrac-
tion will reduce the sensitivity of the scintigram.

In order to overcome this difficulty resulting from
the wide point-to-point variation in background
adjacent to the heart we have used a smoothing
programme before determining the level of back-
ground to be subtracted. This results in more uniform
levels of, background and therefore allows a more
reliable assessment of the required subtraction level.
The technique also permits the application of rigid
criteria of abnormality.
Our earlier observations7 in a series of 65 patients

with coronary disease have shown that segments with
activity of less than 50% of the most active myocardial
segment are likely to be supplied by a diseased vessel.
The sensitivity for the detection of coronary disease
was 97% using the processing steps described. The
specificity could not be determined in that study since
the prevalence of coronary disease was 100%. If
segmental activity was related to specific vessels, how-
ever, as in the present study, the sensitivity of the
method was 94% and the specificity was 96%. In an
unpublished series of 500 patients with a low
prevalence of coronary disease (62%), as one would
expect the sensitivity fell to 85% when relating defects
to specific vessels and the specificity fell to 90%.
While these results may reflect deficiencies in the

resolution and discrimination of the system other
possible explanations for "false" positive and
negative results may be advanced. For example, in
patients with multiple vessel disease, the exercise test
may be limited by symptoms resulting from ischaemia
developing in the territory supplied by one diseased
vessel before the segments supplied by other, perhaps
less seriously affected, arteries are significantly
ischaemic also. The scintigram under these circum-
stances may underestimate the extent of the coronary
disease. This merely emphasises that the thallium
scintigram is a reflection of myocardial perfusion and
is not directly related to coronary stenosis. Neverthe-
less in the present study ofa selected group ofpatients
only one normal scan was obtained.
The smoothing results in an artificially uniform

activity profile across the myocardium as well as back-
ground, but, on the basis of the number of matrix
points covered by the left ventricle and the use of a
nine-point smoothing programme, it can be shown
that any scintigraphic defect involving at least 2% of
the total myocardial area will still be invariably
identified after smoothing.
The identification of areas of myocardial infarction

is important in the assessment ofpatients with coronary
artery disease, particularly when surgical treatment is
being considered. The left ventricular angiogram has
a poor sensitivity for the detection of infarcts. Per-
fusion and redistribution thallium-201 scintigraphy
offers a method by which previous infarction can be
reliably identified and distinguished from reversible
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ischaemia. In the territory of the left anterior
descending artery occlusion was always associated
with infarction, but even in the absence of total
occlusion infarction was present in nearly a third of
cases. For circumflex and right coronary lesions the
pattern is less clear, with infarction as the more

common finding even in the absence ofocclusion. The
differences found between left anterior descending
artery disease and disease of the other vessels may be
the result in part of the variable distribution of the
circumflex and right coronary artery systems. Further-
more, no analysis of the effectiveness of the collateral
circulation has been made though this is known to be
of importance. 15

Infarction in the absence of coronary occlusion is
well recognised both in the early stages of acute
infarction and in the course oflater investigation. The
results of this study indicate that this situation is more
common than has formerly been supposed. This may
arise as the result of recanalisation of a previously
occluded vessel. Alternatively, infarction may result
from a critical reduction in flow in a non-occluded
vessel or as the result of coronary arterial spasm in an
already diseased vessel. The relation between infarc-
tion and coronary occlusion remains in doubt.
The poor sensitivity of the left ventricular angio-

gram has been confirmed by this study. Though over

95% of abnormally contracting segments showed
irreversible scintigraphic defects this was also found
in a third of the normally contracting segments. The
regular use ofisosorbide dinitrate before left ventricu-
lar angiography may have reduced the sensitivity of
the angiogram in the detection of abnormal wall
motion. We feel, however, that when assessing
patients for possible coronary artery surgery it is more
important to avoid the possibility of stress-induced
regional contraction abnormalities resulting in a mis-
leading assessment of left ventricular function.

These results indicate the value of exercise and
redistribution thallium-201 scintigraphy for the
detection of reversible and irreversible ischaemic
segments. The number of patients included in this
study is small, and only 18 of these have subsequently
undergone coronary artery bypass surgery. It is not
therefore possible at this stage to assess the prognostic
value of these data, but the method should prove

useful in planning coronary artery bypass surgery and
in following the course of patients with coronary
artery disease treated either medically orby operation.
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