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Thallium 201 Scintigraphy
JAMES H. McKILLOP, MB, ChB, PhD, MRCP(UK), Glasgow, Scotland

The radioactive isotope thallium 201 behaves physiologically as a potassium
analog, and when injected intravenously accumulates rapidly within the cells
of many organs. Uptake of the isotope reflects both regional perfusion and
sodium-potassium pump activity. The radionuclide emits 80 keV x-rays which
are suitable for scintillation camera imaging.

The main clinical application of 201TI scintigraphy has been in myocardial
imaging. Abnormal uptake of the isotope results in a cold spot on the myo-
cardial image. In patients with coronary artery disease, the differentiation of
ischemic and infarcted myocardium is made by comparing images obtained
after injecting the radionuclide at the peak of a maximal exercise test with those
obtained after injection at rest. Abnormalities due to ischemia usually are seen
only on the stress image whereas fixed defects in both rest and stress studies
usually indicate areas of infarction or scarring. Some investigators believe
that redistribution images obtained four to six hours after stress injection
(without administering further 201TI) give the same information as a separate
rest study. The sensitivity of stress imaging for detecting significant coronary
disease is of the order of 80 percent to 95 percent, though computer process-
ing of the images may be necessary to achieve the higher figure. The prediction
of the extent of coronary disease from 201TI images is less reliable. An abnor-
mal 201TI image is not entirely specific for coronary artery disease and the
likelihood of an abnormal image being due to this diagnosis varies according
to the clinical circumstances.

The main clinical value of 201TI myocardial imaging is likely to be in the
noninvasive screening of patients with atypical chest pain or with ambiguous
findings on stress electrocardiographic tests. It has also proved useful in study-
ing patients with variant angina or following a coronary bypass operation. It
is doubtful whether the technique is clinically helpful in most patients with
suspected or established acute myocardial infarction.

Imaging of organs other than the heart with 201T/ has received much less
attention but has been reported in patients with peripheral vascular disease
and various primary and secondary neoplasms.

Dr. McKillop, on leave as lecturer in Internal Medicine at the University of Glasgow, is Harkness Fellow of the Commonwealth Fund
of New York in the Department of Radiology, Division of Nuclear Medicine, Stanford University Medical Center.
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IN 1941 Noonan and co-workers' showed that
following intraperitoneal injection of potassium
42 into rats, there was rapid accumulation of
radioactivity in the myocardium. In the early
1950's, work by Burch and associates2-6 showed
that radioactive rubidium could be regarded as an
analog of potassium in tracer studies, though the
behavior of the two elements was not identical.
Similar properties were also described for radio-
active cesium.2
The demonstration by Burch and colleagues of

rapid myocardial uptake of rubidium 86 suggested
to Carr and colleagues7 the possibility of show-
ing the myocardium by photoscanning after the
administration of the radioactive isotope. They
confirmed the feasibility of imaging the beating
myocardium of dogs using 86Rb and a rectilinear
scanner, but found that areas of decreased isotope
uptake due to experimental myocardial infarction
could be identified reliably only after excision of
the heart.7 They considered 86Rb unsuitable for
in vivo imaging of the myocardium and turned
their attention to cesium 131. Using this tracer,
they reported the first successful imaging of nor-
mal myocardium in humans, and also showed that
the images were abnormal in patients with acute
myocardial infarction.8

Between 1964 and 1975 a variety of radio-
active isotopes of potassium, rubidium and cesium
were examined as possible myocardial imaging
agents; however, for physical or biological reasons
none was suitable for widespread use.9 In 1976,
however, the introduction of thallium 201 made
myocardial imaging generally feasible,'0 and this
has now become established as a clinically useful
tool for investigation.

The heavy metal thallium was discovered and
named in 1861 by the English chemist Sir William
Crookes, the name being derived from the Greek
word thallos (a budding twig), "a word which is
frequently employed to express the beautiful green
tint of vegetation and which I chose on account
of the green line which it communicated to the
spectrum, recalling with particular vividness the
fresh colour of early spring.,'

Physical and Biologcal
Properties of Thallium

Thallium (atomic number 81 ) belongs to group
III of the periodic table whereas potassium,
rubidium and cesium are group I elements. How-
ever, in 1960 Mullins and Moore, noting that the

univalent thallium cation had a crystal radius
between that of potassium and cesium, felt that
their physiological properties might be similar and
showed that this was so in the isolated frog sar-
torius muscle preparation.'2 The biological simi-
larities between potassium and thallium were con-
firmed by Gehring and Hammond in rabbit
erythrocytes" and in studies in rats and dogs.'4
The first suggestion of thallium as a potassium an-
alog for use in nuclear medicine was by Kawana
and co-workers'5 in 1970. Using thallium 199, they
showed the possibility of imaging the human myo-
cardium; however, the images were of poor quality
because of high energy gamma rays present, which
caused excitation of the lead in the collimator.
They suggested that thallium 201 might be more
suitable. This was eventually produced from
Brookhaven National Laboratory'0 and, in the
form of a sterile solution of carrier-free thallous
chloride in saline, is now the standard agent for
noninvasive imaging of normal myocardium.

Thallium 201 has a physical half-life of 73.5
hours and decays by electron capture to mercury
201, emitting gamma rays of 137 and 167 keV.
The 20'Hg then decays with emission of 65 to 82
keV x-rays. The gamma rays have suitable ener-
gies for scintillation camera imaging but are pres-
ent in low incidence so that the use of the mercury
x-rays is usually recommended. Atkins and col-
leagues'6 found that the count rate obtained using
the x-rays was seven times greater than that with
the gamma rays.
The mercury x-rays are not ideal for imaging.

The relatively low energy leads to substantial tis-
sue attenuation. In addition, the intrinsic resolu-
tion obtained with the scintillation camera using
201TI may be as much as 50 percent less than that
with technetium 99m (6.7 mm versus 4.7 mm in
one study'7(PP73-74)).

Following intravenous injection, the uptake of
201TI occurs rapidly, with maximal myocardial
uptake at rest occurring some 5 to 15 minutes
after injection in different species.16"18" 9 The first
pass extraction of the isotope from coronary arte-
rial blood is of the order of 85 percent.20'2' The
myocardial-to-liver activity ratio obtained with
thallium 201 is superior to that obtained with
rubidium and cesium radionuclides,22"23 and also
to that with potassium 43.19 Thallium is- also su-
perior to potassium radioactive isotopes in show-
ing longer myocardial retention'9 so that multiple
images are easier to obtain. Approximately 4
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Figure 1.-Diagram of left ventricular regions seen in
some standard projections for thallium 201 imaging.
Note superimposition of apical and inferior myocardium
on anterior and 450 left anterior oblique (LAO) projec-
tions.

percent of the injected dose of 201Tl is taken up
by myocardium.'0'24

The myocardial uptake of 201TI, like that of the
other potassium analogs, reflects two main factors
-the regional myocardial blood flow and the
metabolic integrity of the myocardial cells. In
studies in animals there is good correspondence
between decrease in coronary flow during experi-
mental coronary occlusion and decrease of myo-
cardial 201T1.22 During coronary hyperemia, myo-
cardial uptake of the isotope increases but to a
lesser extent than myocardial blood flow.22'24 The
actual uptake of thallium by the myocardial cell
is an active process which appears to use the aden-
osine triphosphatase-dependent sodium-potassium
pump,12-'4 though there is some evidence to sug-
gest that the mechanism of thallium uptake is not
identical to that of potassium.25 There is conflict-
ing evidence at present as to whether reduced
myocardial perfusion results in decreased myo-
cardial 201Tl uptake in the absence of myocardial
ischemia, that is, disordered metabolism.2028

Because myocardial uptake of potassium trac-
ers is dependent on the integrity of each myocar-
dial cell, metabolic effects may influence the
trapping. Studies in animals have shown that
hypoxia in the absence of any flow change will
decrease the myocardial extraction rate of 201T1,
and that metabolic acidosis has a similar effect.20
Metabolic alkalosis, by comparison, augments
myocardial 201Tl uptake.20,29

The influence of some cardioactive drugs on
201T1 uptake by the myocardium has also been
studied. Two studies have reported depression
of 201T1 uptake after intravenous injection of

propranolol or a cardiac glycoside,24'30 though a
third study failed to confirm this.20 The adminis-
tration of these drugs does not significantly de-
grade the quality of the in vivo myocardial im-
age.24 Insulin and glucose have been reported to
cause substantial increase in myocardial uptake
of potassium, rubidium and cesium,3 but this
effect has not been confirmed with thallium.20 The
myocardial uptake of 201TI is also increased fol-
lowing intravenous administration of dipyrida-
mole, perhaps as a result of the coronary hy-
peremia that this drug induces.24

Methods
Myocardial imaging is carried out shortly after

intravenous injection of thallous chloride T1 201.
The usual dosage used is limited to 1.5 to 2 mCi
because of radiation dosimetry considerations (see
below).

Images are obtained with a modern, standard
field of view scintillation camera, though large
field of view cameras can also be used. The spec-
trometer of the camera is centered over the 65 to
82 keV x-rays, usually with a 20 percent window.
The collimation most frequently used is the gen-
eral purpose, low-energy, high-resolution collima-
tor, and this gives satisfactory images in most
circumstances.32 Acceptable images can also be
obtained using a high-sensitivity collimator. In-
creased resolution can be obtained using a pinhole
collimator but the low sensitivity precludes its
general use.32 Converging collimators have also
been used, though there is some evidence that
their ability to detect lesions is poor.32 Recently,
a multipinhole collimator system has been de-
scribed which allows reconstruction tomography
of the myocardium using 201T1.33 This technique
is still under investigation, but early results sug-
gest a clinically significant improvement in the
images.34

In most centers, images containing 250,000 to
500,000 counts are obtained, requiring some five
to ten minutes for each image. Usually the images
are "ungated," that is, they are recorded during
all phases of the cardiac cycle and, thus, are
blurred by cardiac motion. Gating the gamma
camera by the patient's electrocardiogram (ECG)
allows this blurring to be eliminated but prolongs
the imaging time. There may, however, be im-
portant improvement in lesion detection with ECG
gating.35,36

In a standard 201T1 study, the principal contri-
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bution to the left ventricular image is made by
areas of myocardium that are perpendicular to or
almost perpendicular to the front of the gamma
camera.37 Thus, by obtaining multiple projections,
it is possible to view the different areas of the
myocardium separately. These include an anterior
view and one or more left anterior oblique views,
as well as possibly a left lateral image. The
images are usually obtained with the patient in a
supine position, but two recent studies suggested
that it is important to obtain the left lateral view
with the patient lying on his right side. This is
to avoid false posteroinferior defects being pro-
duced by attenuation of the low energy x-rays by
the diaphragm.38'39
The precise anatomical areas of the left ven-

tricle seen in any projection will vary somewhat
depending on the orientation of the ventricle in
the chest. Figure 1 shows one accepted system of
nomenclature.
The two principal types of thallium 201 myo-

cardial imaging studies are those carried out after
injection of the tracer with the patient at rest and
those after the tracer has been injected at the peak
of a stress test.

Rest imaging should be done after the patient
has been sitting quietly for a time. Rest images
are characterized by a relatively poor ratio of
myocardial-to-background activity with noticeable
splanchnic, particularly hepatic, uptake. It is pos-
sible to reduce hepatic activity by injecting the
patient in an upright position40 and after some
hours of fasting.'641

Early studies with potassium analogs other
than 201Tl showed that acute myocardial infarc-
tion or myocardial scarring due to previous in-
farction could be shown by myocardial imaging
after injection of the tracer at rest.8'4244 Such rest
studies, however, usually showed no abnor-
malities in patients with coronary disease but no
infarction. This is not surprising. As discussed
above, regional myocardial perfusion is one of the
two principal determinants of myocardial uptake
of potassium analogs, and various studies using
inert gas washout techniques have shown that
regional myocardial perfusion may not be sig-
nificantly changed at rest in patients with coro-
nary disease and no infarction.45'46 A very differ-
ent circumstance exists during stress, however, as
indicated by the elegant experiments carried out
by the Seattle group. Both in animal and clinical
studies they have shown that whereas myocardial

perfusion distal to a coronary stenosis remains
normal at rest until the lesion occupies 85 percent
to 90 percent of the luminal diameter, during
stress the normal augmentation in myocardial
blood flow is decreased distal to stenoses of 50
percent or more.47-49 The development of myo-
cardial perfusion abnormalities during stress in
patients with coronary artery disease, for whom
results at rest were normal, has been confirmed
using inert gas washout techniques.50
The radionuclide detection of relatively de-

creased perfusion distal to significant coronary
artery occlusions during exercise predated the
above investigations. In 1973 Strauss and co-
workers5l introduced the concept of stress myo-
cardial imaging. They found that if 43K was
injected intravenously at the end point of a
symptom-limited exercise test, abnormal myo-
cardial images could be obtained in patients with
coronary artery disease in whom rest myocardial
images were normal.

The technique of stress imaging is now widely
used. The patient exercises either on a bicycle
ergometer or treadmill, under ECG control and
with full resuscitation facilities available. When
a standard exercise end point, such as chest pain,
fatigue, maximal predicted heart rate or ST seg-
ment changes, is reached, the isotope is injected
intravenously as a bolus and the patient is asked
to continue exercising for at least 30 to 60 seconds
more to allow fixing of the 201TI by the myocar-
dium in its stressed state. Imaging then proceeds
in the standard fashion. If imaging of the patient
is done on two occasions after injection at the
same exercise end point, the results are highly
reproducible.52
Two pharmacological interventions have re-

cently been described as alternatives to exercise
stress testing. The intravenous injection of dipy-
ridamole produces coronary vasodilatation and
increased coronary artery blood flow53 with in-
creased myocardial uptake of 201T1 in experi-
mental animals.24 Pharmacological dilatation of
the coronary arterial tree using dipyridamole may
be a satisfactory alternative to exercise stress test-
ing for 201Tl myocardial imaging in humans.54'55
Imaging during an intravenous infusion of isopro-
terenol hydrochloride (Isuprel) has also been sug-
gested as an alternative to exercise imaging.56

In 1977 Pohost and colleagues described the
technique of redistribution imaging.57 If the iso-
tope is injected during stress, the images obtained
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in the next 30 to 45 minutes reflect the distri-
bution of uptake during stress. Over the next four
to six hours, however, the thallium redistributes
within the myocardium so that a delayed image
obtained at that time, without further injection of
tracer, is more a reflection of functional myo-
cardial cell mass than myocardial perfusion.58
Thus, it has been suggested that an ischemic area
of myocardium will be abnormal on the images
immediately following exercise but normal on the
delayed images, whereas areas of infarction will
be abnormal on both sets of images.57'59 The
value of delayed images following exercise in re-
placing separate rest studies will be discussed
further in the section on coronary artery disease.

Interpreting Thallium 201 Myocardial Images
A variety of methods exist for interpreting 201TI

myocardial images. Initial studies used unpro-
cessed images recorded from the camera oscillo-
scope onto Polaroid or x-ray film, and in many
centers this method is still used. Another ap-
proach has been to use computer-generated im-
ages, either in black and white or in color, and
apply uniform background subtraction or con-
trast enhancement to them. Some observers have
claimed that use of such processing improves the
accuracy of interpretation of 201T1 images,60 but
others believe it merely increases sensitivity at the
expense of specificity.6162 A refinement of back-
ground subtraction is "interpolative background
subtraction," which makes allowance for the dif-
ering background contribution in different tissues
surrounding the myocardial image.03

Various methods of quantitative analysis of
myocardial images have also been described re-
cently. Attempts have been made to compare
myocardial uptake of the radionuclide with ac-
tivity in other organs.04'65 However, such methods
have been frustrated by the many factors which
may alter such ratios. For example, hepatic ac-
tivity is increased by a recent meal'0'41 or by
injecting the patient when supine,40 while lung
uptake is increased and prolonged in smokers60
and is frequently increased in multiple-vessel cor-
onary artery disease after exercise-perhaps due
to impaired left ventricular function.¢7
The alternative approach to "quantitation" has

been to measure relative activity in different areas
of the myocardium, and a variety of techniques
have been described."6168-7' Use of such computer

processing has not yet been clearly shown to
produce significant improvement in interpretation
of myocardial images when compared with visual
analysis, but there have been some promising
preliminary reports.0 610972

The Normal Thallium 201 Myocardial Image
The normal left ventricular myocardium is seen

on the 201Tl image as a horseshoe shape, or some-
times a doughnut, of relatively uniform activity,
with a central colder area corresponding to the
left ventricular cavity (Figure 2). Even in the
normal myocardium, uptake is not entirely uni-
form 18,40,70,73 with the nonhomogeneity being
more pronounced in rest than in stress studies.40'70
The apex frequently appears as an area of thin-
ning on normal images,40 and decreased uptake
is usually seen at the base of the heart at the sites
of valve insertion.40 In addition to more homo-
geneous cardiac uptake, the stress study is char-
acterized by a higher myocardial-to-background
activity ratio when compared with rest images.40

Visualization of the right ventricle is unusual
on the rest image,40 and if seen, suggests right
ventricular overload or hypertrophy.74'75 However,
the right ventricle is frequently visualized on nor-
mal stress images (Figure 2).40

Safety of Myocardial Imaging
Like most heavy metals, thallium is a toxic

substance, and serious (sometimes fatal) side ef-
fects to the central nervous system and gastro-
intestinal tract resulted from its use as a depilatory
agent in the treatment of ringworm of the scalp.76
Thallium salts have been used for homicidal poi-
soning both in fiction77 and in fact.78 Therapy
for thallium poisoning is essentially supportive,
though excretion may be promoted by potassium
salts.79
The minimum lethal dose of thallium in hu-

mans is thought to be 8 to 12 mg per kg of body
weight,80 though nonfatal side effects have been
reported with doses as low as 0.1 mg per kg.'8
Thallium 201 supplied for myocardial imaging is
virtually carrier-free and the dose administered
during diagnostic studies using 2 mCi of the
radionuclide has been calculated to be of the
order of 0.07 to 0.15 ng per kg of body weight,73
so that there is a very large margin of safety, even
when repeat studies are done. As yet there have
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been no reports of ill effects following adminis-
tration of this radioactive pharmaceutical agent.
The whole body radiation dose from 201TI is in

the range of 0.07 to 0.24 rads per mCi.16"18'58'81'82
The kidney is the critical organ, receiving a radi-
ation dose of 0.39 to 1.17 rads per mCi. The
renal medulla accumulates considerably- more
201TI than the cortex.'8'24 The radiation dose sus-
tained by the kidney during myocardial imaging
is unlikely to produce any renal damage as no
significant long-term functional or anatomical
changes were. seen in dog kidneys irradiated with
400 rads.83
The final potential hazard involved in myocar-

A

dial imaging is that of exercising patients with
suspected cardiac disease. Exercise testing for ECG
studies in this group of patients is surprisingly safe,
with a mortality of 0.5 to 1 per 10,000 and a
nonfatal serious complication rate of 3 to 9 per
10,000 tests reported from two questionnaire sur-
veys of many centers.84'85 The hazard of exercising
for stress myocardial imaging should be similar,
but it is essential that (1) patients be assessed
before the study for any known contraindications
to exercise testing,85 (2) the test be conducted
by personnel fully trained in exercise testing, with
full monitoring of the patient (including ECG)
during and after exercise, and (3) that full resus-

B

Figure 2.-Normal stress thallium 201 images (A) an-
terior. (B) 45° LAO and (C) 65- LAO. These images
and those in Figures 3 to 6 have been processed using
interpolative background subtraction (see Goris et
ai ). Note normal apical thinning on the anterior and
65^ LAO images. Some right ventricular uptake can be
seen on the 450 LAO image. Visualization of the right
vent-ricle is normal on stress images but suggests right
ventricular hypertophy if present on rest studies. There
is a film artifact seen in the posterolateral region of the
45 LAO image; this is not of clinical significance.
LAO = left anterior oblique.)
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citation facilities be available immediately if
needed.

Clinical Applications of
Thallium 201 Imaging
Ischemic Heart Disease

Acute myocardial infarction. The diagnosis of
acute myocardial infarction often can be strongly
suspected on clinical grounds. However, because
of the large number of other conditions which
may cause anterior chest pain and because of the
serious implications that this diagnosis has for a
patient's physical and psychosocial well-being
both in the short and long term, the diagnosis
should always be confirmed by appropriate labo-
ratory investigations. The standard tests of serial
electrocardiograms and serum enzyme determina-
tions are adequate in most patients, but in some
the diagnosis remains in doubt.

Thallium 201 myocardial imaging at rest has
been proposed as a useful procedure in patients
with suspected acute infarction.86 Infarcted myo-

Figure 3.--650 left anterior oblique rest image from a
patient with previous anterior myocardial infarction.
There is substantially decreased tracer uptake in the
anterior and apical regions.

cardium characteristically appears on the rest
201T1 image as an area of moderately to substan-
tially reduced tracer uptake in the left ventricular
wall (Figure 3). The demonstration of such an
abnormality, however, does not differentiate be-
tween acute and old infarction. Rest 201Tl image
abnormalities are also seen in some patients with
(1) unstable angina,87 (2) stable angina,88 (3)
acute myocardial ischemia,89 and (4) coronary
artery spasm.9 091 It may be possible to differenti-
ate infarction and ischemia by the reversibility
of the ischemic defect when the patient is re-
imaged some hours later88 89; however, there is
no means of differentiating acute and old myo-
cardial infarction on 201Tl imaging.

The sensitivity of rest 201TI myocardial imaging
for the detection of acute myocardial infarction is
dependent both on the time elapsed from the
onset of symptoms and on the size of the in-
farct.92,93 In one study of 200 patients with docu-
mented acute myocardial infarction,92 all patients
studied within six hours of onset of symptoms
had abnormal images, whereas only 72 percent
of those studied more than 24 hours later showed
image defects.

Because of the high sensitivity of studies shortly
after onset of symptoms, rest 201TI myocardial
imaging at the time of admission has been sug-
gested as a means of selecting patients with chest
pain for the coronary care unit (CCU).94 To im-
plement such a policy would require constant
availability of the radioactive pharmaceutical
agent and either a mobile gamma camera or one
permanently situated in the ccu or emergency
room. In addition, the patient would have to be
seen within six hours of the onset of symptoms-
and many patients have a longer delay than this
before admission to hospital.95 Thallium 201
imaging, therefore, is not an appropriate screen-
ing test for admission to ccu in many hospitals.

The reduced sensitivity of imaging more than
24 hours after the onset of symptoms is due
principally to failure to visualize smaller, usually
subendocardial, infarcts.92'93 If sequential imaging
of myocardial infarcts is done (using repeated
doses of 201T1), the image defect is often larger
on the study at less than six hours compared with
that seen on the image made 24 hours to a week
later.92 The decrease in size of the defect with
time presumably reflect. resolution of peri-infarc-
tional ischemia and edema. Detection by myo-
cardial imaging of small infarcts in the early stages
of evolution may, therefore, depend on reversible
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peri-infarctional changes; late imaging fails to
show the infarct because it is too small to be
detected with the somewhat limited resolution
available with 201T1.9f; The decreased sensitivity
of late imaging and the nonspecificity of a defect
for acute infarction are important shortcomings
when 201TI imaging is used to attempt to clarify
equivocal or conflicting ECG and enzyme studies:
an abnormal image does not necessarily indicate
acute infarction while a normal image does not
absolutely exclude acute infarction.93

Thallium 201 myocardial imaging has been pro-
posed as a means of localizing and measuring the
extent of acute myocardial infarctions, factors
which are related closely to a patient's prognosis.
A clinicopathologic study of 23 patients who died
of complications resulting from acute myocardial
infarction within a few days after the 201TI imag-
ing disclosed a slightly better correlation between
postmortem location of the infarcts and findings
on myocardial images than between postmortem
evidence and ECG'S.9' This investigation also
showed a reasonable correlation between infarct
size at postmortem and the size estimated from
the thallium 201- studies. In another series,98 there
was good correlation between estimation of in-
farct size from 201TI images obtained in the
first 12 hours after symptoms and that estimated
from serial serum creatinine phosphokinase meas-
urements. However, as noted above, the size of
the 201TI image defect tends to decrease in the
days after the myocardial infarction.92 Similar
findings have been described in patients with acute
infarctions imaged with nitrogen 13 ammonia99
and in dogs with experimental myocardial infarc-
tion imaged with 201Tl.100 Therefore, the clinical
reliability of measuring the size of acute infarcts
from 201TI images is dubious, and it is unlikely
that the technique will be accurate enough to
judge the effect of therapies aimed at limiting
infarct size. In the longer term, the 201T1 image
may have some prognostic value by indicating the
amount of viable myocardium remaining, and in
groups of patients with prior myocardial infarc-
tion, abnormalities seen on the rest myocardial
scintigrams correlated well with the extent of wall-
motion abnormalities at ventriculography.09"01"02
Once again, some caution is necessary as rest
image abnormalities do not always indicate earlier
infarction.88'89"02 Also, data from serial studies
with rubidium 81 from 1 to 510 days after acute
infarction'03 show a decrease in the size of the
image defect in the late postinfarction period,

possibly as the result of fibrotic shrinkage of the
scar tissue.

Angina and atypical chest pain. The widest
clinical application of 201TI myocardial imaging
has been in the study of patients with angina

...

Figure 4.-Anterior images from a patient with previous
myocardial infarction. The apico-inferior defect on the
stress image (above) does not change signficantly on
the rest image (below). A fixed defect of this type is
characteristic of myocardial scarring.
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pectoris or atypical chest pain. In such patients
the usual procedure is to carry out a stress study
first. If this is normal, then, ordinarily, no further
studies are carried out. If the stress images are
abnormal, they are compared with either rest
images or images obtained some hours (usually

......... ... ....
...~~~~~~~~~~, ..... ...'.

~~~~~. . .. ...
..... .. .
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Figure 5.--450 left anterior oblique images from a
patient with exertional angina. There is a pronounced
posterolateral abnormality on the stress image (above),
which has completely reversed on the rest image (be-
low). These appearances suggest ischemia in the ter-
ritory of the left circumflex coronary artery which was
significantly stenosed at arteriography.

about four) after the stress injection (redistribu-
tion study). Improvement of the image abnormal-
ity either at rest or on the redistribution study
suggests myocardial ischemia while absence of
change is usually interpreted as myocardial scar-
ring. Figure 4 shows a "fixed" defect due to pre-
vious infarction and Figure 5, a reversible ab-
normality produced by myocardial ischemia.
As discussed above, some caution is needed in

interpreting rest image abnormalities as showing
myocardial scarring, particularly when they are
associated with ventriculographic evidence of nor-
mal or only slightly abnormal left ventricular wall
motion.88"02 In such patients, re-imaging two to
four hours after the rest injection may be valuable
as a means of differentiating more accurately be-
tween infarction and ischemia.88

There is some debate at present as to whether
the redistribution technique57 yields the same in-
formation as rest imaging. If it did so, only one
injection of 201T1 would be necessary, with both
financial savings (of approximately $200) and
decrease in radiation dosage for the patient. How-
ever, several recent publications have suggested
that in at least a proportion of patients the two
studies are not identical.'04-'06 Figure 6 illustrates
a study showing differences between rest and re-
distribution images.

Blood and co-workers'04 have reported that in
62 patients with coronary artery disease, 16
showed defects on redistribution images which
were not present on the rest images. Of these
patients, 11 had evidence of previous transmural
myocardial infarction. They concluded that redis-
tribution studies were more sensitive than rest
images for detecting previous myocardial infarc-
tions, especially of the inferior wall. Ritchie and
colleagues'05 found discrepancies between the rest
and redistribution images in 12 of 27 patients
with coronary artery disease. However, they were
unable to correlate the differences with presence
of earlier infarction, disturbances of regional wall
motion or severity of coronary stenosis. They
concluded that while some redistribution occurred
in most patients with exercise-induced defects,
the use of the redistribution image may lead to
overestimation of the extent of previous infarction.
Verani and co-workers'06 found that there was a
considerable overlap in redistribution scintigrams
in patients with coronary disease with and without
previous infarction, with a high incidence of stress-
induced hypoperfusion both in infarcted and non-
infarcted myocardium. They also found that good
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quality collateral vessels allowed redistribution
even to some areas of previous infarction.

Until the controversy over the significance of
the redistribution image is resolved, it seems
reasonable to carry out separate rest studies in
patients who have persistent abnormalities on
their redistribution scintigrams, especially if there
is no history of previous infarction.
Numerous series have now been published on the

sensitivity and specificity of 201TI myocardial im-
aging for the detection of angiographically proved

coronary artery disease in patients with chest
pain. 36,71,107-121 Some results are summarized in
Table 1. The sensitivity of 201TI imaging for de-
tecting significant coronary artery disease ranges
from 68 percent to 100 percent, with most recent
series giving figures of 75 percent to 90 percent.
Comparison between different series is difficult,
but factors producing the differences in sensitivity
may include (1) differing criteria for the severity
of stenoses considered significant, (2) whether the
sensitivity reported represents only "new" lesions

- . - - .. . . .. -...~~~7,

.'

6..*

Figure 6.-650 left anterior oblique images from
a patient with previous inferior infarction and
exertional angina pectoris. The stress image (A)
shows a pronounced apical and posteroinferior
abnormality with only slight apical redistribution

M on the 4-hour delayed image (B). By comparison.
Q the rest image (C) obtained after a second injec-

tion of radionuclide shows only a small inferior
9 defect. The rest image suggests that most of the
s stress image abnormality is due to ischemia. with

only a small area of scarring in the inferior myo-
cardium. Reliance on the redistribution image
would have led to the conclusion that there was

a very extensive area of scarring and little or no

schemia.
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seen at stress or also includes those which do not
change between rest and exercise, (3) differences
in patient populations; for example, the propor-
tion of patients with multiple-vessel disease or
with good collateral circulation may be important,
and (4) the method of analysis of the scintigrams.
As discussed above, there is some preliminary
evidence that various forms of image processing
may influence the sensitivity. When particular
vessels are considered, the sensitivity of detection
is greatest for left anterior descending artery dis-
ease and lowest for left circumflex vessel dis-
ease.3G,117
The specificity of thallium 201 imaging for the

detection of coronary artery disease has been of
the order of 80 percent to 100 percent, though a
few series have produced much lower figures. The
false-positive results are probably due to several
factors. For instance, the criteria adopted for
judging abnormalities of the images vary in differ-
ent centers as does the method of processing. Use
of flat background subtraction may cause a reduc-
tion in specificity.61 62 Also, because myocardial
thallium uptake is dependent on regional sodium-
potassium pump function as well as myocardial
blood flow, any myocardial pathology may pro-
duce an abnormal image. Such abnormalities are
usually present on the rest image, but reversible
"ischemic"-type defects can also be seen occa-
sionally in noncoronary disease.122'123

In several studies 201TI imaging has been com-
pared with electrocardiography. Most series (for

example, see references 108, 112, 116, 124) have
found myocardial imaging to have a higher sen-
sitivity than ECG's for detecting coronary artery
disease, though not all authors agree on this
point."4 Specificity for the two techniques was
not significantly different in some series,"12"114 but
others have indicated increased specificity for
radionuclide imaging.°'0'"7 It has been reported
in three studies"9-'21 that the results of myocardial
imaging are normal more frequently than those of
electrocardiography in patients with chest pain and
normal coronary arteriograms. Berman and col-
leagues125 carried out myocardial imaging in 21
asymptomatic subjects with positive stress ECG'S.
The 201TI images were abnormal in six of seven
patients with coronary artery disease and normal
in all 14 with normal arteriograms.
The relationship between the extent of coronary

artery disease and the findings on thallium 201
imaging has also received some attention. Wain-
wright and co-workers"' reported a high degree of
accuracy in predicting the extent of disease from
myocardial images while Weisberger126 reported a
specific scintigraphic pattern for left main stem dis-
ease. Massie and colleagues"0O concluded that stress
perfusion scintigraphy was a useful adjunct in
identification of patients with high-risk coronary
artery disease. By contrast, some of the earlier
studies, without giving exact details, commented on
a generally poorer correlation between the 201TI
image and the coronary arteriogram in patients

TABLE 1.-Sensitivity and Specificity of Thallium 201 Myocardial Imaging and Electrocardiography for Detection ot
Coronary Artery Disease in Patients With Chest Pain Who Had Undergone Coronary Arteriography*

Thallium 201 Imaging Electrocardiography
Reference No. of Sensitivity Specificity Sensitivity Specificity

No. Patients Percent Percent Percent Percent Comments

97 71 59 64
96 90 81 65
75 100 65 100
85 89 67 63
95 93
97 .. 66
88
91 96 65 84
93 86
68 97 71 79
99 56 55
75 91 71 86
91 83 76
78 88
84 85 76 52

91 .. 77
100 .. 44

. . . . . . . . . .

* . . . . . . . . .

All 2- or 3-vessel disease

* . . . . . . . . .

No patients with previous myocardial infarction

. .. .

.

. .*...
* . . ..... . .

Multicenter study
. . .a

Patients with chest pain and normal coronary angiography
Patients with chest pain and normal coronary angiography

*Sensitivities and specificities quoted are calculated from rest or exercise abnormalities, or both, where this information is available.
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with multiple-vessel disease compared with pa-
tients with single-vessel disease,'09"13 while Rehn
and co-workers"' felt that myocardial imaging
was sensitive but not specific in detecting left
main artery disease. Three recent studies127-'29
have commented on the frequent underestimation
of the extent of disease when predictions are made
from myocardial images in patients with multiple-
vessel disease.

The discrepancy found in many patients be-
tween estimates based on 201T1 imaging and the
arteriographic extent of disease may have several
causes. First, coronary arteriography is open to
some error of interpretation,'30 although when
arteriography is compared with postmortem find-
ings, the arteriography will underestimate more
often than overestimate the extent of coronary
artery disease.'13132 Second, the presence of an
anatomic stenosis at arteriography does not neces-
sarily imply distal abnormal flow and ischemia.
Two studies" (PP84-'42).133 have suggested that the
presence of collateral circulation to the territory of
an abnormal vessel reduces the likelihood of a
radionuclide image abnormality in that region, if
the area has not been the site of previous infarc-
tion. The same two studies have also shown that
the differing severity of individual stenoses in
multiple-vessel disease may also be important,
with image defects developing only in the territory
of the most abnormal vessel.'7(PP84-142)"33 This
may be due to pain from ischemia in this area
limiting exercise before flow becomes abnormal in
the territory of a less severely occluded vessel. An
alternative explanation is that although the flow
in the less stenosed vessels is abnormal in abso-
lute terms, this is not detected on a myocardial
image that reflects only relative regional perfusion.
A third factor making prediction of extent of dis-
ease from myocardial images difficult is the vari-
ability of territories of the coronary arteries, espe-
cially the reciprocal relationship between the right
and left circumflex vessels.'34"35 As a result, an
image defect in certain areas may represent ab-
normalities in the territories of one or both
vessels.'28
What then is the role of 201T1 myocardial imag-

ing in a patient with possible ischemic heart dis-
ease? The patient with classic angina pectoris
and an abnormal ECG has a high probability of
having coronary artery disease, and the results of
myocardial imaging will not produce any signifi-
cant change in this probability.'38 Myocardial im-
aging, therefore, has very limited value as a diag-

nostic procedure for coronary artery disease in
this group of patients. Patients with abnormalities
on the myocardial scintigrams that suggest mul-
tiple-vessel disease, usually have more than one
abnormal vessel at arteriography, but as noted
above, the extent of disease is often underesti-
mated from the myocardial images. Therefore,
high-risk coronary disease may be suggested from
201Tl images, but cannot be excluded by them.
Thallium 201 imaging is thus not reliable in iden-
tifying patients who require more invasive studies
as a prelude to possible coronary artery opera-
tions. The findings on rest myocardial imaging
may have some prognostic value by showing the
extent of irreversibly damaged (or very severely
ischemic) myocardium. Similarly, the findings of
only small areas of ischemic defects during stress
may be a good prognostic sign by indicating single-
vessel disease or multiple-vessel disease with good
collateralization. These prognostic points, how-
ever, remain speculative at present. Finally, pre-
operative myocardial imaging in this group of
patients would be valuable when a decision has
been made to carry out a bypass surgical opera-
tion. Comparison of preoperative and postopera-
tive images may be of value in assessing the
adequacy of myocardial revascularization (see
below).

Thallium 201 myocardial imaging is of great
clinical use in patients with various atypical chest
pain syndromes which may be associated with
coronary artery disease. For such patients stress
myocardial imaging is usually combined with
stress electrocardiography. If results of both in-
vestigations are normal, the probability of signifi-
cant cardiac disease is low, and further investiga-
tion is not indicated. By comparison, if abnormal
studies are obtained, further cardiac investigation
should be instituted. It should be noted that while
an abnormal myocardial image in a patient with
atypical chest pain is most often due to coronary
artery disease, it is not specific for this diagnosis
and may be produced by a variety of other myo-
cardial pathologies.
A further indication for 201Tl myocardial imag-

ing is in assessing the functional significance of
coronary artery lesions which are borderline at
coronary arteriography. The uptake of the radio-
nuclide by the myocardium reflects regional small-
vessel blood flow and myocardial cell function. A
normal stress myocardial image in the territory of
a borderline abnormal vessel suggests that the
stenosis is not of hemodynamic significance. By
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comparison, a reversible stress image abnormality
in that territory is an indication that the occlusive
lesion is producing regional myocardial ischemia.
A major indication for myocardial imaging is

in the clarification of equivocal ECG changes in
patients with atypical chest pain or the presence
of abnormal ECG findings in asymptomatic sub-
jects.'39 Normal stress images considerably reduce
the probability of coronary artery disease in such
patients and, depending on the clinical setting,
may obviate the need for further investigation.
Myocardial imaging is also very valuable in a
patient whose stress ECG cannot be interpreted;
for example, because of digoxin effect or left
bundle branch block (LBBB). The finding of a
reversible stress image abnormality is highly sug-
gestive of ischemic heart disease. The significance
of rest image abnormalities in patients with LBBB
is less clear. Studies using 43K and 81Rb showed
septal abnormalities at rest in patients with LBBB
and no coronary disease.'36 By contrast, in pa-
tients with suspected acute myocardial infarction
and LBBB, rest 201T1 image abnormalities occurred
only in those patients subsequently shown to have
acute infarction.'37

Because of the high cost of the test, the sensi-
tivity and specificity obtained and the low yield
to be expected, it is unlikely that myocardial
imaging will be a suitable screening test for coro-
nary artery disease in large asymptomatic popula-
tions.138 Myocardial imaging may be useful, how-
ever, as a noninvasive screening test both at the
time of presentation and during follow-up of
patients with known high-risk factors for coronary
atherosclerosis, such as hyperlipidemia.

After coronary artery bypass operations. Myo-
cardial imaging has been used as a method of
assessing the adequacy of myocardial revascular-
ization after a coronary artery bypass operation.
When comparing myocardial imaging and post-
operative arteriography, it is important to re-
member that myocardial revascularization and
anatomic graft patency are not necessarily synony-
mous.140 Thus, a patent graft may supply an area
of myocardial infarction'4' which would appear
abnormal on the myocardial image. Similarly,
collaterals to the grafted vessel from nondiseased
vessels may develop after the operation,'42 and it
is possible, at least theoretically, that this might
maintain myocardial perfusion in spite of proxi-
mal graft occlusion.

The success of showing improved myocardial
perfusion after an operation using potassium 43,143

and rubidium 81144 has been followed by similar
applications of thallium 201 imaging."13'145-'52

Overall, postoperative improvement in stress
myocardial images has been associated with a high
frequency of graft patency.145-'48 Rest myocardial
images may also improve following a bypass
procedure, especially in segments not associated
with Q waves on ECG.5l' Similarly, abnormalities
present on postoperative stress images correspond
well to incomplete revascularization, either due to
graft occlusion or to disease of ungrafted ves-
sels. 144,146,147,150 One must be cautious in inter-
preting apical abnormalities because in some pa-
tients after operation there may be apical defects
more pronounced than normal thinning without
coronary occlusion, perhaps due to insertion of a
vent into the apex of the left ventricle during the
operation.'7 pp'49'63) It should be noted that ab-
sence of improved results on myocardial imaging
after the operation does not preclude alleviation
of angina and increased exercise tolerance.'49 Al-
though overall correlation between improvement
or continued abnormal findings on the postopera-
tive scintigram and arteriogram is fair, prediction
of occlusion or patency of individual grafts or un-
grafted vessels has been less successful in several
series.145'46"48'50'52 The ability to predict the
patency of individual grafts is improved if there
is an abnormality in that vessel's territory on the
preoperative study.'52

Because of the limitations of 201TI imaging in
predicting the status of individual grafts, its main
value in the postoperative assessment of a patient
who has had good symptomatic relief is to serve
as a baseline for future comparison. If, however,
the patient continues to have chest pain after the
operation, the presence of abnormal findings on
the scintigram is highly suggestive of incomplete
revascularization. By comparison, the conversion
of an abnormal preoperative to a normal post-
operative study indicates that the pain is more
likely to be noncardiac in origin.

Variant angina. Myocardial ischemia due to cor-
onary artery spasm is associated with reduction in
myocardial perfusion, which can be shown by 201Tl
imaging.90 Images obtained during a spontaneous
attack show transmural reduction in 201T1 uptake
in th- affected myocardial territory, with reversal
of the abnormality on redistribution images or on
separate rest images obtained when the patient is
free of pain.90 Similar reduction in 201TI uptake
can be shown when attacks are induced pharma-
cologically in affected subjects through adminis-
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tration of ergonovine maleate.36'90'91"53 Thallium
201 myocardial imaging after the patient has been
given this drug is a useful means of showing the
effect of coronary spasm on myocardial perfusion
and metabolism, and may be a method of assess-
ing the value of proposed therapies. However, be-
cause of the danger of inducing spasm in patients
with arteriosclerotic coronary disease, such pro-
vocative tests should be carried out only after
fixed coronary occlusion has been excluded by
standard rest and exercise myocardial imaging or
by coronary arteriography.

Noncoronary Disease
Valvular heart disease. Thallium 201 myocar-

dial imaging has been applied in patients with
aortic valve disease to determine whether they
also have coronary artery disease, because this
has important prognostic and therapeutic impli-
cations. Two studies, the first including patients
with pure aortic stenosis'54 and the second includ-
ing some patients with aortic stenosis and others
with combined aortic stenosis and regurgitation,'55
have shown that in patients with these conditions,
abnormal stress myocardial images can be ob-
tained in some patients with no significant coro-
nary artery disease while a normal image does not
exclude obstructive coronary disease. The false-
negative studies may be related to the patient's
exercise capacity being limited by low cardiac
output before myocardial ischemia develops.
The explanation for positive studies in patients

without coronary disease is unclear. Similar false-
positive studies in cases of aortic stenosis have
been recorded with 43K.122 It does appear, how-
ever, that potassium analog myocardial imaging
cannot be used to exclude or to confirm the pres-
ence of occlusive coronary disease in patients
with aortic valve disease.

Mitral valve prolapse may be accompanied by
atypical chest pain, false-positive electrocardio-
grams and arrhythmias, and may thus mimic
coronary disease. Thallium 201 imaging has been
investigated in this group of patients.'56-'59 The
weight of evidence in the literature suggests that
the technique is valuable in differentiating patients
with prolapse who have coronary disease from
those who do not, abnormal results on scintigrams
being found only in the former group.

Nonischemic cardiomyopathy. Although myo-
cardial imaging has proved most useful for study-
ing coronary artery disorders, it has also been
applied to certain noncoronary cardiomyopa-

thies.65 122,123,160-163 The myocardial images usually
have a nonspecific appearance in noncoronary
cardiomyopathy and do not usually help in dis-
tinguishing the cause.'63 Rather, they show the
effect of the disease process on myocardial anat-
omy and function, and can be used in assessing
whether hypertrophy or dilatation of either ven-
tricle is present.65"22"63 Focal abnormalities ap-
pearing during stress are not entirely specific for
occlusive coronary artery disease and may also
be seen occasionally in patients with noncoronary
cardiomyopathy.122"123"164
A more specific pattern of abnormality has

been reported in idiopathic hypertrophic subaortic
stenosis (IHSS), where the ratio of thickness of
the septum to that of the free left ventricular wall
exceeds 1.7.160 In addition, the posterior left ven-
tricular free wall is thicker in the obstructive
compared with the nonobstructive form of the
disease.'60 Patients with IHSS may show stress-
induced focal defects of 201T1 uptake in the ab-
sence of significant coronary disease.'64 It should
be noted, however, that the noninvasive diagnosis
of IHSS, and left ventricular hypertrophy in gen-
eral, is best made from the ECG and echocardi-
ography rather than from 201T1 imaging.

Focal myocardial image abnormalities at rest
are found in patients with myocardial sarcoid
granulomata, and this study may be a useful
means of differentiating cardiac dysfunction due
to cor pulmonale from that resulting from direct
myocardial involvement.'6' In a recent study myo-
cardial image abnormalities were reported in al-
most a third of 50 patients with sarcoidosis who
did not have cardiovascular symptoms.'62

Miscellaneous conditions. Visualization of the
right ventricle on rest 201TI images may occur in
acute pulmonary embolism.'63 As noted earlier,74'75
chronic pulmonary hypertension and right ven-
tricular hypertrophy result in visualization of the
right ventricle on rest images.

Thallium 201 imaging is possible in neonates
and young children and can be used to differenti-
ate global "transient myocardial ischemia" from
focal ischemia resulting from an anomalous left
coronary artery.'65 Myocardial imaging can also
be used to assess myocardial perfusion following
surgical intervention for an anomalous left coro-
nary artery.'66 Thallium 201 imaging has also al-
lowed successful differentiation between tetralogy
of Fallot and single ventricle disease.66

Finally, it may be possible to recognize the
presence of pericardial effusion from a halo of sub-
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stantially decreased background activity around
the heart on rest myocardial images.163

Noncardiac Applications of Thallium 201 Imaging
The whole body distribution of 201TI following

intravenous injection parallels regional blood and
regional metabolic activity, and the fractional
distribution of the isotope has been suggested as
a method of studying the regional distribution of
cardiac output.167 This approach has been ques-
tioned because of the many factors other than
regional blood flow that might alter the distribu-
tion of 201TL.'68 Imaging of the lower limbs after
injection of 201TI at rest and during exercise has
been done in patients with peripheral vascular
disease, and has been proposed as a method of
studying the functional result of major vessel
occlusion.169

In addition to metabolically active normal tis-
sues, 201TI has been found to accumulate in certain
pathological tissues. Cox and colleagues'70 re-
ported an abnormal concentration of 201TI in the
primary tumor of a man with bronchial carci-
noma. They also showed that the nuclide was
taken up by rhabdomyosarcoma implants in rats.
Tonami and associates'71 investigated 201T1 as a
tumor-imaging agent in humans. They found ab-
normal uptake of the isotope in 14 of 15 patients
with hepatomas but in none of 8 with hepatic
metastasis. In patients with thyroid nodules, 14
of 15 with thyroid cancer had a hot spot on2O1Tl
imaging, whereas in only 6 of 19 patients, benign
adenomas which were "cold" on technetium 99m
imaging concentrated 201TI. The same group have
also reported 201TI uptake in primary lung and
esophageal carcinomas.'7' Thallium 201 uptake
has also been recorded in single cases of lymph
node metastasis from thyroid carcinoma,'73 in a
benign parathyroid adenoma174 and in two cases
of subacute thyroiditis.'7'

Conclusion
Thallium 201 myocardial imaging, though a

relatively new technique, has been the subject of
extensive evaluation. Its clinical use in several
situations is still unresolved, but the following
indications for carrying out the procedure are now
generally accepted:

* The study of patients with symptoms sug-
gestive of coronary artery disease, especially those
with atypical chest pain or ECG findings that are
equivocal or cannot be clearly interpreted. (Its

value in identifying patients with high-risk coro-
nary disease remains controversial.)

* The clarification of the significance of an
abnormal ECG discovered during routine screen-
ing of an asymptomatic subject.

* The assessment of the hemodynamic signifi-
cance of a borderline lesion seen at coronary
arteriography.

* The follow-up of patients after coronary
artery bypass operations.

* The exclusion of coexistent coronary disease
in patients with mitral valve prolapse-thallium
201 imaging cannot be used to confirm or exclude
coronary disease in aortic valve disease.

* A normal myocardial image obtained in the
few hours after the onset of acute chest pain
virtually excludes acute myocardial infarction.
Studies delayed beyond this time are less valuable,
and there are difficulties in using the technique to
quantitate infarct size accurately.

* Thallium 201 imaging in patients with pos-
sible variant angina due to coronary artery spasm.

* The noninvasive detection of right ventricu-
lary hypertrophy.
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