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Coronary artery disease remains one of the most important health 
problems in our country. Approximately 50% of patients with acute 
myocardial infarcts die before reaching the hospital. Many patients 
with acute myocardial infarcts have not had warning symptoms of angina 
pectoris or evidence of left ventricular dysfunction during stress to 
signal the presence of coronary disease to either physician or patient. 
Other patients have chest pain that may or may not represent angina 
pectoris and in some instances it is very difficult to determine without 
resorting to coronary arteriography . Most would agree that the development 
of noninvasive means to detect, localize and estimate the severity of 
coronary arterial luminal diameter narrowing would be a definite contribution 
to cardiology and would aid in the diagnosis, prognosis and therapeutic 
approaches to patients with symptomatic and asymptomatic coronary artery 
disease. The purpose of this Medical Grand Rounds is to describe the 
recent myocardial scintigraphic developments that are beginning to allow 
the noninvasive recognition of physiologically important coronary artery 
disease in patients. In this regard, myocardial perfusion imaging as 
accomplished by thallium-201 and dynamic myocardial scintigraphy will be 
discussed in detail and the relative advantages and disadvantages of 
each approach described. 

Perfusion Myocard ial Imaging: Thallium-201 

General 

Radionuclide techniques to measure myocardial perfusion can be 
considered in two groups: 1) quantitative methods that actually measure 
myocardial blood flow rates, utilizing either radioactive diffustble 
substances which actively enter the cell or the disappearance of radi oactive 
nobel gases, and 2) qualitative methods that use static images to demonstrate 
abnormal areas of reduced myocardial perfusion . While qualitative methods 
have been performed primarily with cations, other techniques, such as 
radiolabeled particles, cyclotron-produced-short-lived positron-emitting 
radionuclides, and radiolabeled fatty acids, have also been used (1-4) . 
Radioiodinated fatty acids have been shown to label perfused myocardium, 
and if they can be labeled eventually with technetium-99m pertechnetate, 
they will become a generally attractive imaging agent. 

Imaging of the perfused myocardium has in the past involved primarily 
the use of intracellular cation potassi um and its analogs (5-14). 
Various isotopes of potassium (K-42, K-43 ), rubidium (Rb-84, RB-86, Rb-
81), and cesium (Cs-129, Cs - 131, Cs-134) have been evaluated by various 
investigators. Both K-43 and Cs-129 have shown clinical usefulness but 
are expensive and lack commercial availability. At the present time, 
thallium-201 is the cation of choice for perfusion myocardial imaging 
(15-17). The remainder of the discussion concerning myocardial perfusion 
imaging using gamma emitters will concentrate on the properties and 
clinical usefulness of thallium-201 (201Tl) in detail. 
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Thallium-201 

Physical and Biologic Properties 

Thallium-201 was initially suggested for myocardial perfusion 
imaging in 1970 (11). However, it was not until 1972 that workers at 
Brookhaven National Laboratory (18) developed a method for producing 
high purity 20ln in a cyclotron by proton bombardment of a nC~.tural Tl-
203 target to produce Pb-201. Lead-201 has a half-life of 9.4 hours and 
is the parent product of Tl-201. The nuclear reaction is Tl-203 (p,3n) 
Pb-201. The radioisotopic purity of Tl-201 is greater than 99 per cent 
and is obtained by a two-stage separation where lead (Pb-203 and Pb-201) 
are initially eluted from the target material and allowed to stand 
overnight to permit the decay of Pb- 201 into Tl-201. The lead (Pb-203) 
is then fixed to a second ionic exchange column, and Tl-201 is eluted. 

Thallium-201 has a physical half-life of 74 hours and decays by 
electron capture by giving off photons with energies of 167 kev (8 per 
cent), 135 kev (2 per cent), and 69 to 83 kev (98 per cent). The latter 
is from Hg x-rays and represents the useful imaging photon. The radiation 
burden incurred from a standard imaging dose of 1.5 mCi is: 

Organ 

Whole body 
Testes 

Thyroid 
Kidney 

GI Tract 

Dose (Rads) 

0.32 
0.89 
1. 55 
1. 76 
1. 35 

After intravenous injection, Tl-201 disappears rapidly from the 
blood in a biexponential fashion. Five minutes after injection, only 
about 5 per cent remains in blood as the rapid exponential component has 
a half-time of 30 seconds. Residual blood concentration is in equilibrium 
between red cells and plasma, and the slow exponential component has 
a half-time of 40 hours. Although Tl-201 exits the blood rapidly, it is 
excreted from the body slowly, with a whole-body biologic half-time of 
about 10 days. Excretion is primarily by the kidneys. 

Organ distribution changes with time. Ten minutes after injection, 
2 to 4 per cent of the injected dose is in the heart and appears to have 
a half-time in normal myocardium of 7 hours. Liver and kidney show high 
organ concentration at 10 minutes but do not show as great a per gram 
concentration as does the myocardium. GI tract activity predominates by 
8 days. Prolonged clearance from myocardium of thallium as compared to 
potassium may be due to the binding of thallium to two sites on the 
sodium-potassium ATPase enzyme system as compared to one site for potassium 
( 19). 

The initial Tl-201 distribution in myocardium approximates perfusion 
at the time of injection (20). Redistribution of Tl-201 uptake does 
occur with time and as yet is not fully understood. It probably depends 
on many factors, including myocardial extraction and clearance rates, 
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blood flow, and blood concentration, which reflects ongoing extraction 
and clearance from major organ systems. If myocardial imaging is begun 
5 to 10 minutes after injection, redistribution should play a relatively 
minor role, and Tl-201 distribution should be a true reflection of 
myocardial perfusion at the time of the injection. If myocardial imaging 
is performed 1 to 6 hours after injection, redistribution can be sig
nificant, particularly in areas of myocardi al ischemia. These ischemic 
areas initially show decreased radioactivity when compared to normal 
myocardium but later show normal or increased radioactivity. A normal 
Tl - 201 myocardial scintigram is shown in Figure 1; the influence of 
regional myocardial ischemia on thallium-201 myocardial uptake in a 
patient with an acute myocard ial infarct is shown in Figure 2; similar 
regional myocardial decreases in Tl-201 uptake may occur during exercise 
stress. The general uses and limitations of Tl-201 myocardial imaging 
are reviewed in reference 21. 

FIGURE 1 

Normal Tl-201 Polaroid images in anterior (A), 45 degree left anterior 
oblique (B), and left lateral (C) views of patient with no known myocardial disease. 
Activity is seen in muscle volume representing left ventricle. Decreased activity at 
center is due to decreased activity in blood pool of left ventricle. Decreased activ
ity at base is due to the origin of great vessels (arrow), and decreased activity at 
the apex is a variable finding, probably representing muscle thinning at the apex. 
The images usually appear circular at 45 degrees LAO and left lateral projections. 
Images were obtained 5 to 15 minutes after intravenous injection of 2 mCi of Tl-
201. (From Parkey et al.: J Nucl Med 17:771 , 1976) 



FIGURE 2 

Anterior lateral 

NORMAL 201 Thallium scintigram 

POSITIVE 201 Thallium scintigram 

Change in configuration of Tl-201 scintigrams with rotation of the 
heart. Top row. Location of left ventricular myocardium (dotted area) in anterior, 
LAO, and left lateral projections. Linear shading denotes area of anterior wall in
farction. Middle row. Normal Tl-201 images. Bottom row. Anterior wall defects in 
Tl-201 images caused by anterior myocardial infarction. (From Parkey et al. : J Nucl 
Med 17:771, 1976) 

5 
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Instrumentation Utilized for Thallium-201 Myocardial Imaging 

Tl-201 myocardial imaging is performed using its 80 kev x-ray, 
which gives approximately seven times more counts per mCi than its 135 
and 167 kev gamma rays. Using the lower 80 kev energy gives rise to two 
main problems: scatter irradiation and decreased detector sensitivity. 
Scatter irradiation is from two sources: 1) Compton scatter from the 
higher energy gammas and 2) Rayleigh scatter from the 80 kev x-ray. 
Both add noise to the final image and slightly decrease resolution. The 
sensitivity of gamma scintillation cameras depends in part on the ability 
of photomultiplier tubes being able to detect scintillations (light 
photons) in a Nai crystal caused by capture of incoming photons. The 
amount of light photons produced is proportional to the energy of the 
incident photon. Less light is produced with 80 kev as compared to 140 
kev in the crystal, causing greater positioning uncertainty and de
creased resolution. Crystal thickness also plays a role in this posi
tioning uncertainty. Standard scintillation cameras use one-half inch 
thick Nai crystals. This thickness is used because it is required to 
capture more energetic incident photons which produce enough light 
photons to travel the crystal thickness to the interface with the photo
multiplier tubes. Low-energy photons can be captured at some distance 
from the photomultiplier tube, and this increased distance coupled with 
the lower abundance of light photons leads to both decreased sensitivity 
and decreased resolution. Use of a thinner crystal (one-fourth inch) 
would improve detection for low-energy photons (Tl-201) but would 
decrease detection for standard higher energy sources, such as Tc-99m 
(140 kev) . 

The above discussion concerning limitations of Tl-201 imaging with 
currently available imaging cameras makes it clear why several groups of 
investigators are working to develop a Tc-99m labeled agent for the 
evaluation of myocardial perfusion. However, until that occurs, Tl - 201 
will remain the agent of choice for perfusion imaging. 

Thallium-201 myocardial imaging is best performed on the newer, 
high resolution, 37-tube photomultiplier scintillation cameras (21). 
Older scintillation cameras (19 tube) are not well suited to the imaging 
of lower energy photons. While imaging can be performed on a rectilinear 
scanner, this is not recommended because of the increased imaging time 
required and its tomographic effect. With the newer cameras, the all
purpose collimator has been suggested as optimum when imaging time, 
resolution, and image contrast are all considered (22). Converging 
collimators will increase sensitivity by a factor of 4 to 10 times in 
phantoms, but there is some debate as to whether image distortion and 
loss of contrast occurs in the ~yivo image. · 

Myocardial Imaging with Thallium-201 Myocardial Scintigraphy 

When Tl-201 is injected intravenously at rest, the only part of the 
myocardium that is visualized is the left ventricular muscle mass. 
Visualization of the right ventricle under these conditions implies some 
abnormality. Imaging the left ventricle is analogous to imaging an egg 
with uniform radioactivity present in the shell . The part that is 
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visible on the scintigram is that · portion of the myocardium that is 
perpendicular to the camera face at the time of imaging. Surfaces that 
are parallel to the camera face are not visualized well because of their 
decreased muscle mass per unit of camera face surface. Figure 3 is a 
line drawing showing the projection of the left ventricular walls in the 
three standard imaging views: anterior, left anterior oblique (LAO) and 
left lateral. 

FIGURE 3 

I ' 
POSTERIOR 

INFERIOR INFERIOR 

POSTEROLATERAL 

Line drawings showing the projections of the left ventricular muscle 
on the three standard views: anterior, left anterior oblique (LAO), and left lateral. 
Notice how the medial portion of the ring of activity is predominantly septal wall 
on the anterior view and becomes anterior wall as the patient is rotated into a left 
lateral projection. Myocardium perpendicular to the scintillation camera face is 
seen best because of end-on effect, with increased depth providing increased ra
dioactivity. (From Parkey et al.: J Nucl Med 17:771 , 1976) 

--- ---· ·- --- - - -
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In the anterior projection, the medial portion of the ring of activity 
is predominantly the septal wall, with the left lateral portion being 
the lateral wall of the left ventricle. The inferior portion of the 
ring represents the inferior apical aspect of the heart. In the LAO 
view, the lateral portion of the ring of activity represents predominantly 
lateral wall. However, there has been some controversy in the literature 
as to the relative contributions of ventricular septum and anterior wall 
to the medial ring of activity. This almost certainly is dependent on 
the obliquity of the LAO view. In the anterior projection the medial 
ring is predominantly septal wall. In shallow LAO projections the 
septal wall makes up the largest portion of activity. As the LAO proceeds 
to 45 degrees, the anterior wall becomes more predominant in the medial 
portion of the ring, and when the patient i s positioned in a left lateral 
position, the medial ring is predominantly anterior wall. Figure 4 
demonstrates an anterior wall defect on a thallium scintigram which 
causes a defect in the LAO and lateral imaging views on the medial 
aspect of the ring. On the left lateral view the more medial portion of 
the ring of activity is predominantly anterior wall, the more lateral 
portion is posterior wall , and the undersurface of the ring represents 
the inferior wall. 

FIGURE 4 

Thallium-201 scintigrams in a patient with an acute anterior septal 
infarction and a history of a previous inferoposterior wall infarction. Note . the 
marked decrease in activity seen in the anterior view (A) and the almost total lack 
of activity in the anterior wall , as seen on the LAO view (B) and left lateral v1ew 
(C) . D. E, and F. Line drawings of the scintigrams. This points out the need for ac
tivity in normal portions of the ring so that abnormal areas of decreased perfus1on 
can better be seen. When perfusion is markedly reduced symmetncally, les1ons are 
more difficult to localize and detect. 

----------------------- - - ----- ----- ·- - - -·- -
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When Tl-201 is admi nistered during exercise (Figure 5), lung and 
liver activity decrease, and Tl-201 visualization of the right ventricular 
wall occurs. Because the right ventricular wall has a relatively small 
mass it is not usually seen at rest in patients without right ventricular 
enlargement. The atria have even less muscle mass than the right ventricle 
and are not ordinarily visualized on the Tl-201 images. 

FIGURE 5 

ANT LAO L.LAT 

EXERCISE 
Anterior, 45 degree left anterior oblique (LAO), and left lateral scinti

grams in a patient with no known myocardial disease. Two millicuries of Tl-201 
were injected at peak exercise and imaged 10 minutes after exercise. Note the de
crease in .activity in the lungs and liver. Also note the increase in activity in the 
right ventricle, which is a routine finding on exercise Tl-201 scintigrams. 
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Evaluation of Thallium-201 Myocardial Scintigrams 

Evaluating a Tl-201 scintigram consists of: 1) defining whether an 
area(s) of the ring of a~tivity is decreased or absent, 2) defining the 
size, shape and position of the heart, 3) defining the presence or 
absence of right ventricular myocardial activity, and 4) in some instances 
determining the thickness of the myocardium. 

Clinical Usefulness 

It is important to emphasize that Tl-20l myocardial scintigraphy 
represents a noninvasive means of detecting relative decreases in myocardial 
perfusion. Therefore 3 defects on a Tl-20l myocardial scintigram may 
occur with acute myocardial ischemia3 acute or chronic myocardial infarction3 

or as a result of inflammatory tissue3 scar tissue or infiltrative 
processes that replace normal myocardial cellular architecture and 
vascular channels. 

A. Estimation of Myocardial Perfusion ·using Tl-201 t~yocardial Scin
tigraphy 

Previous investigators have demonstrated that there is good agreement 
between radioactive microsphere measurements of resting coronary blood 
flow and Tl-201 myocardial accumulation in chronically instrumented dogs 
(15) (Table 1). 

TABLE 1 

Comparison of Regional Distribution of Thallium-201 to that 
of Radioactive Microspheres 

Dog 1 Dog 2 
201Tl 85Sr 2o1n 85Sr 

LAD*/RV 3.18 3.44 2.80 2.64 

CIRCt/RV 3.02 3.37 3.10 2.98 

LAD ENDt/EPI§ 1. 06 1. 00 1. 05 1. 02 

CIRC END/EPI 1.19 1.15 l. 01 1.15 

Correlation coefficient: r = 0.97. 

* Left anterior descending distribution. 

t Circumflex distribution. 

t Endocardia 1. 

§ Epicardial. 

( 15) 

Dog 3 Dog 
2o1n 85Sr 201Tl 

3.61 3.88 2.66 

2.85 3.38 2.64 

1.45 1 . 12 1.46 

1. 09 l. 30 l. 09 

4 
85Sr 

2.42 

2.57 

1. 19 

1. 20 
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However, these same investigators found that while thallium-201 
myocardial uptake was increased in regions of increased coronary blood 
flow (produced by transiently occluding a coronary artery and then 
allowing reperfusion hyperemia), thallium-201 uptake did not increase to 
the same extent as was noted for radioactive microspheres (15) (Table 
2). 

Dog 1 

Dog 2 

TABLE 2 

Effect of Hyperemia on Distribution of Tl-201 and 51 cr 
Microspheres in Canine Myocardium (15) 

Ratio 

CIRC 

LAD 

CIRC 

LAD 

201Tl 

1. 91 

2. 41 

2. 93 

4. 25 

These differences between radioactive microsphere uptake and thallium-
201 accumulation during reactive hyperemia were explained by Strauss et 
al suggesting that thallium-201 requires a finite time to clear from the 
blood and enter tissues and that the alteration in coronary flow induced 
by reactive hyperemia is transient and may be restored to normal while 
the thallium-201 is still being cleared from blood (15). This would 
give the impression that less thallium-201 is entering the tissues than 
is true for radioactive microspheres which enter during the first circulation. 

B. The Myocardial Scintigraphic Detection of Transient Myocardial Ischemia 

Most 11 Nuclear Cardiologists 11 feel that one of the most exciting 
uses for thallium-201 myocardial imaging is in the evaluation of patients 
with possible transient myocardial ischemia. Specifically, this means 
the use of thallium-201 myocardial scintigraphy at peak exercise effort 
to determine whether transient regional decreases in myocardial perfusion 
that would be consistent with a patient having anatomically and physiologically 
important coronary artery disease occur during exercise. The development 
of the capability to noninvasively detect physiologically important 
coronary artery disease would represent an important contribution to 
contemporary clinical cardiology. There are subsets of patients with 
symptoms suggesting coronary artery disease but in whom cardiac catheterization 
is not felt to be indicated. The electrocardiogram has certain limitations 
in terms of accurately detecting the presence of coronary artery disease. 
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Specifically, neither exertional ST depression nor the presence of 
resting Q waves on the ECG are necessarily definitive as regards documenting 
the presence of significant coronary artery disease (23). Therefore, the 
development of more direct but still noninvasive means to detect (and 
localize) physiologically important coronary artery disease would be 
extremely valuable. 

Thallium-201 myocardial imaging was not the first myocardial scintigraphic 
approach used in an attempt to detect physiologically important coronary 
disease during exercise. Zaret, Strauss et al (24 ,25 ) introduced the 
concept of exercise myocardial imaging with the cation K- 43 to detect 
area(s) of decreased perfusion during exercise-induced ischemia. Later, 
Martin et al (12) and Berman et al (26) used Rb-81 to demons trate that 
cation imaging was a more sensitive predictor of coronary artery disease 
than the exertional ST segment depression . However, thallium-201 has 
imaging characteristics that are superior to either of the above mentioned 
radionuclide agents and has recently replaced both K-43 and Rb-81 as an 
imaging agent for the detection of transient myocardial ischemia. 

Recently, Ritchie et al (27) have compared the exercise thallium-
201 myocardial scintigrams to resting and stress electrocardiograms in 
the detection of angiographically documented coronary arterial disease 
in 101 patients that had cardiac catheterization performed because it 
was suspected that they had coronary artery disease. The data from this 
study demonstrate that: 1) in 25 patients with no or insignificant 
coronary disease (less than 50% diameter stenosis), one (4%) had a 
resting Tl-201 image defect, one (4%) had an significant exercise Tl-201 
defect, none had ECG Q waves, and four (16%) had exercise ST-segment 
depression. Among 76 patients with coronary artery disease (greater 
than or equal to 50% diameter stenosis), 58 (76%) had a defect on either 
the rest or exercise Tl-201 image. The proportion of patients with an 
exercise image defect (50/76, 66%) was greater than the proportion with 
exercise ST segment depression alone (34/76, 45%; P < 0.02 ). Overall, 
69 of the 76 (91%) patients with coronary artery disease had either a 
positive rest or exercise myocardial image and/or a positive rest (ECG Q 
waves) or exercise (ST depression) electrocardiogram. This exceeded the 
proportion with only rest or exercise electrocardiographic abnormalities 
(50/76, 65%; P < 0.001) . Ritchie et al concluded from these data that 
rest and exercise myocardial imaging with Tl-201 is easil y accomplished 
with readily available imaging equipment and that the imaging data 
enhance the diagnostic sensitivity of stress electrocardiography and 

. provide spatial identification of the abnormal segment(s) of myocardium. 
These data are graphically shown in Figures 6 and 7. 

More recently, Beller and his associates have reported a sensitivity 
of 85-90% in the detection of anatomically important coronary disease at 
peak exercise using computer processing of the myocardial scintigrams 
and objective and careful analysis of various myocardial segments with a 
comparison of count uptake in various myocardial regions with one another 
(28). In studies performed at Southwestern Medical School and Parkland 
Memorial Hospital, we have found a 75% sensitivity for exercise thallium 
scintigraphy in the detection of anatomically important coronary artery 
disease in patients (29). Thus, data emerging fro~ several medical centers 



FIGURE 6 

INSIG. CORONARY DISEASE 
100 < 50°/o stenosis 

75 
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CORONARY DISEASE 
~ 50°/o stenosis 

(n=76) 

66% 

ECG REST ANGINA NEW 
a TL TL 

DEFECT ====::::=:::=::=:::~D'§:'E=FE=C==T 
EXERCISE 

ThE percentage of patients with insignificant (left) and significant 
(right ) coronary artery disease having ECG Q waves, defects on the 
resting 20lrl image, exertional ST-segment depression (ST+), exertional 
angina (during treadmill exercise), and a new 20lrl image defect after 
exertion. Insig. = insignificant. 



FIGURE 7 
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Comparison of exercise-induced ECG ST-segment depression and new 
exercise-induced 201r1 image defects in 76 patients with coronary 
artery disease. Fourteen gatients (18%) had neither exercise- induced 
ST-segment depression nor 201r1 defects; 12 patients (16%) had 
exercise ST-segment depression (ST+) and no exercise 201T1 defect; 
22 patients (29%) had both ST+ ~n9 an exercise 201r1 defect ; and 
28 patients (37%) had exercise 0 T1 defects with no ST+. 
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suggest that Tl-201 myocardial imaging is a relatively sensitive (although 
not yet absolutely perfect) means of noninvasively detecting physiologically 
important coronary disease when the imaging is done at peak exercise. 
The general sensitivity reported around the country in the detection of 
anatomically important coronary disease at peak exercise is approximately 
75%; errors ( 11 false negative11 myocardial scintigrams) generally occur in 
those with single vessel coronary disease and in particular in those 
with isolated right coronary artery or circumflex coronary artery disease. 
11 False positive11 tests tend to occur in those with myocardial diseases 
of varying etiology. However, the specificity of exercise induced 
thallium-201 perfusion defects for anatomically important coronary 
disease in virtually all series available for review is 90% or greater. 

C. Technique of Obtaining a Tl-201 Myocardial Scintigram during 
Exercise - Value of Obtaining 11 Reperfusion 11 Images 

Originally, Tl-201 myocardial scintigrams were obtained as two 
separate tests when exercise scintigraphy was subsequently intended . 
Either the exercise test or a rest test would be obtained initially . 
Subsequently, the other scintigram (rest or exercise) would be obtained 
approximately 1 to 2 weeks later (the half-life of Tl-201 i s 72 hours). 
This allowed investigators to determine whether exercise induced defects 
in Tl-201 uptake were specific for exercise or whether they were also 
present at rest. However, this approach was cumbersome and expensive . 
The alternative was to perform only the exercise portion of the test but 
then defects documented on the myocardial scintigram might represent 
either exercise induced alteration in Tl-201 uptake or scar present also 
at rest. Pohost et al have made an important contribution to Tl-20l 
myocardial scintigraphic testing by demonstrating that myocardial segmental 
"reperfusion" occurs following exercise induced ischemia and that if a 
subsequent myocardial scintigram is obtained 2-6 hours after the original 
exercise test~ myocardial regions that are transiently ischemic may 
subsequently "take up" Tl-20l and appear normal on the delayed myocardial 
scintigram (20). An example of such a 11 reperfusion 11 effect on a Tl-201 
myocardial scintigram is shown in Figure 8. 



FIGURE 8 

Left lateral images obtained se
rially over a 4-hour period in a transiently oc
cluded (panel A) and permanently occluded 
(panel B) dog. A perfusion defect is evident at 
the apex and early images of both sequences (A 
and B) . Sequence A was obtained prior (initial 
image) and after release of coronary ligatures. 
Redistribution of Tl-201 activity can be seen only 
in sequence A, with total filling in of apical de
fect at 4 hours, whereas persistence of the defect 
is noted in sequence B. (From Po host et al.: Cir
culation 55:294, 1977, with permission of the 
American Heart Association, Inc.) 

16 
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Pohost et al have suggested that two myocardial scintigrams obtained 
in this manner and without injecting any new Tl-201 (following the 
original injection) will distinguish reversible myocardial ischemia from 
myocardial scar. The original studies of Pohost et al (20) evaluated 
regional myocardial Tl-201 uptake and regional coronary blood flow by 
the microsphere technique in anesthetized dogs with either 20 minutes of 
temporary coronary artery occlusion and 100 minutes of reperfusion or 
120 minutes of permanent coronary occlusion. In both groups, Tl-201 was 
injected after 10 minutes of coronary occlusion. In transiently occluded 
dogs, regional myocardial blood flow at the time of Tl-201 administration 
was reduced to 8 + 3% (S.E.) of normal in endocardial layers of the 
central ischemic zone. After 100 minutes of reperfusion, coronary blood 
flow values were not significantly different from normal. Tl-201 activity 
after reperfusion rose to 56 + 5% of normal demonstrating that redistribution 
of the radionuclide occurred during the reflow period. In animals with 
persistent coronary occlusion, there was a significant relationship 
between Tl-201 uptake and coronary blood flow (r = 0.95) and no evidence 
of redistribution of Tl-201 during the two hour occlusion period. In 
additional dogs receiving Tl-201, serial myocardial imaging obtained 
during reperfusion showed increasing uptake of the tracer in apical 
defects which returned to normal after 4 hours of reflow (20). Pohost 
et al also studied 13 patients with stable angina pectoris administering 
2 mCi of Tl-201 intravenously at peak exercise and obtaining multiple 
myocardial images thereafter (20). Each of the Tl-201 myocardial scintigrams 
demonstrated zones of diminished Tl-201 uptake 10 minutes after exercise. 
Defects which partially or completely disappeared within 1-6 hours 
postexercise corresponded to areas supplied by coronary arteries with 
significant stenoses (20). Persistent defects were present in regions 
of old myocardial infarction. Six additional patients with acute myocardial 
infarction demonstrated Tl-201 myocardial defects which showed no significant 
change over 6 hours. Thus, redistribution of Tl-201 into ischemic 
myocardium has been demonstrated during transient coronary occlusion in 
dogs and after exercise stress in man (20). Sequential imaging after a 
single dose of Tl-201 at the time of exercise may then provide a means 
for distinguishing transient perfusion abnormalities (myocardial ischemia) 
from myocardial infarction or scar. This also emphasizes the need to 
begin Tl-201 myocardial imaging essentially immediately after the radionuclide 
is injected as is possible. This Tl-201 myocardial imaging approach has 
recently gained wide popularity and currently is in use in most academic 
centers in this country in an attempt to not only document exercise 
induced abnormalities in Tl-201 uptake regionally, but also to differentiate 
transiently ischemic myocardial regions from those with myocardial scar. 

It should be emphasized, however, that this precise separation 
between scar and transiently ischemic areas may not be as complete as 
has been suggested from previous data. Buja et al at our institution 
have shown in experimental animal models that Tl-201 accumulates in 
myocardial regions in which some collateral coronary perfusion exists 
even if such collateral perfusion is to scar tissue (30). Furthermore, 
more recent studies from Verani et al suggest that thallium-201 may 
redistribute following exercise into areas in which there is ECG evidence 
of previous myocardial infarction (31). It seems likely to me that the 
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precise distinction between resting scar and a reversible defect in Tl-
201 uptake related to transient myocardial i schemia may be dependent on 
multiple factors including collateral flow alterations, reversibly 
injured as opposed to irreversibly injured myocardial tissue and whether 
a particular myocardial segment is metabolically intact (presence of 
normally functioning Na+, K+ ATPase receptors). In this regard, two 
things are generally agreed upon: 1) regional myocardial Tl-201 uptake 
may be reduced by a metabolic abnormality which alters normal metabolism 
of the cell and specifically normal function of the sodium, potassium 
ATPase pump (such as hypoxia) even with otherwise normal coronary blood 
flow and /or 2) by physiologically important decreases in coronary artery blood 
flow- -- this latter might be altered by collateral perfusion into areas 
in which severe proximal coronary artery occlusion exists. It also 
seems likely that the sensitivity of Tl-20l myocardial scintigPaphy in 
the detection of physiologically impoPtant coPonapy disease will impPove 
as imaging equipment develops fUPtheP to allow thPee dimensional myocaPdial 
scintigPams to be obtained with nonpositPon emittePs such as Tl-20l. 

Additional uses for Tl-201 myocardial scintigraphy as regards the 
detection of physiologically important coronary disease include : 

1. The evaluation of the physiological effect of pharmacological 
agents that are administered to increase coronary perfusion in those 
with ischemic heart disease . 

2. The evaluation of coronary artery bypass grafts following 
coronary artery revascularization. This has been a particularly attracti ve 
setting in which to use thallium-201 myocardial scintigraphy with the 
myocardial scintigrams be ing obta ined preoperatively and serially postoperatively. 
Data from Ritchie et al (32) and Ormand et al (29) suggest that the · 
majority of patients that have coronary artery revascularization procedures 
performed develop i ncreased and more nearly normal regional Tl-201 
uptake in previously ischemic regions during exercise following the 
revascularization procedure. In patients in whom this fails to occur 
and in those that subsequently demonstrate further decreases in Tl-201 
myocardial uptake there is an important probability of an occluded 
coronary graft(s) (29,32). 

3. The detection of transient transmural reductions in myocardial 
blood flow occurring as a consequence of coronary spasm as part 
of Prinzmetal 's or 11 Variant Angina11 (33). 

4. The evaluation of patients with the mitral valve prolapse 
syndrome to determine which of those individuals with chest pain have 
physiological ly important coronary artery disease (34). 

Current Preferred Format for Obtaining an Exercise Tl-201 Myocardial 
Scintigram 

1. Insert an intracath for intravenous injection of Tl-201 at peak 
exercise. 

2. Perform the exercise test as is individually appropriate. It 
should be emphasized that unless max ima l exercise is achieved (or unless 
one can use pacing of the heart or the administration of a potent coronary 
vasodilator such as dipyridamole in patients unable to exercise to 
maximal levels) one may fail to detect abnormalities on a Tl-201 exercise 
scintigram (even though the patient does have physiologically important 
coronary artery disease). 
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3. One injects the Tl-201 at the peak of exercise and encourages 
the patient to continue exercise for at least 30 seconds longer. 1.5-2 
mCi of Tl-201 is injected intravenously at the peak of exercise. 

4. One begins myocardial imaging as soon as is possible following 
completion of the exercise test. Ideally, this would begin within 2-3 
minutes following completion of the exercise test but in any event 
should begin within 10 minutes. 

5. One routinely obtains an anterior, shallow (30-40°) and steep 
(70°) left anterior oblique and left lateral images. Ordinarily, no 
longer than 10-15 minutes per image should be required to complete the 
test. 

6. One obtains a delayed Tl-201 myocardial scintigram two to six 
hours following the initial injection of the Tl-201 to determine whether 
11 reperfusion 11 of a region(s) that initially showed defects in radio
nuclide uptake has occurred. 

Computer processing of the Tl-20l myocardial scintigrams and objective 
segmental measurement of the level and rate of count uptake and washout 
and in the future three-dimensional Tl-20l myocardial imaging with 
scintigraphic cameras as they become available for this purpose may 
further improve the sensitivity of Tl-20l myocardial imaging considerably. 

Detection of Myocardial Infarction Using Tl-201 

Tl-201 myocardial imaging may also be used to detect myocardial 
infarcts. Wackers et al have the largest clinical experience with this 
form of 11 Cold spot 11 myocardial imaging for the detection of myocardial 
infarction (35,36). They have reported studies in more than 1,600 
patients seen in the first few hours after the onset of chest pain 
suggestive of possible myocardial infarction (35,36). Wackers et al have 
suggested that this imaging approach is a useful means of identifying 
patients with acute myocardial infarcts when the Tl - 201 myocardial 
scintigrams are obtained within the initial 24 hours following the onset 
of symptoms. Tl-201 myocardial scintigrams are particularly helpful 
when they are obtained in the initial 4-6 hours following the onset of 
symptoms, but it should be remembered that defects on a resting Tl-201 
myocardial scintigram would not in these circumstances precisely distinguish 
between ischemia, old scar (an older myocardial infarct) and acute 
myocardial infarction. Wackers et al have shown that when thallium-201 
myocardial scintigrams are delayed for more than 24 hours after the 
onset of symptoms suggestive of infarction the number of 11 false negative 11 

examinations increases considerably (35,36) . This is presumably due to 
increases in collateral flow to the damaged myocardial region making 
perfusion defects become smaller and allowing one to miss relatively 
small infarcts . We have confirmed these observations (37). We have 
also used Tl-201 and Tc- 99m PYP myocardial imaging in the same patients 
as a means to estimate the extent of old and ne\.<J myocardial infarcts 
(38) and have shown that the two techniques used together allow one to 
document the presence of both old and new myocardial infarcts in some 
patients. Smitherman, Narahara et al at our institution have also shown 
that reperfusion phenomena play a part in Tl-201 myocardial scintigraphy 
in patients with new myocardial infarcts (39). It should be emphasized 
that Tl-201 myocardial scintigrams obtained in patients for infarct 
imaging purposes are rest rather than exercise studies. Resting defects 
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on Tl-201 myocardial scintigram that do not change in the several hours 
after onset of symptoms suggestive of infarction are consistent with the 
defect being due to the presence of: l) old scar, 2) new scar without 
significant collateral reperfusion of the area of damage, 3) some other 
reason for myocardial scar other than coronary artery disease such as an 
infiltrative myocardial processes like sarcoidosis, amyloidosis or 
potentially any etiology that structurally damages and disrupts cellular 
architecture and coronary perfusion channels. In this regard, Pitt et 
al have demonstrated that some patients with congestive cardiomyopathy, 
some with sarcoid heart disease and some with other types of infiltrative 
myocardial processes have defects on their resting Tl-201 myocardial 
scintigrams (40). These authors have also suggested, however, that such 
defects may be distinguished from those produced by coronary artery 
disease by their being generally smaller and more foca l and specifically 
by their consisting of less than 20% of the left ventricular circumference. 

Other Uses of Tl-201 Myocardial Scintigraphy 

This myocardial imaging technique has also been used to identify 
dilatation of the right ventricle such as occurs in patients with documented 
pulmonary hypertension or other etiologies (41). This imaging technique 
has also been used to measure ventricular septal thickness and to iden t ify 
patients with idiopathic hypertrophic subaortic stenosis by identifyi ng 
asymmetric septal hypertrophy (42). 

Tl - 201 Myocardial Imaging Summary 

Tl - 201 myocardial scintigraphy performed at exercise with subsequent 
delayed myocardial imaging to detect 11 reperfusion phenomena 11 represents 
a valuable means for the noninvasive detection of physiologically important 
coronary disease in the late 1970s. The relative sensitivity of this 
approach for the detection of coronary artery diseases ranges between 75 
and 85% and the specificity for the detection of physiologically important 
coronary disease is greater than 90%. in mo·st reported series. This 
imaging technique is also useful for the recognition of acute myocardial 
infarcts (or other reasons for myocardial scar). As future developments 
and improvements occur in myocardial imaging equipment , it may be 
anticipated that three- dimensional Tl - 201 myocardial scintigraphy will 
further improve the sensitivity and specificity of this technique for 
the recognition of myocardial perfusion defects. These developments 
should also make this technique more quanitative and objective -- - more 
predictive and potentially more helpful prognostically. 

Dynamic Myocardial Scintigraphy 

Visuali zation of the cardiac chambers has been of interest for some 
time in the qualitative and quantitative evaluation of cardiac function. 
Of particular interest has been the visualization of the left ventricle, 
which is most often affected by cardiac disease. Prior to the advent of 
scintigraphic imaging, this was possible only be means of injection of 
radiopaque contrast material directly into the left ventricle. Such 



21 

contrast angiographic studies of the left ventricle usually consist of 
serial images obtained at a rapid rate so that the ventricle may be 
visualized clearly at various stages of contraction and relaxation. 
These serial images are interpreted by outlining the boundaries of 
the ventricular chamber of interest at two or more stages of the cardiac 
cycle, and using the outlines in two ways: 

1. Assessing wall motion qualitatively by observing relative 
motion of portions of the ventricular wall during contraction 
(systole) and relaxation (diastole). 
2. Assessing total ventricular function quantitatively by esti
mating the chamber volume at the stages of fullest contraction 
(end systole) and relaxation (end diastole) and possibly at 
intermediate stages as well. 

Ventricular volume is estimated by interpreting the outline as the 
projection of a three-dimensional object of known geometric form (commonly 
a rotationally symmetric ellipsoid). For instance, the area, A, and 
length, L, of the left ventricular image may be measured, then used to 
determine volume V, with the area- length formula (43,44). 

8 A2 
V = 3n L 

The most widely used quantitative index of ventricular performance is 
the left ventricular ejection fraction (EF) which is computed from the 
end-diastolic and end-systolic volumes (abbreviated EDV and ESV, respectively): 

EF = EDV - ESV 
EDV 

The ejection fraction is used as an index of myocardial contrac
tility. When ventricular volumes throughout the cardiac cycle are 
computed, quantitative indi ces of performance such as rate of contraction 
(and/or relaxation) may also be computed. 

Scintigraphic blood pool images (myocardial images obtained with a 
radionuclide label that remains in the cardiac blood pool space) can 
provide essentially the same information regarding ventricular morpho
logy and performance as do contrast studies. The term 11 gated blood 
pool 11 describes a form of myocardial scintigraphic imaging in which the 
blood pool is labeled with a gamma-emitting tracer. Separate images of 
the cardiac blood pool are acquired, corresponding to brief (typically 
0.04 or 0.05 second) intervals during cardiac contraction and particularly 
at end-systole and end-diastole. The definition of end-systole and end
diastole in a particular ventricle is determined by electrocardiographic 
or phonocardiographic (recording of heart sounds) gating signals so that 
an interval immediately prior to the R wave may be used as an end-diastolic 
point of reference and an interval corresponding to the T wave may be 
used as an end-systolic point of reference. Since a large number of 
detected scintigraphic events is required for satisfactory definition of 
ventricular chambers (at least 300,000 and preferably 500,000 or more 
counts per image) it is necessary to accumulate gated images over many 
successive cardiac cycles. 
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One obvious means of measuring ventricular volumes and associated 
performance indices from gated blood pool studies is to use the same 
geometric methods used in measuring volumes from contrast angiographic 
studies, and this has proven to be a successful technique (45,46) . 

There are other approaches to estimating ventricular volumes from 
scintigraphic gated blood pool images that have also been valuable 
(47,48). One such approach is the count-volume method, which utilizes 
as an indi~ation of volume the number of counts detected from the ventricle 
rather than the dimensions of its apparent outline. This method is 
based on the premise that concentration of tracer within the ventricle 
is constant throughout the chamber and that activity detected from 
within the ventricle is therefore proportional to its volume . 

Nuclear medicine computers that are generally utilized with contemporary 
imaging cameras to allow measurement of ventricular ejection fraction 
have a light pen or other display-interfaced device that permits the 
operator to designate the region of interest. From the data, the computer 
can determine the number of counts accumulated within the region du ring 
a specified time interval and generate a time-activity curve representing 
the history of activity in the region throughout the first-pass study. 

This type of time-activity curve is used to quantitate 1) short 
term changes in activity, such as those due to labeled blood being 
pumped in and out of a cardiac chamber, or 2) long-term low-frequency 
changes in activity, representing passage of the entire quantity of 
tracer through the area of interest. 

The changes are amenable to analysis by compartmental or dye dilution 
methods, which have been used to estimate pulmonary blood volumes and 
ventricular volumes from ventricular activity curves (49- 51). Similar 
analytic methods also allow detection and quantitation of cardiac and 
vascular shunts (52,53), but the data analyses usually become very 
involved unless the tracer is injected rapidly via catheter. 

There are two tracer methods employed in scintigraphic ventricular 
function studies today. One is the 11 first pass 11 method and the other 
!!equilibrium blood pool imaging 11

• In the first pass method, imaging 
occurs for a brief period immediately following intravascular tracer 
injection, as the tracer-labeled blood passes through the heart for the 
first time. In the 11 equilibrium blood pool 11 method , imaging is performed 
after a vascular radionuclide tracer has reached equilibrium in the 
patient•s blood pool. Data obtained with either method are digiti zed 
and stored in a small computer for subsequent processing . 

First Pass Myocardial Imaging to Measure Ventricular Ejection Fraction 
and Ventricular Volumes 

In the first pass method, scintigraphic data are acquired for 20 to 
25 seconds following the injection of the tracer into a peripheral vein 
(typically, the antecubital or median vein) or via catheter placed in 
the superior vena cava or pulmonary artery. This time interval is 
sufficient to allow most of the tracer to pass through the heart. Rather 
than being stored in image or frame mode (in which a number representing 
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intensity is stored in each matrix location), first pass data are often 
stored in list mode or serial mode (in which locations of detected 
events are stored in sequential matrix locations, along with the time 
markers) . List mode allows efficient acquisition at increased count 
rates, at the cost of requiring subsequent reconstruction into image 
format for viewing the data in pictorial f orm . If a peripheral intravenous 
injection of tracer is rapid, it can be localized as it passes through 
the cardiac chambers. Display of that portion of the first pass data 
corresponding to the right or left side of the heart allows visualizat ion 
of one side of the cardiac blood pool alone (Figure 9A & 9B). 

FIGURE 9A 

A. 
' A. See description on facing page. 

-- --· --- - - -



B. 

,,iil\1!~ .:.: 
.. 

-~ ·. 
·.,~f.,,;i~·.:<···· .. ·-: •. := - . . 

·:/ 

10-12· SEC 

FIGURE 98 

Serial images of tracer distribu
tion in the cardiac blood pool during first trans
it. A. RAO view. B. Modified LAO view. In each of 
these series, the right heart is visualized be
tween 1 and 4 seconds following peripheral in
jection, the lungs between 4 and 8 seconds fol
lowing injection, and the left heart after about 8 
seconds. Recirculation of the tracer is apparent 
in the later images of each aeries. 
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This completely separate visualization of the right or left side of the 
heart is more difficult with ''equilibrium blood pool'' imaging, regardless 
of the viewing angle (but a reasonable delineation of a select ventricle 
can be made with this method when the viewing angle is carefully chosen ) . 
On the other hand, one can clearly visualize the cardiac chambers at 
various phases of the cardiac cycle with gated blood pool imaging (thus 
allowing evaluation of regional wall motion for instance), but only with 
very efficient cameras can this be done with first pass data. 

Using the first pass method, a compact bolus of tracer is assured 
by use of special injection techniques, including flushing the tracer by 
rapidly injecting several milliliters of saline immediately following 
tracer injection. 

There are two major factors which prevent one from measuring ejection 
fraction by simply substituting activity at end systole and end diastole 
for the corresponding volumes listed previously in equation 2. These 
are 1) background activity and 2) the random statistical nature of the 
counting process. Structures other than the ventricle within the region 
of interest contain radioactively labeled blood and , hence, contribute 
to the ventricular time-activity curve . Other blood- containing structu res 
which are adjacent to (but not included in) the region of interes t also 
contribu t e to the ventricular t ime- act ivity curve by means of scattered 
radiation. 

The time- varying background contribution can be estimated by assuming 
that a carefully chosen adjacent or remote background area has an activity 
level equivalent to the actual background itself. Once the time-activity 
curve representing background contributi on has been determined, it is 
subtracted from the ventricular time- activity curve to obtain the corrected 
ventricular time-activity curve . Guidelines for choosing background 
areas have been developed empirically, on the basis of how well the 
resulting ejection fraction estimates and ventri cular volume curves 
match those estimated from contrast angiographic data. 

The effect of noise on ejection fraction estimates (noise here 
defined as activity that varies randomly about the ideal time- volume 
curve) is reduced by using more than one set of end-diastolic and end
systolic points . There are several ways of accomplishing this; two of 
these are shown in Figure 10. In one instance , ejection fraction i s 
computed for each of a number of pairs of end diastolic and end systolic 
point (54) . In the second method, a sinusoid is fitted to the corrected 
time-activity curve. This may be done by measuring the root mean square 
deviation of a set of data points about their mean (55,56). Alternatively, 
one may visually fit a curve to the data points. The accuracy of each 
of these count- volume methods is improved with increasing count rate, 
since this reduces the relative contribution of the noise to each data 
point and thus reduces error in ejection fraction measurement. 
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FIGURE 10 
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Two methods of measuring ejection fraction applied to the same 
segment of first-pass data (from which background activity has been subtracted)
The first method computes EF as the mean fractional activity decrease from end 
diastole and end systole, taken over a number (N) of cardiac cycles: 

EF = _!_ ~ ( ED, - ES. ) 
N k = 1 ED. 

where ED and ES are end-diastolic and end-systolic activities respectively_ The 
second method fits a sinusoidal curve to the data by matching the RMS deviation 
of data points about their mean to the RMS deviation of a sinusoid_ This gives an 
amplitude which is assumed proportional to stroke volume. (Note that the data 
points have been normalized to a constant mean value.) 
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For accurate ejection fraction evaluation, the left ventricular 
time-activity curve must be relatively free of activity by the chambers. 
Three camera views that permit this isolation of the left ventricle are 
the 300 right anterior oblique (RAO), 300 left posterior oblique (LPO), 
and the 400 to 600 left anterior oblique (LAO) mod ifi ed by about 15 
degrees of caudad tilt to separate the left ventricle from the left 
atrium. The latter view is termed modified LAO (MLAO). The RAO view 
separates the left atrium from the left ventricle more satisfactorily 
than the MLAO. One determines the position of the aortic valve plane in 
the RAO view by 11 framing up" the left heart phase of the first pass 
data. Schelbert and his colleagues (the developers and additional 
investigators of a first pass method utilizing the RAO view) (55), have 
shown that extending the region of interest beyond the aortic valve 
plane leads to erroneous ejection fraction estimates . Thus, the delineation 
of the aortic valve plane is important to the accuracy of this technique . 

Gated Blood Pool Imaging 
(

11 Equilibrium Blood Pool Imaging 11
) 

Equilibrium blood pool studies require a tracer that remains virtually 
entirely within the vascular space throughout the imaging period. Previously, 
human serum albumin labeled with Tc-99m pertechnetate was utilized for 
this purpose. However, more recently Tc-99m labeled red blood cells in 
vivo (or for some investigators in vitro) have provided a much better-
radiopharmaceutical for visualization of the cardiovascular blood pool 
and one that may be depended upon in almost all patients t hat are studied 
(57) . This particular procedure has been developed and used successfully 
at our institution and it permits acquisition of both first pass and 
equilibrated blood pool data within a brief period and then results in a 
stable blood pool labeled for approximately 6 hours thereafter. This 
method is as follows: 

Method for in vivo Labeling of Red Blood Cell s to Allow 
Gated Blood Pool Imaging 

1. Five to 15 mg of unlabeled stannous pyrophosphate is injected in
travenously. 

2. Thirty minutes later, 20 to 30 mCi of Tc- 99 sodium pertechretate is 
injected. 

3. Twenty minutes later, 85 to 90 percent of the Tc-99m injected has 
labeled the red blood cells . 

Typical radionuclide blood pool images obtained using t his procedure 
are shown in Figure 11. 

Technique 

We routinely obtain gated blood pool scintigrams with the imaging 
camera in the 40 to 60° left anterior oblique view, utilizi ng that view 
in which the interventricular septum is best seen. The latter view may 
be modified by a caudad tilt of 150 so as to better separate the left 
atrium from the left ventricle . In some patients the 300 right anterior 
oblique view and/or an anterior view is also obtained. The RAO and 
modified LAO views are both suitable for computation of ventricular 
volumes and ejection fractions by the geometric area-length formula, 
since in these views the long axis of the left ventricular ellipsoid is 
easily seen . More recently, we have developed a means to estimate 
ventricular volumes without using geometric assumptions and in a comparison 
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FIGURE 11 

DIASTOLE SYSTOLE 

RAO 

LAO 

Typical end-diastolic and end-systol ic gated blood pool images in 
RAO and LAO views. Right and left ventricles are superimposed in RAO view, but 
are visualized separately in the LAO view, which looks along the interventricular 
septum. 
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of the results obtained in 25 patients studied scintigraphically and 
angiographically show an excellent correlation between ventricular 
volumes determined by both techniques (58). It should also be emphasized 
that the RAO view does allow clearer visualization of the inferior 
margin of the left ventricle, but frequently the atrioventricular valve 
plane is difficult to see. It is helpful in identifying the inferior 
margin to "frame up" the left heart phase of the patient•s first-pass 
study (if this has been done in the RAO view). 

Regional Wall Motion Abnormalities 

The detection of regional wall motion abnormalities can be appreci
ated in a given view only if the region of decreased wall motion is 
located on the ventricular boundary in that view. This is a special 
problem for the detection of inferior left ventricular wall motion 
abnormalities since in neither the RAO nor the modified LAO views is the 
inferior LV wall always visualized well. In patients with known inferior 
myocardial infarcts (or suspected right coronary artery or circumflex 
coronary artery disease) our practice has been to use the left anterior 
oblique view with a slight cephalad tilt so that the edge of the left 
ventricular image is formed by the inferior wall, or to use a slightly 
modified RAO view. 

Methods of quantitating segmental wall motion rely on establishing 
as a reference either a longitudinal ventricular axis or a central point 
on the axis (Figure 12). 

FIGURE 12 
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One method for defining regions of the left ventricular wall for pur
poses of computing segmental wall motion. The mean fractional change in radius 
between diastole and systole in each of the eight segments is taken to indicate the 
functioning state of that segment. 
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From the axis, perpendiculars may be constructed at regular intervals 
to divide the ventricle into segments, and relative motion of the ventricular 
outline along these perpendiculars during systole used to indicate 
regional wall motion. If one uses a central reference point rather than 
a reference axis, radials are constructed through the central point, and 
relative segmental motion along the radials may be measured (59,60). 

Defining the extent of regional wall motion abnormalities requires 
a uniform approach for superimposition of the ventricular outlines 
corresponding to different phases of the cardiac cycle. Because of 
motion of the heart as a whole during systole, simply superimposing 
images in their original orientation may not accurately reflect regional 
contraction of the myocardium. A better approach is to superimpose the 
aortic valve planes or the midpoints of the long ventricular axis at 
each phase. Other approaches have been used as well (61). 

One major problem in assessing regional wall mot ion in a conventional 
fashion from one or two views is that one can assess wall motion defects 
only along the peripheries visible in those views. Thus, smaller regions 
of abnormal wall motion may go undetected . 

Newer methods are being developed which obviate these difficulties 
by examining the cyclic changes in the activity of small areas of the 
ventri cle rather than changes in geometric outline (62) . Theoretically, 
this approach would permit evaluation from a single-view gated blood 
pool study of wall motion in all areas of the ventricle rather than just 
those areas with surfaces tangential to the camera's line of sight. 
Many different investigators are actively working on approaches to allow 
objective and automated measurements of ventricular wall motion and it 
is only a matter of time until several acceptable means are available. 

The Use of Dynamic Myocardial Imaging to Detect Physiologically 
Important Ischemic Heart Disease 

In my opinion four important advances are largely responsible for 
the very rapid development and present broad application of dynamic 
myocardial scintigraphic imaging to allow the detection of physiologically 
important ischemic heart disease . These advances are listed below: 

1. The development of multiple gated acquisition images (MUGA
trademark of Medical Data Systems Corporation, Ann Arbor, Michigan) 
which is a program that allows acquisition of up to 28 gated blood pool 
frames per cardiac cycle for subsequent viewing in a cine-style display. 
The approach utilized in obtaining this data is shown in Figure 13. 
Basically, counts are collected in 24- 28 different intervals during 
cardiac systole and diastole . Each of these cycles is then summed so as 
to contain the necessary number of counts to allow proper identification 
of the ventricular chamber. One may play back this material in a movie 
format allowing continuous visualization of the contraction and relaxation 
of the heart. This dynamic myocardial imaging approach has become 
exceedingly popular and is currently being used in many academic centers 
in this country. One anticipates being able to acquire acceptable images 



FIGURE 13 

Frame Number 

- , Acquisition of a hypothetical 20-frame multiple gated blood pool 
study. Triggered by the patient's electrocardiographic A-wave, the computer ac
quires sequential images, each corresponding to a distinct portion of the cardiac 
cycle. Throughout the study, scintigraphic data from the time interval immediately 
following each A-wave are collected in frame 1 in the computer memory. Each of 
the 19 remaining frames is built up in a similar fashion. The resulting images, es
pecially those representing end-diastole (frame 1) and end-systole (frame 7), are in
terpreted to yield information on ventricular function. 
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using this technique in 3 to 6 or 7 minutes depending on camera efficiency, 
absolute number of counts desired and the purpose of the imaging study. 

2. The development of new radiopharmaceuticals which allow more 
dependable visualization of the cardiac blood pool and in this regard 
the development of technetium-99m pertechnetate red blood cell labeling 
for either~ vivo or~ vitro use has also been a major contribution. 

3. The demonstration by Green, Borer et al that exercise myocardial 
scintigraphy could be technically adequately performed and would be a 
useful means to stress the cardiovascular system for subsequent detection 
of segmental wall motion abnormalities and important ventricular volume 
changes has also been an important contribution (47,63). 

4. The development of relatively small computer systems that may 
be used in combination with imaging cameras to allow processing of the 
images that are obtained including background subtraction, edge detection 
and rapid calculation of ventricular volumes and ejection fraction has 
also been of major importance in the development of dynamic myocardial 
scintigraphy. 

Techniques for Evaluating Presence of Physiologically Important Coronary 
Artery Disease 

One may obtain resting myocardial scintigrams to determine whether 
ventricular ejection fraction is altered, ventricular volumes are abnormal 
and/or regional wall motion abnormalities exist at rest in patients with 
suspected ischemic heart disease. In patients with serious impairment 
of ventricular function one would expect a reduced left ventricular 
ejection fraction (normal left ventricular ejection fraction is 58% and 
greater), abnormal left ventricular volumes and regional wall motion 
abnormalities. Of course, patients with myocardial diseases other than 
those produced by ischemic heart disease might have similar alterations 
of global and regional ventricular function. It has been a major help 
to stress the heart with supine (or upright) bicycle exercise and obtain 
dynamic myocardial scintigrams prior to, during and in the recovery 
phase following exercise in order to allow the detection of more subtle 
ischemic heart disease (60,63,64). 

Individuals with normal hearts respond to supine bicycle exercise 
by: 1) increasing their left ventricular ejection fraction, decreasing 
their end-systolic volume and slightly increasing their end-diastolic 
volume. Patients with physiologically important coronary artery disease 
demonstrate gross distortions of this expected response to bicycle 
exercise. Specifically, they typically decrease their left ventricular 
ejection fraction, increase their left ventricular end~systolic volume 
and often dramatically increase left ventricular end-diastolic volumes 
(60,63,64). Figures 14 and 15 demonstrate the abnormal left ventricular 
ejection fraction response to exercise occurring in patients with ischemic 
heart disease. Note that in some instances left ventricular ejection 
fraction falls and in others it does not change appreciably with exercise; 
both of these results are abnormal and suggestive of left ventricular 
dysfunction. · 
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Changes in left ventricular (LV) ejection fraction between 
rest (R) and submaximal exercise (E) in patients with anterior, inferior 
and subendocardial infarcts. Note that patients with an anterior infarct 
manifest a mar1<ed reduction in ejection fraction with submaximal ex
ercise, but those with an inferior or nontransmural infarct usually 
maintain a more stable ejection fraction with the same stress. The open 
circles and dotted lines in each group represent the mean rest and 
exercise ejection fraction for that particular group. 
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Effect of Exercise on Ventricular Systolic Function, 
Showing the Variation in Ejection Fraction with Different 

Levels of Exercise and Heart Rate (HR). 
EX denotes exercise, MOD moderate, MAX maximal, and 
CAD coronary-artery disease. Each broken line within the 
CAD bracket represents the combined results of patients 
who, at the end of exercise, reached the HR represented on 
the ordinate. Only one patient (*), an asymptomatic man, 
reached the high HR level; five reached the moderate level, 

and five the mild level. Bars denote means ±1 S.E. 
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Patients with physiologically important ischemic heart disease may 
develop new or exaggerated regional wall motion abnormalities during 
exercise as compared to that r.oted at rest . 

The scintigraphic images shown above are static (nonmoving) 
myocardial images. The identification of regional wall motion abnormalities 
is much more easily accomplished by viewing myocardial scintigraphic 
dynamic studies that are obtained in a movie style format. 

Summary 

It is clear from data presented above that dynamic myocardial 
imaging provides a means to detect ischemic heart disease. It shoul d in 
the future also allow one to determine: 

1. The influence of coronary artery revascularization on global 
and segmental left ventricular function . 

2. The influence of various pharmacological interventions on 
ischemic responses in patients with varying coronary anatomies. 

3. The influence of physical training on global and regional 
ventricular function in patients with ischemic heart disease . 

4. The characteristics of global and segmental ventricular function 
in patients with various types of valvular heart disease both prior to 
and following surgical correction, abnormalities that occur in patients 
with nonischemic myocardial diseases and the influence of various types 
of congenital heart disease on regional and global ventricular function 
prior to and following surgical correction. 

It should be emphasized, however, that it is not yet entirely clear 
what the sensitivity of dynamic myocardial imaging for the detection of 
physiologically and anatomically important coronary artery disease ·will 
be. Early estimates from several medical centers suggest that dynamic 
myocardial imaging demonstrates regional and/or global ventricular 
function abnormalities in 90% or more of patients with anatomically 
important coronary disease. However, the number of patients evaluated 
thus far is small, and needs to be significantly increased . In addition, 
whether a combination of Tl-201 myocardial imaging and dynamic myocardial 
scintigraphy detect virtually all patients with anatomically and physiological ly 
important ischemic heart disease will have to be established by additional 
studies in the future. It seems relatively certain, however, that as 
three-dimensional imaging approaches become available (even using currently 
available radiopharmaceuticals and techniques) that these noninvasive 
tests will represent an increasingly powerful means of detecting global 
and regional ventricular function abnormalities and for recognizing 
abnormalities in myocardial perfusion . 

I am optimistic that these approaches coupled with future equipment 
developments (and constantly improving radiopharmaceuticals) will make 
noninvasive myocardial scintigraphic approaches an important part of the 
diagnostic, therapeutic and prognostic armamentarium of the clinical 
cardiologist. 
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