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CHAPTER 1
General Introduction
INTRODUCTION
Ischemic heart disease due to coronary artery disease is a major cause
of morbidity and death in the Western countries. A definite diagnosis
of coronary artery disease during life can only be made on the basis of
selective coronary angiography. This technique, however, remains invasive
and is associated with a small but definite risk. Also, this invasive assessment
of coronary arteries cannot provide data relative to the amount of
myocardium rendered ischemic under stress conditions.
Patients referred for stress testing normally have no ischemia at rest.
In the presence of hemodynamically significant coronary artery disease
bicycle or treadmill exercise stress frequently causes regional myocardial
ischemia associated with angina, electrocardiographic abnormalities and
defects on thallium-201 perfusion images. Therefore, diagnostic exercise
testing has been a practical and useful procedure in evaluating coronary
artcy disease.
Stress myocardial perfusion imaging with thallium-201 is known to be
more accurate than the exercise electrocardiogram for predicting the
presence and severity of coronary artery disease. Planar thallium-201
myocardial perfusion technique was introduced in the St. Antonius Hospital, Nieuwegein, the Netherlands in 1976. With increasing knowledge
and experience the method became an important diagnostic tool, not only
for the presence, localization and severity of myocardial perfusion abnormalities but also for risk stratification.

GENESIS OF THALLIUM-201 MYOCARDIAL IMAGING
The first recorded use of radioactive tracers in man was in the field
of cardiovascular medicine. Blumgart and Weiss measured the circulation
time from one arm to the other using intravenous injections of radium
C salt and a Wilson cloud chamber and demonstrated that a longer than
normal time was found in patients with atrial fibrillation or "myocardial
degeneration" [1]. This was five years before the discovery of artificial
radioactivity by Curie and Joliot [2].
Following the development of the first cyclotron by Lawrence et al.

in 1932 [3], the preparation of the artificial radionuclide potassium-42,
which was suitable for biologic use, was described by Hamilton [4] and
was shown by Noonan et al. [5] to accumulate in the rat myocardium
after intraperitoneal injection. In 1947 the concept of using radiotracers
and an external detector to measure cardiovascular function was extended
by Prinzmetal et al., when they described the technique of radiocardiography
[6]. In 1953 Love and Burch demonstrated that radioactive rubidium and
radioactive cesium could be regarded for practical purposes as an analogue
of potassium in tracer studies [7]. Rubidium-86 was the first radioisotope
to be used for myocardial imaging: Carr et al. showed decreased rubidium86 uptake at the site of an experimental myocardial infarction in the
exercised dog heart [8]. The first successful imaging of the myocardium
in man was reported by Carr et al. in 1964 [9], using cesium-131. In that
publication they showed that the imaging technique could detect acute
(anterior) myocardial infarction in man. Since the work by Carr et al.
a variety of other diffusible monovalent cation extractable indicators have
been used clinically for myocardial imaging: potassium-38, potassium-42,
potassium-43, rubidium-81, rubidium-82, rubidium-86, cesium-129, cesium131, thallium-201 and nitrogen-13 labelled ammonia.
In 1971 potassium-43 was used for the first time for imaging of acute
myocardial infarction [10] and in 1973 for demonstration of exerciseinduced myocardial perfusion defects in patients with angina pectoris [11].
Shortly thereafter, several investigators reported the use of rubidium-81
to detect myocardial ischemia and infarction in patients with coronary
artery disease [12,13].
The First suggestion of the use of thallium as a potassium analogue
for nuclear medical purposes was by Kawana et al. in 1970 [14]. They
used thallium-199 and demonstrated the possibility of imaging the human
myocardium, but the images were not optimal because of contaminating
high energy gamma rays causing excitation of the lead in the collimator
and they suggested that thallium-201 might be a more suitable radiopharmaceutical. Thallium-201 was produced by Lebowitz et al. in 1972 [15]
and introduced in 1975 [16]. The first clinical results came soon after [1720]. Since its introduction as a means of assessing relative myocardial
perfusion, thallium-201 has been in progressively widespread clinical use
and has replaced other agents, including potassium-43, rubidium-81 and
cesium-129.
Thallium-201 myocardial perfusion imaging is currently the most commonly used diagnostic radionuclide procedure in patients with suspected
or proved heart disease or myocardial ischemia.

COMPARISON OF RADIONUCLIDES
The ideal radionuclide for myocardial perfusion imaging should have
the following properties:
1) It must be extracted from the blood rapidly and the distribution in
the heart muscle should be proportional to the relative distribution of
myocardial bloodflow,
2) It must be minimally affected by alterations in cell membrane permeability
(which occur during administration of digoxin and prcpranolol), other
than by conditions such as ischemia,
3) It must have photon energy in the range of 80-keV to 200-keV with
a minimum of /3-radiation, which adds to the patient radiation burden,
but with energy high enough to escape the body and be detected externally,
4) It must have a physical half-time equal or greater than the time to
perform measurements but not so long as to increase the radiation dose
to the patient. It must have a relatively long half-time, making shipment
and storage of the isotope possible,
5) It must have suitable chemical forms that are localized by and taken
up in the myocardium significantly faster than in the surrounding tissues,
such as lungs, stomach and liver (high target to background ratio),
6) It must not produce any alteration of the physiology under investigation,
7) It must have an easy availability for clinical use and be relatively
inexpensive.
Several monovalent cations are distributed throughout the myocardium
in proportion to the bloodflow. Some monovalent cationic radionuclides
that have been used for myocardial imaging are isotopes of potassium
(potassium-43, potassium-42, potassium-38), potassium analogues such as
rubidium-86, rubidium-84 and rubidium-81 and cesium-129 [21].
Rubidium-81 and potassium-43 proved to be suitable for studies during
exercise, because they are extracted by the myocardium from the blood
quickly. Radionuclides of cesium have a limited clinical utility because
of the slow myocardial uptake and the slow washout (22% extraction on
the first pass), and makes them completely unsuited for stress imaging,
because stress induced transient ischemia is corrected before adequate
imaging has occurred [22,23].
Potassium-43 and rubidium-81 have limitations for clinical use. Potassium-43 has been widely used for myocardial imaging. However, the physical
characteristics of potassium isotopes are far from ideal for gamma camera
imaging. It has a physical half-life of 22 hours [10] and principally emits
two gamma rays, with energies of 373 and 615 keV [24]. The lower energy

(373 keV) gamma rays can be used for imaging the myocardium using
the gamma camera, but the high energy emissions necessitate the use of
a rectilinear scanner. The images produced by this type of scanner are
distorted by contrast enhancement, have poor resolution, and are not
suitable for quantitative computer analysis. Potassium-43 is extracted by
the myocardium with 71% efficiency on a single circulation compared with
85<7r efficiency for thallium-201 [16]. Rubidium-81 is the only rubidium
isotope which has been used to any extent for human myocardial imaging,
having been introduced in 1974 [25]. This radionuclide has a physical halflife of 4.6 hours and decays with emission of 436 keV photon and 511
keV annihilation photons from positron emission. The short half-life of
rubidium-81 makes frequent serial studies possible but requires the imaging
facility to be situated in the proximity to a cyclotron (a radionuclide
production facility). The principal problem with rubidium-81 relates to
contamination of the radiopharmaceutical by other rubidium isotopes
[25,26]. It has high energy emissions, but special shielding allows the use
of scintillation cameras.
Thallium-201, also a potassium analogue, as chloride is the most
commonly used radiopharmaceutical for myocardial perfusion studies. It
is a transitional metallic element of Group I1IA of the periodic table,
while potassium is in group I. In 1960, Mullins and Moore noted that
the crystal radius of thallium (1.44 A) was quite similar to that of potassium
(1.33 A) [27]. Gehring and Hammond confirmed the physiological similarities between thallium and potassium, by demonstrating that thallium
activates the sodium-potassium (Na-K) ATP-ase dependent pump and that
the cellular uptake of thallium is inhibited by ouabain and sodium fluoride,
which block the Na-K pump [28]. Studies have shown that there are
differences between the kinetics of thallium and those of potassium. The
myocardial uptake of thallium is higher and the clearance is lower than
that of potassium. So the myocardial concentration of thallium is higher
than of potassium, and the uptake by gastric and hepatic tissue is much
less, resulting in a higher myocardial (target) thallium-to-background ratio
[29].
Thallium-201, cyclotron-produced, has a physical half-life of 73.5 hours,
which is convenient for prolonged shelf life, but makes frequent serial
studies in a short period of time impossible. It decays to mercury-201
by electron capture and emits gamma rays of 137 keV (2.1%) and 167
keV (10 %) and mercury-201 emits X-rays ranging from 69 to 83 keV
(90%). The gamma-rays are not sufficiently abundant for scintillation
camera imaging, which usually utilizes the X-rays. Imaging the X-rays,
however, does present some difficulties. Firstly, low energy photons (in

the range of the mercury X-rays) are associated with increased narrow
angle scatter in both collimator and crystal [30], A second problem resulting
from the low energy photons is the considerable tissue attenuation which
occurs. In practice about 50 to 70% of the emitted photons are absorbed
in the patient [31]. The long half-life of 73.5 hours and the high concentration
in the kidney limits the administered dose to about 3 mCi/5 rads to the
kidneys, implicating that prolonged imaging times are required (5 mCi
was proposed for high risk patients by Nishiyama et al. [26]).
As previously mentioned it is desirable to use radionuclides with photon
energies within the 100-to 200-keV range. Technetium-99m, with a gamma
photon emission energy of 140 keV, is optimal for clinical imaging.
Thallium-201 has a somewhat undesirable energy because it is lower than
the optimal range. Nevertheless, because it has ideal biologic characteristics
in tracer dosage and because it is reasonably close to the ideal energy
range it is a clinically useful agent for myocardial perfusion scintigraphy;
it is by no means an ideal radionuclide for diagnostic nuclear medicine
procedures.
Research is ongoing in an attempt to provide new gamma-emitting
radiotracers with physical imaging characteristics better than those of
thallium-201. This has involved the use of radionuclides such as iodine123, indium-Ill, or tellurium-123m [32,33]. Preliminary results have been
obtained with labeled cardioselective /6-adrenergic antagonists, an acetylcholinesterase enzyme inhibitor, arachidonic acid, and fatty acids [34-38].
To circumvent the physical limitations of thallium-201, a group of technetium-99m-labelled isonitrile complexes has been developed which hold
promise as myocardial perfusion tracers [39,40]. Technetium-99m is an
ideal radionuclide for diagnostic nuclear medicine studies, because of its
moderate energy level (140 keV), its diverse chemical properties permitting
attachment to many other molecules, its relatively short half-life (6 hr),
its general availability and low cost [41]. Technetium-99m methoxyisobutyl-isonitrile (Tc-MIBI) has been shown to be safe in humans, and
its myocardial uptake is directly related to myocardial blood flow, although
with somewhat lower extraction fraction as compared to thallium-201 [4244]. Due to the short half-life (6 hours) of technetium-99m and the prompt
hepatobiliary and renal excretion of Tc-MIBI, up to 10 times as much
Tc-MIBI can be injected as thallium-201 (for similar radiation dose),
resulting in far higher image count density than thallium-201. This higher
injectable dose also allows first pass studies and cardiac gating [45]. When
compared with thallium-201 with corresponding imaging methods, Tc-MIBI
by planar imaging and single photon emission computed tomography
(SPECT) have shown to have good agreement with thallium-201 for the

presence of stress defects, and for defect severity and reversibility [46,47].
Since Tc-MIBI does not redistribute, two separate injections are necessary
to differentiate ischemic from infarcted myocardium. Conventionally, rest
and stress injections are separated by 24 hours ("two day" protocol).
However, it has recently been shown that an alternative injection protocol
("same day" protocol) promises a more clinically practical way of administering the tracer [47].
A new development in cardiology is positron emission tomography (PET)
[48-50]. Positrons are emitted by certain radionuclides (carbon-11, nitrogen13, oxygen-15, gallium-68, rubidium-82, fluorine-18). These particles interact with electrons and are transformed from matter into energy with
the emission of two gamma photons 180 degrees apart. Each resultant
gamma photon has an energy of 511 keV. Although there are major
advantages of PET scanning for assessing perfusion, the expensive positron
cameras and cyclotrons make this method still not suitable for general
clinical use.

PHARMACOKINETICS OF THALLIUM-201
Perfusion studies of the heart are predicated on the Sapirstein principle.
Sapirstein noted that if a tracer is almost totally extracted by an organ
and rapidly cleared from the blood by other tissues on the first pass, then
the regional distribution is flow related [51]. Applied to the heart, this
means that uptake of the tracer is proportional to myocardial bloodflow,
but only soon after injection, before distribution is altered by the ongoing
process of equilibration.
Based on experimental and clinical work, it appears that distribution
of thallium is closely related to regional bloodflow [52-54]. After intravenous
injection, 8-10% of thallium is extracted by the lungs before the remainder
is distributed to other organs in proportion to their share of the cardiac
output [55]. As the coronary perfusion equals approximately 3 to 5% of
the total cardiac output, only 3 to 5% of the injected dose is delivered
to the heart. Initially, the regional myocardial concentration depends on
the blood flow delivery of the tracer to the heart (regional bloodflow) and
the ability of the heart to extract the tracer from the bloodpool (extraction
fraction).
There is evidence that the cellular uptake of thallium is involved by
two mechanisms: that it is an active process requiring the sodium-potassium
(Na-K) ATP-ase pump [56] and/or a passive process, regulated by the

electropotential gradient across the cellular membrane [57,58]. Rauch et
al. demonstrated that the passive influx by the membrane channels may
play an important role in the initial thallium uptake [59]. The heart extracts
85-88% of the thallium presented to it at the first pass, whereas in other
organs the total body extraction efficiency is 65% [55,60]. Thus, the heart
will extract about 3-5% of the injected dose [61].
Various physiological and metabolic conditions may play a role in altering
the extraction fraction of the myocardium for thallium. The studies of
Weich and co-workers indicated that heart rate, insulin, propranolol,
alkalosis or acetyl strophanthin did not alter the myocardial extraction
of thallium significantly. Their studies did indicate that acidosis and
hypoxemia caused a slight decrease in the extraction fraction [60]. Other
studies showed that digoxin and propranolol decrease extraction of the
tracer [62,63].
A linear relationship has been shown between initial myocardial thallium
concentrations and regional bloodflow over a wide range of flows, as
determined by the microsphere or flowmeter technique in canine studies
[53,54,64]. The myocardial uptake of thallium is linearly proportional to
flow at resting control level down to zero, but at higher flow levels, necessary
to assess coronary flow reserve, thallium uptake is not proportional to
flow [64,65]. The studies of Grunwald et al. showed that there was no
alteration in the extraction fraction for thallium at significantly reduced
myocardial perfusion rates [53]. Strauss and co-workers demonstrated in
dogs that thallium activity increased to a lesser extent than microsphere
determined blood flow during reactive hyperemia: when flow was 2.9-4.3
times normal, thallium was 1.9-2.4 times normal [55,64]. The disparity
between the increase in myocardial thallium uptake and the increment
in myocardial blood flow during hyperemia was confirmed by Hamilton
[66]. The increases in coronary blood flow in excess of myocardial oxygen
demands, as is the case with infusion of dipyridamole and adenosine, result
in a progressive decrease in thallium extraction. This extraction ratio
decrease is not seen when coronary flow is increased to meet an increased
myocardial oxygen demand, such as during exercise. There are several
explanations for this alteration of extraction fraction. First, the decrease
of extraction fraction with flow in excess of demands may represent a
true shunting of blood from "nutritional" to "non-nutritional" pathways.
A second explanation is that the cell membrane only extracts that amount
of material required for maintenance of the intact cell; when the cell is
working harder, the concentration of nutrients must be replaced at a more
rapid rate: flow increases, extraction remains fixed but amount entering
the cell per unit time increases. This implicates that, when the workload
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is fixed, the cellular requirements can be met by a certain amount of tracer
entering the cell per unit time, and when the quantity presented to the
cell increases far above cellular demand, the extraction fraction decreases
[60]. A third explanation could be, that thallium requires a short but finite
time for extraction from the blood, and at extremely high flows the time
of tracer contact with the cell membrane surface is too short to permit
adequate extraction [60,64].
Because of the high extraction of thallium during the first pass, thallium
concentration will decrease rapidly in the blood with only 5 to 8% of
the initial concentration occurring 5 minutes after injection [67], and less
than 19f occurring after 2 hours [52].
A kinetic model to express thallium transport was generated by Pohost
et al. [55]. This was to understand important physiologic functions like
myocardial regional perfusion and severity of ischemic damage from
imaging studies obtained clinically. By experimental studies it was possible
to evaluate the myocardial uptake and release of thallium. A cadmiumtelluride detector was placed over a segment of the myocardium while
the arterial blood activity was measured from serial blood samples. It
was found that blood and myocardial release curve became parallel about
30 minutes after injection. It can be concluded from the data of Pohost
and associates that clearance of thallium from the blood is a major
determinant of the rate at which thallium is lost from the myocardium.
To describe thallium kinetics on a cellular level from the experimental
data, Pohost et al. used a multi-compartment model. They suggested that
the "myocardial activity" on images obtained with a gamma camera is
not only thallium in the myocardial cells but also thallium in the vascular
and the interstitial compartments. Because of the low blood concentration
of thallium quite soon after intravenous injection, there will be an
electropotential gradient favouring egress of thallium from intramyocardial
cells into the intravascular compartment. This phenomenon is called
thallium clearance or thallium washout.
The determinant of the net compartment exchange of thallium from
the myocardial cells is the balance between continued myocardial extraction
from systemic recirculation and the intrinsic myocardial loss of thallium
into the systemic pool. This implicates that during the first pass of thallium
through the body a dynamic process of continuous extraction and release
of thallium is initiated: 1) initially myocardial cells accumulate more
thallium than they release; 2) the cells will achieve a peak level of thallium,
at which time they accumulate and release the same amount of thallium;
3) and finally, the cells will release more thallium than accumulate and
a net clearance of thallium occurs. The changes in thallium distribution

observed in serial images arc related to blood pool kinetics: reactive
hyperemia causes a rapid, absolute increase in thallium uptake followed
by rapid washout, whereas ischemia causes slow decreased uptake followed
by slow washout.
This also implicates that, when the patient has achieved a reasonable
level of stress within 1-2 minutes after administration of thallium, over
time, organ beds like cardiac and skeletal muscles will release thallium
more rapidly, while splanchnic viscera, which received less thallium, will
release thaiiium less rapidly. Consequently, on serial images, the splanchnic
viscera, which are not usually visible after adequate stress in initial images,
will become apparent on delayed images.
When thallium is injected at peak exercise, images are obtained as quickly
as possible within 30-40 minutes. These images demonstrate the coronary
regional bloodflow at time of peak exercise. In normal individuals, the
initial uptake pattern is relatively homogeneous and no defects are seen.
Regions of diminished thallium activity on these initial postexercise images
represent either stress-induced ischemia (related to decreased delivery or
relative disparity of regional coronary bloodflow) or myocardial scar
(related to cellular damage, which produces disruption of cellular integrity).
In order to distinguish between ischemia or scar, additional images are
obtained 2 to 4 hours after injection to ascertain whether the initial
postexercise defects remain persistent (or fixed) or demonstrate "redistribution" (or delayed normalization) in which the defect disappears.
Defects due to scar usually appear as persistent defects. In contrast, areas
of exercise induced ischemia will show redistribution with total or partial
defect resolution [54].
MYOCARDIAL UPTAKE, CLEARANCE AND REDISTRIBUTION OF
THALLIUM-201
It is necessary for any method for the assessment of coronary flow reserve
that the myocardial uptake of a tracer be proportional to flow at high
flow rates of at least 4 times resting levels. An agent of which myocardial
uptake is linearly related to flow will be the most sensitive one [65]. Thallium
uptake and clearance are affected by coronary flow and cellulary extraction
efficiency factors. At high flow rates there is an absolute increase in
myocardial thallium uptake followed by a rapid washout, whereas myocardial ischemia causes slow, decreased uptake followed by slow washout.
Many experimental studies have been done to understand the mechanism
of thallium clearance and uptake [53,60,68]. Several experimental methods
have been validated and employed to measure time-dependent myocardial
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thallium kinetics: serial myocardial biopsies, implacable cadmium telluride
radiation-detection devices or myocardial sampling. So it was measured
that in the normal zone thallium half-life was 5.3 hours, in the hyperemic
zone 3.4 hours and in the ischemic zone 11 hours [52,68,69].
The redistribution phenomenon is a consequence of two mechanisms:
first, the initial excess or deficit corrected by a more rapid clearance in
the hyperemic or normal areas in comparison to a less-rapid clearance
in the ischemic area and second, accumulation of thallium in the ischemic
zone [55]. Though not completely understood, the redistribution of thallium
into the ischemic zones apparently occurs via the following mechanism:
1) blood activity rapidly falls after the first pass as thallium is extracted
by multiple organ beds, 2) over time, there is exchange between the cardiac,
the extracardiac organ, and the vascular compartments as thallium concentration equilibrates between them, 3) thallium in the normal heart,
therefore, will gradually washout in relation to the large myocardial to
blood ratio which is achieved within the first few passes of the tracer,
4) since blood flow and hence thallium delivery to ischemic myocardium
is reduced but these cells still efficiently extract the tracer, ischemic tissue
will eventually increase thallium concentration, but this peak will occur
later than normally perfused myocardium (figure 1.1).
So the intracellular concentration of thallium at any time depends on
the initial concentration and the net difference between amounts entering
and leaving the myocardial cell. According to the above described model
the normal myocardium slowly releases the thallium (30%-50% clearance
at 4 hours), while the ischemic areas will clear more slowly or experience
net accumulation of tracer [55].
It is necessary to maintain a clear distinction between intrinsic washout
rate and net washout rate. The intrinsic washout rate reflects the rate of
thallium output from the myocardium (the so called washout after
intracoronary injection) in the absence of continuous reintroduction from
the systemic pool (figure 1.2). The intrinsic washout curve is monoexponential over time of 5 minutes to 2 hours [53], with a blood concentration
of 10% at 2 minutes and 0.8% at 2 hours. After intracoronary injection
the myocardial peak is reached after 2 minutes with a half-time of 84
minutes. This clearance can be divided into two phases: 1) a fast initial
clearance, that is the unextracted thallium from the interstitial
(= intercellular) spaces, and 2) a slower phase which represents the clearance
from the intracardial spaces [53]. The net washout depends on the amount
of thallium recirculated into the heart from the extracardiac organ pool
by the blood and is determined by factors extrinsic to the heart (figure
1.2). After intravenous injection of thallium, 80% of its peak is reached
after 1 minute, while its peak is reached at a time of 23.7 minutes after
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Fig. 1.1.

Schematic plots of time dependent thallium (Tl) kinetics derived from laboratory
models of representative clinical situations. Reproduced with permission [55].

injection; then it decreases with a half-time of 437 minutes. It is important
to recognize that the physical and biologic half-time of thallium in the
myocardium is 7.35 hours. The net washout must therefore be expected
to vary with changes in thallium blood concentration independent of
myocardial perfusion [68].
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Fig. 1.2.
The intrinsic thallium washout rate and net thallium clearance rate in a dog model.
The intrinsic washout rate after the intracoronary injection of the radionuclide
is significantly more rapid than the net clearance of thallium from the myocardium
measured after intravenous injection. Reproduced with permission [S3].

THALLIUM-201 MYOCARDIAL EXERCISE SCINTIGRAPHY
The normal thallium-201 left ventricular image is horseshoe or doughnut
shaped, with a central portion formed by the left ventricular cavity and
thus having much less uptake. Areas of decreased tracer accumulation
may also be seen normally at the apex, where the myocardial wall is thinner,
and at the sites of insertion of the papillary muscles [70]. Also the base
of the heart has a reduced uptake of radioactivity because of attenuation
by less vascular structures such as mitral and aortic valves. The right
ventricular wall is also often seen on exercise studies. On stress images
the myocardial-to-background activity ratio is about 2:1. This is higher
than in the rest images and possibly due to less splanchnic uptake.
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To interpret the myocardial perfusion images visually (qualitatively),
the intensity of thallium uptake of the various regions of the myocardium
is compared in various projections (usually: anterior, left anterior oblique
30 or 45° and left anterior oblique 70° or left lateral). The scintigram
shows abnormality when a region of the heart has a decreased radioactivity
compared to another region on the same projection. Gould has shown
that there must be a 2:1 reduction in blood flow in a stenotic artery before
a defect is apparent on the thallium scan [65]. Abnormalities on thallium
images may be caused by ischemia, infarction or both and are usually
classified as "fixed" or "reversible". A fixed defect is one which is present
on the rest or redistribution image and is attributed to the presence of
myocardial fibrosis or scarring (figure 1.3). A reversible defect is one which
is seen on a stress study (directly post-exercise) but not on a redistribution
image (after 4 hours) and generally indicates viable ischemic myocardium
(figure 1.4). A partly reversible defect indicates that there is superimposed
ischemia in an infarcted region.
In most clinics thallium myocardial images are analyzed visually. Various
computer manipulations of the images are used to improve the quality
of the images, including colour coding, contrast enhancement, smoothing
and background subtraction [71]. The effect of these manipulations is that
any gain in sensitivity is counteracted by a loss of specificity [72,73]. Visual

Fig. 1.3.
Exercise thallium-201 scintigram showing a fixed defect involving the inferior wall
(arrows).
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Fig. 1.4.
Exercise thallium-201 scintigram showing a reversible defect involving the septum/
anterior wall (arrows).

interpretation is open to inter- and intraobserver variability [74,75]. This
was studied by Trobaugh and Wackers in an interinstitutional survey [76].
Also there is a limited sensitivity in the detection of individual coronary
stenoses in patients with multivessel disease, especially if the degree of
stenosis is not severe in proportion to the other stenosed vessels [77]. It
remains difficult to detect multivessel disease because of reduced spatial
contrasting in so-called global myocardial hypoperfusion [78-80]. Also,
visual analysis gives insufficient information about washout kinetics of
thallium, and some possible temporal information remains unclear [8082].
Visual versus quantitative thallium-201 scintigraphy:
Because of the subjective nature of the visual analysis, quantitative
(computerized) methods have been made to improve the accuracy of analysis
[83-86]. These methods typically use either a circumferential profile analysis
of thallium distribution and washout [83] or a horizontal profile or "slice"
approach in which regional count profiles are delineated in various
myocardial regions [85]. Quantitation can be undertaken excellently both
on spatial and temporal levels. There are several important advantages
in quantifying myocardial uptake and washout of thallium-201. As mentioned previously, first, quantitative analysis permits less reliance on visual
interpretation alone, and can be used to develop objective numerical
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standards, leading to more optimal reproducibility. Second, it is found
by several groups that quantitative analysis enhances disease detection in
individual coronary arteries and results in improved recognition of multivessel disease [84,86]. Lastly, by measuring thallium-201 uptake in the
initial uptake phase and characterizing washout from the redistribution
images, quantitation offers a potential estimation of the amount of ischemic
myocardium and distinguishing scar from hypoperfused but still viable
segments.
It has to be stressed that sole reliance on the computer-derived quantitative scan interpretation may be hazardous. A great deal of experience
is needed when dealing with the variability encountered in normal scan
patterns. For example, breast attenuation, alterations in cardiac positions,
such as counterclockwise or clockwise rotation can produce false positive
defects if the reader is unfamiliar with the appearance of these variations.
The outflow tracts which are photon deficient areas might also be
misinterpreted as myocardial defects on automated, quantitative methods
for scintigraphic interpretation. Whichever scintigraphic technique is used,
sufficient training and experience is necessary before optimal results of
either approach are obtained. Quantitative analysis alone does not ensure
improved sensitivity and specificity.

LIMITATIONS OF EXERCISE THALLIUM-201 MYOCARDIAL IMAGING
Thallium-201 scintigraphy is not a perfect test, and false negative and
false positive results occur. Identifying situations in which such results
might be expected could improve the clinical interpretation of a given
test in an individual patient and could lead to bypassing this technique
in favor of a more diagnostic tool.
The causes of false negative test results of exercise thallium scintigraphy
can be:
1) overestimation of the severity of coronary artery disease by angiography,
Perfusion abnormalities are more likely to be seen in the distribution of
vessels with severe (>90%) stenoses than in vessels with moderate stenoses
(50-70%). Overestimation of the severity of coronary angiography may
be a cause of false negative thallium tests. Quantitative assessment of the
degree of stenosis requires biplane studies and is only limited to a few
centers but also has some technical limitations (because of overlap of
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secondary branches). It is also stated that the percentage of diameter of
stenosis is a poor assessment of hemodynamic severity of coronary artery
stenosis [87].
2) localization of coronary artery disease: circumflex artery, branch disease
and peripheral vessel disease,
Detecting circumflex, marginal or diagonal branch vessel stenoses are more
difficult than detecting left anterior descending or right coronary artery
obstruction [77]. Perhaps this is explained by the posterior location of
the circumflex-perfused myocardial regions being further away from the
gamma camera. Small defects (<6 gr.) may be beyond the resolving power
of the planar imaging method [71].
3) collaterals.
The influence of the collateral flow on the sensitivity remains controversial.
Collaterals develop in response to the presence of severe coronary artery
stenosis. Angiographic appearance of collaterals may not correlate with
their physiologic function and sometimes they may be present but angiographically invisable. It should be emphasized that the visibility of
collaterals by angiography is determined by several (technical) factors. Such
as, variation of force of injection into "collateral" vessels, duration of
viewing during angiography. Some investigators have reported that collateral arteries are not protective in maintaining normal or increased
perfusion during exercise evaluated by thallium scintigraphy [88]. Another
group has reported that perfusion abnormalities are more frequent in the
distribution of occluded arteries not fed by collaterals compared with
collateral emanated occluded vessels [89]. It is also of great importance
if the collaterals are "jeopardized" or not. However, it is possible that
collaterals limit the area of ischemia rather than prevent it.
4) lesser stenosis severity,
The sensitivity of the stress electrocardiogram is lower in single vessel
disease than in multivessel disease. For detecting patients with one-, two-,
and three-vessel disease some investigators have reported similar sensitivity
[90], whereas others showed that the sensitivity decreased as the number
of vessels involved decreased, especially when only visual analysis is used
[86,91].
5) poor technical quality and improper interpretation of the images,
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6) diffuse ischemia.
Approximately more than 50% of patients with three-vessel disease have
multiple thallium defects in two or more vascular regions [92]. As previously
discussed quantitative analysis of thallium scintigrams increases the detection rate of multiple coronary stenoses. There is a group of patients
that will demonstrate a diffuse slow washout pattern with no numerically
significant defects or a maximum of one regional perfusion defect [80,82].
So when only visual analysis is applied, some patients with diffuse ischemia
could be missed.
7) inadequate level of exercise.
The level of exercise achieved during stress testing is of greater influence
to the exercise electrocardiogram than to the thallium scintigram. In patients
achieving > 8 5 % of their predicted maximum heartrate the sensitivities
of both tests are quite comparable, the thallium scan will have a greater
frequency of being abnormal in the submaximal tests than the exercise
electrocardiogram [93]. This may be explained by the induction of heterogeneity of flow almost immediately on increasing myocardial oxygen
demand with particular low levels of exercise. Whereas, it may take a
significantly higher level of exercise to induce the myocardial cellular
alterations that cause ST-segment changes.
The causes of false positive test results of exercise thallium scintigraphy
can be:
1) underestimation of the severity of coronary artery disease on angiography,
2) attenuation of thallium activity by breast tissue,
Specificity is probably lower in women because of breast attenuation [94].
Some investigators even found thallium scans less sensitive for detecting
coronary artery disease in women than in men [91], although this is not
generally approved.
3) improper interpretation of the images,
The number of observers can both affect specificity and sensitivity [75].
When averaging the multiple observer scores, both sensitivity and specificity
can be maximized.
\

4) unrecognized excessive cardiac rotation,
5) defect on the posterior wall due to attenuation from the diafragm,
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6) other forms of heart disease, e.g. hypertrophic or idiopathic dilated
cardiomyopathy. sarcoidosis, mitral valve prolaps, myocardial bridging, left
bundle branch block, aortic valve disease, mitral valve prolapse, myocardial
tumors,
7) marked obesity,
8) right ventricular dilatation,
9) exaggerated apical thinning [92].

AIM AND OUTLINE OF THE STUDY
The study was undertaken:
1) to examine the clinical value of planar thallium-201 myocardial perfusion
scintigraphy, using visual and quantitative analysis, for the detection of
presence, localization and extent of coronary artery disease, using coronary
arteriography as a gold standard,
2) to quantify the incremental diagnostic yield of different noninvasive
tests for the diagnosis and the severity of coronary artery disease by using
multivariate discriminant analysis.
The results of our study have been described in separate articles and
this thesis comprises s rimpilation of these articles. The general methods
used in this study are described in chapter 2.
In chapter 3 the relative importance of visual assessment and quantitative
analysis of thallium-201 execise scintigraphy in an initial study is tested.
Chapter 4 describes a prospective study of a larger group of patients.
The criteria as defined in 'Iv previous chapter are used to evaluate the
relative importance of uptake defects and washout abnormalities.
In chapter 5 a comparison between visual and quantitative analysis of
thallium images is performed. The discordance regarding false positive
and false negative test results fonns the object of this study.
Chapter 6 outlines the comparative value of visual and quantitative
analysis of exercise thallium-201 imaging in patients with normal baseline
repolarization on the electrocardiogram at rest and in patients with
abnormal repolarization. In this study patients without prior myocardial
infarction were investigated.
In chapter 7 the value of visual and quantitative thallium-201 scintigraphy
for the detection of multivessel disease in patients with a sustained
transmural myocardial infarction is studied. Also the viability of myocardial
regions corresponding to pathologic Q-waves is evaluated.
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In chapter 8 a multivariate discriminant analysis model is derived from
clinical, exercise and scintigraphic variables to calculate posttest probabilities in coronary artery disease. The model is used to select the best
test predictors for the presence and the extent of coronary disease, which
is subsequently used to develop a strategy to select among the noninvasive
tests, those which provide maximal information.
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CHAPTER 2
General Methods
PATIENT POPULATION
The total study population consisted of 203 patients who were referred
to the cardionuclear department of the St. Antonius Hospital, Nieuwegein,
the Netherlands, for assessment of suspected coronary artery disease
between February 1983 and November 1986. All patients underwent history,
clinical examination, rest and exercise electrocardiography in conjunction
with stress and redistribution thallium-201 myocardial scintigraphy, coronary arteriography and left ventricular angiography. The interval between
thallium myocardial scintigraphy and angiography was less than 6 months,
whereby 75% of the studies was performed within 2 months of the cardiac
catheterization. The following patients were excluded: 1) patients who
underwent exercise testing after coronary bypass surgery or percutaneous
transluminal coronary angioplasty, 2) patients who failed to perform
adequate exercise; exercise was considered adequate if the patient achieved
85% or more of the age-predicted maximal heart rate in the absence of
angina or ischemic ST depression, 3) patients with valvular, congenital
or cardiomyopathic heart disease, 4) patients with technically inadequate
angiographic or scintigraphic registrations.

EXERCISE ELECTROCARDIOGRAPHY
Exercise electrocardiography was carried out in the upright position on
a calibrated bicycle ergometer using an exercise protocol with stepwise
increased work load (Lode) [1,2]. The initial external workload was 60
W during 3 minutes. Thereafter the load was increased every 3 minutes
by 30 W until one of the stopcriteria was fulfilled.
The following criteria for exercise termination were used: target heart
rate, angina, exhaustion, dyspnea, dizziness, disturbances of the heart
rhythm (repetitive extrasystoles or tachycardias) or conduction disturbances
(bundle branch block or atrioventricular conduction problems), a fall in
systolic blood pressure compared with an earlier stage of effort or an
ischemic ST-segment depression of at least 0,2 mV and a duration of 80
msec (leads CM5-CC5).
In all patients drugs such as beta-blocking agents and calcium antagonists
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were discontinued 24 hours before the test, and digitalis derivates were
withheld 2 weeks before the test. The antianginal medication was replaced
by short-acting nitrates. The patients were requested to inform our
department in case of progressive angina pectoris. Thallium scintigraphy
was performed in conjunction with the exercise test.

THALLIUM-201 IMAGING
A dose of 74 MBq (2 mCi) of thallium-201 was injected through an
indwelling intravenous cannula at maximal exercise, which was continued
for 1 minute after injection. After termination of exercise, multiple view
myocardial scintigrams were obtained at approximately 5 minutes and 4
hours after injection of thallium. At each interval, imaging was performed
in the anterior, 30° and 70° left anterior oblique (LAO) views for 10 minutes
per view. The patient's physical activities and food consumption were
restricted between the two recordings. For imaging a General Electric small
field-of-view camera (26 cm) was used equipped with 37 photo multiplier
tubes, 'A-inch thick sodium iodide crystal and a general purpose, low
energy, hexagonal parallel hole collimator was used. A 20% energy window
centered on the 80-keV photopeak was used. There was a minimum of
300,000 counts per image obtained. All images were stored by the computer
on magnetic disc in a 128xl28x8-bit matrix (MDS-A2, Nucletron).

VISUAL ANALYSIS
The visual assessment was performed by means of a semi-quantitative
analysis [3]. Each image was divided into five roughly equal segments
for a total of 15 segments numbered 1-15 (figure 2.1). The thallium-201
scintigrams of the initial uptake and the delayed interval or redistribution
phase were inspected on a computer gray scale without smoothing or
background subtraction. Matching views from initial uptake and delayed
images were displayed side by side for comparison. Thallium-201 activity
in each segment was visually graded from 1 to 3 (grade 1 = no defect,
grade 2 = possible defect, grade 3 = definite perfusion defect). Summarizing
the three views, the global score lies between 15 and 45 (figure 2.1). The
visual differences between the postexercise and delayed images were
classified in the same manner (1 = no reversible defect, 2 = possible
reversible defect, grade 3 = definite reversible defect).
Flow regions were defined as follows: anterior flow region: segments
4, 5, 6, 7, 11, 12 (score 6 to 18), inferior flow region: segments 1, 2, 14
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Fig. 2.1.
Location of the IS scintigraphic segments used in the semiquantitative visual
classification and corresponding regions of the quantitative analysis; relation to
the coronary arteries. Reproduced with permission [14]
(score 3 to 9), lateral flow region: segments 9, 10, 15 (score 3 to 9). The
apical segment was not assigned to one of these particular flow regions.

COMPUTER PROCESSING AND ANALYSIS
Briefly, the computer algorithm involved the following steps (figure 2.2):
1) After a nine point weighted image smoothing, each image (in the initial
and redistribution phase) was compensated for tissue crosstalk using an
interpolative background subtraction technique described by Goris et al.,
modified by using a proximity weighting function described by Watson
et al. [4,5].
2) An ellipse was centered closely around the left ventricle; the first radiu •
was defined by the operator from the center of the ellipse across the apex
(figure 2.3).
3) Hundred and twenty radii spaced at 3° intervals were constructed from
the center of the left ventricle.
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VISUALLY LOCATED APEX AT 180° POINT

Fig. 2.2.
After defining the centre, the left ventricle is divided in 120 segments; combination
of all 120 sample points results in a circumferential profile.

4) Along each radius the point with maximal thallium-201 activity was
chosen and plotted as number of counts versus angle (sample point).
Combination of all 120 points resulted in a circumferential profile of
myocardial thallium-201 activity (figure 2.3) [6-8].
5) The three profiles were then aligned so that the 180° point in each
view corresponded to the visually located apex. 6) These curves in the
postexercise interval were normalized to the maximum count in the profile
of each view.
7) In addition to the initial profile, the reversibility of scintigraphic perfusion
defects was evaluated by analysis of the clearance rate of thallium-201.
For this purpose, washout rate circumferential profiles were calculated
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as percent washout from postexercise uptake scintigrams to the delayed
distribution: % washout = [(counts uptake - counts delayed)/counts
uptake] x 100. Washout rate circumferential profiles corresponding to
exactly 4 hours postexercise were determined [8].

DEFINITION OF NORMAL LIMITS
The uptake and washout rate circumferential profiles were compared
to the lower limits (-2 standard deviation) of the profiles of a normal
population available from a study from Maddahi and colleagues [8], and
further defined in our study as lower limits. The definition of normality
of this group was made on a less than 1% likelihood of coronary artery
disease based on a sequential Bayesian analysis of age, sex, symptom
classification, coronary risk factors, and at least three negative noninvasive
tests other than thallium-201 scintigraphy [9]. Use of 2 standard deviations
with a one-tail analysis establishes statistical criteria that include 97.5%
of the normal population.
Criteria were also constructed in our study on arcs made by contiguous
sample points of radii which fell outside the lower limits of Maddahi et
al. [8]. These arcs were composed of at least six consecutive sample points
(the angle between two sample points is 3° in our study). Profiles of our
patients with and without significant coronary sclerosis were compared
to this lower limit and the criteria were defined in retrospect as an optimal
cut-off line between these patients.
In addition to these calculations for the entire myocardium according
to the three views (three arcs of 240°), flow regions were calculated as
follows: anterior flow region: 210° to 300° in the anterior view, 60° to
150° in 30° left anterior oblique projection and 60° to 150° in 70° left
anterior obliquity; inferior flow region 60° to 150° in the anterior view,
210° to 255° in 70° left anterior obliquity; posterolateral region: 210° to
300° in 30° left anterior obliquity and 255° to 300° in 70° left anterior
obliquity (figure 2.1). The angle from 150° to 210 in each view was designated
as presenting the apex, considered not belonging to a specific coronary
artery.

CORONARY ARTERIOGRAPHY
To provide a yardstick for the exercise parameters, the selective coronary
arteriogram according to the Judkins or Sones technique was used [10,11].
Coronary arteriography was performed in multiple left anterior and right
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anterior oblique projections and with cranio-caudal angulations [12].
Coronary obstructions were graded according to the percentage of narrowing (related to the normal lumen prior to the diseased part of the
vessel). The arteriograms were interpreted by two cardiologists. Disagreement was solved by a third interpreter. The anterior flow region was
considered to reflect the left anterior descending artery, the inferior flow
region the right coronary artery and the posterior lateral flow region the
left circumflex artery. If there was a left dominant circumflex coronary
artery, the posterior descending artery was nevertheless consigned to the
inferior flow region. A coronary arteriography demonstrating obstructions
of at least 50% of the luminal diameter of major coronary branches was
classified as positive.

STATISTICAL ANALYSIS

The relation between scintigraphic variables and the angiographic findings is given in terms of sensitivity, specificity, positive predictive value,
negative predictive value and accuracy as described previously [2,13]. In
the prediction of significant coronary artery disease (any stenosis of 50%
or more) the patients without significant coronary stenosis were considered
as the normal group (negative group). In the prediction of two- and/or
three-vessel disease, the negative group consisted of patients with zeroand one-, or zero-, one- and two-vessel disease, respectively.
Significance levels of differences were calculated using Student's t-test
or the chi-square test for unpaired variables. Significance levels of the
differences between sensitivity and specificity of the different methods were
assessed by Me Nemar's test. A p-value of less than 0.05 was considered
to indicate significance.
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CHAPTER 3
On the Clinical Value of Thallium-201 Washout Analysis in the
Detection of Multiple Jeopardized Regions
ABSTRACT In this study the relative importance of visual assessment and
quantitative analysis of myocardial stress perfusion scintigraphy in 72 patients with
a 40% incidence of triple-vessel disease was tested. The quantitative analysis of the
uptake scintigram in combination with a washout rate study of thallium-201 was
not superior to the visual analysis with regard to the overall detection of significant
coronary disease (obstructions of at least 50%). The sensitivity of the quantitative
analysis was 85% for the entire population and 90% for the triple-vessel disease
group (specificity 90%).
Detection of jeopardized myocardial flow regions in patients with triple-vessel
disease, however, resulted in a significantly better identification by quantitative
analysis. Of the 87 jeopardized flow regions in the 29 patients with triple-vessel
disease, 62 regions were detected by quantitative analysis whereas 48 regions were
noted by visual evaluation. The post-test likelihood of this regional quantitative analysis
with respect to the triple-vessel disease was 66%. The incidence of global ischemia
as detected by washout abnormalities in cases with no or a maximum of one regional
uptake defect was 7%.

INTRODUCTION
Notwithstanding the fact that it is generally superior to stress electrocardiography in detecting ischemic heart disease, thallium-201 myocardial
perfusion scintigraphy has several limitations [1,2]. Visual analysis of the
scintigraphic images has a considerable interobserver variability [3,4]. There
is a limited sensitivity in the detection of individual coronary stenoses
in patients with multivessel coronary artery disease, especially if the degree
of stenosis is not severe in proportion to the other stenosed vessels [5].
According to many authors it remains difficult to detect multivessel disease
because of reduced spatial contrasting in so-called myocardial hypoperfusion [6,7]. Analysis of washout curves of thallium-201 offers possibilities
to classify the scintigrams independent of their spatial contrast [8-10].
Quantitative analysis of this clearance phenomenon offers possibilities to
measure so-called global ischemia, which is supposed to exist in patients
with significant multivessel disease and multivessel jeopardized myocardial
regions [11-13]. The purpose of this study was: 1) to compare the results
of a computer analysis of perfusion scintigrams and washout curves of
thallium-201 with a semi-quantitative visual analysis, 2) to evaluate this
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computer analysis in the detection of multivessel disease, 3) to compare
the relative importance of uptake defects and washout abnormalities, 4)
to compare prospectively the results of criteria as defined by others with
the results of the criteria defined in this study in retrospect.

METHODS
Patient population

The data of 72 patients were evaluated: 57 men (79%), 15 women (21%),
mean age 55 years (± 9). These patients were referred to our cardionuclear
department between February 1983 and November 1986. The characteristics
of their chest pain and classification as to the incidence of myocardial
infarction and number of vessels involved are listed in table 3.1.
Table 3.1
Characteristics of chest pain, incidence and localization of MI in the patients of this study
No of patients
Total
Chest pain
Atypical chest pain
APNYHAII
APNYHA III
Myocardial infarction
(Q-waves)
anterior
lateral
inferior
Number of vessels
1 vessel
2 vessel
3 vessel
No significant CAD

72
22(31%)
25(35%)
25(35%)
20(28%)
7(10%)
1(1%)
12(17%)
8(U%)
15(21%)
29(40%)
20(28%)

MI = myocardial infarction; AP = angina pectoris;
NYHA = New York Heart Association; CAD = coronary artery disease.

Exercise electrocardiography

The exercise protocol used in this study is described in chapter 2.
Thallium-201 imaging

The scintigraphic procedure and our method of obtaining the exercise
thallium-201 scintigrams has been described in chapter 2.
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Visual analysis
The visual assessment was performed by means of a semi-quantitative
analysis (chapter 2).
Computer processing and analysis
The computer processing and quantitative analysis were described
thoroughly in chapter 2.

RESULTS
Semiquantitative visual analysis of the myocardial perfusion and redistribution
scintigraphy with thallium-201 and interobserver variability

Fifteen segments had to be classified in both intervals after exercise
(figure 2.1). If all segments in one interval were classified as normal the
score was 15. This score however, was not an optimal criterion because
of a relatively high number of false positive cases (table 3.2). Regarding
the initial uptake period a better diagnostic criterion was constructed with
a score of 18. If all cases with the score of 18 or less were considered
as negative, the sensitivity and specificity are 86% and 90% respectively
(table 3.2). This means that in the global scintigram of 15 segments at
least two segments had to be classified as abnormal or four segments as
possibly abnormal before the uptake scintigram was classified as positive.
The diagnostic result of the classification of reversible defects is also
presented in table 3.2. The optimal criterion was achieved when a score
of 17 was considered as negative.
Interobserver variability: in the initial uptake scintigram there was a
complete agreement in 72% of the cases by the three observers; in 28%
there was a major disagreement among two or three observers. For the
Table 3.2

Semiquantitative visual analysis of the initial uptake and the redistribution of thallium-201
scintigrams in the prediction of coronary obstructions
Method

Criterion*
score

Sens

Spec

PVpos

PVneg

X2

Uptake

15
18
15
17

96%
86%
91%
73%

55%
90%
75%
95%

85%
96%
91%
97%

85%
72%
75%
57%

25.5
37.3
30.7
26.9

Redistribution

* a test is considered negative if the score is equal to or less than the criterion
Sens = sensitivity; Spec = specificity; PVpos = predictive value of a positive
PVneg = predictive value of a negative test.

test;
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redistribution phase these percentages were 68% and 32%. We defined
a major disagreement as a difference of score of more than 3 in the initial
uptake and of more than 2 in the delayed phase.
Quantitative analysis of the initial uptake scintigrams of thallium-201

In this analysis circumferential profiles of the initial radionuclide uptake
generated from each of the three left ventricular images were compared
to lower limits. Four patients of our normal group were beyond these
limits. Using these lower limits as a criterion the sensitivity and specificity
in the entire population was 79% and 80%.
In retrospect a specificity of 90% and a sensitivity of 65% was obtained
by criterion of an arc of 20 sample points below the lower limits for the
global myocardium of 3 views (table 3.3). The number of sample points
beyond lower limits in relation to the extent of coronary sclerosis is shown
in figure 3.1.
Combination of the results of quantitative analysis of the initial uptake
scintigram and of the washout of thallium-201

In this analysis the sample points under lower limits of the uptake and
washout profiles are summed; in fact six arcs of 240° are analyzed and
integrated. If lower limits were used as a criterion the sensitivity and the
specificity were 90% and 65%, respectively. When the criterion as defined
by Maddahi et al. [10], an arc of 12 sample points, was used, the sensitivity
and specificity were 90% and 65%, respectively.
In retrospect optimal results were obtained in our study using a criterion
of an arc of 28 sample points under lower limits (see table 3.3).
Table 3.3
Quantitative analysis of thallium-201 scintigrams of the initial uptake scintigram and of
the combination of uptake scintigram and washout curve
Method

Criterion*
(sample
points)

Sens

Spec

PVpos

PVneg

X-

Uptake

0
20
0
12
28

79%
65%
90%
90%
859r

80%
90%
659!
65%
90%

91%
949?
87%
879?
96%

59%
50%
72%

21.3
17.7
23.6
23.6
34.8

Redistribution

72%
69%

* a test is considered negative if the score is equal to or less than the criterion
Sens = sensitivity: Spec = specificity; PVpos = predictive value of a positive
PVneg = predictive value of a negative test.

lest;
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UPTAKE

Fig. 3.1.
Initial uptake and washout (dotted lines) of a patient showing no uptake defects
(except in the apex, anterior view). Global ischemia is revealed by washout
abnormalities in the three flow regions. Comparison to the mean and lower limits
of the normal profiles according to Maddahi et at. [10] (solid lines). Reproduced
with permission.

Global and regional ischemia

This paragraph contains the results of visual analysis and quantitative
analysis of uptake scintigrams and washout curves in separate flow regions.
Visual analysis of the initial uptake scintigram in the group with threevessel disease, revealed four patients (14%) with perfusion defects in three
flow regions and 13 patients (44%) with perfusion defects in two flow
regions (table 3.4). In each flow region a criterion was constructed on
a visual score respecting 90% specificity of overall coronary sclerosis as
follows: anterior-, inferior-, and lateral flow region a score of 7, 4 and
4, repectively. Applying these criteria in related myocardial regions to
predict two- or three-vessel disease, considering patients with no coronary
sclerosis or one-vessel disease as negative, resulted in a sensitivity and
specificity of 57% and 79%, repectively (table 3.5).
Quantitative analysis showed abnormalities in three related flow regions
in 14 (48%) of the three-vessel disease group, whereas two abnormal flow
regions were seen in eight (28%) of these patients (table 3.4). Seperate
criteria were constructed on arcs of 21, 28 and 0 sample points under
limits for anterior-, inferior-, and lateral flow regions respectively. Applying
these regional criteria to the entire population in predicting two- or threevessel disease (considering one-or zero-vessel disease as negative) resulted
in a sensitivity and specificity of 81% and 82%, respectively (table 3.5).
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Table 3.4
Comparison of the number of jeopardized flow regions as detected by visual and quantitative
analysis method to the number of obstructed vessels
Method

No of obstructed Pts
vessels
(n)

No of abnormal Tl-201 flow regions
0

1

2

3

Visual
analysis
uptake

0
1
2
3

20
8
15
29

18
3
2
2

1
0
5
10

1
4
8
13

0
1
0
4

Quantitative
analysis
uptake and
washout

0
1
2
3

20
8
15
29

18
4
0
3

0
1
2
4

1
1
8
8

1
2
5
14

Total

72

Table 3.5
Prediction of two- or three-vessel disease by the number of related flow regions as detected
by visual and quantitative analysis (combination of uptake scintigram and washout of thallium201). The difference between the proportion of both methods was significant ( p < 0.001)
X2

Method

Sens

Spec

PVpos

PVneg

Visual
analysis
Quantitative
analysis combination

57%

79%

81%

54%

9.8

81%

82%

88%

72%

22.5

Sens = sensitivity; Spec = specificity; PVpos = predictive
PVneg = predictive value of a negative test.

value

of

a

positive

test;

It appeared that of the 87 flow regions in the 29 patients with threevessel disease, there were 40 regions with uptake defects and in addition
22 regions with slow washout. Two patients had no detectable uptake
defects but showed slow washout in the three regions (figure 3.1).
Table 3.6 shows the diagnostic value of the quantitative analysis in
predicting three-vessel disease considering zero-, one- and two-vessel disease
as negative; the results of the study of Gewirtz et al. are included for
comparison [14].
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Table 3.6
Comparison of the predictive value of quantitative analysis of myocardial scintigraphy with
thallium-201 to the presence of three-vessel disease in different studies
Study

No of
patients

Incidence
Sens
of three-vessel
disease

Spec

PVpos

PVneg

Gewirtz et al.

60

35%

48%

76%

53%

73%

This study

72

40%

48%

83%

66%

72%

Sens = sensitivity; Spec = specificity; PVpos = predictive
PVneg = predictive value of a negative test.

value

of

a

positive

test;

DISCUSSION
Computer analysis of myocardium thallium-201 perfusion scintigraphy
without analysis of the washout of the radionuclide has limited value.
In the detection of overall significant coronary artery stenosis, the quantitative analysis of the initial uptake scintigram in our study had a lower
diagnostic value than the semi-quantitative visual analysis. The combined
analysis, however, of the uptake scintigram and the washout rate was
superior to the visual method in the detection of multiple-vessel disease
by the identification of multiple jeopardized flow regions.
Forty-eight (55%) of the jeopardized flow regions in the 29 patients
with three-vessel disease were detected by the visual method; 40 (46%)
by the quantitative analysis of the initial uptake scintigram and 62 (71%)
by the combined analysis of uptake and washout profiles. Two patients
of the three-vessel disease group, who had no detectable perfusion defect
in the uptake myocardial thallium-201 perfusion scintigraphy and were
within the lower limits of the normal population, nevertheless, showed
washout abnormalities in three flow regions.
Although the washout rate analysis added little to the visual analysis
as to the overall detection of significant coronary artery stenosis, there
was significant additional help by the washout analysis to identify patients
with multiple jeopardized regions.
Twenty percent of our normal population fell outside the one tailed
two standard limits of the normal groups as provided by Maddahi et al.
[10]. These authors did not advise the lower limits as a criterion but
constructed a criterion of an arc of adjacent sample points under these
limits. Considering the difference in sample frequency in both studies, we
nevertheless had to use arcs as a criterion to obtain a clinical usable
specificity in retrospect.
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Until today the experienced scintigram-reader has more skill and flexibility to discern irregularities of the anatomical position of the heart and
artefacts produced by extracardial anatomy than the available software.
This rigidity of the automatic analysis may also be the cause of the spread
of the normal profiles in our population. Undoubtedly there are inhomogeneities in our patients without significant coronary sclerosis influencing the spread of normal limits. Nevertheless, these are the patients
we are confronted with in hospitals and it might be of interest to have
a follow-up on this group. On the other hand it could be useful to have
different levels of normality using either limits created by profiles from
populations with a low likelihood of coronary artery disease [10] or limits
provided by a group of patients of each institution documented by coronary
angiographic and ventriculographic studies [IS].
Our normal profile was smaller in the posterolateral region in comparison
to the data from Maddahi et al. [10]. In the anterior regions, however,
we found a larger profile, probably caused by the relative large proportion
of women (21%) in our normal population. Another problem in determining
the value of exercise scintigram is the lack of a "golden standard" for
the coronary flow. There are several limitations in using coronary arteriogram as a "golden standard" such as observer variability, problems
in weighting geometric characteristics of stenosis such as length, absolute
diameter, multiple lesions in series, eccentric lesions or dynamic lesions
that vary in severity due to coronary artery spasm and last but not least
difficulties in assessing collateral flow or steal effects [16,17].
Notwithstanding the fact that there was a significant difference in the
number of abnormal sample points between a group composed of zeroand one-vessel disease and a group composed of two- and three-vessel
disease either by global analysis (figure 3.2) or by analysis of ischemic
regions (table 3.5), there was nevertheless a considerable overflow between
the groups especially between two- and three-vessel disease. This is partly
explained by the difficult alignment of flow territories assigned to a
particular coronary vessel.
There are not many reports on the incidence of global ischemia. In
1265 consecutive patients having quantitatively stress redistribution scintigraphy, Bateman et al. found 46 patients (3.6%) with a diffuse slow
washout pattern with no or a maximum of one perfusion defect [18]. In
our study five patients with three-vessel disease (7% of all patients tested)
had no perfusion defect or a perfusion defect in only one region by
quantitative analysis and showed a diffuse slow washout pattern. Gewirtz
and co-workers found washout abnormalities without uptake defects [14]
in three patients with three-vessel disease (5% of the entire population
in their study).
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Fig. 3.2.
Number of sample points beyond the lower normal limits in relation to the extent
of coronary sclerosis. Reproduced with permission.
In conclusion: This study showed that quantitative analysis of the thallium201 scintigram is superior to the visual interpretation in the prediction
of multiple coronary vessel disease. The occurrence of global ischemia
without uptake defects is small. The analysis of the washout phenomenon
of thallium-201 is essential in the detection of multiple jeopardized
myocardial regions. Further study is required on the uptake profiles of
different normal populations which are necessary for reference.
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ADDENDUM
Comment by B.L. Zaret MD
In: Hotter PB, Gore JC, Gottschalk A, Sostman D, Zaret BL, Zubal IG, eds. The Year
Book of Nuclear Medicine 1988. Chicago: Year Book Medical Publishers; 1988: 99-100.

Visual analysis of myocardial perfusion scintigrams involves considerable
variability, and sensitivity in detecting individual coronary stenoses is
limited. Computed analysis of scintigrams and washout curves was compared with a semi-quantitative visual analytic method in 72 patients with
a 40% incidence of triple-vessel coronary disease. Symptom-limited bicycle
exercise was carried out in conjunction with scintigraphy.
Quantitative analysis of uptake in combination with a washout rate study
of thallium-201 was not better than visual analysis in the overall detection
of significant coronary stenoses. The quantitative method was 85% sensitive
in the overall study group and 90% sensitive for triple-vessel disease.
Jeopardized areas in patients with triple-vessel disease were better identified
by quantitative analysis than by visual study. Washout abnormalities
identified global ischemia in 7% of patients with no, or no more than
one, regional uptake defect.
Quantitative analysis of thallium-201 myocardial perfusion scintigrams
is more useful than visual interpretation in identifying multivessel coronary
disease. Global ischemia is infrequent in the absence of multiple regions
of jeopardized coronary flow.
This study points out the role of quantitation of thallium images better
defining ischemic zones in patients with multivessel disease. This makes
sense intuitively. It should be noted that, although these authors did not
note any improvement over visual evaluations in patients with single vessel
disease, Wackers FJ et al. (Semin Nud Med 1985; 15:46-66) noted
augmented detection rates in patients with single-vessel as well as multivessel
disease with quantification of uptake and washout.

CHAPTER 4
Is Quantitative Analysis Superior to Visual Analysis of Planar
Thallium-201 Myocardial Exercise Scintigraphy in the
Evaluation of Coronary Artery Disease? Analysis of a
Prospective Clinical Study
ABSTRACT Quantitative analysis of myocardial exercise scintigraphy has been
previously reported to be superior to visual image interpretation for detection of
presence and extent of coronary artery disease. Computer analysis of perfusion defects
and washout rate of thallium-201 was performed on scintigrams from a group of
131 consecutive patients (prospective group), using criteria defined from a previous
group of 72 patients (initial group), and compared with visual interpretation of
scintigrams for detection and evaluation of coronary artery disease. The sensitivity
of the quantitative technique with regard to overall detection of coronary artery disease
was not significantly different from the visual method (69% and 74%, respectively),
whereas the specificity was higher (86% and 68%). Quantitative analysis did not
increase the sensitivity of thallium imaging over the visual method in the left anterior
descending artery (46% vs 65%) and the right coronary artery (51% vs 72%), but
did increase sensitivity in the left circumflex artery (75% vs 47%). Whereas in the
initial group, quantitative analysis resulted in a better identification of multivessel
disease (sensitivity 81% vs 57%), in the prospective group sensitivity decreased (54%
vs 67%) without significant loss of specificity. The initial group had a 40% incidence
of three-vessel disease and the prospective group 22% (p < 0.05). One-vessel disease
was higher in the prospective group (32% vs 11%, p<0.05).
Thus, assessing the quantitative technique in a larger prospective patient population,
there was no improvement of detection of presence and extent of coronary artery
disease, when compared with visual interpretation.

INTRODUCTION
Thallium-201 myocardial exercise scintigraphy has been increasingly used
in the diagnosis of coronary artery disease [1]. Conventionally, thallium
images have been analyzed visually for the presence of reduced segmental
uptake in the initial images, and partial or complete "filling-in" of the
initial defects in delayed images (redistribution) [2-4]. Several studies have
reported on the value and limitations of a quantitative approach of thallium201 exercise imaging and the diagnostic accuracy of this technique has
been high, if the results of initial uptake and washout of thallium-201
were combined [5-8]. Quantitative analysis has been reported to be more
accurate than visual interpretation of planar thallium images and because
of significant inter- and intraobserver variability, the sensitivity and
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specificity of visual analysis may not be optimal for the detection of coronary
artery disease [9,10].
In an initial study quantitative analysis of uptake scintigrams and washout
curves was compared with a semi-quantitative visual analytic method in
72 patients with a 40% incidence of three-vessel disease [8]. It was found
that quantitative analysis of uptake in combination with a washout rate
study of thallium-201 was not better than visual interpretation in the overall
detection of significant coronary stenoses. The sensitivity of the quantitative
analysis was 85% for the entire population and 90% for the three-vessel
disease patients (specificity 90%). Quantitative analysis was more useful
than visual interpretation in identifying multivessel coronary artery disease.
This study was undertaken: 1) to compare the results of quantitative
analysis of uptake and washout of thallium-201 scintigrams with semiquantitative visual analysis, in patients referred for evaluation of chest
pain, 2) to test the diagnostic value of quantitative criteria, as established
in an initial group (n = 72), in a larger patient population ( n = 131) for
detection of presence, localization and extent of coronary artery disease.

METHODS
Patient population
The study population consisted of 203 patients, who were referred to
our cardionuclear department for assessment of suspected coronary artery
disease between February 1983 and November 1986. The study consisted
of two parts: 1) the initial study (group I); comparison with criteria as
defined by others and development of own interpretive criteria, and 2)
the prospective study (group II); for application of the derived criteria.
Group I consisted of 72 patients referred between February 1983 and
April 1984. This patient group has been described in chapter 3 [8], and
included 57 males and 15 females ranging in age from 24 to 69 years
(mean 55 + 9). Patients in group I were used to establish visual and
quantitative scintigraphic criteria for detection of the presence and localization of coronary artery disease. These criteria were applied prospectively to analyze the scintigraphic results of the subsequent patient group
(group II). Group II consisted of 131 patients referred between May 1984
and November 1986. This group included 111 males and 20 females ranging
in age from 35 to 75 years (mean 55 ± 8 ) . We tested prospectively the
results of criteria, as established in group I, in patients of group II. The
characteristics of the patients of both groups are presented in table 4.1.
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Table 4.1
Characteristics of hemodynamic results, chest pain, incidence and localization of MI and
number of diseased vessels
Group I
Total
Age (yr)
Sex (M/F)
MaxHR
MaxBP
DP
Chest pain
Atypical
AP NYHA II
AP NYHA III
Myocardial infarction
(Q-waves)
septal
anterior
lateral
inferior
combination
Number of vessels
1 vessel
2 vessel
3 vessel
No significant CAD

72

Group 11

p-value

131

55 ±9

55 ±8

57/15
134 ± 2 3
170 ± 1 6
22.8 ±5.0

111/20
145 ± 1 7
180 ± 2 2
26.1 ±4.9

22(31%)
25(35%)
25(35%)
20(28%)

39(30%)
59(45%)
33(25%)
47(36%)

0
7(10%)
1(1%)
12(17%)
0

3(2%)
13(10%)
4(31%)
19(15%)
8(6%)

8(11%)
15(21%)
29(40%)
20(28%)

42(32%)
38(29%)
29(22%)
22(17%)

ns
ns
0.001
0.001
0.001
ns

0.05

0.001

MI — myocardial infarction; Max HR = maximal heartrate; Max BP = maximal bloodpressure;
DP = double product/1000; AP = angina pectoris; NYHA = New York Heart Association;
CAD = coronary artery disease.

Exercise electrocardiography

The exercise protocol used in this study is described in chapter 2.
Thallium-201 imaging

The scintigraphic procedure and our method of obtaining the exercise
thallium-201 scintigrams has been described in chapter 2.
Visual analysis
The visual assessment was performed by means of a semi-quantitative
analysis (chapter 2).
The overall scintigram was considered abnormal when the total score
was proven to be higher than 18 in the postexercise phase and higher
than 17 in the redistribution phase (chapter 3).
In each flow region a criterion was constructed as follows: anterior-,
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inferior-, and lateral flow region a score of 7,4, and 4, respectively (chapter
3). Multivessel coronary artery disease was considered to be present if
the initial uptake scintigram showed thallium defects in two or more specific
vascular areas.
Computer processing and analysis
The computer processing and quantitative analysis were described
thoroughly in chapter 2.
Criteria for abnormality and multivessel/single vessel disease
Initial uptake and washout rate circumferential profiles were interpreted
by a computer program which compared each curve to the normal limits
described in chapter 2. In a previous study (chapter 3) optimal results
were obtained from the 72 patients of group I and used to evaluate the
131 patients of group II, prospectively. The following criteria were used:
the overall scintigram was considered abnormal when an arc composed
of more than 28 consecutive sample points fell below the normal limit,
considering the combination of the uptake scintigram and washout curve
(chapter 3). Separate criteria were constructed for the three vascular areas:
when an arc of more than 21 sample points, considering the combination
of the uptake scintigram and washout curve, fell under the lower limit,
the anterior flow region was considered abnormal. Separate criteria were
also constructed on arcs of more than 28 and 0 sample points under the
lower limits for the inferior and lateral flow regions, respectively (chapter
3). Multivessel coronary artery disease was considered to be present if
the combination of uptake and/or the washout curves were abnormal in
two or more specific vascular areas.

RESULTS
The characteristics of hemodynamic results, chest pain, incidence and
localization of myocardial infarction and number of vessels involved are
listed in table 4.1.
In the 131 patients of group II, 42 had one-vessel disease, 38 had twovessel disease, 29 had three-vessel disease and 22 patients had no significant
coronary artery disease. Comparing groups I and II, the difference of
distribution of coronary artery disease was statistically significant
(p = 0.001).
Detection of presence of coronary artery disease
Semiquantitative visual analysis
In table 4.2 the results of group I and group II were compared for
the criterion score of 15 and 18 respectively.
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Table 4.2
Visual analysis of the initial uptake and the redistribution of thallium-201 scintigrams in
the prediction of significant coronary artery disease
Group I (n = 72)
Method
Criterion*
score

Uptake
18
15

Sens
Spec
PVpos
PVneg
X=

96%
55%:
85%
85%
25.5

86%
90%
96%
72%
37.3

Group II (n = 131)

Redistribution
17
15

Uptake
18
15

Redistribution
15
17

91%
75%
91%
75%
3C.7

84%
64%
92%
45%
23.4

68%
64%
90%
29%
7.8

73%
95%
97%
57%
26.9

74%
68%
92%
35%
15.0

52%
68%
89%
22%
3.1

* a test is considered negative if the score is equal to or less than the criterion.
Sens = sensitivity; Spec = specificity; PVpos = predictive value of a positive
PVneg = predictive value of a negative test.

test;

The diagnostic results of the classification of reversible defects are also
presented in table 4.2.
Quantitative analysis of the initial uptake and washout
In the analysis of the initial uptake alone circumferential profiles of
the initial radionuclide uptake generated from each of three left ventricular
images were compared to lower limits. Using a criterion of an arc of 20
sample points below the lower limits for the global myocardium of three
views group I showed a sensitivity of 65% and a specificity of 90%, and
group II showed a sensitivity of 61% and a specificity of 82% (table 4.3).
Using the combination of the results of the quantitative analysis of the
initial uptake scintigram and of the washout the sample points under the
lower limits of the uptake and washout profiles are summed: in fact six
arcs of 240° are analyzed. In the initial study optimal results were obtained
using a criterion of an arc of 28 sample points under the lower limits:
the sensitivity was 85% and the specificity was 90% (table 4.3). Using
this criterion in group II we found a sensitivity of 69% and a specificity
of 86%. The results of both groups were also compared to the study of
Maddahi et al. [11], who used a criterion of an arc of 12 sample points
(table 4.3).
Detection of coronary artery disease in individual coronary arteries

The results of detection of coronary artery disease in the major coronary
arteries, left anterior descending artery, right coronary artery and left
circumflex artery are presented in table 4.4. The sensitivity of the visual
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Table 4.3
Quantitative analysis of the initial uptake scintigram and the combination uptake scintigram
and washout curve of thallium-201 scintigrams in the prediction of coronary artery disease
Group I (n = 72)
Method
Criterion*
score
Sens
Spec
PVpos
PVneg
X-

Initial
Uptake
0
20

Combination

79%
80%
91%
59%
21.3

90%
65%
87%
72%
23.6

65%
90%
94%
50%
17.7

0

Group II ( n = 131)

12

28

Initial
Uptake
0
20

90%
65%
87%
72%
23.6

85%
90%
96%
69%
34.8

77%
64%
91%
36%
14.5

61%
82%
94%
30%
13.8

Combination
0

88%
50%
90%
46%
17.8

12

28

82%
64%
92%
41%
19.5

69%
86%
96%
36%
23.1

* a test is considered negative if the number of sample points under lower limit is equal
to or less than the criterion.
Sens = sensitivity; Spec = specificity; PVpos = predictive value of a positive test;
PVneg = predictive value of a negative test.

Table 4.4
Results of scintigraphic prediction of coronary artery disease in individual arteries by visual
and quantitative analysis

Group I (n = 72)
LAD
VA
QA
RCA
VA
QA
LCX
VA
QA
Group II (n= 131)
LAD
VA
QA
RCA
VA
QA
LCX
VA
QA

Sens

Spec

PVpos

PVneg

X2

52%
61%
61%
71%
39%
83%

85%
85%
82%
89%
87%
71%

86%
88%
84%
91%
80%
79%

50%
55%
58%
66%
52%
76%

9.5
13.9
13.1
24.5
6.0
21.3

65%
46%
72%
51%
47%
75%

69%
85%
73%
88%
81%
66%

75%
81%
76%
84%
66%
63%

58%
52%
69%
60%
67%
78%

14.2
13.5
26.6
22.5
12.1
22.4

Sens = sensitivity; Spec = specificity; PVpos = predictive value of a positive test;
PVneg = predictive value of a negative test; LAD = left anterior descending artery; RCA = right
coronary artery; LCX = left circumflex artery; VA = visual analysis; QA = quantitative analysis
(combination of uptake and washout analysis).
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method for detection of disease in each of the coronary arteries in group
I was 52% (24/46), 61% (27/44), 39% (16/41) for the left anterior descending
artery, right coronary artery and left circumflex artery, respectively. Thus,
of the 131 diseased vessels, only 67 were detected by the visual method
(51% sensitivity). The quantitative technique showed quite similar results
for detection of disease in the left anterior descending artery (61%: 28/
46), and the right coronary artery (71%: 31/44), but significantly higher
sensitivity for detection of disease in the left circumflex artery (83%: 34/
41). Considering all diseased vessels the sensitivity was 71% (93/131). In
group II the results of the visual method for assessment of disease were
65% (50/77), 72% (51/71), 47% (27/57), for the left anterior descending
artery, right coronary artery and the left circumflex artery respectively
and the results of the quantitative technique were 46% (35/77), 51% (36/
71) and 75% (43/57), respectively. Considering all diseased vessels in group
II the sensitivity of the visual method was 62% (128/205) and of the
quantitative method 56% (114/205).
Prediction of extent of coronary artery disease

Sensitivity, specificity and predictive values of test variables for predicting
two- or three-vessel disease by visual analysis and the quantitative method
for group I and group II are presented in table 4.5. In group I quantitative
analysis appeared to be superior to visual analysis for the detection of
multivessel disease, whereas in group II quantitative analysis appeared
not to be superior. The results of assessment of extent of coronary artery
disease by visual and quantitative analysis are presented in table 4.6.

Table 4.5
Prediction of multivessel disease by the number of related flow regions as detected by visual
and quantitative analysis of uptake and washout of thallium-201
Group I (n = 72)

Sens
Spec
PVpos
PVneg
X2

Group II (n= 131)

VA

QA

VA

QA

57%
79%
81%
54%
9.8

81%
82%
88%
72%
22.5

67%
75%
74%
69%
23.4

54%
78%
72%
62%
14.1

VA = visual analysis; QA = quantitative analysis; Sens = sensitivity; Spec = specificity;
PVpos = predictive value of a positive test; PVneg = predictive value of a negative test.
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Table 4.6
Assessment of extent of coronary disease by thallium-201 scintigraphy
Method

No of obstructed Pts
vessels
(n)

No of abnormal TI-201 flow regions
0

1

2

3

Visual
analysis group 1

0
1
2
3

20
8
15
29

18
3
2
2

1
0
5
10

1
4
8
13

0
1
0
4

Quantitative
analysis group I

0
1
2
3

20
8
15
29

18
4
0
3

0
1
2
4

1
1
g
8

1
2
5
14

Total

72

Visual
analysis group II

22
42
38
29

14
14
6
3

4
16
6
7

4
6
18
13

0
6
8
6

Quantitative
analysis group II

22
42
38
29

18
15
12
3

2
15
9
7

1
II
11
6

1
I
6
13

Total

131

DISCUSSION
Computerized quantitative evaluation of thallium-201 exercise scintigraphy is reported to have better sensitivity and specificity than visual
interpretation and eliminates the subjective components of intra- and
interobserver variability [7,11,12]. Visual inspection of thallium-201 scans
does not provide information about myocardial kinetics, and therefore,
important diagnostic information can be missed [7]. Several groups have
shown that quantitative scintigraphy enhances disease detection in individual coronary arteries and results in improved recognition of multivessel
disease [5,11,13]. By using washout analysis it has been shown that 30%
more patients with three-vessel disease could be detected [14]. Regional
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washout abnormalities of thallium-201 have been described without uptake
defects [1,13]. In a study of Abdulla et al. 14% of areas had isolated
slow washout without initial defect [13].
The present study was performed to compare results of quantitative
analysis of thallium-201 exercise scintigraphy in a prospective group of
131 patients with a previously described group of 72 patients (initial group).
In the initial group we demonstrated that quantitative analysis of the
combination of uptake and washout of thallium-201 was not superior to
the visual analysis for the overall detection of coronary artery disease,
but that is was superior to visual analysis for the detection of multivessel
disease. In the prospective group we found no additional value of quantitative analysis for the detection of both the presence as the extent of
coronary artery disease. According to the literature, by using washout
criteria, quantitative analysis improves detection of coronary artery disease
in the individual major coronary arteries [7,13]. Our quantitative analysis
in group I showed a slight improvement of the sensitivity in the left anterior
descending artery and the right coronary artery and a markedly improvement of the sensitivity in the left circumflex artery. In group II, however,
quantitative analysis revealed lower sensitivities for the left anterior
descending artery and the right coronary artery, but higher sensitivity for
the left circumflex artery.
This study consisted of two phases: an initial study, in which interpretive
criteria were developed, and a prospective study in which these criteria
were applied. Although it is stated that standard commercial software with
normal limits, derived from one institution, may be used to quantitate
thallium scintigrams at centers in different geographic areas [15], we defined
our own criteria for optimal diagnostic results [8]. Comparing our "normal
profile" to the standard profile of Maddahi, our profile was smaller in
the posterolateral region; in the anterior regions, however, we found a
larger profile [11]. Combining the results of the quantitative analysis of
uptake and washout, a criterion of 28 sample points was obtained in the
initial group. Quantitative analysis was less accurate using 12 sample points
as defined by Maddahi et al. [11]. In the prospective group the sensitivity
of quantitative analysis for the detection of coronary artery disease was
lower than in the initial group (69% vs 82%). In retrospect optimal results
should have been obtained using 24 sample points. The reason why the
sensitivity of both visual assessment and quantitative analysis was lower
in group II could may be explained by the less extent coronary artery
disease than in group I. The sensitivity of visual assessment of thallium201 in group I was 50%, 92% and 91% for one-, two-, and three-vessel
disease, respectively, whereas in group II it was 62%, 79%, and 86%,
respectively. The sensitivity of quantitative analysis in group I was 38%,
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92% and 91%, respectively, whereas these results were 60%, 68% and 90%
in group II, respectively. In a study of Osbakken et al., the sensitivity
of thallium-201 imaging by visual assessment decreased significantly the
fewer the number of diseased vessels [16]. However, in a study of Wackers
et al., using quantitative analysis, the detection rate of patients with singlevessel disease was 55% by visual, and 84% by quantitative analysis [7].
In group II, however, more patients had sustained a previous myocardial
infarction, which should result in a higher sensitivity.
It must be stressed that the initial study may differ from the spectrum
of patients in whom the test is typically used [17]. Therefore, published
estimates of sensitivities and specificities may not be applicable to most
patients. Test performance may change as the test becomes clinically
accepted. When a test is newly introduced, as in the initial study, the
patients with negative test results are used to measure specificity [18].
Following test validation, as in the prospective group, when the noninvasive
test becomes used clinically, post-test referral bias is unavoidable. It is
common to select patients for cardiac catheterization on the basis of the
test result, especially if the test appears to be relatively accurate. It is
generally considered good clinical judgement to select patients for further
invasive testing on the basis of abnormal scintigraphic findings. This type
of referral pattern will result in a decline in specificity of the test. This
was confirmed by Rozanski et al., who found a decline of specificity of
the exercise radionuclide ventriculography over a five year period in there
laboratory from 100% to 58% [19]. The effect of referral bias may be
minimized by performing the test only after deciding to perform the "goldstandard" procedure [17]. Selection bias may also have influence on the
sensitivity of the test. Early in the application of the test, study patients
may be selected because they have extensive, easily detected coronary artery
disease. Later, an abnormal result on the test becomes a criterion for referral.
Patients with a negative test, some of whom with disease, are less likely
to be referred. Therefore the frequency of false negative test results may
be underestimated. In our study, however, this was not found.
The quantitative analysis in group II showed to be less accurate than
visual analysis for detection of multivessel coronary artery disease. This
was in contradiction with the results of group I and the results described
by Maddahi et al. and Wackers et al. [7,11]. Besides technical cc;»iderations
of quantitative processing, this could be explained by the significantly lower
incidence of three-vessel disease in the prospective group, resulting in less
patients with global ischemia [14]. Whether quantitative analysis improves
diagnostic value in patients with multivessel coronary artery disease,
remains unclear. In some patients the test is discontinued, because of the
most severely narrowed coronary artery, without significant impairment
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of coronary flow in other less severe narrowed vessels. However, it is found
that in patients with submaximal testing, washout is significantly lower
than in the maximally tested patients [20,21].
Potential limitations of quantitative analysis in the present study could
be:
1) Background subtraction: this is used to create a real myocardial image,
to correct for non-cardiac counts. According to experiments of Narahara
et al. there is a tendency towards overestimation of the background activity
[22]. Especially when liver and spleen have high background activity, more
false positive test results may be seen. Special attention must be paid to
patients with high lung uptake, as in patients with three-vessel disease
and impaired left ventricular function. In a recent study is was shown
that in situations of increased lung activity the overestimation of thallium
activity in the myocardium can vary from 18 to 69% [23]. The investigators
concluded that this could result in significant errors in calculating regional
washout rates of thallium-201.
2) Patient and camera position: alterations in cardiac positions such as
marked counterclockwise or clockwise rotation, or vertical or horizontal
heart axis can produce false positive defects if the nuclear cardiology
physician is unfamiliar with the appearance of these variations. Makler
et al. reported on repositioning of the patient for the delayed imaging
as a source of variability in quantitative analysis [23]. Although this is
not considered as a very important factor, using standard views with highly
experienced technicians, it has to be taken into account.
3) Mean or maximal segment counts: we used circumferential profiles based
on maximal count per segment (in 120 3° segments). Wackers et al. found
a quite similar sensitivity but a slightly better specificity using mean segment
counts, when compared with maximal counts [7]. In our laboratory we
did not compare these two techniques for exercise thallium imaging, but
in a study of 81 patients undergoing thallium imaging after dipyridamole
infusion these techniques were compared. The sensitivity was quite similar
(71% for maximal counts and 73% for mean segment counts); the specificity
was slighty better (76%) using mean counts than using maximal counts
(68%).
4) Exercise level: in quantitative analysis uptake and washout is compared
with "normal limits". "Normal" subjects may be different to patients with
coronary artery disease. Patients with coronary artery disease cannot
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perform the same level of exercise as normal subjects, and the coronary
blood flow, myocardial oxygen consumption and thallium kinetics may
be different, not a consequence of ischemia but of the different level of
exercise [21]. Massie et al. found that the washout rate was significantly
greater on the maximal exercise test than the submaximal test. Consequently, in some patients who had to discontinue because of non-ischemic
reasons, they found a slow washout in areas with "normal" coronary
arteries, leading to false positive test results [20].
5) Timing of initial and delayed imaging: initial imaging was started at
approximately S minutes after thallium-201 injection. The phenomenon
of rapid washout (early redistribution) must be considered during the first
20 minutes. This may lead to false positive interpretation of slow washout
after 4 hours [25]. On the other hand, a perfusion defect at delayed
scintigraphy does not necessarily indicate myocardial infarction since
improvement following surgical intervention has often been found to suggest
that severe ischemia may be the cause of this problem [26,27]. Some late
defects show late redistribution 18-24 hours after exercise, and when the
uptake and washout of thallium are taken in two separate phases,
misjudgement can take place in the assessment of viability of the myocardium.
In conclusion: Although the initial study showed similar results for
detection of coronary artery disease between visual assessment and quantitative analysis, but better results for quantitative analysis for detection
of multivessel disease, we could not demonstrate equal findings in the
prospective group. The quantitative approach to analyse regional stress
myocardial redistribution and washout of thallium-201 can offer additional
information over visual scan interpretation, although several factors,
influencing the test result, must be taken into account.
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CHAPTER 5
Discordance of Visual and Quantitative Analysis Regarding
False Negative and False Positive Test Results in Thallium-201
Myocardial Perfusion Scintigraphy
ABSTRACT Visual assessment and quantitative analysis of exercise thallium-201
myocardial perfusion scintigraphy was performed in 203 consecutive patients, who
underwent coronary arteriographic studies to identify the factors associated with false
negative and false positive studies. Also the discordance between visual and quantitative
analysis was evaluated. One hundred and sixty-two (80%) of these 203 patients had
significant coronary artery disease (luminal stenosis >50%). Fifty-two (32%) of these
162 patients with documented coronary artery disease showed negative thallium results
either by visual or quantitative analysis. When interpreted visually 36/162 (22%)
of patients were judged as negative, and when analyzed quantitatively 41/162 (25%)
of patients were judged as negative (ns). Of the total group of 52 patients with false
negative visual and/or quantitative analysis test results 27 (17%) patients showed
discordance between these two methods.
Of the 41 patients without significant coronary artery disease, 12 (29%) patients
showed positive thallium findings. Visual interpretation was positive in 9/41 (22%)
of patients without significant coronary artery disease, and quantitative analysis in
5/41 (12%) (ns). Of the total group of 12 patients with positive visual and/or
quantitative analysis test results, 10 (24%) patients showed discordance between these
two methods. Therefore, in the total group, 37 patients (18%) showed discordance
between visual and quantitative analysis.
It is concluded that: 1) the sensitivity and the specificity of visual interpretation
and quantitative analysis of thallium-201 exercise scintigraphy for detecting coronary
artery disease is similar, and 2) that there is frequent discordance of visual interpretation
and quantitative analysis in thalliunt-201 exercise scintigraphy.

INTRODUCTION
Coronary artery disease continues to be a major cause of morbidity
and mortality in the Western countries. The use of thallium-201 exercise
scintigraphy in the evaluation of patients with chest pain has significantly
increased the ability to detect coronary artery disease [1-4]. The high
sensitivities and specificities of this technique for detecting ischemic heart
disease have been demonstrated previously [4].
Angiographic correlations with exercise thallium testing have shown
persistent discrepancies in spite of a majority of positive correlations. T o
overcome these limitations, quantitative analysis of exercise thallium images
have been introduced by several laboratories [3,5,6].
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The purpose of this study was: 1) to examine the results of visual and
quantitative analysis in exercise thallium scintigraphy in patients with false
positive and false negative test results, 2) to evaluate the discordance between
visual assessment and quantitative analysis of thallium scintigraphy in this
patient group.

METHODS
Patient population
The study population consisted of 203 patients, who were referred to
our cardionuclear department between February 1983 and November 1986
for detection and evaluation of coronary artery disease. The mean age
of these patients was 55 years (range 31 to 78). There were 168 males
and 35 females. Sixty one patients had atypical chest pain and 142 patients
haJ typical angina pectoris class II or HI according to the New York
Heart Association.
Rest and exercise electrocardiography
Resting electrocardiograms were considered diagnostic for previous myocardial infarction if Q-waves were > 0.04 sec.
The exercise protocol used in this study is described in chapter 2.
ThaIlium-201 imaging
The scintigraphic procedure and our method of obtaining the exercise
thallium-201 scintigrams has been described in chapter 2.
Visual analysis
The visual assessment was performed by means of a semi-quantitative
analysis (chapter 2).
The overall scintigram was considered abnormal when the total score
was proven to be higher than 18 in the postexercise phase. The optimal
criterion for the classification of reversible defects was achieved when a
score of 17 or less was considered as negative (chapter 3). Although the
thallium scans were read as ischemia (transient defect) or infarction
(persistent defect), either was considered a positive result for the diagnosis
of coronary artery disease.
Computer processing and analysis
We have previously described details of the technique for computer
processing and quantitative analysis of thallium-201 images (chapter 2).
Criteria for abnormality
Initial uptake and washout rate circumferential profiles were interpreted
by a computer program which compared each curve to the normal limits
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described in chapter 2. The following criteria were used to separate healthy
subjects from patients with coronary artery disease: a defect was defined
as an arc composed of more than 28 consecutive sample points, considering
the combination of the uptake scintigram and washout curve (chapter 3).

RESULTS
One hundred and sixty-two of the 203 patients had significant coronary
artery disease. Among the 162 patients with angiographically documented
coronary artery disease, 137 (sensitivity = 85%) of patients showed positive
visual and/or quantitative test results. One hundred twenty six (sensitivity =78%) scans were positive when analyzed visually and 121 (sensitivity =75%) when analyzed quantitatively, the difference was not significant (table 5.1). Thirty-six patients with coronary artery disease had
negative thallium-201 test results (false negatives) when assessed visually
in comparison with 41 patients with coronary artery disease when analyzed
quantitatively. Twenty-seven (17%) patients with coronary artery disease
showed discordance between visual and quantitative assessment
Of the 41 patients without significant coronary artery disease, 29
(specificity = 71%) of patients showed negative visual and quantitative test
results. Visual analysis showed 32 (specificity = 78%) and quantitative
analysis showed 36 (specificity = 88%) normal scans in the 41 patients
without coronary artery disease, the difference was not significant. Ten
(24%) patients without coronary artery disease showed discordance between
visual and quantitative assessment. Therefore, in the total group, discordance between computer and visual assessment for the presence or absence
of thallium-201 defects was observed 37/203 studies (18%) (table 5.1).

Table 5.1
Results of exercise thallium-201 imaging visual and quantitative analysis
CAD ( n = 162)

Normal (n = 41)

Visual analysis

Visual analysis

+
Quantitative
analysis

110
16

11
25

total
121
41

+

+

2
7

3
29

total
5
36

total

126

36

162

9

32

41

CAD = coronary artery disease.
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The false negative and false positive thallium-201 test results, both
examined by visual assessment and quantitative analysis, were the further
subject of this study.
False negative thallium-201 imaging
Visual analysis
The mean age of the patient group with false negative scans (n = 36)
was 52 + 7 years, 32 (89%) were male (table 5.2). The clinical characteristics
are presented in table 5.6. The hemodynamic results are shown in table
5.2. The mean age was significantly lower in the group of patients with
false negative visual test results when compared with the true positive
patient group, whereas the maximal bloodpressure and maximal double
product was significantly higher; the maximal achieved heart rate was not
significantly different.
Coronary artery disease in the 36 patients with coronary artery disease
judged as negative by visual analysis involved 20 (56%) patients with singievessel disease (right coronary artery: 5 patients, left anterior descending
artery: 12 patients, left circumflex artery: 3), 9 (25%) patients with twovessel disease, and only 7 (19%) patients with three-vessel disease (figure
5.1). Of the 20 patients with single-vessel disease, 13 patients had coronary
artery disease in the distal branches.
Twenty-three of the 36 patients had positive exercise electrocardiograms;
two additional patients had pathologic Q-waves on the resting electrocardiogram without ischemic changes on the exercise electrocardiogram.
Of the 11 patients with false negative thallium scans which occurred
in conjunction with false negative rest and exercise electrocardiographic
criteria, 8 involved single-vessel disease, one involved two-vessel disease
(with a distal lesion in the left anterior descending artery of 50% and
Table 5.2
Hemodynamic results of false negative and true positive scans (visual interpretation)
VA false neg

n
age
MaxHR
MaxBP
DP

36

52 ±7
142 ± 1 8
182 ± 2 0
26.1 ± 5 . 2

VA true pos

p-value

126
56 ± 8
137 ±21
174 ± 2 0
23.9 ±5.0

0.001
0.178
0.034
0.025

VA false neg/true pos = visual analysis false negative/true positive scans. The hemodynamic
results are given in terms of mean values ± standard deviation.
MaxHR = maximal heartrate; MaxBP=maximal bloodpressure; DP = double product/1000.
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Fig. 5.1.
Visual (a) and quantitative (b) analysis in a patient with three-vessel coronary
artery disease. The scan revealed a false negative visual analysis and a false negative
quantitative analysis. In (b) comparison to the mean and lower limits of normal
profiles according to Maddahi et al. [6] (solid lines) is given.
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a distal lesion in the left circumflex artery of 60%) and 2 involved threevessel disease.
The left ventricular angiogram revealed no evidence of segmental wall
motion abnormalities in 33 of 36 patients, showing hypokinesia in 3 of
36 patients. Akinesia or dyskinesia was not seen in any of the patients.
Quantitative analysis
The mean age of the 41 patients (25%) with false negative scans was
55 + 8 years, 37 (90%) were male (table 5.3). The clinical characteristics
are presented in table 5.6. The hemodynamic results are shown in table
5.3. The maximal achieved heart rate, maximal bloodpressure and maximal
double product was significantly higher in the group of patients with false
negative quantitative test results when compared with the true positive
patient group; the mean age was .iot significantly different.
Coronary artery disease in the 41 patients with coronary artery disease
judged as negative by quantitative analysis involved 22 (54%) patients with
single-vessel disease (right coronary artery: 6 patients, left anterior descending artery: 12 patients, left circumflex artery: 4), 13 (31%) patients
with two-vessel disease and only 6 (15%) patients with three-vessel disease
(figure 5.1). Of the 22 patients with single-vessel disease, 13 had coronary
artery disease in the distal branches.
Of the 12 false negative thallium scans which occurred in conjunction
with false negative rest and exercise electrocardiographic criteria, 8 involved
single-vessel disease, 2 involved two-vessel disease and 2 involved threevessel disease.
The left ventricular angiogram revealed no evidence of segmental wall
motion abnormalities in 36 of 41 patients and hypokinesia in 3/41 patients.
Akinesia or dyskinesia was seen in 2/41 patients.

Table 5.3
Hemodynamic results of false negative and true positive scans (quantitative analysis)

n
age
MaxHR
MaxBP
DP

QA false neg

QA true pos

p-value

41
55+8
145 +18
185 +20
27.1+4.5

121
56 + 8
135 +21
172 ± 2 0
23.5 + 4.9

0.518
0.023
0.002
0.001

QA false neg/true pos = quantitative analysis false negative/true positive scans. The hemodynamic results are given in terms of mean values ± standard deviation.
MaxHR = maximal heartrate; MaxBP = maximal bloodpressure; DP = double product/1000.
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False positive thallium-201 imaging
Visual analysis
The mean age of the 9 patients with false positive scans was 55 + 9
years, 5 (78%) were male (table 5.4). The clinical characteristics are presented
in table 5.7. There was no statistically significant difference between the
hemodynamic parameters of these both groups (table 5.4).
Seven of the 9 patients with false positive scans had completely normal
cardiac catheterizations. One patient had coronary artery disease involving
the main stem and the proximal left anterior descending artery and the
other patient had a distal left anterior descending artery lesion.
Quantitative analysis
The mean age of the 5 patients with false positive scans was 4 4 + 1 3
years, of whom 4 were male (table 5.5). The clinical characteristics are
presented in table 5.7. There was no statistically significant difference
Table 5.4
Hemodynamic results of false positive and true negative scans (visual analysis)

n
age
MaxHR
MaxBP
DP

VA false pos

VA true neg

p-value

9
55 ± 9
i52 +10
183 ±15
27.8 + 2.7

32
51 ±11
152 ±10
176 ±21
26.7 ±4.6

0.348
0.890
0.336
0.491

VA false pos/true neg = quantitative analysis false positive/true negative scans. The hemodynamic results are given in terms of mean values ± standard deviation.
MaxHR = maximal heartrate; MaxBP = maximal bloodpressure; DP = double product/1000.

Table 5.5
Hemodynamic results of false positive and true negative scans (quantitative analysis)

n
age
MaxHR
MaxBP
DP

QA false pos

QA true neg

p-value

5
44 ± 13
147 ± 16
180+21
26.5 ±4.2

36
53+10
152 +12
177+20
27.1+4.2

0.092
0.419
0.775
0.794

QA false pos/true neg = quantitative analysis false positive/true negative scans. The hemodynamic results are given in terms of mean values ± standard deviation.
MaxHR = maximal heartrate; MaxBP = maximal bloodpressure; DP = double product/1000.
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between the hemodynamic parameters of these both groups (table 5.5).
Two of the patients had normal findings by cardiac catheterization. One
patient had coronary artery disease involving the main stem and the
proximal left anterior descending artery, one patient had coronary artery
disease involving the left anterior descending artery and the left circumflex
artery and the other patient had a right coronary artery lesion. Two patients
of this group also had false positive visual analysis (figure 5.2). The positive
thallium scans in 2 patients with minimal coronary artery disease and
electrocardiographically proven myocardial infarction may have reflected
myocardial ischemia associated with significant coronary obstruction, and
therefore, not properly positive thallium scans. One patient, with a left
bundle branch block, showed washout abnormalities in three flow regions
and had a normal visual analysis.
Discordance of visual interpretation and quantitative analysis regarding false
negative and false positive test results

Our study showed 27/203 (17%) patients with discordance between false
negative visual and quantitative analysis test results (table 5.6). Eleven
patients had false negative visual analysis results with true positive
quantitative analysis results: 6 patients had single-vessel disease (5 with
Table 5.6
Characteristics in 52 pts with "false negative" Tl-201 scans
Exercise testing

Tl-201

Anatomic lesion

Pts

Sex Sympt

MaxHR MaxBP DP

ChP MI ST VA QA LAD RCA

LCX

1
2*
3
4*
5
6*
7
8*
9*
10*
11
12*
13*
14
15
16*
17*

m
m
f
m
f
m

152
104
140
147
138
134
147
105
102
170
135
165

+

90%
95%d

m
m
m
m
m

m
m

m
m
m
f

NYHA II
NYHA II
NYHA III
NYHA II
NYHA II
NYHA III
NYHA II
NYHA III
NYHA III
Atypical
NYHA III
NYHA III
NYHA III
NYHA III
NYHA II
NYHA II
NYHA II

no

148
130
120
145

170
140
170
190
190
160
190
170
150
160
170
200
140
190
190
180
190

25.84
14.56
23.80
27.93
26.22
21.44
27.93
17.85
15.30
27.20
22.95
33
15.40
28.12
24.70
21.60
27.55

- + + + -

+

-

-

-

-

90%d

_ _

+ _

_

_

_

_

_

_
+
_
-

+ + _
+ - + + _ _ +
+ + + - -

75%d
70%d 100%
100%d90%
95%d 100%
85%d 80%
100% 70%d

-

nd -

+

+ + + - + - -

75%d 75%
50%
90%

+

-

-

50%d

-

+ + -

-

+

+
+
+

-

-

_

+

+

95%
65%d

100%
95%
85%
70%d
75%

95%

95%d
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Table 5.6
Characteristics in 52 pts with "false negative" Tl-201 scans
Exercise testing
Pts

Sex Sympt

18 m
19 m
20* m
21 m
22* m
23 m
24* m
25* m
26 m
27* m
28 m
29* m
30 m
31 m
32* m
33 m
34* m
35 m
36* m
37 m
38 m
39 m
40* f
41 # m
42* m
43 m
44* m
45 m
46 m
47 m
48* m
49* m
50 m
51 * m
52* f

Atypical
NYHA II
Atypical
NYHA II
NYHA II
NYHA II
NYHA II
NYHA II
NYHA II
NYHA III
Atypical
NYHA II
NYHA II
Atypical
NYHA HI
NYHA HI
NYHA II
NYHA HI
NYHA HI
NYHA II
NYHA HI
Atypical
Atypical
NYHA HI
NYHA HI
NYHA II
NYHA II
NYHA II
NYHA II
Atypical
NYHA II
NYHA HI
NYHA II
NYHA HI
NYHA III

Tl-201

MaxHR MaxBP DP

180
110
137
160
120
160
160
125
150
140
175
136
118
165
142
140
165
135
148
161
134
146
161
144
127
135
174
163
142
158
148
143
143
130
156

195
160
165
200
150
185
180
165
200
170
210
195
195
185
155
170
190
210
160
180
200
220
215
220
210
170
210
220
180
170
185
200
160
200
150

35.10
17.60
22.61
32
18
29.60
28.80
20.63
30
23.80
36.75
26.52
23.01
30.53
22.01
23.80
31.35
28.35
23.68
28.98
26.80
32.12
34.62
31.68
26.67
22.95
36.54
35.86
25.56
26.86
27.38
28.60
22.88
26
23.40

Anatomic lesion

ChP MI ST VA QA LAD RCA

LCX

100%
95%d
95%d
70%d
95%d

90%
85%
50%d
50%d
95%d
100%d
50%d
90%d
80%
70%
90%d
80%d

nd - -

60%d
100%d
50%
50%d
100%
70%d
70%d
75%
90%d

50%d

55%d

100%

70%

70%d
90%d
70%d

100%

100%d
100%d

60%d
100%
80%
100%
70%

100%d
100%d
80%

100%
60%d
100%

50%
100%

70%

100%
100%
99%
65%d
80%

70%d
60%d
100%d

Tl-201 —thallium-201;
Pts = patients;
Sympt = symptoms;
m = male;
f=female;
NYHA = New York Heart Association; MaxHR = maximal heart rate (bpm);
MaxBP = maximal bloodpressure (mmHg); DP = double product/1000; ChP = chest pain
during the test; MI = myocardial infarction; ST = ischemic ST-segment response; nd = nondiagnostic; VA.QA = visual and quantitative analysis; LAD = left anterior descending artery,
RCA = right coronary artery; LCX = left circumflex artery; d = distal disease; * = patients
with discordance between false negative visual and quantitative analysis test results.
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Fig. 5.2.
Visual (a) and quantitative analysis (b) in a patient with normal coronary arteries.
Visual and quantitative analysis was abnormal in the anterior/lateral region,
representing a false positive visual and quantitative analysis test result.
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a distal lesion), one patient had two-vessel disease and 4 patients had
three-vessel disease (figure 5.3). Sixteen patients had false negative quantitative analysis results with true positive visual analysis results: 8 patients
had single-vessel disease (4 with a distal lesion), 4 patients had two-vessel
disease and 3 patients had three-vessel disease (figure 5.4). Of these 27
patients with discordant false negative thallium scans 20 patients had
positive exercise criteria at rest or exercise.
We found 10/41 (24%) patients with discordance between false positive
visual and quantitative analysis test results (table 5.7). Seven patients had
false positive visual analysis results with true negative quantitative analysis
results: 6 patients had completely normal findings by cardiac catheterization. Three patients had false positive quantitative analysis results with
true negative visual analysis results: one patient had completely normal
coronary arteries at cardiac catheterization.

Table 5.7
Characteristics in 12 pts with "false positive" Tl-201 scans
Exercise testing
Pts

Sex Sympt

1* m

NYHA II 120
150
Atypical 160
Atypical 150
Atypical 145
Atypical 143
NYHA II 168
Atypical 155
NYHA II 155
NYHA 11 143
Atypical 134
Atypical 160

2 # m Atypical
3# f
4# m
5* f
6* m
7 f
8* m
9 m
10 * m
11 # f
12 # m

MaxHR MaxBP DP
170
180
180
190
180
170
155
180
215
185
180
195

20.40
27
28.80
28.50
26.10
24.31
26.04
27.90
33.40
26.46
24.12
31.20

Tl-201
ChP ST VA QA
+
-

_
-

-

+
+
+ +
nd nd +
+

Anatomic lesion
MS LAD RCA LCX

+

a,l -

30% -

+
_

a,i a
i,l a -

-

+

-

a,i,l-

-

+ a,i -

-

-

-

a,i -

20% -

+ + + i,l 20% 30% - + - i,l - - + - 1 - nd

+ -

a,i -

25%.

-

-

35%d

-

Tl-201 = thallium-201;
Pts = patients;
Sympt = symptoms;
m = male;
f = female;
NYHA = New York Heart Association; MaxHR = maximal heart rate; MaxBP = maximal
bloodpressure(mmHg); DP = double product/1000; ChP = chest pain during the test;
ST = ischemic ST-segment response; nd = non-diagnostic; VA.QA = visual and quantitative
analysis; localisation of thallium defects: a = anterior; i = inferior; 1 = lateral; MS = main stem;
LAD = left anterior descending artery; RCA = right coronary artery; LCX = left circumflex
artery; d = distal disease; # = patients with discordance between false positive visual and
quantitative analysis test results.
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Fig. 5.3.
Both visual (a) and quantitative (b) analysis in a patient with severe three-vessel
disease is presented. In this patient visual interpretation showed a false negative
result, whereas quantitative analysis showed a true positive result. Quantitative
analysis revealed global ischemia, represented by slow abnormalities in the three
flow regions.
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Fig. S.4.
Visual (a) and quantitative (b) analysis also in a patient with three-vessel disease.
The visual method showed abnormalities in the inferior, apical and posterior region.
Quantitative analysis results were completely normal. The scan represented a true
positive visual analysis with a false negative quantitative analysis.
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DISCUSSION
Thallium-201 myocardial scintigraphy is reported to be more sensitive
and more specific than exercise electrocardiography in the detection of
coronary artery disease [1,3,4]. It is particularly useful for evaluating
patients with nondiagnostic or suspected discordant exercise tests [7,8].
The sensitivity and specificity for thallium-201 scintigraphy are reported
to be even higher when the images are analyzed quantitatively, using
computer-assisted techniques [3,9-11]. In our study of 203 patients we noted
36/162 (22%) false negative scans when interpreted visually (sensitivity =78%) and 41/162 (25%) when analyzed quantitatively (sensitivity = 75%). The number of false positive scans was: visually 9/41 (22%)
(specificity = 78%) and quantitatively 5/41 (12%) (specificity = 88%). We
have attempted to investigate the technical and clinical factors that may
influence sensitivity and specificity of thallium-201 scintigraphy.
False negative scans:
Single-vessel disease occurred in the majority of those, with false negative
thallium scans: 56% with visual analysis and 54% with quantitative analysis.
Osbakken et al. found that the sensitivity of thallium-201 scans decreases
significantly the fewer the number of diseased vessels [12].
In our study, of the 20 visually non-detected patients with single-vessel
disease, 13 (65%) had disease in the distal coronary artery branches, and
of the 22 patients who were not detected by quantitative analysis, 13 (59%)
had distal coronary artery disease. It is well understood that the location
of coronary artery stenosis appears to affect the sensitivity of thallium-201
scintigraphy for appropriately assessing the extent of coronary artery
disease. It is less clear, whether the location of coronary artery stenosis
can affect the sensitivity for overall detection of coronary artery disease.
Rigo et al. found that is was more difficult to detect circumflex coronary
artery stenoses than left anterior descending coronary artery or right
coronary artery obstruction [13], despite quantitative imaging. The reason
for lower sensitivity of circumflex or diagonal artery disease could be the
smaller myocardial mass or because these regions are more posteriorly
located.
Although it has been reported that quantitative analysis can reduce the
incidence of false negative scans in patients with three vessel disease by
analysis of the slow washout pattern [14], we found 7 (19%) patients with
three vessel disease, when interpreted visually, and only 6 (15%) patients,
when analyzed quantitatively. This finding does not support the hypothesis
that thallium uptake and washout is equally reduced in patients with threevessel disease.
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Rigo et al. reported that perfusion abnormalities are more frequently
noted in the distribution of occluded arteries not fed by collateral vessels
compared with occluded arteries filled retrogradely [15]. Others have
reported that collaterals are not protective in maintaining normal or
enhanced perfusion during exercise by quantitative thallium-201 uptake
criteria [16,17]. These results are in line with our study.
It must be stressed that in all patients with false negative thallium scans
normal ventricular function was observed when interpreted visually and
in all, except two, when analyzed quantitatively. Pamelia et al. found that
normal thallium findings by quantitative criteria should provide adequate
reassurance for most patients who are referred for evaluation of chest
pain [18]. This reassurance was not based on the exclusion of coronary
artery disease but rather on the findings of a good prognosis among patients
without thallium-201 evidence of perfusion defects of washout abnormalities
[19,20].
False positive scans:
Falsely abnormal thallium imaging has been described in patients with
noncoronary cardiac diseases, as aortic stenosis [21], mitral valve prolapse
[22], myocardial fibrosis, sarcoidosis [23], myocardial tumors [24], idiopathic dilated cardiomyopathy [25]. In our study these patients were
excluded.
Various explanations such as inhomogeneous concentration at the cardiac
apex or increased relative apical motion have been offered, but the cause
is uncertain [1]. Myocardial bridging of the left anterior descending artery
has been reported by some to be associated with abnormal perfusion
patterns as assessed by thallium-201 [26]. This was not observed in our
study.
Although the luminal diameter of a coronary artery must be decreased
by approximately 85% to reduce coronary blood flow at rest [27], stenoses
of 50% have been shown to prevent the usual hyperemic response to
transient occlusion, and may have hemodynamically significance during
stress conditions. In addition, the usual angiographic grading of a coronary
stenosis, by its maximal luminal narrowing, ignores the possible effect
of the length of the lesion and the effect of multiple obstructions of less
than 50% within the same vessel [28,29]. Furthermore, angiography may
underestimate the true hemodynamic impact of lesions that appear to be
narrowed by less than 50% in luminal diameter. In our study 2 of 9 patients,
with visually interpreted false positive scans, had minimal coronary artery
disease, as 3 of 5 quantitatively analyzed patients had minimal disease.
Also noncardiac factors have been shown to be responsible for results
falsely suggesting coronary artery disease like tissue attenuation [30] or
diaphragm position [31].
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The fact that the maximal double product was higher in the false negative
patient group than in the true positive group, could be explained by
assuming that the severity of coronary artery disease in the false negative
group did not result in functional impairment in the thallium-201 image.
In that case, the patient with a false negative test result may have no
hemodynamic significant stenosis and therefore performs exercise at higher
levels. On the other hand, no difference in hemodynamics were seen between
the false positive and the true negative group, suggesting that not flow
reduction but rather artefacts are playing a dominant role in obtaining
false positive images.
When the results of visual inspection and quantitative analysis were
compared we found a higher specificity for the quantitative technique,
however, the difference was not significant. Quantitative analysis is assumed
to be more reproducable than visual interpretation [32], and the interand intraobserver variability is lower [33]. However, we could not substantiate these findings in our study.
In conclusion: Our study suggests that visual interpretation and quantitative analysis have quite similar results regarding the occurrence of false
negative thalliums scans. Quantitative analysis has less false positive scans.
Although computer analysis methods, newly emerging techniques and
computed tomography (SPECT) may also aid diagnostic accuracy of
perfusion scintigrams, increasing knowledge of the planar thallium scintigrams, as wel as careful attention to the pattern of defects, should increase
our understanding of scintigraphic 'abnormalities' and improve the reliability of study interpretation regardless of their form of presentation
or analysis.
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CHAPTER 6
Comparative Value of Visual and Quantitative Analysis of
Thallium-201 Exercise Scintigraphy in Patients with an
Abnormal Baseline Repolarization on the Electrocardiogram at
Rest
ABSTRACT In this study the role of visual assessment and quantitative analysis
of thallium-201 myocardial stress perfusion scintigraphy was evaluated in patients
with a normal electrocardiogram (group I) and patients with an abnormal baseline
repolarization on the electrocardiogram (group II).
One hundred and thirty-five patients without prior myocardial infarction were
studied. Group I consisted of 93 patients, 65 of whom had coronary artery disease,
which is the presence of a luminal stenosis of > 50%; group II consisted of 42 patients,
32 of whom had coronary artery disease. In group II the exercise electrocardiogram
was considered as uninterpretable and thus only visual and quantitative analysis of
thallium-201 scintigraphy was investigated.
Sensitivity and specificity of exercise electrocardiography, visual assessment and
quantitative analysis of thallium scintigraphy were not significantly different in group
I: sensitivities of the three methods were 66,62 and 55% respectively, and specificities
86, 79 and 96% respectively.
In group II there were no significant differences in the sensitivities and specificities
of visual assessment or quantitative analysis of thallium scintigraphy: sensitivities
of the two methods being both 88% and specificities both 80%.
Visual assessment of redistribution (p < 0.05) and quantitative analysis of washout
(p< 0.005) was significant higher in group it than in group I; partly because of
a higher incidence of three vessel disease in the second group.
It is concluded that: 1) visual assessment and quantitative analysis of myocardial
stress perfusion scintigraphy in detecting coronary artery disease offer no advantage
with respect to exercise electrocardiography, done in patients with a normal electrocardiogram at rest, 2) visual and quantitative analysis of thallium myocardial
perfusion scintigraphy are equally valuable in patients with an abnormal baseline
repolarization on the electrocardiogram at rest.

INTRODUCTION
Exercise imaging with thallium-201 is a useful noninvasive method for
the detection of hemodynamically significant coronary artery disease [1].
Many previous studies have reported on the diagnostic adequacy of
myocardial perfusion imaging, which was corrpared with the results of
exercise electrocardiography done for detection of coronary artery disease
in patients presenting with chest pain syndromes. In a review of 2,048
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patients collected from 22 studies the overall sensitivity and specificity
of thallium-201 exercise scintigraphy by visual analysis for coronary artery
disease detection were 83% and 90%, respectively [2]. In these series of
patients, the mean sensitivity and specificity for exercise electrocardiography
were 58% and 82%, respectively. The sensitivity and specificity for thallium
scintigraphy are reported to be higher than 90% when the images are
analyzed quantitatively using computer-assisted techniques [3-5].
However, the diagnostic superiority of thallium-201 scintigraphy is less
striking when only reversible perfusion defects or washout analysis are
compared with exercise electrocardiography [3]. Furthermore, myocardial
perfusion scintigraphy with thallium-201 offers no advantage in patients
with diagnostic exercise electrocardiography but is useful in patients with
uninterpretable exercise electrocardiography, such as when conduction
disturbances are present [6,7]. From literature and from our experience
it is conceived that uninterpretable exercise tests must be extended to
patients with abnormal baseline repolarization on the electrocardiogram
at rest [8-10].
The present study was undertaken: 1) to compare the diagnostic values
of respectively exercise electrocardiography, visual and quantitative analysis
of thallium-201 perfusion scintigraphy in detecting myocardial ischemia
in patients with a normal electrocardiogram at rest, 2) to compare visual
and quantitative analysis of thallium-201 perfusion scintigraphy in patients
with abnormal baseline repolarization on the electrocardiogram in the
absence of Q-wave myocardial infarction.

METHODS
Patient population

The study population consisted of 135 patients, who were referred to
our cardionuclear department between February 1983 and November 1986
for detection and evaluation of coronary artery disease.
Exercise electrocardiography

The exercise protocol used in this study is described in chapter 2.
The exercise electrocardiogram was only analyzed in patients with a
normal electrocardiogram at rest (Group I). A positive study was indicated
by (1) a ST-segment depression of at least 0,1 mV followed by a horizontal
or downsloping ST-segment of at least 80 msec duration, with a normal
ST-segment in rest [10]; or (2) a slow upsloping ST-segment with a ST
depression of at least 0,2 mV 80 msec after the end of the QRS complex,
with a normal ST-segment in rest [10].
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Thallium-201 imaging
The scintigraphic procedure and our met! od of obtaining the exercise
thallium-201 scintigrams has been described in chapter 2.
Visual analysis
The visual assessment was performed by means of a semi-quantitative
analysis (chapter 2).
The overall scintigram was considered abnormal when the total score
was higher than 18 in the postexercise phase. The optimal criterion for
the classification of reversible defects was achieved when a score of 17
or less was considered as negative (chapter 3).
Computer processing and analysis
The computer processing and quantitative analysis were described thoroughly in chapter 2.
Criteria for abnormality
Initial uptake and washout rate circumferential profiles were interpreted
by a computer program which compared each curve to the normal limits
described in chapter 2. The following criteria were used to separate healthy
subjects from patients with coronary artery disease: a defect was defined
as an arc composed of more than 20 consecutive sample points falling
below the normal limit, considering initial uptake alone or the washout
curve alone and an arc composed of more than 28 consecutive sample
points, considering the combination of the uptake scintigram and the
washout curve [11].
RESULTS
The 135 patients were classified into two groups: group I consisted of
93 patients with a normal electrocardiogram at rest; group II consisted
of 42 patients with abnormal baseline repolarization on the electrocardiogram.
The clinical, functional and angiographic characteristics of the two groups
are listed in table 6.1. It appears that group II consists of relatively more
patients with a three vessel disease (p<0.02)
Table 6.2 shows the hemodynamic variables during exercise; heart rate
and blood pressure were not significant different in both groups.
In group I, the patients with a normal electrocardiogram, 71 out of
93 patients (76%) were correctly identified by the exercise electrocardiography having a sensitivity and specificity of 66 and 86% respectively
(table 6.3).
Analysis of the redistribution of thallium-201 myocardial perfusion
scintigraphy correctly identified 59 patients in group I (63%) having a
sensitivity and specificity of 54% and 86% respectively (table 6.3).
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Table 6.1
Characteristics of clinical, electrocardiographic
and angiographic findings in patients of this study

Total
Age
Sex (M/F)
Chest pain
Atypical
APNYHAII
APNYHAIII

Group I

Group II

93
54±9
72/21

42
56±7
32/10

36(39%)
35(38%)
22(23%)

11 (26%)
17(40%)
14(33%)

30(32%)
18(20%)
17(18%)
28(30%)

7(17%)
7(17%)
18(43%)
10(23%)

p-value

ns

ns
ns

Number of vessels
1 vessel
2 vessel
3 vessel
No significant CAD

<0.02

Group I = patients with a normal electrocardiogram at rest; Group 11 = patients with an
abnormal baseline repolarization; AP = angina pecloris; CAD = coronary artery disease.

Table 6.2
Hemodynamic results

MaxHR
%PrHR
MaxBP
DP

Group I (n = 93)

Group II (n = 42)

p-value

143+19
92 + 11
178 + 20
25.6 + 5.0

139 ± 2 4
90+15
177 + 21
24.6 ±5.3

ns
ns
ns
ns

The hemodynamic results are given in terms of mean values ± standard deviation.
MaxHR = maximal heartrate; %PrHR = percentage of age predicted maximal heartrate;
MaxBP = maximal bloodpressure; DP = double product/1000.

Quantitative analysis of the washout of thallium correctly identified 53
patients (57%) having a sensitivity and specificity of 43% and 89%
respectively. There was no significant difference between the sensitivities
and specificities of the different methods. Visual analysis of the uptake
of thallium-201 had a higher sensitivity than quantitative analysis of uptake
and washout, 62% versus 55% respectively, but at the cost of a lower
specificity 79% versus 96% (table 6.3).
In group II, the patients with abnormal baseline repolarization, 32
patients (76%) were correctly identified by the visual analysis of the
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Table 6.3
Results of exercise ECG and exercise thallium-201 imaging (visual and quantitative analysis)
in Group 1 (diagnostic exercise ECG)

X-ECG

CAD(n = 65)

Normal (ni = 28)

VA-IUS

VA-IUS

+ 28
- 12

15
10

+ 1
- 5

X-ECG

VA-Red

VA-Red

X-ECG

+ 24
- 11

19
11

+ 0
- 4

X-ECG

+ 18
9

25
13

+ 0
- 3

X-ECG

+ 21
7

22
15

+ 1
- 2

X-ECG

QA-COMB

X-ECG

Sens
Spec
PVpos
PVneg
Accuracy
X2
P

4
21

QA-WO

QA-WO

X-ECG

4
20

QA-IUS

QA-IUS

X-ECG

3
19

3
22

QA-COMB

+ 26
- 10

17
12

X-ECG

X-ECG

VA-IUS

VA-Red

66%
86%
91%
52%
72%
19.04
0.0001

62%
79%
87%
47%
67%
11.04
0.0009

54%
86%
90%
44%
63%
11.01
0.0009

+ 0
- 1

4
23

QA-IUS

QA-WO

QA-COMB

41%
89%
90%
40%
56%
7.16
0.0075

43%
89%
90%
40%
57%
7.82
0.0052

55%
96%
97%
48%
68%
19.82
0.0001

X-ECG = exercise electrocardiography; + = abnormal, - = normal study; VA-IUS = visual
analysis, initial uptake; VA-red = visual analysis, redistribution; QA-IUS = quantitative analysis,
initial uptake; QA-WO = quantitative
analysis,
washout curve; QACOMB = quantitative analysis, combination of initial uptake scintigram and washout curve;
Sens = sensitivity; Spec = specificity; PVpos = predictive value of a positive test;
PVneg = predictive value of a negative test; p = p-value.
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Table 6.4
Results of exercise thallium-201 imaging (visual and quantitative analysis) in Group II (nondiagnostic exercise ECG)
CAD(n = 32)

Normal ( n = 10)

VA-IUS

VA-IUS

28

4

VA-red

25

VA-red

7

QA-IUS

22

QA-IUS

10

QA-WO

24

QA-WO

8

QA COMB

QA COMB

28

Sens
Spec
PVpos
PVneg
Accuracy
X2
P

VA-IUS

VA-RED

QA-IUS

QA-WO

QA-COMB

88%
80%
93%
67%
86%
13.86
0.0002

78%
70%
89%
50%
76%
5.92
0.0149

69%
80%
92%
44%
70%
5.54
0.0186

75%
90%
96%
53%
79%
10.80
0.0010

88%
80%
93%
67%
86%
13.86
0.0002

+ = abnormal, - = normal study; VA-IUS = visual analysis, initial optake; VA-red = visual
analysis, redistribution; QA-IUS = quantitative analysis, initial uptake; QA-WO = quantitative
analysis, washout curve; QA-COMB = quantitative analysis, combination of initial uptake
scintigram and washout.curve; Sens = sensitivity; Spec = specificity; PVpos = predictive value
of a positive test; PVneg = predictive value of a negative test; p=p-value.
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redistribution of thallium-201 having a sensitivity and specificity of 78%
and 70% respectively.
Quantitative analysis of the washout identified correctly 33 patients (79%)
having a sensitivity of 75% and a specificity of 90%. Predictive value of
a positive and negative test are listed in table 6.4.
Visual analysis of uptake and quantitative analysis of uptake and washout
were not significantly different.
There was no significant difference in the visual and quantitative analysis
of uptake scintigrams between the two groups; but the sensitivity of visual
analysis of redistribution and the quantitative analysis of washout was
significantly different (p<0.05 and p < 0.005 respectively) but showed
comparable specificity. When difference in severity of coronary artery
disease in both groups was corrected for, no difference in sensitivity and
specificity was found (p > 0,05).

DISCUSSION
Thallium-201 exercise scintigraphy has now been used clinically for over
a decade and has a generally accepted superior efficacy compared to exercise
electrocardiography. However, some studies have shown that visual analysis
of thallium-201 has only incremental value when an exercise electrocardiogram must be classified as inconclusive [6,7]. There are several terms
used to indicate that an exercise electrocardiogram is inconclusive: inadequate, when the heart rate during exercise is low; uninterpretable, when
the electrocardiogram shows conduction disturbances; non-diagnostic when
both conditions are present.
Another situation in which the exercise electrocardiography is uninterpretable, exists when the baseline repolarization in the electrocardiogram
at rest is abnormal [9]. Different criteria such as pseudonormalization
of the T-wave [12], or additional ST elevation or depression are often
used in this situation [13,14]. These exercise criteria, however, have hardly
been evaluated and there is no "golden standard" for comparison clinically
available. One can speculate to use thallium-201 imaging as "golden
standard" but the mechanisms whereby ischemic ST-segment depression
occurs in the exercise electrocardiography are not identical to those that
result in angina or in exercise perfusion defects [7].
In 1978, Selzer et al. proposed five categories of exercise test results
to be recognized by the electrocardiograph^ reader: normal tests, uninterpretable tests and mildly, moderately and strongly positive tests. An
uninterpretable exercise test was considered when baseline electrocardiographic abnormalities were present [9].
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All baseline repolarization abnormalities that require consideration in
the evaluation of the exercise test may be divided into four categories:
1) changes that mask the manifestation of ischemia, 2) changes that simulate
or exaggerate the manifestation of ischemia, 3) changes that have no
important effect on the manifestations of ischemia and 4) changes that
reproduce the pattern of acute myocardial infarction after an apparent
healing [8]. Many ST baseline changes which exaggerate exercise ST
depressions such as in left bundle branch block, preexcitation variants,
hypertensive and rheumatic heart disease, cardiomyopathy, pericardial
disorders, hypokalemia and use of digitalis are well known; other changes
such as orthostatic, or ascribed to vasoregulatory or hyperventilation
abnormalities are less early recognized. ST-segment depressions in these
situations are undistinguishable from those provoked by ischemia and,
although being abnormal, have other implications.
Due to posttest referral bias, especially after myocardial infarction,
patients with baseline repolarization abnormalities will increase sensitivity
of the exercise tests [14]; the specificity of exercise electrocardiography
as to the prediction of multivessel disease in this situation is poor [IS].
After myocardial infarction exercise tests have prognostic value, but rather
other parameters such as the duration of the exercise test or the course
of the arterial pressure have more important prognostic value than the
electrocardiographic criteria [16,17].
In symptomatic or asymptomatic patients without history or electrocardiographic evidence of myocardial infarction, with intermediate prevalence of ischemic heart disease, inclusion of cases with baseline repolarization abnormalities will decrease the specif-city of the exercise test
[18]. We believe that exercise electrocardiography in such cases is uninterpretable and for this reason we investigated the value of visual and
quantitative analysis of thallium-201 myocardial perfusion after exercise
in those cases.
In the present study, patients without Q-wave myocardial infarction were
divided into patients with normal and into patients with abnormal baseline
repolarization.
In the patients with a normal electrocardiogram the visual analysis of
thallium-201 uptake and redistribution scans and the quantitative analysis
of uptake and washout were not superior to the exercise electrocardiogram.
In the patients with an abnormal baseline repolarization the visual analysis
of redistribution and the analysis of washout yielded significant higher
sensitivity than found in the group with a normal electrocardiogram.
Sensitivity of the visual analysis of thallium imaging in this study is lower
than generally espected but is comparable to the sensitivity found in patients
without electrocardiographic evidence of myocardial infarction as has been

85
demonstrated by Detrano et al. in an overview article comprising 56
publications from recent years [19]. The results in the group with a normal
electrocardiogram are comparable to those from patients with a diagnostic
exercise electrocardiogram found in the literature [6,7]. In the overall
diagnosis of coronary artery stenoses the quantitative analysis of
thallium-201 scintigraphy in our study was not superior to the visual
analysis. This is in accordance with previous reports from our group [11].
There are several limitations in this study: the use of the visual analysis
of the coronary arteriogram as "golden standard" with inherent observer
variability; the possible role of other mechanisms of ischemia, such as
coronary vasospasm; the use of planar analysis of thallium scintigraphy
instead of computed tomography, which may be a better method of
increasing the accuracy of thallium scintigraphy [18,19]; the restricted
number of observations of patients with abnormal baseline, and a normal
coronary arteriogram, which may result in a labile specificity in this
subgroup.
In conclusion: In the diagnosis of ischemic heart disease exercise electrocardiography without using thallium-201 scintigraphy is preferentially
indicated in patients with a normal electrocardiogram at rest. In contrast
thallium-201 myocardial perfusion scintigraphy is especially valuable in
uninterpretable exercise electrocardiograms such as in patients with abnormal baseline repolarization; in this respect no difference between visual
and quantitative analysis was demonstrated.
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CHAPTER 7
Detection of Multivessel Disease in Patients with Sustained
Myocardial Infarction by Thallium-201 Myocardial
Scintigraphy: no Additional Value of Quantitative Analysis
ABSTRACT This study was performed to determine the value of visual and
quantitative thallium-201 scintigraphy for the detection of multivessel disease in 67
patients with a sustained transmural myocardial infarction. Also the viability of the
myocardial regions corresponding to pathologic Q-waves was evaluated.
Of the 67 patients, 51 patients had multivessel coronary artery disease (76%).
The sensitivity of the exercise test was 53%, of thallium scintigraphy 69%, when
interpreted visually, and 67%, when analyzed quantitatively. The specificity of these
methods was: 69%, 56% and 50%, respectively. Sixty-two infarct-related flow regions
were detected by visual analysis of the thallium scans, total redistribution was observed
in 11/62 (18%) of patients, partial redistribution in 26/62 (42%) and no redistribution
in 25/62 (40%) of patients. The infarct-related areas with total redistribution on
the thallium scintigrams were more likely to be associated with normal or hypokinetic
wall motion (7/11:64%) than the areas with a persistent defect (7/25:28%) (p = 0.05),
which were more related with akinetic or dyskinetic wall motion.
Based on our results, it is concluded: that 1) both visual and quantitative analysis
of thallium exercise scintigraphy have limited value to predict the presence or absence
of multivessel coronary artery disease in patients with sustained myocardial infarction,
and 2) exercise-induced thallium redistribution may occur within the infarct zone,
suggesting the presence of viable but jeopardized myocardium in presumed fibrotic
myocardial areas.

INTRODUCTION
Previous studies have suggested that the long-term prognosis in patients
with coronary artery disease is dependent upon the number of diseased
vessels [1-3]. The majority of patients with sustained myocardial infarction
have underlying occlusive coronary artery disease, some have stenosis only
of the vessel that supplies the infarcted zone, whereas others have significant
stenosis in multiple coronary arteries including those supplying viable
myocardium. The ability to identify patients with multivessel disease by
a non-invasive test is important to warrant further coronary arteriography.
In patients with sustained myocardial infarction exercise electrocardiography has reported to have limited diagnostic value for detection of
multivessel disease [4,5]. Studies have reported both the sensitivity and
the specificity of myocardial perfusion imaging in diagnosing the presence
and extent of coronary artery disease and the superiority of this technique
to exercise electrocardiography [6].
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It is also important to evaluate the presence of transient ischemia in
the regions represented by pathologic Q-waves, and to assess the myocardial
viability of such regions [7].
The purpose of this study was: 1) to assess the value of visual and
quantitative thallium-201 exercise scintigraphy performed to detect multivessel coronary artery disease in patients with a sustained myocardial
infarction, and 2) to evaluate the thallium redistribution in the infarcted
myocardial regions and correlate the thallium uptake pattern with angiographically assessed wall motion abnormalities.

METHODS
Patient population

Sixty-seven patients (63 males and 4 females) with electrocardiograph^
evidence of a sustained transmural myocardial infarction, defined according
to the Q-wave criteria of the New York Heart Association [8], were studied.
The presence of a transmural myocardial infarction was based on the resting
electrocardiogram (Q-wave duration >0.04 sec, and Q-wave amplitude
>25%oftheR-wave).
The mean age of these patients was 54 years (range 24 to 75). Thirtyone patients had sustained an inferior myocardial infarction, 23 an anterior
infarction, 5 patients had an isolated lateral or posterior infarction and
8 had a combined myocardial infarction. The patients were classified
according to myocardial infarction and chest pain characteristics (according
to the classification of the New York Heart Association) (table 7.1).
Exercise electrocardiograph)?

The exercise protocol used in this study is described in chapter 2.
For the purpose of this study a positive exercise electrocardiogram was
indicated by: 1) a junctional depression of at least 0,1 mV followed by
a horizontal or downsloping ST-segment of at least 80 msec duration,
with a normal ST-segment in rest; or 2) a slow upsloping ST-segment
with a ST-depression of at least 0,2 mV 80 msec after the end of the
QRS complex, with a normal ST-segment in rest; or 3), in the presence
of ST-segment abnormalities [9], an additional 0,2 mV or more of
ST-depression. An exercise electrocardiogram was considered negative in
absence of ischemic ST-segment abnormalities. A non-diagnostic exercise
electrocardiogram was based on: 1) the presence of resting ST-segment
abnormalities, with a failure to develop additional ST-segment changes
during exercise, that are diagnostic of ischemia as outlined above; 2) the
presence of conduction disturbances, such as bundle branch block, ac-
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rable 7.1
Characteristics of chest pain, incidence and localisation of MI
p-value

0-1VD

2-3VD

Total

16(24%)

51(76<5f)

Age (years)

53 ±11.7
15/1

55 ±8.6
48/3

ns
ns

5(7%)
8(12%)
3(4%,)

9(139!)
23(34%)
19(28%)

ns

7(10%)
6(9%)
2(3%)
1(1%)

16(24%)
25(37%)
3(4%)
7(109!)

144 ± 2 4
93 ± 14
178 ± 2 4
25.5 ±6.9

139 ±18
90 ±11
169 ± 2 0
23.7 ±4.3

2(3%)
4(6%)
1(1%)
5(7%)
5(7%)
6(9%)

7(109!)
19(28%)
0
27(40%)
7(10%)
17(25%)

12(18%)
4(6%)
12(18%)
4(6%)

46(69%)
5(7%)
46(69%)
5(7%)

5ex(M/F)
Chest pain
Atypical
APNYHAll
APNYHAIII
Myocardial infarction
anterior or septal
inferior
lateral
combination
Exercise test results
MaxHR
"rPrHR
MaxBP
DP
Test end points
ST>2mm
Angina during the test
Rythm disturbances
X-ECG positive
X-ECG negative
Non-diagnostic test
Scintigraphic findings
VA positive
VA negative
QA positive
QA negative

ns
ns
ns
ns

ns

ns

ns
ns

MI = myocardial infarction; VD = vessel disease; AP = angina pectoris; NYHA = New York
Heart Association; MaxHR = maximal heartrate; %PrHR = percentage of age predicted
heartrate; MaxBP = maximal bloodpressure; DP = double product; X-ECG = exercise electrocardiogram; VA = visual analysis; QA=quantitative analysis.

celerated conduction (Wolff-Parkinson-Wh le syndrome) which preclude
interpretation of the exercise ST-segment changes. A positive exercise test
was indicative for multivessel disease in our study.
Thallium-201 imaging

The scintigraphic procedure and our method of obtaining the exercise
thallium-201 scintigrams has been described in chapter 2.
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Visual analysis
The visual assessment was performed by means of a semi-quantitative
analysis (chapter 2).
Total redistribution was defined as complete filling in of the initial defect,
partial redistribution was defined as incomplete filling in of the initial
defect and no redistribution was defined as no change in the initial defect
[10]. The overall scintigram was considered abnormal when the total score
was proven to be higher than 18 in the postexercise phase (chapter 3)
[11].
In each flow region a criterion was constructed as follows: anterior-,
inferior-, and lateral flow region a score of 7,4, and 4, respectively (chapter
3). Multivessel coronary artery disease was considered to be present if
the initial uptake scintigram showed thallium defects in two or more specific
vascular areas. One-vessel disease was considered to be present if the initial
uptake scintigram showed thallium defects limited to one specific vascular
area.
Computer processing and analysis
The computer processing and quantitative analysis were described
thoroughly in chapter 2.
Criteria for abnormality and multivessel/single vessel disease
Initial uptake and washout rate circumferential profiles were interpreted
by a computer program which compared each curve to the normal limits
described in chapter 2. The following criteria were used: the overall
scintigram was considered abnormal when an arc composed of more than
28 consecutive sample points fell below the normal limit, considering the
combination of the uptake scintigram and washout curve (chapter 3).
Separate criteria were constructed for the three vascular areas: when an
arc of more than 21 sample points, considering the combination of the
uptake scintigram and washout curve, fell under the lower limit, the anterior
flow region was considered abnormal. Separate criteria were also constructed on arcs of more than 28 and 0 sample points under the lower
limits for the inferior and lateral flow regions, respectively (chapter 3).
Multivessel coronary artery disease was considered to be present if the
combination of the uptake scintigram and the washout curve showed
thallium defects in two or more specific vascular areas and these scans
were considered positive. One-vessel disease was considered to be present
if the combination of the uptake scintigram and the washout curve showed
thallium defects limited to one specific vascular area and these scans were
considered negative.
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Coronary arteriography and left ventricular angiography

Our method of selective coronary arteriography has previously been
described (chapter 2). Collateral flow to obstructed coronary arteries was
recorded separately. The segmental wall motion on the left ventricular
angiogram was interpreted as normal, hypokinetic, akinetic or dyskinetic.

RESULTS
Clinical, exercise electrocardiographs and scintigraphic correlations with
angiographic findings

Of the 67 patients 13 patients had single-vessel disease and 51 patients
had multivessel disease. Three patients had minimal coronary artery disease.
Multivessel involvement was present in 70% (16/23) of patients with
anterior myocardial infarction, in 81% (25/31) of patients with inferior
infarction and 60% (3/5) of patients with lateral myocardial infarction.
Of the 51 patients with multivessel disease 25 patients showed two-vessel
disease and 26 patients showed three-vessel disease.
Univariate analysis of clinical findings, exercise test results and scintigraphic correlations with extent of coronary disease are presented in table
7.1.
Angiographic evidence of wall-motion abnormalities was present in 76%
(51/67) of the patients. Specific locations of contraction abnormalities are
listed in table 7.2.
Exercise induced-angina

Twenty-three patients (34%) experienced typical angina during the
exercise test. Of these 23 patients 19 patients (83%) had multivessel disease.
Table 7.2
Left ventricular wall motion in 67 patients with previous myocardial infarction
Site of contraction

normal

hypokinesia

Anterior proximal
Anterior distal
Apex
Inferior proximal
Inferior distal
Lateral/posterior
Septal

57
39
38
36
38
54

7
10
7
11
6
10
7

57

akinesia
1

3
7
4
7
1
1

dyskinesia
2
15
15
16
16

2
2
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Exercise electrocardiography
Thirty-two patients (48%) showed an ischemic ST respons on the exercise
electrocardiogram. 11 of these 32 patients also had angina as a limiting
symptom. Twenty-seven of the 32 patients with an electrocardiographically
positive test had multivessel involvement. In 23 patients the exercise test
was non-diagnostic because of ST-abnormalities at rest or the presence
of bundle branch block.
The sensitivity of an electrocardiographically positive test for detecting
multivessel disease was only 53% (27/51); positive test results predicted
multivessel disease in 84% (27/32); and the specificity was 69% (11/16).
Thallium-201 scintigraphy
Comparison between the extent of coronary artery disease assessed with
thallium-201 scintigraphy (both visually and quantitatively) and coronary
arteriography is given in table 7.3.
Visual analysis correctly discriminated between multivessel and singleor no vessel disease in 66% (44/67) of the cases (multivessel disease was
correctly identified in 83% (35/42) of the cases and single- or no vessel
disease was correctly identified in 36% (9/25) of the cases) (p = 0.05).
Quantitative analysis correctly discriminated between multivessel and
single- or no vessel disease in 63% (42/67) of the cases (multivessel disease
was correctly identified in 81% (34/42) of the cases and single- or no
vessel disease was correctly identified in 32% (8/25) of the cases) (p = ns).
In 86% (44/51) of patients with multivessel disease, thallium defects
on the initial uptake scan were present in the vascular area corresponding
to the electrocardiographic and angiographic site of infarction. In 33 of
Table 7.3
Assessment of extent of coronary disease by thallium-201 scintigraphy
Method

No of obstructed Pts

No of abnormal Tl-201 flow rer ons

vessels

(n)

0

1

2

3

Visual
analvsis

0
1
2
3

3
13
25
26

2
3
2
2

0
4
5
7

1
3
13
12

0
3
5
5

Quantitative
analysis

0
1
2
3

3
13
25
26

1
3
3
1

1
3
6
7

1
5
10
5

0
2
6
13

f
«
t
:
j
?
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the 44 patients (75%), thallium defects were also present at a second specific
vascular area that corresponded to a stenotic artery.
Of all the 67 patients 54 (81%) patients had initial uptake defects in
their infarct related flow regions. Sixty-seven percent (36/54) of these
patients had reversible or partially reversible defects.
Detection of individual coronary arterial lesions

The sensitivity of visual and quantitative analysis of correctly localizing
stenoses in each of the three major coronary arteries is summarized in
table 7.4.
The sensitivity for detecting disease by visual assessment in the infarctrelated vessels, ie, left anterior descending artery, right coronary artery
and left circumflex artery, was 87% (20/23), 77% (24/31) and 40% (2/
5), respectively. However, the sensitivity for detecting disease in the noninfarcted regions was comparatively lower, except in the left circumflex
artery (54% (13/24), 58% (14/24), 46% (19/41) for left anterior descending
artery, right coronary artery and left circumflex artery, respectively).
The perfusion defects of the patients with single vessel disease were also
examined and summarized both for visual and quantitative analysis in
table 7.5. All 5 patients with left anterior descending artery disease had
visually located defects confined to the septum or the anterior wall, 3
of these patients had additional defects in the inferior or lateral segments.
Of the 6 patients with only right coronary artery disease, 4 had defects

Table 7.4
Sensitivity or thallium-201 scintigraphy in relation to location of individual coronary arterial
stenoses
TI-201 defects/stenosed vessels
RCA
LAD
(n = 47)
(n = 55)

LCX
(n = 46)

Visual Analysis
All vessels
infarct vessels
non-infarct vessels

33/47(70%)
20/23(87%)
13/24(54%)

38/55(69%)
24/31(77%)
14/24(58%)

21/46(46%)
2/5 (40%)
19/41(46%)

Quantitative Analysis
All vessels
infarct vessels
non-infarct vessels

29/47(62%)
16/23(70%)
13/24(54%)

32/55(58%)
20/31(65%)
12/24(50%)

37/46(80%)
3/5 (60%)
34/41(83%)

Coronary stenosis

Tl-201 = thallium-201; LAD = left anterior descending coronary artery; RCA = right coronary
artery: LCX = left circumflex coronary artery.
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Table 7.5
Distribution of thallium-201 defects in patients with single vessel disease
Obstructed
vessel

LAD
RCA
LCX

pts
(n)

5
6
2

Abnormal Tl-201 vascular region
anterior

inferior

posterolateral

VA

QA

VA

QA

VA

QA

5
2
1

4
0
2

3
4
0

0
2
1

1
3
0

4
3
2

pts = patients; Tl-201 = thallium-201; VA = visual analysis; QA = quantitative analysis;
LAD = left anterior descending coronary artery; RCA = right coronary artery; LCX = left
circumflex artery.

confined to the inferior or the lateral segments with 2 also having an
anterior defect. Of the 2 patients with only left circumflex artery disease,
both had defects in the lateral and also in the anterior segments.
Prediction of multivessel disease
Sensitivity, specificity and predictive values of test variables for prediction
of multivessel disease are shown in table 7.6.
Manifestation of redistribution in infarct related areas
Table 7.7 shows the results of visual analysis of exercise thallium-201
uptake patterns in the infarct-related flow regions in the 67 patients. In
the initial images, 62 of those flow regions showed decreased or absent
activity. In the delayed images, 11 flow regions showed total redistribution,
26 showed partial redistribution and 25 flow regions showed persistently
decreased activity.
Perfosion versus wall motion
Table 7.8 shows the relationship between thallium-201 uptake patterns
and wall motion abnormalities demonstrated by left ventricular angiography. Sixty-two flow regions were analyzed. Seven of 11 flow regions (64%)
with total redistribution showed normal or hypokinetic wall motion.
However, only 8 of 26 flow regions with partial redistribution and 7 of
25 flow regions with persistent defect (31% and 28% respectively) showed
normal or hypokinetic wall motion.
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Table 7.6
Comparison of test variables for detection of multivessel disease in 67 patients with sustained
MI
X2

P

35%

46%
57%
66%

0.81
2.30
2.30

0.37
0.13
0.13

83%

36%

66%

3.22

0.05

81%

32%

63%

1.45

0.23

Test

Sens

Spec

PVpos PVneg Ace

1. Angina during the test
2. Positive X-ECG
3. Positive X-ECG or
Exercise-induced angina
4. Visual analysis
Tl-201 X-scintigraphy
5. Quantitative analysis
Tl-201 X-scintigraphy

37%
53%
71%

75%
69%
50%

83%
84%
82%

27%
31%

69%

56%

67%

50%

MI = myocardial infarction; X-ECG = exercise electrocardiogram; Tl-201 X-scintigraphy = thallium-201
exercise
scintigraphy;
Sens = sensitivity;
Spec = specificity;
PVpos = predictive value of a positive test: PVneg = predictive value of a negative test;
Ace = accuracy; p = p-value.
Table 7.7
Exercise thallium-201 redistribution
Location of
infarction

No of flow regions with
initial uptake defects

Anterior
Inferior
Lateral
Combination

20/23
24/31
2/5
16/8

Total

62/67

Redistribution
Partial

None

4
5
0
2

10
10
2
4

6
9
0
10

11

26

25

Total

Table 7.8
Relation between exercise thallium-201 redistribution and wall motion by left: ventricular
angiography
Tl-201 uptake
pattern

No of flow
regions

Wall motion
Akinetic or
Normal or
dyskinetic
hypokinetic

Total red
Partial red
Persistent defect

11
26
25

7(64%)
8(31%)
7(28%)

Tl-201 =thallium-20>; red = redistribution.

4(36%)
18(69%)
18(72%)

Collaterals
present/absent

8/3
20/6
14/11
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Effect of collaterals on thallium redistribution
Table 7.8 also shows the relationship between thallium-201 uptake
patterns and presence or absence of coronary collateral vessels. Sixty-two
initial segmental defects corresponding to pathologic Q-waves were evaluated. Eight of the 42 flow regions (19%) with collateral vessels showed
total redistribution and 20 showed partial redistribution (48%). Nine of
the flow regions (45%) without collateral vessels showed partial or total
redistribution and 11 showed persistent defect (55%). There was no
significant difference (p = 0.1) in myocardial thallium uptake patterns when
flow regions with and without collateral vessel were compared.
Case illustration
Figure 7.1 showes multiple-view stress-redistribution thallium-201 myocardial scintigrams and the quantitative analysis of the initial uptake and
of the washout of thallium-201 in a patient with a previous inferior
myocardial infarction. The patient illustrated had a 70% diagonal coronary
artery stenosis and an occluded right coronary artery. The left ventricular
wall motion showed no abnormalities. Visual interpretation demonstrated
a reversible defect inferior, septal and apical (figure 7.1a). Quantitative
analysis showed a stress perfusion defect inferior and apical as well as
a slow washout rate of the inferior and the posterior wall (figure 7.1b).
In the anterior view stress distribution profile, the patients profile (dotted
lines) fell below the lower limit of normal from 15°-168°, thereby defining
a quantitative stress defect in the inferior wall. In figure 7.1b a comparison
is given to the mean and lower limits of the normal profiles according
to Maddahiet al. [12].

DISCUSSION
Previous studies have indicated that the majority of patients surviving
an acute myocardial infarction have diffuse coronary artery disease
[3,13,14]. It is very important to identify those patients, surviving a
myocardial infarction, who have multivessel disease, in order to select the
most effective therapy.
Our findings demonstrate the limited value of clinical, electrocardiographic, and scintigraphic data for detection of multivessel coronary disease.
In our study the sensitivity of an electrocardiographically positive test for
detecting multivessel disease was only 53%. In the presence of prior
transmural myocardial infarction, graded exercise electrocardiography has
variable sensitivity (65 to 75%) in detecting patients with significant
multivessel coronary artery disease [5,15-17]. Castellanet et al. reported
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Fig. 7.1.
Visual (a) and quantitative analysis (b) of thallium-201 uptake and washout in
a patient with a sustained inferior myocardial infaction (see text).
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a sensitivity of 52% in patients with prior myocardial infarction [18]. Dunn
et al. and De Feyter et al. found a sensitivity for predicting multivessel
disease of 70% and 64%, respectively [5,16]. The specificity of exercise
electrocardiography in our study for excluding multivessel disease was 69%,
which is very much in line with that of Van der Wall et al. who found
a value of 68% [19]. Bamrah et al. found a low specificity of 52% and
De Feyter et al. showed a specificity of 76% [5,20]. In our study the
combination of exercise induced angina and exercise induced ST-segment
depression resulted in an increase of sensitivity (71%) with a decrease of
specificity (50%).
Of the 51 patients with multivessel disease visual analysis of the
myocardial perfusion scintigrams correctly identified 69% of patients;
quantitative analysis correctly identified 67% of patients. The specificity
of visual and quantitative analysis was rather poor: 56% and 50%
respectively. We observed that, for detection of multivessel disease, quantitative analysis was not superior to visual analysis. Van der Wall et al.
have reported a low sensitivity of 31% with a high specificity of 84%
for detecting coronary artery disease by visual analysis of thallium-201
scanning [19]. Massie et al. and Me Killop et al. also reported a relatively
low sensitivity of 47% and 45%, respectively, when the scans were
interpreted visually [21,22]. Dunn et al. reported a high sensitivity value
of 85% for detecting multivessel disease [16]. Bamrah et al. studied 89
patients 3 months after prior inferior infarction, and found that visual
analysis correctly predicted multivessel disease in only 58% of patients
[20]. Gibson et al. analyzed 52 patients during the early postinfarction
period by quantitative thallium-201 scanning and detected multivessel
disease in only 62% of patients [23]. Although it is well-known that
sensitivity decreases with time after acute myocardial infarction [24], our
results showed that stenoses in arteries perfusing infarcted myocardium
were more frequently detected than were stenoses in arteries perfusing
noninfarcted myocardium (table 7.4). Our values for the individual vessels
were comparable with those reported by others [21,23,25]. When analyzed
visually, stenoses in the left circumflex artery (46%) were less readily
identified than those in the left anterior descending artery (70%) or right
coronary artery (69%). When analyzed quantitatively, identification of left
circumflex artery lesions was higher (80%), of the left anterior descending
artery (62%) and the right coronary artery (58%) lower. The explanation
for finding a higher sensitivity for left anterior descending artery and right
coronary artery by visual analysis is not entirely apparent. The myocardial
mass that is perfused by the left anterior descending artery and right
coronary artery is generally larger than that perfused by the left circumflex
artery. An other reason could be the greater prevalence of disease of the
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left anterior descending artery, as well as the fact that this artery is more
often the most severely involved vessel in the heart. Also technical factors,
not only related to the amount of myocardium that is perfused by the
left anterior descending artery, as the relative closeness of the area of
this artery to the camera are probably also important [26]. In addition,
intracoronary collateral vessels to the right or left circumflex arterial bed,
or both, may be functionally more important than those to the left anterior
descending arterial bed and may more often mask a significant coronary
lesion [27]. A reason why visual interpretation of the left circumflex arterial
region showes lower sensitivity in our study than quantitative analysis
could be the difficult visual interpretation of this region: this region is
especially subject to significant inter- and intraobserver variability [28],
while quantitative techniques are assumed to be more reproducable than
visual scan interpretation [29].
Our observations may also explain the tendency of thallium scintigraphy
to underestimate the extent of multivessel disease [26,27]. The most severely
involved area of myocardium may be compromised first during exercise
because the exercise is stopped as angina or ST-segment changes occur:
in our study in 32 (48%) of patients. Because thallium scans display the
relative distribution of blood flow rather than absolute flow values, only
the most ischemic area may appear abnormal when in fact other areas
also have insufficient flow [6]. This is in particular present in patients
with previous myocardial infarction. It has to be considered that visual
interpretation of additional defects may be difficult in the presence of
a large image defect.
Previous studies have shown that quantitative analysis is superior to
the visual interpretation for detection of multiple coronary artery disease
[11,30,31]. In this study no advantage could be found. This could possibly
be explained by absence of patients with global ischemia without uptake
defects. Another problem in quantitative analysis could be the variability
of the washout rate: Massie et al. found that the washout rate (over 3
hours) was significantly greater on the maximal test than on the submaximal
test [32]. In some patients with coronary artery disease who exercised
submaximally, the washout rates were abnormal in regions uneffected by
diseased coronary vessels. This could possibly explain the limited value
of quantitative analysis to discriminate between multivessel and singleor no vessel disease in our study.
Pathologic Q-waves indicate transmural myocardial necrosis or irreversible myocardial damage. On the other hand, the meaning of presence
or absence of thallium-201 redistribution in the infarcted area is still
controversial [ 10,33,34]. The presence of redistribution is usually considered
to indicate viable myocardium [10,35,36]. In our study of the 62 infarct-
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related flow regions detected by visual analysis of thallium scans, total
redistribution was observed in 11/62 (18%) of patients, partial redistribution
in 26/62 (42%) and no redistribution in 25/62 (40%) of patients. This
observation suggests viability of myocardial tissue in the infarct zone in
60% of patients. Seven of 11 patients (64%) with total redistribution showed
normal or hypokinetic left ventricular contractility. These findings support
also viability of the infarcted myocardial area. Several previous studies
have shown that a certain amount of viable myocardium might remain
in infarcted myocardial regions [37]. Berger et al. found that revascularization may improve the abnormal contractility [35]. Brunken et al.
demonstrated with metabolic positron emission tomography, using fluorine18 de-oxyglucose, that metabolic activity remained present in 58% of
segments with fixed thallium-201 defects [38]. It must be emphasized in
our study that the left ventricular contractility of the regions with total
redistribution was better than that of the regions without redistribution:
7/11 (64%) vs 7/25 (28%) (p=0.05) had normal or hypokinetic wall motion.
Another possible error in assessing tissue viability may be that some defects
demonstrate "late" (18 to 24 hours) redistribution; these are generally in
regions supplied by severely narrowed coronary arteries, yet with normal
or hypokinetic wall motion and grossly preserved myocardial mass [39,40].
In our study the presence of stress induced ischemia is demonstrated
within the infarcted zone by thallium-201 imaging. This means that transient
ischemia can occur spontaneously even in the region corresponding to
pathologic Q-waves; that is, some viable myocardium is still present as
an area of jeopardy in this region. It has been reported by Schuster et
al. that ischemia in the infarcted area in addition to the transient ischemia
at remote areas occurs in post-infarcted areas [41]. They demonstrated
that such patients were more likely to have "incomplete infarction" that
is, the wall motion in that area was hypokinetic, with good left ventricular
function.
In conclusion: In this study it was found that none of the electrocardiographic and scintigraphic data, including visual scan interpretation and
quantitative analysis, were very helpful for detecting multivessel coronary
artery disease. We showed that there was no additional value of quantitative
analysis when compared to visual assessment. Because transient ischemia
may occur in viable tissue within the infarcted zone and may result in
reversible or partly reversible defects on the thallium scans, it is important
to evaluate the area of jeopardy in this region.
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CHAPTER 8
Improvement of Diagnosis in the Noninvasive Assessment of
Coronary Artery Disease: Enhanced Evaluation of Quantitative
Exercise Thallium-201 Imaging by Multivariate Analysis
ABSTRACT
Discriminant analysis was performed in 135 patients without prior
myoardial infarction to enhance the diagnostic value of quantitative exercise thallium201 scintigraphy. Two discriminant analyses were done. In the first analysis, the
ability to detect the presence of coronary artery disease was tested. Significant variables
were: 1) history of angina, 2) sex, 3) quantitative analysis of thallium-201 scintigraphy,
4) age, 5) ischemic ST-response, 6) angina during the test and 7) the pressure-rate
product. The sensitivity, the specifity and accuracy of classification using the
discriminant function were 91%, 87% and 90%, respectively. The sensitivity was
significantly higher than using visual (sensitivity = 70%; p = 0.0002) or quantitative
interpretation of thallium scans (sensitivity = 66%; p = 0.0000) alone, without significant loss of specificity (p = 0.S488; p = 0.6875).
In the second analysis, a discriminant function was calculated to detect imiltivesse)
disease. Five input variables were selected: 1) number of vessels with stenosis predicted
by quantitative analysis, 2) number of vessels with stenosis predicted by visual analysis,
3) ischemic ST-response, 4) sex, 5) angina during the test. Multivariate analysis showed
a significant increase of sensitivity when compared with visual interpretation (78%
vs 55%; p = 0.0043) and quantitative analysis (66%; p = 0.0156). Using the classification the discriminant function was more accurate when compared with visual
analysis (81% vs 69%) and quantitative analysis (77%). Our results demonstrate
that multivariate analysis of noninvasive test results in quantitative thallium exercise
testing allows convenient use for clinical purposes with improved results.

INTRODUCTION
The most widely employed noninvasive technique for identifying patients
with a high likelihood of having significant coronary artery disease, is
the exercise stress test. Several authors have proposed to use multiple clinical
variables in conjunction with exercise testing for optimal utilization of
noninvasive testing, for the diagnosis of the presence and the extent of
coronary artery disease [1-4]. More recently, myocardial scintigraphy with
thallium-201 has been used to detect coronary artery disease [5]. With
visual and quantitative interpretation of the thallium-201 perfusion scans
more information, concerning the localization and size of ischemic myocardial regions, can be obtained [6-8].
The diagnosis of the presence and of the extent of coronary artery disease,
by means of exercise thallium scintigraphy, has been improved with clinical
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information. Bayesian theory [9-13], logistic regression analyses [14-16],
and discriminant function analyses [17-20] are some of the statistical
methods for assessment of post-test probability after noninvasive testing.
There are few data from multiple discriminant analyses of quantitative
exercise scintigraphy in a population free of drug therapy, with an adequate
exercise test, who have not sustained a previous myocardial infarction.
The purpose of this study was: to 1) construct a discriminant model
of clinical, electrocardiographic and scintigraphic variables measured in
a group of patients without myocardial infarction for detecting the presence
and extent of coronary artery disease, and 2) to compare the diagnostic
value of the multivariate model with the classical interpretation of scintigraphic images, analyzed both visually and quantitatively.

METHODS
Patient population
Our study included 135 patients, without prior myocardial infarction,
referred to our cardionuclear department between February 1983 and
November 1986 for detection and evaluation of coronary artery disease.
The patients were between the ages of 24 and 70 years (mean age ± standard
deviation 55 + 8). There were 104 men and 31 women. Two separate
discriminant analyses were performed. In the first analysis, a discriminant
function was estimated for separating patients with < 50% coronary artery
narrowing from patients with coronary artery disease. The second analysis
attempted to separate patients with multivessel coronary artery disease
from patients without multivessel coronary artery disease.
Exercise electrocardiography
The exercise protocol used in this study is described in chapter 2.
For the purpose of this study a positive exercise electrocardiogram was
indicated by: 1) a junctional depression of at least 0,1 mV followed by
a horizontal or downsloping ST-segment of at least 80 msec duration,
with a normal ST-segment in rest; or 2) a slow upsloping ST-segment
with a ST-depression of at least 0,2 mV 80 msec after the end of the
QRS complex, with a normal ST-segment in rest. An exercise electrocardiogram was considered negative in absence of ischemic ST-segment
abnormalities. An equivocal exercise electrocardiogram was based on: 1)
the presence of resting ST-segment abnormalities; 2) the presence of
conduction disturbances, such as bundle branch block, accelerated conduction (Wolff-Parkinson-White syndrome) which preclude interpretation
of the exercise ST-segment changes.
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Thallium-201 imaging

The scintigraphic procedure and our method of obtaining the exercise
thallium-201 scintigrams has been described in chapter 2.
Visual analysis
The visual assessment was performed by means of a semi-quantitative
analysis (chapter 2).
The overall scintigram was considered abnormal when the total score
was proven to be higher than 18 in the postexercise phase (chapter 3).
Multivessel coronary artery disease was considered to be present if the
initial uptake scintigram showed thallium defects in two or more specific
vascular areas. One-vessel disease was considered to be present if the initial
uptake scintigram showed thallium defects limited to one specific vascular
area.
Computer processing and analysis
We have previously described details of the technique for computer
processing and quantitative analysis of thallium-201 images (chapter 2).
Criteria for abnormality and multivessel/single vessel disease
Initial uptake and washout rate circumferential profiles were interpreted
by a computer program which compared each curve to the normal limits,
described in chapter 2. The following criteria were used: the overall
scintigram was considered abnormal when an arc composed of more than
28 consecutive sample points fell below the normal limit, considering the
combination of the uptake scintigram and washout curve (chapter 3).
Separate criteria were constructed for the three vascular areas: when an
arc of more than 21 sample points, considering the combination of the
uptake scintigram and washout curve, fell under the lower limit, the anterior
flow region was considered abnormal. Separate criteria were also constructed on arcs of more than 28 and 0 sample points under the lower
limits for the inferior and lateral flow regions, respectively (chapter 3).
Multivessel coronary artery disease was considered to be present if the
combination of the uptake scintigram and the washout curve showed
thallium defects in two or more specific vascular areas and these scans
were considered positive. One-vessel disease was considered to be present
if the combination of the uptake scintigram and the washout curve showed
thallium defects limited to one specific vascular area.
Statistical analysis
All clinical, electrocardiographic and scintigraphic variables were first
subjected to an univariate analysis (table 8.1). Afterwards a discriminant
analysis was done. Discriminant analysis was performed in a stepwise
fashion, taking first the variable that makes the largest contribution to
the difference between the two groups (with and without disease). Thus,
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Table 8.1
Univariate analysis

Total
Age
Sex(M/F)
History or angina
no pain
atypical
typical
MaxHR
%PrHR
MaxBP

CAD-

CAD+

P<

38(28%)
52 ± 1 0
17/21

97(72%)
56+7
87/10

0.07
0.00

2
29
7
152 ± 1 2
97 ± 6
176 ± 2 0
27.0 ±4.2
DP
Angina during the test 0
Ischemic ST-response
negative
24
equivocal
10
positive
4
Scintigraphic findings
VA positive
8
30
VA negative
QA positive
3
35
QA negative
No of vessels
with stenosis 0-VD
predicted by 1-VD
by VA
2-VD
3-VD
No of vessels
with stenosis 0-VD
predicted bv 1-VD
byQA
2-VD
3-VD

2
14
81
137 ±21
90 ±13
179 ±20
24.6 + 5.3
42
22
32
43
68
29
64
33

0.00
0.00
0.00
0.54
0.02
0.00

0.00

0.00
0.00

MVD-

MVD+

P<

75(56%)
54 ± 9

60(44%)
56 ±7
26/2

0.20
0.00

3
34
38
148 ± 1 4
96 + 8

1

179 ±20
26.5 ±4.3
11

9
50
133 ±24
87 ±15
177 ± 2 0
23.8 ±5.7
31

0.00
0.00
0.00
0.60
0.00
0.00

38
17
20

8
25
27

0.00

27
48
21
54

49
11
46
14

44
17
10
4

10
17

51
14
8

2

0.00
0.00

25
8

0.00

12
8
19
21

0.00

CAD - / + = without/with coronary artery disease; MVD - / + = without/with multivessel
disease; p < = p-value <; MaxHR = maximal heartrate; %PrHR = percentage of age predicted
heartrate: MaxBP = maximal bloodpressure; DP=double product; VA = visual analysis;
QA = quantitative analysis; VD = vessel disease.

the procedure begins by selecting the variable which maximally separates
the groups; this corresponds to selecting the variable which has the largest
F value between the groups. At this stage the discriminant function has
the form: S = 00+01V1, where S is the discriminant score, V1 is the variable
selected by the analysis, and 00 and 01 are the discriminant coefficients.
The next variable is then selected for inclusion on the basis of which of
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the remaining variables provides the most additional discrimination between
the two groups, when that variable is combined with VI; that is, the variable
with the largest partial F value is selected. At this stage the discriminant
function has the form: S = /JO + /31V1 + 02V2, were 00 and 01 are not,
in general, equal to their values at the previous step. Then the discriminant
analysis continues successively, taking each variable after conditional
consideration of those already entered. The procedure continues until no
variable significantly discriminating between groups, is found. The function
is also used to obtain a score for each patient.
The entire sample is classified according to their score values, so that
patients with disease and those without disease are separated with minimal
overlap. The cutoff point is chosen to achieve the best classification rate,
so most of the diseased patients have positive scores and most of patients
free of disease have negative scores. A jackknife estimate of the classification
of the model is obtained.
Thus, the probability of coronary or multivessel disease can be computed
for the individual patients in the sample, from which the discriminant
model was derived. Using the present model, new patients can be classified
as coronary artery disease patient (or not) on the basis of the smallest
relative distance between the individual discriminant score S and the means
of the groups, or on the basis of the highest discriminant score using
Fischer's classification coefficients.
Multivariate analysis variables
The following input variables were used in the multivariate analysis
model:
A. Descriptive variables
1. Age of the patient (years)
2. Sex: male = 1; female = 2
3. History of angina: absence = 1; atypical = 2; typical = 3
B. Electrocardiographs exercise variables
4. Maximal achieved heart rate (beats/min)
5. Percentage of maximal age predicted heart rate (max HR%)
6. Systolic blood pressure at peak exercise (mmHg)
7. Maximal heart rate-bloodpressure product (beats/min*mmHg)
8. Exercise induced angina: absence = 1; presence = 2
9. Ischemic ST-response: negative = 1; equivocal = 2; positive = 3
C. Scintigraphic variables
10. Visual assessment of the initial uptake: negative = 1; positive = 2
11.Quantitative analysis of the combination of initial uptake and
washout: negative = 1; positive = 2
12.Number of vessels with stenosis predicted by visual assessment
11 Nnrnhpr of vessels with stenosis nredicted hv nnanlitative analvsis
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RESULTS
Clinical features. The clinical, electrocardiographic and scintigraphic
characteristics are summarized in table 8.1. There were 38 (28^) patients
without and 97 (72%) with coronary artery disease. Of the patients with
coronary artery disease 60 (44%) patients had multivessel disease.
Discriminant analysis for predktiag the presence of coronary artery disease

Table 8.2 lists the discriminant function coefficients (unstandardized and
standardized) and classification of the seven variables selected in the
stepwise discriminant analysis to separate patients without coronary artery
disease from patients with coronary artery disease. The variables selected
were: 1) history of angina, 2) sex, 3) quantitative analysis of thallium-201
scintigraphy, 4) age, S) ischemic ST-response, 6) angina during the test
and 7) the pressure-rate product. The mean discriminant score was -1.86
for the patients without coronary artery disease and 0.76 for the patients
with coronary artery disease.
The results, based on seven variables, are derived according to the
following equation:
Equation 1: S = 0.042 (age) -1.45 (sex) + 1.11 (history of angina) + 0.039
Table 8.2
Multivariate analysis: discriminant function coefficients for predicting the presence of CAD
Coefficients

Class coeff

Variable

Unstand- Standardized* ardized

F-value

CAD-

CAD+

1.
2.
3.
4.
S.
6.
7.

1.107
-1.446
1.094
0.0418
0.388
0.493
0.0386
-6.359)

62.71
51.16
45.52
39.01
33.88
28.64
25.06

11.29
8.36
6.00
0.86
2.74
9.67
2.09
-76.96

14.16
4.61
8.83
0.97
3.75
10.95
2.19
-91.99

History of angina
Sex
QAofThallium-201
Age
Ischemic ST-response
Angina during the test
Pressure-rate product
(Constant

0.499
-0.537
0.470
0.341
0.297
0.208
0.193

* Beta value; Class coeff=classification coefficient; CAD - / + = without/with coronary artery
disease;
Unstandardized coefficients are the computed coefficients of the discriminant function used
for individual patient scores; The standardized coefficients are normalized discriminant
coefficients that reflect the relative strength of each variable in separating the patients groups;
Classification coefficients can be used to compute discriminant scores for each group; new
patients are assigned to the group with the largest score; QA = quantitative analysis.
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(pressure-rate product) +0.49 (angina during the test) +0.39 (ischemic
ST-response) + 1.09 (quantitative analysis of thallium-201) -6.36.
Patients were classified by the discriminant function with a prior
probability of 0.50 (table 8.3). With the discriminant analysis 88/97 (91%)
of patients with coronary artery disease and 33/38 (87%) without significant
coronary artery disease could be classified correctly. The predictive accuracy
was therefore 121/135 (90%). In table 8.4 the results of conventional
interpretation based on visual assessment and quantitative analysis are
compared with the multivariate analysis. The sensitivity of the discriminant
model is significantly higher than the sensitivity of visual or quantitative
analysis of scintigrams alone (p=0.0002; p=0.000). The distribution of
discriminant scores for patients with and without coronary artery disease
are presented in figure 1.

Table 8.3
Prediction of presence of CAD by the discriminant model
Function classification

Actual group
C A D + ( n = 97)
C A D - (n = 38)

CAD+

CAD-

88
5

9
33

CAD + / - = patients with/without coronary artery disease.

Table 8.4
Diagnostic value of the multivariate model (MVA) and of visual (VA) and quantitative
analysis (QA) alone for prediction of CAD

Sens
Spec
PVpos
PVneg
Accuracy
X2

VA

QA

MVA

70%
79%
90%
51%
73%
24.74

66%
92%
96%
52%
73%
34.56

91%
87%
95%
97%
90%
76.65

CAD = coronary artery disease; Sens = sensitivity; Spec = specificity; PVpos = predictive value
of a positive test; PVneg = predictive value of a negative test.
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Frequency

-4

-2

0

Discriminant Function
Fig. 8.1.
Distribution of discriminant scores for patients with and without coronary artery
disease (CAD).
Discriminant analysis for predicting multivessel coronary artery disease

Table 8.5 lists the coefficients of the discriminant function of the variables
selected for classifying patients as having no or one-vessel disease and
multivessel disease. The five variables selected for this anaiysis were: 1)
number of vessels predicted by quantitative analysis, 2) number of vessels
predicted by visual analysis, 3) ischemic ST-response, 4) sex, 5) angina
during the test. The mean discriminant score was -0.76 for the patients
without multivessel coronary artery disease and 0.95 for the patients with
multivessel coronary artery disease.
The discriminant model was estimated according to the following
equation:
Equation 2: S = - 0.63 (sex) + 0.56 (angina during the test) + 0.36 (ischemic
ST-response) +0.31 (number of vessels predicted by visual analysis) + 0.63
(number of vessels predicted by visual analysis) - 1.67.
Using this model, 47/60 (sensitivity = 78%) with multivessel coronary
artery disease and 62/75 (specificity = 83%) with one or two-vessel disease
were correctly identified. The overall accuracy was 109/135 (81%) (table
8.6). The results are presented in table 8.7 next to conventional interpretation
of visual analysis and quantitative analysis alone. The sensitivity of the
multivariate model is significantly higher than the conventional visual or
quantitative approach (p = 0.0043; p-0.0156). The distribution of discri-

113
Table 8.5
Multivariate model: discriminant function coefficients for predicting multivessel disease
Coefficients

Class coeff

Variable

Unstandardized*

Standardized

F-value

MVD-

MVD+

1.
2.
3.
4.
5.

0.634
0.312
0.356
-0.629
0.556
-1.674)

0.606
0.286
0.281
-0.250
0.237

65.08
37.42
28.13
22.45
18.78

0.03
1.06
2.38
9.83
5.86
-13.18

1.11
1.59
2.98
8.75
6.81
-16.19

NVQA-thallium-201
NVVA-thallium-201
Ischcmic ST-response
Sex
Angina during the test
(Constant

* Beta value; Class coeff = classification coefficient; MVD - / + = without/with multivessel
disease; NVQA = number of vessels predicted by quantitative analysis; NVVA = number of
vessels predicted by visual analysis.
For explanation of coefficients see table 8.2.
Table 8.6
Prediction of presence of MVD by the discriminant model
Function classification

Actual group
MVD + (n = 60)
M V D - (n = 75)

MVD +

MVD-

47
13

13
62

MVD + / - = patients with/without multivessel disease.
Table 8.7
Diagnostic value of the muitivariate model (MVA) and of visual (VA) and quantitative
analysis (QA) alone for prediction of multivessel disease

Sens
Spec
PVpos
PVneg
Accuracy
X-

VA

QA

MVA

55%
81%
70%
62%
69%
19.39

66%
86%
80%
76%
77%
40.66

78%
83%
78%
83%
81%
50.22

Sens = sensitivity; Spec = specificity; PVpos = predictive
PVneg = predictive value of a negative test.

value

of

a

positive

test;
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minant scores for patients with and without multivessel coronary artery
disease are presented in figure 2.

Frequency
20
15 .

-

4

-

2

0

2

A

Discriminant Function
Fig. 8.2.
Distribution of discriminant scores for patients with and without multivessel
coronary artery disease (MVD).
DISCUSSION
The primary purpose of this study was to derive a multivariate model
for the detection and for the estimation of extent of coronary artery disease,
incorporating appropriate thallium exercise test variables. This study
demonstrates that multivariate analysis is more sensitive than visual and
quantitative analysis alone for predicton of presence and of extent of
coronary artery disease in a population of patients without previous
myocardial infarction. Patients with prior myocardial infarction have often
been included in studies assessing the sensitivity of cardiovascular nuclear
exercise tests. We excluded patients with previous myocardial infarction,
since these patients almost always have test abnormalities which usually
are severe and their inclusion increases the value of sensitivity artifactually.
Also, "patients without myocardial infarction" appear to be the most
interesting group for the purpose of a diagnostic study because of
intermediate levels of coronary artery disease.
The introduction of quantification of thallium-201 images has improved
the noninvasive diagnosis and evaluation of coronary artery disease [6,7,21].
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Few has been reported on the value of quantitative thallium-201 variables
as input to the discriminant analysis [20].
Detection of presence of coronary artery disease. In our study group,
the sensitivity of the multivariate model was 91%, the specificity 87% and
the accuracy 90% for detection of presence of coronary artery disease.
Multivariate analysis increases sensitivity by about 21% (p = 0.0002) when
compared with visual analysis and 24% (p = 0.0000) when compared with
quantitative analysis. The accuracy improves by 17% when compared with
both visual and quantitative analysis. A similar result was found by
McCarthy et al. who also reported a significant increase of sensitivity and
accuracy (12% and 9%, respectively) [19]. The specificity of the multivariate
model did not change significantly, as was also reported by McCarthy
et al. In the evaluation of coronary artery disease by multivariate analysis
with various exercise variables (without thallium scintigraphy), it has been
shown that the specificity is not significantly affected [4,22].
In our model the most meaningful variable for detection of presence
of coronary artery disease was "history of angina". Several studies have
shown that a good clinical history provides powerful information useful
in classifying patients into categories of patients who have or who do
not have coronary disease [9,16,23,24]. In clinical practice, the quality
of a patients chest pain can be difficult to characterize and further diagnostic
noninvasive testing may be essential. The inclusion of gender as a discriminant variable probably reflects the small portion of women in the
group with coronary artery disease (10 women versus 87 men). It has
been reported that use of gender does not invalidate the analysis [19].
After "quantitative analysis of thallium-201 images", "age", "ischemic STresponse", "angina during the test" and "peak-pressure rate product" were
included into the model. The occurrence of chest pain during the test
was a less meaningful variable than clinical history. This may be explained
by the relationship between exercise intensity and appearance of various
functional abnormalities of either myocardial flow or contraction. Exercise
induced angina is a rather late manifestation of ischemia, whereas appearance of a perfusion defect that can be detected on a thallium scan
or ischemic ST response on the electrocardiogram occur earlier in the
course of a graded exercise test [5]. The findings of Cole et al. emphasize
that angina during the test improves the sensitivity of the test from 64
to 85%, whereas according to Cohn et al. and Berman et al., chest pain
during the test was not an important variable in discriminant analysis
[25-27].
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Detection of multivessel coronary artery disease. For assessment of
multivessel disease the discriminant model had higher sensitivity than visual
and quantitative analysis (improvement of 23% (p = 0.0043) and 12%
(p = 0.0156), respectively). The specificity was higher than in visual analysis
(+2%), but slightly lower than in quantitative analysis (-3%). These
differences were not significant (p=1.00; p = 0.5078). Also the-accuracy
improved when compared with visual analysis (+12%), and not when
compared with quantitative analysis (+ 3%). In our study the diagnostic
value of quantitative analysis was better than that of visual interpretation.
Attempts have been made to improve the diagnostic accuracy of the
electrocardiographic exercise test and of the thallium-201 scan in identifying
patients with multivessel disease by multivariate discriminant analysis. This
approach defines combinations of variables, sequentially selected, that may
be used to identify patients with extensive coronary artery disease
[3,18,19,26]. In our study two thallium variables ("number of vessels
analyzed quantitatively", as most powerful, and "number of vessels
analyzed visually" as second) were selected for the detection of multivessel
coronary artery disease. The selection of "number of vessels visual analysis"
is somewhat surprising, because it is assumed that quantitative analysis
depicts the same flow regions with higher diagnostic value than visual
analysis [6]. The reason may relate to the fact that it is correlated with
other variables in the discriminant function and adds important information. The discriminant analysis also included "ischemic ST-response",
"sex", "angina during the test" as important variables into the model
for separating patients with multivessel coronary artery disease from
patients without multivessel coronary artery disease.
Bayesian theory has also often been applied to the interpretation of
noninvasive test results [10]. The sequential application of Bayes' theorem
to several noninvasive tests depends, in part, on each test supplying
independent information and on the ability of the physician to accurately
categorize a patient according to the chest pain syndrome. In clinical
practice, the quality of a patient's chest pain can be difficult to characterize
and noninvasive tests are often correlated. The multivariate approach
adjusts for the interrelations between laboratory variables and, in a stepwise
manner, selects among multiple clinical and laboratory variables those
that contribute statistically significant independent information regarding
outcome.
An advantage of multivariate discriminant analysis, when compared with
methods to estimate posterior probabilities for angiographic coronary artery
disease as those based on Baves' theorem, is that the steDwise process
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choosing the optimal combination of variables. Also, this method warrants
statistical independence of clinical, exercise and scintigraphic information.
Actually, the thallium exercise test should be considered as a part of the
clinical evaluation of any patient with chest pain. In most centres, the
probability of coronary artery disease is determined using visual and/or
quantitative interpretation of thallium scans as the only criterion, although
multivariate analysis has shown that other noninvasive variables are also
extremely useful for discrimination. Detrano et al. compared 1) Bayesian
analysis using sensitivity and specificity derived from the literature or
observed in their own patients, 2) discriminant analysis of clinical and
test variables, 3) discriminant analysis of test results combined with Bayesian
pretest probabilities [20]. They found that decisions based on discriminant
functions were more accurate than decisions based on other types of
analysis.
This study is consistent with previous reports that various noninvasive
thallium exercise variables are predictive of coronary artery disease.
Differences in the significance of some variables are possibly due to different
patient populations studied [1,28-30]. Many previous investigators have
studied a selected patient population with either proved or severe coronary
artery disease or only men with chest pain, exclusive of previous myocardial
infarction [23,31].
This study emphasizes the incorporation of these variables into a
diagnostic score that can be used for clinical purposes. The multivariate
analysis method is a convenient way to put into practice the value of
significant physiologic variables. In addition, this method of scoring can
enhance the interpretation of tests previously considered to be inadequate
or incomplete and of exercise tests.
In conclusion: Multivariate analysis improved the accuracy of thallium201 exercise testing over visual interpretation and quantitative analysis
alone for detection of presence and extent of coronary artery disease. The
application of such systems appears promising as an aid to more accurate
and cost-effective clinical decision making.
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GENERAL CONCLUSION AND SUMMARY
In this thesis the clinical value of planar exercise thallium-201 myocardial
scintigraphy is investigated in a subgroup of patients submitted for diagnosis
and evaluation of coronary artery disease.
In chapter /, the general introduction, an overview is given on the value
of thallium-201 myocardial scintigraphy. Thallium-201 is a potassium
analogue. Its initial myocardial uptake at maximal exercise is dependent
on regional myocardial blood flow and on tissue viability. Myocardial
uptake imaged several hours later reflects a net efflux of thallium-201 from
myocardial cells (myocardial washout), which is dependent on intrinsic
efflux from the myocardium as well as continued uptake from the systemic
pool. Thallium redistribution, which is a partial or total normalization
of the initial defect, represents areas of myocaraial ischemia, whereas
persistence of a thallium defect represents areas of infarction. In the last
decennium thallium scintigraphy has shown to be very useful in patients
who present with chest pain syndrome. The ability to assess the presence
and extent of coronary artery disease will allow the physician to inform
the patient accurately about the diagnosis and to advise appropriate therapy
or to select patients for diagnostic tests. Recent improvements in quantitation and understanding of multivariate analysis, have enhanced the
value of thallium imaging.
In chapter 2 the general methods are presented.
In chapter 3 quantitative analysis of uptake and washout of thallium201 was compared with visual assessment in an initial study of 72 patients
with a 40% incidence of triple-vessel disease. The coronary arteriogram
was used as a "golden standard". We found that quantitative analysis
of uptake in combination with a washout rate study of thallium-201 was
not better than visual analysis in the overall detection of significant coronary
artery disease. However, quantitative analysis revealed a higher sensitivity
when compared with visual analysis for detection of multivessel coronary
artery disease (81% vs 57%), without loss of specificity. Also the importance
of washout abnormalities identifying global ischemia is described: in 7%
of patients with no uptake defect or only one regional defect, global ischemia
was found.
Using criteria defined from the group of 72 patients described in the
previous chapter, evaluation of computer analysis of perfusion defects and
washout rate was performed in a prospective study of 131 patients for
assessment of presence, localization and extent of coronary artery disease
(chapter 4). Comparison was made with visual interpretation of the
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scintigrams. This prospective group had a lower incidence of three-vessel
disease than the initial group (22% vs 40%), whereas one-vessel disease
was higher in the prospective group (32% vs 11%). This study pointed
out that with regard to overall detection of coronary artery disease and
to detection of multivessel disease, the sensitivity of the quantitative
technique was not higher than of the visual method (69% vs 74%, and
54% vs 67%, respectively). Quantitative analysis did not improve sensitivity
for detection of disease in the left anterior descending (46% vs 65%) and
right coronary artery (51% vs 72%), but did increase sensitivity in the
left circumflex artery (75% vs 47%). In chapter 4 the limitations of the
quantitative technique are also discussed.
In chapter 5 the discordance between quantitative and visual analysis,
regarding false negative and false positive test results, is described in a
group of 203 patients. Of the total group of 52 patients with false negative
visual and/or quantitative analysis test results, 27 patients showed discordance between these two methods, whereas, out of 12 patients with
false positive visual and/or quantitative results, 10 patients showed discordance between these two methods. With regard to sensitivity and
specificity of visual interpretation and quantitative analysis for overall
detection of coronary artery disease, both methods showed quite similar
results. In this study it is shown, that there is frequent discordance of
visual interpretation and quantitative analysis, when using thallium-201
exercise scintigraphy, and that, when attention is paid to the limitations
of both methods, computer analysis could be a useful aid in the interpretation of thallium images in clinical practice.
In chapter 6 the comparative value of exercise electrocardiography, visual
interpretation and quantitative analysis of thallium-201 scintigraphy for
detecting myocardial ischemia in 135 patients, in absence of Q-wave
infarction, was studied. The group was divided in patients with a normal
electrocardiogram at rest (n = 93) and patients with abnormal repolarization
(n = 42). Visual and quantitative analysis offered no advantage above
exercise electrocardiography in patients with a normal electrocardiogram
at rest, whereas, the sensitivity of visual and quantitative analysis in patients
with repolarization abnormalities was significantly higher than in patients
with normal electrocardiographic findings. It is concluded that the main
advantage of thallium scintigraphy is in patients with abnormal baseline
repolarization.
Chapter 7 describes the limited value of visual and quantitative analysis
of thallium scintigraphy for detection of multivessel coronary artery disease
in a group of 67 patients with a prior transmural myocardial infarction.
Also the redistribution pattern and viability of the infarct related areas
were studied. The infarct-related areas with total redistribution on the
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thallium scans were more likely to be associated with normal wall motion
(7/11: 64%) than areas with a persistent defect (7/25: 28%), which were
more related with akinetic or dyskinetic wall motion. Among patients with
sustained myocardial infarction, evidence of residual jeopardized viable
myocardium within the prior infarct zone, based on exercise thallium201 imaging results, identifies patients at risk and potentially salvageable
myocardium that will benefit from therapeutic interventions that restore
blood flow.
In chapter 8 multivariate analysis was performed in 135 patients, without
prior myocardial infarction, to enhance the diagnostic value of quantitative
thallium imaging. The discriminant analysis included 13 noninvasive
variables. Two analyses were performed. A discriminant function was
constructed to detect the presence and the extent of coronary artery disease.
For detection of presence, seven input variables were chosen: history of
angina, gender, quantitative analysis of uptake and washout, age, ischemic
ST-response, anginal pain during the test and the rate-pressure product.
For detection of multivessel coronary artery disease, five input variables
were selected: number of vessels predicted by quantitative analysis, number
of vessels predicted by visual analysis, ischemic ST-response, gender and
anginal pain during the test. The study demonstrated that using discriminant
function analysis, sensitivity improved significantly for detection of presence
of coronary disease when compared with visual and quantitative analysis
alone (91% vs 70% and 66%), without loss of specificity. Also, for prediction
of multivessel disease, multivariate analysis showed a significant increase
of sensitivity, when compared with visual and quantitative analysis alone
(78% vs 55% and 66%). Thus, in a group of patients without myocardial
infarction, multivariate analysis with seven easily collected variables for
detection of presence of coronary artery disease and with five variables
for detection of multivessel disease appears to be more accurate than visual
or quantitative analysis of thallium scintigraphy alone. In addition, clinical
history appeared to be the most discriminant in the multivariate model
for diagnostic purposes. This finding emphasises its importance in clinical
practice.
The results of our study indicate that quantitative analysis of uptake
in combination with washout rate study of thallium-201 is not superior
to visual analysis for determining the presence of coronary artery disease.
Although quantitative planar thallium-201 scanning appeared to offer
advantages over visual scan interpretation in identifying multivessel coronary artery disease in an initial study, no advantages were found in a
follow-up study. Discordance between visual and quantitative analysis
results is demonstrated and implies that computer analysis of thallium
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images is a powerful and useful addition to interpreters of thallium images,
especially in borderline cases or in certain types of patients.
Visual and quantitative assessment of thallium exercise scintigraphy has
limited value for prediction of absence or presence of multivessel disease
in patients after previous myocardial infarction. This study does point
out that thallium scanning is useful for determining residual ischemic
myocardium within prior infarct zone.
Multivariate analysis improves the diagnostic accuracy of quantitative
exercise thallium imaging. These findings suggest that testing should be
done sequentially to obtain a reasonable balance of diagnostic efficacy,
patient comfort and minimal cost.

SAMENVATTING
Dit proefschrift behandelt de klinische waarde van planaire inspanningsscintigrafie met thallium-201 van het hart bij patiënten, die werden verwezen
voor diagnose en evaluatie van coronaire hartziekte.
In hoofdstuk l, de inleiding, wordt een algemeen overzicht gegeven
van de huidige betekenis en mogelijkheden van thallium-201-myocardscintigrafie. Thallium-201 is een analogon van kalium. De initiële opneming
in de hartspier bij maximale inspanning is afhankelijk van regionale perfusie
van het myocard en van weefselvitaliteit. De myocardopneming, enige uren
later gemeten, geeft de netto uitstroom van thallium-201 uit de myocardcellen weer, welke afhankelijk is zowel van de intrinsieke uitstroom uit
het myocard, als de continue opneming uit het systemische depot. Redistributie van thallium wordt gedefinieerd als een gedeeltelijke of gehele
normalisatie van het initiële defect, zoals die gezien wordt op de later
in rust vervaardigde opnamen (3-4 uur na inspanning). Deze redistributie
geeft gebieden van ischémie weer, terwijl het persisteren van een thalliumdefect gebieden van infarcering aanduidt. In het laatste decennium is
gebleken dat thalliumscintigrafie zeer waardevol is bij patiënten die zich
presenteren met klachten van pijn op de borst. De mogelijkheid om de
aanwezigheid en de uitgebreidheid van coronarialijden te bepalen biedt
de gelegenheid om betrekkelijk nauwkeurig diagnostische informatie te
verkrijgen, de juiste vorm van therapie te adviseren, en patiënten goed
te selecteren voor verder diagnostisch onderzoek. Recente ontwikkelingen
in kwantificatie en begrip van multivariate analyse, hebben de waarde van
thalliumscintigrafie aanzienlijk verhoogd.
Hoofdstuk 2 beschrijft de methoden die zijn toegepast, zoals het protocol
van inspanningselectrocardiografie, de scintigrafische acquisitie, de angiografische procedures en classificatie en de statistische analyse.
In hoofdstuk 3 wordt een gecomputeriseerde analyse van opneming en
uitstroom van thallium-201 vergeleken met visuele beoordeling van dezelfde
opnamen. Dit onderzoek vond plaats in een initiële groep van 72 patiënten
met een incidentie van 40% met betrekking tot drievatslijden. Het coronaire
angiogram werd gebruikt als "gouden standaard". De waarde van de
kwantitatieve analyse van de opname bij inspanning in combinatie met
de analyse van uitstroom van thallium-201 verschilde niet significant van
de visuele analyse met betrekking tot de detectie van haemodynamisch
belangrijk coronarialijden. De sensitiviteit met betrekking tot detectie van
meervatslijden was daarentegen wel significant hoger bij kwantitatieve dan
visuele analyse (81% vs 57%), zonder verlies van specificiteit. Eveneens
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werd het belang van afwijkingen van de uitstroom ter detectie van globale
ischemie beschreven: de aanwezigheid van globale ischemie, zonder of met
slechts een regionaal defect in de opnamen na inspanning, werd bij 7%
van de patienten aangetroffen.
Met behulp van criteria, welke gedefinieerd werden in de bovengenoemde
groep van 72 patienten, wordt beschreven in hoofdstuk 4, hoe een evaluatie
werd uitgevoerd van een kwantitatieve analyse van de opname na inspanning
in combinatie met de mate van uitstroom door een prospectief onderzoek
bij 131 patienten met betrekking tot de aanwezigheid, localisatie en
uitgebreidheid van coronarialijden. Er werd een vergelijking gemaakt met
de visuele beoordeling van het scintigram. In dit prospectieve onderzoek
was de incidentie van drievatslijden lager dan in het initiele onderzoek
van hoofdstuk 3 (22% vs 40%), in tegenstelling tot de incidentie van
eenvatslijden, welke hoger was in het prospectieve onderzoek (32% vs 11%).
Dit onderzoek wees uit dat de sensitiviteit van de kwantitatieve methode
niet hoger was dan van de visuele analyse voor het opsporen van
haemodynamisch belangrijk coronarialijden zowel als meertakslijden (69%
vs 74%, respectievelijk 54% vs 67%). De detectie van coronarialijden in
de individuele coronaire arterien, de arteria coronaria descendens anterior,
respectievelijk de arteria coronaria dextra was niet beter met behulp van
kwantitatieve analyse dan met visuele beoordeling. Daarentegen was de
detectie van coronarialijden in de arteria coronaria circumflexa beter met
behulp van kwantitatieve dan met visuele analyse. In hoofdstuk 4 werd
eveneens nader ingegaan op de beperkingen van de kwantitatieve techniek.
In hoofdstuk 5 wordt de tegenstelling beschreven tussen kwantitatieve
en visuele analyse, met betrekking tot fout-negatieve en fout-positieve
resultaten, in een groep van 203 patienten. Van de 52 patienten met foutnegatieve testresultaten bij visuele en/of kwantitatieve analyse, was er bij
27 patienten geen overeenstemming tussen de twee methoden, terwijl van
de 12 patienten met fout-positieve visuele en/of kwantitatieve analyse
testresultaten, overeenstemming ontbrak bij 10 patienten. De waarde van
visuele beoordeling en kwantitatieve analyse met betrekking tot de detectie
van haemodynamisch belangrijk coronarialijden verschilde niet wezenlijk.
In dit onderzoek werd aangetoond dat er frequent discordantie bestaat
tussen visuele en kwantitatieve analyse van thallium-201-myocardscintigrafie, en, wanneer aandacht wordt besteed aan de beperkingen van beide
methoden, dat computeranalyse een klinisch waardevolle aanvulling kan
leveren bij de beoordeling van de scintigrammen.
In hoofdstuk 6 wordt de vergelijkende waarde beschreven van electrocardiografie bij inspanning, visuele beoordeling en kwantitatieve analyse
van myocardscintigrafie met thallium-201 voor detectie van myocardischemie bij 135 patienten, zonder doorgemaakt myocardinfarct. Deze groep
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werd verdeeld in patienten met een normaal electrocardiogram in rust
(n = 93) en patienten met een abnormale uitgangsrepolarisatie (n = 42).
Visuele en kwantitatieve analyse was niet beter dan electrocardiografie
bij inspanning bij patienten met een normaal electrocardiogram in rust,
terwijl de sensitiviteit van visuele en kwantitatieve analyse van thalliumscintigrafie bij patienten met een gestoorde uitgangsrepolarisatie significant
hoger was dan bij patienten met een normale uitgangsrepolarisatie. De
grote waarde van myocardscintigrafie met thallium-201 blijkt vooral bij
patienten met repolarisatiestoornissen in het electrocardiogram in rust.
In hoofdstuk 7 wordt ingegaan op de beperkte waarde van visuele en
kwantitatieve analyse van myocardscintigrafie met thallium voor het
aantonen van meertaksafwijkingen in een groep van 67 patienten, die in
het verleden een transmuraal myocardinfarct hadden doorgemaakt. Eveneens werd het redistributiepatroon en de vitaliteit van het infarctgebied
onderzocht. De infarctgebieden met volledige redistributie op de thalliumscintigrammen waren duidelijker geassocieerd met normale wandbewegingen (7/11 = 64%) dan gebieden met een persisterend defect (7/
25 = 28%), welke duidelijk gerelateerd waren aan akinetische of dyskinetische wandbewegingen. Bij patienten met een doorgemaakt myocardinfarct
is het van belang gezond hartspierweefsel op te sporen in het vroegere
infarctgebied. Met behulp van inspanningsscintigrafie met thallium-201 is
het mogelijk patienten met een verhoogd risico op te sporen en binnen
het infarctgebied spierweefsel aan te tonen, dat is gebaat bij revascularisatie
en herstel van de bloeddoorstroming.
In hoofdstuk 8 werden twee discriminant analyses uitgevoerd bij 135
patienten, die niet eerder een myocardinfarct hadden doorgemaakt, om
de diagnostische waarde te verbeteren van kwantitatieve myocardscintigrafie met thallium-201. De discriminant analyse omvatte 13 niet-invasieve
variabelen. Twee verschillende discriniinantfuncties werden geconstrueerd
voor de discriminatie met betrekking tot de aanwezigheid en tot de
uitgebreidheid van coronaire hartziekte. Voor discriminatie met betrekking
tot de aanwezigheid werden zeven variabelen geselecteerd: anamnese,
geslacht, kwantitatieve analyse van opneming en uitstroom van thallium,
leeftijd, ischemische ST-segment verandering, angineuze klachten gedurende de test en het produkt van maximale hartfrequentie en bloeddruk.
Voor discriminatie met betrekking tot meervatslijden werden vijf variabelen
geselecteerd: het aantal vernauwde vaten voorspeld met behulp van kwantitatieve analyse, het aantal vernauwde vaten voorspeld met behulp van
visuele analyse, ischemische ST-segment verandering, leeftijd en angineuze
klachten gedurende de test. Dit onderzoek toonde aan dat met behulp
van de discriminantfuncties, de sensitiviteit met betrekking tot detectie
van haemodynamisch belangrijk coronarialijden duidelijk verbeterde, wanneer dit werd vergeleken met visuele en kwantitatieve analyse alleen (91%
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vs 70% en 66%), zonder verlies van specificiteit. Dit werd eveneens
aangetoond bij de voorspelling van meervatslijden: 78% vs 55% en 66%.
Aanvullend bleek dat de anamnese de hoogste onderscheidende waarde
bezat in het multivariate model voor diagnostische doeleinden. Deze
bevinding bevestigt het belang van een goede anamnese in de praktijk.
De resultaten van ons onderzoek geven aan dat kwantitatieve analyse
van de inspanningsopnamen in combinatie met de analyse van de uitstroom
van thallium-201 geen significant betere resultaten laat zien voor het
opsporen van coronarialijden. Hoewel de opsporing van meervatslijden
beter was met behulp van kwantitatieve analyse in een initiële studie, werd
dit niet bevestigd in een vervolgonderzoek. Discordantie tussen de resultaten
van visuele en kwantitatieve analyse komt vaak voor en betekent dat
computeranalyse van myocardscintigrammen met thallium een waardevolle
bijdrage levert bij de beoordeling, met name bij twijfelgevallen en bepaalde
typen patiënten.
Visuele en kwantitatieve beoordeling van myocardscintigrafie met thallium-201 na inspanning is van beperkte waarde voor het aantonen van
meervatslijden bij patiënten die in het verleden een myocardinfarct hebben
doorgemaakt. Het blijkt echter wel dat thalliumscintigrafle zeer waardevol
is voor de bepaling van resterend ischemisch hartspierweefsel in het
infarctgebied.
Met behulp van multivariate analyse kan de diagnostische waarde van
kwantitatieve myocardscintigrafie met thallium-201 significant verbeteren.
Dit onderzoek geeft aan dat met opeenvolgend onderzoek een goed
evenwicht gevonden kan worden tussen diagnostische doeltreffendheid,
patiëntvriendelijkheid en beperking van kosten.
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NAWOORD
Een stemming of een staat
Beneveling door wijn
Of nevels
Enkele nevels
En geen meer woorden
Geen gepeins
Geen al te veel muziek
Of bladerengeruis
Een bijslaap met een schim
Jan Hanlo

Stellingen, behorend bij het proefschrift: "The Clinical Value of Planar
Thallium-201 Myocardial Perfusion Scintigraphy".
1)

Myocardperfusiescintigrafie met thallium-201 blijkt vooral waardevol
bij patiënten met repolarisatiestoornissen op het electrocardiogram
in rust (dit proefschrift).

2)

Bij patiënten met een transmuraal myocardinfarct is thallium-201
scintigrafie een waardevolle methode om vitaal hartspierweefsel op
te sporen in het stroomgebied van het geïnfarceerde weefsel (dit
proefschrift).

3)

Door de combinatie van kwantitatieve myocardscintigrafie met thallium-201 na inspanning met andere niet-invasieve gegevens in een
multivariaat model kan de diagnose van significant coronarialijden
aanzienlijk worden verbeterd (dit proefschrift).

4)

Myocardperfusiescintigrafie na farmacologische dilatatie van de coronairarteriën door middel van dipyridamol-infusie biedt een waardevol
en veilig alternatief wanneer de conventionele inspanningstesten niet
uitvoerbaar zijn (Eur Heart J 1988; 9:1206-1214).

5)

Om de waarde van "single photon emission computed tomography"
(SPECT) van het myocard te verhogen dient men het onderzoek niet
in de gebruikelijke rugligging te verrichten, maar in buikligging en
de armen onder het hoofd gevouwen.

6)

Bij verdenking op een myxoma cordis (voorkeurslocalisatie in het linker
atrium) dient nauwkeurig naar meer localisaties in het hart te worden
gezocht (Eur J Cardio-thorac Surg 1989; 3:468-470).

7)

Patiënten met terminale nierinsufficiëntie dan wel met kunstnierbehandeling dienen in aanmerking te kunnen komen voor myocardrevascularisatie (Ned Tijdschr Geneesk 1986; 130:2264-2267).

8)

Progressie van atherosclerotische laesies in de coronaire arteriën is een
niet lineair verlopend proces, dat vrijwel onvoorspelbaar is (Am Heart
J 1989; 117:296-305).

9)

Het is opmerkelijk dat W. Einthoven (1860-1927) een fundamentele
bijdrage heeft geleverd tot de ontwikkeling van zowel de electrocardiografie, als de roeisport in Nederland, in het bijzonder als medeoprichter der U.S.R. "Triton".

10) Het huidige interdisciplinaire onderzoeksbeleid kan zich met voordeel
spiegelen aan een laat 18de eeuws voorbeeld: dat van de medicus en
"Pioneer of Geology" James Hutton (1726-1797), een vertegenwoordiger van het "Scottish Enlightenment" door wiens werk de kringloopgedachte vaste voet kreeg in de geologie.
11) Voor het 'Dorp achter Woerden' komen twee plaatsen in aanmerking:
Leiden en Utrecht. Dit wordt versterkt door de uitleg van 'via1 in
van Dale: "van Leiden reist men via Woerden naar Utrecht".
12) De oudste faculteit van het tandheelkundig onderwijs in Nederland
was gevestigd te Utrecht. Deze heeft een vooraanstaande rol gespeeld
in de tandheelkunde in Nederland en de organisatie en uitbreiding
van het onderwijs over meer Universiteiten. Het is daarom des te meer
te betreuren dat deze is opgeheven.
13) Voor een goede beoordeling van een bij een Medisch Tuchtcollege
aanhangig gemaakte klacht, gericht tegen een medisch specialist, is
het gewenst, dat tenminste de helft der geneeskundige leden van het
college, dat over de klacht moet oordelen, van hetzelfde specialisme
is als de aangeklaagde. Artikel 9 van de Medische Tuchtwet dient
daartoe te worden aangepast.
14) Het afschaffen van stellingen is voor de Leidse Universiteit ondenkbaar.
Leiden, 7 december 1989
M.G. Niemeyer

