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Preface

Cardiologists have a tradition of performing their own imaging pro-
cedures. Only rarely are echocardiography and cardiac catheterisa-
tion delegated to others. This practice is efficient because the findings
can be interpreted rapidly and accurately in the light of the clinical
problem. In contrast, nuclear cardiology investigations are com-
monly performed by a third party. Both imager and cardiologist
then need to be familiar with each other’s practice if the patient is
not to suffer. We are very fortunate to work in institutions where
the importance of a close liaison is recognised. Indeed, the distinc-
tion between nuclear physician, nuclear cardiologist and cardiologist
has become blurred. In this setting we are convinced that nuclear
cardiology can improve the quality of patient management by pro-
viding the functional information to complement the anatomical
information provided by, for instance, coronary arteriography.

The most important functional information in patients with coron-
ary artery disease is myocardial perfusion, for it is abnormalities of
perfusion that produce the symptoms that we treat with medication,
angioplasty and bypass surgery. Despite the importance of myocar-
dial perfusion, we have only one simple method with which it can
be assessed. Thallium scintigraphy has been available for almost two
decades but emission tomography is a more recent development
that has made an important contribution. The high contrast resolu-
tion inherent to tomography means that the presence or absence
of an abnormality can be determined with greater confidence than
with planar imaging, particularly in borderline cases. The three-
dimensional nature of tomograms means that the site and extent of
the abnormality can be judged more accurately, and the images can
be presented in planes familiar to cardiologists. Thallium tomo-
graphy has a reputation, however, for being difficult to perform
well. Certainly, the scope for artefact is greater with tomographic
imaging than with planar imaging. We are eager, therefore, to offer
our experience to others because, having conquered these problems,
we can clearly recognise the importance of the technique. We hope
that our experience will be helpful to cardiologists, nuclear phy-
sicians, radiologists and others involved in the assessment of the
cardiac patient using radiopharmaceuticals. We intend it to act as a
guide to normal and abnormal appearances and as an illustration of
the way in which thallium emission tomography can contribute to
patient management. Most of all, we hope that it will engender the
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PREFACE

same response from those unfamiliar with thallium tomography as it
did from one of our colleagues who shall remain nameless:

“I didn’t know you could do that. That could actually be useful.”

London, April 1991 Dudley ]. Pennell
Richard Underwood
Durval C. Costa
Peter J. Ell
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Abbreviations
BP Blood pressure PDA  Posterior descending artery
d Diagonal branch of PET  Positron emission
LAD tomography
ECG  Electrocardiogram RCA  Right coronary artery
HLA  Horizontal long axis SA Short axis _
LAD Left anterior SPET Single photon emission
descending tomography
LCx  Left circumflex VLA  Vertical long axis

LMS Left main stem

Notes

All exercise electrocardiograms reported in Chapter 6 were per-
formed using the standard Bruce protocol. The description of find-
ings at Coronary arteriography is limited to the abnormal findings
only. The diagrams of coronary arteriograms show stenoses in
red - one line, two lines or occlusion representing a mild or severe
stenosis, or occlusion respectively. For reasons of clarity, only the
most important stenoses are indicated and in cases with coronary
bypass grafting only the native vessels are shown. The drawings
that illustrate the site of thallium abnormalities are diagrammatic
only and defects may not always be fully appreciated in the limited
number of tomograms that can be displayed. White represents
normal uptake, light grey, mid-grey and dark grey represent in-
creasingly severe abnormalities.
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Chapter 1
Introduction

Nuclear medicine has enjoyed a resurgence of interest in recent years as the
value of the functional information that it provides is appreciated.’ In almost
every branch of medicine radiopharmaceuticals are used to measure organ
function and, combined with the anatomical information provided by other
imaging techniques such as ultrasound and radiology, this allows a more
objective approach to patient management than when functional informa-
tion is lacking. Cardiac patients in particular have benefitted from this
information. Since Laennec invented the stethoscope a steady stream of
technical developments has helped to measure cardiac function. By using
radiopharmaceuticals it is now possible to quantify more elusive aspects of
function such as global and regional ventricular function, valve function,
and myocardial perfusion and metabolism.

Radioactive tracers are uniquely suited to this non-invasive assessment.
They can almost be tailor made and can be administered in small volumes
into a peripheral vein either at rest or during one of a number of forms of
stress. Highly sensitive detectors are able to map the distribution of the
emitted radiation and either projectional (planar) images or three-dimensional
(tomographic) images can be recorded. Because the recording process is
computer controlled, the digital data are amenable to further processing.
Functional images can aid interpretation, and findings in any patient can
automatically be compared with a normal database. Thallium has a unique
place in non-invasive cardiac imaging. It is taken up by normal myocardium
in proportion to myocardial perfusion and for many years it has provided
the only simple method of assessing myocardial perfusion. A large body of
experience has accumulated and it is now used in the diagnosis of disease,
in its follow-up, and in the assessment of prognosis.

In contrast with the importance of nuclear medicine is its variable practice
between different hospitals and countries. The relatively low use of thalhum
scintigraphy in Great Britain has been demonstrated in a recent survey.? The
number of nuclear cardiological investigations performed in Great Britain in
1988 was 500 per million population. In the USA, the equivalent figure in
1985 was 3550.> Despite higher utilisation in the USA nuclear cardiology
facilities are not evenly spread and the majority of studies are performed in
a few active centres with other centres performing very few scans. These
discrepancies highlight a number of problems with thallium as an imaging
agent.
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® Only 5% of the injected dose is concentrated in the myocardium and the
remainder is taken up by skeletal muscle, stomach and gut.

® [t has a relatively long half-life and only a small dose can be given without
exposing the patient to unacceptable amounts of radiation.

® Its main emission is the 80 keV mercury X-ray which is of relatively low
energy and is easily attenuated by body tissue.

The three factors combine to produce thallium scintigrams of low resolu-
tion with a low signal to noise ratio, and the nuclear physician requires
considerable experience if the images are to be interpreted with confidence.
Using traditional planar imaging the superimposition of normally and ab-
normally perfused areas reduces the contrast of the abnormal areas and this
further complicates the interpretation of their severity and extent. Fortun-
ately, a number of developments have greatly improved the position, most
important of which has been the growth of emission tomographic imaging
which is to planar imaging as X-ray tomography is to the plain X-ray.

Several studies have compared planar thallium imaging with tomography.
The results vary but the general trend is that tomographic imaging provides
a higher sensitivity for the detection of perfusion abnormalities without the
loss of specificity. For instance, Fintel et al.* found the sensitivity and
specificity using planar imaging to be 84% and 90% respectively, and using
tomography to be 91% and 90%. Because these figures depend to a large
extent on the characteristics of the population tested, they also used receiver
operating characteristics curves (or ROC analysis) to compare techniques.
Over the entire range of decision thresholds, tomography was superior to
planar imaging for the territories of the left anterior descending and circum-
flex arteries, although there was no difference for the right coronary artery.
Tomography was particularly helpful in males, those with mild or single
vessel coronary disease and those without prior infarction. These simple
numbers probably underestimate the value of tomography because the in-
formation in a thallium scan is much more than the binary result of disease
present or disease absent. It is also possible to quantify the site, extent and
severity of the perfusion abnormalities and in this respect tomography is
helped by the avoidance of overlapping structures.

It must be acknowledged at the outset that not all nuclear physicians
agree about the superiority of tomography over planar imaging. Whilst
none can doubt the theoretical superiority of tomographic imaging, there
are practical problems in acquiring good quality tomograms. If errors of
technique and artefacts are not recognised, then tomograms certainly do
have a greater potential than planar imaging to provide misleading results.
Our own experience indicates that good quality tomography is an essential
part of myocardial perfusion imaging and for this reason we document our
experience in subsequent chapters.
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Chapter 2
Radiopharmaceuticals

The use of radiopharmaceuticals for the investigation of the cardiovascular
system began in 1927 with the use of radium C to measure circulation time
by Blumgart and Weiss.' Since then, there has been considerable develop-
ment and the milestones are summarised in Table 2.1. The tracers can be
divided into three groups. First, those that label the blood and hence allow
the assessment of ventricular function and blood flow. Second, those that
label the myocardium to provide information on myocardial perfusion or
metabolism. Third, those that are localised in damaged endothelium or
atheroma and so can be used to assess disease of the arterial wall directly.
The following discussion is limited to the common tracers used to image
myocardial perfusion.

Myocardial Perfusion Tracers

Early myocardial perfusion imaging used the monovalent cations caesium-
131,3 rubidium-81% and potassium-43%¢ but did not gain widespread clinical
acceptance because of the relatively poor imaging characteristics of the
radiopharmaceuticals. The development of thallium-2017 paved the way for
routine myocardial perfusion imaging in the detection of reversible and
irreversible ischaemia.

The ideal tracer for the assessment of myocardial perfusion possesses a
number of properties. It should be distributed in the myocardium in propor-
tion to blood flow over the range of values experienced in health and
disease. It should be extracted efficiently from the blood by the myocardium
on its first passage through the heart. It should remain within the myocar-
dium for the period of data acquisition. After acquisition, rapid elimination
from the body should allow repeat studies under different conditions. Other
desirable properties are that it should have a high photon flux at an energy
between 100 and 200 keV, a low radiation burden to the patient, it should
be easily available, and it should be cheap. Needless to say, no tracer so far
possesses all of these properties and compromises have to be made.

Unfortunately, none of the tracers in routine use allows measurement of
myocardial perfusion in absolute terms (ml/min/g) and the best that can
be achieved is a measure of the relative distribution throughout the
myocardium.
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Table 2.1 Milestones in the development of nuclear cardiology tracers

Year Procedure Tracer Authors

1924-27  Circulation time Radium C Blumgart, Weiss

1948 Radiocardiography %Na Prinzmetal

1955 Radiocardiography l-albumin McIntyre, Donato
1960/65  Myocardial perfusion 86Rb, 131Cs Carr, Planiol

1964 Pulmonary perfusion BILMAA Taplin

1970/71 Radionuclide ventriculography 99"‘Tc—erythrocytes Adam, Bitter, Strauss, Pitt
1973 Myocardial infarct imaging 9mTc-pyrophosphate  Bonte

1973 Myocardial perfusion 201T] chloride Lebowitz

1977 Myocardial metabolism 131 fatty acids Feinendegen, Stoecklin
1981 Myocardial innervation 1231 MIBG Kline

1984 Myocardial perfusion 99mTc-MIBI Jones, Holman

1987 Myocardial perfusion 9mTc-teboroxime Meerdink

Thallium-201

Thallium-201 is the most commonly used radionuclide for myocardial per-
fusion studies. Compared with the ideal tracer outlined above, it has a
number of unfavourable properties but, because of the large experience with
its use, it is the standard against which other tracers must be judged.
Elemental thallium was discovered in 1861 by Crookes, who later invented
the vacuum tube which is known by his name and with which Roentgen
discovered X-rays in 1895. It is a metallic element in group IIIB of the
periodic table under boron, aluminium, gallium and indium. Thallium-201 is
a cyclotron-produced radioisotope. A generator is not available and it is
therefore supplied in unit doses. It decays by electron capture to mercury-
201 with a physical half-life of 72h. Gamma photons of 135 and 167 keV are
emitted (12% abundance) but the main emission is the mercury X-ray of
67-82 keV (88% abundance). There is no physical difference between y-rays
and X-rays but the former are the result of nuclear transitions and the latter
of electron transitions.

2071 + e~ 22 QHg + X + v

Thallium is administered intravenously as thallous chloride and the usual
dose is 80MBq. Higher doses have become popular in some countries
although the high radiation burden associated with such doses is a prob-
lem. Uptake is rapid and the biological half-life in the blood is only 30s.®
Following intravenous injection, approximately 88%° is cleared from the
blood after the first circulation but because the heart receives 5% of the
cardiac output, only 4% of the total dose is taken up by the myocardium.? 0
The hydrated thallous ion (TI") is similar in size to the hydrated potassium
ion (K*) and the early literature suggested that uptake into cardiac and
skeletal muscle cells is an active process involving the sodium-potassium
ATPase enzyme system.'"'? More recently this has been questioned because
uptake is not reduced by cardiac glycosides''* and the thallium may enter
the cells passively along an electropotential gradient. Myocardial extraction

6
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exceeds that of other tissues which is helpful for cardiac imaging, and it is
unaffected by beta-blockade.'® The extraction efficiency is reduced by acidosis
and hypoxaemia'* although these are only small effects and may not reduce
extraction significantly until close to cell death.'®’® The commonly held
belief that thallium uptake depends on both perfusion and ischaemia ap-
pears to be incorrect.’® Distribution within the myocardium is therefore
proportional to myocardial blood flow over a wide range of values although
at high rates of flow, extraction may become rate limiting.'*?* Although
defects reflect impaired perfusion it has been suggested that in some cardio-
myopathies, especially those associated with the muscular dystrophies, de-
fects may arise from impaired extraction alone.

Once within the heart, the half-life of elimination of thallium is 7h. The
slow washout may either be explained by binding within the cell*! or by the
adverse electropotential gradient. The infusion of glucose and insulin in
animals increases the clearance of thallium from the myocardium® and a
carbohydrate meal between stress and redistribution imaging has been
shown in humans to interfere with the diagnosis of reversible ischaemia.
The redistribution thallium images should therefore be acquired under fast-
ing conditions.?

Thallium is usually given at peak exercise which is then continued for two
minutes in order to maintain stable conditions over the period of extraction
of tracer by the myocardium. Imaging is begun within five minutes of
injection and should be completed within 30 minutes. During this period
the distribution of thallium within the myocardium is relatively fixed and,
despite the cessation of exercise, the images reflect myocardial perfusion
at peak stress. In fact, there is a slow equilibration between intracellular
thallium and the very low level of intravascular thallium, so that the pattern
of distribution slowly alters to reflect the changing conditions. Several hours
after injection at stress, the thallium has redistributed and the images
obtained at this time are similar to those that would have been obtained had
the thallium been injected at rest. This redistribution is not entirely passive
since the rate at which thallium washes out from ischaemic myocardium is
lower than that from normal myocardium. This is shown in Fig. 2.1 in which
the activity of three territories of myocardium have been plotted against
time. The normal region shows the highest uptake but rapid and substantial
washout. The ischaemic region shows depressed initial uptake and little
washout with time, so that after 120 minutes the activity is similar to the
normal region. In an infarcted region the initial activity is low and falls with
time maintaining a clear difference with the other territories.?*

The practical consequence of the slow redistribution of thallium is that the
images acquired shortly after injection reflect myocardial perfusion during
stress and those several hours later reflect resting perfusion. Non-viable
myocardium such as in an area of infarction will show a fixed defect but
myocardium that is affected by a haemodynamically significant coronary
stenosis will show an initial defect of uptake that becomes normal in the
redistribution images. This simple explanation is complicated by factors such
as delayed redistribution and stunned or hibernating myocardium which are
discussed in Chapter 5.

In normal volunteers, little thallium is taken up by the lungs although
uptake is sometimes seen in heavy smokers. A high pulmonary capillary
pressure leads to exudation of fluid and thallium into the extracellular and

7
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Fig. 2.1. Time-activity curves for three myocardial regions after **'thallium injection at peak

stress. See text for details. (Adapted from reference 24 with permission.)

alveolar spaces, and so patients with left ventricular dysfunction leading to a
raised left ventricular end diastolic pressure and pulmonary oedema may
have significant lung uptake at rest. Even in the absence of resting left
ventricular dysfunction, stress-induced myocardial ischaemia may lead to
similar changes. Such a finding, therefore, indicates a significantly jeo-
pardised left ventricle and hence a poor prognosis.

Thallium has been used routinely as a tracer of myocardial perfusion for
almost two decades and the experience collected over this time is consider-
able. Normal appearances of both planar and tomographic images are well
established and the protocols for acquisition and image processing have been
standardised. The radiopharmaceutical is widely available at short notice
and its cost is low. It does, however, have some important limitations.

First, because of the relatively long half-life within the body, radiation
exposure to the patient is high. Eighty megaBecquerel delivers an effective
dose equivalent of 25mSv which is considerably less than the normal ex-
posure during coronary arteriography and is similar to that during X-ray
transmission tomography or intravenous urography. On the principle that
radiation exposure should be minimised it is difficult to justify frequent
scans in an individual. Second, because of the desire to limit radiation
exposure the injected dose is kept low and, to compound the problem, only
5% of the injected dose is taken up by the myocardium. The rest is widely
distributed mainly to skeletal muscle and the gut. The count density of the
myocardial images is therefore low with high background levels. Third, the
low energy emission at 80 keV leads to low resolution images with significant
attenuation by soft tissues. Technetium-99m compounds do not suffer the
first and third of these problems and this has encouraged the development
of such tracers.
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Technetium-99m 2-Methoxy-isobutyl-isonitrile

Although thallium has provided excellent service since its introduction in
1975,7 its physical limitations have led to the search for technetium-99m
analogues. Two main classes of compounds have emerged: the isonitriles?
and the substituted oximes. A number of early technetium-99m isonitriles
suffered from high lung and liver uptake. 2-Methoxy-isobutyl-isonitrile
(MIBI) has the best myocardium to background ratio and is now available
commercially. Its advantages over thallium are its lower radiation burden to
the patient and the higher resolution images that it provides, but it is
expensive. In clinical practice it provides at least the same sensitivity and
specificity for the detection of coronary artery disease.?*%

#™Tc-MIBI is a cationic complex of 2-methoxy-isobutyl-isonitrile copper
(1) tetrafluoroborate and formamidine sulphinic acid. It concentrates mainly
in the cytosol of normally perfused myocardium by an active uptake mechan-
ism that is impaired by ischaemia.?® Its clearance from the blood is rapid
with a half-life of less than two minutes, although first pass extraction is
lower than thallium. Within the cytosol, it is bound to proteins with molec-
ular weights between 5000 and 8000 daltons. In contrast to thallium, **™Tc-
MIBI is taken up by the liver and this hinders imaging of the myocardium if
only planar images are acquired.

The most important clinical difference between *™Tc-MIBI and thallium is
that the technetium compound does not redistribute from its initial pattern
of uptake. Thus, in order to compare stress and resting perfusion, two
separate injections have to be given. The 6h half-life of technetium-99m
means that the two studies should be performed on separate days if activity
from the first injection is not to confuse the images following the second
injection. Alternatively, the two studies can be performed on the same day if
a larger dose (three to five times) is given on the second occasion in order to
swamp the activity remaining from the first injection. Same day protocols
are, however, probably inferior to separate day protocols.?’

Another consequence of the lack of redistribution of “*™Tc-MIBI is that
stress imaging can be delayed for some time after injection. Indeed, it is
advisable to do so in order to allow the ratio of myocardial to liver and lung
uptake to increase. Best contrast is obtained in images acquired 1-2h after
injection. There is no longer a need to perform exercise close to the gamma
camera and injections can be made during normal treadmill exercise testing,
in the catheter laboratory, or in the coronary care unit immediately before
thrombolysis. Particularly promising studies involve giving the injection
immediately before thrombolysis in patients with acute myocardial infarc-
tion. Later reinjection and imaging allow the amount of myocardium that
has been salvaged by thrombolysis to be established.>’ Yet another con-
sequence of the lack of redistribution is the ability to perform ventricular
function studies either by following the first pass of the tracer through
the heart or by electrocardiographically gated acquisition of the myocardial
image.

E§1ission tomograms using **"Tc-MIBI have higher spatial resolution and
higher count densities than when using thallium because of the higher
energy photon produced by *™Tc (140keV) and the shorter half-life (6h)
which allows larger doses to be given for the same radiation burden. For a
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total dose of 1370 MBq split into two parts for stress and rest imaging, the
effective dose equivalent is 17 mSv.

Technetium-99m Teboroxime

Another group of compounds that has shown promise for myocardial
perfusion imaging is that of boronic acid adducts with technetium dioxime.!
Technetium-99m teboroxime is a neutral lipophilic molecule which is
efficiently extracted by the myocardium from the blood but which has a very
short residence time within the myocardium. Washout from the myo-
cardium is biphasic, with 60% of the injected dose having a half-life within
the myocardium of 5 min and the remaining 40% having a half-life of more
than 70 min. Data acquisition, therefore, has to be very rapid although
repeat studies can be performed rapidly. If emission tomography is to be
performed, specialised equipment such as a multiple-headed gamma camera
is probably necessary.
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Chapter 3
Stress Techniques

The response to stress is central to the assessment of most aspects of cardio-
vascular function. It is particularly important for coronary artery disease
because resting coronary flow is normal until the luminal cross-sectional
area of a coronary artery is reduced by approximately 85%, and resting
ischaemia only occurs when the artery is virtually occluded.! However, the
maximal flow in the artery is impaired when a luminal stenosis of 50% is
present.’ Thus it is the failure of coronary flow to increase in response to
stress that is the predominant functional impairment in coronary artery
disease. The ratio of max1ma1 to resting flow in an artery is defined as the
coronary flow reserve® and this measure is useful because it assesses the
overall haemodynamic significance of a lesion, without the difficult task of
quantifying morphology.®> Most investigative techniques use some form of
cardiovascular stress to highlight differences in the coronary flow reserve
between arteries (Table 3.1). Most of these induce myocardial ischaemia by
the manipulation of myocardial oxygen demand but some, such as dipyri-
damole, have a primary action on myocardial blood flow.

The most commonly used method of stressing the cardiovascular system
is dynamic exercise. This has the advantage that it is physiological and
mimics the stress that may provoke symptoms in patients with coronary
artery disease. Particularly for myocardial perfusion imaging, other methods
of challenging the cardiovascular system are possible, and it is important to
be aware of the strengths and weaknesses of each technique so that they can
be applied appropriately. Our own routine is to use maximal dynamic
exercise combined with intravenous dipyridamole, but we use intravenous
dobutamine if exercise is difficult, or if dipyridamole is contraindicated, and
we anticipate that we shall use adenosine increasingly as a substitute for
dipyridamole as more experience is gained.

Drug Treatment

A common question is what to do with the patient’s medication before a
stress test. Most cardiac drugs will affect the response to stress and beta-
blockers in particular will blunt the heart rate response to exercise. It is
important therefore to record the patient’s medication and the time of the
last dose. Whether to stop medication before the test depends on the in-
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Table 3.1. Common forms of cardiovascular stress

Advantages Disadvantages
Dynamic exercise ® effective ® often limited by non-cardiac
® familiar to all cardiologists symptoms
® physiological and mimics
everyday life
Isometric exercise ® easily performed ® very poor sensitivity
® high specificity ® uncomfortable for the patient
Cold pressor ® easily performed ® very poor sensitivity
stress e high specificity e painful for the patient
Mental stress ® physiological ® very poor sensitivity
Atrial pacing ® level of stress easily controlled ® non-physiological
and reversed ® invasive
® easily coupled with invasive

Dipyridamole
(oral)

Dipyridamole
(intravenous)

Adenosine

Dobutamine

measurements

® easily administered
® avoids the need for dynamic

exercise but can be coupled with
it if desired

easily reversed by aminophylline

as for oral
more predictable action

fewer side effects of shorter
duration, especially if coupled
with exercise

easily administered
rapid recovery

easily administered

rapid recovery

almost physiological action and
maximum tolerated dose is
related to exercise time
abnormalities of perfusion and
wall motion more marked than
with vasodilators

suitable for electrophysiological,
wall motion, perfusion or
metabolism studies

® non-physiological

® unpredictable rate of
absorption

® frequent side effects

® contraindicated with
bronchospasm

® increased splanchnic uptake
of thallium

® defects milder than produced
by exercise

® as for oral, but see
advantages (left)

® not an ideal agent for
electrophysiological or wall
motion studies

® non-physiological
® relatively expensive

® antagonised by beta-
blockade

formation that is required. If the clinical problem is the diagnosis of coronary
artery disease then the test will be most sensitive in the absence of anti-
anginal therapy. More commonly, the clinical question is whether there is
evidence of reversible ischaemia in a patient with known coronary artery
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disease. Drugs need not then be stopped although the findings will have to
be interpreted in the light of the current medication. If drugs are to be tem-
porarily withdrawn, 24h is sufficient for most short-acting drugs such -as
nitrates and calcium antagonists, but 48h is required for beta-blockers
because of their prolonged antianginal effect. Concern is sometimes ex-
pressed that withdrawal of beta-blockers may lead to a worsening of angina,
rest pain or even infarction. This is uncommon, however, and temporary
withdrawal is normally considered to be safe, provided that the patient is
instructed to take glyceryl trinitrate as required and to contact a doctor or
restart normal medication in case of intractable angina.

Dynamic Exercise

Dynamic exercise is performed on a treadmill or a bicycle ergometer. The
increase in heart rate and blood pressure raises myocardial oxygen demand
to the point where demand exceeds supply in territories served by diseased
coronary vessels. During maximal dynamic exercise in humans, coronary
flow has been shown to increase by a mean of 2.7 times the baseline value,*
with limitation in diseased vessels. Dynamic exercise is safe in the cardiac
patient, although there is a small morbidity and mortality and it should be
performed under controlled conditions by personnel familiar with resuscita-
tion.>® Contraindications to dynamic exercise include unstable angina, pre-
vious adverse event during exercise, and obstruction to left ventricular
outflow. Some physicians are also reluctant to exercise patients with recent
infarction or with extensive ischaemia such as might be caused by left
mainstem coronary disease. As with many contraindications these are only
relative, and patients in the above categories may be exercised cautiously by
experienced physicians.

There are both physiological and practical differences between exercise on
a treadmill and on a bicycle. The most important practical difference is that
all patients are familiar with walking but some are unable to coordinate
sufficiently to pedal a bicycle. Heart rates achieved are usually less on a
bicycle than on a treadmill because leg fatigue is often a limiting factor
especially in the frail and elderly. It is difficult to compare levels of exercise
achieved in stages on a treadmill with the number of watts achieved on a
bicycle, because body weight affects the former but not the latter.

Despite the potential advantages of the treadmill over the bicycle, our
own preference is for the bicycle because it is simpler to coordinate the
injection of tracer or pharmacological stressor, and the incidence of hypo-
tension caused by vasodilators such as dipyridamole is reduced and simpler
to treat if the patient is already supine. To achieve high levels of exercise in
the majority of patients is a skilled task that should not be delegated to the
inexperienced. Exercise is begun at 25W and increased each 2 min in 25W
increments until limited by symptoms, relative hypotension, or significant
ventricular dysrhythmia such as ventricular tachycardia (Table 3.2). Exercise
should not be stopped simply because a target heart rate is achieved, because
of ST segment changes or because of benign dysrhythmias such as ven-
tricular ectopic beats. It is useful to know the maximum predicted heart rate
for the patient since the closer the heart rate to this level, the more complete
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Table 3.2. Indications to terminate a dynamic exercise test

® patient fatigue, provided they have been suitably encouraged

® intolerable symptoms such as chest pain, dyspnoea, claudication. With encouragement, the
patient may exercise beyond initially reporting the symptom

® fall of systolic blood pressure by more than 10 mmHg compared with the previous level of
stress

® new ventricular dysrhythmia such as couplets, tachycardia or fibrillation. Isolated ectopic
beats need not be a reason for termination

® new atrial dysrhythmia if poorly tolerated such as rapid tachycardia or fibrillation

ST segment depression alone or achievement of a target heart rate need not be a reason for stopping.

has been the stress. A rough guide to the maximum heart rate is 220 minus
the age of the patient for men and 210 minus age for women.

During dynamic exercise the electrocardiogram should be monitored and
pulse and blood pressure should be recorded at the end of each stage. Many
departments only monitor a single bipolar lead such as CMS5, which is
recorded between a lead placed in the fifth intercostal space in the anterior
axillary line and another on the right shoulder. Other departments record a
full twelve lead electrocardiogram. This gives additional information but
requires more complex equipment, more time, and greater attention to
detail. The site of ST segment changes is not a good guide to the site of
ischaemia.”

Thallium is injected at peak exercise and is best given into a cannula in an
antecubital vein and flushed with normal saline. The patient should be
encouraged to exercise for a further minute to maintain stress while the
thallium is taken up by the myocardium but, if necessary, the level of stress
can be reduced in this final minute. Although imaging should be begun
within 5 min of tracer injection, it is sometimes necessary to allow a longer
period of recovery before moving the patient to the camera and away from
ECG monitoring.

Pharmacological Stress

Many patients with coronary artery disease are unable to exercise to their
full potential because of vascular disease elsewhere or other physical or
psychological problems. Pharmacological manipulation of myocardial blood
flow and myocardial oxygen demand can overcome this problem and a
number of approaches have been used.

Dipyridamole

Dipyridamole is familiar as an inhibitor of platelet aggregation but it is also a
potent coronary arteriolar dilator. It is relatively specific for the myocardial
arteriole, although it dilates arterioles in a number of other organs including
the skin and gut. It was initially proposed as an antianginal agent, but its
lack of efficacy was soon demonstrated.” Its action on the arteriolar smooth
muscle cell arises from an increase in the interstitial level of adenosine

16



STRESS TECHNIQUES

caused by inhibition of the facilitated uptake of adenosine, and by inhibition
of the breakdown of adenosine by adenosine deaminase. Activation of the
myocyte membrane purinoceptors by adenosine leads to an increase of
intracellular cyclic adenosine monophosphate and hence arteriolar vasodila-
tion.” The increase in coronary arterial flow in humans using Gould’s
original regime of 0.56 mg/kg over 4 min'’ is variable but it is reported to
be between 250%'! and 600%.'* The flow reserve is reduced in arteries with
fixed stenoses,'® and the differential flow between territories served by
normal and by stenosed arteries may be sufficient to produce an apparent
defect of thallium uptake even though flow may be increased in the ab-
normal area.'*

It is also possible to produce ischaemia in the territory of a stenosed
artery, and although the mechanisms of this ischaemia are complex there are
three possible explanations. First, an increase of flow across a stenosis leads
to a fall in distal perfusion pressure with preferential shunting to the sub-
epicardium'* !> which may be sufficient to cause subendocardial ischaemia.”
Second, flow in high-resistance collateral vessels serving the area of a
diseased artery may be reduced because of the generalised vasodilation and
fall in perfusion pressure. This will be exacerbated by the small reduction
in diastolic blood pressure caused by dipyridamole.!® Third, dipyridamole
causes a small increase in the rate pressure product, mainly because of the
reflex tachycardia which raises myocardial oxygen demand.!¢

Dipyridamole can be given either orally or intravenously. It does not have
a licence for intravenous administration in all countries, but this exists in the
UK and was approved in 1991 for the USA. When given orally, the normal
dose is 300 mg of crushed tablets and intravenously it is given as a 4 min
infusion of 0.56mg/kg. The perfusion tracer is either given 1h after oral
dipyridamole or 4 min after the end of the infusion. Because gastric absorp-
tion of dipyridamole is very variable, plasma levels after an oral dose are
unpredictable!” and the time of maximum coronary flow is unknown. This
makes oral administration unreliable for the production of perfusion ab-
normalities and it leads to a high incidence of side effects. Intravenous
administration is therefore preferred. In humans, peak coronary flow occurs
approximately 4 min after the end of the infusion!? and reaches an average
of five times the baseline value.'? The coronary flow remains elevated near
peak levels for up to 10 min,'® with a fall towards baseline values over
30 min.*

Following intravenous administration, chest pain occurs in roughly one-
fifth of patients and non-cardiac side effects in one-third. Aminophylline is
a specific antagonist of the action of adenosine on the purinoceptor and a
slow intravenous injection (up to 250 mg) reverses the adverse effects. We
normally only use aminophylline to counteract severe ischaemia caused by
dipyridamole or the symptoms of peripheral vasodilation such as hypo-
tension, but milder chest pain may also be helped by sublingual nitrates.
Dipyridamole is contraindicated in patients with reversible airways disease,
as it may also act on bronchial smooth muscle and provoke bronchospasm.?’
Because caffeine antagonises the action of dipyridamole, cocoa, tea, coffee
or colas should not be taken for 12 h before the test.

Intravenous dipyridamole is as effective as dynamic exercise in the detec-
tion and assessment of coronary artery disease* and it has proved particularly
useful in patients unable to exercise, such as those undergoing peripheral
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arterial surgery.?* It also has a good safety record.’?® In the largest pub-
lished study of 3911 patients, four (0.1%) suffered myocardial infarction
within 24 h of infusion, but three of these had unstable angina.?* Two of the
patients died. In another study of 170 patients with known or suspected
unstable angina, dipyridamgle infusion was associated with two small in-
farctions (0.3%) but no deaths.?* Because of the high risk of infarction in the
natural history of patients with unstable angina, it is not possible to con-
clude that this was a specific effect of dipyridamole, but the use of dipyri-
damole stress in these patients has to be carefully balanced against the value
of the result. Following dipyridamole, significant dysrhythmias are rare®
but ventricular premature beats are common. Ventricular fibrillation has
been described although this case was complicated by the use of high dose
aminophylline.®

Adenosine

Dipyridamole acts as a vasodilator indirectly by increasing interstitial adeno-
sine, but it is also possible to give adenosine intravenously for a direct effect.
The main advantage of adenosine is its very short plasma half-life of less
than 10 s which simplifies the control of plasma levels and leads to increased
safety and a reduction in the duration of side effects. An intravenous in-
fusion rate of 140 pg/kg/min causes maximal or near maximal hyperaemia in
92% of patients, with mean coronary flow increasing by 4.4 times the resting
value.?” During the infusion there is a marked increase in cardiac output and
pulmonary capillary pressure. The heart rate increases with a fall in blood
pressure and the epicardial coronary vessels dilate. For clinical imaging, this
infusion rate can be given for 6 min with injection of thallium 2 min from
the end. It should not be administered to patients with reversible airways
disease.

At the time of writing, the published experience with adenosine in humans
is limited. One study reported chest pain in 57% of patients,?® although this
does not necessarily imply myocardial ischaemia because adenosine may
cause chest pain even in volunteers with normal coronary arteries and
normal perfusion.?” Headache and flushing were common and first degree
atrioventricular block occurred in 10%. All these side effects were short
lived. The predictive accuracy of adenosine stress was slightly higher than
dynamic exercise stress (90% vs 80%),%° and the combined sensitivity and
specificity of these tomographic studies was 89% and 96% respectively. This
compares favourably with the results obtained using dynamic exercise and it
is likely therefore that the use of adenosine will increase.

Dobutamine

Both dipyridamole and adenosine are arteriolar dilators, but an alternative
approach to pharmacological stress is to increase myocardial oxygen
demand by increasing heart rate and blood pressure. This is more physio-
logical than manipulation of coronary flow because it is more closely related
to the cause of symptoms in everyday life. Myocardial oxygen demand
can be increased using a B-agonist, the ideal properties of which should
include: a short half-life, low arrhythmogenicity, peripheral vein adminis-
tration, coronary vasodilation and familiarity of use. Dobutamine fulfils
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these criteria and dobutamine myocardial perfusion studies have been very
successful®3® with a sensitivity of 94% and a specificity of 87% for the
detection of coronary artery disease in tomographic studies. Dobutamine is
infused into a peripheral vein starting at 5ug/kg/min and increasing in
increments of 5pg/kg/min, usually to a maximum of 20pug/kg/min, al-
though some studies have used a maximum of 40pg/kg/min. Each stage
should last for 5 min to allow stabilisation of the haemodynamic effect
(dobutamine has a plasma half-life of 90s). In addition to the controlled
increase in myocardial oxygen demand, dobutamine has some other import-
ant actions in the production of ischaemia.* The coronary perfusion press-
ure distal to a stenosis falls because of increased flow. This, combined with
the increased wall tension, helps to explain the heterogeneity in coronary
flow that occurs with dobutamine and the observed shunting of blood from
the subendocardium to the subepicardium. Dynamic flow resistance may
also increase at the site of a coronary stenosis. These effects mimic in part
the actions of dipyridamole.

Dobutamine infusion is safe in patients with coronary artery disease and
no serious complications have been reported, although experience is still
accumulating. In our own study of 50 patients there were no serious side
effects although 78% of patients experienced chest discomfort.> Arrhy-
thmias occurred in 38% of patients but were never significant and consisted
mainly of occasional ventricular premature beats. Non-cardiac side effects
were reported by 64% of patients but were mild in nature, usually skin
tingling, heart pounding or flushing. All side effects were relieved within a
few minutes of stopping the infusion. Dobutamine increased systolic blood
pressure and heart rate leading to a doubling of the double product at
20 pg/kg/min. The positive inotropic and chronotropic effects of dobutamine
make it unsuitable for patients with contraindications to dynamic exercise,
most importantly aortic stenosis and unstable angina. The action of dobuta-
mine is antagonised by beta-blockers which must therefore be discontinued
at least 48 h before the study. It is possible that higher doses of dobutamine
will overcome the antagonism but the safety of such a policy has not been
established.

Choice of Stress Technique

Dynamic exercise is the preferred technique for stressing patients during
myocardial perfusion imaging because it is so familiar to cardiologists and
because the level of exercise achieved is an important part of the objective
assessment of symptoms. In patients unable to exercise, any of the pharma-
cological methods described above provide excellent alternatives. Dipyri-
damole myocardial perfusion imaging is well validated and produces results
similar to dynamic exercise.?>3¢ Experience with dobutamine is more limited
but it should be used in patients with bronchospasm who are unable to
exercise. Its advantages over dipyridamole are its short duration of action
and the more profound perfusion defects that it produces. For imaging
techniques that rely on abnormal wall motion for the detection of ischaemia,
it is certainly superior.?~3°
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Our current routine practice is to combine maximal dynamic exercise with
intravenous dipyridamole. This increases the sensitivity of the technique for
the detection of perfusion defects and it increases the conspicuity of the de-
fects.*>*! The side effects of dipyridamole that are caused by peripheral
vasodilation are reduced by exercise and the splanchnic vasoconstriction
caused by exercise improves the ratio of myocardial to background counts
when compared with dipyridamole alone. The combination has the added
advantage that it is often difficult to predict in advance if exercise will be
limited by non-cardiac symptoms. If it is, then the dipyridamole alone may
be sufficient to provoke a defect.*** Because the intravenous dipyridamole
causes peak coronary flow 4 min after the end of infusion with an effect
lasting up to 10 min, it is given at the beginning of exercise unless the
patient has a poor exercise tolerance when it should be administered prior to
exercise.
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Chapter 4
Imaging Techniques

The Gamma Camera

Almost without exception, modern nuclear medicine images are acquired
using a gamma camera based on the principles first suggested by Anger in
1957 (Fig. 4.1).) The camera consists of a scintillation detector made of a
single sodium jodide crystal which is typically between 200 mm and 500 mm
diameter and between 6 and 20 mm thick. Behind the crystal are a number
of photomultiplier tubes (up to 90 or 100) which are optically coupled to the
surface of the crystal and which sense the scintillations arising whenever a
gamma ray is absorbed by the crystal. The areas of crystal seen by the tubes
overlap, but the location of each scintillation can be computed from the
relative responses in each tube. The energy of the photons can also be
measured from the response of the tubes, and the electrical output from the
camera head to the imaging computer consists of x and y coordinates and
photon energy (z) for each scintillation that is detected. In front of the crystal
is a collimator which consists of a disc of lead penetrated by a honeycomb of
holes. The holes allow only gamma rays that are travelling perpendicularly
to the crystal face to enter the crystal and in this way the gamma photons
absorbed by the crystal form an image of the distribution of radionuclide in
front of the camera.

In order to perform emission tomography, the camera must rotate around
the patient. The mechanics of the rotation vary between manufacturers but
an essential component is that the orbit must be precise, accurate and
reproducible. Such mechanical stability does not always correspond with
simplicity and elegance of design but good compromises have been achieved.

Emission Tomography

Emission tomography (from the Greek -topwg, cutting) using radionuclides
was first described in 1963 by Kuhl and Edwards,? 10 years before Houns-
field and Ambrose described X-ray transmission tomography,®* but per-
formance of the imaging hardware and reconstruction software was such
that image quality was poor. Within the last ten years, improvements in
both have led to the widespread use of emission tomography in nuclear
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Fig. 4.1. A modern gamma camera.

medicine. Its use in nuclear cardiology has mainly been restricted to myo-
cardial perfusion imaging and acute infarct imaging. Electrocardiogram
gated blood pool emission tomography has not been widely developed,
principally because appropriate computer software has not been available
commercially, but there are some reports of its application.”™®

In general nuclear medicine, planar imaging is the normal method of
image acquisition. Indeed, planar myocardial perfusion imaging using
thallium has served cardiologists well for many years. Projectional imaging,
however, suffers from the disadvantage that it is difficult to separate the
activity from overlapping structures. The acquisition of multiple projections
can ease this problem and it is usual to acquire anterior, left anterior oblique
and left lateral images. With experience, the different areas of myocardium
can be localised on these images and the site and extent of perfusion defects
can be deduced.

Table 4.1. Guidelines to good quality thallium emission tomography

Technical aspects

® Regular checks of camera quality must be made, including weekly centre of rotation
measurements and uniformity correction acquisitions of 3 x 107 counts.

® The camera orbit must be as close as possible to the chest wall.

® The patient must be comfortably positioned during acquisition in order to avoid motion
artefact.

Clinical aspects

® The thallium must be injected at maximal or symptom limited exercise. The operator should
be familiar with exercise testing and its potential complications and should not be afraid of
stressing cardiac patients.

® The operator’s clinical assessment at the time of exercise is invaluable. Clinical observations
at peak exercise increase confidence in the assessment of the presence of ischaemia. The
observations are an essential part of the report.

® There must be close liaison between the requesting clinician, the doctor performing the scan,
and the reporter. Ideally, the three should be the same. Failing this, the clinical question
must be clearly defined and the consequences of the findings must be understood by the
reporting doctor.
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Tomography is an extension of the multiprojection method of acquiring
planar images. A number of equally spaced views (typically 32) is acquired
as the camera rotates around the patient. The planar views are then recon-
structed into tomograms using similar algorithms to those used in X-ray
transmission tomography. The advantages of tomography over planar imag-
ing include a true three-dimensional display of the distribution of the tracer
within the heart which aids interpretation, improved image contrast because
of the elimination of overlying structures, and the potential for quantifica-
tion of the tracer uptake.

It is not our intention to provide a detailed description of the technique of
emission tomography and the reader is referred to previous publications.® '’
A number of points are vital for the acquisition of good quality thallium
emission tomograms. These are summarised in Table 4.1, but the most
important technical points are that the quality control of the acquisition
system must be rigorous and the camera must be positioned as close as
possible to the chest.

Patient Preparation

As already hinted, attention to detail is an important part of the acquisition
of good quality tomograms. The thallium is injected at peak exercise (see
Chapter 3), preferably through an intravenous cannula in an antecubital
vein. The cannula should be flushed with normal saline after insertion
although a dilute heparin flush may help to avoid clotting if a prolonged
period between cannula insertion and thallium injection is anticipated. It is
unwise to use an intravenous cannula that has been inserted for another
purpose. If the injection is mistakenly given outside the vein no harm
usually results, although there is the theoretical risk of localised radiation
necrosis. A more important problem with an injection which is partly extra-
vascular is that the quality of the images will suffer and the slow absorption
of thallium from the injection site will complicate the analysis of washout
rate from the myocardium. After the thallium injection it is sensible practice
to flush the syringe with 10-20ml of normal saline from a second syringe
connected via a three-way tap to ensure that the full dose of thallium is
administered.

For imaging, the patient lies supine on the couch with the left arm (for
180° rotation) or both arms (for 360° rotation) held above the head. This
position is uncomfortable, particularly for elderly patients with cervical
spine or shoulder problems but the majority of patients will tolerate the
position for 15-20 min. A pillow placed under the knees gives some comfort
and helps the patient to keep still. This is very important because motion
artefact may not be easily identified after the acquisition (cases 33 and 74).
The arm needs to be raised above the head so that it does not cause
attenuation in the lateral projections and so that the camera can be as close
as possible to the chest wall. For cameras which rotate in a circular orbit the
positions which limit the proximity of the camera are usually the right
shoulder and the left arm. For cameras which rotate in non-circular orbits,
better approximation of the camera to the chest wall can be achieved at all
parts of the orbit.
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Artefacts will be caused by any attenuating structure which comes between
the heart and the camera. Metallic objects in pockets (case 77) and metal
buttons must be avoided but it is sometimes difficult to avoid the artefact
from an implanted pacemaker. In ladies with large breasts, the site of
artefact in the tomograms will depend on where the breast attenuates the
planar images. It is recommended that the breasts are strapped against the
chest so that the attenuation is as uniform as possible (case 3). Prone
imaging is another possibility although the images tend to be of poorer
quality. The left hemidiaphragm will also cause attenuation if it is elevated
by, for instance, a large meal. For this reason, and because fasting increases
insulin levels and hence myocardial uptake of thallium, the patient should
fast for four hours before the study.

Data Acquisition

The ideal tomographic acquisition spans 360° and includes as many steps as
possible but, in practice, a compromise has to be made. One way to reduce
imaging time is to rotate the camera over only 180°. The heart is well suited
for a 180° acquisition since it lies in the left anterior hemithorax and images
acquired over the right posterior hemithorax are degraded by attenuation of
between 16- and 64-fold. A 360° acquisition may therefore only add to the
noise without adding any useful information. This has been established for
thallium emission tomography'' although there is some dispute.’>"'* Our
own protocol is to acquire 32 images over 180° as the camera rotates ante-
riorly from the right anterior oblique position to the left posterior oblique
projection. Table 4.2 summarises the other acquisition parameters.

The stress images are acquired as soon as possible after the end of exercise
and should be completed within 30 min. Redistribution images are tradi-
tionally acquired 4h after injection for planar imaging but redistribution
tomographic imaging is sometimes performed earlier without loss of diag-
nostic accuracy, and this avoids excessive loss of thallium from the heart at
the time of imaging. Much later imaging (12 or 24 h) is sometimes performed
because of the increasing evidence that 4h redistribution imaging can
underestimate the extent of viable myocardium (case 79). Image quality with
such a late acquisition is poor, however, and an alternative approach is to

Table 4.2. Acquisition parameters used for all images displayed in this book

Number of projections 32

Time per projection 30s immediate, 40's redistribution

Type of orbit circular

Arc of rotation 180°

Collimator low energy general purpose, parallel hole
Photopeaks 80 and 167 keV

Energy window, offset 20%, 0%

Image size 400mm unzoomed, 64 X 64 pixels
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Fig. 4.2. Image reconstruction. a Each line of pixels in the planar image represents a prgfile. of
counts acquired from a tomographic plane perpendicular to the camera face. b Backprojection
reverses this process but, because there is no depth information in the acquired counts, the
values in the profile are laid down in columns projected back into the tomographic image.
When this has been repeated for each of the projections there is reinforcement at the true
position of a source of activity but no reinforcement at other positions.

image again after an additional resting injection of thallium. This improves
the detection of viable myocardium but at the expense of an increased
radiation burden to the patient (case 80).

Depending on clinical details and on local practice, normal stress images
may avoid the need for redistribution imaging. There is no circumstance in
which a study could be considered abnormal if the stress images are un-
equivocally normal.

Data Processing

The set of planar images is reconstructed into a stack of transaxial tomo-
grams by filtered backprojection. The technique is illustrated for a simple
object in Fig. 4.2. Each line of pixels in the planar image represents a profile
of counts acquired from a tomographic plane perpendicular to the camera
face. Backprojection reverses this process but, because there is no depth
information in the acquired counts, the values in the profile are laid down in
columns projected back into the tomographic image. When this has been
repeated for each of the projections there is reinforcement at the true posi-
tion of a source of activity but no reinforcement at other positions. The
result is a tomographic image showing the position of the source although,
in the simple case illustrated, the image will have very poor resolution with
a lot of surrounding reconstruction artefact. The artefact can be eliminated
by backprojecting negative values alongside the original data, to interfere
with and remove the unwanted positive values. The negative values are
produced by filtering the data with an appropriately chosen filter before
backprojection. The theory of these filters is beyond the scope of this book,
but many different types have been developed. The principal difference
between filters is whether they preserve or selectively attenuate the high
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spatial frequencies within the image. Both noise and fine detail are present
in the high spatial frequencies and so the choice of filter is a compromise
between loss of detail and removal of noise.

The attenuation of gamma photons in passing through the body leads to
higher counts in more superficial structures and destroys the theoretical
ability of emission tomography to quantify the distribution of uptake in
megaBecquerel per gram of tissue. It is possible to correct for attenuation in
three ways, although the mathematics involved is complex and none of the
methods is ideal. The simplest approach is prereconstruction correction, in
which each point in a projection profile is multiplied by a factor depending
on the depth of tissue contributing to that point on the profile. No account is
taken of the distribution of activity within the object, and so although this
method may be suitable for uniform distributions (as in a liver scan), it is not
suitable for cardiac work. Postreconstruction correction does take account of
the distribution of activity within the body by considering the way in which
a point source would be attenuated, and calculating a correction matrix to
apply to the reconstructed image. This method performs reasonably well in
clinical practice although it is not an exact solution to the problem and is not
sufficiently accurate for reliable quantification. The third method is intrinsic
correction in which an exponential attenuation within the body is assumed
and taken into account during the filtering and backprojection. This is
theoretically the most attractive method but its advantage over postpro-
cessing methods remains to be demonstrated. None of the methods is
suitable for a 180° acquisition and so it is normal to omit attenuation
correction for thallium emission tomography.

Fig. 4.3. The vertical long axis plane (VLA), horizontal long axis plane (HLA) and short axis
plane (SA) with the segments of the myocardium which they cut. The diagram can be used as a
key for the interpretation of the images in Chapter 6.
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The stack of transaxial slices produced by filtered backprojection is a
three-dimensional data set and it is a relatively simple computer task to
reorientate the data into oblique slices. For the heart, the most useful oblique
planes are the vertical and horizontal long axis (VLA and HLA) and the
short axis planes (SA) (Fig. 4.3). These planes which pass perpendicularly
through the major left ventricular walls are familiar to cardiologists from
other imaging techniques. This enhances interpretation and acceptance by
cardiologists without nuclear medicine training and allows a direct com-
parison of perfusion with functional or anatomical measures such as wall
motion." In order to define the angles of the planes, a central transaxial slice
is displayed on the computer screen and the long axis is drawn on this
image. Perpendicular to the transaxial plane and including the long axis as
drawn, the vertical long axis slices are reconstructed. From the central
vertical long axis slice, the caudal inclination of the true long axis can be
seen and the horizontal long axis and short axis slices can be generated,
both perpendicular to the vertical long axis slice.
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Chapter 5
Image Interpretation

Quality Control

An essential prelude to image interpretation is to review the planar images
which form the raw data of the tomograms. Although the planar images
have few counts and only coarse detail can be seen, it is at this stage that
potential artefacts are most easily detected. A cine display of the planar
images gives the impression of the patient rotating and allows both clinical
and technical details to be assessed. Excessive lung uptake, the prognostic
importance of which is discussed later in this chapter, can easily be judged.
Motion of the patient during the acquisition can be seen and upward creep
may also be apparent (case 76).!? The phenomenon of upward creep is
sometimes seen in stress images following vigorous exercise. As the cardio-
vascular system returns to the resting state there are changes in heart rate,
respiratory rate and redistribution of blood through the body. The mean
position of the diaphragm rises and this pushes the heart up. This can lead
to an apparent defect which will not be present in the redistribution images,
thus simulating a reversible perfusion defect. If there is any doubt whether
upward creep has occurred, then the planar images can be summed to show
the outline of the heart moving cranially through the acquisition. Another
artefact that is easily detected by reviewing the planar images is attenuation
from the breast (case 3) or from metallic objects (case 77).

Normal Appearances

After review of the planar images, the tomograms themselves should be
reviewed and this is also best performed on the computer screen. It is
important to become familiar with the colour scale used because this pro-
vides semiquantitative information on count distribution throughout the
myocardium (Fig. 5.1). Each image should be displayed with the top and
bottom colours of the scale representing the maximum and minimum
number of counts in any voxel of the complete study and should not be
displayed to the maximum and minimum of the individual image. This
ensures that different tomograms can be compared with each other. We find
it most helpful to present the vertical and horizontal long axis, and short
axis tomograms in three quadrants of the screen. The positions at which the
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planes intersect can be superimposed, and the tomograms can be leafed
through to provide a three-dimensional impression of tracer uptake. A
display of the whole set of tomograms on a single screen is less helpful.

For clinical purposes, most of the information is present in the central
slices of the two long axis planes and it is from these alone that the five
major segments of the left ventricular myocardium can be judged: anterior
wall, septum, inferior wall, lateral wall and apex. The four major walls can
be divided into basal and apical portions yielding a total of nine segments.
Further subdivision is unhelpful since only very rarely will a clinically signi-
ficant perfusion defect involve less than one of these segments. If a defect
is seen in the central long axis slices, then its exact position can be confirmed
by reference to the short axis slices.

An important part of image interpretation is to become familiar with
normal appearances. Although myocardial perfusion when seen with the
resolution of thallium tomograms is homogeneous, there is a wide variety of
normal appearances arising from variation in size and position of the heart

Fig. 5.1. The colour scale used to display all images in this
book. Each pixel is displayed with a colour corresponding to
the number of counts it contains. The top and bottom colours
of the scale are assigned to the maximum number within the
set of tomograms and to zero respectively.
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Table 5.1. Common variations in normal thallium tomograms

Apical thinning The apical myocardium is thinner than elsewhere and counts may be
reduced to at least 50% of maximum

Short septum The basal part of the septum is membranous and does not take up
thallium

Inferior attenuation The inferior myocardium is deeper than the rest of the heart leading to

reduced counts, particularly in men. The basal part of the inferior wall
may be reduced to 50% of maximum

Septal attenuation It is normal for the septum to have lower counts than the lateral wall.
This only rarely causes confusion

Anterior attenuation ~ This may be the result of breast artefact or upward creep

Lateral attenuation Occasionally the basal part of the inferolateral wall is attenuated

Irregularity Poor count statistics can lead to irregularity but this only rarely
simulates the pattern of a perfusion defect

Wall thickening Patient motion may lead to displacement of counts from one wall to

another, smudging, or distortion of the normal anatomy

(cases 1 and 2), body habitus, and quality of the tomographic acquisition
(case 75).> Common variations in tracer distribution are summarised in
Table 5.1. It is sometimes difficult to distinguish between true perfusion
defects and normal variation. If there is doubt, then repeat imaging in the
prone position may help to identify inferior attenuation (case 4) and apical
attenuation (case 5), and prone imaging or strapping of the breasts may help
to identify attenuation from the breast (case 3). Another feature which aids
interpretation is a knowledge of the normal distribution of coronary per-
fusion. If a defect involves a known coronary territory, such as the septum,
anterior wall and apex (left anterior descending artery), then it is almost
certainly a true perfusion defect, whereas if it does not fit with normal
coronary anatomy it is more likely to be artefactual. If there is any doubt,
then the clinical impression of whether myocardial ischaemia was present at
the time of stress is very helpful. Some commentators believe that images
should be interpreted in the absence of clinical information in order to avoid
bias. We do not share that view. If the angiographic data pose the question
whether a solitary lesion of the left anterior descending artery is haemo-
dynamically significant, then there is little point worrying about how to
interpret the inferior wall.

Abnormal Appearances

Chapter 6 provides a comprehensive illustration of abnormal appearances
but it may be helpful to summarise some general rules. The size and shape
of the ventricle are important. It is difficult to gauge the size of the ventricle
in absolute terms but the best indicator is the relative size of the cavity and
the myocardial wall. Of particular significance is dilatation which is present
in the stess images but not in the redistribution images (case 41). This im-
plies extensive reversible ischaemia and is associated with an adverse prog-
nosis.* Thickening of the walls in patients with left ventricular hypertrophy
(case 54) and hypertrophic cardiomyopathy (case 60) is sometimes apparent
although, because the spatial resolution of thallium tomograms is not very
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good, it is difficult to draw reliable conclusions. The normal right ventricular
myocardium is much thinner than the left ventricle but it is not unusual to
see the right ventricle in tomograms. If the right ventricle is hypertrophied it
may take up almost as much tracer as the left ventricle (case 63). Divergence
of the anterior and inferior walls of the left ventricle is unusual and it
implies apical aneurysm formation (cases 16 and 24). Again, such an inter-
pretation can only be suggested and it should be confirmed by an alter-
native imaging technique such as radionuclide ventriculography or
echocardiography.

Defects corresponding to areas of ischaemia are not normally subtle and it
is preferable to err on the side of under-reporting than the opposite. It may
be more harmful to suggest that a normal patient might be abnormal and
hence to condemn him or her to further investigation, than to miss a mild
abnormality which may not be of clinical significance. Allowing for the
previous description of normal appearances, a defect that is less than 30% of
maximum counts is unusual and areas of redistribution normally improve by
at least 20% of maximum counts. When grading defects, both their extent
and their depth should be reported. Dividing the myocardium into the nine
segments described above, a defect can be described as mild if it involves
one or two segments, moderate for three to five segments, and severe for six
segments or more. Tracer uptake in each segment can be classified as
normal, mildly, moderately or severely reduced, or absent, if uptake as a
percentage of maximum in the whole set of tomograms is 100%—70%,
70%—-50%, 50%—30%, 30% -10%, or 10%—0 respectively.

Abnormalities are normally classified as either fixed or reversible and are
said to indicate infarcted and reversibly ischaemic myocardium respectively.
Whilst this is a good guideline, we now know that it is simplistic. Redistri-
bution is often incomplete if imaging is performed at 3-4 hours, but failure
to return to normal does not necessarily imply that there is partial infarction
since later redistribution imaging (case 79) or reinjection imaging (case 80)
will often show further improvement.>® It has been demonstrated that
redistribution may be incomplete at 4 h in as many as 22% of segments’ and
even later images may be required if the extent of non-viable myocardium is
not to be overestimated. This is not always practical and an alternative
approach if delayed redistribution is suspected is to inject a second dose of
thallium at rest. Although this involves an additional radiation burden it can
be justified in some circumstances. Another method of avoiding 24h imag-
ing might be to follow stress thallium imaging with resting technetium
isonitrile imaging since the 140keV gamma ray of technetium-99m can be
successfully imaged in the presence of thallium-201. Further experimenta-
tion is required before an alternative protocol could be recommended for
routine use, but in the meantime it is reasonable to continue unchanged,
bearing in mind the possibility of delayed redistribution when planning and
reporting studies. The prognostic significance of delayed redistribution ap-
pears to be the same as that of early redlstrlbutlon and it does not necess-
arily represent more profound ischaemia.®

Partial redistribution does not often present a practical problem. More
difficult is failure of a potentially viable area to show any redistribution

at all. Reinjection of thallium leads to an improvement in approximately
30% of such areas,®™'? suggesting that the presence of viable myocardium
is seriously underestimated by conventional thallium imaging.'®> Whilst rein-
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jection may be a small price to pay if it provides information on the viability
of myocardium,™ it is difficult to believe that a complete assessment can
be made without separate studies of perfusion and metabolism as are pro-
vided by positron emission tomography. Positron emission tomography
reveals viable myocardium by virtue of its preserved uptake of [18F]-
fluorodeoxyglucose, indicating a switch from the normal fatty acid metabol-
ism to anaerobic glucose metabolism.

An important clinical problem which has been solved by positron emission
tomography is the detection of “‘hibernating” myocardium. This is myocar-
dium which is chronically ischaemic and has reduced its contractile function
in order to make best use of what oxygen is available, but which has the
potential for normal function when normal perfusion is restored. It has
been suggested that thallium injected at rest will be taken up by hibernating
myocardium and that a comparison of resting thallium uptake and ventri-
cular function should reveal the hibernating myocardium. Whilst this may
be so with mild resting ischaemia, profoundly ischaemic myocardium is
unlikely to be detected in this way. Further studies comparing thallium
scintigraphy with positron emission tomography are expected to resolve the
issue.

Just as hibernating myocardium is the result of chronic ischaemia, stunned
myocardium is the result of acute ischaemia. Following myocardial infarc-
tion and reperfusion by thrombolysis, mechanical function may be tem-
porarily depressed despite the preservation of metabolic function. This is
another occasion when a defect of thallium uptake at rest does not necessarily
imply irretrievable infarction.

Reverse redistribution is a term that is applied to the unusual occurrence
of normal uptake in the stress images with reduced uptake on redistribution
(case 78). The appearance is the result of an area from which there is faster
washout than surrounding myocardium, but there is uncertainty over its
cause. It has been variously suggested that it has the same significance as
reversible ischaemia or that it is the result of partial infarction with a patent
coronary vessel.’® Although not denying that such phenomena may occur,
our own experience is that reverse redistribution is often the result of image
artefact.

Defects of tracer uptake indicate inequalities of tracer delivery to the
myocardium or of its active uptake by the myocytes, but this need not
always be the result of atheromatous coronary artery disease. Other forms
of pathology that may cause focal defects are coronary artery spasm,®
anomolous coronary arteries or arteries constricted by muscle bridges
(case 61),'7 small vessel disease as may occur in diabetes or syndrome X
(case 55),'1? the dilated (case 58) and hypertrophic cardiomyopathies (case
60),%>?! hypertrophy caused by outflow obstruction or hypertension (case
54), infiltrative disorders such as sarcoidosis®* and amyloidosis (case 40),
connective tissue disorders,” and conduction defects such as left bundle
branch block (cases 53 and 56).2 These defects are often fixed but reversible
defects may also occur. The mechanism of such reversible defects is obscure.
One theory that is appropriate in left bundle branch block is that the
duration of diastolic coronary flow is shortened in the septum by delayed
relaxation and so diastolic coronary flow may be inadequate at high heart
rates.” The defects reduce the specificity of thallium scintigraphy for the
detection of coronary artery disease and this has in the past been cited as a
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major limitation of the technique. In fact, it only rarely leads to a diagnostic
problem and conventional epicardial coronary artery disease remains the
commonest cause of thallium defects in patients with diabetes and left
bundle branch block.?

There is insufficient experience of thallium imaging in patients following
orthotopic heart transplantation to be confident of the significance of ab-
normalities. Accelerated atherosclerosis may occur in the donor coronary
arteries and reversible defects would be expected to reflect this obstructive
disease. Episodes of rejection may also lead to myocardial disease which
would be expected to produce fixed defects. Because of these fixed defects,
however, it may be difficult to diagnose accelerated coronary disease from
the thallium scan alone. Myocardial hypertrophy has also been reported
(case 62).

Coronary Anatomy

When interpreting thallium tomograms, it is important to remember that the
distribution of the major coronary arteries varies greatly between individ-
uals. The most constant vessel is the left anterior descending artery which
supplies the distal anterior wall and apex, with septal and diagonal branches
supplying the septum and proximal anterior wall (cases 10-12, 16-18).
Depending on the arrangement of vessels, a proximal left anterior descend-
ing lesion may involve the whole of the anterior wall, apex and septum, or it
may spare the septum. It is less usual to involve the septum without the
anterior wall. A very large artery may extend around the apex to perfuse the
distal inferior wall and, conversely, the inferior portion of the septum may
be supplied by the posterior descending artery arising from the right or
circumflex arteries.

In 85% of people the right coronary artery is dominant, meaning that it
gives rise to the posterior descending artery which supplies the inferior wall
(cases 7, 9, 13, 15). In the other 15%, the posterior descending artery arises
from the distal circumflex artery. In a right dominant circulation, the cir-
cumflex artery normally supplies only the basal portions of the lateral and
inferior walls and possibly the basal septum, and the lateral wall is supplied
by the marginal branches of the circumflex artery (cases 8 and 14). Because
of this variation, it can be difficult to assign areas to these two arteries unless
the anatomy is known. It is nearly always safe to assign the anterior wall
and septum to the left anterior descending artery and the lateral wall to the
circumflex artery, but the inferior wall may be supplied either by the right
coronary artery or by the left circumflex artery.

Quantification

Our description of normal and abnormal appearances assumes a certain
familiarity with thallium tomograms and begs the question; “When is re-
duced tracer uptake abnormal?”” There is no simple answer to this question
because a number of factors unrelated to myocardial perfusion will alter the
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apparent uptake of tracer. Visual analysis of the images is normally adequate
to assess all of these factors and to decide on the information content of the
image, but there are two important reasons for wanting a more objective
assessment. First, clinical experience does not come easily and it is hope-
fully based on some attempt at objective analysis. Second, objective analysis
is more likely to be consistent both for the same observer and between
observers.

The nuclear medicine computer can be used at three levels to aid image
interpretation. At the simplest level, it can manipulate the display of the
image by background subtraction, alteration of contrast, and the use of a
colour scale to simplify visual quantification. At the next level, it can be used
to analyse the counts within any region of the image, to compare these
counts with established normal ranges and hence to identify abnormalities.
On the highest level, artificial intelligence can be used to suggest a clinical
interpretation of the images.”” The first of these is trivial and does not
require expansion. The third is beyond the scope of this book. We shall,
therefore, concentrate on methods by which the computer can be used to
quantify counts within the image.

Lung Uptake of Thallium

In 1987 it was reported that a high uptake of thallium in the lungs was the
most important variable provided by thallium imaging for the prediction of
future cardiac events (case 40).>® Lung uptake is related to other prognostic
variables including the extent and severity of coronary artery disease, the
degree of impairment of left ventricular function, and the increase in pul-
monary capillary pressure during exercise. The factors which affect uptake
are complex but they include pulmonary transit time, extraction efficiency
by the lungs, and pulmonary capillary pressure. All of these are related to
left ventricular function and so a high uptake simply reflects poor function,
either at rest or induced by ischaemia during exercise.?

Absolute lung uptake cannot be measured easily and so it is expressed as
a ratio between uptake in the lungs and the heart. Despite variable cardiac
uptake the ratio has proved helpful.® It can be measured either from an
initial anterior planar image or from the appropriate image of the tomo-
graphic acquisition. Counts within regions placed over the whole of the
right lung field and the whole of the heart are compared, although the exact
positioning of the cardiac region of interest does affect the ratio. The upper
limit in patients without coronary artery disease varies between 0.78 and
0.86°! and values above this are associated with a high risk of future cardiac
events.

Muyocardial Distribution of Thallium

A number of methods have been used to quantify the distribution of thal-
lium within the myocardium, including linear profiles, circumferential pro-
files*? and analysis of count histograms. All of these are applicable to both
planar and tomographic images but an additional method that has been
used to simplify the display and quantification of tomographic images is the
polar map (or “bullseye” image, case 67).>** It must be emphasised that
there is not a simple relationship between the amount of tracer uptake
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Fig. 5.2. Polar maps showing the mean distribution of thallium after exercise in normal subjects.
The lateral wall normally contains the highest activity and is scaled to 100% to allow a
comparison with other territories. (Adapted from reference 36 with permi sion.)
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Fig. 5.3. Circumferential profile analysis of vertical long axis tomograms (stress, top left; redis-
tribution, top right). A radius is swept around the image and a profile is plotted of the
maximum counts at each point, excluding the valve plane (VP). The stress profile appears
bottom left, the redistribution profile bottom centre, and the washout profile bottom right. This
is calculated as (stress — redistribution) / stress. The profile from the patient (black) is compared

with an established normal range (hatched). There is a reversible perfusion defect of the
anterior wall with reduced washout in this region.
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Fig. 5.4 Reconstruction of the polar plot or “bullseye” image. The apical short axis tomogram is
laid down in the centre of a circular image with more basal slices appearing outside it. The
resulting image has the effect of transforming the conical myocardium into a disk.

within the myocardium and the number of counts in each voxel, and quan-
tification is normally relative to the maximum counts in any part of the
myocardium. Thallium imaging is sometimes criticised because global de-
pression of uptake might mask relative defects but in practice, this situation
never occurs. Fig. 5.2 shows the distribution of myocardial counts in polar
maps derived from normal males and females. The lateral wall normally
contains the highest counts and the images are therefore scaled to 100% in
this territory. The regional variation and the difference between the sexes is
clearly shown. The largest variations occur in the septum and inferior wall.3¢

Fig. 5.3 shows an example of circumferential profile analysis of vertical
long axis tomograms. The profiles of each tomogram are compared with
normal ranges constructed from a bank of patients without cardiac ab-
normality. In this example, the profile through the anterior wall is abnormally
low in the stress tomogram but normal in the redistribution tomogram. The
washout profile also shows abnormally low washout in this region. The
reversible ischaemia is mild and it is more easily seen from the profiles than
from the images alone.

Fig. 5.4 shows the reconstruction of the polar map. This form of display
has the advantage that all areas of the myocardium are represented in a
single image, although it has the disadvantage that the image is less familiar
to cardiologists and it is less easy to appreciate the relationship between the
site of a defect and coronary arterial territories. Another problem is that
equal areas of myocardium are not mapped to equal areas of the polar plot
and so the size of a defect becomes distorted. Furthermore, if stress and
redistribution polar plots are to be compared, the mapping of both studies
must be identical. This may be difficult if there are count changes at the
apex. Our own practice is only to refer to such a display in cases of doubt.
Fig. 5.5 shows an example of a patient with reversible inferolateral ischaemia.
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Fig. 5.5. Polar plots of a patient with reversible inferolateral ischaemia. a Stress, b redistribu-
tion, ¢ washout. d, e, f The same images as a, b and ¢ with areas that are more than two
standard deviations from the mean of a normal population blacked out. This shows the extent
of the abnormalities more clearly.

Table 5.2 summarises data from a number of studies to allow a com-
parison of qualitative and quantitative analyses of thallium scintigrams.?”
Although there is variation between the studies, the general trend is that
quantification allows an increase in sensitivity for the detection of disease
without a reduction in specificity. The differences between studies are related
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Table 5.2. Sensitivity and specificity for the detection of coronary artery disease arranged to
demonstrate the effects of quantitative analysis

Reference Number Qualitative analysis Quantitative analysis
of patients

Sensitivity Specificity Sensitivity Specificity

(%) (%) (%) (%)
Planar studies
Maddahi et al.** 118 91 86 93 91
Tomographic studies
Francisco et al.*° 86 76 67 90 96
Tamaki et al.*! 104 80 93 91 92
Niemeyer et al.*? 131 74 68 69 86

to differences in technique and to differences in patient populations (pa-
tients with and without infarction, single or triple vessel disease, etc.).

Washout Analysis

Slow washout of thallium from the myocardium is an indicator of ischaemia,
although there is considerable confusion over the interpretation of this
phenomenon.?® Following initial uptake of thallium there is a dynamic
equilibrium between the intracellular, extracellular and intravascular com-
partments. As the thallium is slowly excreted by the kidneys and gut, so it
washes out from the myocardium. In an area of reduced intracellular uptake
caused by ischaemia at the time of injection, the rate of washout from the
cell is reduced because of the lower intracellular concentration, and the rate
of uptake into the cell is increased as normal cellular metabolism returns.
Both of these conspire to increase intracellular thallium when compared
with normal myocardium and estimates of the rate of washout from the
ischaemic area will show it to be reduced. A diagnosis of abnormality based
on washout only is suspect, because redistribution should be apparent in
the images from which the washout is measured.
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Chapter 6
Clinical Case Material




THE NORMAL HEART

Case 1 — Normal Vertical Heart

History

A 48-year-old lady was referred for thallium imaging following coronary
angiography which was performed because of atypical chest pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by fatigue with lateral chest wall discomfort. The
peak blood pressure and heart rate were 140/85 mmHg and 124/min.

Stress Images The pattern of uptake of tracer is normal.
Rest Images There is no change.

_ LMS
RCA A LAD
Coronary Angiography ) NX ;
There was a mild mid-segment left an- v/ Lex 7 TN
terior descending artery stenosis of - \\

uncertain haemodynamic significance.
Left ventricular wall motion was normal.

Conclusion

Normal myocardial perfusion during stress and rest. There is no ischaemia
associated with the minor left anterior descending artery stenosis. Angio-
plasty to the stenosis was not performed.
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Normal myocardial perfusion in a vertically positioned heart. Minor
variations in the distribution of tracer are normal and the right ventricle
is not normally seen.
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THE NORMAL HEART

Case 2 — Normal Horizontal Heart

History

A 63-year-old hypertensive woman was referred for thallium imaging with
atypical chest pain and palpitations. Her exercise tolerance was poor.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
50 W. Exercise was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 190/110 mmHg and 115/min.

Stress Images The pattern of uptake of tracer within the heart is normal. An
anterior planar image is also shown below to illustrate low lung uptake
(contrast with case 40), and high splanchnic uptake caused by dipyridamole-
induced vasodilation.

Rest Images Washout of tracer from the apex is more rapid than from the
rest of the myocardium but the pattern of uptake is within normal limits.

Coronary Angiography

The coronary arteries were normal. Left
ventricular wall motion was normal.

Conclusion

Myocardial perfusion is normal.
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The heart is in a horizontal position in the chest but it is a normal size
without dilatation during stress. The horizontal heart is a normal vari-
ant and commonly occurs in obese people because of elevation of the
diaphragm.
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NORMAL VARIANTS

Case 3 — Anterior Attenuation

History

A 50-year-old woman was referred for thallium imaging because of a 5-year
history of exertional chest pain of atypical character and duration. She was
hypertensive and obese. Her resting ECG was normal and her exercise ECG
was limited at 5 minutes by fatigue with atypical pain at which time equi-
vocal ST changes were present.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100W. Stress was limited by leg fatigue and chest pain beneath the left
breast. The peak blood pressure and heart rate were 230/120mmHg and
125/min.

Stress Images There is reduced uptake of tracer in the anterior wall.
Rest Images There is no change.

Prone Images Anterior wall uptake is now normal. Tracer within the
stomach is seen in the short axis view because of elevation of the diaphragm
in the prone position.

Coronary Angiography

The coronary arteries were normal. Left ventricular wall motion was normal.

Conclusion

Normal myocardial perfusion during stress and rest. There is significant
anterior wall attenuation from large breasts which was apparent in the
planar images. Prone imaging evens out the attenuation and helps to avoid
the artefact. Radionuclide ventriculography during stress showed normal
anterior wall motion and normal left ventricular ejection fraction.
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Breast attenuation can produce apparent perfusion abnormality.
Patient positioning must be appropriately chosen.
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NORMAL VARIANTS

Case 4 — Inferior Attenuation

History

A 44-year-old man was referred for thallium imaging having suffered 2 days
of continuous chest pain after running in the New York marathon. The
resting ECG was normal but his exercise ECG showed 2mm lateral ST
depression after 12 min although there was no associated chest pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
200W. Stress was limited by leg fatigue without chest pain. The peak blood
pressure and heart rate were 180/110 mmHg and 140/min.

Stress Images There is reduced uptake of tracer in the inferior wall especially
in the basal portion.

Rest Images There is no significant change.
Prone Images The pattern of uptake of tracer is now normal.

Coronary Angiography

Coronary angiography was not performed.

Conclusion

Normal myocardial perfusion during stress and rest. There is inferior wall
attenuation particularly affecting the basal inferior segment. This is common,
especially in men, and is thought to be a result of increased attenuation of
photons from the deeper posterior myocardium. Prone imaging alters the
position of the heart and reduces this attenuation.
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Inferior wall attenuation is common. Care should be taken that it is
not interpreted as abnormal, especially if there is no other reason to
suspect disease. In case of doubt, prone imaging may be helpful.
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NORMAL VARIANTS

Case 5 — Apical Attenuation

History

An asymptomatic 56-year-old businessman was referred for thallium imag-
ing after an exercise ECG showed lateral ST segment depression. He had no
risk factors for coronary artery disease and the resting ECG was normal.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 180/110 mmHg and 145/min.

Stress Images There is reduced uptake of tracer in the apex.
Supine Rest Images There is no change.
Prone Rest Images The appearance of the apex has improved.

Coronary Angiography

This was not performed.

Conclusion

Reduced uptake of tracer in the apex is a normal variant and may result
from anatomical thinning of the myocardium.
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Apex attenuation is a normal variant and may show improvement with
prone imaging.
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NORMAL VARIANTS

Case 6 — Papillary Muscle

History

A 55-year-old woman was referred for thallium imaging because of atypical
chest pain and an exercise ECG showing lateral ST segment depression. She
had no risk factors for coronary artery disease. Her resting ECG was normal.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100W. Stress was limited by fatigue without chest pain. The peak blood
pressure and heart rate were 170/90 mmHg and 140/min.

Stress Images The pattern of uptake of tracer is within normal limits but an
area of increased uptake is seen in the inferior and the lateral walls (arrows).

Rest Images Redistribution imaging was not performed.

Coronary Angiography

Coronary angiography was not performed.

Conclusion

The bulges in the inferior and lateral walls are the papillary muscles.
Because the pain was atypical and myocardial perfusion was normal, the
patient was reassured.
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Prominent papillary muscles may give the appearance of a defect
in neighbouring areas. Redistribution imaging can occasionally be
avoided if the stress images are normal.
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SINGLE VESSEL REVERSIBLE ISCHAEMIA

Case 7- RCA

History

A 65-year-old lady was referred for thallium imaging after a hospital ad-
mission for chest pain thought to be cardiac in origin, but without evidence
of myocardial infarction. She continued to experience mild exertional chest
pain and had a normal resting ECG. Her exercise tolerance was poor.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20pg/kg/min. Stress was
limited by chest pain. The peak blood pressure and heart rate were 158/
74mmHg and 138/min.

Stress Images There is decreased uptake of tracer in the inferior wall.
Rest Images There is improvement in the inferior wall.

RCA ' ; vyl : LAD
Coronary Angiography ' w4 N N

There was a stenosis of the proximal
right coronary artery. Left ventricular
wall motion was normal.

Conclusion

Reversible inferior myocardial ischaemia. This is normally the territory of
the right coronary artery although it may sometimes be supplied by the left
circumflex artery.
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The site of coronary artery disease cannot be decided with certainty
from the site of ischaemia, but disease of the right coronary artery
commonly causes reversible ischaemia of the inferior myocardium.
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SINGLE VESSEL REVERSIBLE ISCHAEMIA

Case 8 — LCx

History

A 53-year-old man was referred for thallium imaging because of exertional
chest pain of recent onset. The resting ECG was normal. An exercise ECG
was abnormal after 12 min with 1 mm anterior ST depression.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20pg/kg/min. Stress was
limited by chest pain. The peak blood pressure and heart rate were 140/
84 mmHg and 124/min.

Stress Images Uptake of tracer in the lateral wall is reduced with extension
of the defect into the apex and the basal inferior wall.

Rest Images The abnormal area is improved.

e A
RCA fos LR L
VAR VA Z=""2\\N
Coronary Angiography 70 YN g ¢

There was a proximal stenosis of a
dominant left circumflex artery and the
right coronary artery was normal. Left
ventricular wall motion was normal.

= |
Conclusion

There is reversible ischaemia of the lateral wall. This is typically supplied by
the left circumflex artery although it may also be supplied by a dominant
right coronary artery.
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Reversible ischaemia of the lateral wall may be caused by disease of the
left circumflex artery. As with the inferior wall, the corresponding
coronary artery cannot be identified with certainty.
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SINGLE VESSEL REVERSIBLE ISCHAEMIA

Case 9 - PDA

History

A 57-year-old man underwent thallium imaging and coronary angiography
because of exertional chest pain. The resting ECG was normal. The exercise
ECG showed 2mm ST depression after 5 min.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 15 pg/kg/min. Stress was
limited by chest pain. The peak blood pressure and heart rate were 140/
84 mmHg and 124/mim.

Stress Images Uptake of tracer in the basal inferolateral wall is reduced.

Rest Images There is improvement in the abnormal area.

'_ LMS
. ' il LAD

Coronary Angiography RCA/ A N
There was a stenosis of the posterior ' ; \ 9

descending artery arising from a domi- ) LCx
nant right artery. Left ventricular wall
motion was normal.

|\}

Conclusion

There is a small area of reversible ischaemia of the inferior wall correspond-
ing to the territory of the posterior descending artery. The thallium scan
shows that the extent of ischaemia is limited.
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The posterior descending artery arises from the right coronary artery in
85% of people and from the left circumflex artery in the remainder.
The site of ischaemia cannot help decide which artery is dominant.
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SINGLE VESSEL REVERSIBLE ISCHAEMIA

Case 10 — Proximal LAD

History

A 69-year-old woman underwent thallium imaging because of several epi-
sodes of exertional chest pain relieved by nitrate therapy. The resting ECG
was normal and the exercise ECG showed equivocal ST segment changes.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50 W. Stress was limited by chest pain. The peak blood pressure and heart
rate were 120/80 mmHg and 100/min.

Stress Images There is reduced uptake of tracer in the anterior wall and
septum, and almost absent uptake in the apex.

Rest Images There is improvement in all areas, most marked in the anterior
wall and septum, but also at the apex.

rca/ | Sl LAD

Coronary Angiography Nl VAN

There was a stenosis in the proximal left
anterior descending artery. Left ven-
tricular wall motion was normal.

Conclusion

There is reversible ischaemia of the anterior wall, septum and apex which is
in the territory of the left anterior descending artery. The extent of the
perfusion defect suggests a proximal stenosis.
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Reversible ischaemia of the anterior wall together with the septum is
almost invariably caused by disease of the left anterior descending

artery. The extent of ischaemia (five of nine segments) indicates a
moderate risk of future cardiac events.
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SINGLE VESSEL REVERSIBLE ISCHAEMIA

Case 11 — Diagonal LAD

History

An asymptomatic 43-year-old man underwent thallium imaging because of
an abnormal exercise ECG performed routinely following triple bypass
surgery to the diagonal branch of the left anterior descending artery, the
marginal branch of the circumflex artery and the right coronary artery
6 years before. The referring physician wanted to assess the presence and
extent of myocardial ischaemia before deciding whether coronary angio-
graphy was required. There was no history of myocardial infarction and the
resting ECG was normal.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
125W. Stress was limited by fatigue without chest pain. The peak blood
pressure and heart rate were 160/90 mmHg and 117/min.

Stress Images There is reduced uptake of tracer in the mid-portion of the
anterior wall. The apparent defect of the inferior wall which is seen in the
short axis image is not significant because it was only seen in this single
slice.

Rest Images There is improvement in the anterior wall.

rca/ | Sl LAD
Coronary Angiography . (DN 5
The graft to the diagonal branch was ) LG 24 '\‘._

occluded with distal disease of the
native coronary artery. The other grafts
were patent. Left ventricular wall
motion was normal.

Conclusion

There is reversible ischaemia affecting a small portion of the anterior wall.
Both the extent and the severity of the ischaemia is mild and the distribution
is typical of a diagonal stenosis. Although the diagonal saphenous vein graft
was occluded, no further action was taken because of the lack of symptoms
and good prognosis implied by the thallium scan.
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The diagonal branch of the left anterior descending coronary artery
supplies the anterior wall of the left ventricle. Thallium tomography is
a valuable method of assessing myocardial perfusion after coronary
bypass grafting.
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SINGLE VESSEL REVERSIBLE ISCHAEMIA

Case 12 - Distal LAD

History

A 77-year-old woman was referred for thallium imaging after the onset of
exertional chest pain. She smoked heavily and had a history of hypertension
and reflux oesophagitis. The resting ECG showed evidence of left ventri-
cular hypertrophy but an exercise ECG was not performed.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50 W. Exercise was limited by chest pain. The peak blood pressure and heart
rate were 140/80 mmHg and 96/min.

Stress Images There is reduced uptake of tracer in the apex which was also
seen in slices adjacent to the ones displayed. The apparent absence of
uptake in the basal part of the septum is normal.

Rest Images The abnormal area improves.

rea =1 ,'-'__\ LAD
Coronary Angiography ; /\./ . \X d

There was a stenosis of the distal left
anterior descending artery. Left ven- _ \ |
tricular wall motion was normal. \ || W NN |

S R

Conclusion

Reversible ischaemia of the apex with poor exercise tolerance. In view of the
small area at risk the patient was reassured and her symptoms settled with
medication.
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The distal left anterior descending artery usually supplies the apex,
although it may also be supplied by a large posterior descending

artery. The septum normally appears shorter than the lateral wall
because of absent uptake in its membranous portion.
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SINGLE VESSEL MYOCARDIAL INFARCTION

Case 13- RCA

History

A 61l-year-old man was referred for thallium imaging and coronary angio-
graphy because of atypical chest pain following a recent inferior myocardial
infarction. His resting ECG showed inferior Q-waves with repolarisation
changes and his exercise ECG was abnormal after 8 min with 2mm of lateral
ST segment depression.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20pg/kg/min. Stress was
limited by chest pain. The peak blood pressure and heart rate were 180/
84 mmHg and 129/min.

Stress Images There is absent uptake of tracer in the inferior wall with very
reduced uptake in the distal portion and apex.

Rest Images The inferior wall is unchanged except for its apical part where
there is minor improvement.

_ LMS
RCA/ #_ LAD
¥ \ ( | d
Coronary Angiography ) AT /AN

The right coronary artery was occluded.
There was inferior hypokinesis.

Conclusion

There is an inferior infarction. The reversible ischaemia at the apex is the
result of collateral blood supply from the left anterior descending artery.
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A fixed perfusion defect represents myocardial infarction, in this case,
of the inferior wall. Myocardial perfusion imaging is indicated follow-
ing myocardial infarction in order to assess the presence of residual
myocardial ischaemia.
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SINGLE VESSEL MYOCARDIAL INFARCTION

Case 14 - LCx

History

A 46-year-old man underwent thallium imaging because of atypical chest
pain. He had previously suffered a lateral myocardial infarction and coron-
ary angiography had shown single vessel disease with an occluded left
circumflex artery. An exercise ECG was abnormal. The referring cardiologist
wanted to know if there was evidence of continuing ischaemia which would
have been an indication for angioplasty.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50W. Stress was limited by fatigue without chest pain. The peak blood
pressure and heart rate were 135/80 mmHg and 105/min.

Stress Images There is reduced uptake of tracer in the middle and basal
portions of the lateral wall and the basal inferior wall.

Rest Images There is no change.

| rRea/ | A LAD

Coronary Angiography \ LCx~7

The left circumflex artery was occluded
with basal inferior hypokinesis.

Conclusion

There is a fixed defect of thallium uptake affecting the lateral wall. This is
typical of an infarct in the territory of the left circumflex artery. There is no
evidence of reversible myocardial ischaemia around the infarct or in other
territories. No further intervention was performed.
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Occlusion of the left circumflex artery may cause infarction of the
lateral wall. In the absence of reversible ischaemia, medical treatment is
preferred.
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SINGLE VESSEL MYOCARDIAL INFARCTION

Case 15 - PDA

History
An asymptomatic 42-year-old man was referred for thallium imaging and
coronary angiography three months after inferior myocardial infarction. An

exercise ECG showed 3 mm lateral ST segment depression but no chest pain
after 8 min. The resting ECG showed a pathological Q-wave in lead III.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20pg/kg/min. Stress was
limited by the end of the infusion protocol without chest pain. The peak
blood pressure and heart rate were 182/92 mmHg and 137/min.

Stress Images There is reduced uptake of tracer in the basal inferior and
basal lateral walls.

Rest Images There is no improvement.

\ LMS

| RCA _ "',\’ LAD |

Coronary Angiography | A\ / A\
Y/ LCx QN
An occlusion was present in the poste-
rior descending branch of a dominant
right coronary artery. There was basal
inferior hypokinesis.
S

Conclusion

Basal inferolateral myocardial infarction without evidence of reversible
ischaemia.
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Occlusion of the posterior descending artery may lead to basal infero-
lateral infarction.
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SINGLE VESSEL MYOCARDIAL INFARCTION

Case 16 — Proximal LAD

History

A 78-year-old man was referred for thallium imaging and radionuclide ven-
triculography following an anterior myocardial infarction complicated by
heart failure and mild postinfarction angina. The referring physician wanted
to assess the extent of the infarction, the presence of reversible myocardial
ischaemia, and the resting ejection fraction in order to plan any further
management. The resting ECG showed right bundle branch block and
anterior Q-waves.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was not infused because of a history of
asthma. Bicycle exercise was performed to 50W. Stress was limited by
dyspnoea without chest pain. The peak blood pressure and heart rate were
140/70 mmHg and 105/min.

Stress Images The left ventricle is dilated and there was increased uptake of
thallium in the lungs. There is reduced uptake of tracer in the inferior and
distal anterior walls and absent uptake in the septum and apex.

Rest Images There is no change.

Coronary Angiography i /Y i ;

The left anterior descending artery was Y Lex~
occluded proximal to the first septal
branch. There was a distal right cor-
onary artery stenosis. There was an
apical aneurysm and anterior akinesia.

Conclusion

There is extensive anteroseptal and apical infarction with no evidence of
reversible ischaemia. The dilatation of the left ventricle and the increased
lung uptake imply impaired left ventricular function. Radionuclide ventri-
culography showed a resting ejection fraction of 12% with amplitude and
phase abnormalities characteristic of an apical aneurysm.
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Proximal occlusion of the left anterior descending artery may cause
extensive infarction. Divergence of the anterior and inferior walls
suggests aneurysm formation. In extensive anterior infarction, inferior
wall attenuation may be accentuated. Dipyridamole is contraindicated
if there is a history of bronchospasm.
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SINGLE VESSEL MYOCARDIAL INFARCTION

Case 17 — Diagonal LAD

History

A 75-year-old man underwent thallium imaging because of exertional dys-
pnoea and chest pain despite a coronary angiogram that revealed only an
occluded diagonal branch of the left anterior descending artery. Whilst it is
well recognised tht symptoms and extent of ischaemia are poorly correlated,
the request was made to establish the severity of ischaemia.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50W. Stress was limited by fatigue without chest pain. The peak blood
pressure and heart rate were 150/80 mmHg and 120/min.

Stress Images There is reduced uptake of tracer in the middle and basal
portions of the anterior wall, extending to affect the most apical portion of
the lateral wall.

Rest Images There is little change, except for minor improvement in the
basal anterior wall.

_—/ A\ Ms ]
RCA‘ I 2 ;'".\ LAD
Coronary Angiography ' ) 4|
) LCx %

There was an occluded diagonal branch
of the left anterior descending artery
with mild anterior hypokinesis.

Conclusion

There is infarction of the anterior wall in its middle portion with a small
amount of associated reversible ischaemia. This area is typical of the distri-
bution of the diagonal artery although there is considerable variation. The
scan reflects a low risk of future cardiac events and reinforces the fact that
symptoms are no guide to the extent of ischaemia.
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Occlusion of the diagonal branch of the left anterior descending artery
may result in infarction of the anterolateral wall. In one-quarter of
cases, myocardial infarction occurs without symptoms.
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SINGLE VESSEL MYOCARDIAL INFARCTION

Case 18 — Distal LAD

History

A 5l-year-old man was referred for thallium imaging and coronary angio-
graphy after apical infarction. Exercise ECG showed 2mm inferolateral ST
segment depression without chest pain at 6 min. He was asymptomatic on
antianginal therapy. His resting ECG showed a Q-wave in aVl and poor
anterior R-wave progression.

Thallium Myocardial Perfusion Tomography
Stress Technique Dipyridamole was infused without symptoms. The peak
blood pressure and heart rate were 125/78 mmHg and 84/min.

Stress Images There is reduced uptake of tracer in the apex and apical
anterior wall.

Rest Images There is no improvement.

Coronary Angiography : 5 _ d

There was an occlusion of the left
anterior descending artery after a large
diagonal branch with apical akinesis.

Conclusion

Apical myocardial infarction.
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Occlusion of the left anterior descending artery after the septal and
diagonal branches may cause apical infarction.
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TWO VESSEL REVERSIBLE ISCHAEMIA

Case 19 - RCA/LCx

History

A 36-year-old man was referred for thallium imaging and coronary angio-
graphy with a one-year history of exertional chest pain. The resting ECG
was normal but, on exercise, there was 3mm inferolateral ST segment
depression with dyspnoea at 10 min. Risk factors for coronary artery disease
included hypertension, a raised cholesterol, and a positive family history.

Thallium Myocardial Perfusion Tomography
Stress Technique Dipyridamole was infused causing chest pain. The peak
blood pressure and heart rate were 150/60 mmHg and 84/min.

Stress Images There is reduced uptake of tracer in the inferior wall extend-
ing into the apex and basal lateral wall.

Rest Images There is improvement in all areas. The lateral papillary muscle
is prominent.

/) LMs
RCA ] ) . ry 9 LAD
Coronary Angiography N . ) N\

There were stenoses of the proximal left
circumflex artery and of the mid-right

coronary artery. Left ventricular wall | n
motion was normal. |

Conclusion

Reversible inferior and lateral wall ischaemia. This suggests right coronary
and left circumflex disease, but because of considerable anatomical variation
between these two arteries it is not possible to be certain.
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Lateral and inferior wall ischaemia suggest left circumflex and right
coronary artery disease.
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TWO VESSEL REVERSIBLE ISCHAEMIA

Case 20 - LAD/RCA

History

A 55-year-old man was referred for thallium imaging with a history of chest
pain for 15 years. Recent exacerbation of symptoms had been improved by
B-blockade. The resting ECG was normal. An exercise ECG was abnormal
after 4min with 3 mm anterior ST segment depression.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 15ug/kg/min. Stress was
limited by chest pain. The peak blood pressure and heart rate were 166/
76 mmHg and 125/min.

Stress Images There is reduced uptake of tracer in the anterior and inferior
walls, the septum, and the apex.

Rest Images There is improvement in all areas, except for the basal inferior
wall.

Coronary Angiography (| N d

The left anterior descending artery was
occluded and there was a proximal
stenosis in a dominant right coronary
artery. Left ventricular wall motion
was normal.

Conclusion

There is extensive reversible myocardial ischaemia in the territory of the left
anterior descending and right coronary arteries. The extent of this implies a
poor prognosis. The patient underwent coronary bypass grafting in the
same admission.
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Extensive reversible ischaemia implies a poor prognosis and warrants
urgent revascularisation.
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TWO VESSEL REVERSIBLE ISCHAEMIA

Case 21 - LAD/LCx

History

A 60-year-old man was referred for thallium imaging three months after the
onset of exertional chest pain. He was hypertensive and his resting ECG
showed left ventricular hypertrophy on voltage criteria but without re-
polarisation changes. Exercise testing was stopped at 4 min because of 5mm
of ST segment depression without chest pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20pg/kg/min. Stress was
limited by chest pain. The peak blood pressure and heart rate were 164/
86 mmHg and 126/min.

Stress Images There is greatly reduced uptake of tracer in the entire anterior
wall and apex, although septal uptake is relatively preserved. Uptake is also
reduced in the inferolateral wall.

Rest Images There is improvement in all areas.

LMS
RCA e 1 LAD
/M (@) 3 N

Coronary Angiography X ) - \ _d
There were stenoses in the proximal left Y/ LCx i [k MR\
anterior descending artery after the first
septal branch and in the proximal left
circumflex artery. Left ventricular wall

motion was normal.

Conclusion

Extensive ischaemia in the territories of two coronary arteries with reper-
fusion, indicating viable myocardium. Because of the extent of ischaemia,
this is a high risk scan.
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In a patient with left ventricular hypertrophy, the significance of
exercise-induced ST segment changes can be clarified by thallium
imaging.
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TWO VESSEL REVERSIBLE ISCHAEMIA

Case 22 — Left Main Coronary Artery

History

A 51-year-old man was admitted for thallium imaging and coronary angio-
graphy following an episode of angina at rest followed by angina of effort
with a variable threshold. He had smoked 15 cigarettes per day for years but
had no other risk factors. His resting ECG showed inferior Q-waves of
doubtful significance and his exercise treadmill test was limited at 5 min
because of 2mm ST segment depression in lead V5 without angina.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused causing chest pain which did
not require intervention. The peak blood pressure and heart rate were
115/80 mmHg and 82/min.

Stress Images There is very reduced uptake of tracer in the anterior wall
and apex, and also reduced uptake in the lateral wall and the basal inferior
wall.

Rest Images There is improvement in all areas.

LMS
) RCA =<'  LAD
Coronary Angiography v/ ONX
Y - d

The left main stem had two stenoses of \ BIAY7INN
80% and 95%. The left circumflex and LCx g
left anterior descending arteries were \

poorly visualised due to poor flow

but were thought to be normal. Left

ventricular wall motion was normal.

Conclusion

Reversible ischaemia in the territory of the left anterior descending and the
left circumflex arteries. The scan confirms that the inferior Q-waves are not
the result of infarction. The patient is at high risk of future cardiac events
and he underwent urgent coronary artery bypass grafting.
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There is no specific pattern of perfusion defect in stenosis of the left
main coronary artery. Sparing of septal perfusion in this case implies
that it is partly supplied by the right coronary artery.
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TWO VESSEL MYOCARDIAL INFARCTION

Case 23 - RCA/LCx

History

A 69-year-old man was referred for thallium imaging 4 weeks after an inferior
myocardial infarction. He was asymptomatic. The resting ECG showed
inferior Q-waves and widespread T-wave inversion and so an exercise ECG
was not performed. He was asthmatic.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was not infused because of the history of
asthma. Bicycle ergometry was limited at 50 W by dyspnoea without chest
pain. The peak blood pressure and heart rate were 130/60 mmHg and
135/min.

Stress Images There was high lung thallium uptake. There is almost absent
uptake of tracer in the whole of the inferior and lateral walls and apex.
Uptake in the septum is also reduced. The septum appears shortened and
thinned at the base.

Rest Images There is improvement in the septum with no change elsewhere.

| LMS
. ) - LAD
Coronary Angiography ‘ RCA/ N
v ) |
There were proximal occlusions of & ARV o

the left circumflex and right coronary
arteries with a stenosis of the first septal
branch of the left anterior descending
artery. The left ventricle showed gener-
alised hypokinesis and inferior akinesis.

Conclusion

This pattern of infarction in the territories of the left circumflex and the right
coronary arteries is unusual given the history of a single infarct. The patient
may have had a previous infarction silently, or simultaneous occlusion of
two arteries. Reversible ischaemia in the septum is the consequence of left
anterior descending disease. The patient underwent coronary artery bypass
grafting.
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A high risk scan with uptake of tracer in the lung, extensive infarction
and silent ischaemia.
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TWO VESSEL MYOCARDIAL INFARCTION

Case 24 - LAD/RCA

History

A 64-year-old man was referred for thallium imaging because of an episode of
chest pain 15 years after an anterior myocardial infarction. The scan was
requested to determine the extent of infarction and whether additional
reversible ischaemia was present.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to 25W,
limited by fatigue without chest pain. At peak stress the blood pressure and
the heart rate were 120/72 mmHg and 104/min.

Stress Images There is almost absent uptake of tracer in the apex with very
reduced uptake in the anterior wall, septum, and inferior wall. Divergence
of the anterior and inferior walls suggests aneurysm formation.

Rest Images There is no change.

LMS
: | vl LAD
Coronary Angiography Ri " A N
i . .
There was a stenosis of the proximal | v’ v -'." > d

right coronary artery with occlusion of | : LCx"
the proximal left anterior descending |
artery. There were minor stenoses of |
the left circumflex artery. There was |
apical dyskinesis with anterior and ‘
inferior hypokinesis. ’

Conclusion

The scan shows inferior infarction in addition to the known anterior infarc-
tion. There is no evidence of myocardial ischaemia in the territory of the left
circumflex artery. The patient's symptoms were controlled by medication
and surgery was not considered beneficial because of the absence of re-
versible ischaemia.
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An area of infarction may be subtended by a patent vessel because of
recanalisation after the acute event.
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TWO VESSEL MYOCARDIAL INFARCTION

Case 25 - LAD/LCx

History

An asymptomatic 61-year-old man was referred for thallium imaging 8 years
after apical myocardial infarction and coronary artery bypass grafting. The
resting ECG showed right bundle branch block and an exercise ECG was not
performed.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole 40 mg was infused during bicycle exercise
to 100 W, limited by fatigue without chest pain. The peak blood pressure
and heart rate were 145/85 mmHg and 123/min respectively.

Stress Images There is absent uptake of tracer in the apical portion of the
anterior wall and the apex, and also in the inferolateral wall, best seen in the
short axis tomogram. Septal uptake is normal.

Rest Images There is no change.

LMS
vl LAD
Coronary Angiography e N
The left circumflex artery was occluded . ; o ¢
proximally, and the other coronary )/ LCx i\

arteries showed severe disease. There
was an occluded left circumflex graft,
but the other grafts were patent. There
was anteroapical akinesis.

Conclusion

There is infarction of the anterior and inferolateral walls in the territories of
the left anterior descending and left circumflex arteries respectively. The
septum is spared. There is no evidence of reversible ischaemia.
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Thallium imaging can be used in the follow-up of patients after cor-
onary artery bypass grafting.
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THREE VESSEL REVERSIBLE ISCHAEMIA

Case 26 - LAD/LCx/RCA

History

A 62-year-old man was admitted for thallium imaging and coronary angio-
graphy because of recent onset of exertional angina with nocturnal pain. He
had no risk factors for coronary artery disease. His resting ECG showed
inferolateral ST segment depression. The exercise ECG showed 2mm ST
segment depression in lead V5 at 6 min and exercise was limited by chest
pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole infusion caused chest pain which was
abolished by aminophylline after injection of the thallium. The peak blood
pressure and heart rate were 140/84 mmHg and 124/min.

Stress Images There is reduced uptake of tracer in all areas except the basal
portion of the anterior wall.

Rest Images There is improvement in the abnormal areas although this is
least marked in the basal inferior wall.

Coronary Angiography - / A Lap

There was a severe stenosis of the prox- E=) ’\

imal left anterior descending artery with : 4 “ \ 4
\ o .

occlusion distal to a normal diagonal _
branch. The left circumflex artery was . u
normal except for an occluded first

marginal branch. The right coronary o
artery was severely diseased. There was |
extensive coronary calcification. Left
ventricular wall motion was normal.

A

Conclusion

Reversible ischaemia in the territory of all three coronary arteries, indicating
a very high risk of future cardiac events. Coronary artery bypass surgery
was thought to be impossible because of the extensive coronary calcification.
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Aminophylline is a specific antagonist of dipyridamole and should be
used for intolerable side effects. Oral nitrates may also be used to
relieve myocardial ischaemia.
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THREE VESSEL MYOCARDIAL INFARCTION

Case 27 - LAD/LCx/RCA

History

A 49-year-old man was referred for thallium imaging with recurrent angina
5 years after triple coronary artery bypass grafting.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75W, limited by fatigue without chest pain. At peak stress the blood
pressure and the heart rate were 130/70 mmHg and 130/min.

Stress Images The left ventricle is very large and uptake of tracer in the
lungs was seen to be increased in the planar images. There is absent uptake
of tracer in the apex and apical anterior wall. There is reduced uptake in all
other areas but with sparing of the basal anterolateral wall.

Rest Images There is little change although there is some improvement of
the basal anterior wall and septum.

Coronary Angiography ) , LMS
RCA #! LAD

There was occlusion of the left cir- q . -I-\,

cumflex artery and the left anterior 4 d

descending artery after a diagonal \ LCx™ "
branch, with severe disease of the

right coronary artery. The left anterior

descending graft was occluded. The I

other grafts were patent but diseased.

Left ventricular wall motion was globally

impaired with apical dyskinesis.

Conclusion

Extensive myocardial infarction affecting the anterior, inferior and lateral
walls and septum with very impaired left ventricular function. This suggests
infarction in the territories of all three coronary arteries and implies a very
poor prognosis.

98



Ventricular dilatation and increased uptake of thallium in the lungs are
signs of impaired left ventricular function.
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MIXED REVERSIBLE ISCHAEMIA
AND INFARCTION

Case 28 — RCA Infarction/LAD Ischaemia

History

A 65-year-old man suffered a myocardial infarction 12 years previously with
onset of angina one year previously. The resting ECG showed inferior
Q-waves and exercise ECG was unhelpful because of claudication.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75W. Stress was limited by fatigue with chest pain. The peak blood press-
ure and heart rate were 200/96 mmHg and 100/min.

Stress Images There is no uptake of tracer in the apex and anterior wall
except in its most basal portion. There is also reduced uptake in the inferior
wall and septum.

Rest Images There is improvement in all areas except the inferior wall
which is unchanged.

; LMS
RCA ~A LD '
Coronary Angiography VA O N\X 5
There was an occlusion of the proximal | Y 4 LCx 75 1 “-{5'

right coronary artery with a stenosis of y \ .
the proximal left anterior descending '
artery after the first septal branch.

Conclusion

Inferior myocardial infarction corresponding to the occluded right coronary
artery. Reversible ischaemia of the anterior wall, septum and apex cor-
responding to the territory of the left anterior descending artery.
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Dipyridamole may allow a diagnostic scan to be obtained despite the
presence of claudication.
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MIXED REVERSIBLE ISCHAEMIA
AND INFARCTION

Case 29 — RCA Infarction/LCx Ischaemia

History

A 58-year-old man was referred for thallium imaging and coronary angio-
graphy because of angina of effort at 200m. He had been hypertensive for
8 years but had no other risk factors. His resting ECG showed inferior
Q-waves and his exercise ECG was stopped at 7 min by fatigue with 1 mm
of ST segment depression in lead V5.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused causing chest pain which
settled without intervention. The peak blood pressure and heart rate were
120/75 mmHg and 108/min.

Stress Images There is reduced perfusion to the inferior and lateral walls
extending into the apex.

Rest Images There is improvement in the lateral wall and apex but no
change in the inferior wall.

; LMS

RCA | 2! LAD

Coronary Angiography | ) W~ = i

The right coronary artery was occluded. ' ¥y LCx '
The left circumflex artery had a tight

stenosis in its proximal portion. There
was basal inferior wall hypokinesis.

Conclusion

There is basal inferior myocardial infarction in keeping with the occluded
right coronary artery, and reversible inferolateral ischaemia corresponding
to the left circumflex stenosis. Symptoms improved with B-blockade and
coronary artery surgery was not offered.
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In the absence of symptoms and with only limited ischaemia, surgical
intervention may be deferred safely.
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MIXED REVERSIBLE ISCHAEMIA
AND INFARCTION

Case 30 — LAD Infarction/LCx Ischaemia

History

An asymptomatic 60-year-old man was referred for thallium imaging because
of longstanding diabetes and hypertension. The resting ECG showed loss of
R-waves across the anterior chest leads. An exercise ECG was not performed.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100W, limited by fatigue without chest pain. The peak blood pressure and
heart rate were 200/96 mmHg and 113/min.

Stress Images There is reduced uptake of tracer in the anterior and infero-
lateral walls extending into the apex.

Rest Images There is improvement in the inferolateral wall and apex but no
change in the anterior wall.

: LMS
) £ LAD
Coronary Angiography 2% e .".‘\ *
: d
There were stenoses in the diagonal \ RTINS
artery and an occlusion of the left ante- LCx A

rior descending artery after the first ‘
septal branch. There was also a stenosis ‘
of the proximal left circumflex artery ' ‘
which was dominant.

Conclusion

Reversible ischaemia in the territory of the left circumflex artery with anterior
infarction.
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Diabetic patients may suffer significant reversible ischaemia without
symptoms.
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MIXED REVERSIBLE ISCHAEMIA
AND INFARCTION

Case 31 — LAD Infarction/RCA Ischaemia

History

A 58-year-old man was referred for thallium imaging because of angina
16 years after an anterior myocardial infarction. He was diabetic and on
thyroid replacement therapy and digoxin. The resting ECG showed atrial
fibrillation and digoxin effect.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pg/kg/min and was limited
by chest pain. The peak blood pressure and heart rate were 168/74 mmHg
and 112/min.

Stress Images There is no uptake of tracer in the distal anterior wall and
apex and reduced uptake in the septum and inferior wall.

Rest Images There is improvement in the inferior wall and septum but little
change elsewhere.

ReA/ | 2l LAD
Coronary Angiography ‘ - d
The proximal left anterior descending f A el )

artery was occluded and the proximal

right coronary artery was stenosed.
There was anteroapical akinesis.

Conclusion

Anterior, and apical myocardial infarction with reversible ischaemia of the
inferior wall. The reperfusion in the septum is due to supply from the right
coronary artery.
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Thallium imaging is a valuable method of assessing ischaemia when
the exercise ECG cannot be interpreted because of resting ST segment
abnormalities.
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MIXED REVERSIBLE ISCHAEMIA
AND INFARCTION

Case 32 — LCx Infarction/RCA Ischaemia

History

A 62-year-old man was referred for thallium imaging and coronary angio-
graphy because of the development of angina 7 years after lateral wall
infarction. His resting ECG had returned to normal but his exercise ECG
showed 3 mm anterior ST depression after 5 min, associated with chest
pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 15pg/kg/min and was limited
by chest pain. The peak blood pressure and heart rate were 158/83 mmHg
and 130/min.

Stress Images There is reduced uptake of tracer in the inferior and lateral
walls.

Rest Images There is improvement in the inferior wall but no change in the
lateral wall.

| Rca/ ] #{_ LAD
Coronary Angiography . (=Y d

The left circumflex artery was occluded ¥  LCx
and the proximal right coronary artery

was stenosed. Regional wall motion,

assessed in the right anterior oblique

projection, was normal.

Conclusion

There is infarction of the lateral wall which corresponds to the left circumflex
occlusion. Reversible inferior ischaemia is in keeping with disease of the
right coronary artery.
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The territory of the right coronary and left circumflex arteries overlap.
Despite ischaemia in a single myocardial territory, disease of two cor-
onary arteries may be present.
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MIXED REVERSIBLE ISCHAEMIA
AND INFARCTION

Case 33 — LCx Infarction/LAD Ischaemia

History

A 60-year-old man was referred for thallium imaging and coronary angio-
graphy because of angina after lateral wall infarction. His resting ECG
showed T-wave changes in leads 1 and aVI. His exercise ECG showed 3 mm
inferior ST depression after 5 min, associated with chest pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by chest pain. The peak blood pressure and heart
rate were 150/95 mmHg and 129/min.

Stress Images There is no uptake of tracer in the distal anterior wall and
apex, and reduced uptake in the distal septum and lateral wall.

Rest Images There is improvement in the anterior wall, septum and apex,
but no improvement in the lateral wall. The appearance of the lateral wall is
unusual and review of the planar projections showed patient motion during
data acquisition.

| Rea/ ] A LAD
Coronary Angiography | il =) A\ d |

The proximal left circumflex artery was \ -
severely stenosed and the proximal
left anterior descending artery had a
long and tight stenosis.

Conclusion

Lateral wall infarction with reversible ischaemia of the anterior wall, septum
and apex. The unusual appearance of the lateral wall and the thickening of
the inferior wall are the result of patient motion during data acquisition at
rest.
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Motion artefact may be recognised from the planar images, but does
not always interfere with interpretation of the study.
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PROGNOSIS BEFORE ANGIOGRAPHY

Case 34 — No Chest Pain, Normal Scan

History

A 44-year-old asymptomatic businessman underwent exercise electrocardio-
graphy as part of an insurance examination. There was 3 mm ST segment
depression at 12 min with a maximum heart rate of 170/min.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
150 W which was limited by leg fatigue without chest pain. At peak stress
the blood pressure and the heart rate were 210/100 mmHg and 168/min.

Stress Images The uptake of tracer is normal.

Rest Images Because of the normal stress images, rest imaging was not
performed.

Coronary Angiography

This was not performed.

Conclusion

There was no evidence of myocardial ischaemia.
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Routine exercise ECG in the absence of symptoms is unwarranted but,
if an abnormality is encountered, invasive investigation can be avoided
with a normal stress thallium scan.
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PROGNOSIS BEFORE ANGIOGRAPHY

Case 35 — Chest Pain, Normal Scan

History

A 48-year-old obese woman who was a heavy smoker but who had no other
risk factors presented with central chest pain sometimes provoked by exer-
tion. The resting ECG was normal and exercise was limited at 4 min by
fatigue without ST segment changes.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
50 W. Stress was limited by fatigue. At peak stress the blood pressure and
the heart rate were 160/100 mmHg and 126/min.

Stress Images Uptake of tracer is normal.

Rest Images Because the stress images were normal, rest imaging was not
performed.

Coronary Angiography

This was not performed.

Conclusion

There was no evidence of myocardial ischaemia.
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Normal myocardial perfusion during stress is associated with a risk
of future cardiac events that is indistinguishable from the normal
population.
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PROGNOSIS BEFORE ANGIOGRAPHY

Case 36 — Controlled Chest Pain, Minor Ischaemia

History

A 55-year-old male smoker presented with mild angina of effort. Resting
ECG was normal and during exercise he reached 10 min before stopping
with chest pain and 2 mm ST segment depression in the lateral leads.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
125 W. Stress was limited by chest pain. At peak stress the blood pressure
and the heart rate were 170/95 mmHg and 145/min.

Stress Images There is reduced uptake of tracer in the inferior wall.
Rest Images There is improvement in the inferior wall.

: LMS
RCA| | A LAD |
/g X, |
Coronary Angiography Y RIA7IN

The right coronary artery was occluded.
The other vessels were normal. ‘

Conclusion

There is a limited area of reversible ischaemia affecting the inferior wall.
Symptoms were abolished on beta-blockers. The patient is being followed.
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The limited extent of reversible ischaemia implies a good prognosis.
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PROGNOSIS BEFORE ANGIOGRAPHY

Case 37 — Controlled Chest Pain, Major Ischaemia

History

A 50-year-old hypertensive man with a five-year history of angina which
was controlled by medical treatment was referred for thallium imaging
because a routine ECG showed inferior Q-waves.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by fatigue without chest pain. The peak blood
pressure and heart rate were 140/105 mmHg and 100/min.

Stress Images There is reduced uptake of tracer in the anterior wall and
apex, and also in the inferior wall.

Rest Images There is improvement in all areas except the basal inferior wall.

Sy )\ LMS
| RCA =1 A LAD

Coronary Angiography £Y 4 /A VA d

A LCx™ /i VNN
There was significant disease of all three
coronary arteries.

Conclusion

There is basal inferior infarction and reversible ischaemia of anterior wall,
apex, and inferior wall. The ischaemia is extensive despite the absence of
symptoms and he underwent coronary angiography and subsequent bypass
grafting.
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In patients with controlled angina, thallium imaging allows the
detection of patients at high risk and who warrant invasive
investigation.
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PROGNOSIS AFTER ANGIOGRAPHY

Case 38 — Controlled Chest Pain, Three Vessel Disease,
Minor Ischaemia

History

A 48-year-old man was referred for thallium imaging and coronary angio-
graphy after an episode of unstable angina. He became asymptomatic with
beta-blockade. The resting ECG was normal and during exercise he reached
8 min before stopping with chest pain and 1 mm ST segment depression in
the lateral leads.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole 40 mg was infused during bicycle exercise
to 100 W. Stress was limited by fatigue with chest pain. The peak blood
pressure and heart rate were 180/100 mmHg and 154/min respectively.

Stress Images There is reduced uptake of tracer in the basal portion of the
inferolateral wall.

Rest Images There is improvement in the abnormal area.

,- LMS
Coronary Angiography /S =" A\N d
The left circumflex artery was occluded V' Lox 75 IR

and filled from the right coronary

artery which had a moderate proximal |
stenosis. There was a stenosis of the |
diagonal branch of the left anterior de- |
scending artery. |

Conclusion

There is a limited area of inferolateral reversible ischaemia despite the
presence of triple vessel coronary artery disease. This places the patient in a
better prognostic category than is suggested by the angiogram. If the angina
can be controlled by medication, surgical intervention may be deferred.
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Patients with disease of three vessels may not have ischaemia in all
three territories. Prognosis is more closely related to the extent of
ischaemia than the number of vessels affected. Contrast with case 39.
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PROGNOSIS AFTER ANGIOGRAPHY

Case 39 — Controlled Chest Pain, Three Vessel Disease,
Major Ischaemia

History

A 60-year-old man was referred for thallium imaging because of mild exer-
tional chest pain. The resting ECG showed inferior infarction and the exercise
ECG showed 3 mm ST segment depression in the anterior leads at 8 min.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pg/kg/min and was limited
by chest pain. The peak blood pressure and heart rate were 138/64 mmHg
and 93/min.

Stress Images There is no uptake of tracer in the apex and inferior walls
and reduced uptake in the anterior wall, septum and lateral wall. The left
ventricle is dilated.

Rest Images There is improvement in all areas with the exception of the
inferior wall.

Rca) | A LAD
Coronary Angiography S -

There were stenoses in the proximal
portions of all three coronary arteries.

Conclusion

There is an inferior infarct with reversible ischaemia in the territories of the
left anterior descending and left circumflex arteries. As in case 38, there is
three vessel disease but in this case there is extensive ischaemia. This is a
high risk scan and revascularisation would be expected to improve prognosis.
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Patients with three vessel coronary artery disease do not have a
uniformly poor prognosis. The extent of reversible ischaemia is best
determined by thallium imaging. Contrast with case 38.
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ADVERSE PROGNOSTIC SIGNS

Case 40 — Increased Lung Uptake

History

A 00-year-old man with primary amyloidosis and congestive heart failure
was referred for thallium imaging to assess myocardial perfusion. The rest-
.ng ECG was unremarkable.

Thallium Myocardial Perfusion Tomography

Stress Technique Adenosine was infused to 140 pg/kg/min without chest
pain. The peak blood pressure and heart rate were 120/60 mmHg and
100/min.

Stress Images There are minor abnormalities of uptake of tracer in the
inferior wall but the pattern is otherwise normal. An anterior planar image
showed high uptake of tracer in the lungs (see below) and this is also
apparent in the short axis tomograms (contrast with case 2).

Rest Images There is little change in the pattern of activity in the heart.

Coronary Angiography

Left ventricular biopsy confirmed
amyloid infiltration of the heart without
coronary artery disease.

Conclusion

There is very high uptake of thallium in the lungs, indicating stress-induced
elevation of left ventricular end-diastolic pressure.
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In the absence of lung pathology, high uptake of thallium in the lungs
is associated with a poor prognosis.
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ADVERSE PROGNOSTIC SIGNS

Case 41 — Dilated Left Ventricle on Exercise

History

A 55-year-old man was referred for thallium imaging and coronary angio-
graphy because of a 12-month history of angina. His resting ECG showed
anterior Q-waves and his exercise ECG was limited at 5 min with 2 mm of
anterior ST segment depression and chest pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by chest pain. The peak blood pressure and heart
rate were 160/95 mmHg and 130/min.

Stress Images The left ventricle is dilated (arrows show size of left ven-
tricular cavity). Increased uptake of tracer in the lungs was seen in the
planar projections. There is absent uptake of tracer in the apex and septum
and reduced uptake in the anterior and inferior walls. Right ventricular
uptake is clearly seen.

Rest Images The left ventricle is smaller. There is improvement of uptake in
all of the abnormal areas.

_ LMS
Coronary Angiography P d

‘I/

The left anterior descending and right ) LCx
coronary  arteries were occluded | -
proximally. There was anteroapical
hypokinesis.

Conclusion

There is extensive reversible ischaemia affecting all of the myocardium
except the lateral wall. This patient has three indicators of an adverse
prognosis: extensive ischaemia, stress-induced dilatation of the left ventricle
and increased lung uptake.
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Dilatation of the left ventricle during stress is a poor prognostic sign.
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ADVERSE PROGNOSTIC SIGNS

Case 42 - Dilated Left Ventricle After Infarction

History

A 61-year-old man was referred for thallium imaging because of longstand-
ing angina which was unchanged following a recent anterior myocardial
infarction. The resting ECG showed anterior Q-waves. The exercise ECG
was terminated at 1 min by claudication and so was unhelpful.

Thallium Myocardial Perfusion Tomography
Stress Technique Dipyridamole was infused causing chest pain. The peak
blood pressure and heart rate were 140/60 mmHg and 85/min.

Stress Images The left ventricle is dilated. Uptake of tracer in the lungs was
increased. There is reduced uptake of tracer in all areas except the lateral
wall.

Rest Images There is improvement in the septum, with minor changes
elsewhere. The ventricle remains dilated.

| /) LMS
. | £ LAD
Coronary Angiography | RCA/ S\ \‘
. . (O=)"
The left anterior descending and left cir- ‘ Y AN
. " -

cumflex arteries were blocked although LCx
a large intermediate (trifurcation) vessel
was normal. The right coronary artery
was also diseased. The left ventricle
was dilated with global hypokinesis and

anteroapical akinesis.

Conclusion

There is an anteroapical and inferior infarction with reversible ischaemia of
the septum, but preserved perfusion of the lateral wall.
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Dilatation of the left ventricle at rest is an adverse prognostic sign.
Contrast this form of dilatation with the stress-induced dilatation in
case 41.
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CORONARY ANGIOPLASTY

Case 43 — Two Vessel Disease, Culprit Lesion

History

A 73-year-old woman with exertional dyspnoea but no angina was referred
for thallium imaging following coronary angiography. Two lesions had been
identified and both were suitable for angioplasty. The site of ischaemia was
sought in order to plan whether one- or two-vessel dilatation was required.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50 W. Exercise was limited by dyspnoea without chest pain. The peak blood
pressure and heart rate were 210/100 mmHg and 135/min.

Stress Images There is reduced uptake of tracer in the mid-portion of the
anterior wall.

Rest Images The abnormal area improves.

Coronary Angiography |/ NS

There were 60% stenoses in the left an-
terior descending and the right coronary
artery.

Conclusion

The reversible ischaemia is in the territory of the left anterior descending
lesion only.
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It is difficult to estimate the impairment of coronary flow from the
appearance of the arteriogram, particularly if the stenosis is only
moderate. Thallium imaging can be used to guide interventional
procedures.
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CORONARY ANGIOPLASTY

Case 44 - Before Angioplasty Study

History

A 48-year-old man with Wolff—Parkinson-White syndrome was referred for
thallium imaging because of atypical upper chest pain radiating down his
left arm. He had previously received steroid injections to his left shoulder
for the same complaint. Because of the abnormal resting ECG, exercise was
not performed.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by dyspnoea with chest pain. The peak blood
pressure and heart rate were 140/90 mmHg and 100/min.

Stress Images There is absent uptake of tracer in the inferior wall with
reduced uptake in the apex and septum.

Rest Images There is improvement in the abnormal areas.

. \ LMS i

| Rca) ] A LAD |
Coronary Angiography \ Q@S NX ]
There was a tight stenosis of the | v/ Lot S
proximal right coronary artery which | X
was a large vessel supplying part of the :
inferior septum. The other arteries were |
normal. i
Conclusion

There is reversible ischaemia of the inferior wall extending into the septum
and apex. Angioplasty was performed and the follow-up thallium study is
shown in case 45.
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Thallium imaging should be performed before intervention as a guide
for future management.
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CORONARY ANGIOPLASTY

Case 45 — After Angioplasty Study

History

The same patient as described in case 44 was followed-up six months after
angioplasty by thallium imaging. He was asymptomatic.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
125 W. Stress was limited by leg fatigue without chest pain. The peak blood
pressure and heart rate were 166/88 mmHg and 143/min.

Stress Images There is reduced uptake of tracer in the apex but normal
inferior wall uptake.

Rest Images There is improvement in the apex.

Conclusion

The reversible inferior ischaemia has been abolished by the angioplasty and
exercise tolerance has improved (double product increasing from 14.0 to 23.2
% 10> mmHg/min). There is some residual reversible ischaemia of the apex.
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Objective evidence of improved perfusion after angioplasty can be
obtained by thallium imaging.
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CORONARY ANGIOPLASTY

Case 46 — Recurrence of Stenosis

History

An 80-year-old woman underwent thallium imaging because of the develop-
ment of atypical chest pain three months after angioplasty of an 80% stenosis
in the right coronary artery which was technically successful. The exercise
ECG before angioplasty showed no ST segment changes at 6 min. Two
months after angioplasty there were still no ST segment changes and exercise
time had reduced to 4 min, limited by fatigue.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50 W. Stress was limited by fatigue without chest pain. The peak blood
pressure and heart rate were 160/80 mmHg and 111/min.

Stress Images There is reduced uptake of tracer in the inferior wall.

Rest Images The abnormal area improves.

: LMS
RCA/ ~4__LAD
Coronary Angiography ' S o T g
The stenosis of the right coronary artery

had recurred. l ‘“

Conclusion

The inferior ischaemia implies restenosis of the right coronary lesion. Thal-
lium imaging is useful in determining whether reversible myocardial
ischaemia is present and if it relates to the territory of the treated vessel. The
lesion was dilated a second time.
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One-third of stenoses recur within six months of angioplasty and may

present with atypical pain.
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CORONARY BYPASS GRAFTING

Case 47 — Preoperative Study

History

A 65-year-old man was referred for thallium imaging and coronary angio-
graphy because of angina following an inferior myocardial infarction five
years previously. The resting ECG showed inferior Q-waves. He had bilateral
total hip replacements which limited exercise to 4 min at which time there
was 3 mm of ST segment depression in the lateral leads.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pg/kg/min and was limited
by chest pain. At peak stress the blood pressure and heart rate were 160/
78 mmHg and 112/min.

Stress Images There is reduced uptake of tracer in the anterior wall and
apex, and in the inferior and lateral walls.

Rest Images There is improvement in all areas except the basal portion of
the inferior wall.

; LMS
CA) ) N
4 R ING

! LCx

Coronary Angiography

The proximal portions of all three
coronary arteries were stenosed. There
was inferior hypokinesis. ; !

Conclusion

There is extensive reversible ischaemia suggesting three vessel coronary
artery disease. This indicates a poor prognosis and coronary artery bypass
grafting was undertaken. See case 43.
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Thallium imaging reveals the extent of ischaemia prior to coronary
artery bypass grafting and is useful as a baseline for follow-up.
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CORONARY BYPASS GRAFTING

Case 48 — Postoperative Study

History

The same patient as in case 47 was restudied six months after coronary
bypass surgery. He had a left internal mammary graft to the left anterior
descending artery, and vein grafts to the diagonal, marginal and right
coronary arteries. He was asymptomatic.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pug/kg/min without symp-
toms. The peak blood pressure and heart rate were 165/85mmHg and
115/min. ‘

Stress Images The ventricle is not as dilated as in the preoperative study.
There is reduced uptake of tracer in the basal inferior wall but normal
uptake in other areas.

Rest Images There is no change.

Conclusion

Basal inferior infarction but good perfusion in other areas.
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Thallium imaging can be used to confirm the abolition of ischaemia
after bypass surgery.
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CORONARY BYPASS GRAFTING

Case 49 — Recurrent Ischaemia

History

A 60-year-old diabetic lady was referred for thallium imaging 1 year after
coronary artery bypass grafting to the left anterior descending artery, its
diagonal branch, the marginal branch of the circumflex artery, and the right
coronary artery. She had been experience abdominal and hand pain some-
times related to exercise. The resting ECG showed left bundle branch block
and her exercise tolerance was poor.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused prior to bicycle exercise to
50 W. Stress was limited by fatigue with abdominal and hand pain. The
peak blood pressure and heart rate were 170/90 mmHg and 125/min.

Stress Images There is reduced uptake of tracer in the anterior and infero-
lateral walls, and in the apex. The left ventricle is dilated.

Rest Images There is improvement in all areas with the exception of the
mid-portion of the anterior wall.

Coronary Angiography > \ LMS

. RCA < LAD
The left anterior descending artery was o=I\"

occluded distal to the diagonal branch == d
which was stenosed and to which the vy -
vein graft had occluded. The distal left /f
anterior descending artery filled from a
patent vein graft. There was native right
coronary artery disease with an occluded _
graft. The left circumflex artery was : |

stenosed but with a patent marginal X i

graft. . J

Conclusion

Extensive reversible ischaemia of the anterior and inferolateral walls. Oc-
clusion of the diagonal graft has led to infarction in the mid-anterior wall.
Occlusion of the right coronary graft has caused reversible ischaemia of the
inferior wall.
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Thallium imaging is useful for the follow-up of patients after coronary
artery bypass grafting. Diabetic patients may have atypical manifes-
tations of myocardial ischaemia.
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ECG CORRELATIONS

Case 50 — Marked ECG Changes with No Ischaemia

History

A 54-year-old woman underwent thallium imaging because of a constella-
tion of cardiovascular symptoms including dyspnoea, faintness and palpita-
tion on exercise. The resting electrocardiogram was normal. The exercise
ECG showed 2 mm of inferolateral ST depression after 10 min despite a lack
of symptoms other than fatigue.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by palpitation and giddiness without chest pain.
The peak blood pressure and heart rate were 150/95 mmHg and 124/min.

Stress Images The pattern of uptake of tracer is normal.
Rest Images Rest imaging was not performed.

Coronary Angiography

Coronary angiography was normal.

Conclusion

There is no significant myocardial ischaemia despite the symptoms. Despite
the abnormal exercise ECG, the probability of coronary artery disease after
thallium imaging was low.
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Exercise electrocardiography has a poorer specificity (approximately
70%) than thallium emission tomography (approximately 90%) for the
detection of coronary artery disease.
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ECG CORRELATIONS

Case 51 — Marked ECG Changes with Minor Ischaemia

History

A 54-year-old man with longstanding atypical chest pain was referred for
thallium imaging because of an abnormal exercise ECG with 4 mm of lateral
ST segment depression after 9 min.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
125 W. Stress was limited by fatigue without chest pain. Peak blood press-
ure and heart rate were 210/110 mmHg and 135/min.

Stress Images There is reduced uptake of tracer in the basal portions of the
septum and of the inferior and lateral walls.

Rest Images The abnormal areas improve.

Coronary Angiography . I v/ IR INS |

There was a stenosis in the distal left
circumflex artery.

Conclusion

There is minor reversible ischaemia of the basal septum and basal inferior
and lateral walls.
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Profound ST segment changes do not always indicate extensive
ischaemia.
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ECG CORRELATIONS

Case 52 — Wolff-Parkinson—White Syndrome

History

A 49-year-old man was referred for thallium imaging because of exercise-
related arrhythmia and intermittent chest pain. He had Wolff-Parkinson—
White syndrome and the exercise ECG was therefore unhelpful.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 120/80 mmHg and 135/min.

Stress Images There is reduced uptake of tracer in the inferior wall extend-
ing into the apex.
Rest Images The abnormal area improves.

: LMS
RCA/ £l LAD
. ( -V d
Coronary Angiography ! Lox7d MR
X e

There was a stenosis of the right
coronary artery.

Conclusion

Reversible inferior ischaemia.
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Thallium imaging is particularly useful when an abnormality of the
resting ECG prevents interpretation of exercise-induced changes.
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ECG CORRELATIONS

Case 53 — Left Bundle Branch Block

History

A 49-year-old woman was referred for thallium imaging because of atypical
chest pain and a family history of early heart disease. The ECG at rest and
during exercise had previously been normal but she had recently developed
left bundle branch block.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 170/110 mmHg and 150/min.

Stress Images There is reduced uptake of tracer in the anterior wall and
septum.

Rest Images The abnormal areas improve.

Coronary Angiography

The coronary arteries were normal although the left anterior descending
artery was small and tapering. Left ventricular function was normal.

Conclusion

Despite the normal coronary arteries, the distribution of tracer is abnormal.
The cause of this is unclear. Possible causes are myocardial ischaemia or
cardiomyopathy. The myocardial ischaemia may be caused by small vessel
disease, by minor coronary artery atheroma leading to distal embolisation,
or by reduced diastolic coronary perfusion caused by the delay in relaxation
of the septum.
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Great care must be exercised in the interpretation of thallium
abnormalities in left bundle branch block. A normal thallium scan,
however, remains helpful.
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ECG CORRELATIONS

Case 54 — Left Ventricular Hypertrophy

History

A 41-year-old man was referred for thallium imaging because of chest pain
often related to exercise but also occurring with mental stress. The resting
ECG showed left ventricular hypertrophy on voltage criteria with minor
repolarisation changes. Exercise was limited at 12min by fatigue with
dyspnoea. The patient practised karate for several hours each day.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
150 W. Stress was limited by fatigue and dyspnoea without chest pain. At
peak stress the blood pressure and the heart rate were 200/80 mmHg and
138/min.

Stress Images There is normal uptake of tracer throughout the myocardium.

Rest Images Uptake remains normal.

Coronary Angiography

The coronary arteries were normal. The left ventricle was hypertrophied.

Conclusion

Normal myocardial perfusion.
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The exercise ECG is unhelpful for the assessment of myocardial
ischaemia if there are resting repolarisation abnormalities as in left
ventricular hypertrophy.
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CORONARY ANGIOGRAM CORRELATIONS

Case 55 — Normal Angiogram, Syndrome X

History

A 58-year-old woman was referred for thallium imaging because of exer-
tional dyspnoea and chest pain suggesting angina. The exercise ECG was
abnormal with 2 mm of ST depression after 1 min. Exercise was limited by
dyspnoea.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused up to 10 pg/kg/min. Stress was
limited by chest pain and dyspnoea. At peak stress the blood pressure and
the heart rate were 152/70 mmHg and 105/min.

Stress Images There is reduced uptake of tracer in the anterior wall, septum,
and apex.

Rest Images There is improvement in all areas.

Coronary Angiography

The coronary arteries were normal.

Conclusion

There is reversible myocardial ischaemia in the anteroseptal region despite
the normal coronary angiogram. The combination of angina, normal coron-
ary arteries and myocardial ischaemia leads to a diagnosis of syndrome X.
Abnormal stress wall motion in the affected territory was also observed.
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Impaired uptake of thallium is not always caused by disease of the
epicardial coronary arteries.
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CORONARY ANGIOGRAM CORRELATIONS

Case 56 - Normal Angiogram, Left Bundle Branch Block

History

A 57-year-old man was referred for thallium imaging because of exertional
chest pain and a resting ECG that showed left bundle branch block.

Thallium Myocardial Perfusion Tomography

Stress Technique He reached 125 W of bicycle exercise and was limited by
fatigue and chest pain. At peak stress the blood pressure and the heart rate
were 162/100 mmHg and 130/min.

Stress Images There is reduced uptake of tracer in the septum extending to
the inferior wall.

Rest Images The abnormal area improves.

Coronary Angiography

The coronary arteries were normal. Left ventricular contraction was normal.

Conclusion

There is reversible inferoseptal ischaemia in the presence of left bundle
branch block and normal coronary arteries.
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Left bundle branch block may be associated with abnormal uptake
of thallium despite normal coronary arteries. This may reflect true
ischaemia.
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CORONARY ANGIOGRAM CORRELATIONS

Case 57 — Abnormal Angiogram, Normal Thallium Scan

History

A 43-year-old man was referred for thallium imaging and coronary angio-
graphy because of a history of atypical chest pain. An exercise ECG was
normal at 12 min but because of the nature of the chest pain, it was felt that
coronary artery disease had not been excluded.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pg/kg/min without chest
pain. At peak stress the blood pressure and the heart rate were 178/
64 mmHg and 104/min.

Stress Images There is normal myocardial uptake of tracer.
Rest Images Rest imaging was not performed.

| , \ LMS

RCA) | A LAD

Coronary Angiography |/ 72\ J 4
The left circumflex artery was occluded : 7 LCx TN

but was non-dominant. There was a
mild stenosis in a diagonal branch of the
left anterior'descending artery.

Conclusion

Despite the symptoms and the minor coronary artery disease, the thallium
scan was unable to demonstrate reversible myocardial ischaemia. The risk of
future cardiac events is very low.
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Abnormal coronary anatomy may not limit myocardial perfusion.
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OTHER CARDIOLOGY

Case 58 — Dilated Cardiomyopathy

History

A 47-year-old man with a long history of alcohol abuse was referred for
thallium imaging to exclude coronary artery disease because of the devel-
opment of heart failure.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100 W. Stress was limited by fatigue and dyspnoea. At peak stress the blood
pressure and the heart rate were 140/90 mmHg and 182/min.

Stress Images The left ventricle is dilated. Uptake of tracer is normal.

Rest Images There is no change.

Coronary Angiography

The coronary arteries were normal. There was global hypokinesis.

Conclusion

Normal myocardial perfusion compatible with alcoholic cardiomyopathy.
The resting ejection fraction was 18%.
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Dilated cardiomyopathy of any cause may have normal or hetero-
geneous uptake of thallium. Defects simulating reversible ischaemia
are rare.
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OTHER CARDIOLOGY

Case 59 — Ischaemic Cardiomyopathy

History

A 45-year-old man was referred for thallium imaging following a cardiac
arrest at home.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
S0W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 152/98 mmHg and 130/min.

Stress Images The left ventricle is dilated. There is very reduced uptake of
tracer in the anterior wall and apex sparing the most basal portion of the
anterior wall. Uptake in other areas is normal.

Rest Images There is little change.

Coronary Angiography

The coronary arteries were normal
except for a stenosis in the mid-left
circumflex artery. There was global
hypokinesis.

Conclusion

There is a large anteroapical infarction despite the normal left anterior
descending artery.

162



Myocardial infarction may occur despite normal appearance of the
coronary arteries. Thrombosis and spontaneous thrombolysis on the
surface of an anatomically insignificant lesion may be the explanation,
but coronary embolism is an alternative.
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OTHER CARDIOLOGY

Case 60 — Hypertrophic Cardiomyopathy

History

A 75-year-old woman underwent thallium imaging because of exertional
chest pain and dyspnoea. Her resting electrocardiogram showed right bundle
branch block. Her echocardiogram showed septal hypertrophy.

Thallium Myocardial Perfusion Tomography

Stress Technique In view of the echocardiographic findings, exercise was
not performed and thallium was injected at rest.

Rest Images The septum and apex are abnormally thickened (arrows) but
there are no defects of uptake of tracer.

Coronary Angiography

This was not performed.

Conclusion

Thickened septum and apex compatible with hypertrophic cardiomyopathy.
Radionuclide ventriculography showed a high resting ejection fraction of
75%, with poor septal motion and delayed diastolic filling. Thallium imag-
ing in hypertrophic cardiomyopathy can show reversible or fixed defects in
the absence of coronary artery disease. This may be due to inadequate sub-
endocardial perfusion caused by high wall stress. The same phenomenon
can occur in concentric left ventricular hypertrophy.
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Thallium imaging is not a principal investigation for the diagnosis of
hypertrophy, but thickened muscle is sometimes seen. Normal uptake
may exclude an ischaemic cause of symptoms.
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OTHER CARDIOLOGY

Case 61 — Coronary Muscle Bridge

History

A 51-year-old man was admitted for thallium imaging and coronary angio-
graphy because of mild angina and anxiety following an anterior subendo-
cardial infarction. He was a moderately heavy smoker. His resting ECG
showed inverted T-waves in the lateral leads. His exercise ECG was stopped
at 10 min because of 2 mm ST segment depression in leads V2-4, without
chest pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pg/kg/min. Stress was
limited by chest pain. At peak stress the blood pressure and the heart rate
were 156/96 mmHg and 120/min.

Stress Images There is reduced uptake of tracer in the mid and basal por-
tions of the anterior wall and also in the inferior wall.

Rest Images There is improvement in the abnormal areas.

Coronary Angiography

The left anterior descending artery was
normal in diastole but became stenosed
in systole in its mid-portion. The ap-
pearance was typical of a muscle bridge.
The right coronary artery had a fixed
stenosis. Left ventricular wall motion
was normal.

Conclusion

Reversible ischaemia of the anterior and inferior walls, the former caused by
the muscle bridge and the latter by conventional coronary disease. The
previous subendocardial infarction may have been the result of thrombosis
on a minor plaque at the site of the muscle bridge. Because of the mild
symptoms, the patient was treated medically.

166



It has been suggested that muscle bridges do not limit coronary flow
because they constrict the artery only in systole. This case demon-
strates that reversible ischaemia may occur.
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OTHER CARDIOLOGY

Case 62 — Orthotopic Cardiac Transplantation

History

A 50-year-old man had undergone orthotopic cardiac transplantation six
years previously because of a dilated cardiomyopathy. He had developed
atheroma of the donor coronary arteries which had been treated by angio-
plasty of the left anterior descending artery. He had no angina but exercise
was limited by fatigue and dyspnoea.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 130/90 mmHg and 140/min.

Stress Images There is reduced uptake of tracer in the apex and apical
portion of the inferior wall. Right ventricular uptake is similar to left-sided
uptake indicating right ventricular hypertrophy.

Rest Images There is improvement of the apical inferior wall and lesser
improvement of the apex.

Coronary Angiography

There was a discrete stenosis in the mid-
portion of the left anterior descending
artery which was a large artery ex-
tending around the apex. The other
arteries were irregular but without dis- T
crete stenoses. |\ N =!

Conclusion

Reversible ischaemia caused by recurrent stenosis of the left anterior de-
scending artery. Experience of thallium imaging following cardiac trans-
plantation is limited and the cause of the increased right ventricular uptake
is unknown.
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Accelerated coronary atheroma may occur after cardiac transplantation.
The distinction between perfusion abnormalities caused by atheroma
and the effects of chronic rejection is difficult but thallium imaging was
helpful in this case.
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OTHER CARDIOLOGY

Case 63 — Reversible Right Ventricular Ischaemia

History

A 60-year-old man was referred for thallium imaging because of recurrent
angina following coronary artery bypass grafting and repair of an atrial
septal defect.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 140/80 mmHg and 106/min.

Stress Images Uptake of tracer in the left ventricle is normal but there is
reduced uptake in the apical portion of the right ventricle (arrow).

Rest Images There isimprovement in the abnormal area of the right ventricle.

Coronary Angiography

There was disease of the native left an-
terior descending artery with a patent
graft. Disease of the right coronary
artery affected the origin of a large right
ventricular branch but the right coronary
graft was patent.

Conclusion

Reversible ischaemia of the right ventricle. This is a rare case, presumably
arising because of right ventricular hypertrophy caused by the longstanding
atrial septal defect.
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Reversible right ventricular ischaemia may be detected by thallium
imaging in the presence of right ventricular hypertrophy.
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OTHER CARDIOLOGY

Case 64 — Unusual Coronary Artery Anatomy

History

A 40-year-old man was referred for thallium imaging because of exertional
chest pain. The resting ECG was normal but exercise was stopped at 9 min
by chest pain with 2mm of inferolateral ST segment depression.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 15 pg/kg/min. Stress was
limited by chest pain. At peak stress the blood pressure and the heart rate
were 196/92 mmHg and 142/min.

Stress Images There is reduced uptake of tracer in all walls with the excep-
tion of the lateral wall.

Rest Images There is improvement in all areas.

Coronary Angiography

The left anterior descending artery was
very large and was occluded. The other
arteries were normal.

Conclusion

Extensive reversible ischaemia affecting the inferior wall as well as the
characteristic territory of the left anterior descending artery.
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Disease of only the left anterior descending artery may produce very
extensive reversible ischaemia which includes the inferior wall.
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OTHER CARDIOLOGY

Case 65 — Myocardial Damage Following
Acute Anaphylaxis

History

A 52-year-old woman was referred for thallium imaging because of the
development of an abnormal ECG following a severe allergic reaction to
amoxycillin associated with severe chest pain. The resting ECG showed
widespread anterior T-wave inversion. She was treated with streptokinase
but the ECG changes did not resolve.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 170/100 mmHg and 140/min.

Stress Images There is reduced uptake of tracer in the anterior wall which
extends into the apex.

Rest Images There is no change.

Coronary Angiography

Coronary angiography was not performed.

Conclusion

There is a fixed defect of thallium uptake affecting the anterior wall and apex
implying myocardial damage. The planar projections did not show attenua-
tion from the breasts. It is not known if the myocardial damage is the result
of anaphylaxis or coronary artery disease. In the absence of symptoms and
of reversible ischaemia, invasive investigation was not performed.
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Systemic disease may cause fixed defects of tracer uptake.
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OTHER CARDIOLOGY

Case 66 — Anomalous Origin of LAD

History

A 23-year-old woman was referred for thallium imaging because of exertional
chest pain since adolescence. The resting ECG showed inverted anterior
T-waves.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 145/90 mmHg and 130/min.

Stress Images There is reduced uptake of tracer in the anterior wall.

Rest Images There is no change.

Coronary Angiography

The left anterior descending artery arose from the pulmonary artery. There
was anterior hypokinesis.

Conclusion

Anterior infarction caused by an anomalous left anterior descending artery.
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Classical angina in the young may be caused by an anomalous
coronary artery.
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QUANTIFICATION

Case 67 — Polar Mapping

History

A 59-year-old man was referred for thallium imaging because of exertional
chest pain. His resting ECG was normal.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 138/76 mmHg and 110/min.

Stress Images Uptake of tracer in the lateral wall is lower than in the
septum. This is the reverse of normal. There is also reduced uptake in the
apex.

Rest Images The abnormal areas improve.

Bullseye Reconstructions The stress polar map (bottom left) also shows
reduced uptake in the inferolateral wall. The stress and redistribution black-
out plots (bottom centre and right respectively) clarify the extent of the
abnormality by blacking out pixels with activity that is more than two
standard deviations below normal.

Coronary Angiography

There was a stenosis of the left main
coronary artery but no other abnormality.

Conclusion

Reversible inferolateral and apical ischaemia. The abnormality is difficult to
appreciate from the tomograms but is clearly revealed by the quantitative
analysis.
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Uptake of tracer in the lateral wall is normally 20% higher than in the
septum. Quantitative analysis may reveal an abnormality that is not
obvious from the tomograms.
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PHARMACOLOGICAL STRESS

Case 68 — Dipyridamole

History

A 69-year-old man had suffered from angina for six months and had not
responded to treatment. The resting ECG showed inferior Q-waves. Exercise
was limited to 4 min by claudication and there were no ST segment changes.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole 0.56 mg/kg was infused intravenously and
caused chest pain. Blood pressure and heart rate after infusion were 129/
65mmHg and 77/min.

Stress Images There is reduced uptake of tracer in the anterior wall, septum
and apex and also in the inferior wall.

Rest Images There is improvement in all areas except the inferior wall.

Coronary Angiography

The left anterior descending artery
was occluded proximally. There were
stenoses of the left circumflex artery and i
of the right coronary artery. \ ||

Conclusion

There is reversible ischaemia of the anterior wall, septum and apex with
inferior infarction. This defect is unlikely to have been revealed by dynamic
exercise alone because of the claudication.
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Dipyridamole may reveal inequalities of myocardial perfusion and is
helpful in patients who cannot exercise. It may also provoke
myocardial ischaemia. It is contraindicated in patients with
bronchospasm.
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PHARMACOLOGICAL STRESS

Case 69 — Dobutamine

History

A 73-year-old man had exertional chest pain and palpitations. Arthritis and
asthma prevented adequate dynamic exercise and dipyridamole infusion.
Right bundle branch block prevented interpretation of the stress ECG.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20pg/kg/min. Stress was
limited by chest pain. At peak stress the blood pressure and the heart rate
were 164/62 mmHg and 130/min.

Stress Images There is reduced uptake of tracer in the inferior wall and
apex.

Rest Images There is improvement in all areas.

Coronary Angiography

There was a stenosis of the right
coronary artery. The other coronary
arteries were normal.

Conclusion

There is reversible ischaemia of the inferior wall and apex. This could not
have been demonstrated by any other non-invasive technique. The primary
action of dobutamine is to increase myocardial oxygen demand. Beta-
blockade must be stopped 72 h before stress but, unlike dipyridamole and
adenosine, it is safe in patients with bronchospasm.
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In patients who are unable to exercise and who have a history of
bronchospasm, dobutamine may be the only simple method of
provoking myocardial ischaemia.
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PHARMACOLOGICAL STRESS

Case 70 — Adenosine

History

A 76-year-old man was referred for thallium imaging in order to assess the
risk of peripheral vascular surgery. He had undergone coronary artery
bypass grafting 3 years previously and was asymptomatic, but unable to
exercise freely because of claudication.

Thallium Myocardial Perfusion Tomography

Stress Technique Adenosine was infused at 140 pg/kg/min for 6 min with-
out symptoms. The blood pressure and heart rate following infusion were
120/86 mmHg and 68/min.

Stress Images There is reduced uptake of tracer in the anterior wall, apex,
and inferior wall. Uptake in the fundus of the stomach is visible.

Rest Images There is improvement in all areas.

Coronary Angiography

There was disease of all three native
coronary arteries and of the grafts to
the left anterior descending and right
coronary arteries. The circumflex graft
was normal.

Conclusion

There is reversible ischaemia of the anterior wall, apex, and inferior wall.
Adenosine acts in the same way as dipyridamole but its shorter half-life
makes its action more controllable.
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Adenosine is an effective agent for use with myocardial perfusion
imaging. Like dipyridamole, it is contraindicated in patients with bron-
chospasm.
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PHARMACOLOGICAL STRESS

Case 71 — Dipyridamole with Exercise

History

A 60-year-old man with angina was referred for thallium imaging after a
coronary angiogram for determination of the site and extent of ischaemia.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
75 W. Stress was limited by dyspnoea without chest pain. At peak stress the
blood pressure and the heart rate were 140/80 mmHg and 120/min.

Stress Images There is reduced uptake of tracer in the anterior wall extend-
ing to the apex.

Rest Images There is improvement in the abnormal areas.

Coronary Angiography

There were stenoses in the left anterior
descending and left circumflex arteries
of uncertain severity. The right coronary
artery could not be intubated.

Conclusion

There is reversible ischaemia in the territory of the left anterior descending
artery but the right coronary artery territory is well perfused.
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Dipyridamole and exercise may be combined during myocardial
perfusion imaging. The increased splanchnic uptake caused by
dipyridamole is reduced by the exercise.

187




CHEST PAIN AND ISCHAEMIA

Case 72 — Chest Pain with No Ischaemia

History

A 56-year-old woman had chest pain related to exertion but also occurring at
rest. There had been no improvement with medical treatment. Her resting
ECG was normal and exercise was limited at 7 min by fatigue and chest pain
with 1 mm ST segment depression in the inferior leads.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
100W. Stress was limited by fatigue with chest pain. At peak stress the
blood pressure and the heart rate were 180/100 mmHg and 140/min. ’

Stress Images There is normal uptake of tracer.
Rest Images There is no change.

Coronary Angiography

The coronary arteries were normal.

Conclusion

Normal myocardial perfusion. Ambulatory oesophageal pH monitoring
showed the symptoms to be caused by gastro-oesophageal reflux.
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Exertional chest pain may not be caused by myocardial ischaemia.
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CHEST PAIN AND ISCHAEMIA

Case 73 — No Chest Pain with Ischaemia

History

An asymptomatic 57-year-old man was referred for thallium imaging because
two of his younger brothers had recently died from myocardial infarctions.
He was a smoker with a mildly raised cholesterol. An exercise test was
stopped at 4 min because of 2mm inferior ST depression.

Thallium Myocardial Perfusion Tomography

Stress Technique Dobutamine was infused to 20 pg/kg/min without chest
pain. At peak stress the blood pressure and the heart rate were 162/
76 mmHg and 127/min.

Stress Images There is reduced uptake of tracer in the septum and apex
extending to involve the inferior wall.

Rest Images There is improvement in all areas.

Coronary Angiography

There was a stenosis of the proximal left
anterior descending artery but the other
arteries were normal.

Conclusion

There is ischaemia in the territory of the left anterior descending artery.
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Ischaemia can occur in the absence of symptoms.
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ARTEFACTS

Case 74 — Motion

History

A 42-year-old man was asymptomatic but had an abnormal exercise electro-
cardiogram as part of a health screening programme.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
175W without chest pain. At peak stress the blood pressure and the heart
rate were 190/100 mmHg and 168/min.

Stress Images There is normal uptake in all areas.

Rest Images He moved during the acquisition and there is distortion of the
images with apparently reduced uptake in the anterior wall and apex.

Repeat Rest Images The images are now normal.

Conclusion

Normal myocardial perfusion.
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Patient motion during acquisition may cause image distortion and
simulate abnormal perfusion.
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ARTEFACTS

Case 75 — Poor Count Rate

History

An asymptomatic obese 48-year-old businessman was referred for thallium
imaging following an exercise ECG which showed 2mm ST segment de-
pression at 9 min. Exercise was limited by fatigue without associated chest
pain.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
125W. Exercise was limited by fatigue. At peak stress the blood pressure
and the heart rate were 190/110 mmHg and 168/min.

Stress Images There is normal uptake of tracer.

Rest Images The images are irregular although the apparent defects do not
correspond with normal coronary artery territories. Acquisition time was
30s per frame.

Repeat Rest Images Because of the patient’s obesity and the low count
rate obtained, imaging was repeated with 45s per frame. The appearance of
the tracer distribution is now homogeneous and normal with some apical
attenuation.

Conclusion

Normal myocardial perfusion.
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Image quality may be degraded in obese patients by a low count rate.
This can be improved by increasing the acquisition time.

195



ARTEFACTS

Case 76 — Upward Creep

History

A 46-year-old asymptomatic racing driver was referred for thallium imaging
because of an abnormal exercise ECG which was performed as part of a
medical examination for his racing licence.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
150 W. Stress was limited by fatigue without chest pain. At peak stress the
blood pressure and the heart rate were 170/80 mmHg and 155/min.

Stress Images There is a focal defect of tracer uptake in the anterior wall
with apparent mild reduction in all areas except the lateral wall. Examina-
tion of the planar projections showed that the heart moved upwards by 4
pixels during the acquisition.

Corrected Stress Images Computer realignment was performed to correct
for the upward motion of the heart in the planar images. The tomograms are
now normal.

Rest Images There is no change.

Conclusion

Despite the apparent defect in the uncorrected stress images, the corrected
images show normal perfusion.
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“Upward creep” may cause apparent anterior or inferior defects in
images acquired immediately after vigorous exercise. This is the result
of excessive lung inflation during exercise which depresses the heart

with recovery during imaging.
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ARTEFACTS

Case 77 — Objects

History

An obese 50-year-old man had a single episode of chest pain at rest which
lasted for 30 min. Resting ECG was normal but he was unable to exercise
adequately on the treadmill.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to 75 W
without chest pain. At peak stress the blood pressure and the heart rate
were 180/105 mmHg and 130/min.

Stress Images There is normal uptake in all areas.

Rest Images The images are distorted with an apparent defect at the apex.
After the acquisition it was discovered that he had three coins in his left
breast pocket (see below).

Repeat Rest Images The acquisition was repeated without the coins and the
images are again normal.

Conclusion

Normal myocardial perfusion with distortion of the images caused by coins.
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Attenuating objects must be removed from the field of view before
imaging.
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REPERFUSION

Case 78 — Reversed Redistribution

History

A 60-year-old woman with angina was known to have a mild stenosis of
the left anterior descending artery. Angioplasty was planned if reversible
ischaemia of the anterior wall could be demonstrated.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
50W. Stress was limited by chest pain. At peak stress the blood pressure
and the heart rate were 190/100 mmHg and 116/min.

Stress Images There is mildly reduced uptake of tracer in the anterior wall
with normal uptake in other areas.

Rest Images The defect of the anterior wall is more obvious.

'_ LMS
RCA / A LAD

Coronary Angiography N/ | b

There was a minor stenosis of the left
anterior descending artery, of uncertain
haemodynamic significance, but the
other coronary arteries were normal.

Conclusion

There is a mild anterior defect of the anterior wall which is more marked
following redistribution. There is no agreement on the cause of reversed
redistribution but it is the result of rapid washout from the affected seg-
ment. It is thought to be caused by minor coronary artery disease which
leads to subendocardial infarction but where the artery subsequently
remains widely patent.
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Reversed redistribution may be associated with coronary artery disease
although it may also be the result of artefact in the redistribution
images.
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REPERFUSION

Case 79 — 24 Hour Imaging

History

A 50-year-old man had recurrent angina six months after coronary bypass
surgery to the left anterior descending, right coronary and left circumflex
arteries.

Thallium Myocardial Perfusion Tomography

Stress Technique Dipyridamole was infused during bicycle exercise to
125W. Stress was limited by chest pain. At peak stress the blood pressure
and the heart rate were 180/120 mmHg and 116/min.

Stress Images There is absent uptake of tracer in the distal anterior wall and
apex, and reduced uptake in the inferior and basal anterior walls.

Rest Images After 4 hours, there is no change.
24 Hour Images There is improvement in the inferior wall.

LMS
Coronary Angiography acal— s LAD
The native left anterior descending /Y ' W d
artery had severe proximal stenoses and Y A N

its graft was patent though with very
poor flow. The left circumflex artery |
graft was patent with good flow. The
native right coronary artery was occluded
and there was an ostial stenosis of its
graft. There was anteroapical dyskinesis.

Conclusion

Anteroapical myocardial infarction with reversible ischaemia of the inferior
wall. In this case, 24h imaging was useful to demonstrate the reperfusion
although image quality was reduced. Reinjection imaging may also be help-
ful (see case 80).
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Myocardial viability may be underestimated in the 4h images because
of slow wash-in of thallium to the territory of a severely stenosed
artery.
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Case 80 — Reinjection

History

A 6l-year-old man had exertional chest pain and a history of possible
myocardial infarction 10 years previously. He had received chemotherapy
and radiotherapy for a lung tumour, and there was no evidence of recur-
rence. His resting ECG was normal and his exercise ECG was limited at
4 min by dyspnoea without ST segment changes.

Thallium Myocardial Perfusion Tomography

Stress Technique Adenosine was infused at 140 pg/kg/min for 6 min with-
out chest pain or dyspnoea. At peak stress the blood pressure and the heart
rate were 106/70mmHg and 77/min, and there was 2mm ST segment
depression.

Stress Images There is no uptake of tracer in the distal anterior wall and
apex with reduced uptake in the septum and the inferior wall.

Rest Images After 4h redistribution, there is improvement in the septum
and some improvement in the anterior wall but little change in the inferior
wall.

Reinjection Images After resting injection of 37 MBq thallium, there is now
marked improvement in the inferior wall and apex.

LMS
RCA, | . &, e
Coronary Angiography ' NE="EA\

There were stenoses of the proximal left LCx
anterior descending and right coronary

arteries.

Conclusion

There is reversible ischaemia of the anterior wall and septum. The inferior
wall and apex improve following reinjection.
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Reinjection of thallium may be useful in determining myocardial
viability when doubt remains after redistribution imaging.

205



Chapter 7
Clinical Applications

Detection of Coronary Artery Disease

A range of investigations is normally used in patients with suspected
coronary artery disease, the simplest “investigation” being the history.
Typical angina is a good indicator of myocardial ischaemia and abolition of
symptoms is the primary aim of treatment. Symptoms do not indicate the
site or extent of ischaemia, however, and it is helpful to have an objective
assessment of myocardial ischaemia in order to guide future management.
Myocardial perfusion scintigraphy is the only non-invasive and widely avail-
able method of assessing myocardial perfusion. It, therefore, has an obvious
role in the detection of perfusion abnormalities caused by coronary artery
disease. Many studies have assessed the sensitivity and specificity of the
technique for the detection of disease, the coronary arteriogram usually
being used as the standard by which the accuracy of scintigraphy is judged.
The wisdom of this approach can be debated, but at least the arteriogram
provides a universal standard for coronary arterial anatomy even if it is a
less good standard by which to judge coronary arterial function. Rozanski
and Berman' have reviewed 15 such studies involving 1023 patients with
disease and 478 without disease. They found that figures varied widely but
the overall sensitivity and specificity for the detection of coronary artery
disease was 80% and 92% respectively. This was significantly better than
exercise electrocardiography where the figures were 64% and 82%.

It is reasonable to ask, therefore, whether thallium scintigraphy should be
used in place of exercise electrocardiography in patients with suspected
coronary artery disease. Several factors militate against this. The most im-
portant is the radiation burden to the patient, but the additional expense
and the lower availability of thallium imaging will also influence the de-
cision. The main place of thallium imaging for the diagnosis of coronary
artery disease is if the electrocardiogram is uninterpretable because of rest-
ing abnormalities (left bundle branch block, pre-excitation, left ventricular
hypertrophy, drug effects), or if doubt remains because of equivocal ST
segment changes or a normal exercise electrocardiogram despite a high
pretest likelihood of disease.

A special case is the asymptomatic individual who requests an exercise
test in order to rule out the possibility of coronary artery disease. Sadly,
there is a discrepancy between recommended and actual practice. Exercise
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THALLIUM MYOCARDIAL PERFUSION TOMOGRAPHY IN CLINICAL CARDIOLOGY

electrocardiography and exercise thallium scanning should not be performed
as screening tests for coronary artery disease in low risk individuals, includ-
ing those without symptoms.? Any test without perfect specificity will pro-
duce a higher number of false positive results than true positive results in
such a population. Between one-tenth and one-third of asymptomatic men
with abnormal exercise electrocardiograms will have normal coronary arteries.
Unfortunately in some countries, particularly those with a privatised medi-
cal system, exercise testing has become common in asymptomatic individ-
uals. A reasonable role for thallium scintigraphy is then to adjudicate on the
presence of disease if the exercise electrocardiogram is equivocal or abnormal.

The position in asymptomatic patients who have a “high risk’ of coronary
artery disease is more difficult. Although asymptomatic patients with hyper-
tension or hypercholesterolaemia have an increased risk of coronary artery
disease, it is not sufficiently high that the post-test likelihood of disease
following an abnormal thallium scan exceeds 50%. In other words there will
still be more false positives than true positives in this population. Only in
patients with established peripheral vascular disease does the pretest likeli-
hood of coronary disease reach a sufficiently high level to warrant exercise
testing in patients without cardiac symptoms. The patient with claudication
or an abdominal aortic aneurysm may therefore have a thallium scan (with
dipyridamole or dobutamine) in order to gauge the risk of vascular
surgery.>*

The concept of pretest and post-test likelihood of disease arises from
Bayes’ theorem which is central to the correct application of any diagnostic
test.>® The theorem predicts that the greatest contribution to diagnosis from
a test with sensitivity and specificity similar to thallium scintigraphy is made
when the pretest likelihood of disease is around 50% (Fig. 7.1). If the pretest
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Fig. 7.1. Bayes’ theorem relates the pretest probability of disease to the post-test probability.
The result of the test makes the largest change in probability of disease if the pretest probability
is between 30% and 70%.
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likelihood of disease is very low, then even an abnormal test does not
increase the likelihood of disease by very much. Conversely, a normal test in
a patient with a very high pretest likelihood does not significantly lower the
likelihood of disease. It is always worth considering the pretest likelihood of
disease before requesting a diagnostic test with less than perfect sensitivity
and specificity.

Management of Established Coronary Artery Disease

Stable Angina

As in the diagnosis of coronary artery disease, the presence of typical angina
of effort is a reasonable indicator of myocardial ischaemia. It is helpful to
have objective confirmation, however, especially since the level of exercise
achieved during a formal exercise test can be used to judge the effects of
treatment or of progression of disease. The exercise electrocardiogram is the
most commonly used objective test. It provides less information than thal-
lium scintigraphy and is less accurate for the detection of ischaemia, but it is
simple, cheap and widely available. There are a number of occasions when
the electrocardi