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New technique for showing the relation of
tomographic myocardial perfusion images obtained
with thallium-201 to the coronary arteries
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SUMMARY A new technique has been developed for presenting myocardial tomograms that allows
the observer to perceive the shape of the thallium-201 distribution directly. The surface of the
myocardium was found by applying an interactive thresholding technique to a set of conventional
transverse slices. Computer graphics techniques were used to display a shaded image of that
surface on a television screen, showing the three dimensional shape of the myocardial surface
from any chosen aspect. A set of normal preserved coronary arteries was digitised, and using
scaling and transformation techniques these arteries were mapped on to the myocardial tomo-

grams and a shaded surface image produced with superimposed coronary arteries. This provided
a familiar anatomical framework for locating perfusion defects. Its value in identifying various
diseased vessels was confirmed by a comparison of the tomographic findings with the angio-
graphic findings in five individual cases.

Thallium-201 perfusion scintigraphy is now a well
established technique for imaging the myo-
cardium.'2 Its use is advocated in patients with
atypical chest pain for diagnosing possible coronary
artery disease.3-5 The interpretation of thallium-
201 images is, however, difficult and requires con-
siderable experience to obtain reproducible results,
and considerable interobserver variation has been
found.67 This situation led to the development of
semiquantitative methods for analysing thallium
scans8 - 10 and may also be responsible for the poor
correlation reported by some authors between the
site of disease as determined from scans and that of
coronary artery stenoses found by angiography." 12
Further studies to improve the accuracy of local-
isation of disease have compared semiquantitative
results with empirically derived normal ranges.1314
The scintigraphic appearances of specific coronary
artery stenoses have been studied extensively and
many patterns identified'4; with experienced ob-
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servers these methods gave accurate localisation of
disease.'5

Rotating gammacamera tomography has been
shown to be the best imaging technique generally
available for thallium-201 scintigraphy of the myo-
cardium.'61-8 The use of tomograms is an im-
portant step forward towards the location of arterial
disease, with relatively good results being obtained
in one or two vessel disease.'9 We have previously
established a tomographic technique using both ex-
ercise and resting scans and have shown good agree-
ment with exercise electrocardiographic results,
good agreement between qualitative and semi-
quantitative assessment, and an absence of equivocal
results.20 We now report a method for relating scin-
tigraphic findings to the coronary arteries. We be-
lieve that this will be a useful step forward towards
the use of thallium-201 for localising coronary artery
disease.

Patients and methods

Patients underwent a symptom limited exercise elec-
trocardiographic test in accordance with a Bruce
protocol. Once peak stress had been achieved in the
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Fig. 1 Three dimensional shaded image representations of thallium-201 uptake in a normal
myocardium (case 1) viewedfrom (a) the anterior, (b) the left lateral, (c) the right posterior oblique,
and (d) the left anterior oblique positions with the coronary arteries and their major branches
superimposed (right coronary artery in red, left descending in yellow, circumflex in blue).

exercise test 80 MBq thallium-201 thallous chloride
was injected and exercise continued for a further
minute. Patients were then quickly transferred for
imaging, which began within five minutes of the end
of exercise. An IGE 400 AT gammacamera with a
DEC Gamma-I 1 computer system was used for to-
mographic imaging.2' Data were acquired for 40 s at
each of 32 equally spaced positions over a 1800 arc
from left posterior oblique to right anterior oblique.
A low energy general purpose collimator was used
and the pulse height analyser window set at 55-90
keV. Tomography was repeated after four hours rest
to allow the thallium-201 to redistribute to the rest-
ing perfusion pattern. The image data were filtered
with a Metz count dependent prefilter22 and a
magnified reconstruction performed by back
projection (NucMed software package, Analogic
Corp, Wakefield, Massachusetts, USA). The pixel
size in reconstructed images was equivalent to 3 mm.
This image processing was considered subjectively
to give the best quality tomographic images.

Transverse section data were transferred to a Link
Dyanne computer system via magnetic tape and
were used to construct a three dimensional repre-
sentation of the myocardial uptake. A count thresh-

old level was selected interactively, and a computer
model of the resulting myocardial distribution cre-
ated by stacking adjacent transverse sections. Only
pixels with count values greater than the threshold
level were considered to be part of the model. From
a set of up to 64 transverse sections (3 mm nominal
thickness) each of 64 x 64 pixels (3 x 3 mm), the
myocardium was modelled by an array of 64 x 64 x
64 bits, where each bit was set only if the corre-
sponding pixel exceeded the threshold level. The
time required to create this binary model from a set
of tomograms was 1-5 s per slice or typically 45 s per
study. Note that the model needed to be created
once only and was then stored on disk. This model
was displayed as if illuminated by a light source lo-
cated above the observer's head and angled down on
the model. For all visible points on the model a grey
scale value was calculated from the local surface ori-
entation. The resulting shaded surface image
presents information about the shape of three di-
mensional objects in a two dimensional form.23 By
rotating and tilting the model the myocardial distri-
bution may be viewed from any angle, thus allowing
the observer to perceive directly the three dimen-
sional distribution of perfused myocardium. The
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Fig. 2 Thallium-201 images at rest viewedfrom (a) the anterior, (b) the left posterior oblique (c), the
right posterior oblique, and (d) the left anterior oblique positions showing a large perfusion defect in the
anterior wall, coincident with the left anterior descending artery and therefore indicating the site of a
previous myocardial infarction (case 2). Colour coding of coronary arteries as in Fig. 1.

time taken to rotate the model and to display a
shaded surface image depended on myocardial size
and ranged from 4 to 6 s to rotate or tilt the model
and from 13 to 24 s to calculate and display the
shaded surface image. Although faster execution
would be desirable, these times are sufficiently short
to allow the program to be used interactively.
To provide anatomical reference points, the lo-

cations of the coronary arteries and their major
branches were added to the display. A cast of coro-
nary arteries was obtained from a normal necropsy
specimen, and the major arteries were digitised in
three dimensions using a reflex metrograph (Ross
Instruments). A simple fitting procedure was used
to scale these arteries on to the computer model of
myocardial uptake. A hidden surface algorithm en-
sured that only the visible portions of the coronary
arteries were displayed when the myocardium was
observed from different aspects.

Several methods were used for viewing the result.
Arteries were distinguished one from another and
from myocardium by using a different colour for
each artery on a colour video monitor and super-
imposing the arteries on a grey shaded image of
myocardial uptake. The location of arteries could be

perceived by presenting multiple views of the image
model from several different aspects simultaneously
(Figs. 1-5). An alternative method was a rapid se-
quential display of views with small angular dis-
placements so that motion parallax improved the
three dimensional perception.24 Finally, stereo pair
images can be constructed by creating two images
with a small angular displacement (100) and viewing
these as transparencies with an appropriate viewer.
Only the first method was considered suitable for
printed publication.

Results

CASE REPORTS
Case I (normal) -A man aged 46 was admitted to

hospital after a "collapse." Initially, he manifested
sinus tachycardia and later sinus bradycardia. An
exercise electrocardiogram performed to rule out is-
chaemic heart disease was equivocal and was there-
fore repeated and combined with a thallium scan.
During the exercise test he exercised well into stage
VII with no chest pain and no electrocardiographic
changes. Coronary angiography was therefore not
sought. The thallium tomograms showed no evi-
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Exercise _E

ANT LAO

Exercise Rest
Fig. 3 Thallium-201 images viewedfrom the anterior (ANT) and left anterior oblique (LAO)
positions showing (A) apical defect both on exercise (a and b) and at rest (c andd) corresponding to
distal left anterior descending artery. (B) The right anterior oblique (RAO) view shows a defect on
exercise in the right coronary artery territory. Colour coding of coronary arteries as in Fig. 1.
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RAO LAO
Fig. 4 Thallium-201 images in the right anterior oblique (RAO) and left anterior oblique
(LAO) positions on exercise (top) and at rest (bottom) (case 4). Two defects are seen on
exercise in the septal and anterior regions, both of which are perfused at rest. The defects do not
correspond directly to the major arteries, which indicates that some of their branches or distal
portions are diseased. Colour coding of coronary arteries as in Fig. 1.

ANT LAO

Fig. 5 Thallium-201 images on exercise (top) and at rest (bottom) viewedfrom the anterior
(ANT) and left anterior oblique (LAO) positions in a patient (case 5) with ischaemia. The
large defect on exercise extends along the line of the left anterior descending artery and continues
right under the left ventricle. There is a second small defect on the inferior surface indicating right
coronary artery disease also. Colour coding of coronary arteries as in Fig. 1.
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dence of ischaemia, and three dimensional recon-

struction showed no defects on exercise or resting
images. Thus each of the investigations confirmed
the absence of ischaemic heart disease (Fig. 1).

Case 2 (infarct) -A 38 year old man with a pre-

vious history of anteroseptal myocardial infarction
presented again four months later with chest pain
that could have been anginal in nature and was

treated with beta blockers and nitrates. An exercise
electrocardiogram was terminated at stage IV be-
cause of chest pain, but no changes were evident in
the tracing. Left ventricular cineangiography
showed the anteroapical region to be akinetic, and
on coronary arteriography the left anterior de-
scending artery was completely occluded just be-
yond the large first diagonal. The thallium scan

showed a large apical defect on the exercise tomo-

grams but a slight uptake at the apex on the resting
images. This indicated an apical myocardial in-
farction, with a possible ischaemic area. The three
dimensional display (Fig. 2) showed a large left ven-
tricle with a major defect in the superior/apical sur-

face, almost exactly coincident with the left anterior
descending artery after the first diagonal branch.
Rest and exercise images were similar, except for
possible defect enlargement seen on the exercise im-
age. The findings of the thallium scan were therefore
in good agreement with the coronary angiography
report.

Case 3 (infarct and coronary artery disease) -A 36
year old man had had extensive anterior wall myo-

cardial infarction one year previously. His con-

tinuing chest pain was treated with a beta blocker
(atenolol), a calcium antagonist (nifedipine), and ni-
trates. An exercise electrocardiogram was termi-
nated at stage II because of chest pain and dizziness.
There was ST elevation and T wave inversion in the
anteroseptal leads. Left ventriculography showed
apical akinesia and arteriography showed a tight
stenosis in the middle third of the left anterior de-
scending artery and its second diagonal. There was

also fairly diffuse disease affecting the marginal and
posterolateral branches of the circumflex and the
right coronary artery. A thallium scan showed de-
creased uptake on both rest and exercise images in
the apicoseptal region, indicating myocardial in-
farction there. Also an area of decreased uptake was

seen in the inferoseptal region on exercise, which
had normal uptake at rest, indicating ischaemia. The
three dimensional display confirmed these findings
by showing a defect in the inferoapical region that
extended to the sup.erior surface (Fig. 3) and was

reasonably coincident with the distal portion of the
left anterior descending artery and an inferoseptal
defect on exercise in the territory of the right coro-

nary artery.

Gibson, Laird, Williams, Rajathurai, Mittra, Rankin

Case 4 (coronary artery disease)-A man aged 50
years had mild hypertension and a four month his-
tory of angina of effort, which was gradually getting
worse and was not controlled by treatment with at-
enolol and chlorthalidone, nitrates, and nifedipine.
The exercise electrocardiogram showed ST segment
depression in V5 leads at stage III. The coronary
angiogram indicated a blockage in the right coronary
artery beyond its right ventricular branch, but the
distal part of the vessel was filled retrogradely. The
circumflex artery was the dominant vessel, but this
had regions of severe stenosis distal to the obtuse
marginal branch and proximal to the posterior de-
scending artery. The mid portion of the obtuse mar-
ginal branch was also diseased. The left anterior
descending artery had regions of stenosis both prox-
imal and distal to the first septal branch and prox-
imal to the large second diagonal. The second
diagonal branch showed moderate stenosis in the
mid portion and the left anterior descending artery
itself was blocked distal to this branch, although
there was some retrograde filling. The thallium scan
showed defects on exercise in the septum and infero-
lateral regions which had normal uptake on the later
(resting) images. The three dimensional represent-
ation indicated two defects on exercise in the ante-
rior and septal walls (Fig. 4). These could not be
directly related to the main coronary arteries but ap-
peared to be in the territories of the left anterior de-
scending or right coronary artery or both. Neither
defect was seen at rest. The defects seen on the thal-
lium scan did not correspond directly to the main
coronary arteries, and this is consistent with the
fairly extensive disease found at angiography to in-
volve the distal portions and branches of the main
coronary arteries. Thus the collateral circulation
shown on the coronary arteriogram to supplement
that of the distal right coronary and left anterior de-
scending arteries would appear to be adequate at rest
but insufficient to meet the requirements of the
stressed myocardium.

Case 5 (coronary artery disease)-A 52 year old
man had had angina of effort and sometimes at rest
for about one year: he had had two previous hospital
admissions for chest pain. The symptoms were

treated with atenolol and chlorthalidone, nitrates,
and nifedipine. An exercise electrocardiogram
showed ST segment depression in the inferolateral
leads at stage III. He is awaiting coronary angio-
graphy. Thallium scans showed an apical defect on

exercise, which had normal uptake on the later (rest-
ing) image. The three dimensional display also
showed a large defect on the exercise image, extend-
ing along the line of the left anterior descending ar-

tery from approximately the second diagonal
branch. This defect persisted as a very small abnor-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.54.4.367 on 1 O
ctober 1985. D

ow
nloaded from

 

http://heart.bmj.com/


Display of thallium-201 myocardium tomograms

mality on the resting image. The defect extended
right under the left ventricle, with a second small
defect in the inferior surface. This suggests disease
of the right coronary artery also. Although the
findings have not yet been confirmed by coronary
angiography, the three dimensional reconstructions
unequivocally indicated the site of disease to be in
the left anterior descending artery.

Discussion

Presentation has long dogged the acceptance of nu-
clear medicine images by doctors, both because im-
ages commonly lack anatomical reference points and
because a functional rather than an anatomical image
is presented. Thus recognition of image features can
be difficult for the uninitiated. In nuclear cardiology
further difficulties have been presented by the intro-
duction of parametric imaging,25 which is even fur-
ther removed from common ideas of anatomy.
The method described in this paper is an attempt

to reverse this process by presenting images of func-
tioning myocardium in which the spatial relations of
the different parts of myocardium, and their relative
function, are clearly discernible and in which the ap-
propriate anatomical reference points are provided
by superimposing the coronary arteries. We hope
that by this means we shall be able to establish more
clearly the relation between myocardial perfusion
defects, at rest and during exercise, and the site of
coronary artery disease.

Several authors have described shaded surface
techniques for displaying three dimensional infor-

26-28mation. Applications have included surgical
29 3planning, radiotherapy planning,30 and an evalu-

ation of complex musculoskeletal anatomy.31 There
have been only a few reports of applications using
radionuclide tomography.2332 Our technique differs
from previous methods in two ways. Firstly, for the
chosen viewing direction a two dimensional image
array was calculated, each pixel of which contained
the value of the distance from a plane of each visible
point on the three dimensional model. The shading
algorithm was then applied to this array to create the
final image. The algorithm includes some surface
smoothing and a two dimensional local polynomial
fit to estimate the orientation of the surface normal
at all points in the image, which is necessary before
illumination by the imaginary light source. Despite
the relatively coarse sampling of radionuclide tomo-
grams compared with other modalities this pro-
cedure can produce smooth surface images rather
than the irregular surfaces shown by simpler tech-
niques. Because the shading algorithm operates on
two dimensional arrays it can incorporate this level
of complexity without also requiring a long exe-
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cution time. Secondly, we have added anatomical in-
formation to the display in the form of superimposed
coronary arteries. This not only provides a familiar
anatomical framework for viewing the myocardium
and may thus aid correct identification of the lo-
cation of arterial disease but also enhances the per-
ception of depth.
Two assumptions have to be made in order to cre-

ate our three dimensional images. Firstly, it is neces-
sary to assume that the distribution of thallium-201
contains definite areas of uptake that may be en-
closed by a surface, corresponding to an isocount
contour. In practice the uptake often varies con-
tinuously from lower to higher values. A simple
thresholding technique can distinguish the areas of
appreciably reduced uptake but will probably fail to
detect small areas of only slightly reduced uptake.
Secondly, the spatial distribution of the coronary ar-
teries corresponds to that of one normal subject.
The arteries displayed on each image have been
scaled and rotated to match the individual myo-
cardial model, but they should be interpreted as only
indicating the probable site of the actual coronary
arteries.
We suspect that the accuracy achievable by per-

fusion scintigraphy in detecting one or two vessel
disease may be better than has previously been re-
ported."9 Localisation of coronary artery disease is
important in order to determine whether patients
are suitable for coronary artery bypass graft
surgery.33 In addition, the method should prove
useful for the non-invasive follow up of patients af-
ter surgery who produce new symptoms and for as-
sessing the success of coronary angioplasty.

We thank R Blair, Y Ennew, C Taylor, K Turner,
and J Russell for their technical assistance, and car-
diologists at the Regional Cardiothoracic Centre,
Freeman Hospital, Newcastle upon Tyne, for the
angiography reports.
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