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Positron imaging provides tomographic images of regional myocardial perfusion but has
required an on-site cyclotron. Rubidium-82 (42Rb) is a short-lived (Tv, = 75 sec) positron
emitter available from a generator. In order to determine the feasibility for its use to image
acute myocardial infarction, 18 patients with transmural infarctions who had coronary
arteriography were given 30-40 mCi of ®Rb intravenously and positron tomographic imaging
was carried out within 96 hr after onset of symptoms. Nine simultaneous transaxial slices
were obtained for each patient with a positron camera. Images were also reconstructed in a
long-axis, short-axis, and three-dimensional display. One study could not be interpreted
because of excessive lung activity. Fourteen normals were also studied. The infarct related
artery determined by angiography was correctly diagnosed by positron imaging in all 17
patients as were all three prior infarcts by readers blinded to the clinical data. No defects
were observed in normals or in noninfarcted myocardial regions. This study indicates that
%2Rb should be useful for perfusion imaging in patients with acute myocardial infarction. The
short half-life of 2Rb should make it ideal for providing serial assessment of perfusion in

patients undergoing thrombolytic therapy.
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Several single photon emitting tracers have been used
for qualitative imaging of patients with acute myocar-
dial infarction (/). The physical properties of these
tracers, however, preclude quantification and their long
half-lives limit them to a single study for evaluating an
infarction undergoing continual evolution. Positron
emitters obviate the attenuation problems inherent in
the use of single photon emitters since quantification
can be achieved using coincidence methods with posi-
tron tomographic reconstruction (2). Furthermore, pos-
itron emitters have a short half-life allowing serial im-
aging.

Rubidium-82 (*’Rb) is a positron emitting potassium
analog (T, = 75 sec) that can be obtained from a
desktop generator system with a shelf-life of 4-6 wk.
Initial studies have demonstrated that images with *Rb
can be used to diagnose coronary artery disease (3-5).
We have previously demonstrated that time-activity
curves of **Rb can be used to assess coronary artery
patency and viability of myocardium at risk under
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experimental conditions (6). The purpose of the current
study was to determine whether qualitative positron
imaging of myocardial infarction is clinically feasible
using a generator produced positron emitter.

PATIENTS AND METHODS

Study Population

The study group included 18 patients with acute
myocardial infarction and 14 control patients. The
group of patients with infarction consisted of 16 men
and two women with ages ranging from 34-79 yr (mean
52.4). All infarct patients presented to the emergency
room or coronary care unit and underwent positron
imaging within 96 hr of the onset of chest pain. Infarc-
tion was documented by a history of typical chest pain,
acute ST changes with evolution of Q waves on electro-
cardiography and serial changes in plasma MB creatine
kinase activity. Total creatine kinase activity averaged
1,928 + 1,557 (s.d.) I.U. (range 279 —~ 5,580) and CK
— MB averaged 207 + 231 L.U. (range 4 — 970). Cardiac
catheterization and coronary arteriography was per-
formed within 24 hr of imaging. The control group
consisted of six men and eight women ages 28-59 yr
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(mean 45.2) who had diagnostic coronary angiography
for evaluation of chest pain but had normal coronary
anatomy (n = 11) or had a normal treadmill stress test
with thallium-201 (*'T1) (n = 3).

Imaging Protocol

Each patient was positioned in multislice positron
tomographic camera (TOFPET I) such that the entire
heart was within nine simultaneous transverse image
planes. The patient position was marked using a laser
light source. The camera consists of 720 cesium fluoride
detectors grouped in five rings of 144 detectors each
(7). The system wobbles every second for improved
resolution. Although data was collected in a list mode
that is gated to the EKG, nongated images were used
for interpretation. The intrinsic geometric resolution of
the detectors has been measured at 8.1 mm full width
at half maximum (FWHM). The reconstructed resolu-
tion of 11 mm FWHM is used for clinical studies.

Afier positioning, a transmission scan was performed
using a Plexiglas ring containing 3 mCi of gallium-68
(*®*Ga) to correct for tissue attenuation. Each transmis-
sion scan contained ~80 million coincidence events for
all nine slices. The ring was then removed, the position-
ing re-checked, and 30 or 40 mCi of ®Rb from a *’Sr/
82Rb generator were infused intravenously (8). The
infusion device allows the operator to set limits for total
dose, dose rate, and delivered volume. Data collection
was started 1 min after the end of infusion. The total
coincidence count rate at the start of data collection
was typically 200,000 cps and singles count rate was
20,000 cps per detector. The coincidence timing win-
dow is set at 10 rhsec for a true to random rate of 1:1
for total counts at the start of data collection. The true
to random ratio over the heart is ~10:1. An average of
19.9 + 4.7 million coincidence counts were obtained
during the 6-8 min of imaging (~2 million counts per
transverse slice). Lead II of an electrocardiogram and
blood pressure were monitored throughout the study
period.

Data Analysis

Attenuation corrected images of *2Rb uptake were
reconstructed and displayed in nine transverse image
planes. Time-of-flight reconstruction was not employed
due to the longer processing time required for recon-
struction. Long-axis (sagittal plane), short-axis (coronal
plane), and three-dimensional displays of myocardial
uptake of ?Rb were mathematically recovered from the
nine slices, as previously described (9). Briefly, three-
dimensional reconstructions were performed by first
interpolating the nine transaxial slices to 32 images and
then rotating the images along two axes 30-40° to
produce short-axis views (9). Long-axis views could
then be obtained by rotating the short-axis images per-
pendicular to the short axis. Surface three-dimensional
images were obtained from the short-axis views by
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representing the radial line integrals of perfusion data
from the center of the ventricle to the surface of the
epicardial boundary. These slices are then stacked in
three dimensions and viewed from different angles as
surfaces of the heart. A simpler reconstruction that
represents a “pseudo-long axis” view could also be
obtained by selecting data along the axial direction from
the interpolated slices (Figs. 1A and 1B). A similar
approach can be used to obtain a “pseudo-short axis”
view (Figs. 1C and 1D). Since fewer computations are
required for this transformation, the interpreter can
interactively choose any angle or regions to be viewed
within a few seconds.

Data in the images were presented in a color coded
scale and regional pixel values were interactively avail-
able for reading the relative concentration of *’Rb in
the myocardium and for obtaining the ratio of uptake
in the normal myocardium to the uptake in the in-
farcted regions. In the 9-slice transaxial reconstruction,
colors are assigned on a 256 scale with areas of greatest
activity presented in white followed by red, yellow,
green, etc., through the spectrum. Each drop in color
corresponds to a 15% decrease in counts. The color of
normal segments of the heart will be dependent on
other activity within the nine slices. For example, if
slice nine contains the kidney which concentrates *’Rb,
the relative counts in the heart will be less and the color
scaled down accordingly. In general, perfusion defects
were considered to be present if there was a one-step
difference in counts from a normal area on two contig-
uous slices.

Positron tomographic images were interpreted inde-
pendently by two investigators blinded to the clinical
data. In cases with less than complete agreement, studies
were reviewed again for a consensus interpretation. The
infarct related coronary artery was determined by an-
giography. The positron emission tomographic (PET)
image and coronary angiogram were considered to be
in agreement as follows: a left anterior descending cor-
onary occlusion corresponded to a defect in anterior
and/or septal regions, a left circumflex occlusion to a
lateral-posterior defect, and a right coronary occlusion
to an inferior-posterior defect.

RESULTS

The blood pressure and cardiac rhythm remained
stable in all patients during the imaging periods. One
patient developed chest pain during the transmission
image acquisition and was treated with nitroglycerin.

Controls

A representative set of transverse images from a
normal patient is shown in Fig. 1A. In this figure,
images are presented left to right from the base of the
heart (in the upper left) to the apex (at the lower left).
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FIGURE 1

Normal ®Rb perfusion images. A:
Nine simultaneous transaxial %2Rb
emission slices from normal patient.
Images are oriented from base of
heart on upper left of nine slices to
apex at lower left. No perfusion de-
fects were present. Lines drawn
through each image represent data
selected for “pseudo-long axis” view
which is then shown at lower right of
figure and enlarged in B. C: Nine slice
orientation is same as A except that
lines illustrate data chosen for
“‘pseudo-short axis.” D: Enlarged
“pseudo-short axis” view from C. Ap
= Apical; | = Inferior; P = Posterior;
S = Septal

FIGURE 2

Rubidium-82 perfusion images from
patient with occlusion of left circum-
fiex coronary artery. Orientation is
same as in Fig 1. Arrows point to
posterior-lateral defects

The left of the image corresponds to the left of the
patient. This presentation differs from the conventional
tomographic displays, but has the advantage of allowing
the interpreter to view the images as if he is looking
down on his own chest for easier anatomic orientation.
Figures 1B and 1D present a “pseudo-long axis” and
“pseudo-short axis™ view, respectively. There were no
areas of abnormal perfusion in the 14 control patients
(Table 1).

Infarct Patients
The 18 infarct patients had a total of 21 occluded
arteries. In the three cases of multiple occlusions, the
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acute infarct was considered to be the artery with con-
cordant ST segment elevation on the electrocardiogram
and/or appearance of acute thrombosis by arteriog-
raphy. All nine patients with occlusions of the left
anterior descending coronary artery (eight acute, one
remote) had anterior and/or septal defects. Two pa-
tients with acute left circumflex coronary occlusions
and one patient with a previous circumflex occlusion
had lateral-posterior defects (Figs. 2 and 3). In eight
patients with acute right coronary occlusion, seven had
inferior defects (Figs. 4 and 5); images from the other
patient were considered uninterpretable because of ex-
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FIGURE 3

Three-dimensional perfusion images in patient with occlu-
sion of left circumfiex coronary artery. In this format,
multiple short axis images are stacked such that trans-
mural activity is presented in thin shell viewed as external
surfaces of heart. Patient is same as in Fig 2. Arrow points
to large posterior-lateral perfusion defect

cessive lung activity which also precluded interpretation
of planar *'T] images. A remote right coronary occlu-
sion was also associated with an inferior defect in a
patient with an acute LAD occlusion and an anterior
defect on PET.

DISCUSSION

Clinical imaging of regional myocardial perfusion in
patients with acute myocardial infarction has not rou-

FIGURE 4
Rubidium-82 perfusion images from patient with occlusion of right coronary artery. Orientation is same as in Figs 1A
and B. Arrows in A point to small posterior defect and in B an inferior defect
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FIGURE 5

Three-dimensional perfusion images in patient with right
coronary artery occlusion. Patient is same as in Fig 4.
Arrow points to small posterior perfusion defect that was
not readily apparent on transaxial or short axis slices
because of size of defect

tinely been used in most hospitals since the diagnosis
can usually be made on the basis of the clinical history,
electrocardiogram, and serial cardiac isoenzymes. Since
left ventricular function and survival may improve
following successful thrombolytic therapy with strep-
tokinase and tissue plasminogen activating factor, there
is need for a short-lived tracer to size the infarct repeat-
edly and follow the effect of treatment (10, 11). Wash-
out curves of 'Tl can be used to determine tissue
viability in experimental models of infarction (12, 13).

1827



TABLE 1
PET Imaging in Acute Myocardial Infarction’

Rb Infarct related artery
perfusion

defect LAD LCX RCA None Total
A-S 8(1) O 0 0 8(1)
L-P 0 2(1) 0 0 2(1)
I-P 0 0 7(1) 0 7(1)
None 0 0 0 14 14
Inadequate 0 0 1 0 1
Total 8(1) 2(1) 8(1) 14 32 (3)

‘Figures refer to number of patients. Figures in parenthesis
represent patients with remote infarctions. A = Anterior; S =
Septal; L = Lateral; | = Inferior; P = Posterior; LAD = Left anterior
descending coronary artery; LCX = Left circumflex coronary
artery; RCA = Right coronary artery.

The time interval between initial perfusion and redis-
tribution images (2—4 hr), however, is not short enough
to be useful as an index of viability in evolving myo-
cardial infarctions.

Rubidium-82 has physical characteristics that are
ideal for acute infarct imaging including its 75-sec half-
life that allows repetitive imaging as often as every 10
min. The tracer is administered directly from an infu-
sion system which contains an intrinsic radiation mon-
itoring-feedback-control system and does not require
any additional chemical processing. The use of **Rb as
a myocardial perfusion indicator has been validated in
animal models using beta radiation detectors (/4, 15).
Two mathematic models have been developed to meas-
ure flow per se with *’Rb but require arterial sampling
and extensive data computation (/4-17). However,
since uptake of **Rb is linearly related to flows from 0
to 1.5 times normal resting flow, images of *’Rb uptake
represent a much simpler approach for assessment of
perfusion deficits due to myocardial infarction. In open-
chested dogs, ®Rb time-activity curves can be used to
assess the functional integrity of the myocardial cell
membrane (6). The net rate constant for *’Rb transfer
after delivery of the tracer (corrected for physical decay)
is positive in normal and potentially viable myocar-
dium, whereas tissue that is irreversibly injured after
reperfusion has a negative rate constant indicating
tracer leakage. The failure to increase extraction with
low flows of *’Rb may be an early harbinger of loss of
viability (/8). Similar approaches in man should pro-
vide significant information about preservation of myo-
cardium following thrombolysis, in addition to the
determination of artery patency.

This study presents our initial clinical experience
with three-dimensional surface images of the heart.
Traditionally, positron images of the myocardium have
been displayed as transverse slices. However, this pres-
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entation is limited for visualization of the inferior wall
abnormalities. Single photon emission tomographic
(SPECT) 2°'T1 images are commonly reconstructed in
short- and long-axis views in order to obviate this
problem. Integration of multislice information by the
interpreter, however, may be difficult for routine analy-
sis. Several investigators have described a “bullseye”
presentation for SPECT images that consists of a central
apical short-axis slice with rings of superior short-axis
slices added concentrically (/9). Although initial results
with this format are encouraging, problems of attenua-
tion from breast and adipose tissue remains a problem
for SPECT. In the current study, attenuation corrected
images were reconstructed in the short axis view and
stacked into a true three-dimensional image that can be
displayed on a computer monitor by rotating the image
such that anterior, lateral, posterior, and septal aspects
of the heart can be visualized for relative size and
location of defects. At present, the three-dimensional
approach provides qualitative displays. A quantitative
three-dimensional display based on these reconstruc-
tions is currently under investigation.

The current study demonstrates the clinical feasibility
of three dimensional positron imaging after i.v. #’Rb in
acute infarction. Regions of hypoperfusion correspond
to the artery occluded at coronary angiography. Addi-
tional studies are needed in order to define the quanti-
tative value of this approach for determining arterial
patency, infarct size, and myocardial viability in man.
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