Original Article

MEMOIRS HEALTH SCI MED. KANAZAWA UNIV. Vol. 21
7~13 1997

Evaluation of Tracer Uptake in the Infarcted Area
on Myocardial SPECT Images : Comparison Between
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T1-201 and Tc¢c-99m Using a Phantom
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ABSTRACT

In order to study whether SPECT images reflect tracer uptake in the infarcted
area exactly, we compared relative count of T1-201 or Tc-99m on the SPECT images
with true radioactivity in a myocardial phantom. To simulate an infarcted area, the
ratio of tracer concentration in the anterior wall and the inferior wall to normal
myocardium (D/N ratio) was changed to 20%, 40% and 60%. In addition, to study
the effect of radioactivity in the lung, the ratio of tracer concentration in the lung
to normal myocardium (L/M ratio) was changed to 10% and 30%. Using the transaxial
image, relative count on the SPECT image was calculated by the maximum count
on the circumferential profile curve to compare the count distribution for SPECT
transaxial images. In various D/N ratio and L/M ratio, relative count in defect area
of T1-201 was generally higher than that of Tc-99m. When there is an infarcted area
in the anterior wall, relative count in defect area of T1-201 and relative count in
defect area of Tc-99m on the SPECT images were lower than true radioactivity. On
the contrary, when there is an infarcted area in the inferior wall, relative count on
the SPECT images for 20% and 40% of D/N ratio was higher than true radio-
activity, whereas relative count for 60% of D/N ratio was lower than true radio-
activity. Therefore, when there is an infarcted area in the anterior wall, SPECT images
shows decreased perfusion more clearly. On the other hand, when there is an
infarcted area in the inferior wall, SPECT images obscures decreased perfusion.
In conclusion, we should be careful for the visual interpretation of SPECT images,
especially when the lesion is in the inferior wall.
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INTRODUCTION

Myocardial perfusion imaging with thal-
lium-201 (T1-201) has been used for decades for
the diagnosis of coronary artery disease.
However, this agent has some disadvantages
including low-energy photons of 71KeV, and
long half-life of 73 hours, causing to decrease
the overall image resolution. In order to over-

come the disadvantages of T1-201, T'c-99m heart
imaging agent has been recently developed as
an alternative to T1-201V~®. This agent has
several advantages over T1-201 because of its
ideal 140 KeV photopeak, high injectable dose
due to a six-hour half life, and allows first-pass
studies and cardiac gating. In our clinical
experience, we often noticed that there were
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(A)

Fig. 1-1 Body phantom including myocardial
phantom.
(A), myocardium ; (B), lung ; (C),
mediastinum ; and (D), spine

some cases with discrepancy on myocardial
uptake between TI1-201 and Tc-99m. It might be
caused by the difference for the uptake between
T1-201 and Tc-99m. Or it might be induced by
the difference for photopeak of both tracers.
Therefore, we tried to solve this problem by
performing the experiment with myocardial
phantom.

The purpose of this study is to compare the
relative count of TI-201 or Tc99m in an
infarcted area on the SPECT images with true
radioactivity in the phantom and investigate
whether SPECT images would represent accu-
rate tracer uptake in the infarcted area.

MATERIALS AND METHODS
Phantom Study

A 10 cm-diameter polyacryle cylinder was
used as a myocardial phantom with a defect.
The cylinder was inserted into the body
phantom containing the lung, mediastinum and
spine (Fig. 1-1, 1-2). The space corresponding
to the normal myocardium of left ventricle was
filled with 144 KBq/ml of TI1-201 or Tc-99m,
whereas the mediastinum and the right ventri-
cle were filled with water. The lung was filled
with sawdust, on which TI1-201 or Tc-99m was
sprayed. In order to simulate the infarcted area,
tracer concentration of defect in the anterior
wall and the inferior wall were changed to 20%,
40% and 60% of that in the normal myo-
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Fig. 1-2 The schema of body phantom including
myocardial phantom.
The other abbreviations are shown in
Fig. 1-1.

cardium (100%). The defect to normal myo-
cardium activity ratio of tracer concentration
was expressed as “D/N ratio”. Similarly, tracer
concentration in the lung was changed to 10%
and 30% of that in the normal myocardium
(100%). The lung to normal myocardium activity
ratio was defined as “L/M ratio”.

SPECT imaging protocol

A gamma camera of 4000XC/T-STAR system
(General Electric Corp. USA) with a low-energy,
all-purpose, parallel-hole collimator was used.

SPECT TI1-201 and SPECT Tc-99m acquisi-
tion parameters were identical. View data were
acquired using a zoom factor of 1.33 into 64X
64 digital matrix (i.e., sampling size equaled
4.7 mm/pixel). Each dataset, consisting of 32
views, was acquired using a circular 180-degree
anterior arc scan with a 45-degree left posterior
oblique starting angle; time per view was 15
sec for a acquisition count per pixel of nearly
200K counts. All data were prefiltered with a
Hanning filter (cutoff 0.8 cycles/pixel). Images
were reconstructed by a filtered backprojec-
tion algorithm and ramp filter (cutoff 0 cycles/
pixel). No attenuation nor scatter correction was
performed. For T1-201 image acquisition a peak
energy setting at 71KeV x-ray with a 20%
window and for Tc-99m image acquisition a
peak energy setting at 140 KeV with a 20%
window were used, respectively.
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Analysis

40 segments

Fig. 2 TForty segments of a transaxial SPECT image (left), and circum-
ferential profile curve (right).

For planar imaging, data obtained by SPECT
imaging was used.

Data analysis

As shown in Fig. 2, %uptake was evaluated
by circumferential profile curves generated
from a transaxial SPECT image, and this tran-
saxial SPECT image at the middie portion was
divided into 40 segments by drawing 40 radio
through the center at 9 degree intervals. Peak
count per pixel along the radius was calcu-
lated, and circumferential profile curves
obtained from 40 segments was described.
Further, circumferential profile curves were
normalized to the highest count which was
represented to 100%. The count in defect area
was calculated by the mean value of 5 segments,
and that in normal area was calculated from
the mean value of 35 segments.

RESULTS
Planar imaging

Table 1 shows the radioactivity per volume
and the L/M ratios obtained from anterior
planar image. For 10% of L/M ratio in the
phantom, planar images showed 53.8% and
443% for TI1-201 and Tc-99m, respectively.
Compared with 10% of true radioactivity, these
values were markedly higher. For 30% of the
L/M ratio in the phantom, planar images
showed 114.6% and 1155% for TI1-201 and
Tc-99m, respectively.

Table 1 Measured L/M ratios obtained from the
normal myocardium on the anterior planar
image.

L/M ratio (Normal portion)
Anterior planar image
Radioactivity count ratio
Ti-201 Tc-99m
10% 53.8% 44.3 %
30% 114.6% 115.5%

SPECT imaging

Figure 3 and Figure 4 show comparison
between D/N ratio on the SPECT images and
true radioactivity when there is an infarcted
area in the anterior wall and in the inferior wall,
respectively. At every D/N ratios, relative count
for T1-201 or Tc-99m in the anterior wall was
lower than true radioactivity. There was no
significant difference of value between TI1-201
and Tc-99m, whereas value of TI1-201 was
slightly higher than that of Tc-99m. When there
is an infarcted area in the anterior wall, rela-
tive count on the SPECT images was lower than
true radioactivity in the phantom. On the other
hand, when there is an infarcted area in the
inferior wall, relative count on the SPECT
images for 20% and 40% of D/N ratio was higher
than true radioactivity in the phantom. Without
regard to the values of D/N ratio and L/M ratio,
value of T1-201 was generally higher than that
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Fig. 3 Measured D/N ratios for 10% of L/M ratio. Anterior wall (left).

and inferior wall (right).
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Fig. 4 Measured D/N ratios for 30% of L/M ratio.
The other abbreviations are shown in Fig. 3.

of Tc-99m. When there is an infarcted area in
the anterior wall, relative count on the SPECT
images was lower than true radioactivity in the
phantom. On the contrary, when there is an
infarcted area in the inferior wall, relative count
on the SPECT images for 20% and 40% of D/
N ratio was higher than true radioactivity in
the phantom, whereas value for 60% of D/N ratio
was lower than true radioactivity. Figure 5
illustrates transaxial images for 20% of D/N
ratio and 10% and 30% of L/M ratio.

DISCUSSION .

Myocardial imaging with T1-201 has been
widely used for the noninvasive evaluation of
coronary artery disease. However, it has signi-
ficant disadvantages including soft tissue

attenuation, scatter caused by low photon
energy emission, and a relatively long half-life
(73 hr) limiting the administration dose. On the
other hand, Tc-99m agents have several pro-
perties including minimal - lung uptake,
transient liver uptake and no or minimal myo-
cardial redistribution”®. Several authors
investigated the validity of both tracers for the
evaluation of myocardial perfusion. Maurea, et
al”. compared between rest-injected TI1-201
redistribution and resting Tc-99m-MIBI myo-
cardial uptake in the patients with coronary
artery disease and concluded that T1-201 uptake
was significantly higher than Tc-99m-MIBI
uptake in myocérdial segments with total coro-
nary occlusion, while no significant differ-
ence was observed in 50%-99% of stenosis. Also
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Fig. 5 Transaxial images for 20% of D/N ratio and 10% and

30% of L/M ratio.

in our study, relative count for TI-201 was
generally higher than that for Tc-99m, in
various D/N ratio and L/M ratio. Rigo, et al®.
documented that T1-201 and Tc-99m-tetro-
fosmin show almost same sensitivity for
detecting myocardial infarction. Kasalick, et
al'™. compared between T1-201 and Tc-99m-
MIBI, and reported that the sensitivity of the
detection of ischemic area in reference to the
coronary angiography was nearly identical in
T1-201 (75%) and Tc-99m-MIBI (81.2%), thus
Tc-9m-MIBI is equivalent to T1-201 as used for
myocardial scintigraphy in patients with ische-
mia heart disease. Tartagni, et al®. studied a
sensitivity and specificity for. detecting coro-
nary lesions using T1-201 and Tc-99m-MIBL
They reported that sensitivity was 88% with
T1-201 and 78% with MIBI for the anterior
descending artery (LAD), 86% and 64% respec-
tively for the right coronary artery (RCA), and
specificity was 88% with TI1-201 and 78% with
MIBL 60% with both procedures for RCA. As
Benoit, et al’®. described, the severity of per-
fusion defect should be evaluated in considera-
tion of background for precise quantitative
analysis of the distribution of myocardial
tracers. Also in our study the effect of radio-
activity in the lung could not be ignored. So,
tracer concentration in the lung was changed
to 10% and 30% of that in the normal
myocardium (100%). The “L/M ratio” was used
to express the ratio of tracer concentration. Nor-
drehaug, et al’®. studied the lung/myocardial

uptake ratio for T1-201 about normal case, and
reported the lung/myocardial uptake ratio was
44% for T1-201. For 10% of the L/M ratio, the
values for phantom was almost same for the
normal case. Martinez, et al?®. reported the
lung/myocardial uptake ratio for T1-201 about
patients with congestive heart failure, and des-
cribed the lung/myocardial uptake ratio was
83% for T1-201 . The value of the L/M ratio 30%

‘were nearly equal to that of patients with the
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accumulation of lung was accelerated.

For analysis method, it was reported that
circumferential profile analysis’>™® and the
other quntitative analysis'®*® for the evalua-
tion of myocardial viability in patients with pre-
vious myocardial infarction were used. Gang,
et al*®. compared between Tc-99m-MIBI and
(18F)FDG for the evaluation of viable myo-
cardium, and reported that (18F)JFDG uptake
was present in 95% of the segments that had
>40% of the peak tracer uptake at the rest
SPECT/Tc-99m-MIBI study. Matsunari et al'®
documented that the optimal threshold cutoffs
for myocardial viability were considered to be
50% of peak activity for Tc-99m tetrofosmin and
55% of peak activity for T1-201. Then, in order
to simulate the infarcted area, tracer concentra-
tion in the anterior wall and the inferior wall
were changed to 20%, 40% and 60% of that in
the normal myocardium (100%), and the ratio
of tracer concentration was expressed as “D/N
ratio”.

However, the most interesting finding was the
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difference between the anterior wall and the

inferior wall. When there is an infracted area
in the anterior wall, relative count on the
SPECT images for every D/N ratios was lower
than true radioactivity in the phantom. For
example, when the D/N ratio was 60%, relative
count for T1-201 and Tc-99m in the anterior wall
-were 44.6% and 45.2%, respectively. On the other
hand, when there is an infracted area in the
inferior wall, relative count on the SPECT
images for 20% and 40% of D/N ratio was higher
than true radioactivity in the phantom. For
example, for 20% of D/N ratio, relative count
for T1-201 and Tc-99m in the inferior wall were
38.9% and 31.1%, respectively and for 40% of D/
N ratio, these was 47.9% and 45.4%, respec-
tively. This finding is very important in visual
interpretation of SPECT images. When there
is an infarcted area in the anterior wall, SPECT
images shows decreased perfusion more clearly.
On the other hand, when there is an infarcted
area in the inferior wall, SPECT images

obscures decreased perfusion. In addition this -

finding is modified by the radioactivity in the
lung, which acts as the background on SPECT
images. As above, it was suggested that discre-
pancy on myocardial uptake between T1-201
and Tc-99m might be induced by the difference
for photopeak of both tracers. More study is
needed to solve this problem.

In conclusion, we should be careful for the
diagnosis of myocardial infarction, especially
in the patients who had infarcted area in the
inferior or whose tracer uptake in the lung
increased due to poor cardiac function.
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