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Influence of Downscatter in Simultaneously Acquired
Thallium-201/Technetium-99m-PYP SPECT
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Simultaneously acquired dual-isotope imaging is a unique and
useful approach in SPECT. Photon spillover, however, is a potential
limitation of this technique. Methods: To investigate the degree of
99mTc downscatter into the 2°'Tl window in patients, simultaneously
acquired dual-isotope 2°' T/*®*™Tc-pyrophosphate imaging was per-
formed in 17 patients with acute myocardial infarction (Mi). Thallium-
201 SPECT imagirztg was performed first, with a 2°'T photopeak
window after the 2°'T1 injection (early 2°'T1 images), followed by
99™T¢ injection and SPECT acquisition using dual-isotope windows
(dual 2°'T1 images). Twenty-four hours after the ®™Tc injection, a
third set of 2°'Tl images was obtained (24-hr 2°'Tl images). Thallium
defect size (extent score) and defect severity (severity score) were
calculated from these three sets of 2°'Tl images to quantify the MI.
Results: Technetium-99m accumulation of varying intensity was
recognized in all patients. Extent scores and severity scores were
identical in early 2°'Tl images and 24-hr 2°'Tl images. Both scores,
however, in the dual 2°'Tl images were decreased by 36% and
53%, respectively. Conclusion: There is a considerable **™Tc
downscatter into the 2°'Tl window, which prevents precise quanti-
fication of Ml in simultaneously acquired dual-isotope 2°'TV/#*™Tc-
pyrophosphate imaging.
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INFLUENCE OF DOWNSCATTER IN DuaL-IsotorE SPECT « Ando et al.

The advent of new radiopharmaceuticals such as **™Tc myo-
cardial perfusion imaging agents and '?’I-labeled compounds
has provoked interest in simultaneously acquired dual-isotope
imaging. This technique is advantageous because it can shorten
the total acquisition time and reduce errors induced by image
misalignment. In spite of these advantages, dual-isotope ap-
proaches could potentially cause images derived from the
energy window of one radioisotope to be contaminated by
spillover from the other tracer (downscatter). Analytical data
regarding this downscatter in a clinical setting is limited (/).
Yet simultaneous 2°'T1°°™Tc-pyrophosphate dual-isotope
SPECT has been commonly used in patients with acute myo-
cardial infarction (MI) for diagnosing the location and size of
infarctions without any downscatter correction.

Since 2°'Tl-chloride concentrates in normally perfused myo-
cardium and ®*™Tc-pyrophosphate concentrates in infarct
zones, it might have been predicted that downscatter would not
present a problem for this particular usage. The purpose of this
study is to quantify the degree of the influence of **™Tc
downscatter on 2°'Tl images in simultaneously acquired
20T)/#*™Tc-pyrophosphate dual-isotope SPECT imaging in
patients with acute myocardial infarction (MI).

MATERIALS AND METHODS
Patients
Thirty-two patients with acute MI who had been referred to our

hospital between March 1991 and March 1992 were enrolled into
this study. The patients with transmural MI were defined by the
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following criteria: (a) a history of chest pain lasting >30 min; (b)
electrocardiographic new Q-waves or ST elevation of at least 2 mm
in two or more adjacent leads; (c) enzymatic changes typical of
acute MI; (d) the presence of a persistent perfusion defect corre-
sponding to the location of the acute MI in a 2°'TI SPECT
performed during the chronic phase; and (e) no history of prior MI.
Fifteen patients were excluded as with nontransmural MI by this
criteria. Therefore, 17 patients (14 men, 3 women; mean age 61 *
14 yr) with acute ‘‘transmural’’ MI were included in this study.
Eleven patients had anterior, two had lateral and four had inferior
MI. All subjects gave informed consent.

Study Protocol

SPECT studies were performed 3 * 2 days (range 1 to 7 days)
after the onset of acute MI. First, 111 MBq 2°'Tl were injected
intravenously. Ten minutes after the °'Tl injection, SPECT was
performed with a single 2°'Tl photopeak window (early 2°'TI
image). After SPECT imaging, 740 MBq **™Tc-pyrophosphate
were injected intravenously. Three hours later, a second 2°'TI
image (dual 2°'Tl image) and a *™Tc image were obtained
simultaneously with both *°' Tl and **™Tc energy windows. Twen-
ty-four hours after the ™ Tc injection, another 2°'Tl image was
obtained with a single 2°'Tl photopeak window (24-hr 2°'Tl
image).

All subjects underwent exercise 2°'Tl SPECT imaging during
the chronic phase (32 * 9 days after the onset of acute MI), and all
short-axis, vertical long-axis and horizontal long-axis tomograms
were interpreted visually by experienced observers.

SPECT Acquisition and Processing Protocol

All studies were performed using a single-head rotating gamma
camera. The large field of view scintillation camera equipped with
37 photomultiplier tubes, a 0.25 in. thick Nal (TI) crystal and a
low-energy, high-resolution, parallel-hole collimator was used in
all SPECT acquisitions. Thirty-two projections were obtained in a
180° arc extending from the 60° right anterior oblique to the left
posterior oblique projection. For the early and 24-hr 2°' Tl imaging,
a 25% symmetric energy window centered on the 70—80 keV peak
of 2°' Tl was used. Dual SPECT acquisition used a 15% symmetric
energy window over the 140 keV ®™Tc¢ photopeak (140 * 11 keV)
and a 25% symmetric window over the 70-80 keV 2°'TI photo-
peak. The acquisition time per angle was 30 sec for the early 2°'Tl
imaging and dual imaging, and 45 sec for the 24-hr 2°' Tl imaging.
All projections were stored as 64 X 64 matrices on disk with a
nuclear medicine computer system.

Projection data were not prefiltered. Tomographic reconstruc-
tions were performed by a filtered back projection method with a
Shepp and Logan Filter using a convolution reconstruction algo-
rithm. The reconstructed transverse axial tomograms (6.0 mm)
encompassed the entire heart. These were then nine-point
smoothed (4-2-1 weighting) to optimize 2°'Tl images. Vertical
long-axis and short-axis tomograms parallel to the long and short
axes of the left ventricle were extrapolated from the transaxial
tomograms by performing a coordinate transformation with appro-
priate interpolation (2). No attenuation or scatter correction was
performed.

Quantification of Myocardial Infarction in
Thallium-201 SPECT

Quantification of 2°'TI SPECT images was performed using a
method modified from Garcia et al. (3) and DePasquale et al. (4).
Using the vertical long-axis slice with the largest cavity length, the
operator selected the short-axis slices for the following quantifica-
tion. Approximately eight slices, each 6 mm thick, were obtained
from each heart. Maximal-count circumferential profiles for each
short-axis cut were then automatically generated. These short-axis
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circumferential profiles were mapped into a two-dimensional polar
representation (bull’s-eye display).

Since there was no clinically available generated normal limits
for Japanese patients, normal files were developed from 20 subjects
who were considered normal by probability analysis with normal
ECG, normal physical examination and no history of angina or
infarction. The normal limit of each profile of bull’s-eye display
was defined as the curve representing 2.5 s.d. below the mean and
was used as the threshold for defect detection.

To quantify MI, two types of polar maps were generated. First,
the fraction of infarcted myocardium in a left ventricle (LV) was
computed as the percentage of LV pixels representing points which
had fallen below normal within the bull’s-eye plot, and was defined
as the extent score. Secondly, the areas enclosed between the
circumferential profile curve below normal and the normal curve
were calculated in all short-axis slices of the heart and then
summed. This value was divided by the total number of points
constructing the bull’s-eye display and defined as the severity
score.

Grading of Technetium-99m-pyrophosphate
Uptake in Infarct

All planar ™ Tc images were obtained using a gamma camera
with the same low-energy, high-resolution, parallel-hole collima-
tor. Images were obtained in anterior, left anterior oblique and
lateral projections 3 hr after the *™Tc injection by recording
500,000 counts. Technetium-99m SPECT images were also ob-
tained as described above.

The uptake of *™Tc-pyrophosphate in the region of MI was
graded from zero to 4+, depending on the ®™Tc activity over the
myocardium on both planar and SPECT images. Zero represents no
activity on either planar or SPECT images; 1+ indicated question-
able activity on the planar image but was considered definite on the
SPECT image; 2+ was considered to be definite on both images
where the activity was less intensive than that of the surrounding
ribs; 3+ and 4+ represents increased activity within the myocar-
dial image. 3+ represents the activity almost equal to that of the
ribs; 4+ represents remarkable accumulation of **™Tc-pyrophos-
phate.

Statistical Analysis

All values are presented as mean *+ s.d. ANOVA was applied to
assess the data. When the ANOVA demonstrated a statistically
significant result, a Bonferroni’s t-test was used to identify the
subgroup difference. The level of statistical significance was
considered to be p < 0.05.

RESULTS

Influence of Technetium-99m Downscatter on
Thallium-201 Defect

Total image counts of early, dual- and 24-hr 2°'Tl images
were 200,000 ~ 500,000 counts per projection and the average
myocardial counts were 54 * 1.1, 4.6 * 0.9 and 2.4 * 0.7
cps/pixel, respectively.

The extent and severity scores obtained from the three sets of
201T] images of all study patients are shown in Figure 1. The
extent scores calculated from early 2°' Tl images and 24-hr 2°' Tl
images were similar (Fig. 1, top). The extent scores, however,
from simultaneous dual-isotope imaging were significantly
decreased in all patients (p < 0.01, versus early and 24-hr 2°!TI
images, for both). Similar results were also obtained for the
severity score (Fig. 1, bottom).

Figure 2 shows mean values of the extent and severity scores
calculated from the three sets of 2°! Tl images, when the scores
of early %°'Tl images were standardized to be 100%. The
standardized extent score of the 24-hr 2°' Tl image was 100% *
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FIGURE 1. Actual extent and severity scores obtained from three sets of
20'T] SPECT images from each patient. Scores were decreased in the dual
images in all patients, while they were identical in the early and the 24-hr
images.

11% (NS, versus early 2°'TI image). The extent score of the
dual 2°'T1 images, however, was 64% * 19% (p < 0.01, versus
both the early and the 24-hr 2°'TI images, Fig. 2, top). The
standardized severity score of the 24-hr “°' Tl images was 97%
+ 23% (NS, versus early 2°'Tl image), whereas the severity
score of the dual 2°' Tl image was only 47% * 18% (p < 0.01,
versus both the early and 24-hr 2°' T images).

Degree of Accumulation in Myocardial Infarct and
Thallium-201

Figure 3 shows the relationship between the change in the
extent and severity scores from early to dual-isotope 2°'TI
imaging and the degree of accumulation of **™Tc-pyrophos-
phate over infarcted myocardium. There was a tendency for the

INFLUENCE OF DOWNSCATTER IN DuaL-IsotorE SPECT « Ando et al.

FIGURE 2. Standardized extent and severity scores obtained from three
sets of 2°'TI SPECT images when both of the early image scores were
standardized at 100%. The extent and severity from the dual images were
decreased by 36% and 53%, respectively.

degree of the change in the extent score to increase, in
proportion to the degree of accumulation of **™Tc-pyrophos-
phate (Fig. 3, left). The severity scores decreased significantly
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FIGURE 3. Relationship between the degree of ®*™Tc accumulation in
myocardial infarct and the change in extent and severity scores from early to
dual ' irngging. AExtent and Aseverity scores represent the change from
early to dual 2°'Tlimaging in the extent and the severity scores, respectively.
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in proportion to the degree of *™Tc accumulation (p < 0.05,
Fig. 3, right).

Case Example. A representative case is shown in Figure 4. A
patient with anteroseptal-apical transmural MI underwent the
study 2-3 days after its onset. In the early and 24-hr 2°'Tl
images, a perfusion defect was visible at the anteroapical and
septal portion of the left ventricle. These two images were
considered identical. In the simultaneous dual-isotope image,
however, there was apparently an increased uptake of 2°'Tl in
the anteroapical and septal portion, corresponding to the loca-
tion of accumulation of **™Tc-pyrophosphate. In particular, the
septal portion appeared to be normal in the dual 2°'TI image,
and “‘fill-in”> had seemingly occurred in the simultaneous
dual-isotope image.

DISCUSSION

We investigated the effect of *™Tc downscatter on the 2°'T1
images in simultaneously acquired dual-isotope 2°'T1/**™Tc-
pyrophosphate imaging in patients with acute MI. The infarct
size and its severity obtained from 2°!' Tl images of dual-isotope
imaging were decreased by 36% and 53%, respectivelz, in
comparison with those of 2°'TI SPECT images in which **™Tc
downscatter was considered to be absent or minimal (early and
24-hr 2°'T] images). The downscatter from **™Tc to *°'Tl
activity was considerable in simultaneous dual-isotope imaging
and was considered to be an inevitable problem when this
technique is introduced to clinical use.

In order to evaluate the effect of *™Tc downscatter, SPECT
images with and without **™Tc downscatter should be taken
under the same data acquisition condition and compared with
each other. Therefore, all SPECT images of the present study
and normal data base were acquired with the same low-energy,
high-resolution collimator. The numbers of counts acquired in
all °'T1 images were large enough to obtain reasonable SPECT
images (5).

In this study, we focused on the influence of *™Tc down-
scatter on the 2°! Tl acquisition windows because °'TI down-
scatter into the *™Tc acquisition window is considered to be
very small in a clinical situation, when 2°' Tl and **™Tc¢ are used
as tracers in dual-isotope SPECT imaging (/,6-8). In addition
to the initial 2°'TI SPECT images, °' Tl SPECT imaging was
performed 24 hr after the **™Tc-pyrophosphate injection, in
order to obtain 2°' Tl SPECT images without contamination of
99mT¢ downscatter and to confirm whether the Mls of study
patients were transmural. Twenty-four hours is considered to be
sufficient in this patient with these injected activities.

CAD and Simultaneous Dual-Isotope Imaging

Although 2°'TI SPECT imaging has several drawbacks in
determining the infarct size in clinical settin%s, it has been used
for this purpose due to the availability of 2°'Tl (9-11). Our
results showed that 2°'TI SPECT image acquired from simul-
taneous dual-isotope 2°'TI/**™Tc-pyrophosphate imaging sig-
nificantly underestimate myocardial infarct size.

Even though ®™Tc-labeled perfusion imaging agents have
become available for detecting CAD, 2°'Tl imaging is one of
the most important tools for the detection of myocardial
viability (12,13). The segments with mild-to-moderately re-
duced thallium activities have been confirmed to be metaboli-
cally active (/3) and improve functionally after coronary artery
bypass graft surgery (CABG) (/2). Our data showed that the
severity of 2°!' Tl defects diminished by more than 50% in the
gresence of ®™T¢ scatter contribution. The extent to which the

O!T] activity apparently increased is enough for us to errone-
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FIGURE 4. A representative case of simultaneous 2°'TV/**"T¢ dual-isotope
imaging. This patient had anteroseptal and apical transmural myocardial
infarction. The septal portion of the left ventricle appears to be filled-in in dual
20'T] imaging compared to early or 24-hr imaging.

ously overestimate myocardial viability and to lead to unnec-
essary interventions, such as coronary angioplasty or CABG.

Lowe et al. (/4) used a phantom study to address the
feasibility of simultaneous rest 2°'Tl/stress *°™Tc-sestamibi
dual-isotope SPECT. They reported only a 10% reduction in the
myocardium-to-defect count ratio in dual 2°'Tl imaging as a
result of *™Tc downscatter. Kiat et al. (1) also investigated the
feasibility of the dual-isotope myocardial perfusion SPECT
protocol in patients with CAD using *°'T1/**™Tc-sestamibi
simultaneously. They concluded that simultaneous dual-isotope
protocols, however, were not feasible for detecting CAD
because of the presence of the substantial amount of the ™ Tc
downscatter into 2°' Tl windows.

In the present study we showed that *™Tc downscatter into
201T] windows was substantial. The protocol that we used to
assess the degree of *™Tc downscatter into 2°'Tl windows
might be different from those of the 2°'TI/**™Tc-sestamibi
studies since 2°'T1 concentrates in normal areas and *™Tc-
pyrophosphate concentrates in infarct areas. Nevertheless, our
result also implies that a considerable amount of **™Tc down-
scatter is present within the 2°' Tl windows.

Attempts for Downscatter Compensation

To date, several procedures for the downscatter compensa-
tion have been proposed. Hashimoto et al. suggested that it is
possible to compensate for the downscatter of each isotope into
nonprimary energy window through the use of simple formulas
in simultaneously acquired dual-isotope 2°' T1/**™Tc-pyrophos-
phate imaging in patients with acute MI (/5). Neumann also
applied the same procedure to the compensation for the down-
scatter to detect and characterize parathyroid pathology (/6).
Nakashima et al. examined the ratio of the count of an isotope
in different windows in simultaneous 2°'TV/!'?I dual-isotope
SPECT in clinical settings and reported that this ratio was not
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uniform (/7). This implies that the procedure assuming a REFERENCES

fractional contribution from an isotope into another isotope
window is not appropriate in the clinical setting. Sorenson and
Phelps described that the technique is not reliable for in vivo
measurements because of varying amounts of downscatter due
to Compton scattering within body (/8).

Ichihara et al. (/9) proposed a triple-energy window scatter
compensation method for determining Compton scatter and
validated the applicability of this technique to the downscatter
correction in dual-isotope SPECT in phantom study. This
method may be useful because downscatter correction can be
performed on pixel-by-pixel basis and in individual cases. An
energy-weighted acquisition technique to obtain different iso-
tope data sets in simultaneous dual-isotope acquisition has also
been proposed (20). The clinical applicability of these tech-
niques are still preliminary.

Weinstein et al. first imaged the *™Tc source in dual
201712™T¢ windows, followed by 2°'Tl administration and
dual-isotope imaging (8). The *™Tc image in the 2°! Tl window
was subtracted from the dual °' Tl image to specifically correct
for the ™ Tc downscatter. In the tracer combination such as
99mT¢ and ?°'Tl in dual imaging, this would be useful if precise
pixel registration between the two different images were en-
sured in the clinical setting. In case employing lead collimator
in data acquisition, there may be a large contribution of lead
x-ray from **™Tc scatter within 2°' Tl photopeak. With use of a
different collimator, it may be possible to eliminate this kind of
scatter contribution in dual isotope imaging.

CONCLUSION

The present study documents that *™Tc downscatter into 2°'T1
windows greatly contribute to 2°'T1 images in simultaneously
acquired dual-isotope 2°'T1/**™Tc-pyrophosphate imaging. The
amount of ™ Tc downscatter in the simultaneous dual-imaging
approach is considerable enough to result in misinterpretation in
determining infarct size and myocardial viability. This protocol
awaits validation of methods to correct for downscatter.
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