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Multicenter investigation comparing a highly
efficient half-time stress-only attenuation
correction approach against standard rest-stress
Tc-99m SPECT imaging
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Background. New iterative algorithms for scatter compensation (SC), noise suppression,
and depth-dependent collimator resolution (RR) can shorten rest and stress SPECT acquisi-
tions by 50% while maintaining quality and accuracy equivalent to conventional scans. Full-
time stress-only myocardial perfusion SPECT is accurate and efficient when combined with
line-source attenuation correction (LSAC). We investigated the potential for half-time stress-
only LSAC-SPECT by comparing this to conventional rest/stress SPECT in patients imaged for
suspected CAD at three different centers.

Methods. One hundred and ten patients (58% men, 53% exercise) had 64 projection rest/
stress Tc-99m ECG-gated SPECT with simultaneous Gd-153 LSAC: 18 had <5% CAD likeli-
hood and 92 had coronary angiography. The stress scans were retrospectively ‘stripped’ to
create equally spaced 32 projection ‘‘half-time’’ (HT) scans for the emission and transmission
(TX) projections. Astonish (Philips, Milpitas, CA) processing with AC, SC, and RR was applied
to the HT data with the HT TX maps reconstructed using a Bayesian iterative method. The
conventional rest/stress image sets processed using filtered back projection and without AC and
the HT-AC stress-only images were interpreted in random sequence by consensus of two
readers blinded to clinical information in separate reading sessions.

Results. Comparing rest/stress FBP and HT-LSAC, stress perfusion quality was excellent/
good in 82 and 89% (P = .13); interpretive certainty (definitely normal or abnormal) was 88 and
95% (P = .14); sensitivity was 77 and 83% (P = .38); specificity was 67 and 71% (P = .65);
normalcy was 94 and 100% (P = 1.0); SSS for CAD pts was 7.4 vs 7.8 and for non-CAD pts was
0.7 vs 0 (P = .44 and .16, respectively). Mean stress LVEF was 60% in both groups.

Conclusion. Stress-only imaging with HT-LSAC using the Astonish acquisition/processing
method provides results equivalent to conventional rest/stress scanning. This new approach has
the potential to significantly improve operational efficiency without sacrificing accuracy. (J Nucl
Cardiol 2009;16:726-35.)
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Over the past decade, SPECT myocardial perfusion
imaging has become an important test for assessing
patients with suspected or known coronary artery dis-
ease (CAD). Because of its frequent utilization, there
has been considerable interest in reducing its costs,l’2
shortening acquisition protocols,>® and limiting radia-
tion dosimetry.'® One beneficial solution suggested is to
eliminate rest imaging in patients in which it is not likely
to be useful. Stress-only imaging when paired with
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attenuation correction has been shown to be both diag-
nostically accurate* and to predict low risk for
subsequent events when normal.’

Efficiency can also be improved by reducing
acquisition time from that currently recommended by
ASNC Imaging Guidelines,'' by employing iterative
reconstructions combined with derived or measured
resolution recovery and noise-reduction techniques.”'>
Preliminary data have demonstrated adequacy of simul-
taneously acquired line-source transmission maps for
attenuation correction using one of these rapid-acquisi-
tion protocols (Astonish, Philips, Milpitas, CA).'*'* To
date, reduced acquisition time with new algorithms has
not been evaluated with stress-only imaging techniques.
Important considerations include image quality, inter-
pretive  confidence, diagnostic  accuracy, and
comparability of extent and severity of defects and
quantitative function parameters. The purpose of this
investigation was to determine the clinical feasibility of a
stress-only protocol using rapid and simultaneous
acquisition of both emission and transmission data.

METHODS

Study Design

The basic design of this study was a consensus blinded
interpretation of half-time attenuation-corrected stress-only
data compared against conventional rest-stress SPECT imag-
ing without attenuation correction. The gold standard was
either a statistical low likelihood for CAD or the results of
temporally related coronary angiography. The rest/stress image
data were interpreted at a single setting and the stress-only data
at a separate session separated by 1 month. To reduce potential
bias, the stress-only session included both full-time and half-
time stress-only images presented in random sequence.

Patients

This was a retrospective study in which patient studies
were derived from the databases of three SPECT laboratories:
Cardiovascular Consultants P.A. (Mid America Heart Institute,
Kansas City, MO) (n = 26), Hartford Hospital (Hartford, CT)
(n = 26), and Cardiology Associates of Central Connecticut
(Wallingford, CT) (n = 58). The studies included consecutive
patients from each site that had either a statistical low (<5%)
likelihood for CAD according to symptoms, age, gender, and
the results of treadmill exercise tests'> but excluding the results
of SPECT (n = 18), or had coronary angiography within
181 days (mean 19 + 34) of SPECT with no change in clinical
status (n = 92). Exclusion criteria were prior percutaneous
coronary intervention within 180 days, coronary bypass sur-
gery, prior cardiac transplants, and moderate-severe valvular
heart disease. The stress tests were performed using treadmill
exercise in 53% while the remainder underwent either aden-
osine (Adenoscan, Astellas, Hospira) or dipyridamole
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vasodilator stress. All stress testing was performed in accor-
dance with ASNC procedural guidelines.!' Institutional
Review Board approval was obtained from the three sites that
contributed data.

Image Acquisitions

All the SPECT studies were acquired using Philips Cardi-
oMD small field of view systems with Vantage™ Gadolinium-
153 scanning line sources. In accordance with ASNC imaging
guidelines,'' data were acquired over 64 projections at 20 sec-
onds per projection for the stress and 30 seconds per projection
for the rest images, using a 180° RAO-LPO orbit beginning 15-
45 minutes after 25-35 mCi of Tc-99m sestamibi (n = 107) or
Tc-99m tetrofosmin (n = 3) injection. The collimators were
low-energy high resolution, and the energy windows were set at
140 keV =+ 20% for the emission and 100 keV * 20% for the
Gd-153 transmission data. An additional 118 keV + 12% pho-
topeak window was used to compensate for downscatter of Tc-
99m into the Gd-153 energy window.'"'® All data were acquired
using 16-frame ECG-gating.

Image Processing

Three datasets were processed. The first was the tradi-
tional 64-projection rest/stress image set processed using
filtered back projection (Butterworth filter, order 5, cutoff
0.45) without attenuation correction. ECG-gated images were
filtered using the same filter except with a cutoff = 0.4. The
second (intermediate dataset) was stress-only ‘‘full-time’’ 64-
projection data processed with Astonish'? and attenuation
correction. The transverse images were reconstructed with
OSEM-based Astonish using four iterations and eight subsets
and a Hanning match filter of cutoff 1.0. The ECG-gated
images were reconstructed with Astonish'? using four itera-
tions, eight subsets, and a Hanning match filter of cutoff 0.8.
The third (test set) was stress-only ‘‘half-time’” data in which
the 64 projection data were used to generate 32 projections by
a ‘stripping’ algorithm that removed every other projection.
Therefore this dataset consisted of 32 projections over 180°
that had been acquired for 20 seconds each. The corresponding
64-projection ECG-gated images were also handled in this
same manner consistent with a 32-projection acquisition.

The transmission maps for the 32 and 64 projection
studies were reconstructed using the previously validated
method for 64 projections.'” The application to 32 projections
was described in prior reports.'>'* For all studies, a uniform
initial estimate and 30 iterations were applied to the down-
scatter  compensated  projection  data.!”  Truncation
compensation for any artifacts occurring when the patient’s
body becomes outside of the small field of view in the trans-
mission images as described earlier'® was applied to the 32 and
64 projection stress-only images identically. Attenuation cor-
rection was applied to the Astonish reconstructed emission
images using four iterations and eight subsets and match filter
cutoff 1.0. When applying attenuation correction, Astonish
incorporates an attenuation map-based scatter correction
algorithm in addition to the resolution recovery.'*
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Image Interpretation and Scoring

A total of 330 images were interpreted by consensus of
two readers. In case of discordance of interpretations, a third
reader adjudicated. The readers were blinded to all clinical
information and to whether the stress-only images were full or
half-time datasets. For the rest/stress images, which were not
attenuation corrected, readers viewed rotating projection,
emission, and gated images; for the stress-only images, all of
which were attenuation corrected, the rotating projection
images were not made available in order to avoid the potential
interpretation bias through recognition of 32 or 64 frame data.
One-third of the images were rest/stress acquisitions processed
with filtered back projection and without attenuation correction
(the current standard), one-third were stress-only full-time (64
projections, 20 seconds per projection) Astonish scans with
attenuation correction, and one-third were stress-only half-time
(32 projections, 20 seconds per projection) Astonish scans
with attenuation correction. The gated images were not
attenuation corrected.

Both perfusion and gated image quality were interpreted
using a 4-point scale of excellent, good, fair, or poor. Fair
quality was defined as interpretable but with sources of image
degradation such as suboptimal counts or excessive back-
ground activity; poor quality was defined as difficult or
impossible to fully interpret because of factors such as very
poor count statistics or overlap of portions of the myocardium
by adjacent count-rich structures. For analysis, quality was
merged into two categories (excellent or good, and fair or
poor) to reflect the practical implications of image quality on
ability to arrive at definitive interpretations. Studies were
categorized into one of five diagnoses as recommended by
ASNC guidelines,'" after consideration of both the perfusion
images and the gated images: definitely abnormal, probably
abnormal, equivocal, probably normal, and definitely normal.
Each perfusion image was interpreted using a S-point scale
(normal, mildly reduced perfusion, moderately reduced per-
fusion, severely reduced perfusion, and absent perfusion) for
each of 17 segments.'® The segmental scores were then added
together to derive a ‘‘summed stress score’’ (SSS). The post-
stress-gated images were quantitated for ejection fraction and
for both end-diastolic and end-systolic volume using Quanti-
tative Gated SPECT (QGS, Cedars-Sinai, Los Angeles, CA).

For the stress-only scans, the readers indicated whether or
not a rest scan would be needed to arrive at a definitive
diagnosis (normal, ischemic, or scarred). Scans that showed
perfusion defects and abnormal wall motion were interpreted
as requiring a rest image to determine whether dysfunctional
myocardium was scarred or hibernating. Scans with normal
perfusion and normal wall motion/thickening or abnormal
perfusion and normal or near-normal wall motion/thickening
were interpreted as not requiring rest imaging to interpret a
study as either normal or ischemic.

Coronary Angiography

The clinical angiographic reports from each center were
submitted to a single investigator who extracted from the
reports the visually estimated luminal diameter narrowing for
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the left main and the 3 major coronary arteries and their major
branches. The images were not re-read for this study. Signifi-
cant disease was defined separately at 70 and 50% thresholds.

Statistical Analysis

The primary comparison was conventional rest/stress FBP
datasets versus half-time stress-only datasets. These were
compared for quality of both perfusion and gated images and
for interpretive certainty using the X test of independence. All
other categorical variables were analyzed with the X? test of
independence, or Fischer’s exact test, as appropriate. For
accuracy, definitely normal or definitely abnormal interpreta-
tions were used for computations of sensitivity, specificity, and
positive and negative predictive values, while probably normal
or abnormal and equivocal interpretations were categorized as
errors.* Summed stress scores, along with all other quantitative
variables were compared using the Student’s z-test. ROC
curves, using coronary angiography as the reference standard,
were compared using the methods of Mandrekar and Man-
drekar.?® All analyses were conducted using SAS Version 9.1
(SAS Institute, Cary NC) using a P value of <.05 as the cri-
terion for statistical significance. For completeness, a three-
way comparison was also performed between rest/stress FBP,
HT stress-only LSAC, and FT stress-only LSAC of the same
variables, analyzed using ANOVA with Bonferroni-corrected
probability values.

RESULTS

There were 64 men (58%) and 46 women (Table 1).
The mean body mass index was 32 + 7 kg/m? ranging
from 21 to 59. The mean age of the low-likelihood group
was 44 + 9 years, compared to 64 + 12 years for those
who had coronary angiography. Of those with angio-
graphic correlation, 27 patients had no significant CAD,
34 had one-vessel CAD, 26 had two-vessel CAD, and 5
had three-vessel CAD. For this study, a significant ste-
nosis was defined as >70% luminal diameter narrowing.
For completeness, data were also analyzed using a cri-
terion for significance of >50% diameter narrowing; at
this cut-point, 20 patients had no significant CAD, 27
had one-vessel CAD, 32 had two-vessel CAD, and 13
had three-vessel CAD.

Image Quality

Ninety-eight of the 110 (89%) half-time stress-only
perfusion scans were scored as excellent or good in
quality, compared with 82% of the traditional rest/stress
FBP scans (P = .13) (Figures 1, 2). Twelve of the half-
time stress-only perfusion images were scored as fair
(7%) or poor (4%), because of less than desired count
density in relation to adjacent structures such as liver.
By McNemar test, fair or poor quality scans by



Journal of Nuclear Cardiology
Volume 16, Number 5;726-35

Table 1. Demographics of included patients

Low
likelihood Catheterization
patients patients
Male gender 50% 60%
Age (years) 44 + 9 64 +12
Body mass 30+ 6 32+7
index
Exercise stress 100% 43%
Pharmacologic 0] 57%
stress
Prior 0 23%
myocardial
infarction
Prior PCI 0 12%
Prior known 0 23%
CAD
Catheterization results (70% threshold)
0 vessels - 29%
diseased
Single- - 37%
vessel CAD
Multi-vessel - 34%
CAD
Catheterization results (50% threshold)
0 vessels - 22%
diseased
Single- - 29%
vessel CAD
Multi-vessel - 49%
CAD

PCI, Percutaneous intervention; CAD, coronary artery disease.

traditional FBP were the ones most likely to be fair or
poor quality by half-time acquisitions (P = .09).

Ninety (82%) of the half-time 16-frame-gated
acquisitions were scored as excellent or good in quality,
compared to 93 (85%) of the stress FBP-gated acquisi-
tion images (P = . 59). The major cause (80%) of fair or
poor quality of the 20 half-time-gated images was sub-
optimal count statistics.

Interpretive Certainty

In a final interpretation analysis of each study,
considering both perfusion and gated images, 105 (95%)
of the half-time stress-only acquisitions were interpreted
as definitely normal or definitely abnormal compared to
97 (88%) of the traditional rest/stress scans (Figure 3).
The reasons for interpretive uncertainty (probably
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Figure 1. Image quality: stress perfusion (fop), stress gating
(bottom). Rest/stress filtered back projection (open bars), half-
time stress only with attenuation correction (cross-hatched
bars), full-time stress only with attenuation correction (dotted
bars). P value = .269 for perfusion and .049 for gating, rest/
stress versus half-time stress only versus full-time stress only.

normal or abnormal, or equivocal) were the same for all
three types of data: regions of myocardium that were
difficult to interpret because of excessive counts in liver
or bowel overlapping portions of the inferior wall.

Diagnostic Accuracy

The normalcy rate (% of low-likelihood studies that
were read as normal) was 18/18 (100%) for the half-time
stress-only acquisitions compared to 14/18 17/18 (94%)
for traditional rest/stress data (P = .125) (Figure 4).
Sensitivity and specificity values (CAD defined as
>70% stenosis) for half-time stress-only acquisitions
(83 and 71%) were not different from the traditional
rest/stress image sets (77 and 67%) (P values = .171
and .283, respectively).

Eleven patients with significant (>70% diameter
narrowing) CAD were missed with half-time stress-only
acquisitions: 6 had one-vessel CAD and 5 had 2-vessel
CAD. Fifteen patients were missed by conventional rest/
stress imaging (9 with one-vessel CAD, 5 with 2-vessel
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Figure 2. Example of a normal patient. All of the image sets were scored as excellent/good in
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Figure 3. Interpretive confidence. Rest/stress filtered back
projection (open bars), half-time stress only with attenuation
correction (cross-hatched bars), full-time stress only with
attenuation correction (dotted bars) (P value .339).

CAD, and 1 triple vessel disease). By McNemar com-
parison, the patients with CAD that were missed by half-
time were the same patients missed by traditional rest/
stress FBP (P = .16).

There were a total of 17 patients who had transient
ischemic dilation (TID) on rest/stress images; all 17
were interpreted as definitely abnormal. One of these
was interpreted as normal on half-time stress-only
imaging and the remainder were interpreted as definitely
abnormal. The one missed patient had a 70% stenosis in
the right coronary artery.

By individual coronary artery, there were no sig-
nificant differences in sensitivity or specificity for half-
time stress-only images compared to conventional rest/

[ ] R-SFBP FT- LSAC HT- LSAC
100 -
80 -
60
A

40 -
20

0

Normalcy Sensitivity Specificity

Figure 4. Diagnostic accuracy of the 3 datasets. Rest/stress
filtered back projection (open bars), half-time stress only with
attenuation correction (cross-hatched bars), full-time stress only
with attenuation correction (dotted bars). There were no
statistical differences between half-time stress-only versus
rest/stress or half-time stress-only versus full-time stress-only
results.

stress FBP images. The ROC curves for each of the
coronary arteries at both 50 and 70% CAD severity
thresholds were not different. The ROC curves for the
three coronary arteries combined for the two approaches
are shown in Figure 5.

Perfusion Defect Extent and Severity

The summed stress scores for the low-likelihood
and for the angiography patients by half-time stress-only
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Figure 5. ROC curves for the coronaries combined, with the
top graph showing results for 50% CAD threshold (P = .84)
and the bottom graph for 70% CAD threshold (P = .27). Red
line—stress-only half-time; blue line—rest/stress images.

and FBP images are shown in Table 2. There were no
clinically significant differences for either the low-like-
lihood or the angiography patients by image set. The
only difference was in the low-likelihood population,
where the summed stress score was O for all the half-
time stress-only images and was a mean of 0.67 = 1.4
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(range 0-4) for FBP stress images (P = .047). For
patients who underwent angiography, the mean summed
stress score for half-time stress-only images was
7.8 £ 6.6 (range 0-25) compared to 7.4 + 6.5 (range 0-
30) for conventional FBP stress images (P = .69).

Function Parameters

Mean post-stress LVEF by half-time Astonish was
59.7 £ 12.2%, compared to 59.8 + 11.9% for the tradi-
tional FBP post-stress images (P = .96). The Bland-
Altman plot values demonstrate no systematic bias with
a mean agreement at O (Figure 6). The end-diastolic and
end-systolic volumes were also not different (Table 2).

Half-Time Compared to Full-Time Astonish
Stress-Only Results

There were no significant differences between half-
time and full-time Astonish stress-only results for any of
the tested variables. Table 2 shows the combined data
for all three approaches.

The perceived need for a rest image for half-time
versus full-time stress-only images was 23 and 21%,
respectively (P = .744). Of the 25 half-time stress-only
images interpreted as needing a rest image for complete
diagnosis, 10 (40%) were because of needing greater
certainty about presence of CAD, while 10 (40%) were to
determine whether or not regional abnormalities were
completely fixed in the presence of corresponding regio-
nal wall motion abnormalities, and 5 (20%) were to

Table 2. Comparison of SPECT perfusion and function results from conventional non-attenuation-
corrected rest/stress images processed with filtered back projection, stress-only half-time attenuation-
corrected (SO-HTAC) images, and stress-only full-time attenuation-corrected (SO-FTAC) images

Rest/stress SO-HTAC SO-FTAC P value

Normalcy 94% 100% 78% 113
Accuracy (70% threshold)

Sensitivity 77% 83% 88% .268

Specificity 67% 71% 56% .283
Accuracy (50% threshold)

Sensitivity 75% 82% 86% .229

Specificity 76% 82% 63% 171
Summed stress score

Mean + SD 6.3 +£6.5 6.5 £ 6.7 7.4 + 6.8 44

Normal (0-3) 44% 44% 35%

Mildly abnormal (4-7) 19% 18% 19% .675

Moderate-severely abnormal (>8) 37% 38% 45%
Left ventricular ejection fraction (%) 60+12 60+ 12 50 + 13 .888
End-diastolic volume (mL) 97 + 39 101 £ 41 105 + 42 403
End-systolic volume (mL) 42 + 27 44 + 29 47 + 31 494
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Figure 6. Bland-Altman analysis of the FBP stress versus the
Astonish half-time stress-only LVEF.

determine the full extent of viability in patients with more
than one region of abnormal perfusion and function.

DISCUSSION

The most important finding of this study was that
“‘half-time’” stress-only images processed using atten-
uation correction and the Astonish algorithm were
statistically equivalent in quality, interpretive certainty,
and diagnostic accuracy compared to both traditional
rest/stress filtered backprojection images and to full-time
Astonish stress-only attenuation-corrected images. Fur-
thermore, the study demonstrated the feasibility and
clinical validity of abbreviated stress-only attenuation-
corrected SPECT in that the perfusion image quality was
excellent or good in 89% of studies and normalcy,
sensitivity, and specificity values were high given the
clinically blinded and consensus interpretation approach
used in this study.

Approaches to Enable “Half-Time”
Acquisitions

Several approaches to reduce SPECT acquisition
time while maintaining image quality and diagnostic
accuracy have been proposed. This is the first study to
comprehensively investigate performance and accuracy,
using coronary angiography as the gold standard, of
such an approach and to examine the role and value of
attenuation correction. The method used in this study
(Astonish, Philips Medical Systems, Milpitas CA)
employed only 32 projections, but retained the recom-
mended 20 seconds per projection for the stress
acquisition. Collimator-to-heart distance at each angular
projection was incorporated into an iterative recon-
struction algorithm to compensate for spatial resolution
and to minimize effects of image noise using a pro-
prietary matched filtering algorithm. In this study the
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stress perfusion image quality was high for both full-and
half-time acquisitions and equivalent to conventional
filtered back projection data. Another similar recently
described approach using 64 projections acquired for
only 10 seconds each® showed equivalent results
between half-time images and conventional images, but
did not include coronary angiographic data.

Rapidly Acquired Transmission Map
Integrity

An advantage of the scanning line-source approach
compared to CT-based attenuation correction is that
both emission and transmission data are acquired
simultaneously. This avoids potential problems associ-
ated with sequential acquisitions such as misregistration
of the separately acquired emission and transmission
images.?"**> The challenge with line-source attenuation
is achieving sufficient counts within the transmission
map given the short acquisition time at each projection.
We recently studied the transmission maps attained
using half-time acquisition times to establish lower
limits for fast imaging.'*'* We showed in phantoms and
retrospective analysis of patient studies that the attenu-
ation maps were equivalent to full time acquisitions
including quantitative attenuation coefficient values for
all key tissue regions and important boundaries for
registration were equivalent. We also demonstrated that
the downscatter correction method developed for full-
time acquisition was accurate when applied to fast
acquisitions showing no difference when compared to
studies with no Tc-99m activity present, especially
important for the higher amounts of downscatter from
stress activity levels. Additionally, we showed in the
anthropomorphic phantom studies that accuracy was
sufficient when the line sources decayed to one-fourth
their initial activity, suggesting the method remains
robust even for shortened acquisitions.

Efficiency Implications

The standard rest/stress SPECT protocol is time-
inefficient. It entails injection of a tracer at rest, a 15-
60 minute time delay before acquiring rest images for
approximately 15 minutes (30 seconds for each of 64
angular projections or 32 camera stops for the most
commonly utilized dual-detector systems), a 2-4 hours
wait before performing the stress test and injecting the
stress bolus of tracer, and another 15-60 minute time
delay before acquiring the stress images for approxi-
mately 11 minutes (20 seconds for each angular
projection). Stress-only imaging reduces SPECT acqui-
sition time by more than 50%, and markedly reduces
total patient time. Earlier studies have shown the
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importance of attenuation correction when performing
stress-only imaging, as 40-50% of images are reclassi-
fied in comparison to non-attenuation-corrected stress-
only images.® The current investigation demonstrates
the feasibility of reducing scanner time to less than
6 minutes and total patient time to approximately
40 minutes for exercise stress (assuming that the post-
stress acquisitions began, as in this study, at 15 minutes
after stress injection) and just over 1 hour for vasodilator
stress (assuming that the post-stress acquisitions began,
as in this study, at 45 minutes after stress injection).

One significant element of inefficiency is intro-
duced if patients need to return for rest imaging on a
separate day. Because we used 25-35 mCi of Tc-99m
perfusion tracer for the stress injection, rest imaging
could not be performed until approximately 12-18 hours
later to allow for 2-3 half-lives of tracer decay. In our
study, 21% of patients needed rest imaging, the majority
to differentiate scar from hibernating myocardium in
myocardial segments that had both perfusion defects and
akinesis. In clinical practice, ideal patients for a stress-
only imaging protocol are those without prior myocar-
dial infarction and left ventricular dysfunction, which
would be associated with a lower percentage requiring
rest imaging to differentiate scar from hibernating
myocardium.

Expense and Resource-Utilization
Implications

While this study was not designed to track relative
costs associated with rest/stress and stress-only studies,
the factors determining the relationship between the two
can be defined. Compared to conventional rest/stress
filtered background studies, the current half-time
Astonish stress-only attenuation-corrected approach
negates all of the costs associated with a rest scan, and
avails the camera, space and personnel for more than
double the number of patient studies daily. Additional
incurred costs include line-source hardware, new sources
every 1-2 years, Astonish software, attenuation-correc-
tion software, and higher costs associated with rest
scanning for the proportion of patients found to need this.

Radiation Dosimetry Implications

The appropriateness of exposing a patient to the
additional radiation associated with a radionuclide
injection at rest when the stress image is normal has
recently been questioned.'® The effective dose equiva-
lent from a conventional rest/stress Tc-99m sestamibi
study is approximately 10-14 mSv>® compared to
approximately 8 mSv for a stress-only scan.'” The
contribution from the Gd-153 line sources for
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attenuation correction is nearly negligible (estimated at
0.05 mSv).>> If the assumption that 10 mSv increases
lifetime risk of fatal cancer by 0.05%, as suggested in
some models>>?* is correct, the risk-benefit ratio asso-
ciated with an estimated 10,000,000 SPECT scans
performed annually in the United States could be posi-
tively affected if just 30% of these were performed with
stress-only imaging.

Comparison to Prior Stress-Only SPECT
Publications

Despite its conceptual attractiveness, the peer-
reviewed literature relevant to stress-only imaging is not
large. Schroeder® reported that all 94 out of 460 patients
who had a normal stress scan were normal at rest, despite
39 having an abnormal exercise ECG. Thus, rest imaging
was shown to be unnecessary in 20% of the patients.
Heller et al* showed the importance of attenuation cor-
rection for both interpretive confidence and reduction of
need for bringing patients back for a rest image when
stress-only imaging was used. Ten experienced readers
interpreted 90 studies in either low-likelihood or cathe-
terized patients, arriving at conclusions for each of non-
gated and non-attenuation-corrected images, gated but
non-attenuation-corrected images, and finally with
attenuation correction. Diagnostic certainty more than
doubled with the combination of gating and attenuation
correction to 85%, with sensitivity and specificity of 97
and 84%, respectively. The lower sensitivity in the cur-
rent study probably reflects a patient population with less
severe disease: in the Heller paper 43% had prior myo-
cardial infarction compared to only 12% in this study,
and 51% had multivessel CAD compared to only 34% in
this study. Gibson et al® reported on 729 intermediate
likelihood patients tested with stress-only imaging; when
the attenuation-corrected scan was normal (including
39% in whom the non-attenuation-corrected stress scan
showed an apparent defect), the event rate was only 0.6%
over 22 months of follow-up. While the current investi-
gation does not address utilization of stress-only imaging
for management decisions or in relation to patient out-
comes, it does offer encouragement that this innovative
approach can be performed in a complicated cohort of
patients and achieve results comparable to conventional
rest/stress SPECT.

Study Limitations

The major limitation of this study is that the half-
time stress-only data were derived from full-time
acquisitions rather than actually acquired in half-time.
The half-time images were obtained using every other
projection from the 64 20-second angular projections in
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the clinical study. In practice, the 32 angular projections
would be acquired in one-half the time of the 64 pro-
jection study. We considered differences between the
tracer kinetics and physical decay in the appropriateness
of this approach. Myocardial redistribution of Tc-99m-
sestamibi or Tc-99m tetrofosmin after initial uptake is
less than 5%/hour. Thus any change in distribution over
the 7.5 minute difference between the 15 minute con-
ventional scan and the half-time scan is negligible
(<1%). This 7.5 minute difference relative to the 6 hour
physical half-life of Tc-99m is also negligible. In fact,
the shortened scan time minimizes any time-dependent
projection data inconsistencies, especially for dual head
detector systems where the merging of projections from
the last projection of the first detector and the first
projection of the second detector differ by the total
acquisition time. These arguments would need recon-
sideration for tracers with rapid redistribution (e.g.,
thallium-201 or Tc-99m-teboroxime) or short physical
half-lives. Finally, the results might be expected to be
even better had the half-time stress-only studies been
acquired prospectively, as the longer acquisitions
employed in this investigation were more likely to be
affected by patient motion, a major source of reduced
interpretive certainty and accuracy.

CONCLUSIONS

The current study extends the understanding about
the capabilities of attenuation-corrected SPECT imaging
to newer reconstruction algorithms that permit reducing
stress acquisition time by one-half and obviating the
need for rest imaging in most patients referred for per-
fusion imaging. The improvements in throughput
efficiency, patient convenience, incurred costs, and
radiation dosimetry are important reasons for expanding
experience with this technique.
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