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Background. New algorithms were evaluated for their efficacy in detecting and quantifying
serial changes in myocardial perfusion from single photon emission computed tomography
(SPECT).

Methods and Results. We generated 72 simulations with various left ventricular positions,
sizes, count rates, and perfusion defect severities using the nonuniform rational B-splines
(NURBs)-based CArdiac Torso (NCAT) phantom. Images were automatically aligned by use
of both full linear and rigid transformations and quantified for perfusion by use of the
CEqual program. Changes within a given perfusion defect were compared by use of a
Student t test before and after registration. Registration approaches were compared by use
of receiver operating characteristic analysis. Changes of 5% were not detected well in single
patients with or without alignment. Changes of 10% and 15% could be detected with
false-positive rates of 15% and 10%, respectively, in single studies if alignment was
performed before perfusion analysis. Alignment also reduced the number of studies
necessary to demonstrate a significant perfusion change (P < .05) in groups of patients by
about half.

Conclusion. Comparison of mean uptake by t values in SPECT perfusion defects can be used
to detect 10% and greater differences in serial perfusion studies of single patients. Image
alignment is necessary to optimize automatic detection of perfusion changes in both single
patients and groups of patients. (J Nucl Cardiol 2005;12:302-10.)
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Comparisons of visual and quantitative results be-
tween serial perfusion scans are being used increasingly
to assess significant changes resulting from surgical
interventions, drug therapies, and lifestyle modifications.
For example, “before-and-after” perfusion scans have
been used to evaluate gene therapy as a treatment for
myocardial ischemia,1 to study the effects of verapamil
on heart failure patients,2 and to investigate long-term
effects of angioplasty on diabetic patients.3 Groups of
patients are often evaluated with serial imaging to
compare various treatment approaches. For example,
changes in perfusion over time have been used to
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compare the long-term effects of revascularization ver-
sus medical therapies.4,5 Serial studies have even been
used to investigate the effects of other therapies on the
heart, such as irradiation for lung cancer or right ven-
tricular pacing.6,7 As new devices, new medicines, and
new interventions are developed, accurate evaluation of
their effects becomes very important, in view of maxi-
mizing patient benefit while maintaining economic effi-
ciency. Improved methods for detecting changes will
reduce the sample size, or number of test subjects,
needed to reach statistical significance when evaluating
new therapies or comparing different treatments and
should generally accelerate clinical trials while decreas-
ing their costs. Better methods for detecting perfusion
differences will allow quicker and more accurate identifi-
cation of an effective therapy for a single patient, reduce the
use of ineffective treatments, more quickly indicate the
necessity of an intervention, and ideally speed recovery.

It is widely recognized that computer quantification
of myocardial perfusion images improves not only over-
all diagnostic accuracy but also enhances reliability,
confidence, and reproducibility of interpretation.8 These
nuclear imaging quantitative approaches are well estab-

lished for assessing abnormalities in myocardial perfu-
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sion and/or metabolism, usually by comparison to a
normal database or by use of visual interpretation to an
expected normal pattern.9,10 However, these approaches
have not been developed to quantify changes between
studies, such as would be needed to assess the effects of
interventions, medical therapy, or the progression or
regression of coronary artery disease. The goal of this
study was to investigate new quantitative algorithms for
their efficacy in detecting and quantifying serial changes
in myocardial perfusion from single photon emission
computed tomography (SPECT). Optimal automatic de-
tection of changes in serial SPECT studies requires
alignment of the left ventricles in both images and
mathematical comparison of perfusion distributions. This
report describes and evaluates techniques for performing
both of these operations. Because of the difficulty in
determining the true changes in clinical studies, we used
the NURBs-based CArdiac Torso (NCAT) software
phantom to simulate realistic SPECT images in which
the perfusion defects were completely characterized and
actual differences in perfusion were known.

METHODS

Simulations

To generate test data, we used the 4-dimensional NCAT
phantom from the University of North Carolina.11,12 This
phantom includes a model of the heart with many options for
varying the simulation, including addition of cardiac and
respiratory motions, inclusion of perfusion abnormalities, vari-
ations in radioactivity concentration in noncardiac structures,
and creation of differing numbers of output gates. We included
our own enhancement to this phantom, which allows for the use
of left ventricular (LV) boundaries and perfusion defect size
and location obtained from actual SPECT perfusion studies.13

The NCAT phantom software creates gold-standard activity
and attenuation maps. In this study we used the NCAT to create
activity and attenuation maps for 8 frames in the cardiac cycle,
in addition to average, “ungated” activity and attenuation maps.
Further analysis was performed only on the ungated activity
and attenuation maps.

We used 3 different LV models, obtained from 3 different
actual SPECT perfusion studies. For each of the 3 models, a
single perfusion defect was included in 1 of the 3 main
coronary artery territories. Thus one model had an anterior
defect, the second had a lateral defect, and the third had an
inferior defect. The size of each simulated defect was based on
the size of the actual defect in the original patient study, and
these values were 20%, 30%, and 40% of total LV myocardial
volume.

For each of the three models, we generated 6 simulations,
one each with a defect severity of either 50%, 55%, 60%, 65%,
70%, or 75% of maximum LV perfusion. Each of these 6
perfusion defect severities was used 4 times with the same LV

model to yield a total of 24 simulations per model. For all
simulations, we allowed the position and orientation of the left
ventricle within the chest, the LV size, the “normal” LV count
value, and the count rates in adjacent organs to vary randomly
about a central value. In 12 of 24 simulations, we limited LV
size changes to less than 10%, where size in this case indicates
a global scaling of the entire heart, for all frames in the cardiac
cycle. We allowed the LV size to change by more than 10% in
the second set of 12. This was to evaluate more closely the
alignment algorithm that would provide more accurate results
for smaller and larger scale variations. Thus a total of 24
simulations were created for each of the 3 models; all of these
simulations had random variations in LV position and orienta-
tion, normal LV uptake, and extracardiac activity. The means
and SDs of these variations are given in Table 1.

From each of the resulting 72 NCAT-created activity and
attenuation maps, we created simulated projections using a
projector that modeled all major degradation factors in SPECT.
The projector included a low-energy high-resolution collimator
model that incorporated geometric detector response, simulated
photon scatter by use of the Klein-Nishina formula, and added
standard Poisson-distributed noise according to image count
levels, which are noted in Table 1. More details regarding this
projector are discussed by Chen et al.14 Projections were
reconstructed via filtered backprojection.

Alignment

Our registration approach operates on processed short-axis
slices as a natural intermediate step during perfusion quantifi-
cation. The automatically selected LV limits of apex, base,
long-axis center, and radius of search were used to define the
general image area containing the left ventricle. A background

Table 1. SD of random variations in simulations

Variable Mean SD

LV angular position –90°, –40°,
–45°

5°, 5°, 5°

LV translational position 0, 0, 0 0.5 cm, 0.5 cm,
0.5 cm

LV size (relative) 1.0 0.025 for first
12, 0.05 for
second 12

LV counts per pixel 1000 150
Blood pool counts per

pixel
100 20

Body counts per pixel 100 20
Liver counts per pixel 500 100
Lung counts per pixel 100 20
Stomach counts per

pixel
200 40

Kidney counts per pixel 500 100
Spleen counts per pixel 500 100
Bone counts per pixel 200 20
region of interest outside and lateral to the LV area was
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identified automatically by use of these LV limits, and a
background subtraction was performed. Then, image counts
outside the LV region were rolled off by use of a Gaussian
function. In practice, this allowed portions of the right ventricle
next to the left ventricle to remain in the processed image. An
example of the results of this processing is shown in Figure 1.

The image alignment operation found the best translation,
rotation, spatial size, and relative image intensity for one image
so that when subtracted from the other image, the difference
between them was minimized. The translation, rotation, and
spatial size variables account for changes in position and size of
the left ventricle between studies. The scaling factor for image
intensity accounts for expected differences in absolute count
values in different perfusion studies. More specifically, our
registration procedure minimized a cost function consisting of
the sum of square differences between 2 images over transla-
tion, rotation, spatial size, and image intensity. Minimization
was performed by use of the Newton-Raphson method to find
the roots of the derivative of the cost function, which occur at
function minima. This optimization approach is similar to that
described in Woods et al,15 who reported its accuracy in
positron emission tomography (PET) brain images. The regis-
tration was done in a multiresolution fashion, with the images
resampled to one quarter of their original resolution for an
initial alignment step, then resampled to one half of their initial
resolution for an intermediate alignment step, and then finally
registered at their full resolution. We investigated the use of
both rigid alignment, which included translations and rotations
but no scaling, as well as a full linear alignment, which
included translations, rotations, scale, and shear.

Statistical Analysis

Each of the simulations was quantified by use of the
Emory Cardiac Toolbox (Syntermed, Atlanta, Ga) before and
after rigid and full alignment. LV limits (apex, base, short-axis
center, and radius of search) for the original studies were set
automatically, with the user adapting them as necessary. In
studies that had been aligned, we applied the same LV limits to
each of the 2 studies being compared. That is, when we
compared study 2 with study 1 after study 2 had been aligned
with study 1, we used the original study 1 LV limits for both

Figure 1. Results of preprocessing a SPECT study before
alignment. A, Original vertical long-axis, horizontal long-axis, and
3 short-axis slices. B, Same slices after background subtraction
and elimination of extracardiac objects.
study 1 and the aligned study 2.
We used a regional approach for detecting perfusion
changes based on the quantitative results. First, the intersection
of the normal regions, or non–blacked out regions, in the 2
studies was used for intensity normalization of the 2 studies.
Study 2 was scaled to have the same average value in the
normal region as study 1. Then, the larger of the 2 abnormal
regions taken from the 2 studies being compared was used as
the region of interest for statistical analysis of changes. The
means within this region of interest were compared between the
2 images by use of a paired Student t test.16 Receiver operating
characteristic (ROC) curves were generated by use of these t
values—specifically, the difference in means divided by the
standard error—to compare the results of rigid, full linear, and
original (no alignment) approaches (MedCalc Software, Mari-
akerke, Belgium). All P values reported in this analysis are
2-tailed, and significance levels are set at P � .05.

For each set of 6 perfusion severities, we looked at
severity differences of 5%, 10%, and 15%; it should be noted
that all perfusion differences in this work are stated in terms of
absolute differences (35% to 40% of maximum perfusion is a
5% change). For each set of 12 simulations, we looked at
differences where severities were actually the same; these
comparisons functioned as “negative” cases for subsequent
ROC analysis. These comparisons are shown graphically in
Figure 2. We analyzed the first set of 12 simulations in each
model (�10% difference in actual LV size changes) separately
from the second set of 12 simulations (�10% difference in
actual LV size changes). The full set of comparisons done for all
24 simulations in a model is listed in Table 2.

RESULTS

The mean and SDs of the detected changes in
abnormally perfused regions are provided in Table 3. In
general, detected changes are about half the true differ-
ences. Although alignment generally reduces the mean
differences, note that it also reduces the SDs. Overall,
registration increased t values and detectability of
changes. An example of the results of registration, as
well as its effect on blackout maps, is shown in Figure 3.

ROC curves for each method are shown in Figure 4,
and areas under each are shown in Table 4. For those
data sets where the true size of the left ventricle changed
by less than 10% between simulations (Figure 4A-C), full
alignment generally worked better than rigid alignment,
which in turn worked better than no alignment (original).
Most of the curves are not significantly different from
one another, however. Rigid alignment was significantly
better than original (no alignment) for detecting 15% and
10% differences in defect severity. Full alignment was
significantly better than no alignment for detection of
10% differences in defect severity. Five percent severity
differences were not well detected, and neither type of
alignment significantly improved results over no alignment.

For those data sets where the true size of the left

ventricle changed by more than 10% (Figure 4D-F), full
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alignment was always statistically better than original
(no alignment). Rigid alignment performed better than
no alignment for detecting 10% differences in defect
severity, and full alignment performed better than rigid
alignment for detecting 5% differences in defect severity.
However, once again, 5% severity differences were not
well detected even with full alignment, as the area under

Figure 2. Set of 12 simulations and the compari
severities (seen in the lighter gray region of th
simulation, where defect severities are express
Simulations 7 to 12 repeat the defect severities o
on. Note that the differences in LV angle and siz
the purpose of demonstration. Comparisons are m
these left ventricles have a 5% difference in sever
1, 4 and 2, and so on; these left ventricles have
made between simulations 4 and 1, 5 and 2, an
defect severity. Comparisons made between sim
difference in defect severity. Note that a second s
computed for each model; the difference between
simulations are expected to be less than 10% in t

Table 2. Comparisons performed for 24 simulations

Simulations compared

1-2, 2-3, 3-4, 4-5, 5-6, 7-8, 8-9, 9-10, 10-11, 11-12
1-3, 2-4, 3-5, 4-6, 7-9, 8-10, 9-11, 10-12
1-4, 2-5, 3-6, 7-10, 8-11, 9-12
1-7, 2-8, 3-9, 4-10, 5-11, 6-12
13-14, 14-15, 15-16, 16-17, 17-18, 19-20, 20-21, 21-22,
13-15, 14-16, 15-17, 16-18, 19-21, 20-22, 21-23, 22-24
13-16, 14-17, 15-18, 19-22, 20-23, 21-24
13-19, 14-20, 15-21, 16-22, 17-23, 18-24
the ROC curve in this case was only 0.81.
DISCUSSION

The automatic detection of perfusion variations
encompasses both image alignment and mathematical
comparisons of the matched images. The problem of
matching one cardiac SPECT perfusion image to another
has been investigated in the realm of aligning stress and

tween them. Note from simulation 1 to 6, defect
entricle) improve by 5% with each successive
terms of percent of maximum LV perfusion.

but may have different positions, sizes, and so
is diagram have been somewhat exaggerated for
etween simulations 2 and 1, 3 and 2, and so on;
omparisons are made between simulations 3 and
difference in defect severity. Comparisons are

; these left ventricles have a 15% difference in
s 7 and 1, 8 and 2, and so on, have no (or 0%)
2 simulations with their requisite comparisons is
sets of 12 is that LV size variations between the
set of 12 and greater than 10% in the second 12.

d from 1 model

No. of
comparisons

True difference
in defect perfusion

10 5%
8 10%
6 15%
6 0%

, 23-24 10 5%
8 10%
6 15%
6 0%
sons be
e left v
ed in
f 1 to 6
es in th

ade b
ities. C
a 10%

d so on
ulation
et of 1
the 2
create

22-23
rest images of the same patient, matching PET and
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SPECT images to each other, and even registering
dynamic frames of a single patient study. Although none

Table 3. Average detected differences in defect perf

True
changes

<10% Scale changes

Original Rigid Fu

5% 3.18 � 5.55* 2.04 � 3.76* 1.73 �

10% 5.32 � 5.51* 4.08 � 3.39* 3.91 �

15% 7.87 � 5.78* 7.16 � 4.39* 5.92 �

0% 1.51 � 5.84 �0.10 � 3.18 �0.18 �

Data are given as mean � SD.
*The detected differences are significantly different from 0, with P

Figure 3. Example of alignment and quantitative results for one
of the models. The top row and middle row show short-axis and
vertical long-axis slices, respectively, with LV limits superim-
posed. The bottom row shows the blackout polar maps obtained
by perfusion quantification applied to each simulation. A, First
simulation, with defect severity equal to 55% of normal. B,
Second simulation with defect severity equal to 65% of normal,
which is to be compared with A. The difference in size between
A and B is 16%. Here, both left ventricles and A and B have
been reoriented into short-axis slices, but no explicit registra-
tion has been performed. The difference between means in the
blackout region is less than 1% when A is compared with B. C,
Second simulation after rigid alignment. Note that there has
been a translation and rotation applied by the registration
software. The difference between means in the blackout region
is increased to 2% by this alignment. D, Second simulation
after full linear alignment. Rotation, translation, and scale have
been accounted for with this registration. The difference
between means in the blackout region is increased to 5%, and
this becomes statistically significant with a t value of 5.0.
of these approaches was developed for aligning serial
studies, they do address an essentially similar problem.
Historically, SPECT LV images have been aligned to
each other by use of only translation and rotation. In the
simplest case this alignment is achieved by finding and
aligning the LV long axes in both images.17,18 More
complicated template matching that aligns over transla-
tion and rotation of 2 different images has also been
described by Slomka et al19,20 and Turkington et al,21 for
example. The basis of our alignment approach is similar
to these; the main differences are the formulation of the
cost function that is being minimized and the actual
optimization method used to minimize it.

Most reports describing mathematical analysis of
perfusion changes rely on evaluation of standard perfu-
sion quantification results. For example, Berman et al4

looked at differences in summed stress scores to deter-
mine perfusion changes in serial studies. Our earlier
work indicated that neither summed stress scores nor
stress total severity scores were accurate for determining
5% or 10% defect severity changes in single subjects22;
however, the use of such measures for evaluating a
procedure in a large group of patients may have value.
deKemp et al23 have published the description of a
method for evaluating perfusion changes in dynamic
PET studies. This elegant approach uses changes in
absolute quantitated perfusion with a standard error
measure evaluated by use of the final frames of the
dynamic study to compute t values for every sampled
value in the polar map. These can then be used to define
significant differences between 2 studies for each polar
map value. Unfortunately, in 2 serial SPECT studies of
the same patient, we have no way to measure explicitly
the standard error for individual polar map samples; thus
the method of deKemp et al is not directly applicable.
The approach of Slomka et al for finding differences in
rest and stress perfusion studies, which includes both
registration and normalization for detecting those differ-
ences, may be applicable to finding changes in serial
studies; however, this use has not yet been described.20

>10% Scale changes

Original Rigid Full

2.85 � 6.01 2.93 � 5.24* 2.60 � 5.24
* 4.73 � 6.32* 5.77 � 5.43* 4.61 � 5.02*
* 7.99 � 6.36* 7.34 � 5.59* 6.76 � 5.12*

�1.17 � 7.04 �0.50 � 5.61 �1.85 � 6.00

.

usion

ll

3.71
4.05
4.54
3.53
We developed this approach—that is, computing
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Figure 4. ROC curves for the 3 types of alignment (none, rigid, and full linear) for each comparison (5%,
10%, and 15% differences in defect severity). Curves are given separately for the cases where LV scale
changes by both less (A, B, and C) and more than 10% (D, E, and F). The asterisk indicates that the area
under this curve is significantly different from the area under the “original,” or unaligned, curve within
the same column (P � .05). The dagger indicates that the area under this curve is significantly different

from the area under the “rigid” curve within the same column (P � .05).
Table 4. Area under ROC curves associated with perfusion changes

Alignment
type

LV size differences <10% LV size differences >10%

5% 10% 15% 5% 10% 15%

Original 0.67 0.81 0.91 0.67 0.76 0.83
Rigid 0.74 0.91* 0.99* 0.71 0.84* 0.92
Full 0.75 0.93* 0.96 0.81*† 0.91* 0.98*
*The area under this curve is significantly different from the area under the “original,” or unaligned, curve within the same column.
†The area under this curve is significantly different from the area under the “rigid” curve within the same column.
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statistically significant differences within defects—par-
tially because such regional analysis provides a straight-
forward way for the standard error to be estimated from
only 2 serial studies of the same patient. In addition, it
was the most accurate method among various techniques
we investigated in preliminary studies.22 Unfortunately,
it is obviously limited to those regions that are abnormal
and does not attempt to say anything about other regions
of the left ventricle. However, because most patients who
undergo serial studies do so because they have perfusion
abnormalities, this is not a serious limitation in the
clinical setting. Also, it would of course be possible to
define other regions of interest in the left ventricle that
were not based on blackout areas.

None of the registration approaches in this study
allowed a reliable detection of 5% differences in perfu-
sion for single patients. This is not unexpected, given
that maximum true LV count levels in these simulations
were on the order of 1000 and reconstructed images had
mean LV counts per pixel of approximately 600. The
noise rate of the Poisson-distributed counts in such an
image is about 4%, and this raises the standard error
enough that t values do not reach significant levels with
a perfusion severity difference of only 5%. Fifteen
percent differences in perfusion defect severity were
fairly well detected even with no alignment when LV
scale changes were minimal. This result may seem
surprising; however, reformatting transverse slices into
short-axis sections is a type of alignment performed
before quantification, and resampling the left ventricle to
create polar maps actually standardizes the left ventricles
in terms of scale. Thus standard perfusion quantification
already includes some implicit alignment. Explicit reg-
istration of the short-axis slices improves upon that,
however, and our results indicate that full registration is
advisable for automatic detection of even 15% perfusion
differences when LV sizes change by more than 10%
between serial studies.

Detected differences are lower than the true differ-
ences primarily because of detector response. Just as the
severity and extent of a defect are underestimated as a
result of the inherent blurring of SPECT, the severity of
perfusion changes may also be underestimated. This
effect is magnified in our analysis because we are
reporting mean differences over the perfusion defect,
which of course will encompass regions close to the
margins of the abnormality. The difference between
maximal perfusion values in the defect would be closer
to the true value; however, use of maximum regional
values instead of mean values would preclude the utili-
zation of parametric models for statistical analysis. Also,
note that Table 3 indicates that detected perfusion dif-
ferences actually decrease with registration. This is

simply explained by considering that differences be-
tween 2 studies are a result of both misregistration and
perfusion changes. The registration method operates by
trying to minimize differences between the images; thus
registration will also diminish differences between per-
fusion defect severities in 2 studies if those defects were
affected by misalignment. However, it is just as impor-
tant to note that registration generally decreases the SDs
of those differences. A reduced SD increases t values
and, thus, detectability of perfusion changes. In fact,
mean group t values were always higher for rigid versus
no registration and were higher again for full registration
for cases where the LV size varied by more than 10%.
This is reflected in the ROC curves. For cases where the
LV size changed by less than 10%, mean t values
increased with full registration compared with no regis-
tration but were generally higher with rigid registration
than with full registration. This is clearly visible on the
ROC curves; however, the difference was not significant.

Although these simulation results appear to indicate
that our approach cannot detect 5% changes in defect
severity, this is not so. Changes in defect severity smaller
than 10% may be detected in groups of subjects. The
means and SDs obtained in each comparison can be used
to estimate roughly the number of patients necessary to
achieve significance for detecting 5% and 10% severity
changes. Without registration, approximately 50 patients
may be needed to detect a 5% change in defect severity
with P � .05 and approximately 10 patients may be
needed to detect a 10% change in defect severity. If
alignment is used, this is reduced to approximately 20
patients to detect a 5% change in defect severity and 5
patients to detect a 10% change in defect severity (P �
.05). Of course, these are rough guidelines; for studies
interested in evaluating smaller or less severe defects
than the ones considered in this study, larger groups
might be necessary. For studies evaluating changes in
larger or more severe defects, a smaller group might be
sufficient. Findings such as these should have a profound
implication for clinical trials that use perfusion changes
as endpoints by significantly reducing the numbers of
subjects needed and thus the trial duration and cost.

Of course, in a common clinical setting, it is more
important to be able to detect perfusion differences
reliably in a single patient. Our approach for finding
perfusion changes can be evaluated by use of the ROC
curves. They indicate that when studies are fully aligned,
this method can detect a 10% change in defect severity in
a single patient with a false-positive rate of 15% while
maintaining a true-positive fraction of near 90%. A
change of 15% in defect severity can be detected with a
false-positive rate of 10% while maintaining a true-
positive fraction of over 90%.

In this study we always compared higher (more

normal) with lower perfusion, so statistically significant
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t values should be positive, indicating a significant
improvement in perfusion. However, this study would
have yielded the exact same results if we had looked at
the accuracy of the method for detecting significant
decreases in perfusion, as the mathematics would have
simply changed in sign value. However, there is a
difference in how these results are handled statistically
versus how they would be handled clinically, and this is
worth noting. Consider the case of obtaining a highly
negative t value (eg, t � �2.5) indicating that perfusion
may have worsened in the case where perfusion in fact
improved. This would be seen as a false negative by our
statistical analysis, just as if the t value had been zero,
indicating no change. Clinically, however, a statistical
indication of significantly decreasing perfusion would be
handled much differently than a statistical indication of
no change. Our method resulted in statistically signifi-
cant decreases in perfusion (t � �2.5) in about 15% of
cases where perfusion actually increased by 5%, and
alignment did not improve these results. We saw only 1
case where our technique indicated a significant decrease
in perfusion severity when there was actually a 10%
increase in severity, and alignment eliminated this single
instance. We saw no negative t values at all for true
defect severity increases of 15%.

Although we believe that these numbers provide an
indication of the ability of SPECT imaging to detect
perfusion changes, it is important to understand the
relatively low numbers of simulations investigated in this
study, as well as the limited changes applied to them.
Real patient data may change in more significant ways
than our simulations. The body habitus may change
drastically, cardiac remodeling may occur, or camera
hardware may be completely different between studies.
Perfusion in regions of the heart not previously seen as
abnormal may change; this may affect the alignment as
well as the normalization performed before t value
calculations.

Nevertheless, our simulation was much more realis-
tic that simply applying linear transforms to the recon-
structed images and then attempting to recover those
transforms with a registration algorithm. The translation,
rotation, and scale were applied to the LV model within
the NCAT torso, and LV counts and extracardiac activity
were varied before simulation of the acquisition process.
This implies that in different simulations, the heart may
in fact experience different attenuation, scatter, and
detector response, and thus local LV counts will vary
even in “normal” regions of the heart. These will all
confound the alignment algorithm, which is attempting
to reduce differences between the images. Even with
these complicating factors, it was possible to register,

normalize, and compare SPECT perfusion studies with
enough accuracy to detect 10% or larger changes in
defect severity for single patients.

Conclusion

The following clinically relevant points may be
concluded from this study. True differences in perfusion
are larger than those measured by perfusion SPECT by
an approximate factor of 2. Differences in defect severity
of 10% and 15% may be detected in serial perfusion
studies of a single patient by our method with false-
positive rates of 15% and 10%, respectively, when full
alignment is used. Automatic methods may fail to detect
perfusion differences of 5% in serial studies of a single
patient; however, groups of patients may be used to
detect small perfusion differences in populations for the
purpose of therapy evaluation. Alignment reduces the
number of studies necessary to demonstrate a significant
perfusion change in groups of patients by about half.
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