
Direct Quantification of Left Ventricular Motion and
Thickening Changes Using Rest–Stress Myocardial Perfusion
SPECT

Shahryar Karimi-Ashtiani1, Reza Arsanjani1, Mathews Fish2, Paul Kavanagh1, Guido Germano1,3, Daniel Berman1,3,
and Piotr Slomka1,3

1Departments of Imaging and Medicine and Cedars-Sinai Heart Institute, Cedars-Sinai Medical Center, Los Angeles, California;
2Oregon Heart and Vascular Institute, Sacred Heart Medical Center, Springfield, Oregon; and 3David Geffen School of Medicine,
University of California Los Angeles, Los Angeles, California

Changes in myocardial wall motion and thickening during
myocardial perfusion SPECT are typically assessed separately
from gated studies for the presence of stress-induced func-
tional abnormalities. We sought to develop and validate a novel
approach for automatic quantification of rest–stress myocardial
motion and thickening changes (MTCs). Methods: Endocardial
surfaces at the end-diastolic and end-systolic frames for rest–
stress studies were registered automatically to each other by
matching ventricular surfaces. Myocardial MTCs were com-
puted, and normal limits of change were determined as the
mean and SD for each polar sample. Normal limits were used
to quantify the MTCs for each map, and the accumulated sam-
ple values were used for abnormality assessments in segmental
regions. A hybrid method was devised by combining the total
perfusion deficit (TPD) and MTC for each vessel territory. Nor-
mal limits were obtained from 100 subjects with low likelihood
of coronary artery disease. For validation, 623 subjects with
correlating invasive angiography were studied. All subjects un-
derwent a rest–stress 99mTc-sestamibi exercise or adenosine
test and coronary angiography within 3 months of myocardial
perfusion SPECT. All MTC and TPD measurements were de-
rived automatically. The diagnostic accuracy for detection of
coronary artery disease for MTC plus TPD was compared with
TPD alone. Results: Segmental normal values were between
21.3 and 24.1 mm for motion change and between 230.1%
and 29.8% for thickening change. MTC combined with TPD
achieved 61% sensitivity for 3-vessel-disease (3VD), 63% for
2-vessel-disease (2VD), and 90% for 1-vessel-disease (1VD)
detection, compared with 32% for 3VD (P , 0.0001), 53% for
2VD (P , 0.001), and 90% for 1VD (P 5 1.0) detection using the
TPD-alone method. The specificity for the combined method
was 71% for 3VD, 72% for 2VD, and 47% for 1VD detection
versus 90% for 3VD (P, 0.0001), 80% for 2VD (P, 0.001), and
50% for 1VD detection (P 5 0.0625) for the TPD-alone method.
The accuracy of 3VD detection by MTC plus TPD was higher
(69%) than the accuracy of TPD plus change in ejection fraction
(63%) (P , 0.004). Conclusion: We established normal limits
and a novel method for computation of regional functional

changes between the rest and poststress studies. Compared
with TPD alone, the combination of TPD with MTC improved the
sensitivity for the detection of 3VD and 2VD.

Key Words: surface registration; motion; thickening; 3 vessel
disease; coronary artery disease; SPECT

J Nucl Med 2012; 53:1392–1400
DOI: 10.2967/jnumed.111.100909

Myocardial perfusion SPECT (MPS) is the most widely
used diagnostic test for the detection of coronary artery dis-
ease (CAD) (1,2). Abnormalities in myocardial perfusion
and function during stress, which were not present during
rest study, often signify impaired perfusion reserve and are
strong markers for the existence of high-grade stenosis and
ischemia. Traditionally, global perfusion measures such as
summed stress scores and summed rest scores (3), total per-
fusion deficit (TPD) (4), or summed rest–stress perfusion
changes (5) have been used for the detection of CAD. How-
ever, certain conditions such as severe CAD in patients with
3-vessel disease (3VD) pose technical and diagnostic chal-
lenges (5,6). Additional functional data, such as measure-
ments of ejection fraction (EF) and its changes between
the rest and poststress studies, can be used to improve the
detection of CAD (7).

It has previously been shown that reversible regional wall
motion abnormality (RWMA) after stress, which was not
present during rest, is a strong predictor of angiographic
severity and adds incremental value to the perfusion data in
the assessment of severity (8,9). The standard method of
analysis for motion and thickening, however, may suffer
from variability in contour placements when subtle changes
in motion and thickening are being evaluated. We aimed
to evaluate quantitatively regional myocardial motion and
thickening changes (MTC) between the rest and poststress
studies using a novel myocardial surface registration method.
Furthermore, we investigated whether these derived func-
tional measurements provide any incremental improvement
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for diagnosis of multivessel coronary disease, as compared
with information provided by perfusion data alone.

MATERIALS AND METHODS

Patient Population
This was a retrospective cohort study, and all the cases were

selected consecutively. Approval from the Institutional Review
Board was obtained for anonymous review of the data. The total
study population consisted of 723 patients who underwent exercise
or adenosine stress 99mTc-sestamibi MPS. The studies were per-
formed using standard 99mTc-sestamibi rest–stress protocols. We
established normal limits from a group of 100 patients (70 women,
30 men) with a low likelihood (LLK) of CAD (,5%) (training
group) who were selected consecutively on the basis of age, sex,
pretest symptoms, and electrocardiogram response to adequate
treadmill stress testing. The selection of these healthy subjects
was based on the Diamond and Forrester criteria (10). Angiographic
validation was obtained using 623 consecutive patients (353 men,
270 women) who had coronary angiography within 3 months of
MPS. Exclusion criteria were as follows: prior myocardial infarc-
tion or coronary revascularization, nonischemic cardiomyopathy or
vascular heart disease, and change in symptoms between MPS and
coronary angiography. The angiographic population consisted of
176 cases of 0-vessel, 197 cases of 1-vessel (1VD), 141 cases of
2-vessel (2VD), and 109 cases of 3VD CAD (CAD group). All 623
patients in this group underwent coronary angiography tests within
3 months of their SPECT scans, and none of the patients had any
cardiac events during this period. The results of angiography were
treated as the gold standard for validation of other methods. Most of
the training group underwent 8-bin gated SPECT studies (98 of 100
patients). The SPECT data constituting the CAD group were a mix-
ture of 8- and 16-bin gated SPECT. For the stress studies, the
patients underwent only exercise SPECT in the LLK groups; how-
ever, 417 of 623 patients in the CAD group underwent adenosine
SPECT. The detailed baseline characteristics for the LLK and CAD
groups are summarized in Table 1.

Statistical Analysis
Continuous variables were expressed as the mean 6 SD, and

categoric variables were expressed as percentages. Comparisons

of sensitivity and specificity between groups were made using the
McNemar’s test. For all analyses, P values less than 0.05 were
considered statistically significant.

Image Acquisition and Reconstruction and Left
Ventricular Segmentation

The details of image acquisition and tomographic reconstruction
have been previously described (11–13). In brief, studies were per-
formed using standard 99mTc-sestamibi rest–stress protocols. All
subjects were imaged at 60 min after the administration of 99mTc-
sestamibi at rest, followed by stress images taken at 15–45 min after
either radiopharmaceutical injection during treadmill testing or aden-
osine infusion with low-level exercise. Data were acquired on a Vertex
dual-detector scintillation camera with low-energy high-resolution
collimators (Philips). Vantage Pro attenuation-correction (Philips)
transmission images were also collected but were not used for the
reconstruction of the gated data or any analysis in this study. The
system SPECT resolution for this type of camera with high-resolution
collimators and filtered backprojection reconstruction is approxi-
mately 10 mm.

Tomographic reconstruction was performed using AutoSPECT
(Philips) for both gated and ungated studies. Projection data were
aligned to the reconstruction matrix to determine the mechanical
center of rotation. Butterworth filters were applied to obtain the
noncorrected MPS with an order of 10 and cutoff of 0.50 for rest MPS
and an order of 5 and cutoff of 0.66 for stress MPS. The short-axis
reconstruction angles were automatically determined by the software.

Quality control was performed on all gated images, including
the review of the electrocardiogram rhythm strip to exclude any
significant arrhythmia; visual review of the cine gated images,
with special emphasis placed on end-diastolic (ED) images; and
review of the time–volume curve. Contours were automatically
extracted with a quantitative gated SPECT (QGS) algorithm, as
previously described (14), separately for rest and poststress gated
short-axis images and also for rest and poststress perfusion images
for the calculation of TPD. The automatically extracted contours
were verified by an expert technologist, with manual adjustment
needed in approximately 25% of the angiographic cases and 12%
of LLK cases. All further image processing tasks, including quan-
tification of perfusion and TPD, were performed automatically and

TABLE 1
Study Group Populations and Data Acquisition Characteristics

Characteristic LLK test/training CAD P

No. of patients 100 623
Male 30% 57% ,0.001
Female 70% 43.3% ,0.001

Mean age 6 SD (y) 52.3 6 12 64 6 12 ,0.0001

Mean body mass index 6 SD 29 6 6.7 31 6 9.6 0.0007

Diabetes 0% 27% ,0.001
Hypertension 40% 64% ,0.001

Hyperlipidemia 40% 51% ,0.001

Smoking 23% 24% 0.14
Family history 53% 37% 0.001

Typical angina 4% 11% ,0.001

Dyspnea 11% 11% 0.95

8-bin gated SPECT 98% 62% ,0.0001
16-bin gated SPECT 2% 38% ,0.0001

Exercise SPECT 100% 33% ,0.0001

Adenosine SPECT 0% 67% ,0.0001
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were incorporated into the software tool for cardiac quantification
developed at our institution (15)

Conventional Coronary Angiography
Conventional coronary angiography was performed according

to standard clinical protocols within 3 months of the myocardial
perfusion examination. All coronary angiograms were visually
interpreted by an experienced cardiologist. A stenosis of 50% or
greater narrowing of luminal diameter of the left main or 70% or
greater narrowing of the other vessels was considered significant
and was used as the gold standard for the detection of CAD.

Myocardial Surface Registration
For representation of myocardial surface points, the best ellipsoid

fit was used for left ventricle segmentation (Fig. 1) (14). Segmen-
tations of myocardium by best ellipsoid fits are performed indepen-
dently at ED and end-systolic (ES) frames (possibly leading to a
disparity between the actual physical locations) on the 2 surfaces.
Therefore, a point represented by (a, p) coordinates on the ED ellip-
soid may actually map onto different (a9, p9) coordinates on the ES
ellipsoid, as shown in Figure 1. Attempts at resolving this registration
problem involve several practical challenges. Myocardium appears
brighter on the ES image than on the ED image because of myocar-
dial wall thickening at ES and the partial-volume effect. To address
this problem, we normalized each image data to its 85% maximal
count percentile, bringing all data samples to the similar intensity
range. We then defined the sum of absolute intensity differences
(SAD) to measure the global degree of disparity between the indexing
systems at different phases:

SADED;ES 5 +a;pa
���IED

�
a; p

�
2 IES

�
a; p

����
1 b

���=IED
�
a; p

�
2 =IES

�
a; p

���� Eq. 1

where SADED,ES is the SAD of ED and ES, IED and IES are the
intensity (after count normalization) at ED and ES times, = is the
gradient operator, and 0 # a, b # 1. For the experiments in this
study, the values of a and b were empirically set to 0.1 and 0.9,
respectively. The gradient term was intentionally given more
weight, because the magnitude of the gradient term in contour

regions is typically 1 order of magnitude smaller than intensity,
and b was chosen to be 1 order of magnitude larger.

The minimal SADED,ES is achieved when there is an exact 1-to-
1 mapping between the 2 indexing systems (i.e., a 5 a9 and b 5
b9) and the 2 surfaces are perfectly registered. The disparities
between indexed points of 2 ellipsoids can be alleviated
by minimizing SADED,ES by 3-dimensional rotation of 1 of the
ellipsoids (while the included left ventricle is stationary).
Therefore, minimizing SADED,ES is equivalent to finding the best
indexing set, which registers the 2 myocardial surfaces. The opti-
mal rotation around each axis was achieved by performing a search
in 3� steps.

An analogous approach was also used for mapping myocar-
dial surfaces between the rest and poststress studies for MTC
computation (Fig. 2). Registration is achieved by finding the op-
timal rotation that results in the minimal SAD function value
between the rest and poststress studies, which is defined as:

SADS ED;R ES 5 +a;pa
���IS ED

�
a; p

�
2 IR ES

�
a; p

����
1 b

���=IS ED

�
a; p

�
2 =IR ES

�
a; p

���� Eq. 2

where SADS_ED,R_ES is the SAD of ED during the poststress study
and ES during the rest study, respectively, and IS_ED and IR_ES are
the intensity of the images for poststress study at ED and rest
study at ES times, respectively. Minimization of Equation 2 is
equivalent to registering the ED surface of the poststress study
to the ES surface of the rest study, with the valve plane location
being copied from poststress to rest.

Rest–Stress Motion and Thickening Changes
For any point on a myocardial surface, the motion was defined

as the absolute displacement of the point during the ED-to-ES
interval, and thickness was defined as the absolute distance
between epicardial and endocardial walls. The rest–stress motion
change for a polar map sample was defined as the difference
between motion values of the sample in rest–stress studies, whereas
myocardial wall thickening was defined as the percentage of wall
thickness increase between the ED and the ES time frames. After
registering the endocardial surfaces, the rest–stress motion

FIGURE 1. Segmented endocardial sur-

faces and their corresponding best ellipsoid

fits for poststress ED (A) and poststress ES
(B). As a result of independent segmenta-

tions of myocardium at ED and ES times,

point indexed by (a, p) at time ED may ac-

tually be represented by (a9, p9) indices at
ES time. This is a potential source of error

for myocardial motion and thickening com-

putations if not compensated by our pro-

posed registration method.
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changes were computed for every polar map sample. In addition,
rest–stress thickening changes were defined as the differences in
wall thickening between the rest and poststress studies, which
was defined for every polar map sample. These values were re-
gionally averaged on the basis of the 17-segment model.

Normal Limits and Automatic Abnormality Detection
From the training population, 2 sets of normal limits were

estimated for rest–stress motion and thickening changes. For each
set, we calculated the normal limits for every polar map sample by
estimating the sample mean and SD derived from the training set.

To quantify these abnormalities in MTC, we considered values
within 2 SDs below the mean as the normal (nonischemic) range
for each polar map MTC signature. To measure the degree of
abnormality, an abnormality severity measure was defined. For
each polar map, an MTC measure received a severity measure of
0 if it was within the 2-SD reference range. Similarly, the MTC
measures between 2 and 3, 3 and 4, and beyond 4 SDs of the mean
were assigned severity measures of 1, 2, and 3, respectively.

Detection of CAD in Individual Vessels
For each functional signature (motion and thickening), the

severity measures were computed at each polar map site and then
were averaged over each vessel territory region, therefore establish-
ing the regional MTC severity. The polar map was segmented into
vessel territories (i.e., left anterior descending, left circumflex, and
right coronary artery) automatically by Cedars–Sinai quantitative
perfusion SPECT (QPS)/QGS software (15). Normal limits for a
functional signature for regional MTCs were derived by the calcu-
lation of the mean and SD over the training set. Two separate sets of
regional normal limits were calculated for motion changes and for
thickening changes.

MTC was added to the baseline TPD (16) and ischemic TPD (4)
to evaluate its incremental effects on the diagnosis of 1VD, 2VD,
and 3VD. For each vascular territory, we ran 2 parallel diagnostic
tests (motion change and thickening test) using the corresponding
regional normal limits. The outcomes of the 2 tests for each vessel
territory were then combined by disjunction operator (logical “or”
operator) to comprise the regional MTC test. The results of regional
MTC tests were used to complement the traditional regional stress

TPD measure and the regional ischemic TPD, establishing our pro-
posed hybrid diagnostic method. Figure 3 illustrates this high-level
schematic for our proposed system for the detection of 3VD.

The hybrid rule was devised to combine the outcomes of
regional TPD and MTC with the intention of improving the
sensitivity of TPD-only measures. A regional TPD of 2% or
greater in each coronary territory was considered abnormal for
per-vessel analysis (12,17,18). For the hybrid method to be con-
sidered positive in a given vessel territory, either the TPD or the
MTC result was required to be positive in this territory.

RESULTS

The normal values for rest–stress motion change ranged
between21.3 and24.1 mm, with the most significant motion
change occurring in the apical region (23.2 to 24.1 mm).
The normal values for rest–stress thickening changes ranged
between230.1% and29.8%, with the most substantial thick-
ening changes occurring in the basal segments with the ex-
ception of the basal anteroseptal region (29.8%). Figure 4
illustrates the segmental normal limits for the rest–stress mo-
tion and thickening changes and the lower thresholds for
reference range (right). The values below these limits were
considered abnormal.

The comparison of the sensitivity and specificity of
perfusion data and our hybrid method for detection of 3VD
is shown in Figure 5. The sensitivity and specificity of
ischemic TPD were 21% and 95%, respectively (Fig.
5A)—values agreeing with prior studies (6). The addition
of either motion or thickening change to the ischemic TPD
provided incremental improvement in sensitivity; however,
the addition of both resulted in further significant improve-
ment in sensitivity (52%, P , 0.0001), with an expected
decline in overall specificity (74%, P , 0.0001). The sen-
sitivity and specificity of stress TPD were 32% and 90%,
respectively. The addition of motion and thickening each
provided improvements in sensitivity, and the addition of
both resulted in further improvement in sensitivity (61%,

FIGURE 2. Endocardial surface segmen-

tation at ED for poststress (A) and rest (B)

studies.
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P , 0.0001) and reduced specificity (71%, P , 0.0001).
Using our hybrid method, we were able to identify 32 more
patients of 109 total with 3VD.
The comparison of the sensitivity and specificity of

perfusion data and our hybrid method for detection of 1VD
and 2VD is shown in Figure 6. The addition of MTC to
ischemic TPD resulted in significant improvement in sen-
sitivity for the detection of 2VD (63% vs. 53%, P, 0.001),
with subsequent decline in specificity (72% vs. 80%, P ,
0.001). There was no significant change in sensitivity (90%
vs. 90%, P 5 1) or specificity (47% vs. 50%, P 5 0.0625)
using our hybrid method for the detection of 1VD.

Furthermore, it has previously been shown that the global
EF change between the rest and poststress studies provides
incremental diagnostic value for the detection of a severe
ischemic condition (7). The combination of regional stress
TPD and the change in EF between the rest and poststress
studies (with $5% drop in the EF after stress set as the
abnormality threshold) resulted in an overall 63% accuracy
for the detection of 3VD (19). By comparison, our hybrid
method of combining stress TPD and MTC had a 69%
accuracy (P , 0.004), further showing the overall improve-
ment in performance of our proposed method for the de-
tection of 3VD, as compared with existing tools. It is,

FIGURE 3. Schematic of proposed hybrid

system for diagnosis of 3VD condition.

LAD 5 left anterior descending; LCX 5 left
circumflex; OR 5 logical “or” operator;

RCA 5 right coronary artery.

FIGURE 4. Segmental normal limits for

poststress–rest motion change (A) and post-
stress–rest thickening change (B). Normal

limits are defined as mean minus 2 SDs for

each segment.
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however, important to bear in mind that a drop in EF after
stress is a global measure and not necessarily a specific
marker for 3VD.
Figure 7 shows an example of how our hybrid method is

able to provide incremental diagnostic value in addition to
perfusion data. The patient underwent exercise 99mTc-ses-
tamibi test, the results of which are shown in Figure 7A.
The patient’s perfusion study clearly shows a reversible
perfusion defect in the anterior and lateral walls (left ante-
rior descending and left circumflex territories); however,
the addition of MTC also demonstrated a motion abnormal-
ity in the right coronary artery territory. This patient’s an-
giogram confirmed the presence of severe 3-vessel
obstructive CAD.

DISCUSSION

The diagnosis of multivessel CAD using MPS is associ-
ated with significant technical and clinical challenges. In
patients with multivessel CAD, an overall global count
deficiency in perfusion might exist. Because of the lack of
normal landmarks during the count normalization process,

a count deficiency can lead to overall reduced discrepancies
between the normal limits and the ischemic regions (20). As
a result, these hypoperfused regions could appear as normal,
resulting in a decreased sensitivity of the test. This decrease
in sensitivity can be quite significant, with 20% of patients
with 3VD having normal MPS scan results and only about
29% of patients with 3VD having perfusion abnormalities in
all 3 coronary territories (5,6). This limitation is unfortunate,
because the patients with multivessel disease might benefit
most from early detection and revascularization, especially if
they have compromised left ventricular function (21,22). In
patients with severe CAD, the myocardium may exhibit
compromised contractile function such as reduced wall
motion and thickening, and prior studies have shown that
supplementing either regional or global functional data from
the electrocardiography-gated SPECT stress studies to the
perfusion quantification improved the accuracy of multives-
sel disease detection (7,20,23).

Emmett et al. demonstrated in 2002 (8) that poststress
and reversible RWMAwere strong predictors of obstructive
CAD and provided incremental diagnostic value to MPS for
the assessment of angiographic severity. In their study, re-
versible RWMA had a 53% sensitivity and 100% specificity
for identifying angiographic stenoses of 70% or greater.

FIGURE 5. 3VD detection using ischemic TPD (A), poststress TPD

(B), and our hybrid approach. Abnormality threshold per vessel ter-

ritory for TPD was set to 2%. *Sensitivity, P , 0.0001; specificity,
P , 0.0001. **Sensitivity, P , 0.0001; specificity, P , 0.0001. ITPD 5
ischemic TPD; MC 5 motion change; TC 5 thickening change;

STPD 5 stress TPD.

FIGURE 6. 1VD and 2VD detection using ischemic TPD (A), post-

stress TPD (B), and our hybrid approach combining TPD and MTC.

Abnormality threshold per vessel territory for TPD was set to 2%.
*Sensitivity, P , 0.001; specificity: P , 0.001. **Sensitivity, P ,
0.0001; specificity: P , 0.0001. ITPD 5 ischemic TPD; MC 5
motion change; TC 5 thickening change; STPD 5 stress TPD.
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Furthermore, they noted that reversible RWMA and post-
stress RWMAwere strong predictors of angiographic sever-
ity. The overall advantage of our hybrid method is that by
registering the myocardial surfaces, we were able to iden-
tify subtle changes between rest and poststress studies that
might otherwise not be identified. Figure 4 demonstrates
that in regard to myocardial wall motion, the poststress
studies tended to have a larger degree of motion in all 17
segmental regions than the rest studies. On the other hand,
we did not see a similar uniform pattern for myocardial
wall thickening. Nonetheless, it is clear that for myocardial
wall motion, and to some extent for myocardial thickening,
the SD changes for segmental regions are similar. However,
Figure 7 demonstrates that abnormal myocardial motion
and thickening do not always correlate with each other or

with those provided by perfusion imaging. It is likely that
this lack of correlation is associated with the fact that func-
tional changes related to ischemia are likely governed by
more complicated relations, and the existence of CAD in
a particular vessel territory might manifest in only a subset
of functional signatures rather than both, due to technical
limitations of MPS. Therefore, we consider both of these
functional signatures when evaluating the presence of CAD
in any particular territory.

The overall lack of sensitivity of regional TPD for
detecting 3VD in our study is similar to a prior study by
Christian et al. (6). Figure 5 demonstrates the improvement
in performance of our hybrid method, compared with the
traditional TPD method, for the detection of 3VD. In our
study, a test was considered positive for 3VD detection only

FIGURE 7. Rest–stress myocardial perfu-

sion images of 53-y-old woman with history
of hypertension and hyperlipidemia who un-

derwent 99mTc-sestamibi imaging to evalu-

ate chest pain. Poststress SPECT images
clearly demonstrate reversible perfusion de-

fect in left anterior and left circumflex artery

territory (A). Motion and thickening change

also identify abnormalities in right coronary
artery territory (B). Cardiac catheterization

confirmed presence of 3VD. STPD 5 stress

TPD.
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if there were abnormalities detected in all 3 vessel territo-
ries, regardless of the detection method used. Our proposed
hybrid method outperformed the perfusion-only diagnostic
method by correctly detecting 32 more cases of 3VD of 109
total patients with 3VD. On the other hand, because our
hybrid method did not overrule the TPD-positive results,
we did not expect any improvements in the overall speci-
ficity using our method, as was confirmed by the results.
These data are consistent with prior studies demonstrating
that new reversible RWMA was a strong predictor of an-
giographic severity and added incremental value to the per-
fusion data for assessment of severity (8). Furthermore,
Figure 6 demonstrates a similar improvement in sensitivity
for the detection of 2VD, with a similar decline in overall
specificity. However, a similar pattern was not seen for the
detection of 1VD. These findings are similar to a prior
study by Sharir et al. (23), who showed that exercise-in-
duced RWMA detected by 99mTc-sestamibi gated SPECT is
a predictor of multivessel CAD.
The overall improvement in the detection rate of multi-

vessel disease by applying our hybrid method, compared
with the TPD-alone method, is evidence that there is
incremental value in supplementing myocardial functional
information with the traditional perfusion information for
the diagnosis of multivessel disease.
Prior studies have also demonstrated that global func-

tional changes could be used for the detection of 3VD. A
study by Hida et al. in 2009 demonstrated that a postade-
nosine stress reduction in left ventricular function of 5% or
greater had a 60% sensitivity and 77% specificity for the
detection of multivessel CAD (19). However, in our study
the accuracy of 3-vessel detection using a drop in EF of 5%
or more was only 63%, as compared with 69% with our
hybrid method (P , 0.004). A regional approach using
our hybrid method along with TPD therefore appears to
be a reasonable method for the detection of multivessel
disease.
There are several limitations in our study. One of the

major limitations is that the functional images were not
obtained at the time of maximal stress but rather up to
45 min afterward, likely decreasing the overall sensitivity
of our hybrid method. A study by Yoda et al. in 2005
demonstrated that the detection of RWMA immediately
after exercise provided incremental diagnostic value to the
myocardial perfusion images by improving sensitivity for
the detection of moderate single-vessel disease (50%–70%)
(24). However, other studies have demonstrated that stress-
induced myocardial stunning could persist for more than 1 h
after exercise or adenosine infusion in patients with severe
CAD (7,25,26). Another limitation is that the abnormal rest
studies will clearly limit the ability to identify new regional
wall motion abnormalities on a poststress scan. In our study,
however, patients with myocardial infarctions (known CAD)
were excluded. Furthermore, vascular territories defined for
myocardial perfusion studies are somewhat imprecise, with 2
vessels possibly supplying the same territory, and therefore

part of the error of the technique is related possibly to the
incorrect territory definition, which cannot be overcome by
combination of functional and perfusion analysis.

CONCLUSION

In this paper, we presented a novel technique for
myocardial surface nonrigid registration to eliminate the
polar map indexing disparities between endocardial surfaces
of different cardiac cycles and studies (rest and poststress)
and to compute motion and thickening changes directly. Our
results show the potential value of our proposed method,
compared with the perfusion-only method, in improving the
overall sensitivity for the detection of multivessel disease.
Combining regional perfusion measures with regional func-
tional changes appears more accurate for detection of 3VD
than are the global functional measures using TPD and EF as
a marker of 3VD.
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