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Transient ischemic dilation (TID) is both a sensitive and a spe-
cific indicator of triple-vessel coronary artery disease. This find-
ing, obtained from ungated SPECT images, is the ratio of the
average ventricular size after stress compared with rest. With
gated SPECT, however, measurements of the end-diastolic vol-
ume (EDV) and end-systolic volume (ESV) can be obtained, and
the relative contributions of each to the TID ratio may be esti-
mated. The objective of this study was to quantify the relative
contributions of the EDV and ESV when correlating an optimized
stress-induced volume ratio (SIVR) with myocardial ischemia.
Methods: A retrospective review was made of 422 consecutive
patients undergoing gated SPECT myocardial perfusion imag-
ing. Semiquantitative summed stress and rest scores were de-
termined using a 17-segment, 5-point model. The presence of
myocardial ischemia was defined as a summed difference score
of =3 (i.e., myocardial ischemia of >4%). Poststress-to-rest
ratios of the EDV, ESV, and left ventricular ejection fraction
(LVEF) were correlated with myocardial ischemia. Using a brute
force method, relative weights were assigned empirically to the
EDV and ESV to calculate an optimized SIVR having the stron-
gest correlation with myocardial ischemia. Results: There was a
significant correlation between the presence or absence of is-
chemia and the ESV ratio (P < 0.01), the EDV ratio (P < 0.01),
and the LVEF ratio (P < 0.05). When controlling for age, type of
stress, and sex, the strongest correlation was with the ESV ratio.
The SIVR most strongly correlated with myocardial ischemia
was found to be the stress-to-rest ratio of the (ESV X 5.0 +
EDV). This SIVR was more strongly correlated with myocardial
ischemia than the stress-to-rest ESV ratio, EDV ratio, or LVEF
ratio. Conclusion: Compared with either the ESV or the EDV
stress-to-rest ratio alone, the combination of both results in a
stronger correlation with myocardial ischemia. The contribution
of the ESV was found to be 5 times greater than the contribution
of the EDV when determining a SIVR most strongly correlated
with stress-induced myocardial perfusion defects.
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Transient ischemic dilation (TID), loosely defined as the
stress-induced apparent increase in the size of the left ven-
tricle visualized by myocardial perfusion scintigraphy, has
been shown in numerous studies to correlate with critical
multivessel stenosis (/—7) and an increased risk of adverse
outcomes (8—10), even in the absence of significant perfu-
sion defects (/1,12). TID has been observed in a variety of
settings, after exercise as well as after pharmacologic stress,
in planar projection imaging and SPECT, and in combina-
tion with all commercially available single-photon myocar-
dial flow tracers. The mechanism for TID appears to be
multifactorial, with subendocardial ischemia (/3-16), tem-
porary systolic dysfunction (/7), and a true increase in the
size of the left ventricle (/8) having been proposed as
explanations for the phenomenon. The diagnostic and prog-
nostic utility of TID in myocardial perfusion scintigraphy
has been recently reviewed (79).

As a result of averaging over the cardiac cycle, the
assessment of TID in nongated studies receives roughly
equal contributions from both the systolic and the diastolic
intervals, with the diastolic component likely contributing
more weight at slower resting heart rates, such as in patients
who are taking [3-blockers.

Here, we use the Quantitative Gated SPECT software
package (QGS; Cedars-Sinai Medical Center, Los Angeles,
CA) to determine the optimal weighting of endocardial
end-systolic volume (ESV) and end-diastolic volume
(EDV) that maximizes the correlation between a derived
stress-induced volume ratio (SIVR) and the degree and
extent of ischemia as quantified by the summed difference
score (SDS). Although we cannot demonstrate it in this
preliminary study, it is hoped that the optimized TID value
allows better discrimination among high- and low-risk pa-
tients than the nongated measure of TID by providing a
more accurate gauge of critical multivessel stenosis.

MATERIALS AND METHODS

Study Population

The study population consisted of 422 consecutive patients
referred for rest—stress myocardial perfusion imaging in an outpa-
tient setting between July 2003 and November 2004.
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Imaging Protocol

Image acquisition was performed following imaging guidelines
from the American Society of Nuclear Cardiology (20). A same-
day, single-isotope (*™Tc-tetrofosmin) protocol was used. Images
were obtained using a single-head y-camera (Orbiter 3700; Sie-
mens Medical Systems, Inc.) using a 180° orbit from the —45°
right anterior oblique view to the 135° left posterior oblique view.
The camera was peaked at 140 keV using a 20% window. On the
rest images, 32 stops at 40 s each were obtained, and after stress 64
stops at 20 s each were obtained. Patients received approximately
370 MBq of *™Tc-tetrofosmin 30 min before rest imaging. Both
the rest and poststress images were gated. All datasets were ac-
quired on the ICON workstation (Siemens Medical Systems, Inc.)
and processed using the QGS software package (Cedars-Sinai
Medical Center).

Exercise Stress Protocol

After rest imaging, patients able to exercise to at least 5 meta-
bolic equivalents (METS) performed a treadmill exercise test.
Patients unable to achieve a heart rate equal to 85% of their
predicted maximum, unable to achieve a workload of 5 METS, or
unable to exercise at least 3 min were converted to dipyridamole
stress. The standard Bruce protocol was used whenever possible;
however, the treadmill’s speed and incline were often manually
adjusted to match the patient’s particular gait and walking ability
(as long as the necessary workload and heart rate were achieved).
Electrocardiographic monitoring was performed continuously.
Twelve-lead electrocardiograms and blood pressure were obtained
at each level of exercise. Exercise was continued to at least 85%,
but not >100% of the patient’s predicted maximum. Near maximal
stress, approximately 1,300 MBq of *™Tc-tetrofosmin were in-
jected. Patients then continued the exercise protocol for an addi-
tional 1-2 min, followed by a 1-min cool-down period during
which the patient walked at 1.6 km/h on a level incline. Poststress
images were started at approximately 20 min after tracer injection.

Dipyridamole Stress Protocol

Patients were instructed not to consume caffeine-containing
products for at least 24 h and ideally 48 h before their scheduled
appointment. Consumption of caffeinated products within 12 h
before the test was an absolute contraindication. All patients un-
derwent continuous electrocardiographic monitoring. Dipyrida-
mole was injected over 4 min at a rate of 0.142 mg/kg/min. At 7
min (3 min after cessation of the dipyridamole infusion), approx-
imately 1,300 MBq of ™ Tc-tetrofosmin were injected, followed 2
min later by 75-150 mg of aminophylline as necessary to reduce
patient side effects. Imaging was performed approximately 30 min
after tracer injection. Whenever possible, dipyridamole testing was
combined with light exercise (walking 2.4 km/h at a flat incline) to
reduce side effects and decrease hepatic activity on subsequent
imaging.

Image Interpretation

All scans were reviewed in the following manner: (a) the raw
planar projection images were reviewed, (b) the QGS-derived
ventricular volumes, wall motion, and wall thickening data were
reviewed, and, finally, (c) the ungated short-axis, vertical long-
axis, and horizontal long-axis slices were reviewed. Stress elec-
trocardiograms were reviewed in conjunction with the nuclear scan
images. A single experienced nuclear cardiologist with level 3
training in nuclear cardiology (2/) performed all stress tests and
interpreted all scans.
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The summed stress score (SSS) and summed rest score (SRS)
were determined semiquantitatively on all patients using a 17-
segment, 5-point scale (22). The summed difference score (SDS)
was calculated as the SSS — SRS. Patients with a SDS of =3 were
defined as having myocardial ischemia. On a 17-segment, 5-point
model, this equates to a reversible defect affecting >4% of the
myocardium.

Statistical Analysis

Statistical analysis was performed using the SPSS Statistical
Package 11.0 (SPSS, Inc.). Correlations were calculated between
the presence or absence of myocardial ischemia, the SDS, the
stress-to-rest ESV ratio, the stress-to-rest EDV ratio, and the
stress-to-rest LVEF ratio. Pearson bivariate and partial correlation
coefficients were used to determine the correlation between the
variables examined. Averages are expressed as the mean * 1 SD.
An independent samples 7 test was used to compare means, with
equal variances not assumed and 2-tailed P values calculated.

Determining Optimized Stress-Induced Volume Ratio

After correlations between myocardial ischemia and the EDV
and ESV stress-to-rest ratios were calculated, a brute force method
was used to determine if there was a ventricular volume ratio that
was more strongly correlated with myocardial ischemia than either
the EDV or ESV. This involved empirically giving a weight to the
ESV value (Z) and then manually modifying this weight until a
value for the SIVR was found that was maximally correlated with
myocardial ischemia across the entire dataset for all patients.

We used the following formula as the definition of SIVR as a
function of Z:

stress(ESV - Z + EDV)

SIVR(Z) = rest(ESV - Z + EDV)

Eq. 1

With Z set to 0, the SIVR equals the stress-to-rest EDV ratio,
and when Z is infinitely large, the SIVR equals the stress-to-rest
ESV ratio. With Z < 1, the SIVR is weighted toward EDV. With
Z =1, the ESV and EDV contribute equally to the SIVR, and with
Z > 1, the SIVR is weighted toward the ESV.

Various values for Z were assigned, and the SIVR calculated.
This SIVR(Z) was then correlated with myocardial ischemia. The
values for Z were then plotted on the x-axis and the corresponding
Pearson correlation coefficient of the SIVR(Z) was plotted on the
y-axis to determine if a pattern would emerge (Fig. 1).

RESULTS

Patient Characteristics

The average patient age was 63 = 13 y, 46% of whom
were men and 54% were women. Stress was performed
using dipyidamole in 37% and exercise testing in 63% of
the patients.

The average defect size at stress affected 5.7% = 8.4% of
the myocardium (SSS = 3.9 = 5.7). The average defect size
at rest affected 5.1% * 7.9% of the myocardium (SRS =
3.5 = 5.4) and the average reversible defect affected
0.6% = 4.3% of the myocardium (SDS = 0.41 = 2.9).
When cases of reverse redistribution defects were excluded
(SDS < 0), the average reversible defect affected 4.7% =
4.1% of the myocardium. Overall, 15% = 36% of patients
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FIGURE 1. Relationship between ESV weighing factor Z,

myocardial ischemia, and SDS as determined by their correla-
tion coefficient after correcting for type of cardiac stress per-
formed. When Z = 5, correlation is greater than either stress-
to-rest EDV ratio (Z = 0) or stress-to-rest ESV ratio (Z = «).

were classified as having myocardial ischemia—that is, they
had a reversible defect affecting >4% of the myocardium.
Patient characteristics grouped by the presence or ab-
sence of myocardial ischemia (SDS = 3) are summarized in
Table 1.

Optimized Stress-Induced Volume Ratio

Correlation coefficients for the relationship between the
SIVR(Z) and myocardial ischemia, after controlling for type
of stress (pharmacologic or exercise), are illustrated in Fig-
ure 1. This shows that correlation coefficients were higher
when looking at the binary outcome of the presence or
absence of myocardial ischemia than the ordinal variable
SDS. However, both curves peak at a Z value of approxi-
mately 5.

Figure 2 zooms in on Z values at the peak of the curve in
Figure 1. This graph shows that the highest correlation
coefficient occurs when Z is set to a value between 4.6 and
5. The mean SIVR(S5) in patients without ischemia was
found to be 0.87 = 0.16, resulting in an upper limit of
normal equal to 1.19 (mean + 2 SDs). After determining
that the SIVR(5) resulted in the highest coefficient for the

TABLE 1
Patient Characteristics Grouped by Presence or Absence
of Myocardial Ischemia

Variable No ischemia Ischemia P value
Age (y) 62.6 + 13.4 66.5+ 134 0.25
Male (%) 54 44 NS
Treadmill stress (%) 64 58 NS
SSS 29+49 9.2 +6.6 0.001
SRS 3.4+53 3.7 5.9 NS

NS = not significant.
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FIGURE 2. After correcting for type of cardiac stress per-
formed, correlation coefficient between myocardial ischemia
and ESV weighing factor Z reaches its peak when Z value is
between 4.6 and 5.

correlation with ischemia after controlling for type of stress,
this value was then compared with the stress-to-rest EDV,
ESV, and LVEEF ratios.

The left ventricular volumes and ratios, grouped by sex,
are summarized in Table 2. The average ventricular vol-
umes are significantly smaller in women as compared with
men, and the average LVEF is greater in women as com-
pared with men. However, the ratios of ventricular volume
and ejection fraction are not significantly different.

Table 3 summarizes the ventricular volumes and volume
ratios in patients with and without myocardial ischemia,
demonstrating that the SIVR(5) performs at least as well as
the other ventricular volume ratios in separating ischemic
from nonischemic patients. Note that the SIVR(S) in pa-
tients with ischemia was significantly higher in those un-
dergoing dipyridamole stress compared with those under-
going treadmill stress (1.09 vs. 0.95; P = 0.02). Thus, the
decision to optimize the SIVR(Z) after controlling for the
type of stress performed was appropriate.

TABLE 2

Ventricular Volumes and Volume Ratios Grouped by Sex

Variable Women Men P value
Stress ESV (mL) 19.4+314 384 +35.0 0.001
Rest ESV (mL) 225+ 317 42.8+ 339 0.001
Stress EDV (mL) 541 +35.9 855+ 437 0.001
Rest EDV (mL) 58.2 + 36.5 92.2 + 431 0.001
Stress LVEF (%) 71.0 £14.0 595=*114 0.001
Rest LVEF (%) 67.2+131 57.2+102  0.001
Stress/rest ESV ratio 0.84 =029 0.88*+0.18 NS
Stress/rest EDV ratio 0.93 +0.14 0.92 = 0.11 NS
Stress/rest LVEF ratio  1.06 = 0.13  1.04 = 0.11 NS
SIVR(5) 0.87 +0.20 0.89 = 0.15 NS

NS = not significant.
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TABLE 3
Ventricular Volumes and Volume Ratios Grouped by
Presence or Absence of Myocardial Ischemia

Variable No ischemia Ischemia P value
Stress ESV (mL) 26.5 +33.6 354 +24.6 0.01
Rest ESV (mL) 30.5 +33.5 35.6+24.3 NS
Stress EDV (mL) 66.3 =417 80.7 = 359 0.05
Rest EDV (mL) 71.8 =421 80.7 = 34.7 NS
Stress LVEF (%) 66.7 +13.9 59.8 +12.0 0.001
Rest LVEF (%) 63.4 =129 594 +123 0.02
Stress/rest ESV ratio 0.84 = 0.23 1.02 = 0.29 0.001
Stress/rest EDV ratio 0.92 +0.12 1.00*0.14 0.001
Stress/rest LVEF ratio  1.06 = 0.12  1.02 = 0.13 0.03
SIVR(5) 0.87 = 0.16  1.01 = 0.22 0.001

NS = not significant.

The stress-induced ventricular volume ratios were also
normalized for ischemic patients relative to nonischemic
patients. The normalized ratios of ESV (ESVr), EDV
(EDVr), and LVEF (LVEFr) are as follows: ESVr = 1.02/
0.84 = 1.21; EDVr = 1.00/0.92 = 1.07; and LVEFr =
1.02/1.06 = 0.96. Thus, ischemia resulted in a mean in-
crease in ESVr of 21% relative to nonischemic patients,
whereas changes in EDVr and LVEFr were only 7% and
—4%, respectively.

DISCUSSION

Previous studies have demonstrated the diagnostic and
prognostic utility of nongated or time-averaged TID in
patients with coronary artery disease. In a recent prospective
study looking at 177 patients undergoing dual-isotope,
adenosine stress gated SPECT, the sensitivity and specific-
ity of detecting critical multivessel or left anterior descend-
ing artery stenosis using nongated TID were 71% and 86%,
respectively (7). In this study we performed rest and stress
gated SPECT myocardial perfusion images in 422 consec-
utive patients and found that incorporating information from
gated imaging has significant impact on the correlation
between TID and measures of ischemia.

There is little research looking at the use of both stress
and rest gated images in evaluating changes in left ventric-
ular volume. Bestetti et al. (/7), who likewise used gated
9mTe-tetrofosmin SPECT, demonstrated that in patients
with significant perfusion defects and an apparent 5% or
greater drop in poststress LVEF (“stunned” group), there
was a 26% increase in mean ESV stress-to-rest ratio (ESVr)
compared with patients with perfusion defects and a <5%
increase in LVEF. The increase in the mean EDV stress-to-
rest ratio (EDVr) was less pronounced (6%). The patients
demonstrating stunning also had a significantly greater is-
chemia quantified by SDS compared with nonstunned pa-
tients, raising the possibility that gated SIVR measurements
correlate with level of ischemia. Here, we demonstrate that
a significant correlation exists between all pairings of SDS
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with ESVr, EDVr, and LVEFr, but ESVr is most highly
correlated with ischemia, whereas LVEFr is least correlated.
The stress-to-rest ratio of a linear combination of ESV and
EDV weighted 5-fold toward ESV (Z = 5) exhibits the
highest correlation with SDS measurements. Although non-
gated TID measurements were not included in this study,
one might expect that time-averaged stress-to-rest endocar-
dial volume ratios demonstrated less correlation with ische-
mia because, in most resting patients (note that patients are
at rest even during poststress imaging), the cardiac cycle
spends a greater proportion of time in diastole, and, there-
fore, nongated TID measurements are weighted on average
more toward EDV than ESV.

It has been well documented that cutoff values for an
abnormal TID vary widely throughout the literature, rang-
ing from 1.012 to 1.36 (/-2,5-7). Part of the variability
arises from the use of different isotopes for rest and stress
studies (5,7), time to imaging after stress (relevant to thal-
lium studies), different types of stress, and other factors. In
our hands, patients without ischemia demonstrated a signif-
icant decrease in ESV and EDV after stress (EDVr, ESVr <
1), and an increase in the LVEF. The decrease in ESV was
the largest proportional change (ESVr = 0.84 compared
with EDVr = 0.92, and LVEFr = 1.06). The reason for this
deviation from unity in nonischemic patients is presumably
due to the physiologic demand for an increased cardiac
output after stress, which depends on both the heart rate and
stroke volume. It is important to note the important role of
the ESV in patients both with and without ischemia. In
nonischemic patients, the change in the ESV appeared to
play a primary role in meeting the increased physiologic
demand. In patients with ischemia, the ESV changes were
the most strongly correlated with perfusion defects. Further-
more, the change in the ESVr (+21%) in ischemic com-
pared with nonischemic patients was much greater than the
changes observed in the EDVr (+7%) and the LVEFr
(—4%). These findings all lead to the conclusion that the
ESV plays a central role in describing the physiologic
changes to cardiac stress in both ischemic and nonischemic
patients. We found that the ESV appeared to be 5 times
more important than the EDV but that both values are
important.

A visual analysis of representative midventricular tomo-
grams can further help demonstrate the increased impor-
tance of the ESV in the determination of the TID ratio. In
Figure 3, a representative midventricular short-axis tomo-
gram is shown at end-diastole and end-systole. The summed
planar tomogram, which is not obtained from gated data and
from which the TID ratio is derived, is shown on the right
side of Figure 3. From this example, the relative impact of
the ESV tomogram on the summed image appears to be
much greater than the impact of the ESV tomogram. A
semiquantitative analysis might even agree with our con-
clusion that the impact of the ESV is 5 times greater than the
impact of the EDV on the summed image, from which the
TID is derived.
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FIGURE 3. Representative midventricu-
lar tomograms from end-diastole (left),
end-systole (middle), and summed planar
tomogram (right). There is an increased
count density at end-systole compared
with end-diastole, creating a much greater
contribution to summed planar tomogram
from which the TID ratio is derived.

The mathematic basis for our results is suggested by the
following formula obtained from differentiating the expres-
sion for LVEF = (EDV — ESV)/EDV:

ALVEF (AESV AEDV)(EDV

-1
~ LvEr ~\EsV ~ EDV ESV_l) > a2

where for any quantity X (representing the value at rest),
AX = Xstress — Xrest. For small changes in X, and recog-
nizing AX/X =~ Xr - 1, Equation 2 can be summarized as
1 — LVEFr = (ESVr — EDVr)/(EDV/ESV - 1). Equation 2
predicts that for a small decrease in LVEF, ESVr > EDVr,
which is what we have observed. On the other hand, if
LVEEF does not change in poststress imaging, then ESVr ~
EDVr. Because EDV is usually significantly greater than
ESV, we also have in the usual cases, (ESVr — 1) > (1 -
LVEFr). Combining these statements with our results, one
may conclude that, on average, TID is accompanied by a
relative decrease in apparent LVEF, although it may be
small. The variable that demonstrates the largest propor-
tional increase is ESVr, which is consistent with a Z factor
of 5 in SIVR. Thus, a greater relative change in ESV is
consistent with a reduction in the apparent ejection fraction,
suggesting that transient systolic dysfunction or stunning
may be an important component in TID. However, apparent
wall thinning due to transient endocardial ischemia un-
doubtedly also plays a role, particularly in pharmacologi-
cally stressed patients (3,13).

It should be remarked that, although statistically signifi-
cant because of the relatively large number of study partic-
ipants (n = 422), the Pearson correlation coefficients com-
paring SIVR(Z) versus SDS are not large, even for the
optimal value of Z = 5.

The weak correlation between SIVR(5) and SDS can be
expected if one considers the many sources of variability,
both biologic and technical, that are possible. Biologic
sources of variability may include the development of col-
lateral vessels in adapting to ischemia, the degree of left
ventricular hypertrophy (23,24), and heart size. The latter is
a well-known source of error that arises from the limited
resolution of the detection system (25,26). It is evident from
our data that a significant difference exists between men and
women in the apparent size of the left ventricular chamber
sizes and the calculated LVEF (Table 2). However, there
was not a significant difference between the sexes when
stress-to-rest ratios of volumes or LVEF were computed,
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perhaps because confounding factors canceled one another
out.

Other sources of possible technical error are myriad.
These include patient motion, extracardiac hot spots (27),
cardiac arrhythmia (28), attenuation artifact, and reconstruc-
tion or processing errors. Advances in scanning technology,
such as the merging of anatomic imaging with SPECT, will
minimize some sources of error, such as attenuation artifact,
and provide a reliable method of determining true volume
size.

As it stands now, the use of automated quantification of
ventricular volume from nongated static (i.e., time-averaged
over the cardiac cycle) SPECT perfusion images has been
validated against measurements of left ventricular cavity
volume by echocardiography (29), first-pass radionuclide
angiography (30), and MRI (37). This is important because,
although software that automatically quantifies TID can be
cost prohibitive, the majority of commercial myocardial
perfusion quantification programs have automated border-
finding algorithms that will estimate endocardial ESV and
EDV. The validity of absolute quantification of left ventric-
ular cavity volume using SPECT perfusion imaging has
been questioned (7) because of lack of evidence. Despite
this, volume estimation has been shown to be reproducible
using a variety of protocols (27,32). Thus, stress-to-rest
volume ratios such as used here to compute SIVR(Z) are
likely to be accurate independently of the sources of error
listed. This has been demonstrated in the computation of
LVEF using different software algorithms (33).

Our study has several limitations. It has been hypothe-
sized in the literature in an editorial (34) and in a phantom
study (35) that changes in ventricular volumes are influ-
enced by changes in endocardial edge detection when sig-
nificant perfusion defects are present. However, there are
human studies that challenge this hypothesis (36,37). Others
have only shown discrepancies with radionuclide angiogra-
phy when ventricular volumes are >200 mL (38). Further-
more, our average perfusion defect size was much smaller
than the ones created in the phantom study, and, thus, its
results are unlikely to apply to our patient population. How-
ever, we allow that edge detection artifacts add to the
variability in our volume estimates.

Another limitation was the inability of our clinic to cor-
relate the ventricular volume ratios with the QGS-derived
TID ratios. Because this proprietary software upgrade to our
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system was not available at the time of this study, a direct
correlation between the SIVR(5) and TID is not possible
using our data. However, we nevertheless believe that the
concept of using stress-induced volume ratios derived from the
gated SPECT data may ultimately provide a greater under-
standing of the ventricular changes in response to stress.

Finally, we made the decision to correlate the SIVR with
perfusion defect scores instead of angiography or CT cal-
cium scoring. Because myocardial ischemia is thought to be
the foundation of an elevated TID ratio, correlating the
SIVR with these anatomic (as opposed to physiologic)
imaging studies could lead to misleading results. Other
researchers have recently published their findings relating to
the correlation between TID, SIVR, and perfusion defects
(39,40). They have concluded that the ESV is the primary
factor affecting the TID ratio and change in LVEF among
patients with myocardial ischemia. Our findings are relevant
because we provide a starting point for quantifying the
relative contributions of the ESV and the EDV to stress-
induced changes in the TID ratio and LVEF in patients with
myocardial ischemia.

CONCLUSION

The computation of a stress-induced volume ratio, de-
rived from a combination of the EDV and ESV, is more
strongly correlated with myocardial ischemia than either the
EDV or ESV ratio alone. In our patient population, the ESV
appears to be approximately 5 times more important than
the EDV when calculating an optimized stress-induced vol-
ume ratio. Future studies will be needed to validate gated
measurements of the SIVR against nongated, time-averaged
measures of TID and to determine whether gating leads to
improved accuracy of detecting critical and extensive cor-
onary artery disease.
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