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Transient Ischemic Dilation Ratio of the
Left Ventricle Is a Significant Predictor of
Future Cardiac Events in Patients With
Otherwise Normal Myocardial Perfusion SPECT
Aiden Abidov, MD, PHD,* Jeroen J. Bax, MD,† Sean W. Hayes, MD,*
Rory Hachamovitch, MD, MSC, FACC,‡ Ishac Cohen, PHD,* James Gerlach, CNMT,*
Xingping Kang, MD,* John D. Friedman, MD, FACC,* Guido Germano, PHD, FACC,*
Daniel S. Berman, MD, FACC*
Los Angeles, California; and Leiden, the Netherlands
This study evaluated the prognostic value of transient ischemic dilation (TID) of the left
ventricle (LV) in patients with normal stress myocardial perfusion single photon emission
computed tomography (MPS).
BACKGROUND The prognostic value of TID in patients with an otherwise normal MPS has not been defined.
METHODS
We identified 1,560 patients who had normal stress MPS (436 vasodilator and 1,124 exercise
stress), and no rest LV enlargement (Population 1) and followed up for 2.30 ⫾ 0.67 years for
hard events (HE) (cardiac death or myocardial infarction) and soft events (SE) (revascularization). Prediction of first HE or SE (total events [TE]) was evaluated by multivariable Cox
analysis, which was also applied to a broader group of 2,037 patients (including patients with
minimal defects (Population 2).
RESULTS
In Population 1, there were 13 HE, 36 SE, and 42 TE. Patients in the highest TID quartile
(TID ⱖ1.21) had a higher TE rate than others, regardless of stress type. By multivariable
analysis, highest TID quartile was predictive of TE (p ⫽ 0.008). Other independent
predictors of TE were age, typical angina, and diabetes. In Population 2, TID was also
predictive of TE.
CONCLUSIONS An entirely normal stress MPS study does not always imply an excellent prognosis. In patients
with otherwise normal MPS, TID is an independent and incremental prognostic marker of
TE even after significant clinical variables—age, typical angina, and diabetes—are accounted
for. When TID is present, caution in making low-risk prognostic statements may be
warranted, especially in patients with typical angina, the elderly, and diabetics. Our findings
also appear to apply to the broader population of “normal” MPS, which included patients with
minimal perfusion defects. (J Am Coll Cardiol 2003;42:1818 –25) © 2003 by the American
College of Cardiology Foundation
OBJECTIVES

Patients with extensive perfusion defects on myocardial
perfusion single photon emission computed tomography
(MPS) are at high risk for hard cardiac events (HE) (cardiac
death [CD] or myocardial infarction [MI]) (1–7) and may
benefit from cardiac catheterization with possible revascularization (8,9). While patients with normal MPS have an
excellent prognosis (6,10,11), a small proportion develop
future HE. Prior studies have shown that advanced age,
diabetes, and known coronary artery disease (CAD) (prior
MI or revascularization) are predictors of an HE rate in
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patients with normal MPS (12). Transient ischemic dilation
(TID) of the left ventricle (LV) is a marker for severe and
extensive CAD (13–16), which has been shown to be of
prognostic value (17,18). However, the prognostic value of
TID in patients with an otherwise normal MPS has not
been defined. Also of note, in many previous reports,
patients with “normal” MPS could have minimal perfusion
abnormalities or LV enlargement and were not distinguished from those with “perfectly” normal scans.
Our study was performed to evaluate the hypothesis that
TID may have independent prognostic value in patients
with normal MPS. To selectively evaluate the prognostic
impact of TID, we studied patients with otherwise
“perfectly” normal MPS and normal LV cavity size at
rest; we also evaluated other independent predictors of
increased cardiac risk in patients with “perfectly” normal
MPS. Further, we assessed whether the findings regarding TID also applied to patients with the standard
definition of normal MPS.
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Abbreviations and Acronyms
CAD ⫽ coronary artery disease
CD
⫽ cardiac death
ECG ⫽ electrocardiogram
HE
⫽ hard cardiac events
LHR
⫽ lung-heart ratio
LV
⫽ left ventricle/ventricular
MI
⫽ myocardial infarction
MPS
⫽ myocardial perfusion single photon emission
computed tomography
SE
⫽ soft cardiac events
SPECT ⫽ single photon emission computed tomography
SSS
⫽ summed stress scores
TE
⫽ total cardiac events
TID
⫽ transient ischemic dilation of the left ventricle
201
Tl
⫽ thallium-201
99m
Tc ⫽ technetium-99m

METHODS
Study population. We identified 1,601 consecutive patients who underwent rest thallium-201 (201Tl)/stress
technetium-99m (99mTc)-sestamibi MPS, with no perfusion defects and no visual evidence of resting LV enlargement. With 41 lost to follow-up (2.6%), 1,560 patients
comprised the primary study population (Population 1); 436
patients underwent vasodilator stress (387 adenosine, 49
dipyridamole); and 1,124 patients had exercise. Patients
with previous MI or revascularization were considered to
have known CAD.
We also evaluated a broader group of 2,037 patients in
whom complete follow-up information was available (Population 2) (48.7% men; mean age 63.2 ⫾ 12.8 years; 618
patients had vasodilator stress [556 adenosine, 62 dipyridamole] and 1,419 had exercise) defined as having normal
MPS using our standard definition of normal scan, which
includes 477 patients with minimal defects, considered too
small to be called abnormal (1–7).
Imaging procedure. All patients underwent rest 201Tl/
stress 99mTc-sestamibi MPS as previously described (19).
Whenever possible, beta-blockers and calcium channel antagonists were terminated 48 h before testing and nitrates at
least 6 h before testing. Patients performed a symptomlimited exercise treadmill test or vasodilator (dipyridamole
or adenosine) stress using standard protocols (20,21). Patients were instructed not to consume coffee or other
products containing caffeine for 24 h before the test. During
both types of stress, heart rate, blood pressure, and a 12-lead
electrocardiogram (ECG) were recorded at baseline and
every minute thereafter for at least 5 min. The ECG was
monitored continuously (leads aVF, V1, and V5) for development of arrhythmia or ischemic ST-segment deviation
(22). Blood pressure was measured and recorded at rest, at
the end of each stress stage, and at peak stress.
Acquisition protocol. All patients underwent separate acquisition, dual isotope MPS (23). Myocardial perfusion
SPECT was started 10 min after 201Tl injection and 15 to
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60 min after 99mTc-sestamibi injection. Myocardial perfusion SPECT employed circular or elliptical 180° acquisition
for 64 projections at 20 to 25 s/projection for 201Tl and at 15
to 25 s/projection for 99mTc-sestamibi. All images were
subject to quality control measures. The projection data
were reconstructed into tomographic transaxial images using filtered back projection and automatic reorientation
(24). No attenuation or scatter correction was used.
Image interpretation. Semiquantitative visual interpretation was performed using the 20-segment model (1,19).
Each segment was scored using a 5-point scoring system
(0 ⫽ normal, 1 ⫽ equivocal, 2 ⫽ moderate, 3 ⫽ severe
reduction of uptake, and 4 ⫽ absence of detectable tracer
uptake). Summed stress scores (SSS) were obtained by
summing the individual stress scores of the 20 segments.
Only patients with MPS interpreted as normal with SSS ⫽
0 and no visual evidence of resting LV enlargement were
included in Population 1. Population 2 consisted of all
patients with follow-up information who had a normal scan
defined as SSS ⫽ 0 to 3 (13).
Measurement of TID. For calculation of TID, we used a
commercially available automated program (QPS, CedarsSinai, Los Angeles, California), which estimates threedimensional image volumes from gated or ungated SPECT
studies (25). The software is completely automatic but does
allow manual operator interaction if needed. The algorithm
operates in the three-dimensional space and uses the stress
and rest short-axis image sets. After calculation of the
endocardial volumes (bounded by the endocardial surface
and the valve plane), it derives the TID ratio as the ratio of
LV volumes at stress and rest (16). For purposes of this
study, the TID ratio calculated from the ungated SPECT
studies was employed.
Patient follow-up. Patient follow-up (all ⬎1 year) was
performed as previously described (1) by individuals blinded
to the patient’s test results. All patients were followed up for
HE (CD or nonfatal MI) (26,27); soft events (SE), defined
by revascularization after an index MPS; and total events
(TE), defined by the first HE or SE. Any revascularization
after MPS was used rather than our usual late revascularization occurring ⬎60 days (28,29) after MPS because,
when normal, the results of the scan would not be expected
to increase the rate of early coronary angiography. Cardiac
death was defined as death due to any cardiovascular cause
(26); MI was documented by a consistent history accompanied by elevation of cardiac enzymes and/or new Q waves on
the ECG.
Statistical analysis. Comparisons between patient groups
were performed using a t test for continuous variables or
analysis of variance and chi-square for categorical variables.
All continuous variables were described as a mean ⫾ SD. A
p value ⬍0.05 was considered significant.
Due to few observed HE, we studied the prediction of
TE using multivariable Cox proportional hazards analysis.
Selection of variables for consideration for entry was based
on univariable statistical significance and clinical judgment
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Table 1. Distribution of the Study Population 1 by Quartiles of
TID Ratio
Subgroup

Number of
Patients

Mean ⴞ SD
of TID Ratio

Range of TID Ratio
(Minimum-Maximum)

1st quartile
2nd quartile
3rd quartile
4th quartile

361
400
409
390

0.93 ⫾ 0.06
1.02 ⫾ 0.02
1.13 ⫾ 0.04
1.35 ⫾ 0.14*

0.80–0.99
1.00–1.07
1.08–1.20
1.21–1.79

*p ⫽ 0.001 across the groups.
TID ⫽ transient ischemic dilation.

(21). A significant increase in global chi-square of a model
after addition of a variable indicated incremental prognostic
value. Variables in the final model were tested for confounding, interactions, and linearity.

RESULTS
Follow-up events. In Population 1, during follow-up of
2.30 ⫾ 0.67 years, there were 13 HE (6 CD and 7 nonfatal
MI) and 36 SE; 42 patients (2.7%) had TE. Of the 36 SE,
none occurred ⬍60 days after SPECT. The annualized
event rate was low: 0.2%/year for CD, 0.25%/year for MI,
0.4%/year for HE, and 1.2%/year for TE. Hard events and
TE rates were higher with vasodilator than with exercise
stress: (HE and TE rates 1.0% and 1.9%/year for vasodilator
stress vs. 0.3% and 0.9%/year for exercise stress, respectively,
p ⬍ 0.01 for both).
In Population 2, during follow-up of 2.26 ⫾ 0.69 years,
there were 19 HE (10 CD and 9 nonfatal MI) and 52 SE;
61 patients (3.0%) had TE. Of the 52 SE, 7 (13.5%)
occurred ⬍60 days after SPECT. The annualized event rate
for Population 2 was as low as for Population 1: 0.2%/year
for CD, 0.2%/year for MI, 0.4%/year for HE, and 1.3%/
year for TE. Hard events and TE rates were higher in the
Population 2 with vasodilator than with exercise stress: (HE
and TE rates 0.9% and 2.0%/year for vasodilator stress vs.
0.2% and 1.0%/year for exercise stress, respectively, p ⬍
0.01 for both). When only the 477 patients with SSS ⫽ 1
to 3 were considered, the annualized event rates were
0.6%/year for HE and 1.4%/year for TE. These rates were
not different from those observed in the patients with SSS
⫽ 0 (Population 1).
Prediction of events in Population 1: (SSS ⴝ 0). Cardiac
risk of patients with different values of TID ratio. Population 1 was separated into quartiles based on the TID
ratio (Table 1). Patients in the highest quartile had a TID
ratio that was similar in patients with the exercise and
vasodilator stress (1.36 ⫾ 0.16 vs. 1.35 ⫾ 0.13, p ⫽ 0.505)
and was well above the previously validated normal TID
limit of 1.22 (16). The risks for both TE and HE were
higher in the highest TID ratio quartile (Fig. 1); patients in
the three lower quartiles all had the same low risk of future
cardiac events. Accordingly, the patients in the three lower
TID ratio quartiles were combined as a control group for
comparison with the patients in the highest TID ratio
quartile. Patients in the control group had a low risk of TE

Figure 1. Annual rates of first future cardiac events (total events) and hard
events in patients with normal myocardial perfusion single photon emission
computed tomography distributed by quartiles of transient ischemic dilation (TID) ratio. *p ⬍ 0.001 across the groups; †p ⫽ 0.006 for highest
quartile versus all others. Open bars ⫽ total events; solid bars ⫽ hard
events.

(ⱕ1%/year both in exercise and vasodilator stress subgroups); however, patients in the highest TID quartile had
an intermediate risk of TE with exercise (1.8%/year), and
high risk of TE with vasodilator stress (3.2%/year) (Fig. 2).
Clinical characteristics of patients in the highest TID
quartile versus controls. Compared with the control
group, patients in the highest TID quartile were older,
included more women, were less able to perform exercise,
and more often had diabetes (all p ⬍ 0.01) (Table 2).
Risk of TE by univariable analysis. By univariable analysis, the most significant predictors of TE in Population 1
were diabetes and the highest TID quartile (both p ⬍
0.001) (Table 3). The highest TID quartile conferred a
threefold higher TE rate compared with others (2.4% vs.
0.8%/year, p ⫽ 0.001). Other significant predictors of TE
were age ⬎75 years, prior percutaneous intervention, history
of known CAD (prior MI/revascularization), vasodilator
stress, and typical angina. Of note, the presence of an

Figure 2. Annual total event rate as a function of stress type and presence
of highest transient ischemic dilation (TID) quartile; controls are patients
in three lower quartiles of TID. Open bars ⫽ controls; solid bars ⫽
highest quartile of TID.
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Table 2. Clinical Characteristics of Patients in the Highest TID
Ratio Quartile Versus Lower Quartiles

Variables

Highest
TID Ratio
Quartile
(n ⴝ 390)

Lower
Quartiles
of TID Ratio
(n ⴝ 1,170)

p Value

Age
Male gender
Exercise stress
Prior MI
Prior PCI/CABG
Known CAD
Diabetes
Hypertension
Typical angina
SOB
Ischemic ECG response

66.1 ⫾ 12.8
168 (43.1%)
215 (55.1%)
34 (8.7%)
35 (9.0%)
52 (13.3%)
55 (14.1%)
182 (46.7%)
40 (10.3%)
22 (5.6%)
41 (10.5%)

61.8 ⫾ 12.8
611 (52.2%)
909 (77.7%)
69 (5.9%)
99 (8.5%)
130 (10.7%)
104 (8.9%)
514 (43.9%)
113 (9.7%)
49 (4.2%)
161 (13.8%)

⬍0.001
0.002
⬍0.001
0.052
0.130
0.160
0.003
0.347
0.731
0.233
0.098

CABG ⫽ coronary artery bypass grafting; known CAD ⫽ history of prior myocardial
infarction (MI) or revascularization; PCI ⫽ percutaneous coronary intervention;
SOB ⫽ shortness of breath; TID ⫽ transient ischemic dilation of the left ventricle.

ischemic ECG response was not associated with an increased risk of TE by univariable analysis.
Prediction of TE by multivariable analysis. Using Cox
multivariable proportional hazards analysis, we tested the
significant univariable predictors of TE as well as history of
CAD and ischemic ECG response (Table 4). Significant
variables in the final multivariable model were age, diabetes,
typical angina, and the highest quartile of TID (Table 4).
The highest TID quartile was an independent and incremental predictor of TE-free survival (Fig. 3), leading to
significant increase in global chi-square from 39.8 (model
including the age, diabetes, and typical angina variables) to
49.2 (absolute gain in global chi-square ⫽ 9.4, p ⫽ 0.008).
There was no evidence of confounding or interaction
between the tested variables in this model.
Prediction of TE in Population 2: (SSS ⴝ 0 to 3). In
Population 2, the highest TID quartile conferred a two-fold
higher TE rate compared with others (2.2% vs. 1.0%/year,
p ⫽ 0.002). The highest TID quartile was a significant
univariable (odds ratio [OR] ⫽ 2.2, 95% confidence interval
Table 3. Results of Univariable Analysis for Prediction of TE

Variables

Odds
Ratio

95%
Confidence
Interval

p Value

Age ⬎75 yrs
Female gender
Prior MI
Prior PCI
Prior CABG
Known CAD
Hypertension
Hyperlipidemia
Diabetes
Vasodilator stress
Typical angina
SOB
Ischemic ECG response
Highest quartile of TID

2.75
0.68
0.70
2.88
2.70
6.06
1.52
0.61
4.21
2.18
3.00
1.05
0.91
3.44

1.44–5.25
0.36–1.27
0.17–2.94
1.10–7.56
0.93–7.82
1.20–4.96
0.82–2.81
0.32–1.64
2.14–8.28
1.18–4.04
1.45–6.24
0.25–4.34
0.35–2.33
1.85–6.37

0.001
0.222
0.626
0.025
0.057
0.014
0.180
0.130
⬍0.001
0.011
0.002
0.947
0.838
⬍0.001

TE ⫽ total events. Other abbreviations as in Table 2.
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[CI] ⫽ 1.3 to 3.6) and multivariable (hazard ratio ⫽ 1.8,
95% CI ⫽ 1.1 to 3.1) predictor of TE in Population 2. The
final Cox multivariable model for the prediction of TE in
this population included not only diabetes, age, and typical
angina, but also history of CAD.
Angiographic correlations in Population 1. Sixty-five of
the patients with entirely normal scans underwent follow-up
coronary angiography, and the angiographic data were
available for analysis in 53 (81.5%). Patients in the highest
TID quartile more often had CAD (ⱖ70% luminal stenosis) in at least one of the three major coronary arteries than
patients in the control group (12/20 [60%] vs. 11/33 [33%],
p ⫽ 0.058); only patients with TID had severe and extensive
CAD as defined by ⬎90% stenosis of the proximal LAD or
of multiple vessels (16) (5/20 [25%] vs. 0/33 [0%], p ⫽
0.003).

DISCUSSION
Our findings demonstrate that a stress MPS study with
entirely normal perfusion and normal ventricular size does
not always imply an excellent prognosis. In the current
study, automatically measured TID yielded incremental
prognostic value over clinical and historical variables in
patients with otherwise normal MPS results. The patients
with substantial TID (highest TID quartile) had a higher
cardiac event rate compared with the other patients (2.4%
vs. ⬍1%/year in the lower three quartiles, p ⬍ 0.001).
Significant variables in the final multivariable model for
prediction of first future cardiac events in this population
included age, diabetes, typical angina, and the highest
quartile of TID. To the best of our knowledge, this is the
first time that TID has been shown to be useful in risk
stratification of patients with otherwise normal MPS results.
Comparison with previous studies. Patients with normal
MPS have a very low risk of HE (usually ⬍1%/year)
(6,10,11,27); nonetheless, a small proportion of patients
with normal MPS do develop future cardiac events. In a
recent report, we found that age, gender, diabetes, type of
stress, and a history of known CAD are multivariable
predictors of cardiac events in this low-risk population (12).
We also reported significant interactions between stress type
and previous CAD (lower risk in patients without previous
CAD undergoing exercise stress vs. all others) and between
diabetes and gender (higher risk in diabetic females) (12),
but we did not investigate TID in this previous report.
Furthermore, most previous prognostic reports of patients
with normal MPS have not distinguished those with minimal perfusion abnormalities or LV enlargement from those
with “perfectly” normal scans. In this study we examined the
prognostic value of TID and other variables in a large
population of patients with no perfusion abnormality on
dual isotope MPS (SSS ⫽ 0) and no resting LV enlargement as well as in the broader group of patients with normal
MPS (SSS ⫽ 1 to 3). Previous work from our group has
indicated that automatically measured dual isotope TID
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Table 4. Final Cox Proportional Hazards Model for the Prediction of TE*
Variable in the Model

Chi-Square

Hazard Ratio
(95% Confidence Interval)

p Value

Diabetes
Typical angina
Age
Highest quartile of TID

13.9
7.4
7.2
7.1

3.51 (1.81–6.79)
2.67 (1.31–5.44)
1.04 (1.01–1.06)
2.34 (1.25–4.36)

⬍0.001
0.007
0.007
0.008

*Global Chi-square of the model ⫽ 43.2; p ⬍ 0.001.
TE ⫽ total events; TID ⫽ transient ischemic dilation of the left ventricle.

using QPS software is sensitive and highly specific for
detection of severe and extensive CAD (16). Peace et al.
(28) found that TID in Tc-99m tetrofosmin MPS, measured by six different algorithms, is an indicator of severe
CAD, and all existing algorithms provided a repeatable,
quantitative measure of the TID. These measures have not
been previously assessed for prognostic value in patients
with normal MPS.
Which patients with normal MPS are at increased risk?
We have previously shown that increased age, noncardiac
comorbidities (in particular diabetes), prior CAD, and
vasodilator stress are associated with a higher event rate in
patients with normal MPS (12,21,29), suggesting that
underlying clinical conditions influence their cardiac prognosis after a normal perfusion study (3,17).
A new finding in our study is the incremental prognostic
value of an abnormal TID ratio in patients with normal
perfusion in a multivariable model including all other
significant markers. Clinical characteristics that were predictive in patients with entirely normal scans (SSS ⫽ 0,
normal LV cavity at rest) included age, typical angina, and
diabetes. Other clinical variables previously associated with
an increased cardiac event risk (21) did not emerge in the
final prognostic model; in patients with entirely normal
MPS, prior MI and history of revascularization or the
composite variable, history of known CAD, were not
predictive of future cardiac events. These findings are likely

Figure 3. Incremental value of the presence of highest transient ischemic
dilation (TID) quartile in prediction of total events in patients with normal
myocardial perfusion single photon emission computed tomography.

to be related to characteristics of the present study population and to the smaller number of events in the current
population than in our previous work (12).
In the broader population of patients with normal scans
defined by our standard criteria (SSS ⫽ 0 to 3), follow-up
TE and HE rates were as low as in patients in the main
study population (SSS ⫽ 0); TID in patients with SSS ⫽ 0
to 3 also was found to be predictive of TE by both
univariable and multivariable analysis. Of interest, the HE
rate was as low in this group as in the group with the entirely
normal scans. When the small group of patients with SSS ⫽
1 to 3 was separately analyzed, there were no differences
noted in HE and TE rates compared with the patients with
SSS ⫽ 0.
Possible mechanisms of prognostic impact of the TID in
patients with normal MPS. Transient ischemic dilation of
the LV and increased lung-heart ratio (LHR) are both
associated with severe CAD (13–16,30 –32). Increased
LHR with 201Tl has been shown to be valuable in evaluation
of prognosis in patients with myocardial perfusion abnormalities (33,34), but does not appear to risk-stratify patients
with normal MPS (33,35). A number of clinical studies
have demonstrated in multiple settings that the presence of
TID on MPS predicts left main or severe multivessel CAD
(13,14,36 – 40) or adverse cardiac outcome (18,41). The
underlying mechanisms of TID are likely to be varied, with
some pathologic and others physiologic. Probably the most
common pathologic mechanism is “apparent” (as opposed to
“true”) TID caused by nonvisualization of the extensive
amount of the subendocardial myocardium after stress in
the presence of severe stress-induced ischemia/
hypoperfusion (15,37,38,42). The measurement of TID
employed in this manuscript relies on the automatic definition of endocardial boundaries of the LV. The presence of
stress-induced subendocardial ischemia can result in an
apparent thinning of the myocardium and a consequent
overestimation of true LV cavity size. Because the subendocardium in this setting would generally have resting
perfusion that is either normal or not as hypoperfused as
during stress, the measured resting LV volume would
appear smaller than the post-stress volume, even if the true
volumes were the same.
Another pathologic mechanism is true TID in which the
LV dilates during stress and remains dilated through the
post-stress MPS imaging (43,44). This mechanism would
imply the presence of stress-induced stunning of enough of
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the LV to cause overall enlargement. This stress-induced
stunning is a well-described phenomenon, associated with
critical coronary stenosis (45). Evidence of the presence of
true transient dilation in many of the patients with TID was
provided in the initial description of the abnormal TID ratio
in which the TID defined by the epicardial edges of the LV
on planar 201Tl images was predictive of severe and extensive CAD (13). The presence of this mechanism was further
supported by the findings in the preliminary report of the
automatically measured SPECT TID ratio, not included in
the final manuscript (16). When this ratio was derived from
the epicardial edges of the LV, it was predictive of severe
and extensive CAD, although less so than that derived from
the endocardial edges (16).
Regarding the finding of an abnormal TID ratio in
patients with otherwise normal MPS scans, either of these
mechanisms would be expected to result in increased risk of
events. In the case of subendocardial ischemia, the ischemia
would most likely be diffuse and extensive in order to
explain the absence of an apparent relative perfusion defect.
Similarly, true transient dilation persisting through the
post-stress scanning time would be expected to be associated
with severe and diffuse stress-induced ischemia. The current
findings demonstrate that abnormal automatically measured
TID ratio has prognostic value in patients with a normal
perfusion and should, thus, be considered in the prognostic
assessment of these patients. Both of these mechanisms
would imply that an increased TID ratio could be related to
diffuse, “balanced ischemia” due to severe CAD (46).
Thus, our results showing increased event rates in patients with normal MPS and TID may be explained by
severe underlying CAD in these patients, missed by perfusion defect analysis alone. The limited data from coronary
angiography in our Population 1 support this postulation.
Obstructive CAD was more common in the patients with
TID than in the controls (p ⫽ 0.058), and severe and
extensive CAD was found only in patients with TID.
Recent published data (47) demonstrated that, in patients
with classical syndrome X (with normal MPS in the
majority), magnetic resonance spectroscopy revealed subendocardial hypoperfusion following intravenous administration of adenosine, implying another possible pathologic
mechanism for apparent TID without extensive coronary
atherosclerosis. However, it is likely that in many patients
TID is simply physiologic, occurring as a variant of normal
for reasons that are not yet understood.
Study limitations. The present study used different radionuclides to produce the rest and stress images adding
complexity to the comparison of stress and rest volumes; as
previously shown, however, the automatic algorithm used in
our study for measuring the TID ratio has been shown to be
effective in identifying severe and extensive CAD in dualisotope studies (16). If applied to single radionuclide studies, the cut-off for an abnormal TID ratio might be
different, but the mechanisms likely to be operative in this
study should still apply. Although it has been shown that
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automated TID calculations using different software methods are similar (28), the data presented in this paper apply
to the TID ratio derived using QPS software; further
studies would be required to determine if these results
apply to other software programs. Due to the small number
of HE in the study population, the multivariable prognostic assessment analysis was limited to the prediction of
TE. The current results are based on a population referred
for nuclear testing and, therefore, may not be applicable to
a broader population; however, the patients in this study
are typical of those referred to a university-affiliated community hospital in a major urban area, and the results of
this study should be applicable to this setting. This study is
retrospective in nature. Although all data were collected
and entered prospectively, further confirmation of our findings in other populations is needed. Finally, the study is
based on data of a single nuclear cardiology center with
unique technical characteristics, which may not be applicable in other nuclear laboratories.
Clinical implications. In patients with elevated TID ratio
and otherwise normal MPS, the total event rates are
increased, but only to intermediate levels. Given this, we do
not believe that patients need to be considered as candidates
for coronary angiography on the basis of an increased TID
alone. However, when integrated with all other available
information (e.g., typical angina, advanced age, and diabetes), the finding of increased TID may be useful in selecting
of patients at sufficiently increased risk that coronary angiography or further noninvasive testing (e.g., noninvasive
coronary angiography) would be appropriate.
Conclusions. An entirely normal stress MPS study does
not always imply an excellent prognosis. In patients with
otherwise normal MPS, TID is an independent and incremental prognostic marker of TE even after significant
clinical variables—age, typical angina, and diabetes—are
accounted for. When TID is present, caution in making
low-risk prognostic statements may be warranted, especially
in patients with typical angina, the elderly, and diabetics.
Our findings also appear to apply to the broader population
of “normal” MPS, which included patients with minimal
perfusion defects.
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