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A fundamental strength of SPECT myocardial perfusion imaging (MPI) has been the low
event rate in most patients with a negative scan, as low as 0.6%/year in those undergoing
exercise stress.(1) However, the rate is higher in other populations such as those undergoing
vasodilator stress (1.8%/year), in part due to the occurrence of balanced ischemia, in which
patients with multivessel ischemia have normal relative perfusion patterns.(2) Multiple
ancillary variables assist in detecting high-risk patients with normal perfusion scans,
including exercise workload, ischemic ST-changes, and functional abnormalities on gated-
SPECT.(3, 4) One such marker, transient ischemic dilation (TID), is well-documented to
provide incremental diagnostic and prognostic value, although there is controversy regarding
its appropriate application across varying clinical situations.

TID is hypothesized to result from two primary pathophysiologic mechanisms, reduced
function with resultant elevated end-systolic volume and diffuse subendocardial
hypoperfusion. There are studies that support both hypotheses, and the true mechanism is
likely a combination of both.(5, 6) TID has been validated across multiple varying clinical
parameters that impact the optimal abnormal threshold. Thresholds for TID have been
identified in 1- and 2-day protocols using multiple tracers, including TI-201(7), Tc-99m(8),
dual isotope protocols(9), and even Rb-82 positron emission tomography (PET).(10) There
is data in exercise stress(7, 9) and with multiple pharmacologic agents, including
adenosine(11), dipyridamole(12), and regadenoson(13) in the setting of dual-isotope SPECT.
In this issue of the Journal, Golzar et al. provide the first data establishing the abnormal TID
threshold in patients undergoing rest-stress Tc-99m SPECT with regadenoson stress. They
identified an optimal threshold of 1.31 for TID using this set of clinical parameters in a
cohort of 100 patients with a low likelihood of coronary artery disease (CAD). However,
they found TID to lack incremental diagnostic value in a cohort of 547 patients with
coronary angiography within 6 months of SPECT imaging, adding to the controversy
regarding the significance of TID. It is likely that the relevance of TID rests in the company
it keeps.
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TID in the Setting of Abnormal MPI

There is extensive data showing the diagnostic and prognostic value of TID in the setting of
abnormal MPI. Early studies using TI-201 by Chouraqui et al.(14) and Takeishi et al.(15) did
not specifically examine the subgroup with perfusion abnormalities but found a close
association between TID and severe and extensive CAD in populations with a high
incidence of MPI abnormalities. Mazzanti et al. specifically examined a population with
MPI abnormalities on exercise dual-isotope Tc-99m/TI-201 SPECT.(9) They found a close
association between TID and perfusion abnormalities. No patients with a SSS<4 had TID.
Moreover, the presence of both an abnormal MPI and TID was associated with 71%
sensitivity and 95% specificity for severe and extensive CAD. Abidov et al. showed a 65%
rate of severe and extensive CAD in the 84 patients with an abnormal TID ratio and =5% left
ventricular (LV) ischemia.(11) TID has been shown to predict events in a population with
fixed perfusion defects and a low left ventricular ejection fraction (LVEF). A contemporary
analysis by Xu et al. showed a higher incidence of TID and an increased sensitivity for
severe CAD in those with perfusion abnormalities.(16)

Early Literature on TID in Otherwise Normal MPI

In order to improve the diagnostic accuracy of SPECT MPI and reduce undetected balanced
ischemia, the next logical step was the application of TID in patients with an otherwise
normal MPI study. However, in contrast to the consistent data showing the incremental value
of TID in the setting of an abnormal MPI, the role of TID in patients with an otherwise
normal MPI has been more controversial.

Early studies examining the normal MPI population showed a more robust benefit of TID.
One approach has been to examine the presence of TID in patients with confirmed severe
and extensive CAD. Weiss et al. performed one of the first studies examining TID in 89
patients who underwent planar T1-201 and coronary angiography, and found multivessel or
left main disease in all 7 subjects with TID and no reversible defects.(7) However, 71% had
evidence of a prior myocardial infarction (M), and their MPI technique had limited
sensitivity. In the cohort of 356 studied by Abidov et al., 3 of the 11 patients with TID but
otherwise normal MPI had severe and extensive CAD (27.3%) versus only 1/79 (1.3%) with
no TID or MPI abnormalities.(11) A limitation of these analyses is that they examined a
highly selected population, significantly increasing the risk of referral bias.

A second method has been to compare the event rate of patients with and without TID in the
more generalized population undergoing MPI with or without subsequent angiography.
Abidov et al. examined 2 populations without significant MPI abnormalities.(17) In the first
population of 1,560 subjects with a SSS of 0 and no resting LV enlargement, TID increased
the risk of cardiac events 3-fold (2.4% versus 0.8%/year, p=0.001). The increased risk with
TID was present but attenuated in a second population of 2,037 subjects without significant
perfusion defects, defined as a SSS<3 (2.2% versus 1.0%/year, p=0.002).
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Contemporary Studies on TID in Otherwise Normal MPI

In contrast, more contemporary studies examining the normal MPI population have not
found TID to provide incremental value in the identification of severe and extensive CAD. A
9-year retrospective analysis published in this Journal in 2011 by Valdiziezo et al. found no
increase in the presence of left main or multivessel disease in the 28 patients with TID
(11%) versus 68 without (16%). They also found no difference in the incidence of any CAD
detected on invasive coronary angiography. Halligan et al. confirmed the absence of an
increase in multivessel disease in patients with TID and extended the results to include no
increase in calcium score or extent of atherosclerosis as measured by cardiac CT in 1,553
consecutive patients who underwent a SPECT MPI and cardiac CT within 1 month between
2006 and 2011.(18) The incidence of MACE was also similar. There is potential selection
bias in this cohort, however, as the authors could not control for parameters that drove the
decision to perform cardiac CT rather than invasive coronary angiography.

Mandour Ali et al. suggest that measurement variance is the cause of TID in patients with
normal SPECT MPI. They supported this hypothesis by showing a low incidence at the 2
standard deviation threshold in 688 subjects imaged in 2010, yielding a predictive accuracy
of 26%.(19)

In this issue of the Journal, Golzar et al. studied 547 subjects, including 219 (40%) with a
SSS <4, and found no significant difference in the prevalence of severe CAD by TID status
(8.1% for TID+ versus 9.8% for TID-, p=0.74). ROC analysis found TID to have poor
discriminatory capacity for severe and extensive CAD (AUC=0.55, p=0.25). Their
conclusions were supported by a robust sensitivity analysis that varied the definition of
severe CAD and the TID threshold with an unchanged final result. A stepwise multivariable
logistic regression analysis found that TID did not provide incremental diagnostic value for
the identification of severe CAD over clinical predictors or the summed stress score (SSS).

As suggested by Golzar et al., one possible reason for the lack of incremental benefit of TID
in contemporary analyses is the decreasing prevalence of ischemia on SPECT MPI studies.
The prevalence of ischemic SPECT studies has decreased from 29.6% in 1991 to 5.0% in
2009, a >5-fold decrease.(20) As the presence and severity of CAD decrease, the positive
predictive value of TID for severe CAD declines, and this finding is more likely to represent
an alternative such as a manifestation of cardiomyopathy or measurement variance.(19)

This hypothesis is supported by a 2013 analysis by Doukky et al., in which TID was
predictive in a subgroup of 294 patients with diabetes or known CAD and normal MPI
defined as SSS=0, normal LV volumes, and normal function.(21) However, in the remaining
941 subjects without DM or CAD, TID was not predictive of cardiac death or nonfatal MlI.
Known CAD, DM, and chronic kidney disease are all significant comorbidities that increase
the likelihood that the presence of TID is a true positive.(22) Patients with DM are known to
have a minimal warranty period after a normal MPI study.(23) The question remains
whether the predictive power of TID in those with risk factors such as DM is due to the
presence of severe and extensive CAD at the time of testing, or whether TID is the
manifestation of another process with an adverse prognostic effect.
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TID Clinical Application

An algorithm for the clinical application of TID is proposed in Figure 1. Multiple studies
suggest that TID in the setting of abnormal MPI is high-risk, and further evaluation of
coronary anatomy is warranted.(9, 11, 14-16) Normal MPI studies with SSS<4 and normal
LV function and systolic volumes have a low likelihood of obstructive CAD and a low
subsequent event rate in the absence of high-risk comorbidities. Given that recent studies
show no incremental benefit of TID in this population, these patients can be observed with
careful follow-up.(18, 24) Patients with high-risk comorbidities such as known CAD,
diabetes mellitus, or chronic kidney disease, have an intermediate risk, and TID may have
benefit in this subgroup.(21) However, the majority of these patients will not have
obstructive disease on angiography. Accordingly, calcium scoring could be used as an
additional risk stratification method to reduce unnecessary invasive testing. Patients with a
calcium score of <400 have a low risk of severe and extensive CAD and subsequent cardiac
events and could be observed. In contrast, those with a score =400 are higher risk and a
coronary evaluation could be considered. The higher risk of these comorbidities and use of
calcium scoring in this fashion have not been validated and should be confirmed and refined
through clinical research.

Research Challenges and Future Directions

With respect to the identification of severe and extensive CAD, the populations assessed in
the TID literature have been cohorts undergoing both MPI and coronary angiography, a
highly selective cohort. The highly specialized nature of this cohort increases the risk of
selection bias. To reduce this bias, research in the general MPI population has been
performed, but has looked only at events. Additional research should examine the prevalence
of proximal vessel or multivessel obstructive CAD in this general population. This could be
performed with low risk through CT coronary angiography given the newer low-dose
protocols employed.(25)

Use of a broad MPI population with anatomic correlation could allow more robust
identification of which comorbidities, if any, obligate additional risk stratification.
Additional future directions include the refinement of TID cutoffs across a variety of
hardware and software protocols, the transition to routine quantitative measurement, and the
development of practices that minimize current TID assessment limitations such as
improprer slice alignment, motion artifact, and normal variance in small ventricles.(9, 26,
27) In this contemporary era of varying clinical relevance of TID, refined risk profiles could
allow for improved identification of patients with severe and extensive CAD without
exposing those at lower risk to the hazards of unnecessary testing.
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Figure 1.
Proposed algorithm for the clinical application of transient ischemic dilation (TID).

CAD-=coronary artery disease; CKD=chronic kidney disease; DM=diabetes mellitus;
MPIl=myocardial perfusion imaging.
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