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Single-photon emission-computed tomographic

(SPECT) myocardial perfusion imaging (MPI) has

incremental diagnostic and prognostic value over exer-

cise stress electrocardiography, and the assessment of

transient ischemic dilation (TID) is a key contributor to

its ability to detect higher risk patients. The diagnostic

and prognostic role of TID has been evaluated exten-

sively in those undergoing exercise MPI.1,2 However,

approximately 50% of the *10 million MPI studies

performed annually in the US undergo pharmacologic

MPI,3 the majority receiving regadenoson for vasodila-

tor stress due to its improved tolerability by patients,

safety profile, and ease of administration.4 Given the

high prevalence of this testing, the significance of TID in

this population is of high importance. The diagnostic

role of TID in regadenoson MPI has been assessed

previously, but the prognostic impact has not

determined.

In this issue of the Journal, Lester et al provide the

first analysis of the prognostic utility of TID with

regadenoson MPI. In this well-performed study, Lester

et al assessed the prognostic impact of an abnormal TID

ratio of 1.33 on a composite of cardiac death, myocar-

dial infarction (MI), or late coronary revascularization

(CR) in 887 patients over a mean of 29 months; 75% of

the cohort had an abnormal perfusion pattern. TID was

found in 6% of this population. After multivariable

adjustment, TID had a hazard ratio of 1.92 for predicting

the composite endpoint. Although the predominant

conclusion of the study is that TID has prognostic

importance, there are two significant additional consid-

erations. The first is that TID was only prognostic in this

cohort in those with abnormal MPI. In those with normal

perfusion, there was no association. The second is that

the prognostic significance was driven by late CR, rather

than the hard cardiac events of cardiac death and non-

fatal MI. Given these findings, we will discuss the

potential mechanism for TID in vasodilator MPI and its

potential effect on specific cardiac events, the diagnostic

and prognostic significance of TID with respect to

concurrent MPI abnormalities, and future directions for

research and clinical application of TID in vasodilator

MPI.

TID: DEFINITION AND POTENTIAL MECHANISM
IN VASODILATOR MPI

TID refers to an enlarged left ventricular (LV)

cavity measured in post-stress scintigraphy images

relative to resting images. Lester et al appropriately

highlight the importance of selecting an appropriate TID

cut-off ratio. The cut-off ratio used to define TID has

varied in the literature based on stress modality, nuclear

tracer, imaging protocol, and other technical factors.5

The authors derived a cut-off ratio of 1.33 in this study,

as this value encompassed 95% of the cohort population.

TID has been shown to independently provide

diagnostic utility in predicting severe and extensive

coronary artery disease (CAD) and overall poor prog-

nosis. However, there is a controversy regarding its

appropriate application across varying clinical settings.

Some of these inconsistent findings may be explained by

the underlying mechanism of TID, which is still

debated. One hypothesized pathophysiologic mechanism

is diffuse subendocardial hypoperfusion resulting in
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reduced radiotracer uptake in the subendocardial zone,

thus, making the appearance of an enlarged LV cavity.5

An alternative theory is ischemia resulting in reduced

LV function with resultant elevated end-systolic vol-

ume. The true mechanism may combine these two

theories.6,7 These potential mechanisms can explain why

TID is not always associated with severe CAD on

angiography or poor prognosis. Patients who have other

causes of diffuse subendocardial ischemia, such as

hypertensive heart disease and LV hypertrophy or

hypertrophic cardiomyopathy, can have TID without

obstructive CAD. Other potential mechanisms for

falsely increased TID ratios include suboptimal tech-

nique, errors in slice selection for tomographic analysis,

patients with small LV ventricles, different doses of

administered radionuclide, or motion artifacts.5 Thus, it

is important to appropriately identify these factors prior

to assessing for TID. Regadenoson is a selective

adenosine A2A receptor agonist which causes sinus

tachycardia. It has been proposed that the mechanism for

tachycardia is mainly due to sympathoexcitation rather

than being baroreflex mediated8,9 as the heart rate

response is blunted among diabetics.9 Thus, one would

expect this to generate diffuse subendocardial hypoper-

fusion in certain clinical scenarios, which is one of the

proposed underlying mechanisms of TID.

TID AND ITS SIGNIFICANCE ON CORONARY
ANGIOGRAPHY

Several studies have shown that TID on SPECT

MPI is specific but not sensitive for significant multi-

vessel or left main disease on coronary angiography.

Weiss et al examined a cohort undergoing exercise

thallium-201 SPECT MPI and noted high specificity

(95%) but lower sensitivity (60%) for identifying

patients with multi-vessel critical stenosis (C90%) using

a TID threshold of[1.12. They found TID to be more

specific than multiple perfusion defects.1 Mazzanti et al

studied 54 patients with MPI abnormalities on exercise

dual-isotope TC-99m/TI-201 SPECT and showed that

TID in this setting of abnormal MPI was associated with

71% sensitivity and 95% specificity for severe and

extensive CAD defined as a C90% stenosis of the

proximal LAD or C2 vessel disease.2 Similar diagnostic

information has been seen in patients with vasodilator

MPI. Chouraqui et al performed a small retrospective

cohort study that found high specificity for TID in the

identification of C2 vessel (87%) or 3-vessel (85%)

CAD using a threshold of C1.12 in 73 patients under-

going dipyridamole stress-redistribution thallium-201

scintigraphy and coronary angiography. They did not

specifically analyze the subgroup with perfusion abnor-

malities.10 Takeishi et al found an association of left

main or three-vessel coronary disease with a LV dilation

ratio of 1.13 ± 0.04 in 75 patients who underwent

adenosine TI-201 single-photon emission tomography

with CAD defined by coronary angiography.11 Both of

these studies were too small to specifically assess the

population with perfusion abnormalities.

Contemporary studies in patients with abnormalMPI

have found a similar diagnostic utility of TID. Xu et al

performed a contemporary analysis of TID in 547 patients

undergoing SPECT MPI (215 with correlating coronary

angiography). They found an increased sensitivity for

severe CAD (C70% stenosis in proximal left anterior

descending (pLAD) artery or left main (LM), orC90% in

C2 vessels), in thosewithTID (cut-off 1.19) and perfusion

abnormalities.12 Petretta et al studied a cohort of diabetic

patients with available coronary angiography data under-

doing SPECTMPI. In patients with a summed stress score

(SSS) between 3 and 7, TID increased the sensitivity for

diagnosing severe CAD from 71% to 77%.13

Recent contemporary studies on TID in otherwise

normal MPI have not found TID to independently

identify severe and extensive CAD as recently

reviewed.14 Valdiviezo et al studied a cohort of normal

perfusion imaging and found no association of TID and

multi-vessel disease.15 Mandour et al found that TID had

predictability in patients with perfusion abnormalities

but not in the setting of normal perfusion.16

To date only two studies have assessed the diag-

nostic utility of TID in regadenoson SPECT MPI and

have demonstrated conflicting findings. Katz et al found

that patients with an abnormal TID during regadenoson

gated SPECT MPI had an adjusted odds ratio of 3.4 for

multi-vessel disease.17 Golzar et al recently studied the

ability of TID in regadenoson-stress MPI to identify

severe CAD and failed to do so even when adding

clinical and perfusion data. The authors felt that perhaps

the decreasing prevalence of CAD could explain this

negative finding.18

EFFECT OF TID ON PROGNOSIS

While many historical studies have shown the

predictive utility of TID for identifying severe CAD,

fewer studies have focused on its ability to predict

cardiac events. Lester et al demonstrated that TID with

regadenoson MPI independently predicts a composite of

cardiac events (cardiac death, non-fatal MI, and late

CR); however, the association was largely driven by late

CR. When assessing cardiac death and non-fatal MI

separately, there was no association with the presence or

absence of TID. A review of the literature reveals that

the effect of TID on prognosis depends on the presence

of perfusion defects and associated comorbidities and

demographics.
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McClellan et al studied the prognostic implication

of TID on dipyridamole technetium-99 SPECT imaging

at a mean follow-up of 12.8 months. Those with TID

had an 11.4% occurrence of cardiac death or non-fatal

MI vs 1.9% in patients with normal cavity size. The

group with the highest risk had both large perfusion

defects and cavity dilation.19 Rischpler et al found a

lower overall survival probability with TID in a cohort

with suspected or known CAD who underwent rest-

dipyridamole 82-Rb PET.20 Petretta et al showed that

adding TID to other clinical and stress testing variables

improves the ability to predict cardiac death and non-

fatal MI in patients with diabetes mellitus.21 Interest-

ingly, in a predominately female Middle Eastern cohort

undergoing SPECT MPI, summed difference score and

abnormal EF were associated with cardiac events but

TID showed no relationship (although there was a trend

toward increased cardiac events).22

Abidov et al studied the prognostic significance of

TID in normal MPI and found an association with

adverse events driven mainly by revascularization.23

When studying subjects with normal perfusion on MPI

predominately with exercise stress, Doukky et al demon-

strated that TID was associated with cardiac death or MI

in high-risk subjects (those with known CAD or dia-

betes) but not those without CAD or diabetes.24

In this issue of the Journal, Lester et al used a cohort

enriched with high-risk scans to look at prognosis of TID

with regadenoson MPI. Although constructed artificially,

the population assembled by Lester et al helps assess if

declining prevalence is the reason for the lack of clinical

utility in TID shown by Golzar et al.18 In contrast to prior

studies showing an association between TID and hard

cardiac events, Lester et al found no prognostic benefit in

these outcomes. It is possible that this finding is due to the

large number of patients who underwent early revascu-

larization (within 90 days ofMPI) in thosewith TID (22%

vs 11%, P = 0.04) potentially protecting them from

cardiac death or non-fatal MI events.

Of note, Kaplan-Meier analysis in Fig. 2, the

analysis by Lester et al showed a non-significant trend

toward an improved survival free of the composite

endpoint. Interestingly, Valdiviezo et al had an almost

identical finding. Future research should focus on larger

studies or a meta-analysis to see if a protective effect of

TID is demonstrated in lower risk patients with normal

perfusion. The underlying pathophysiologic mechanism

for this finding is not clear.

RESEARCH CHALLENGES AND FUTURE
DIRECTIONS

The analysis by Lester et al adds value to the current

controversy for the clinical application for TID,

highlighting that TID found on regadenoson SPECT

adds prognostic value in certain clinical settings. In low

risk patients with no high-risk comorbidities and no

perfusion abnormalities on MPI, TID does not appear to

worsen outcomes and may actually have a protective

effect. Larger studies assessing TID in this population

are needed. TID in patients with normal exercise MPI

but higher risk comorbidities appears to be associated

with poorer outcome as highlighted by Doukky et al.24

Studies reproducing these findings in pharmacologic

stress MPI are needed. Studies utilizing other clinical

variables such as calcium scoring to help determine

which patients would most benefit from coronary

angiography would be beneficial.14 Abnormal perfusion

on MPI and TID appears to increase the diagnostic

likelihood of severe and extensive CAD and poorer

outcomes, although not all studies are concordant.18

Given that diffuse subendocardial ischemia may be a

potential mechanism for TID, future studies should

associate findings of concentric LV hypertrophy on echo

data as a potential confounder. Future larger studies

should also assess prognosis in cohorts typically pre-

senting for regadenoson SPECT in patients with

abnormal perfusion MPI and include subgroup analysis

in those with and without CAD, diabetes, and CKD. It

would be interesting to study the prognostic effect of

TID and abnormal MPI in patients found to have no

obstructive CAD on coronary angiography. If we are

able to demonstrate in these studies that TID is only a

poor prognostic indicator in patients with abnormal

MPI, then perhaps utilizing stress-only imaging proto-

cols in patients that can not exercise may be appropriate

and financially optimal.
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