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Background. Transient ischemic dilation (TID) of the left ventricle seen on myocardial
perfusion imaging (MPI) is sometimes used as a marker of severe coronary artery disease. The
prognostic value of TID obtained using regadenoson, a selective adenosine A2A receptor ago-
nist, as a stress agent for MPI has not been studied.

Methods. TID ratio was measured using an automated software program on consecutive
patients with normal and abnormal perfusion pattern on regadenoson MPI at a single insti-
tution. An abnormal TID was defined as greater than 1.33. The primary outcome was a
composite of cardiac death, non-fatal myocardial infarction (MI), and late coronary revascu-
larization (CR, >90 days after MPI).

Results. The study population consisted of 887 patients (62 + 12 years, 66% male, 48 %
diabetes, 46% prior CR, 75% with abnormal perfusion pattern, left ventricular ejection
fraction—LVEF 55 + 6%). An abnormal TID was present in 51 (6%) patients. Baseline
characteristics were not different based on the presence or absence of TID. Early CR
(=90 days) was performed in 11 (22%) patients with vs 92 (11%) patients without TID
(P = .04). During a mean follow-up of 29 + 19 months, the primary outcome occurred in 271
(31%) patients (22% cardiac death, 6% MI, 9% late CR). TID was associated with increased
risk of the primary outcome (log-rank P = .017), an association largely driven by late CR. In a
Cox proportional model adjusted for multiple variables including perfusion defect size (PDS)
and LVEF, the hazard ratio for TID was 1.92 (95% CI 1.20-3.08, P = .007). In the subset of
patients with normal perfusion pattern, there was no association between TID and outcomes.

Conclusions. TID on regadenoson MPI carries important prognostic information that is
independent from PDS and LVEF, but this association is restricted to patients with abnormal
perfusion on imaging. (J Nucl Cardiol 2016;23:1147-55.)
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Abbreviations

CAD Coronary artery disease

CR Coronary revascularization

HR Hazard ratio

LV Left ventricle

LVEF Left ventricular ejection fraction
MI Myocardial infarction

MPI Myocardial perfusion imaging
PDS Perfusion defect size

TID Transient ischemic dilation

See related editorial, pp. 1156-1159

BACKGROUND

Transient ischemic dilation (TID) of the left ven-
tricle on single-photon emission computed tomography
myocardial perfusion imaging (MPI) is sometimes used
as a marker of severe coronary artery disease (CAD),
and has been shown to have important prognostic value
that is incremental to that provided by the perfusion
pattern alone.''° TID, usually presented as a ratio,
describes an increase in left ventricular (LV) cavity size
on post-stress compared to rest images. Multiple mech-
anisms have been proposed to explain TID observed
during nuclear stress testing including diffuse subendo-
cardial ischemia leading to an apparent increase in LV
endocardial cavity size, myocardial stunning, a true
increase in the LV size, or a combination of these
mechanisms.'""'? The assessment of TID is dependent
on multiple factors including the stress modality, nuclear
tracer, and imaging protocol used and other technical
factors related to imaging."?

Regadenoson, a selective adenosine A2A receptor
agonist, is the most frequently used pharmacologic stress
agent for MPI in the United States."* The perfusion
pattern and perfusion defect size (PDS) obtained with
regadenoson MPI have been shown to provide powerful
diagnostic and prognostic information that can inform
patient management.'>?° Recent reports have evaluated
the diagnostic value of TID with regadenoson MPI, but its
prognostic value has not been studied.”' Further, recent
studies have suggested that TID may carry prognostic
information in some populations but not others.'® In
particular, it has been suggested that TID may be
prognostically relevant only in patients with an abnormal
perfusion pattern.’ Using an automated software program
to measure TID ratio, we report here on the prevalence of
TID in patients undergoing regadenoson technetium-99m
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sestamibi MPI, its association with future adverse car-
diovascular outcomes, and its relevance in those with and
without perfusion defects on imaging.

METHODS

Study Cohort

The study population consisted of patients who underwent
regadenoson MPI at the University of Alabama at Birmingham
Nuclear Cardiology Laboratory between July 2008 and Jan-
vary 2010. The overall cohort has been comprehensively
described in a previous report.'® In order to evaluate the
prognostic relevance of TID in relation to the perfusion
pattern, 700 consecutive patients with normal perfusion and
normal LV ejection fraction (LVEF >50%) and 700 consec-
utive patients with abnormal perfusion on regadenoson MPI
were included. Medical records were queried for patient
demographics (age, gender, race), co-morbidities (diabetes,
hypertension, hyperlipidemia, end-stage renal disease), and
history of prior coronary revascularization (CR). MPI images
were retrieved and reprocessed for automated evaluation of
PDS, LVEF, and TID ratio. Of these patients, stress and rest
images were available for analysis in 667 (95%) patients with
abnormal perfusion and 220 (31%) with normal perfusion and
these constituted the study cohort. The predominant cause for
excluding cases from our cohort was the unavailability of rest
images since our laboratory uses stress-only images to
decrease radiation exposure when possible.”” The study was
approved by the institutional review board for human research
at the University of Alabama at Birmingham.

Myocardial Perfusion Imaging

Regadenoson MPI was performed using standard protocols
approved by the American Society of Nuclear Cardiology.”
Details related to stress testing, image acquisition, and inter-
pretation have been previously described.'”'* Same-day stress-
rest imaging protocol was used in the vast majority of patients
with rest images performed if the stress images were abnormal
or if there was uncertainty in the interpretation of the stress
images. All stress tests were performed in the absence of
accompanying exercise. Regadenoson was administered as a
400 pg fixed intravenous bolus followed by a 5 mL saline flush.
Technetium-99m sestamibi was injected 10-20 s later. Single-
photon emission computed tomography gated images were
acquired using a dual-head detector with an elliptical 180°
acquisition (45° RAO to 45° LAO) and 8-16 frames per R-R
cycle. Image analysis was performed using automated software
(Corridor4dDM) which determined the presence, extent, and
severity of PDS (expressed as % of LV myocardium) and
whether the defect was fixed or reversible at rest. This analysis
was performed in a manner blinded to the current hypothesis and
has been reported separately.'® LV volumes were measured at
end systole and end diastole for calculating LVEF. The same
software calculated TID ratio as the ratio of LV volume on the
sum of the post-stress gated images to that on the sum of the rest
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gated images. The automated analysis was performed with
visual supervision by readers who were blinded to subsequent
events as previously described.'’

Outcomes

The primary outcome was a composite of cardiac death,
non-fatal myocardial infarction (MI), and late CR. Secondary
outcomes were the individual components of the composite
outcome. Outcomes were ascertained by review of patients’
health records and adjudicated by a blinded reviewer. Scripted
telephonic interviews were used for subjects whose follow-up
was less than 2 years. In addition, death was verified against
the Social Security Death Index database. When the cause of
death was not known, the death was categorized as cardiac.
CR, which included both coronary artery bypass grafting and
percutaneous coronary intervention, was categorized as early
(<90 days from index MPI) or late (>90 days). Only late CR
was included in the primary outcome, but early CR was
evaluated separately as a secondary outcome since early CR
may have been driven by the MPI findings including TID.

TID Cutoff

We measured TID in patients with normal perfusion and
normal LVEF on regadenoson MPI who did not undergo early
or late CR and did not succumb to non-fatal MI or cardiac
death during follow-up. The TID cutoff was defined as the
value that encompasses 95% of this cohort. Patients with a
measured TID ratio higher than this cutoff were considered to
have abnormal TID. An alternative cutoff that encompasses
90% of the low-risk cohort was also assessed.

Statistical Analysis

Statistical analysis was performed using SPSS version 17 for
Windows (SPSS Inc., Chicago, Illinois). Continuous variables
were presented as mean + SD and compared between the groups
using the unpaired ¢ test or Mann-Whitney U test, as appropriate.
Discrete variables were presented as frequencies and percentages
and compared between the groups using the y> test. Survival
curves were constructed for patients with and without TID using
the Kaplan-Meier method, and differences between survival
curves were estimated by the log-rank test. Survival analysis
treated the time of MPI as ‘‘time 0.”” In order to estimate the
independent risk associated with TID, a Cox regression model
was constructed adjusting for demographics (age, gender, race),
co-morbidities (diabetes, hypertension, dyslipidemia, end-stage
renal disease), prior CR, and MPI findings (PDS and LVEF).
Estimated risks were reported as hazard ratios and the corre-
spondent 95% confidence interval. All tests were 2-tailed, and a P
value of <.05 was considered statistically significant.

RESULTS

The mean TID ratio in the population that we used
to derive the TID cutoffs (n = 188) was 1.04 + 0.19
(median 1.02, interquartile range 0.94-1.13, non-Gaussian
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distribution). Of these patients, 90% had a TID less than
1.23 and 95% less than 1.33. We therefore defined the
presence of TID in our study as a TID >1.33, and an
alternative cutoff of TID >1.23 was used for compar-
ison. Our study cohort consisted of 887 patients with a
mean age of 62 + 12 years, of which 66% are male,
66% are Caucasian, 48% have diabetes, 29% have end-
stage renal disease, and 46% have a prior history of CR.
Of these patients, 764 (86%) had normal TID (<1.23),
72 (8%) had an intermediate TID (1.23-1.32), and 51
(6%) had abnormal TID (>1.33). The characteristics of
the cohort according to TID status are detailed in
Table 1. There were no major differences between the
groups aside from a higher TID ratio and higher
prevalence of ischemia in patients with TID. The
characteristics of the patients according to the presence
or absence of perfusion defects on imaging are shown in
Table 2 demonstrating significant differences between
these groups. There was a trend towards higher TID
ratio in patients with abnormal myocardial perfusion and
a numerically higher proportion of patients with abnor-
mal TID in this group, but this did not reach statistical
significance (Table 2).

In the first 90 days after index MPI, 103 patients
underwent CR (early CR, 12%). Early CR was per-
formed in 92 (11%) patients without TID vs 11 (22%)
patients with TID (P = .04). Almost all (102 out of 103)
patients who underwent early CR had abnormal perfu-
sion on MPL

During a mean follow-up of 29 + 19 months, 271
(31%) patients experienced the primary outcome. There
were 293 all-cause deaths out of whom 193 (22%; 114
with cause of death unknown and 79 with cardiac cause
of death) were categorized as cardiac deaths, 53 (6%)
non-fatal MIs, and 75 (9%) late CRs. The primary
outcome occurred significantly more frequently in
patients with than without TID (Figure 1, log-rank
P = .017). The cumulative incidences of the primary
outcome in patients without TID at 6, 12, 24, and
36 months were 6%, 9%, 17%, and 23%, respectively.
The incidences for patients with TID at the same time
intervals were 12%, 18%, 26%, and 44%, respectively.
There were no significant differences between the two
groups in cardiac deaths or non-fatal Mls, and therefore
the difference in events was largely attributed to a higher
incidence of late CR in patients with TID (Figure 1).
When the cohort was dichotomized according to the
presence or absence of perfusion abnormalities on MPI,
the increased occurrence of the primary outcome was
apparent in patients with perfusion abnormalities,
whereas there was no significant difference in patients
with normal perfusion (Figure 2).

We constructed a Cox proportional hazard model to
estimate the hazard ratio independently associated with
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Table 1. Baseline characteristics of the study cohort and MPI findings according to TID status

TID <1.23 TID 1.23-1.32 TID >1.33
(n = 764) (n=172) n = 51) P value

Age (years) 62 +12 61 +12 50 + 12 A4

Male gender 507 (66%) 47 (65%) 31 (61%) 7

Caucasian Race 502 (67%) 49 (69%) 31 (61%) .6

Diabetes 368 (48%) 34 (47%) 25 (49%) >.95

Hypertension 633 (83%) 61 (85%) 38 (75%) 3

Hyperlipidemia 492 (64%) 46 (64%) 34 (67%) 9

End-stage renal disease 220 (29%) 24 (33%) 14 (28%) 7

Coronary 352 (46%) 29 (40%) 25(49%) .6
revascularization
PCI 241 (32%) 18 (25%) 15 (29%) .5
CABG 204 (27%) 17 (24%) 15 (29%) .8

LVEF (%) 54 + 16 56 + 15 54 + 18 7
<50% 243 (32%) 20 (28%) 18 (35%) Vi

PDS (%LV) 18 + 17 19+ 17 19+ 16 .9
0 to <5% 196 (26%) 15 (21%) 9 (18%) 3
5 to <10% 24 (3%) 5 (7%) 4 (8%)

10 to <20% 237 (31%) 22 (31%) 19 (37%)
>20% 307 (40%) 19 (37%) 19 (37%)

Ischemia (%LV) 8+ 10 12+ 13 9+ 12 .02
0 to <5% 378 (50%) 23 (32%) 23 (45%) .04
5 to <10% 61 (8%) 11 (15%) 7 (14%)

10 to <20% 225 (30%) 23 (32%) 13 (26%)
>20% 100 (13%) 15 (21%) 8 (16%)

Scar (%LV) 10+ 15 7+13 9+13 3
0 to <5% 443 (58%) 47 (65%) 30 (59%) .06
5 to <10% 25 (3%) 7 (10%) 1(2%)

10 to <20% 134 (18%) 8 (11%) 10 (20%)
>20% 162 (21%) 10 (14%) 10 (20%)
TID ratio 1.01 £ 0.15 1.27 £ 0.03 1.50 £ 0.29 <.001

PDS, Perfusion defect size; LV, left ventricle; EF, ejection fraction;

dilation

TID (Table 3). Adjusting for age, gender, race, co-
morbidities, and prior CR, both PDS and LVEF on MPI
were significantly associated with increased risk of the
composite primary outcome. In addition, TID provided
incremental prognostic information with a hazard ratio
of 1.9 (95% confidence interval 1.2-3.1, P = .007). The
model had an overall xz of 112 (P < .001). When the
alternative cutoff of 1.23 was used for TID in the model,
its association with outcomes remained statistically
significant but with a smaller hazard ratio (1.39, 95%
confidence interval 1.0-1.9, P = .049).

DISCUSSION

The main aim of this study was to determine the
prognostic significance of TID on regadenoson MPL. We

MPI, myocardial perfusion imaging; TID, transient ischemic

found that TID was associated with increased risk of
cardiac events during follow-up in a manner indepen-
dent of baseline characteristics and other findings on
MPI. Most of this association was related to increased
risk for late CR with no significant difference in hard
cardiac events between patients with and without TID.
Importantly, TID on regadenoson MPI did not seem to
associate with outcomes in patients with no perfusion
defects on MPL.

TID ratio is a continuous variable posing challenges
to what should be considered an abnormal TID in
clinical practice. This is compounded by the dependence
of TID ratio on several imaging-related factors such as
the stress modality (exercise, adenosine, dipyridamole,
regadenoson), tracer (technetium-99m, thallium-201, or
dual isotope), 1- or 2-day protocols, camera settings,
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Table 2. Baseline characteristics of the study cohort and MPI findings according to the presence or

absence of perfusion defects

Normal perfusion

Abnormal perfusion

(n = 220) (n = 667) P value

Age (years) 58 + 12 63+12 <.001
Male gender 134 (61%) 451 (68%) .04
Caucasian race 115 (55%) 467 (70%) <.001
Diabetes 80 (36%) 347 (52%) <.001
Hypertension 181 (82%) 551 (83%) .5
Hyperlipidemia 102 (46%) 470 (71%) <.001
End-stage renal disease 93 (42%) 165 (25%) <.001
Coronary revascularization 36 (16%) 370 (56%) <.001

PCI 19 (9%) 255 (38%) <.001

CABG 20 (9%) 216 (32%) <.001
LVEF (%) 65 +9 51 + 16 <.001

<50% — 281 (42%)
PDS (%LV) — 24 + 15 —

5 to <10% 33 (5%)

10 to <20% 278 (42%)

>20% 356 (53%)
Ischemia (%LV) — 11 +11 —

0 to <5% 204 (31%)

5 to <10% 79 (12%)

10 to <20% 261 (40%)

>20% 123 (18%)
Scar (%LV) - 13+16 —

0 to <5% 300 (45%)

5 to <10% 33 (5%)

10 to <20% 152 (23%)

>20% 182 (27%)
TID ratio 1.04 £ 0.18 1.07 £ 0.21 .063

>1.23 24 (11%) 99 (15%) 2

>1.33 9 (4%) 42 (6%) .2

PDS, Perfusion defect size; LV, left ventricle; EF, ejection fraction; MPI, myocardial perfusion imaging; TID, transient ischemic

dilation

filters, and other technical factors.'® The cutoff appears
to be higher in patients who undergo exercise vs
adenosine stress,** 2-day vs I-day protocols, and
dual-isotope vs single-isotope imaging.>>"*°

Katz et al*' recently found a TID cutoff of 1.39 for
regadenoson dual-isotope imaging, whereas Golzar
et al’ had a cutoff of 1.31 for single-isotope tech-
netium-99m regadenoson MPI. Both cutoffs were higher
than those previously reported with other vasodilator
stress agents which emphasize the need for stress agent-
specific data. Our cutoff of 1.33 was very similar to that
derived by Golzar et al ° despite the use of different
methodologies in the 2 studies. In their study, Golzar
et al” used a derivation cohort of 100 patients with low
likelihood of CAD and normal perfusion on imaging.

We derived our cutoff in 188 patients with normal MPI
who did not have cardiac events (cardiac deaths, non-
fatal Mls, or CR) during follow-up. Thus both methods
avoid selection bias by not requiring the patients to have
a coronary angiogram after MPI, but the study by Golzar
et al defined a low-risk population based on baseline
characteristics, whereas our study determined risk based
on actual follow-up for events including CR. It is
reassuring that both methods yielded very similar
cutoffs. Further, the prevalence of TID in our cohort
(6%) was very similar to that in the validation cohort
(7.5%) of Golzar et al.

The association of TID on vasodilator stress MPI
with adverse outcomes is well validated in multiple
studies, but there is controversy with regard to its
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Figure 1. Kaplan-Meier survival curves for the composite outcome of cardiac death, MI, and late
CR and its components stratified by the presence or absence of TID.

prognostic value in low-risk populations as recently
reviewed by Bourque.'® For example, Chouraqui et al®
found a strong association of TID on dipyridamole MPI
with severe and extensive multi-vessel CAD, while
McClellan et al* described a strong association between
TID and adverse cardiac events, both in populations
with high proportion of perfusion abnormalities. In
contrast, Valdiviezo et al” found no association between
TID and multi-vessel disease or outcomes in a popula-
tion with normal perfusion on imaging, the vast majority
of whom were stressed pharmacologically. Mandour
et al*’ found that TID has a high predictive accuracy in
patients with perfusion abnormalities, but in the setting
of normal perfusion TID has poor predictive accuracy
and should not be used as a marker of severe CAD.

More recently, Doukky et al*® reported that in patients
with normal perfusion on MPI (majority stressed with
exercise), TID was associated with adverse cardiovas-
cular events only in the subset of patients with known
CAD or diabetes.

In the validation cohort of the study by Golzar
et al” which consisted of 547 patients who underwent
angiography within 6 months of regadenoson MPI and
included a mix of patients with normal and abnormal
perfusion, TID did not identify patients with severe
CAD. The authors speculated that this may be due to
the temporal decline in the prevalence of significant
ischemia on imaging over the last decades.?~? Taking
this into account, we enrolled in our study consecutive
patients with normal and abnormal myocardial
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Figure 2. Kaplan-Meier survival curve for the composite outcome of cardiac death, MI, and late
CR stratified by the presence or absence of TID in patients with normal perfusion (left panel) and
abnormal perfusion (right panel). In the left panel is shown a dotted line which represents patients
who underwent stress-only imaging (no TID available).
Table 3. Cox proportional hazard ratio for the primary outcome according to TID status
Variable Hazard ratio 95% Cl P value
Age (years) 1.011 1.000-1.022 .055
Male gender 1.11 0.84-1.45 5
Caucasian race 0.95 0.72-1.24 Vi
Diabetes 1.64 1.27-2.12 <.001
Hypertension 0.75 0.54-1.04 .09
Hyperlipidemia 0.68 0.52-0.89 .005
End-stage renal disease 1.89 1.41-2.53 <.001
Prior coronary revascularization 1.50 1.14-1.97 .004
LVEF (%) 0.981 0.971-0.991 <.001
PDS (%LV) 1.009 1.000-1.018 .047
TID 1.92 1.20-3.08 .007

The adjusted hazard ratio for each variable and its 95% confidence interval are shown. Variables that are statistically significant are

shown in bold

PDS, Perfusion defect size; LV, left ventricle; EF, ejection fraction; MPI, myocardial perfusion imaging; TID, transient ischemic

dilation

perfusion in 2 distinct cohorts to enrich our study
population with high-risk scans. Indeed, the mean PDS
of patients with abnormal perfusion was large
(24% = 15% of the LV) and the vast majority (95%)
had moderate to large perfusion abnormalities. We
found a strong association of TID with adverse
cardiovascular outcomes which was independent of
other factors including the size of the perfusion defect
and LVEF on MPIL The presence of TID almost

doubled the risk of cardiac adverse events on follow-
up. This association remained statistically significant,
although attenuated, when a lower cutoff of TID was
used (TID >1.23, present in 14% of the cohort). In line
with the studies discussed above, this association was
only present in the subset of patients with abnormal
perfusion, whereas there was no association of TID
with outcomes in patients with normal perfusion
(Figure 2).
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Limitations

First, our study is retrospective and from a single
center. Second, the association of TID with adverse
cardiac events was limited to CR, whereas its associa-
tion with hard cardiac events (cardiac death and non-
fatal MI) was not statistically significant. Although this
may be related to the declining risk of CAD as described
above and the aggressive treatment of CAD in current
practice, this raises the possibility that the TID on
imaging may be driving the increased risk of CR rather
than being a true marker of risk. We attempted to
address this by looking at early and late CR using the
conventional cutoff of 90 days from index MPL'’ TID
appeared to inform decision making since it was
associated with early CR, but it was also strongly
associated with late CR. Further, the curves for late CR
continued to diverge over time (Figure 1, lower right
panel) suggesting that the risk persisted even remotely
after imaging. Further, we did not depend on the clinical
report to determine the presence of TID but reanalyzed
the images using automated software to measure TID. In
fact, TID was mentioned in the clinical report in a small
minority of patients deemed to have TID on our analysis
(8 of 51 patients, 16%), and therefore this is less likely
to have influenced our findings. Third, since there is no
accepted definition of TID on regadenoson MPI, we
derived this from a low-risk population with normal
imaging which needs to be verified in future cohorts.
However, a recent study’ reported a very similar cutoff
using a different methodology which supports our
findings. Fourth, our population included equal number
of patients with normal and abnormal perfusion rather
than consecutive patients presenting for imaging which
may limit the generalizability of our findings. Fifth, TID
was not available on a substantial proportion of patients
with normal perfusion due to the use of stress-only
imaging in our laboratory. However, the risk of the
primary outcome in patients who underwent stress-only
imaging was comparable (Figure 2, dotted line) to that
of patients who did not. Lastly, the number of patients
with normal perfusion who had TID is small and
therefore the findings in the normal perfusion cohort
should be confirmed in larger studies. However, as
discussed above our findings are in agreement with
previous reports which support our conclusions.”'*’

NEW KNOWLEDGE GAINED

TID on regadenoson MPI is independently associ-
ated with a twofold increased risk of adverse cardiac
events, but this association is limited to patients with
abnormal perfusion on MPI and is largely related to
increased risk of late CR.
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