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Elevations in cardiac troponins identify multiple

high-risk subgroups of patients including those who

present with acute myocardial infarction (MI) without

ST-segment elevation and those with unclear etiology

for troponin rise. Both of these patient subgroups have

an increased risk of mortality. In an 895-patient subset in

the invasive arm from the Treat Angina With Aggrastat

and Determine Cost of Therapy With Invasive or Con-

servative Strategy-Thrombolysis In Myocardial

Infarction (TACTICS-TIMI)-18 trial, patients with

positive troponin and C 50% stenosis had the highest

rate of 6-month mortality or re-infarction (8.6%) vs

3.1% with a positive troponin but no obstruction and 0%

with negative troponin.1 In addition, after an acute MI,

the risk of heart failure, cardiac death, and re-hospital-

ization increases. A similar adverse prognosis is

appreciated in those with elevated cardiac troponin of

unclear etiology, a population whose prevalence has

increased in the era of high-sensitivity cardiac troponin.

Lee et al found that 1 in 8 patients without suspected

ACS seen in the emergency department who received

troponin testing had an elevated concentration. They

confirmed prior research showing an association of

troponin rise with mortality independent of age, sex, and

renal function.2

Beyond troponin elevation, cardiac imaging is

valuable in further risk stratification of these two patient

populations. Assessment of myocardial perfusion and

function and quantification of ischemia predict long-

term outcomes and prognosis and separate low- and

high-risk subsets with respect to future cardiac events.3

Nuclear single-photon emission computed tomography

myocardial perfusion imaging (SPECT MPI) has a

proven track record for diagnostic and prognostic value,

with a large body of evidence of more than three dec-

ades. Left ventricular (LV) dysfunction, volume of

infarcted and viable myocardium, and residual ischemia

can be assessed accurately by stress SPECT MPI.

SPECT MPI permits gating of images with calculation

of left ventricular ejection fraction (LVEF), end-systolic

and end-diastolic volumes and quantitation of regional

wall motion or thickening abnormality extent. The per-

centage of LV ischemia, total perfusion deficit, and

semi-quantitative grading of perfusion abnormalities

using summed stress and difference scores separate

patient subgroups by risk.3 SPECT MPI allows for

timely in-hospital assessment of prognosis in the popu-

lation with elevated troponin. It allows early hospital

discharge for low-risk patients and more aggressive

treatment, including invasive coronary angiography with

possible coronary revascularization, for patients classi-

fied as high-risk by imaging parameters (see Figure 1).

With regard to mode of stress, pharmacologic

SPECT MPI in particular has an important role and is

used frequently for risk stratification in patients with

acute elevation of troponin. In the first 48 hours of tro-

ponin elevation, exercise stress is unsafe and

pharmacologic stress testing is the standard protocol

(safe 24 hours after peak troponin). However, even more
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than 48 hours after a troponin elevation, a significant

portion of this patient population undergo pharmaco-

logic stress testing either due to pre-existing resting

ECG abnormalities such as left bundle branch block,

poor mobility, contraindicated comorbidities, or due to

an inability to achieve 85% of maximum age-predicted

heart rate (MAPHR). Hashimoto et al showed that only

54% and 67% of patients older and younger than 75

years respectively were able to achieve C 85%

MAPHR.4 The prognostic information from vasodilator

MPI in patients unable to adequately exercise has been

shown to be similar to that with exercise stress MPI.5

There are currently three vasodilators approved for

myocardial perfusion stress testing: dypiridamole, ade-

nosine, and regadenoson. Dypiridamole and adenosine

stress SPECT MPI both have an extensive body of lit-

erature with supportive evidence for a prognostic role

after an acute MI.6,7 Currently, regadenoson is the most

commonly-used vasodilator in the US, as it has fewer

side effects and is easier to administer than the older

vasodilators.8–10 Despite its frequent use in this popu-

lation, the prognostic utility of regadenoson SPECT MPI

in patients who have an elevated troponin after an acute

non-ST elevation MI has not been established. More-

over, the prognostic role of regadenoson stress MPI in

patients with elevated troponin of unclear etiology is not

known.

In this issue of the Journal, Gowdar et al11 provide

an important addition to the body of evidence validating

SPECT MPI as a prognostic tool with incremental value

to clinical and laboratory data. This retrospective cohort

study in two tertiary medical centers evaluated the early

use of regadenoson SPECT MPI for risk stratification in

patients with elevated troponin after MI or in patients

with troponin elevation of unclear etiology. This study is

part of a series of investigations from this multicenter

group who have previously shown that vasodilator stress

testing in this cohort of patients is safe and feasible. Five

hundred and three patients without prior coronary

revascularization who had elevated troponin during

index hospitalization and had MPI performed within 7

days were included. This current, well-designed study

demonstrated that regadenoson SPECT MPI can be used

reliably to risk stratify for cardiac mortality. The authors

showed that increases in the extent and severity of

perfusion defects on regadenoson stress MPI in patients

with recently-elevated troponin are associated with

higher event rates. Total perfusion defect (TPD) extent

at stress was an independent predictor of both cardiac

and all-cause mortality over a 33.6 month mean follow-

up. Information on LVEF and TPD had a greater

increase in prognostic value. TPD showed incremental

prognostic value for all-cause mortality over cardiac risk

factors, troponin level, and LVEF with a trend towards

incremental value in cardiac mortality.

The results of the current study by Gowdar et al

confirm and support the clinical use of regadenoson

SPECT MPI for prognostic stratification which is

essential beyond the diagnosis of coronary artery

stenosis in the patient populations discussed above. As

Figure 1. Risk stratification based on pharmacologic SPECT MPI in patients with positive
troponin. NSTEMI, Non-ST elevation myocardial infarction; TPD, total perfusion defect.
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the COURAGE trial and FAME and DEFER studies

have emphasized, ischemic presence and burden play an

important role in management of coronary stenosis.12–14

For example, revascularization of non-significant lesions

increases rates of cardiac events without improvements

in angina. Indeed, similarly to prior robust data on

adenosine SPECT MPI by Hachamovitch et al15 Gowdar

et al show that the amount of perfusion abnormality at

stress is a powerful predictor of cardiac death. Through

quantification of ischemia and total perfusion defects,

SPECT MPI identifies patients at low-, intermediate-

and high-risk for non-fatal MI and cardiac death.16

Moreover, SPECT MPI performs well in assessment of

LVEF for further risk stratifications. A meta-analysis of

nine studies with 164 subjects has shown that LVEF

calculated by nuclear gated studies is highly-correlated

with cardiac magnetic resonance (CMR) measurements;

exceptions to this include women with smaller LV

volumes and patients with dilated cardiomyopathy or

global subendocardial perfusion defects.17 SPECT MPI,

which is readily and widely available, safe, and feasible

for risk stratification of troponin-positive patients,18 will

continue to play a substantial role in providing reliable

prognostic data in the era of high-sensitivity troponin.

It is also important to emphasize that, in contrast to

the limitations of other anatomic and functional

modalities, SPECT MPI is not limited by resting wall

motion abnormality (WMA), ventricular pacing, atrial

fibrillation, bundle branch blocks, or chronic kidney

disease (CKD). Moreover, it is generally reproducible

among different institutions and laboratories. Patients

who have experienced an acute MI or who have positive

troponin of unclear etiology have been shown to have

elevated creatinine, which limits use of various imaging

modalities such as CMR due to gadolinium contraindi-

cation and computed tomography (CT) due to

nephrotoxicity from iodinated contrast. With regard to

CKD, Lee et al showed that the group of patients with

elevated troponin without ACS had a creatinine that was

statistically higher compared to the group of patients

with negative troponin.2 Large registries report that

approximately 40% of patients with NSTEMI have CKD

as defined by an estimated glomerular filtration rate

(eGFR) \ 60 mL/min per 1.73 m; of these patients,

22.6% have eGFR \ 30 mL/min per 1.73 m.19 While

CMR’s greatest limitation is the use of gadolinium,

which is contraindicated in patients with acute renal

insufficiency or eGFR less than 30 mL/min/1.73 m2,

CMR also has patient-specific limitations, including

contraindications with most pacemakers/cardioverter-

defibrillators, bore-fitting issues with substantial obesity,

gating difficulties with irregular rhythms, inability to

follow breath-hold instructions, and patient intolerance

due to claustrophobia. Furthermore, CMR imaging

expertise is not widely available. In those able to receive

a successful scan and an expert interpretation, CMR

allows for a comprehensive evaluation of myocardial

structure, ventricular function and volume, myocardial

perfusion, absolute myocardial blood flow, and detailed

scar mapping, which also provides information on

myocardial viability. CMR MPI is not limited by

attenuation artifacts, yielding improved spatial resolu-

tion that better identifies myocardial scar compared with

SPECT. It has been shown to provide excellent prog-

nostic information in patients with known or suspected

CAD,20 but the literature for prognostic value of CMR

post-acute MI is less well developed when compared

with stress SPECT MPI.

In addition to challenges with fitting in the bore of a

MRI machine, obesity limits the quality of stress

echocardiography significantly. This is unfortunate, as

obesity has high prevalence in patients with acute

MI.19,21 A 2012 analysis of the American Heart Asso-

ciation Get With The Guidelines Coronary Artery

Disease program found that an obese body mass index

(BMI) of 30 kg/m2 or more is present in approximately

30% of patients admitted with NSTEMI.16 This rate of

co-morbid NSTEMI will only increase as the prevalence

of obesity rises. A more recent study in patients with

suspected CAD showed that 47% of patients had a BMI

[ 30 kg/m2.18

Stress echocardiography, although widely available,

is limited by an accurate assessment of reduced regional

systolic wall thickening induced by exercise or dobu-

tamine especially in population with pre-existing WMA

and/or in population with obesity due to poor sonographic

windows. Furthermore, it is more challenging to quantify

ischemia by stress echo when compared with SPECT

MPI. When the prognostic value of pre-discharge dobu-

tamine stress echocardiography (DSE) and dobutamine

myocardial SPECT perfusion imaging were compared in

146 consecutive patients post a first acute uncomplicated

MI, it was found that DSE ischemia was unable to stratify

patients, whereas ischemia onSPECTMPIwas associated

with an increased risk of cardiac events during long-term

follow-up.22 Other limitations of stress echocardiography

include: ventricular pacing; bundle branch blocks; and

operator-dependent technique.23

Current techniques in coronary computed tomo-

graphic angiography (CCTA) are primarily used for

diagnosis of coronary artery stenosis but are greatly

limited by the inability to directly assess the physio-

logical significance of stenotic lesions. In fact, CCTA is

rarely used for post-MI risk stratification because it does

not assess ischemia. FFRCT added to CCTA is a step

towards overcoming the limitations of CCTA by

allowing functional significance to be estimated non-

invasively, utilizing CCTA anatomical imaging

2334 Rrapo Kaso and Bourque Journal of Nuclear Cardiology�
Prognostic value of regadenoson post-MI November/December 2020



information and computational fluid dynamics to pro-

vide an estimated FFR. However, CT-FFR is limited as

it is an indirect measurement of myocardial ischemia

and does not assess for microvascular disease. Although

FFR has incremental prognostic value when combined

with CCTA, none of these methods provides information

regarding myocardial perfusion, which, as discussed

earlier, is crucial information for risk stratification and

management of coronary artery stenosis. In addition, a

recent study has shown that assessment of perfusion (in

this case by CTA) has higher prognostic value than

CCTA alone or with CT-FFR.24 Although dynamic

myocardial perfusion can be assessed with new CTA

techniques, its use is predominately limited to research

without wide clinical application.

The strong predictive value of perfusion assessment

is valuable not only for ischemia due to epicardial

coronary artery stenosis, but also for identification of

microcirculatory impairment. PET MPI has improved

spatial resolution, higher count sensitivity, and more

accurate soft issue attenuation correction compared to

SPECT, allowing better imaging quality regardless of

body habitus.25 PET has the advantage of providing

prognostic information regarding myocardial blood flow

in absolute units, which is important in the assessment of

the distal coronary microcirculation.26 Its assessment of

absolute flow and other advantages provide increased

ability to identify left main and multivessel obstructive

CAD.26 However, cardiac PET is not widely available

due to the high cost of cameras and the high cost and

limited availability of cyclotrons and rubidium genera-

tors. Accessibility will potentially improve in the future

with new radiotracers such as 18F-flurpiridaz, which

could be distributed more widely and has shown high

utility in a phase-3 study with a second study underway

to qualify for FDA approval.

This current study by Gowdar et al has substantial

strengths. It has a robust sample size and appropriate

statistical analysis with adequate adjustment for baseline

variables. Even after Cox proportional hazards analysis

was performed with adjustment for multiple covariables

including age, gender, BMI, and cardiac risk factors, the

authors identified that increasing TPD percentage pre-

dicts both cardiac and all-cause mortality. There were

many predictors of cardiac mortality and all-cause

mortality with no interaction with TPD size on phar-

macologic stress. This study shows that regadenoson

SPECT MPI can be utilized reliably for risk stratifica-

tion in patients with positive troponin. Another strength

of this study is that the pharmacologic SPECT MPI was

interpreted at the time of the patient’s clinical presen-

tation and outcome data were collected retrospectively,

which reduces bias in the interpretation of SPECT MPI

(since the interpreting cardiologists did not know at the

time that their interpretations would be used for this

particular research study). Also, the mean length of

follow-up approached 3 years. Importantly, the results of

this study are consistent with prior publications showing

the prognostic utility of vasodilator SPECT MPI with

adenosine and dipyridamole.6,7

As with any study, there are limitations and residual

questions remain. The authors do not provide informa-

tion on non-fatal MI or re-infarction rates. As previously

shown in 1008 patients who underwent adenosine

SPECT MPI and were followed over a mean of 2 years,

the magnitude of perfusion defect reversibility remained

the strongest predictor of non-fatal MI, whereas cardiac

death was best predicted by post-stress LV ejection

fraction, even after adjustment for clinical factors.27

Whether this relationship also holds true with regade-

noson in this population of patients with elevated

cardiac biomarkers is not answered by Gowdar et al and

is a question for future study. In addition, as the authors

appropriately point out, the cardiac mortality obtained

from the National Death index has limitations that may

reduce its accuracy. Moreover, it would be illuminating

to separate the patients with elevated troponin post-MI

from those with unexplained troponin elevations and

compare the risk stratification data between these two

groups. What are the characteristics of the population

with elevated biomarkers of uncertain etiology? What is

the prevalence in this sub-population? Is the prognostic

value of MPI in patients who have elevated troponin

after acute MI similar to patients with troponin of

uncertain etiology? These important questions should be

addressed in future studies.

This analysis adds to a growing body of high-

quality, high-impact evidence confirming the incre-

mental prognostic value of vasodilator stress MPI after

acute MI and for the first time shows the prognostic

value of regadenoson stress MPI after uncomplicated

acute MI and troponin elevation of unclear etiology. We

look forward to additional research in this important

patient population.
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