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Regadenoson and exercise myocardial
perfusion imaging: The courtship continues
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American Society of Nuclear Cardiology (ASNC)
guidelines support the use of low-level exercise testing
for adenosine and dipyridamole in select patients to
improve diagnostic accuracy and to decrease adverse
side effects.' Regadenoson does not have the same
support in the current guidelines and, as with the aden-
osine and diypridamole, its use with exercise remains
““off-label’”.* Since approval in 2008, regadenoson has
become the most common vasodilator stress test agent in
the United States.” Its ease of use as a single bolus
injection makes it versatile and straightforward to use.
Although approved for supine testing, it has been eval-
uated for low-level exercise (a protocol we characterize
as ReglowEx) in one randomized trial and a large
observational study.*> Similar to adenosine and dipy-
ridamole, the goals of RegLowEx are improved image
quality and decreased vasodilator associated symptoms.
Newer studies have evaluated regadenoson given just
before peak exercise (which we term RegNearPeakEx),
at peak (termed RegPeakEXx), and just after peak exer-
cise (termed RegPostPeakEx) for those unable to
achieve 85% of maximum predicted heart rate or meet
an ischemic endpoint.®® The primary goal of protocols
that allow patients to exercise to peak is to obtain
prognostic information from the exercise stress aspect of
the test and use regadenoson on an provisional basis
such that perfusion imaging sensitivity is not
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compromised due to lack of an appropriate heart rate
being achieved. A proposed algorithm was described in
our previous editorial on this topic.'® A randomized
clinical trial of a novel protocol in which symptom
limited exercise is performed and if an adequate heart
rate or an ischemic endpoint is not achieved, the
administration of regadenoson is delayed until three
minutes post exercise during a five minute recovery
period of slow walking (termed RegRecovery) is now
underway. "'

In the current issue of the Journal, Cabrera and
colleagues present an excellent contribution to the lit-
erature with the third study evaluating hemodynamic
and stress testing variables in patients undergoing Reg-
LowEx myocardial perfusion imaging (MPI).'? In this
retrospective analysis of 485 patients who underwent
ReglowEx protocol for MPI compared with 887
patients who underwent supine regadenoson imaging,
the authors found the Regl.owEx protocol to be safe.
The use of aminophylline to reverse adverse effects was
significantly lower in the ReglowEx group than the
regadenoson supine group, 5.6% vs 11.4%, respectively.
Understandably, in a retrospective analysis, the two
study populations had different baseline characteristics.
In their sample, subjects undergoing low-level exercise
were significantly younger and had fewer comorbidities.
Although resting heart rates were similar in the two
groups (69 bpm in regadenoson group, 67 bpm in
ReglowEx), as would be expected there was a more
prominent increase in the ReglowEx group, 103 vs
83 bpm, respectively. On average, systolic blood pres-
sure decreased by 9 mm Hg in the regadenoson only
group but increased by 5 mm Hg in the low-level
exercise group. Summed difference score on MPI was
not significantly different although this comparison must
be viewed with caution given the baseline differences
between the study groups.

The rate of common symptoms including headache,
chest pain, and dyspnea was similar in both groups.
Flushing and abdominal discomfort were more common
in the regadenoson only group whereas dizziness and
fatigue were more common in the ReglLowEx group.
The Regl.owEx group included patients with left bundle
branch block (LBBB). Similar to previous two studies,
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the hemodynamic changes were not concerning in the
low-level exercise group. The benefits of improved
imaging characteristics have been well-documented not
just with regadenoson but for other vasodilators. The
primary reason for this is alterations in blood flow that
reduce liver and gut uptake and possibly improved
detection of ischemia.

An implication of this and previous studies is:
should ReglLLowEx protocol be applied to all patients
undergoing regadenoson MPI who are able to walk? To
be conservative, at least the same absolute contraindi-
cations to symptom-limited exercise should be applied
to ReglLowEx (Table 1). Specifically, this includes acute
myocardial infarction within 2 days, unstable angina,
uncontrolled symptomatic cardiac arrhythmias, symp-
tomatic severe aortic stenosis, decompensated heart
failure, acute pulmonary embolism, acute aortic dissec-
tion, and acute myocarditis/pericarditis.13 Furthermore,
Regl.owEx should not include patients with LBBB or
right ventricular pacing. As noted in this study and
others, the heart rate increase in RegLowEx is not
insignificant. In this study, mean heart rate increased by
34 bpm. For some patients this may nearly achieve 85%
of predicted heart rate using the 220-age formula. For
example, using 220-age, an 80-year-old patient’s 85% of
the predicted heart rate of 119 bpm, is within the stan-
dard deviation of the results of this study. Although the
current study included patients with LBBB, we suggest
excluding such patients from exercise as the increase in
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heart rate even with low-level exercise has the potential
to produce false positive MPI results.'

If a conservative approach for patient selection is
chosen, the next logical question is: why not attempt
symptom-limited exercise in all patients who are being
considered candidates for ReglLowEx? The addition of
symptom-limited stress test would further aid in prog-
nosis. Indeed, when comparing patients randomized to
RegPeakEx vs dipyridamole with exercise, Parker and
colleagues found that 50% of patients undergoing
symptom-limited exercise in the RegPeakEx group were
able to achieve at least 85% predicted heart rate and
therefore did not require regadenoson at all. However,
they randomized only those capable of walking on a
treadmill, overestimating the number of overall patients
referred for vasodilator stress who could achieve 85% of
predicted heart rate. This would suggest that, it may be
prudent to attempt symptom-limited exercise in all
patients who are considered candidates for low-level
exercise while following the ACC/AHA guidelines for
exercise stress testing (Table 1).

If a decision is made for symptom-limited exercise,
what protocol should be followed for those who are
unable to achieve 85% of predicted heart rate? This
question has yet to be conclusively answered. Options
include RegPeakEx/RegNearPeakEx/RegPostPeakEx,
during low-level exercise in mid recovery from symp-
tom-limited exercise (RegRecovery) or once patient has
returned to Dbaseline (termed ReglLateRecovery).

Table 1. Absolute and relative contraindications for exercise stress testing
(Adapted from ACC/AHA guidelines for stress testing 2002 ')

Absolute contraindications
Acute myocardial infarction within 2 days
High-risk unstable angina

Uncontrolled cardiac arrhythmias causing symptoms or hemodynamic compromise

Symptomatic severe aortic stenosis
Uncontrolled symptomatic heart failure
Acute pulmonary embolus or pulmonary infarction
Acute myocarditis or pericarditis
Acute aortic dissection

Relative contraindications
Left main stenosis
Moderate stenotic valvular heart disease
Electrolyte abnormalities
Severe arterial hypertension
Tachyarrhythmias or bradyarrhythmias

Hypertrophic cardiomyopathy and other forms of outflow tract obstruction
Mental or physical impairment leading to inability to exercise adequately

High-degree atrioventricular block
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Each has potential advantages and disadvantages
(Table 2).

The ideal stress test would not only provide excel-
lent sensitivity and specificity for ischemia and
prognosis but should also be very safe. Given the fre-
quency at which stress tests are ordered, even low event
rates of major complications are unacceptable. Theo-
retically, the safest tests employing regadenoson would
be expected to be supine test followed by ReglowEx
and then ReglateRecovery. The RegPeakEx protocol
could eliminate regadenoson usage in a substantial
percent of patients scheduled for vasodilator MPI and
would provide further prognostic information. However,
for those patients who undergo symptom-limited exer-
cise but still require regadenoson, administering it at
peak or during recovery can produce a physiologic
milieu of ‘‘double stress.”” In the subset of patients who
may have ischemic electrocardiographic changes or
ischemic pain during exercise or recovery, administra-
tion of regadenoson with RegPeakEx or RegRecovery
protocols could lead to excessive ischemia. A protocol
of ReglLateRecovery eliminates the theoretical concern
for ‘‘double stress’’ but prolongs the study or requires
two separate stress tests. As these techniques are novel,
any protocol with symptom-limited exercise should be
evaluated in studies of larger sample sizes in the form of
randomized controlled trials or potentially a registry,
which would allow its evaluation in a large number of
subjects.

Test supervision and clinician competence is of
utmost importance in performing protocols using
symptom-limited exercise with regadenoson. In these
more complex protocols, a clinician must be able to
quickly evaluate ischemic symptoms and electrocardio-
graphic changes to make a rapid decision whether to
administer regadenoson if goal heart rate is not
achieved. The radiotracer should be administered if an
ischemic endpoint is achieved regardless of heart rate. In
protocols in which patients receive regadenoson in
recovery, regadenoson should not be administered if
patients reach an ischemic endpoint during recovery to
avoid the potential of ‘‘double stress.”” Such patients
would be expected to be more safely evaluated with
coronary angiography, regadenoson only testing or
potentially with Regl.owEx. Laboratories using symp-
tom-limited exercise with regadenoson should carefully
consider the ability of the supervising clinician to
evaluate ischemia on the fly.

Pending ongoing and anticipated studies of regad-
enoson with symptom-limited exercise, the RegLowEx
protocol, while not providing the additional prognostic
information of maximal exercise testing, remains a
viable and theoretically the safest option combining
regadenoson with exercise while improving image
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quality and increasing the tolerability of regadenoson
MPIL.
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