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The RegEx trial: a randomized, double-blind,
placebo- and active-controlled pilot study
combining regadenoson, a selective A
adenosine agonist, with low-level exercise,
in patients undergoing myocardial perfusion
imaging

Gregory S. Thomas, MD, MPH, FACC, FACP, FASNC,*" Randall C. Thompson,
MD, FACC, FASNC, Michael I. Miyamoto, MD, MS, FACC,® Tze K. Ip, MD, PhD,*
Deborah L. Rice, RN, Douglas Milikien, MS,® Hsiao D. Lieu, MD, FACC,®

and Vandana S. Mathur, MD, FASN®

Background. Although vasodilator stress myocardial perfusion imaging (MPI) is increasingly
performed with exercise, adenosine A,, receptor agonists have not been studied with exercise.

Objectives. To determine the safety of administering regadenoson during exercise and, sec-
ondarily, to evaluate image quality, patient acceptance, and detection of perfusion defects.

Methods. Patients requiring pharmacologic MPI received a standard adenosine-supine protocol
(AdenoSup, n = 60) and were then randomized (2:1) in a double-blind manner to low-level exercise
with bolus intravenous injection of regadenoson (RegEx, n = 39) or placebo (PIcEx, n = 21).

Results. Adverse events occurred in 95%, 77%, and 33% of patients receiving AdenoSup,
RegEx, and PIcEx, respectively. Peak heart rate was 13 beats per minute (bpm) and 21 bpm
greater following RegEx compared to that following PIcEx and AdenoSup, respectively (P = .006
and <.001). Change from baseline in mean systolic blood pressure (SBP), change from baseline to
nadir SBP, and percentage of patients with a decline in SBP by 220 mm Hg showed no important
differences between RegEx and PlcEx. No occurrences of 2nd degree or higher AV block were
observed following RegEx or PIcEx; one patient developed 2nd degree AV block following Ade-
noSup. The mean heart-to-liver and heart-to-gut ratios were improved on RegEx vs AdenoSup:
0.85 (0.34) vs 0.65 (0.26), P < .001 and 1.1 (0.36) vs 0.97 (0.34), P < .001, respectively. Compared to
AdenoSup, 70% of patients felt RegEx was much or somewhat better.

Conclusions. Combining regadenoson with low-level exercise is feasible, well tolerated, and
associated with fewer side effects compared to AdenoSup. (J Nucl Cardiol 2009;16:63-72)
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INTRODUCTION

Maximizing the diagnostic utility of myocardial
perfusion imaging is predicated on the ability to obtain the
highest quality images. To this end, a number of testing
strategies have been evaluated utilizing vasodilators as
myocardial stress agents. A recent review of 10 studies
published over 13 years utilizing different exercise pro-
tocols with adenosine concluded that low-level exercise
during adenosine MPI appears to decrease adverse effects
and improve patient acceptance, and image quality, and
may increase the sensitivity for detecting perfusion
defects.' Additionally Thomas et al” found that amongst
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outpatients referred for non-invasive cardiac evaluation,
use of a test protocol which combined adenosine with
low-level exercise was a better predictor of cardiac event-
free survival than testing with adenosine alone.

Although vasodilators are combined with exercise
in approximately 17% of MPI studies in the United
States® and, indeed, combination testing is recom-
mended by the American Society of Nuclear Cardiology
practice guidelines,” the Food and Drug Administration
(FDA) labeled indications for adenosine and dipyrid-
amole do not include use with exercise.”® In a 2005
editorial on the future of selective adenosine As,p
receptor agonists,” Miller suggested that modifications
of the usage protocol that improve testing efficiency
and/or diagnostic yield of the new selective agents, such
as augmentation of demand stress, should ideally be
supported by evidence-based modifications to their FDA
labeling. This is the first study to evaluate the safety of
combining a selective adenosine A,, receptor agonist
(regadenoson), with low-level exercise on pharmaco-
logic MPI. The objectives of this study were to evaluate
safety, patient acceptance and various aspects of image
quality as exploratory endpoints.

Adenosine directly and dipyridamole indirectly
interact with all four known adenosine receptors sub-
types (A, Aza, Azp, and A3).8’12 Regadenoson (CVT-
3146), a selective adenosine A, receptor agonist, is a
novel short-acting pharmacological stress agent that has
been studied in two phase 3 randomized, double-blind
clinical trials enrolling more than 2,000 patients
worldwide.'? The affinity of regadenoson for human
adenosine A,x receptors exceeds that for adenosine A;
receptors by >9-fold and its affinity for A,g and Aj
receptors is minimal.'*

METHODS

Patients

To be enrolled in the study, patients must have been
>18 years of age, required a clinically indicated adenosine
pharmacologic stress SPECT MPI, and were anticipated to be
able to exercise sufficiently to perform the study protocol-
specified low-level exercise. Female patients who were preg-
nant, breastfeeding, or of childbearing potential were not
included. The primary exclusion criteria were as follows: (1)
History of coronary revascularization by either percutaneous
coronary intervention or coronary artery bypass graft, or doc-
umented history of acute myocardial infarction or unstable
angina within 3 months; (2) Change within 7 days of adeno-
sine—supine MPI of medications that may affect the rate-
pressure product or anticipated changes in such medications
during the study; (3) Uncontrolled hypertension (i.e., >200/
120 mm Hg); (4) Known hypertrophic cardiomyopathy with
obstruction or severe aortic stenosis; (5) Decompensated
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congestive heart failure or cardiac transplantation; (6) A his-
tory of sick sinus syndrome or greater than 1st degree AV
block, except in patients who had a functional artificial pace-
maker or in whom these conditions occurred due to a
temporary condition that now no longer exists; (7) Asthma or
other bronchospastic reactive airway disease; and (8) Current
use of dipyridamole, aminophylline use within 24 hours, or
theophylline use within 48 hours.

Study Design

In this multicenter study (3 sites), subjects requiring
pharmacologic MPI based on clinical criteria received adeno-
sine infusion (Astellas Pharma, Inc.), 140 mcg/kg/minute over
6 minutes in the supine position (AdenoSup), following
enrollment and were then randomized (2:1) in a double-blind
manner to a novel protocol (RegEx) consisting of 4 minutes of
low-level exercise (1.7 mph at 0% grade) with bolus intrave-
nous injection of 400 mcg regadenoson at 1.5 minutes and
Tc99m sestamibi at 2 minutes or matching placebos (PICEx).
““PIcEx”’ consisted of blinded study treatment and placebo
tracer given in conjunction with the same exercise regimen as
used for the RegEx protocol (Figure 1). Perfusion imaging was
performed as part of the AdenoSup protocol and for those
randomized to RegEx. For those randomized to PICEx, the
patient was placed under the camera at the appropriate time,
but as only placebo tracer was administered, no imaging was
performed. All were blinded to whether imaging was per-
formed except the nuclear technologist.

Prior to randomization, patients were stratified based on
the presence of reversible perfusion defects, defined as two or
more segments with a stress score > rest score and a stress
score >2 on a 5-category scale, as interpreted by a board-
certified nuclear cardiologist at each site. The 5-category scale,
used both for stratifying patients and for evaluation of perfu-
sion defects on study, was as follows: 0 = normal; 1 = mild
reduction in tracer uptake, not definitely abnormal; 2 = mod-
erate reduction in uptake, definitely abnormal; 3 = severe
reduction in uptake; 4 = absent uptake.

The primary objective was to assess the overall safety of
regadenoson in patients undergoing low-level exercise by
comparing hemodynamic, cardiac rhythm, and adverse effects
of the 3 protocols. In addition, patient acceptance was deter-
mined by comparing patient comfort and test protocol
preference using questionnaires. Three blinded expert readers
independently interpreted randomly presented perfusion scans
at a nuclear core lab (Services NucMed, Montreal, Canada).
Readers were blinded not only to treatment assignment, but
also to type of radioisotope tracer. Image quality was com-
pared between AdenoSup and RegEx by computation of heart-
to-liver and heart-to-gut ratios and the readers’ visual assess-
ment of overall image quality and image quality with respect to
subdiaphragmatic interference specifically. A 17-segment MPI
model was used by the core lab readers to compare the extent
of the perfusion defect between RegEx and AdenoSup quan-
titatively and also qualitatively with side-by-side visual
comparison.'> For the subjects who underwent dual isotope
imaging, we addressed the possibility of residual counts from
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Figure 1. Testing Protocol. All patients received adenosine
while supine as a 6-minute intravenous infusion. In Session 2,
patients were randomized (2:1) in double-blind fashion to
Regadenoson during low level exercise for 4 minutes with
bolus intravenous injection (400 mcg) at 1.5 minutes and
Tc99m sestamibi at 2 minutes, or to matching placebo with
low level exercise. Adenosup, adenosine supine; MPI, myo-
cardial perfusion imaging; RegEx, regadenoson during
exercise; PICEx, placebo during exercise.

the rest thallium scan by obtaining a 60-second planar view of
the thorax and abdomen immediately after the thallium-201
SPECT imaging using the same technetium window that was
going to be used for the AdenoSup Tc99m study. Radiotracer
uptake counts (average counts per pixel) from the AdenoSup
Tc99m study could be adjusted by the core laboratory by
subtracting decay-adjusted counts obtained from the 60-second
planar view. However, the extent of the correction was found
to be so minor (1% to 2% in most and <3% in all subjects) that
no adjustment was required.

Patients were required to abstain from methylxanthine-
containing foods and beverages for 12 hours prior to receiving
study drug and adenosine. The protocol was approved by an
Institutional Review Board and all patients provided written
informed consent.

Imaging Protocols

Nuclear imaging was performed using either a dual iso-
tope protocol or a 2-day Tc99m (technetium) sestamibi
protocol at the investigators’ discretion. However, men with
body weight >220 pounds and body mass index >30 kg/m>
and women with body weight >200 pounds and body mass
index >30 kg/m* were to undergo the 2-day protocol. The
single photon emission computed tomography (SPECT)
imaging was standardized for image acquisition and transmittal
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in accordance with the American Society of Nuclear Cardiol-
ogy guidelines.'® The protocol required an extra ~8 mSv
radiation to the patients in the study arm, and none to the
patients in the control (placebo exercise) arm.

The dual isotope protocol was performed over 2 separate
days. On the first day, the patients had a rest scan with thal-
lium-201 followed by a Tc99m sestamibi adenosine-supine
MPI; on a subsequent day, the patients underwent a Tc99m
sestamibi study drug (i.e., regadenoson or placebo) low-level
treadmill exercise MPL.

The multiday Tc99m sestamibi was performed over
3 days. On the first day, the patients had a Tc99m sestamibi
adenosine supine MPI or Tc99m sestamibi rest scan. On the
second day, the patients had either the rest or stress scan,
whichever was not received on the first day, and on the third
day, they had a Tc99m sestamibi study drug (i.e., regadenoson
or placebo) low-level treadmill exercise MPIL. The protocol
allowed a window of 1 day to 7 days between the AdenoSup
MPI and the RegEx or PIcEx MPI.

The stress MPI scans were to be performed 60 + 10
minutes after the start of adenosine or study drug. Regions of
interest, defined as the entire left ventricle, a 25 square pixel
area over the right upper lobe of the liver excluding the
common bile duct, and a 5 x 5-pixel square area of the gut
beginning 5 pixels inferior to the mid-inferior wall of the
heart'” were identified from a 60-second planar view of the
thorax and abdomen, prior to each SPECT imaging. A region
of interest in the gut area below the heart was chosen because
of the potential deleterious effect on interpretation of inferior
wall perfusion. Specifically, either direct overlap of the gut or
activity immediately below the inferior wall greater than the
inferior wall itself can result in an artifactual subtraction of
counts from the inferior wall intrinsic to commonly used edge-
detection software.

Statistical Methods

Changes in blood pressure, heart rate, and ECG intervals
were computed over time and compared (regadenoson Vs
placebo) using repeated measures, mixed-model ANOVA. The
incidence of symptomatic hypotension, systolic blood pressure
decreases of >20 mm Hg, ECG abnormalities, and severe or
related adverse events was compared using Fisher’s exact test.
The quality of nuclear MPI scans following regadenoson and
low-level exercise was compared to adenosine—supine MPI
scans of the same subject using the sign test. Radiotracer tar-
get-to-background ratios were computed and compared
between the two imaging regimens using the Wilcoxon signed
ranks test. Semi-quantitative scoring of perfusion defects was
conducted using a 17-segment polar map.'® The number of
segments with reversible perfusion defects was defined as the
median number across the three readers.

Subject comfort and tolerability were assessed using a
4-point scale and the regimens compared using a Cochran—
Mantel-Haenszel test of equality of mean scores. Data are
expressed as mean (SD) unless otherwise specified. Statistical
analyses were conducted using SAS version 9.1. Hypotheses
were tested at the 5% significance level.
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Table 1. Baseline characteristics
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Regadenoson Placebo All
Variable (n = 39) (n = 21) P-value (n = 60)
Age (years)
Mean (SD) 70 (10.3) 69 (7.4) .55 70 (9.4)
>65 28 (72%) 17 (81%) 45 (75%)
>75 16 (41%) 5 (24%) 21 (35%)
Gender
% Male 31 (79%) 10 (48%) .011 41 (68%)
Race
% Caucasian 36 (92%) 18 (86%) 42 54 (90%)
% Black 1 (3%) 2 (10%) 3 (5%)
% Other 2 (6%) 1 (5%) 3 (5%)
Weight (kg)
Mean (SD) 86 (18) 83 (13) .67 85 (16)
Body Mass Index (kg/mz)

Mean (SD) 29 (5) 29 (3) 47 29 (5)
Range 21-42 23-37 47 21-42
History of coronary artery 31 (79%) 18 (86%) .55 49 (82%)

disease
History of diabetes mellitus 15 (38%) 4 (19%) 12 19 (32%)
History of congestive heart 14 (36%) 4 (19%) 17 18 (30%)
failure
History of hypertension 33 (85%) 19 (90%) .52 52 (87%)

Chi-squared test P-values are shown for categorical variables and Wilcoxon’s rank sum test P-values for continuous variables. For
race, the proportion of Caucasian patients is compared. “History of Congestive Heart Failure” includes patients with medical
histories of congestive heart failure, left ventricular dysfunction, cardiomyopathy, and cardiomegaly.

RESULTS

A total of 62 patients were enrolled in the study and
underwent adenosine MPI; 60 of these patients were
subsequently randomized to either regadenoson MPI
(n = 39) or placebo MPI (n = 21). Two patients were
not randomized following adenosine MPI and were
prematurely terminated from the study because of the
initiation of a beta-blocker within 6 days prior to the
adenosine MPI and elective withdrawal, respectively. Of
the 39 patients randomized to regadenoson MPI, 20
were in the reversible perfusion defects stratum and 19
were in the no reversible perfusion defects stratum; of
the 21 patients randomized to placebo MPI, 10 were in
the reversible perfusion defects stratum and 11 were in
the no reversible perfusion defects stratum. All 60 ran-
domized patients completed the 6-minute adenosine
treatment, were treated with study drug, completed the
low-level exercise per protocol, and completed the
study. Of those randomized to RegEx, 28 (72%)
underwent imaging protocol 1 (dual isotope), and 11
(28%) underwent imaging protocol 2 (2-day Tc99m
sestamibi). Of those randomized to placebo, 21 (100%)
underwent imaging protocol 1 (dual isotope).

Baseline Characteristics

Patient demographics are shown in Table 1.
Patients receiving regadenoson were more frequently
male compared to those receiving placebo (52% vs 21%,
P = .011). The frequency of use of cardiovascular drugs
(Table 2) in the study population is consistent with the
high frequency of pre-existing comorbidities including
coronary artery disease, hypertension, congestive heart
failure, and diabetes (Table 1). The percentage of sub-
jects receiving one or more anti-anginal drugs
(B-blockers, calcium channel blockers, or nitrates) was
30/39 (77%) in the RegEx group and 20/21 (95%) in the
PIcEx group (P = .069, chi-squared)

Safety

Following AdenoSup, 95% of the 62 patients
experienced at least one adverse event, defined as any
abnormal sign or symptom, regardless of perceived
causality. The corresponding percentages following
RegEx (n = 39) and PIcEx (n = 21) were 77% and
33%, respectively (Table 3). Dyspnea was the only
adverse event that occurred with a higher frequency
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Table 2. Selected baseline medications
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Regadenoson Placebo All Subjects
(n = 39) (n = 21) (n = 60)

Lipid lowering drugs

HMG-CoA reductase inhibitors 32 (82%) 18 (86%) 50 (83%)

Other drugs for hyperlipidemia 18 (46%) 11 (52%) 29 (48%)
Renin-angiotensin-aldosterone system inhibitors

Angiotensin Il Receptor Blockers (ARB) 5 (13%) 9 (43%) 14 (23%)

and ARB/Diuretic combination drugs

Angiotensin converting enzyme inhibitors 25 (64%) 6 (29%) 31 (52%)
Diuretics 12 (31%) 4 (19%) 16 (27%)
Dihydropyridine calcium channel blockers 7 (18%) 5 (24%) 12 (20%)
Diltiazem 1(3%) 1 (5%) 2 (3%)
Adrenergic receptor antagonists

Beta-blockers 22 (56%) 16 (76%) 38 (63%)

Alpha and beta-blocking agents (carvedilol) 4 (10%) 3 (14%) 7 (12%)

Alpha adrenoceptor antagonists 8 (21%) 2 (10%) 10 (17%)
Platelet aggregation inhibitors 29 (74%) 16 (76%) 45 (75%)
Nitrates 7 (18%) 4 (19%) 11 (18%)
Digoxin 3 (8%) 2 (10%) 5 (8%)
Anti-arrhythmics

Class IC 1(3%) 1 (5%) 2 (3%)

Class Il (amiodarone) 0 1 (5%) 1 (2%)
Warfarin 2 (5%) 2 (10%) 4 (7%)
Anti-diabetic drugs

Insulin 5 (13%) 1 (3%) 6 (10%)

Non-insulin drugs 11 (28%) 4 (19%) 15 (25%)
Any anti-anginal drug* 30 (77%) 20 (95%) 50 (83%)

For categories containing multiple drugs, counts shown represent the number of unique patients receiving a given category of

drugs.

*B-blocker, calcium channel blocker, or nitrate, P = .069, RegEx vs PIcEx.

(>10% difference) during RegEx (54%) compared to
AdenoSup (41%) (exact McNemar P = .23).

One patient developed protocol-defined symptom-
atic hypotension (defined as the development of a
sufficient decline in blood pressure that was likely related
to simultaneously occurring symptoms that may accom-
pany hypotension) and this occurred following adenosine
treatment. A pre-defined blood pressure was not used as
part of the above definition because symptoms of hypo-
tension can occur at different levels of blood pressure.
Severe adverse events occurred in 4/60 (6.7%) patients
following AdenoSup (abdominal pain, chest pain,
ST-segment depression, neck pain, headache, and pares-
thesia) and in no patient following RegEx or PIcEx. No
patient was withdrawn from the study due to an adverse
event, and no patient had a serious adverse event.

Compared to the peak HR following PIcEx (4-28.9
(SE 3.7) bpm) and AdenoSup (+21.0 (SE 2.5) bpm),
peak heart rate following RegEx was greater by 13 and

21 bpm, respectively (P = .006 and <.001, respec-
tively). This represented a 41.9 (SE 2.7) bpm increase
from the resting baseline. The heart rate remained sig-
nificantly higher during RegEx vs PIcEx through
24 minutes following start of exercise (Figure 2A),
although by 24 minutes, the HR in the RegEx and PIcEx
patients had diminished to +4.6 (SE 1.5) and —1.33 (SE
2.1) bpm, respectively, over the pre-exercise baseline.

During exercise, there were similar and transient
mean increases in systolic blood pressure in the RegEx
and PIcEx groups (Figure 2B). Pre-specified analyses
of blood pressure, which included change from base-
line in mean SBP, change from baseline to nadir SBP,
and percentage of patients with a decline in SBP by
>20 mm Hg, showed no important differences
between RegEx and PIcEx or between RegEx and
AdenoSup.

Arrhythmias reported as adverse events or ECG
findings occurred in 3 patients following AdenoSup only
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Table 3. Adverse events occurring in >10% of patients in any group

AdenoSup
Later randomized Later randomized RegEx PlcEx
Event to RegEx (n = 39) to PIcEx (n = 21) (n = 39) (n = 21)

All 37 (95%) 20 (95%) 30 (77%) 7 (33%)
All cardiac 10 (26%) 4 (19%) 2 (5%) 2 (10%)
Dyspnea 16 (41%) 11 (52%) 21 (54%) 3 (14%)
Throat tightness 4 (10%) 2 (10%) 0 1 (5%)
Headache 12 (31%) 9 (43%) 9 (23%) 1 (5%)
Dizziness 5 (13%) 4 (19%) 5 (13%) 0
Paresthesia 8 (21%) 1 (5%) 2 (5%) (0]
Pain in jaw 0 3 (14%) 0 (0]
Abdominal pain 4 (10%) 3 (14%) 2 (5%) 0
Nausea 2 (5%) 3 (14%) 2 (5%) 0
Stomach discomfort 6 (15%) 0 1 (3%) 0
ST-segment depression 6 (15%) 4 (19%) 6 (15%) 1 (5%)
Flushing 19 (49%) 11 (52%) 5 (13%) 0
Chest discomfort 11 (28%) 8 (38%) 4 (10%) 1 (5%)
Chest pain 4 (10%) 4 (19%) 0

(atrial fibrillation, atrial tachycardia, and supraventric-
ular arrhythmia) and in 1 patient following RegEx only
(supraventricular tachycardia). In 2 patients, arrhyth-
mias occurred following both AdenoSup and RegEx:
ventricular tachycardia, ventricular extrasystoles, and
‘‘premature ventricular contraction-mediated tachycar-
dia”’ following adenosine, and a ventricular couplet and
pacemaker-mediated tachycardia with RegEx.

The effects of AdenoSup, RegEx, and PIcEx on
ECG intervals were similar. No occurrences of 2nd
degree or higher AV block were observed following
RegEx or PIcEx; one patient developed 2nd degree AV
block following AdenoSup.

Image Quality

Target (heart)-to-background ratios (heart-to-liver,
heart-to-gut, and heart-to-liver 4+ gut) were significantly
higher on the RegEx scans compared to the AdenoSup
scans (Figure 3 and Table 4). The mean (SD) heart-to-
liver ratio of RegEx and AdenoSup amongst the 39
patients undergoing both of these scans was 0.85 (0.34)
and 0.65 (0.26), respectively, P < .001. The comparable
values for the mean heart-to-gut ratio were 1.1 (0.36) vs
0.97 (0.34), P < .001, respectively, and those for the
heart-to-liver 4+ gut ratio were 0.93 (0.26) and 0.72
(0.18), respectively, P < .001. In side-by-side compari-
sons of studies from the 39 patients who received
AdenoSup and were subsequently randomized to RegEXx,
the latter had significantly better overall image quality
(P =.002) and image quality with respect to

subdiaphragmatic interference (P = .004) (Figure 4). A
representative example of the difference in image quality
and target-to background ratios is shown in Figure 5.

Perfusion Defects

Agreement analysis for detection of perfusion
defects appeared to be at least as good with the combined
low-level exercise-regadenoson protocol compared to
the standard resting supine—adenosine approach both on a
per patient basis and on a coronary territory basis (Table 5
and Figure 6). With respect to the number of coro-
nary territories with reversible perfusion defects, the
agreement rate between RegEx and AdenoSup was 20/39
(51%). A total of 13 patients were assessed as showing
more reversible territories with RegEx, and 6 were
assessed as showing fewer (exact sign test P = .17)
(Table 5). The agreement rate for the number of revers-
ible segments between the RegEx and AdenoSup scans
was 13/39 (33%). Compared to AdenoSup, more revers-
ible segments were assessed on RegEx in 17/39 (44%)
patients and fewer reversible segments were assessed in
9/39 (23%) patients (Figure 6).

Patient Tolerability and Comfort

Both RegEx and PIcEx were well tolerated: 59%
and 95% of patients, respectively, reported the tests as
being ‘‘comfortable’” and 41% and 5%, respectively, as
being ‘‘a little uncomfortable’” on a 4-point scale. No
patients reported being very uncomfortable or extremely
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Figure 2. A, Effect of AdenoSup (blue), RegEx (red), and
PIcEx (green) on Heart Rate. Data points shown represent
means + SEM. At 4, 6, 8, 10, 14, and 24 minutes following
the start of exercise (time 0), P-values comparing mean heart
rate during regadenoson administration during exercise
(RegEx) vs placebo (PIcEx) administration during exercise
were <0.05 (AdenoSup time points were slightly different than
those for RegEx and PIcEx; therefore, comparisons at
individual time points were not possible). B, Effect of
AdenoSup (blue), RegEx (red), and PIcEx (green) on Systolic
Blood Pressure. Data points shown represent means + SEM.
P-values for all comparisons between RegEx and PIcEx were
>0.05 at all time points (AdenoSup time points were slightly
different than those for RegEx and PIcEx; therefore, compar-
isons at individual time points were not possible).

uncomfortable. Compared to those receiving AdenoSup,
70% of patients receiving RegEx and 96% of patients
receiving PIcEx felt that the test with exercise was
“‘much better’” or ‘‘somewhat better’’ (Figure 7).

DISCUSSION

We report the results of the first trial combining a
selective adenosine A,, agonist (regadenoson) with
exercise for the purpose of radionuclide myocardial
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Figure 3. Heart-to-background ratios following AdenoSup
(blue) and RegEx (red). Data are from the 39 patients who
underwent adenosine while supine (AdenoSup) and regadeno-
son during lowlevel exercise (RegEx). Data presented are
means + SD. P-values are for differences between AdenoSup
and RegEx (Wilcoxon matched pairs signed ranks test).

perfusion imaging. In this randomized, double-blind,
placebo- and active-controlled study including a large
proportion of elderly patients with pre-existing coronary
artery disease, administration of a regadenoson bolus of
400 mcg during low-level stress testing was both feasi-
ble and well tolerated. Compared to AdenoSup, image
quality overall, heart-to-gut and heart-to-liver ratios, and
side-by-side comparisons of image quality with respect
to subdiaphragmatic interference were significantly
better with RegEx. In addition, agreement analysis
appeared to be at least as good with the combined low-
level exercise-regadenoson protocol compared to the
standard resting supine adenosine approach. Patients
also appeared to tolerate RegEx better than AdenoSup,
based on their questionnaire self-reports and the lower
frequency and diminished severity of adverse events.
The goals of combining low-level exercise testing
with an adenosine agonist pharmacologic MPI agent are
threefold: (1) To increase the tolerability of the phar-
macologic agent by inducing a sympathetic response
with exercise that offsets the hypotensive and other
adverse effects of the adenosine agonists; (2) To obtain
the benefits of exercise on enhancing image quality due
to a greater relative distribution of blood flow to the
heart over the gut and liver; (3) To improve test sensi-
tivity for detecting ischemia. Prior to this pilot trial,
regadenoson had not been administered in conjunction
with exercise. The objective of this study, therefore, was
to assess the feasibility, tolerability, and safety of reg-
adenoson with low-level exercise testing and, as
exploratory endpoints, its effects on image quality,
extent of detectable ischemia, and patient tolerability.
The exercise regimen created for this trial was designed
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Table 4. Target-to-background ratios
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Ratio AdenoSup (N = 39) RegEx (N = 39) RegEx—AdenoSup
Heart to Gut 0.97 1.15 0.18
Heart to Gut + Liver 0.72 0.93 0.21
Heart to Liver 0.65 0.85 0.21

Data are expressed as means.

Percentage of Patienis

|mhetier Bsame Cworse |

Figure 4. Side-by-side comparison of the overall image
quality and image quality with respect to subdiaphragmatic
imaging. Data are from 39 patients who underwent supine
adenosine testing (AdenoSup) and regadenoson with low-level
exercise (RegEx). P-values are for differences between Ade-
noSup and RegEx (Sign test, ignoring the same category).

RegEx
Heart - Gut 1.74

AdenoSup
Heart - Gut 1.16

Figure 5. A representative example of the difference in image
quality and heart-to-gut ratio in the same patient undergoing
adenosine supine myocardial perfusion imaging (AdenoSup)
and low-level exercise with regadenoson (RegEx).

to be one that could be performed by most patients who
would be referred for pharmacologic testing (i.e., those
who would not be expected to achieve 85% or more of
maximum predicted heart rate with exercise) but one
that would still elicit the desired sympathetic response.
The testing was performed at a modest speed (1.7 mph)
and at 0% grade over 4 minutes. Indeed, all the subjects
were able to complete the exercise protocol.

The hemodynamic effects of exercise testing were
as expected: there was a transient modest (non-statisti-
cally significant) mean increase in systolic blood
pressure and a significant increase in mean heart rate
relative to supine pharmacologic-only testing with
adenosine. The combination of regadenoson with low-
level exercise testing increased the mean maximum
heart rate by 16.5 beats per minute over low-level
exercise testing with placebo (440.2 (1.5) bpm on reg-
adenoson vs +23.7 (2.1) bpm on placebo). The heart
rate difference vs placebo declined over time such that
HR following regadenoson was <5 bpm higher than the
pre-exercise baseline by 24 minutes following the study
drug bolus.

The primary limitation of this study is related to the
exploratory endpoints. Specifically, the stress protocols
with adenosine and regadenoson differed on more than
one variable: the pharmacologic stress agent and the
inclusion (or not) of exercise. Given this, it is not pos-
sible to discern whether the differences observed
between AdenoSup and RegEx were due to the exercise,
the drugs, or both. Because this study was primarily
intended to assess safety and not designed to definitively
determine the relative benefits of various dual stress
regimens, this limitation does not detract from the pri-
mary assessment of safety in this trial (i.e., a comparison
between the safety of RegEx with that of PIcEx). The
rationale for the choice of the AdenoSup protocol were
threefold: (1) Adenosine was administered without
exercise to comply with its FDA labeling; (2) The pri-
mary intent of the study was to evaluate the safety of
regadenoson with exercise compared to placebo (the
safety comparison to adenosine was secondary); (3)
Performing a blinded comparison of adenosine with
exercise to regadenoson with exercise would be chal-
lenging given that adenosine requires a short infusion
whereas regadenoson is administered as a bolus injec-
tion. Although a double-dummy design might have been
used, the exercise protocols for the two drugs would
have had to differ. Nevertheless, it does appear that the
benefits of combining low-level exercise with regade-
noson are generally similar to those previously reported
for the combination of adenosine with low-level exer-
cise." A second limitation is that we evaluated only
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between RegEx and AdenoSup studies
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Figure 6. Bland-Altman plot depicting the difference in the number of reversible segments
detected following RegEx and AdenoSup studies with increasing numbers of mean reversible
segments. Segments were counted as showing reversible perfusion defects if the stress score (scale
0 to 4) was greater than the rest score and at least 2. Diamonds above the line of identity signify
more reversible segments when RegEx was performed, below the line when AdenoSup was
performed. The numbers next to the diamonds signify the number of subjects represented by the

diamond.

Table 5. Number of coronary artery territories
with reversible perfusion defects

RegEx
AdenoSup o 1 2 3 All
o 7 5 1 13
1 2 3 7 12
2 2 8 10
3 2 2 4
All o 10 17 3 39

A territory was counted as showing reversible perfusion
defects if the median count of reversible segments across the
three readers was greater than zero. A segment was counted
as reversible if the stress score assigned by the reader was
greater than the rest score and at least 2. Segments that
defined the three coronary territories as follows: Left Anterior
Descending =1, 2, 7, 8, 13, 14, 17; Right Coronary
Artery = 3, 4, 9, 10, 15; Left Circumflex Artery =5, 6, 11,
12, 16.

Segments were counted as showing reversible perfusion
defects if the stress score (scale O to 4) was greater than the
rest score and at least 2.

stable patients (those without recent myocardial infarc-
tion or coronary intervention); therefore, the results from
this study cannot necessarily be extrapolated to patients
with recent acute coronary syndromes. Third, the trial is
relatively small, consistent with its pilot nature. A final
limitation was that the order of testing with respect to
the supine and exercise procedure was always the same.
Performing the AdenoSup study first was necessary to

90 P 0005 86%

Percentage of patients

RegEx (n=39)
[ Much better
E= Somewhat better
Much worse

PlcEx (n=21)
IO About the same
BEH Somewhat worse

Figure 7. Patient preference for RegEx and PIcEx in com-
parison to AdenoSup. Following the exercise test, all 60
patients were asked. How did the exercise test compare to the
test when you were lying down? The P-value is a comparison
of the responses in the RegEx group and PIcEx group
(Cochran—Mantel-Haenszel).

stratify patients so as to ensure balance between the
RegEx and PIcEx arms with respect to the numbers of
patients with reversible and no reversible defects.

In conclusion, this randomized, controlled pilot trial
demonstrated for the first time the feasibility and toler-
ability of administering regadenoson with low-level
exercise. The addition of low-level exercise to regade-
noson appears to provide benefits on image quality,
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patient acceptance, and side effects similar to those
previously reported for imaging protocols in which
exercise is added to adenosine. The safety and utility of
the concomitant use of regadenoson with low-level
exercise requires confirmation in a larger study.
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