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Lessons from regadenoson and low-level
treadmill/regadenoson myocardial perfusion
imaging: Initial clinical experience in 1263

patients

Deborah H. Kwon, MD, Manuel D. Cerqueira, MD, Ron Young, BS,
Penny Houghtaling, BS, Elizabeth Lieber, BS, Venu Menon, MD,
Richard C. Brunken, MD, and Wael A. Jaber, MD

Background. Regadenoson is a pharmacologic stress agent, which was recently approved
for stress myocardial perfusion imaging (MPI). Aside from the initial protocol-driven studies,
clinical experience with this stress agent is limited. Furthermore, low-level treadmill testing in a
large population with regadenoson has not previously been evaluated. We describe our expe-
rience in the first 6 months of routine inpatient and outpatient clinical use.

Methods. Between 7/1/08 and 12/04/08, 1263 patients underwent regadenoson stress testing
(596 with low-level treadmill, 667 supine). Past medical history, clinical symptoms during stress,
and changes in systolic blood pressure were prospectively recorded.

Results. Low-level treadmill testing was well tolerated in our patient population. Shortness
of breath, dizziness, palpitations, transient heart block, and nausea were less frequent when
patients were able to exercise. In our population, 51% experienced a drop in systolic blood
pressure greater than 10 mmHg, with 9% experiencing a decrease in more than 30 mmHg. This
decrease in blood pressure was more common in patients who underwent low-level treadmill
testing vs those that were supine (56% vs 47 %, P-value < 0.001). The frequency of symptoms in
our entire population was as follows: chest pain 35%, dizziness/lightheadedness 16 %, shortness
of breath 27%, headache 1.4%, nausea 2.3%, and palpitations 5%. There were no major
hemodynamic or conduction abnormalities. In the 16% of patients, a history of COPD/Asthma
Regadenoson MPI was well tolerated. There were no procedural deaths.

Conclusion. Regadenoson and Regadenoson combined with low level exercise MPI appear
to be safe and well tolerated. An asymptomatic fall in systolic blood pressure seems to be more
common in patients who undergo low-level treadmill testing. (J Nucl Cardiol 2010;17:853-7.)
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BACKGROUND

As the United States population is aging and
becoming more obese, the percentage of patients who
cannot undergo exercise stress testing due to age or age-
related musculoskeletal disabilities, impaired functional
capacity, and/or respiratory limitations is rising. At our
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institution alone, over 5000 patients underwent pharma-
cologic stress testing in 2007, which comprised almost
two-third of our total patient stress population. Tradi-
tionally, adenosine and dipyridamole have been the
pharmacologic stress agents of choice; however, adverse
effects such as adenosine-induced bronchoconstriction
and varying degrees of heart block often occur.' Adeno-
sine-induced bronchoconstriction is an important
limitation as many as 30% of patients referred for aden-
osine myocardial perfusion imaging (MPI) also carry the
diagnosis of COPD and knowledge of broncho-reactivity
to adenosine is often not known prior to adenosine
administration.”

The selective A,, receptor agonist, regadenoson,
has been studied in several clinical trials and has
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demonstrated non-inferiority for the detection of ische-
mia in comparison to adenosine and has less severe
adverse side effects.'>® However, these trials did not
utilized low-level treadmill exercise and the patients
included in these clinical trials usually do not represent
the “‘typical’’ patients that are referred for myocardial
MPI. Therefore, the experience and outcomes of clinical
trials may not necessarily reflect what occurs in the
clinical settings at large. Clinical trials often recruit
relatively healthy patients, without significant co-mor-
bidities. In these trials, there was <50% history of
myocardial infarction, <35% history of arrhythmia,
<20% history of CHF, and <10% history of COPD or
asthma.">*7® The aim of this study is to report our real-
world clinical experience in 1263 consecutive inpatients
and outpatients using regadenoson alone or in combi-
nation with low-level treadmill exercise.

METHODS

Between 7/1/08 and 12/04/08, 1263 consecutive patients
underwent clinically indicated regadenoson stress testing (596
with low-level treadmill, 667 supine). Past medical history,
clinical symptoms during stress, ECG changes, and changes in
systolic blood pressure were prospectively recorded using a
standardized form. In 201 patients (16%) there was a history of
reactive airway disease (asthma/COPD). Lung exams were
performed to confirm lack of active wheezing prior to regade-
noson administration. The patients’ regadenoson MPI was
canceled if active bronchoconstriction was detected upon lung
auscultation. As per standard clinical practice, patients with
second or third degree atrioventricular heart block without
functional pacemakers were excluded from drug administration.

Imaging Protocols

All images were acquired according to the American
Society of Nuclear Cardiology guidelines using Gated SPECT
single-day or 2-day (depending on body weight) technetium
99m tracer (tetrofosmin) protocols.

Regadenoson Administration

Patients were instructed to discontinue caffeine-contain-
ing products for 24 hours before the test and to hold beta
blockers and nitrates on the morning of the study. As shown in
Figure 1. and in accordance with ASNC guidelines, regade-
noson was administered as a single 400-pg peripheral IV rapid
infusion over 10 seconds followed immediately by a 5-mL
saline solution flush. Tetrofosmin was injected approximately
30 seconds after starting regadenoson and was followed
immediately by a 5 mL saline flush.

Whenever possible, patients performed low-level tread-
mill exercise during the adenosine infusion using the protocol
shown in Figure 2. ECGs were obtained at baseline and every
2 minutes following regadenoson infusion for a total of
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Figure 1. Regadenoson protocol.
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Figure 2. Regadenoson excercise protocol treadmill 0° eleva-
tion at 1.7 mph.

6 minutes or longer in cases with hemodynamic instability.
Horizontal or down-sloping ST segment depression >1 or
up-sloping >1.5 mm at 80 milliseconds after the J point was
considered positive.

SPECT Image Analysis

Stress and rest perfusion images were scored semi-quanti-
tatively using a 17-segment model of the left ventricle using
4DMSPECT software (Ann Arbor, Michigan).9 The global
summed stress score (SSS) and the summed rest score (SRS)
were calculated by adding the scores of the 17 segments in the
stress and resting images, respectively. Each segment was scored
by consensus of two observers using a 5-point scoring system
(0—normal, 1—equivocal, 2—moderate reduction of isotope
uptake, 3—severe reduction of uptake, and 4—absence of
detectable tracer uptake in a segment). When a segment dem-
onstrated a lower score on either supine or prone imaging than in
the other position, the lower score was assigned to that segment.
On the basis of the number and severity of segments with scores
2, the observers judged the study results as normal, probably
normal, equivocal, probably abnormal, or definitely abnormal. '
To further define the study results as normal or abnormal, the
SSS was considered, from the addition of the scores of the 17
segments of the stress 99mTc-sestamibi images. After automatic
reorientation,” gated short-axis images were processed using
quantitative-gated SPECT software, and the EF was automati-
cally calculated. The mitral valve plane was manually corrected
when necessary.'!

Statistical Analysis

Continuous data are expressed as mean + standard devia-
tion, with median, 15th and 85th percentile values (comparable
to one standard deviation). Wilcoxon rank sum tests were used to
analyze group differences for the continuous data.
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RESULTS

The baseline characteristics of the study population,
as well as the population divided into those who under-
went low-level treadmill exercise and those who were
supine during regadenoson administration, are listed in
Table 1. The mean age of the total study population was
66.5 £ 12.5 years, with a mean BMI of 30.2 + 7.35, and
43% were female. Those who underwent low-level
treadmill testing were significantly younger (64.5 + 11.3
vs 68.3 + 13.2, P-value < 0.0001) and less often female
(37% vs 48%, P-value < 0.001). The prevalence of end
stage renal disease (ESRD) was 3.6% (45/1263). There
was a significantly higher prevalence of diabetes, con-
gestive heart failure, COPD/asthma, complete heart
block, atrial fibrillation, and sick sinus syndrome in the
patients who underwent supine testing without exercise.

In regards to hemodynamic response, the mean
maximum heart rate of the total study population was
97 £ 19.1 bpm. As expected the mean maximum heart
rate in the low-level treadmill group was significantly
higher in comparison to the supine group (104 + 18.6 vs
90.8 + 17.4, P-value < 0.001). Nearly half of the entire
study population experienced a decrease in systolic blood
pressure greater than 10 mmHg, with 9% experiencing a
decrease in more than 30 mmHg. Furthermore, there was
a significant difference in blood pressure response
between the two groups. Relative hypotension was sig-
nificantly more frequent in the low-level treadmill group
as compared to the patients who were supine during reg-
adenoson administration (56% vs 47%, P-value < 0.001).

Table 1. Baseline characteristics
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The frequency of symptoms associated with regad-
enoson administration for the entire population was as
follows: chest pain 35%, dizziness/lightheadedness 16%,
shortness of breath 27%, headache 1.4%, nausea 2.3%,
and palpitations 5%. Transient heart block was noted in
only .2% of the entire population. The patients who
underwent low-level treadmill testing were significantly
less likely to report symptoms of dizziness, shortness of
breath, nausea, and palpitations (see Table 2). Regade-
noson administration was well tolerated, with only 1.3%
receiving aminophylline for severe chest pain, shortness
of breath, or heart block. There was no increased fre-
quency of shortness of breath in the patients with COPD/
asthma (201 patients, 16%). In our study, 96 patients
(7.6%) had reactive airway disease (asthma), and 105
patients (8.3%) had COPD (frequency of reactive airway
disease in these patients was not documented).

The MPI findings of the entire population as well as
the population divided into the low-level treadmill
exercise and supine groups during regadenoson admin-
istration are listed in Table 3. There was a trend toward
significant difference between the groups in terms of
overall test impression: 35% of the tests were considered
abnormal in the entire study population, whereas 33%
were considered abnormal in the low-level treadmill
exercise group, and 37% in the supine group were
considered abnormal (P-value = 0.067). There was no
significant difference between the groups in terms of
SRS, SSS, and summed difference score. However, the
patients who underwent supine regadenoson MPI had a

Total Treadmill Supine

N = 1263 N = 596 N = 667 P-value
Age 66.5+ 125 645+ 11.3 68.3 +13.2 <0.0001
BMI 30.2 £+ 7.35 298 + 6.18 30.6 + 8.25 0.62
Female 540 (44%) 220 (37%) 320 (48%) <0.0001
Diabetes 436(35%) 176 (30%) 260 (39%) 0.0004
Current smoker 172 (14%) 89 (15%) 83 (12%) 0.2
Hypertension 1061 (84%) 498 (84%) 563 (84%) 0.68
Congestive heart failure 184 (15%) 54 (9.1%) 130 (19%) <0.0001
Sleep apnea 86 (6.8%) 36 (6%) 50 (7.5%) 0.31
ESRD 45 (3.6%) 24 (4%) 21 (3.2%) 0.4
CcorPD 105 (8.3%) 35 (5.9%) 70(10%) 0.003
Asthma 96 (7.6%) 44 (7.4%) 52 (7.8%) 0.78
Coronary artery disease 629 (50%) 308 (52%) 321 (48%) 0.21
Peripheral vascular disease 110 (8.7%) 43 (7.2%) 67 (10%) 0.1
Complete heart block 21 (1.7%) 2 (0.3%) 19 (2.8%) 0.0005
Second degree heart block 3 (0.18%) 0 (0%) 3 (0.45%) 0.1
Atrial fibrillation/flutter 263 (21%) 107 (18%) 156 (24%) 0.024
Sick sinus syndrome 24 (1.9%) 2 (0.3%) 22 (3.3%) 0.0001
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Table 2. Hemodynamic changes and common symptoms
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Total Treadmill Supine
N = 1263 N = 596 N = 667 P-value
>10 mmHg drop in systolic BP 643 (51%) 331 (56%) 312 (4%7) 0.0019
>30 mmHg drop in systolic BP 114 (9%) 69 (12%) 45 (6.7%) 0.0028
Maximum heart rate 97 + 19.1 104 + 18.6 90.8 +17.4 <0.0001
Chest pain 438 (35%) 194 (33%) 244 (37%) 0.42
Dizziness 198 (16%) 74 (12%) 124 (19%) 0.04
Shortness of breath 346 (27%) 135 (23%) 211 (32%) 0.0092
Headache 18 (1.4%) 4 (0.67%) 14 (2.1%) 0.089
Nausea 29 (2.3%) 7 (1.2%) 22 (3.3%) 0.031
Palpitations 63 (5%) 44 (6.7%) 244 (37%) 0.021
Transient AV block 3 (0.24%) 2 (0.34%) 1 (0.15%) 0.5
Aminophylline use 16 (1.3%) 4 (0.67%) 12 (1.8%) 0.07
Table 3. MPI test results in all groups
Total Treadmill Supine
N = 1263 N = 596 N = 667 P-value
Test impression
Abnormal 412 (35%) 181 (33%) 231 (37%) 0.067
Equivocal 11 (0.9%) 8 (1.4%) 3 (.5%)
Normal 750 (63%) 366 (66%) 384 (62%)
SRS 3.52 + 7.31 29 +6.18 4.08 + 8.16 0.067
SSS 4.43 + 7.87 3.78 + 6.87 5.01 + 8.64 0.072
Summed difference score 1.23 + 2.97 1.13 £ 2.79 1.33 +3.12 0.23
Stress EF 61 +15.3 63.1 £+ 135 59.1 + 16.4 0.0002
Stress ESV 46 + 52.2 39.9 + 41 51.5 + 59.9 0.024

significantly decreased stress EF and increased stress
ESV (P-values of 0.0002 and 0.024, respectively).

DISCUSSION

In our real-world clinical setting, regadenoson
appears to be a safe and well tolerated. In our patient
population, although 20% identified themselves as
having reactive airway disease, aminophylline admin-
istration was necessary in 1.3% of our patients. Adverse
effects such as chest pain and dyspnea was comparable
between our population and what has been previously
reported in the literature with regadenoson administra-
tion.>***12 In our study, regadenoson administration in
patients with known reactive airway disease (asthma)
and COPD was safe if the lung exam was normal prior
to MPI. Headaches were less common then in prior
reports. Shortness of breath, dizziness, palpitations,
transient heart block, and nausea seem to be less fre-
quent when patients are able to exercise. We

acknowledge that the patients who underwent low-level
treadmill exercise regadenoson MPI had few co-mor-
bidities, which may also contribute to the less frequent
symptom profile. A prospectively designed trial which
randomizes patients into the low-level treadmill vs
supine regadenoson MPI would help to distinguish if
exercise alone helps to diminish the side effects. A
significant fall in BP seems to be more common in
patients who exercise. This incremental drop in blood
pressure did not correlate with symptoms and may be
related to positional hypotension with a relatively
dehydrated fasting population. In the recent RegEx trial,
which included 60 patients, there were no differences in
blood pressure response between the 39 patients who
received regadenoson vs the 21 patients who received a
placebo while undergoing low-level treadmill testing.'?
However, this was a small study and did not evaluate
the differences between patients who underwent reg-
adenoson treadmill testing vs those who underwent
regadenoson administration while supine.
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Previous studies have demonstrated that highly
selective (specific) Ajs-agonists augment myocardial
blood flow also without inducing AV block, broncho-
spasm, dyspnea, chest and jaw pain, flushing, or
significant hypotension.'>'* Furthermore, regadenoson
has been shown to effectively induce ischemia as a single
fixed unit bolus in patients, regardless of age, gender, body
mass index, or diabetes.” However, in the clinical trials
patients still experienced these adverse effects with reg-
adenoson administration.>® This may be due to the dose-
dependent receptor subtype selectivity of regadenoson,
and the side effects observed may be a result of reduced
selectivity for A, receptors at the currently approved
dose. Furthermore, chest pain, dyspnea, flushing, and
headaches may not be a result of solely A, receptor
activation as previously thought'® but, may also be med-
iated by sympathetic stimulation. Previous studies have
also demonstrated regadenoson’s effect on the sympa-
thetic system.'®'” Other side effects such as high-degree
(second or third) AV block were rare, consistent with prior
experimental studies.'®" In contrast, the reported inci-
dence of second- or third-degree AV block with adenosine
(140 pg kg~ min~" with a 6-minute infusion) is 4-5%.°

CONCLUSIONS

In a routine clinical setting, Regadenoson and
Regadenoson combined with low level exercise MPI are
safe and well tolerated. Shortness of breath, dizziness,
palpitations, transient heart block, and nausea are less
frequent when patients are able to exercise. An asymp-
tomatic fall in BP seems to be more common in patients
who undergo low-level treadmill testing.
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