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Abstract: Stress testing is challenging in patients with chronic obstructive pulmonary disease
(COPD). Functional capacity is generally decreased in this patient population, limiting patients’
ability to achieve physiologic stress through exercise. Additionally, due to emphysematous
changes, COPD patients tend to have poor acoustic windows that impair the quality and there-
fore diagnostic accuracy of stress echocardiography techniques. Pharmacologic stress myocar-
dial perfusion imaging (MPI) testing is also problematic, particularly due to the concern for
adenosine-induced bronchoconstriction with conventional vasodilator stress agents. Regadenoson,
aselective A, adenosine receptor agonist, has gained popularity due to its ease of administration
and improved patient experience in the general population. The literature describing the experi-
ence with regadenoson in COPD patients, though limited, is rapidly growing and reassuring.
This review summarizes the pharmacology and clinical application of this novel stress agent and
presents the available data on the safety and tolerability of its use in COPD patients.
Keywords: chronic obstructive pulmonary disease, COPD, regadenoson, myocardial perfusion
imaging, safety, tolerability, asthma, emphysema

Introduction

Since chronic obstructive pulmonary disease (COPD) and coronary artery disease
have overlapping symptoms and share the risk factor of cigarette smoking, it is not
uncommon for COPD patients to undergo cardiac stress testing. A contemporary
study found that approximately 30% of patients undergoing adenosine myocardial
perfusion imaging (MPI) for the evaluation of ischemic heart disease had a diagnosis
of COPD based on medical history alone.! However, stress testing in COPD patients
poses a particular challenge. First, patients’ compromised functional capacity due to
underlying lung disease tends to be an impediment to reaching an adequate exercise
level; this limitation leaves most practitioners with the option of using pharmacologic
stress agents as an adjunct to echocardiographic or MPI modalities. Furthermore,
these patients tend to have poor acoustic windows due to emphysematous changes
that impair the quality and therefore diagnostic accuracy of stress echocardiography
techniques. Thus, from the imaging perspective, MPI with single-photon emission
computed tomography or positron emission tomography is an attractive alternative. The
preferred pharmacologic stress agents with MPI are coronary vasodilators in the form
of direct or indirect adenosine agonists.>* However, due to a concern for adenosine-
induced bronchoconstriction, the conventional vasodilator stress agents, adenosine and
dipyridamole, are contraindicated in patients with bronchospastic disease and are to
be “used with caution” in patients with COPD.>* Dobutamine, a beta-receptor agonist,
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is considered safe in COPD patients. Unfortunately, it is less
effective at increasing coronary blood flow, associated with
a higher incidence of adverse events, requires more time for
protocol completion, and is therefore considered an inferior
MPI stress agent.>>”’

The US Food and Drug Administration’s 2008 approval of
regadenoson, a selective A, adenosine receptor agonist, as a
vasodilator stress agent has shifted the landscape of vasodila-
tor MPI. In a short timeframe, regadenoson has become the
vasodilator of choice in approximately 80% of stress labora-
tories in the USA.# Not only has its fixed (weight-unadjusted)
bolus dosing, short half-life, and safety profile added to
its popularity, but also phase III clinical trials showed that
patients reported a more favorable experience when com-
pared with adenosine.”!! How far the improved safety and
tolerability of regadenoson can be extrapolated to COPD
and asthma patients is not readily defined. Less than 10% of
patients included in the phase III trials studying regadenoson
had COPD or asthma, and clinical trial participants tend to
be healthier than the general patient population referred for
myocardial MPI.!? Furthermore, post-marketing experience
has reported respiratory arrest, dyspnea, and wheezing fol-
lowing regadenoson administration, and the package insert
for regadenoson (Lexiscan® in the USA [Astellas Pharma
US; Northbrook, IL, USA] and Rapiscan® in Europe [Rap-
idscan Pharma Solutions EU Ltd; London, UK]) instructs
practitioners to “use with caution” in patients with COPD and

asthma.* Also, since the concern for severe bronchospastic
reactions associated with other vasodilator agents is in recent
memory, the use of regadenoson in this patient population is
met with some apprehension."* The aim of this review is to
present the pharmacology and clinical use of regadenoson
and to review available data on the safety and tolerability of
its use in COPD patients.

Regadenoson as a vasodilator

stress agent

Vasodilator stress MPI detection of coronary artery disease
is based on the heterogeneity of radioisotope uptake in
myocardium being supplied by significantly diseased versus
non-diseased coronary arteries. With the administration of
vasodilator agents, normal coronary arteries have a three- to
five-fold augmentation of myocardial blood flow (MBF),
while coronary arteries with fixed stenoses have limited
increases in MBFE.!* The disparity in coronary blood flow
between normal and diseased coronary arteries leads to non-
homogeneity in radioisotope uptake between the myocardial
territories supplied by these arteries, resulting in perfusion
defects detected by a scintillation camera.'*

One of the main functions of adenosine, an endogenous
substance found in all cells, is to regulate blood flow in vari-
ous vascular beds. All vasodilator stress agents used with
MPI act as direct (regadenoson and adenosine) or indirect
(dipyridamole) agonists of the adenosine receptor, of which
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Figure | Adenosine receptor subtypes, mechanisms of action, and clinical effects.

Note: Springer and | Nucl Cardiol, 17, 2010, 494-497, The emerging role of the selective A2A agonist in pharmacologic stress testing, Gemignani AS, Abbott BG, Figure 1.2

With kind permission from Springer Science and Business Media.

Abbreviations: ATP, adenosine triphosphate; cAMP, cyclic adenosine monophosphate.
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there are four subtypes: A, A ,, A ., and A, (Figure 1).
For the purposes of vasodilator stress MPI, the desired
effect of coronary vasodilation is mediated primarily, but
not exclusively, through activation of the A, , receptors found
in the coronary vascular wall. Receptor agonism stimulates
adenylate cyclase causing an increase in production of cyclic
adenosine monophosphate, which results in decreased sar-
colemmic calcium uptake and subsequent smooth muscle
relaxation.>'” However, the undesired effects of these agents
result from the fact that all adenosine agonists activate, to
different degrees, other adenosine receptor subtypes at rec-
ommended clinical doses, which can result in atrioventricular
block (A, receptor), peripheral vasodilation (A, receptor),
and bronchoconstriction due to mast cell degranulation
and immunoglobulin E and histamine release (A,, and
A, receptors), as shown in Figure 1."'*

Regadenoson, in preliminary in vitro and animal studies,
exhibited high A, receptor selectivity and potency but low
affinity, all properties of an ideal vasodilator stress agent.
Regadenoson is 100 times more potent than adenosine at
the A, receptor and has a greater affinity and selectivity
at the A,, receptor site than the other adenosine receptor
subtypes.'*171° Gao et al*® found that regadenoson has an
affinity at the A, receptor that is 13 times higher than its
affinity at the A, receptor, which manifests in its ability to
induce coronary vasodilation (A, receptor) without slowing
conduction through the atrioventricular node (A receptor) in
isolated rat hearts. Furthermore, regadenoson has minimal
activity at the A, and A, receptors, the sites responsible for
adenosine-induced bronchoconstriction.?’ Regadenoson also
exhibits low receptor affinity, defined as the ratio of the rate of
drug dissociation to the rate of drug association. In a vascular
bed with a large receptor reserve such as the coronary arteries,
this property allows regadenoson to exert potent and rapid
vasodilation while having a short duration of action.!*!%20
Notably, the advantageous features of regadenoson are not at
the expense of impaired vasodilatory ability when compared
with adenosine. Two preliminary studies using dog models
showed that an intravenous bolus of regadenoson was com-
parable to an intravenous infusion of adenosine in causing a
dose-dependent decrease in coronary vascular resistance and
increase in MBF, with the effect lasting longer in the regade-
noson group (97 versus [vs] 24 seconds; P<<0.01).'6!"

These promising preliminary findings were confirmed in
the clinical setting in phase I1I, Adenosine versus Regadeno-
son Comparative Evaluation in Myocardial Perfusion Imag-
ing (ADVANCE MPI) trials (1 and 2), which were designed as
randomized, double-blinded, non-inferiority studies enrolling

more than 2,000 patients from over 100 sites.'*!"*! The results
demonstrated that regadenoson was non-inferior to adenosine
in the detection of myocardial ischemia for all patients while
having improved overall tolerability. Of note, both regade-
noson and adenosine groups were similar in their reporting
of subjective dyspnea (28% vs 26%), and the regadenoson
group actually reported more headache and gastrointestinal
discomfort but fewer symptoms of flushing. However, the
regadenoson group had lower combined symptom scores
and reported a more favorable experience than the adenosine
group.?! The findings of these pivotal trials led to the approval
of regadenoson as a vasodilator stress agent in April 2008 in
the USA and subsequently in Europe in September 2010.

Pharmacokinetics
Regadenoson is a 2-[N-1-(4-N-methylcarboxamidopyrazolyl)]
pyrazole adenosine derivative (Figure 2).? It is administered
as a single 400 mcg intravenous bolus dose delivered over
10 seconds followed by a 5 mL saline flush. The radiotracer
is administered 30 seconds after the regadenoson bolus.?
Regadenoson can be administered as an intravenous bolus
rather than a continuous infusion because, unlike adenosine,
it is not metabolized by the cell membrane nucleoside trans-
porter or by the plasma adenosine deaminase.?* The phar-
macokinetics of regadenoson follows a three-compartment
model.”® The maximal plasma concentration of regadenoson
is achieved within 1-4 minutes after intravenous bolus
injection; the half-life of this initial phase of the onset of
pharmacodynamic response is approximately 2—4 minutes.
The subsequent intermediate phase has an average half-life
of 30 minutes, during which the pharmacodynamic effect is
lost. The plasma concentration declines during the terminal
phase, which has a half-life of approximately 2 hours.?
The central compartment volume of distribution is
11.5 L, and the steady state volume of distribution is 78.7 L
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Figure 2 Regadenoson molecule.
Note: Reproduced with permission from Astellas Pharma; US Lexiscan Product
Monograph. 2012.22
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with an estimated clearance of 37.8 L/h.'"* Regadenoson’s
volume of distribution, terminal half-life, and excretion are
dose independent. Renal excretion accounts for 58% of total
regadenoson elimination.”2¢ Though decreasing renal func-
tion prolongs the elimination half-life of a single intravenous
bolus of 400 mcg of regadenoson, its maximal plasma con-
centration and severity and number of adverse side effects
are not affected significantly.!* Therefore, dose adjustments
are unnecessary in patients with impaired renal function,
and regadenoson has been shown to be safe in patients with
chronic kidney disease, including those with end-stage renal
disease on hemodialysis.!#?7-30

Safety and tolerability
of regadenoson in COPD patients

Two pilot studies were conducted to investigate the safety of
regadenoson in COPD and asthma patients.'?! The RegCOPD
study was a randomized, double-blinded, placebo-controlled,
crossover trial in which patients with moderate (n=38) or
severe (n=11) COPD were studied.! At baseline, these patients
had significantly compromised lung function, with 37% of
patients having dyspnea during activities of daily living.
Notably, patients receiving glucocorticoids or oxygen and
those with pretreatment wheezing were included. Short-acting
bronchodilators were withheld for at least 8 hours before the
stress study. There were no differences between regadenoson
and placebo on repeated measurements of forced expiratory
volume in 1 second (FEV)), forced vital capacity (FVC),
respiratory rate, pulmonary examinations, and oxygen satu-
ration at pre-specified time intervals up to 120 minutes post-
regadenoson or placebo administration. The mean maximum
decline in FEV, was 0.11£0.02 L and 0.12+0.02 L (P=0.55)
in the regadenoson and placebo groups, respectively. Figure
3 illustrates the changes in FEV, and FVC in patients who
received regadenoson versus placebo. New-onset wheezing
was noted in 6% and 12% of the regadenoson and placebo
groups, respectively (P=0.33). Bronchoconstrictive reac-
tions, defined as a >15% reduction in FEV, from baseline,
were clinically silent and occurred in 12.2% and 6.1% of
the regadenoson and placebo groups, respectively (P=0.31).
Dyspnea was reported in 61% of patients in the regadenoson
group and in 0% of patients in the placebo group and was not
related to a decline in FEV | or other objective findings. No
patient required treatment with bronchodilators or oxygen.!
Similarly, in the RegAsthma study, a randomized, double-
blinded, placebo-controlled, crossover study of 48 subjects
with mild or moderate asthma who demonstrated bronchial
reactivity to adenosine monophosphate, Leaker et al*! found

that mean FEV | in the regadenoson group was not statisti-
cally different from the placebo group at any of the scheduled
assessments up to 120 minutes post-dose. There was no
statistically significant difference in quantitative bronchoc-
onstrictive reactions experienced between study and placebo
groups. Furthermore, bronchoconstrictive reactions observed
were not associated with pulmonary adverse events, serious
adverse events, or study termination.?' These two pilot studies
demonstrated the overall safety of regadenoson in clinically
stable patients with mild to moderate asthma and moderate
to severe COPD, thus clinically supporting the hypothesis
that regadenoson does not elicit bronchoreactivity due to its
selective action on the A, receptor.'

Following the results of these small pilot studies,
Husain et al*? attempted to assess the safety of regadenoson
in a larger number of unselected patients with underlying lung
disease. In this retrospective study of consecutive patients
referred for clinically indicated regadenoson stress MPI,
the authors identified 228 patients with COPD (n=126) and
asthma (n=102) and compared them with 1,142 consecutive
patients without underlying lung disease. Patient outcomes
were defined as any COPD or asthma exacerbations leading
to treatment, hospitalization, or death at 24 hours and 1 week
after regadenoson administration based on electronic medi-
cal record documentation. According to these definitions,
there was 0% incidence of clinical exacerbation of COPD
or asthma after regadenoson MPI. COPD patients had more
non-significant arrhythmias (58.3% vs 43%; P=0.004)
than patients without COPD or asthma, but the majority of
these arrhythmias were premature atrial and/or ventricular
complexes, with only two brief self-terminating episodes of
supraventricular tachycardia. There was 0% incidence of any
atrioventricular block.3> While these findings are consistent
with data from the pilot studies, they should be weighed
with the limitations that are inherent in identifying adverse
events by chart review. While some patients in the COPD
or asthma group had documented pulmonary function tests
consistent with these diagnoses, self-declaration of COPD
or asthma history was alone sufficient to be included in the
study group. Furthermore, severity of COPD/asthma was
not defined, and adverse outcomes were noted only if they
were severe enough to have warranted a documented clinical
encounter or death. Though the study cohort was described
as comprising unselected, consecutive patients with COPD
or asthma undergoing regadenoson stress MPI, these patients
were, in effect, preselected by practitioners who deemed their
underlying lung disease stable enough for regadenoson to be
safely administered.
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Figure 3 Mean FEV| and mean FVC changes following regadenoson.
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a selective adenosine A2A agonist, in patients with chronic obstructive pulmonary disease: a randomized, double-blind, placebo-controlled trial (RegCOPD trial), Thomas GS,
Tammelin BR, Schiffman GL, et al, Figures 2 and 3.' With kind permission from Springer Science and Business Media.

Abbreviations: FEV , forced expiratory volume in | second; FVC, forced vital capacity.
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Although the retrospective study by Husain et al®
reported including some patients who performed adjunctive
low-level exercise when possible, they did not report the
experiences of these patients separately. Combination
testing with low-level exercise (1.7 mph, 0% grade) is
recommended by the American Society of Nuclear Car-
diology practice guidelines based on data that has shown
that low-level exercise during adenosine MPI appears to
decrease adverse effects, improve patient acceptance and
image quality, and may increase the sensitivity for detect-
ing perfusion defects.®** In order to further investigate the
role of combination testing in patients with underlying lung
disease, Garcia et al’ conducted an observational study of
116 unselected patients with mild/moderate COPD (n=67)
or asthma (n=49) who underwent pharmacologic stress MPI
with regadenoson in combination with low-level treadmill
exercise. There was a higher incidence of dyspnea in COPD
than in asthma patients (40.3% vs 22.4%; P<<0.05), while
asthma patients reported more headache and feeling hot
(6% vs 18.4% and 10.4% vs 26.5%, respectively; P<<0.05).
Adverse events were self-limited, except in three patients who
suffered persistent dyspnea (2 of 67 COPD patients; 1 of 49
asthma patients) requiring theophylline administration.> Of
note, the inclusion of COPD or asthma patients was based
on medical history, and patients with severe COPD/asthma
or active bronchoconstriction based on physical exam were
excluded. The study demonstrated the feasibility of com-
bined low-level exercise in patients with COPD or asthma
and suggested that the frequency of dyspnea with this stress
technique was similar to other published series without
adjunctive low-level exercise. Few other conclusions can
be drawn from this study regarding the role of regadenoson
stress with low-level exercise in patients with COPD/asthma
since the study cohort was not compared with patients who
did not participate in low-level exercise or those who did not
have underlying lung disease.

Additional information regarding regadenoson stress with
low-level exercise can be drawn from a subgroup analyses of
a study by Kwon et al'> who analyzed data from 1,263 patients
who underwent clinically indicated MPI with regadeno-
son with (n=596) and without (n=667) low-level exercise.
Of these patients, 105 had COPD and 96 had asthma. Other
than the fact that patients with active wheezing were excluded,
the severity of underlying lung disease was not defined, and
inclusion was based on medical history alone. In the entire
study population, the most frequently reported symptoms
were chest pain (35%) and dyspnea (27%), and COPD/
asthma patients experienced dyspnea at a rate similar to that

of their counterparts without lung disease.!? Participants
who underwent low-level treadmill testing were significantly
less likely to report symptoms of dyspnea (23% vs 32%;
P=0.009), though results were not reported separately for
COPD/asthma patients. Of note, there were fewer COPD
patients in the low-level treadmill group, and generally, the
patients who were able to participate in low-level exercise
were younger and had fewer co-morbidities which could
have contributed to their experiencing fewer adverse events.
Due to the limited data available from these two studies, the
question as to whether the addition of low-level exercise
could attenuate the adverse effects of regadenoson in COPD
patients remains unanswered.'?

Further inference regarding the safety and tolerability of
regadenoson stress in patients with COPD and asthma can
be drawn from the Attenuation of the Side Effect Profile of
Regadenoson with Aminophylline in Patients Undergoing
Myocardial Perfusion Imaging (ASSUAGE and ASSUAGE-
CKD) trials by Doukky et al.””-*® These were double-blinded,
placebo-controlled clinical trials that evaluated the efficacy
of intravenous administration of 75 mg of aminophylline
(adenosine receptor antagonist) versus placebo injected
approximately 2 minutes following regadenoson stress in
reducing the incidence and severity of regadenoson-related
adverse effects. The trials were identical in their design,
methods, and inclusion and exclusion criteria, except that
the ASSUAGE-CKD trial (n=300) was limited to patients
with glomerular filtration rate <30 mL/min/1.73m? (chronic
kidney disease stage 4, 5, and end-stage renal disease),
while the ASSUAGE trial (n=248) was open for all-comers
regardless of kidney function.?’*® The pooled database of
both trials (n=548) included 67 (12%) patients with COPD
(n=23) or asthma (n=44).27® Notably, the patients enrolled
in these trials were referred for clinically indicated MPI,
thus they were deemed to be appropriate for regadenoson
stress by their physicians. Although these studies were not
primarily designed to investigate the effect of regadenoson
in patients with COPD/asthma, dyspnea and bronchospasm
were predefined endpoints in these trials and documented
prospectively at the end of the stress MPI encounter and
again 24 hours later. In the pooled database of both tri-
als, the incidence of dyspnea among the 67 patients with
COPD/asthma had a slightly higher trend than those without
COPD/asthma but was not statistically different between
patients with and those without COPD/asthma (12% vs 8%;
P=0.49). Moreover, none of the patients with or without
COPD/asthma in these trials had bronchospastic events
requiring treatment with bronchodilators or non-protocol
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intravenous aminophylline. Patients with COPD/asthma who
were randomized to receive aminophylline had fewer events
of dyspnea than those who received placebo (12% vs 20%),
but the difference was not statistically significant (P=0.39).
Also, among patients with COPD/asthma, the incidence of
dyspnea was not increased among patients with versus with-
out end-stage renal disease (P=0.21). These analyses were
performed solely for the purpose of this review and were
not reported in the original reports from these trials.?”-?® It
is important to note that the COPD/asthma subgroup in the
ASSUAGE and ASSUAGE-CKD trials is underpowered to
draw definitive conclusions regarding the safety and toler-
ability of regadenoson. However, these data support findings

from other published reports presented in this review.
Additionally, despite an apparent trend, these trials are not
sufficiently powered to determine whether aminophylline
administration following regadenoson can improve toler-
ability among patients with COPD/asthma. This question
remains open for future research.

Though the results of these pilot trials, observational
studies, and subgroup analyses from larger trials are promis-
ing regarding the safety and tolerability of regadenoson in
COPD and asthma patients, there has been only one phase [V
clinical trial that has addressed this question. Prenner et al'®
conducted a prospective, randomized, double-blinded,
placebo-controlled trial assessing the safety of regadenoson

Table | Studies evaluating safety and tolerability of regadenoson in chronic obstructive pulmonary disease/asthma patients

Study Design Severity/type of lung Respiratory Conclusion
disease® parameters
Thomas et al' Prospective, randomized, Moderate COPD, n=38 FEV,, FVC,RR, O, Subjective dyspnea more common

Leaker et al®'

Husain et al*

Garcia et al®

Kwon et al'?

Doukky et al*"?®

Prenner et al'®

double-blinded, placebo-
controlled, crossover

Prospective randomized,
double-blinded, placebo-
controlled, crossover

Retrospective

Prospective, observational
(regadenoson + low-level
exercise)

Prospective, observational
(regadenoson + low-level
exercise)

Prospective, randomized,
double-blinded,
aminophylline versus placebo
following regadenoson

Prospective, randomized,
double-blinded, placebo-
controlled

Severe COPD, n=11

Mild/moderate asthma,
n=48

COPD, n=126
Asthma, n=102

Mild/moderate COPD,
n=67
Asthma, n=49

COPD, n=105
Asthma, n=96

COPD, n=23
Asthma, n=44

COPD,* n=316
Asthma, n=356

saturation, pulmonary
examinations

FEV

Exacerbations
leading to treatment,
hospitalization, or death

Reported symptoms

Reported symptoms

Reported symptoms,
clinical bronchospasm,
hospitalization

FEV,, FVC, FEV IFVC, O,
saturation

with regadenoson

No significant decline in FEV/
or other objective spirometric
parameters

No difference in quantitative
bronchoconstrictive
parameters between
regadenoson and placebo

No events of clinical
exacerbation at 24 hours and
| week after regadenoson

COPD patients experienced more
dyspnea than asthma patients
Frequency of subjective dyspnea
was similar to other published
studies without adjunctive low-
level exercise

Less dyspnea reported with
patients who underwent adjunctive
low-level exercise

No significant difference in reported
dyspnea between COPD/asthma
patients and those without lung
disease or in COPD/asthma
patients with or without ESRD

No reported bronchospastic
reactions

Subjective dyspnea was more
common in the regadenoson group
No significant decline in FEV/

or other objective spirometric
parameters

Notes: *Number of patients with underlying lung disease who received regadenoson; °FEV/FVC <0.7; ‘reasonably well-controlled asthma (FEV, =60% predicted), unchanged
symptom frequency and severity within the prior 30 days.
Abbreviations: COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; FEVI, forced expiratory volume in | second; FVC, forced vital capacity;

RR, respiratory rate.
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in subjects with COPD or asthma. COPD was defined by an
FEV /FVC ratio <0.70; though patients from all severity
strata were included, the state of their underlying lung disease
had to be relatively stable. The frequency and severity of
symptoms had to be unchanged within 30 days prior to the
study, and asthmatic subjects had to have an FEV, =60%
predicted. A total of 999 patients with coronary disease or
risk factors were randomized to receive regadenoson (n=672)
or placebo in a 2:1 fashion with subsequent serial pulmonary
function tests and clinical assessment at predefined time
intervals up to 24 hours after study drug administration. The
rate of bronchoconstriction, defined as a >15% decrease in
FEV,, from baseline to any post-baseline assessment up to
24 hours after regadenoson administration was not statisti-
cally significantly different between the regadenoson and the
placebo groups in the asthma or COPD subgroups, regard-
less of severity. Other pulmonary function parameters such
as FVC, FEV /FVC, and arterial oxygen saturation also did
not differ between the study groups. The most frequently
reported adverse respiratory event was dyspnea, which
occurred with higher incidence in the regadenoson than the
placebo group, in both asthma (10.7% vs 1.1%) and COPD
(18.0% vs 2.6%) subgroups (P<<0.0001). No subjects experi-
enced severe bronchoconstriction, and only one regadenoson
patient received aminophylline for bronchospasm.'® Notably,
although the study cohort represents a wide range of asthma
and COPD severity, only participants with stable lung disease,
without any medication changes or exacerbations within 1
month prior to study drug administration, were included.
The findings of this study are consistent with the conclusions
of the RegCOPD and RegAsthma pilot studies, suggesting
that although COPD and asthma patients may have a higher
incidence of subjective dyspnea, this does not correlate with
quantitatively defined bronchoconstriction.

Discussion

While regadenoson has become the vasodilator stress agent
of choice and has streamlined and simplified stress protocols
in many nuclear stress laboratories, the adverse effect of
dyspnea is still experienced by many patients, and even more
so by those with COPD and asthma. While patients and prac-
titioners should anticipate this symptom, several studies have
shown that the subjective experience of dyspnea is not corre-
lated with and is not caused by bronchoconstriction. Available
data from observational studies as well as controlled clinical
trials, as summarized in Table 1, indicate that the use of
regadenoson in patients with mild to moderate asthma and
mild to moderate COPD is safe. The current data in patients

with severe COPD, while limited, are reassuring and indicate
that regadenoson is probably safe, particularly in those with
stable lung disease. Clinical data are limited in COPD patients
who require 24-hour/day home oxygen administration, have
previously been intubated for respiratory failure, or have had
recent exacerbations or required uptitration of their medica-
tion regimen within a 1-month period; regadenoson should
therefore be used with caution in this patient population.
Similarly, regadenoson has not been studied in patients with
severe bronchial asthma (FEV, <60%); thus, it should be
avoided in these patients at this time.

Potential targets for future research
Additional data from larger cohorts with severe COPD are cer-
tainly needed. The question as to whether low-level exercise
or intravenous aminophylline could attenuate the adverse
effects of regadenoson in COPD patients remains unanswered
and constitutes great grounds for future research.

Conclusion

Regadenoson pharmacologic stress for MPI has been dem-
onstrated to be safe to use in patients with mild to moder-
ate COPD and asthma. Regadenoson should be used with
caution in COPD patients with a 24-hour/day home oxygen
requirement, prior intubation for respiratory failure, or recent
exacerbation. Regadenoson should be avoided in patients
with severe bronchial asthma at this time.
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