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Abstract

Purpose To compare the safety of regadenoson, a selective
agonist of A, adenosine receptors, combined with low-level
exercise, between subjects with mild/moderate chronic ob-
structive pulmonary disease (COPD) and asthma referred for
myocardial perfusion imaging (MPI).

Methods We studied 116 patients, of whom 67 had COPD
and 49 asthma (62 % men, mean age 68.3+11.3 years, range
31 — 87 years). Patient demographics, past medical history,
medications, clinical symptoms during stress and changes in
blood pressure (BP) and heart rate (HR) were evaluated.
Results Both groups were comparable with regard to hyper-
tension, dyslipidaemia, diabetes and medications with the
exception of a higher rate of use of anticholinergics in patients
with COPD and of antileukotrienes in asthmatics (58.2 % vs.
28.6 % and 1.5 % vs. 14.3 %, respectively; all p<0.01). There
was a higher incidence of dyspnoea in COPD patients and of
headache and feeling hot in asthmatic patients (40.3 % vs.
22.4 %, 6 % vs. 18.4 % and 10.4 % vs. 26.5 %, respectively;
all p<0.05). Although there was no difference in the incidence
of other adverse events, we observed a higher frequency in
asthmatics of flushing, dry mouth, sweating and fatigue
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(1.5 % vs. 6.1 %, 14.9 % vs. 24.5 %, 0 % vs. 4.1 % and
37.3 % vs. 49 %, respectively). Adverse events were self-
limiting, except in three patients who suffered persistent dys-
pnoea (2 of 67 COPD patients; 1 of 49 asthma patients)
requiring theophylline administration. We observed no signif-
icant changes in BP among either group, but there was a
tendency towards a higher increase in systolic BP in COPD
patients following regadenoson administration (148.3 £27.6
vs. 154.6 £31.0 mmHg, p=0.056).

Conclusion This study showed a good safety profile in our
series of COPD and asthma patients undergoing MPI. Rega-
denoson was well tolerated by all patients, with dyspnoea,
headache and feeling hot showing differences between groups.

Keywords Regadenoson - Safety - COPD - Asthma -
Myocardial perfusion imaging

Introduction

Myocardial perfusion imaging (MPI) is a widely used tech-
nique to aid in the diagnosis and the management of patients
with coronary disease. Dynamic exercise is the method of
choice for producing coronary hyperaemia in patients who
can achieve adequate exercise endpoints [1]. However, a
substantial growth has been observed in the use of pharma-
cological stress testing. Pharmacological stress agents, such
as adenosine, dipyridamole or regadenoson induce coronary
artery hyperaemia [2] and are indicated in patients unable to
undergo adequate exercise stress due to physical limitations
or medical constraints [3]. Adenosine is a nonspecific ago-
nist of all four known adenosine receptor subtypes (A, Asa,
A,p and A3) and coronary dilation is caused by interaction
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with the A, receptor present in the vascular wall. The
vasodilator properties of dipyridamole are based on in-
creased levels of intrinsic adenosine.

However, patients with bronchoconstrictive disease, such
as chronic obstructive pulmonary disease (COPD) or asthma,
are at risk of adenosine-induced bronchoconstriction and re-
spiratory compromise [4, 5]. This type of response is mediated
through the A, and Aj receptors. Dobutamine, the common-
ly used alternative pharmacological stress agent which is
considered safe in these patients, is less effective at increasing
coronary blood flow and is therefore considered an inferior
test agent. Besides, it is associated with a high incidence of
adverse events, needs beta-blockers to be stopped completely,
and more time is needed for the examination protocol [6].

Regadenoson was approved in September 2010 by the
European Medicines Agency (EMA) [7] as a pharmacolog-
ical stress agent (administered as a single 0.4-mg intravenous
bolus) indicated for radionuclide MPI in patients unable to
undergo adequate exercise stress [8]. As it has a greater
affinity for the A5 receptor and much lower affinity for
the other adenosine receptor subtypes than adenosine or
dipyridamole, the risk of bronchoconstriction in patients
with COPD or asthma may be lower [9]. Several studies
have been carried out in subjects with COPD and asthma
[10—12]. These studies showed that the effect of regadenoson
on pulmonary function is not clinically meaningfully differ-
ent from the effect of placebo. However, these studies, which
were clinical trials, often recruited patients without signifi-
cant comorbidities and the real-life situation was not repre-
sented. Other studies have been performed in patients with a
<50 % history of myocardial infarction, a <35 % history of
arrthythmia and a <10 % history of COPD or asthma [10, 13,
14]. Moreover we are not aware of studies comparing the
safety of regadenoson in COPD and asthmatic patients.

On the other hand, the combination of low-level tread-
mill exercise during infusion of the pharmacological stress
agent is safe and results in a significant reduction in the
adverse event profile of this agent, and the image quality is
improved by decreasing hepatic and gut radiopharmaceuti-
cal uptake, which is common in pharmacological stress
perfusion imaging [22, 23].

The objective of this study was to investigate the safety and
tolerability of regadenoson in combination with low-level
treadmill exercise in patients with COPD or asthma and to
compare the adverse event profiles.

Materials and methods
We carried out a prospective study in 116 European patients
(62 % men) with a mean age of 68.3+11.3 years (range

31 — 87 years). The COPD group comprised 67 patients
and the Asthma group 49 patients. All patients underwent a
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clinically indicated regadenoson stress test with low-level
treadmill exercise.

This post-authorization observational study (protocol code
CSG-REG-2010-01) has been classified by the Spanish Agen-
cy for Medicines and Health Products (AEMPS), and ethical
approval was provided by the Regional Committee for Clin-
ical Trials. All patients gave their signed written informed
consent.

Inclusion and exclusion criteria

Regadenoson was prescribed by the responsible physician in
charge of the patient’s myocardial perfusion test, independent-
ly of the study. The exclusion criteria were as follows: (1)
severe COPD or asthma or active bronchoconstriction; (2)
history of recent acute myocardial infarction, unstable angina
or congestive heart failure; (3) history of sick sinus syndrome
or greater than first degree AV block, except in patients who
had a functional artificial pacemaker; (4) cor pulmonale; (5)
current use of dipyridamole, aminophylline or theophylline;
(6) long QT syndrome; (7) respiratory distress prior to study;
and (8) intake of methylxanthine-containing foods and bever-
ages prior to study.

Study design

This was an observational, comparative study designed to
reflect routine clinical practice. Evaluations were carried out
by monitoring the patient during the day of drug administra-
tion following the standard clinical practice of our department.
Detailed clinical and procedure data were collected prospec-
tively and stored in a database. Regadenoson (0.4 mg/5 ml;
Lexiscan; Astellas Pharma US, Deerfield, IL) was adminis-
tered as a peripheral intravenous rapid bolus (10 s) after
1.5 min of low-level exercise (2.7 — 3.5 km/h, 0 % grade)
immediately followed by a 5-ml saline flush. MPI radiophar-
maceutical (*”™Tc-tetrofosmin in 40 patients, or °*™Tc-
sestamibi in 76 patients) was injected approximately 30 s after
starting regadenoson into the same catheter. The test ended
after 4 min of exercise.

Patient demographics, past medical history, medications,
clinical symptoms during stress, ECG changes and changes
in blood pressure (BP) and heart rate (HR) were prospective-
ly recorded. ECG monitoring continued during the proce-
dure and for 4 min into recovery following regadenoson
administration. Horizontal or down-sloping ST segment de-
pression of >1 or up-sloping of >1.5 mm at 80 ms after the J
point was considered positive. Symptoms during the stress
procedure were recorded as reported by the patient. Patients
were also asked how they felt. Adverse events were all
effects that occurred during or after the stress test (up to
2 h, because the majority of adverse events for regadenoson
occur during this time [12]).
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Table 1 Clinical characteristics

Table 3 Adverse events reported after administration of regadenoson

Characteristic COPD, Asthma, p value Adverse event COPD, Asthma, p QOdds ratio
n (%) n (%) (Chi-square test) n (%) n (%) value (95 % CI)

Hypertension 46 (68.7) 37 (75.5) NS Flushing 1(1.5) 3(6.1) NS -
Cardiomyopathy 36 (53.7) 24 (49.0) NS Feeling hot 7(10.4) 13 (26.5) <0.05 0.32(0.12 —
Diabetes 27 (40.3) 18 (36.7) NS 0.88)
Dyslipidaemia 35(52.2) 24 (49.0) NS Fatigue 25(37.3)  24(49) NS -

Wheezing 1(1.5) 0(0) NS -
NS not significant Dyspnoea 27 (40.3) 11 (22.4)  <0.05 2.33(1.02 -

5.35)

Clinical characteristics Extrasystole 260 0 NS a

Chest pain 6 (9.0) 6(122) NS -
The baseline characteristics of the patients are shown in Chest oppression 60.0) 7(4.3) NS a
Table 1. There was a high prevalence of comorbidities in- Drgelr?s(:tliiln 10(149) 12@45) NS B
cluding hypertension (71.6 %), cardiomyopathy (51.7 %),  Dizziness 16(23.9) 14(286) NS _
dyslipidaemia (50.9 %) and diabetes (38.8 %). The agerange  Nausea 7(104)  6(12.2) NS _
of both groups was very similar, but there was a significantly  .adache 4 (6.0) 9(184) <0.05 0.28 (0.08 —
greater percentage of men with COPD than asthmatics 0.98)
(79.1 % vs. 36.7 %, respectively). They were comparable  Abdominal pain 1(1.5) 0 (0) NS -
(p not significant) with regard to comorbidities and medica- Sweating 0 (0) 2(4.1) NS _
tion type with the exception of a higher rate of use of  Down-sloping ST 1(1.5) 0 (0) NS _
anticholinergics in COPD patients and of antileukotriene in  Dijarrhoea 2(3.0) 3(6.1) NS _
asthmatics (58.2 % vs. 28.6 %; 1.5 % vs. 14.3 %, respec-  Theophylline 2(3.0) 120) NS _

tively, all p<0.01). Although there was a higher presence of
beta 2-agonist and corticosteroid use in COPD patients
(58.2 % vs. 55.1 %; 61.2 % vs. 49 %, respectively), the
difference was not statistically significant (Table 2).

Data analysis

Continuous data are expressed as means = standard devia-
tion (SD). Categorical variables were compared using the
chi-squared test with Yates’ correction. Changes in BP
(systolic and diastolic) and HR were compared using the
Wilcoxon Z test for repeated measures and the Mann-
Whitney U test. In all analyses, a p value lower than 0.05
was considered statistically significant. The odds ratio
(with 95 % confidence interval) was used to compare effect
sizes. Cohen’s d was used to compare the means using the

Table 2 Baseline COPD and asthma medication in patients

Medication COPD, Asthma, p Odds ratio
n (%) n (%) value (95 % CI)

[32-agonist 39(58.2) 27(55.1) NS -

Anticholinergic 39(58.2) 14(28.6) <0.01 3.48

(1.58-7.65)

Glucocorticoid (oral or 41 (61.2) 24 (49) NS -
inhaled)
Leukotriene inhibitor

1(1.5)  7(14.3) <0.01 0.09

(0.01-0.77)

NS not significant

administration

NS not significant

following intervals: 0 — 0.09, negligible; 0.10 — 0.29, low
effect size; 0.30 — 0.49, medium effect size; and >0.50,
large effect size.

40,0% ~ o COPD group

“|® ASTHMA group

-

35,0%

30,0% A

25,0% -
20,0%
15,0%
10,0%

5,0% ~

,0%
3 or more
symptoms

Symptoms

Fig. 1 Frequency of adverse events reported by the patients in each
group
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Fig. 2 Baseline (a) and 4-min (b) ECG findings in an 80-year-old man
with COPD. ST depression developed at minute 4 of low-level exercise,
2.5 min following regadenoson administration, in leads II, III, aVF, V5
and V6. The **™Tc-tetrofosmin myocardial perfusion study (c) shows a
large reversible inferobasal and lateral defect. Coronary angiography

Results

No serious events occurred following the administration of
regadenoson. The incidence of adverse events according to
the type of airway disease is summarized in Table 3. Most
events were mild, brief and self-limiting, except in three
patients who suffered persistent dyspnoea (2 of 67 COPD
patients, 1 of 49 asthma patients). Although bronchospasm
did not occur in these patients, theophylline was administered
and dyspnoea reversed after 2 — 4 min.

The most frequent adverse event occurring after
regadenoson administration was fatigue (42.2 %), followed
by dyspnoea (32.8 %), dizziness (25.9 %), dry mouth sensa-
tion (19 %) and feeling hot (17.2 %). No adverse events
occurred in 16 patients after receiving regadenoson, with a
higher proportion of COPD patients who reported no
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(d, e) shows moderate lesions in the distal segment of the left coronary
artery (d, arrow) and in the central segment of the left anterior descend-
ing artery (d, dotted arrow), in addition to a large collateral branch to
the right coronary artery which is occluded, and diffuse disease of left
circumflex artery with a long lesion in its central segment (e, arrows)

symptoms (COPD patients 22.4 %, asthma patients 6.1 %;
p<0.05; Fig. 1).

There was a higher incidence of dyspnoea in COPD
patients and of headache and feeling hot in asthma patients
(40.3 % vs. 22.4 %, 6 % vs. 18.4 %, 10.4 % vs. 26.5 %,
respectively; all p<0.05). Although there was no difference
in the incidence of other adverse events, we observed a
higher frequency in asthma patients of flushing (COPD
patients 1.5 %, asthma patients 6.1 %), dry mouth (COPD
patients 14.9 %, asthma patients 24.5 %), sweating (COPD
patients 0 %, asthma patients 4.1 %), and fatigue (COPD
patients 37.3 %, asthma patients 49 %). The effects soon
reversed (except in the three patients with persistent dys-
pnoea previously mentioned), and they had a duration of 3 to
5 min and an onset between 0 and 10 s after regadenoson
administration. Moreover, some patients had diarrhoea (2 of
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Table 4 Haemodynamic parameters before (baseline) and after regadenoson bolus administration

Parameter Group  Baseline After administration p value Cohen’sd A+SD* n pvalue Cohen’s d

(Wilcoxon Z) (Mann-Whitney
Mean+=SD n Mean+SD n U test)

Systolic blood COPD 148.3+£27.6 66 154.6+31.0 66  0.056 0.22 6.4+24.5 66 NS 0.39
pressure Asthma 154.7+£30.2 46 154.4431.6 47 NS 0.01 —2.7+£21.1 45
(mmHg)

Diastolic blood COPD  78.1£149 66 77.4+16.6 66 NS 0.04 —0.7+11.5 66 NS 0.2
pressure (mmHg) Asthma 78.7+15.6 46 76.9+17.1 47 NS 0.11 —2.9+10.5 45

HR (beats/min) COPD  84.4+£26.3 58 104.3+21.8 56  <0.001 0.83 18.6+21.7 55 NS 0.01

Asthma  78.5+19.4 43 97.5+17.3 42 <0.001 1.04 18.5+21.7 41

NS not significant

#Mean change in haemodynamic status from baseline to after regadenoson administration

67 COPD patients, 3 of 49 asthma patients) as mentioned in
the package insert [8] and reported by other authors [13, 14,
25]. Onset was between 5 and 15 min after administration
and was self-limiting. There was no significant difference in
the incidence of the following adverse events between
COPD and asthma patients after regadenoson: fatigue, diz-
ziness, chest discomfort, nausea, dry mouth sensation, flush-
ing and diarrhoea. Furthermore, we observed one patient
with down-sloping ST depression in multiple leads (Fig. 2).

The patients” BP and HR were recorded at baseline and
2 min after regadenoson administration (Table 4). There
were no significant changes in systolic and diastolic BP in
either group, although COPD patients tended to show an
increase in systolic BP following regadenoson administra-
tion (148.3 £27.6 vs. 154.6 + 31.0 mmHg). The mean HR
increased significantly in both groups (p<0.01; Fig. 3).

We determined whether the differences in these three
variables were higher in COPD patients than in the asthma
group. Although there were no significant differences, there
was a trend towards a greater difference in systolic BP in
COPD patients than in asthma patients. We also compared
the differences in HR response after regadenoson adminis-
tration between patients with and without diabetes mellitus
but found no significant differences.

Discussion

COPD and asthma are conditions with a high and increasing
prevalence. Adenosine package labelling carries a warning
against its use in patients with these reactive airway diseases
that require diagnostic procedures to evaluate myocardial
ischaemia. This is due to the bronchoconstrictive effects that
are mediated through the A,5 and/or Aj; receptors. The A,p
receptor expressed on mast cells and smooth muscle cells has
proinflammatory mediators and cytokines. As receptor ex-
pression is elevated on eosinophils in patients with asthma
[15] and facilitates degranulation of mast cells. Furthermore,

expression of the A; adenosine receptor is elevated in the
bronchial epithelium and smooth muscle of patients with
bronchoconstrictive disease [16]. This receptor mediates
bronchoconstriction induced by exogenous adenosine [17]
which increases mucous secretion and activates neutrophils
and monocytes via this receptor.

We report the results of a comparative study combining
regadenoson with exercise for the purpose of MPI in patients
with mild/moderate COPD and asthma. The Reg asthma trial
[10] and the Reg COPD trial [11] were randomized controlled
trials of selected patients with stable asthma or COPD and
excluded patients with any chronic medical illness other than
reactive airway disease. Our prospective study was designed
to address the question focusing on the adverse events and
haemodynamic response after regadenoson administration in
consecutive unselected patients with many coexisting
comorbidities along with either COPD or asthma. In this
observational study, administration of a regadenoson bolus
of 0.4 mg during low-level stress testing was safe and well
tolerated. We found no significant differences between the
adverse event profile of either group, except dyspnoea, head-
ache and feeling hot. Thus, COPD patients had a higher
incidence of dyspnoea, whereas asthma patients showed a
higher incidence of headache and feeling hot. Moreover, other
studies have shown a higher ratio of dyspnoea in patients with
COPD than in asthmatics (61 % of COPD patients [11] vs.
34 % of asthma patients [10]). Al Jaroudi et al. [27] reported
recently that patients with COPD have a higher frequency of
shortness of breath than those with asthma. Our study showed
a lower incidence of this adverse event (40.3 % among COPD
patients vs. 22.4 % asthma patients), probably because the use
of low-level treadmill reduces the adverse event profile.
Thomas et al. [18] reported a similar incidence of dyspnoea
(16 of 39 patients, 41 %) combining regadenoson with low-
level exercise, but they did not include patients with
bronchoconstrictive diseases.

Adverse events were self-limiting, except in three patients
who suffered persistent dyspnoea (2 of 67 COPD patients, 1
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Fig. 3 HR measurements before ASTHMA COPD
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of 49 asthma patients) requiring theophylline administration.
However, clinically apparent bronchospasm (physical exam-
ination) did not develop in any patient. This effect and
others, such as chest pain and flushing, may not be a result
of A, 4 receptor activation only, but may also be mediated by
sympathetic stimulation and increased ventilation [20]. Al-
though no statistically significant differences were found in
other symptoms, there was a higher, albeit nonsignificant,
frequency of dry mouth sensation, dizziness, flushing and
fatigue in asthma patients. There is an increased awareness of
gastrointestinal adverse events, particularly diarrhoea [8]. In
this regard, five patients had diarrhoea (4.3 %) in our study.
We observed a lower incidence of this effect than found in
the ASSUAGE trial (13 of 124 patients, 10.5 %). The dif-
ference was probably due to the lower prevalence of patients
with chronic kidney disease in our study (n=5), because
these patients tend to show a higher baseline incidence of
diarrhoea [22]. Nevertheless, Iskandrian et al. [23] were not
able to find a clear reason for the higher incidence of diar-
rhoea in this patient group, and the greater half-life of
regadenoson does not appear to fully explain this effect.
With regard to the haemodynamic effects of regadenoson,
several studies have revealed that they include a transient
decrease in BP [13, 19, 21]. Other studies have shown an
increased mean systolic BP in asthma patients [10] and a
slightly lower diastolic BP in COPD patients [11]. However,
we found no significant changes in BP between rest condi-
tions and after regadenoson administration, except a slightly
increased systolic BP in COPD patients. As others have
confirmed [10, 11], the mean HR increased significantly fol-
lowing regadenoson administration in both groups. This
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tachycardia is probably secondary to noradrenaline release
through direct stimulation of the sympathetic nervous system
[20]. However, the blunted HR response reported in COPD
patients by others [24] was not observed in our series. Con-
trary to the findings of other studies [25, 26], we did not
observe a blunting in the HR response after regadenoson
administration in patients with diabetes mellitus compared
with nondiabetics.

Study limitations

In the patient questionnaire, the intensity of symptoms was not
classified as mild, moderate or severe, and thus the possible
grading of effects is not reflected in our results. In addition, we
do not have long-term follow-up of adverse events, although
the majority of events related to regadenoson administration
occurred during the 2-h period after administration [12], so we
do not consider that relevant data were lost.

Conclusion

In this observational study of 116 unselected patients with
mild/moderate COPD or asthma, regadenoson in combination
with low-level treadmill exercise was safe and well tolerated.
There were no significant differences between the adverse
event profile of COPD and asthma patients, except dyspnoea,
headache and feeling hot. No changes in BP were found,
except a mild increase in systolic BP in COPD patients.

Our data are consistent with the hypothesis that selective
A, A agonists do not cause bronchospasm in patients with
mild/moderate bronchoconstrictive disease. However, we
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did not include subjects with severe lung disease. Further
studies are still necessary in this group, because the results
cannot necessarily be extrapolated to patients with severe
lung disease.
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