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Abstract

Purpose Regadenoson, an A, 5 adenosine receptor pharmaco-
logic stress agent for radionuclide myocardial perfusion imag-
ing (MPI), is administered as a single, fixed dose. We studied
the side effect profile of regadenoson combined with two
types of low-level exercise, according to body mass index
(BMI).

Methods Three hundred and fifty-six patients (46.1% men,
mean age 67.7+10.7 years, range 31-90 years) underwent
regadenoson stress testing combined with low-level exercise.
Subjects were classified according to BMI as normal, over-
weight, or obese, and the type of low-level exercise performed
as walking on the treadmill (TE group, n=190) or forcefully
swinging legs while sitting (SS group, n=166). Patients’ de-
mographics, medical history, clinical symptoms during stress,
changes in ECG, oxygen saturation (SatO,), systolic blood
pressure (SBP), and heart rate (HR) were evaluated.

Results Groups were comparable (p=ns) with regard to
cardiovascular risks factors. The incidence of side effects
was similar across BMI (p=ns), although the TE patients
showed improved profiles over those with SS exercise,
with a significantly lower incidence of flushing, dizziness and
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nausea/gastrointestinal discomfort (12.9% vs. 28.4%; 19.9%
vs. 33.4%; 11.4% vs. 19.2%, respectively; all p<0.05).
Regarding the hemodynamic response, we did not observe
significant changes in SBP and HR after regadenoson admin-
istration across BMI categories. Comparing the TE and SS
groups, no significant changes were observed in SBP, but
there was a higher increase in HR in the TE group (p<0.05).
Conclusions Regadenoson in combination with low-level ex-
ercise is safe and well tolerated over a wide range of BMI,
with TE exercise showing a better side effect profile than SS.

Keywords Regadenoson - Safety - Side effects - Body mass
index - Low-level exercise - Myocardial perfusion imaging

Introduction

Obesity and overweight are global problems with increasing
prevalence in most countries. The worldwide prevalence of
obesity has more than doubled between 1980 and 2014.
According to recent World Health Organization (WHO) esti-
mates about 13% of the world’s adult population (11% of men
and 15% of women) were obese in 2014 and 39% of adults
aged 18 years and over (38% of men and 40% of women)
were overweight [1]. Overweight and obesity can be mea-
sured and classified by body mass index (BMI, weight in
kg/m?). Overweight adults have a BMI of 25.0 to
29.9 kg/m? and obese adults have a BMI > 30.0 kg/m? [2].
Because obesity is an important risk factor for early and
accelerated atherosclerotic cardiovascular disease [3—5], non-
invasive imaging techniques such as radionuclide myocardi-
um perfusion imaging (MPI) are increasingly used in these
types of patients. Dynamic exercise is the method of choice
for producing coronary hyperemia in patients who can achieve
adequate exercise endpoints [6]. Pharmacologic stress agents
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[adenosine, adenosine 5'-triphosphate (ATP), dipyridamole,
or regadenoson] induce coronary artery hyperemia [7] and
are indicated in patients unable to perform adequate exercise
due to medical constraints or physical limitations, such as
obesity.

Adenosine is a nonspecific agonist of adenosine receptor
subtypes (A;, Aza, Aop , and Aj), although coronary dilation
is caused by interaction with the A,4 receptor present in the
vascular wall. ATP, the parent compound of adenosine espe-
cially used in Japan [8], has a vasodilator effect due to its
degradation to adenosine and, on the other hand, by the direct
stimulation of P2 purinergic receptors by ATP itself [9]. The
vasodilation produced by dipyridamole is based on increased
levels of intrinsic adenosine by means of adenosine-
deaminase inhibition. Both adenosine and dipyridamole re-
quire weight-based dosing and administration as a continuous
infusion.

Regadenoson is a selective A,, adenosine receptor
pharmacologic stress agent indicated for radionuclide
MPI [8, 9]. It is administered as a single, fixed-dose
(0.4 mg/5 mL) intravenous (iv) bolus. As it has greater
affinity for the A, receptor and much lower affinity for
the other adenosine receptor subtypes, regadenoson has
fewer side effects and is better tolerated by patients com-
pared with adenosine or dypiridamole [10, 11], and it can
be used in patients with COPD or asthma [12—-17]. In
addition, because it does not require dose calculations or
pump delivery, regadenoson is easier to use.

Given the high frequency of obesity in patients with symp-
toms of heart disease, the aim of this study was to investigate
the side effect profile of regadenoson combined with low-
level exercise in patients with a wide range of body sizes, with
a special focus on obese patients. On the other hand, we

compare the profiles according to the type of low level exer-
cise performed: walking on the treadmill (TE group) or swing-
ing legs while sitting on a stretcher, sit and swing (SS group).

Methods

We carried out a prospective study in 356 European pa-
tients (46.1% men) with a mean age of 67.7 = 10.7 years
(range 31-90 years). Table 1 lists the patients’ demo-
graphic characteristics. All patients underwent a clinically
indicated pharmacologic stress test with regadenoson
combined with low-level exercise. Ethical approval was
provided by the local Institutional Review Board. All pa-
tients gave their signed written informed consent.

Inclusion and exclusion criteria

Regadenoson was prescribed by the physician in charge of the
patient’s myocardial test, without regard to this study. The
exclusion criteria were as follows: (a) history of recent acute
myocardial infarction, unstable angina or decompensated or
inadequately controlled congestive heart failure; (b) history of
sick sinus syndrome or greater than first degree AV block,
except in patients with functional artificial pacemaker; (c)
long QT syndrome; (d) current use of dipyridamole, aminoph-
ylline, or theophylline; (e) intake of methylxantine-containing
foods and beverages prior to study; (f) patients with COPD or
asthma were included in the study except if any of the follow-
ing was present: active bronchoconstriction, wheezing, or re-
quiring systemic corticosteroid therapy for control of
bronchoconstrictive disease.

Table 1 Demographics and

clinical characteristics Normal Overweight Obese p-value
(n=39) (n = 108) (n = 209)
Male n (%) 24 (61.4%) 58 (53.6%) 82 (39.5%) <0.05
Age (years, mean + SD) 68.0 68.1 £11.1 66.0+11.0 0.11
+124

Smoking n (%) 8 (21.7%) 17 (15.5%) 31 (15.0%) 0.64
Hypertension n (%) 29 (73.9%) 76 (70.6%) 163 (78.0%) 0.33
Diabetes n (%) 11 (28.7%) 35 (32.6%) 87 (41.7%) 0.13
Dyslipidemia n (%) 21 (55.5%) 64 (58.2%) 132 (63.6%) <0.05
Known CAD 8 (22.4%) 11 (9.9%) 32 (15.4%) 0.19
Weight (kg) (mean + SD) 62.9+79 73.9+8.7 923+ 14.1 <0.05
BMI (kg/m?) (mean = SD) 235+ 1.1 277+ 14 35.6+ 4.9 <0.05
Low-level treadmill (TE) protocol 19 (49%) 64 (59%) 106 (50.7%) -

Sit and swing (SS) protocol 20 (51%) 44 (41%) 103 (49.3%) -

For categorical variables, chi-squared test p was used for comparing proportions. For continuous variables (i.e.
age, weight, BMI), Kruskal-Wallis test was used for comparing means. The indicated percentage (%) is referred
for the proportion in each BMI category.

CAD: coronary artery disease; BMI: body mass index.
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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. BMI was calculated using
weight and height values recorded immediately before the
test. Patients were categorized into the following three BMI
classes according to World Health Organization standards: 1)
normal weight (<25.0 kg/mz); 2) overweight (25.0-29.9 kg/
m?); and 3) obese (>30.0 kg/m?). BMI was treated as a cate-
gorical variable for all analyses.

Patients were instructed to eat a light breakfast before the
test. They underwent a 2-day pharmacologic stress combined
with low-level exercise/rest protocol. Two types of low-level
exercise were performed by patients: One set of patients
(n = 190) walked on the treadmill (TE) at 2.7-3.5 km/h and
0° incline (2.3-2.7 METs), and the remaining patients
(n =166) who were unable to walk adequately on the treadmill
due to lower extremity problems (claudication, hip, or knee
prosthesis) performed an alternative type of low-level exercise
such as forcefully swinging their legs while sitting on a
stretcher (SS) [18].

Regadenoson was administered as a peripheral intrave-
nous bolus (10 s) after 1.5 min of exercise immediately
followed by a 5-mL saline flush. MPI radiopharmaceuti-
cal, ?°™Tc-sestamibi (n = 249) or **™Tc-tetrofosmin
(n = 107), was injected approximately 30 s after starting

Fig. 1 Regadenoson low-level
exercise (treadmill or sit and
swing) protocol
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regadenoson into the same catheter. The test ended after
4 min of exercise (Fig. 1).

Patients” demographics, medical history, side effects, ECG,
pulsioxymeter oxygen arterial saturation (SatO,), systolic
blood pressure (SBP), and heart rate (HR) were evaluated.
ECG monitoring continued during the procedure and for at
least 10 min into recovery following regadenoson administra-
tion. Horizontal or down-sloping ST segment depression
>1 mm was considered abnormal.

Symptoms during the stress procedure were recorded as
reported by the patient, except flushing that was assessed by
the nurse. We considered side effects all those effects
appearing during stress and up to 2 h later. Patients’ SBP
and HR were recorded as baseline (measures obtained imme-
diately before starting the test) and maximum change
(over the duration of the test) following regadenoson
administration.
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Continuous data were expressed as mean + standard deviation
(SD), and categorical variables were displayed with observed
frequency and percentage. In the contrast between groups, cat-
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Results

The baseline clinical characteristics of the study population
have been described in the Table 1. There was a high preva-
lence of co-morbidities such as hypertension (80.2%), dyslip-
idemia (43.6%), diabetes (43.7%), smoking (15.6%), and
known coronary artery disease (14.6%).

The presence of known coronary artery disease was not
significantly different across BMI categories (15.4% in obese
patients, 9.9% in overweight patients, 22.4% in normal weight
patients; p = 0.19) neither between types of low-level exercise
(16.5% in TE group vs. 12.2% in SS group; p = 0.26).

The study included 328 patients with pulmonary diseases,
such as asthma and COPD (92.1%). Of these, 167 had COPD
and 161 had asthma, 50.9% and 49.1%, respectively, and 11
of those patients had stable severe COPD, and one had severe
persistent asthma (3.7%).

The largest proportion of patients were classified as obese
(58.7%), followed by overweight (30.3%) and normal weight
(10.9%). We observed a direct association between the in-
crease in BMI and higher rates of co-morbidities, including
hypertension, diabetes mellitus, and dyslipidemia.

Side effects

Comparison between types of low-level exercise (regardless
of BMI)

Onset of side effects of both types of low-level exercise
was immediately after dosage and reversal shortly after
(5-10 min.).

Patients who performed TE exercise demonstrated an im-
proved side effect profile over those with SS exercise
(Table 2). We observed that flushing, dizziness, nausea and
GI discomfort were more frequent in the SS group when com-
pared to the TE group (p < 0.05). The rest of side effects were
comparable between the TE and SS groups.

In a similar fashion, the number of patients with no side
effects at all after regadenoson administration was higher in
those who underwent a TE exercise.

Comparison across BMI categories

The frequency of each side effect after regadenoson adminis-
tration in the TE patients (Fig. 2) was similar across BMI
subgroups (p = ns), although linear trends were observed in
some effects, such as a higher frequency of fatigue, chest pain,
dizziness, and dry mouth in obese patients, and throat tight-
ness, and headache in normal weight patients.

As in the TE group, the frequency of each side effect fol-
lowing regadenoson administration combined with SS exercise
(Fig. 3) was similar across BMI classes (p = ns). However, the
previous linear trends were not observed in this group.

Changes in ECG monitoring

No significant changes in ECG monitoring were observed
across BMI categories (p = ns). Thus, one normal weight
patient (0.03%), four overweight (0.04%), and four obese pa-
tients (0.02%) showed horizontal or down-sloping ST depres-
sion >1 mm in multiple leads.

Changes in SatO,

No decreases in SatO, occurred following regadenoson ad-
ministration for each BMI category (96.7% + 0.2 vs.
97.4% + 0.2 in obese patients; 96.7% + 0.3 vs. 97.6 + 0.3 in
overweight patients; 97.3% = 0.4 vs. 97.7% =+ 0.6 in normal
weight patients).

Hemodynamic response

When we studied the influence of the type of low-level exer-
cise (regardless of the BMI category) (Table 3), no significant

Table 2 Side effects of both TE

and SS groups after regadenoson Side Effect TE group n (%) SS group n (%) p-value (Chi-squared test)

administration
Fatigue 65 (34.3%) 46 (27.9%) 0.20
Flushing, feeling hot 25 (12.9%) 47 (28.4%) <0.05
Chest pain 41 (21.5%) 36 (21.9%) 0.96
Dyspnea 46 (24.2%) 54 (32.7%) 0.75
Throat tightness 4 (2.1%) 8 (4.5%) 0.15
Dizziness 38 (19.9%) 55 (33.4%) <0.05
Nausea — GI discomfort 22 (11.4%) 32 (19.2%) <0.05
Headache 21 (10.9%) 22 (13.4%) 0.50
Dry mouth 22 (11.7%) 12 (7.2%) 0.16
No symptoms 67 (35.2%) 33 (20.0%) <0.05
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Fig. 2 Frequency of side effects
reported during regadenoson
administration combined with
low-level TE exercise according
to BMI. GI, gastrointestinal
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changes were observed in SBP between the TE and SS groups
(5.2 £21 mmHg vs. 1.7 £ 22 mmHg, p = ns). However, HR
changes between baseline and maximum value after dosing
were significantly different between the TE and SS groups,
with a higher increase in the TE group (36 + 21 b.p.m. vs.
26 19 b.p.m., p < 0.05).

According to the BMI categories, mean resting SBP of
patients was significantly higher in obese patients when com-
pared to overweight and normal weight patients
(151.5 £ 24.7 mmHg vs. 140.0 £ 24.7 mmHg vs.
143.3 + 24.1 mmHg, respectively; p < 0.05), while no differ-
ence in resting HR among the three categories was observed
80+ 17 b.p.m. vs. 78 £ 19 b.p.m. vs. 77 + 14 b.p.m., respec-
tively; p = ns).

We did not observe significant differences in hemodynamic
parameters after dosing across BMI categories, except a

@ Springer
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higher SBP baseline and maximum values in obese patients
who performed the TE protocol (Table 4).

Discussion

This study assesses the side effect profile of regadenoson com-
bined with low-level exercise across a wide range of BMI,
with special attention to obesity, which is an important risk
factor for cardiovascular disease. To the best of our knowl-
edge, this is the first study comparing the side effect profile of
patients undergoing these two types of low-level exercise:
walking on the TE or SS in patients who lack sufficient am-
bulatory function.

As other studies have reported [19-23], the combination of
low-level exercise during regadenoson administration is safe
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Fig. 3 Frequency of side effects
reported during regadenoson
administration combined with
low-level SS exercise according
to BMI. GI, gastrointestinal
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and produces a significant reduction in the side effect profile.
Moreover, our data show that TE exercise produces a better
side effect profile than SS exercise, most probably due to its
higher level of exercise performance, as no significant differ-
ences with regard to other factors such as obesity or comor-
bidities (hypertension, diabetes, smoking, or known coronary

artery disease) were seen between patients undergoing either
type of exercise.

No differences were observed in the side effects of each
type of low-level exercise among BMI categories, although
linear trends in the TE group were observed. A possible
explanation for the higher trend of headache and throat

Table 3 Hemodynamic parameters before (baseline) and maximum change following regadenoson

Parameter TE group (n = 190)

SS group (n = 166) p

Baseline
Mean + SD  Mean + SD

Maximum after administration A +SD T

Baseline Maximum after administration A +SD T
Mean + SD  Mean + SD

1574 +£25.1
11722

Systolic BP (mmHg)
HR (b.p.m.)

146.3 £24.1
80+ 18

52+214
3621

1.72+22  0.14
26+19 <0.05

148.1 £26.2
78 £17

157.7+24.9
105 +20

Comparison of hemodynamic effects between TE and SS groups.

TMean change in hemodynamic status from baseline to after regadenoson administration.

We did not observe significant difference in A systolic BP between groups, but significant increases in HR were seen in the TE vs. SS group.
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Table 4 Hemodynamic parameters before (baseline) and maximum values after regadenoson bolus administration according the type of low-level

exercise across BMI subgroups

Parameter TE group SS group
Normal weight Overweight Obese p-value Normal weight Overweight Obese p-value
(Kruskal-Wallis test) (Kruskal-Wallis test)

HR baseline 80+ 14 78 £19 82+18 0.26 75+ 14 79 £20 7816 0.54
HR max 123 £26 116 £23 11721  0.62 101 =18 110+23 104+19 025
AHR 43 +21 38+23 34+£20 0.70 22 +£28 31+£22 25+14 037
SBP baseline 141 +24 140 £22 151 +£25 <0.05 146 =25 140 =28 152+25 0.13
SBP max 152 £21 153 £22 161 £27 <0.05 154 +£27 152 £27 16123 0.28
ASBP 3+22 9+20 3£22 0.9 2+19 4+23 1+£22 0.60

tightness in normal weight patients is the inverse relation be-
tween body weight and plasmatic concentrations of
regadenoson [24].

Although no differences in SPECT results between
regadenoson and nonspecific agonists of adenosine have been
demonstrated [25], the latter require a weight-based dosing
and, therefore, high doses are needed in obese patients,

whereas regadenoson is administered as a fixed-dose because
neither its central volume of distribution nor the clearance is
significantly affected by body weight [8]. A comparison of
side effects between regadenoson and adenosine both com-
bined with low-level exercise in 207 patients with obesity
[26] showed a similar side effect profile for both groups.
However, the lack of data about a minimal toxic dose of

Fig. 4 Normal stress IQ-SPECT MPI study in a 72-year-old obese woman (BMI: 33.8 kg/m?) with hypertension and dyslipidemia who underwent
regadenoson combined with SS exercise. The study was acquired 45 min after °*™Te-tetrofosmin injection
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adenosine makes the fixed-dose of regadenoson safer.
Moreover, recent ASNC guidelines [27] describe that the cor-
rect weight-base dose for the obese patients is unclear for
adenosine, and it is customary to use the upper limit of 250
Ibs. (113.5 kg) for adenosine dosing. In this way, regadenoson
would be the only available option for patients with higher
weights [23]. An example of MPI SPECT in an obese female
patient is shown in Fig. 4.

Concerning BMI subgroups, our results confirm other stud-
ies [24, 28, 29] showing that the side effect profile of
regadenoson is similar across a wide range of body weights.

Regarding the hemodynamic response, several studies
have shown a transient decrease in BP [10, 22]. Our results
show no significant differences in SBP after regadenoson ad-
ministration, confirming the RegEx trial results [20], where
exercise was thought to counteract the SBP lowering effect of
regadenoson. We observed higher values of resting and max-
imum SBP in obese patients, but no differences were found in
the increase of SBP after dosing.

Regadenoson increases HR more than adenosine [30-32].
Although the adenosine-induced tachycardia had been attrib-
uted to a baroreflex-mediated activation, other authors [32]
concluded that the selective activation of the A4 receptors
of regadenoson in the carotid body produces direct activation
of the sympathetic nervous system and, therefore, a more ex-
aggerated increase of HR. In our study, significant higher HR
values after regadenoson injection were observed in the TE
group, again probably in relation to the higher level of
exercise.

Limitations of the study

Patients did not perform a questionnaire of the intensity of
symptoms and, therefore, the possible grading of effects is
not reflected in this study. However, no patient required the-
ophylline administration for reversal of severe effects, thus we
consider all symptoms mild to moderate.

Conclusion

Regadenoson is safe, with a similar side effect profile
across a wide range of body weights. The TE exercise
shows a better profile than the SS exercise, but the latter
is preferable to no exercise at all. A reasonable amount of
exercise improves the tolerability and the image quality
when compared to pharmacologic stress alone in patients
who cannot walk on a treadmill. In this sense, it appears
to be an attractive choice for this growing population.
Given that obesity increases hypoventilation and decreases
the exercise capacity and that the most recent ASNC guide-
lines do not recommend adenosine administration in patients

with weight higher than 113.5 kg, regadenoson represents the
only safe vasodilator stress agent at this moment.
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