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Regadenoson is a selective A2A receptor agonist approved for use as a pharmacologic stress
agent for myocardial perfusion imaging after several multicenter trials demonstrated its
equivalence in diagnostic accuracy for the detection of coronary artery disease and a decreased
incidence of serious side effects as compared to adenosine. Recently, the FDA released a safety
announcement advising of the rare but serious risk of heart attack and death associated with
regadenoson and adenosine in cardiac stress testing, particularly in patients with unstable
angina or cardiovascular instability. We report two cases of asystole with hemodynamic col-
lapse in stable outpatients soon after receiving a standard regadenoson injection. The
prevalence of potentially life threatening bradycardia, including asystole, associated with the
use of regadenoson may be greater than previously expected. These cases highlight the need for
cardiac stress labs to anticipate the potential for serious side effects with all patients during the
administration of coronary vasodilators. (J Nucl Cardiol 2014;21:862-8.)
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INTRODUCTION

Regadenoson is a selective A2A receptor agonist
approved for use as a pharmacologic stress agent for
myocardial perfusion imaging (MPI) in 2008 after several
multicenter trials demonstrated its equivalence to adeno-
sine in diagnostic accuracy for the detection of coronary
artery disease (CAD)."> Based on the molecule’s designed
selectivity to the A2A receptor compared to the Al, A2B,
and A3 receptors, fewer undesirable side effects such as
flushing, dyspnea, hypotension, and bronchospasm were
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expected. Results of the Advance MPI Trial reported the
incidence of serious side effects was significantly lower in
the regadenoson vs the adenosine group.” Based on a
tenfold reduction in affinity for the Al receptor, the
incidence of symptomatic bradycardia was also expected to
be minimal. Phase 3 trials did not report episodes of high
grade atrioventricular (AV) block. However, post-market-
ing surveillance has identified a case of complete heart
block and a case of asystole.”* Recently, the FDA released
a safety announcement advising of the rare but serious risk
of heart attack and death associated with regadenoson and
adenosine in cardiac stress testing, particularly in patients
with unstable angina or cardiovascular instability.”’ We
report two cases of life threatening asystole with hemody-
namic collapse in stable outpatients soon after receiving a
standard regadenoson injection.

Case 1

A 65-year-old female with a history of heart failure
with preserved ejection fraction, hypertension,
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<«Figure 1. (A) Case 1. The baseline electrocardiogram shows
normal sinus rhythm without evidence of specific conduction
abnormalities or prior infarct. (B) Case 1. Electrocardiogram from
30 seconds after administration of regadenoson demonstrates
sinus rhythm with 0.5 mm downsloping ST depression in leads 11,
III, and aVF. (C) Case 1. Electrocardiogram from 45 seconds after
infusion of regadenoson which demonstrates severe sinus brady-
cardia with first degree atrioventricular delay and subsequent
development of asystole. Subtle rhythmical undulation of the
baseline corresponds to chest compressions from cardiopulmo-
nary resuscitation. Case 1. Electrocardiogram from 8 minutes and
20 seconds after infusion showing sinus rhythm at 86 bpm with
1 mm horizontal ST depression in leads II, III, and aVF.

dyslipidemia, bilateral knee osteoarthritis, and diabetes
mellitus was seen in follow-up for CAD 3 years after drug
eluting stent placement in the left anterior descending,
right, and posterior descending coronary arteries. Prior
stress tests had all been exercise echocardiograms, the most
recent of which was over 3 years ago, prior to her PCI. Due
to easy fatigability, pharmacologic MPI was requested to
evaluate for ischemia. The patient’s medications at the time
of evaluation were carvedilol, lisinopril, aspirin, rosuvast-
atin, fenofibrate, furosemide, fish oil, liraglutide,
subcutaneous insulin, ferrous sulfate, and levothyroxine.
Her baseline electrocardiogram (ECG) showed normal
sinus rhythm with nonspecific ST-T wave abnormalities
and nondiagnostic q waves in the inferior leads (Fig-
ure 1A). Carvedilol was held the day of the exam.
Utilizing a standard protocol, 0.4 mg of regadeno-
son was injected over 15 seconds while the patient was
walking at a 1 mph on a 0% incline treadmill. Within
seconds, she felt lightheaded, her heart rate (HR)
decreased from 87 to 60 bpm, and her blood pressure
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(BP) from 144/98 to 103/40 mm Hg. Thirty seconds
after regadenoson infusion, downsloping ST depression
were noted in leads II, III, and aVF (Figure 1B). Forty-
five seconds after infusion, she developed severe sinus
bradycardia with first degree atrioventricular delay and
subsequent asystole (Figure 1C). Cardiopulmonary
resuscitation was performed for 2 minutes. Circulation
was restored prior to the administration of aminophyl-
line or other medications. She was pale and diaphoretic
yet alert, oriented and without focal neurologic deficit.
Intermittent nonsustained ventricular tachycardia was
noted. Over 8 minutes after infusion, she continued to
demonstrate nonspecific ST depression (Figure 1D). She
was emergently transported for inpatient monitoring.

Upon arrival to the hospital, she was hemodynam-
ically stable and her serum electrolytes, creatinine and
CK-MB were within normal limits. Troponin T was
undetectable. Thyroid stimulating hormone level was
within normal limits 3 months prior to admission. Stress
imaging was performed and demonstrated a subtle
anterior and anteroseptal defect (Figure 2A). Coronary
angiography showed modest progression of native coro-
nary artery disease, patent stents, mildly elevated filling
pressures, and normal left ventricular systolic function
(Figure 2B, C). Subsequent merging of the outpatient and
inpatient SPECT scans suggested no significant ischemia.
She was managed with an adjusted medical regimen.

In follow-up 1 week later, she was doing well except
for some mild sternal discomfort which was attributed to
the CPR. Twenty-four-hour Holter monitoring revealed
rare supraventricular ectopic beats and one ventricular
ectopic beat. Two months after her stress test, was back
working full time.

Figure 2. (A) Case 1. Merged outpatient and inpatient nuclear perfusion rest and stress images
demonstrating a fixed subtle anterior and anteroseptal perfusion abnormality. (B) Case 1.
Diagnostic coronary angiography of the right coronary artery (RCA) demonstrating patent RCA
stent with a 50% stenosis proximal to the previously placed stent. (C) Case 1. Diagnostic coronary
angiography of the left coronary system demonstrating a patent LAD stent, a long 50% stenosis
proximal to the mid-LAD stent, and a 70% stenosis in the proximal portion of a modest-sized
bifurcating diagonal branch.
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<« Figure 3. (A) Case 2. The baseline electrocardiogram shows
atrial fibrillation with an average ventricular rate of 72 bpm.
(B) Case 2. Electrocardiogram from 42 seconds after infusion
of regadenoson demonstrating asystole. (C). Case 2. Electro-
cardiogram from 4 minutes after administration of
regadenoson shows atrial fibrillation with an estimated
ventricular rate of 39 bpm.

Case 2

A 73-year-old male with history of hypertension,
paroxysmal atrial fibrillation, mild obstructive sleep
apnea effectively treated with continuous positive air-
way pressure ventilation, and osteoarthritis was referred
for regadenoson Tc99m sestamibi SPECT to evaluate
2 months of progressive dyspnea on exertion and
fatigue. Stress echocardiography 8 years prior had been
unremarkable. His baseline medications included aspi-
rin, fish oil, finasteride, folic acid, and vitamins A, C,
and B12. He held his atenolol the morning of the test.

The resting ECG showed atrial fibrillation at 72 bpm
(Figure 3A). Thirty seconds after injection of 0.4 mg of
regadenoson while at rest, he felt warm and lightheaded.
The ECG at that time showed atrial fibrillation with a
ventricular rate of 69 bpm and was without significant
change from baseline. Forty-two seconds after injection, he
became unresponsive and continuous ECG monitoring
showed asystole (Figure 3B). After several chest compres-
sions, circulation returned with a ventricular rate in the 30-
40 bpm range. He was responsive, diaphoretic, and had
borderline hypotension. His consciousness waxed and
waned for several seconds. Aminophylline 75 mgIV and a
normal saline bolus were administered. Two minutes after
regadenoson administration, there was one further abrupt
asystolic event that spontaneously resolved with restora-
tion of atrial fibrillation with a ventricular response of 30-
40 bpm (Figure 3C). No ischemic changes were noted on
the ECG. Normal perfusion was demonstrated with Tc99m
sestamibi SPECT. He was monitored in the cardiology
clinic until complete resolution of his symptoms. He
remained hemodynamically stable and neurocognitively
intact, and was released with close outpatient follow-up.

One week later, he reported improved exertional
capacity on adjusted rate controlling agents for his atrial
fibrillation. Four months later, after several weeks of
therapeutic oral anticoagulation, he underwent direct current
cardioversion to restore sinus rhythm. One month after
cardioversion, he reported intermittent mild palpitations and
was noted to be back in atrial fibrillation. He elected to
continue with a rate control and anticoagulation strategy.

DISCUSSION

The receptor affinity profile for the A2A receptor
agonist regadenoson was intended to affect coronary
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vasodilation by achieving coronary hyperemia while
minimizing undesirable side effects associated with
activation of other adenosine receptors. Despite no
episodes of serious bradycardia during large-scale mul-
ticenter clinical trials, multiple cases of high grade AV
block have been identified since its approval by the
FDA.>* Recently, the FDA has released warnings of
heart attack and death during vasodilator stress testing as
reported in Table 1.° Due to limitations in the data, it
was unable to discern a difference in risk between
regadenoson and adenosine. The warning highlights that
some cases of myocardial infarction and death occurred
in patients with pre-existing unstable angina or cardio-
vascular instability.

We report two cases of asystole and hemodynamic
collapse soon after regadenoson administration necessi-
tating emergent intervention and medical stabilization.
In the combined experience of our three outpatient
cardiology offices over 18 months (April 2012-Septem-
ber 2013), 2,732 doses of regadensoson have been
administered as a cardiac stress agent and two patients
have developed asystole and hemodynamic collapse
shortly after injection. All of these patients were
clinically stable and presenting for outpatient testing.
The two episodes were separated by 2 months, and thus
are unlikely to be due to a contaminated batch of
regadensoson, technetium, or medical supplies. In these
same offices, it is conservatively estimated that over
9,000 adenosine MPI studies were done over 10 years
(2003-2012) without a single case of hemodynamic
collapse or asystole.

The exact mechanism by which regadenoson could
cause profound bradycardia or asystole remains uncer-
tain. Adenosine is believed to exert its cardiac
electrophysiologic effects mainly through activation of
Al adenosine receptor and to have both direct and
indirect effects in the supraventricular tissues but only
indirect effects in the ventricle.® In the aforementioned
cases, the mechanism cannot simply be explained by AV
block via activation of the Al receptor since both
patients developed apparent atrial standstill with no
reliable ventricular escape. It has been postulated that

Table 1. FDA reported cases of death and MI

Adenosine Regadenoson
(5/18/1995) (6/24/2008)
Myocardial 6 26
infarction
Death 27 28

FDA approval date of the pharmacologic agents are listed in
parentheses. Data from the FDA Adverse Event Reporting
System (FAERS) database.®
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the mechanism may be due to an accentuated vasovagal
response (Bezold Jarish Reflex) in susceptible individ-
uals, possibly due to A2A receptor activation at the level
of the hypothalamus resulting in excessive bradycardia
and hypotension.’

In arecent European review of over 1,764 consecutive
patients receiving regadenoson as a stress agent, two
patients were reported to have developed transient asys-
tole.'” The only significant variable associated with any
adverse event was significant drop of HR and BP after
Regadenoson injection. However, the very low incidence
in that study (0.0013) would make it difficult to determine
whether there is a particularly unique risk factor for
developing asystole. A2A adenosine receptors are
expressed in human supraventricular myocardium and
believed to modulate spontaneous sarcoplasmic reticulum
calcium release.'' Their presence in ventricular myocytes
remains controversial.'>'? While it has been reported that
there is no significant SA node or other myocardial cell
effect of A2A activation, other studies have contradicted
this finding and have demonstrated direct A2A effect at the
level of the sarcoplasmic reticulum in SA nodal and other
myocardial cells directly affecting calcium efflux and
subsequent myocardial cell depolarization; however, such
inhibitory effect has not yet been demonstrated.'"'*3

Given the 2- to 4-minute-long first phase half-life of
regadenoson yet relatively short lived duration of
asystole in the previously discussed cases, a vasovagal
mechanism, including subsequent rebound sympathetic
output through the baroreceptor reflex, seems to be the
most plausible explanation.'® Additionally, similar to
the previous reported cases, our patients exhibited
premonitory vasodepressor-like signs and symptoms.
Furthermore, one of the patient’s baseline rhythm was
atrial fibrillation which would also suggest a profound
vasovagal effect rather through inhibition of spontane-
ous SA node depolarization via activation A2A receptor
in atrial myocytes.

NEW KNOWLEDGE GAINED

Asystole with hemodynamic collapse was not pre-
viously recognized as an adverse effect of regadenoson
in stable patients. The risk factors for and mechanism
behind these events remain undefined but might involve
a heightened vasovagal response in susceptible individ-
uals, possibly in combination with an as yet undefined
effect on hypothalamic and cardiac A2A receptors.

CONCLUSION

Currently, the FDA warning on use of these cardiac
nuclear stress-testing agents applies to patients with
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unstable angina or cardiovascular instability; however,
the cases in this report represented outpatient stress tests
in stable patients without angina. Until further data is
available, we emphasize the importance of having
readily available resuscitation equipment during and
after administration of vasodilators for MPI. Staff must
be trained and knowledgeable about the rare but
potentially serious side effects of either of these vaso-
dilator pharmacologic stress agents.
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