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PRIMUM NON NOCERE (UNCERTAIN ORIGIN;
OFTEN INCORRECTLY ATTRIBUTED TO THE
HIPPOCRATIC OATH)

Regadenoson is currently the most widely used
pharmacologic stress agent for myocardial perfusion
imaging (MPI) with millions of doses administered
annually in the US. In November 2013, the US Food and
Drug Administration (FDA) issued a Drug Safety
Communication warning health care professionals of
the rare but serious risk of heart attack and death with
use of either regadenoson or adenosine.' In this issue of
the Journal, Rosenblatt et al report on 2 cases of asystole
following regadenoson administration for MPI in stable
outpatients.” These reports raise legitimate concerns
with regard to safety of regadenoson considering its
widespread use and the dictum of ‘‘do no harm.”’

MYOCARDIAL INFARCTION

In association with the Drug Safety Communication,
the FDA approved changes to the drug label of regadenoson
to warn of the possibility of myocardial infarction (MI),
ventricular arrhythmias, and cardiac arrest. The FDA also
advised physicians to avoid the use of regadenoson in
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patients with symptoms or signs of acute myocardial
ischemia, because these patients may be at greater risk of
serious cardiovascular reactions to regadenoson. To date,
there have been 2 published case reports of acute ST
elevation MI occurring within minutes of regadenoson
injection.>* A third case report describes chest pain in a
patient with hypertrophic cardiomyopathy following infu-
sion of regadenoson; this patient had a reversible perfusion
defect on imaging and normal coronary arteries on angi-
ography, and symptoms were attributed to presumed
vasospasm.” In addition, the FDA analyzed its Adverse
Event Reporting System (FAERS) database and reported
26 MIs and 29 deaths after regadenoson administration
during the period extending from June 24, 2008, to April
10, 2013 and 6 MIs and 27 deaths after adenosine
administration from May 18, 1995, to April 10, 2013.
The majority, although not all, of these events occurred
within 6 hours of drug administration. The FDA points out
that some of these deaths occurred when the drugs were
administered with exercise stress, which is not an FDA-
approved use of these drugs. Because these cases were
spontaneously reported, little information is available
regarding the circumstances of the events.

The adenoscan vs regadenoson comparative evalu-
ation for myocardial perfusion imaging (ADVANCE-
MPI) trials, two multi-center, double-blind, phase 3
studies, established the non-inferiority of regadenoson
compared to adenosine for the detection of reversible
perfusion defects.”” These trials randomized a total of
2,015 patients to sequential (median of 7 days between
scans) adenosine-regadenoson MPIs vs adenosine-
adenosine MPIs in a 2:1 ratio. The studies reported no
serious adverse events, including death or Mls, in either
group. A small open-label, dose-escalation study of
regadenoson (10-500 pg intravenous bolus) performed
in 38 subjects to characterize the dose dependence
of regadenoson-induced coronary hyperemia, reported 1
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moderate adverse event (hypotension) and one serious
adverse event (MI).* The MI occurred 2 days after drug
administration and was considered unrelated to the
exposure to regadenoson.®

Since the approval of regadenoson, multiple prospec-
tive studies have reported safety data for regadenoson alone
and in combination with exercise and have examined its
safety in special populations such as patients with kidney
disease and pulmonary disease.” ' These studies combined
had dataon ~ 2,300 patients that received regadenoson and
reported no deaths or MIs. In an on-going multi-center
phase 3b study examining the administration of regadeno-
son following inadequate exercise stress test compared
to regadenoson alone (ClinicalTrials.gov identifier NCT
01618669) that has enrolled more than 1,000 patients, one
patient had an acute coronary syndrome following regad-
enoson administration. This patient started to experience
ischemic symptoms while exercising prior to receiving
regadenoson. The subject recovered (personal communi-
cation with Astellas). Brinkert et al recently reported
prospective safety data of regadenoson administration to
1,764 consecutive patients (90% in combination with
submaximal exercise) at a single institution. In this study,
there were 8 adverse events (0.5%) but no deaths, MIs, or
hospital admission following stress MPL'’

The mechanism for the possible association
between regadenoson administration and acute MI is
not clear. Similar associations have been reported with
adenosine and dipyridamole."* Possible mechanisms
include coronary artery steal, hypotension due to
peripheral vasodilation, and coronary artery spasm.

ASYSTOLE

Adenosine causes coronary vasodilation by activat-
ing the A2A receptor and undesirable side-effects
through its activation of Al, A2B, or A3 adenosine
receptors.'® Specifically, activation of Al receptors in
the sinoatrial and atrioventricular (AV) nodes and in
atrial and ventricular myocytes is known to have
negative chronotropic and dromotropic effects. In con-
trast to adenosine, regadenoson is a selective agonist of
the A2A receptor and has a 13-fold greater affinity for
A2A than for Al and very low affinity for A2B and A3
receptors.'® In guinea pig isolated hearts, the potency of
regadenoson to increase coronary blood flow is much
higher than to slow AV conduction (Figure 1, CV
Therapeutics, unpublished data, courtesy of L. Belard-
inelli). Thus, the functional selectivity of regadenoson
for A2A-mediated coronary vasodilation relative to Al-
mediated AV nodal conduction slowing is >200-fold.
Despite its high selectivity for A2A, regadenoson has a
relatively low affinity for this receptor. However,
activation of a small fraction of coronary A2A receptors
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is sufficient to cause near-maximal vasodilation.”’ In
guinea pig isolated hearts, occupancy by regadenoson of
4% and 25% of A2A receptors is sufficient to cause 50%
and 90% of maximal coronary conductance, respec-
tively. Due to this low affinity, regadenoson binding is
readily reversible, the onset of its action is rapid, and the
duration of action is brief.

These pharmacological characteristics are consistent
with the lower incidences of first- (2.8% vs 7.0%) and
second-degree (0.1% vs 1.5%) AV block compared to
adenosine in the ADVANCE-MPI clinical trials.”” The
ADVANCE-MPI trials and the other prospective clinical
trials reported no cases of asystole and a single case of
complete AV block in a subject with asthma that
recovered.” Since then a case report of asymptomatic
complete AV block which occurred after regadenoson
administration and immediately reversed with aminoph-
ylline has been published.”’ Another case was reported of
a patient who developed high-grade AV block after
administration of regadenoson followed by asystole.*>
Chest compressions were initiated and aminophylline
given. The patient regained a palpable pulse and con-
sciousness after approximately 1 min. Several other cases
of AV block have been reported to FAERS. In this issue of
the Journal, Rosenblatt et al® report on 2 cases of asystole
in stable outpatients that led to hemodynamic collapse in
the absence of baseline conduction abnormalities or
interfering medications. In the study by Brinkert et al of
1,764 patients, 7 patients experienced vasovagal episodes
(symptomatic hypotension with inappropriate bradycardia
or failure of compensatory tachycardia) of which 2
progressed to asystole lasting 10-30 seconds. Finally, we
have observed 2 cases of asystole following regadenoson
administration at the University of Alabama at Birming-
ham-UAB (personal observations, unpublished). Both
cases resolved spontaneously after few seconds without
administration of aminophylline or other medications.

Regadenoson, via activation of the A2A receptors,
can cause peripheral vasodilation (although less so than
coronary vasodilation) that may lead to a drop in blood
pressure. Accordingly, in the ADVANCE-MPI trials, a
systolic blood pressure drop >35 mm Hg occurred in
7% of patients. Activation of peripheral A2A causes
increased release of adrenergic neurotransmitters,23
whereas activation of nucleus tractus solitarii A2A is
reported to inhibit regional sympathetic and hemody-
namic reflex responses.”* In laboratory animals and in
humans, regadenoson decreases systolic and diastolic
blood pressures and causes an increase in heart
rate.®*>>>° Thus, the drop in blood pressure is usually
countered by direct sympathoexcitation and an auto-
nomically mediated elevation in heart rate that increases
cardiac output and maintains adequate perfusion of vital
organs. Consistent with this, the prevalence of adverse
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Figure 1. The relationship between the concentration of
regadenoson (CVT 3146) and coronary conductance on the
left and stimulus-to-His bundle interval (S-H) on the right in
isolated guinea pig hearts. Note that the half-maximum
effective concentration (EC50) for coronary conductance is
on a lower order of magnitude (nM compared to pM).

events during administration of regadenoson in
healthy volunteers was greater in standing than in supine
subjects.”” Therefore, in the presence of autonomic
dysfunction that attenuates a reflex increase of heart rate
to maintain blood pressure and/or diminished sympat-
hoexcitation, the A2A-mediated effect of regadenoson to
reduce peripheral resistance may lead to a greater normal
drop in blood pressure and cardiac output. In dogs and rats
treated with hexamethonium, a blocker of impulse trans-
mission through autonomic nerve ganglia, regadenoson
administration (5 pg/kg) did not increase heart rate, and
the drop in blood pressure was much greater than in
untreated control animals.?*® It is therefore possible that
patients with poor autonomic control of cardiovascular
function may experience an acute drop in blood pressure
leading to hemodynamic collapse upon administration of
regadenoson, especially when in the standing posture,
such as when administered in association with exercise.
Another possible mechanism for hemodynamic
deterioration may be endogenous adenosine generation.
Myocardial ischemia may ensue after regadenoson
administration due to the sudden drop of systemic blood
pressure or alternatively, from coronary steal in patients
with severe coronary obstruction and/or the presence of
collaterals. Ischemia results in myocardial adenine
nucleotide breakdown and increased adenosine forma-
tion. Adenosine slows heart rate and AV conduction via
Al receptor activation. Patients predisposed to conduc-
tion block and/or ischemia in either the sinoatrial or AV
nodes would be expected to have higher sensitivity to
the Al receptor-mediated conduction slowing caused by
endogenously released adenosine or exogenous
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regadenoson. This predisposition may depend on factors
such as fibrosis in the node(s) and surrounding tissues,
which reduces baseline electric conduction, the anatomy
of the arteries supplying the sinoatrial and AV nodes, the
presence of anatomy that is favorable to coronary steal,
and patient variability in levels of plasma adenosine and
A2A receptor expression.*”"

DRUG SAFETY

To assess the risk of regadenoson, or any other
medicine, one has to examine the totality of evidence
from clinical trials as well as post-marketing surveil-
lance. In the pivotal clinical trials, no cases of MI, death,
or asystole were seen with regadenoson. Although
clinical trials usually identify common adverse events,
assessment of infrequent but serious events based on
clinical trials alone is problematic, because these trials
recruit only few thousand patients, select patients who
are healthier than what is ultimately seen in practice and
are powered for efficacy but underpowered for risk.
Several cases of MI, complete AV block, and asystole
have been seen in post-marketing clinical trials that have
examined higher risk populations and/or used protocols
which may be associated with higher risk (i.e., regad-
enoson with exercise) and in case reports and post-
marketing surveillance. Although data derived from the
later source overcome some of the limitations discussed
above with regard to the number of subjects and the
presence of comorbidities, it has its own limitations.

First, the data are incomplete. For example, it is not
possible from the limited data to determine whether the
reported cases of MIs and death with regadenoson are
causally related to the drug. Second, it is hard to
estimate the level of risk relative to benefit. To assess
risk, both the numerator and the denominator need to be
accurately measured. A recent survey by ASNC indi-
cated that regadenoson is by far the most used
pharmaceutical stress agent (83% in 2013 with 7%
increase compared to 2012).>* It is estimated that 2-3
million regadenoson MPIs are currently performed per
year in the US. Nevertheless, the reported cases are
voluntary and may represent a fraction of the total
number of adverse events, because some cases may not
be reported (for example, the 2 cases of asystole
mentioned earlier at UAB). For these reasons, the
FDA announced in December 2013 that it is considering
the use of electronic medical records to directly assess
drugs in the post-market setting and help it determine
risk factors associated with the development of adverse
events.”> Hopefully, this will help the agency in the
future have direct access to de-identified records of
drug-induced adverse events and enhance the assess-
ment of risk and safety.
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Figure 2. Rest and dobutamine stress ECG of a 62-year old woman with severe chronic obstructive
pulmonary disease on home oxygen, diabetes, hypertension, dyslipidemia, and history of MI in the
past who presented to our institution with atypical chest pain and active wheezing. She developed
inferior ST elevation with reciprocal depression in anterolateral leads during dobutamine infusion.
The patient was emergently transferred to the catheterization laboratory where angiography showed
complete occlusion of proximal right coronary artery (which fills distally via left-sided collaterals)

and underwent successful stenting.

Beyond the accurate assessment of risk, we need to
consider whether this risk is confounded by indication.
In this regards, regadenoson MPI is administered to
patients with known or suspected coronary artery
disease who are at risk of developing adverse events,
whether or not they receive regadenoson. Further, we
need to consider the alternatives if regadenoson MPI is
not performed. There are no data currently comparing
the risk of regadenoson to other stress agents, but
previous studies have shown a risk of MI, death, and
serious arrhythmias with adenosine, dipyridamole,
dobutamine, and exercise®®* (Figure 2). Performing
such comparisons is needed but will require very large
databases and will be limited by comparisons across
different eras, because, as mentioned earlier, a majority
of pharmaceutical stress tests are currently performed
with regadenoson. Also, it is not clear how to differen-
tiate an MI from stress-induced ischemia in this setting.
For example, in the case presented in Figure 2, did the
patient have an ST-elevation MI or ST-elevation sec-
ondary to dobutamine-induced ischemia (collateral-
dependent steal) indicating a positive test? Biomarkers
are not particularly helpful to differentiate the two in this
setting, because the rise in biomarkers is dependent on
the timing of restoration of blood flow (if it is an MI)
and on the procedure itself (percutaneous coronary
intervention) which may induce a rise of biomarkers
even if the ST elevation was originally caused by
dobutamine-induced ischemia.

In conclusion, cases of MI, serious arrhythmias
including complete AV block and asystole, and even
death have been reported with regadenoson MPIL

““Cardiac resuscitation equipment and trained staff
should be available before administering Lexiscan or
Adenoscan’ and these drugs should be avoided ‘‘in
patients with symptoms or signs of acute myocardial
ischemia such as unstable angina or cardiovascular
instability”’" as indeed should any form of stress testing,
including exercise. According to the available limited
data, the absolute risk appears to be small and may not
be different from other stress agents. Further data
comparing safety of regadenoson to other stress agents
are urgently needed. Finally, our assessment of risk
should be weighed against the benefit of any interven-
tion such that we ‘‘first do no net harm,”” as recently

suggested.*
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