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Arrhythmias in vasodilator stress testing
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In this issue, Massalha et al retrospectively analyzed
the conduction abnormalities that occurred with dipyri-
damole infusion.! The authors examined 2010 patients,
noting that 17.4% of the patients had baseline conduc-
tion abnormalities (defined as one fascicular block, bi-
fascicular block, tri-fascicular block, non-specific intra-
ventricular conduction delay (IVCD), atrial flutter or
atrial fibrillation). After infusion of dipyridamole, it was
noted that 16 patients had transient atrioventricular (AV)
conduction changes; this was more pronounced in
patients who already had baseline conduction abnor-
malities (0.3% vs 3.1%, P < .0001). While the low
incidence of significant conduction abnormalities is
reassuring, it is important to recognize the breadth of
agents being used in vasodilator stress testing.

“ADENOSINE-LIKE” COMPOUNDS

The first inquiry into the cardiac activity of
adenosine-like compounds was performed by Drury
and Szent-Gyorgyi in 1929 when they isolated adeno-
sine from bovine hearts and noted its effect, slowing of
SA node and AV node conduction in animal models.”
Other early testing with adenosine and its analogs was
performed mostly in Europe and even the early tests
showed the conduction effects of adenosine. Wayne et al
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in 1949 described the effects of adenosine on animals as
well as five human subjects, noting that conduction
abnormalities were dose dependent as low dose induced
sinus tachycardia, but higher doses created SA node and
AV node blocks.?

Dipyridamole was introduced as a coronary dilator
for the treatment of angina in the 1960s and was noted to
inhibit the uptake of adenosine into red blood cells.* In
the 1970s, adenosine was additionally found to be a
mediator of coronary blood flow.” It was noted that in an
ischemic episode myocardial adenosine levels increase
dramatically, this eventually led Crea et al to note that
adenosine administration had produced chest pain in
patients with silent ischemia by exercise testing.®

The first vasodilator stress imaging was done in
1978 using dipyridamole.” This method was generally
considered safe and low risk to patients.® Adenosine
stress testing followed suit soon after.” Although these
were considered safe, the possibility of bronchospasm
induced from such non-selective adenosine receptor
agonists leads to the development of A2A receptor
specific agonists, such as regadenoson in the late
1990s.'*!"!

Dipyridamole, adenosine, and regadenoson are cur-
rently the most widely used agents for pharmacologic
vasodilator stress testing. While dipyridamole tradition-
ally dominated pharmacologic stress testing in and
outside of the US, there was a clear shift toward using
other agents for reasons of efficiency and side effect
profiles. Recent ASNC member survey in the US in
2013 shows that nearly 84% of pharmacologic stress
tests done use regadenoson.'? The survey also demon-
strates a significant reduction in the number of
dipyridamole stress tests (Figure 1). It is therefore
important to assess the pro-arrhythmic effects across
the entire class of vasodilator agents.

PRO-ARRHYTHMIC EFFECTS

Adenosine and adenosine-like compounds were
initially found to manifest conduction abnormalities,
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Figure 1. Percentage of pharmacologic stress agent doses.
Adapted from the 2013 American Society of Nuclear Cardi-
ology/MedAxiom Nuclear Survey.'?

and only later found to be acceptable vasodilator agents
for stress testing. The cardiology stress protocol and
tracers guidelines from the American Society of Nuclear
Cardiology (ASNC) note that contraindications to the
use of any vasodilator agent include second- or three-
degree AV block without a pacemaker or sick sinus
syndrome.'* However, the reported incidence of signif-
icant ventricular arrhythmia, tachyarrhythmias, and AV
block or symptomatic bradycardia does vary among
agents and among study populations (Table 1).
Adenosine is a direct coronary arteriolar vasodilator
with non-specific activation of the A2A receptor. Sum-
mary data from multiple studies demonstrate an
incidence rate of 3%-12% for any type of arrhythmic
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effect, with varying clinical significance. Registry data
show that transient AV nodal block occurs in 7.6% of
patients and usually resolves spontaneously. It is evi-
dent, however, that patients over 70 years of age have a
higher risk of developing AV block. No other serious
side effects of adenosine are evident in this registry.’

Large-scale studies have also shown that the risk of
serious side effects from dipyridamole is low and
comparable to those reported in the exercise popula-
tion.® While there have been large studies involving
greater than 70,000 patients looking at the safety of
dipyridamole, Massalha et al further document the
safety of dipyridamole use with a low 0.8% incidence
of AV block in 2010 consecutive patients in this issue.
Similar to studies with adenosine there were particular
at-risk populations worth noting, those with pre-existing
AV block.

Regadenoson, the latest generation specific A2A
adenosine receptor agonist that is also a direct coronary
arteriolar vasodilator, has rapidly become the vasodila-
tor agent of choice with an acceptable side effect profile
and ease-of-use that contributes to lab efficiency.'”
Review of study data shows a low incidence of AV
block, approximately 2.8%.'"'¢

SUMMARY

There are several different stress protocols and
pharmacologic vasodilator agents utilized in clinical
cardiology. Although their side effect profiles and
pharmacokinetics vary, the different (dipyridamole,
adenosine, and regadenoson) are generally well tolerated
with minimal side effects. The rate of clinically signif-
icant adverse events and pro-arthythmic effects are
similar and low across the different agents.

Table 1. Summary of studies evaluating the pro-arrhythmic effects of pharmacologic stress agents

Ventricular Unspecified AV
extrasystoles arrhythmia Tachyarrhythmia block
Agent n (%) (%) (%) (%)
>1000 pts
Cerqueira et al®  Adenosine 9256 3.34 7.63
Sun et al'® Adenosine 1168 6.25 6.42
Ranhosky et al'®>  Dipyridamole 3911 5.22 3.25
Lette et al® Dipyridamole 73,806 0.01
Massalha et al' Dipyridamole 2010 0.8
Cerqueira et al'® Regadenoson 1240 2.82
<1000 pts
Cerqueira et al'®  Adenosine 631 8.24
Alkoutami et al'”  Adenosine 600 12.17
Hendel et al'! Regadenoson 26 2.78
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