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Abstract

Background—Adenosine or regadenoson are often used with pharmacologic stress testing.
Adenosine may trigger atrioventricular block (AVB). Despite its higher selectivity, regadenoson
has also been associated with AVB. We studied the incidence of de novo AVB with these agents.

Methods—A comprehensive search of SCOPUS was performed from inception to March 2016.
Studies of at least 10 patients, using adenosine and/or regadenoson with SPECT-MPI, reporting
rates of AVB were selected for further review.

Results—Thirty four studies were pooled including 22,957 patients. Adenosine was used in 21
studies and regadenoson in 15. Both were administered in two studies. The estimated incidence of
overall and high-grade AVB was 3.81% (95% CI 1.99%-6.19%) and 1.93% (95% CI 0.77%—
3.59%), respectively. The incidence of AVB (8.58%; 95% CI 5.55%-12.21% vs 0.30%; 95% ClI
0.04%-0.82%, respectively, P<.001) and high-grade AVB (5.21%; 95% CI 2.81%-8.30% vs
0.05%; 95% CI < .001%-0.19% respectively, £<.001) were higher with adenosine compared to
regadenoson.

Conclusion—AVB is seen in about 4% of patients undergoing vasodilator stress test. Both
overall and high-grade AVB are more frequent with adenosine compared to regadenoson. (J Nucl
Cardiol 2017)
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BACKGROUND

Non-invasive pharmacologic stress testing has a central role in the evaluation of patients
with suspected or known coronary artery disease (CAD), not only for diagnostic but also for
prognostic purposes. It is estimated that over 9 million single photon emission computed
tomography (SPECT) studies are performed annually in the US, making it the stress testing
method of choice.! Exercise is generally the preferred stressor, however, in certain cases,
pharmacologic induction of hyperemia is preferred, namely when patients cannot exercise
adequately due to physical limitations and in patients with baseline ECG abnormalities (left
bundle branch block, pre-excitation pattern, permanent ventricular pacing).2 Pharmacologic
stress is also used for risk stratification purposes in clinically stable patients soon after acute
myocardial infarction and in cases with presumptive acute coronary syndrome, for both
diagnosis and risk stratification, when maximal exercise is not felt to be safe.?

The two most widely used coronary vasodilators in the current era are adenosine and
regadenoson.3-8 Adenosine acts by non-selectively activating all four of its receptors,
including A1, A2a, A2b and A3.27 Activation of Al receptors is responsible for suppression
of the sinus (SA) and atrioventricular (AV) nodes leading to varying degrees of bradycardia
and AV block (AVB). These are the same receptors that also mediate its anti-adrenergic
properties, which could account for its cardio-protective effects in the cascade of ischemia—
reperfusion and mediate preconditioning. Activation of A2a receptors dilates the coronary
and systemic vasculature, whereas A2b results in myocardial preconditioning. Binding to the
A3 receptors induces activation of the mast cells and constriction of the smooth muscles of
the airways.2’

In contrast to adenosine, regadenoson is a highly selective A2a receptor agonist (almost 13
times higher affinity for A2a receptors) with minimal if any binding to A2b and A3
receptors.2 Compared to adenosine, regadenoson is easily administered as weight-
independent bolus dose and since its approval by the Food and Drug Administration (FDA)
in 2008, it is now the pharmacologic stressor of choice in the US, comprising 76% of the
vasodilator market share and 59% of overall stress SPECT use.®

The safety profile for both adenosine and regadenoson has been extensively studied.3-> With
respect to occurrence of bradyarrhythmias associated with these two agents, all three degrees
of AVB have been reported with adenosine. Regarding regadenoson, it should be noted that
despite its high selectivity for the A2a receptors, it may still activate the Al receptors, which
could lead to AVB. Several cases of complete heart block and/or sinus arrest and asystole
have been recently reported in the literature®-15 and as of June 2016, there were 72 cases of
regadenoson-related complete heart block reported to the FDA.18 Given the above, the
current guidelines endorsed by the American Society of Nuclear Cardiology (ASNC), the
American College of Cardiology and the American Heart Association clearly state that use
of either one of these agents (adenosine and regadenoson) in patients with known high-
degree AVB and SA node dysfunction is contraindicated, unless the patient has a functioning
pacemaker device.? Nevertheless, the incidence of de novo AVB and SA with adenosine and
regadenoson has not been comprehensively studied. In this meta-analysis, we report on the
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comparison of the incidence of de novo AVB and SA node dysfunction as a result of
administration of adenosine or regadenoson during SPECT-MPI.

METHODS

Inclusion and Exclusion Criteria

This meta-analysis followed the guidelines for Meta-analysis of Observational Studies in
Epidemiology (MOOSE).17 Studies published between 1952 and March 2016 that reported
electrocardiographic changes and/or abnormalities in patients undergoing myocardial testing
using adenosine and/or regadenoson were identified and underwent further analysis using
pre-specified inclusion criteria as follows: (1) SPECT-MPI was the imaging method utilized,
(2) adenosine and/or regadenoson were the vasodilators used for stress testing at doses equal
to or less than the ones routinely used for stress SPECT-MPI (adenosine at 140 mcg/kg/min
and regadenoson as a 400 mcg intravenous bolus injection), (3) the study included more than
10 patients receiving either one of the agents, (4) rates of AVB were reported. The primary
outcome of interest was the incidence of AVB. Secondary outcomes were the incidence of
bradycardia, sinus pause, sinus arrest, and asystole. Case reports or case series of fewer than
10 patients were excluded, as were editorials, comments, letters, review articles, guidelines,
studies using other imaging modalities (vasodilator echocardiography, vasodilator cardiac
magnetic resonance imaging, positron emission tomography), and invasive testing using
adenosine or regadenoson (invasive fractional flow reserve). Studies on heart transplant
recipients were excluded. In addition, one study® used a cross-over design, where patients
first received adenosine and were later randomized to receive either regadenoson or placebo.
In order to avoid introducing non-independence by including patients in the analysis more
than once, we included results from the adenosine arm only in our meta-analysis. In contrast,
two-arm studies, such as the integrated ADVANCE MPI trial® and the study by Zahid et all®
were each treated as two separate single-arm studies for the purpose of this meta-analysis.

Search Strategy and Quality Assessment

An electronic literature search in SCOPUS20 (which includes Biobase, Compendex,
Embase, Fluidex, Geobase, Medline and Word Textile Index) was performed independently
by two authors (EA and LB). A predefined set of keywords was used which was verified by
a third researcher (NSB) (Supplement Section 1). All studies on human subjects, in English
language, in either full text or abstract form were eligible for inclusion. Abstracts and oral
presentations from the American College of Cardiology, American Heart Association,
American College of Chest Physicians and American Society of Nuclear Cardiology were
screened and corroborated by searching SCOPUS. The resulting titles and abstracts were
then uploaded into a reference management software database. Following initial review of
all abstracts, relevant studies were selected for retrieval of their full text for more in-depth
assessment. In cases where there were two or more publications of the same patient
population, the one describing the most complete dataset was selected for inclusion and
further analysis. Additional relevant studies were retrieved from review of the reference lists
of the initially extracted studies. Extraction of data and assessment of study quality followed
regarding authorship, type (abstract vs full text) and year of publication, study population,
study design (retrospective, prospective, historically matched case-control, randomized
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trials) and electrocardiographic changes of interest (presence and type of AVB, bradycardia,
sinoatrial block, sinus arrest, sinus pause, asystole). Methodological quality of the studies
selected for inclusion was done by investigator EA and confirmed by NSB using the
Newcastle—Ottawa score (NOS) (Supp Table 1).21 The NOS system is a well-validated tool
used to assess the quality of non-randomized studies used in meta-analyses. Each study is
scored based on three aspects: (a) the selection of the study groups, (b) the degree of
comparability among the different groups, and (c) the ascertainment of either the endpoint or
the exposure of interest in cohort or case—control studies respectively. Any discrepancy in
extraction and/or analysis of the data was resolved by consensus among the investigators.
The consensus process involved weekly or biweekly meetings where discussions among the
investigators were undertaken, with mandatory recognition of errors by one of the reviewers.

Study Endpoints

Primary endpoint was assessment of the incidence rates of overall and high-grade AVB.
Overall AVB included first, second and third degree AVB. High-grade AVB included second
and/or third degree AVB.22 Secondary endpoints were assessment of the incidence rates of
SA node dysfunction including bradycardia, sinoatrial block, sinus arrest, and asystole.

Statistical Analysis

Statistical analyses were performed using R statistical software, version 3.0.23:24 The
number of subjects experiencing AVB and high-grade AVB was extracted from each study.

Due to the very low incidence of AVB, the arcsine transformation was used to obtain a
pooled estimate of the incidence. For meta-analyses of very rare events, this transformation
is more appropriate than the commonly used logit transformation, as it can accommodate
studies with no observed events, without requiring a continuity correction.2>:26 Both fixed-
effects and random-effects models were considered; the random-effects models were
estimated using restricted maximum likelihood. Statistical tests for heterogeneity were
performed using the Cochrane’s Q statistic, with the assumption of homogeneity being
considered invalid for Pvalues <.1. When homogeneity could not be assumed, we reported
summary estimates from the random-effects models.

Meta-regression analyses were used to assess whether the incidence of AVB significantly
varied by vasodilator (i.e., adenosine vs regadenoson). We also used meta-regression
methods to investigate whether patient age and prior history of diabetes were significantly
associated with incidence of AVB. Advanced age is inherently linked with higher degree of
conduction system degeneration and fibrosis and has been shown to correlate with the
incidence of adenosine-related conduction disturbance.® Patients with diabetes and
underlying cardiac autonomic neuropathy may be at higher risk for developing conduction
derangement following adenosine or regadenoson. Other covariates that might also be
related with a higher risk for SA and AV node dysfunction or cardiac autonomic neuropathy,
such as use of beta blockers, calcium channel blockers, and chronic kidney disease lacked
sufficient data to allow for analysis.

Finally, potential publication bias was assessed using funnel plots with the Egger test.2’
Two-tailed pvalues less than 0.05 were considered to be statistically significant.
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Selection and Characteristics of Studies

A total of 2,125 studies were identified, of which 1646 used adenosine and 479 used
regadenoson as the pharmacological stress agent. A total of 34 studies were included in the
final analysis (Figure 1).3:5:18.19.28-57 Adenosine was the vasodilator used in 21 studies,
35,18,19,28-44 regadenoson was administered in 15°1945-57 and both agents were used in two
studies.>19 For the integrated ADVANCE MPI trial, which included the results from both
ADVANCE MPI 1 and 2 trials, we included the data for the randomized adenosine vs
regadenoson scans.® In the study by Hendel et al, regadenoson-stress SPECT-MPI was
performed in patients who had previously demonstrated ischemia in adenosine-stress scans.
50 No data were provided regarding the adenosine scans, therefore, this was treated as a
regadenoson study. Furthermore, regadenoson was given either at the usually administered
dose of 400 mcg in half the patients and at a higher non-traditional dose of 500 mcg.5°
Based on our inclusion criteria, only the subset of patients who received regadenoson at
400mcg were considered for further analysis.>0

In the final analysis, the 34 studies included data on a total of 22,957 patients. These
included 8,285 patients who received regadenoson and 14,672 patients who received
adenosine. Percentage of male patients was not available for two studies in the adenosine
group.3°:36 For the remaining studies, 56.4% of patients receiving regadenoson and 54% of
the patients receiving adenosine were male. The mean age of participants was not available
for one study in the regadenoson group® and eight studies in the adenosine group.
5.30-32,34-36.41 For the remaining studies, the mean age was 54 years for patients receiving
regadenoson and 57 years for patients receiving adenosine. The characteristics of the studies
using adenosine are listed in Supp. Table 1 and those using regadenoson in Supp. Table 2.
We note that: 1) in the study by Lakireddy et al patients were administered adenosine
infusion for 6 min at a rate of 56 mcg/kg as opposed to the routinely administered dose of
140 mcg/kg/min,37 2) in the study by Alkoutami et al all the patients (7= 11) receiving
adenosine were nonagenarians (i.e., 90-99 years old).3!

Incidence of Overall AVB

AVB was observed in 1,314 of 22,957 (5.72%) patients. There was evidence of significant
heterogeneity in the incidence of overall AVB (Q=1,677.92, P<.001). Notably, when the
adenosine and regadenoson studies were considered separately, we observed significant
heterogeneity in the incidence of overall AVB for both the adenosine (Q = 343.61, A< .001)
and the regadenoson (Q = 139.24, P< .001) studies.Tables 1 and 2 show the distribution of
the different types of AVB among the adenosine and regadenoson studies, respectively. The
random-effects estimate of the incidence of overall AVB was 3.81% (95% CI 1.99%—
6.19%). The incidence rate of AVB in the adenosine group was significantly higher than that
of the regadenoson group (8.58%; 95% CI 5.55%-12.21% vs 0.30%; 95% CI 0.04%-0.82%,
respectively £<.001, OR 30.6; 95% CI 11.0-85.3) (Figure 2).
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Incidence of High-Grade AVB

Association

A total of 33 studies (19 adenosine, 14 regadenoson) reported sufficient information to
calculate the incidence of high-grade AvB.3:5:18.19.28-32,34-43,45-51.53-57 Hjgh-grade AVB
was observed in 754 of 20,817 (3.62%) patients. As with the incidence of overall AVB, there
was evidence of significant heterogeneity in the incidences of high-grade AVB (Q =
1026.89, £<.001). The pooled random-effects estimate of the incidence of high-grade AVB
was 1.93% (95% CI 0.77%—-3.59%). The incidence rate of high-grade AVB in the adenosine
group was significantly higher compared to the regadenoson group (5.21%; 95% CI 2.81%—
8.30% vs 0.05%; 95% CI < 0.001%-0.19%, respectively, £<.001, OR 77.2; 95% CI 20.3-
293.0). (Figure 3).

between Study-level Covariates and Incidence of Overall AVB

Meta-regression was used to assess whether patient age or prior history of diabetes was
significantly associated with incidence of AVB. The age and diabetes history of individual
patients were not available to us, so mean (or median) patient age and percentage of patients
with diabetes were used as covariates in the meta-regression.

The mean patient age was available for 26 studies318.19.28,29,33,37-40,42-57 and median age
was available for three studies.>30:32 There was no significant association between mean
(median) patient age and incidence of overall AVB (P> .2). The percentage of patients with
diabetes was available for 20 studies.>18:19.29,32,38,41,42,45-49,51-55,57 There was no
significant association between percentage of patients with diabetes and incidence of AVB
(P= .11).

Incidence of SA Node Dysfunction

None of the included studies using regadenoson reported the incidence of bradycardia, sinus
pause or sinus arrest. In the adenosine group, there were 28 reported cases of bradycardia,
3293843 gne of which was specified as sinus bradycardia3® and 6 reported cases of sinus
pause.2939 Among patients receiving adenosine, there were 8 cases of transient sinoatrial
block reported in the same study2 and one case of asystole reported by Alkoutami et al
which was the study assessing the incidence of AVB in nonagenarian subjects.3! The above
are summarized in Table 3.

Publication Bias

No evidence of publication bias was detected for the incidence of AVB using the Egger test
(P> .2) (Figure 4).

DISCUSSION

Our meta-analysis is the first to systematically review the available literature and directly
compare the rates of de novo AVB in patients undergoing pharmacologic SPECT-MPI with
either adenosine or regadenoson. The rates of SA node dysfunction were also analyzed as a
secondary endpoint. Based on our analysis, overall AVB is observed in approximately 4%
(95% CI 2%-6%) of patients undergoing vasodilator stress SPECT-MPI using either
adenosine or regadenoson. The incidence of overall AVB (first degree, second degree type I,
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second degree type Il and third degree) was significantly higher in studies using adenosine
compared to regadenoson (8.58%; 95% CI 5.55%-12.21% vs 0.30%; 95% CI 0.04%-0.82%,
adenosine vs regadenoson, £< .001, OR 30.6 95% CI 11.0-85.3). The incidence of high-
grade AVB—defined as second or third degree AVB—was seen in around 2% (95% CI 1-
4%) of patients. Similarly to what was seen for overall AVB, the incidence of high-grade
AVB was significantly higher in studies using adenosine compared to regadenoson (5.21%;
95% CI 2.81%-8.30% vs 0.05%; 95% CI < 0.001%-0.19% respectively, P<.001, OR 77.2;
95% CI 20.3-293.0). No cases of SA node dysfunction were reported in any of the studies
using regadenoson, as opposed to the ones using adenosine, with the majority being cases of
bradycardia32%:3843 and very few cases of transient sinoatrial block,*2 sinus pause2?-3° and
only one case of asystole seen in the small study of nonagenarians.3! Neither mean (or
median) patient age nor prior history of diabetes, examined as covariates, exhibited
significant association with rates of de novo AVB.

AVB with Adenosine

Adenosine binds to all four adenosine receptor subtypes (Al, A2-alpha, A2-beta and A3)
and by activating the Al receptors, it mediates negative dromotropic, chronotropic, and
inotropic as well as anti-adrenergic effects.>® The largest scale trial to examine the safety
profile of adenosine was the ADENOSCAN trial which reported data on over 9000 patients.
3 The overall rate of AVB in this study was 7.6% (N = 706 patients out of a total of 9256)
which fell within the 95% CI of our meta-analysis for adenosine (5.6-12.2%). First degree
AVB was seen in 36% of patients experiencing AVB, second degree AVB in 54% and
complete heart block in 10% (or 0.78% of all patients included). The vast majority of
episodes of AVB (72%) resolved spontaneously with no intervention needed.3 In 19% of
cases, the dose of adenosine had to be decreased and in 8% of patients, the adenosine
infusion had to be stopped due to AVB. Aminophylline was administered in 6 cases of AVB,
however, even in these patients, the episode of AVB had already resolved spontaneously.3 As
opposed to our meta-analysis, age was shown to be the only factor associated with an
increased risk of AVB, with a cut-off of 70 years old correlating with a significant difference
in the incidence of AVB (7.05% vs 9.44%, P< .001, age < 70 years and = 70 years old
respectively).3 No other clinical or ECG characteristics (including conduction abnormalities)
or medications including beta blockers and calcium channel blockers, were found to
correlate with increased incidence of AVB. Furthermore, the occurrence of AVB was not
thought to be a manifestation of ischemia, since there was no correlation between AVB and
ECG changes or perfusion defects on imaging. The authors underlined the transient nature
of the effects of adenosine on AV node and also stressed the importance of avoiding fast
bolus intravenous injections of adenosine, as such handling could lead to high blood levels
and increase the risk for AVB.3

Since the ADENOSCAN trial, other smaller trials reported similar rates of AVB associated
with administration of adenosine infusion for a stress SPECT-MPI study.>28:3242.59 The
only study in our meta-analysis deviating from the afore-mentioned rates for AVB was the
one by Alkoutami et al in 1998, which was a very small retrospective study of eleven
nonagenarian patients.3! This study reported 4 cases of type Il second degree AVB and one
case of complete heart block. This high incidence (45%) of AVB could have been related to
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the advanced age of the patients and their predisposition and sensitivity for conduction
disorders. Similarly to the ADENOSCAN trial, none of the cases of AVB were persistent.3!

We observed significant heterogeneity in incidences of both overall and high-grade AVB.
We used meta-regression analyses to explore two potential sources of this heterogeneity: age
and diabetes history. However, these analyses were limited by the absence of patient-level
data; as a result, we were only able to examine the relationship between mean participant
age and proportion of subjects with diabetes in each trial and the estimated incidence of
AVB. Furthermore these study-level covariates were only available for a subset of studies,

reducing statistical power to detect any associations and possibly introducing selection bias.
60

AVB with Regadenoson

Regadenoson, despite having a much higher selectivity for the A2a adenosine receptors, may
still activate A1 receptors (13 times weaker affinity to A1 compared to A2a).261.62 The A1
receptors are located on the SA and AV nodes and such an activity mediated by regadenoson
may result in sinus node dysfunction and AVB.51.62 This is the basis for the contraindication
in use of regadenoson in patients with known underlying sinus node dysfunction and/or AVB
undergoing stress SPECT-MPI without a functioning pacemaker.X The ADVANCE MPI
multi-center trial established the non-inferiority and safety of regadenoson compared to
adenosine.*® Overall AVB was seen in 2.8% of the patients in the ADVANCE MPI trial
which is higher compared to the incidence in our meta-analysis (0.04%-0.82%) but the
incidence of high-grade AV block in that study was 0.08% which was consistent with the
pooled estimate from our analysis (< 0.001%-0.19%).° Interestingly, even the one patient
that developed high-grade AVB with regadenoson in ADVANCE MPI had Wenckebach
block. The absence of type 2s degree or third degree AVB in this large trial may be attributed
to selection of patients, since those with known history of high-grade AVB or who
developed high-grade AVB following baseline assessment with adenosine were excluded
from the study and did not subsequently receive regadenoson.*>

In contrast to the results of ADVANCE MPI, there have been isolated case reports and small
case series of patients undergoing regadenoson-stress SPECT-MPI, who went on to develop
high-grade AVB or sinus arrest sometimes even leading to asystole.8-13 As of 2016, there
were 47 cases of complete heart block and 25 cases of sinus arrest related to regadenoson
use that were reported to the FDA via its adverse event reporting system (FAERS).16 Of the
total of eight so far reported cases, two were cases of third degree AVB811 one of which led
to transient loss of consciousness!! and the rest were cases of transient asystole sometimes
preceded by sinus arrest!2:13 or AVB.%.10 |n five patients, cardiopulmonary resuscitation
needed to be performed.10:12.13 None of the patients had any associated neurologic and/or
cardiovascular sequelae. All patients had normal LV systolic function on their SPECT
studies and only one case was associated with subtle perfusion defect.1% These case reports
did not meet the inclusion criteria of our meta-analysis, and thus their findings are not
reflected in our results of regadenoson-related AVB. There is, however, a very valid point to
be made: there is a real (albeit small) risk of high-grade AVB and SA node dysfunction with
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regadenoson in everyday clinical practice. Clinicians should be aware of this risk and
develop plans for appropriate interventions when it occurs.

The mechanism underlying SA and AV node suppression which might be induced following
administration of regadenoson is not clear. In some cases, episodes were preceded by nausea
and vomiting and this has led to the hypothesis that an exaggerated vasovagal reaction
(Bezold-Jarisch reflex) along with A2a receptor-mediated vagal stimulation in the area
postraema (found on the floor of the fourth ventricle and linked with nausea and vomiting)
might be the underlying mechanism.%3-65 This can be particularly risky in certain
susceptible individuals, namely those unlikely to be able to tolerate hypotension, such as the
elderly, significant left ventricular outflow obstruction, severe ischemic left ventricular
dysfunction or prior history of stroke. Another plausible explanation could be the
exaggerated autonomic response mediated by activation of A2a receptors in the sympathetic
afferent nerves which may in turn result in an augmented sympathetic activity and reflex
vagal stimulation.64.65 Finally, the production of endogenous adenosine following
regadenoson administration might also account for some of the cases of regadenoson-related
high-grade AVB and asystole. Patients with severe coronary disease or significant collateral
circulation are at risk for experiencing myocardial ischemia with regadenoson which might
be due to either coronary steal or a sudden decrease in systemic blood pressure. Ischemia
may lead to increased production of adenosine, which may activate the Al receptors in the
SA and AV nodes and eventually suppress conduction.1®

LIMITATIONS

Our study is the first to systematically review the incidence of de novo AVB associated with
use of adenosine and regadenoson at dosages typically administered during SPECT-MPI
studies. There are, however, certain limitations. First, there was a significant heterogeneity
observed when assessing the occurrence of both overall as well as high-grade AVB. This is
stemming from the diverse clinical and methodological characteristics of the studies
included, with a typical example of the retrospective study by Alkoutami et al in 1998,
assessing the rate of AVB in a small cohort of nonagenarians.18 In this small study, the
incidence of high-grade AVB was significantly higher compared to the rest (45% vs 3.48%).
Another example is the fact that Lakkireddy et al in their study used adenosine at a dose of
56 mcg/kg instead of the traditionally used 140 mcg/kg/min.24

Significant heterogeneity was also noted with respect to the way studies reported on second
and third degree AVB. The majority did not specify the type of second degree
AVB3:5:16.17.19,29-33 \yhile some reported collectively on second and third degree AVB,22:23
first and second degree AVB,20 or all AVB#! (see Table 3). This hindered our ability to
reliably distinguish between type I and 11 second degree AVB. As a result, our definition of
high-grade AVB encompassed third degree and any case of second degree AVB.

Another limitation is related to the design of two the studies that were included in both the
adenosine as well as the regadenoson arms of our meta-analysis.>33 The Integrated
ADVANCE MPI trial® and the study by Zahid et al3 included patients who underwent
pharmacologic stress SPECT-MPI using both vasodilators, however, since these were
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administered to different groups of patients, they were treated as two single-arm studies. It
should be stressed though that this methodological approach does not take into account any
non-independence between the two single-arm studies, which may exist due to the fact that
they were collected under the same protocol by the same investigative team at the same time.
Nevertheless, we do not expect this non-independence to significantly impact our results and
therefore elected to include these studies.

The incidence of de novo high-grade AVB observed with administration of regadenoson was
trivial and there were no manifestations of SA node dysfunction. In contradistinction, as
afore-mentioned, there has been a notable number of cases of complete heart block as well
as sinus arrest and asystole reported in the literature (as isolated case reports or small case
series) and in the FAERS.51-57 This highlights the difference in risk observed between real
life practice and research reports and stresses the importance of thorough pre-test patient
assessment and careful selection. From this perspective, our results may not reflect everyday
clinical practice and may underestimate true risk of high-grade AVB and SA node
dysfunction.

CONCLUSION

In conclusion, the incidence of overall AVB reported in the literature of patients undergoing
vasodilator stress SPECT-MPI was estimated from our meta-analysis at 3.81% (95% ClI
1.99%-6.19%) and the incidence of high-grade AVB at 1.93% (95% CI 0.77%-3.59%).
Both overall and high-grade AVB were significantly more frequent with administration of
adenosine compared to regadenoson. Based on the results of this meta-analysis and taking
into account the case reports and case series reporting episodes of SA and AV node
suppression—sometimes so severe as to require cardiopulmonary resuscitation—we
recommend adopting an approach of individualized assessment of patients prior to
administration of either adenosine or regadenoson. This will minimize risk of development
of adverse conduction system effects.

NEW KNOWLEDGE GAINED

The risk of AVB with vasodilator stress SPECT-MPI, albeit infrequent, does exist and is
higher with adenosine compared to the selective A2a agonist, regadenoson. Nevertheless,
high-grade AVB does occur with regadenoson. Each patient’s history and risk factors should
be closely examined prior to administration of pharmacologic stress agents to reduce risk of
SA and AV node suppression.
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Forrest plot for high-grade atrioventricular block.
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Funnel plot for publication bias.
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Table 3

Occurrence of SA node dysfunction among studies with administration of adenosine

Side effect Total number of patients Number of patients affected
Bradycardia3293843 9,760 28
Sinoatrial block*? 1,168 8
Sinus pause?%:39 423 6
Asystole3! 11 1
SA, sinoatrial
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