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OPINION
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aClinical Trials Center, Cardiovascular Research Foundation, New York, New York, USA; bCenter for Interventional Vascular Therapy, Division of
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Introduction

Randomized clinical trials are the cornerstone of the collective
process evaluating novel technologic and pharmacologic dis-
coveries. The commercial availability of breakthrough thera-
pies is contingent upon the demonstration of an acceptable
product safety and efficacy profile commensurate with the
stringent regulatory approval process; this, in turn, has led
to an explosive increase in randomized clinical trials that
often enroll thousands of patients followed clinically for a
number of years.1 As a result, patient outcomes have
improved dramatically over the past two decades, due in
part to the rapid and safe implementation of life-saving ther-
apeutic modalities through the well-orchestrated collaboration
between innovators, industry, academia, and community
physicians.2 Nevertheless, one byproduct of this phenomenon
has been the ever increasing specialization, which has inad-
vertently resulted in selective capture of clinical outcomes
largely according to the investigators’ expertise and the nar-
row scope or budget limitations of a regulatory-driven clinical
investigation. Clinical trials in the field of interventional car-
diology have focused on a restrictive number of clinical out-
comes, such as death, myocardial infarction, reintervention,
neurologic outcomes, and bleeding,3–5 whereas capture and
adjudication of arrhythmic events or arrhythmia-related hos-
pitalization is notably absent.6 Although electrocardiographic
core laboratories are commonly employed in interventional
cardiology trials, as end points (i.e. STEMI) optimally include
electrocardiographic confirmation, core laboratory assess-
ments have frequently omitted detailed rhythm analysis. In
contrast, recent guidelines on endpoint assessment in aortic
or mitral valve disease trials have included arrhythmic events
and conduction system disturbances,7–9 although these
remain largely underreported. Arguably, this is an area that,
once improved upon, could have a dramatic impact on our
understanding of important disease processes that are either
highly prevalent or associated with increased mortality and
morbidity,10 such as atrial fibrillation in surgically or percu-
taneously treated structural heart disease (SHD) or sudden
cardiac death (SCD) and ventricular arrhythmias in the set-
ting of SHD or ischemic heart disease (IHD). In the present
review, we highlight the current status and future prospect of
arrhythmic endpoint assessment in interventional cardiology
trials.

Ischemic heart disease

Cardiovascular diseases are responsible for more than
17 million deaths every year in the world; of those, approxi-
mately 25% are identified as SCD,11 and over half of SCDs are
due to tachyarrhythmic mechanisms.12 Causes of SCD vary
with age,10 but chronic degenerative diseases predominate in
the older population, and while approximately 50% of cardiac
arrests occur in individuals with previously identified cardiac
disease, most suffer from concealed IHD.13 Nevertheless,
despite extensive research, the leading indicator consistently
associated with the risk of SCD is left ventricular ejection
fraction,14 a frequently inaccurate and not consistently repro-
ducible measure. Several other potential markers of risk for
SCD, such as late potentials, T-wave alternans, and QT inter-
val dispersion have not influenced clinical practice. Similarly,
there are no specific clinical predictors differentiating between
two modes of cardiac death, namely SCD or non-SCD.15 As
such, given their typically large sample size, interventional
cardiology trials are a potentially useful source of risk strati-
fication data for SCD, and although inclusion of specific
monitoring parameters are too costly for entry into standard
IHD trial protocols, well-described definitions of arrhythmic
events and expert review by specialized committees might
allow for the generation of improved risk stratification models
of arrhythmic or SCD. To date, most trial protocols have
largely included standardized definitions of death, assessing
a cardiovascular versus non-cardiovascular origin without
further discrimination. The recently implemented Academic
Research Consortium definition of death has allowed capture
of SCD,5 but unless detailed identification of the cause of
death is necessitated by the trial protocol and associated
with a requirement for detailed documentation by the sites
and clinical event committees, important information regard-
ing the occurrence of an arrhythmic event is frequently not
collected. This might be attributed to the expense involved in
detailed data capture and adjudication of death, which fre-
quently occurs out of hospital. Similarly, unless a specific
approach to identification and categorization of SCD is imple-
mented at the trial onset and included in the trial case report
form, data on attendant arrhythmias will not be documented.
Furthermore, significant discrepancies in investigator-
reported versus adjudicated sudden death have been noted16;
this currently limits the usefulness of large meta-analyses,
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despite the fact that the combination of SCD data is likely the
most useful approach to assessing this uncommon endpoint.
Novel schemes of identification and detailed assessment of the
mode of mortality events have been described to address this
issue; however, utilization in clinical trials has been
limited.17,18

In addition to SCD, any arrhythmic event, particularly
sustained ventricular arrhythmias, is of importance in out-
comes analysis and risk stratification of patients with IHD;
however, despite recent efforts to signify the impact of such
events,19 most recent randomized trials capture only peri-
procedural tachy- and bradyarrhythmias,20,21 largely omit-
ting the long-term occurrence of such events and associated
consequences, including device implantation, ablations,
bleeding, and stroke. Subsequently, underreporting of
arrhythmic events or associated hospitalizations reduces
the clinician’s ability to optimally implement relevant thera-
pies in patients with IHD. Capture of arrhythmias is further
limited by lack of consensus regarding clinically meaningful
duration, especially as it pertains to atrial fibrillation,22,23

and inconsistent patient reporting, which renders identifica-
tion of such arrhythmias dependent on frequent clinical or
electrocardiographic follow-up. Similarly, capture of con-
duction system abnormalities is commonly omitted, though
even limited effects of an evolving cardiomyopathic sub-
strate on the atrioventricular conduction system have
adverse prognostic impact.24 Further, outside the realm of
electrophysiology-specific trials, there is surprising under-
utilization of data from cardiac implantable devices. These
limitations can be addressed with the addition of detailed
instructions on capture of arrhythmic events in relevant
guidance documents, operational implementation in clinical
trial protocols and utilization of data derived from cardiac
implantable devices. As an example, implementation of a
rigorous and detailed process for capture of atrial arrhyth-
mic events in the EXCEL trial25 led to important insights on
the prevalence and prognostic significance of atrial fibrilla-
tion on long-term cardiovascular outcomes in patients with
left main coronary artery disease,26 indicating the need for
long-term surveillance of patients with atrial fibrillation
following revascularization. In contrast, review of the
EXCEL trial case report forms revealed that ventricular
arrhythmic events were not consistently collected following
discharge from the index hospitalization, though informa-
tion regarding the variable presentation of adverse events,
such as left main stent thrombosis or graft occlusion would
have significantly added to our current understanding of
percutaneously or surgically treated left main disease.
Consequently, standardization of data capture forms and
addition of arrhythmic parameters of interest is critical.

Structural heart disease

SHD has been identified as the “next cardiac epidemic”27 largely
because of the strong association between valvular heart disease
and aging; this, in turn, has resulted in explosive development of
novel device therapies targeting SHD.Given the rigorous scientific
and regulatory oversight of these therapies, the established asso-
ciation between SHD-related arrhythmias and adverse

outcomes,28–30 and the varying degrees of insult on the conduc-
tion system incurred during surgical or percutaneous valve
implantations,31 arrhythmic endpoints have been incorporated
in SHD trials more consistently compared with IHD trials.
However, examination of the case report forms of the
PARTNER I and II trials revealed that while conduction distur-
bances and the need for permanent pacing were captured consis-
tently, collection ofmajor tachyarrhythmic events was limited and
did not include a detailed documentation of the event. Such
information could have allowed us to learn about the relative
effectiveness of the treatment modality (conservative vs. trans-
catheter aortic valve replacement (TAVR) vs. surgical aortic valve
replacement (SAVR)) on the incidence ofmajor tachyarrhythmias
in patients with relatively high prevalence of ventricular
hypertrophy and SCD. Ongoing large randomized trials,
such as PARTNER 3 (NCT02675114) and EARLY TAVR
(NCT03042104), include arrhythmic endpoints in their respective
protocols and are expected to provide significant insight into the
short- and long-term incidence and impact of electrophysiological
disturbances in patients with SHD. Similarly, investigations of
device therapies for structural or functional abnormalities that
may halt or reverse deterioration of a cardiomyopathic process
—such as ventricular assist devices or implants for mitral valve
disease—may provide ample evidence on the temporal relation-
ship between cardiomyopathy and arrhythmias. Trials addressing
valvular abnormalities in the setting of cardiomyopathy, such as
COAPT (NCT01626079), include rehospitalization for heart fail-
ure or cardiovascular rehospitalization as efficacy endpoints; given
the frequent association between arrhythmia development and
rehospitalization, specific consideration should be given to inclu-
sion of such events in trial protocols. A similar focus on device
therapies is anticipated in patients with heart failure with pre-
served ejection fraction, and identification of arrhythmic events
will play a prominent role in defining long-term outcomes.

Despite increasing awareness of the clinical significance
of arrhythmic events in SHD, known limitations to accurate
data capture still hinder the ability to accurately define the
incidence and impact of arrhythmic phenomena. In this
instance, utilization of monitoring data available via cardiac
implantable devices or short-term monitoring devices may
provide additional information regarding electrophysiologi-
cal events. Implantable loop recorders may be of particular
use in patients with unknown propensity to arrhythmia
recurrence or at high risk for significant conduction
abnormalities.32,33 Careful review of monitoring data should
not, however, diminish the role of independent review by
clinicians with expertise on electrophysiological monitoring,
since monitoring devices, similar to electrocardiograms,
provide inaccurate arrhythmia or conduction system disease
interpretations. This can be best achieved through centra-
lized interpretation of arrhythmic events by expert
physicians.

Future directions and conclusions

Interventional cardiology trials have largely underreported
arrhythmic events and arrhythmia-related hospitalizations
and data from cardiac implantable devices or monitoring
devices. Inclusion of arrhythmic endpoints in trial protocols
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and centralized review by clinical experts or specialized core
labs will allow for a fruitful interaction between cardiovascular
disciplines and improved insight into the interplay between
structural heart disease and electrophysiologic disturbances
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