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Randomized clinical trials (RCTs) of antiarrhythmic thera-
pies have proliferated since they replaced observational
clinical reports over two decades ago. Challenged initially
at almost every step, from ethics to endpoints, RCTs have
formed the bedrock of evidence-based medicine and prac-
tice guidelines in cardiac arrhythmias. Yet the implementa-
tion of evidence-based diagnostic or therapeutic guidelines
suitable for clinical practice has not been without difficulty.
Some have evoked an uneasy acceptance in many quarters
and others even more difficult execution in medical practice.
Examples abound. The rate versus rhythm debate in atrial
fibrillation (AF) management is a prominent one. Clinical
trial outcomes were more readily accepted by generalists
than specialists, with the latter perplexed by the unexpected
outcome that ran counter to physiologic principles and
lacked a robust and complete explanation [1, 2]. Prophylaxis
of sudden death events in clinical practice using implantable
defibrillator devices in high-risk patients resulted in unused
device therapy in a very large proportion of all recipients
[3]. These non-uniform outcomes are also seen in cardiac
resynchronization therapy and ablation of an increasingly
broad spectrum of the AF population [4, 5].

Recently, these foundational clinical trials have been
revisited in part or in great measure [6, 7]. These reports
have been both enlightening and concerning. They enlighten
us by revealing common underlying threads of behavior in
arrhythmia disorders. They evoke concern in two areas.

Firstly, by revealing serious adverse effects of long estab-
lished and widely employed therapeutic interventions; and
secondly, that our current paradigms of clinical trial design
and patient enrollment result in highly variable benefits with
a serious proportion of patients receiving little or no long-
term benefit from the intervention. Statisticians remind us
regularly of the perils and pitfalls of both retrospective visits
to clinical trial data and subgroup analyses. To paraphrase a
distinguished editor of this Journal, there should be due
caution around “relying on subgroup analyses or declaring
a difference when there is none and vice versa.” This con-
cern arises mostly due to lack of statistical power in the
original trial design for the subgroup analysis, which may
actually mask potential benefit or harm. At best, we accept
the premise that these subgroup analyses can be construed
as hypothesis generating. We do appear to be better at
selecting subgroups that achieve significant harm in clinical
trials with safety monitoring.

However, the implications of looking away from highly
visible patterns of behavior in clinical outcomes have enor-
mous implications for both patients subjected to unnecessary
care and wasted resources in a resource-limited global health
care environment. For example, with direct and indirect car-
diac resynchronization defibrillator expenditures exceeding
three billion US dollars in this year past, nonresponders to
this therapy contributed over one billion dollars in cost. Some
of these individuals could be simply identified by baseline
characteristics at implant, according to trial subgroup analy-
ses. In this authors’ view, it is time for a paradigm shift in
health care resource deployment that does take into account
important subgroup data.

What are common threads of behavior in arrhythmia
outcomes? They appear to lie in three different areas. Firstly,
a clear understanding of important baseline variables in
recruited populations that will impact outcomes. Managing
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these variables is not simply a matter of balanced distribu-
tion required to test the trial hypothesis. Arrhythmia patients
have important comorbidities that affect outcomes. In a
recent report on the Atrial Fibrillation Follow-up Investiga-
tion of Rhythm Management (AFFIRM) trial, we noted a
general effect of well-defined baseline variables, such as
coronary or pulmonary disease and heart failure, that limited
beneficial outcomes with all interventions tested [6]. Similar
situations exist in trials employing implantable cardioverter-
defibrillators (ICDs) for sudden death prophylaxis in patients
with renal dysfunction and class IV heart failure [4, 8]. Other
baseline variables influence outcomes only with specific inter-
ventions, for example, amiodarone use in atrial fibrillation
patients with preexisting or treated thyroid disease or high
energy shocks in patients with impaired left ventricular func-
tion and comorbidities [6, 7].

Secondly, temporal aspects of disease progression at the
onset or during the tenure of the clinical trial have outcome
consequences. Arrhythmia status and disease state progres-
sion is a poorly defined relationship for both atrial and ven-
tricular arrhythmias. It is however critical to longitudinal
healthcare delivery and cost. It can also result in trial imbal-
ances that are not obvious. Arrhythmia progression is now
measurable. For example, atrial fibrillation (AF) burden can
be highly variable in patients, even when only paroxysmal or
persistent AF patients are recruited based on presence of
structural heart disease or the duration of the persistent AF
[9, 10]. Progression of AF burden in persistent AF can be an
important time-dependent variable impacting outcomes [10].
This is now indirectly recognized in a new ESC classification
of persistent AF [11]. In the AFFIRM trial, progression of
heart failure and ischemia impaired outcomes [6]. Survival
benefits may also vary by remoteness from other beneficial
interventions such as revascularization therapy [12]. Inade-
quate control of hyperlipidemia implicit in limited statin use or
atrial fibrillation emergence has also reduced benefits of ICD
therapy. In fact, geographic variability in ICD benefits seen in
the SCD–HeFT trial could relate to such factors.

Lastly, individual antiarrhythmic therapies have an inde-
pendent impact on outcomes, only in part related to proar-
rhythmia. High-energy shocks may cause ventricular
stunning and cardiac enzyme release which has variable
tolerance in patients with left ventricular dysfunction [7].
Amiodarone promotes more serious cardiovascular hospital-
izations and increases noncardiac mortality by hitherto un-
recognized mechanisms [6]. To offset these deleterious
trends, arrhythmia suppression or reversion achieved by
the antiarrhythmic therapies may improve outcomes. In
AFFIRM, a high degree of rhythm control was associated
with improved outcomes. Principal trial outcomes reflect the
interplay of all these forces.

All in all, these reports identify issues to be addressed by
both clinical trial designs and clinical practice guidelines. In

clinical trials, the observed primary outcome is a composite
outcome of constituent clinical subgroups with variable
benefit, and in some cases, deleterious effects from arrhyth-
mia therapy. Arrhythmias live in the disease substrate that
generates them and the parent disease must be weighed for
outcomes impact. Major comorbidity management strate-
gies need to be monitored and addressed in the tenure of
clinical trials. Prevention of progression of the native dis-
ease and the arrhythmia should be goals in therapy with
aggressive upstream therapy [13]. The impact of antiar-
rhythmic therapies in prevention of arrhythmia progression,
and secondarily in disease progression, can also have an
important positive impact, but these are often inadequately
measured. To achieve this result, the extent of arrhythmia
control needs to be accurately quantified for potential ben-
eficial thresholds. Finally, to select subgroups that achieve
the majority of the observed benefit in trials is trickier.
Careful selection of at least a few scientifically and practi-
cally relevant subgroups is challenging but needed. This is
where prospective risk stratification has one of its greatest
contributions [14]. In trials with serious impact on clinical
practice and health care delivery, failure to address risk
stratifiers is indeed a major flaw in trial design. Analysis
of similar subgroups across multiple trials and consistency
in their behavior should be performed and monitored by
practice guidelines. Evolving living guidelines become par-
amount to avoid wasteful expenditures of resources.

New considerations should arise in developing future clin-
ical trials. Firstly and most importantly, the underlying mech-
anisms of the arrhythmia as well as the underlying disease
progression should be well studied in humans prior to empiric
investment in premature and profoundly expensive clinical
therapies used in trials. Anatomically based arrhythmia inter-
ventions have invariably spurred the need for a greater under-
standing of human arrhythmia mechanisms. First seen in
surgical arrhythmia ablation, this is recently best exemplified
by the increasing need for mapping and proliferation of
extrapulmonary sites of ablation in atrial fibrillation.

Second, defining the elemental constituents of the ob-
served trial outcomes bring with it clear identification of
patient populations that derive reliable benefit and suffer
reproducible harm from the therapy. As an example, pro-
spective risk stratification strategies, notably absent from
some prominent ICD trials, can be used to cull out high-
risk populations to achieve these goals as well. Careful
consideration of benefit and harm of antiarrhythmic thera-
pies is the third important element. When there are choices
in therapy delivery, for example between electrical therapies
for tachycardias, a reasonable hypothesis would examine
potential benefit of the choices in the experiment rather than
empirical intervention selection.

The need for a paradigm shift in clinical trials and guide-
line formulation leading to better focused evidence-based
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arrhythmia care has never been more obvious than at this
time. Better deployment of antiarrhythmic therapy is essen-
tial to convince patients and practitioners of its value and for
robust allocation of available budgetary resources by health
care delivery systems. In a time of competition for health-
care resource allocation, arrhythmia populations that derive
the majority of the observed benefit need to be supported
and those that experience poor outcomes eliminated before
guidelines are released. An ongoing process to monitor new
data and modify guidelines on the basis of aggregated
analysis needs to be solidified. In a resource-limited global
health care delivery environment, reliable progress in anti-
arrhythmic therapy is best achieved with critical review of
the evidence.

A final word of reflection. 2011 was another successful
year for the Journal. This was only achieved by the hard
work and unstinting support of our editors, editorial board,
reviewers, and worldwide editorial staff. We especially rec-
ognize the importance of our indefatigable reviewers in this
issue. The international commitment of the Journal is
reflected in its global growth and outreach to all those who
care for arrhythmia patients worldwide. We look forward to
continuing this direction in the coming year.

Sanjeev Saksena MD
Editor in Chief
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