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Abstract

Atrial fibrillation (AF) is an age-related arrhythmia of enormous socioeconomic significance. In
recent years, our understanding of the basic mechanisms that initiate and perpetuate AF has
evolved rapidly, catheter ablation of AF has progressed from concept to reality, and recent studies
suggest lifestyle modification may help prevent AF recurrence. Emerging developments in
genetics, imaging, and informatics also present new opportunities for personalized care. However,
considerable challenges remain. These include a paucity of studies examining AF prevention,
modest efficacy of existing antiarrhythmic therapies, diverse ablation technologies and practice,
and limited evidence to guide management of high-risk patients with multiple comorbidities.
Studies examining the long-term effects of AF catheter ablation on morbidity and mortality
outcomes are not yet completed. In many ways, further progress in the field is heavily contingent
on the feasibility, capacity, and efficiency of clinical trials to incorporate the rapidly evolving
knowledge base and to provide substantive evidence for novel AF therapeutic strategies. This
review outlines the current state of AF prevention and treatment trials, including the foreseeable
challenges, as discussed by a unique forum of clinical trialists, scientists, and regulatory
representatives in a session endorsed by the Heart Rhythm Society at the 12th Global
CardioVascular Clinical Trialists Forum in Washington, DC, December 3-5, 2015.

Keywords
Atrial fibrillation; Randomized controlled trial; Prevention; Ablation; Personalized medicine

Address reprint requests and correspondence: Dr. Rosita Zakeri, Royal Brompton Hospital, Royal Brompton and Harefield NHS Trust,
Sydney Street, London, SW3 6NP, United Kingdom. rosita.zakeri@doctors.org.uk.

All other authors have reported that they have no relationships relevant to the contents of this paper to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zakeri et al.

Page 2

Introduction

Atrial fibrillation (AF) is a public health concern of global and epidemic proportions,
inextricably linked to an aging population, expanding burden of predisposing factors, and
enhanced arrhythmia surveillance.1~3 Symptoms associated with AF may be severe and
disabling, and AF represents an independent risk factor for stroke, heart failure (HF),
dementia, and death.° Patients with AF are hospitalized twice as often as those without AF,
and the incremental costs attributable to AF-related care present important challenges for
existing health care systems.#8 Accordingly, the treatment and prevention of AF have
become key priorities for clinical and translational research efforts.”°

Significant advances in our understanding of the basic mechanisms underlying AF initiation
and maintenance have been made in recent years.10:11 It has become clear that aging,
genetics, environmental factors, and cardiac and noncardiac conditions further contribute to
a favorable atrial substrate.12 Moreover, surgical and catheter ablation techniques for AF
have been at the forefront of rapid technological innovation.#->:13 Central to these endeavors,
integration of basic science and observational findings into a defined therapeutic strategy
and its uniform application and validation within a randomized controlled trial (RCT) has
remained the benchmark for safety and efficacy required for any change in clinical
practice.14

Currently, however, there are insufficient high-quality and generalizable RCT data to support
the needs of “real-world” clinical practice.1> Broadly speaking, prevailing challenges with
respect to AF management include (1) limited RCT evidence relating to lifestyle and risk
factor modification, prediction, and prevention of AF; (2) diverse ablation practices, and
underrepresentation of long-term and patient-reported outcomes within existing AF
intervention trials; and (3) evolving demands for design and validation of personalized and
mechanism-orientated AF therapies in order to improve patient adherence and outcomes. A
comprehensive discussion of these issues and the current state of AF prevention and
treatment RCTSs took place within a unique forum composed of clinical trialists, scientists,
and regulatory representatives at the 12th Global CardioVascular Clinical Trialists (CVCT)
Forum in Washington, DC, December 3-5, 2015, the details of which are outlined in this
review. Note that AF-related stroke prevention and anticoagulation, although essential to AF
management, are beyond the scope of this article.

AF prevention trials

Primary and secondary AF prevention

Epidemiologic studies have described an array of potentially modifiable risk factors for AF,
including hypertension, obesity, metabolic syndrome, diabetes mellitus, obstructive sleep
apnea, cigarette smoking, and excessive alcohol intake. Many of these are also risk factors
for atherosclerotic cardiovascular disease, myocardial infarction, and HF, which themselves
predispose to AF. Recent consensus documents advocate targeting prevention efforts to
individuals with the highest risk, typically those with multiple predisposing conditions.8:16
Putative risk scores have been developed with this in mind, although they are not yet widely
in use.’
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Unfortunately, the current framework for scientific investigation limits feasibility of
dedicated AF primary prevention RCTs by the large population size and prolonged duration
required to achieve an adequate humber of recognized end-points. A first presentation of
symptomatic AF may occur years after recruitment, and the expediency of prolonged ECG
monitoring in asymptomatic individuals is low. Looking forward, smartphone-based ECG
applications and implantable and convenient wearable recorders with single-lead ECG
recording capabilities are likely to become more pervasive in RCTs. Emerging literature
supports their utility and diagnostic performance in population-based settings.18-20
Furthermore, detection of frequent atrial ectopy may prove to be a precursor or surrogate
marker of AF, allowing enrichment of study populations with individuals at sufficiently high
risk.2! Presently, however, further delineation of its natural history is required.

Secondary prevention of AF (delaying recurrence of AF after an initial episode or delaying
progression from paroxysmal to persistent AF) has received greater attention, albeit a
clinical rather than pathologic classification. Basic research in animal models and humans
has demonstrated progressive atrial electrical and structural remodeling occurring in the
setting of cardiometabolic risk factors, which are thought to be responsible for AF initiation
and perpetuation of AFmaintenance.l Because this process develops insidiously, AF risk is
realistically a continuum and in most individuals will result from a combined effect of
several interacting factors, often without definite threshold values. This may explain why
isolated treatment of hypertension, although arguably one of the strongest contributors to AF
burden,22 has not been shown to reduce AF risk consistently, and no target blood pressure
has been identified. Hence, contemporary RCTSs, as in clinical practice, have recognized the
need to incorporate a strategy of comprehensive risk factor modification with individual AF
prevention and treatment interventions. The fact that AF induces further electrical
remodeling in animal models?® (“AF begets AF”) also highlights the importance of early
intervention.

Nonpharmacologic approaches to AF prevention

Among candidate nonpharmacologic interventions, inaugural studies of weight loss and
exercise have shown efficacy for secondary, though not yet primary, AF prevention within a
comprehensive risk factor modification program (Table 1).

Weight loss—Primary prevention RCT data regarding lifestyle intervention and weight
loss in overweight and obese individuals with type Il diabetes and no prior AF were
available in the Look AHEAD trial.29 Secondary analyses did not demonstrate a reduction in
AF incidence over 9 years of follow-up, although AF was not a prespecified endpoint, and
the overall weight loss achieved was modest.2® Conversely, in overweight and obese patients
with documented paroxysmal AF, randomized to a physician-instructed low-calorie diet and
exercise routine, Abed et al?* reported a more significant reduction in body mass index
(BMI) and improved blood pressure control at 15-month follow-up, associated with less
frequent and shorter-duration AF episodes (Holter monitoring) and lower self-reported
symptom severity, compared with patients receiving standard lifestyle and weight loss
advice. Both groups received aggressive management of concomitant cardiometabolic risk
factors. In ARREST-AF (Aggressive Risk Factor Reduction Study for Atrial Fibrillation and
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Implications for the Outcome of Ablation), overweight and obese patients undergoing first-
time catheter ablation for either paroxysmal or persistent AF, who opted to undergo a
focused cardiometabolic risk factor management program, showed consistently greater
reductions in weight, systolic blood pressure, markers of AF burden, and freedom from AF
recurrence (32.9% vs 9.7% in control subjects) at 42-month follow-up, compared with
patients choosing standard postablation care.2® Finally, a longitudinal cohort study of
overweight and obese patients with paroxysmal or persistent AF participating in a physician-
led weight management clinic (Long Term Effect of Goal Directed Weight Management on
Atrial Fibrillation Cohort: A 5 year Follow-Up Study [LEGACY-AF]) reported a dose—
response relationship between weight loss and reduction in AF symptoms and arrhythmia
burden (7-day Holter) at 5-year follow-up.28

Taken together, the CVCT believes that these seminal findings from a dedicated single-
center team strongly support a strategy of purposeful weight loss to accompany risk factor
modification for obese and overweight patients with existing AF. Replication of these
findings across multiple centers is now a priority for the clinical community and will require
appropriate support from funding agencies. Notably, only 1 of the aforementioned studies
was randomized,24 and patients with significant valvular or ventricular dysfunction have so
far been excluded.

Exercise and cardiovascular fithess—Regular physical activity and aerobic exercise
training delay development of atherosclerotic cardiovascular disease.3% Exercise has been
cautiously advocated in AF prevention and management because of an increased risk of AF
among individuals engaging in high-intensity and endurance training. However, it is worth
highlighting that proarrhythmic levels of exercise exceed those practiced by the majority of
patients with AF, and recent data demonstrate an inverse relationship between physical
activity and AF incidence in nonathlete cohorts,31:32 akin to a J-shaped phenomenon.

Indeed, short-term exercise training has been shown to benefit secondary prevention of
AF.27.28 The CardioFIT (Impact of Cardiorespiratory Fitness on Arrhythmia Recurrence in
Obese Individuals with Atrial Fibrillation) study of overweight and obese patients with
symptomatic paroxysmal or persistent AF exhibited a dose—response relationship between
baseline cardiorespiratory fitness and long-term freedom from AF without antiarrhythmic
drugs or ablation.2” Cardiorespiratory fitness gain from a tailored program of aerobic and
resistance training further prolonged AF freedom, over and above the effect of weight loss.2’
Malmo et al?8 corroborated these findings in a referral cohort with paroxysmal or persistent
AF undergoing first-time ablation, in a different center, randomized to 12 weeks of adjuvant
high-intensity aerobic interval training vs no exercise prescription. Despite fewer
cardiometabolic risk factors in this cohort compared with prior prevention trials, exercise
training yielded improvements in BMI, lipid profile, and exercise capacity with attendant
reduction in mean AF time (implantable loop recording) and fewer and less severe self-
reported AF symptoms, compared with the control group.28

These data demonstrate that short-term gains in cardiorespiratory fitness are attainable and
safe, and confer reductions in arrhythmia burden, with and without rhythm control strategies,
in ambulatory patients with symptomatic AF. Whether these benefits can be sustained long
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term now needs to be addressed. In the HF-ACTION trial, initial gains from supervised
exercise training over 12 weeks were diluted by poor adherence when supervision ended,
yielding modest overall improvement at final follow-up.33 Furthermore, in LEGACY-AF,
>5% annual fluctuation in weight partially offset the benefits of weight loss and exercise on
arrhythmia-free survival at 5 years.2® Thus, the CVCT Forum concluded that although
public health-level arguments in favor of exercise and weight management programs are
strong, funding and resources for long-term physician-led face-to-face counseling and
exercise clinics will be needed to realize their potential for AF prevention in clinical
practice.

Risk factor modification in patients with HF—Patients with AF and HF present a
unique challenge to the weight loss hypothesis. There are currently no published RCT data
investigating the effect of weight loss in patients with AF and HF, and whether severe atrial
remodeling, as may occur in AF and HF, can be interrupted or reversed by weight loss,
which is among its reported benefits, remains unclear. Furthermore, it is uncertain how
weight loss interventions may impact the reported “obesity paradox,” in which overweight
and mildly obese patients with HF appear to have better short-term outcomes compared with
lean HF patients.3 Interestingly, a similar paradox has been reported in a large trial cohort
of patients with AF (without HF) on oral anticoagulant therapy,3° despite compelling RCT
data supporting weight loss for secondary AF prevention. Acknowledging that the nature of
this paradox remains controversial, future AF trials may benefit from more refined
characterization of an obesity phenotype, beyond BMI alone. At present, however, empirical
evidence does not support the practice of asking HF patients to lose weight, and AF studies
to date have not defined a target weight or weight range within which AF burden is
minimized. Notably, cardiorespiratory fitness, itself associated with AF burden, reportedly
alters the relationship between adiposity and prognosis in HF patients and attenuates the
obesity paradox in younger patients with reduced ejection fraction.36 Thus, the combined
impact of exercise and weight optimization in patients with AF and HF warrants prospective
investigation.

Pharmacologic approaches to AF prevention

Upstream therapy refers to the use nonantiarrhythmic drugs to modify the atrial substrate or
target specific mechanisms of AF.37:38 The concept is supported by compelling experimental
evidence showing protective effects of renin—angiotensin—aldosterone system (RAAS)
inhibitors, statins, and polyunsaturated fatty acids, on atrial structural and electrical
remodeling.37:38 Unfortunately, however, the clinical performance of these agents in RCTs
has been generally disappointing.

RAAS inhibitors have been associated with reduced incidence of AF in patients with left
ventricular systolic dysfunction or hypertrophy in retrospective analyses of RCTs with >3
years of follow-up.38 The addition of a mineralocorticoid receptor antagonist, eplerenone, to
RAAS inhibition and beta-blockade was associated with a lower incidence of AF in patients
with systolic HF (left ventricular ejection fraction <35%) and mild symptoms (New York
Heart Association functional class I1) in the EMPHASIS trial.3? No convincing benefit of
RAAS inhibitors or mineralocorticoid receptor antagonists has been observed in patients
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without underlying heart disease or for secondary AF prevention. In retrospective studies of
patients undergoing cardiac surgery, statins appeared to protect against new-onset AF,
although conflicting RCT data exist.#%:41 There are insufficient clinical data to support the
use of polyunsaturated fatty acids in primary or secondary prevention of AF.37:38 Only short-
term colchicine use has been associated with lower rates of postoperative AF42 and reduced
early AF recurrence after catheter ablation.*3 Concomitant reductions in inflammatory
markers, C-reactive protein and interleukin-6, support an antiinflammatory mechanism.
Colchicine use appears to be safe and generally well tolerated, although the optimal dose
and duration need to be confirmed.

Because cardiac surgery and catheter ablation initiate inflammation, it is likely that the anti-
inflammatory action of colchicine represents a good example of matching pathology with
treatment. The failure of other agents to prevent AF in RCTs, despite convincing
experimental data, may relate to inappropriately heterogeneous patient cohorts or a failure of
experimental models to account for potentially neutralizing effects of comorbidities
accompanying AF. Upstream agents may be unable to reverse advanced atrial remodeling,
and trials of generally < 1 -year duration may have been too short to demonstrate their
effects. Future RCTs may consider combining agents or refining AF ascertainment methods
to assess the true impact on total AF burden. The Routine versus Aggressive upstream
rhythm Control for prevention of Early AF in heart failure (RACE 3) RCT has taken this
approach and will test the hypothesis that aggressive combination upstream therapy
increases persistence of sinus rhythm in patients with early AF and mild-to-moderate early
systolic or diastolic HF undergoing electrical cardioversion compared with conventional
rhythm control alone (ClinicalTrials.gov Identifier: NCT00877643).44

AF treatment trials: Filling in the gaps

Rate vs rhythm control

The major goals of AF therapy are to reduce cardiovascular symptoms and AF-related
morbidity and mortality. These aims should be pursued in parallel. Both rate and rhythm
control strategies have demonstrated improvements in quality of life and exercise capacity;
however, the first wave of large RCTs failed to show a mortality benefit with rhythm
control.4>-49 Reasons cited included a failure of rhythm control strategies to achieve and
sustain sinus rhythm, a high rate of crossover between treatment arms, and harmful effects
of antiarrhythmic drugs that may have offset the benefits of restoring sinus rhythm.
Consequently, whether one strategy is superior to the other with respect to major
cardiovascular endpoints remains uncertain. A prevailing view is that AF at least contributes
to its associated adverse outcomes, as well as representing a marker of cardiovascular
disease, and thus a more efficacious and less toxic strategy of restoring and maintaining
sinus rhythm is expected to improve prognosis. On-treatment analysis of the AFFIRM trial
suggested that sinus rhythm, when achieved, was associated with a reduction in mortality,4’
thus providing qualification for ongoing efforts to optimize rhythm control.
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Nonpharmacologic (invasive) approaches to AF treatment

State-of-the-art nonpharmacologic rhythm control therapy is based on radiofrequency
endocardial catheter ablation, with pulmonary vein isolation (PV1) as the mainstay (Figure
1A). Prompted from a clinical observation,®! translational research has corroborated the
importance of pulmonary vein (PV) triggers for AF initiation, and several RCTs have
demonstrated the superiority of catheter ablation over antiarrhythmic drug therapy, with
respect to freedom from arrhythmia recurrence, particularly in young patients with
paroxysmal AF, and without major comorbidity (Table 2).53-5557.58 Contemporary
guidelines have endorsed catheter ablation for patients with symptomatic paroxysmal (class
1) or persistent (class 11a) AF who are intolerant or resistant to 1 or more antiarrhythmic
drugs.>13 Importantly, however, this endorsement is not without caveats. The Forum
emphasized that available RCT and registry data show that PVI in its current form does not
represent a cure for AF, and several evidence gaps remain.

Pulmonary vein isolation—Only 50% to 66% of patients with paroxysmal AF achieve
sustained sinus rhythm after a single PVI procedure and 70% to 80% after a second
attempt.>9 Success rates are compromised further when follow-up is extended beyond 1
year.5® These real-world outcomes are inferior to the initial results reported by expert
centers, prompting efforts to improve completeness of acute PV (Table 3) and the discovery
of PV reconnection as an important mechanism for AF recurrence.%?

Recent efficacy studies of novel irrigated-tip catheters have suggested an optimal contact
force (CF) between the catheter tip and atrial tissue (209 with a force-time integral of 400g
per ablation lesion’9), which may improve transmural lesion formation and eliminate
conduction gaps by improving lesion continuity. The first prospective multicenter RCT
comparing CF-guided PVI against conventional PVI (TaciCath Contact Force Ablation
Catheter Study For Atrial Fibrillation; TOCCASTARS) met its primary noninferiority
safety and efficacy endpoints, and in secondary analyses reported that 76% of CF-PVI
patients were free from arrhythmia at 12 months off antiarrhythmic drugs compared with
58% undergoing non-CF ablation. Nonradiofrequency approaches are also being considered.
Cryoablation uses a balloon, positioned at the PV ostia, which is cooled with liquid nitrous
oxide. Iterative modifications have led to changes in freeze duration, homogeneity, balloon
pressure, and positioning, yielding greater efficacy and fewer serious complications (phrenic
nerve paralysis, atrioesophageal ulceration, or fistula formation). The first prospective
multicenter randomized trial of cryoablation vs conventional PV1 recently met its
noninferiority safety and efficacy end-points (Fire and Ice, Clinicaltrials.gov Identifier:
NCT01490814) (Table 3).”1 Additionally, periprocedural adenosine administration has been
used to unmask “dormant” PVs ostensibly at risk of reconnecting, prompting further
prophylactic lesion sets to be delivered during the index procedure. The multicenter
ADVICE trial (Adenosine-guided pulmonary vein isolation for the treatment of paroxysmal
atrial fibrillation: an international, multicenter, randomized superiority trial®¢) demonstrated
improvement in 12-month arrhythmia-free survival with this approach compared with
standard ablation practice, without an increase in periprocedural complications.®® Still, the
overall clinical impact of adenosine testing is likely to depend on the ablation technologies
used, patient cohort, and resultant prevalence of dormant conduction. In the UNDER-ATP
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(UNmasking Dormant Electrical Reconduction by Adenosine TriPhosphate) trial, in which
the prevalence of dormant conduction after ablation with combined anatomic and
electrophysiologic guidance was 20%—30% among patients with paroxysmal, persistent, or
longstanding persistent AF (vs 50% in the ADVICE trial), no significant reduction in the
incidence of recurrent atrial arrhythmias was observed compared with conventional PVI
(Table 3).57

It may be relevant that the positive aforementioned trials exclusively studied patients with
paroxysmal AF. Even within this cohort, our understanding of the relevance of PV
reconnection is derived from a biased subset of patients who have failed antiarrhythmic
therapy and re-presented with symptomatic AF after a failed ablation. Purists may argue that
PVI, at its conception, was never compared against a placebo control (i.e., sham procedure),
and thus the true effect size may have been overestimated. Indeed, RCTs in drug-naive
patients comparing catheter ablation with antiarrhythmic drug therapy have shown either a
lack of benefit or at best modest reduction in AF recurrence (Table 2).5354 Salient data from
electrophysiologic studies of patients without AF recurrence have highlighted that PV
reconnection is also common in this setting.5972.73 Hence, although PV sources are
undoubtedly associated with AF initiation and maintenance in many patients, the current
trend of performing multiple procedures in order to attain complete PV1 is largely without
corroborating evidence for long-term or universal clinical benefit.

Ablation of extra-PV targets—Ablation success rates for patients with persistent AF are
lower than for paroxysmal AF, particularly in the setting of comorbidities,’# ranging
between 30% and 40% after a single or multiple procedures.®’> Current guidelines
recommend consideration of more extensive ablation in this cohort in order to address a
higher number of non-PV triggers.”® However RCT data for this approach have been
inconsistent (Table 3).

Creation of linear lesions to compartmentalize the left atrium has been incorporated into
clinical practice, adopted from the surgical Cox-maze procedure,’’ and is thought to disrupt
the critical mass of tissue needed to sustain AF (Figure 1B). Complex fractionated atrial
electrograms (CFAEs) are electrograms of long duration, thought to highlight areas of
slowed conduction and anchoring points for continuous reentry.’879 Targeting CFAES in
patients with persistent AF has been associated with improved sinus rhythm maintenance in
nonrandomized studies and subgroup analyses (Figure 1C).80:81 However, until recently,
these empirical methods of substrate modification had few randomized or comparative data
to support their use.

In the largest multicenter RCT to date (Substrate and Trigger Ablation for Reduction of
Atrial Fibrillation Trial Part I1, STAR AF 11%3), 3 ablation strategies—PV1 alone, PVI plus
linear lesions (mitral isthmus and roof line), and PVI plus CFAE ablation—were compared
in 589 patients undergoing first-time ablation for drug-refractory persistent AF. Contrary to
expectations, no statistically significant difference in outcomes was observed after a first or
repeat procedure (same strategy), with or without antiarrhythmic drugs, at 18-month follow-
up. In fact, PVI alone tended to be superior at sinus rhythm maintenance and was associated
with shorter procedure and radiation times, although the trial was not adequately powered
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for this assessment. These compelling data highlight the importance of scientifically
rigorous investigation to guide standard of care. Thus, in patients with persistent AF, there is
currently no clear advantage to adjuvant CFAE ablations or empiric linear lesions not
targeting arrhythmogenic substrate.

That said, the discrepancy between index AF ablation success rates and long-term PVI has
spurred interest in targeting other mechanisms of AF. When present, ablation of patient-
specific focal triggers may allow less overall tissue ablation, upholding the recommendations
of STAR AF II. Proposed targets include rapid drivers/dominant frequency, ganglion plexi
ablation, and focal impulse or rotor modulation (FIRM).

Dominant frequency ablation predicates that AF is driven by areas of high-frequency activity
not possessing the fractionation of CFAEs.82 The RADAR-AF trial demonstrated that high-
frequency source ablation alone was not inferior to PV for patients with paroxysmal AF at
12-month follow-up and displayed fewer complications, potentially because of less tissue
ablation.5> Conversely, for patients with persistent AF in whom a superiority endpoint was
sought, high-frequency source ablation failed to demonstrate incremental value when added
to PV1.%5 The autonomic nervous system may modulate AF triggers and substrate.83:84 |n
patients with paroxysmal AF, ablation of peri-PV ganglion plexi (Figure 1D) was inferior to
PVI alone but when combined with PVI improved 2-year freedom from AF from 56% to
74%, without increasing the rate of iatrogenic atrial flutter.88 An incremental effect of
ganglion plexi ablation in patients with persistent AF has not yet been studied. A further
body of research has proposed that spiral reentrant waves, or “rotors,” perpetuate AF. FIRM
mapping software may be used to identify and direct ablation of patient-specific rotors. The
CONFIRM trial demonstrated that rotors were present in 97% of subjects with paroxysmal
or persistent AF, and FIRM-guided cases of PVI exhibited higher rates of freedom from AF
when compared with PV alone.54 The same investigators presented data corroborating
FIRM-guided ablation as a stand-alone procedure for patients with paroxysmal AF,8>
although this was not published, and, controversially, others have been unable to replicate
these findings.86:87

Summarizing these studies, the Forum stresses that there is currently insufficient randomized
evidence to change the ablative approach for persistent AF beyond isolated PVI, at least for
an index procedure. Moving forward, the field would benefit from standardization of the
definitions used for extra-PV targets and the approach to ablation. It may be argued that
discrepancies in the prevalence, electrophysiologic characteristics, and clinical outcomes
between early studies largely result from methodologic differences. Furthermore, whether
successful ablation of AF, regardless of technique, will result in reduced mortality is not
known. This is under investigation in the Catheter Ablation versus Anti-arrhythmic Drug
Therapy for Atrial Fibrillation (CABANA; ClinicalTrials.gov Identifier: NCT00911508) and
Catheter Ablation versus Standard Conventional Treatment in Patients With LV Dysfunction
and AF (CASTLE-AF; ClinicalTrials.gov Identifier: NCT0064318888) trials.

Additional considerations—The rapid evolution of catheter designs and ablation

techniques presents a challenge for evidence-based medicine and the premium placed on
RCTs. Stringent protocols, high costs, and cumbersome operational requirements have given
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rise to a number of short-duration trials, often with noninfer-iority endpoints, in which
clinical decision-making and patient choice may be better guided by demonstrating
superiority of one strategy over another and long-term outcomes. Equally disadvantageous is
the prospect of a lengthy trial examining ablation strategies that vary markedly over time, in
which the primary outcome may be biased by earlier used and less efficacious techniques.
There are some concerns this may apply to the CABANA trial (ClinicalTrials.gov Identifier:
NCT00911508).

Operator proficiency and center-related factors must also be considered. A worldwide survey
in 2005 reported higher ablation success rates in high-volume compared with low-volume
centers.89 Single-90 and multicenter®! studies have also demonstrated an independent
association between individual operator volume and procedure efficacy, complication rates,
and procedure times. Most importantly, the available evidence for AF catheter ablation has
been derived from recognized regional, national, and international centers of expertise. As a
result, a consensus statement from the Heart Rhythm Society and European Heart Rhythm
Association specifying minimum institutional and operator criteria has been published.>°

Patient-reported outcome measures—Symptoms are a major reason that patients with
AF seek medical attention and are the primary justification for ablation. In recognition of
this, contemporary AF RCTSs are increasingly using quality of life and AF-specific symptom
questionnaires when comparing treatment strategies. However, these data continue to serve
secondary endpoints or ancillary analyses. Probable impediments to the adoption of patient-
reported outcome measures as major endpoints in AF trials include the lack of an accepted
gold standard assessment tool unique to AF, uncertainty regarding the fundamental
mechanisms for symptoms or meaningful levels of change, and enormous heterogeneity in
symptom profiles between and even within the same patients over time.

Although there is no simple solution to these challenges, it is no longer acceptable to omit
qualitative endpoints in an era of patient-centered medicine. This is particularly important
when tradeoffs may exist, for example, between modestly efficacious antiarrhythmic drugs
and potential associated adverse effects. Furthermore, although restoration of sinus rhythm
remains the desired clinical goal, for some patients with symptomatic AF, a reduction in
frequency or duration of AF episodes (AF burden) may be an acceptable outcome.
Alternatively, improvement in functional capacity was demonstrated to be a feasible and
clinically relevant AF intervention endpoint in the ARC-HF trial.?2 For other patients, a
holistic approach that includes detection and treatment of comorbidities may offer greater
benefit. The impact of spironolactone on exercise capacity, health-related quality of life, and
left ventricular diastolic function in patients with AF and HF with preserved ejection
fraction (HFpEF) is under investigation in the IMPRESS-AF trial (ClinicalTrials.gov
Identifier: NCT02673463). Wokhlu et al® observed that long-term improvements in quality
of life were unrelated to rhythm status in patients undergoing index AF ablation, although
the exact reasons for this finding were unclear.

Because the majority of tools used to assess quality of life, symptoms, and functional status
were not specifically developed for patients with AF, future systematic research is warranted
to define the pathophysiologic mechanisms underlying AF-related symptoms, their
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relationship to functional status, and their distinction, if any, from symptoms caused by other
cardiac diseases such as HF and valvular disease.

AF ablation in patients with HF—The vacillation between rate and rhythm control
strategies for the management of AF extends to patients with HF and reduced ejection
fraction (HFrEF). Persistent AF is more common in this group, and adverse hemodynamic
and neurohumoral factors present additional complexity. Nevertheless, among the few RCTs
examining ablation as second-line therapy in dedicated HFrEF cohorts, overall efficacy rates
are similar to those for patients without HF, although repeat procedures are more often
required (Table 4). Improvements in quality of life, functional class, and exercise tolerance
have also been documented after AF ablation compared with AV nodal ablation%4 and
pharmacologic rate control,92:9 although ablation was not superior to rate control in an
early trial of digoxin therapy alone.%> Notably, definitions of adequate ventricular rate
control in HF remain arbitrary. Whether AF ablation can reduce the risk of death or major
adverse cardiovascular events is currently being investigated in the CABANA, RAFT AF (A
Randomised Ablation-based Atrial Fibrillation Rhythm Control Trial in Patients with Heart
Failure and High Burden Atrial Fibrillation), and CASTLE AF (Catheter Ablation Versus
Standard Conventional Treatment in Patients with Left Ventricular Dysfunction and Atrial
Fibrillation) trials (Table 4). Encouraging results were recently obtained in the AATAC trial
(Ablation Versus Amiodarone for Treatment of Persistent Atrial Fibrillation in Patients With
Congestive Heart Failure and an Implanted Device), in which AF ablation in HFrEF patients
achieved greater freedom from AF, reduced mortality, and fewer unplanned hospital
admissions compared with amiodarone therapy.®”

Outstanding areas in need of RCT level evidence include the optimal AF management
strategy for patients with HFpEF and the role of catheter ablation as first-line therapy for AF
in patients with HF, although early rhythm control approaches are being considered in the
CABANA and EAST AF trials (Table 4).

Pharmacologic approaches to AF treatment

Ventricular rate control is recommended for all patients with AF, and a lenient strategy
(resting heart rate <110 bpm) is supported by the RACE 11 trial.8 Beyond this, there are few
RCT data to inform optimal heart rate targets or the choice of negatively chronotropic agent
with respect to morbidity, mortality, and symptoms. Contemporary strategies are under
evaluation in the pilot RATE AF (Rate Control Therapy Evaluation in Permanent Atrial
Fibrillation; ClinicalTrials.gov Identifier: NCT02391337) study.

Antiarrhythmic drugs are recommended as first-line therapy for patients with AF-related
symptoms after adequate rate control.#> Unfortunately, however, existing agents are of
modest and unpredictable efficacy and confer significant risks of proarrhythmia and off-
target adverse effects. Flecainide (Vaughan Williams class Ic) is frequently used in patients
without structural heart disease, although amiodarone has the widest repertoire of
antiarrhythmic actions and approximately twice the efficacy of class Ic and class 111
agents.9% Even so, in the landmark Canadian Trial of Atrial Fibrillation (CTAF), 35% of
patients receiving amiodarone experienced AF recurrence at long-term follow up (mean 16
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months), and 18% experienced adverse events requiring discontinuation of the drug.9° The
sheer size of the AF population and current restricted indications for catheter ablation
indicate a large unmet need for more effective antiarrhythmic drugs to manage AF.

Dronedarone, the first new anti-AF agent to appear in several years, was engineered to have
structural similarities to amiodarone without the iodine moiety, thus eliminating thyroid
toxicity. Dronedarone successfully reduced cardiovascular hospitalization and death in
patients with paroxysmal or persistent AF and 1 additional high-risk factor (ATHENA
trial100). However, subsequent trials demonstrated increased mortality associated with its use
in patients with structural heart disease and left ventricular dysfunction (PALLAS,
ANDROMEDA101.102) ‘Dronedarone is now contraindicated in this setting.

As with amiodarone, dronedarone has a nonspecific mode of action that increases the risk of
off-target effects. This has prompted the development of atrial-specific agents with
potentially superior efficacy and safety profiles. Although the majority are still in preclinical
studies, vernakalant, a novel Na*- and K*-channel blocker, has demonstrated efficacy and an
acceptable safety profile for acute termination of new-onset AF (<48 hours) in medium-
sized placebocontrolled RCTs103-105 compared with amiodarone (Active-controlled,
superiority study of \ernakalant versus amiodarone in Recent Onset atrial fibrillation;
AVRO triall%8). Vernakalant has been approved by the European Medicines Agency for
patients without structural heart disease, although there has been limited uptake;
postapproval studies are currently underway. In the United States and Canada it remains an
investigational drug.

Overall, the sparse and slow progress in drug therapy for AF reflects existing barriers to
pharmacologic innovation. Even when limitations in AF experimental models and
techniques have been navigated and initial validation in human studies attained, regulatory
requirements for new drug development are strict. Understandable caution is exercised with
regard to patient safety; however, it is widely appreciated that escalating operational
complexity of drug RCTs and prohibitive costs have somewhat diminished interest from
industry. Demands for large RCTs with mortality endpoints and the desire for profitable
broad indications may also impede clinical translation of promising compounds. In view of
these challenges, across the spectrum of cardiovascular disease, efforts are underway to
improve clinical trial and regulatory enterprises.107

Surgical and hybrid therapy for AF

The suboptimal efficacy of either pharmacologic therapy or catheter ablation for AF has
given rise to the concept of hybrid therapy. Antiarrhythmic drugs are frequently used in
patients undergoing catheter ablation, although there is wide variation in clinical practice
and no consensus or prospective randomized data confirming the optimal duration of
adjuvant drug therapy. Open-chest surgical AF ablation is reserved for selected symptomatic
patients who have failed catheter ablation and are typically undergoing cardiac surgery for
another indication.° In this setting, epicardial ablation adds little additional operative risk.
A novel minimally invasive approach, performed through video-assisted thoracoscopic
surgery, has also demonstrated superiority to catheter ablation in achieving 1-year freedom
from AF among patients with paroxysmal or persistent AF, with a dilated left atrium and

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zakeri et al.

Page 13

hypertension, or previous failed catheter ablation.1%8 However, periprocedural adverse event
rates were notably higher in the surgical group, including pneumothorax, major bleeding,
and conversion to sternotomy.1%8 The ongoing multicenter CASA-AF trial will provide a
contemporary appraisal of its safety and efficacy exclusively among patients with
longstanding persistent AF (ClinicalTrials.gov Identifier: NCT02755688).

A hybrid approach, combining epicardial and endocardial ablation, has also been developed,
providing freedom from AF rates approaching 90% at 1 year. Two small prospective studies
reported superior 1- and 2-year outcomes compared with conventional percutaneous ablation
in patients with persistent AF.199.110 importantly, however, this strategy is still in its infancy
and restricted to specialist centers with surgical expertise. Nevertheless, for patients without
prohibitive surgical risk and symptomatic AF resistant to other therapies, it broadens future
therapeutic options. Further data will be available from the ongoing Hybrid versus Catheter
Ablation in Persistent AF trial (HARTCAP-AF; ClinicalTrials.gov Identifier:
NCT02441738).

Future directions: Toward personalized AF therapy

To some extent, the clinical management of AF is already personalized.*®, The decision to
undergo cardioversion or ablation or to receive antiarrhythmic drug therapy is based on
patient symptoms and preference. Additional consideration is given to comorbidities,
duration of AF, left atrial size, drug efficacy, pharmacologic interactions, and adverse
effects. Likewise, thromboembolism prophylaxis is prescribed according to validated risk
prediction scores based on clinical characteristics. However, despite nuanced clinical
judgments, the complexity of AF remains a challenge, and AF recurrence, progression to
persistent AF, and response to treatment are largely unpredictable. This has prompted calls
to improve our taxonomy of AF in order to facilitate a personalized or “precision medicine”
approach in which therapy is tailored to an individual's unique clinical, genetic, and
molecular determinants of disease.

Substrate-guided therapy

The concept of electrical AF substrate characterization is widely acknowledged and
continues to inform the development of ablation techniques. However, recent trials,
including STAR AF 11, have demonstrated that nonselective electrical substrate modification
is not clearly associated with clinical benefit. To better tailor the interventional treatment of
AF, more refined substrate characterization along with prospective delineation of AF triggers
and drivers will be important.

The 4th AFNET/EHRA consensus conference proposed a new clinical classification of AF
incorporating distinct (monogenic, focally induced, and postoperative AF) and complex
subtypes (polygenic, valvular, and AF in the elderly).11! Patients would be assigned to the
most relevant group, ostensibly reflecting the dominant pathology of AF, but AF not
fulfilling these definitions would be “unclassified.” However, many patients will have
overlapping mechanisms, and “unclassified AF” may be a common outcome. An alternative
substrate-based approach has been proposed by an EHRA/HRS/APHRS/SOLAEC
consensus group, describing the atrial cardiomyopathy associated with AF. EHRA classes |
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to IV identify primarily cardiomyocyte-dependent, fibroblast-dependent (fibrotic), mixed
dependency, and primarily noncollagen atrial infiltration, respectively. 112 Although this
classification is not intended to describe disease progression or severity and it may vary over
time and atrial sites, the framework proposed may enable the design of therapeutic strategies
tailored to an individual's histopathophysiology in which atrial tissue is available for
examination. In the majority of patients with AF, for whom atrial tissue is unlikely to be
available or the risks of biopsy are not justified, advanced imaging techniques may provide
an alternative means of substrate characterization.

Left atrial enlargement, identified on echocardiography or cardiac magnetic resonance
imaging (MRI), has traditionally been associated with failure of rhythm control in AF. More
recently, left atrial fibrosis quantified by MRI has emerged as a potentially superseding
structural marker of disease severity. Three-dimensional assessment of left atrial myocardial
delayed enhancement (DE-MRI) as a marker of interstitial fibrosis has been correlated with
areas of low voltage by electroanatomic mapping1® and more frequent AF recurrence after
index catheter ablation. In the DECAAF multicenter prospective observational study of
patients with paroxysmal and persistent AF (n = 272), the risk of recurrent AF increased
from 15% for stage | fibrosis (<10% of the left atrial wall) to 69% for stage 1V fibrosis
(>30% left atrial wall fibrosis).11# This association persisted after covariate adjustment,
including left atrial volume. Additional proof-of-concept studies from specialist centers have
demonstrated DE-MRI visualization of catheter ablation lines'!® and lesion gaps.116 These
data may assist patient selection for ablation, enabling priority to be given to patients with
lower left atrial fibrotic burden or providing anatomic guidance for patients requiring a
repeat procedure. This is currently being investigated in the DECAAF Il trial
(ClinicalTrials.gov Identifier: NCT02529319). Importantly, however, left atrial imaging is
technically difficult, and 17% of the initial DECAAF study cohort (n = 57 subjects) was
excluded because of poor-quality DE-MRI images.}14 Furthermore, whether cardiac MRI
has sufficient resolution to identity focal regions with incomplete scar remains uncertain.
Additional development of cardiac MRI techniques, expertise, and correlation with
electroanatomic mapping will be an essential prerequisite to its widespread application.
Similarly, the use of circulating biomarkers of extracellular matrix remodeling and novel
molecular imaging using radiotracers specific for cardiac fibrosis-related targets, although
promising, are still early in development.

Genotype-directed therapy

In the last decade, positional cloning and candidate-gene approaches have identified rare
forms of AF with mendelian inheritance. Probands with AF, largely in the absence of
structural heart disease, exhibit mutations within genes encoding cardiac ion
channels,117-119 gap junction proteins,120 atrial natriuretic peptide,12! and nucleoporins
(NUP155).122 For affected individuals, these mutations confer large effect sizes and might
therefore permit gene-directed pharmacotherapy, although this approach has not yet been
tested.

From a population perspective, the goal is to elucidate common genetic variants identifying
AF-susceptible individuals or AF subtypes who may benefit from preventive interventions or
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differentially respond to therapy. Thus far, genome-wide association studies have identified
14 independent genetic loci with genome-wide significance.123 While recognizing the small
effect size of individual single nucleotide polymorphisms, genetic risk may well be clinically
meaningful in the presence of additional risk factors (“two hit hypothesis”).124. 125 For
example, an AF susceptibility allele at chromosome 425 (near the P/7.X2gene) is present
in approximately one-third of the general population, and associated polymorphisms have
been independently linked to AF recurrence after antiarrhythmic drug therapy,126
cardioversion, 127 and catheter ablation28 in European cohorts, but not replicated in an
Asian population.12? Patients with a common beta;-adrenergic receptor polymorphism
(G389R) appear more likely to respond to a rate-control strategy and require lower doses of
rate-lowering medication (beta-blockers or calcium channel antagonists) compared with
non-G389R carriers.230 Other common single nucleotide polymorphisms have also been
directly or inversely associated with greater prevalence of non-PV triggers and enhanced left
atrial scarring after catheter ablation.131

Notably, a recent report from the AF-Gen consortium highlighted minimal incremental
discriminatory value of polygenic AF risk scores compared with recognized clinical risk
factors for incident AF.132 Thus, there are currently insufficient data to recommend routine
genetic testing in patients with AF,133 and caution must be attributed to case control studies
and data mining of large registries in which genotype—phenotype associations may be
skewed. RCT data are currently being sought after including a randomized genotype-
directed sequential crossover study of flecainide and sotalol (ClinicalTrials.gov Identifier:
NCTO02347111) and a prespecified genotype association substudy of patients enrolled in the
large CABANA trial (ClinicalTrials.gov Identifier: NCT00911508).

Pragmatic trial design for precision AF therapy

Our current classification of AF, based on duration of episodes, belies the diverse
mechanisms underlying AF initiation and maintenance. Furthermore, classic RCTs
informing AF management guidelines quantify an average treatment response for a
uniformly applied therapeutic strategy compared with placebo or standard of care, typically
within unselected populations. These approaches conceal individual phenotypic
characteristics and treatment effects, including potentially informative data from outlying
super-or nonresponders, which could inform a precision medicine approach. Prespecified
subgroup analyses are limited to high-incidence subtypes that are frequently underpowered
to demonstrate statistical benefit. Hence, although advances in genetics, informatics, and
imaging technologies will enable more refined classification and selection of patients with
AF, concomitant changes in clinical trial design and accepted metrics of efficacy will likely
also be needed to advance a precision medicine approach.

Envisioned future management algorithms for AF may involve comprehensive genetic,
biochemical, and cardiac structural (imaging) profiling alongside routine clinical and ECG
assessments (Figure 2). These data could be integrated into electronic health records and
informatics platforms, with links to clinical registries and registry networks, preferably
equipped with intelligent real-time decision support tools, to assist classification of patients
into relevant, small-incidence subtypes based on their dominant or relative contributions of
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different AF mechanisms. Extrapolating from principles of patient-centric trials in
oncology,134 all patients eligible for treatment may be presented with 1 of several rate or
rhythm control treatment options within a single trial or network of trials (Figure 2). When a
reversible cause or suitable biomarker is available, therapies may be cause-specific and
biomarker-guided. Unselected new therapeutic strategies may still be investigated for
incremental benefit in single-arm, staged designs. When no reversible cause is recognized,
novel therapies may be compared with standard of care, in which patients are still monitored
to provide opportunities for biomarker discovery and validation. A majority of AF patients
screened would be assigned to a treatment option within a trial, thereby maximizing
therapeutic development while minimizing the psychosocial, financial, and time costs of
screening failures. Large registries may also be used as a cost-effective and convenient
platform for large-scale, simple clinical trials.8 135

With respect to data analyses, traditional interim analyses may be substituted by adaptive
trial design features to allow modification of trial elements (e.g., sample size, randomization
ratio, number of treatment arms) based on accumulated results, with full control of type |
error.136 Greater use of repeated measures (e.g., serial imaging, assessment of patient-
reported outcome measures) would allow detection of temporal changes in disease
characteristics and treatment responses for individual patients. Consideration should be
given to selecting endpoints most appropriate to the patients under study. Restoration and
maintenance of sinus rhythm may remain the desired outcome for symptomatic patients with
isolated paroxysmal AF, whereas in patients with AF and HF, delineating global
determinants of impaired functional capacity may be of greater clinical value. Increasingly,
remote or implantable monitoring technologies can be used to quantify AF burden as well as
symptomatically “silent” AF recurrences after intervention. The association between device-
detected AF and adverse outcomes, including stroke risk, is an active area of investigation,
and the field awaits the definition of an acceptable threshold of AF burden, if any.137 Finally,
recent literature has highlighted the shifting epidemiology of AF, with HF now representing
the most common incident nonfatal event after AF diagnosis.13® Moving forward, it is
incumbent on AF registries and long-term intervention trials to include incident HF as a
legitimate endpoint alongside mortality and stroke rates.

Ultimately, successful and integrated development of AF precision medicine strategies will
require wide collaboration between investigators, industry, and regulatory groups to ensure
standardization of practice, broad access to therapeutics in development, and adequate
scientific rigor to support clinical translation.

Conclusion

Several decades of concerted research has increased our understanding of the mechanisms
underlying AF and given rise to novel therapeutic strategies. Systematic validation of these
strategies in RCTs has reliably informed evidence-based practice and produced broad
improvements in health outcomes. However, significant evidence gaps remain in our
understanding of the AF substrate, and traditional RCTs designed for the “average” patient
incompletely address the complexity of the AF population. In realizing the value of
individual patient characteristics and treatment responses, the concept of precision medicine
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offers exciting opportunities to accelerate clinical translation of targeted interventions
designed to treat and prevent AF.
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Vein and ligament of
Marshall

Figure 1.
Atrial fibrillation ablation strategies. Schematic posterior view of the left and right atria with

example ablation lesion sets. Pulmonary vein isolation with circumferential ablation lesions
(A) and linear lesion sets (B), including (a) roof line, (b) mitral isthmus line, (c) anterior
linear lesion, (d) cavo-tricuspid isthmus line, (e) additional linear lesions between the
superior and inferior pulmonary veins, and (f) electrical isolation of the superior vena cava.
C: Common sites of ablation when complex fractionated electrograms are targeted. D: Sites
of the major left atrial autonomic ganglionated plexi (GP) and axons (superior left GP,
inferior left GP, anterior right GP, inferior right GP, and ligament of Marshall). IVC =
inferior vena cava; LIPV = left inferior pulmonary vein; LSPV = left superior pulmonary
vein; RIPV = right inferior pulmonary vein; RSPV = right superior pulmonary vein. (Figure
adapted from Calkins et al.>0)
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Diagnosis Symptoms / Incidental finding (exam/ECG)

l

Clinical examination + ECG

Profiling l _
Non-invasive Invasive
— ! l
Genetic Biomarkers Imaging Electro-anatomical
mapping
Classification |
v v
Genetic Acquired

Monogenic  Polygenic  Electrophysiology Atrial cardiomyopathy
‘triggers’ ‘substrate’

Anticoagulation

« Hypothesis driven || « Exploratory study [| + Unselected ‘novel’ || « Standard of care
» Classical RCT vs. « Single arm therapy « Serial ‘biomarker’
standard of care » Staged approach » Staged approach/ measurement
(incremental benefit) adaptive design

Figure 2.
Proposed algorithm for personalized atrial fibrillation care. (*Management & clinical trial

allocation adapted from Biankin et al.134)

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 28

Zakeri et al.

BaJe /] Ul suononpai
3|(eIONR) BION

(SL3N 2> sn)

440 ut ureb s1 3N 2=
ynm susized ul ALianes
woldwAs pue usping
4V Ul Uo13oNpal Iayesls)

(s1anw

panIpald 900T<) YbIy
‘(sL3N paripaid 96001
~9498) 8renbspe ‘(sLIN
paoipaid 9458>) MO| Se

(449 a1enbape Jo siajaweled paziiobisied 449 auljeseg
MOJ SA) 440 ybiy yum o1ydesBoipresoyog 4V wessisiad 1o
sjuaired ui swoldwAs ui AIepuoaas (9%€S) 4vd dnewordwAs
uo19NPal pue [eAIAINS uaping woydwAs welboud as1olexa Buluren ssiolaxs
991}~ 9a1)-Bnup syuow pue 4y woly palojie} pue ‘|NHY ‘SSO| ofiapun o} 8|qe pue 1zI® 18 eyied
pue uone|qe Isareal 6T ¥ 67 wopaald A7BLid VIN wBrem paj-uerdishud  80€ (zWw/Bx 2= 1INg) 35390 H0yod 3AIRdRds0ld  114-01aYVD
SSBUXIIU} [|eM AT pue
BaJe /] Ul suonanpal 8lew %99
pey z pue T sdnoio sieak
$s0] 1yB1am [enul Jsye TT ¥ £9 abe uesw psjood
Bram (Bunenonyy (¢ dnoub)
SA) 3|qe1s yum sjusied %€> ‘(z dnoib) 946-9%€
Ul 1158Ua( 15818819 (T dnouB) 9%01< se
T dnoJf sigjaweled pazi106a1e sso| JyBIapn
ul A11anas woldwAs o1ydesboipresoyodg v
pue usping 4v ui syuow AIgpuooas wesboid N pue waisisiad pue (%€S) 4vd ozI® 19 Xeyred
Juswanoldwi 1sereal) ST F V€ uapinq 4y A4 V/N  Sso] wybiam paj-ueidisAyd  Gz8 (zw/Bx 22 Z 1NG) 85300  Ja)ua2-3|BUIS 140L0D 3AI93dS0Id ADVOT]
A1anas woldwAs
pue ‘swoldwAs
‘uoirednp ‘Aouanbaly 8lew %t9
4/ Ul uonanpai sieak
Ja1e816 pue ‘sainpadoid 0T ¥ 85 abe uesw psjood
uone|ge sjdiynw Adesayy o1yiAylienue
10 9)6uIs e Jaye 4y syuow a)idsap 4 Juajsisiad Jo
WoJJ Wopaaly Jareaih GZIF9Ty  usping woydwAs pue (9609) 4vd onewoldwAs
‘a|1y0.d d1j0gEIBWIOIPIED UOIUBAIBIU] ‘uoiyelnp ‘Aouanbaly sainseaw uore|qe Jalayred entu]
panoidut syuowl 4V ATepuodss a1fisay| J10319e}
pue ssoj Jybram 453 4v [esauah weiboid NHY pue >SU dljogelswolpled 1< czI® 18 Meyled
Jajealb ul paynsas IN4Y  T'Zf [043U0D WaLNdey ATBWI  PaloalIp-4|8S  Sso| yBram paj-uerdisAyd 61T (W/Bx 22 1IING) 95300  13)u90-3]6UIS HOY0d aANadSOId  JV-LSTHYY
SSaUNIIY}
|[em A1 pue ‘eale ]
‘uaping 4y pasealdap
‘A)11aA8s pue uaping
wojdwAs paanpal s1ajowresed
‘8Jyoud d1jogelswolpIed syuow a1ydesBolpreaoyos 3[ew 9%/9
panoadwt pue (w6 9Z7F6CT puUe uapinq sainseawl s1eak 0T F 09 abe uea|y
2'12 01 ;w/B¥ 8°2¢€ ING uonuaAlaIu| 4V ATepuodss a1fisayl| 4v JEIEREETIS
ueaw wouy) ssoj ybiam  syuow 0’y F AlIaAss pue uaping [esauab wesboid N-Y pue juaisisiad 10 (%8S) 4vd puijg-sjbuis
J1ea1B Ul paynsal INH4Y 0°ZT 1043U0D woldwAs “Arwirid pa10aIIP-48S  $SO yBlam paj-ueldisAyd  0ST (zw/B% Lz< ING) 85800 104 yzl® 19 PaqVY
(as F ueaw)
S3W09INO dn-mojjo4 sjulodpug  Joresedwo)d uonuasAIBIU| N uolye|ndod jusired ubisa@ Apnis

Author Manuscript

uonuanald uoiye|[liqly [erie 10} UoNLILIPOW 3]A1Sa1| JO SAIpNIS [edIul]D

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 29

Zakeri et al.

‘axeidn uabAxo = COA ‘Juawabeurw J010e) S1 = \H4¥ [el4] Pa]|04u0d paziwopuel
= 10¥ ‘uonejjuqy erine fewsAxoted = 4vd ‘siusjeainbs arjogelsw = s JN LJeJndLIUSA 3] = AT ‘WiNLIIe Ya| = v ‘ssaully Alojesidsaiolpaed = 440 Xapul ssew Apog = [AIg ‘Uone[[Lqly [eLe = 4y

uonouny
N pue /7 pue

‘aj1] 0 Anfenb oA
Mead ‘swoidwAs 4y

ul Juswanoidwi ‘usping
-4V paonpal yum

suolssiwpe
[endsoy pajejai-4y
‘a1l Jo Aipenb ‘sniels
pidi] ‘sia8weled
aydesBoipsesoyds

uswifal

9Jew 9%¢8

sieak

8 F 6G abe ueaw pajood
Buluresy asiasaxa obiepun

181Ud2-316uUIS

paje1oosse sem Buiuresy O\ AIEpuoIss  8s1919Xa [ensn 0} 3|qe 4V Juaasisiad puijg-ajbuis

[eAJa1UI 01G0IBY SHP9M uapIng 4V A7eliid paldalIp-4|3s Buuren feAaul o1qosdY TS 10 (95/G) [ewsAxoued 104 gzlB 19 OWEN
deW %8y
sleak
(s1an z> TT F 09 abe ueaw pajood
SA) 44O ur uref s13N S1IN 2> SA
22 ynm sjuaized ul S13IN 2= Se paziiohiayed
SSAUXIIY) [|em AT pue 44D ul uawanoidu]

(as F uesw)
SaW021N0 dn-mojjo4 sjuiodpug  aoyeaedwo)d uonuaAJIaU| N uone|ndod juaied ubisaqg Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 30

Zakeri et al.

€T Uelpawl
(syiuow 6 18 9%6T SA %0/) dnoib :dnoib avv
AavV SA Uolre|ge ay} ul eluylAyie syuow aJ11 Jo Aujenb aewW 9%/9
[etiye Aue woy Wopasiy Joyesio (TeT-6'TT ‘elwyiAyie |ere Aue uonaIosIp (7' 26-T'¥S 1D %S6)
‘(syiuow 6 1e 99T 1D %G6)  WOJ) Wopasl- “A/Bpuodes s Jojesado sleak 95 abe ueaw pajood
SA 9599) dnolb QvV SA uoie|ge G'ZT uelpaw £ipyes 4y onewordwAs 1e uone|qe 4vd Al01081)31 13)Uad1INIA
3U1 Ul 4\ WO0J) WOpPaaly 181ealo :dnoub |Ad WwoJj wopaaid “Aelid avy  leuonippe + IAd /9T -Bnip onewoidwAs 104 1618 13 J9qIIM
dnouf uonye|ge ui suonezijendsoy alew 9/9
J1e|nasenoIpIed JamaH uonaJosIp sieak
(1eaA T 18 9%5e s,Jojelado 0T F 95 abe ueaw pajood
SA %¢£6) dnoib Qv SA uole|ge syuow g1 e 4v 1e uone|qe 4vd Alojoeagal  19)usd-3|buIS ggl® 19 suodded
3y} Ul 4\ WOJ) Wopaaly Jajealo syuow g1 WoJ} wopasid Arewilid avyv  [euonippe + IAd 86T -bnip anrewoydwAs 104 Apnis 4vdv
uaping
4v ‘A1oeded as101axa ‘941
10 Aujenb ‘4 Jua.iinoal
dnoif uonrejge ul 01 swW A78pt033s
81| Jo Aiienb pue ‘Aloeded as1olaxa syuow € UIyIM avy alew %8
'$9109S WOIdWAS 8]qelon.) 3o u1 sabueyd ‘sainpadold uonaIdSIP sieak
dnoib €S Ja)Je 4\ wouy s,Jojelado TT F TS 9be ueaw pajood Auouadns
(%€2) avV sh (%68) uone|de Wopaa.y ‘syIuoW ZT-g Je uolje|ge 4vd Aopeyar  ususdnInN ggl® 19 Ster
3y} Ul 4\ WOJ) Wopaaly Jajealo syuow g1 Te 4V WaLINday AreWilid avyv  [euonippe + IAd 80T -bnip anrewoydwAs 104 Apnmis vv
Adelay} aul|-puodss
sdnoib yioq
ul Ajlenba panoidwi a1 Jo Aufend
4V 911ewoldwAS JU81IN3I WOy uo3a1osIp alew 969/
wopaaly AV %Iy SA IAd %ES a1 Jo Ajenb ‘4w s,Jojelado sieak
89U8.14NJ3J 4 Woly onewoldwAs A7epuoaas Je uonejqe 0T F GG 9be ueaw pajood BEIUERTI ] vgle 18 Of[LIOIN
wopaal) AVV %8¢ SA INd %Sy slpuow v 4V WeN0ay ATBlid dvyv  |euonippe + IAd  /ZT 4vd onewoidwAs 10d ¢-14vvd
sdnoib yioq
ul Ajlenba panoidwi a1 Jo Aufend
90Ua.1IN231 4y Aue woly
wopaal} AVV %T.L SA IAd %S8 el
syuow g 30 Ajfenb ‘aouslingal isiy uonaJosIp alew %0/
1e uapIng 4V AVV %8T SA IAd %6 01 awn ‘swoldwAs ‘4 s Jojesado sIeak ecl®
4V 10 uspJing aAlrINWND WoJy wopasli- .A7gpuoaes 1e uolejoe 0T F GG abe uesw pajood J81usdnnNA 19 UOS|3IN SIPaso)d
Ul 90UJBHIP JUBIIUBIS ON Syiuow ¢ 4V J0 usping Awrid dvyv  [euonippe + IAd  ¥6C 4vd onewoidwAs 104 4Vd-VHLNVIN
IAd yum a1
10 Aijenb ur uswanoldwi Jajealo papiodal 10U afewW 94
uonezijeyndsoy al| sleak
avy %vS sn INd %6 j0 Ayfenb ‘uoiezijendsoH 8 F £G abe ueaw psjood
89U8.1INJ31 4/ WO} WOpPaaly AIgpu02as 4V uaisisiad pue J8JUBdINIA zgle 18 UZepn\
dnolb vV %LE SA IND %.8 syluow ZT 4V W8Ny A7ewrid avy INd 0L (%96) 4vd onewoidwAs 104 T-14vvy
Adeltayy aulj-1si4
(as ¥ ueauw)
$8W02IN0 dn-mojjo4 sjulodpug  aoyesedwo)d uonuaAJIdU| N uone|ndod juaned ubisaqg Apms

Author Manuscript

uone|[1igly [eriIe 104 Uoile|ge 1818y1ed JO S[eldl [ealuljd paziwopuey

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 31

Zakeri et al.

*T 9]qeL Ul Se suolrelnaiqae JaylO "uolre|osi uteA Areuowind = |Ad {[eAlslul 8duaplyuod = | ‘Adesayl Bnip otwyAylienue = avy

dnoub
avV SA uole|ge ayl ul $8102s  sywuowl (G'GT
8411 J0 Afenb 8|qelone) BION  —'6 1D %S6)

(as ¥ uesw)
S8W02IN0 dn-mojjo4 sjuiodpug  aoyesedwo)d uonuaAIau| N uone|ndod juaned ubisaqg Apms

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 32

Zakeri et al.

sawin
uonelpes pue ainpasold

‘suoiyeal|dwod

‘asn vV ‘elwyiAyire
leue Aue wouy
wopaaiy ‘sainpado.d
2 181e 4y Aue woly

J18J0YS YiIm pajeloosse wopaaid /A7epuoass aew %8/
3 0] papus) auole |Ad uone|qe SIeak 6 F
alnpadoid yeadal 10 1S} 1eadal 10 AvV 09 abe ueaw pajood
© Jaye sdnoib usamiaq }JO uone|ge Xapul Jaye uorye|qe 4v
SAWOIN0 Ul 3oUdIBYIP BIWYIAYLIE [BLIIe WOy Jeaul] + |Ad uassisiad Aiojoeusal JajuLonIniN ¢9l® 19 BULIBA
ueayIubls oN syluow 8T wopaal4 “Azewitid auole |Ad IV4D + INd 685 -Bnup anrewoldwAs 10¥ 11 4V ¥V1S
paJinbaJ sainpasoud
Teadal Jo aduapIoul
Jaybiy pue ‘sainpadoid SoIsIIsloRIRYD
2 1o T JaYe d1el $5900NS Jeinpagoud aew %t/
1SaMO| pey auole 340 ‘suoirealjdwod SIedk 0T F
auoe 349 ‘eluyAyate Aue wouy 1§ abe ueaw pajood
10 3Uofe |Ad SA 4V wiopasld A7eptodos 4V 1uaisisiad 1o Auouadng
wioJy wopaaly 1saybiy 4V woly INd + 340 (9659) 4vd Aioyoelyal JajuadnInN zgl® 19 BULIBA
auy} pey 340 + INd syiuow 1 wopasl4 ABLid auole IAd auole34d 00T -Bnup onewoldwAs 10 4V dVLS
3v40
SEIEI ] 311 40 Aupend
uole|ge Jo sadAy AIgpu02as Koges
¥ a3 Buowe agualayip ‘(uone|qe yeadal Jo aew %T9
JuediIubIS ON ‘asn Qv ‘elwyiAyre SIedk 0T F
JEIN] 10 80UaLINJ3l 09 abe ueaw pajood AuiousyuiuoN
sjutodpua Alages pue 1511 0} BWn) 4vd Alojoeiyal 181UBdIININ 19l€ 18 0N
AKoeaiys AoLivjuiuoN syjuow 8T Kool A7eUill7 ~ uone|qe prepuels  uone|qeoAly 0§/ -Bnip anewoydwAs 104 301 pue 3414
uone|qeoAld
(1aw
jutodpua JousyuIuou
A1ayes) j01U00
%Y'T SA 4D %0'Z Ul
SJUBAD 3SJAAPE SNOLIAS
40 |ewndouou %T°85
SA 40 [ewndo %6°'G. a1l Jo
JWie 49 paiieas Aupenb ‘49 jewndouou
ulyum Aoealy3 SA lewndo A7gpuodas alew 959
(law Apyes (Vv 4o SIedA 0T F
jutodpua Aj1ioLIajuIuOU) 4V onrewoidwAs wouy J1918Y18d 09 abe ueaw pajood AiousyuiuoN
1041U02 %69 wopaal} ‘|Ad 81noe) J1318Y1ed 4D-uou Buisuas-49 4vd A101081)81 19U NN 09l€ 18 Appay
SA 40 %8°29 :Aoeoiy syiuow Z1 Koeaw3 Arewiid yumuone|qy  yumuone|qy  G6¢ -Bnip onewoldwAs 104 YVLSVYOO0L
8010} 10€1U0D
(as+
$aW021N0 ueaw) dn-mojjo4 sjulodpu3 Joyeredwo)d uonuaAIaIu| N uone|ndod juaied ubiseqg Apms

Author Manuscript

uolye|ge uoIe|LIgL [elI1e 1o} senbiuyds] [SA0U JO S[eldl [edIUl]d [eullss

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 33

Zakeri et al.

dnoib yoes ui

SJUBAB 3SIBAPE SNOLIBS
J0 92U81INJJ0 Je[IWIS
(%2¥ A %69) 4V

suoiealdwod
|ednpadouduiiad

‘asn Qvv
‘elyiAyreAyae) erie
JUERIEINAETRSIT]

w0} wopaaly Jayealh 0} aw1] A7Bpuoass uorye|qe
YIIM pajeldosse uole|ge 163k T> uolre|qe jeada. uo1INPU0I aew 9%T/
papinB-auisouspy 10 uone|ge xapul wewIop SIeak OTF
sjuaiyed JO 94€G Ul Jaye elwyiAylreAyoey papinb 09 abe ueaw pajood Auousdng
uoldNPU0I Ad Juewiop [elye Jo aousLINdal -auIsouspe uone|qe Bulobiapun J3)U3N NN 99l€ 19 3J0BIN
paxseluun aulsouspy  SUWOW ¢'TFg'¢T ISl 0} sl L “Areiilid auofe IAd + INd ves 4V onewoidwAs 104 30INAV
auIsouapy
VSdH + IAd Yim
SIUBAD 3SIAAPE SNOLIAS
2I0W PJemo} pual) e ing
‘syutodpus Arepuodas
Jo Arewnid Joy
IAd pue YSd4H Uusamiaq
8ouaIayIp JuedliubIs "aj1] Jo Aypenb ‘syuana
ON AV JUdISISIad aslanpe ‘suonesljdwod
dnoJb WwSHH Ul Suana Jeanpasosduad
9SIaAPE SNOLIAS JaMa- ‘sypuow g1 afew 9,08
(syuow pue 9 18 |\v/4V Wol) SIedA 0T F
9 e AliouajuIuOU wopaald .A7epuodas S abe ueaw pajood AjlonsuIuoN
331YJe 0} Pa)|Ie)) uonejqe xapul Jsye VS4H T INd INd v purlg-aj6uis
syuow g7 1e |Ad 0} Syluow 9 1e 4\ wouy 4V JUBISISIad 4V JUSiSISlad uaisisiad pue (9405) 18)U8dNINIA gol€ 19 BZUBNY
JoLBjuIuOU VSHH Hvd stjuow g1 WopaaI AU INd ‘dvd VS4H dvd [4X4 4vd onewoidwAs 104 4V dvavd
uone|ge Asusnbaly Jueuiwoq
sdnoif usamiaq
sajes uonedljdwod
U1 92UaIaIp
juedubis oN :Aleyes
ainpadsoud
a1Buts Jaye (%Sv)
|BUOIIUBAUOD SA (%28)
papInB-NY14 10} 4 selwylAyLie
W01} WOpaaJy Jareals |elIe |[e WO} Wopaaly
sdnoib ypogq oy swes ‘uone|qe 11y Jaye
awl1} uore|qe [eloL 4V WoJj wopaaid
Sased uole|qe Augpliodas Keyes (sasea 3lewW 956
|RUOIUBAUOD 9402 4V WO} Wopaaly 4V uasisiad uone|qe SIeak g F
SA papInB-INY 14 %98 wusl-Buol ‘4 Jo oy 8uI| JOOI W 1+) |eUOIIUBAUOD 29 abe ueaw pajood
U1 pansiyoe jutodpua uolreUIWIR) [einpado.d VOVM :uole|qe + Uole|qe 4V jaisisiad 10 (%482) vol® 18 UeAeleN
[einpsooud 8IN0Y  syIUOW ZZ UeIpaIA aINoY 7B [euonuaAu0)  papInB-INYI4 43 4vd onewoidwAs  181u80-816uIS 10y WYHIANOD
uolje|npow 1030y
SO11S1I810eIRYD
|ednpadoud
(as=
S3W021N0 ueaw) dn-mojjo4 sjulodpu3g Joyeredwo)d uonuaAIaIu| N uone|ndod juaned ubiseqg Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 34

Zakeri et al.

*Z pue T S3|qRL Ul Se SUOHRIABIGAE JBYI0 "UOIE|GR [B1USISILUNDIIO B8R 8PIM = YO ‘UIsA Areuownd = Ad ‘uoiie|ge 821nos Aousnbauy
-ybIy = WS4H ‘1xa[d uoijbued = 4o ‘uonenpouw I0jos pue asjndwi 2204 = M4 ‘SWesf01198]8 89104 108IU0D = J4D ‘WeiB0A08[3 [BLIIR 82104 10BIU0D = JHD 8240} 10BIU0D = 4D ‘BIPILdAYIE] [eLIe = 1Y

dvd

SIUBNS BSIaApE
‘awny Adoasolonyy

yum suaned ui auofe ‘awn Asanijep
d9 10 |Ad Jayus yum Aouanbaljoipey
paJsedwod a)el $$899NS ATepUoIas aew 9499
Jaybiy Apueayyiubis uone|ge xapul auole SIeak g F
pa.1lajuod |Ad 01 Jaye 1v/4V Wwoly d9 uone|qe 96 abe ueaw pajood
uone|qe 49 o uonippy sieah g wopaaid /el auofe INd d9+INd e 4vd onewoydwAs 18)u8d-g 10y gol® 19 SIs)IEH
uonejge 4o
suoiealdwod
Jeanpasosduiad alewW %/
sdnoif ‘eluyiAyreAyoe) uone|qe SIedA 0T F
2 9U) Usamiaq Ieak leLiye Aue Joj uone|qe uo1dNPU0I €'€9 abe ueaw pajood
T 1e selwyiAyieAyoe) 1eadoy A7BPU0OIES juewIop uonejqe
[eLiye Juaiinoal Jo (sAep 0s—99¢ Jeah > papinb awin-1s4y Burobispun Aousdns
80UapIoUl Ul Bouasaylp  abuel ajienbisiul)  elwYAYLIRAYDE] [RLIR -au1Isouape 4V uaisisiad 121UBdNINA 10l 18 110gOM
jueonubis oN sAep 8¢ ueIpaiN JBLNIRY Arelid auole INd +INd  ETTC 10 4vd onewoidwAs 104 d1v-43dNN
(as=
S3W021N0 ueaw) dn-mojjo4 sjulodpu3g Joyeredwo)d uonuaAIaIu| N uone|ndod juaned ubiseqg Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.



Page 35

Zakeri et al.

dnoub uone|qe

u1 AJijeniow paonpal
‘suoissiwpe [endsoy
pauuejdun paonpal

sIeak € wnwiulN

uonezijendsoy pauuejdun
Buriinbal 4H Buiuasiom o
Al[erow asneo-| |\ AZBLId

Adelay) [euonusnuo)

uonaJosIp
sJojesado
Te uone|qe
leuonippe + |Ad

88TEY900.LON/MOYS
J239/n0bsjelealula//:sdny
0zy 4V pue 4314H onewoidwAs

ggl® 19 8yonoirey

J31UddN NN dv 311SVO
104 ssalboud ui sjer)

‘A1oeded asiosexs alewW %/
700 panoiduwi| aJ1] Jo Aujenb ‘amINg s1eak T F T9 abe ueaw pajood
s1eak g Jaye (%ve) ‘4371 ur abueyd ‘suoissiwpe 111-11 5810 VHAN
dno.b auo.tepoiwe |endsoy paiejal-4H pue uo1I2sIp %S F %62 4IA1
sA (%0,) dnolb -4V pauue|dun ‘Ayjenow s,Jojesado (aol
uolle|qe ul 4\ Wwouy asneo-||y A/BpuoIas e uole|qe /Q-142D) 901Aap pajuejdwi ‘4 J31UsdNINA s6l€ 19 8selg 1a
wiopsaly Jsreal sieak g 4V Wouy Wwopaald A7Bwlid suojepolwy  [euonlppe + IAd  €0C waisisiad ‘(%075 43) 4314H 104 JVIVY
dew 9%/8
dnoipb a1 Jo Auenb steak 1T ¥ /G abe ueaw pajood
uone|qe ul dNg ‘sse]d VHAN ‘dNg ‘COA uonaIasIp 12 ueaw ‘Al-1| SSejd VHAN
paonpai pue ‘COA ead ‘syuow 9 18 ASIAT s.Jojelado %07-%¢€ 43N]
Mead ‘ssejd WHAN Ul uonoanpai % A/gpuoaas Je uolre|qe 4V uasisiad pue (005>43)  183udd 9|buls g6l 18 J83UNH
100 panoiduwj syjuow 9 syuow 9 Ye 43 “Aewilid |ojuod dyey  [euonippe + [Ad 0§ 4344H onewoldwAs 10d 4VLANVD
43 pue AMIN9
u1 syuawisnoadwi
JuedIUBISUON
dnoJb uorne|qe alew 9/8
ul dNg paonpal sIeak 6 F £9 abe ueaw pajood
pue (soussayp 43 ‘aMIN9 'dNg 2 ueaw ‘Al—|| SSe|9 VHAN
urw/By/w ‘ajl| Jo Aujend A7epuosas uone|qe %ZE—-%TZ 43T
€+) “ON ead syjuow T 18 OA 3v40 + uone|qe 4V waisisiad pue (%GeS43)  181usd 8|buls z6l® 10 S9UOL
pue 700 panoidw syuow Z1 ead u1 sBueyd Aewrid 10JJU02 a1ey Jeaul] + INd ¢S 4344H oewoldwAs 10d 4H-04Vv
sdnoif usamiaq
AMIN9 pue 700 alew %8/
Ul oUaJayIp ON S321PUI HIND J8L10 ‘B)1] JO sieak , ¥ g9 abe ueaw pajood
sdnoif usamiaq Auenb ‘dNgold-1N ‘QMING Adelayy [eaipaw 6'Z ueaw ‘Al sse|d VHAN
wswanoldw ‘BuiBew apionuoipel (wdg 08< ¥H + Uonejqe %TY—%9€ 43N]
43 U1 soudIBYIP Aq 43 A7gpuoads J1uixoBip+) Adessyy w40 + uone|ge dv uasisiad ‘(%G€>43)  JaIusomNiA
JuedlubIS ON syjuow 9 HIND Aq 43 A7eiinid 4H :Adesayy [ealpaN lesull + INd TF 4314H onewoldwAs 104 g6l® 19 PIEUOQOEIN
dnoJb alew %16
uone|ge ur dMmIng sieak g ¥ 09 abe ueaw pajood
pue 700 panoidw] suolsuswip v '4v 11-11 Ssejd VHAN
18W WwioJ} Wopasl AZpiodss uonaJosIp %SE-%.Z 43N
juiodpus aysodwod au1[aseq SA 8109S 100 sJojelado 4v
Arewnd Joy ‘AMING ‘43 ur Juswanoidul Buroed Jejnornuanlq Te uole|qe wialsisiad 1o (%61) 4vd pue  JsjuadnNA vel® 18 UeU
©LI9)LI9 80UBdYIUBIS spuow 9 40 aysodwoD VBT  UYNm UONE|Ge 3pOU AV [RUOIIPPE + IAd T8 (%6075 43) 4H dnewoidwAs 10¥ 4HO-vawvd
$aW021N0 dn-mojjo4 sjutodpu3 Jojesedwo) uonuaAJdU| N uoie|ndod jusired ubisaqg Apms

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

aanjre} esy yum sjuained ul uomejge uone||iaql [elale Jo S[eLi] PajjoJiuod paziwopuey

Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.


https://clinicaltrials.gov/ct2/show/NCT00643188
https://clinicaltrials.gov/ct2/show/NCT00643188

Page 36

Zakeri et al.

"€ pUe ‘Z ‘T SIGEL Ul SE SUONRIARIGLE JOUIO "ay1] J0 Alfenb
=100 !SSe[0 UONLIN0SSY LeaH 3I0A MaN = VHAN ‘opndad onainiiyeu adAl-g-oid feuiwsl-N = dNGOId-1N BWNJOA 21J0ISAS pus JBINdLIUBA Y| = ASTAT ‘U0NndRI) U0Nd3e 1eINdLIUBA Yo = 43
£101e]|1IqL8P—I13LBA0IPIRD BjqeIuR|dwl = @D ‘818l Lesy = YH ‘uonoely uondals paonpal YIM ainjie) Leay = 43.4H ‘uonoedy uonosls paasssaid yim ainjiey Lesy = 43d4H ‘ainjie) Lesy = 4H ‘uonoely
uonoale = 43 ‘lore|Lqiyap—Adelay) UOIRZIUOIYIUASSI JBIPIRD = O-1HD ‘8oueu0sal diaubew JeIpied = HIAD ‘apndad onainuieu urelq = dNg ‘IBINJLIUSACLIE = AY ‘90URISIP X[eMm 3InuIW-9 = AMINY

80GTT600LON
/MOYS/219/A0B"S[e1I}BIUID
159108 uonalsIp //:sdny 43d4H pue
oeIpJed Jo Buipas|q snoLias s, Jojelado 43J4H yum syuaired sepnjou]
‘ajo41s Buljgesip ‘Anjerow Te uone|qe 4y Juaisisiad Buipuelsbuoj Jo JajuadnniN [e 18 Jaxoed
810} J0 aNsodwWoD A7BLILId |013U0d 8je4 IO VY [eUOnIPpE + |Ad jaisisiad '4vd dnewoldwAs 104 VNVEvO
¢SE88ZTOLON/MOYs
awoIpuAs Areuoiod swoydwAs INd + /230/n0B s|eLfeaIuN//:sdnYy
a1noe 1o 4H Jo Bulussiom  Aiojoeusal yum syusized avyv pauiquo) (%05 43)
0} anp uonezijeudsoy 10 10} [013U0D WYIAYJ INd 4344H yum sjusied sapnjou|
‘a041S ‘Ureap Je[NISeAoIpIed ‘aul| 1S414 Se [0U0d avy :|oauod 4y Jawsdnnn 1€ 38 JoyyauI
sIeak 8 10 ausodwo) Azewiid aley :aJed [ensn wypAys Ape3 ualsisiad 10 4vd dnewoldwAs 104 1Sv3
€6€0Z7TOLON/MOYs
[gyo/nofs|ereaIu o/ :sdny
uonalsIp 4V uasisiad
4H Joy uonezijendsoy sJojesado wug)-Buoj Jo uasisiad 10 4vd
pue Ajlferow asned Te uone|qe (1H1-11 Se19 VHAN) 43d4H JajuadnniN 1e 38 s|1aMn ‘Buel
sieah g -1[e 40 susodwoDA7BWIid |0Ju0d Bjey  [eUOIIPPE + |Ad 10 4314H onewoydwAs 104 4v 14wy
S3W021N0 dn-mojjo4 sjutodpu3 Joyeaedwo) uonuaAJdU| N uone|ndod jusied ubisag Apms

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Heart Rhythm. Author manuscript; available in PMC 2018 May 01.


https://clinicaltrials.gov/ct2/show/NCT01420393
https://clinicaltrials.gov/ct2/show/NCT01420393
https://clinicaltrials.gov/ct2/show/NCT01288352
https://clinicaltrials.gov/ct2/show/NCT01288352
https://clinicaltrials.gov/ct2/show/NCT00911508
https://clinicaltrials.gov/ct2/show/NCT00911508
https://clinicaltrials.gov/ct2/show/NCT00911508

	Abstract
	Introduction
	AF prevention trials
	Primary and secondary AF prevention
	Nonpharmacologic approaches to AF prevention
	Weight loss
	Exercise and cardiovascular fitness
	Risk factor modification in patients with HF

	Pharmacologic approaches to AF prevention

	AF treatment trials: Filling in the gaps
	Rate vs rhythm control
	Nonpharmacologic (invasive) approaches to AF treatment
	Pulmonary vein isolation
	Ablation of extra-PV targets
	Additional considerations
	Patient-reported outcome measures
	AF ablation in patients with HF

	Pharmacologic approaches to AF treatment
	Surgical and hybrid therapy for AF
	Future directions: Toward personalized AF therapy
	Substrate-guided therapy
	Genotype-directed therapy
	Pragmatic trial design for precision AF therapy

	Conclusion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

