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ABSTRACT
Background: Atrial fibrillation (AF) is the most common sustained cardiac rhythm
disturbance, increasing in prevalence with age. Today, medical treatment involving
catheter ablation is the well-accepted management strategy; however, failure of this
therapy is common, with only two-thirds or less of the patients treated remaining free of
AF on long-term follow-up. Given the role that stress, anxiety, inflammation, and
autonomic nervous system imbalance plays in AF, the complementary health-enhancing
therapy of yoga could potentially prevent episodes of AF. Although, to date, two studies
have assessed the impact of yoga on paroxysmal AF, no studies have investigated the

effect of yoga on early recurrence of atrial tachyarrhythmia (ERAT) after AF ablation.

Objective: The two specific aims for this study were: (1) to examine the feasibility and
acceptability of a Viniyoga intervention for individuals with AF and (2) to test whether or
not a 6-week Viniyoga intervention in persons age 18 to 65 years with paroxysmal or
persistent AF prior to ablation will decrease AF symptoms, stress, depression, anxiety,
prevent ERAT after AF ablation, and improve overall health-related quality of life (QOL)
during the 6-month post-ablation period if these participants continued to practice yoga
post-ablation at least twice a week for 50 minutes. A secondary aim was to capture all the
participants’ perceptions of health-related QOL, using semi-structured interviews, and for

the yoga intervention group participants, their experiences with yoga as well.

Design and Methods: A sequential mixed methods, prospective, quasi-experimental,
two-group design informed by a psychoneuroimmunology theoretical framework guided
the study design to investigate the effect of a twice-weekly 6-week Viniyoga intervention

and continued practice of yoga at home in prevention of ERAT after AF ablation. Self-



report questionnaires were completed at 8 different time points, including baseline and at
the 6-month post-AF ablation time period. All participants participated in a semi-

structured interview during their 6-month post-ablation clinic visit.

Results: The recruitment rate for the yoga intervention plus usual care (Y1) group was
very low at 16.67% and 50% for the usual care alone (UC) group, with recruitment for
the UC group having been stopped because of less recruitment to the Y1 group. A total of
4 UC group participants and 2 participants in the Y1 group completed the study. Two
major reasons for participants declining participation in the study were travel distance
and challenges in attending twice-weekly Y| sessions. Other reasons included current
practice of yoga or mindfulness meditation, lack of a smart phone or iPad to download
the Alivecor™ app, and questions about the affiliation of yoga with a religion that the
participants did not practice. No statistical significance was achieved for any of the study
outcome measures given the small sample size, although clinically meaningful
improvements were noted in the Atrial Fibrillation Effect on QualiTy-of-Life
questionnaire overall score and symptom score in the Y1 group compared with the UC
group participants. The study also showed that ERAT in the two Y1 participants was 0%
but it was 75% in the four UC group participants. Minimal decrease in stress, depression,
and anxiety scores were noted, although qualitative data analysis showed that the
participants identified stress, depression, and anxiety as triggers and manifestations of
their AF. The reason for no significant change in the anxiety scores may be related to the
fact that a new diagnosis of AF is compounded with much anxiety about the disease
course, and at post-ablation these participants continued to be worried about recurrences,

with this impacting their QOL.



Conclusion: This study did not show any statistical significance in the outcome
measures, which may be because of the small sample size, but it did show clinically
meaningful improvements in a few of the study outcomes as described above. These
preliminary findings support the need for future randomized controlled studies to

determine the impact of yoga on prevention of recurrent atrial arrhythmias.
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CHAPTER ONE: INTRODUCTION

Atrial fibrillation (AF), the most common sustained cardiac arrhythmia, is
associated with increased cardiovascular risk factors such as stroke, heart failure,
dementia, and death (Savelieva & Camm, 2004). One of the largest U.S. epidemiological
studies, the Framingham Heart Study, predicted that AF prevalence doubles with each
advancing decade of age, from 0.5% at age 50-59 years to almost 9% at age 80-89 years,
independent of the increasing prevalence of known predisposing conditions (Kannel et
al., 1998). Cumulative lifetime risk estimates demonstrate that AF is largely a disease of
aging. In U.S. and European community-based cohort studies, the estimated lifetime risk
of AF is 22% to 26% in men and 22% to 23% in women by age 80 years old (Magnani et

al., 2011).

Regarding management of AF, the American College of Cardiology Foundation,
American Heart Association, and Heart Rhythm Society (ACCF/AHA/HRS) task force
recommend that AF management involve three non-mutually exclusive objectives: rate
control, prevention of thromboembolism, and correction of the rhythm disturbance. Thus,
the focus of treatment for AF is to maintain the heart rate or rhythm either through
medical management or ablation procedures, with catheter ablation being an accepted
management strategy for AF (Kumar & Mounsey, 2012). However, failure of this therapy
IS not uncommon, with only two-thirds or less of the patients treated with catheter
ablation remaining free of AF at long-term follow-up (Kumar & Mounsey, 2012). It has
been recognized that early recurrence of atrial tachyarrhythmia (ERAT), usually defined
as arrhythmia recurrence within the first 3 months following ablation, is frequently

associated with late recurrence of atrial tachyarrhythmia (Themistoclakis et al., 2008;



Choi et al., 2010). Consequently, many of these individuals experience poor health-
related quality of life (QOL).The most common AF symptoms include palpitations,
shortness of breath, fatigue, dizziness, and anxiety. In a study of 100 randomly selected
AF patients, 88% reported palpitations on exertion, 86% reported palpitations at rest,
70% reported shortness of breath on exertion, 87% reported reduced physical ability, and
59% reported anxiety (Hansson et al., 2004). Adults with worsened severity of
depression, anxiety, or somatization disorder symptoms had an associated increase in the

severity of the AF symptoms (Gehi, et al., 2012).

Psychological stressors and imbalance in the autonomic nervous system (ANS) are
the most common triggers for paroxysmal AF (Hansson et al., 2004; Mattioli et al.,
2005). Acute life stressors affect the development and spontaneous conversion of AF and
are thought to be mediated by the sympathetic nervous system. This hypothesis is
supported by the increase in circulating catecholamine in the aftermath of acute life stress
and by observation that beta-adrenergic blockade prevent the arrhythmogenic effects
(Choi et al., 2010). Lower overall heart rate variability as well as increased
sympathetic/parasympathetic tones were associated with a higher risk of AF (Agarwal et
al., 2017).

The mind-body therapy yoga has been shown to reduce stress, anxiety,
inflammation, and maintain autonomic nervous system balance (Kiecolt-Glaser et al.,
2010; Streeter et al., 2012; Telles et al., 2013), which could potentially prevent AF. In
particular, the breath can have a major influence on physiology, especially the balance
between sympathetic and parasympathetic tone in the autonomic nervous system. This is

the prime focus in Viniyoga, the style of yoga used in this dissertation study. Varying the



respiratory rate, depth, and ratio of inhalation to exhalation can refine this effect.
Similarly, the choice and sequence of poses can be used to modulate this balance and

influence physical structures affected by stress.

To date, two studies have assessed the impact of yoga on AF. One, a proof-of-
concept study (Lakkireddy et al., 2013), revealed that 60-minute lyengar yoga sessions at
least twice a week for 3 months improved symptoms, arrhythmia burden, heart rate,
blood pressure, anxiety and depression scores, and several domains of QOL in adults
with paroxysmal AF. A second study (Whalstrom et al., 2017) using Mediyoga as the
intervention showed that this style of yoga might potentially lower blood pressure and
heart rate in patients with paroxysmal AF and improve QOL compared to a control
group. To date, no studies were identified that documented the effect of yoga in

preventing ERAT in adults with AF after ablation.

This dissertation is the synthesis of a scholarly process that began with a review
of the literature on effect of yoga on stress and autonomic nervous system and progressed
through the design, implementation, analysis, and interpretation of a study using
Viniyoga as an intervention in prevention of ERAT after AF ablation with a sample of
adults diagnosed with paroxysmal and persistent AF. In accordance with the 2012-2013
PhD Student Handbook for Academic Policies and Procedures of the University of

Virginia School of Nursing, this dissertation follows the manuscript dissertation design.

Chapter Two: Effect of Yoga on the Autonomic Nervous System: Clinical
Implications in the Management of Atrial Fibrillation is a manuscript that examines the

original studies published in English, evaluating the effects of yoga as a complementary



health approach on stress and ANS. It further attempts to describe how this mind-body
modality, if added to conventional treatment, might contribute importantly to reducing or
eliminating recurrent episodes of AF. To address the deficit in the literature regarding
theoretical or conceptual frameworks in the studies reviewed, a psychoneuroimmunology
theoretical framework was identified to depict the electrical, mechanical, and structural
changes in the heart that lead to a stress-related imbalance in the ANS resulting in AF. It
further explains how an appropriate yoga intervention for cardiac patients can help in
reducing stress, decrease inflammation, and modulate the ANS towards parasympathetic
dominance, which is a key factor in prevention of tachycardia.

Chapter Three: A Feasibility Protocol to Assess the Effect of Yoga on Early
Recurrence of Atrial Tachyarrhythmia after Atrial Fibrillation Ablation provides the
research design and detailed methods of the study conducted, including the description of

the theoretical framework that was used to inform the study design and data analysis.

Chapter Four: Effect of Yoga on Early Recurrence of Atrial Tachyarrhythmia
after Atrial Fibrillation Ablation: Results of a 6-week Viniyoga Intervention presents the
results of the 6-week Viniyoga intervention on stress, anxiety, depression, AF episodes
and symptoms, ERAT after AF ablation, and health-related QOL in study participants. It
also provides information related to feasibility of the intervention and the study
participants’ perceptions of the experience of participating in the study. Also, adherence

to the yoga intervention is reported.

Chapter Five: Conclusion incorporates the components of the dissertation into a
cohesive document providing lessons learned, implications for nursing, and future

directions related to research and theory development for symptom management using



complementary health-enhancing approaches for individuals with AF and other

cardiovascular diseases.
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Abstract

Atrial fibrillation (AF) affects about 1.5% of the U.S. population, especially aging
persons, resulting in substantial morbidity and mortality. Although catheter ablation is
the accepted treatment for AF, failure of this therapy is common. Given that the onset of
AF is preceded by a primary increase in the sympathetic drive followed by marked
modulation towards vagal pre-dominance, it is likely that stress precipitates and
exacerbates AF. The authors searched the databases of Ovid MEDLINE, PubMed, APA
PsycNET, Alt Health Watch via EBSCOhost, and CINAHL to evaluate the effects of
yoga as a complementary health approach on the autonomic nervous system and how this
mind-body modality, if added to conventional treatment, might contribute importantly to
reducing or eliminating stress as a trigger for AF. Articles written in English and
published in peer-reviewed journals between 2003 and 2017, reporting on research of
yoga on autonomic nervous system, were identified. Twenty articles met the inclusion
criteria, revealing that yoga resulted in a significant shift in autonomic balance towards
vagal dominance; reduction in heart rate and blood pressure; reduction in indices of
ventricular repolarization dispersion in patients with ventricular arrhythmias; significant
reduction in stress, anger, depression, and anxiety; and improvements in neuroendocrine
release, emotional processing, and social binding. Given these literature review findings,
the authors provide an integrative overview of biological mechanisms and substrates that
mediate AF, which can be targets for future research evaluating how the practice of

selected styles of yoga can mitigate the onset of AF.

Key words:

Yoga, heart rate variability, stress, autonomic nervous system, atrial fibrillation
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Introduction

Atrial fibrillation (AF), the most common sustained cardiac arrhythmia, is seen in
approximately 1.5% of the U.S. population® and results in substantial morbidity and
mortality.? One of the largest U.S. epidemiological studies, the Framingham Heart Study,
predicted that AF prevalence doubles with each advancing decade of age, from 0.5% at
age 50-59 years to almost 9% at age 80-89 years, independent of the increasing
prevalence of known predisposing conditions.? Although medical treatment involving
catheter ablation has become a well-accepted management strategy for AF® failure of this
therapy is common, with only two-thirds or less of the patients treated remaining free of
AF on long-term follow-up.® Early recurrence of atrial tachyarrhythmia, usually defined
as arrhythmia recurrence within the first 3 months following ablation, is frequently
associated with late recurrence of atrial tachyarrhythmia.*° Acute myocardial injury and
the subsequent inflammatory response, as well as modifications of the cardiac autonomic
nervous system, provide an early and potentially reversible pro-arrhythmic substrate
because of altered atrial myocardial conduction and refractoriness.® Research has shown
that psychological stressors and imbalance in the autonomic nervous system (ANS) are
the most common triggers for paroxysmal AF.% 7 The mind-body therapy yoga has been
shown to reduce stress and maintain autonomic nervous system balance®: hence, use of
complementary health approaches such as yoga, which are low-cost interventions, might
contribute importantly to reducing stress, help individuals maintain balance in the ANS,
and thereby prevent recurrence of AF. In this article, the authors provide an overview of

AF, the effects of yoga on lessening stress and maintaining ANS balance, and suggest
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through a psychoneuroimmunology framework the possible mechanisms by which the
practice of yoga could mitigate AF episodes and symptoms.
Atrial Fibrillation and Associated Symptoms

Cumulative lifetime risk estimates reveal that AF is primarily a disease of aging.
In U.S. and European community-based cohort studies, the estimated lifetime risk of AF
is 22% to 26% in men and 22% to 23% in women by age 80 years.® The effects of heart
failure, valvular disease, myocardial infarction, and ischemic stroke on AF are
substantial. Heart failure increases the risk of AF by a 4.5-fold in men and a 5.9-fold in
women. Valvular heart disease increases the risk of AF by a 1.8-fold in men and a 3.4-
fold increase in women, with myocardial infarction significantly increasing the risk of AF
by 40% in men.? Likewise, AF is a potent risk factor for ischemic stroke, increasing the
risk of stroke 5-fold, thus leading to about 15% of all strokes nationally.°

The most common AF symptoms include palpitations, shortness of breath,
fatigue, dizziness, and anxiety. In a study of 100 randomly selected patients with AF,
88% reported palpitations on exertion, 86% reported palpitations at rest, 70% reported
shortness of breath on exertion, 87% reported reduced physical ability, and 59% reported
anxiety.® Adults with major depression, anxiety, or somatization disorder generally have
an associated increase in the severity of their AF symptoms.!
Quality of Life in Individuals with AF

AF contributes to increased morbidity in the elderly by adversely affecting their
quality of life (QOL) and by deterioration in myocardial function, increasing
susceptibility to heart failure, stroke, hospitalization, and mortality.'? Evaluation of QOL

in a group of 264 female patients with AF enrolled in the Canadian Trial of Atrial
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Fibrillation (N = 403) showed that women had significantly more impaired QOL than
men, specifically related to physical rather than emotional functioning.'® In another study,
outpatients with documented AF (N = 152) reported substantially poorer QOL than
healthy controls.** Three of the four well-known randomized controlled trials (STAF,
PIAF, RACE) comparing rate versus rhythm control demonstrated a greater improvement
in QOL in patients receiving rate control*® than those in the rhythm control group.
However, the Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) trial revealed a similar improvement in QOL for both rate and rhythm control
groups.t®
Health Care Costs associated with AF

A national survey estimated that direct medical costs were 73% higher in patients
with AF compared with matched control subjects, representing a net incremental cost of
$8705 per patient per year and a national incremental cost between $6 and $26 billion.°
Retrospective analyses of three federally funded U.S. databases using 2001 data®’ found
that approximately 234,000 hospital outpatient department visits, 276,000 emergency
room visits, 350,000 hospitalizations, and 5 million office visits were attributable
annually to AF. The total annual medical cost for the treatment of AF in the inpatient,
emergency department, and hospital outpatient settings estimated at $6.65 billion is likely
an underestimate as costs for long-term anticoagulation, stroke prevention, inpatient
drugs, and hospital-based physician services were not included.!’ Patients with AF
enrolled in the Fibrillation Registry Assessing Costs, Therapies, Adverse events, and
Lifestyle (FRACTAL) study who were managed with cardioversion and

pharmacotherapy incurred AF and other cardiovascular-related health care costs of $4000
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to $5000 per year.® Among patients with recurrent AF, the frequency of recurrence was
strongly associated with higher resource use, with each recurrence increasing annual
costs by an average of $1600.18 The cost-effectiveness of catheter ablation is difficult to
determine because of differences in the experience levels of centers treating these
patients, use of technology, and rates of reimbursement, each of which affects cost
calculations.® Researchers evaluating the cost-effectiveness of AF ablation compared
with rhythm control or antiarrhythmic agents have shown that ablation treatment results
in improved quality-adjusted life expectancy, although at a higher cost.® 1
Atrial Fibrillation and Stress

Researchers have shown that psychological stressors and imbalance in the
autonomic nervous system are the most common triggers for paroxysmal AF.% " Acute
life stressors affect the development and spontaneous conversion of AF and are thought
to be mediated by the sympathetic nervous system. This hypothesis is supported by
increased circulating catecholamines following an acute life stress and by observation
that beta-adrenergic blockade prevents abnormal heart rhythm disturbances triggered by
acute life stress.® In a study of 100 randomly selected patients with idiopathic paroxysmal
atrial fibrillation, 54% reported psychological stress as the most common triggering
factor for AF.% In another study of 116 patients with AF without an obvious cause, acute
life stress significantly affected the development and spontaneous conversion of AF.’
Atrial Fibrillation and the Autonomic Nervous System

The autonomic innervation to the heart from the brain, the spinal cord (extrinsic
system), and the ganglia plexi of the heart itself comprise the local ANS (intrinsic

system).?° This intrinsic cardiac ANS of the heart and the pericardium serves as more
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than a relay station for the intrinsic projections of the vagal-sympathetic system from the
brain and spinal cord to the heart. Supporting this theory is the fact that ablation of the
major ganglion plexi at the pulmonary vein atrial entrances either eliminates or markedly
diminishes AF inducibility. Also, this intrinsic cardiac autonomic system can act
independently to modulate numerous cardiac functions, including automaticity,
contractility, and conduction.

In addition to the sympathetic component of the ANS, the parasympathetic
component has been shown to play a role in AF.2X Amar et al., (2003) 22 showed that the
onset of AF was preceded by a primary increase in the sympathetic drive followed by
marked modulation toward vagal pre-dominance. The physiologic studies by Patterson et
al., (2005) = further indicate that sympathetic stimulation plays an important modulatory
role in the emergence of focal drivers for AF in the presence of an increased vagal tone.
The ANS is involved in the genesis of both AF triggers (i.e., ectopic foci that result from
interaction between vagal and sympathetic stimulation) and the creation of a more
established AF substrate that is needed for the maintenance of AF and is enhanced in the
presence of structural heart disease.?! It has been shown that the abnormal electrical
conduction within the pulmonary veins could be sustained only in the presence of
isoproterenol or acetylcholine, indicating that sympathomimetic or cholinergic
stimulation appears to be necessary to promote the development of sustained focal
activity in the pulmonary veins.?!

Relationship between Autonomic Nervous System and Measurement of Heart Rate
Variability

Heart rate variability (HRV), the variance between the R-R intervals or complete
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cardiac cycle on the electrocardiogram, can be used to assess the balance between the
sympathetic and parasympathetic branches of the ANS.?* Efferent sympathetic and
parasympathetic activity is integrated in and with the activity occurring in the heart’s
intrinsic nervous system. Thus, HRV is considered a measure of neurocardiac function
that reflects heart-brain interactions and ANS dynamics.?® HRV is assessed with various
analytical approaches, although the most commonly used are frequency domain (power
spectral density) analysis and time domain analysis.?> The European Society of
Cardiology and the North American Society of Pacing and Electrophysiology Task Force
Report on HRV divided heart rhythm oscillations into 4 primary frequency bands: high-
frequency (HF), low-frequency (LF), very-low-frequency (VLF), and ultra-low-
frequency (ULF). ?* It is often assumed that a low LF: HF ratio reflects greater
parasympathetic activity relative to sympathetic activity. % In contrast, a high LF:HF
ratio may indicate higher sympathetic activity relative to parasympathetic activity as can
be observed when people engage in meeting a challenge that requires effort and increased
sympathetic activation.2Alternatively, it can indicate increased parasympathetic activity
as it occurs during slow breathing. Time domain indices quantify the amount of variance
in the inter-beat-intervals using statistical measures. The three most important and
commonly reported time domain measures are the standard deviation of normal-to-
normal (SDNN), the SDNN index, and the root mean square of successive differences
(RMSSD).? The modulation of vagal tone helps maintain the dynamic autonomic
regulation important for cardiovascular health. Reduced parasympathetic (high
frequency) activity has been found in cardiac pathologies and in patients under stress or

suffering from panic, anxiety, or worry.?*
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Yoga as a Complementary Health Approach in Treating Atrial Fibrillation

Yoga, an ancient discipline from India, is a mind-body exercise in which both
physical and mental disciplines are brought together to achieve peacefulness of mind and
body, resulting in a relaxed state that is useful in managing stress and anxiety. To date,
two studies have assessed the impact of yoga on AF. One, a proof-of-concept study, 2°
revealed that 60-minute lyengar yoga sessions at least twice a week for 3 months
improved symptoms, arrhythmia burden, heart rate, blood pressure, anxiety and
depression scores, and several domains of QOL in adults with paroxysmal AF. A second
study?’ using mediyoga as the intervention, showed that this style of yoga might
potentially lower blood pressure, lower heart rate in patients with paroxysmal AF, and
improve QOL compared to a control group.

Given the potential positive impact of yoga on decreasing AF episodes and
symptoms as shown in Table 1 (page 34), the authors conducted an extensive
computerized search of diverse databases (Ovid MEDLINE, PubMed, APA PsycNET,
Alt Health Watch via EBSCOhost, CINAHL), using key terms of heart rate variability
and autonomic nervous system, to assess the effect of yoga on the ANS. These
computerized searches yielded 230 studies (Ovid MEDLINE = 25, PubMed = 31, APA
PsycNET = 16, Alt Health Watch = 153, CINAHL = 5), which were then reviewed for
eligibility. Inclusion criteria were English language articles reporting on studies that (a)
enrolled subjects 18 years and older and (b) were published between 2003 and 2017 in
peer-reviewed scientific journals. The 20 articles that met the inclusion criteria are shown
in Table 2 (page 36). Seventeen were interventional studies with 14 of these using

random sampling; 3 used non-randomized sampling techniques. One of the studies
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included a discussion of the effect of yoga on the parasympathetic and GABA systems®
and the other study reviewed the health impacts of yoga and pranayama.?® The review
also identified two relevant articles that provided additional information on the impact of
yoga on the ANS. One of the articles, provided a review of the health impacts of yoga
and pranayama?® and the second proposed a neurophysiologic model to clarify the
mechanisms by which Sudharshan Kriya yogic breathing balance the autonomic nervous
system activity.?®
Sample characteristics

The participants in all 17 interventional studies were adults aged 18 years or
older. Three studies included only male participants, with the rationale for excluding
females being the tendency in variation of the autonomic variables with the phases of the
menstrual cycle in females. However, Markil et al., (2012)** included 15 women in their
study, completing the study during the follicular phase of the menstrual cycle given that
the luteal phase causes increase in sympathetic activity. One study did not mention the
sex of the participants. Of the 17 interventional studies, 8 were completed in India, 5
within the United States, 1 in each completed in Australia, Germany, Brazil, and Nepal.
Women and ethnic minorities were under represented in these studies. Most of the studies
except for Dabhade et al., (2012)3! excluded patients with arrhythmias and those on any
medications such as beta-blockers and anti-arrhythmic medications that have significant
effect on heart rate and rhythm.

The studies reviewed showed that participation in a yoga intervention resulted in a
significant shift in autonomic balance towards vagal dominance; a reduction in heart rate

and systolic, diastolic, and mean blood pressure; a reduction in the indices of ventricular
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repolarization dispersion (QTd, JTd) in patients with ventricular arrhythmias; significant
reduction in stress, anger, depression, anxiety, and neurotic symptoms; and improvements
in neuroendocrine release, emotional processing, and social binding. Both time and
frequency domain indices of heart rate variability showed significant changes towards
parasympathetic modulation. Bidwell, et al., (2012)*? found that yoga training for females
with mild to moderate asthma decreased parasympathetic activity and increased
sympathetic modulation as assessed by isometric forearm exercise. Yoga not only causes
increased parasympathetic tone but when needed decreases the highly active
parasympathetic nervous system to maintain a balanced autonomic nervous system
activity.

Right nostril yoga breathing can increase sympathetic tone and cardiac
sympathetic activity, resulting in increased blood pressure and heart rate. Left nostril
yoga breathing can decrease systolic and mean blood pressure while alternate nostril
breathing can decrease both systolic and diastolic blood pressure.®® Slow breathing
exercises can improve sympathetic and parasympathetic reactivity.®* Slow pace Bhastrika
pranayama exercise has shown a strong tendency towards improving function of the ANS
through enhanced activation of the parasympathetic system.*® Yoga practice of cyclic
meditation during the day appears to shift sympatho-vagal balance in favor of
parasympathetic dominance during sleep on the following night which promotes
improved quality of sleep.®® Four months of respiratory training in Bhastrika pranayama
increased respiratory function and improved cardiac parasympathetic modulation in a
group of healthy elderly subjects.®” The changes during Dhyana (meditation)® and

guided relaxation® resulted in reduced activity of the sympathetic nervous system
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showing a shift in autonomic balance towards vagal dominance. Laughter yoga therapy
for individuals awaiting heart transplant showed improvement in vigor-activity,
friendliness, and long-term anxiety. It also improved HRV measures within or close to
normal ranges from being low at baseline perhaps related to reduced vagal stimulation.*°
Integrated yoga practice reduced perceived stress and improved adaptive autonomic
response to stress in healthy pregnant women.*!

The styles of yoga reported on in the research reviewed include Hatha yoga,
viniyoga, Isha yoga, lyengar yoga, laughter yoga, integrated yoga, yoga nidra relaxation,
meditation (cancalata, ekagrata, dharana, dhyana), pranayama (Bhastrika, Kapalbhati,
Anilom-vilom, Bhramari, Udgit), cyclic meditation, guided relaxation and yoga breathing
practices. Yoga postures, breathing exercises, pranayama, and meditation reportedly led
to a significant shift in autonomic balance towards vagal dominance, which can prevent
tachycardia, an important goal in the management of AF.

Only 4 studies mentioned the number of participants who completed the studies,
with attrition rates ranging from 3.3% to 54.06%. The primary reasons for participants
not completing a study were drop outs, irregular attendance at intervention sessions, and
relocation following study enrollment. Higher attrition occurred in ‘in-person’
mindfulness therapy groups (27.3%) compared to the ‘online’ mindfulness meditation
groups (3.8%),*? giving rise to the need to consider the format and location of yoga
interventions. Also, the studies reviewed did not provide an explicit theoretical or
conceptual framework to explain the basis for the yoga interventions used with the study

population.
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A Psychoneuroimmunology Framework to Explain Effects of Yoga on AF

To address the deficit in the literature regarding theoretical or conceptual
frameworks in the studies reviewed, the authors identified a psychoneuroimmunology
framework (adapted from McCain et al., 2005)* shown in Figure 1 (page 59) to depict
the electrical, mechanical, and structural changes in the heart that lead to a stress-related
imbalance in the ANS resulting in AF. Yoga interventions can potentially foster the
electrical stability of the heart by maintaining ANS balance and lessening AF episodes,
AF symptoms (palpitations, shortness of breath, dizziness, and fatigue), stress,
depression, and anxiety, thus improving the participants’ health-related QOL. Modulating
factors such as stress can cause imbalance in the ANS, which, in turn, can lead to AF.
Persistent AF causes inflammation and fibrosis of the atria, resulting in a fixed substrate
for re-entry and consequent sustained episodes of AF,?! making treatment options to
break this re-entrant cycle challenging. Triggers for atrial fibrosis include the activation
of the renin-angiotensin-aldosterone system, inflammation, and oxidative stress.** The
combination of normal and diseased atrial fibers in conjunction with local fibrosis results
in spatial dispersion of atrial refractoriness and causes localized conduction
abnormalities, including intra-atrial conduction block and slow conduction.** Thus, the
interplay of stress (psycho), imbalance in the ANS (neuro), activation of the renin-
angiotensin-aldosterone system, inflammation and oxidative stress resulting in atrial
fibrosis (immuno) triggers AF and creates a substrate for persistent AF. Mind-body
approaches use the concept of body and self-awareness to promote rechanneling of

energy within the body thereby maintaining an internal balance. This mind-body balance



can further reduce psychological stressors that are important modulating factors in AF
and modulate the ANS to parasympathetic dominance in maintaining a stable
myocardium, thereby preventing arrhythmias.
Conclusion

Even though the time span of the yoga interventions reported in the studies
reviewed ranged from a few minutes to months, all the studies demonstrated some
beneficial effect in maintaining autonomic balance and significant impact on selected
physiological and psychological factors, thereby improving the participants’ overall
QOL. Given its impact on modulating autonomic system balance and reducing
psychological stress, selected styles of yoga might be considered as cost-effective

complementary health approaches in managing AF episodes and symptoms. Further

22

rigorous study is warranted to clarify further the specific mechanisms involved in the use

of yoga in patients diagnosed with AF.
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Figure 1. PSYCHONEUROQIMMUNOLOGY FRAMEWORK
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Figure 1 depicts the non-modifiable and modifiable risk factors for development of atrial
fibrillation. Psychological stress and the resulting neurological imbalance in the
autonomic nervous system trigger inflammation and atrial fibrosis creating the substrate
for onset and sustaining persistent atrial fibrillation. The framework indicates that yoga
practice can potentially foster the electrical stability of the heart by decreasing stress and
re-establishing the autonomic nervous system balance, thereby lessening AF episodes,
AF symptoms, stress, depression, and anxiety, thus improving patients’ health-related
quality of life.
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Abstract

Objective: The mind-body therapy yoga has been shown to reduce stress, prevent
inflammation, and maintain autonomic nervous system balance, which could potentially
prevent atrial arrhythmias, including atrial fibrillation (AF). To date, two studies have
assessed the impact of yoga on paroxysmal AF, although no studies have investigated the
effect of yoga on early recurrence of atrial tachyarrhythmia (ERAT) after AF ablation.
Given the many different styles of yoga currently being practiced, rigorous studies are
warranted to explore the effect of yoga in individuals with AF. Thus, this article presents
the design and protocol for a 6-week Viniyoga intervention aimed at determining the
feasibility of selected postures from this gentle style of yoga as an appropriate
intervention for persons diagnosed with AF, and also collect preliminary data regarding
the effect of yoga on stress, depression, anxiety, prevention of ERAT after AF ablation,
and its impact on overall health-related quality of life (HRQOL) in persons undergoing

AF ablation.

Method: The proposed study used a sequential mixed methods, prospective, quasi-
experimental, two-group design. After Institutional Review Board for Health Sciences
Research approval, participants with a diagnosis of paroxysmal and persistent AF who
already had an established plan to undergo an AF ablation were recruited for the study.
Those participants who were willing to participate in the twice-weekly, 6-week
instructor-led Viniyoga intervention were assigned to the yoga intervention plus usual
care group (Y1) and the remaining were assigned to the usual care alone (UC) group. A
psychoneuroimmunology theoretical framework informed the study design. Self-report

questionnaires were utilized to assess stress, depression, anxiety, AF symptoms, and
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HRQOL. The quantitative findings were compared with qualitative findings from semi-
structured interviews during the 6-month post-ablation follow-up clinic visit to capture
information about the participants” HRQOL, and for those in the intervention group, the

effect of Viniyoga in controlling atrial arrhythmias post-ablation.

Discussion: The study protocol provides a template for designing future randomized
controlled trials to evaluate the effect of a gentle style of yoga in individuals diagnosed

with atrial arrhythmias, including AF.

KEY WORDS: Atrial fibrillation, Viniyoga, yoga, stress, autonomic nervous system,

psychoneuroimmunology, early recurrence of atrial tachyarrhythmia



63

Introduction

Atrial fibrillation (AF), the most common sustained cardiac arrhythmia, is seen in
1.5% of the U.S. population (Savelieva & Camm, 2004) and results in substantial
morbidity and mortality (Kannel et al., 1998). The most common AF symptoms include
palpitations, shortness of breath, fatigue, dizziness, and anxiety (Hansson et al., 2004).
One of the largest U.S. epidemiological studies, the Framingham Heart Study, predicted
that AF prevalence doubles with each advancing decade of age, from 0.5% at age 50-59
years to almost 9% at age 80-89 years, independent of the increasing prevalence of
known predisposing conditions (Kannel et al., 1998). AF is a potent risk factor for
ischemic stroke, increasing the risk of stroke 5-fold, causing approximately 15% of all
strokes nationally (Go et al., 2001). AF contributes to increased morbidity in the elderly
by adversely affecting their quality of life (QOL) and by deterioration in myocardial
function, increasing susceptibility to heart failure, stroke, hospitalization, and mortality

(Mirza et al., 2012).

AF is known to be triggered in many instances by psychological stressors
(Hansson et al., 2004). Also, acute life stressors can affect the development and
spontaneous conversion of AF, which is thought to be mediated by the sympathetic
nervous system (Mattioli et al., 2005), with regulation of the heartbeat being achieved, in
large part, by the balance between the sympathetic and parasympathetic nervous systems
(Arora, 2012). Lower overall HRV as well as increased sympathetic/parasympathetic
tone have been shown to be associated independently with a higher risk of AF (Agarwal

et al, 2017).
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Medical treatment involving catheter ablation has become a well-accepted
management strategy for AF (Kumar & Mounsey, 2012). However, failure of this therapy
iIs common, with only two-thirds or less of the patients treated remaining free of AF on
long-term follow-up (Kumar & Mounsey, 2012). Consequently, many of these
individuals experience poor health-related QOL. Early recurrence of atrial
tachyarrhythmia (ERAT), usually defined as arrhythmia recurrence within the first 3
months following ablation, is frequently associated with late recurrence of atrial

tachyarrhythmia (Themistoclakis et al., 2008; Choi et al., 2010) after ablation.

Yoga as a Complementary Health-Enhancing Therapy

The mind-body therapy yoga has been shown to reduce stress and maintain
autonomic nervous system balance (Streeter et al., 2012). To date, two studies have
assessed the impact of yoga on AF. One, a proof-of-concept study (Lakkireddy et al.,
2013), revealed that 60-minute lyengar yoga sessions at least twice a week for 3 months
improved symptoms, arrhythmia burden, heart rate, blood pressure, anxiety and
depression scores, and several domains of QOL in adults with paroxysmal AF. A second
study (Whalstrom et al., 2017) using Mediyoga as the intervention showed that this style
of yoga might potentially lower blood pressure and heart rate in patients with paroxysmal
AF and improve QOL compared with a control group. No studies were identified that

documented the effect of yoga in preventing ERAT in adults with AF after AF ablation.

Yoga postures (Muralikrishnan et al., 2012), breathing exercises (Mourya et al.,
2009), pranayama (Sengupta, 2012), and meditation (Patra & Telles, 2010) have been

shown to be related to a significant shift in autonomic balance towards vagal dominance
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that can prevent tachycardia, an important goal in the management of AF. In particular,
the breath can have a significant influence on physiology, especially the balance between
sympathetic and parasympathetic tone in the autonomic nervous system. This is the prime
focus in Viniyoga. Varying the respiratory rate, depth, and ratio of inhalation to
exhalation can refine this effect. Similarly, the choice and sequence of poses can be used
to modulate this balance and influence physical structures affected by stress. Selecting
the postures within the practice sequence to accommodate individual limitations of
participants is important. Previous work suggests that application of the principles of
Viniyoga may extend the known health advantages of other forms of yoga and increase

one’s potential to manage stress (Wolever et al., 2012).

The investigators hypothesized that Viniyoga will reduce stress, anxiety, and
depressed mood, which are triggers and/or symptoms of AF, and also maintain the
autonomic nervous system balance, which is essential for regulation of the normal
electrical conduction in the heart. Thus, the investigators, using their extensive
knowledge of the AF population of patients from which a study sample would be drawn
and their understanding of the published literature about yoga in general, designed an
intervention using selected gentle postures from Viniyoga for use with patients diagnosed

with AF.

Methods

Primary aims

The specific aims of the study were two-fold. The first aim was to examine the

feasibility and acceptability of a Viniyoga intervention for individuals with AF by
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evaluating (a) descriptions of participants’ experiences with the yoga intervention and
their perceptions of the efficacy, barriers to, and how they believe that yoga could help
them; (b) descriptions of perceptions about yoga and the rationale for control group
participants to decline participation in the yoga intervention; and (c) retention rate and
adherence to the intervention for those who participate in the yoga intervention. The
second specific aim was to test whether or not this 6-week Viniyoga intervention in
persons (18 to 65 years old) with paroxysmal or persistent AF prior to ablation would
decrease AF symptoms, stress, depression, anxiety, prevent ERAT after AF ablation, and
improve overall health-related QOL during the 6-month post-ablation period if these

participants continued to practice yoga post-ablation at least twice a week for 50 minutes.

Secondary aim

A secondary aim was to capture all participants’ perceptions of health-related
QOL given their diagnosis of AF, using semi-structured interviews, and, for the yoga

intervention group only, their experiences with yoga as well.

Theoretical Framework

Given that modulating factors such as stress can lead to an imbalance in the ANS,
which, in turn, can lead to AF, a psychoneuroimmunology framework guided this study
design. Figure 1 (page 107, adapted from McCain et al., 2005) depicts the electrical,
mechanical, and structural changes in the heart that lead to a stress-related imbalance in
the ANS, resulting in AF (Murugesan & Taylor, 2017). Autonomic nervous system
activation can induce significant and heterogeneous changes of atrial electrophysiology

and induce atrial tachyarrhythmia, including atrial tachycardia (AT) and AF (Chen et al.,
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2014). Beta-adrenergic receptor activation increases L-type calcium current (ICaL), ultra-
rapid delayed rectified potassium current (IKur), slow delayed rectified potassium current
(IKs), and acetylcholine-dependent potassium current (IKACh) (Schotten et al., 2011).
As a net result of sympathetic stimulation, the plateau potential of the action potential is
increased (Liang et al., 1985 & Sosunov et al., 2002) while the total action potential
duration is unaffected or even decreased (Zipes et al., 1974). Vagal stimulation leads to
M2R-mediated activation of atrial IKACh, leading to a potent effective refractory period
shortening that promotes atrial arrhythmias (Allessie et al., 2001; Nattel, 2002; Wakili et
al., 2011; Schotten et al., 2011; Iwasaki et al., 2011). AF itself causes shortening of atrial
refractoriness, thereby contributing to the progression from paroxysmal to more
persistent forms of AF (AF begets AF), early AF recurrence after cardioversion, and
progressive drug resistance of longer-lasting AF (Allessie et al., 2001; Nattel, 2002,
Wakili et al., 2011; Schotten et al., 2011; Iwasaki et al., 2011). Calcium enters atrial cells
with each action potential. During rapid atrial rates, increased calcium loading initiates
auto protective mechanisms that reduce calcium entry by calcium current inactivation and
L-type calcium current down-regulation. This results in decreased calcium loading and a
shortening of the action potential duration, leading to a stabilization of re-entry circuits
perpetuating AF (electrical remodeling) (Allessie et al., 2001; Nattel, 2002; Wakili et al.,
2011; Schotten et al., 2011; Iwasaki et al., 2011). Additionally, the high calcium load in
the atrial cardiomyocytes results in an increased spontaneous release of calcium from the
sarcoplasmic reticulum, leading to atrial ectopy (trigger loop), potentially initiating and
perpetuating AF (Allessie et al., 2001; Nattel, 2002; Wakili et al., 2011; Schotten et al.,

2011; Iwasaki et al., 2011). Given that the autonomic nerve activity plays an important
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role in the initiation and maintenance of AF and that modulating the autonomic nerve
function may contribute to AF control (Chen et al., 2014), we propose that the breath and
gentle yoga postures known to have an impact on maintaining autonomic nervous system
balance, could potentially prevent AF. Yoga interventions can foster the electrical
stability of the heart by maintaining ANS balance and lessening AF episodes, AF
symptoms (palpitations, shortness of breath, dizziness, and fatigue), stress, depression,
and anxiety, thus improving the participants’ health-related QOL.

Mind-body approaches use the concept of body and self-awareness to promote
rechanneling of energy within the body, thereby maintaining an internal balance that can
further reduce psychological stressors and inhibit inflammatory processes that are
important modulating factors in AF. It can also modulate the ANS to parasympathetic

dominance maintaining a stable myocardium, thereby preventing arrhythmias.

Study Design

The proposed study used a sequential mixed methods prospective, quasi-
experimental, two-group design (Teddlie & Tashakkori, 2009) shown in Figure 2 (page
108). The purpose of using a mixed methods design was for complementarity,
triangulation, and expansion of research findings (Teddlie & Tashakkori, 2009). This
design involved an initial quantitative data collection phase followed by a qualitative data
collection phase, using a semi-structured interview with participants from the quantitative
phase of research. Integration of the quantitative and qualitative data were carried out
during the data analysis phase. The semi-structured interview of the participants helped
the researchers capture data that may have been missed by the structured nature of the

quantitative instruments. The qualitative data helped to rationalize further the
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interpretation and utilization of the quantitative findings to address specific aim 1 and the
secondary study aim.
Subjects and Sampling

After receiving approval for the study from the University’s Institutional Review
Board for Health Sciences Research, participants between 18 to 65 years of age with an
established medical diagnosis of paroxysmal or persistent AF scheduled for AF ablation
were recruited from the University’s AF Center clinic. Potential participants were pre-
screened for participation in the study and their study eligibility confirmed according to
the inclusion exclusion criteria shown in Table 1 (page 101). Those eligible were
scheduled for a 45-minute visit to explain in detail what participation in the study would
involve and informed consent obtained. Participants also completed study-related
measures, including a demographic form, medical record review form, Perceived Stress
Scale, Beck Depression Inventory Il, State-Trait Anxiety Inventory-Y, and the Atrial
Fibrillation Effect on Quality-of-Life Questionnaire. A copy of the consent form and the
study brochure were provided to participants. After the informed consent process was
completed, those participants willing to practice yoga were assigned to the yoga
intervention (plus usual care) group, hereinafter referred to as “YI” group. Those enrolled
but not willing to practice yoga were assigned to the usual care alone group, hereinafter
referred to as “UC” group. Study participant flow is presented in Figure 3 (page 109).

Methods and Procedures

Following the consent process and group assignment, the Y| group began the 6-
week intervention. Given that no dose and duration of any yoga intervention for AF had

been established to date, the intervention was designed for 6 weeks. The Y1 group
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continued with all usual care and engaged in 50-minute yoga sessions twice weekly for 6
weeks, receiving a DVD of the intervention at the end of week 2 to guide their home
yoga practice. After 6 weeks, these participants underwent AF ablation. Following a 1-
week post-ablation recovery, participants resumed home yoga practice twice a week.
They remained on an antiarrhythmic drug for 1-month post-ablation to prevent
arrhythmias re-occurring as a result of inflammation secondary to the ablation, with the
plan for participants’ physicians discontinuing the drug at the 1-month post-ablation

follow-up visit.

Data were collected at baseline; weeks 2, 4, and 6 prior to ablation; within 24
hours post-ablation; and at clinic visits 1-, 3-, and 6-months post-ablation as shown in
Table 2 (page 102). In both the Y1 and UC groups, those who did not have an internal
monitor such as a pacemaker (PM), implantable cardiac defibrillator (ICD), or
subcutaneous electrocardiogram implant (SEM), were provided with a novel technology,
the AliveCor™ monitor, to transmit ECG at least once a day and at any other time they
believed they were experiencing AF symptoms. At the 6-month post-ablation visit, a
semi-structured interview (see Table 3, page 103) was conducted with all participants to
capture their perceptions about their health-related QOL, and, in addition for those in the

Y1 group, their experiences with yoga.

Study participant compensation

As compensation for their time and effort in the study, participants in both groups
who did not have an internal cardiac monitoring device at the time they were enrolled in

the study were provided with an AliveCor™ monitor that they kept upon study
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completion. Those participants who did not require the AliveCor™ monitor because they
already had an internal monitor received a check for $25 at week 6 prior to ablation and a
check for $75 upon completion of the month-6 clinic visit for a total of $100 for study

completion.

Treatment fidelity/Training of study staff

The 50-minute Y1 was detailed in a training manual developed by the researchers
in consultation with a Viniyoga consultant. Using this manualized approach to maintain
treatment fidelity, two yoga instructors were trained in the intervention to ensure
consistency in delivering the intervention if the lead instructor became unavailable
because of unexpected life circumstances. They used identical scripts for each yoga
session, including the same oral instructions, thus keeping these as close to identical as
possible for all yoga sessions. One investigator was physically present during all yoga
sessions to observe that there were no deviations from the script or other fidelity concerns

with the intervention.

Adverse events prevention and reporting

An adverse event was considered to be any undesirable sign, symptom, or medical
condition related to the Viniyoga intervention. Given that participants in the Y1 group
met twice a week for 6 weeks prior to their ablation procedures, during this time the
researcher had multiple opportunities to discuss any safety concerns they had, any
deterioration in their AF symptoms or any AF episodes they had experienced, as well as
to learn about their health-related QOL. During the post-ablation period, the researcher

made follow-up telephone calls to all the participants once a week until the end of the
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study period to answer questions related to home yoga practice and any other safety
concerns that the participants wanted to discuss regarding their arrhythmia symptoms.
Heart rate monitoring data from the AliveCor™ or an implantable cardiac defibrillator,
pacemaker, or subcutaneous electrocardiogram were reviewed weekly with the
electrophysiologist to ensure that there were no significant increases in symptomatic
and/or asymptomatic AF episodes. Adverse events, if any occurred, were reported to the
Institutional Review Board for Health Sciences Research office based on the severity of

the event and in accordance with the Board’s guidelines.

The Yoga Intervention

The gentle 50-minute Viniyoga intervention included breath awareness and
selected body postures (asanas) with breath work (pranayama) appropriate to cardiac
patients. The yoga sequence (lyengar, 2005; Cole, 2005; Raupach et al., 2008;
Woodyard, 2011; Giya & Lee, 2012; Papp et al., 2013) as described in Table 4 (page
104) began with breath awareness to allow the participants to decompress, adjust to the
environment, and focus their attention on their breath, which, from a yogic point of view,
is the primary catalyst for adjusting one’s autonomic nervous system. The yoga sequence
was developed to promote the desired outcomes or characteristics, with progression of
movement and breath from easy to more demanding forms of asanas and breath patterns
(Mohan. A.G & Mohan.l, 2004). Asanas primarily promote strength and flexibility while
developing mental focus and drawing attention to the present state of the mind. Breath in
combination with an asana supported the movement of the asana and prepared the
individual physically and mentally for pranayama practices (Mohan. A.G & Mohan.I,

2004). Pranayama’s principle purpose was to focus the mind and regulate breathing
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patterns, thereby creating mental steadiness while secondarily providing a means of
conscious manipulation of the autonomic nervous system. That is, the slow breathing
increases cardiac-vagal baroreflex sensitivity, improves oxygen saturation, lowers blood
pressure, and reduces anxiety. Within the yoga tradition, slow breathing is sometimes
paired with a contraction of the glottis muscles, leading to resistance breath or “ujjayi,”
which can be performed at various rates and ratios of inspiration/expiration. Slow
breathing also decreases chemoreflex sensitivity, improves baroreflex response, and

increases exercise and stress tolerance (Brown & Gerbarg, 2005).

The proposed yoga sequence begins with equal inhale and exhale (without strain)
in postures 2, 3, 4, and 5 as described in Table 4 (page 104). There is a break from
regulating the breath pattern in posture 6. Posture 7 begins with equal inhale and exhale
and then progresses to lengthening of the exhale segment of the breath. The breath length
is extended moving the individual from an easy to a more demanding form of breath
work, preparing the body and mind for the upcoming pranayama practice. Equal inhale
and exhale balances the sympathetic and parasympathetic systems, while extending the

exhale enhances parasympathetic engagement and encourages healthy vagal tone.

Participants in the Y group maintained a diary of frequency and duration of home
yoga practice, with the researcher making weekly telephone calls to these participants to
address any issues or questions related to the home yoga practice. The researcher also
made telephone calls to the participants in the UC group to discuss their AF symptoms,

thus balancing the attention given to both groups.
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Setting for the yoga intervention

All instructor-led yoga intervention classes were held in a room designed for yoga
practice at the School of Nursing within the University. Free parking and direct elevator

access to the yoga room were available to the participants.

Outcome Measures

Primary outcome measures were defined as (1) participants’ experiences with the
yoga intervention and their perceptions of the efficacy, barriers to, and how they believed
that yoga could help them, and reasons for participants in the control group to decline
participation in the yoga group; (2) recruitment, retention, and protocol adherence; (3)
decrease in AF symptoms, stress, depression, anxiety, and prevention of ERAT during
the 6-month post-ablation period. A secondary outcome measure was participants’

health-related QOL.

Participants’ experiences with yoga

Participants in both the Y1 and UC groups participated in a one-on-one semi-
structured interview during their 6-month post-ablation clinic visits. The interview (see
Table 3, page 103) captured their typical daily activities; physical symptoms of AF; their
perceptions, thoughts and feelings related to AF; any triggers for AF; any measures to
control AF symptoms; and, in addition for the Y1 group participants, their experiences
with the yoga, including any challenges to participating in the study; and home yoga
practice. The reasons for control group participants not participating in the yoga
intervention were identified at the time of recruitment. In addition to the semi-structured

interview, question and answer sessions at the end of instructor-led yoga sessions, weekly
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telephone calls, and Y group participants weekly home practice diaries also identified

their experiences with yoga.

Recruitment

Recruitment rate was determined by the number of potential participants screened
for study eligibility versus the number of participants who enrolled. Of the two studies
identified in the literature (Lakkireddy et al., 2013; Whalstrom et al., 2017) that had used
yoga as an intervention with patients diagnosed with AF, only the first reported a
recruitment rate of 50.49%. Therefore, a recruitment rate above 51% was considered an

acceptable rate to support recruitment feasibility.

Retention

Retention rate was defined as the number of participants who completed the study
activities through the 6-month post-ablation period. Attrition rates for the two studies of
yoga interventions in adults with AF have ranged from 5.77% (Lakkireddy et al., 2013)
to 13.75% (Whalstrom, 2017). Therefore, a retention rate >86% was considered an

acceptable retention rate to support feasibility of the intervention.

Protocol adherence

Adherence to the study Y protocol was determined by this group’s class
attendance rates and their home practice rates as reported in the daily practice logs.
Adherence to home practice was encouraged during the weekly telephone calls and
follow-up clinic visits. Two studies that have used a yoga intervention in AF reported a

class yoga intervention adherence of 83.3% (Whalstrom, 2017) and 100% (Lakkireddy et
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al, 2013), with one reporting that the home yoga practice ranged from 1 to 4 sessions a
week (Whalstrom et al., 2017), with the other reporting 2 to 7 home yoga practice
sessions per week (Lakkireddy et al, 2013). Thus, an adherence rate of >84% for the
instructor-led yoga intervention sessions and the twice-weekly home yoga practice was

considered indicative of intervention adherence.

Atrial Fibrillation Symptoms

AF symptoms were monitored using the Atrial Fibrillation Effect on QualiTy-of-
Life Questionnaire that includes a 4-item symptoms domain. Also, any AF symptoms
participants reported during the weekly telephone calls and post-ablation clinic visits

were documented.

Early Recurrence of Atrial Tachyarrhythmia (ERAT) after Atrial Fibrillation

Ablation

ERAT was defined as any documented ECG evidence of atrial tachyarrhythmia
within the first 3 months after ablation, using the AliveCor™ external cardiac monitor or
other internal cardiac monitors such as pacemakers (PMs), implantable cardiac

defibrillators (ICDs), and SEMs (subcutaneous electrocardiogram monitors).

Study Measures

The primary and secondary outcomes were measured using valid and reliable self-
report questionnaires, including the Perceived Stress Scale, Atrial Fibrillation Effect on
QualiTy-of-Life Questionnaire, Beck Depression Inventory I, and State-Trait Anxiety

Inventory-Y. Additional objective data regarding AF episodes were obtained using
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internal and external cardiac monitors. Semi-structured interview data were used to
validate further the information collected using the self-report questionnaires and also

provided information that might not be captured within the questionnaires.

Demographic Form

The demographic form captured participants’ age, sex, education in years, annual
income, ethnicity, prior exposure to yoga practice, the days and time that was suitable for
the participants to attend yoga sessions twice a week, and the distance between their

homes and the study setting.

Medical Record Review Form

After obtaining informed consent from each participant, the researcher used a
medical record review form to capture the following: participant’s medical history,
including whether the participant was on any cardiac rate and/or rhythm control
medications for management of AF, with the dosage used in the past and at present;
frequency of AF episodes; AF symptoms; prior cardioversion or ablations; and any other

complementary health care therapies that the participant had tried in the past.

Perceived Stress Scale (PSS)

The PSS is a well-validated and reliable instrument used to measure perceived
stress (Cohen et al., 1983). This 14-item, self-report scale measured the degree to which
situations in one’s life are appraised as stressful. Participants rate each of these 14 items
on a Likert-type scale of 0-4 (0 = never, 1 = almost never, 2 = sometimes, 3 = fairly

often, 4 = often). PSS-14 scores were obtained from reversing the score on the seven
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positive items 4 through 9, 10, 13 and then summing across all 14 items. Coefficient
alpha reliability was 0.84 through 0.86 in the three different samples in which the
questionnaire was validated. The total score range is 0-56, with higher scores indicating
increased levels of perceived stress. The relationships between the PSS and validity
criteria is unaffected by age and sex. The PSS provides a potential tool for examining
issues about the role of appraised stress levels in the etiology of disease and behavioral

disorders. Cronbach’s alpha for the PSS-14 was >0.70.

Atrial Fibrillation Effect on QualiTy-of-Life (AFEQT) Questionnaire

This comprehensive, validated, disease-specific questionnaire measures the
spectrum of quality of life domains affected by AF (Spertus et al., 2011). It included 4
conceptual domains (Symptoms, Daily Activities, Treatment Concern, and Treatment
Satisfaction) from which individual domain and global scores were calculated. The 20-
item instrument provides a 4-item Symptoms score, an 8-item Daily Activities score, a 6-
item Treatment Concern score, and a 2-item Treatment Satisfaction scale. Each item was
scored from 1 (no difficulty at all) to 7 (extremely limited). Questions 19 and 20 were
related to treatment satisfaction and were not included in the health-related QOL score of
this questionnaire. Overall scores or subscale scores range from 0-100. A score of 0
corresponds to complete disability while a score of 100 corresponds to no disability.
Cronbach’s alpha coefficient was >0.88 for the AFEQT overall score and the 4 domains:
Symptoms (0.95), Daily Activities (0.94), Treatment Concern (0.90), and Treatment
Satisfaction (0.88), supporting the questionnaire’s internal consistency. The intra-class
correlation coefficients (ICC), used to assess test-retest reliability on 43 patients were all

acceptable: Overall (0.8), Daily Activities (0.8), Treatment Concern (0.7), and Treatment
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Satisfaction (0.7) except for the symptoms that was at 0.5. This slightly lower ICC was
attributable to the nature of patients’ AF disease whose symptoms are more variable. The
construct validity of the AFEQT questionnaire demonstrated adequate convergent and
divergent correlations (r > and <0.4 respectively) of the AFEQT domains with other
commonly used well-validated questionnaires such as the Short Form Health Survey (SF-
36) and the EuroQol. The known group validity was confirmed by comparing the AFEQT
global scores with clinicians’ assessments of asymptomatic, mild, moderate, and severe
AF, which showed significant statistical correlation. If the AFEQT score change is at
least 19 points, there was very likely to be a substantial improvement in QOL, and this
was achieved in 35% of the entire cohort; this improvement can be termed a meaningful

important improvement.

Beck Depression Inventory (BDI-11)

This is a 21-item self-report instrument intended to assess the existence and
severity of symptoms of depression as listed in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Beck et al.,
1996). There was a 4-point score for each of the 21 items, ranging from 0 to 3. On two
items (16 and 18) there are seven options to indicate either an increase or decrease in
appetite and sleep. The 21 items are summed to give a single score. A total score of 0-13
is considered minimal range, 14-19 is mild, 20-28 is moderate, and 29-63 is severe
depression. Used for 35 years to identify and assess depressive symptoms, the BDI is
reported to be highly reliable regardless of the population. It has a high coefficient alpha
(0.92 for outpatients and 0.93 for college students), its construct validity has been well

established, and it is able to differentiate depressed from non-depressed individuals. The
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BDI serves as tool to identify the presence and severity of symptoms consistent with the
criteria of the DSM-1V, and should not be used as a sole diagnostic measure, as

depressive symptoms can be part of other primary diagnostic disorders.
State-Trait Anxiety Inventory (STAI FormY)

This instrument is used extensively in research and clinical practice. It comprises
separate self-report scales for measuring state and trait anxiety (Spielberger, 1983). The
S-Anxiety scale (STAI Form Y-1) consists of 20 statements that evaluated how
respondents feel “right now, at this moment.” The T-Anxiety scale (STAI FORM Y-2)
consists of 20 statements that assess how respondents “generally feel.” In the
construction and standardization of Form Y, more than 5,000 subjects were tested. The
alpha coefficient for the S-Anxiety scale was 0.93 and 0.90 for the T-anxiety scale. Data
on the internal consistency and validity of the individual STAI items showed that, in
general, the coefficients for each of the 20 items were higher in more stressful conditions

than in relaxed conditions.
Subcutaneous Electrocardiogram Monitoring (SEM)

Medtronic Reveal LINQ™ and St. Jude Medical Confirm™ are two currently
available SEMs. The Reveal LINQ™ SEM System, a wireless implant, is the smallest
implantable cardiac monitoring device to gain FDA approval. It was approximately one-
third the size of an AAA battery (about 1 cubic centimeter), making it more than 80%
smaller than other SEMs. Despite its size, the device was part of a powerful system that
allows physicians to monitor a patient’s heart continuously and wirelessly for up to 3

years. Implanted through an incision less than 1 cm in the upper left side of the chest, the
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device was safe in patients undergoing magnetic resonance imaging. In addition to its
continuous and wireless monitoring capabilities, the system provides remote monitoring
through the Carelink Network through which physicians can request notifications of their
patients’ cardiac events. The Reveal LINQ™ is indicated for patients who experience
symptoms such as dizziness, palpitations, syncope, and chest pain, which might suggest a
cardiac arrhythmia, and for patients at increased risk for cardiac arrhythmias
(www.medtronic.com). The American Heart Association guidelines note that SEMs are
cost effective in patients with unexplained symptoms and yield diagnostic information in
more than 90% of patients (Arzbaecher et al., 2010). For potential participants who did
not wish to have a monitor subcutaneously implanted, we used the AliveCor™ monitor

(Hickey et al., 2014).
AliveCor™ Heart Monitor

The AliveCor™ heart monitor is an FDA-approved ECG device compatible with
most Apple and Android mobile devices. The monitor easily attached to the back of these
devices, after which the free “AliveECG” application can be downloaded from the Apple
iTunes store or Android Play store. A picture then appears on the screen, demonstrating
how to hold the device while recording the ECG. This could be done either by placing the
device on one’s fingertips or chest wall. Recording begins automatically when both
electrodes make contact with the skin, taking approximately 30 seconds to complete. The
electrodes use ultrasound to transmit an ECG recording corresponding to a standard Lead
| on a 12-lead ECG. When the ECG is captured, it is automatically transmitted to a

secure, online “cloud” via Wi-Fi and/or cellular service. Patients and health care
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providers can view previously recorded ECGs within the “AliveECG” application or by

logging into the HIPAA-compliant cloud at www.alivecor.com (Hickey et al., 2014).

Pacemakers and Implantable Cardiac Defibrillators

In patients with dual chamber pacemakers (PMs), the accurate detection and
quantification of asymptomatic AF episodes is possible (Hohnloser et al., 2006). Most of
these asymptomatic episodes are of very short duration, often lasting only a few seconds
to minutes, and are called “atrial high rate episodes” to distinguish these from the longer
episodes of overt AF (Hohnloser et al., 2006). Using PMs, it is possible to detect every
episode of AF and to measure total burden of AF as the percentage of time in AF each
day (Hohnloser et al., 2006). Data from 354 patients showed that 50.6% of these patients
had supraventricular arrhythmias, 65% of patients remained asymptomatic after 28 days
of monitoring (Defaye et al., 1998). Arrhythmia relapses were documented in only 46%
of patients with the use of surface ECGs during follow-up visits, whereas device-stored

ECGs revealed an arrhythmia recurrence in 88% of patients (Israel et al., 2004).

Participant home yoga practice logs

Participants in the Y group maintained logs of daily home yoga practice to
document their feelings before yoga practice, time spent in the yoga practice, as well as
their thoughts and feelings after yoga practice. The researcher collected completed logs
during the yoga sessions and clinic visits post-ablation, distributing logs for the following

weeks at these times.
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Telephone calls and log

Each week following a participant’s ablation, the researcher called those in the
UC and Y1 groups to gather information related to any AF episode/symptoms, any
difficulties using the AliveCor™ heart monitor in transmitting ECGs (for those who had
this device), any other concerns a participant might have had. For the Y1 group, in
addition to the foregoing information, the researcher also gathered information related to
difficulties with home yoga practice and any problems completing the practice log. The

researcher maintained a log of the weekly telephone calls (Table 5, page 106).

Data Analysis

Quantitative data analysis

Screening, recruitment, retention, and intervention adherence rates were
calculated using a simple ratio calculation. Quantitative data analyses were conducted
using SPSS software version 24, with descriptive statistics calculated for all variables.
Chi-square tests was used for categorical variables and Mann-Whitney U for continuous
variables. Two-tailed tests were used to determine improbable values in both ends of the
sampling distribution (Polit & Beck, 2012). The level of significance (o) was set at 0.05.
The researchers were responsible for all aspects of data collection, entry, and analysis,
with input from the electrophysiologist regarding the data from the cardiac monitors. To
ensure validity and integrity of the data, the research team conducted weekly audits of
guantitative data to confirm that it has been entered accurately into the data analysis

software (SPSS).
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Qualitative data analysis

Thematic content analysis was used for analysis of the semi-structured interview
transcripts to categorize the ‘recurrent’ or common ‘themes’ (Green & Thorogood, 2011).
The audio interviews were transcribed verbatim using a transcription service approved
for use by the Institutional Review Board for Health Sciences Research. The researcher
verified the transcripts with the audio recordings to ensure accuracy. Coding was
achieved both deductively from concepts the researchers brought to the study and
inductively through emergence from the data (Miles et al., 2014). The transcripts were
coded one after the other and not simultaneously, helping the researcher to remain

focused and promote in-depth analysis of each of the transcripts.

The first cycle of coding was done using Dedoose version 7.6.24, qualitative data
analysis software for managing, analyzing, and presenting qualitative and mixed-methods
research data (www.dedoose.com). Descriptive coding strategy was used; assigning
labels to data to summarize in a word or a phrase the basic topic of a passage of
qualitative data (Miles et al., 2014). Each transcript was read from beginning to end at
least three to four times before starting the coding strategy. Following this, a careful
reading of each sentence was done, with the text then divided into individual units of
analysis or “meaning units” (Rennie et al., 1988). Meaningful units (MUs) are
manageable passages of text that have been partitioned on the basis of what appeared
initially to be expressing one main thought or essential concept. Each MU was then
examined to see if it would emerge as a code. If the MUs did not match with an existing

code, a new code was created. Many such codes was created with constant comparison to
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the existing codes. When the analyses of MUs no longer create any new codes, then “data

saturation” was reached.

For further validation, second cycle of coding was done following the same
methods as the first coding cycle using InVivo coding, which used words or short phrases
from the participant’s own language in the data record as codes (Miles et al., 2014).
Simultaneously, analytic memo was used to draft the thought processes and to maintain
notes of other assumptions and biases. Analytic memos was used throughout the coding
process to organize the thought process of the researcher. The analytic memo includes
expression of thoughts in words, sentences, diagrams, and symbols (Miles et al., 2014)
that allowed the researcher to experience free flow of thoughts and organize thoughts and
ideas to help in generation of new ideas and stimulate good thinking. The maintenance of
analytic memos throughout the data analysis process helped the researcher in identifying
the themes that emerged from this analysis. The researcher consulted with two experts in
mixed-methods research to confirm validity of the themes that emerged from the

qualitative data analysis.

Discussion

To the researchers’ knowledge no studies have reported the effect of yoga in
prevention of ERAT after ablation. Thus, this study protocol assessed the feasibility of a
Viniyoga intervention for adults diagnosed with AF and collected preliminary data on its
perceived effects on AF episodes, symptoms, stress, anxiety, depression, ERAT after AF
ablation, and overall health-related QOL in patients with AF. Feasibility studies using

rigorous research methodologies are needed to help researchers in designing large scale,
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randomized, controlled trials to identify the effects of gentle yoga postures on ERAT

after AF ablation.

The ANS is involved in the genesis of both AF triggers and the creation of a more
established AF substrate needed for the maintenance of AF and is enhanced in the
presence of structural heart disease (Arora, 2012). It has been shown that the abnormal
electrical conduction within the pulmonary veins could be sustained only in the presence
of isoproterenol or acetylcholine, indicating that sympathomimetic or cholinergic
stimulation appears to be necessary to promote the development of sustained focal
activity in the pulmonary veins (Arora, 2003). Given the potential impact of yoga on the
autonomic nervous system and stress, designing a yoga intervention to promote ANS
balance may help in preventing recurrent AF. The wide range of yoga styles makes it
challenging for patients and health care providers to identify the one appropriate for
patients with AF. Hence, it is important that researchers identify through rigorous

research safe and effective yoga sequences for patients with AF.

Research has shown that ERAT within the first 3 months after AF ablation is
usually associated with late recurrence of atrial tachyarrhythmia. Among patients with
recurrent AF, the frequency of recurrence was strongly associated with higher resource
use, with each recurrence increasing annual costs by an average of $1600 (Reynolds et
al., 2009). Therefore, implementing a cost-effective, complementary health-enhancing
mind-body therapy such as yoga before and after ablation may prevent recurrent AF
episodes, reduce related-health care costs, and improve overall health-related QOL in

patients who undergo AF ablation.
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As discussed earlier in this protocol, yoga uses the concept of body awareness as
a progression towards greater unity between mind and body, with self-awareness guiding
the individual in making decisions related to her/his health, healing, and well-being, thus
facilitating understanding of one’s self. Health care providers need to be able to assist
individuals in identifying appropriate yoga protocols that are safe and effective for their
disease conditions. Rigorous research is warranted to identify the impact of yoga on
specific patient populations and the protocol described here is an effort to identify a safe

yoga intervention to prevent ERAT in patients who undergo AF ablation.

The integration of the quantitative and qualitative data was carried out during the
data analysis phase of the study. These data when analyzed separately and compared with
the other to assess whether one method offers further explanation for research findings

derived from the other, provide a broader and in-depth interpretation of the findings.

Conclusion

This sequential mixed-method, prospective, quasi-experimental, two-group design
study provided feasibility and preliminary data for designing future larger, randomized,
controlled trials to investigate the effect of yoga in prevention of ERAT after ablation.
The selection of a psychoneuroimmunology theoretical framework provided structure for
identification of the appropriate outcome variables and identification of valid and reliable
instruments to collect research data as well as interpretation of the study findings.
Research frameworks aid in replication and validation of research findings and promote
clinical application of cost-effective, complementary health-enhancing therapies such as

yoga in the management of patients with AF with recurrent atrial arrhythmias. Risks to



subjects were reasonable, with the yoga intervention designed to be gentle and safe for

yoga-naive patients.
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Table 1: Inclusion/Exclusion Criteria and Rationale

Inclusion Criteria

Rationale

Adults (male or female) of any race or ethnic
group between 18 to 65 years of age with an
established diagnosis of paroxysmal or
persistent AF

Incidence of AF below the age of 18 is
relatively less. Research has shown that the
risk of AF increases with age

Scheduled for an AF ablation that will take
place at least 6 weeks from the time of
enrollment

The usual wait period for an AF ablation
procedure in the academic hospital where
participants are recruited is at least 6 weeks,
making it possible for participants to complete
the proposed 6-week yoga intervention
without any delay in care

Able to perform a gentle yoga intervention
that consists of breath awareness, postures,
and meditation.

Although the postures can be modified to
accommodate to each participant’s flexibility,
to ensure safety of the intervention,
participants should be comfortable in
practicing the breath awareness and yoga
postures that comprise the yoga intervention

English speaking/writing

Proposed protocol did not have resources
necessary to accommodate or evaluate non-
English speaking/writing participants

Live within 50 miles radius from AF Clinic
(participants in Y1 group only)

To foster attendance to the twice-weekly
instructor-led yoga sessions

Exclusion Criteria

Rationale

Participants with permanent AF

It is very difficult to prevent recurrence of AF
in patients with permanent AF and the
resulting left atrial enlargement

Very unstable patients with symptoms such as
hypotension and/or syncope

These patients may require immediate
medical management or ablation. It may not
be safe for them to wait the 6 weeks required
to participate in the yoga intervention

Participants with any changes made in their
medical regimen for management of AF
within the month prior to recruitment

Any treatment changes within a month prior
to study participation might confound the
study findings

Any comorbid condition (such as a chronic
spinal problem), recent major surgery, active
seizures, terminal illness, or pregnancy

These conditions might restrict participants
engaging in safe yoga practice. Regarding
pregnancy, radiation exposure during ablation
and selected yoga poses would not be safe.
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Pre- Post-
Ablation Ablation
(weeks) (months)
Admin . . blati
Person/Measure Time Screening Baseline 2 4 6 Ablation 1 3 6
Researcher
Demographic form 10 min X
Me_dlcal record 15 min X
review form
Participant
Perceived Stress Scale 10 min X X X X X X X X
Beck Depression 10 min X XXX X X XX
Inventory
State-Trait Anxiety .
Inventory (Y-1 & -2) 10 min X X X X X X X X
Atrial Fibrillation Effect  5-10
on Quality-of Life min X X X X X
A_t-homeyogapractlce 5 min X X X X X X X
diary to researcher (wkly)
Semi-structured 30-45 X
interview min
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Table 3: Semi-Structured Interview Questionnaire

Thank you for agreeing to talk with me for a few minutes about your atrial fibrillation
and the study that you have just completed.

First, please share with me your typical daily activities, thinking generally in
terms of 2-hour segments of time within your day, beginning with 8-10 A.M. and
then 10 A.M. to 12 noon, 12-2 P.M., 2-4 P.M., 4-6 P.M., 6-8 P.M., 8-10 P.M.

» Have your typical daily activities changed at all in the last 6 months?
If Yes, how so?

Describe for me your typical atrial fibrillation symptoms
» Physical symptoms that you experience

» Psychological-related symptoms, including your perceptions, thoughts,
and feelings related to your atrial fibrillation

Tell me about your atrial fibrillation symptoms within the past 3 months

* How do these symptoms compare to those in the prior 3 months?

Does anything aggravate your atrial fibrillation symptoms?
* If Yes, what?

Have you experienced any life stressors in the past 6 months?
« If so, can you describe these and the impact of these on your quality of

life?
What do you believe helps in controlling your atrial fibrillation symptoms?
Describe your experiences with or your thoughts about yoga prior to this study.

Did you experience any barriers/challenges/difficulties in participating in this
study?

*Describe your experiences with the yoga classes led by the trained instructors.
*Describe for me your experience with home yoga practice.

*Would you recommend yoga practice to other atrial fibrillation patients? If so or
if not, why?

Would you like to share with me any other information that has not been
discussed so far?

*Questions for participants in the Y1 group only
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Table 4: Yoga Sequence and Rationale for Sequence

Yoga Sequence

Rationale for sequence

Breath awareness

Vajrasana variation
(Thunderbolt pose)

Balancing Tadasana
(Mountain pose)

Uttanasana variation
(Forward bend pose)

Utthita Trikonasana variation
(Standing triangle pose)

Begin to develop inner focus

e Connect to breath

Initiate process of balancing ANS through equal inhale
& exhale

Continue to bring mental focus inward by linking breath
& movement

Begin to warm-up muscles including those of the
shoulder used to lift the arms overhead in preparation
for the next posture

Contract abdominal muscles during the forward bend to
strengthen respiratory muscles used in exhale as
preparation for pranayama

Introduce progressive lengthening of equal inhale &
exhale

Promote calm & relaxation through balancing breath
effect on the ANS

Promote shift from focus on external stimuli to internal
stimuli through balancing on toes.

Begin to develop an awareness of internal processes as
they relate to breath & movement as first step in
conscious control of these processes.

Expand inhale as a result of creating space and negative
pressure in the chest during upward stretch with arms
overhead

Progressive lengthening of inhale & exhale to promote
calm and relaxation

Forward bend abdominal contraction further strengthen
muscles used in exhale

Partial inversion baroreceptor response to modulate
ANS

Stretch, strengthen, and mobilize intercostal muscles in
preparation for pranayama

Continue the process of progressive increase in the
length of inhale and exhale in preparation for pranayama
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Yoga Sequence

Rationale for sequence

Cakravakasana
(Ruddy goose or modified
cat/cow pose)

Jathara Parivritti
(Twist pose)

Apanasana
(Knees to chest pose)

Savasana
(Corpse pose)

Modified Pratiloma Ujjayi

¢ Transition from standing to kneeling

Link breath to movement

o Strengthen and flatten upper back, stretch front of

shoulders, stretch lower back, strengthen abdominal
muscles in preparation for sitting during and performing
pranayama

Slight inversion promotes parasympathetic enhancement

Preparation for sitting in pranayama (stretching hip
muscles)

Lengthening exhale to promote calm through
parasympathetic dominance

Increase exhale count over inhale.

Assist in lengthening exhale by compressing abdominal
muscles

Structural compensation for preceding twist - realigning
the spine

Stretch lower back in preparation for sitting

Further increase exhale to inhale ratio enhancing
parasympathetic engagement

Decrease external stimulation of the sympathetic system
by closing the eyes (reticular formation stimulation
decreased)

Cessation of movement and contact with floor
diminishes sensory input

Transition from asana to pranayama practice

Pranayama technique considered a balancing breath
Alternate nostril balancing breath works to bring
equilibrium between the sympathetic (right nostril) and
parasympathetic (left nostril) nervous systems. Promotes
calm and relaxation while mitigating stress response
Alternating breathing with one nostril valved then
breathing with both nostrils without valving reduces
physiological stress of continuous resistance from
valving.

Modified Pratiloma Ujjayi used to reduce stress of yoga
naive study participants
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Table 5: Weekly Telephone Log

Weekly telephone call questions for the  Weekly telephone call questions for the

Y1 group participants

UC group participants

How are you today?

. Are you having any difficulties
with the home yoga practice?

. Are you having any problems
completing the practice log? If so,
tell me about these.

Have you had episodes of AF?

. Are you having any difficulties
using your AliveCor Heart
Monitor to transmit your ECGs?

Do you have any questions or
concerns that you would like to
discuss with me?

1. How are you today?

2. Have you had any episodes of AF?
If so, tell me about these.

3. Are you having any difficulties
using your AliveCor Heart
Monitor to transmit your ECGs?

4. Do you have any questions or
concerns that you would like to
discuss with me?
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stress, depression and anxiety

Figure 1. Psychoneuroimmunology Theoretical Framework
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BDI II,PSS,STAI Form- Y at baseline, 2 weeks, 4 weeks, 6 weeks, within 24 hours after ablation, 1 month,

Variables and measures used
Demeographic and Medical record review forms at baseline

3 months and 6 months clinic visit post-ablation, AFEQT at baseline, 6 weeks, 1 month,
3 months and 6 months clinic visit post-ablation

Initial clinic
visit

MD/NP-patient
decision occurs
about ablation
for paroxysmal
or persistent AF

Y

6-week yoga
intervention

Initial Clinic
visit to
Ablation

Usual care

Pacemaker, implantable cardiac defibrillator, subcutaneous

Z2 0 - 4 m

*Continued yoga practice twice weekly at home

Antiarrhythmic
medications post-
ablation until
month 1 clinic visit

Month 6
Clinic
visit

Usual care

electrocardiogram monitors

AliveCor™ monitor with EKG tracings at least once a day and whenever he/she
experiences AF symptoms (for participants who do not have any internal cardiac
monitors)

Key:

Yl-Yoga intervention group
UC-Usual care group

BDI- Beck Depression Inventory
PSS- Perceived Stress Scale
STAI- State-Trait Anxiety Inventory- Form Y
AFEQT-Atrial Fibrillation Effect on Quality-of-Life
* No yoga practice for 1 week post-ablation

Semi-structured
qualitative
interview of all the
participants from
both Yl and UC at
month 6 clinic visit

Figure 2. Research Design
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Withdrawn from study (n=x)*

Reasons for withdrawal
detailed

(n=x)*

Withdrawn from study (n=x)*

h 4

Y

Completed study through 6-month follow-up

(n=x)*

Reasons for withdrawal
detailed

(n=x)*

Figure 3. Participant Study Flow According to the Study Design

*Number of participants will replace ‘X’ when results are reported
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Abstract

Objective: The specific aims for this study were (1) to examine the feasibility and
acceptability of a Viniyoga intervention for individuals with AF and (2) to test whether or
not a 6-week Viniyoga intervention in persons between the ages of 18 to 65 years old
with paroxysmal or persistent AF planning to undergo ablation will decrease AF
symptoms, stress, depression, anxiety, prevent early recurrence of atrial tachyarrhythmia
(ERAT) after AF ablation, and improve overall health-related quality of life (HRQOL)
during the 6-month post-ablation period, if these participants continued to practice yoga
at least twice-weekly for 50 minutes compared with a usual care alone group. A
secondary aim was to capture the participants’ perceptions of HRQOL, using semi-
structured interviews with all participants, and for the yoga intervention group, their

experiences with yoga.

Design and Methods: A sequential mixed methods, prospective, quasi-experimental,
two-group design informed by a psychoneuroimmunology theoretical framework guided
the study design to investigate the effect of a twice-weekly, 6-week Viniyoga
intervention and continued practice of yoga at home in prevention of ERAT after AF
ablation. Self-report questionnaires were completed at 8 different time points, including
baseline and at the 6-month post-AF ablation clinic visit. All participants participated in a

semi-structured interview during their 6-month post-ablation clinic visit.

Results: The recruitment rate for the yoga intervention plus usual care (Y1) group was
only 16.67%, whereas it was 50% for the usual care (UC) group with recruitment for the

UC group having been stopped because of less recruitment to the Y1 group. A total of
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four UC group participants and two Y group participants completed the study. Two
major reasons for participants declining participation were the travel distance and
challenges in attending the twice-weekly Y sessions for 6 weeks. Other reasons included
current practice of yoga or mindfulness meditation, lack of a smart phone or iPad to
download the Alivecor™ app, and questions about the affiliation of yoga with a religion
that the participants did not practice. No statistical significance was achieved for any of
the study outcome measures given the small sample size, although clinically meaningful
improvements were noted in the Atrial Fibrillation Effect on QualiTy-of-Life
questionnaire overall score and symptom score for the two Y| group participants
compared to the scores for the four participants in the UC alone group. The study also
showed that ERAT after AF ablation in the Y1 group was 0% compared with 75% in the
UC group. Minimal decreases in stress, depression, and anxiety scores were noted
although qualitative data analysis revealed that the participants identified stress,
depression, and anxiety as both triggers and manifestations of their AF. The reason for no
significant change in the anxiety scores may be related to the fact that a new diagnosis of
AF is compounded with much anxiety about the disease course itself and at post-ablation
these participants continued to be worried about recurrences of AF.

Conclusion: This study did not show any statistical significance in the outcome measures
given the small sample size, although it did show clinically meaningful improvements in
a few outcomes as described above. These preliminary findings support the need for
future randomized controlled studies to determine the impact of yoga on prevention of

recurrent atrial arrhythmias.
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Introduction
One of the largest U.S. epidemiological studies, the Framingham Heart Study,
predicted that atrial fibrillation (AF) prevalence doubles with each advancing decade of
age, from 0.5% at age 50-59 years old to almost 9% at age 80-89 years old, independent
of the increasing prevalence of known predisposing conditions.! It is the most common

sustained cardiac arrhythmia occurring in 1.5% of population.?

The total annual medical cost for the treatment of AF in inpatient, emergency
department, and hospital outpatient settings, which is estimated at $6.65 billion, is likely
underestimated as costs for long-term anticoagulation, stroke prevention, inpatient drugs,
and hospital-based physician services were not included.? Patients with AF enrolled in
the Fibrillation Registry Assessing Costs, Therapies, Adverse events, and Lifestyle
(FRACTAL) study who were managed with cardioversion and pharmacotherapy incurred
AF and other cardiovascular-related health care costs of $4000 to $5000 each year.®
Among patients with recurrent AF, the frequency of recurrence was strongly associated
with higher resource use, with each recurrence increasing annual costs by an average of
$1600.2 Researchers evaluating the cost-effectiveness of AF ablation compared with
rhythm control or antiarrhythmic agents have shown that ablation treatment results in

improved quality-adjusted life expectancy, although at a higher cost.®#

Although medical treatment involving catheter ablation has become a well-
accepted management strategy for AF,® failure of this therapy is common, with only two-
thirds or less of the patients treated remaining free of AF on long-term follow-up.® Early

recurrence of atrial tachyarrhythmia (ERAT), usually defined as arrhythmia recurrence
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within the first 3 months following ablation, is frequently associated with late recurrence

of atrial tachyarrhythmia.® "8

Yoga has been shown to reduce stress, anxiety, inflammation, and maintain
autonomic nervous system balance, which could potentially prevent AF.%101112.13,14.1516,.17
To date, two studies have assessed the impact of yoga on AF. One, a proof-of-concept
study® revealed that 60-minute lyengar yoga sessions at least twice a week for 3 months
improved symptoms, arrhythmia burden, heart rate, blood pressure, anxiety and
depression scores, and several domains of quality of life (QOL) in adults with
paroxysmal AF. A second study® using Mediyoga as the intervention in patients with
paroxysmal AF showed that this style of yoga might potentially lower blood pressure,
lower heart rate, and improve QOL in these patients compared with a control group. No
studies to date have evaluated the impact of yoga on ERAT after ablation.

The investigators hypothesized that selected gentle Viniyoga postures would
reduce stress, anxiety, and depressed mood, which are triggers and/or symptoms of AF,
and also maintain autonomic nervous system balance essential for regulation of the

normal electrical conduction in the heart.
Methods

The Institutional Review Board for Health Sciences Research at a research-
intensive academic medical center approved the protocol, procedures, and materials of
this sequential, mixed method, prospective, quasi-experimental, two-group research
design.?® A psychoneuroimmunology framework!” 2! guided the study design and

interpretation of study results. The participants could be males and females of any race or
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ethnic group between the ages of 18 to 65 years old with an established diagnosis of
paroxysmal or persistent AF who made the decision to undergo AF ablation in the AF
Center clinic associated with the academic health system. Informed written consent was
obtained from all participants prior to participation in any study related activities.
Recruitment and sampling methods

Beginning January 2016 and ending in March 2017, a consecutive sample of 8
adults diagnosed with paroxysmal or persistent AF who made the decision to undergo AF
ablation were enrolled in the study. Those participants willing to do the yoga intervention
were assigned to the “yoga intervention (Y1)”” group and those willing to participate in the
study, but not interested in doing yoga, were enrolled in the “usual care alone (UC)”
group. Participants were recruited by brochures placed in the AF clinic waiting areas and
distributed by the physicians to potential participants. The physicians notified the
investigators either by pager, email, phone, or through personal conversation, regarding
potential participants, and the investigator met them in the clinic, screening each for
eligibility according to the study inclusion and exclusion criteria. Inclusion criteria were
as follows: (a) adults (male or female) of any race or ethnic group between the ages of 18
to 65 years old with an established diagnosis of paroxysmal or persistent AF; (b)
scheduled for an AF ablation within at least 6 weeks from the time of recruitment; and (c)
English speaking/writing. Additionally, for participants to be assigned to the Y1 group,
(d) able to perform a gentle yoga intervention that consists of breath awareness, postures,
and meditation; and (e) living within a 50-mile radius of the AF clinic. Prospective study
participants were excluded from the study for following reasons: (a) diagnosed with

permanent AF, (b) noted to have unstable symptoms such as hypotension and/or syncope,
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(c) had undergone changes in their medical regimen for management of their AF within
the month prior to recruitment, (d) had practiced yoga previously, and (e) had been
diagnosed with any comorbid condition (such as a chronic spinal problem), and recent
major surgery, active seizures, terminal illness, or pregnancy. The participant study flow

is shown in Figure 1 (page 152).

As compensation for time and effort in the study, participants in both groups who
did not have an internal monitoring device at the time of their enrollment in the study
were provided with an AliveCor™ 22 monitor that they kept upon study completion.
Those participants who did not require the AliveCor™ monitor because they already had
another internal monitor received a payment of $25 at week 6 prior to ablation and a
payment of $75 upon completion of the month 6 clinic visit, for a total of $100 for study

completion.
Study Intervention

Participants in the Y1 group completed a 50-minute, cardiac patient-appropriate
Viniyoga session twice a week for 6 weeks that included breath awareness and selected
body postures (asanas) followed by pranayama. Using a manualized approach, including
the same oral instructions at each session, an expert practitioner in Viniyoga provided the
intervention. The investigator was physically present during all yoga sessions to observe
that there were no deviations from the script or other fidelity concerns with the

intervention.

The yoga sequence 23 24 25 26.27. 28 shown in Figure 2 (page 153) began with breath

awareness to allow the participants to decompress, adjust to the environment, and focus
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their attention on their breath, which is the primary catalyst for adjusting one’s autonomic
nervous systems from a yogic point of view. The yoga sequence was developed to
promote the desired outcomes using a progression of movement and breath from easy to
more demanding forms of asanas and breath patterns.?® Breath in combination with asana
supports the movement of the asana and prepares the individual physically and mentally
for pranayama practices.? Pranayama’s principle purpose is to focus the mind and
regulate breathing patterns thereby creating mental steadiness, and secondarily, providing
a means of conscious manipulation of the autonomic nervous system. Resistance with
slow breathing (ujjayi) enhances parasympathetic activity and indicators of vagal tone,
specifically, respiratory sinus arrhythmia and heart rate variability. It also decreases
chemorelfex sensitivity, improves baroreflex response, and increases exercise and stress

tolerance.®°

The instructor-led 50-minute yoga sessions were followed by a 10-minute
question and answer period, providing an opportunity for participants to talk about their
at-home yoga practice, guided by a DVD with identical video recordings of the yoga
intervention. All Y1 sessions were held in a room designed for yoga practice within the
School of Nursing. Free parking and direct elevator access were available to all

participants.

Participants maintained a diary of frequency and duration of home yoga practice
and the investigator made weekly telephone calls to the participants to address any issues
or questions related to their practice. Also, the investigator made weekly telephone calls
to the participants in the UC group to discuss their AF symptoms, thus balancing the

attention given to both groups.
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Safety and confidentiality

No adverse events or breaches of confidentiality were reported during this study.
Participants were able to complete successfully the required instructor-led yoga sessions
without experiencing untoward study-related physical or psychological events. One
participant in the UC group developed a pericardial effusion secondary to pericarditis
post-ablation, which is one of the reported complications after AF ablation.3! Her
pericardial effusion resolved with medical management.
Study fidelity

Study fidelity was maintained throughout the study design, training, and
intervention. Study logs and checklists were maintained by the research team to
document study fidelity. Yoga classes and postures were delivered according to the yoga
manual developed by the expert yoga instructor. The instructor used the same script for
each yoga session. The investigator was physically present during all sessions to observe

that there were no fidelity concerns with the intervention.
Data collection

Baseline demographic and health history data were collected at the beginning of
the study. Self-report questionnaires and practice logs were used to collect data at 8 time
points during the study. Electrocardiogram recordings were obtained using external and
internal cardiac monitors. Participants participated in a semi-structured interview at the
completion of the study. The interview was conducted by the researcher for 30-40
minutes to capture their typical daily activities; physical symptoms of AF; their
perceptions, thoughts and feelings related to AF; any triggers for AF; any measures to

control AF symptoms; and, in addition for the Y1 group participants, their experiences
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with the yoga, including any challenges to participating in the study; and home yoga
practice. Paper forms, logs, and questionnaires were used for data collection. Given the
characteristics of the Y1, blinding of the participants to the intervention was not possible.
Also, the investigators and data analysis could not be blinded because of the convenience

sampling of the participants; however, all data were de-identified.
Study outcome data

Primary outcome data for the study were defined as (1) participants’ experiences
with the Y1 and their perceptions of its efficacy, barriers to engaging in the yoga, and
how they believed that yoga could help them, as well as reasons for participants in the
UC group declining to participate in the YI; (2) recruitment, retention, and protocol
adherence; (3) decrease in reported AF symptoms, stress, depression, and anxiety; and (4)
no ERAT during the 6-month post-ablation period. A secondary outcome was

participants’ reported health-related QOL.
Study measures

The primary and secondary outcomes were measured using valid and reliable self-
report questionnaires, including the Perceived Stress Scale (PSS),*? Atrial Fibrillation
Effect on QualiTy-of-Life Questionnaire (AFEQT),% Beck Depression Inventory |1
(BDI),** and State-Trait Anxiety Inventory- Form Y (STAI).% Objective data regarding
AF episodes were obtained using internal and external cardiac monitors, including
AliveCor™, 22 subcutaneous electrocardiogram monitoring, pacemakers,®” and
implantable cardiac defibrillators.3® 3° Study population characteristics were obtained

using demographic and health history forms. Semi-structured interview data further
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validated the information collected using the self-report questionnaires and also captured
information that may have been missed because of the structured nature of the
questionnaires. In addition, the Y1 group participants kept logs of home yoga practice that
documented their feelings before yoga practice, time spent in yoga practice, and their
thoughts and feelings after yoga practice. The investigator collected completed logs
during the Y| sessions and at the post-ablation clinic visits, distributing logs for the
upcoming weeks at that time. Each week after ablation, the investigator called all
participants to gather information related to any AF episode/symptoms, any difficulties
using the AliveCor™ heart monitor in transmitting EKGs, and any other health-related
concerns they may have at the time. For the Y1 group, in addition to the above
information, the investigator also gathered information related to any difficulties with

their home yoga practice and/or any problems completing the practice log.
Statistical analysis

Screening, recruitment, retention, and intervention adherence rates were calculated
using a simple ratio calculation. Quantitative data analyses were conducted using SPSS
software version 24.0.%° Descriptive statistics, including mean, standard deviation, and
range were calculated for all variables. Given the small sample size, Chi-square test was
used for categorical variables and Mann-Whitney U was used for continuous variables.
Two-tailed test was used to determine improbable values in both ends of the sampling
distribution.*! The level of significance (o) was set at 0.05. The investigator was
responsible for all aspects of data collection, entry, and analysis, with input from the

electrophysiologist regarding the data from the cardiac monitors. To ensure validity and
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integrity of the data, the research team conducted weekly audits of the quantitative data to

confirm that it had been entered accurately into the data analysis software (SPSS).
Qualitative data analysis

The qualitative data collected through tape recorded semi-structured interviews
with the participants were transcribed by a commercial service approved by the
institution’s IRB for Health Sciences Research. The investigator next verified the
transcriptions of the interviews with the audio recordings to ensure accuracy in the
transcriptions. Thematic content analysis was used for analysis of the interview data to
categorize the ‘recurrent’ or common ‘themes’.*? Coding was achieved both deductively
from concepts the investigator brought to the study and inductively through emergence
from data.*® The transcripts were coded one after the other and not simultaneously, thus

keeping the investigator focused and promoting in depth analysis of each transcript.

The first cycle of coding was completed using Dedoose version 7.6.24%* a
qualitative data analysis software for managing, analyzing, and presenting qualitative and
mixed-methods research data. Descriptive coding strategy was used, assigning labels to
data to summarize in a word or a phrase the basic topic of a passage of qualitative data.*?
For further validation, a second cycle of coding was done using InVivo coding,
identifying words or short phrases from the participants’ own language in the data
records as codes.** Simultaneously, analytic memo was used to draft the thought
processes and also to maintain notes of other assumptions and biases. The analytic memo
included expression of thoughts in words, sentences, diagrams, and symbols.*® The

maintenance of analytic memos throughout the data analysis process helped the
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investigator in identifying the themes that emerged from this analysis. Similar codes that
emerged were grouped together to develop preliminary themes. # Finally, the investigator
consulted with two experts in mixed-methods research to confirm validity of the themes
that emerged. The specific themes that emerged from the analysis were stress, anxiety,
and depression as triggers and manifestations of AF, impact of AF on QOL, perceptions
regarding practice of yoga and its impact on AF, barriers to yoga practice, sense of self-
control with using technology to detect AF, awareness regarding lifestyle modifications,
barriers to participation in this study, and fear of the unknown related to disease
progression. The themes identified were compared against quantitative findings to
explain and expand on feasibility findings and to provide contextual meaning to the Y
participants’ experiences of participating in a 6-week Viniyoga intervention and their

perceptions on quality of life.
Mixed methods approach

The sequential mixed methods design was used as the approach for the study.
This approach involved an initial quantitative data collection phase followed by a
qualitative data collection phase using a semi-structured interview of the participants
from the quantitative phase of the research. Integration of the quantitative and qualitative
data was carried out during the data analysis phase and the findings from both the
quantitative and qualitative analysis were compared to corroborate, expand, and cross-
validate the findings from each method.
Results

The demographic characteristics of the study sample as described in Table 1 (page

147) included 6 adults with a diagnosis of paroxysmal or persistent AF who were
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scheduled to undergo AF ablation within 6 weeks. Of the 6 participants, 3 were non-
Hispanic White men and 3 non-Hispanic White women. Two participants (1 male and 1
female) who were willing to practice yoga were assigned to the Y group and those not
willing to practice yoga were assigned to the UC group. The mean age of the participants
in the Y1 group was 65 and in the UC group 56.75 (£10.436) years. The two participants
in the Y1 group had paroxysmal AF and in the UC group, 3 participants had paroxysmal
AF and 1 had persistent AF. The study outcomes are presented in Table 2 (page 149).
One of the participants in the Y1 group did not return for the 3-month clinic visit post-
ablation despite multiple reminders, thus no study measures for this assessment time were
available.

Recruitment, retention, and protocol adherence

A recruitment rate of 51% and a retention rate of > 86% were considered
acceptable to support feasibility of the intervention. The recruitment rate for the study
was 16.67% for the Y1 group and 50% for the UC group. It would have been possible to
have achieved 100% recruitment for the UC group but recruitment to this group was
stopped because of less recruitment to the Y1 group. The two major reasons for
participants declining participation in the study were travel distance and challenges in
attending twice-weekly Y1 sessions. Other reasons included current practice of yoga or
mindfulness meditation, lack of a smart phone or iPad to download the Alivecor™ app,
difficulty in committing to a specific time of day for Y| group sessions, and questions
about the affiliation of yoga with a religion that the participants did not practice. The
retention rate for the Y group participants was 100%, although one participant missed
his 3-month post-ablation follow-up visit. The retention rate was 66.7% for the UC

group, with two participants having been withdrawn from study; one had osteomyelitis
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and her primary electrophysiologist made the decision to manage her osteomyelitis,
deferring her AF ablation beyond the study criterion; another participant had issues with
downloading the Alivecor™ app onto his phone that were beyond those that could be
resolved by the investigator.

The mean number of Y| group sessions participants attended was 11 (x1.414) out
of a total of 12. These participants reported practicing home yoga 1 to 4 times a week.
The common reasons for not attending all of the instructor-led yoga sessions and not
engaging in twice weekly home yoga sessions were related to work commitments and
family care giver responsibilities.

Early Recurrence of Atrial Tachyarrhythmia after AF Ablation

Participants in the Y| group did not experience any documented evidence of
ERAT after their ablations. One Y group participant was on an anti-arrhythmic drug
(Amiodarone) for 1 month post-ablation; however, the other participant did not require
any anti-arrhythmic drug post-ablation. Three of the four participants in the UC group
experienced ERAT after their ablations. The time of the first post-ablation documented
episode of atrial arrhythmias was 16 and 64 days for two participants, although one
participant had recurrence of symptomatic paroxysmal AF 5 days after his anti-
arrhythmic drug (Multaq) was stopped at his 1-month post-ablation follow-up. One UC
participant required cardioversion for ERAT and all three participants in the UC group
with recurrent atrial arrhythmias had their anti-arrhythmic medication continued until the
6-months follow-up post-ablation. The trigger for ERAT for one of the participants may
have been pericarditis-induced pericardial effusion,** which was most likely a post-

procedure complication after her AF ablation.
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Atrial Fibrillation Symptoms

The AF symptoms score of the AFEQT questionnaire showed that this score
improved to 100 for the Y1 group and 96.88 for the UC group at 6 months post-ablation,
increasing from baseline scores of 70.5 and 81.25, respectively. A change in the AF
symptom score by 19 points, suggests a clinically meaningful change. The AF symptoms
score for the Y1 group participants increased by 29.5 during the 6-month post-ablation,
although no statistical significance was noted because of the small sample size. Some AF
symptoms reported by participants were palpitations, chest pressure, shortness of breath,

pre-syncope, and fatigue.

Quiality of Life

The baseline score of the AFEQT for the Y1 group was 70.5 (£6.364) and for the
UC group it was 81.25 (£17.515). The score increased by 38.89 points for the participants
in the Y1 group and 24.08 points for those in the UC group at the end of 6-month post-
ablation. A change in score by 19 points, suggests a clinically meaningful improvement
in QOL. Although the change in the AFEQT score was >19 points for participants in
both the groups at 6 months post-ablation, the score for participants in the Y1 group
increased by 22.23 points at the time of 1 month-post ablation clinic visit but it took 6
months post-ablation for the UC group to notice a meaningful improvement in QOL,
although statistical significance could not be established because of the small sample
size. This delay in improvement in the QOL for participants in the UC group is most

likely due to the ERAT after AF ablation.
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The qualitative interview data are presented using pseudonyms. The data revealed
that the participants’ QOL was significantly impaired when they were in AF. John who
participated in the UC group had pre-syncopal spells with symptomatic AF and described

his experience with AF episode as follows:

...During the first one [pre-syncopal spell] I did not know | had AF. I was in my
vehicle trying to find a parking spot [when] everything in front of my eyes went
black. ...I was conscious but I couldn't see. ...I just threw the car into park ... and
called my wife. The other time [l experienced a spell] I was in my office and
[heard] my telephone ring. | [recalled] I looked at the phone, grabbed at it, and at
that point [realized that although] I could hear the phone [ringing] I could not see

it for about 15 seconds.

Matt from the UC group reported the impact of his AF on his routine activities, noting “a
lack of energy [and that] stairs occasionally would be a challenge, depending on the time

of day.”

At the time of the 6-months post-ablation clinic visit interviews, all participants
reported that they were able to perform their routine activities without any AF-related
symptoms, suggesting that their QOL improved when they were in normal sinus rhythm.
John in the UC group had recurrent AF post-ablation that required management with an
anti-arrhythmic drug. Several months passed without any recurrent AF episodes for John,

following which he shared how he coped:
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I took it one day at a time and ... tried to focus on that day even though I had
setbacks in the early part [of my treatment]. Then there was also a time when it

[AF] didn't show up again. ... I think at that point [I felt] somewhat of a relief....

All participants reported since their diagnosis of AF and their ablation that they
had set goals and made some lifestyle modifications, with most of these focusing on
exercise and diet. The following quotes from two participants are representative of the
perspectives that all participants shared regarding lifestyle modifications. Matt noted, “I
think the fact that I'm exercising now is a big part of changes | have made. [Also] my
interpretation of what's important in life after this major medical crisis has changed.”

Regarding changes John had made in his lifestyle, he shared the following:

... for me it' s been a different experience having been completely healthy and all
of a sudden getting hit with this [AF]. It has definitely changed me and my life,
[including] what I used to eat...my diet has changed. Also, being more active and
...working on weight reduction, ... these are two big goals ... that I'm going to

work towards.

Stress, Depression, and Anxiety

Participants in both the Y1 and UC groups had minimal improvement in their
scores from baseline to 6 months post-ablation regarding their stress, depression, and
anxiety. However, the qualitative interview data provided more insight into the reasons
that the anxiety scores did not improve much. Sarah from the UC group reported that she
thought her symptoms of palpitations and shortness of breath were related to her feelings

of anxiousness and anxiety until the symptoms progressively worsened and a heart
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monitor confirmed the diagnosis of AF. She explained, “When I got a heart monitor, |
learned that the fluttery feeling in my chest and the shortness of breath that | had been

experiencing were not feelings of anxiety, but were symptoms related to AF.”

When asked about any psychological-related symptoms and their perceptions,
thoughts, and feelings regarding their AF, all of the participants reported that they felt
anxious about the potential for recurrence of AF, its impact on their QOL, and their fear
that they may become dependent on others for the remainder of their lives. A few
mentioned that their fears surrounding AF often led to feeling depressed or saddened.
Julie, a participant in the Y1 group, reported, “I realize the chances of me going into AF

are certainly possible and I never really gave it a second thought before.”

John from the UC group provided a more complex response about how his AF

had affected him in the past and at the present time, explaining as follows:

How it [AF] is affecting me now, it is probably anxiety, probably some feelings of
depression, [still] not knowing ... what might be happening to me and what might
be in my future. At first, it was fear [of the] unknown regarding what | had and,
then second, learning that | have AF became an issue for me because the
environment in this country today [really does not support] public transportation
[and if transportation] isn't readily available to you and you have lost your driver's
license and you black out, somebody else has to take care of you... you have to

find public transit or have somebody else get you to and from work.

Stress was identified by most of the participants as the trigger for their AF. Julie

from the Y1 group shared her view of the role that she thought stress was playing in her
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AF symptoms, declaring, “I think stress and lack of sleep tend to trigger my AF.” Matt a

participant in the UC group reported the following:

| think that a specific emotional episode shone a light on the fact that |
wasn't in a normal sinus rhythm. | think it [the emotional episode] has
made me realize that my ability to be stressed has been compromised by

being in AF.
Participants’ perceptions of yoga and their experiences with study participation

The two participants in the Y1 group reported that yoga made them feel calm and
relaxed, improved their balance, and that they had experienced only limited challenges
initially in doing a few of the yoga poses, with the instructor quickly and appropriately

modifying the poses to meet their needs. Julie noted the following:

There was one pose for which I can't remember the name ..., where you had to
turn your feet out and bend down. She [instructor] had me sort of structure my
feet a little bit different. I'm not quite sure why | was having difficulty with the

particular pose, but it was the only one I recall being a challenge for me.

Paul also in the Y1 group acknowledged that he had old pain issues, causing him
to experience some discomfort with a few of the postures, although he had not told

anyone. Reluctantly, he disclosed the following during his weekly telephone call:

Because of knee and shoulder pain that | have at times, | started doing water yoga

twice a week about two months after my ablation surgery... in addition to my two
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times a week home yoga practice.... I learned that my body is more flexible while

in water and | was able to do the yoga poses without difficulty while in the water.

The two Y1 participants also acknowledged that they were not disciplined enough
to do home yoga practice every day because of real life situations that interrupted their
practice. Their home practice logs showed that they practiced the poses one to four times
most weeks, although there were several weeks that they did not practice yoga at all.
Julie shared that she preferred to do yoga in the group setting rather than alone at home.
Both Y| participants reported that they would definitely recommend yoga for other

individuals with AF.

Each of the participants in the UC group reported that they had never thought
about practicing yoga themselves but would be willing to consider it after participating in
this study. However, Sarah explained that she has severe peripheral neuropathy and
balance issues secondary to the neuropathy, leading her to think that she would not be

able to practice yoga given her balance issues.

The theme “sense of self-control” emerged from the transcripts of those
participants using the novel external cardiac monitor—the AliveCor™. They described
how the monitor enabled them to assess reliably their heart rate and rhythm whenever and
wherever they wanted to do so within a few seconds rather than worrying about what was
happening with their heart until they could see their physicians. Lori from the UC group
reported, “I enjoy having the AliveCor™ device because it gives me a great sense of
control. If I feel even a little bit different I can always go check my rate and heart rhythm,

which actually reassures me.”
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Barriers noted to yoga practice identified by Julie and Paul from the Y group
included challenges associated with travel for the group yoga sessions, adherence to the
twice-weekly home yoga practice, and a few physical issues with practicing some of the
yoga poses, although they pointed out that these were overcome readily by modifications
for each participant’s needs. Paul shared that his work commitments prevented him from
attending two of the group yoga sessions. Participants using the AliveCor ™ reported that
their discipline with recording daily EKGs dwindled as they began to feel better from

improved AF symptoms.

Discussion

This is the first study to assess the effect of yoga on ERAT after ablation.
Although the recruitment rate was set at 51%, the study yielded only 16.7% of the
proposed recruitment to the Y1 group. Recruitment to the UC group could have been
100%, although the researchers stopped recruitment to this group as they did not identify
benefits in continued recruitment to the UC group without having a comparable number
of participants in the Y1 group. The primary barriers to the recruitment were distance to
travel and commitment to the specific day and time for the instructor-led yoga
intervention sessions. Potential approaches to overcome these barriers for future studies
might be the use of an online yoga intervention or establishing multiple yoga studios in
different geographical areas where the researchers predict potential recruitment.
Literature searches revealed two types of online yoga interventions—an online virtual
classroom that allowed for real-time bidirectional communication and online pre-
recorded videos of the yoga intervention. A study done to assess the effect of

mindfulness-based and yoga-based stress reduction programs during the work day
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delivered the mindfulness programs in conventional classrooms and through an online
virtual classroom that allowed for real-time bidirectional communications.*® Higher
levels of attrition (27.3%) were reported in the in-person mindfulness group compared
with the online mindfulness group (3.8%). Another study used a 12-week online-
streamed yoga intervention for women after still birth to identify their satisfaction and
perceptions of yoga videos posted on a password protected website, with the progression
of videos up to 60 minutes in duration.*® The women reported that the barriers for
practicing the online intervention were noisy home environment, lack of motivation, lack
of instructor feedback and help with correct alignment in the yoga poses, and the
difficulty of learning and practicing yoga poses simultaneously.*®

The early recurrence rate of atrial tachyarrhythmia in the Y1 group was 0%;
however, it was 75% in the UC group. The AFEQT overall score and symptom score
showed meaningful clinical improvement in the Y1 group compared with the UC group
participants. Although no statistical significance could be established given the small
sample size, it is worth considering larger randomized control studies to explore the
impact of yoga on ERAT after AF ablation.

Both quantitative and qualitative data in this study revealed that QOL improved
among participants when their irregular heart rhythm was restored to sinus rhythm. Given
that one of the participants disclosed that he had added twice-weekly water yoga
approximately two months post-ablation to his home yoga practice, this additional yoga
practice could have enhanced the prevention of ERAT in him.

Changes to the stress, depression, and anxiety scores from baseline to end of

study were minimal. The relatively higher anxiety state might be related to the fact that a
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new diagnosis of AF is compounded with much anxiety about the disease course and that
post-ablation these participants continued to be worried about recurrences, which likely
was impacting their QOL.

The AliveCor ™ monitor provided a sense of self-control and reassurance to the
participants as it helps immediately to detect any concerning arrhythmias without the
patient having to wait to see a provider. This sense of self-control and immediate
feedback potentially reduces stress and anxiety, both of which can trigger AF. Likewise,
the immediate feedback also prevents clinic and emergency department visits for “false”
arrhythmias. All the participants reported that they learned to recognize their symptoms
of AF once they had an established diagnosis. It is not uncommon for those with AF to
experience brief arrhythmia episodes after ablation, including paroxysmal atrial
tachycardia, which can be confused with AF. Portable heart monitors aid providers in
detecting and differentiating arrhythmias. Even though such external cardiac monitors are
most useful in managing AF, sometimes these monitors capture artifacts that are not true
electrical signals of the heart. Thus, teaching patients to use the monitor to differentiate
between artifacts and true electrical signals of the heart is important in promoting user
satisfaction and unnecessary health care costs related to false arrhythmias.

The theme “life style modifications” emerged from participants’ focus on
improving their diets and exercising more than they had in the past. The ARREST-AF*
cohort study showed that modifying risk factors such as weight, hypertension, diabetes
mellitus, and hyperlipidemia prior to ablation could lead to a decrease in AF frequency
and duration as well as a decrease in symptoms and symptom severity. On multivariate

analysis, type of AF and risk factor modification were independent predictors of
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arrhythmia-free survival. Yoga has shown to improve blood pressure, improve glycemic
control in type Il diabetes mellitus, reduce low density lipoprotein and very low-density
lipoprotein, and to lead to an increase in high-density lipoprotein levels, and increase
exercise tolerance.*® These added benefits of yoga in modifying risk factors for AF also
provide a compelling argument for the potentially positive impact of selected gentle yoga
postures in individuals with AF.

Atrial fibrosis is an inflammatory process seen in individuals with AF, with
convincing evidence showing that the resulting fibrotic changes seen in the atrial
myocardium causes deterioration of atrial conduction and impulse re-entrant activity that
sustain AF.%° Whether or not fibrosis is a result of structural remodeling caused by
persistent AF or a manifestation of occult myocardial processes that lead to development
of arrhythmia is less clear.*® Nonetheless, yoga has been shown to improve exercise
tolerance and positively affect levels of inflammatory markers in patients with heart
failure, leading to a trend toward improvements in QOL.*® Although the investigators did
not measure the effect of yoga on heart rate variability nor on inflammatory markers in
this study, further studies are warranted to explore these variables and the impact in
prevention of AF.

Conclusion

This study did not show statistical significance in any outcome measures, most
likely because of the small sample size, although it did show clinically meaningful
improvements in the AFEQT score and AFEQT symptom score in the Y| participants.
The study also showed that 75% of the study sample in the UC group had documented

ERAT post-ablation but none of the participants in the Y1 group had any recurrence of
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AF post-ablation. These preliminary findings support the need for future randomized

controlled studies to determine the impact of yoga on prevention of atrial arrhythmias.
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Table 1: Demographic Characteristics of Participants, Classification of AF, Prior AF
Management, Risk Factors for AF

Yoga intervention group | Usual care group
(n=2) (n=4)
DEMOGRAPHIC
CHARACTERISTICS MEAN SD MEAN SD p value*
Age 65 0 56.75 10.436 0.533
Weight (kg) 102.4 41.154 90.375 | 33.687 0.800
Body Mass Index 31.87 9.829 29.120 6.305 0.800
DEMOGRAPHIC n % n % p value**
CHARACTERISTICS
Gender 1.000
Male 1 50 2 50
Female 1 50 2 50
Race
White 2 100 4 100
Ethnicity
Non-Hispanic 2 100 4 100
Years of Education
1-6+ (College) 2 100 4 100
Partner status 1.000
Married 2 100 2 50
Living as married with a significant 0 0 1 25
other
Divorced 0 0 1 25
Living situation 1.000
With someone 2 100 3 75
Alone 0 0 1 25
CLASSIFICATION OF AF
Paroxysmal 2 100 3 75 1.000
Persistent 0 0 1 25
Symptomatic 2 100 4 100
Asymptomatic 0 0 0 0
PRIOR AF MANAGEMENT
AF Medications 1.000
Rate control*** 1 50 3 75
Both rate and rhythm control**** 1 50 1 25
AF procedures 0.067
Cardioversion 1 50 0 0
Both cardioversion and ablation 1 50 0 0
None 0 0 4 100
RISK FACTORS FOR AF
Sleep apnea 1.000
Yes 1 50 3 75
No 1 50 1 25
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Yoga intervention group

Usual care group

(n=2) (n=4)
n % n % p value**
Stress 1.000
Yes 1 50 1 25
No 1 50 3 75
Hypertension 1.000
Yes 1 50 1 25
No 1 50 3 75

* Exact Mann-Whitney U test significance
** Exact Person Chi-Square

*** Metoprolol Succinate, Metoprolol Tartrate, Atenolol, Nebivolol, Diltiazem CD
**** Amiodarone, Dofetilide, Dronedarone
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Outcome measures Yoga Intervention group Usual care group
(n=2) (n=14)
Mean (+SD) Range Mean (+SD) Range p value*
Perceived Stress Scale
Baseline 32 (4.243) 29-35 16.75 (12.121) 7-33 0.267
2 weeks 29 (8.485) 23-35 17.75 (13.574) 6-36 0.533
4 weeks 33.50 (2.121) 32-35 16.50 (17.137) 5-42 0.533
6 weeks 27.50 (7.778) 22-33 19.00 (14.376) 6-38 0.533
24 hours after ablation 21.00 (9.899) 14-28 16.00 (15.853) 5-39 0.533
1-month post-ablation 21.00 (1.414) 20-22 12.75 (14.245) 0-33 0.533
3-month post-ablation 16 (12.49) 3-31
6-month post-ablation 17.50 (0.707) 17-18 16.50 (12.450) 2-30 1.000
Mean difference between 4.5 (3.536) 2-7 -2.25 (2.500) -5-1 0.133
baseline and 6 weeks
Mean difference between 11 (2.828) 9-13 4 (4.082) 0-8 0.133
baseline and 1 month post-
ablation
Mean difference between 14.5 (3.536) 12-17 0.25 (5.058) -4-6 0.133
baseline and 6 months
post- ablation
State Trait Anxiety Inventory ( S-Anxiety scale)
Baseline 47.00 (1.414) | 46-48 46.50 (8.813) 39-59 0.533
2 weeks 46.50 (2.121) | 45-48 44,50 (5.196) 41-52 0.533
4 weeks 49,50 (2.121) | 48-51 45.00 (5.099) 38-50 0.267
6 weeks 44.00 (7.071) | 39-49 43.75 (5.315) 38-50 1.000
24 hours after ablation 45.50 (4.950) | 42-49 44,50 (7.234) 36-51 1.000
1-month post-ablation 42.50 (9.192) | 36-49 44.25 (6.131) 38-50 0.533
3-month post-ablation 43.25 (8.057) 34-50
6-month post-ablation 45.50 (2.121) | 44-47 44.50 (7.141) 34-50 1.000
Mean difference between | 3 (5.657) -1-7 2.75 (10.935) -8-18 1.000
baseline and 6 weeks
Mean difference between | 4.5 (7.778) -1-10 2.25 (11.758) -8-19 0.800
baseline and 1 month post-
ablation
Mean difference between 1.5 (0.707) 1-2 2 (8.042) -5-12 1.000
baseline and 6 months
post- ablation
State Trait Anxiety Inventory (T- Anxiety scale)
Baseline 47 (1.414) 46-48 45.25 (4.113) 40-50 0.533
2 weeks 45 (1.414) 44-46 43.75 (2.872) 40-46 0.800
4 weeks 45.50 (3.536) 43-48 45.75 (2.986) 42-49 1.000
6 weeks 45.00 (5.657) 41-49 44.25 (4.113) 39-48 0.800
Mean (+SD) Range Mean (+SD) Range
24 hours after ablation 45.00 (5.657) 41-49 46.75 (4.193) 41-51 1.000
1-month post-ablation 41.00 (5.657) 37-45 44,50 (4.041) 39-48 0.533
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Outcome measures

Yoga Intervention group

Usual care group

(n=2) (n=14)
Mean (+SD) Range Mean (+SD) Range p value*

3-month post-ablation 44.50 (3.697) 39-47

6-month post-ablation 44.50 (4.950) 41-48 44.25 (5.560) 36-48 0.800

Mean difference between 2(4.243) -1-5 1(4.243) -2-7 0.800

baseline and 6 weeks

Mean difference between 6 (4.243) 3-9 0.75 (2.062) -2-3 0.133

baseline and 1 month post-

ablation

Mean difference between 2.5 (3.536) 0-5 1(2.582) -2-4 0.533

baseline and 6 months

post- ablation

Beck Depression Inventory

Baseline 17.50 (6.364) 13-22 10.75 (7.974) 2-18 0.533

2 weeks 13.50 (0.707) 13-14 7.25 (4.992) 2-14 0.267

4 weeks 14.50 (3.536) 12-17 7.00 (7.348) 3-18 0.533

6 weeks 11.50 (7.778) 6-17 7.00 (4.967) 3-14 0.533

24 hours after ablation 9.00 (2.828) 7-11 4.50 (4.655) 0-11 0.267

1-month post-ablation 3.00 (2.828) 1-5 3.50 (3.873) 0-9 1.000

3-month post-ablation 2.75 (2.986) 0-7

6-month post-ablation 3.50 (2.121) 2-5 2.75 (3.403) 0-7 0.800

Mean difference between 6.00 (1.414) 5-7 3.75 (8.302) -5-15 0.533

baseline and 6 weeks

Mean difference between 14.5 (3.536) 12-17 7.25 (7.890) 0-18 0.533

baseline and 1 month post-

ablation

Mean difference between 14 (8.485) 8-20 8 (7.659) 2-18 0.533

baseline and 6 months

post- ablation

Atrial Fibrillation Effect on QualiTy of life

Baseline 51.85 (10.479) | 44.44-59.26 70.83 (17.738) 47.22- 0.267
89.81

6weeks 63.89 (19.643) | 50.00-77.78 | 71.07 (23.611) 38.89- 1.000
95.37

1-month post-ablation 74.08 (1.308) | 73.15-75.00 86.83 (11.94) 70.47- 0.533
99.07

3-month post-ablation 90.28 (13.016) | 71.30-100

6-month post-ablation 90.74 (10.479) | 83.33-98.15 94.91 (2.205) 92.59- 1.000
97.22

Mean difference between -12.04 (9.164) | -18.52-5.56 -0.233 (7.500) | -7.41-8.33 0.267

baseline and 6 weeks

Mean difference between -22.23 (9.171) -28.71- -15.998 (17.462) | -40.74- - 0.533

baseline and 1 month post- -15.74 0.10

ablation
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Outcome measures

Yoga Intervention group

Usual care group

(n=2) (n=14)
Mean (+SD) Range Mean (+SD) Range p value*
Mean difference between -38.89 (0.000) -38.89- -24.075 (16.035) -45.37 - 0.533
baseline and 6 months -38.89 -6.49
post- ablation
Atrial Fibrillation Effect on QualiTy of life - Symptoms score
Baseline 70.5 (6.364) 66-75 81.25 (17.515) | 58.33-100 0.533
6weeks 72.92 (14.729) | 62.5-83.33 77.09 (17.177) 54.17- 1.000
95.83
1-month post-ablation 85.42 (20.626) | 70.83-100 94.792 (6.250) 87.5-100 1.000
3-month post-ablation 90.625 (18.75) | 62.50-100
6-month post-ablation 100 0 96.88 (3.988) 91.67-100 0.533
Mean difference between -2.415 (8.365) -8.33-3.5 4.165 (3.401) 0-8.33 0.267
baseline and 6 weeks
Mean difference between -14.92 -34-4.17 -13.543 (14.184) | -33.34-0 1.000
baseline and 1 month post- (26.990)
ablation
Mean difference between -29.5 (6.364) -34- -25 -15.625 (19.054) | -37.5-8.33 0.533
baseline and 6 months
post- ablation
AF burden
AF burden in days 0 | 0 325(2.363) | 05 | 0.267
Early Recurrence of Atrial Tachyarrhythmia
n (percentage) n (percentage) p value
**
Yes 0 (0%) 3 (75 %) 0.400
No 2 (100%) 1 (25%)

* p value for exact Mann-Whitney U test significance
** p value for Person Chi-Square
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‘Withdrawn from study (n =2)
Reasons for withdrawal

* Unable to download the
AliveCor™ app

= Patient diagnosed with
osteomyelitis and her AF
ablation was deferred beyond
study criterion

Potential participants

(N=15)

v

Screened for eligibility

(n=15)

h 4

Eligible for enrollment

v

Excluded (n=7)

Reasons for Exclusion

+ Had his ablation within 3 weeks after the first
clinic visit

» Refused participation in a research study

» Issues with mobility and cannot do yoga
postures safely

+ Currently practicing mindfulness meditation

+ Do not have smart phone or i-pad to download
the AliveCor™ app

» Cannot commit to twice weekly group yoga
sessions

m=8) +  Questions regarding religious affiliation of yoga
> Excluded (n =0)
=%
Enrolled - usual care Enrolled - yoga intervention
(n=46) n=12)
Withdrawn from study
(n=0)
Completed 6-week usual care Completed 6-week intervention
m=4) n=2)
o Withdrawn from study
Cal
v
=0)

Completed study through 6-month follow-up

(n=6)

Figure 1. Participant Study Flow
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2. Vajrasana variation

5. Utthita Trikonasana variation
(Triangle Pose variation)

3. Balancing Tadasana

(Thunderbolt Pose variation) (Mountain Pose)

H Cahavakasaﬁ;

(Ruddy Goose or Modified Cat/Cow Pose)

e

() 'S
(I
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4. Uttanasana Variation
(Forward Bend Pose variation)

7. Jathara Parivritti
(Twist Pose)

=
8. Apanasan.a 9. Savasana 10. Modified Pratiloma Ujjayi
(Wind Relieving Pose) (Corpse Pose)

Figure 2. Viniyoga Sequence
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CHAPTER FIVE: CONCLUSION

The purpose of the research study conducted to fulfill requirements for this
dissertation was to assess the feasibility of a twice-weekly 6-week Viniyoga intervention
for prevention of early recurrence of atrial tachyarrhythmia (ERAT) after atrial
fibrillation (AF) ablation in participants diagnosed with paroxysmal or persistent atrial
fibrillation. The findings describe the intervention group participants’ experiences with
the yoga intervention, their perceptions of its efficacy, barriers to engaging in the yoga
practice, and how they believed that yoga could help them, as well as reasons for
participants in the usual care alone (UC) group declining to participate in the yoga
intervention. Data were also collected regarding the impact of the yoga intervention on
AF symptoms of stress, depression, and anxiety; and all participants’ health-related

quality of life (QOL).

Recruitment to the study intervention group was challenging. The major reasons
for participants declining participation in the yoga intervention were related to the travel
distance and challenges in committing to a specific time of a day for instructor-led yoga
sessions. Other reasons included current practice of yoga or mindfulness meditation, lack
of a smart phone or iPad to download the Alivecor™ app, and questions about the

affiliation of yoga with a religion that the participants did not practice.

The instructor-led yoga classes were designed to introduce participants to a twice-
weekly 50-minute yoga practice that after the 6-week intervention had concluded, could
be done independently at home. The two participants in the yoga intervention plus usual

care (Y1) group reported that yoga made them feel calm and relaxed and that it improved
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their balance. They also reported that they could not do one or two of the yoga poses as
demonstrated by the instructor, but that the instructor appropriately modified the poses to
meet their needs. The mean number of instructor-led yoga classes participants attended
was 11 (+1.414) out of a total of 12 sessions. These participants reported practicing at-
home yoga 1 to 4 times a week. The two common reasons for not attending all of the
instructor-led sessions and not engaging in twice-weekly at home yoga sessions were
related to work commitments and family care giver responsibilities. Participants in the
UC group reported that they had never thought about practicing yoga themselves but
would be willing to consider it after participating in this study.

Although statistical significance was not possible because of the small sample
size, clinically meaningful improvement was noted in AF symptoms and quality of life
(QOL) from baseline to 6-month post-AF ablation in participants in the Y1 group
compared with the UC group. Decreases in stress, depression, and anxiety scores were
noted although minimal. Thus, Viniyoga home practice warrants further investigation as
a means of prevention of ERAT after ablation.

Background information to support the investigation of yoga as an appropriate
intervention for prevention of AF episodes and symptoms was presented in Chapter Two,
Effect of Yoga on the Autonomic Nervous System: Clinical Implications in the
Management of Atrial Fibrillation. The literature was reviewed to assess the impact of
yoga on stress, anxiety, depression, and autonomic nervous system balance as all these
contribute to the initiation and maintenance of AF. Even though the time span of the yoga
interventions reported in the studies reviewed ranged from a few minutes to months, all

the studies demonstrated some beneficial effect in maintaining autonomic balance and
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significant impact on selected physiological and psychological factors, thereby improving
the participants’ overall QOL. Given its impact on modulating autonomic system balance
and reducing psychological stress, selected styles of gentle yoga might be considered as
cost-effective, complementary health approaches in managing AF episodes and
symptoms. Further rigorous study is warranted to clarify the specific mechanisms
involved in the use of yoga in patients diagnosed with AF. To date, two studies have
assessed the impact of yoga on paroxysmal AF. No studies have identified the impact of
yoga in preventing ERAT after AF ablation in adults with paroxysmal and persistent AF
who undergo AF ablation.

Chapter Three, A Feasibility Protocol to Assess the Effect of Yoga on Early
Recurrence of Atrial Tachyarrhythmia after Atrial Fibrillation Ablation presented the
rationale for the choice of selected postures of Viniyoga as an appropriate style of yoga
for prevention of ERAT in persons with AF. A psychoneuroimmunology theoretical
framework guided the study design, selection of outcome measures, and interpretation of
findings. The reason for the sequence of the yoga postures was also detailed in the
chapter. The sequential mixed methods design was used for the study. This approach
involved an initial quantitative data collection phase followed by a qualitative data
collection phase using a semi-structured interview of the participants from the
quantitative phase of the research. Thematic content analysis of the qualitative data
collected through semi-structured interviews provided further insight into the expansion
of the quantitative data analysis results.

Chapter Four, Effect of Yoga on Early Recurrence of Atrial Tachyarrhythmia after

Atrial Fibrillation Ablation: Results of a 6-week Viniyoga Intervention presented the
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results of the feasibility of a Viniyoga intervention and its impact on stress, anxiety,
depression, AF episodes and symptoms, ERAT after AF ablation, and health-related QOL
in study participants. Feasibility data were collected as recruitment, retention, and
adherence rates during the 6-week instructor-led yoga intervention and twice-weekly
home yoga practice. Although retention and adherence rates supported the feasibility of
the intervention, recruitment to the Y| group was challenging. Clinically meaningful
improvements were noted in AF symptoms and QOL in participants in the Y group
compared with the UC alone group from baseline to 6 months post-AF ablation. Also,
reported are changes in anxiety, depression, and stress scores. Data were collected using
self-report questionnaires. The Y1 participants’ perceptions of yoga and their experiences
with participation in the study were reported from the semi-structured interview data

collected at the end of 6-month post-AF ablation clinic visit.

Lessons Learned

As a nurse practitioner (NP) with 6 years of experience in this role, upon
launching my clinical study, | expected that I might face a number of variables that would
influence the conduct of the study. Although I had this level of awareness from the outset
of my research project, | became aware of other challenges that can arise not only from

the study population but also from patient providers and the care system itself.

As a consumer of findings from clinical studies, | was already aware that chronic
low accrual rates negatively influence study findings and the generalizability of study
findings. However, | was somewhat unprepared for the challenges I would face in

recruiting study participants, causing me to assess a variety of steps to first address
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known challenges, and then subsequently to overcome potential and real recruitment
challenges. In this section, | provide an overview of the recruitment challenges
encountered, and the procedures and strategies | used to counter these challenges—my
lessons learned.

First, a much greater than expected number of potential participants from the
medical center’s AF clinic from which I was recruiting met one or more of the exclusion
criteria—more than I had anticipated. The most common reason for ineligibility,
particularly for those who were willing to enroll in the yoga intervention group was the
location of the intervention and thus the distance that they would have to travel twice a
week to the group yoga sessions over the course of 6 weeks. The second most common
reason for ineligibility was that many of the patients with AF were actively trying a few
complementary modalities such as yoga and meditation on their own and thus not
eligible. Also, a number of patients were in phases of their treatment that did not align
with my proposed study, making them ineligible. A few participants’ treatment plans
changed after they were recruited for the study because of unexpected co-morbid
conditions, treatment of which took priority over their AF ablation procedures. In
addition, and as somewhat of a surprise, was the number of potential participants’ who
associated yoga with religions that they did not practice.

Because the study setting was an academic medical center that serves as a referral
center, patients often travel several hours or more to clinics to receive their medical care,
making potential participants most sensitive to any additional travel that might be
associated with study participation. These system-related challenges to recruitment were

not readily evident initially to me as a beginning researcher.
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| also learned procedural formalities associated with conducting research,
including what it takes to obtain approval for studies involving human subjects, and, of
course, the effort and detail required for the proposal | submitted to the IRB-HSR for its
approval. | learned that obtaining these approvals could be a lengthy process despite
planning. Also, | became aware through this process of the importance of advertisements
for the research study and the expense that this can pose, especially in small studies that
are supported by a limited and fixed budget. However, | learned of several awards for
which | applied and obtained a small amount of funds to cover the cost of preparing
brochures for distribution in the AF Clinic and to create the DVDs to guide home yoga
practice.

Regarding potential provider-related issues, I was aware that patients’ health care
providers are seen as the gatekeepers to the pools of participants for clinical research, and
that gaining support from the providers was critical from the outset. Just making all
physicians and NPs in the AF Clinic aware that | was developing a protocol involving
patients with AF, led me to consult with the AF Clinic director and other physicians and
NPs regarding the study plan and design. Also, I included the AF Clinic director as a
research team member in my IRB proposal and also invited him to serve as an external
dissertation committee member. Additionally, meetings were held with the clinic NPs to
identify potential participants and to obtain their feedback and support. | knew it was
important to have access to the clinic appointment list, which permitted the screening of
potential participants to occur outside of the small clinic space. Once a potential
participant was identified, | was able to speak with the clinic team members to alert them

that one of their patients could be a potential participant for the study. When the clinic
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team agreed that the patient could be approached based on the patient’s ablation date, I
was able to see the patient as a potential study participant in a private room to introduce
the study, answer questions, and obtain the informed consent.

Competition for study participants is often experienced in research-intensive
settings, which was the situation | encountered. At the time | launched my study, |
learned that there were at least three physician-sponsored clinical trials within the
medical center open concurrent with my study, all competing for potential participants
from the same population of patients diagnosed with AF. Upon learning this, I simply had
to acknowledge this situation as a reality of conducting research in an academic medical
center.

| found few suggestions and guidelines on methods and strategies in the literature
to overcome common challenges encountered and to enhance recruitment in my study
population. Thus, | worked to achieve full support of all of physicians and NPs in the AF
Clinic and was able to see study participants within the context of their usual clinic visits.
However, even with full support of the entire AF Clinic providers, the recruitment
challenges remained difficult. Although compensation to study participants to offset their
time and effort in research sometimes aides in recruitment, the fact that | was using a
novel heart rate monitoring device that participants would keep or a small monetary
payment as compensation for time and effort devoted to the study, these were less than
promotional for recruitment into the intervention arm of the study.

In summary, | learned that conducting clinical research is time consuming and
that recruitment of study participants is challenging. I also experienced firsthand that

‘attention to detail’ is important throughout the research process and pays off in the end.
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My goal in sharing my ‘lessons learned’ and the challenges experienced in my research
with others is that these may prove helpful to them in conducting similar research in the
future and gives emphasis to the importance of clinical research, which provides reliable
and valid findings to drive improvements in patient care.
Implications for Practice

Given that AF symptoms can affect QOL significantly and that none of the
current medical management guarantees arrhythmia free survival, identifying cost-
effective complementary health-enhancing therapies such as yoga might help in
promoting QOL in individuals with AF and decrease health care costs. However, the
challenge for providers in recommending yoga for patients with AF is to guide them in
selecting safe yoga postures from the existing varieties of yoga styles currently in the
public domain. To make that possible, it is important to create yoga sequence such as the
one designed in the current study and offer it through cardiac rehabilitation programs.
This might be one of the best ways to ensure that patients have access to a trained yoga
instructor and a safe yoga sequence that they can then practice safely at home.

Hypertension, diabetes, hyperlipidemia, and obesity have been identified as risk
factors for AF. Given that research has revealed yoga can decrease blood pressure and
maintain blood sugar and cholesterol levels, those having these identified risk factors
might find that practicing yoga may prevent them from developing AF.

Using technology such as AliveCor ™ external monitors will help patients
identify their AF episodes as soon as they start noticing arrhythmia-related symptoms and
seek immediate medical attention as appropriate. Prolonged AF may result in

inflammatory changes in the atria creating a substrate for maintenance of AF leading to
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persistent AF. Hence, early diagnosis and treatment of AF decreases recurrence rate and
prevent structural changes in the heart.

Many of the participants in this research study identified that stress is a trigger for
their AF. Those in the yoga intervention group acknowledged that yoga helped them to
remain more relaxed and to gain insight into their individual balance and flexibility. Yoga
is an effective intervention that providers can recommend for patients with high levels of
stress.

Future Research

The findings of this feasibility study will inform future research and study design
for prevention of ERAT in patients with AF undergoing ablation, including those older
than 65, which was the maximum age criterion for this study. This study provides insight
into barriers for study recruitment, provides extensive detail on a safe yoga intervention
for patients with AF, and identifies validated study measures that can be used in data
collection in future studies. It also reveals the importance of mixed methods design in
identifying the efficacy of a yoga intervention that is currently not well-established in
patients with AF and the use of easy-to-use reliable technology that currently exists to
detect AF.

One of the major barriers for recruitment to this study was the difficulty that
potential participants experienced in attending instructor-led yoga sessions at designated
times and on specific days. Future research could be designed to include multiple yoga
studios with flexibility of the days and times when participants can participate in the yoga
intervention. There are researchers who use online yoga interventions, yet its safety is not

established in patients with arrhythmias. Although the researchers in this study used the
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same yoga posture sequence with same oral instructions for treatment fidelity purposes, it
IS important that we design minor modifications in the yoga poses to make these more
individualized and safe for all participants. These individualized changes can be made
only in instructor-led yoga sessions and may not be possible with online yoga
interventions.

This study did not measure heart rate variability nor detect inflammatory markers.
Future large-scale studies should be designed to assess the impact of yoga on heart rate
variability and inflammatory markers in individuals with AF, which will aid providers
and researchers in understanding more fully the mechanisms through which yoga
prevents AF.

There are other atrial arrhythmias, including inappropriate sinus tachycardia that
are triggered by stress and anxiety. Yoga could be a potential intervention in reducing
these arrhythmia symptoms and in maintaining autonomic nervous system balance,
thereby preventing these arrhythmias. Thus, future studies are warranted to evaluate the
efficacy of yoga in preventing other atrial arrhythmias.

This study did not show any statistical significance in the outcome measures,
most likely because of the small sample size. It did show, however, clinically meaningful
improvements in the Atrial Fibrillation Effect on QualiTy-of-Life questionnaire’s overall
score and its symptom score in those practicing the yoga intervention. The study also
showed that 75% of the study sample in the UC group had documented ERAT but none
of the participants in the Y1 group had any recurrence of atrial tachyarrhythmia post-

ablation. These preliminary findings support the need for future randomized controlled
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studies to determine the impact of yoga on prevention of atrial arrhythmias after AF

ablation.



