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Abstract 
 
 
Background: Atrial fibrillation (AF) is the most common cardiac arrhythmia affecting more 
than 33 million individuals worldwide. AF may lead to severe complications associated with 
disabling symptoms that can reduce health-related quality of life (HRQoL) and exercise 
performance. Catheter ablation (CA) is currently the mainstay of treatment for symptom 
amelioration and restoration of sinus rhythm (SR) in patients with symptomatic AF. However, 
despite improvements in HRQoL, it has yet to be elucidated whether functional improvements 
post-ablation are related to improvements in physical activity and the relation between 
arrhythmia burden, exercise volume and intensity remains uncertain.    
Methods: Thirty-six patients with symptomatic paroxysmal or persistent AF undergoing catheter 
ablation were enrolled. Patients were provided with an accelerometer which recorded and 
transmitted physical activity over a 7-day period pre- and post-ablation. At baseline and 3-
months post-ablation, a 48-hour Holter monitor was performed and a HRQoL survey using the 
Atrial Fibrillation Effect on QualiTy-of-life (AFEQT) questionnaire was administered. At 3-
months, recurrence was assessed using Holter monitoring and HRQoL evaluation was repeated.  
Results: Within this patient cohort, 28% were female (mean age 60±10). Of the 36 (60%) 
patients undergoing catheter ablation for their symptomatic AF, 30 (83%) had successful 
procedures and no recurrent episodes of AF/atrial flutter (AFL) or atrial tachycardia (AT) at 3-
months follow-up, while 6 (17%) patients had unsuccessful procedures. Overall, there was an 
improvement in exercise volume and intensity for all patients who underwent catheter ablation, 
irrespective of procedural outcome. However, significant improvements in physical activity 
correlates were only observed in patients with successful procedures (p=0.03 and p=0.013 for 
total step count and moderate-to-vigorous physical activity (MVPA), respectively) at follow-up. 
Overall HRQoL at 3-months was substantially increased for patients without recurrences of 
arrhythmia (p=0.04) and not receiving antiarrhythmic drug (AAD) therapy (p=0.03). AF type 
had a significant effect on exercise parameters (total step count p=0.005 and MVPA p=0.02) as 
well as echocardiographic parameters (LVEF p<0.0001) at 3-months post-ablation.  
Conclusions: Amongst patients with symptomatic paroxysmal or persistent AF, successful 
treatment with CA led to significant improvements in exercise capacity and HRQoL. Further 
investigation is warranted to confirm these results in the long-term.  
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CHAPTER 1: INTRODUCTION 
 

1.1 The problem: Optimal management of atrial fibrillation  

Atrial fibrillation (AF) is the most common cardiac arrhythmia affecting more than 33 million 

individuals worldwide [1] and leading to a five-fold increase in the risk of ischemic stroke [2]. 

AF may cause severe and potentially life-threatening complications such as heart failure [4] and 

can also result in significant symptoms (palpitations, shortness of breath, fatigue, weakness), 

which negatively impact an individual’s quality of life (QoL) [3] and exercise performance. A 

reduction in exercise capacity may have significant implications for associated cardiovascular 

complications and increased morbidity.  Given the increasing incidence of this condition as an 

age-dependent disease, as well as the potential for complications such as stroke and heart failure, 

AF poses a significant public healthcare burden associated with elevated costs incurred from AF-

related hospitalizations, treatment, and medications.  

The overall aims in the management of AF are to treat the potential underlying conditions 

associated with this arrhythmia, reduce the risk of stroke through appropriate oral 

anticoagulation (OAC) therapy, and reduce the burden of symptoms by either striving to 

maintain sinus rhythm (SR) or control the ventricular rate (VR) which is often elevated in the 

setting of AF. Although restoration and maintenance of sinus rhythm with antiarrhythmic drug 

(AAD) therapy has been shown to alleviate symptoms and improve exercise capacity [5], these 

medications have only modest efficacy in achieving long-term success, have not shown to result 

in a mortality benefit, are frequently not tolerated, and have associated adverse side effects [6]. 

This has led to an increased interest in the catheter ablation (CA) procedure, which aims to 

electrically isolate potential triggers as well as modify the substrate that develops in the atria 

over time and elicits AF. In paroxysmal AF, the vast majority of these triggers originate from the 
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pulmonary veins (PV’s) and are therefore, generally the targets for CA of AF. In AF, persistent 

triggers can also be targeted but often electrical isolation of the PV’s alone is insufficient and 

further ablation targeting other potential triggers or the underlying substrate is required.  CA is 

therefore, the current recommendation for the treatment of symptomatic AF where medications 

are either ineffective, not tolerated or in cases of patient preference. [7]. Despite the increasing 

volume of CA being performed, it is important to gain further data regarding its potential 

benefits over medical therapy. In the largest prospective trial to date, CA for AF in the setting of 

heart failure (HF) was found to be superior to medical therapy in a composite end point of death 

from any cause or HF-related hospitalizations [8]. While the safety and increasing efficacy of AF 

ablation continues to be demonstrated, there has been clear evidence to correlate catheter-based 

strategies with symptom reduction, functional improvements, and enhanced quality of life (QoL) 

[9]. Nonetheless, it remains to be determined whether these improvements correlate to higher 

levels of physical activity and subsequently improved exercise capacity.  

 

1.2 Relevant clinical evidence   

There is overwhelming evidence to suggest that a patient’s physical activity plays a significant 

role in predicting the risk of AF. Accordingly, light to moderate physical activity, specifically 

leisure-time activity and walking, has been associated with significantly lower AF incidence, 

particularly in the older population. In a cohort of Norwegian patients, moderate activity was 

associated with a 19% lower risk of any AF [HR 0.81, 95% confidence interval (CI) 0.68-0.96] 

as compared to low physical activity [10]. Additionally, in the largest prospective study 

investigating associations of walking habits and leisure-time activity with incident AF, one 

fourth of new cases of all new-onset cases of AF were attributable to the absence of moderate 

physical activity [11]. Nevertheless, the relation between physical activity and AF remains 
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inconclusive, with some studies suggesting that regular exercise does not appear to contribute to 

the risk of AF especially among non-athletes [12].  

To date, few studies have prospectively established a correlation between CA and improvements 

in physical and psychological well-being amongst patients with symptomatic AF. In the limited 

research that has been conducted, results have demonstrated that physical and mental functioning 

scores reached levels of the general population in those receiving successful treatment with 

catheter ablation [13,14]. Yet, these studies utilized general self-report tools, which may be 

prone to measurement error and reporting biases, and are observational in nature, excluding 

reliable measures of physical activity. Conversely, accelerometer-measured physical activity 

provides an accessible and cost-effective method for improving the accuracy of measuring 

overall physical activity levels. This could enhance measurements of habitual light intensity 

activity, which is a prominent domain in the lives of the elderly and especially difficult to assess 

through questionnaires.  

 

1.3 Goal of the current study   

Physical exercise in patients with AF has previously led to improvements in frequency control, 

lower risk of AF recurrence post-ablation, and increased quality of life [15]. Therefore, the 

purpose of the current study was to assess the impact of catheter ablation on physical activity 

levels, and subsequently, correlate changes in exercise intensity and volume to overall changes in 

health-related quality of life (HRQoL) and burden of arrhythmia. These results may provide 

further support for the use of a catheter-based strategy as first-line treatment for patients with 

symptomatic atrial fibrillation. These results may also support the need for lifestyle strategies, 

such as daily exercise, to prevent the development and slow progression of AF. 



 - 4 - 

CHAPTER 2: LITERATURE REVIEW 
 
 

2.1 Definition and diagnosis  

Cardiac arrhythmias, including atrial fibrillation (AF), syncope, and other heart disturbances, 

affect millions of Canadians each year and are projected to be the leading cause of mortality by 

2020 [16]. AF is the most common sustained cardiac rhythm disorder encountered in clinical 

practice with an increasing prevalence according to advancing age. AF alone affects 

approximately 5% of all individuals older than 65 years and nearly 10% of those aged older than 

80 years [17], and often coexists with common cardiovascular conditions, such as hypertension 

(HTN), heart failure, diabetes mellitus (DM), and coronary artery disease (CAD). Accordingly, 

AF also confers a substantial morbidity from stroke, thromboembolism, and impaired quality of 

life (QoL) [18].  

In normal sinus rhythm (SR), spontaneous depolarization of the sinus node is followed by 

propagation of electrical activation through the right atrium and across the intra-atrial septum, 

Bachmann’s Bundle and the coronary sinus to the left atrium (LA). These impulses then 

penetrate the AV junction into the His bundle followed by the Purkinje network where activation 

of the ventricles occurs from the endocardium to the epicardium. A resting sinus rate of 60-80 is 

considered to be normal [19]. However, in AF, high frequency excitation of the atria causes them 

to mechanically fibrillate (rapid and uncoordinated activity) and results in dyssynchronous atrial 

contraction. In AF, the atria contract rapidly and irregularly at rates of 400 to 600 beats per 

minute. The AV junction has a refractory period during which conduction from the atria is 

unable to conduct to the ventricles, causing ventricular rates to be significantly slower than the 

atrial rate, as well as irregular.  
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The prevailing hypothesis of AF genesis is that rapid electrical triggers initiate the arrhythmia, 

which is then sustained as a result of multiple re-entry circuits often referred to as rotors. These 

rotors continue to propagate in the appropriate atrial substrate.  

The relative importance of the initial triggers may decrease as the AF substrate progresses and 

becomes more sustained [20]. AF is associated with a significant increase in the risk of stroke 

due to the irregular contraction of the atria with thrombus formation often, but not exclusively, in 

the left atrial appendage (LAA) [21]. AF may also promote a prothrombotic state as a result of 

endothelial dysfunction and the expression of prothrombotic factors on the atrial endothelial 

surface. The most common risk factors associated with AF include HTN, CAD, and valvular 

heart disease. Metabolic causes of AF include thyroid dysfunction and DM, while modifiable 

risk factors related to lifestyle include obesity, excessive alcohol consumption, and obstructive 

sleep apnea (OSA). AF is oftentimes observed in the acute setting in post-operative patients, 

those who have infection, or in association with pulmonary embolism, pericarditis, and 

myocarditis. AF may also occur in association with other supraventricular arrhythmias, including 

atrioventricular (AV) nodal re-entry tachycardia, AV re-entry tachycardia, and atrial flutter 

(AFL). Less commonly, triggers related to autonomic, familial (particularly Brugada syndrome), 

and inflammatory causes may initiate AF [22]. Cardiovascular and metabolic risk factors, 

lifestyle factors, and secondary causes of AF are summarized in Table 1.    

 

Table 1. Etiology of atrial fibrillation  

Non-modifiable risk factors  
i. Aging  

ii. Familial history (i.e. Brugada Syndrome)   

iii. History of heart disease  
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Modifiable risk factors  
i. Cardiovascular  

• HTN, CAD, valvular heart disease  

ii. Metabolic  

• Thyroid dysfunction, DM, obesity, OSA  

iii. Lifestyle  

• Excessive alcohol consumption  

Other  
i. Acute Reversible   

• Post-operative, infection, pericarditis, myocarditis, pulmonary embolism    
 

2.2 Classification of atrial fibrillation   

Table 2. Classification of AF by type and duration  

Type of AF Definition 
First diagnosis of AF New diagnosis of AF; irrespective of duration of arrhythmia or 

presence and severity of symptoms related to AF 
Paroxysmal AF Heart changes from sinus rhythm to AF for episodes lasting anywhere 

from seconds to days; most episodes terminate spontaneously19 

Persistent AF  Episodes do not stop spontaneously, but SR can be restored by 
medical intervention either in the form of medication or procedure 
(direct current (DC) cardioversion, CA)19 

Long-standing persistent AF  Continuous AF present ≥1 year22 and previously designated as 
permanent. As AF progresses towards long-standing persistent AF, the 
heart is susceptible to cardiac remodeling through initial molecular 
adaptations, which progress towards functional adaptations. Any 
persistent change in function or structure can maintain AF by 
promoting ectopic activity and re-entry circuits – “AF begets AF”  

Permanent AF Present at all times and restoring SR is either not achievable by 
traditional means or considered inappropriate19 

 

2.3 Epidemiology of atrial fibrillation   

The development and maintenance of AF depends on a number of risk factors, deemed 

unmodifiable and modifiable. Unmodifiable risk factors include genetics, age, sex, and race. 

Previously, rare familial forms of AF have been identified with loci mapped to 10q22-24 [23], 
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6q14-16 [24], and 11p15-5 [25]. Subsequent population-based studies demonstrated that family 

history was strongly correlated with a 40% increased risk of first-degree relatives developing AF 

[26]. However, advancing age remains the most prominent risk factor for the progression of AF. 

Additionally, there is emerging evidence to suggest that the epidemiology of AF differs between 

men and women. In North American and European populations, the age-adjusted incidence of 

AF is higher in men as compared to women. The Olmsted County Minnesota Study [27] and the 

Rotterdam Study [28] reported the AF incidence (per 1,000 person-years) in men to be 4.7 and 

11.5, respectively, compared to 2.7 and 8.9 in women. Finally, understanding the racial and 

ethnic differences in AF prevalence and pathophysiology have focused on racial and ethnic 

differences amongst varying patient populations. Numerous studies have demonstrated that AF is 

less prevalent in individuals of African as compared to European ancestry [28]. Although the 

prevalence of AF varies among different ethnic populations, epidemiological studies have 

consistently found a step-wise increase in the prevalence of AF with advancing age.   

 

2.3.1 Prevalence and lifetime risk of developing atrial fibrillation  

The prevalence of AF is increasing worldwide, resulting in a cardiovascular “epidemic”. The rise 

in the prevalence of AF can be predominantly attributed to aging of the population and a higher 

incidence of cardiovascular disease, globally. A systematic review of worldwide population-

based studies estimated that the number of individuals affected with AF in 2010 was 33.5 

million. However, the prevalence of AF may be underestimated because a significant number of 

patients are asymptomatic. It is projected that the aging of the population will result in a 2.5-fold 

rise in the prevalence of AF by 2050 [29].  
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Several long-term population-based studies have provided insight into the lifetime risk of 

developing AF. The Framingham, Massachusetts, population cohort [30], followed 5,209 

subjects free of cardiovascular disease at entry, between ages 28 and 62. With up to 38 years of 

follow-up in 2,090 men and 2,641 women, 264 men and 298 women developed AF. In the same 

study, the prevalence rose from 0.5% in the age group 50 to 60 years to 8.8% in subjects 80 

years or older.  

 

2.4 Management of atrial fibrillation   

The management of patients with AF includes three objectives: the identification and 

management of modifiable risk factors, the use of oral anticoagulation therapy (OAC) to reduce 

the risk of stroke and thromboembolic events, and ventricular rate (VR) control using 

pharmacological agents. According to the latest guidelines [31], the management of AF is 

centred on symptomatic improvement, as well as a reduction in morbidity and mortality. 

Symptom reduction and alleviation is accomplished either by either AV nodal blocking agents 

such as beta-blockers and calcium channel blockers or rhythm control through electrical 

cardioversion, antiarrhythmic drug (AAD) therapy, or invasive CA.  

While VR control may be very effective in some individuals, a significant proportion of patients 

remain symptomatic. VR controlling drugs are also associated with a range of potential side 

effects including fatigue, reduced exercise tolerance, impotence, depression and hypotension. 

Conversely, restoration and maintenance of sinus rhythm with AAD therapy has been shown to 

reduce the severity, frequency, and duration of AF-related symptoms. Despite this, the 

widespread use of these medications is limited by having modest efficacy at maintaining SR over 

the long-term and are associated with serious side effects, proarrhythmia, and long-term drug 
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toxicities. This can limit their long-term use, especially in younger patients. Therefore, rhythm 

control may also be achieved using catheter-based strategies designed to introduce lesions that 

ablate AF triggers and modify atrial substrates. CA is recommended for patients in cases where 

medication is either ineffective or not tolerated or in keeping with patient preference for the 

management of both paroxysmal and persistent AF [31].  

 

2.4.1 Oral anticoagulation therapy  

Systemic embolization, particularly ischemic stroke, is the most frequent complication 

associated with AF. For patients with a history of AF not receiving OAC therapy, the risk of 

stroke is five times higher compared to the general population [2].  

The administration of OAC is largely based on stroke risk stratifying scores, which is most 

commonly estimated using the CHA2DS2-VASc score [32] or the Canadian CHADS-65 risk 

scoring system. As shown in Figure 1, the CHADS-65, or Canadian Cardiovascular Society 

Algorithm, recommends OAC for patients 65 years or older provided there is no 

contraindication. For those <65 years with a history of thrombo-embolism, hypertension, CHF or 

DM, OAC is recommended. In the absence of these conditions, but with CAD or peripheral 

vascular disease, aspirin 81mg once daily is recommended. In patients who do not meet any of 

these criteria, no antithrombotic therapy is recommended.  

 

 

 

 

 ‡ NOAC preferred over 
warfarin for non-valvular AF 

 

Age ≥65 
YES 

OAC Therapy ‡    

Stroke/TIA/peripheral embolism 
or HTN or CHF or DM (CHADS2 

risk factors)  

NO 
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TIA=transient ischemic attack; HTN=hypertension; CHF=congestive heart failure; DM=diabetes 
mellitus; ASA=aspirin; OAC=oral anticoagulant  
 
Figure adapted from Canadian Cardiovascular Society Guidelines (CJC 2016. 32;1170-1185)  
 

Figure 1. Simplified CHADS-65 Scoring System for recommending OAC therapy in AF/AFL  

 

The CHA2DS2-VASc scoring system (Table 3) is derived from the original CHADS2 score, with 

a greater emphasis on age, female gender, and existing comorbidities (DM, prior MI, or 

peripheral vascular disease) [22]. Current guidelines [5] recommend that OAC is considered in 

patients with a CHA2DS2-VASc ≥2 (Class I Indication, Level of Evidence B) with either 

Coumadin (warfarin) or a direct oral anticoagulant (DOAC). In patients with a CHA2DS2-VASc 

≥1, OAC, aspirin or no antithrombotic therapy may be considered (Class IIb Indication, Level of 

Evidence C). For patients with a score of 0, no antithrombotic therapy is typically recommended 

[22]. Although the CHA2DS2-VASc score has been shown to be more sensitive in predicting low 

event rates in low-risk populations, it has only proven modest efficacy in its positive predictive 

value with an estimated area of 0.6 under the receiver-operating characteristic curve [22].  

 

 

CAD or Arterial vascular 
disease (coronary, aortic, 

peripheral)  

YES 
ASA  

NO 

No antithrombotic therapy 
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Table 3. CHA2DS2-VASc scoring system and adjusted annual stroke rate  

Risk factor         Score  CHA2DS2-VASc Score  Adjusted stroke rate 

(%/year) 

C – Congestive Heart 

Failure  

1 0 0 

H – Hypertension  1 1 1.3 

A – Age ≥75 years  2 2 2.2 

D – Diabetes Mellitus  1 3 3.2 

S2 – Prior stroke/TIA  2 4 4 

V – Vascular disease 1 5 6.7 

A – Age 65-74 years  1 6 9.8 

S2 – Sex (female)  1 7 9.6 

  8 6.7 

Maximum Score 9 9 15.2  

 

On the contrary, one of the most potentially serious side effects of OAC is bleeding. The 1-year 

risk of major bleeding (defined as bleeding resulting in hospitalization, intracranial bleeding, the 

need for a blood transfusion or a drop in hemoglobin of greater than 2 g/L) can be calculated 

using the HAS-BLED score. The maximum score is 9 with a score ≥3 indicative of a high 

bleeding risk where increased caution and regular review should be performed. Of note, several 

factors associated with a higher HASBLED score also confer a higher stroke risk. This scoring 

system should not be used solely to exclude using OAC, but should be critical in highlighting 
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patients at a higher risk of bleeding and to modify any controllable risk factors. The components 

of the scoring system are outlined in Table 4.  

 

Table 4.  Bleeding risk stratification with the HAS-BLED scoring schema 

HAS-BLED Score  

 

Hypertension 

 
• Uncontrolled systolic 

blood pressure >160 mm 
Hg 

 

1  

Abnormal renal or liver 
function 

• Serum creatinine >200 
mmol/L, need for long 
term dialysis or history of 
a renal transplant. 

• Abnormal liver function is 
defined as an elevation of 
transaminases greater than 
3 times the upper limit of 
normal or a history of 
chronic liver disease 

 

1 or 2  

Stroke  • History of stroke 1 

Bleeding  • Prior episodes of bleeding 1 

Labile INR:  • In the therapeutic range  
<60% of the time. 

1 

Elderly  • >65 years of age 1 

Drugs or alcohol • The use of non-steroidal 
anti-inflammatory or 
antiplatelet agents 

1 

                                      9 

Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJGM, Lip GYH. A novel user-friendly score (HAS-
BLED) to assess one year risk of major bleeding in atrial fibrillation patients: The Euro Heart 
Survey. Chest 2010;138:1093-100 
 

Anticoagulation can be achieved through the inhibition of various coagulation factors including 

function vitamin K-dependent factors II (prothrombin), VII, IX, and X. The development of a 
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new class of anticoagulants, known as direct-acting oral anticoagulants (DOACs), allow for 

long-term anticoagulation without the need for therapeutic monitoring as seen with warfarin. 

These anticoagulants include dabigatran, rivaroxaban, edoxaban, and apixaban, and target the 

latter steps of the coagulation cascade, permitting blocking of both intrinsic (plasma) and 

extrinsic (tissue) pathways. The three major globally available factor Xa inhibitors are edoxaban, 

rivaroxaban and apixaban. The most commonly used direct thrombin inhibitor, dabigatran, binds 

to both soluble and fibrin-bound thrombin. In specific patients with contraindications for long-

term OAC therapy, interventional left atrial appendage (LAA) occlusion may be considered as a 

treatment strategy [33]. 

 

2.4.2 Rate control 

Many patients who present with symptomatic AF require rate controlling drugs in order to 

reduce AF-related symptoms and diminish the potential risk of developing a tachycardia-related 

impairment of LV function. Rate control involves the use of negatively chronotropic drugs or 

electrophysiological interventions (such as AV junctional modification and insertion of a 

permanent pacemaker) to reduce the rapid VR often found in patients with AF [34]. Patient-

specific characteristics are critical in determining the most appropriate initial treatment strategy 

through either rate or rhythm control.  

The Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) study [35] 

examined a total of 4060 patients with AF and observed a lower mortality rate at five-years in 

patients assigned rate-control therapy (21.3%) as compared to a rhythm-control approach 

(23.8%). More patients in the rhythm-control group were hospitalized in comparison to the rate-

control group, and there were more adverse drug effects in the rhythm-control group. Given 
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these results, this trial found that the management of AF with a rhythm-control strategy offers no 

survival advantage over the rate-control strategy, with additional benefits seen in patients 

receiving a rate-control strategy such as a lower risk of adverse drug effects. The RAte Control 

versus Electrical cardioversion (RACE) trial [36] and two pilot studies, Strategies of Treatment 

of Atrial Fibrillation (STAF) [37] and Pharmacological Intervention in Atrial Fibrillation (PIAF) 

[38], focused on patients exclusively with persistent AF and pursued an aggressive rhythm-

control strategy by means of serial cardioversions and AAD drug therapy. The RACE study 

reported a non-significant trend towards more end points in the rhythm-control arm (22.6% vs 

17.2%), whereby patients with a history of hypertension assigned to rhythm control had a 

markedly higher event rate compared with their counterparts in the rate-control arm (30.8% vs 

17.3%) [39]. In the Pharmacological Intervention in Atrial Fibrillation (PIAF) study, adoption of 

a rhythm-control strategy resulted in an improvement in exercise performance, but did not affect 

symptoms or quality of life, and was associated with an increased number of hospitalizations for 

repeat cardioversion and the adverse effects of AADs. However, a recently published nationwide 

cohort study compared treatment with rhythm to rate control in preventing major adverse 

cardiovascular events (MACE), including ischemic and hemorrhagic stroke and mortality [40], 

in patients with AF. During a long-term follow-up period of 6.3 ± 3.7-years, the overall stroke 

rate was lower using rhythm control as compared to when a rate control therapy (adjusted HR: 

0.68, 95% CI 0.53-0.87, p=0.002) was employed.  

 

2.4.3 Rhythm control  

Restoration and maintenance of SR through the use of electrical cardioversion, AAD therapy, AF 

ablation, or surgical procedure, is indicated in patients with AF with refractory symptoms or in 
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those with whom adequate heart rate control cannot be achieved. Rhythm control is defined as 

acute restoration and maintenance of SR in patients with AF. The decision to pursue a rhythm 

control strategy is based on several clinical considerations including patient symptoms, the type 

of AF, patient comorbidities, general health status, and anticoagulation status. AAD therapy 

(propafenone, flecainide, quinidine, amiodarone, dronedarone) is generally recommended as a 

first-line therapy and specific drug selection is determined on the basis of the presence of 

absence of structural heart disease or HF, electrocardiographical parameters (such as the QTc 

interval), renal dysfunction, and other cardiovascular comorbidities [40]. In patients with HF, 

amiodarone is the preferred available pharmacological agent for achieving and maintaining SR 

[31]. Some AADs are, however, associated with adverse side effects, including proarrhythmia 

and long-term drug toxicities [41].  

Rhythm control strategies may also require the appropriate antithrombotic treatment to reduce 

the risk of stroke and thromboembolism. In patients with persisting symptoms despite adequate 

medical therapy, CA has been shown to substantially reduce recurrent AF, decrease symptoms, 

and improve quality of life [40]. Due to the increasing safety and efficacy of the procedure, 

particularly in patients with paroxysmal AF, CA has been compared to AAD therapy and proven 

to be more effective in maintaining SR [42-45]. A post-hoc on-treatment analysis of the 

AFFIRM study demonstrated that the presence of SR was associated with a significant reduction 

in mortality, whereas the use of AADs increased mortality by 49% [46]. Additionally, in the 

recently published Catheter Ablation for Atrial Fibrillation with Heart Failure (CASTLE-AF) 

trial, catheter ablation for AF in patients with HF was associated with a significant reduction in 

mortality and hospitalization associated with HF, albeit the mortality benefit of ablation did not 

emerge until after 3 years [47]. In the largest, randomized trial of HF patients with AF 
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undergoing ablation, the Catheter Ablation vs ANtiarrhythmic Drug Therapy in Atrial 

Fibrillation (CABANA) trial [48], ablation produced a significant reduction in all-cause 

mortality when compared to drug therapy.   

  

2.5 Catheter ablation of atrial fibrillation  

In patients with paroxysmal AF, CA is concentrated on eliminating AF triggers, which originate 

within the pulmonary veins (PVs) in 80-94% of AF patients [49]. Less commonly, non-PV 

triggers, predominantly located in the superior vena cava, coronary sinus, crista terminalis, right 

atrial appendage or LAA [50] are targeted for ablation in cases of repeat procedures where the 

PVs have remained isolated. However, there is little evidence to support the benefit of routine 

ablation beyond pulmonary vein isolation (PVI) in the absence of documented extrapulmonary 

triggers or coexisting atrial tachyarrhythmias in patients undergoing an initial ablation. As shown 

in Figure 5, circumferential PVI, with confirmation of both entrance and exit block, remains the 

cornerstone of this procedure. Indeed, while PVI can be achieved in a significant proportion of 

patients with paroxysmal AF with a 60-80% clinical success rate [51], results remain suboptimal 

in patients with persistent and long-standing persistent AF who are often refractory to catheter 

ablation or require multiple repeat procedures.  

The pathogenesis of persistent AF is complex and cannot be characterized by the same markers 

of paroxysmal AF (anisotropic conduction, autonomic innervation of the heart, embryogenesis of 

thoracic veins and interspersion of inhomogeneous tissue). In patients with persistent AF, the 

atrial substrate is complicated by atrial wavelets, multiple macro-re-entry circuits, and localized 

sources [52,53], leading to suboptimal procedural outcomes [54].  
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2.5.1 Patient selection  

Catheter ablation of symptomatic AF is recommended for patients in cases where medication is 

either ineffective or not tolerated or in keeping with patient preference for the management of 

both paroxysmal (Class I, Level of evidence A) and persistent (Class IIa, Level of evidence C) 

AF [31]. However, the success of catheter ablation is limited and depends largely on patient 

characteristics [55]. Patients with paroxysmal AF have higher rates of success than those with 

persistent or longstanding persistent AF, but symptom alleviation and quality of life 

improvements have been demonstrated in each group. Less commonly, a catheter-based 

approach may be indicated as first-line therapy in specific patients who refuse AAD therapy or 

who have occupations that preclude long-term anticoagulation. A preoperative assessment 

includes a thorough past medical history (prior procedures, open heart surgery, congenital heart 

disease) and physical examination. An absolute contraindication to CA includes the presence of 

LA thrombus, detected through a routine transesophageal echocardiogram, or the inability to 

tolerate anticoagulation [56]. Patients with active bleeding or a history of bleeding diathesis have 

a relative contraindication for AF ablation. Previously, an age greater than 50 years has been 

found to independently predict post-procedural AF recurrence [57]. However, several studies 

have showed that ablation in older patients is safe and effective [58-59].  

 

2.5.2 Techniques  

PVI remains the cornerstone of treatment for both paroxysmal and persistent AF. Results from 

the recently published Alster-Lost-AF Study [60] have demonstrated no clinical benefit of a 

combined approach of PVI plus additional substrate modification through the use of complex 

fractionated atrial electrograms (CFAE) ablation and linear ablation over standalone PVI. CFAE 
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are most often defined as continuous atrial activity, complex fractionated potentials or low 

voltage electrograms with a short cycle length of less than 120 milliseconds over a 10-second 

period. 

The two most commonly used energy sources used for catheter-based treatment include 

radiofrequency (RF) applied in a point-by-point fashion and cryogenic energy applied with a 

balloon in a single-step technique. In RF ablation, the main mechanism of lesion formation is by 

resistive heating, while during cryoablation, tissue cooling is achieved by delivery of a 

refrigerant through an infusion channel to an evaporation chamber in the thermally conductive 

catheter tip.  

Large, randomized trials, such as the Cryobaloon or Radiofrequency Ablation for Paroxysmal 

Atrial Fibrillation (FIRE AND ICE) trial, have demonstrated comparative efficacy and safety 

outcomes between the two energy sources and hence, validate the use of cryoablation as an 

alternative to conventional RF ablation for the treatment of paroxysmal AF [62]. Other energy 

modalities include microwave, high-intensity focused ultrasound and direct current (DC) 

electroporation.  

Despite the clinical success rates of AF ablation, particularly in patients with paroxysmal AF, the 

risk of significant procedural complications is approximately 2.9% [63]. The most common 

complication is vascular, occurring in approximately 1% of patients undergoing ablation and 

largely related to groin hematoma and less commonly, femoral pseudoaneurysm formation. 

Albeit infrequent, significant complications may also include thrombo-embolism (0.6%), cardiac 

tamponnade (1%), clinically significant PV stenosis 0.5%, phrenic nerve palsy (<1%) and atrio-

esophageal fistula formation (<0.1%). The overall mortality is 0.06%.  
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2.5.3 Post-procedural outcomes  

Recurrences of AF or atrial tachycardia (AT) may occur after ablation, requiring patients to 

undergo multiple procedures in order to obtain a durable result. AT may occur as a result of the 

ablation itself, in which regions of incomplete block result in slow conduction and a potential for 

re-entry circuits.  

Early episodes of recurrence may occur during the first 3-months following ablation due to 

short-term inflammation, maturation of lesions, and transient autonomic imbalance [64,65]. This 

period is adequately termed the “blanking period” and any recurrence of arrhythmia beyond the 

initial three months are “late” and likely due to PV reconnection [66]. Predictors of late 

recurrence include persistent AF [66] and body mass index (BMI) at presentation [67]. Patient 

age, presence of coexisting comorbidities, and left atrial size may also influence the outcome of 

ablation [66,68]. In symptomatic patients, recurrences of AF or AT may warrant repeat 

procedures or continued or reinitiated AAD therapy [51].  

 

2.6 Physical activity and cardiovascular disease   

Physical activity includes activities such as work-related physical activity, performing household 

chores, transportation, and engaging in recreational pursuits [69]. Physical activity levels can be 

measured objectively as body movement, such as total number of steps taken, swimming, and 

cycling. Suboptimal levels of physical activity are a leading risk factor for mortality worldwide. 

Thus, routine exercise has been implicated in cardiovascular and musculoskeletal health, having 

shown to be associated with cardioprotective effects and benefits in vasculopathic diseases [70].  

Notably, habitual physical activity has been associated with partial protection against primary or 

secondary events of congestive heart disease and an overall decreased risk of sudden cardiac 
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death [71]. In a large cohort of 130,843 participants from 17 countries, those meeting physical 

activity recommendations of at least 150 minutes of moderate activity each week had a 28% 

lower hazard ratio (HR) of mortality compared with a 22% lower risk ratio (RR) [72]. One 

proposed explanation through which physical activity may lower cardiovascular disease risk is 

by improving the physiology and biochemical functions of blood vessels and having anti-

inflammatory effects associated with decreases in pro-inflammatory markers C-reactive protein 

(CRP) and interleukin-6 (IL-6) [73].  

 

2.6.1 Exercise and atrial fibrillation  

Light to moderate physical activity, specifically leisure-time activity and walking, has been 

associated with significantly lower AF incidence, particularly in the older population. In a cohort 

of Norwegian patients, moderate activity was associated with a 19% lower risk of any AF [HR 

0.81, 95% confidence interval (CI) 0.68-0.96] as compared to low physical activity [74]. 

Additionally, in the largest prospective study investigating associations of walking habits and 

leisure-time activity with incident AF, one fourth of new cases of all new-onset cases of AF were 

attributable to the absence of moderate physical activity [75]. In the most recent meta-analysis 

concerning health benefits of physical activity for patients with all types of AF, regular exercise 

led to improvements in frequency control and quality of life (QoL) and lower risks of AF-relapse 

after CA [76]. Therefore, exercise training has been identified as a safer method of treating and 

managing AF progression due to its association with reversion to SR [77] and increased success 

following cardioversion [78]. In AF, exercise training is believed to reduce sympathetic control 

of heart rate and increase parasympathetic activity to the heart, resulting in lowered heart rates 

both at rest and during exercise [79,80].  
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2.6.2 Catheter ablation and exercise capacity    

Catheter ablation provides an effective and powerful treatment to restore SR and reduce 

recurrent AF without requiring long-term medication, and with synergistic effects in addition to 

AADs [81]. Several studies have reported haemodynamic and functional improvements 

following catheter ablation in patients with long-standing persistent AF. One study described a 

significant rise in the left ventricular ejection fraction (LVEF) of patients with persistent AF who 

had a baseline value ≤45% [82]. Another study demonstrated a decrease of an elevated brain 

natriuretic peptide (BNP) to within-normal limits after successful CA of persistent or permanent 

AF with substantial LA enlargement [83]. In this study, BNP secretion was associated with 

significant relief from ventricular volume and pressure overload which results from AF-related 

alterations in haemodynamic functioning. Nonetheless, exercise capacity remains the least 

explored variable in symptomatic patients undergoing ablation.  

Previously, CA for persistent AF has been shown to contribute to improvements in exercise 

tolerance through the restoration and maintenance of SR. Indeed, the role of SR in mediating LV 

performance and exercise capacity has specifically been found to be an independent predictor of 

improvement even after adjustment. Early studies have also demonstrated improved exercise 

tolerance with AF ablation in patients with HR. The PABA-CHF pilot trial [84] revealed that 

when compared to atrioventricular-node ablation with biventricular pacing, PVI resulted in 

greater improvements in exercise tolerance, ejection, and symptoms amongst patients with AF 

and severe HF. Similar results are lacking in those with symptomatic paroxysmal AF and have 

yet to be replicated systematically in patients with persistent AF.    
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2.7 Quality of life  

The concept of QoL, which first emerged in the late 1940s, is defined by the Food and Drug 

Administration (FDA) as a general concept that evaluates the effects of all aspects of life on 

general well-being [85]. Assessment of QoL has been used in a variety of healthcare 

applications: to screen for psychological morbidity, to prioritize patients for different treatment 

regimens, to determine the adequate choice of treatment, to monitor patients’ progress, and as an 

outcome measure in research trials [86].  

With respect to health-related QoL (HRQoL), evaluation focuses on multiple domains that 

comprehensively measure symptoms and functional limitations [87]. HRQoL is measured using 

self-report questionnaires, which are either generic or disease-specific. For instance, the 36-Item 

Short Form Survey (SF-36) is a validated set of generic QoL measures which compares physical 

functioning, role physical bodily pain, general health, vitality, social functioning, role emotional, 

and mental health across different patient populations [88]. However, these questionnaires 

typically lack specificity in explicit patient populations and disease-specific instruments are used 

to mitigate these discrepancies. In clinical trials, AF-specific HrQoL questionnaires have greater 

statistical power than generic instruments in terms of discriminating between patients with AF 

recurrence and arrhythmia-free patients.  

 

2.7.1 Quality of life in atrial fibrillation   

QoL is particularly relevant to the treatment of chronic conditions, such as AF. Patients with AF 

experience impairments in HRQoL compared to the general population, healthy controls, and 

patients with coronary artery disease [89, 39]. A reduced HRQoL may be related to disabling 

symptoms and potentially life-threatening complications associated with AF maintenance and 
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progression. In addition to symptoms, co-existing comorbidities, treatment side effects (drugs, 

interventions, surgery), and general anxiety associated with AF, may also negatively impact 

HRQoL in these patients [90].  

In general, elderly patients, females, and those with co-morbidities (obesity, valvular heart 

disease, and chronic pulmonary disease) report lower HRQoL in relation to AF [91]. Both the 

FDA and the European Heart Rhythm association (EHRA) recommend the use of a 

comprehensive, validated AF-specific questionnaire to measure HRQoL [85, 92]. However, one-

third of patients with AF who do not display overt symptoms (asymptomatic) and are not aware 

of their condition will report a lower QoL than their counterparts in sinus rhythm [86].  

While QoL is a global construct that includes domains such as quality of housing and 

professional satisfaction, HRQoL is narrower in scope and can be conceptualized as an 

accumulation of multiple factors (Figure 2), which are in turn, influenced by patient beliefs, 

experiences, and expectations. Therefore, an all-encompassing tool for the reliable assessment of 

AF on patients QoL is warranted. The Atrial Fibrillation Effect on QualiTy-of-life (AFEQT) 

Questionnaire [93] is a validated, 20-item disease-specific questionnaire used to measure 

patients’ perceptions of their symptoms, functional impairment, treatment concerns, and 

treatment satisfaction on a 7-point Likert scale ranging from most severe limitations to no 

limitations. It is through these assessment tools that the degree of disease-related impairment at 

baseline and subsequent improvements in well-being resulting from therapeutic intervention can 

be effectively determined.   
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Figure modified from “Quality of life in patients with atrial fibrillation: how to assess it and how to 
improve it” Aliot, E. Botto, GL, Crijns HJ, et al. EP Europace. (2014). 16(6):787-796.  
 

Figure 2. Quality of life in atrial fibrillation as a multidimensional construct 

 

2.7.2 Catheter ablation and QoL  

CA for the treatment of highly symptomatic AF has been shown to lead to significant 

improvements in QoL when assessed using the SF-36 [94-96]. Irrespective of procedural 

outcome, even unsuccessful PVI has been shown to improve QoL on one-half of the SF-36 

subscales [95]. These results may be explained by the transformation from symptomatic to 

asymptomatic AF, reduction in overall AF burden, or placebo effect.  

When compared to medical treatment, patients with AF treated with a catheter-based approach 

experienced improvements in general health, with physical and psychological well-being scores 
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comparable to that of the general population [14]. In one study of patients randomized to either 

PV ablation or AAD therapy, significant improvements in symptom severity, physical composite 

scores, and mental health composite scores were observed in both groups, however markedly 

increased in the ablation group [97]. Notably, while the largest magnitude of improvement was 

observed between baseline and day 91, the benefit was maintained at day 365 where the physical 

and mental component summary scores were significantly higher in those undergoing ablation. 

Similarly, significant changes in HRQoL have been observed after ablation of more persistent 

forms of AF. In the prospective, randomized trial of Catheter Ablation versus Medical Treatment 

of Atrial Fibrillation in heart failure (CAMTAF trial) examining the effects of a catheter-based 

strategy with that of medical rate control in patients with persistent AF, symptomatic HF and an 

LVEF of <50% [98], ablation was associated with an improved HRQoL as measured by the 

Minnesota living with HF questionnaire and SF-36 score. In subsequent trials, similar 

improvements in HRQoL following ablative therapy in patients with symptomatic AF have been 

observed to be sustained in the long-term (2 years) [99]. In accordance with consensus reports on 

AF ablation indicating “the primary indication of catheter ablation is to reduce patient symptoms 

and improve QOL” [51], positive assessments of HRQoL post-ablation strengthens the use of 

this strategy in effectively managing different patient populations.  
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CHAPTER 3: MATERIALS AND METHODS 
 
 

3.1 Aims and objectives 

The primary aim of this study was to assess the impact of CA on physical activity levels in 

patients with symptomatic paroxysmal and persistent AF. Secondary objectives included: 1) To 

assess the effect of successful ablation and maintenance of SR on volume and intensity of 

exercise and HRQoL at 3-months follow-up 2) To correlate echocardiographic and 

electrocardiographic parameters to changes in HRQoL at 3-months follow-up 3) To examine 

differences in post-procedural outcomes for patients with paroxysmal versus persistent AF 4) To 

examine whether synergistic therapy with AADs post-ablation led to enhanced HRQoL at 

follow-up.   

 

Outcome Measures:  

Primary Endpoint:  

• Improvement in exercise volume and intensity (total number of steps, relationship 

between VR and exercise volume, exercise intensity: MVPA) recorded over a 7-day 

period 3-months prior compared to 3-months post-ablation  

Secondary Endpoints:  

• Positive mean change in HRQoL Scores from baseline according to the AF QoL 

(AFEQT) questionnaire  

• Overall reduction in symptom burden and medication use at 3-months follow-up  

• Freedom from AF recurrence at 3-months as documented by 48-hour Holter recording  
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3.2 Hypotheses  

The main hypothesis of this study was that patients’ levels of physical activity and subsequently, 

exercise capacity will increase as their symptom burden decreased and their medications were 

subsequently reduced or withdrawn. Post-procedural outcomes including electrocardiographic 

and echocardiographic correlates, psychological well-being (HRQoL), and overall burden of AF, 

were also expected to improve. With respect to the use of AAD therapy, it was hypothesized that 

patients receiving AAD therapy at 3-months post-ablation would experience further 

improvements in all assessment categories as compared to treatment with CA alone.  

 

3.3 Inclusion and exclusion criteria  

Inclusion criteria: 

• Male or female > 18 years of age 

• Scheduled to undergo catheter ablation for symptomatic paroxysmal or persistent AF 

• Literate in English 

• Ability to provide fully informed consent 

Exclusion criteria:  

• Enrollment in a concurrent investigational drug or device trial 

• The presence of any condition including but not limited to musculoskeletal and 

neurological conditions which may preclude the individual from performing physical 

activity  

 

3.4 Methodology   

 

3.4.1 Definitions  
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AF type was defined as paroxysmal or persistent according to the recommendations of the 2016 

ESC Guidelines [5]. Arrhythmia recurrence was defined as an electrocardiographically 

documented episode of AF or atrial arrhythmia (AF/AFL, AT) lasting at least 30 seconds, but 

excluding cavotricuspid isthmus-dependent flutter. A 3-month blanking period immediately 

following the procedure was used to decipher procedural success from failure. Freedom from 

symptomatic AF in the absence of AAD therapy was assessed at the end of the 3-month blanking 

period following the ablation procedure. Recurrences of any atrial arrhythmia within the first 3-

months (blanking period) were classified as failure in the blanking period.  

According to the World Health Organization: WHO Guidelines [100], intensity of physical 

activity refers to the rate at which the activity is being performed or the magnitude of the effort 

required to perform the activity or exercise. Moderate-to-vigorous physical activity (MVPA) 

refers to the amount of time spent walking at a pace of 100 steps a minute. Physical activity is 

generally defined as any form of body movement that requires a substantial, metabolic demand. 

In this definition, physical activity encompasses activities including strenuous physical 

occupation, household activities, certain types of transportation (walking or cycling) and 

strenuous leisure activities.  

 

3.4.2 Study design  

This study has been reviewed for ethical compliance by the Queen’s University Health Sciences 

and Affiliated Teaching Hospitals Research Ethics Board (HSREB) (Appendix I). This trial was 

conducted in keeping with international quality standards which have been adopted by Health 

Canada. Patients aged 18-years or older awaiting a first-time or re-do catheter ablation for 

symptomatic paroxysmal or persistent AF were invited to partake in the study. Patients who were 
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enrolled in a concurrent investigational drug or device trial or reported significant comorbidities 

that would preclude the participant from taking part in the study were excluded. Following fully 

informed consent, patients were provided with the Piezo-RxD step counter (StepsCount, Deep 

River ON). The PiezoRxD is a medical grade physical activity monitor that uses step rates 

thresholds to determine time spent performing MVPA.  The PiezoRxD was instructed to be worn 

on the waistband, belt or bra and positioned level with the ground.  Data from the device was 

uploaded by the patient, a delegate, or study personnel via Bluetooth using a free Piezo 

iOS/Android app (user guide available at https://www.stepscount.com/wp-

content/uploads/PiezoRxD-User-Guide.pdf). Patients were able to access their activity data and 

record health information online at www.LogYourSteps.com. Study personnel was provided 

with administrative access to view data, which was uploaded by individual patients and 

subsequently, de-identified. PiezoRxD System Specifications are displayed in Appendix II.  A 7-

day assessment period was selected in order to limit day-to-day variability in habitual exercise 

and to provide a comprehensive evaluation of physical activity across patients with varying 

capabilities and preferences.  

At baseline clinical assessment, other parameters such as age, gender, AF type (paroxysmal, 

persistent, long-standing persistent), duration of AF, LA dimensions, past medical history, and 

medications were recorded for each patient. Concurrently, a 48-hour Holter was performed to 

record rhythm status and VR control. The AFEQT Questionnaire was also administered as a 

validated measure of HRQoL. The AFEQT survey (Appendix III) is designed to assess AF-

specific QOL across four domains of symptoms (four questions), daily activities (eight 

questions), treatment concerns (four questions), and treatment satisfaction (two questions). In 

order to minimize possible confounding by pre-existing conditions which may have affected 
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both propensity to physical activity and recurrence of AF, sensitivity analyses were performed to 

exclude individuals with potentially limiting symptoms (angina, significantly limited vision or 

movement, claudication). The aforementioned parameters were recorded within 3 months prior 

to the patient’s catheter ablation. Patients then underwent their procedure and parameters relating 

to their ablation were recorded including rhythm status during procedure, need for electrical 

cardioversion, reconnection of pulmonary veins, and early recurrence of clinical AF.  

At 3-months, patients were clinically assessed and AAD therapy was withdrawn in the absence 

of AF recurrence and symptoms. All patients underwent repeat assessment of physical activity 

levels using the same technology over a 7-day period. A repeat 48-hour Holter was performed 

and patients were asked to complete the AFEQT Questionnaire once again in order to compare 

rhythm and rate status and HRQoL measures at baseline and follow-up. Procedural success was 

defined as freedom from arrhythmia (AF, AFL, or AT of >30 second duration) and in thirty-six 

of the 60 study participants. Twenty-four participants were still awaiting their procedure at study 

completion. The study timeline is depicted in Figure 3. Study design and patient categorization 

by post-ablation outcome is shown in Figure 4.  

 

 

 

 

 

 

 

Figure 3. Schematic of full study timeline 
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Figure 4. Flow chart of the study design and patient categorization by post-procedural outcomes  

 

3.4.3 Data collection  

Data were collected using the electronic Patient Care System (PCS) at Kingston Health Sciences 

Centre (KHSC). A hard-copy case report form was developed in order to accurately capture and 

record the following information at baseline and 3-months follow-up for each enrolled patient:  

• Baseline data: demographics, co-morbidities, type of AF, symptoms, pharmacological and 

non-pharmacological treatments, echocardiographic data, 48-hour Holter data, indication for 

procedure, HRQoL (AFEQT Questionnaire), exercise volume and intensity (Piezo-RxD)  

• Procedural data: laboratory setting, ablation strategy, procedural time, fluoroscopy time, 

radiofrequency time, outcome parameters used to define procedural success, early 

recurrences of clinical AF  
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• Post-procedural data: medications after procedure, symptom status, other diagnostic 

procedures, status regarding arrhythmia recurrence, 48-hour Holter data, HRQoL (AFEQT 

Questionnaire), exercise volume and intensity (Piezo-RxD), adverse events (if any)  

 

3.4.4 Statistical analysis  

Continuous data was described as mean ± standard deviation (SD) and as counts and percent if 

categorical. Paired t-tests were used to compare QoL scores and physical activity parameters at 

baseline and follow-up. All tests employed were 2-sided and a P-value <0.05 was considered 

statistically significant.  

 

3.5 Catheter ablation procedure  

 

3.5.1 Pre-procedure preparation and management of pharmacological agents 

All patients with a history of either symptomatic paroxysmal or persistent AF and who were 

agreeable to undergo CA were consented for the procedure. CA was performed under either 

general anesthesia or conscious sedation. DOACs were administered 24 hours prior to the 

procedure and all subsequent doses were held until 6 hours post removal of the femoral venous 

sheaths. If patients were taking warfarin, this was not withdrawn for the procedure with an aim 

to maintain an INR of 2.0-3.0. Intravenous heparin was administered throughout the procedure 

maintaining an activated clotting time of greater than 250 seconds. Transesophageal 

echocardiography (TEE) was performed either within 24 hours prior to the procedure or at the 

start of the procedure in order to rule out the presence of pre-existing thrombus in the left atrial 

appendage. A pre-procedure CT scan of the left atrium was performed to further rule out 
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thrombus within the left atrial appendage and to assess the orientation and anatomy of the 

pulmonary veins.  

For patients receiving oral amiodarone prior to the procedure, this drug was stopped at the time 

of the procedure. All other anti-arrhythmic agents were continued until at least 3-months post-

procedure. 

 

3.5.2 Catheter setup and trans-septal access  

Access was obtained through the femoral vein using three sheaths. A decapolar 

electrophysiology catheter was positioned in the coronary sinus and used to record left atrial 

electrograms and as an anatomic marker for trans-septal access. Trans-septal access into LA was 

obtained under a combination of TEE (on intracardiac echocardiogram guidance (ICE) if 

performed with sedation rather than general anesthesia) and fluoroscopic guidance. A wire was 

positioned from the right femoral vein and a long sheath advanced over the wire. The wire was 

then replaced with a trans-septal needle and the entire apparatus was withdrawn from the 

superior vena cava to the right atrium (seen as a drop on fluoroscopic imaging). Further 

withdrawal resulted in a further drop with engagement of the fossa ovalis. Under either TEE or 

ICE and fluoroscopic guidance, the trans-septal needle was advanced through the fossa ovalis 

and the dilator from the long sheath gently advanced into the left atrium. The needle was then 

withdrawn and a long wire advanced through the sheath into the left superior pulmonary vein. 

Subsequently, the sheath was advanced over the wire deeper into the left atrium. The wire and 

dilatator were then removed. Following the administration of weight adjusted heparin, the 

catheter was connected to a continual infusion of heparinized saline to prevent the development 

of thrombus. This procedure was repeated using the same technique for a second sheath in order 
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to gain further access into the LA. A contact force catheter (Tacticath, Abbott technologies, 

Mn,USA) was connected to heparinized saline and advanced through one of the sheaths into the 

LA. A multielectrode catheter was advanced through the other sheath into the LA which was 

used for collecting the electrical and anatomic data.  

 

3.5.3 Procedural technique   

Anatomic and electrical data was collected by moving the multi-electrode catheter around the 

LA. This resulted in a reconstruction of the LA which was then compared with the pre-

procedural CT for accuracy. CA was then performed using the contact force enabled Tacticath 

using RF energy at a power setting of 30W anteriorly and 25W posteriorly (to reduce the risk of 

esophageal injury).  

All patients underwent PVI. This was assessed by positioning the multielectrode catheter within 

the pulmonary veins as well as pacing from within the PVs. An electroanatomic map of the LA 

viewed from a posterior projection is displayed in Figure 5. The Right Upper Pulmonary Vein 

(RUPV) and Right Inferior Pulmonary Vein (RIPV) are seen on the right of the image whilst the 

Left Upper Pulmonary Vein (LUPV), Left Inferior Pulmonary Vein (LIPV) and Left Atrial 

Appendage (LAA) can be viewed on the left side of the image. As shown, a multielectrode 

catheter is manipulated around the LA and electrical voltages are recorded. Regions of purple are 

considered to have normal voltages whilst grey, yellow and red are regions of low voltage where 

electrical isolation has occurred. Ablation was performed using a contact force catheter with 

contact force data displayed on the top left of the image. In patients who were in AF, further 

ablation or an electrical cardioversion could be performed at the operator’s discretion. All 
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ablation lesions were checked at the end of the procedure in normal sinus rhythm. In patients 

with documented typical AFL a cavotricuspid isthmus ablation was also performed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. An electroanatomic map of the LA viewed from a posterior projection. Right: Right 
Upper Pulmonary Vein (RUPV) and Right Inferior Pulmonary Vein (RIPV); Left: Left Upper 
Pulmonary Vein (LUPV), Left Inferior Pulmonary Vein (LIPV) and Left Atrial Appendage 
(LAA); Top: Contact Force data  
 

3.5.4 Post-procedural care  

At the end of the procedure, the patient was extubated if under general anesthesia and following 

the administration of intravenous protamine, the femoral sheaths were removed. Anticoagulation 

was administered 6 hours after removal of the sheaths. All patients were monitored in a high 

intensity environment overnight. All patients were commenced on a proton pump inhibitor until 

review at clinic within 3-months of the procedure.  

Provided there were no complications, patients were discharged the day following their 

procedure. Apart from amiodarone, all other AADs were continued until 3-months post-ablation 
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given that within this time period (termed the blanking period), there is a possibility of recurrent 

arrhythmias caused by CA and does not imply long term success. Patients were advised to walk 

but not perform excessive levels of exertion within 10 days following their procedure in order to 

minimize the risk of groin complications. Patients were then encouraged to resume normal levels 

of exertion. In order to avoid discrepancies which may confound physical activity levels in the 

initial 10-days post-ablation, patients enrolled in the study were given instructions not to wear 

their pedometer during this period.  
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CHAPTER 4: RESULTS 
 

4.1 Patient population   

Between May 2017 and August 2018, 60 consecutive patients at Kingston Health Sciences 

Centre (KHSC) with symptomatic paroxysmal or persistent AF were enrolled in this prospective 

study. The mean age was 60.0±10 years and 28% were female. Within this patient population, 

the highest proportion of comorbidities was with respect to HTN (33%) and OSA (20%). Upon 

baseline presentation, the majority of patients had paroxysmal AF (73%). Baseline HRQoL data 

were collected for all 60 patients enrolled. Baseline demographics and clinical characteristics of 

the patient cohort are summarized in Table 5.  

 

Table 5. Baseline demographic and clinical characteristics of all patients (N=60)  
 
Baseline Characteristics  
   Mean Age (years)  60.0 ±10 
   Female, n (%)  17 (28%) 
   CHA2DS2-VASc Score   
      0 17 (28%) 
      1 23 (38%) 
      ≥2 20 (33%) 
Comorbidities, n (%)   
   DM  4 (67%) 
   HTN  20 (33%) 
   OSA  12 (20%)  
   CAD  4 (67%)  
   CHF  3 (5%) 
   Prior Stroke/TIA   0 (0%)  
Type of AF   
   Paroxysmal AF 44 (73%)  
   Persistent AF 16 (27%)  
Medications   
   ß-Blocker   39 (65%) 
   ACE Inhibitor  8 (13%)  
   AAD  25 (42%) 
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   OAC  39 (65%)  
   CC-Blocker/Antiplatelet/Digoxin  15 (25%)  
DM = diabetes mellitus; HTN = hypertension; OSA = obstructive sleep apnea; CAD = coronary artery 
disease; CHF = congestive heart failure; TIA = transient ischemic attack; ACE = angiotensin-converting 
enzyme; AAD = anti-arrhythmic drug; OAC = oral anticoagulant; CC blocker = calcium-channel blocker; 
HR = heart rate; LVEF = left ventricular ejection fraction 
*p<0.05 indicates clinical significance 
 

4.2 Baseline characteristics by procedural outcome  

Of the 36 (60%) patients undergoing catheter ablation for their symptomatic AF, 30 (83%) had 

successful ablations and no episodes of recurrent AF/AFL or AT at 3-months follow-up, while 6 

(17%) patients had unsuccessful procedures (defined as at least one episode of AF, AFL, or AT 

lasting ≥30 seonds in duration).  

Baseline characteristics, pre-procedural Holter data, and the concurrence of cardiovascular 

comorbidities are displayed in Table 6. Overall, patients with successful procedures were 

younger (mean age 59±11). While the majority of patients within both groups suffered from 

paroxysmal AF (72% vs. 67% for success and failure, respectively), there were no statistically 

significant differences in baseline characteristics between successful and failed procedure 

groups. There were also no significant differences observed between success and failure groups 

in terms of the proportion of patients undergoing a first-time or redo-procedure for AF or other 

atrial arrhythmias. Approximately 50% of individuals were treated with AADs at baseline, while 

two-thirds of patients were treated with a beta-blocker prior to ablation. As shown in Table 6, the 

use of beta-blockers was the most common therapy upon presentation, while the use of AADs 

was more prevalent amongst those with successful procedures (53% vs. 17% for success and 

failure, respectively). Nonetheless, there was no significant difference observed in the 

proportional use of medications between those with successful and failed procedures. With 

respect to electrocardiographic and echocardiographic parameters, the pre-procedural mean HR 
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at rest did not differ significantly between the two groups. Additionally, there was no significant 

difference observed between groups with respect to mean LV ejection fraction, 62±9% vs. 

59±11%, for patients with failed and successful procedures, respectively. Upon pre-ablation 

assessment, no significant differences were demonstrated between success and failure groups 

with respect to symptoms (palpitations, fatigue, dizziness/presyncope, chest pain, shortness of 

breath, weakness) (Table 9). 

 

Table 6. Baseline demographic and clinical characteristics of patients undergoing catheter 
ablation stratified by procedural outcome (success vs. failure) 
 

  All patients 
(n=36) 

Success  
(n=30) 

Failure  
(n=6) 

P-value 
success vs. 

failure 
 Baseline Characteristics     
    Mean Age (years)  60±10 59±11 62±9 NS 
    Female, n (%)  11 (31%) 11 (37%)  0 (0%) NS 
    CHA2DS2-VASc Score      
       0 12 (33%) 10 (33%) 2 (33%) NS 
       1 13 (36%) 11 (37%) 2 (33%) NS 
       ≥2 11 (31%)  9 (30%)  2 (33%) NS 
 Comorbidities, n (%)      
    DM  2 (6%) 2 (7%) 0 (0%) NS 
    HTN  11 (31%) 11 (37%)  0 (0%) NS 
    OSA  11 (31%) 11 (37%) 0 (0%) NS 
    CAD  3 (8%) 1 (3%) 2 (33%) NS 
    HF  2 (0%) 2 (7%) 0 (0%) NS 
 Type of AF      
    Paroxysmal AF 26 (72%) 22 (73%) 4 (67%) NS 
    Persistent AF 10 (28%)  8 (28%) 2 (33%) NS 
 Procedural data      
    First-time procedure  14 (39%)  11 (38%) 3 (50%) NS 
    Fluoroscopy time (min)  17±10 17±8.9 16±7.7 NS 
    Radiofrequency time (min) 2206±1326 2206±1349 2205±1331 NS 
    Procedure time (min)  186±60 199±78 174±50 NS 
    Fluoroscopy dose (mGy) 1560±124 174±131 91±32 NS 
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 Procedural techniques     
   WACA  
   WACA-L   

 
22 (61%) 
14 (39%) 

 
19 (63%) 
11 (37%) 

 
3 (50%) 
3 (50%) 

 
<0.0001* 

0.007* 
 Medications      
    ß-Blocker   24 (67%) 19 (63%) 5 (83%) NS 
    ACE Inhibitor  4 (11%) 4 (13%) 0 (0%) NS 
    AAD  17 (47%) 16 (53%) 1 (17%) NS 
    OAC  25 (69%) 21 (70%) 4 (67%) NS 
    CC  Blocker/Antiplatelet/Digoxin  10 (28%) 9 (31%)  1 (17%)  NS 
 Pre-procedural Holter      
    Mean HR  

   Mean LVEF (%±SE) 
78±18 
61±13 

78±19  
59±11 

83±16 
62±9 

NS 
NS 

DM = diabetes mellitus; HTN = hypertension; OSA = obstructive sleep apnea; CAD = coronary artery 
disease; CHF = congestive heart failure; TIA = transient ischemic attack; ACE = angiotensin-converting 
enzyme; AAD = anti-arrhythmic drug; OAC = oral anticoagulant; CC blocker = calcium-channel blocker; 
HR = heart rate; LVEF = left ventricular ejection fraction; WACA = wide area circumferential ablation; 
WACA-L = WACA plus additional linear ablation lesions 
 
*p<0.05 indicates clinical significance 
 
 
4.3 Procedural results  

Pulmonary vein triggers were detected and ablated in all 36 patients by encircling the PVs 

through wide area circumferential ablation (WACA). Fourteen patients underwent WACA plus 

additional linear ablation lesions (WACA-L). There was a significant difference in the use of 

WACA (p<0.0001) and WACA-L (p=0.007) between successful and failure groups. Conversely, 

procedural details with respect to mean procedural time, radiofrequency time, fluoroscopy time 

and dose were comparable amongst the two patient groups.  

 

4.4 3-month follow-up  

Overall, there was an improvement in total step count for all patients who underwent catheter 

ablation for symptomatic AF, irrespective of whether the outcome was deemed to be successful 

or not. However, evaluation at 3-months revealed that these improvements differed significantly 
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between the two patient groups (17137±5978 vs. 20465±7424 steps, for successful and 

unsuccessful patients, respectively; p=0.04). Whilst a significant increase was observed for 

patients who had undergone a successful procedure (p=0.03), this was not the case for patients 

with recurrence at 3-months follow-up (p=0.3). Similar results were observed for improvements 

in MVPA, which was statistically different between the two patient groups (4412±3133 vs. 

8533±7845 secs, success vs. failure, respectively; p=0.005). Likewise, 3-month improvements 

were significant amongst successful patients only (p=0.013).  

Complete data for the assessment of 3-months ablation outcomes were available in 36 (60%) of 

patients. Follow-up at 3-months was conducted either through telephone discussion with the 

patient or in-person clinical visit. Diagnostic methods for the detection of arrhythmia recurrence 

included the use of an electrocardiogram according to standard clinical practice and 48-hour 

Holter monitoring. A repeat ablation procedure was indicated for 4/6 (67%) patients with failed 

procedures, of which the remaining 2/3 (33%) were advised changes in medication regime. As 

shown in Figure 6, there was no significant difference in the use of a rate-control strategy with 

beta-blockers, but a significant difference observed in the overall use of AAD therapy 

(p<0.0001). A significant difference in the overall use of calcium-channel blockers, antiplatelet 

therapy, and/or digoxin was also observed following the blanking period (p=0.024). Within-

group comparisons revealed that AAD use was significantly decreased for patients with 

successful PVI at 3-months (p<0.0001) and decreased, though non-significantly, in those with 

failed procedures (p=1.000) (Figure 7). A similar trend was observed with respect to the post-

operative administration of antiplatelet therapy and/or digoxin, which significantly decreased in 

successful patients (p=0.0122) but not in those with episodes of recurrence (p=1.000). There was 



 - 42 - 

no significant difference observed between both groups in terms of symptoms following the 

blanking period (Table 9).  

 
 
 

 

  
 
 
 
 
 
 
 
 
  
BB = beta-blocker AAD = antiarrhythmic drug; OAC = oral anticoagulant  
 
Figure 6. Overall medication use for patients undergoing catheter ablation at baseline vs. 3-
months follow-up; *p≤0.05; **p<0.001  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Antiarrhythmic drug use for patients undergoing catheter ablation at baseline vs. 3-
months follow-up; *p≤0.05; **p<0.001  
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4.5 Exercise capacity and functional improvement   
 

4.5.1 Exercise and functional evaluations in successful patients  

Within this cohort, individual data revealed increases from baseline for the majority of patients 

with respect to exercise volume, quantified by total step count. The trajectory of individual 

patient-level change in exercise volume at baseline and 3-months post-ablation is displayed in 

Figure 8A. At 3-months follow-up, it was observed that patients with successful procedures were 

able to perform higher volumes of exercise (total number of steps) at a moderate-to-vigorous 

intensity (MVPA). Mean step count increased significantly from baseline (16528±6045 vs. 

20523±7797 steps, ∆3995±1801; p=0.0305). Successful patients also spent on average, a greater 

amount of time performing MVPA at 3-months as compared to baseline (4234±3017 vs. 

8694±8658 secs, ∆4460±1674; p=0.010).  

Additionally, improvements were also observed across echocardiographic and 

electrocardiographic parameters amongst patients with successful procedures. The pre-ablation 

mean resting HR was 78±19 beats per minute (bmp) resulted in a non-significant reduction in 

VR after catheter ablation (mean HR: 72±10 bmp, ∆-6.00±4.6 bmp; p=0.2). As shown in Figure 

9, there was a significant improvement in LVEF from baseline to 3-months post-ablation for 

patients without recurrent episodes of arrhythmia at follow-up (59±11% vs. 65±1%, ∆6.0±2.6; 

p=0.026). Taken together, improvements in electrocardiographic and echocardiographic 

parameters with respect to mean HR and LVEF, respectively, correlated with a significant 

change in HRQoL, as indicated by global AFEQT score (p<0.04) at 3-months follow-up. 

Amongst patients with successful or failed procedures, between group comparisons by AF type 

revealed significant differences across all exercise and diagnostic parameters (total step count 

p=0.005, MVPA p=0.02, LVEF p<0.0001) with the exception of mean HR (p=0.5) (Table 7). 
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Exercise correlates and electrocardiographic or echocardiographic parameters did not differ 

significantly according to AF type upon within group comparisons at 3-months.  

 

Table 7. Median change in functional capacity from baseline stratified by type of AF. Data 
shown as mean ± SD; *p<0.05 indicates clinical significance 

 ∆3-month Change from Baseline  
 

Mean 
difference 
(95% CI) 

 
  

Paroxysmal AF 
(N=23)  

 
Persistent AF 

(N=13)  

 
P-value  

 

Total Step Count 

 

5208±1859 

 

2710±3169 

 

2498 (803-4193)  

 

0.005* 

MVPA  5792±1032 3259±4634 2533 (505-4561) 0.02* 

Mean HR  7.0±6 9.0±7.5 2.0 (-6.6-2.6) 0.4  

LVEF  4.0±2.2  1.0±0.8  3.0 (1.7-4.3) <0.0001* 

 

 

4.5.2 Exercise and functional evaluations in failed procedures   

Amongst the 6 patients with recurrent episodes of AF/AT, total step count did not increase 

significantly at 3-months follow-up (21168±6045 vs. 17068±3985 steps, ∆-4100±3620; p=0.30). 

Within this group, there were two patients who individually experienced non-significant 

increases in the number of steps performed. The trajectory of individual patient-level change in 

exercise volume at baseline and 3-months post-ablation is displayed in Figure 8B. While patients 

with failed procedures were able to perform greater bouts of moderate-to-vigorous intensity 

exercise (3725±3224 vs. 5021±3459 secs, ∆1296±2751; p=0.65), this difference was non-

significant from baseline at 3-months follow-up.  
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(A) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(B)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Individual patient data of physical activity showing trajectory of absolute change from 
baseline to 3-month in (A) recurrence-free (successful) patients and (B) patients with failed 
procedures; *p≤0.05 indicates clinical significance 
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In terms of electrocardiographic and echocardiographic parameters, mean HR did not show any 

significant reduction (83±16 vs. 78±19 bmp, ∆-5.00±13.6; p=0.73) post-ablation. Likewise, 

mean LVEF either decreased or remained the same at follow-up assessment. This resulted in a 

non-significant increase observed amongst LVEF levels at 3-months follow-up (62±9% vs. 

63±3%, ∆1.0±5.5; p=0.86). As seen in Figure 9, slight functional improvements correlated with 

a positive change in global HRQoL score (p=0.07) at follow-up. Amongst patients with 

recurrent, symptomatic episodes at 3-months follow-up, the majority (33%) reported 

experiencing symptoms of fatigue (Table 9).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HR = heart rate; LVEF = left ventricular ejection fraction   
 
 
Figure 9. Overall changes in exercise parameters and HRQoL in patients with successful and 
failed procedures; *p<0.05 indicates clinical significance 
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4.6 HRQoL evaluation   

Within-group comparisons (baseline success vs. 3-months success; baseline failure vs. 3-months 

failure) revealed that there were no significant differences observed in HRQoL across all indices. 

Conversely, between-group comparisons (success vs. failure, baseline vs. 3-months) 

demonstrated significant differences in AFEQT scores in all AFEQT assessment domains. The 

observed changes in AFEQT scores by treatment domain are displayed in Figure 10.  

 

 

 

 

 

 

 

 

 

 

 
 
Figure 10. 3-month AFEQT Scores according to HRQoL assessment domain; *p<0.05 indicates 
clinical significance 
 

Changes in HRQoL were significant with respect to symptoms (p=0.005), daily activities 

(p<0.0001), treatment concerns (p<0.0001) and treatment satisfaction (p<0.0001) between 

patients with and without recurrence at 3-months follow-up. Another subgroup analysis of 

recurrence-free patients off-AAD therapy revealed that HRQoL increased across all assessment 
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domains, with a significant difference observed with respect to treatment satisfaction from 

baseline to 3-months (52.8±67 vs. 84±32, p=0.047). No such significance was observed amongst 

the symptoms, daily activities and treatment concern categories.  

Overall, global AFEQT score was significantly increased when AAD therapy was discontinued 

upon post-ablation Holter assessment and according to physician discretion (p<0.0001). Notably, 

no such difference was observed in patients receiving AAD therapy at follow-up (Table 8). As 

displayed in Figure 11, subgroup analyses revealed no significant differences in terms of total 

step count and exercise intensity (MVPA) amongst recurrence-free patients off-AADs at 3-

month follow-up. Similar results were observed when electrocardiographic and 

echocardiographic parameters were evaluated.  

 

Table 8. Baseline to 3-month change in Global AFEQT by procedural outcome and stratified by 
first-time procedure and AAD use. Data shown as mean±SD. P-value of t-test for dependent 
samples (baseline vs. 3-month follow-up); *p<0.05 indicates clinical significance 

  ∆Global AFEQT  

at 3-months 
 

P-value 

Success All   17±6.5 0.04*  
    
 First-Time  19±10 0.12 
 Re-do  11±10 0.44 
    
 On AADs  14±11 0.5  
 Off AADs 

 
18±6.1  0.03* 

Failure All  15±7.0 0.07 
 

 
AFEQT = Atrial Fibrillation Effect on QualiTY-of-life; AAD=antiarrhythmic drug 
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HR = heart rate; LVEF = left ventricular ejection fraction; AAD = antiarrhythmic drug  
 
Figure 11. Changes in functional capacity and HRQoL in recurrence-free patients off-AADs at 
3-months post-ablation; *p<0.05 indicates clinical significance   
 

A comparison of changes in overall HRQoL from baseline to 3-months follow-up by procedural 

outcome is displayed in Table 8. Patients undergoing first-time procedures and those who were 

recurrence-free off-AADs at 3-months follow-up experienced greater changes in global HRQoL 

as compared to their counterparts.  

 
 
Table 9. Overall symptom burden at baseline and 3-months follow-up for all patients and those 
undergoing catheter ablation stratified by procedural outcome  

         Baseline         3-months post-ablation  

 All 
N=60 

Success 
N=30  

Failure 
N=6 

Success 
N=30 

Failure 
N=6 

 
Palpitations 

 
43 (53%) 

 
22 (73%) 

 
4 (67%) 

 
3 (10%) 

 
0 (0%) 

Shortness of breath 5 (8%) 4 (13%) 2 (33%) 2 (7%) 0 (0%) 
Presyncope/syncope 3 (5%) 4 (13%) 0 (0%) 1 (3%) 0 (0%) 

Fatigue 10 (17%) 2 (7%) 0 (0%) 0 (0%) 0 (0%) 
Chest pain/discomfort 9 (15%) 0 (0%) 0 (0%) 2 (7%) 2 (33%)  
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CHAPTER 5: DISCUSSION 
 

 
5.1 Main findings  

As an age-dependent disease, the incidence and prevalence of AF continues to increase and is 

associated with severe and oftentimes life-threatening complications, which may result in a 

reduction in HRQoL and exercise capacity. This study is one of few trials investigating the 

relationship between exercise volume and intensity, psychological well-being, and overall AF 

burden in patients undergoing catheter ablation.  

The principle findings of this study are such that patients with symptomatic paroxysmal or 

persistent AF undergoing catheter ablation experience substantial improvements in exercise 

volume and intensity correlating to improvements in electrocardiographic and echocardiographic 

parameters, symptom reduction, and overall HRQoL as determined by global AFEQT scores. 

These improvements were significantly marked in patients with successful procedures and in 

those achieving freedom from AF off-AADs at 3-months post-ablation. When categorized by AF 

type, patients with paroxysmal AF at baseline presentation experienced significant improvements 

with respect to exercise volume, exercise intensity, and LVEF when compared to those with 

persistent AF.  

 

Successful vs. failed procedures  

Overall, patients with successful procedures experienced greater changes in global HRQoL 

scores at follow-up, which correlated with symptom relief and improvements in exercise 

capacity. These results can likely be explained by the fact that patients with recurrent episodes of 

AF/AT continue to experience disabling symptoms and poor exercise tolerance, which may 

significantly compromise their HRQoL. Data from the current study are concordant with 
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previous reports demonstrating that restoration and maintenance of SR are associated with 

significant increases in HRQoL, using the generalized SF-36 questionnaire, and exercise 

performance [101]. Given these results, it can be postulated that exercise capacity may not be 

related solely to objective measures of physical activity, but to psychological and social well-

being in patients with SR at short-term follow-up.  

The observed differences between the two patient groups may have been partially confounded by 

the use of AAD therapy at 3-months follow-up. Although superior freedom from atrial 

arrhythmias has been demonstrated with the use of a catheter-based approach as compared to 

AAD therapy alone [9], long-term recurrences endure as the major shortcoming of this method. 

Recurrence may range from 30-70% depending on the patient’s comorbidities, type of AF, and 

procedure. During CA, there is cell death and damage, leading to inflammation in the left atrium 

and adjacent structures. This inflammatory state, in combination with inherent increases in LA 

pressure and stretch associated with AF, promotes a proarrhythmic setting that contributes to 

early AF recurrence in the first 3-months post-ablation. To decrease the number or duration of 

arrhythmia recurrences or increase the incidence of asymptomatic AF recurrences, AAD therapy 

has been postulated as a suitable intervention. By reducing recurrence, the use of AAD therapy 

during this 90-day period could potentially promote reverse electrical remodeling and promote 

long-term success. However, the use of AAD therapy following the blanking period remains 

speculative as some evidence shows substantially increased efficacy after AF catheter ablation 

[102], while other studies do not. In this study, arrhythmia-free patients not receiving AAD 

treatment at 3-months were shown to experience greater changes in mean HRQoL as compared 

to successful patients receiving AAD therapy. Although no significant difference in exercise 
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volume or intensity were observed, this may have simply been due to the small sample size, 

which was further restricted when patients were stratified by AAD use.  

Differences between patient groups with successful and failed procedures may have also been 

complicated by the definition of a failed ablation procedure. In some studies, the continued use 

of AAD after the blanking period is constituted as failure. However, the results of this study 

were gathered in keeping with previous studies that have failed to show the superiority of AAD 

therapy to other drugs (i.e. beta-blockers) in maintaining SR after PVI [102]. Therefore, 

administration of an AAD following the blanking period was not considered as relapse or failure.   

 

5.1.2 Electrocardiographic and echocardiographic parameters  

Improvements in exercise capacity amongst recurrence-free patients also correlated well with 

electrocardiographic and echocardiographic parameters. A reduction in VR was comparable 

between success and failure groups, while a statistically significant improvement in LVEF was 

only observed in recurrence-free patients at 3-months. Although LVEF levels were within 

normal limits during pre- and post-ablation assessment, echocardiographic readings may have 

been influenced by inter-observer variation as evaluations were not conducted by a single 

individual consistently.  

  

5.1.3 Effect of catheter ablation on HRQoL  

Patients with AF frequently present with disabling symptoms such as palpitations, dyspnea, 

general fatigue, and shortness of breath which limit capacity to undertake daily activities. 

Although AAD treatment has been shown to maintain SR and manage symptoms, it has failed to 

demonstrate a consistent benefit in terms of improving patient HRQoL [38, 39]. Additionally, in 
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a recent non-randomized study conducted in 151 patients with paroxysmal or persistent AF, 

treatment with CA was related to a lower risk of AF recurrence than treatment with AADs [103].  

Therefore, reducing AF-related symptoms, achieving freedom from AF, and improving HRQoL 

remain important goals for AF treatment.  

Previous studies evaluating the efficacy of CA has been linked to both improvements in 

functional capacity as well as psychological well-being (HRQoL) in patients with paroxysmal 

and persistent AF. These improvements have been postulated to be related to symptom 

amelioration and restoration of SR post-ablation. Furthermore, the RACE trial found that the 

presence of SR at study termination was associated with larger HRQoL improvements as 

compared to treatment with a rate control improvement [104]. Yet, there is evidence to suggest 

that these improvements may occur during short- and long-term follow-up irrespective of 

procedural outcome [105, 106]. The reasons for perceived discrepancies between measured 

HRQoL improvement and recurrent episodes of arrhythmia is likely a result of: a relative 

transition from proportionally more symptomatic to proportionally more asymptomatic episodes 

of AF and placebo effects surrounding ablation/AAD use [107]. Contrary to these findings, 

results of the present study demonstrated that patients with successful PV isolation experienced a 

significant increase in global AFEQT score at 3-months follow up while no such difference was 

observed in patients with failed procedures. All patients undergoing CA, however, irrespective of 

procedural outcome, experienced a reduction in symptoms leading to positive changes in 

HRQoL.  

Data from the current study also revealed higher global AFEQT scores in patients with first-time 

procedures as compared to those undergoing a re-do. This is in accordance with recently 

published randomized data which found that improvements in QoL associated with ablation are 
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significantly reduced by arrhythmia recurrence [9]. It is important to note that previous studies 

have extensively used the SF-36 questionnaire to evaluate HRQoL in AF patients. However, the 

SF-36 is a generalized assessment tool and a disease-specific HRQoL has been shown to be 

better correlated with ablation outcomes [106]. In this study, the AFEQT questionnaire was 

employed, which is known to have greater sensitivity to the effects of a single disease, AF, on 

HRQoL.  

Patients with a successful procedural outcome and withdrawal of their AAD therapy also 

experienced higher mean improvements in HRQoL as compared to those receiving AAD at 3-

months. This is likely due to the fact that the administration of admiordarone, the most 

commonly used AAD, frequently results in depression [108].  

 

5.1.4 Effect of catheter ablation on exercise capacity  

Of note, there was a highly significant increase in the duration of MVPA for patients who 

underwent catheter ablation for symptomatic AF. The current recommended duration of activity 

in this range is 150 minutes/week, which is close to the levels recorded following ablation in this 

patient cohort. This implies that CA results in a significant increase in physical activity levels, 

leading to closer compliance to the current guidelines [109].  

Prior to this study, these results have never been demonstrated in symptomatic patients with AF. 

An increase in HR at rest is a common finding in AF that results in reduced stroke volume [110] 

and influences the ability of the cardiovascular system to pump blood and effectively deliver 

oxygen to the muscles. However, cardiovascular exercise has been shown to improve resting HR 

and to some extent, reduce the need for medical treatment in patients undergoing ablation for AF 

[111]. Data revealed higher mean HR at rest at baseline and a non-significant reduction in VR 
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for patients with both successful and failed procedures. This observed change in HR was most 

likely due to sufficient rhythm control and improvement in stroke volume following CA. 

Moreover, data revealed a clinically significant difference in exercise volume between 

recurrence-free patients and those with failed procedures. Overall, patients achieving freedom 

from arrhythmia were able to perform significantly more physical activity as quantified by total 

step count at baseline and 3-months follow-up. There is an abundance of evidence to suggest that 

the impact of AF on a patient’s overall exercise capacity is dictated in part by the extent of left 

atrial structural remodeling (LA-TR), with an inverse relationship between LA-TR and exercise 

capacity [112]. This hypothesis may explain the results observed in the current study given that 

previous studies have reported improved LA function with the restoration of SR following 

catheter ablation [113]. However, the same study found that only LA-TR was independently 

associated with AF recurrence when adjusted for clinical co-morbidities, suggesting that while 

an increased exercise capacity may have cardioprotective effects, LA-TR is still the primary 

mediator of AF recurrence post-ablation. The degree LA-TR is dependent on multiple factors 

and may be further complicated in patients with persistent AF. This is in accordance with the 

current data.   

In the limited studies that have been conducted on exercise capacity following catheter ablation, 

mean physical activity levels, quantified by metabolic equivalents, were significantly higher in 

patients with paroxysmal AF as compared to those with persistent AF [114]. Similar associations 

were observed in this study cohort whereby subgroup analysis of exercise parameters by type of 

AF revealed significant differences in exercise volume and exercise intensity, measured by total 

step count and total time spent performing MVPA, respectively. A significant difference in 

LVEF was also significantly different between the two patient groups. Given the fact that the LA 
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modulates LV activity, these results suggest that patients with paroxysmal AF may experience 

greater improvements in LA transport function following CA as compared to patients with 

persistent AF. It is commonplace that patients are susceptible to atrial remodeling with the 

progression and maintenance of AF, suggesting that the functional improvements observed in 

patients with persistent AF may have been attenuated by greater electrical and mechanical 

remodeling of the LA.  

Taken together, an increase in exercise capacity post-ablation may improve the long-term 

maintenance of SR. Improved physical exercise resulting from radiofrequency ablation may lead 

to sustained lifestyle changes, which have been shown to lead to a reduction in AF symptoms 

and arrhythmia burden [115].   

 

5.2 Conclusions  

This single-centre trial of symptomatic patients undergoing catheter ablation for paroxysmal or 

persistent AF demonstrated improvements in exercise, echocardiographic, and 

electrocardiographic parameters at 3-months post-ablation. These improvements correlated to 

overall reductions in symptom burden and medication use, and improvements in overall HRQoL. 

Psychological well-being was markedly increased in recurrence-free patients undergoing a first-

time procedure or off-AADs at 3-months follow-up (post-blanking period).   

 

5.3 Clinical significance  

While the epidemiology, clinical consequences, and healthcare costs of AF are well-established, 

HRQoL and to a lesser degree, exercise capacity, has been less explored. The current data 

considerably strengthen the evidence base regarding the nature of exercise capacity and HRQoL 
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improvements following CA for symptomatic AF. Restoration of HRQoL and physical activity 

may also have important implications for the potential cost-effectiveness of ablation for AF 

relative to medical therapy. Additionally, this study provides critical insight into the validated 

measures of symptom burden through diagnostic Holter monitoring and the validated AFEQT 

questionnaire. Previous studies have utilized self-reported measures of arrhythmia perception to 

determine procedural success and HRQoL. However, AF burden cannot be quantified by patient 

reports alone.  

Besides a tangible reduction in symptom burden, it is of consideration whether an improved 

exercise capacity following CA has implications for reducing the incidence of cardiovascular 

complications, such as thromboembolic events or cardiomyopathy, in the long-term. 

Nonetheless, this study may provide further support for the use of a catheter-based strategy as 

first-line treatment for patients with symptomatic AF. These results may also support the need 

for lifestyle strategies, such as daily exercise, to prevent the development and slow progression 

of AF.  

 

5.4 Limitations  

There are important limitations to consider when interpreting the results of the study. Firstly, this 

trial had a limited follow-up duration and therefore, patient outcomes cannot be extrapolated 

beyond the 3-month timeframe. Another limitation of the study is the relatively small sample 

size, which may have led to a lack of statistical significance even when clinical differences may 

in fact, have existed. Likewise, due to the observational nature of the study, the analysis is 

limited by the low rate of early documented AF recurrence and progression to permanent AF. 

Furthermore, this study utilized particular physical activity correlates to quantify changes in 
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exercise capacity, while ventilatory gas exchange measurements utilizing a cardiopulmonary 

exercise testing system may have provided further evaluation. Finally, this was a non-

randomized observational study without a control patient cohort and the results could have been 

affected by investigator expectation or placebo effects.  

Although this study was conducted at a single center in a small sample of patients, data suggest 

that exercise intensity and exercise volume increased to a level comparable to the physical 

activity targets recommended to attain significant health benefits in the general population. 

Future studies will evaluate arrhythmia and physical activity correlates beyond 3-months. This 

will take the form of long-term monitoring utilizing mobile and remote technology, enabling 

concurrent ECG and physical activity assessment.  
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CHAPTER 6: SUMMARY  
 

 
Atrial fibrillation (AF) is the most common cardiac arrhythmia affecting 33 million individuals 

worldwide. AF can cause severe and potentially life-threatening complications associated with 

symptoms which compromise health-related QoL (HRQoL) and exercise performance. The 

incidence and prevalence of AF continues to increase with the aging population, resulting in a 

significant global healthcare concerns associated with AF-related hospitalizations, increased 

morbidity, and mortality. Currently, the management of AF is focused on stroke risk reduction 

by oral anticoagulation therapy (OAC) and symptom alleviation through either a rate or rhythm-

based approach. While ventricular rate (VR) control is achieved through modulation of 

atrioventricular (AV) or sinoatrial (SA) nodal activity, a significant proportion of patients remain 

symptomatic and require additional intervention. Therefore, rhythm control through the use of 

antiarrhythmic drug (AAD) therapy is generally recommended as first-line treatment for patients 

with symptomatic AF. Due to the adverse side effects and short-term efficacy associated with 

AADs, catheter ablation (CA) is recommended in patients where AAD treatment is not tolerated 

or in cases of patient preference.  

Although CA has been shown to effectively manage symptoms and restore sinus rhythm (SR), 

investigations associating these outcomes to changes in HRQoL, volume and intensity of 

habitual exercise, and overall burden of arrhythmia remain scarce. These are important findings 

given that improvements in exercise performance following CA have previously been associated 

with a reduction in the frequency of recurrent arrhythmia episodes.  

In the current study, patients undergoing CA for symptomatic paroxysmal or persistent AF had a 

reduced symptom burden associated with improvements in physical activity, HRQoL, and 

mediation use at 3-months post-ablation. Data revealed that the maintenance of SR at 3-months 
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follow-up was associated with a significant change in exercise volume and intensity and overall 

HRQoL from baseline. Improvements in HRQoL were markedly improved for recurrent-free 

patients who discontinued AAD therapy according to physician discretion. Physical activity and 

arrhythmia correlates were also increased in patients deemed unsuccessful at 3-months (recurrent 

episodes of AF/AT), though not significantly. The likely explanation for these differences may 

be due to: the definition of “failure” as a clinical endpoint which varies across clinical studies, 

the acute use of AAD therapy at follow-up, and the small sample size which was limited further 

by the observational nature of the study. Nonetheless, a highly significant increase in the 

duration of moderate-to-vigorous physical activity (MVPA) was observed for all patients who 

underwent catheter ablation for symptomatic AF, irrespective of procedural outcome. Across 

both patient groups, mean time spent performing MVPA reached levels comparable to 

recommendations undertaken by the general population (150 minutes of MVPA/week). This is of 

notable importance given prior studies which have shown that patients meeting physical activity 

guidelines of 150 minutes MVPA weekly were at a lower risk of cardiovascular mortality. AF 

type, with respect to paroxysmal versus persistent AF, had a significant impact on exercise 

parameters and left ventricular ejection fraction (LVEF).  

In conclusion, these results provide substantial evidence in support of the safety and efficacy of 

CA and provide valuable insight into the relevant outcomes after ablation. Future studies will 

employ cardiopulmonary exercise testing and simultaneous physical activity and ECG 

assessment to enhance data reporting and long-term monitoring.   
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Appendix I: Study clearance from Queen’s University Health Sciences & Affiliated Teaching 
Hospitals Research Ethics Board (HSREB)  
  

reported within 2 working days or earlier if required by the study sponsor. All other serious adverse events  
must be reported within 15 days after becoming aware of the information. 
Reporting of Complaints: Any complaints made by participants or persons acting on behalf of participants  
must be reported to the Research Ethics Board within 7 days of becoming aware of the complaint. Note: All  
documents supplied to participants must have the contact information for the Research Ethics Board. 
Investigators please note that if your trial is registered by the sponsor, you must take responsibility to ensure  
that the registration information is accurate and complete. 
 
Yours sincerely, 

Chair, Health Sciences Research Ethics Board 
The HSREB operates in compliance with, and is constituted in accordance with, the requirements of the 
Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans (TCPS 2); the International  
Conference on Harmonisation Good Clinical Practice Consolidated Guideline (ICH GCP); Part C,  Division 5 
of the Food and Drug Regulations; Part 4 of the Natural Health Products Regulations; Part 3 of  the Medical 
Devices Regulations, Canadian General Standards Board, and the provisions of the Ontario  Personal Health 
Information Protection Act (PHIPA 2004) and its applicable regulations. The HSREB is  qualified through the 
CTO REB Qualification Program and is registered with the U.S. Department of  Health and Human Services 
(DHHS) Office for Human Research Protection (OHRP). Federalwide  Assurance Number: FWA#:00004184, 
IRB#:00001173 
 
HSREB members involved in the research project do not participate in the review, discussion or decision. 

HSREB Initial Ethics Clearance 
May 17, 2017 
Dr. Benedict Glover  
Department of Medicine 
Kingston Health Sciences Centre 
Kingston General Hospital 
ROMEO/TRAQ: #6020865 
Department Code: DMED-2035-17 
Study Title: The Impact of Catheter Ablation for Atrial Fibrillation on Physical Activity: The  
CAAFPA Study 
Review Type: Delegated 
Date Ethics Clearance Issued: May 17, 2017  
Ethics Clearance Expiry Date: May 17, 2018 
Dear Dr. Glover, 
 
The Queen's University Health Sciences & Affiliated Teaching Hospitals Research Ethics Board (HSREB)  
has reviewed the application and granted ethics clearance for the documents listed below. Ethics clearance is  
granted until the expiration date noted above. 

Amendments: No deviations from, or changes to the protocol should be initiated without prior written  
clearance of an appropriate amendment from the HSREB, except when necessary to eliminate immediate  
hazard(s) to study participants or when the change(s) involves only administrative or logistical aspects of the  
trial. 
Renewals: Prior to the expiration of your ethics clearance you will be reminded to submit your renewal  
report through ROMEO. Any lapses in ethical clearance will be documented on the renewal form. 
Completion/Termination: The HSREB must be notified of the completion or termination of this study  
through the completion of a renewal report in ROMEO. 
Reporting of Serious Adverse Events: Any unexpected serious adverse event occurring locally must be 
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Appendix II: PiezoRxD System Specifications  
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The PiezoRxD is the bluetooth version of the PiezoRx, a research/medical grade, waist worn, 
physical activity monitoring device.  
 
The PiezoRx(D) is the only wearable device that reports physical activity/anti-sedentary time 
according to the Canadian and American Physical Activity and Sedentary Guidelines. The 
PiezoRxD has been recognized by Health Canada as a Class 1 Medical Device. It is considered 
the gold standard for step and step-based physical activity intensity for both children/youth and 
adults. It has been validated to measure sedentary time with youth.   
  
The PiezoRxD connects on demand via Bluetooth to a free Piezo iOS/Android app. This app 
uploads data directly to the LogYourSteps health platform as well as to Validic (HIPAA/PHI 
compliant).  The app can be used to manage settings on the PiezoRxD device.  

Device Technological Characteristics & Components:  
The PiezoRxD detection mechanism is a research quality uniaxial 
piezoelectric sensor. It works on a 360 degree vertical tilt and accurately 
senses steps  above 55 steps per minute with a margin of error of .001.   
   
Adjustable MPA and VPA thresholds. No calibration required. Device 
Dimensions:   W: 4.5cm H: 6 cm D: 1 cm   WT: 20 gm  

▪ Unique digital ID  
▪ Toggle between pre-set YOUTH and ADULT modes  
▪ Bluetooth on demand preserves battery, enhances security  
▪ 24 hr clock. Auto device data reset to O at midnight  
▪ Device can be sealed with numbered (ID) locking mechanism  
▪ Battery fail data backup  
▪ Loss prevention strap  
The algorithms for step capture, intensity and bout determination have 
been independently validated. The Piezo line is a proprietary device and 
is distributed exclusively by StepsCount Inc. and approved Piezo 
retailers.  
  

   
Research      
The PiezoRxD sensor (also known as SC StepRx, SC StepMx) has been 
independently validated and is used in research with youth, adults and 
older adults. Youth validation was completed by Dr. M. Tremblay, 
CHEO HALO Research Unit, Ottawa   

Research Highlights: (* published, # pending pub.)  

* PiezoRx has a lower absolute percent error/mean measurement bias vs Actical/Digiwalker for 
slower speeds, range of BMI, range of ages & leg lengths of children.  (HALO Appl. Physiol. 
Nutr. Metab. Vol 38, 2013)  

PiezoRxD 
Data:  

  

  

  

  

  
  
  
  
  
  

  
    Memory:  

  

Battery:   

  

Steps  
MVPA time today  
BOUTS (8/10) or (4/5) 
min  
MVPA minutes last 7 
Days  
BOUTS last 7 days  
MPA time today  
VPA time today  
TPA time today   
Q 10 Minute Step 
Report   
(144 ten-minute intervals/day)  
  
  
  

160 Days   
(Q10 report 138 days)  
  
  
  

3 Volt Lithium   
(replacement cost $2)  
  
1-2 yrs.  
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* PiezoRx exhibited the highest combined sensitivity (92.9%) & specificity (96.5%) for 
correctly identifying a bout of MVPA, on children, when measured by indirect calorimetry 
when compared to Actical, Actigraph, NL1000, Walk4Life   

(Halo, Saunders/Tremblay 2014)  
# PiezoRx, when compared to the gold standard ActivePal, is a valid measure of sedentary time, 
with results similar to the  
Actical. (UPEI Saunders, 2016)  
# PiezoRx is the most accurate physical activity monitor for step counts and is the only activity 
monitor that consistently reported absolute percent error values below the criterion value of 3%.  
(Acadia U, Fowles, 2016)   Published research available.  

  
StepsCount Inc.  
PO Box 430 Deep River, Ontario, K0J 1P0   
1.866.342.2328  
info@StepsCount.com     www.StepsCount.com  
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Appendix III: Atrial Fibrillation Effect on QualiTy-of-Life (AFEQT) Questionnaire  
 
The following questions refer to how atrial fibrillation affects your quality of life. On a scale of 1 to 
7, over the past 4 weeks, as a result of your atrial fibrillation, how much were you bothered by: (Please 
circle one number which best describes your situation) 
 

 

On a scale of 1 to 7, over the past 4 weeks, have you been limited by your atrial fibrillation in your: 
(Please circle one number which best describes your situation) 
 

 Not at 
limite
d 

all Hardly 
limited 

A little 
limited 

Moderately 
limited 

Quite a 
limite
d 

bit Very 
limited 

Extremely 
limited 

5. Ability to have recreational 
pastimes, sports, and hobbies 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

6. Ability to have a relationship and do 
things with friends and family 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

On a scale of 1 to 7, over the past 4 weeks, as a result of your atrial fibrillation, how much difficulty 
have you had in: (Please circle one number which best describes your situation) 

 

 No difficulty at 
all 

Hardly any 
difficulty 

A little 
difficulty 

Moderate 
difficulty 

Quite a bit 
difficulty 

of A lot of 
difficulty 

Extreme 
difficulty 

7. Doing any activity because you felt 
tired, fatigued, or low on energy 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

8. Doing physical activity because of 
shortness of breath 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

9. Exercising 1 2 3 4 5 6 7 

10. Walking briskly 1 2 3 4 5 6 7 

11. Walking briskly uphill or carrying 
groceries or other items, up a flight 
of stairs without stopping 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

12. Doing vigorous activities such as 
lifting or moving heavy furniture, 
running, or participating in 
strenuous sports like tennis or 
racquetball 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

On a scale of 1 to 7, over the past 4 weeks as a result of your atrial fibrillation, how much did the feelings 
below bother you? (Please circle one number which best describes your situation) 
 

 Not at all 
Bothered 

Hardly 
bothered 

A little 
bothered 

Moderately 
bothered 

Quite a bit 
bothered 

Very 
bothered 

Extremely 
bothered 

 Not at all 
bothered 
Or I did not have 
this symptom 

 
Hardly 
bothered 

 
A little 
bothered 

 
Moderately 
bothered 

 
Quite a bit 
bothered 

 
Very 
bothered 

 
Extremely 
bothered 

1. Palpitations: Heart fluttering, 
skipping or racing 

1 2 3 4 5 6 7 

2. Irregular heart beat 1 2 3 4 5 6 7 
3. A pause in heart activity 1 2 3 4 5 6 7 
4. Lightheadedness or dizziness 1 2 3 4 5 6 7 
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13. Feeling worried or anxious that 
your atrial fibrillation can start 
anytime 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

14. Feeling worried that atrial 
fibrillation may worsen other 
medical conditions in the long 
run 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
On a scale of 1 to 7, over the past 4 weeks, as a result of your atrial fibrillation treatment, how much 
were you bothered by: (Please circle one number which best describes your situation) 
 

 Not at all 
bothered 

Hardly 
bothered 

A little 
bothered 

Moderately 
bothered 

Quite a bit 
bothered 

Very 
bothered 

Extremely 
bothered 

15. Worrying about the treatment side 
effects from medications 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

16. Worrying about complications or 
side effects from procedures like 
catheter ablation, surgery, or 
pacemakers therapy 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

17. Worrying about side effects of blood 
thinners such as nosebleeds, 
bleeding gums when brushing 
teeth, heavy bleeding 
from cuts, or bruising. 

 
 
1 

 
 

2 

 
 

3 

 
 

4 

 
 

5 

 
 

6 

 
 

7 

18. Worrying or feeling anxious that 
your treatment interferes with your 
daily activities 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
On a scale of 1 to 7, overall, how satisfied are you at the present time with: (Please circle one number 
which best describes your situation) 
 

 Extremely 
satisfied 

Very 
satisfied 

Somewhat 
satisfied 

Mixed with 
satisfied and 

dissatisfied 

Somewhat 
dissatisfied 

Very 
dissatisfied 

Extremely 
dissatisfied 

19. How well your current treatment 
controls your atrial fibrillation? 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

20. The extent to which treatment 
has relieved your symptoms of 
atrial fibrillation? 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
 

Name or ID:   
 

 

 

 

 


