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Introduction 
Atrial fibrillation (AF) is the most common arrhythmia in the United States adult 
population. Approximately 2.3 million Americans were affected in the year 2000 and the 
number is expected to double by 2050 (Figure 1 ). 1 Lifetime risks for development of AF 
are 1 in 4 for both men and wornen above the age of 40.2 The incidence of AF doubles 
with each decade of life and the prevalence of the disease increases as the longevity of 
the population increases (Figure 2). 1
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Figure 1. Projected Number of Adults with Atrial Fibrillation in the United States between 
1995 and 20501 

AF is associated with an increased risk of stroke, heart failure, and all cause mortality, 
especially in women (OR 1.5 for men and 1.8 for women) across all age ranges. 4 

Based on observational data, AF is more common in patients of European descent 
(approximately 2 fold) compared to those of African descent.5 Globally, the annual 
health care cost is approximately $3500 per AF patient 6

. The total cost in the United 
States in 2001 was over $6.65 billion, including $2.93 billion (44%) for primary 
hospitalizations and $1.95 billion for additional inpatient costs as a co-morbid condition .7 
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Figure 2. Prevalence of Diagnosed Atrial Fibrillation Stratified by Age and Sex 1 

One of the challenges in the management of AF is the presence of asymptomatic or 
"silent" AF. The prevalence of sustained or silent AF is believed to be 25-30%, however, 
recent studies using implantable heart rhythm devices such as pacemakers and 
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cardioverter-defibrillators have revealed that approximately 50% of patients with a 
history of AF may have unsuspected episodes of AF, with almost half of these episodes 
lasting more than 48 hours in duration. 8 Antiarrhythmic drugs and catheter ablation have 
been shown to convert symptomatic AF into asymptomatic AF. 5 Patients with 
unrecognized AF may not receive appropriate preventative care and are at greater risk 
for stroke or heart failure. 9 

Pathophysiology 
Atrial fibrillation is characterized by uncoordinated atrial electrical activity with rates 
greater than 300 beats per minute, deterioration of atrial contractility, and irregular 
ventricular response or rate. The initiation and continuation of AF depend on a multitude 
of factors which can affect the atria. Several theories have emerged regarding the 
mechanisms of AF and are likely a combination of a single source focus (automatic 
focus, mother wave, fixed rotor, moving rotor) and multiple sources (multiple foci, 
multiple wavelets, unstable reentry circuits (Figure 3).9 Moe hypothesized in 1962 that 
atrial activity in AF proceeds as multiple "wavelets" that move around the atrium, some 
of which circle back on themselves, propagating reentry. 10 However, for this to occur, 
fibrillation must be initiated by transient "triggers" which collide with normally propagating 
electrical waves. 11 Due to anatomical heterogeneities in the atriae (e.g. spatial 
orientation of myocytes) or alterations in the "substrate" (e.g. patchy fibrosis), circuits are 
created which are predisposed to sustain AF. 

Disorders that either increase atrial size (hypertension, sleep apnea, valvular disease), 
decrease tissue wavelength (aging, fibrosis), decrease refractory periods 
(thyrotoxicosis), or both (ischemia, autonomic tone) favor continuation of atrial 
fibrillation. 12 Atrial electrical properties are altered by sustained AF, such that the atrial 
tissue becomes more susceptible to the initiation and maintenance of the arrhythmia. 
With time, this atrial "remodeling" of tissue (myocyte calcium overload , reduction in the 
expression of calcium current, reduction in expression of connexins, stimulation of 
angiotension II receptors, activation of mitogen -activated protein kinases, etc) prevents 
spontaneous termination of AF and creates persistent AF which is difficult to convert 
without electrophysiological manipulation.9 This progression of atrial remodelin~ during 
AF is supported by animal models and has been described as "AF begets AF. "1 

Figure 3. Mechanisms of atrial fibrillation9 
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A paradigm shift in the management of AF has been to target and eliminate the triggers 
or ectopic foci that initiate AF. It is thought that by preventing the initiation of AF, atrial 
remodeling will be less likely to occur. Frequently, ectopic foci are located in the 
pulmonary veins or left atrium. Atrial myocytes have been identified extending into the 
pulmonary veins and are likely remnants of embryonic development. Ectopic foci are 
more commonly found in the superior pulmonary veins. Haissaguerre and colleagues 
were the first to describe spontaneous initiation of atrial fibrillation by ectopic beats 
originating in the pulmonary veins and to demonstrate that AF could be abolished by 
targeting the pulmonary vein triggers by focal radiofrequency ablation. 14 

Clinical Classification 
AF is characterized on the electrocardiogram (ECG) by the replacement of organized P 
waves with oscillations or fibrillatory waves that vary in amplitude, shape, and timing with 
an irregular ventricular response. Multiple clinical classification schemes have been 
proposed. After the first detected episode, AF is considered recurrent. AF may be 
asymptomatic or symptomatic. The ACC/AHA 2006 Guidelines classifies AF based on 
the duration of episodes: paroxysmal (self terminating within 7 days), persistent 
(sustained greater than 7 days), and permanent (sustained greater than 1 year or fails to 
terminate with cardioversion).5 When AF is persistent, termination with pharmacological 
therapy or electrical cardioversion does not change the designation. Other terms such 
as "lone AF" are used to describe individuals younger than age 60 with no clinical or 
echo evidence of cardiac disease and no history of hypertension. Secondary AF occurs 
in the setting of cardiopulmonary or metabolic diseases such as acute myocardial 
infarction, cardiac surgery, pericarditis, hyperthyroidism, pulmonary embolism, 
pneumonia, acute pulmonary disease, or other acute illness. The term "chronic AF" is 
now avoided since the term is not specific. For example, a patient may have a 1 0 year 
history of paroxysmal AF which is "chronic," however, sustained episodes may never last 
more than 48 hours in duration. 

Stroke Risk and Prevention 
The annual incidence of ischemic stroke is 5% among patients with non-valvular AF, 
between 2 to 7 times that of people without AF.5 However, the risk increases with age 
and for those with major risk factors. Multiple clinical trials have demonstrated the 
benefits of anticoagulation therapy for the prevention of stroke in patients with major risk 
factors. The data below are a compilation of results from the stroke Prevention in Atrial 
Fibrillation (SPAF) 1-111 studies (Table 1 ). 15 

Table 1. Risk Factors for Stroke and Systemic Embolism with Non-valvular AF 15 

Risk Factors (Control Groups) 

Previous stroke or TIA 

History of hypertension 

Heart failure or impaired left ventricular systolic 
function 

Advanced age (continuous, per decade) 

Diabetes mellitus 

Coronary artery disease 

4 

Relative 
Risk 

2.5 

1.6 

1.4 

1.4 

1.7 

1.5 

.. 



• Age <75 yr and no risk factors, stroke risk = 1% annually 
• Age <75 yr with hypertension or diabetes, risk 2.5% annually 
• Age >75 yr with hypertension, risk 7.5% annually 
• Age > 75 yr with history of TIA or stroke, risk 13% annually 

Multiple large randomized clinical trials have demonstrated the benefits of oral 
anticoagulation for the prevention of stroke in AF patients.5 Warfarin has been 
consistently shown to reduce the risk of ischemic stroke or systemic embolism between 
50-70% (Figure 4) compared to no treatment (placebo) and by 30-40% compared to 
aspirin in high risk patients with AF.9 
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Figure 4. Stroke risk reduction with Warfarin5 

The CHADS(2) clinical classification scheme was created by assigning 1 point each for 
the presence of congestive heart failure, hypertension, age 75 years or older, and 
diabetes mellitus and by assigning 2 points for history of stroke or transient ischemic 
attack (Table 2). 16

. The data was based from a National Registry of AF consisting of 
Medicare beneficiaries aged 65 to 95 years who had non-rheumatic AF and were not 
prescribed warfarin at hospital discharge. 

Table 2. Stroke Risk Index 16 

CHADS2 Criteria 

Prior stroke or transient ischemic attack 

Age 75 years or older 

Hypertension 

Diabetes mellitus 

Heart failure or impaired left ventricular systolic 
function 

Risk 
Score 

2 points 

1 point 

1 point 

1 point 

1 point 

The American College of Cardiology and American Heart Association (ACC/AHA) 2006 
AF treatment guidelines (Table 3) are more definitive about the use of anticoagualation 
for patients at highest risk for stroke, specifically, those with prior stroke, TIA or 
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embolism, mitral stenosis, and prosthestic valves. These patients should be treated with 
Warfarin. If a patient has no risk factors, daily aspirin is recommended. No distinction 
is made between patients with paroxysmal versus persistent AF. There is leeway for the 
patient or physician for prophylactic treatment with 1 moderate risk factor, such that 
either daily aspirin or dose adjusted warfarin may be selected. The age cut off has been 
raised to 75. Healthy low risk patients age 65 to 75 may be treated with aspirin. 
Patients with 2 or more risk factors should be treated with Warfarin. 

Table 3. Recommended Antithrombotic Therapy for Nonvalvular AF17 

Risk Category Recommended Therapy 

No risk factors 

One moderate-risk factor 

Any high-risk factor ~r more than 1 
moderate-risk factor 

Aspirin 81 to 325 mg daily 

Aspirin 81 to 325 mg daily or warfarin 
(INR 2.0 to 3.0, target 2.5) 

Warfarin (INR 2.0 to 3.0, target 2.5)t 

Vitamin K antagonists, such as warfarin, however, have a narrow therapeutic range and 
have unpredictable pharmacokinetics and pharmacodynamics affected by genetic 
factors, drug-drug interactions, and consumption of foods containing vitamin K. 
Subtherapeutic anticoagulation increases the risk of stroke, whereas over
anticoagulation increases the risk of bleeding (Figure 5).5 Due to these factors, regular 
coagulation monitoring and dose adjustment of warfarin is required to ensure that 
anticoagulant effects remain within the therapeutic range International Normalized Ratio 
(INR) 2.0-3.0. 
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Figure 5. Anticoagulation with Warfarin: Stroke vs Intracerebral Hemorrhage5 

Several anticoagulant drugs with novel mechanisms are currently undergoing clinical 
development and may offer advantages to warfarin (Figure 6). The ideal anticoagulant 
would have rapid and dependable pharmacokinetics, lack drug interactions, and not 
require monitoring. Ximelagatran (AstraZenica), a direct thrombin inhibitor was shown to 
be noninferior to dose-adjusted warfarin in stroke prevention and marginally superior in 
bleeding risk, however, hepatotoxicity and adverse cardiovascular events were observed 
in two phase Ill clinical trials and the drug was withdrawn from further development. 18 

Dabigatran (Boehringer-lngelheim), also a direct thrombin inhibitor, has reached phase 
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Ill clinical trials but its safety, particularly its effects on the liver, remains to be 
established.9 Most promising perhaps are the oral factor Xa inhibitors. Apixaban 
(Bristol-Meyers Squibb) and rivaroxaban (Bayer AG and Johnson & Johnson) have been 
studied in the prevention of venous thrombo-embolism following orthopedic surgery, and 
have been shown to have similar efficacy (DVT, PE, and all-cause mortality) compared 
to low molecular weight heparin or warfarin in phase II clinical trials with an incidence of 
major bleeding from 0.0-3.3%.18 Both drugs are currently in phase II clinical trials for 
stroke prevention in patients with AF. 
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Figure 6. Targets for novel anticoagulants in the coagulation pathway 18 

Role of Rate Control Drugs 
Patients with atrial fibrillation are at increased risk for heart failure and stroke. 5 AF can 
lead to heart failure or a tachycardia mediated cardiomyopathy through several 
mechanisms including excessive ventricular rate, loss of atrial contraction, and irregular 
ventricular filling. 19 Most physicians have assumed in the past that maintaining sinus 
rhythm through drug therapy is preferable to allowing the heart to stay in AF. However, 
the use of antiarrhythmic drugs to maintain sinus rhythm carries a risk of proarrhythmia 
such as bradycardia, monomorphic ventricular tachycardia, torsades de pointe 
(polymorphic ventricular tachycardia), and an increased risk for sudden cardiac death.5 

Two similar studies, AFFIRM20 and RACE21 were published in 2002, and demonstrated 
that rate control with the objective of controlling ventricular rate in elderly patients 
(age~65) with stroke risk factors is not inferior to rhythm control with antiarrhythmic 
drugs. In these studies, AV nodal blocking agents (beta-blocker, calcium channel 
blocker, digoxin) were used to control ventricular rate with an average goal of .:5,80 
beats/min at rest and .:5,11 0 beats/minute with exercise. A separate arm included 
patients treated with class IC or Ill antiarrhythmic drugs. All patients were initially treated 
with warfarin. Both demonstrated that the mortality rate between two arms (rate vs 
rhythm control) were similar (Figure 7). In fact, these studies showed that rhythm 
control was more costly and patients receiving antiarrhythmic drugs required more 
hospitalizations and procedures. 9 
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Figure 7. AFFIRM 2° Cumulative Mortality from Any Cause in the Rhythm Control and 
Rate Control Group. 

The Atrial Fibrillation and Congestive Heart Failure (AF-CHF) trial was a recent 
prospective multicenter study comparing a rhythm control strategy and a rate control 
strategy for patients with heart failure. 19 All 1376 patients in the study (average age 66) 
had a left ventricular ejection fraction of 35% or less, symptomatic heart failure (NYHA 
class II-IV CHF or prior hospitalization for CHF), and a history of atrial fibrillation. Most 
patients in both arms (-90%) were treated with warfarin. The primary outcome was 
death from cardiovascular causes. After a mean follow-up of 37 months, there was no 
significant difference in the rate of death (27% in the rhythm control group vs 25% in the 
rate control group). Additionally, there was no significant difference in secondary 
outcomes, including death from any cause, worsening heart failure, or composite of 
stroke, heart failure , or death (Figure 8). 
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Figure 8. AF-CHF trial. No significant difference in rhythm vs rate control. Panels: A. 
Death from any cause, B. Stroke, C. Worsening Heart Failure, D. Composite Outcome. 
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It may appear that rhythm control offers no advantages to a rate control strategy. 
However, a rhythm control strategy does not guarantee maintenance of sinus rhythm. In 
fact, rhythm control drugs are effective in less than 2/3 patients with chronic {>1 year) 
treatment (Figure 9). 22 Among antiarrhythmic drugs, amiodarone and dofetilide have 
neutral effects and beta-blockers exert a positive survival advantage in patients with 
heart failure . The majority of patients in the AF-CHF study received amiodarone {>80%), 
however, many were intolerant of therapy {>10%). Patients taking amiodarone were 
more likely to have beta-blocker therapy withdrawn (-10%) or may have received a 
suboptimal dose of beta-blocker for CHF treatment. 

For patients that fail an attempt at rhythm control with a drug such as amiodarone, the 
antiarrhythmic drug should be stopped to avoid the risk of adverse side effects. 
Additionally, anticoagulation therapy should not be stopped for patients treated with 
either antiarrhythmic or rate control drugs when AF is suppressed if significant stroke 
risk factors are present (CHAOS score~ 2), since the use of drugs may convert 
symptomatic AF to silent AF. 5 
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Figure 9. Amiodarone versus sotalol for atrial fibrillation.22 Time to recurrence of AF 
among patients in whom sinus rhythm was restored. 

Role of Rhythm Control Drugs 
Although primary rate control and anticoagulation are good options for elderly 
asymptomatic patients, a rhythm control strategy is still preferable for a large number of 
patients. These include younger individuals {<age 65), symptomatic patients, those with 
recent onset of AF, patients that have failed treatment with a rate control strategy, and 
some patients with congestive heart failure. In a VA study examining patients with 
persistent AF (mostly symptomatic, no history of severe heart failure), those that 
remained in sinus rhythm while taking amiodarone or sotalol reported significantly better 
quality of life and exercise capacity compared to placebo patients. 22 

Antiarrhythmic drugs are commonly classified by their effects on the cardiac action 
potential (Vaughn Williams classification) and generally correspond to selective ion 
channel blockade. Class I agents block the sodium channel (Class Ia: quinidine, 
procainamide, disopyramide and Class lc: flecainide and propafenone), class II agents 
block beta-adrenergic receptors, class Ill agents generally block potassium channels 
(amiodarone, dofetilide, sotalol), and class IV drugs block calcium channels. Class lc 
agents are first-line treatment for paroxysmal AF in structurally normal hearts but are 
contraindicated otherwise because of the risk of ventricular proarrhythmia.5 Class Ill 
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agents are used in persistent AF patients with structural heart disease, including heart 
failure and coronary artery disease, but carry the risk of torsades de pointes.5 

Amiodarone, which combines properties of all the Vaughn Williams classes, is the most 
effective drug for AF, the least pro-arrhythmic drug but carries potential non-cardiac 
toxicities (pulmonary, ocular, thyroid, skin, and hepatic) and drug interactions that limit its 
utility. 23 Amiodarone is the most commonly prescribed drug for AF but it is not FDA 
approved for the treatment of AF and its use is considered "off-label. "5 

One of the most promising new investigational drugs for the treatment of AF is 
dronedarone (Sanofi-Aventis), a non-iodinated benzofuran derivative of amiodarone that 
has been shown to have similar electrophysiological effects. Two efficacy and safety 
studies, ADONIS and EURIDIS were recently published demonstrating that dronedarone 
was modestly effective in preventing recurrent AF and controlling ventricular rates. 24 At 
12 months, 67.1% of patients in the dronedarone group and 77.5% of patients in the 
placebo group had a recurrence of AF (Figure 1 0). However, a post hoc analysis of 
these studies showed a 27% reduction in relative risk of death and hospitalization for 
cardiovascular causes. No significant pulmonary toxicity or thyroid abnormalities were 
reported for dronedarone compared to control. 
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Figure 10. ADONIS/EURIDIS trials, time to AF recurrence with dronedarone. 24 

Results of a large (>4000 patients) phase Ill, randomized, placebo controlled, double 
blind trial with dronedarone using a combination primary endpoint of time to first 
cardiovascular hospitalization or all-cause mortality were reported at the 2008 Heart 
Rhythm Society Meeting. These patients had paroxysmal or persistent AF and were age 
~ 70 years with 1 or more stroke risk factors (hypertension, prior CVA, diabetes, LA 
diameter~ 50 mm, or LVEF :5. 40%). The study showed a significant 25% reduction in 
risk for CV hospitalization for the dronedarone group as well as lower cardiovascular 

p (Figure 11 ). 

Figure 11. ATHENA Trial, Hohnloser SH, Heart Rhythm Society 2008, SF, CA 
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These studies demonstrate that newer antiarrhythmic drugs and patient selection may 
be the key to rhythm control. Besides dronedarone, other analogues of amiodarone are 
being developed with possibly better risk to benefit ratios. Another line of investigation is 
to target ion channels more specific to the atria. Agents have been developed which 
selectively block the ultrarapid delayed rectifier potassium current (IKur), transient 
outward current (Ito), and acetycholine-dependent potassium current (IKACh).23 

Vernakalant hydrochloride (Cardiome, Canada) is an investigational drug in advanced 
phase of development. 25 This compound is a relatively atrium-selective, early-activating 
potassium and frequency-dependent sodium channel blocker with half-life of 2-3 hours. 
Patients with recent onset AF (3 hours to 7 days) have the greatest efficacy with 
vernakalant (51.7%) compared to placebo (4.0%) without risk of ventricular arrhythmia 
(Figure 12). However, serious adverse events including hypotension, complete AV 
block, and cardiogenic shock occurred in <1% of study patients. Nevertheless, this may 
be a future alternative to electrical cardioversion, which also has adverse effects such as 
skin burns, heart block, ventricular proarrhythmia, and complications from sedation. 
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Figure 12. Vernakalant conversion success rate after the start of study drug infusion for 
short-duration AF. 25 

Role of Pacing 
The use of permanent pacemakers for the treatment of symptomatic bradycardia is well 
established. Sinus node dysfunction and bradycardia are frequently associated with 
paroxysmal AF. The terms sick sinus syndrome and "tachy-brady syndrome" refer to the 
sudden oscillations between sinus brady-arrhythmia and atrial tachy-arrhythmia or AF. 
Single chamber (atrial or ventricular) and dual chamber pacemakers are implanted for 
sinus node dysfunction depending on the status of intrinsic atrioventricular (AV) 
conduction and the desire for rate response or AV synchrony. 26 In some patients with 
bradycardia-dependent AF, atrial pacing may be effective in reducing the frequency of 
recurrences. However, right ventricular pacing due to 1st degree or intermittent AV 
block with conventional dual chamber pacemakers have been shown to create 
ventricular dyssynchrony and increase the incidence of atrial fibrillation. Dual chamber 
pacing paradoxically leads to an increased risk of heart failure and death.27 

Newer pacemakers have pacing algorithms which minimize right ventricular pacing in 
patients with sinus node disease and intact AV conduction. A study published last year 
demonstrated that dual chamber pacing with devices designed to promote AV 
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conduction, preserve intrinsic ventricular conduction, and prevent ventricular 
dyschronization decrease the risk of developing persistent atrial fibrillation (40% 
reduction in relative risk, 4.8% absolute risk reduction) compared to conventional dual 
chamber pacemakers. 28 

Heart failure often co-exists with AF. The estimated prevalence of AF in patients with 
heart failure ranges between 5 to 50%, depending on the stage of CHF.5 Cardiac 
resynchronization therapy (CRT) is indicated for patients with dilated cardiomyopathy, 
NYHA class Ill to IV heart failure, left ventricular ejection fraction~ 35%, and QRS 
duration~ 120ms. CRT therapy in these selected CHF patients has been shown to 
reduce all cause mortality (36% RR reduction) and cardiovascular hospitalizations (52% 
RR reduction). 26 However, the large clinical trials which validated the effectiveness of 
CRT studied CHF patients in sinus rhythm and excluded patients with persistent or 
permanent atrial fibrillation. More recent observational studies and a single randomized 
trial suggest that CHF patients meeting indications for CRT with permanent AF may also 
benefit.29 

Role of Catheter Ablation 
As discussed earlier, AF requires both a trigger and a substrate (Fig 13). The goals of 
AF ablation procedures are to either eliminate the triggers that inititate AF, most 
commonly originating near the ostium of the pulmonary veins, or to alter the 
arrhythmogenic atrial substrate. The most common catheter ablation strategy involves 
electrical isolation of the pulmonary veins (PV isolation) by creating circumferential 
lesions around the left and right PV ostia or antrrum (Fig 14).30 The cirumferential 
lesions may also alter the atrial substrate by eliminating muscle tissue near the atriai-PV 
junctions that can act as reentrant circuits which can perpetuate AF, or reduce the mass 
of atrial tissue needed to sustain reentry. Other less common trigger sites for AF, 
including the vein (ligament) of Marshall, the posterior left atrial wall, superior vena cava, 
and areas of "complex fractionated electrograms" are sometimes targeted. The addition 
of linear lesions connecting the circumferential lesions or extending the lesions to the 
mitral annulus further compartmentalizes the left atrium, potentially preventing reentry. 30 

Catheter ablation of AF or pulmonary vein isolation is an alternative to pharmacological 
therapy. In selected patients with paroxysmal AF, particularly those with minimal 
structural heart disease (little or no left atrial enlargement) and age < 65 years, small 
randomized clinical trials using PV isolation or circumferential PV ablation techniques 
have demonstrated a significant reduction in AF burden compared to antiarrhythmic 
drugs. Success rates for AF ablation for paroxysmal AF approach 75-85% compared to 
5-35% efficacy with antiarrhythmic drug therapy (Table 3).31

• 
32 Based on these small 

trials, the American College of Cardiology /American Heart Association/ European 
Society of Cardiology (ACC/AHA/ESC) have issued guidelines and recommendations for 
catheter ablation of AF. 30 There is a consemsus that the primary indication for AF 
ablation is the presence of symptomatic AF refractory to at least one Class I or Ill 
antiarrhythmic drug (or patient intolerance to antiarrhythmic drug therapy). In rare 
situations, it may be appropriate as first line therapy. Catheter ablation may be 
performed in selected patients with persistent AF33

, and those with symptomatic heart 
failure or reduced ejection fraction. 34 
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Figure 13.30 Structures and mechanisms of atrial fibrillation are depicted by the 
drawings of the left and right atria. The first 4 diagrams show the following: A. The 
posterior left atrium, the left superior, left inferior, right superior and right inferior 
pulmonary veins (LSPV, LIPV, RSPV, RIPV) and their relationship to the right atrium, 
superior vena cava (SVC) and inferior vena cava (IVC). B. Large and small reentrant 
wavelets that play a role in initiation and sustaining AF. C. Common locations of PV 
and non PV triggers. D. Composite mechanisms. 

Figure 14.30 The second 4 diagrams show common lesion sets employed in AF ablation. 
A. Circumferential ablation lesions created around the left and right PVs. B. Some 
common sites of linear ablation lesions including the left atrial "roof' and a "mitral 
isthmus" line connecting the lesion encircling the left PVs to the mitral annulus. C. 
Similar to B but with the addition of lesions between the superior and inferior PVs and 
lesions encircling the superior vena cava. D. Some common sites of ablation lesions 
when complex fractionated electrograms are targeted. 
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It is important to repognize that the randomized studies of AF ablation have been 
relatively small, employed soft endpoints such as a reduction in symptomatic AF at 1 
year with intermittent monitoring (as opposed to absolutely no AF recurrence with 
continuous monitoring), and were performed at few experienced centers. Approximately 
one-quarter to one-third of patients, particularly those with chronic (persistent) AF 
required antiarrhythmic drug therapy, including amiodarone, to prevent recurrences. 31

· 
33 

A significant proportion of patients (between 20-40%) may have undergone multiple 
repeat or "redo" procedures. 30 
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Additionally, AF ablation carries a risk of procedural complications which approach 6% 
based on a worldwide survey on the outcomes of AF catheter ablation. 35 Serious 
complications of AF catheter ablation include stroke (1-2%), pericardia! effusion or 
tamponade (1-3%) , pulmonary vein stenosis (1-3%), phrenic nerve injury (0.5%), injury 
to the esophagus or formation of an atria-esophageal fistula (0.25%), and rare instances 
of death. Additionally, early recurrence of AF (-40%) and iatrogenic atrial arrhythmias 
(>1 0%) are observed in the first one to three months after ablation, likely due to 
inflammation, and may cause patients to transiently experience worsening of symptoms 
following an ablation. 30 

A large NIH sponsored randomized trial, Catheter ABlation versus ANtiarrhythmic drug 
therapy for 6trial fibrillation (CABANA) was designed to test whether left atrial catheter 
ablation will reduce total mortality compared to current rate control or antiarrhythmic drug 
therapy. Each pt will have 1) Characteristics similar to AFFIRM patients (>65 years or 
<65 with >1 risk factor for stroke, 2) Documented AF warranting treatment, and 3) 
Eligibility for both catheter ablation and >2 anti-arrhythmic or >3 rate control drugs. 
Patients will be followed every 6 months for >2 yrs and will undergo repeat trans
telephonic monitor, Holter monitor, and CT/MR studies to assess the impact of 
treatment. The CABANA trial is currently recruiting patients and will help disclose the 
role of medical and non-pharmacologic therapies for AF, establish the cost and impact of 
therapy on quality of life and will help determine if AF is a modifiable risk factor for 
increased mortality (CiinicaiTrials.gov, NCT00578617, PI- Douglas Packer, Mayo 
Clinic). 
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Currently, no ablation device is approved by the Food and Drug Administration (FDA) 
specifically for the treatment of AF. The standard approach is to use conventional4-mm 
or 8-mm electrode tip radiofrequency ablation catheters (approved for treatment 
supraventricular tachycardias or ventricular tachycardias) to perform the procedures. 
Catheter ablation of AF is performed in most centers using electroanatomical mapping 
systems, which allow for computerized reconstruction of the cardiac anatomy to facilitate 
catheter manipulation. The two most widely used systems are the CARTO (Biosense 
Webster Inc, Johnson and Johnson, USA) and the NavX system (Endocardial Solutions, 
St Jude Medical, USA). A recent advance in electroanatomical mapping is the ability to 
use pre-acquired CT/MR!echo images to guide catheters without the use of fluoroscopy. 
These systems have decreased procedure times and reduced radiation exposure to both 
patients and operators. 30 New technologies, including alternate energy sources for 
ablation (cryoablation, high intensity focused ultrasound, laser) and robotic catheter 
navigation systems are undergoing testing. 30 The efficacy, safety, and cost 
effectiveness of these innovative techniques are promising but are not established. 

For patients that are refractory to drug or AF ablation therapy, radiofrequency ablation of 
the atrioventricular junction (AVJ) to create high grade AV block with simultaneous 
implantation of a permanent pacemaker is an effective method for controlling ventricular 
rate. Several studies have reported that AVJ is associated with a reduction of 
symptoms, an improvement in exercise tolerance, an increase in the quality of life, and 
augmentation of left ventricular ejection fraction (L VEF) in selected patients. 5 However, 
continuous right ventricular pacing may lead a decline in LVEF in -15% of patients 
receiving this therapy, possibly worsening heart failure and increasing mortality.36 

Implant of a biventricular pacing device (cardiac resynchronization therapy- CRT 
pacemaker) may prevent deterioration of L VEF in patients undergoing ablation of the 
AVJ for management of AF with rapid ventricular rates.37 However, the beneficial effects 
of CRT appear to be greater in patients with impaired systolic function or with 
symptomatic heart failure. 29 The results of ongoing, rigorously designed clinical studies 
are needed to clarify the role of AF ablation, resynchronization therapy, and drugs when 
atrial fibrillation complicates the course of heart failure. 
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Conclusions 
Atrial fibrillation (AF) is a morbid and costly cardiovascular condition that will affect 3% of 
the U.S. population and a greater proportion of individuals above the age of 65 in the 
coming years. AF significantly increases the risk of stroke, heart failure, and 
cardiovascular mortality. Patients with multiple risk factors for stroke, particularly those 
with a history of Congestive heart failure, Hypertension, ~ge > 70, Diabetes, or prior 
~troke (CHAOS score~ 2) benefit from anticoagulation therapy. Conventional 
anticoagulation therapy is highly effective but not consistently applied either because of 
difficulties with management or concerns of bleeding complications. New antithrombotic 
agents with favorable pharmacological characteristics have reached the final stages of 
development and may eventually replace warfarin. Rate control of heart rate with AV 
nodal btocking drugs or pacemakers is well e~stablished in the treatment of AF, 
particularly for asymptomatic individuals or elderly patients. In selected patients, a 
rhythm control strategy with antiarrhythmic drugs or catheter ablation may offer 
advantages to rate control. Newer antiarrhythmic drugs and catheter ablation are under 
clinical investigation and may have benefits which include the potential to reduce 
hospitalizations or cardiovascular mortality. AF catheter ablation has become a 
commonly performed procedure throughout the world. Innovative devices and 
techniques may improve the safety and efficacy of this rapidly evolving procedure. 
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