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Rhythm control of atrial fibrillation (AF) is usually preferred
in symptomatic patients and can be achieved either by using
antiarrhythmic drugs (AADs) or by catheter ablation (CA)
using either radio frequency or cryothermal energy. Vaughan
Williams Class IC and Class III AAD are most commonly used,
and they have significant side-effect profile including risk of
ventricular arrhythmias,major contraindications, drug–drug
interactions, and systemic toxicity, apart from poor overall
efficacy. Over the past decade, circumferential pulmonary
vein isolation has evolved frombeing a “novel” concept into a
routine strategy to help manage patients with symptomatic
AF. The primary aim of CA is to electrically isolate ectopic
premature impulses that serve to trigger AF and eliminate
them at the site of their origin around the pulmonary veins.
Additional techniques tomodify the left atrial substrate such
as linear ablations of the left atrial posterior wall, focal
complex fractionated atrial electrogram-guided ablations,
ablation of ganglionic plexi, and areas of scar and other
nonpulmonary vein triggers (superior vena cava or intera-
trial septum) have shownadditive benefit, albeit at the riskof

greater procedure-related complications. The purpose of this
article is to provide a concise review of the compelling
literature that has helped shape current guidelines for the
use of CA in the management of AF, and its role in special
populations.

The first-time success rate of CA in atrial flutter is excel-
lent and ranges in the 90 to 95%. In contrast, this is�50 to 70%
in AF and improves to 80 to 90% with repeat procedures.
Success of therapy is significantly much better in patients
with paroxysmal AF comparedwith thosewith persistent AF.
This largely explains the 2014 American Heart Association/
American College of Cardiology/Heart Rhythm Society (AHA/
ACC/HRS) recommendations for management of AF. CA has a
Class I indication in symptomatic AF patients who are
refractory or intolerant to at least 1 Class I/III AAD if
paroxysmal, Class IIa if persistent and Class IIb if of the
long-standing persistent (> 12 months) type. Additionally,
CAmayalso be attempted as thefirst rhythm control strategy
prior to trial of AAD in case of recurrent symptomatic
paroxysmal (Class IIa) or persistent AF (Class IIb), although

Keywords

► atrial fibrillation
► ablation
► radio frequency

ablation
► stroke
► pulmonary vein
► left atrium
► survival

Abstract Long-standing atrial fibrillation is associated with significant morbidity including stroke
and development of heart failure. Patients also report poor quality of life as a result of
debilitating symptoms or treatment side effects from antiarrhythmic medications.
Radio frequency or cryothermal mediated catheter ablation has a central role in the
management of symptomatic patients with paroxysmal or persistent atrial fibrillation.
Circumferential pulmonary vein isolation is vital to the success of this therapy and other
ancillary techniques have been described, especially for persistent atrial fibrillation.
Several randomized controlled studies have been reported over the last two decades
studying important clinical outcomes in patients with atrial fibrillation. In this article,
we aim to provide a review of the major studies that have helped define the role of
catheter ablation in the management of symptomatic atrial fibrillation in patients with
both diseased and structurally normal hearts.
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we do not have strong evidence for this recommendation.1

The 2016 ESC2 and 2017 HRS/EHRA/ECAS/APHRS/SOLAECE3

expert consensus statement on catheter and surgical abla-
tion of AF also endorse the above recommendations. We will
discuss the major randomized controlled trials (RCTs) that
shaped the above guidelines in the following sections
(►Fig. 1). Apart from chronicity and pattern of AF, patient
characteristics such as advanced age, presence of structural
heart disease such as heart failure (HF) and dilated left
atrium (LA), presence of other comorbidities such as sleep
apnea and obesity, and more importantly, operator volumes
and experience also dictate success with these procedures.
The role of CA in various patient populations is summarized
(►Table 1).

Role of Catheter Ablation in Structurally
Normal Hearts

Several small RCTs of symptomatic patients who have previ-
ously failed or intolerant to AAD have shown that CA is
associated with less incidence of early and late AF recur-
rence,4–7 reduction in AF duration6,7 and frequency of epi-
sodes,4 decreased need for hospitalizations,6,8 and have
shown overall improvement in quality of life (QOL) and
functional capacity measured through various standardized
metrics.4,7 Data reported from a large Canadian Registry
showed thatmore than 50% patientswith paroxysmal AFwill
eventually progress to persistent AF or die from an event
within 10 years.9 Also, due to progressive left atrial remod-

eling and fibrosis, success of maintaining sinus rhythm
declines with longer duration of disease (AF begets AF).
This raises an important question; should we ablate patients
early in the course of their disease? The RAAFT-1 study10

sought to evaluate a strategy of initial CA compared with
AAD therapy in a group of 70 treatment naïve patients with
symptomatic AF. Although small, this study reported lower
AF burden, reduced cardiovascular hospitalization, and im-
proved QOL in AF patients treated with an initial strategy of
CA at 1-year follow-up. A much larger MANTRA-PAF study11

(n¼294) found that early CA was associated with greater
freedom from AF recurrence and symptomatic recurrence at
2 years, and this effect was sustained even at 5-year follow-
up in patients with paroxysmal AF. The RAAFT-2 study12 also
reported similar findings at 2-year follow-up but observed
much higher complication rateswith early CA (overall rate of
9% with a 6% incidence of cardiac tamponade) when com-
pared with contemporary studies. However, these studies
were hampered by slow recruitment due to highly selected
study populations, routine protocol deviations by the sub-
jects, differences in measured primary outcomes, and wide
differences in CA techniques and operator experience. More
importantly, most RCTs were underpowered to report hard
outcomes such as mortality and stroke rates. This has led to
confusion among referring providers and overall a lower
acceptance of CA as an initial strategy in symptomatic AF
patients among electrophysicians.

In contrast, the data are far more compelling in favor of CA
for patients who have failed or unable to tolerate prior

Fig. 1 Timeline of major randomized controlled trials characterizing the role of catheter ablation in symptomatic patients with atrial fibrillation.
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antiarrhythmic therapy. Themuch-anticipated CABANA trial
was reported last year, and for the first time, a study
provided long-term data on hard end points (death, stroke,
and cardiac arrest) for ablation versus drug therapy in a large
group of patients (n¼2,204) with paroxysmal or persistent
AF who had previously failed AAD therapy. The primary
outcome (composite of death, disabling stroke, serious
bleeding, or cardiac arrest) was not significantly different
between the groups (8% in CA vs. 9% in AAD group; p¼0.30).
None of the isolated primary end points achieved statistical
significance either; however, the investigators noted a sig-
nificant reduction in AF burden and recurrence, as well as
reduction in hospitalizations and improvement in QOL in
patients after CA at 5 years. Also, this study documented a
significantly lower incidence of major complications (�5%)13

such as cardiac tamponade, pulmonary vein stenosis, and
phrenic nerve injury in the CA ablation group as compared
with previous RCTs. This supports the notion that CA, if done
in high volume centers by experienced providers, can be a
relatively safe procedure and helps to improve symptoms
and QOL. Considering that there were large protocol devia-
tions among the study participants (study crossover rate:
ablation to drug—9.2%; drug to ablation—27.5%), the
CABANA trial authors had also reported on “as-treated”
analysis, where the groups were analyzed based on the
treatment received instead of their originally assigned group.
In contrast to the intention-to-treat analysis, the results
overwhelmingly favored ablation for the composite as well
as individual components of the primary end point. This
became a point of controversy among experts in thefield and
the jury was divided regarding the mortality benefit of CA.
Noseworthy et al14 reported their findings from a retrospec-
tive cohort analysis of a large national database by replicat-
ing the CABANA study protocol and included patients who
underwent CA within the CABANA trial recruitment period
(2009–2016). In this large group of patients (n¼183760), the
primary outcome (composite of death, disabling stroke,
serious bleeding or cardiac arrest) strongly favored CA
comparedwith AAD (hazard ratio [HR]: 0.75, 95% confidence
interval (CI): 0.70–0.81; p<0.001]. Individual primary end
points were also significantly lower in CA arm except for
major bleeding. This data, although supports the findings
from the “as-treated” analysis of the CABANA trial, needs to
be interpretedwith caution due to their observational nature
and the chance for residual confounding. Nevertheless, this
study supports the argument that CAmight have a mortality
benefit in the “real world” and the findings of the
“as-treated” analysis from CABANA cannot be entirely dis-
counted as a chance occurrence.

Role of Catheter Ablation in Patients with
Heart Failure

AF and HF co-exist in many patients and episodes of rapid AF
in patients with pre-existing HF can worsen cardiac output
due to loss of “atrial kick” and further impaired diastolic
filling. Conversely, long-standing HF can cause increases in
filling pressures and LA stretch from volume overload,

disrupt ionic currents that regulate intracellular calcium,
and cause imbalances in autonomic function that can facili-
tate the genesis of AF. Moreover, HF has also been shown to
cause interstitial fibrosis and remodeling of the LA, and this
can serve as a substrate to propagate AF thereby setting up a
vicious cycle of worsening HF.15 AADs have a limited role to
play in HF due to potential toxicities, and this led to interest
in the potential role of CA to restore sinus rhythm in these
patients. Early studies have shown us that CA can cause
improvement in the left ventricular ejection fraction (LVEF)
(�5–10%) from baseline, decrease brain natriuretic peptide
levels and HF hospitalizations and improve both QOL and
functional capacity in the form of increase in peak oxygen
consumption and 6-minute walk distances, an important
prognostic indicator.16–19 However, most studies were un-
derpowered to studymortality. A good example is the AATAC
study8 that found a 56% relative risk reduction for mortality
with CAwhen compared with amiodarone therapy at 2-year
follow-up, but it was underpowered to study this end point
(n¼203). Additionally, the PABA CHF17 study showed supe-
riority of CA over atrioventricular (AV) nodal ablation with
biventricular pacing in termsof freedom fromAFat6months,
and improvements in QOL, functional capacity, and LVEF
from baseline in patients with LVEF<40%.

The CASTLE-AF trial19 was the first adequately powered
RCT to report a mortality benefit with CA in HF patients. This
study enrolled 397 patients with symptomatic paroxysmal
or persistent AF and HF with a LVEF of �35%. The composite
primary end point of all-cause mortality and unplanned HF
hospitalization was significantly lower in CA arm versus
medical therapy—rate or rhythm control (28.5 vs. 44.6%;
p¼0.007) at a median follow-up of 37.8 months. Addition-
ally, the CA ablation group also showed a median LVEF
improvement of 8% (2.2–19.1%) and greater freedom from
AF (63.1 vs. 21.7%; p<0.001) at 5-year follow-up visit.
Another RCT presented around the same time; the CAM-
ERA-MRI study20 challenged the notion that rate control is
equivalent to rhythm control in persistent AF patients with
LV dysfunction. This study confirmed improvement in LVEF
and favorable chamber remodeling with CA, but additionally
also observed that ablated patients with myocardial scar
(presence of delayed gadolinium enhancement on cardiac
magnetic resonance imaging) had greater improvements in
absolute LVEF by 10.7% and normalization of LV function at
6months (73 vs. 29%; p¼0.0093). Interestingly, although the
CABANA trial was a negative study overall, a recent abstract
presented by the authors at the HRS meeting described the
outcomes in 886 HF patients (40% of the study population).
CA showed a significant reduction in the primary end point
(HR: 0.66; 95% CI: 0.43–0.99) and in all-cause mortality (HR:
0.59; 95% CI: 0.36–0.96). Additionally, AF recurrencewas also
much improved after CA (HR: 0.58; 95% CI: 0.44, 0.75).21 The
compelling data from above-discussed RCTs have secured a
Class IIa recommendation in the 2016 ESC guidelines2 and a
Class IIb recommendation in the 2019 focused update of the
AHA/ACC/HRS guideline for the management of patients
with AF and HF with reduced EF (HFrEF).22 Although the
prevalence of AF is the same irrespective of whether EF is
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reduced or preserved, we do not have sufficient data on the
efficacy of CA in HF with preserved EF (HFpEF) population at
this time. However, a recent analysis of retrospective registry
data from the Mayo AF Symptom Inventory23 showed that
there were no significant differences in AF burden or func-
tional improvement between HFrEF and HFpEF patients,
suggesting that this heterogenous group of patients might
also benefit from CA.

Role of Catheter Ablation in Special
Populations

Certain high-risk populations are under-represented in tri-
als, and hence adequate evidence is not available to guide
recommendations for CA in these special groups.

1. AF in patients at extremes of age: The elderly (> 80 years of
age) patients have a high prevalence of AF and usually
have multiple associated comorbidities that drive the
severity of their symptoms. Especially, they have a high
risk of stroke and data strongly support anticoagulation in
this population as reflected in the CHA2DS2-VASc scoring
system (where age>75 years is considered a major risk
factor). Multiple studies have reported similar outcomes
with CA in the elderly when compared with the younger
population, and the guidelines do not support a less
aggressive strategy based on age. However, these patients
found suitable for CA should be carefully selected keeping
in mind that there is higher risk of post-procedure com-
plications and higher need for AAD postablation. In
contrast, young patients (age<45 years) have lower rates
of AF recurrence and lower procedural complication rates,
possibly due to lesser comorbid conditions when com-
pared with the older AF population undergoing CA. Based
on unpublished subgroup analysis from the CABANA trial
with patients stratified as <65, 65 to 74 and>75 years of
age, it was reported that recurrent AFwas reduced equally
in all three groups, but the younger population (<65
years) showed significant reduction in all-causemortality
(HR: 0.41; 95% CI: 0.19–0.90). CA could be a potentialfirst-
line rhythm control option for young patients, but this is
not supported by strong evidence at this time.

2. AF in hypertrophic cardiomyopathy (HCM): Development
of AF in HCM patients is more common in the general
population and is associated with high mortality. More-
over, AF episodes are poorly tolerated and there is a high
stroke risk in HCM patients. A rate control strategy is
usually preferred first, with the addition of AAD such as
amiodarone or disopyramide for rhythm control. Small
studies have shown that CA in HCM patients is effective to
suppress AF recurrences, especially in patients with par-
oxysmal AF and small atria, but need for repeat proce-
dures is high. CA currently has a Class IIa recommendation
from all professional society guidelines in HCM patients
who fail or do not tolerate initial AAD therapy.

3. AF in thepresenceofanaccessorypathway: IncidenceofAF is
�15% over 10years in patients with Wolff–Parkinson–
White syndrome and there is high risk of degenerating

into life-threatening ventricular arrhythmias, especially if
the accessory pathway has a short anterograde refractory
period (< 250ms). Role of CA in such patients is well-
established and carries a Class I recommendation from the
ACC. Additionally, the ESC guidelines state that urgent CA is
recommended both for primary and secondary prevention
in patients in case of cardiac arrest as a Class 1 indication
and may be considered in asymptomatic patients with
overt pre-excitation after careful counseling (Class IIa).

4. AF in athletes: There exists a U-shaped relationship of AF
occurrence with exercise, and people at both ends of the
spectrum are at high risk of both paroxysmal and persis-
tent AF. They tend to bemostly vagal mediated, with atrial
dilatation and chronic inflammation potentially playing a
role. Studies are divided on the benefit of CA in athletes
with some suggesting definite benefit, while others have
found CA to be comparable to drug therapy, although this
might be challenging due to profound bradycardia in this
population. CA currently carries a Class IIa recommenda-
tion as first-line therapy in athletes based on professional
society guidelines.

5. AF in adults with congenital heart disease: Development
of early and late tachyarrhythmias is fairly common in
unrepaired atrial septal defects, patients with Fontan
circulation and patients with repaired tetralogy of Fallot.
Pathogenesis is complex but can be related to hypertro-
phy and fibrosis of the atria, volume overload state or
from scar-related formation of macro-reentry circuits. In
such patients, long-term use of AAD can be challenging
due to side-effect profile. CA has been shown to be
effective in small cohorts of such patients with symp-
tomatic AF, but strong evidence is lacking. At the present
time, CA has a Class IIb indication in symptomatic
patients with congenital heart disease when performed
in experienced centers.

Conclusion

CA is a relatively safe procedure and has proven benefit in
alleviating symptoms and improving QOL in patients with
symptomatic paroxysmal and persistent AF. CA might have
mortality benefit in certain select populations such as youn-
ger patients and those with systolic HF. Success of procedure
depends upon AF chronicity and comorbid conditions, and
outcomes are generally better in experienced centers with
high volumes and operator experience. Future studies tar-
geting pathways for neurohormonal and autonomic modu-
lation in addition to pulmonary vein isolation could help
explore new avenues in the management of patients with
symptomatic AF.

List of Acronyms

RAAFT Radiofrequency ablation vs antiarrhythmic
drugs as first-line treatment of paroxysmal
atrial fibrillation

CABANA Catheter Ablation versus Antiarrhythmic Drug
Therapy for Atrial Fibrillation
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AATAC Ablation vs. Amiodarone for Treatment of
Atrial Fibrillation in Patients With Congestive
Heart Failure and an Implanted ICD/CRTD
study

PABA CHF Pulmonary-Vein Isolation for Atrial Fibrilla-
tion in Patients with Heart Failure study

CASTLE-AF Catheter Ablation for Atrial Fibrillation with
Heart Failure
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