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Abstract

Purpose of review Atrial fibrillation (AF) predisposes to embolic strokes and reduced quality
of life. Ablation (catheter-based or surgically performed) can be employed to promote the
maintenance of sinus rhythm in a carefully selected subset of patients with AF. The goal of
this review is to discuss the indications and techniques for AF ablation, as well as post-
procedural outcomes.

Recent findings Atrial fibrillation ablation improves quality of life in patients with atrial
fibrillation although no clear reduction in stroke or overall mortality has been shown.
Summary Familiarity with the indications for AF ablation is important for all cardiologists,
as is having a sound understanding of the efficacy of the procedure and potential
complications. Furthermore, acquiring a grasp of the different modalities of AF ablation
(including percutaneous endocardial techniques and surgical ablation approaches) will
help to facilitate effective and appropriate referrals.

Introduction

Atrial fibrillation (AF) is a highly prevalent arthythmia Treatment of AF can be broken down into 2 main
that is associated with high morbidity and mortality. objectives: stroke prevention and rhythm management.
Globally, it is estimated that there are 30-35 million While stroke prevention can be effected with oral anti-
individuals with AF [1]. In the USA, it is estimated that coagulation (and left atrial appendage occlusion in se-
between 3 and 5 million patients have AF, and this num- lect cases), patients with symptomatic AF may benefit
ber is expected to increase to 6 to 12 million by 2050 [2].  from the restoration and maintenance of sinus rhythm.
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The two main treatments for implementing rhythm
control are antiarrthythmic drugs (AADs) and ablation.
These modalities may be used as stand-alone or in com-
bination. In a large meta-analysis, AADs were only effec-
tive 52% of time in restoring/maintaining sinus rhythm.
There was a 30% reported rate of adverse events with the
use of AADs, with 10% of patient’s having to stop the

AAD due to adverse events and 14% of patients having
to stop due to inefficacy [3].

When AADs are not effective or poorly tolerated,
ablation can offer an alternative approach. In this review
article, we will discuss the indications and techniques for
AF ablation, as well as reviewing the data for post-
procedural outcomes.

Indications for atrial fibrillation ablation and patient selection

Society guidelines for AF ablation are summarized in Table 1. Below we
highlight the key studies that underscore these recommendations.

Patients without heart failure

The guidelines are based upon several randomized trials which have shown that
catheter ablation of AF is superior to AADs in the maintenance of sinus rhythm
and are also associated with decreased AF recurrence [3-5]. The recent CABANA
trial, which randomized 2204 patients to catheter ablation or medical therapy,
did not show a difference in composite death, stroke, bleeding, or cardiac arrest
between the two groups at a 5-year follow-up; however, there was a significant
reduction in AF recurrence (49.9% vs 69.5% with the use of catheter ablation)
[6¢]. Atrial fibrillation ablation has not been shown to have a mortality benefit
in patients without heart failure. Additionally, patients should not undergo AF
ablation as means to stop anti-coagulation as there is no firm evidence to
support that AF ablation reduces the risk of stroke [6e, 7-9].

Table 1. Indications for catheter and surgical ablation for symptomatic atrial fibrillation

Paroxysmal AF Persistent AF Long-standing
persistent AF

Catheter ablation

Prior AAD use Class 1* Class 2a* Class 2b*

Naive to AAD Class 2a* Class 2a* Class 2b*
Concomitant open surgical AF ablation (i.e., MVR)

Irrespective of AAD use Class 1** Class 1** Class 1**
Concomitant closed surgical AF ablation (i.e., CABG)

Prior AAD use Class 1** Class 1** Class 1**

Naive to AAD
Stand-alone surgical AF ablation
Prior AAD use and/or failed catheter ablation

Class 17/Class 2a*

Class 2b* /Class 2a*

Class 1*/Class 2a* Class 1*/Class 2a*

Class 2a** Class 2a**

* 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and surgical ablation of atrial fibrillation [33e]
+ The Society of Thoracic Surgeons 2017 Clinical Practice Guidelines for the Surgical Treatment of Atrial Fibrillation [58ee]

Prior AAD use = refractory or intolerant to one Class 1 or Class III AAD
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The main reason to pursue AF ablation in patients without heart failure is to
control symptoms and improve quality of life. The CABANA and CAPTAF trials
showed that catheter-based AF ablation improved patient quality of life as
measured by the Atrial Fibrillation Effect on Quality of Life (AFEQT) summary
score and General Health Score, respectively [10, 11].

Patients with heart failure

The 2019 ACC/ACC/HRS update on 2014 AF treatment guidelines gave a Class
2b indication (due to lack of larger randomized data) for catheter ablation of AF
in patients with symptomatic AF and heart failure as means to potentially
reduce mortality and hospitalizations [12]. This recommendation is driven by
the CASTLE-AF trial which randomized 363 patients with symptomatic parox-
ysmal AF or persistent AF with heart failure (EF <35% and a newly implanted
ICD) to either receive medical therapy or catheter ablation. There was a signif-
icant reduction in death within the ablation group from any cause (13.4% vs
25%), and reduction in heart failure hospitalizations (20.7% vs 35.9%) at
median follow-up of 37.8 months [13e]. The mortality benefit seen in this trial
has yet to be corroborated in other trials.

AF ablation may have additional measures for improving outcomes in heart
failure. A small trial of 38 consecutive patients who were cardiac
resynchronization therapy (CRT) non-responders underwent catheter ablation
of AF. Results showed that AF ablation significantly increased biventricular
pacing percentage, LVEF, and NYHA functional class [14]. These findings will
need to be confirmed with larger randomized trials.

Patients undergoing cardiac surgery

A large meta-analysis composed of 4647 patients from 33 studies (10 RCT and
23 non RCT) compared patients that underwent surgical AF ablation vs. no
ablation at the time of cardiac surgery and showed that the rate of maintenance
of sinus rhythm was significantly improved in the surgical AF ablation group
(68.6% vs 23%). This effect on sinus rhythm was maintained at 1 to 5 years of
follow-up with no difference in mortality noted among the two groups [15].
Although the recommendations are similar for all valvular surgeries, in those
undergoing aortic valve surgery with or without coronary bypass, more atten-
tion to underlying surgical risk is employed as these patients tend to be older
and have more comorbidities [16, 17].

Endocardial ablation techniques

Radiofrequency (RF) ablation

For RF ablation, access for the procedure is typically obtained through the
femoral veins; a trans-septal puncture is then made to gain access to the left
atrium. Once in the left atrium, IV heparin is given to prevent thrombus
formation on the catheters (goal ACT 300-350 s). Through the catheter tip,
radiofrequency energy is delivered to the endocardial surface of the myocardi-
um [18] (Fig. 1a). The resulting resistive heating causes an increase in tissue
temperature. Once tissues are heated to approximately 50-55 °C, tissue necro-
sis and irreversible loss of conduction occur [19]. The goal of radiofrequency
ablation is to produce circumferential lesions around the pulmonary veins in
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order to isolate them electrically from the left atrium [20-22]. Pulmonary vein
isolation (PVI) is typically the initial treatment strategy in patients with parox-
ysmal AF, however, patients with persistent and long-standing persistent AF
often undergo additional ablation, including mapping of non-pulmonary vein
triggers and additional linear ablation lines [23-25]. No catheter ablation
techniques beyond PVI have been definitively shown to reduce long-term
freedom from AF, although left atrial posterior wall isolation and left atrial
appendage isolation are actively being investigated.

Due to the complexity of AF ablations, 3D mapping systems are used to
localize specific anatomy that is suitable for ablation. Often, CT or MRI images
are merged with the electroanatomic map to allow for the delivery of precise
lesions [26, 27].

Thpr
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Fig. 1. Isolation of pulmonary veins using radiofrequency ablation catheter (a) and cryoablation balloon catheter (b) via transeptal
puncture. Right minithoracotomy view of surgical ablation lines in left atrium using linear cryoprobe, although most scars are
created using a RF bipolar clamp (c). Minithoracotomy view of surgical ablation lines in the right atrium with red arrows indicating
areas where cryoablation is performed on the tricuspid annulus (d). a-b Reprinted from Heart Rhythm. 14. Calkins H, Hindricks G,
Cappato R, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE Expert Consensus Statement on Catheter and Surgical Ablation of Atrial
Fibrillation. e275-e444. Copyright (2017) with permission from Elsevier. c-d Reprinted from Ann Thorac Surg. 103, Badhwar V,
Rankin JS, Damiano RJ Jr, Gillinov AM, et al. The Society of Thoracic Surgeons 2017 Clinical Practice Guidelines for the Surgical
Treatment of Atrial Fibrillation, 329-41. Copyright (2017) with permission from Elsevier.



Curr Treat Options Cardio Med (2019) 21: 43 Page 5 of 14 43

Temperature rise, impedance change, application duration, and contact force
are the determinants of the size and depth of RF ablation lesions [18, 28]. The
larger and deeper the lesions, the more likely that there is a durable effect [29].
Increasing the temperature is one way to make the lesions larger; however,
excessive tissue heating can cause significant collateral damage due to the
proximity of sensitive extracardiac structures such as the esophagus and phrenic
nerves. Utilization of saline-irrigated catheters can allow for cooling at the
endocardial surface and prevent coagulum and char formation and allow for
deeper lesion formation [30]. Controlling the amount of force applied to the
endocardium is an alternate strategy to produce more durable ablation lesions
The use of contact force catheters in small randomized trials has shown a
reduction in AF recurrence and similar safety profile as non-contact force cath-
eters [31, 32]. Given the lack of larger randomized controlled trial data, there is a
class 2A recommendation for the use of a force-sensing RF catheters [33ee].

Several studies have examined the efficacy of RF ablation for symptomatic
AF. A meta-analysis showed that freedom from an atrial arrhythmia after a
single procedure at long-term follow-up (12 months) was 54.1% in paroxysmal
AF and 41.8% for non-paroxysmal AF. However, with multiple procedures, the
success rate was 79.8% with an average of 1.51 procedures per patient [34].

RF ablation is considered to be a safe procedure; however, rare but serious
complications include cardiac tamponade (0.8-1.3% of patients), LA-
esophageal fistula (0.04% of patients), ischemic stroke (0.2-0.3% of patients),
and pulmonary vein stenosis (0.29-1.6% of patients). Periprocedural mortality
ranges from 0.001 to 0.15%. Overall complication rates are estimated at 3-6%
of patients undergoing RF ablation [3, 35, 36].

Cryoablation

For cryoablation, vascular access is obtained at the femoral vein and the left
atrium is instrumented via a trans-septal puncture. A 15 French steerable sheath
is then advanced to the left atrium and an inflatable cryoballoon is then
delivered via this sheath to the pulmonary vein ostia (Fig. 1b). Compressed
nitrous oxide is used to cool the cryoballoon. The cryoballoon is able to freeze
around the pulmonary vein ostia (reaching temperatures as low as — 60 °C)
causing tissue necrosis and loss of conduction [18]. Similar to RF ablation, 3D
mapping systems and intracardiac echocardiography are used to localize spe-
cific anatomy that is suitable for ablation [26, 27].

The efficacy of cryoballoon ablation has been evaluated in multiple trials.
One trial enrolled 326 patients (293 paroxysmal and 53 persistent) to receive
cryoballoon for AAD-resistant AF. The study found that 97% of pulmonary
veins were able to be isolated by the cryoballoon. At 12 months follow-up, 74%
of patients with paroxysmal AF and 42% of patients with persistent AF main-
tained sinus rhythm [37]. The STOP AF trial which randomized symptomatic
paroxysmal AF patients to cryoablation (n=163) or AAD therapy (n=_82)
showed that cryoablation maintained sinus rhythm in 69.9% of patients versus
only 7.3% of patients taking AADs at 12 months follow-up [38].

The safety profile of cryoballoon ablation has been well studied. Two
separate single-center registries of 450 and 500 patients who underwent
cryoablation found that vascular complications occurred in 0.2-1.2% of pa-
tients, ischemic stroke in 0-0.2% of patients, and symptomatic pericardial
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effusion in 0.2-0.7% of patients. The most common complication in both
studies was phrenic nerve palsy/injury which occurred in 7-11% of patients;
however, only one patient was noted to have continued symptoms from
phrenic nerve injury more than 20 months after the index procedure [39, 40].

RF vs cryoablation

Cryoablation offers the ability to isolate a pulmonary vein via a “one-shot”
approach with the cryoballoon rather than forming single lesions around the
pulmonary vein as in RF ablation. The cryoballoon is less flexible than a RF
catheter and is specifically designed for PVI and not other types of ablation.
Each ablation strategy may have its advantages and disadvantages. Several trials
have been designed to evaluate the efficacy between the two ablation tech-
niques. The largest randomized control trial to date was the “FIRE and ICE” trial
which randomized 762 patients to cryoablation (n=378) or RF ablation (n =
384). The study’s primary efficacy endpoints were the first documented recur-
rence of atrial arrthythmia (AF, atrial flutter, atrial tachycardia), use of AAD, or
repeat ablation after the 90-day blanking period. The primary endpoints oc-
curred in 34.6% patients in the cryoablation group vs 35.9% of patients in the
radiofrequency group (95%Cl, 0.76 to 1.22). The study found that cryoablation
was non-inferior to RF ablation by a pre-specified non-inferiority analysis [4].

A large meta-analysis, which evaluated 8668 patients from 22 studies who
either underwent cryoablation or RF ablation, found that freedom from atrial
arrhythmias was not significantly different between the two ablation techniques
both in the pooled population and the randomized trials. In regard to compli-
cations from the two procedures, the study found that the incidence of pericar-
dial effusions and tamponade was significantly lower with cryoablation; how-
ever, phrenic nerve palsy was significantly higher with cryoablation [41].

Anti-coagulation prior to catheter ablation

Per the 2017 update on AF ablation, there is a Class 1 recommendation to continue
uninterrupted warfarin, dabigatran, or rivaroxaban through AF catheter ablation.
Other NOACs have a Class 2A recommendation. For patients not on anti-
coagulation prior to catheter ablation, there is a Class 1 recommendation to
anticoagulate with warfarin or a NOAC for at least 2 months post catheter ablation.
There is a Class 1 indication that long-term anti-coagulation should be based on
patient’s risk factors for stroke and not procedural success with AF ablation [33ee].

In terms of managing the anti-coagulation in the days and hours leading up
to AF ablation, many different strategies have been evaluated, including bridg-
ing (before and after procedure) with unfractionated heparin/low molecular
weight heparin or continuing uninterrupted oral anti-coagulation. The use of
uninterrupted warfarin has shown a better safety profile compared with bridg-
ing if the INR is within the therapeutic range [42-44]. More recently, the RE-
CIRCUIT trial randomized 704 patients to the use of uninterrupted dabigatran
versus uninterrupted warfarin prior to catheter ablation for AF. The uninter-
rupted dabigatran group had significantly lower major bleeding events (1.6% vs
6.9%) [45]. A smaller study randomized 248 patients to either uninterrupted
rivaroxaban or uninterrupted warfarin prior to ablation; adverse outcomes were
uncommon—1 major bleeding event, 1 ischemic stroke, and 1 vascular death
(all in the warfarin arm) [46].
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In our practice, patients with a low CHA,DS,-VASc score (0-1) who are not
chronically anticoagulated will be prescribed an oral anticoagulant for a min-
imum of 1 month pre-ablation and for a minimum of 2 months post-proce-
dure. We continue the oral anticoagulant uninterrupted, with the occasional
exception of the dose on the morning of the procedure.

TEE prior to ablation

One of the most feared complications after an AF ablation is a thromboembolic
stroke. Almost all of our AF ablations are done on uninterrupted anti-
coagulation (greater than 3 weeks prior to procedure) arguing against the need
for a TEE prior to ablation. However, studies of patients who were undergoing
AF ablation (all anticoagulated for 4 weeks prior to ablation) show that 1.6 to
1.9% of patients had a thrombus in the LAA [47, 48]. Patients with a CHADS,
score of 0 had a LAA thrombus 0.3% of the time and those with a CHADS, score
of > 2 had a thrombus 5.3% of the time [47].

Per the 2017 ablation guidelines for AF, there is a Class 2A recommendation
to obtain a TEE prior to ablation for patients who present in sinus rhythm and
are not on anti-coagulation or in patients who are in AF on presentation (even if
they have been taking anti-coagulation for 3 weeks or more) [33ee]|. Our
practice is to obtain a TEE on all patients undergoing AF ablation who present
in atrial arrhythmia on the day of the procedure.

Other considerations: non-PVI triggers/substrate ablation

The primary goal of catheter ablation is to isolate the pulmonary veins. How-
ever, non-pulmonary vein triggers also exist and may be found in up to 11% of
patients [49]. Elimination of non-pulmonary triggers may be necessary for
procedural success in patients undergoing AF ablation. The most common
sources of non-pulmonary vein triggers are the superior vena cava (SVC),
coronary sinus, crista terminalis, ligament of Marshall, and the LAA [50-52].

Patients with long-standing persistent AF may benefit from ablation of the
posterior wall. There has been conflicting data on the use of a posterior wall
ablation. A meta-analysis which analyzed 594 patients from 5 studies found
that posterior wall isolation significantly lowered atrial arrhythmia recurrence
[53]. However, a randomized trial of 120 patients did not show any additional
benefit to posterior wall ablation [54].

Per the 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus state-
ment on catheter and surgical ablation of atrial fibrillation, there is a Class 2B
recommendation for consideration of posterior wall ablation at the time of
initial or repeat AF ablation.

Electrical isolation of the LAA may also be beneficial for patients with long-
standing persistent AF who undergo ablation. In the BELIEF trial, patients who
underwent extensive ablation with LAA isolation (n=85) had less atrial ar-
rhythmia recurrence than those patients who underwent extensive ablation
alone (n =88). However, a retrospective study of patients who underwent PVI
at a single center found that patients who underwent electrical LAA isolation
(n=39) had a significantly higher rate of transient ischemic attacks (TIAs) and
ischemic stroke when compared with propensity score-matched controls [55].
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Further studies are underway to evaluate the efficacy and safety of LAA isolation
as an adjunct to PVI.

In our experience, we consider posterior wall isolation and mapping of non-
PV triggers in patients that have failed an initial ablation strategy of PVI alone
(particularly if the pulmonary veins are found to be durably isolated at repeat
mapping). We have not yet adopted LAA isolation as a second-line ablation
strategy, as we await the long-term efficacy and stroke data from the BELIEF trial.

Surgical ablation for atrial fibrillation

The first surgical ablation (SA) for AF was performed by Dr. James Cox in 1987
with results published in 1991 [56]. Since then, the procedure has evolved into
the Cox-Maze IV, which is the current standard of practice [57]. This procedure
consists of creating a series of scars within both atria, either via surgical incision
(i.e., cut and sew) or ablation, which effectively isolates regions that are prone to
initiate AF (Fig. 1c-d). Within the left atrium, the surgeon will create a scar
along the edges of the posterior wall and around the four pulmonary veins
(with the goal of isolating the pulmonary veins). This set of lesions is subse-
quently connected to the mitral valve annulus by another scar. In addition, the
left atrial appendage is removed. On the right, scar is created between the SVC
and inferior vena cava and subsequently connected to the tricuspid valve
annulus. Lesion formation can be completed with either a bipolar RF clamp
or a linear cryoprobe. This procedure, in its purest form, is extensive and, as
such, several modifications have been developed that are employed in a variety
of clinical scenarios.

Surgical ablation for AF has shown to be efficacious. Over the past two
decades, multiple RCTs and meta-analyses, employing several modifications of
the Cox-Maze procedure, have shown a post-operative AF reduction of at least
50% [16, 58, 59-61]. Bi-atrial surgical ablations, with success rates close to
90%, are superior to techniques that involve one atria. For example, an early
study using the Maze III procedure in bypass patients with AF demonstrated
98% sinus thythm at 5 years, while a separate study with only PVI showed sinus
rhythm rate of 60% at 12 months [62, 63]. Long-term follow-up studies show
similar positive outcomes as well [64-66]. No significant differences in efficacy
have been noted based on the type of valvular surgery [17].

The effect of SA on survival has been studied. An analysis of 24 studies
focused on the immediate post-operative period, including both RCTs and non-
RCTs, done by AATS as part of the 2017 Expert Consensus Guidelines for Atrial
Fibrillation showed a trend towards improved survival. The level of evidence
was strong enough to warrant a Class I, Level A designation (clear treatment
benefit supported by multiple high-quality studies) [17, 61]. In terms of long-
term survival, the outcome data is not as clear and varies by the type of study
employed [17]; RCTs that have at least a 12-month follow-up period do not
clearly demonstrate long-term survival benefit. In contrast, non-RCTs show a
clear trend towards improved survival in the long term but suffer from variabil-
ity in follow-up time [67, 68e].

The question of whether SA reduces stroke risk has not been clearly an-
swered. No reduction in incidence of early or late TIA/stroke has been clearly
shown with surgical AF ablation [17]. This is likely in part to a small number of
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RCTs that each has a low number of enrolled patients. Several small studies,
though, seem to indicate a potential reduction in stroke rates. A 2017 study by
Ad et al., which followed 133 minithoracotomy Maze patients with AF post-
ablation for 5 years, reported only 1 stroke and 1 TIA in that time frame [69].
More studies are needed to determine the effect of SA on stroke outcomes.

In addition to the inherent surgical risk during SA, the most common serious
complication is the need for a post-operative permanent pacemaker. This
generally occurs in 10-20% of patients, although modified SA that is limited
to PVI and/or LAA excision has a much lower rate of pacemaker implantation
[70, 71]. Other potential adverse effects of SA include pericardial bleeding and
temporary loss of atrial contractility [72]. Despite these potential complications,
there is no significant increase in mortality or other major complication from
SA performed during concomitant cardiac surgery [60, 71].

Ensuring adequate rhythm control and anti-coagulation in post-surgical
ablation AF patients is critically important and requires multidisciplinary col-
laboration between cardiothoracic surgeons and cardiac electrophysiologists.
Prior to SA, the majority of patients are taking AAD, with amiodarone being the
most commonly prescribed agent in this patient subset [73]. Although man-
agement strategies vary widely, most patients are continued on AAD for at least
3 months post-operatively. Antiarrhythmic drug discontinuation is usually
dependent on the demonstration of maintenance of sinus rhythm via regular
follow-up or ambulatory monitoring [74].

Anti-coagulation is continued for a minimum of 2 months post-operatively;
blood thinners should only be stopped if the patient has a low CHADS,-VASc
score or underwent LAA occlusion/excision [33ee]. We believe that ensuring
adequate LA appendage closure, independent of the procedure/technique used,
is mandatory prior to discontinuing anti-coagulation. We typically perform a
TEE for this purpose 2-3 months after surgical LAA ligation/excision.

The field of hybrid AF ablations, which involves both a surgeon and elec-
trophysiologist, is still in its formative stages. Hybrid ablations combine min-
imally invasive surgical techniques, such as a minithoracotomy, with endocar-
dial catheter ablation. These procedures can be performed simultaneously or as
staged procedures occurring no more than 3 months apart [75]. There are two
ongoing trials that may further elucidate the role of hybrid AF procedures. The
Dual Epicardial Endocardial Persistent Atrial Fibrillation trial is a randomized
staged hybrid study using bipolar RF while the CONVERGE trial examines the
use of monopolar RF.

Future directions for atrial fibrillation ablation

Several technologies, ranging from mapping techniques to new ablation tools,
are in development to optimize the efficacy of AF ablation. With the success of
the cryoballoon, there has been a push to develop other balloon catheter
technologies. A laser balloon catheter system for PVI has been developed and
is commercially available, although this has not yet been adopted for wide-
spread use. RADIANCE, a proof-of-concept study for balloon RF ablation,
achieved PVI for paroxysmal AF without the need for focal catheter ablation
in 39 patients [76]. The STELLAR trial is currently underway to further deter-
mine the clinical efficacy of RF balloon ablation.
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Although still in its early clinical stages, irreversible electroporation,
also known as pulsed field ablation, is a non-thermal ablation method
that results in irreversible permeabilization of cell membranes by using
pulses of high voltage [77, 78]. A recent safety and efficacy trial using
monophasic and biphasic pulsed field ablation in 81 patients resulted in
only one procedure-related pericardial tamponade without other primary
adverse events over 120 days. All of the pulmonary veins were success-
fully isolated and 1 year freedom from arrhythmia in this study was
87% [79]. Electroporation may allow for creation of transmural lesions
while reducing the risk of pulmonary vein stenosis and minimizing
damage to surrounding arteries and nerves [80].

Conclusions and discussion

Recent advances in AF ablation provide electrophysiologists and cardiac sur-
geons with a broad toolset from which to choose. With improvements in
technology, AF ablation has become faster and safer with modest improve-
ments in efficacy.

With regard to symptom relief and AF ablation, both randomized clinical
trials and meta-analysis have consistently shown an improvement in AF-related
symptoms and overall quality of life (QOL) post-ablation. The CABANA trial,
using two separate QOL measuring tools, showed significantly improved out-
comes at 12 months after catheter ablation of AF [6e]. Surgical ablation has also
shown consistent improvement in QOL scores [66, 81, 82].

Despite these exciting developments, to date, no large scale studies have
definitively shown that AF ablation reduces stroke risk [6®, 13®]. Many patients
express an interest in AF ablation because they perceive this as an avenue to
come off their OAC. When counseling a patient, it is important to highlight that
current guidelines recommend long-term continuation of anti-coagulation
post-ablation based on the CHA,DS,-VASc score (and not the degree of success
with ablation). Noteworthy exceptions to that rule are surgical ablation with LA
appendage removal/occlusion and endocardial catheter ablation with concom-
itant LAA occlusion; in these instances, oral anticoagulants can be discontinued
as long as proper LAA excision/occlusion is confirmed at follow-up imaging
[33e¢]. The OCEAN study, a prospective randomized trial that is currently
enrolling, will seek to determine the optimal long-term anti-coagulation strat-
egy after catheter ablation, as well as catalog the prevalence of strokes and other
thromboembolism post-ablation [83].

While ablation is an important too], it is critical to understand that success-
ful treatment of AF requires a multidisciplinary multi-pronged approach. Be-
yond conventional AF therapies such as ablation and AAD, recent literature
strongly suggests that risk factor modification results in favorable AF outcomes
[84]. These risk factors, which include obesity [85], obstructive sleep apnea [86],
hypertension [87], diabetes mellitus [88], and excessive alcohol consumption
[89], are independent predictors of AF. These disease states mediate adverse
atrial remodeling via a variety of mechanisms. As such, the risk of AF increases
without active management of these risk factors.

In summary, ablation is an important part of the treatment armamentarium
for patients with AF. The decision to pursue an ablation, whether catheter or
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surgical, is part of a complex decision tree that takes into account the individual
patient—their comorbidities, their symptoms, and their willingness to take
medication versus undergo an invasive procedure.
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