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Atrial fibrillation (AF) in the majority of people is a chronic
disorder that results in progressive scarring and fibrosis of
the atrium (1). Since AF often reflects a long-term vascular
disease state driven by obesity, sleep apnea, hypertension,
and diabetes, drivers of progressive fibrosis often persistent
even after starting rhythm control therapies (2).

Pulmonary vein isolation remains the cornerstone of
nonpharmacologic therapies for paroxysmal AF (3). With
pulmonary vein isolation as a procedural endpoint, ablation
of AF is successful in achieving sustained arrhythmia
resolution in approximately 66% of patients (4,5). In the
setting of arrhythmia recurrences, additional procedures
can increase success rates to as high as 80% (6).

In patients with more advanced AF subtypes, such as
persistent and longstanding persistent AF, the success rate
of pulmonary vein isolation alone decreases to 40%, despite
the use of additional ablation procedures (7). As experience
with ablation grows, it has become apparent that these initial
success rates are not maintained long-term; particularly in
the setting of multiple cardiovascular comorbidities (8,9).
The most recent consensus statement recommended that
in patients with persistent AF, consideration of a more
extensive ablation may be considered (3). Ironically, this
recommendation to ablate more only adds more scarring to
an already scarred atrium.

The art to AF ablation is treating enough of the atrium
to lower risk of arrhythmia recurrence while not ablating
too much that mechanical dysfunction or proarrhythmia
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occurs. As redo procedures are often required, inherently
more of the atria are targeted. As we ablate more to
ultimately conquer AF, we must ask ourselves, is this a
Pyrrhic victory? Analogous to King Pyrrhus of Epirus, who
in defeating the Roman armies in Heraclea and Asculum,
lost so much in victory that he ultimately had to give up his
campaign and return to Greece. With augmented ablation,
sinus rhythm may prevail, but mechanical function can be
lost resulting in long-term symptoms and consequences of
atrial noncompliance and dysfunction (Figure I) (10).

As we consider extrapulmonary vein sources of AF, 27%
arise from the left atrial appendage (11). Both surgical
and percutaneous left atrial appendage ligation systems
have been shown to effectively isolate electrical activity
of the appendage as a means to lower AF burden (12,13).
In considering ablation within the appendage to target
triggers, caution is required to avoid perforation or left
phrenic nerve injury. To avoid ablation deep into the
appendage, circumferential ablation is often performed
to isolate it electrically from the atrium. However, with
this approach mechanical dysfunction may develop thus
increasing the stroke risk (14).

Three fundamental questions arise when considering
electrical isolation of the left atrial appendage to improve
long-term success after catheter ablation for persistent or
longstanding persistent AF. First, can leave atrial appendage
isolation be successfully performed with long-term durable
results? Second, will it improve long-term success rates
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Figure 1 In panel (A), a 4-chamber transthoracic echocardiogram image is shown in a patient with diastolic dysfunction of the left ventricle
(LV), multiple ablations including a surgical Maze procedure, and moderate-severe right (RA) and severe left (LA) enlargement; in panel
(B), the same image is shown with Color Doppler imaging of the mitral valve that shows only trace mitral regurgitation (arrow); (C) shows
a transesophageal image of the LA and left atrial appendage. In the dilated appendage there is dense atrial contrast (arrows) consistent
with stasis and high-risk thrombotic state; (D) shows the left atrial pressure tracings. The wave of atrial contraction is small consistent with
systolic dysfunction. The ¢ wave from ventricular contraction and the subsequent mitral valve movement into the left atrium is augmented.

The v wave is significantly augmented in the absence of mitral regurgitation a finding in the setting of the others mention diagnostic of stiff

left atrial syndrome.

of the procedure? Third, if isolation can be successfully
achieved, will the benefits outweigh the potential risks of
stroke and stiff left atrial syndrome?

The BELIEF 'Trial (Effect of Empirical Left Atrial
Appendage Isolation on Long-term Procedure Outcome
in Patients with Persistent or Longstanding Persistent
Atrial Fibrillation Undergoing Catheter Ablation) was a
randomized study that compared two ablation strategies:
standard ablation which was defined as pulmonary vein
isolation with extra ablation as required versus standard
ablation plus empirical left atrial appendage electrical
isolation (15). At 12-month follow-up, 56% of patients with
empiric left atrial appendage isolation compared to 28%
with standard ablation alone were free of AF recurrence
after a single procedure. The multivariate adjusted hazard
ratio for arrhythmia risk recurrence of standard ablation
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without left atrial appendage isolation was 2.22 (95% CI:
1.29-3.81; P=0.004). In those patients that underwent
empiric isolation of the appendage, and required a
subsequent study, 63% had persistent isolation. In an
observational study that examined the durability of left atrial
appendage isolation after intentional or nonintentional
isolation during catheter ablation, 73% had persistent
isolation verified in a subsequent procedure (16). These two
studies show that durable catheter based ablation to isolate
the left atrial appendage can be successtully performed
in the majority of patients. The BELIEF trial also found
that this strategy was associated with improved procedural
outcomes.

Next, regarding procedural safety, 62 patients that
underwent empirical electrical left atrial appendage isolation
at 6 months also had a transesophageal echocardiogram
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done to examine the appendage. In one patient with a
subtherapeutic INR, an appendage clot was found. In
57% of the patients, impaired appendage function was
demonstrated. However, as these patients were maintained
on long-term anticoagulation therapy, no stroke or transient
ischemic attacks were reported.

In contrast, a recent observational study of 50 patients
that underwent left atrial appendage isolation at a median
of 6.5 months, a left atrial appendage thrombus was seen
in 21% (17). In addition, two patients experienced a
stroke and one a transient ischemic attack who was not
on anticoagulation. In this recent observational study,
42% of the patients were treated with a novel or direct
oral anticoagulant rather than warfarin and 8% refused
anticoagulation. Similar to the BELIEF study, long-term
appendage dysfunction was common. In this study, average
appendage flow was nearly 50% lower after isolation
(0.2 vs. 0.5 m/s, P<0.01). A key difference between the two
studies was choice on anticoagulation. Given the high rate of
mechanical dysfunction of the appendage after isolation, long-
term anticoagulation is critical. The second study highlighted
that newer anticoagulants, with direct inhibition of a part
of the clotting cascade, may not be a reliable substitute for
the multiple levels of inhibition with warfarin. Neither
study had sufficient follow-up to understand long-term
consequences of a potentially stiffer left atrium. Both studies
highlighted a significant potential risk of stroke and that
this procedure alone makes long-term anticoagulation with
warfarin requisite. If warfarin is not tolerated or a patient
is at high risk for bleeding complications, early evidence
suggests potential benefit of left atrial appendage occlusion
after electrical isolation (18).

The BELIEF study suggests that left atrial appendage
isolation is not merely a Pyrrhic victory in our efforts
to treat AF. However, appendage isolation is a victory
with significant risks and consequences and needs to be
performed with these potential risks in mind and by those
with the greatest experience with ablation in a stepwise
manner. Most importantly, the procedure should only be
performed when long-term uninterrupted anticoagulation
can be used or a plan of left atrial appendage occlusion is
possible. In cases that warfarin may have to be discontinued,
and left atrial appendage occlusion is not available or
possible, consider thoracoscopic left atrial appendage
removal. Regarding the long-term impact of left atrial
appendage isolation on the function of the left atrium,
data are still lacking. As stiff left atrial syndrome can lead
to debilitating symptoms, even in patients that maintain
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sinus rhythm, this should prompt caution in the majority
of physicians that perform AF ablation. Caution should be
advised regarding left atrial appendage isolation until long-
term outcomes are available.
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