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BACKGROUND It remains unclear whether additional left atrial
posterior wall isolation (LAPWI) beyond pulmonary vein reisolation
(PVRI) is beneficial in atrial fibrillation (AF) patients undergoing
repeat ablation.

OBJECTIVE We sought to assess impact of LAPWI on arrhythmia
outcomes in patients undergoing repeat AF ablation.

METHODS All AF patients that underwent repeat ablation between
January 2016 and December 2018 were included. Those undergoing
PVRI only served as control, whereas those undergoing LAPWI (with
or without PVRI) were the study group. Primary endpoint was
freedom from atrial arrhythmias (AA) off antiarrhythmic drugs
(AADs) at 1 year follow-up. Secondary endpoint was freedom from
AA on/off AADs at 1 year follow-up.

RESULTS One hundred ninety-six patients (61% paroxysmal AF,
39% persistent AF) participated; 93 underwent PVRI and 103 under-
went LAPWI6PVRI. Patients in the LAPWI group were older, had
more hypertension and persistent AF, and had lower rates of PV re-
connection (52.4% vs 100%, P , .001). LAPWI was performed
Address reprint requests and correspondence: Dr Sanjay Dixit, Hospital
of the University of Pennsylvania, 3400 Spruce St, 9 Founders Pavilion, Phil-
adelphia, PA 19104. E-mail address: Sanjay.dixit@pennmedicine.upenn.
edu.

2666-5018/© 2021 Heart Rhythm Society. Published by Elsevier Inc. This is an op
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4
empirically in 79.6% and to target triggers in 20.4%. It was accom-
plished by linear lesions across the LA floor and roof alone in 65%
and additional LAPW lesions in 35%. The primary and secondary
endpoints were similar between patients undergoing LAPWI and
those undergoing PVRI (43.7% vs 69.9%, P 5 .50 and 66% vs
77.4%, P 5 .36, respectively). There was no difference in adverse
events between the 2 groups.

CONCLUSION LAPWI did not improve freedom from atrial arrhyth-
mias on or off AADs at 1 year beyond PVRI in AF patients undergoing
repeat ablation. Differences in patient demographics and AF type
may underlie the observed lack of benefit of LAPWI, and further
study is warranted.

KEYWORDS Atrial fibrillation; Catheter ablation; Posterior wall;
Repeat ablation; Outcomes
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Published by Elsevier Inc. This is an open access article under the CC
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Introduction
Since the seminal observations demonstrating pulmonary
veins as the most common sites of atrial fibrillation (AF) trig-
gers,1 pulmonary vein isolation (PVI) has become standard of
care for catheter ablation of this arrhythmia.2–7 Arrhythmia
recurrences following initial ablation are not uncommon
and up to one-third of these patients may require repeat abla-
tion.8,9 However, optimal strategies at the time of repeat AF
ablation remain unclear. In patients undergoing repeat abla-
tion, PV reconnection is commonly observed and is thought
to underlie the majority of arrhythmia recurrences.10 Hence,
PV reisolation (PVRI) is universally performed during repeat
procedure(s).11 However, there is ongoing debate on whether
that alone is sufficient to improve subsequent arrhythmia out-
comes. Thus, many operators perform additional ablation
beyond PVRI in these patients. Among the different extra-
PV ablation strategies that are currently being utilized, left
atrial posterior wall isolation (LAPWI) is frequently used.
There are several potential reasons for this, including a com-
mon embryological origin of the LAPW and PVs and ease of
targeting this well-defined region with a limited lesion set.
However, despite its widespread use, the incremental benefit
of LAPWI beyond PVI in patients undergoing repeat proced-
ures has not been consistently proven. The objective of this
study, therefore, was to assess whether LAPWI improved
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KEY FINDINGS

- Pulmonary vein reconnection is seen in majority of pa-
tients undergoing repeat atrial fibrillation ablation.

- Left atrial posterior wall isolation (PWI) does not
improve long-term arrhythmia outcomes beyond pulmo-
nary vein isolation in this patient cohort undergoing
repeat catheter ablation procedures for atrial fibrilla-
tion; however, further study is required to define the
value of PWI in specific patient groups.

- Left atrial PWI can be achieved in a majority of patients
with endocardial ablation alone.
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freedom from arrhythmia recurrences in AF patients under-
going repeat ablation beyond PVRI.We also wanted to inves-
tigate how this impacted outcomes when it was done
empirically vs for documented arrhythmia triggers from
this region. Finally, we also wanted to characterize the lesion
distribution required to achieve LAPWI.
Figure 1 Flow diagram depicting patient selection for the study.
AF 5 atrial fibrillation; LAPWI 5 left atrial posterior wall isolation;
PVI 5 pulmonary vein isolation; PVRI 5 pulmonary vein reisolation;
RFA 5 radiofrequency ablation.
Methods
Patient selection
The study population comprised all AF patients that under-
went their first repeat ablation at our institution from January
2016 to December 2018. Patients who had undergone .1
prior AF ablation were excluded. We also excluded patients
who had undergone the initial ablation using cryoballoon or
who had LAPWI performed during their first AF ablation.
Eligible patients were identified from the AF ablation registry
(Figure 1), which was approved by the University of Pennsyl-
vania Health System’s Institutional Review Board. All par-
ticipants provided written informed consent for both the
ablation procedure and inclusion in the registry. Data
collected included baseline demographics, imaging parame-
ters such as left ventricular ejection fraction and left atrial
size, ablation characteristics, and long-term outcomes as
described below. The research in this study was conducted
according to the Helsinki Declaration guidelines on human
research.

AF ablation strategy
Our AF ablation approach has been previously described. All
antiarrhythmic medications except amiodarone were usually
discontinued.5 half-lives before the ablation and all proced-
ures were done under general anesthesia using jet ventilation.
Intracardiac ultrasound was used in all patients. Decapolar
catheters were placed in the coronary sinus and posterior
right atrium. After adequate heparinization (activated clotting
time �350 seconds), 2 transseptal punctures were performed
through which ablation and multielectrode mapping catheters
were introduced into the LA. A voltage map of the LA was
then created, preferably during sinus rhythm, to identify
scar from the previous ablation and also identify potential
areas of PV reconnection. To do this we used a bipolar
voltage cut-off range of 0.25–0.40 mV, which we have pre-
viously shown to be useful in characterizing ablation-
related LA scar.12 All PVs were mapped with multipolar
catheters to identify entrance and exit. When PV reconnec-
tion was noted, additional mapping was performed with the
multipolar and contact force–sensing irrigated-tip catheter
(SmartTouch; Biosense Webster, Irvine, CA; TactiCath; Ab-
bott, St. Paul, MN) to identify focal areas of reconnection,
which were defined as locations along the PV antrum that
demonstrated earliest activation (relative to the potentials
within the vein) and/or areas with relatively preserved volt-
ages within the dense scar. These sites were then targeted
with serial lesions using power of 20–40 W for 10–30 sec-
onds, achieving 10%–15% impedance drop from baseline.
The endpoint was PV entrance and exit block, which was
validated over a 20-minute waiting period, during which
adenosine bolus and isoproterenol infusion were also used
at the discretion of the operator. Following successful
PVRI, all patients underwent a standardized stimulation pro-
tocol to identify non-PV triggers. Our stimulation protocol,
which has been previously described,13 comprised incremen-
tal isoproterenol infusion (up to 20–30 mcg/min) with main-
tenance of maximal tolerated dose for 2–3 minutes, followed
by decremental pacing from coronary sinus and/or right
atrium (15-beat drive trains from 250 ms to 180 ms or failure
to capture). All non-PV triggers (atrial premature depolariza-
tions inducing sustained atrial arrhythmias and/or AF) were
targeted, following which any additional ablation including
LAPWI was performed at the discretion of the operator.
The typical approach for LAPWI was to create linear lesions



Figure 2 A: Bipolar voltage map of the left atrium showing left atrial posterior wall (LAPW) ablation lesion set with roof and floor line. B: LAPW ablation
lesion set with LAPW box and additional ablation within the box at the center. C: LAPW ablation lesions with LAPW box and additional ablation in the right
inferior quadrant of the box to achieve isolation.D: LAPWablation set with LAPWbox and extensive ablation all over the LAPW targeting noncapture. Gray dots
represents areas of no capture at high output pacing.
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across the LA roof and floor connecting the previous circum-
ferential lesion sets that were used for left and right PVI
(Figure 2a). If this failed to achieve LAPWI, additional le-
sions were delivered at sites of earliest activation within the
“box” to achieve entrance/exit block into this region
(Figure 2b–2d). The endpoint when ablating within the box
included attenuation/abolition of electrograms at the targeted
site and loss of local capture at high output (10 mA @ 2 ms)
together with demonstration of exit block. To characterize
lesion distribution during focal ablation in the LAPW, we
arbitrarily divided this region into 5 segments (right superior,
right inferior, left superior, left inferior, and central)
(Figure 3). During LAPWI we used power setting of 20–30
W and lesion duration of 5–20 seconds. Esophageal temper-
ature was constantly monitored during energy delivery.
Postablation follow-up
After the ablation procedure, patients were discharged on
antiarrhythmic drugs (AAD) at the discretion of the operator,
together with either warfarin or a direct oral anticoagulant.
All patients were taught to perform twice-daily pulse checks
to assess for asymptomatic arrhythmia recurrence. Addition-
ally, each patient was sent home with a mobile cardiac outpa-
tient telemetry (MCOT) device (Lifewatch, Rosemont, IL;
CardioNet, Malvern, PA) for continuous monitoring for 30
days postablation. Patients were subsequently seen for
routine follow-up in the outpatient clinic at around 6 weeks,
6 months, and 1 year. Beyond this period, yearly clinic visits
were advised but not mandated. Routine practice at our insti-
tution is to perform a 30-day MCOT around the 6-month and
1-year follow-up appointments, and additional MCOTs were
prescribed if the patients reported symptoms suggestive of
arrhythmia recurrences. Patients with cardiac implantable
electronic devices and insertable cardiac monitors were
also remotely followed every 3 months for device-detected
arrhythmias. In the absence of documented arrhythmia recur-
rence, AADs were typically discontinued between 3 and 6
months postablation.
Outcomes of interest
The primary outcome of interest was freedom from atrial ar-
rhythmias off AADs,which was defined as the absence of any
AF and/or organized atrial tachycardia lasting .30 seconds
at the 1-year follow-up. Secondary outcome of interest was
freedom from atrial arrhythmias on or off AADs at the 1-
year follow-up. All outcomes were assessed beyond a 3-
month blanking period following the ablation procedure.
Statistical analysis
Clinical and demographic characteristics at the time of abla-
tion were aggregated for comparison. The c2 test was used to
compare categorical variables and t test for continuous vari-
ables. Categorical variables were represented as frequencies
and proportions; continuous variables were summarized by
mean6 standard deviation. A P value � .05 was considered
statistically significant. Kaplan-Meier survival analysis plots



Figure 3 Schematic of the left atrial posterior wall (LAPW) in posteroan-
terior view showing sites of additional ablation within the LAPW box
required to achieve successful LAPW isolation. LIPV5 left inferior pulmo-
nary vein; LSPV5 left superior pulmonary vein; RIPV5 right inferior pul-
monary vein; RSPV 5 right superior pulmonary vein.
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were used to assess long-term arrhythmia control and com-
plete freedom from AF. All analyses were done using
Table 1 Comparisons of patients with and without left atrial posterior

PWI (n 5 10

Age (years) 66 6 9.9
Male, n (%) 68 (66)
BMI (kg/m2) 30.4 6 5.7
Hypertension, n (%) 63 (61.2)
Diabetes mellitus, n (%) 15 (14.6)
Sleep apnea, n (%) 23 (22.3)
LVEF (%) 54.3 6 10.3
LA size (cm) 4.5 6 0.6
Coronary disease, n (%) 17 (16.5)
Stroke/TIA, n (%) 6 (5.8)
CHA2DS2-VASc 2.3 6 1.3
Paroxysmal AF, n (%) 48 (46.6)
Persistent AF, n (%) 55 (53.4)
AAD on discharge, n (%) 76 (73.7)
AAD discontinued, n (%) 29 (28.2)
CIED/ICM, n (%) 34 (33)
Follow-up (months) 18 6 11
PROCEDURAL CHARACTERISTICS
PV reconnection, n (%) 54 (52.4)
No. of PVs reconnected 1.8 6 0.8
Cavotricuspid isthmus ablation, n (%) 30 (29.1)
Mitral annular ablation, n (%) 26 (25.2)
Coronary sinus ablation, n (%) 14 (13.6)
SVC/crista ablation, n (%) 8 (7.7)
Procedure time (min) 221 6 67
AMBULATORY MONITORING
CIED, n (%) 6 (5.8)
Event monitor, n (%) 61 (59.2%
ICM, n (%) 32 (31.1%
OUTCOMES
Freedom from AA at 1 year off AAD, n (%) 45 (43.7%
Freedom from AA at 1 year off or on
AADs, n (%)

68 (66%)

AA5 atrial arrhythmias; AAD5 antiarrhythmia drug; CIED5 cardiac implantab
ejection fraction; PV 5 pulmonary vein; SVC 5 superior vena cava; TIA 5 transien
SPSS (IBM SPSS Statistics for Windows, Version 25.0;
IBM Corp, Armonk, NY).
Results
We included 196 AF patients who underwent their first repeat
catheter ablation procedure for recurrent AF at our institution
during the study period. Mean age of the population was
63.8 6 10.4 years and 70% were male. The median time be-
tween the index and first repeat ablation was 24.7 months,
with an interquartile range of 53.7 months. At the time of
the repeat ablation, AF categorization was paroxysmal in
61% and persistent in 39%. Ninety-three patients (47%) un-
derwent only PVRI for �1 reconnected vein, whereas 103
patients (53%) had LAPWI. In the latter group, PV reconnec-
tion was present in 52.4% (n5 54), for which PVRI was also
performed.
Acute ablation outcomes
PVRI was performed successfully in all patients with
evidence of PV reconnection. Out of 103 patients in the
LAPWI group, successful isolation of the LAPW with
demonstration of entrance and exit block was achieved in
wall isolation

3) No PWI (n 5 93) P value

62 6 11 .02
69 (74.1) .21
30 6 5.6 .62
38 (40.8) .005
14 (15) .92
25 (26.8) .46

55.7 6 10.6 .62
4.3 6 0.7 .20
16 (17.2) .90
9 (9.6) .31

1.9 6 1.5 .06
72 (77.4) ,.001
21 (22.6) ,.001
40 (43) ,.001
23 (24.7) .028
22 (23.7) .16

22.4 6 13 .01

93 (100) ,.001
2.5 6 1 ,.001
23 (24.7) .52
1 (1.1) ,.001
1 (11) .008
5 (5.4) .57

202 6 74 .06

8 (8.6%) .65
) 58 (62.4%) .14
) 22 (23.7%) .65

) 65 (69.9%) .50
72 (77.4%) .36

le electronic device; ICM5 insertable cardiac monitor; LVEF5 left ventricular
t ischemic attack.



Figure 4 Kaplan-Meier curves comparing primary (A) and secondary outcomes (B) in patients undergoing left atrial posterior wall isolation (LAPWI) vs only
pulmonary vein reisolation (PVRI).
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102 (99%) patients. In 1 patient in whom LAPWI could not
be achieved, radiofrequency energy delivery was limited by
rapid, frequent, and persistent esophageal temperature rises.
LAPW roof and floor lines were created in 95 patients. In 3
patients, only a roof line was created, as the floor of the
LAPW had dense scar. Similarly, in 3 patients only a floor
line was created owing to the presence of dense scar in the
LAPW roof. Creation of an LAPW “box” lesion set with
roof and/or floor lines led to LAPWI in 65% of patients
(n5 67). Additional focal ablation within the “box” targeting
sites of earliest activation, fractionated electrograms, or areas
of local capture was required to achieve LAPWI in 36 pa-
tients (35%). Distribution of lesion sets within the LAPW
box that led to LAPWI are shown in Figure 3. The mean num-
ber of focal lesions within the box was 9.5 6 7.3. A total of
37 sites were targeted in 33 patients, with the majority
(59.5%) localized to the center of the LAPW. In the
Table 2 Comparison of patients undergoing empiric vs trigger
guided left atrial posterior wall isolation

Empiric
(n 5 82)

Trigger
(n 5 21) P value

Age (years) 65.54 6 10.1 65.29 6 9.8 .92
Male, n (%) 53 (64.6) 15 (71.4) .56
Hypertension, n (%) 47 (47.3) 16 (76.2) .11
Diabetes mellitus, n (%) 10 (12.2) 5 (23.8) .18
Sleep apnea, n (%) 19 (23.2) 4 (19) .78
Heart failure, n (%) 7 (8.5) 1 (4.7) 1.00
BMI (kg/m2) 30 6 5.5 32 6 6.6 .20
CHA2DS2-VASc 2.29 6 1.2 2.24 6 1.3 .86
LVEF (%) 54 6 11 55 6 8 .63
PV reconnection, n (%) 42 (51.2) 12 (57.1) .63
Paroxysmal AF, n (%) 37 (45.1) 11 (52.4) .55
Persistent AF, n (%) 45 (54.9) 10 (4.8) .55
Freedom from AA
at 1 year off
AADs, n (%)

33 (40.7) 12 (57.1) .17

Freedom from AA
at 1 year off or
on AADs, n (%)

54 (66.7) 15 (71.4) .67

Abbreviations as in Table 1.
remaining 3 patients, focal areas could not be identified and
ablation across the entire LAPW was required to achieve
isolation. Esophageal temperature rises .38�C were docu-
mented in only 6 cases. Additional ablation targets included
cavotricuspid isthmus ablation, superior vena cava isolation,
and mitral isthmus ablation, with only the latter more
frequently performed in patients undergoing LAPWI. Distri-
bution of non-PV triggers (excluding LAPW triggers) is
shown in Supplemental Table A.

Long-term ablation outcomes

PVRI with or without additional LAPWI
Clinical and procedural characteristics of these 2 groups are
shown in Table 1. Patients undergoing additional LAPWI
were older (666 9.9 years vs 626 11 years for PVRI group,
P 5 .02) and more likely to have hypertension (61.2% vs
40.9% in PVRI group, P 5 .06) and persistent AF (53.4%
vs 22.6% in PVRI group, P 5 .001). The PV reconnection
group had a significantly higher number of reconnected
PVs (2.5 6 1.1 vs 1.8 6 0.8 in the LAPWI group;
P , .001). Following repeat ablation at 1-year follow-up,
there was no difference in the primary and secondary out-
comes freedom from atrial arrhythmias off or on AADs
between patients undergoing PVRI alone vs additional
LAPWI (freedom from atrial arrhythmias off AADs: 69.9%
vs 43.7%, P 5 .50; freedom from atrial arrhythmias on or
off AADs: 77.4% vs 66%, P 5 .36). Kaplan-Meier curves
comparing primary and secondary outcomes between the 2
groups are shown in Figure 4. Rates of organized atrial tachy-
cardia were also similar in the LAPWI and PVRI groups
(20% vs 26%, P 5 .16).

Empiric vs trigger-based LAPWI
Among patients who underwent LAPWI, in 79.6% (n 5 82)
this was done empirically, whereas in 20.4% of patients (n5
21) this was performed after documentation of arrhythmia
triggers from the region. Characteristics of patients undergo-
ing empiric vs trigger-based LAPWI are described in Table 2.



Figure 5 Kaplan-Meier curves comparing primary (A) and secondary outcomes (B) in patients undergoing empiric vs trigger-based left atrial posterior wall
isolation (LAPWI).
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There was no difference in baseline characteristics between
these patients. Also, a comparable number of subjects in
each group required additional PVRI (51.2% vs 57.1%,
P5 .63). Following ablation, there was no difference in pri-
mary and secondary endpoints among patients undergoing
empiric vs trigger-based LAPWI (freedom from atrial ar-
rhythmias off AADs: 40.7% vs 57.1%, P 5 .17; freedom
from atrial arrhythmias off or on AADs: 66.7% vs 71.4%,
P 5 .67) (Figure 5).
Benefit of LAPWI in patients with or without PV reconnection
Of the 103 patients who underwent LAPWI, 54 had evidence
of �1 PV reconnection. A comparison of baseline character-
istics of these patients who had PV reconnection and under-
went LAPWI1PVRI with those that underwent LAPWI
alone (n5 49) is presented as Supplemental Table B. Patients
that underwent LAPWI1PVRI had a higher prevalence of
hypertension than those that underwent LAPWI alone
(70.3% vs 51%, P5 .04). However, there was no difference
Figure 6 Kaplan-Meier curves comparing primary (A) and secondary outcomes (
without additional pulmonary vein (PV) reisolation.
in primary and secondary endpoints among patients that un-
derwent LAPWI vs LAPWI1PVRI (freedom from atrial ar-
rhythmias off AADs: 42.6% vs 44.9%, P 5 .81; freedom
from atrial arrhythmias off or on AADs: 63.3% vs 70.4%,
P5 .44) (Figure 6). Additional analyses evaluating outcomes
of LAPWI in patients with PV reconnection also did not
reveal any statistically significant differences
(Supplemental Table C).
LAPWI outcomes in persistent AF
The nature of AF at repeat ablation was persistent in 76 pa-
tients. In these subjects, additional LAPWI was performed
in 55 (72%), whereas 21 (28%) patients underwent only
PVRI. There was higher prevalence of diabetes and prior his-
tory of stroke in patients with persistent AF that did not un-
dergo additional LAPWI. Following repeat ablation,
freedom from atrial arrhythmias off AADs (primary
endpoint) was lower in persistent AF patients that underwent
LAPWI vs PVRI (36.4% vs 61.9%; P 5 .05), but freedom
B) in patients undergoing left atrial posterior wall isolation (LAPWI) with and



Figure 7 Kaplan-Meier curves comparing primary (A) and secondary outcomes (B) in persistent atrial fibrillation (AF) patients undergoing left atrial posterior
wall isolation (LAPWI) vs pulmonary vein reisolation (PVRI).
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from atrial arrhythmias off or on AAD (secondary endpoint)
was similar between the 2 groups (56.4% vs 71.4%, P5 .33)
(Figure 7).

Predictors of recurrence
On multivariate logistic regression analysis, which included
age, sex, nature of AF, presence of PV reconnection, LAPWI,
and empiric vs trigger-based LAPWI, none of these variables
were independent predictors of the primary or secondary
outcome (Supplemental Table D).

Serious adverse events
A total of 3 procedural complications were observed in our
series and all of them occurred in the PVRI group. These
included 1 case of pericardial effusion requiring pericardio-
centesis, 1 case of left atrial appendage perforation requiring
surgical repair, and 1 hemorrhagic stroke in the immediate
postoperative period.
Discussion
We report our center’s experience with performing LAPWI
in patients experiencing arrhythmia recurrence after their
initial AF ablation. The salient findings of our study are as
follows: (1) LAPWI can be accomplished by targeting this re-
gion endocardially, (2) about one-third of patients undergo-
ing LAPWI will require additional focal lesions beyond LA
roof and floor lines to achieve isolation, (3) PV reconnection
was observed in 75% of patients presenting for repeat AF
ablation, and (4) performing LAPWI beyond PVRI did not
significantly improve long-term arrhythmia free survival.

Role of left atrial posterior wall in AF
AF recurrence following ablation can be the result of PV re-
connection, progressive left atrial pathology, systemic risk
factors, or development of non-PV triggers.10 The LAPW
has gained considerable interest in the pathogenesis of AF,
since this region shares its embryological origin with the
PVs. LAPW has also been shown to have distinct electro-
physiological properties and ion channel characteristics that
are potentially arrhythmogenic,14 which is the basis for tar-
geting this region during AF ablation.
Data on left atrial posterior wall isolation
Studies in patients with paroxysmal AF have shown that in-
clusion of a greater part of the LAPW within the circumfer-
ential PVI lesion set may be associated with improved
outcomes of ablation.15 However, Sutter and colleagues16

found that performing LAPWI beyond PVI in patients with
persistent AF resulted in higher recurrence of sustained atrial
arrhythmias, including AF. Other studies have reported
significantly lower arrhythmia recurrence rate with adjunc-
tive LAPWI than PVI alone (33% vs 61%, P , .001).17 In
our study, LAPWI did not improve arrhythmia control
beyond PVRI at 1 year in patients undergoing repeat ablation.
We do, however, acknowledge that patients who had LAPWI
performed in our study were older, had more HTN, and had a
higher percentage of persistent AF. It has been argued that
lack of benefit from adjunctive LAPWI may be explained
by the inability to achieve effective and/or persistent isolation
of this region. In support of this hypothesis, Bai and col-
leagues18 found that after extensive LA ablation involving
the posterior wall, left atrial septum, and coronary sinus re-
gion, persistent isolation of the LAPW was associated with
improved arrhythmia-free survival. However, in a subgroup
of these patients where repeat LA mapping was performed
3 months after, there was evidence of posterior wall recon-
nection in about a third of patients irrespective of arrhythmia
recurrences. It is interesting to note that no significant benefit
of LAPWI was reported by a study employing hybrid
endocardial-epicardial approach to achieve durable
LAPWI.19 A meta-analysis that was limited to pooling the re-
sults of only prospective randomized trials that compared the
outcomes of adjunctive LAPWI beyond PVI also did not find
any difference in the long-term arrhythmia-free survival
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between the 2 groups.20 The findings of our study are consis-
tent with the observations of this meta-analysis as well as the
recent randomized trial by Lee and colleagues,21 which did
not show any beneficial impact of empiric posterior wall
box isolation beyond PVI on long-term arrhythmia-free sur-
vival in patients with persistent AF. An important distinction
is that most prior studies evaluating the role of LAPWI
included patients undergoing a first AF ablation procedure.
Our study is the first to evaluate the role of adjunctive
LAPWI during repeat AF ablation.

We also report a high success rate of achieving LAPWI
with endocardial ablation alone. This is in contrast with the
results of the CONVERGE (Convergence Of Epicardial
And Endocardial Radiofrequency [RF] Ablation For The
Treatment Of Symptomatic Persistent AF) trial,22 which
showed improved arrhythmia-free outcomes when a com-
bined endocardial-epicardial approach was used for LAPWI
in patients with persistent AF. The epicardial lesion set in this
trial included bilateral PV antral encircling lesions and paral-
lel lines connecting LAPW lesions spanning the entire
epicardial surface of the LAPW. The endocardial lesion set
included routine PVI and a roof line only for LAPW isolation
without a floor line or additional ablation of fractionated elec-
trograms within the LAPW. This could represent inadequate
endocardial LAPWI in the control arm, which could be a sig-
nificant confounder in assessing long-term outcomes. It is
interesting to note that 36% of our patients required addi-
tional ablation beyond LA roof and floor lines to achieve
LAPWI. These lesions were delivered most commonly in
the center of the LAPW. These observations suggest that
LAPWI may have epicardial connections that need to be
identified and targeted specifically in order to achieve durable
isolation. However, doing so may sometimes involve
ablating extensively over this region, and that may poten-
tially increase the risk of adverse complications, especially
injury to the esophagus. In that context, it is interesting to
note that we observed esophageal temperature rise of
.38�C in only 6 patients (6%). Importantly, none of the pa-
tients undergoing LAPWI developed clinical evidence of
esophageal injury. Some studies have shown a high incidence
of esophageal damage and even development of atrioesopha-
geal fistula in patients undergoing LAPWI.23 Since perform-
ing LAPWI potentially exposes patients to the risk of
esophageal injury, it raises the question whether it should
be performed empirically in all patients undergoing repeat
AF ablation. The observations of our study would suggest
otherwise. We found a high incidence of PV reconnection
(75%) in our study patients that experienced arrhythmia re-
currences, and performing LAPWI beyond PVI did not
improve long-term ablation outcomes. Also, in those patients
whose PVs remained isolated at the time of the repeat abla-
tion, performing LAPWI did not lead to significant improve-
ment in outcomes. This would suggest that the LAPWI may
not have been the source of non-PV triggers in these patients.
To explore this further, we looked at arrhythmia outcomes in
patients where LAPWI was performed empirically vs in the
setting of documented non-PV triggers originating from
this region. Once again, we did not find any difference in
long-term arrhythmia control in patients who underwent
LAPWI empirically vs for documented triggers originating
from this region. However, our study did show comparable
arrhythmia outcomes in patients with chronic PVI that under-
went LAPWI alone compared to those that had PVRI for
documented reconnection. Prior studies have shown that
box isolation of fibrotic areas in the LAPW could lead to
similar long-term outcomes between paroxysmal and persis-
tent AF patients during repeat ablation.24 In our study,
despite a higher prevalence of hypertension and persistent
AF in the LAWPI group, overall long-term outcomes were
similar in the LAPWI vs PVRI groups. These data could
potentially point towards a benefit of LAPWI in patients
with nonparoxysmal AF requiring repeat ablation.
Study limitations
We acknowledge several limitations imposed by the retro-
spective nature of our study, including some important pop-
ulation differences. Patients that underwent LAPWI were
older and had a higher proportion of persistent AF which
would have led to lower rates of arrhythmia-free survival in
this group. Perhaps propensity matching would have allowed
better comparison, but we did not perform it owing to the low
proportion of persistent AF patients in the PVRI group. The
choice of antiarrhythmic medication and the duration of their
use was at the discretion of the treating electrophysiologist.
There was also variation in type of ambulatory monitoring
employed for postablation follow-up between operators.
Despite this, an equal proportion of patients in both groups
had continuous rhythm monitoring performed. The sample
size of our study is relatively small owing to the stringent in-
clusion/exclusion criteria and the narrow study duration
period. However, we deliberately chose to restrict our study
duration from January 2016 to December 2018 so that the
outcomes were reflective of our current ablation practices.
Finally, the numbers of patients in the subgroups analyzed
were relatively small, and that could have impacted the
outcome results.
Conclusion
Our study showed a lack of benefit for adjunctive LAPWI
beyond PVI in an overall unmatched cohort of AF patients
undergoing repeat ablation for arrhythmia recurrence
(Graphical Abstract). However, subgroup analyses of pa-
tients with persistent AF at the time of repeat ablation raises
the possibility of potential beneficial effect of LAPWI. We
found a high rate of PV reconnection in these patients, con-
firming prior reports that reconnected PVs remain a major
driver for AF recurrences. We also found that endocardial
ablation alone was able to achieve LAPWI in all but 1 patient.
However, achieving this required additional focal ablation
beyond LA roof and floor line in as many as 35% of patients.
The center of the LAPW was the most common location for
additional ablation to achieve LAPWI, which suggests the
presence of epicardial connections in this location. However,
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doing so did not increase the occurrence of adverse events,
including esophageal damage, which was conspicuous by
its absence in our study. Further randomized studies are
needed to better understand the role of LAPWI in AF pa-
tients.
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