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Natural History of Arrhythmia After
Successful Isolation of Pulmonary Veins,
Left Atrial Posterior Wall, and Superior Vena
Cava in Patients With Paroxysmal Atrial
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BACKGROUND: We evaluated long-term outcome of isolation of pulmonary veins, left atrial posterior wall, and superior vena
cava, including time to recurrence and prevalent triggering foci at repeat ablation in patients with paroxysmal atrial fibrillation
with or without cardiovascular comorbidities.
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METHODS AND RESULTS: A total of 1633 consecutive patients with paroxysmal atrial fibrillation that were arrhythmia-free for 2
years following the index ablation were classified into: group 1 (without comorbidities); n=692 and group 2 (with comorbidities); n=941. We excluded patients with documented ablation of areas other than pulmonary veins, the left atrial posterior wall,
and the superior vena cava at the index procedure. At 10 years after an average of 1.2 procedures, 215 (31%) and 480 (51%)
patients had recurrence with median time to recurrence being 7.4 (interquartile interval [IQI] 4.3–8.5) and 5.6 (IQI 3.8–8.3) years
in group 1 and 2, respectively. A total of 201 (93.5%) and 456 (95%) patients from group 1 and 2 underwent redo ablation;
147/201 and 414/456 received left atrial appendage and coronary sinus isolation and 54/201 and 42/456 had left atrial lines
and flutter ablation. At 2 years after the redo, 134 (91.1%) and 391 (94.4%) patients from group 1 and 2 receiving left atrial
appendage/coronary sinus isolation remained arrhythmia-free whereas sinus rhythm was maintained in 4 (7.4%) and 3 (7.1%)
patients in respective groups undergoing empirical lines and flutter ablation (P<0.001).
CONCLUSIONS: Very late recurrence of atrial fibrillation after successful isolation of pulmonary veins, regardless of the comorbidity profile, was majorly driven by non-pulmonary vein triggers and ablation of these foci resulted in high success rate. However,
presence of comorbidities was associated with significantly earlier recurrence.
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B

ased on the findings by Haïssaguerre et al and
others, pulmonary veins (PVs) have been recognized as the major source of arrhythmogenic
activity involved in the initiation of atrial fibrillation

(AF).1,2 Consequently, isolation of the PVs (PVI) by
radio-
frequency catheter ablation has been considered an effective therapeutic strategy, especially in
drug-refractory paroxysmal AF patients with benefits
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CLINICAL PERSPECTIVE
What Is New?

• Despite permanent pulmonary vein isolation,
patients with paroxysmal atrial fibrillation experienced very late recurrences that were mainly
driven by non-pulmonary vein triggers, especially from the left atrial appendage and coronary sinus.
• The median time to recurrence was significantly shorter in patients with cardiovascular
comorbidities.

What Are the Clinical Implications?

• These findings will plausibly impact the risk-
stratification and decision-making for ablation
strategies in patients with paroxysmal atrial
fibrillation experiencing very late arrhythmia
recurrence.

Nonstandard Abbreviations and Acronyms
IQI
PAF

interquartile intervals
paroxysmal atrial fibrillation
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consistently demonstrated in multiple randomized trials.3 However, some patients experience late relapse
of AF even in the presence of permanent electrical
isolation of PVs4 and very late recurrence after successful PVI represent an understudied PAF population.
Complex interplay between the triggering structures
and a continuously evolving cardiac substrate has
been speculated as the underlying mechanism of
late AF recurrences.5 Yet, it is unclear what drives the
arrhythmia-recurrence in patients with persistent PV
isolation.
Moreover, with the decrease in the incidence of
PV reconnections in recent years, because of the
advancement in the technique and technology of
catheter ablation, electrophysiologists have started
encountering increasing number of patients with
late recurrences after initial long-
term success.5
Therefore, there is a pressing need to characterize the
disease process that would enable the physicians to
counsel their patients properly. In order to outline the
course of the arrhythmia in the PAF patients, we followed them over a period of ≈15 years to evaluate the
long-term outcome after successful PVI+isolation of
left atrial posterior wall and superior vena cava (SVC)
including the time to recurrence, the prevalent triggering foci detected at redo and the procedure-outcome
of repeat ablations.

Recurrence After Successful PVI in Paroxysmal AF

METHODS
In this prospective observational study, consecutive
PAF patients who received their first or first and second ablation procedure between 2004 and 2008 were
screened for enrollment. The first ablation or the latest of the two procedures (for patients having 2 ablations) is described as the “index” procedure in the
manuscript.

Inclusion Criteria
Patients were included in the study if (1) their index
ablation consisted only of pulmonary vein isolation
(PVI) plus isolation of the left atrial posterior wall and
SVC,6,7 and (2) they remained in sinus rhythm off-
antiarrhythmic drugs for at least 2 years following the
index procedure. During these 2 years, standard institutional protocol was used for arrhythmia-monitoring;
event recorders for first 5 months followed by quarterly
ECG and Holter-monitoring for 1 year. In the second
year, patients were followed up biannually.
Patients were included in group 1 if they had either
no cardiovascular comorbidities or only hypertension
that was well-controlled by a single anti-hypertensive
agent.
All group 2 patients had ≥1 of the following comorbidities: (1) moderate to severe sleep apnea (apnea-
hypopnea index >15/h), (2) diabetes mellitus, (3) body
mass index ≥30 kg/m2, (4) hypertension treated with
multiple anti-hypertensive agents, and (5) low left ventricular ejection fraction (<45%).

Exclusion Criteria
Patients were excluded (1) if they experienced recurrence off-drugs within 2 years following the index procedure, and (2) if they received ablation of non-PV sites
other than the left atrial posterior wall and SVC, especially left atrial appendage (LAA) and coronary sinus
(CS) during the first or the second procedure.
The current analysis reports the long-term success
rate of the index procedure, time to first recurrence
after the index procedure, triggers detected and targeted at the redo and outcome of the redo procedures
at 2 years follow-up.
All patients provided written informed consent for
the ablation procedure. The patient data was prospectively collected in the database approved by the
Institutional Review Board or ethics committee. The
de-identified data supporting the findings of this study
will be available from the corresponding author upon
reasonable request.

Ablation Procedure
Our standard ablation procedure included PVI plus
isolation of the left atrial posterior wall and SVC.4,6,7 All
patients received the standard ablation at their index
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procedure. Posterior wall isolation was performed
using multiple ablation points covering the whole
posterior wall. SVC was mapped and isolated circumferentially in all patients. Briefly, the circular mapping
catheter, guided by intracardiac echocardiography,
was positioned at the SVC–right atrial junction, which
is marked by the lower border of the pulmonary artery. Isolation of the SVC was then performed at that
level.4
All anti-
arrhythmic drugs were discontinued 4 to
5 half-lives before ablation whereas amiodarone was
stopped at least 4 months before the procedure. Early
in the practice, warfarin was discontinued before the
procedure and patients were bridged with low molecular weight heparin. This anticoagulation strategy
continued until 2005 when uninterrupted warfarin approach was adapted. Pulmonary vein antrum isolation
was performed guided by circular mapping catheter
and intracardiac echocardiography using 8-mm non-
irrigated or 4-mm cooled-tip catheter and open irrigation was used for procedures after 2006. The electrical
isolation of PV was extended to the posterior wall contained between the pulmonary veins. Complete abolition of all PV potentials rather than decrease in the
amplitudes was the end point and confirmed by entrance and/or exit block.
With the 8-mm-tip catheter, radio frequency energy
was set at 30 W and 55°C, and power was titrated
upward every 5 seconds from 30 to 70 W while monitoring for microbubble formation. Each lesion typically
lasted 30 to 50 seconds. A temperature probe was
routinely placed in the esophagus. Radiofrequency
applications were limited to 20 seconds at a single location over esophagus and immediately halted if the
temperature reached 39°C or rapidly rose.
With the 4-
mm cooled-
tip catheter, radio frequency energy was delivered using an average power
of 35±7 W to maintain a target temperature of 35 to
40°C; power was titrated down whenever microbubbles formed. Energy was delivered for 40 to 60 seconds at each site and no more than 20 seconds at
LA sites close to the esophagus and was terminated
automatically if there was a rise in impedance.
With the open-irrigation catheter, initially a temperature of 45°C and maximum power of 50 W was
used. However, after observation of high incidence
of “steam pops” and pericardial effusion at higher
power in a randomized trial, the maximum temperature and power were changed to 42°C and 45 W
respectively.4

Repeat Procedure
The ablation strategy of the repeat procedure was heterogeneous, according to the performing operators’
preference. In case of PV, PW, and SVC reconnection,
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these structures were re-isolated. Additional ablation
was performed following two main strategies:
1. Further ablation of non-PV triggers, including ablation of significant triggers seen during the procedure along with empirical LAA and CS isolation if
neither PV, PW, and SVC reconnection or additional
dose isonon-
PV triggers were detected.6,8 High-
proterenol challenge (up to 30 µg/min) was used
to disclose non-
PV triggers which were targeted
using additional radio frequency energy.
2. Targeted ablation of any presenting atrial tachycardia, OR empirical left-sided ablation lines (roof, mitral
isthmus) if the patient was in sinus rhythm.
Significant non-
PV triggers were defined as: focal
atrial tachycardia (AT; sustained or non-sustained), frequent premature atrial contractions (premature atrial
contractions, ≥10/min), or premature atrial contractions
triggering AF/atrial flutter. The procedural endpoint was
their elimination, which included targeted ablation of
non-CS/LAA triggers, and CS or LAA isolations if triggers originated from these structures. The endpoint for
CS and LAA isolation was electrical silence, as confirmed by entrance block.
Figure 1 shows the representative lesion sets during
the index and repeat procedures.
The endpoint for atrial tachycardia ablation was
its termination with documented bidirectional block
in case of lines performed for a macro-
reentrant
tachycardia.
Patients were discharged after an overnight stay on
their previously ineffective antiarrhythmic drugs, with
the exception of amiodarone, which was never restarted following the procedure.

Follow-Up
Follow-up was performed at 1, 3, 6, and 12 months with
office visits, cardiology evaluation, 12-lead electrocardiogram (ECG) and 7-day Holter monitoring at 1, 6, and
12 months. Additionally, patients were provided with
event-recorders for the first 5 months following the procedure and were asked to transmit their rhythm every
time they had symptoms compatible with arrhythmias
and at least 3 to 4 times a week even if asymptomatic.
After 1 year, patients were followed up annually with a
7-day Holter and were asked to check their pulse regularly to monitor rate. Ablation success was defined as
absence of arrhythmia off-antiarrhythmic drugs.
Oral anticoagulant therapy was continued up to
6 months following the procedure, after which it was
discontinued in all patients that remained arrhythmia-
free. If the patients underwent LAA isolation (at the
repeat procedure), either they were kept on life-long
anticoagulation or LAA occlusion was performed
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Figure 1. Representative images showing lesion sets during the index and repeat procedures.
A, Index procedure included isolation of pulmonary veins (PVs), left atrial posterior wall (LAPW), and
superior vena cava. B, The same patient underwent repeat procedure after 5 years, during which ablation
was extended anteriorly and inferiorly to left atrial appendage and coronary sinus. The red areas in the
voltage map shows electrically isolated PVs and LAPW from the index ablation.

irrespective of the CHA2DS2-
VASc score. TEE was
performed at 6 months and 1 year in these patients to
rule out thrombus formation in the appendage.

Statistical Analysis
This prospective observational study included consecutive patients who underwent the first or the first
and the second ablation at our centers. Baseline clinical and demographic characteristics are presented
using descriptive analysis methods. Continuous data
are described as mean±standard deviation (median
and interquartile intervals [IQI] for non-normal data) and
as counts and percent if categorical. Continuous data
were compared using the independent sample t test
and categorical data were compared using the Chi-
Square test.
The endpoints for the study included (1) time to recurrence after index procedure, (2) triggers identified
at recurrence, (3) freedom from recurrence after the

index procedure, and (4) freedom from recurrence
after re-ablation during the follow-up. Freedom from
arrhythmia at the long-term follow-up was assessed
by Kaplan-Meier curves. Success after repeat ablation
was compared between the ablation strategies using
log-rank method. Event-free duration was defined as
time from the index procedure to arrhythmia recurrence
and from re-ablation to recurrence for repeat procedure. Patients remaining arrhythmia-free at the end of
10 years of follow-up were censored. Patients were
censored on date of death or last contact, if they died
or lost to follow-up without documented recurrence.
All tests were 2-sided, and a P<0.05 was considered
statistically significant. To identify the predictors of recurrence, univariable and multivariable analyses were
performed using Cox proportional hazard model. In
the multivariable analysis, all the variables with significant association with recurrence in univariable analysis
were included; in addition, variables having clinical relevance (age, hypertension, dyslipidemia and coronary
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artery disease) with recurrence were also included.
Statistical analyses were performed using IBM SPSS
Statistics 22.0 (IBM SPSS Inc., Chicago, IL).

RESULTS
A total of 1877 paroxysmal AF patients receiving their
first or first and second ablations during the study period were screened and 1633 (87%) consecutive patients with paroxysmal AF meeting the eligibility criteria
were included in the study.
These 1633 patients were arrhythmia-free for 2 years
after their first or second catheter ablation (index procedure) at our centers (Figure 2). Based on the presence
or absence of comorbidities, they were classified into:
group 1 (without comorbidities), 692 and group 2 (with
comorbidities), 941. Baseline characteristics and procedural parameters (of the index ablation procedure) of the
study population are presented in Table 1.
Of the 1633 patients, it was the first ablation for 1323
(81.1%) and second ablation for 310 (18.9%). For group
1, it was the first ablation for 578 (83.5%) patients and
the second for 114 (16.5%) patients. For group 2, it was
the first and second ablation for 745 (79.2%) and 196
(20.8%) patients, respectively.

Recurrence After Successful PVI in Paroxysmal AF

During the follow-up after the index procedure, 215
of 692 (31.1%) patients from group 1 and 480 of 941
(51%) from group 2 experienced recurrence (P<0.001)
(Figure 3).
Among the patients who failed the index procedure,
median time to recurrence was 7.4 (IQI 4.3–8.5) and
5.6 (IQI 3.8–8.3) years in group 1 and 2 respectively
(P=0.01). In group 2, 205/480 (42.7%) recurrent patients had obesity plus OSA.
In the overall population, recurrence was reported
in 450 of 1323 (34%) patients who received their first
procedure, and 59 of the 310 (19%) patients with two
earlier procedures (P=0.001).
During follow-up, 164 patients in group 1 with no
comorbidities at baseline developed new-
onset hypertension that was well-controlled by a single anti-
hypertensive agent. Based on our inclusion criteria,
they were still stratified as group 1. The recurrence
rate in these 164 patients was similar to that of the remaining patients in group 1 (54/164 [33%] vs 161/528
[30.5%], P=0.75).
In group 2 (with ≥1 comorbidities at baseline), 7
patients reported new onset diabetes mellitus and
12 were diagnosed with moderate to severe sleep
apnea. The recurrence rate in these 19 patients was
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Figure 2. Study flow-diagram showing ablation strategies and long-term outcome.
AAD indicates anti-arrhythmic drug; CS, coronary sinus; LA, left atrial; LAA, left atrial appendage; PAF, paroxysmal atrial fibrillation;
PV, pulmonary vein; SR, sinus rhythm; and SVC, superior vena cava.

J Am Heart Assoc. 2021;10:e020563. DOI: 10.1161/JAHA.120.0205635

Mohanty et al

Recurrence After Successful PVI in Paroxysmal AF

Table 1. Baseline Clinical Characteristics and Procedural Parameters of the Overall Study Population
Variables

Paroxysmal AF
Patients Without Comorbidity (N=692)

Paroxysmal AF
Patients With Comorbidity (N=941)

P Value

<0.001

Demographics and clinical characteristics
Age

57.4±9.9

63.3±9.8

Male

480 (69.4)

617 (65.6)

0.11

Body mass index

22.9±1.5

33.5±6.0

<0.001

Duration of AF, mo

54.3±33.1

43.7±64.4

<0.001

Left atrial size, cm

3.88±0.41

4.34±0.67

<0.001

61.2±7.0

57.3±10.8

<0.001

293 (42.3)

473 (50.3)

0.002
<0.001

Left ventricular ejection
fraction, %
Dyslipidemia

0 (0.0)

344 (36.6)

Hypertension

Diabetes mellitus

262 (37.9)

831 (88.3)

<0.001

Heart failure

0 (0.0)

183 (19.4)

<0.001

History of transient
ischemic attack or stroke

9 (1.3)

37 (3.9)

0.001

Coronary artery disease

0 (0.0)

184 (19.6)

<0.001

Sleep apnea

27 (3.9)

185 (19.7)

<0.001

<0.001

Procedural parameters
Flouroscopy time

30.1±21.1

39.21±19.43

Radiofrequency time

43.4±23.8

43.89±20.26

0.66

Procedure time

117.4±36.8

124.44±38.65

<0.001

83 (12.0)

118 (12.5)

0.74

ACE inhibitors/angiotensin
II receptor blockers

131 (18.9)

496 (52.7)

<0.001

β-blockers

268 (38.7)

640 (68.0)

<0.001

Lipid lowering drugs

291 (42.1)

512 (54.4)

<0.001

Aspirin

81 (11.7)

169 (18.0)

<0.001

Electrical cardioversion
Peri-procedural medications
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ACE indicates angiotensin-converting enzyme; AF, atrial fibrillation.

comparable (9 of 19, 47.3%) with the rest of the group
2 population (471/922, 51%).
Univariable and multivariable analysis for predictors
of recurrence are presented in Table 2. In the multivariable analysis age (HR 1.03, 95% CI 1.01–1.04, P<0.001)
and female sex (HR 1.49, 95% CI 1.11–2.01, P=0.008)
were predictors of recurrence in group 1 and age (HR
1.03, 95% CI 1.02–1.05, P<0.001) and obesity+ OSA
(HR 1.32, 95% CI 1.10–1.58, P=0.003) were predictors
of recurrence in group 2.

Repeat Procedure
Repeat procedure was performed in 201/215 (93.5%)
and 456/480 (95%) patients from group 1 and 2, respectively: LAA and CS isolation with detectable triggers in
106/201 (52.7%) and 378/456 (82.9%), empirical isolation of LAA/CS in 41/201 (20.4%) and 36/456 (7.9%),
lines and flutter ablation in 54/201 (27%) and 42/456
(9.2%), and re-isolation of PVs in 4/201 (2%) and 5/456
(1.3%) patients (Figures 4 and 5). PV reconnection was

not noted in any of the patients with two prior procedures. SVC was found to be permanently isolated in
642 (97.7%) and no reconnection of posterior wall in
611 (93%) cases.
In the 484 patients (group 1 [n=106] and 2
[n=378]) receiving non-PV trigger ablation with detectable triggers, the following were the most common foci: interatrial septum: 87, 18%, LAA: 353,
73% and CS: 315, 65.1%. Foci from the interatrial
septum were targeted for ablation in all 87 patients.
LAA and CS were empirically isolated in 77 patients
from both groups in whom PVs were permanently
isolated and no extra-PV triggers were detected on
isoproterenol-challenge.
At 2-year follow-up, in the LAA/CS isolation population, 134/147 (91.1%) patients from group 1 and 391/414
(94.4%) from group 2 remained arrhythmia-free (log-
rank test, P-value 0.19). Success rate in patients receiving lines and flutter ablation was 4/54 (7.4%) in
group 1 and 3/42 (7.1%) in group 2 (0.86). Procedural
complications:
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Figure 3. Kaplan-Meier curve showing recurrence-free survival after the index procedure.
During the follow-up after the index procedure, 215 of 692 (31.1%) patients from group 1 and 480 of 941
(51%) from group 2 experienced recurrence (P<0.001). Median time to recurrence was 7.4 (IQI 4.3–8.5)
and 5.6 (IQI 3.8–8.3) years in group 1 and 2, respectively (P=0.01).

No major procedural complications were observed
after the repeat procedures. In total, there were 19
groin hematomas and 6 minor pericardial effusions
that were managed conservatively.
At the end of the follow-up, 6 (0.36%) thromboembolic events, 12 (0.7%) cases of cancer, and 15 (0.9%)
deaths were reported. Causes of death were documented to be cancer and heart failure with asystole
in 3 patients and “natural cause” in the remaining 12
patients.
No patients were lost to follow-up. Some of the recurrences happened in patients that died later.

DISCUSSION
The current study was designed to evaluate the disease course of the arrhythmia over a decade after
successful index ablation procedure in paroxysmal
AF patients with or without comorbidities such as
diabetes mellitus, heart failure, obesity, and moderate
to severe sleep apnea, which are known risk factors

for abnormal cardiac substrate. The main objective of
this study was to understand why arrhythmia relapses
years after successful PV isolation in PAF patients
and whether the presence or absence of comorbidities modulate the underlying mechanism of very late
recurrences.
Our main findings were the following: (1) median
time to recurrence after the index procedure was significantly shorter in patients with comorbidities, (2)
PV reconnection was detected in a very small number of cases (≤2%) at redo, (3) LAA and CS triggers
were highly prevalent in patients with late recurrences
in both groups, and (4) more than 90% of patients remained arrhythmia-free after electrical isolation of the
LAA and CS.
Although PVs have been recognized as the primary source of triggers for the initiation of AF, emerging evidences question the role of PV triggers in late
recurrences after initial long-term success.9 Studies
have not only shown similar PV reconnection rate in
patients with and without recurrent arrhythmia but
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Table 2. Univariable and Multivariable Analysis Showing Independent Predictors of Recurrence in Group 1 and 2 After
Index Procedure
Univariable Analysis
Variable

Hazard Ratio

95% CI

Multivariable Analysis
P Value

Hazard Ratio

95% CI

P Value

Group 1
Age

1.04

1.02–1.05

<0.001

1.03

1.01–1.04

<0.001

Female

1.88

1.44–2.47

<0.001

1.49

1.11–2.01

0.008

Hypertension

0.99

0.75–1.31

0.96

0.98

0.75–1.30

0.91

Dyslipidemia

1.17

0.90–1.54

0.24

1.09

0.83–1.43

0.53

1.03

1.02–1.04

<0.001

1.03

1.02–1.04

<0.001

Female

1.21

1.01–1.45

0.045

1.14

0.95–1.38

0.17

BMI+OSA

1.33

1.11–1.59

0.002

1.32

1.10–1.58

0.003

Group 2
Age

Hypertension

1.16

0.87–1.55

0.31

1.16

0.87–1.56

0.31

Dyslipidemia

0.96

0.80–1.15

0.65

0.94

0.78–1.13

0.49

Coronary artery
disease

1.13

0.91–1.41

0.27

1.05

0.83–1.31

0.7

BMI indicates body mass index; OSA, obstructive sleep apnea.
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also maintenance of sinus rhythm in the presence of
PV reconnection (detected at follow-up electrophysiology study).9–12 Moreover, in a recently published
article, PV firing or presence of fibrillation within
the PVs were reported to be not associated with
ablation-outcome.13
All of our patients underwent PVI plus isolation
of PW and SVC before being included in the current
study. At the repeat procedure during the 10-year follow-up period, PV reconnection was observed in a
very small number of cases and none in patients with

Figure 4. Bar diagram showing ablation targets at the
repeat procedure.
Repeat procedure was performed in 201/215 (93.5%) and
456/480 (95%) patients in group 1 and 2, respectively: LAA and
CS isolation with detectable triggers in 106/201 (52.7%) and
378/456 (82.9%), empirical isolation of LAA/CS in 41/201 (20.4%)
and 36/456 (7.9%), lines and flutter ablation in 54/201 (27%) and
42/456 (9.2%) and re-isolation of PVs in 4/201 (2%) and 5/456
(1.3%) patients. CS indicates coronary sinus; LAA, left atrial
appendage; and PV, pulmonary vein.

two procedures at baseline. Thus, regained electrical conduction in the PVs was not the underlying
mechanism of recurrence in the majority of our study
population.
In our experience and others’, ablation strategies
including isolation of left atrial posterior wall result
in higher success rate compared to PV isolation
alone.14,15 Similarly, SVC has been demonstrated as
a source of non-PV triggers.16 The atrial myocardial
sleeves extend into the SVC for up to 2 to 5 cm;
thus harboring ectopic pacing cells that provide the
substrate for atrial arrhythmia.17 Earlier trials in paroxysmal AF have demonstrated superior success
rate following empirical SVC isolation during the first
procedure.16,18
In the current study, AF was recurrent despite permanent electrical isolation of PVs, PW, and SVC and
ectopic beats driving the arrhythmia were detected to
be originating from the extra-PV sites such as the interatrial septum, LAA, and CS.
These results clearly indicate that at a later period in the course of this disease, beats originating
from the non-PV foci became the primary source of
the arrhythmia-initiating ectopic triggers. In fact, in an
earlier study published by our group, similar findings
were observed in the PAF patients having very late recurrence in the absence of PV and PW reconnection.4
However, there is a major difference between that
study and the current analysis; here we examined the
progression of cardiac arrhythmia in patients with versus without cardiovascular risk factors.
Relapse of AF being exclusively attributable to non-PV
triggers is of utmost importance as it proposes that the
evolution of the disease does not halt during the years
of arrhythmia-free interval. Emerging evidences suggest

J Am Heart Assoc. 2021;10:e020563. DOI: 10.1161/JAHA.120.0205638

Mohanty et al

Recurrence After Successful PVI in Paroxysmal AF

Downloaded from http://ahajournals.org by on May 20, 2021

Figure 5. Kaplan-Meier curve showing recurrence-free survival after the repeat procedure.
At 2-year follow-up, in the LAA/CS isolation population, 134/147 (91.1%) patients from group 1 and
391/414 (94.4%) from group 2 remained arrhythmia-free (log-rank test, P-value 0.19). Success rate in
patients receiving lines and flutter ablation was 4/54 (7.4%) in group 1 and 3/42 (7.1%) in group 2 (0.86).
Subgroup 1A and 2A received LAA/CS isolation. Subgroup 1B and 2B received lines and flutter ablation.
CS indicates coronary sinus; and LAA, left atrial appendage.

that risk factors such as age, sex, genetic predisposition,
left atrial size and comorbidities such as hypertension,
obesity, sleep apnea, structural heart disease, and left
ventricular dysfunction possibly contribute to progression of the rhythm disorder even after establishment of
sinus rhythm by earlier procedures.4,19–28 The impact of
comorbidities would explain the prevalence of non-PV
triggers and the plausible underlying mechanism for significantly earlier recurrence in our group 2 patients. Earlier
reports have shown the development and progression of
atrial substrate to be independent of AF, either due to a
primary fibrotic cardiomyopathy or modulators such as
obesity and inflammation, or a combination of both.29 In
agreement with this explanation, obesity+ OSA was observed to be an independent predictor of recurrence in
our group 2 population.

However, high prevalence of non-PV triggers was
also observed in group 1 patients with no or minimal
comorbidities, which indicates that regardless of the
comorbidity status and subsequent substrate remodeling, triggers from non-PV sites originate over years,
causing very late relapse of the arrhythmia. It could be
an ageing-related phenomenon that happens plausibly
in genetically predisposed individuals.
Ablation strategy was observed to be a very strong
predictor of recurrence in our study population. A significantly low success rate was observed in our patients
that received lines and flutter ablation at the repeat procedure compared to the cohort undergoing LAA and CS
isolation. In two randomized trials, adjunctive linear ablation was shown to have no added advantage over PVI
alone in terms of arrhythmia-free survival in paroxysmal
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AF patients.30,31 The most likely underlying mechanism
of the recurrent tachyarrhythmia was reported to be
reentry across linear lesion sets.32 Furthermore, in the
randomized APPROVAL (Impact of Ablation Approaches
on Outcome in Atrial Fibrillation and Flutter) trial, the success rate at 2-year follow-up after CTI-only was very low
(19%) in patients with coexistent AF and flutter.33 Even,
in patients with isolated atrial flutter and no history of AF,
CTI ablation alone had significantly lower success rate
compared to CTI+PVI, proposing potential unmasking of
underlying AF after elimination of atrial flutter.34
Contrary to the population with linear ablation,
ablation-
outcome was significantly better when
non-PV triggers were ablated in the repeat procedure.
This finding reinforces the crucial role of these triggers
in the relapse of AF after a long arrhythmia-free period
in patients with permanently isolated PVs and demonstrates the importance of effective ablation of these
ectopic foci to attain durable freedom from arrhythmia.
In this context, it is important to mention the high
risk of stroke in patients with poor compliance to anticoagulant therapy or discontinuation of the same after
effective LAA isolation, as shown by our group in a
recent series of post-L AAEI cases.35 LAA occlusion
seems to be a reasonable choice for patients that are
poor candidates for long-term OAC therapy.
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Limitations
In the current study, the follow-
up arrhythmia-
monitoring was discontinuous, which implies possible underestimation of recurrent events. However, all
symptomatic episodes were captured and the probability of having asymptomatic arrhythmia in this population is very low as patients were highly symptomatic
and were aware of their symptoms. Furthermore, we
did not evaluate the ageing-associated atrial substrate
remodeling using voltage mapping or cardiac imaging that could have explained its potential role in the
mechanism of late recurrence.

CONCLUSIONS
In our study population of paroxysmal AF patients, regardless of the comorbidity status, very late relapse
of arrhythmia was observed in a sizeable number of
cases despite persistent PV isolation, although median
time to recurrence was significantly shorter in patients
with comorbidities than those without. Furthermore,
recurrent arrhythmia was almost entirely driven by nonPV triggers as evidenced by substantial improvement
in the success rate following ablation of those triggers.
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