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Abstract
Background Atrial fibrillation recurrence (AFR) is common after pulmonary vein isolation (PVI), and the rate does not differ
between radiofrequency (RF) and cryoballoon (CB) ablation. The aim of this study was to assess the impact of the ablation
modality used at the index PVI on the outcome after redo PVI in patients with paroxysmal AF.
Methods In this prospective, single-center, non-randomized study, consecutive patients with paroxysmal AF who have under-
gone the index PVI with either RF ablation (RF group) or 2nd-generation CB (CB group) were included. The primary endpoint
was freedom from recurrence of atrial arrhythmia lasting > 30 s.
Results A total of 105 patients undergoing redo PVI for paroxysmal AF were included (median age 61 years; 24% female; left
ventricular ejection fraction (LVEF) 57 ± 8%; left atrial volume index (LAVI) 34 ± 11 mm). Index PVI was done either with focal
RF (n = 81) or with CB (n = 24) and redo PVI only with focal RF. Total procedure time (139 vs. 113 min, p = 0.10) and RF
delivery time (1017 vs. 870 s, p = 0.33) of the redo PVI were not significantly different. After a median follow-up of 371 (185–
470) days, there were no differences between the RF and CB groups regarding the AFR rate after the second PVI (24 vs. 23%,
p = 0.89). The Kaplan-Meier analysis showed no difference between the groups regarding AFR freedom time (p = 0.81). In
multivariable logistic regression, only coronary artery disease was identified as an independent long-term predictor of AFR (OR
4.15, 95% CI 1.17–14.71, p = 0.027).
Conclusions The ablation modality used at the index PVI has no impact on long-term outcome after redo PVI in patients with
paroxysmal AF.
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1 Introduction

Pulmonary vein isolation (PVI) by catheter ablation is well
established for the treatment of paroxysmal atrial fibrillation
(AF) [1]. However, atrial fibrillation recurrence (AFR) is fair-
ly common after the index PVI ablation with rates of 20–50%

and a progressive and significant decline in AFR freedom time
during long-term follow-up [2–4]. The success rate is higher
after redo procedures [1, 5]. Focal radiofrequency (RF) and
cryoballoon (CB) ablation are the most widely used modali-
ties for PVI in patients with paroxysmal AF [6, 7]. AFR rates
after single PVI procedure do not differ between patients treat-
ed with focal RF and 2nd-generation CB ablation, regardless
of the type of AF [7–9]. However, CB ablation is associated
with fewer PVs reconnected andmore focal reconnection gaps
[10–15]. Hence, the aim of this study was to investigate the
impact of ablation modality at the index PVI on the AFR rate
after the redo PVI in patients with paroxysmal AF who have
undergone the index PVI with either CB or RF ablation. We
hypothesized that patients who underwent index PVI using
CB will have lower AFR rate after a redo PVI in comparison
with patients who already underwent index PVI using focal
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RF. Thus, the aim of this study was to assess the success rate
and procedural parameters of RF-based redo PVI procedure
after focal RF- or CB-based index PVI.

2 Methods

2.1 Study design and population

Patients enrolled in the prospective Basel Atrial Fibrillation
Pulmonary Vein Isolation (BEAT-AF-PVI) registry at the
University Hospital Basel between January 2010 and
March 2017, were analyzed. We included in a prospective,
non-randomized study all consecutive patients with symptom-
atic, drug-refractory paroxysmal AF. Consecutive patients
with AFR after the index PVI done with either focal (point-
by-point) RF ablation (RF group) or 2nd-generation CB (CB
group) who underwent the redo PVI procedure using focal
(point-by-point) RF were included in the study. Patients with
non-paroxysmal AF at index or redo procedure, in whom
additional linear lesions (box lesion, mitral isthmus line, left
atrium roof line) or complex fractionated atrial electrogram
(CFAE) ablation in the left atrium (LA) were performed at
any of the two procedures, in whom the redo procedure was
not done using focal RF ablation with 3D mapping system as
well as those without Holter-ECG during follow-up were ex-
cluded from the study. Baseline demographic characteristics,
medical history, and chronic medication usage were collected.
Transthoracic and transesophageal echocardiogram to rule out
LA thrombus and to assess LA diameter, LA volume index
(LAVI), and left ventricular ejection fraction (LVEF) were
performed before all procedures.

All included patients gave written informed consent for the
procedure as well as for participating in the BEAT-AF-PVI
registry. The Hospital Ethics Committee approved the study,
which was conducted in accordance with the Declaration of
Helsinki.

2.2 Index PVI procedure

In the RF group, a focal 3.5-mm open-irrigated tip radiofre-
quency catheter (Navistar ThermoCool ST or Navistar
ThermoCool SmartTouch, Biosense Webster, Diamond Bar,
CA, USA) and a 20-pole variable circular mapping catheter
(Lasso Nav, Biosense Webster) in combination with a 3D
mapping system (CARTO3, Biosense Webster) were used to
preform PVI as described in detail previously [6, 7]. No addi-
tional lesions were performed. In the CB group, PVI was
performed using the 2nd-generation CB (Arctic Front
Advance 23 mm or 28 mm, Medtronic Inc., Minneapolis,
MN, USA) as described in detail previously [7, 16]. In brief,
using a single-freeze approach, the standard freezing duration
was 180 s, but could be prolonged to 240 s at the physician’s

discretion. PVI was achieved with cryoablation, and no pa-
tient received RF ablation because of incomplete PVI at index
day with cryoballoon. The procedural endpoint was documen-
tation of PV entrance block using the inner lumen circular
catheter (Achieve, Medtronic Inc.). CB was not used in pa-
tients with left common PV and/or early branching of right
inferior PVs.

2.3 Redo PVI procedure

All redo PVI procedures were performed using focal RF ab-
lation with the 3D mapping system (CARTO3, Biosense
Webster) [7]. During the procedure, bipolar voltage mapping
was done using a 20-pole variable circular mapping catheter.
With a 20-pole variable circular mapping catheter positioned
in the PVs, we assessed the number of reconnected PVs as
well as the type of the reconnection gaps. The type of the gap
was defined as focal if the PV re-isolation was achieved with
up to two focal ablations or segmental if > 2 ablations were
needed to achieve PV re-isolation. RF energy was delivered
with 25 W at the posterior wall and 25 W or 30 W at the
anterior wall for the duration of 20–50 s. The procedural end-
point was documentation of PVentrance block using a 20-pole
variable circular mapping catheter (Lasso Nav, Biosense
Webster). No other additional linear lesions in the LA were
performed. However, the cavotricuspid isthmus (CTI) abla-
tion and/or the isolation of the superior vena cava (SVC) could
have been done at the physician’s discretion. Mostly the ration
was as follows: if there was atrial flutter registered at least
once after index PVI with episodes of atrial fibrillation, then,
the CTI ablation was done; if there was no PV reconnection
noted during redo procedure or there was only one PV
reconnected or there were two PVs reconnected, but both
had focal reconnection gaps, then, the isolation of the SVC
was done.

2.4 Outcome and follow-up

Outcomes were measured based on the recurrence of AF dur-
ing follow-up, assessing the acute success of redo PVI and the
type of PV reconnection, as well as the complete redo proce-
dural data. Episodes of AF or left atrial tachycardia lasting >
30 s occurring after a blanking period of 2 months were con-
sidered an AFR. Acute success of PVI was assessed by
confirming the PV entrance block at the anatomical ostium
of the PVs using a 20-pole variable circular mapping catheter
(Lasso Nav, Biosense Webster). Total duration time was de-
fined as time from puncturing the skin until removal of the
sheaths. Total RF energy delivery time was defined as the sum
of the ablation needed to achieve PV re-isolation. Follow-up
was performed at 3, 6, and 12 months after the procedure with
12-lead ECG, 24-h and 7-day Holter-ECG monitoring, and
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afterwards yearly with telephone interviews and collecting
data from patients’ cardiologists.

2.5 Endpoints

The primary endpoint was the success rate of a redo PVI
defined as freedom from any documented recurrence of atrial
tachyarrhythmia lasting > 30 s at long-term follow-up.

Secondary endpoints included procedural data: acute suc-
cess of the redo PVI, total procedure time and total RF energy
delivery time of the redo PVI, and the number of reconnected
PVs at the redo PVI.

2.6 Statistical analysis

Categorical variables are presented as absolute values
and percentages. Categorical variables were compared
with the chi-square test. Continuous data are expressed
as means and standard deviations or median with corre-
sponding interquartile range (IQR). For continuous vari-
ables, comparisons were made using Student’s t test, or
Mann-Whitney U test, as appropriate. Predictors of AFR
were assessed in a univariate and multivariate Cox re-
gression analysis. Univariable and two different multivar-
iable Cox proportional-hazard models using a stepwise
forward selection approach were constructed to assess
the associations between all variables of interest and
the AFR rate. In the “crude” model, we corrected for
age, sex, and BMI only. In a more detailed model, we
corrected in addition for hypertension, diabetes mellitus,
smoking, and coronary artery disease (CAD), as well as
for LA diameter in parasternal long axis (PLAX) and
LVEF. The Kaplan-Meier analysis with log-rank test
was used to compare the probability of freedom of
AFR. p values < 0.05 were considered significant. The
statistical analysis was done using SPSS Version 20
(IBM SPSS Statistics, New York, USA).

3 Results

A total of 956 patients with AF were included in the
BEAT-AF PVI registry between January 2010 and
March 2017. After application of inclusion and exclusion
criteria, 105 patients with paroxysmal AF undergoing a
redo PVI were included in the study. Mean age of the
study population was 60 ± 10 years (median 61 years);
24% were female. Patients were divided into two groups
according to the ablation modality used at the index PVI
procedure: RF group (n = 81) and CB group (n = 24).
Median follow-up after the redo PVI was 371 (IQR
185–470) days. There were no significant differences

between the study groups regarding baseline characteris-
tics (Table 1).

3.1 Redo procedural data

Acute procedural success of redo PVI was achieved in all
patients. The total redo procedure time in the RF and CB
groups was similar (139 ± 42 vs. 113 ± 31 min; p = 0.10).
A total of 225 PVs in 105 patients were reconnected at the
redo procedure which corresponds to a mean 2.15 ± 1.1
(median 2, IQR 1–3) PVs per patient. There was no dif-
ference between the two groups in the total number of
reconnected PVs (RF 2.16 ± 1.1 vs. CB 2.08 ± 1.14 PVs,
p = 0.77), in the type of the reconnection gaps (focal vs.
segmental), nor in the location of the gaps regarding the
specific pulmonary vein (Fig. 1). One, two, three, and
four PVs were reconnected in 21, 41, 22, and 14 patients,
respectively, without significant differences between the
study groups (p = 0.99). Seven patients (7%) were found
to have chronically isolated all four PVs at the redo pro-
cedure (RF 6.1 vs. CB 8.3% of patients, p = 0.89). The
total RF delivery time at the redo procedure did not differ
between the two groups (1017 ± 628 vs. 870 ± 554 s, p =
0.33). Additional lesions on the right side were made in
29 patients (27.6%), out of which isolation of the superior
vena cava in 12 and cavotricuspid isthmus (CTI) ablation
in 17 patients. There were no differences between the
study groups regarding additional lesions (SVC isolation
7 vs. 5 patients; p = 0.14; CTI ablation 15 vs. 2 patients,
p = 0.35). Also, there was no difference between the
groups regarding the RF delivery time when we made a
distinction of RF delivery time needed to achieve PV re-
isolation (RF 794 ± 508 vs. 741 ± 559 s, p = 0.49) and to
achieve additional lesions (202 ± 409 vs. 92 ± 168 s, p =
0.86).

3.2 Outcome and follow-up

During the follow-up, all patients were off antiarrhythmic
drugs (AADs). Eighty-nine patients (93%) had a complete
6-month follow-up, and 7 were lost to any follow-up.
After a median follow-up of 371 (IQR 185–470) days,
23% (23/98) of the patients experienced another AF re-
currence. Overall, the freedom of AF after the redo PVI
was 76% in the RF group and 77% in the CB group (p =
0.53). There were no significant differences between the
RF and CB groups regarding AFR rate (23.7 vs. 22.7%,
p = 0.89). In addition, there was no difference regarding
the AFR rate between the patients with and without addi-
tional ablation done on the right side during the redo
procedure (25 vs. 7 patients, p = 0.80).

There were no significant differences between the pa-
tients with and without AFR after a redo procedure,
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except for hypertension, HAS-BLED, and CHA2DS2-
VASc score (Table 2). In univariate Cox regression anal-
ysis, hypertension and coronary artery disease (CAD), a
CHA2DS2-VASc score of 0, and LA diameter (in PLAX)
before the redo procedure were significantly correlated to
AFR, but ablation modality used at the index PVI was not
(Table 3). In multivariable Cox regression analysis
corrected for age, gender, and BMI, CAD was identified
as the sole significant predictor of AFR after redo PVI
procedure (Table 3). In a more detailed multivariable
Cox proportional-hazard model with stepwise approach,
corrected in addition for hypertension, diabetes mellitus,
smoking, CAD, LA diameter in PLAX, and LVEF, no
variable was found to be a significant risk factor for

AFR (Table 3). The Kaplan-Meier analysis regarding
AFR freedom time showed no significant differences be-
tween the RF and CB groups (p = 0.81).

4 Discussion

To the best of our knowledge, this is the first study inves-
tigating the impact of the ablation modality used at the
index PVI procedure on the long-term success after a redo
procedure. The main findings of this study are the follow-
ing. Ablation modality used at the index PVI had (1) no
impact on AFR rate after a redo PVI procedure; (2) no
impact on the time of freedom from AFR after a redo PVI

Table 1 Baseline characteristics
of the study groups RF group (n = 81) CB group (n = 24) p value

Demographics

Age (years) 60 ± 11 60 ± 9 0.42

Male 75.3 (61) 79.2 (19) 0.79

BMI (kg/m2) 26.2 ± 3.83 27.4 ± 3.9 0.2

History

Hypertension 54.3 (44) 41.7 (10) 0.35

Diabetes mellitus 8.6 (7) 8.3 (2) 0.66

Hyperlipidemia 24.7 (20) 16.7 (4) 0.15

Smoking 51.9 (42) 45.8 (11) 0.6

Stroke 7.4 (6) 4.2 (1) 1

Coronary artery disease 8.6 (7) 0 (0) 0.35

Myocardial infarction 2.5 (2) 0 (0) 1

Atrial flutter 20.1 (17) 16.7 (4) 0.78

AF history period (months) 54.5 ± 71.5 52.5 ± 43.9 0.90

EHRA class 3 (2, 9) 3 (3, 9) 0.69

HAS-BLED score 1 (0, 2) 1 (0, 1) 0.58

CHA2DS2-VASc score 1 (0, 3) 1 (0, 3) 0.63

Echocardiography at index PVI

LA diameter (PLAX) (mm) 39.9 ± 6.1 39.9 ± 5.7 0.96

LVEF (%) 58.9 ± 7.8 57.7 ± 9.3 0.56

Echocardiography at redo PVI

LA diameter (PLAX) (mm) 37.4 ± 6.9 41 ± 6.1 0.13

LVEF (%) 58.8 ± 5.3 56.8 ± 11.5 0.58

LA volume index (mm/m2) 32.9 ± 12.5 37.3 ± 8.5 0.27

Number of reconnected PVs 0.99

0 6.1 (5) 8.4 (2)

1 19.8 (16) 20.8 (5)

2 39.5 (32) 37.5 (9)

3 21.0 (17) 20.8 (5)

4 13.6 (11) 12.5 (3)

Values are percentage (total number) for categorical and mean ± standard deviation for continuous variables. RF
radiofrequency, CB cryoballoon, BMI body mass index, AF atrial fibrillation, PVI pulmonary vein isolation, LA
left atrium, PLAX parasternal long axis, LVEF left ventricular ejection fraction, PV pulmonary vein
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procedure; and (3) no impact on the total procedure and
RF delivery time of the redo PVI procedure.

The long-term AFR rate after ablation procedures
varies from 20 to 50%, meaning a large proportion of
AF patients have an indication for a redo procedure
[17–19]. In line with earlier findings in populations off
any AADs, the total AFR rate in our study was 23% after
the redo PVI [17–20]. In previous studies, AFR did not
differ between patients treated by focal RF and CB abla-
tion at the index PVI, currently most used ablation tech-
niques [1, 6–8]. However, several studies indicated that
the use of CB may result in fewer and/or more focal
reconnection gaps, which could have an impact on the
procedural parameters of the redo PVI [10–15]. Our re-
sults show that the ablation modality used at the index
PVI did not influence the redo procedural data and most
importantly did not impact the long-term outcome after
the redo PVI. It could be argued that the results would
have been different if the modality used at the index PVI
was used at a redo procedure. However, nowadays, almost
exclusively focal RF in combination with the 3D mapping
system is used for redo procedures, which proved to be
significantly better in these circumstances [1, 20–22].

Additional lesions on the right side (SVC isolation
and CTI ablation) had no impact on long-term outcome,
which is in line with the previous studies and one meta-
analysis [23, 24]. However, the question is whether elec-
trophysiologists only make these lesions to the patients
who are, for some reason, considered to be at a higher
risk for AFR after a redo procedure or because they have
clinical documentation of atrial flutter. Consequently,

there could be a bias in these patients that affects the
long-term outcome [25].

Hypertension, coronary artery disease (CAD),
CHA2DS2-VASc score of 0, and LA diameter were
proved to be significantly correlated to AFR, but ablation
modality used at the index PVI was not. All of mentioned
are well-known risk factors for AF occurrence as well as
of AFR after the index PVI and herein after redo PVI
[26–30]. However, in a detailed multivariate analysis, no
variable was proved to be a significant risk factor in our
study population.

So far, there have been no similar studies to address the
specific issue of predicting AFR after the redo PVI pro-
cedure and the potential impact of ablation modality.
Moreover, given that the recurrence rate after the index
PVI is fairly high, even in patients with paroxysmal AF,
and that the redo procedure is expected to be performed in
more and more patients, it may be necessary to focus on
the search for risk factors of AFR after a redo procedures.
Larger, prospective, clinical studies with different combi-
nations of the ablation modalities and procedural end-
points should be conducted to determine more effective
procedural setups in preventing long-term AF recurrence
after redo PVI procedure/s.

4.1 Limitations

The results of the present study should be interpreted in
the light of several limitations. Firstly, this was a single-
center experience performed in a small group of patients
with a disproportion of the number of patients in the study

Fig. 1 No difference between the two groups in the total number of
reconnected PVs (RF 2.16 ± 1.1 vs. CB 2.08 ± 1.14 PVs, p = 0.77) in

the type of the reconnection gaps (focal vs. segmental), nor in the
location of the gaps regarding the specific pulmonary vein
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groups according to the ablation modality used during
index PVI. Secondly, the results refer to a relatively spe-
cific group of patients with paroxysmal AF that
underwent index PVI with either focal RF or 2nd-
generation CB and consequently, conclusions cannot be

drawn to a wider population with different types of AF.
However, focal RF and 2nd-generation CB are the most
used modalities in PVI ablation, and symptomatic patients
with paroxysmal AF are the majority of those undergoing
PVI procedure. Thirdly, we did not apply stringent

Table 2 Long-term follow-up data after the redo pulmonary vein isolation procedure

No AF recurrence (n = 75) AF recurrence (n = 23) p value

Demographics

Age (years) 60 ± 18.3 63.6 ± 8.7 0.24

Male (%) 77 (58) 61 (14) 0.13

BMI (kg/m2) 26.5 ± 3.9 25.9 ± 4.1 0.36

History (%)

Hypertension 44 (33) 78.3 (18) 0.002

Diabetes mellitus 9.5 (7) 8.3 (2) 0.63

Hyperlipidemia 21.6 (17) 20.8 (4) 0.92

Smoking 45.3 (34) 56.5 (13) 0.59

Stroke 5.3 (4) 13 (3) 0.35

Coronary artery disease 4 (3) 13 (3) 0.31

Myocardial infarction 0 (0) 4.3 (1) 0.25

Atrial flutter 21.3 (16) 21.7 (5) 0.56

AF history period (months) 54.5 ± 71.5 52.5 ± 43.9 0.90

EHRA class 4.7 ± 3.2 4.0 ± 2.9 0.33

HAS-BLED score 0.7 ± 0.7 1.4 ± 1.1 0.011

CHA2DS2-VASc score 1.2 ± 1.2 2.6 ± 1.7 0.001

Echocardiography at index PVI

LA diameter (PLAX) (mm) 40 ± 6 39 ± 6 0.39

LVEF (%) 59 ± 9 59 ± 6 0.99

Ablation modality at index PVI 0.53

Focal radiofrequency (RF) 77.3 (58) 78.3 (18)

Cryoballoon (CB) 22.7 (17) 21.7 (5)

Echocardiography at redo PVI

LA diameter (PLAX) (mm) 38 ± 7 40 ± 6 0.61

LVEF (%) 58 ± 6 50 ± 16 0.32

LA volume index (mm/m2) 34 ± 11 38 ± 14 0.69

Redo procedural data

Number of reconnected PVs 0.28

0 8 (6) 4.3 (1)

1 14.7 (11) 34.8 (8)

2 44 (33) 26.1 (6)

3 20 (15) 26.1 (6)

4 13.3 (10) 8.7 (2)

PVI only 70.7 (53) 73.9 (17) 0.61

SVC isolation 12 (9) 8.7 (2) 0.68

CTI ablation 16 (12) 21.7 (5) 0.76

Total RF time (s) 935 ± 545 1201 ± 758 0.13

RF time for PVI only (s) 747 ± 498 894 ± 529 0.24

Values are percentage (number) for categorical variables and mean ± standard deviation or median (25th–75th percentile) for continuous variables. AF
atrial fibrillation,BMI bodymass index,PVI pulmonary vein isolation, LA left atrium,PLAX parasternal long axis, LVEF left ventricular ejection fraction,
PV pulmonary vein, SVC superior vena cava, CTI cavotricuspid isthmus ablation
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procedural endpoints; i.e., more lesions around the PV
were allowed even if all PVs were already isolated.
Fourthly, despite standardized follow-up including visits
with assessing symptoms and 24-h Holter-ECG at 3 and
6 months and a 7-day Holter-ECG at 12 months, the non-
continuous nature of monitoring could underestimated AF
recurrence.

5 Conclusion

The use of focal radiofrequency ablation or cryoballoon abla-
tion has an influence neither on the AF recurrence rate after
the redo PVI in patients with paroxysmal AF, nor on the pro-
cedural data of the redo PVI procedure. Moreover, it did not
have any influence on redo PVI procedural data. Coronary

Table 3 Univariable and multivariable Cox regression analysis to predict long-term outcome after redo pulmonary vein isolation

Univariate analysis Multivariate analysis

Crude* Detailed‡

HR p value HR p value HR p value

Demographics

Age (years) 1.02 (0.98–1.06) 0.40 1.01 (0.97–1.05) 0.69 1.01 (0.97–1.06) 0.59

Male 0.73 (0.31–1.68) 0.46 0.45 (0.16–1.27) 0.13 0.96 (0.37–2.49) 0.93

BMI (kg/m2) 0.95 (0.85–1.05) 0.29 0.94 (0.83–1.07) 0.83 0.96 (0.85–1.08) 0.46

History (%)

Hypertension 3.11 (1.15–8.38) 0.025 2.69 (0.87–8.33) 0.08

Diabetes mellitus 0.67 (0.15–2.98) 0.60 1.08 (0.19–6.0) 0.93

Smoking 1.24 (0.53–2.92) 0.62 0.94 (0.59–1.5) 0.80

CAD 4.68 (1.34–16.3) 0.016 4.04 (1.12–14.51) 0.022 3.12 (0.83–11.8) 0.08

Atrial flutter 1.18 (0.72–1.94) 0.51

AF history (months) 0.99 (0.99–1.01) 0.36

HAS BLED score 0.19

CHA2DS2-VASc score 2.53 (0.84–7.62) 0.05

0–1

≥ 2
Ablation modality¥ 1.13 (0.42–3.05) 0.81

Echo at index PVI

LA diameter (mm)¶ 0.99 (0.92–1.07) 0.85 1.02 (0.94–1.10) 0.67

LVEF (%) 1.003 (0.95–1.06) 0.89 0.99 (0.94–1.05) 0.79

Echo at redo PVI

LVEF (%) 1.05 (0.90–1.22) 0.54

LAVI (mL/m2) 1.06 (0.94–1.2) 0.31

Redo PVI

Reconnected PVs (0–1 or ≥ 2) 1.93 (0.69–5.34) 0.21

PVI only 0.89 (0.37–2.17) 0.81

SVC isolation 1.2 (0.58–2.47) 0.63

CTI ablation 0.89 (0.54–1.46) 0.65

Total RF time 1.001 (1–1.01) 0.09

RF time PVI only† 1.001 (0.99–1.01) 0.15

*Crude, corrected for age, gender, and body mass index; ‡Detailed, corrected for age, gender, and body mass index as well as for hypertension, diabetes
mellitus, smoking, coronary artery disease, left atrial diameter, and left ventricular ejection fraction before the index procedure; ¥ ablationmodality (either
focal radiofrequency or 2nd-generation cryoballoon) used at the index pulmonary vein isolation procedure; ¶ left atrial diameter in parasternal long axis
view during echocardiography; † radiofrequency energy delivery time needed to achieve pulmonary vein re-isolation during the redo procedure

BMI body mass index, CAD coronary artery disease, AF atrial fibrillation, echo transthoracic echocardiography, PVI pulmonary vein isolation, LA left
atrium, LVEF left ventricular ejection fraction, LAVI left atrial volume index, PV pulmonary vein, SVC superior vena cava, CTI cavotricuspid isthmus
ablation, RF radiofrequency
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artery disease was identified as an independent significant
long-term risk factor of AFR after the redo PVI procedure.
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