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Abstract
Background Complex ablation for persistent atrial fibrillation (AF) aims to modify the arrhythmogenic substrates to become 
incapable to perpetuate the arrhythmia. Ablation-associated determinants of atrial tachycardia (AT) rather than AF recur-
rences are unknown. The aim of the study was to evaluate the association between the type of arrhythmia recurrence and 
electrophysiological findings during redo procedures.
Methods A total number of 384 consecutive patients with persistent AF underwent complex ablation consisting of PV isola-
tion (PVI), biatrial electrogram-guided ablation, and linear ablation with the desired procedural endpoint of AF termination. 
Electrophysiological findings during redo procedures and its relation to AR type are the subject of this study.
Results Overall, 177 (46%) patients underwent a second procedure. Patients with AT recurrences had significantly more often 
persistent PVI (47 vs. 25%; P = 0.002). Moreover, a higher number of recovered PVs were associated with AF recurrence 
(3 PVs recovered, AF = 16.1% vs. AT = 5.2%; P = 0.02; 4 PVs recovered, AF = 18.5% vs. AT = 6.3%; P = 0.01), regardless 
of the extent of substrate ablation during the first procedure.
Conclusions Durable PV isolation but not the extent of atrial substrate ablation determines the type of arrhythmia recur-
rence. Thus, the PVs may represent dominant perpetuators (and not only triggers) of persistent AF even in the presence of 
a significantly modified atrial substrate.
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1 Introduction

Complex catheter ablation for persistent atrial fibrillation 
(AF) has the aim to eliminate AF triggers and to modify 
the atrial substrate to become incapable to perpetuate this 
complex arrhythmia [1, 2]. Pulmonary vein (PV) isolation 
is commonly the first step in complex catheter ablation 
procedures for persistent AF [1, 3]. The pathophysiologi-
cal basis is the elimination of focal AF triggers [4]. Data 
from previous studies on persistent AF ablation suggests that 
additional substrate modification is mandatory to achieve 
atrial tachycardia (AT) rather than AF recurrences [5–7]. 

However, the role of electrically recovered PVs in the pres-
ence of a complex modified atrial substrate for the type of 
arrhythmia recurrence after catheter ablation for persistent 
AF is still unknown.

The objective of the presented study was to evaluate the 
association between the type of arrhythmia recurrence and 
electrophysiological findings during redo procedures.

2  Methods

2.1  Study population

The patient cohort consists of 384 patients with persis-
tent AF undergoing complex catheter ablation, performed 
between August 2011 and April 2016 at the University 
Hospital Mainz. Patients with long-standing persistent AF 
(> 1 year) or AF episodes < 7 days were excluded.
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All study patients had to be older than 18 years and a 
BMI < 35 kg/m2. A second procedure due to arrhythmia 
recurrence (AR) was done in 177 patients (46%).

The study was approved by the local ethics committee and 
complied with the provisions of the Declaration of Helsinki. 
Written informed consent was obtained from all patients.

2.2  Electrophysiologic study and ablation

The procedure was performed in deep sedation with the use 
of propofol. Cardiac chambers and function were assessed, 
and intracardiac thrombi were excluded by echocardiogra-
phy. Bipolar endocardial electrograms were continuously 
monitored and stored in the LabSystem® Pro (Bard EP Inc., 
Lowell, MA, USA). Electroanatomic mappings were created 
with the NavX™ Ensite™ System (St. Jude Inc.) or CARTO 
System (Biosense-Webster).

The same catheter material and access to the left atrium 
was used, and the follow-up was organized in the same man-
ner, as described in a recent work of our group [8].

2.3  Catheter ablation protocol in the first procedure

A complex ablation approach for persistent AF was per-
formed as described previously: [1, 8–10]. In brief, first a 
circumferential PV Isolation (PVI) was performed. Elec-
trogram-guided ablation followed if AF did not terminate 
during PVI and AFCL was higher than 150ms. If AF cycle 
length was very short after PV isolation (< 150ms), electri-
cal cardioversion was performed after PVI and linear lesion 
ablation at the LA roof and mitral isthmus was performed.

Target sites of electrogram-guided ablation were areas 
harboring complex fractionated potentials (CFAEs), contin-
uous electric activity, activation gradients between proximal 
and distal ablation catheter bipoles, or atrial regions with 
short cycle lengths. The desired endpoint of electrogram-
guided ablation was termination into AT or SR. In case of 
termination to AT, all subsequent ATs were mapped and 
ablated in order to achieve SR. Furthermore, if extensive 
CFAE ablation was required at the LA roof or mitral isthmus 
region, roof line or mitral isthmus ablation was performed 
with the endpoint of bidirectional block. The sequence of 
linear ablation was based on the discretion of the operator.

After termination to SR, no further attempts were made to 
re-induce AT or AF. The endpoint of bidirectional block of 
linear ablation was evaluated by differential pacing maneu-
vers [9].

2.4  Second procedure ablation protocol

The first step of the second procedure was evaluation of 
PV recovery and re-isolation of reconnected PVs. The fol-
lowing procedural strategy was performed according to 

the spontaneous baseline rhythm at the beginning of the 
procedure.

If the patient presented in SR, the clinical arrhythmia was 
induced by atrial burst stimulation. If the patient presented 
in AT, the clinical AT and all subsequent and inducible 
arrhythmias were mapped and ablated. In case of sponta-
neous AF at the beginning of the procedure, PV isolation 
was followed by electrogram-guided ablation as described 
above. Procedural endpoint was termination of all subse-
quent arrhythmias to achieve SR.

2.5  Follow‑up

Follow-up included 48 h of continuous in-hospital heart 
rhythm monitoring. During follow-up, the patients received 
48-h Holter ECG at 3, 6, and 12 months after ablation and 
further follow-up visits with Holter ECGs every 6 months 
afterwards. If patients suffer from symptoms suggestive 
of arrhythmia recurrence, additional follow-up visits with 
Holter monitoring or event recorder documentation were 
performed. A blanking period of 90 days post-ablation was 
included.

2.6  Mapping of atrial tachycardias

ATs were diagnosed conventionally with entrainment and 
activation mapping. ATs were categorized as macro-reen-
try, if perfect entrainment (PPI less than 30 ms) could be 
observed in > 3 different atrial segments. Focal AT was 
defined as a local early activity with CL variance of 15%, 
centrifugal activation, and ablation termination at a specific 
location. Localized reentry was defined as a region which 
covered > 75% of the AT CL, showed centrifugal atrial acti-
vation, and revealed an entrainment post-pacing interval of 
less than 30 ms [11].

2.7  Statistical analysis

This was a prospective observational non-randomized study. 
All continuous variables are specified as mean with stand-
ard deviation. Statistical significance was estimated with 
Students t test or Mann–Whitney U test. Categorical vari-
ables were analyzed with the Fisher exact test. Comparison 
of categorical variables was performed using odds ratios. 
All univariate factors with a P value < 0.10 were included 
in a logistic regression model. The adjusted receiver operat-
ing characteristic (ROC) was investigated, with calculating 
the area under the curve (AUC) for PV recovery and type 
of arrhythmia. Time-dependent AR was investigated with 
cumulative hazard analysis and Wald test. All significance 
tests were two-tailed with rejecting the null hypothesis at 
P < 0.05. Statistical analysis was performed with the R 

418 Journal of Interventional Cardiac Electrophysiology (2022) 64:417–426



1 3

programming language (R Foundation for Statistical Com-
puting, R Development Core Team, Vienna, Austria).

3  Results

3.1  Catheter ablation of the index procedure

After PV isolation was performed in all 384 study patients, 
314 (81.8%) patients underwent electrogram-guided abla-
tion, resulting in AF termination in 221 (57.6%). Linear 
ablation was performed in 287 patients (74.7%). Sixty 
patients (15.6%) were treated by PV isolation and addi-
tional linear ablation. Of them, 35 patients (9%) had a very 

short AF cycle length (less than 150 ms) after pulmonary 
vein isolation. In these patients, electrical cardioversion 
was performed followed by left atrial linear lesion ablation. 
In the remaining 25 cases (6.5%), AF terminated into AT. 
A detailed treatment flowchart is presented in Fig. 1. The 
patients’ baseline and echocardiographic and electrophysi-
ologic parameters are shown in Table 1.

3.2  Recurrence of arrhythmia after the first 
procedure

A second procedure was performed in 178 (46%) patients 
due to AR. One patient underwent AV node ablation and 
was excluded from further analysis. Of the remaining 177 

Fig. 1  Flowchart of the differ-
ent treatment variations of the 
first and the second procedure. 
PV, pulmonary vein; CFAE, 
complex fractionated atrial 
electrograms. MIL, mitral 
isthmus line; CTI, cavotricuspid 
isthmus line
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patients, 96 (54.2%) patients suffered from AT and 81 
(45.8%) from AF. Patients with AF and AT recurrences 
occurring after the blanking period were considered to 
be AF recurrence patients. The mean time to AR was 
8.5 ± 7.9 months.

3.3  Analysis of PV and line recovery in the second 
procedure

PV recovery was observed in 112 (63.3%) of the 177 patients 
with AR. At the end of the second procedure, all PVs were 
successfully re-isolated.

Table 1  Baseline characteristics of the study group

Patients with second 
procedure (n = 177)

Patients without second 
procedure (n = 207)

P value All patients of the 
first procedure 
(n = 384)

Baseline clinical parameters
Male n (%) 131 (74.01) 147 (71.01) 0.52 278 (72.4)
AF duration prior to ablation (months) 2.15 ± 2.03 2.06 ± 2.17 0.65 2.1 ± 2.1
Age (years) 62.69 ± 9.8 64.18 ± 10.14 0.11 63.49 ± 10
Arterial hypertension n (%) 120 (67.42) 139 (67.15) 0.98 258 (67.19)
Stroke in patient history n (%) 14 (7.91) 11 (5.31) 0.31 25 (6.51)
Coronary heart disease n (%) 32 (18.08) 53 (25.6) 0.08 85 (22.14)
CHA2DS2-VASc 2.23 ± 1.51 2.44 ± 1.65 0.18 2.34 ± 1.59
BMI (kg/m2) 27.98 ± 3.92 28.2 ± 3.92 0.48 28.1 ± 3.91
Creatinine (mmol/l) 1.02 ± 0.24 1.01 ± 0.24 0.45 1.01 ± 0.24
Diabetes mellitus type 2 n (%) 17 (9.6) 24 (11.59) 0.54 41 (10.68)
RBBB n (%) 9 (5.08) 7 (3.38) 0.42 16 (4.17)
Atrial fibrillation at admission n (%) 138 (77.97) 144 (69.57) 0.06 282 (73.44)
Atrial flutter 0 4 (1.94) - 4 (1.04)
Sinus rhythm at admission n (%) 36 (20.34) 57 (27.54) 0.10 93 (24.22)
Number of total procedures 2.51 ± 0.71 1.14 ± 0.43  < 0.001 1.78 ± 0.89
LBBB n (%) 8 (4.52) 24 (11.59) 0.01 32 (8.33)
ECV prior to ablation 1.56 ± 1.67 1.76 ± 1.82 0.27 1.67 ± 1.75
AFCL LAA baseline (ms) 175.98 ± 30.54 175.8 ± 31.97 0.96 175.88 ± 31.26
Echocardiographic parameters
IVSd (cm) 1.15 ± 0.22 1.16 ± 0.21 0.65 1.15 ± 0.21
LA diameter 4.34 ± 0.69 4.41 ± 0.68 0.33 4.38 ± 0.68
LA volume-index (ml/m2) 31.46 ± 10.75 33.44 ± 11.21 0.09 32.53 ± 11.03
LAA flow (cm/s) 43.55 ± 21.03 45.58 ± 22.26 0.38 44.62 ± 21.68
LVEF 53.23 ± 8.69 53.67 ± 10.82 0.67 53.47 ± 9.88
RA volume-index (ml/m2) 29.01 ± 11.8 29.8 ± 11.92 0.52 29.43 ± 11.86
Mitral regurgitation
MI minimal n (%) 102 (60.0) 92 (49.46) 0.04 194 (54.49)
MI mild n (%) 50 (29.41) 71 (38.17) 0.08 41 (11.52)
MI severe n (%) 18 (10.59) 23 (12.37) 0.60 121 (33.99)
Complications
Cardiac tamponade n (%) 1 (0.56) 1 (0.48) 0.92 1 (0.26)
Esophageal fistula n (%) 0 0 - 0
Groin bleedings with interventions n (%) 5 (2.82) 4 (1.93) 0.58 7 (1.82)
Antiarrhythmic medication
Amiodarone n (%) 36 (20.34) 37 (17.87) 0.54 73 (19.01)
Dronedarone n (%) 9 (5.08) 6 (2.9) 0.29 15 (3.91)
Flecainide n (%) 6 (3.39) 6 (2.9) 0.79 12 (3.12)
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Re-conduction of previously ablated linear lesions 
was found in 79 (44.6%) patients. Amongst 81 (45.8%) 
patients with mitral isthmus block during the index abla-
tion, conduction recovery was seen in 28 (34.6%) patients. 
Re-ablation resulted in bidirectional block in 22 patients 
(78.6%) of these cases. Additionally, de novo mitral isth-
mus ablation was performed in 17 patients during the sec-
ond procedure. Thus, 110 patients (62.1%) had a bidirec-
tional blocked mitral isthmus line at the end of the second 
procedure.

The roof line showed re-conduction in 18 (22.2%) of 
81 patients with bidirectional block after the index abla-
tion procedure. In 16 (88.8%) patients, roof line block 
was again achieved during the second procedure. Notably, 
roof line block evaluation was not possible in 9 patients 
(11.1%) due to the absence of electrical potentials at or 
isolation of the posterior wall. De novo roof line ablation 
was performed in 19 patients, resulting in an overall num-
ber of 98 patients (55.4%) with roof line ablation at the 
end of the second procedure.

3.4  Type of arrhythmia recurrence in the second 
procedure in relation to PV recovery

To evaluate the role of PV re-conduction in the type of AR, 
the number of recovered PVs at the beginning of the second 
procedure was compared with the occurrence of either AT 
or AF during follow-up.

In patients with 1 or 2 recovered PVs, no statistical differ-
ences were found with regard to the type of clinical arrhyth-
mia recurrence. However, uni- and multivariate analysis 
revealed that recovery of more than 2 PVs was predictive for 
the recurrence of AF rather than AT (e.g., 4 recovered PV, 
AF vs. AT, 15 (18.5%) vs. 6 (6.3%) patients; P = 0.01). On 
the other hand, persistent PV isolation of all PVs was sig-
nificantly associated with AT rather than AF recurrence (AF 
vs. AT, 20 (24.7%) vs. 45 (46.9%); P < 0.01). This analysis 
is demonstrated in Table 2 and Fig. 2B.

The extent of substrate modification was not predictive 
for the type of AR in uni- and multivariate analysis (AT, 
72.5 ± 27.7, vs. AF, 66.2 ± 32.1 kJ; P = 0.17) (Tables 1 and 

Table 2  Uni- and multivariate 
analysis for atrial fibrillation as 
arrhythmia recurrence in the 
second procedure

Parameters Univariate analysis (P value) Multivariate logistic 
regression analysis (P 
value)

PV recovered 0.01 0.00036
Sinus rhythm at admission 0.04 0.05
Amiodarone intake 0.05 0.67
Left atrial diameter 0.06 0.05
CFAE ablation in first procedure 0.01 0.13

Fig. 2  Influence of PV recovery on type of arrhythmia recurrences 
(AR) in the second procedure. A Adjusted ROC curve (with 95% 
confidence corridor) of recovered PVs in relation to the type of AR 
(AT or AF). PV isolation and left atrial (LA) linear ablation are indi-
cated in blue. PVI, electrogram-guided ablation, and LA linear abla-
tion are shown in red. The two groups differ only in age and gender in 

baseline characteristics and are therefore adjusted. B shows the distri-
bution of AT and AF recurrence in relation to the numbers of recov-
ered PVs. ROC, receiver operating characteristics; AUC, area under 
the curve; AF, atrial fibrillation; AT, atrial tachycardia; PV, pulmo-
nary vein. PVI, pulmonary vein isolation
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2). The adjusted ROC analysis of PV recovery in depend-
ence of the extent of substrate modification revealed this 
finding (Fig. 2A).

Furthermore, the odds of PV reconnection (at least one 
or more PVs) for patients presenting with AF is 2.24 (95% 
CI, 1.19 − 4.25; P = 0.002) compared to patients presenting 
with AT (Fig. 3).

3.5  Line recovery and arrhythmia recurrences

There was an association of electrical conduction recovery of 
LA linear lesion with the corresponding clinical AT before 
or during the redo procedure but not for CTI recovery. In 21 
patients with mitral isthmus recovery and AT recurrences, 
peri-mitral flutter was observed in 11 (52.4%) patients. LA 
roof-dependent AT was observed in 4 (44.4%) of 9 patients 
with AT recurrence and roof line recovery. However, only 4 

(20.0%) of 20 patients with recurrent AT with CTI recovery 
had common atrial flutter.

Notably, 8 patients (4.5%) presented with persistently 
isolated PVs and persistent bidirectional block of the mitral 
isthmus and the roof line at the second procedure. Of them, 
6 suffered from AT and 2 from AF (P = 0.001).

3.6  Uni‑ and multivariate analysis of predictors 
of AT vs. AF recurrences

The cumulative hazard of AF recurrences was significantly 
higher in patients with PV reconnection (Fig. 4). In univari-
ate analysis, spontaneous SR at the beginning of the sec-
ond procedure, amiodarone use at baseline, LA diameter, 
electrogram-guided ablation in the first procedure, and PV 
recovery were significant predictors for AF rather than AT 
recurrences. Multivariate logistic regression analysis showed 

Fig. 3  Procedural parameters 
and reconnection rates of 
PVs with regard to the type 
of arrhythmia recurrence in 
the second procedure. PVI, 
pulmonary vein isolation; PV, 
pulmonary vein; AF, atrial 
fibrillation
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Fig. 4  Comparison of cumula-
tive hazard as a function of 
recovered pulmonary veins. 
A Cumulative hazard of AF 
recurrence due to PV recovery 
of at least 1 PV. B Cumulative 
hazard of AF recurrence due to 
PV recovery of at least 2 PVs. 
PV, pulmonary vein; AF, atrial 
fibrillation
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that spontaneous SR at the beginning of the procedure, left 
atrial diameter, and PV recovery were independent predic-
tors for AF rather than AT recurrence, whereas electrogram-
guided ablation was not (Table 2).

3.7  Outcome after the second procedure

After a follow-up of 27.6 ± 16.4  months, 105 (59.3%) 
patients were free of AR after the second procedure. Of 
them, 36 patients (32.4%) had PV reconnection, and 69 
(65.7%) patients did not have PV reconnection after the 
index ablation (P = 0.3).

Patients with AT recurrence after index ablation were sig-
nificantly more often free of AR than patients with AF as the 
recurrent arrhythmia (68.4% vs. 48.2%, P < 0.01) (Table 3).

4  Discussion

4.1  Main findings

The presented study revealed the following important key 
observations: first, durable PV isolation after complex abla-
tion for persistent AF determines recurrence of AT rather 
than AF. Second, the extent of substrate modification beyond 
PV isolation did not correlate with the type of AR. Third, 
only recovery of left but not right linear lesions was associ-
ated with recurrence of its corresponding type of macro-
reentrant AT during follow-up. And finally, recurrence of 
AT was associated with better long-term outcome than AF 
recurrences after the index ablation.

4.2  Prevalence of pulmonary vein recovery

Recovery of PVs is still a common observation during redo 
ablation procedures. However, Jing and co-workers evalu-
ated PV conduction after 1 year after initial PV isolation 
for paroxysmal AF irrespective to the occurrence of clinical 
AR [12]. Interestingly, PV re-conduction of at least 1 PV 
was observed in > 90 % of the patients. In a study cohort 
of patients with paroxysmal (54 %) and persistent AF (46 
%), Wasmer and co-workers reported that PV reconnection 
of at least 1 PV was observed in all patients during the first 
redo procedure [13]. Moreover, no differences were found 
in the number of recovered PVs between paroxysmal AF 
and persistent AF patients. Tilz et al. reported a PV recon-
nection rate of > 80 % of at least 1 PV in patients with long-
standing persistent AF [14]. In their study, the vast majority 
of patients received PV isolation only while 14 % of the 
patients underwent additional electrogram-guided ablation 
during the index procedure. Of note, the predominant type 
of recurrence there was AF rather than AT.

4.3  Type of recurrence after complex catheter 
ablation for persistent atrial fibrillation

The data of the presented study revealed that durable PV 
isolation is predictive for the absence of AF recurrences after 
complex ablation and, vice versa, AT recurrence predicts 
durable isolation of all or almost all PVs.

While recurrent AF was significantly more often observed 
with an increasing number of PVs recovered, the predomi-
nant type of AR was AT in patients without PV conduction 
recovery.

Previous studies have shown that an increasing extent of 
substrate ablation was associated with AT rather than AF 
recurrences [9, 15]. Furthermore, electrical conduction gaps 
in previously ablated LA linear lesions were associated with 
AT recurrences [16]. However, in the STAR AF II trial, the 
incidence of AT recurrences was rather low. The number of 
recurrent AT in the electrogram-guided ablation arm and the 
linear ablation arm were at a similar level as compared to 
the PVI only randomization group. In this trial, the amount 
of AT recurrences was between 11 and 14 % in the three 
different randomization arms [17]. The rate of procedural 
AF termination differed significantly between 8 % in the 
PVI only group and 45 % in the electrogram-guided abla-
tion group with no impact on the type of AR. On the other 
hand, AF termination as a procedural endpoint of complex 
AF ablation has been demonstrated to be a predictor of AT 
rather than AF recurrence [10].

Yang and coworkers found that age, arterial hypertension 
and LA diameter were multivariate predictors of AT recur-
rence after AF ablation, while PV recovery was none. This 
finding might be driven by the fact that this study mainly 
included patients with paroxysmal AF with only a small 
minority undergoing substrate ablation (5 %) [18].

4.4  Linear ablation for persistent atrial fibrillation

In the early days of persistent AF Ablation, LA linear abla-
tion was used to create an electrophysiologically modified 
atrial architecture incapable to perpetuate the arrhythmia 
[19, 20]. After its initial description, it rapidly became obvi-
ous that achievement of bidirectional block is difficult and 
could not be obtained in a substantial proportion of patients 
[21]. Furthermore, electrical recovery of initially blocked 
lines was commonly observed during redo procedures [22]. 
In line with the findings of our study, the site of line recovery 
was linked to the clinical AT occurring during follow-up 
[6, 13, 20]. Thus, new ablation catheters, energy sources 
and ablation techniques are desired to increase acute suc-
cess rates and chronic durability of linear ablation. Cur-
rently available approaches consisting of the “loss-of-pace-
capture” ablation [23, 24] and contiguous point-by-point 
ablation [25] and the use of the Ablation Index [25] are 
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Table 3  First procedure group 
comparison atrial tachycardia 
(AT) and atrial fibrillation (AF) 
as arrhythmia recurrence

AT group (n = 96) AF group (n = 81)

Parameter Mean Mean P value CIL CIU OR
Male (%) 68 (70.83) 63 (77.78) 0.30 0.72 2.9 1.43
Age (years) 63.58 ± 9.88 61.64 ± 9.65 0.19
BMI (kg/m2) 28.13 ± 4.15 27.79 ± 3.63 0.56
CHA2DS2-VASc 2.24 ± 1.57 2.21 ± 1.44 0.89
Arterial hypertension (%) 60 (62.5) 59 (72.84) 0.15 0.85 3.08 1.6
Diabetes mellitus type 2 (%) 9 (9.38) 8 (9.88) 0.91 0.37 2.95 1.06
Stroke (%) 8 (8.33) 6 (7.41) 0.83 0.27 2.71 0.89
Coronary heart disease (%) 15 (15.79) 17 (22.89) 0.36 0.66 3.13 1.43
HLP (%) 28 (29.17) 25 (30.86) 0.81 0.56 2.07 1.08
Creatinine (mmol/l) 1.02 ± 0.25 1.02 ± 0.23 0.76
ECV prior to ablation 1.41 ± 1.33 1.75 ± 1.99 0.19
AF duration prior to ablation (days) 63.02 ± 55.71 66.36 ± 66.61 0.72
Sinus rhythm at admission (%) 13 (13.54) 21 (25.93) 0.04 1.03 4.9 2.2
Atrial fibrillation at admission (%) 81 (84.38) 59 (72.84) 0.06 0.23 1.04 0.5
LBBB (%) 4 (4.17) 4 (4.96) 0.81 0.26 5.45 1.19
RBBB (%) 8 (8.33) 1 (1.23) 0.03 0.006 0.89 0.16
Medication
Amiodarone (%) 14 (14.58) 22 (27.16) 0.04 1.03 4.7 2.17
Dronedarone (%) 4 (4.17) 5 (6.17) 0.57 0.37 6.52 1.5
Flecainide (%) 4 (4.17) 2 (2.41) 0.57 0.07 3.37 0.6
Complications
Cardiac tamponade 1 (1.04) 0 - - - -
Groin bleedings with interventions 4 (4.17) 1 (1.2) 0.28 0.01 2.36 0.32
Esophageal fistula 0 0 - - - -
Procedural parameters
RA ablation 9 (10.53) 4 (4.82) 0.25 0.12 1.62 0.5
Total procedural time (min) 175.31 ± 47.39 163.99 ± 50.09 0.12
Dose (cGy*cm2) 2236.8 ± 1148.2 2402.5 ± 1105.31 0.33
Cavotricuspid isthmus ablation (%) 51 (53.12) 42 (51.85) 0.86 0.52 1.72 0.95
Mitral isthmus ablation (%) 44 (45.83) 37 (45.68) 0.98 0.55 1.81 0.99
Roof line ablation (%) 48 (50) 33 (40.74) 0.22 0.38 1.25 0.69
AFCL LAA baseline 173.5 ± 21.54 179.31 ± 39.52 0.31
AFCL LAA difference 40.06 ± 35.21 42.5 ± 30.82 0.65
Energy delivery during PVI (kJ) 33.1 ± 15.11 37.93 ± 15.81 0.04
Energy delivery during Defrag (kJ) 72.53 ± 27.68 66.21 ± 32.1 0.17
Total energy delivery (kJ) 104.58 ± 35.4 102.16 ± 37.43 0.66
RF time during PVI (min) 21.7 ± 9.28 24.83 ± 10.47 0.04
RF time during defrag (min) 46.67 ± 16.56 42.68 ± 20.34 0.16
Total RF time (min) 67.1 ± 20.2 66.05 ± 21.99 0.74
PV not recovered (%) 45 (46.9) 20 (24.7) 0.002 0.19 0.71 0.37
1 PV recovered (%) 26 (27.08) 17 (20.99) 0.35 0.35 1.44 0.72
2 PV recovered (%) 14 (14.58) 16 (19.75) 0.37 0.65 3.22 1.44
3 PV recovered (%) 5 (5.21) 13 (16.05) 0.02 1.2 11.3 3.39
4 PV recovered (%) 6 (6.25) 15 (18.52) 0.01 1.27 9.96 3.34
Defragmentation (%) 85 (88.54) 60 (74.1) 0.01 0.16 0.82 0.37
Termination (%) 62 (64.58) 51 (62.96) 0.93 0.5 1.73 0.93
Echocardiographic parameters
LA diameter (cm) 4.25 ± 0.67 4.46 ± 0.7 0.06
LA volume/BSA (ml/m2) 30.08 ± 9.7 33.11 ± 11.7 0.07
LAA flow (cm/s) 42.03 ± 20.96 45.24 ± 21.12 0.32
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promising techniques with the potential to achieve complete 
and durable linear lesions in the LA. Although early studies 
focusing on catheter ablation for persistent AF showed a 
beneficial effect of linear ablation, the STAR-AF II trial did 
not confirm these results [7, 17]. However, recent studies 
again reinforced the role of linear ablation for a beneficial 
outcome of persistent AF ablation [26, 27] Thus, prospec-
tive randomized trials using contemporary ablation tools are 
desired to elaborate the impact of linear ablation for persis-
tent AF in the current practice. 

4.5  Predictors of outcome

Uni- and multivariate regression analysis revealed that PV 
conduction recovery independently predicts AR. Interest-
ingly, the proportion of patients with AT recurrences was 
significantly higher than AF recurrences, presumably due to 
a high number of patients with durable PV isolation after the 
second procedure. Yao et al shows an increasing proportion 
of AT recurrences with an increasing extent of linear abla-
tion [26]. They also observed that linear ablation was not 
associated with a better outcome with a single procedure. 
However, an incremental use of linear ablation during mul-
tiple redo procedures was ultimately associated with a ben-
eficial outcome. This observation is in line with the findings 
of our study that patients with AT recurrences finally had a 
better long-term outcome than those with AF recurrences.

4.6  Limitations

This was a retrospective monocentric study performed with 
all its inherent limitations. The procedures were performed 
in a period where contact force sensing was not available. 
Thus, the use of conventional irrigated tip catheter without 
contact force information may have impacted the applicabil-
ity of our results to the current practice. The lesion quality 
was assessed according to criteria such as disappearance of 
the local electrogram, which may represent weaker ablation 
characteristics as compared to more recently available lesion 
measures.

5  Conclusions

Durable PV isolation but not the extent of atrial substrate 
ablation determines the type of arrhythmia recurrence. 
Thus, recovered PVs do not only trigger arrhythmia recur-
rences, but they also may represent important perpetuators 
of persistent AF even in the presence of a significantly 
modified atrial substrate. However, the complex mecha-
nisms of PV recovery, structural and arrhythmia substrate 
development, and occurrence of AT after ablation deserve 
further investigations.
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