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Abstract
Background: Many atrial �brillation (AF) patients require more than one radiofrequency catheter ablation
(RFCA) procedure to maintain sinus rhythm. This study aimed to evaluate risk and risk factors of atrial
tachyarrhythmia (ATa) recurrence in patients undergoing multiple (≥3) RFCA procedures for AF. Methods:
This single-center, retrospective, observational study enrolled 118 consecutive patients who underwent
multiple ablation procedures for paroxysmal and non-paroxysmal AF with circumferential pulmonary vein
ablation (CPVA), and bidirectional block of lines with disappearance of complex fractionated atrial
electrograms (CFAEs) as index procedural endpoints, respectively. Results: At a median follow-up of 18
(range, 6-91) months after the last procedure (mean, 3.2 procedures), freedom from ATa recurrence was
40.7% (48/118). Initially diagnosed non-paroxysmal AF (P=0.039), baseline LA size (P=0.044), and
recurrent AF after the second procedure (P=0.044) were univariate predictors of ATa recurrence, while only
the latter (P=0.010) was an independent multivariate predictor (hazard ratio for ATa recurrence of 1.88
[95% CI, 1.16-3.05]. Conversion of recurrent types between AF and AFL/AT occurred in 52.9% (37/70) of
patients with ATa recurrence, and 29.2% (14/48) of patients with sinus rhythm after last procedure. Few
patients (7.8% [20/257]) recovered PV potential induced recurrent ATa during multiple procedures, and
most (87.6% [141/161]) were bystanders of recurrent ATa. Conclusions: Multiple (>3) RFCA for
paroxysmal or non-paroxysmal AF yielded unsatisfactory ATa recurrence rates with recurrent AF after the
second procedure as multivariate predictor and recovered PV potential as a bystander commonly as
underlying mechanism. Conversion of recurrent types between AF and AFL/AT was common.

Background
Radiofrequency catheter ablation (RFCA) for atrial �brillation (AF) has been proved more effective in
maintaining sinus rhythm (SR) than antiarrhythmic drugs in experienced centers with adequately trained
teams.[1] After single procedure, SR maintenance could be achieved in up to 70% for paroxysmal AF
patients and 50% for persistent AF patients without symptomatic recurrences.[1] However, it was reported
that long-term outcome after single procedure was unsatisfactory,[2, 3] and a substantial amount of
patients required more than one procedure to obtain symptom control.[1] Although the success rate
improves signi�cantly after multiple procedures,[4] atrial tachyarrhythmia (ATa) recurrence remains a
limitation. The present study was performed to assess ATa recurrence and its risk factors in patients
undergoing multiple (≥3) ablation procedures for paroxysmal or non-paroxysmal AF.

Methods
2.1. Patients

The present study retrospectively enrolled 118 consecutive patients with multiple (≥3) catheter ablation
procedures at our institution. Standard Doppler transthoracic echocardiography was performed for every
patient before the procedure. Transesophageal echocardiography was performed to exclude left atrial
(LA) thrombi. De�nitions of paroxysmal, persistent, and longstanding persistent AF (LSP-AF) conformed



Page 3/15

to the ESC guidelines.[1] Patients were on long-term anticoagulation with therapeutic warfarin and
bridging low molecular weight heparin was used during the ablation procedure. Except for amiodarone,
other antiarrhythmic drugs were discontinued ≥5 half-lives before the procedure.

2.2. Catheter ablation

2.2.1. Index procedure

The electrophysiological study (EPS) details have been described in our previous work.[5] For patients
with paroxysmal AF, circumferential pulmonary vein ablation (CPVA) was performed and pulmonary vein
isolation (PVI) was monitored during the procedure and subsequently con�rmed with a circular mapping
catheter in each PV. In patients with persistent and LSP-AF, the �rst ablation step was CPVA to obtain PVI.
Secondly, three lines were ablated as follows: 1) the roof line, between the two PV circles; 2) the mitral
isthmus (MI) line, between the mitral annulus and the left inferior pulmonary vein; and 3) the right atrial
cavotricuspid isthmus (CTI) line, if atrial tachycardia was consistent with CTI-dependent atrial �utter.
Thirdly, complex fractionated atrial electrograms (CFAEs) were mapped and ablated in LA. CFAEs were
de�ned as: 1) atrial fractionated electrograms composed of two de�ections or more, and/or perturbation
of the baseline with continuous de�ection of a prolonged activation complex over a 10-second recording
period; and 2) atrial electrograms with a very short cycle length (<120ms) averaged over a 10-second
recording period.[6] On the endocardium, irrigated radiofrequency energy was delivered during CPVA with
a �ow rate of 20 mL/min and a maximum power of 30 W, and during CFAEs and linear ablation with a
�ow rate of 25 mL/min and a maximum power of 35W. Flow and power of ablation were limited to an
irrigation rate of 25 mL/min and a maximum power of 25W inside the coronary sinus (CS). If AF
termination was not achieved after the latter steps, cardioversion was used to restore SR. Under SR, PVI
was recon�rmed and additional linear ablation undertaken if necessary to obtain bidirectional block of
lines.

2.2.2. Repeat procedures

During repeat procedures, if the patient presented with atrial �utter/atrial tachycardia (AFL/AT), activation
and entrainment mapping were used to identify underlying mechanisms and to guide the ensuing
ablation. Burst atrial pacing or infusion of isoproterenol was used to induce AF in patients with recurrent
paroxysmal AF. For patients of initially diagnosed paroxysmal AF with recurrent AF, �rstly, PVI was
recon�rmed with a circular mapping catheter at each PV, and CPVA was used to eliminate recovery of PV
potential. Secondly, common non-PV triggers (eg. superior vena cava, CS, and terminal crest) were
mapped and ablated according to procedural �ndings. Thirdly, CFAEs were mapped and ablated in the LA
and the right atrium (RA) and three lines were ablated. For patients with initially diagnosed non-
paroxysmal AF with recurrent AF, application of CPVA and recon�rmation of PVI were performed as
mentioned above; then, common non-PV triggers (eg. superior vena cava, CS, and terminal crest) were
mapped and ablated according to procedural �ndings. Thirdly, CFAEs were remapped and ablated in the
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LA and the RA. Fourthly, after restoring SR by ablation or cardioversion, bidirectional block of three lines
was recon�rmed (supplemental �le).

2.3. Follow-up

All patients were assessed during follow-up using 12-lead electrocardiography (ECG); 24-hour ambulatory
ECG monitoring and transthoracic echocardiography. All patients were anticoagulated with warfarin with
a target international normalized ratio of 2 to 3 or with new oral anticoagulant drugs. After the procedure,
in all cases, treatment with antiarrhythmic drugs was continued for 3 months, and during this blanking
period arrhythmia recurrence was managed medically (propafenone, amiodarone, or metoprolol). Patients
were instructed to obtain an additional ECG every time they had symptoms. 24-hour Holter monitoring
was scheduled at 1, 3, 6, 9 and 12 months, and thereafter every 6 months. Drug-free AF survival was the
main outcome after a 3-month blanking period.

2.4. Statistical analysis

Normally distributed continuous variables were expressed as mean ± standard deviation and were
compared using independent-samples t-test or one-way ANOVA. Non-normally distributed continuous
variables were expressed as median (interquartile range) and were compared using Mann-Whitney-U test.
Categorical variables were expressed as numbers and percentages and were compared using χ2 test.
Event-free survival was estimated by the Kaplan–Meier method and compared using the log-rank test.
Univariate and multivariable Cox regression models were used to assess the association between
baseline patient characteristics and the risk of ATa recurrence. Each patient baseline characteristic was
examined by univariate analysis with the study outcome denoted as the dependent variable and baseline
patient characteristic as the covariate. Signi�cant covariates (P<0.05) identi�ed from the univariate
analyses were then included in a multivariable Cox regression model. Covariates that were signi�cant in
the multivariable model (P<0.05) were considered independently associated with the study outcome.
Hazard ratios and the corresponding 95% confidence intervals were estimated with the use of Cox
proportional-hazards models. A two-tailed P value <0.05 was considered statistically signi�cant.

Results
Baseline characteristics of the 118 patients before index ablation are presented in Table 1. Patients
studied had either paroxysmal AF (36 [30.5%]) or non-paroxysmal AF (82 [69.5%]) for a median of 24
months after diagnosis. The mean age was 60 ± 9 years; the mean LA diameter was 44.1 ± 6.3 mm. RA
enlargement, Mitral regurgitation and tricuspid regurgitation were observed in 52 (44.1%) patients, 67
(56.8%) patients and 35 (29.7%) patients, respectively.

3.1. Procedural outcomes

3.1.1. Index procedure
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In paroxysmal AF patients, CPVA and PVI was achieved in all patients, with additional LA CFAEs ablation
performed in 3 patients when AF occurred during the procedure (2 AF terminated, and 1 AF converted to
AFL). Among the 82 non-paroxysmal AF patients, SR restoration was achieved during ablation procedure
in 8 patients (during CFAEs ablation at CS in 2 patients, LA front wall in 1 patient, and roof in 1 patient;
during CTI ablation in 2 patients and MI ablation in 2 patients), and cardioversion was applied to restore
SR in the remaining 74 patients.

3.1.2 Second procedure

During the second procedure, in 42 patients with AFL/AT, 36 AFL/ATs were identi�ed including macro-
reentry in 26 patients (7 MI-related ATs, 5 CTI-related ATs, 4 roof-related ATs, 3 LA front-wall-related ATs,
and 7 multiple-reentries-related ATs), microreentry or foci AFL/AT in 5 patients (2 LA front-wall-related
ATs, 1 LA-appendage-related AT, 1 atrial-septum-related AT, and 1 mitral-annulus-related AT) and PV
triggers in 5 patients. The mechanisms of the remaining 6 AFL/ATs were unclear due to inconsistent
entrainment results, frequent transition to other AT during entrainment, or unexplainable activation
mapping results.

Among the 76 patients with recurrent AF, non-PV triggers were observed in 11 patients (5 from superior
vena cava, 3 from CS, 1 from terminal crest, 1 from left atrial appendage and 1 from LA roof). PV
reconnection was observed in 93 (78.8%)atients during the second procedure including 67 with recurrent
AF and 26 with recurrent AFL/AT after the �rst ablation, and induced AF or AFL/AT in 14 (15.1%) patients,
with the rest 79 recurrent ATa (84.9%) unassociated with PV potential. Complete PVI was obtained in 25
(21.8%) patients during the second procedure, including 9 with recurrent AF and 16 with recurrent AFL/AT
after the �rst ablation.

Recovered conduction of lines was observed in 18 of 82 non-paroxysmal AF patients (22.0%) undergoing
linear ablation during index procedure.

3.1.3 Third procedure

After the second procedure, among the 42 patients with recurrent AFL/AT, 34 had AFL/AT recurrence and
the other 8 recurred with AF; among 76 paitents with recurrent AF, AF recurred in 46 patients and AFL/AT
recurred in 30 patients after the second procedure. During the third procedure, among 64 AFL/ATs,
mechanisms of 54 AFL/AT were identi�ed including macroreentry in 46 patients (20 MI-related, 5 CTI-
related, 5 roof-related, 4 LA front wall-related, and 12 multiple reentries-related ATs), microreentry/foci in 6
patients (2 LA front-wall-related, 1 roof-related, 1 CS-related, and 2 mitral annulus-related ATs) and PV
triggers in 2 patients. The mechanisms remained unkown in the other 10 AFL/ATs. In the 54 patients with
recurrent AF, non-PV triggers were found in 9 patients (3 superior vena cava, 1 CS, 3 LA anterior wall, 1 LA
appendage, and 1 LA roof).

During the third procedure, PV reconnection was observed in 66 (55.9%) patients including 31 with
recurrent AFL/AT and 35 with recurrent AF after the second ablation. Recovered PV potential was
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discovered to associate with 6 (9.1%) patients and acted as bystander in the other 60 patients (90.9%).
Recovered conduction of lines was observed in 30 of 83 patients who had undergone linear ablation
during �rst and second procedure. Patients with recurrent AF after the second procedure had longer AF
duration than those with AFL/AT (P=0.036).

3.1.4 Over three procedures

After the third procedure, 25 of 64 (39.1%) recurrent AFL/AT patients and 17 of 54 (31.5%) recurrent AF
patients remained in SR. And 17 of 76 patients with recurrent ATa underwent the fourth ablation including
12 AFL/AT and 5 AF. The mechanisms of 10 AFL/AT were identi�ed including 10 macro-reentry (2 MI-
related, 1 CTI-related, 1 RA-related, and 6 multiple reentries-related ATs) and the mechanisms of the other
2 remained unclear. During the fourth EPS, complete PVI was observed in 15 patients including 11 with
AFL/AT and 4 with AF, and PV reconnection was observed in the other 1 AF and 1 AFL/AT but
unassociated with ATa recurrence.

After the fourth procedure, 4 of 12 AFL/AT patients remained in SR and another 4 AFL/AT patients
underwent the �fth procedure, among which 2 patients remained in SR, while no AF patients remained in
SR or underwent �fth ablation. Complete PVI was observed in all 4 patients during the �fth EPS, and
multiple reentries-related macroreentry (2 LA roof-MI-related ATs, and 1 CS-MI-related ATs) was identi�ed
in 3 patients other 1 remained unclear. Two patients remained in SR after the �fth procedure.

3.1.5 ATa recurrence types

Among the 70 patients with ATa recurrence after the last procedure, AF recurrence was observed in 22
(31.4%) patients, AFL/AT in 11 (15.7%), and conversion between AFL/AT and AF in the other 37 (52.9%).
Among the 48 patients remaining in SR after the last procedure, 16 (33.3%) underwent multiple recurrent
AF, 18 (37.5%) underwent multiple recurrent AFL/AT, and the other 14 (29.2%) underwent conversion
between AFL/AT and AF. Conversion between different recurrent types was common among patients with
multiple ATa recurrences. After index and second procedures, an increasing trend was observed in post-
ablation AFL/AT (from 35.5% to 54.2%), including multiple reentries-related macroreentry AFL/AT (from
17.1% to 18%) and AFL/AT with unidenti�ed mechanisms (from 14.3% to 15.6%). By contrast, a
decreasing trend was observed in PV-related AFL/AT (from 11.9% to 3.1%). After index procedure, PV
reconnection was associated with few ATa recurrences (15.1%), and a potential decreasing trend was
observed (from 15.1% to 9.1%) after the second procedure. The types of recurrence after multiple
procedures are shown in Figure 1.

3.2. Follow-up

After the last procedure with a median follow-up of 18 months (range, 6-91 months), 48 of 118 (40.7%)
patients remained SR after mean 3.2 procedures (Figure 2A), including 21 of 36 (58.3%) paroxysmal AF
patients and 27 of 82 (32.9%) non-paroxysmal AF patients (P=0.010, for comparison).Recurrent AF after
the second procedure was associated with a higher risk for ATa recurrence than AFL/AT (Figure 2B). After
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multiple procedures, no signi�cant difference was observed between patients with and without complete
PVI con�rmed by the third EPS (Figure 2C). In univariate Cox regression model, initially diagnosed non-
paroxysmal AF (P=0.039), larger baseline LA diameter (P=0.044), and recurrent AF after the second
procedure were associated with a higher risk of ATa recurrence. And in multivariate Cox regression model,
only recurrent AF after the second procedure was an independent predictor of ATa recurrence (HR=1.88,
95%CI [1.16-3.05]; P=0.010, Table 2).

Discussion
The present study documenting ATa recurrence and its predictors after multiple (>3) RFCA procedures for
paroxysmal or non-paroxysmal AF had the following major �ndings: 1)         long-term outcome was
unsatisfactory for AF patients with multiple ATa recurrences; 2) recurrent AF after the second procedure
was an independent predictor of ATa recurrence, and was associated with a higher recurrent risk; 3)
conversion between AF and AFL/AT was common in patients with multiple ATa recurrences; and 4)
recovered PV potential acted as bystander rather than the responsible mechanism in most recurrent ATa
after multiple procedures.

Previous studies reported rather favorable outcome of multiple (≥3) RFCA procedures for AF patients.[7-9]

However, our study yielded different results after mean 3.2 procedures with possible reasons as follows.
Firstly our study excluded AF patients with one or two RFCA procedures, which constituted the majority of
our patients in our institution with rather favorable long-term outcome, so it was probable that our study
object had more complex atrial substrate which was prone to recur with ATa. Secondly, all RFCA
procedures of every patient were performed in our institution, making it feasible to retrieve as much
medical information of each patient as possible, based on which credible speculation could be obtained.

Non-paroxysmal AF, larger LA size, and recurrent AF after the second procedure were found to correlate
with ATa recurrence in this unique subgroup of patients. And compared with paroxysmal AF, it is
comprehensible that atrial remodeling tends to be severer in non-paroxysmal AF which is usually
accompanied with larger LA size.[10] In contrast to AT, which usually presented as organized electrical
activity with identi�able mechanisms in most cases, AF represents severer atrial structural remodeling
with unclear mechanisms, which facilitates complex reentry or rapid ectopic �ring. So in contrast to
recurrent AFL/AT, recurrent AF after the second ablation indicated higher level of atrial �brosis with a
higher risk of ATa recurrence after the third procedure. On one hand, AF itself is an important promoter of
atrial �brosis.[11] In our study, patients with recurrent AF after the second procedure had a longer AF
duration before procedures than those recurring with AFL/AT, thus more likely to possess more extensive
atrial �brosis. On the other hand, extensive ablation-induced lesions after multiple procedures also play
an important role, especially when LA substrate modi�cation ablation was performed.[1] While lesions for
AFL/AT with identi�able mechanisms are mostly limited to the critical isthmus. Previous studies also
reported less favorable outcome of RFCA for patients with recurrent AF than AT, [12, 13] which is consistent
with our study.
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As more RFCA procedures were performed, a trend of more patients recurring with AFL/AT rather than AF
was observed (54.2% vs. 35.6%, p=0.04 for comparison). Complex atrial substrate played an substantial
role, and linear ablation could be another possible explanation. Although linear block was the desirable
ablation endpoint, it could also act as electrophysiologic barrier, facilitating reentry, especially when gap
existed. [14] Thus, as procedures with multiple linear ablations were performed, the risk of atrial gaps also
could have increased, which partly accounted for the rising trend of multiple reentries-related
macroreentry AFL/AT (16.7% [7 of 42] vs. 18.75% [12 of 64] identi�ed during the second, third procedure,
respectively).

Reported incidence rate of AF after successful AFL ablation is variable, ranging from 18%-50%.[15] [16] It
was reported that prior AF was the predictor of transition to AF after CTI AFL ablation,[17] whereas others
suggested that AF could be initiated by AFL itself.[15] In our study, conversion between AF and AFL/AT
was common during the process of multiple procedures, indicating that on one hand, PVI plus atrial
substrate modi�cation ablation can effectively eliminate AF triggers and maintain AF substrate; on the
other hand, successful ablation of AFL might not stop AF progression,[18] therefore AF developed over
time after AFL/AT ablation.

Complete PVI is the optimal goal of RFCA.[1] However, PV reconnection is not uncommon with reported
incidence of nearly 80%,[7, 19] and has been widely acknowledged as an important mechanism of
recurrent AF.[20, 21, 7] However, in our study, patients with complete PVI veri�ed during the third procedure
had comparable ATa recurrence to those with PV reconnection, during whose EPS non-PV trigger was
identi�ed as the underlying mechanism. Non-PV trigger has been described as critical trigger in patients
with very late recurrences,[22] and non-PV ectopy initiating AF was reported to be more active as more
ablation procedures were performed.[9, 8] Besides, non-PV trigger was more frequently observed in
recurrent ATa as follow-up progressed. By contrast, recovered PV potential acted as bystander in ATa
recurrence rather than underlying mechanism in most recurrence cases, indicating that non-PV trigger
deserves more attention in patients with multiple failed ablations, and innovative solution is required for
this subgroup of patients.

Limitations
The present study is limited by its observational and nonrandomized design and its relatively small
sample size, with inherent selection bias; its results and conclusions therefore require con�rmation in
larger randomized controlled trials. Since ATa recurrence was assessed with 24-h Holter monitoring but
not with implantable loop recorders or 7-day Holter monitoring before ablation or during follow-up, overall
success rate might have been overestimated, particularly in patients with signi�cant AF regression and
symptom improvement. Besides, the time span of patient recruitment in this retrospective study was
relatively long, improvements in equipment may have in�uenced the results.

Conclusions
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In AF patients undergoing multiple (>3) ablations, the long-term outcome was unsatisfactory, with
recurrent AF after the second procedure as independent risk factor; conversion between AF and AFL/AT
was common in patients with multiple ATa recurrences; and recovered PV potential acted as bystander
rather than the underlying mechanism in most ATa recurrences.
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Table.1 Clinical characteristics of the patients before index procedure

Variable N = 118
Age, y 60 ± 9

Men 79 (66.9)

AF duration, months (median, IQR) 24 (12-60)

AF type  

   -Paroxysmal 36 (30.5)

   -Persistent 50 (42.4)

   -Long-standing persistent 32 (27.1)

Hypertension 68 (57.6)

Diabetes 20 (16.9)

Stroke 7 (5.9)

Rheumatic heart disease 11 (9.3)

Cardiomyopathy 4 (3.4)

LA diameter, mm 44 ± 6

LV ejection fraction (median, IQR) 60 (57-63)

RA enlargement 52 (44.1)

MR 67 (56.8)

TR 35 (29.7)

AR 25 (21.1)

Values are expressed as mean ± SD or n (%), unless otherwise indicated. AF indicates atrial fibrillation; IQR,
interquartile range; LA, left atrium; LV, left ventricle; RA, right atrium; MR, mitral regurgitation; TR, tricuspid
regurgitation and AR, aortic regurgitation.

 

Table.2 Univariate and multivariate analysis of outcomes

Study outcome Baseline characteristics Univariate analysis  Multivariable analysis
HR (95% CI) P Value  HR (95% CI) P Value

ATa recurrence Non-paroxysmal AF 1.83 (1.03-3.25) P = 0.039   1.65 (0.84-3.27) P = 0.149

LA size 1.04 (1.00-1.08) P = 0.044   1.03 (0.98-1.08) P = 0.226

Recurrent AF 1.63 (1.01-2.63) P = 0.044  1.88 (1.16-3.05) P = 0.010

ATa, atrial tachyarrhythmia; AF, atrial fibrillation; LA, left atrial.
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Figure 1

Recurrent types after multiple ablations. AF, atrial �brillation; AFL, Atrial �utter; AT, atrial tachycardia; PAF,
paroxysmal atrial �brillation; nPAF, non-paroxysmal atrial �brillation; SR, sinus rhythm; Re, atrial
tachycardia recurrence.
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Figure 2

Kaplan–Meier survival curve showing freedom from atrial tachyarrhythmia recurrence for (A) multiple
procedures; (B) multiple procedures according to recurrent types; and (C) multiple procedures according
to PV potential. ATa indicates atrial tachyarrhythmia; AFL, Atrial �utter; AT, atrial tachycardia; PV,
pulmonary vein


