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Aims Freedom from atrial fibrillation (AF) at 1 year can be achieved in 50–70% of patients undergoing catheter ablation.
Recurrent AF early after ablation most commonly terminates spontaneously without further interventional treat-
ment but is associated with later recurrent AF. The aim of this investigation is to identify clinical and procedural
factors associated with recurrence of AF early after ablation.

...................................................................................................................................................................................................
Methods and
results

We retrospectively analysed data for recurrence of AF within the first 3 months after catheter ablation from the
randomized controlled AXAFA–AFNET 5 trial, which demonstrated that continuous anticoagulation with apixaban
is as safe and as effective compared to vitamin K antagonists in 678 patients undergoing first AF ablation. The pri-
mary outcome of first recurrent AF within 90 days was observed in 163 (28%) patients, in which 78 (48%) patients
experienced an event within the first 14 days post-ablation. After multivariable adjustment, a history of stroke/tran-
sient ischaemic attack [hazard ratio (HR) 1.54, 95% confidence interval (CI) 0.93–2.6; P = 0.11], coronary artery dis-
ease (HR 1.85, 95% CI 1.20–2.86; P = 0.005), cardioversion during ablation (HR 1.78, 95% CI 1.26–2.49; P = 0.001),
and an age:sex interaction for older women (HR 1.01, 95% CI 1.00–1.01; P = 0.04) were associated with recurrent
AF. The P-wave duration at follow-up was significantly longer for patients with AF recurrence (129 ± 31 ms vs.
122 ± 22 ms in patients without AF, P = 0.03).

...................................................................................................................................................................................................
Conclusion Half of all early AF recurrences within the first 3 months post-ablation occurred within the first 14 days post-

ablation. Vascular disease and cardioversion during the procedure are strong predictors of recurrent AF. P-wave
duration at follow-up was longer in patients with recurrent AF.

...................................................................................................................................................................................................
Trial
registration

Clinicaltrials.gov identifier NCT02227550

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Atrial fibrillation • Ablation • AXAFA • Early recurrence • Blanking period • Apixaban
...................................................................................................................................................................................................

*Corresponding author. Tel: þ31 (0)43 3881077. E-mail address: schotten@maastrichtuniversity.nl
VC The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

Europace (2020) 22, 1337–1344 CLINICAL RESEARCH
doi:10.1093/europace/euaa132 Ablation for atrial fibrillation

D
ow

nloaded from
 https://academ

ic.oup.com
/europace/article/22/9/1337/5877521 by U

niversity of Birm
ingham

 user on 15 Septem
ber 2020

http://orcid.org/0000-0002-3889-5386


Introduction

Catheter ablation has become an established rhythm control therapy
in patients with symptomatic atrial fibrillation (AF).1,2 Freedom from
AF and maintenance of sinus rhythm at 1-year post-ablation can be
achieved in 50–70% of patients undergoing catheter ablation. Thus, a
substantial number of patients would require repeat ablation due to
symptomatic recurrent AF.2 Identification of patient groups at higher
risk for developing recurrent AF can help in developing preventive
strategies, and tailoring of rhythm control therapy post-ablation.
Many AF recurrences occur early after AF ablation and terminate
spontaneously without further interventional treatment.3 While
many patients with early recurrences of AF do not develop recurrent
AF beyond the so-called ‘blanking period’, early recurrences have
been shown to be associated with late and symptomatic recurrences
of AF.3–9

Therefore, the aim of this study was to identify the clinical
and procedural-related factors associated with the first recur-
rences of AF within the first 3 months following ablation in the
multicenter AXAFA–AFNET 5 trial.3,10 Because signs of advanced
atrial remodelling such as dilated atria or prolonged P-wave du-
ration have been associated with new-onset AF, we analysed the
association of P-wave characteristics in a subset of patients for
recurrence of AF.11

Methods

Study population
AXAFA was a prospective multicentre randomized parallel-group design,
comparing apixaban to vitamin K antagonist (VKA) in a cohort of AF
patients undergoing catheter ablation.12 Participants were randomized
1:1 to VKA or apixaban therapy at baseline, stratified by investigation site
and type of AF (paroxysmal vs. persistent/long-standing persistent).
Additional drug treatment or procedural decisions (e.g. type of ablation
technique) were at the discretion of the treating physician. All patients
underwent 24-h Holter monitoring 3 months after ablation.

The trial was conducted by the steering committee in cooperation
with Atrial Fibrillation NETwork (AFNET e.V.), Münster, Germany
(www.kompetenznetz-vorhofflimmern.de) in accordance with the decla-
ration of Helsinki and the International Conference on Harmonization
Good Clinical Practice Guidelines (ICH-GCP), conducted in Europe and
North America and approved by local ethic review boards
(NCT02227550). The protocol of this analysis was approved by the
steering committee and supported by AFNET. CONSORT statement
and diagram are described in the original manuscript.10

Study population and inclusion/exclusion

criteria
In this study, we considered 678 patients in the AXAFA trial and excluded
patients who were still in AF after ablation (N = 30) and patients who had
no complete 3 months of follow-up data including rhythm status or date
of first recurrence of AF after ablation (N = 59, Supplementary material
online, Figure S1). Excluded patients showed no difference in epidemio-
logic data, symptoms, or items of CHA2DS2-VASc score as compared to
patients who were not excluded (Supplementary material online, Table
S1). Participants with previous ablation or surgical therapy for AF were
excluded by AXAFA inclusion and exclusion criteria.

All patients received pulmonary vein isolation. In a subset of patients,
one or more additional techniques were performed: linear lesion
(N = 11), mitral isthmus line (N = 3), left atrial roof lesion (N = 9), coro-
nary sinus ablation (N = 1), ablation of complex fragmented atrial electro-
grams (N = 20), and ablation left atrial appendage (N = 1). This data were
not considered for further statistical analysis due to low numbers.
Treatment decisions, as energy type or ablation technique, was at discre-
tion of the treating physician. In 19 patients, a cavotricuspid ablation was
performed in addition to pulmonary vein isolation.

In a subset of patients with available electrocardiogram (ECG)
recordings in sinus rhythm, we analysed the association of P-wave
duration, inter-atrial block, and P-wave morphology at baseline
(n = 383), pre-ablation (n = 355), and at 3 months of follow-up
(n = 496) with recurrent AF.

Electrocardiogram analysis
Digital 12-lead ECGs recorded at baseline, at the index ablation, and
follow-up after 3 months were analysed with GeoGebra 5.0VR software.
Digital calipers were used to measure P-wave duration, determined from
the earliest to the last P-wave signal in any frontal lead. All measurements
were performed by a blinded assessor and corroborated by a second ex-
pert observer when there was ambiguity.

P-wave morphology was assessed by observation of the inferior leads
(II, III, and aVF).13,14 Interatrial block (IAB) was defined as bimodal (posi-
tive/negative) P-wave morphology with an initial upward deviation from
the baseline and a final downward deviation towards the baseline
(Supplementary material online, Figure S2). Normal atrial conduction was
considered as a P-wave duration of 120 ms regardless of morphology;
partial IAB was defined as a P-wave >_120 ms without bimodal morphol-
ogy; and advanced IAB was defined as a P-wave >_120 ms with bimodal
morphology.15

Statistical methods
The primary outcome, recurrence of AF within the first 3 months after
ablation, was defined as any episode of AF (paroxysmal, persistent, long-
lasting, or permanent AF) or atrial flutter, which lasted for at least 30 s,
occurring within the 3 months blanking period according to the 2017
HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus statement.1 The
date of first occurrence of primary outcome was determined by ECG or
long-term ECG (N = 83), AF symptoms (N = 74), or by other ways
(N = 6: implanted devices, self-measurement, unspecified). All patients
with clinical recurrences of AF were included. Baseline characteristics of
patients with and without recurrent AF within the first 3 months after ab-
lation were assessed.

For statistical analysis, SPSS (SPSS Statistics version 25, IBM
Corporation, USA) was used. Descriptive statistics for continuous varia-
bles were summarized as means (standard deviations) or medians (25th,
75th percentiles), and for categorical variables as counts (percentages),
respectively. Continuous variables were compared using Student’s t-test,

What’s new?
• In this retrospective analysis of the randomized control

AXAFA-AFNET 5 trial, 28% of patients had recurrent atrial fi-
brillation (AF) within the first 3 months post-ablation. Half of
all recurrences occurred within the first 14 days.

• Vascular disease and the need for cardioversion during ablation
were strong predictors of recurrent AF.

• P-wave duration of patients with recurrent AF was longer at
the 3 months of follow-up.

1338 M.D. Zink et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/22/9/1337/5877521 by U
niversity of Birm

ingham
 user on 15 Septem

ber 2020

http://www.kompetenznetz-vorhofflimmern.de
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data


or Mann–Whitney U test, after checking for normality using the
Kolmogorov–Smirnov test. Categorical variables were compared using
Pearson’s v2 test. Clinical, procedural, and therapy-related factors which
may influence recurrence of AF were analysed using a univariate Cox
model as well as multivariable Cox regression model analysis. Candidate
variables were selected using forward selection (entry criterion P = 0.05,
removal P = 0.1). Variables considered were randomized treatment
(VKA, apixaban), AF type (paroxysmal, persistent), sex (male, female),
age (years), interaction of sex and age, height (cm), hypertension, diabetes
mellitus, symptomatic heart failure, history of stroke/transient ischaemic
attack (TIA), confirmed coronary artery disease, time since AF diagnosis
(months), type of ablation technique (cryoballoon, radiofrequency,
other), need for cardioversion during procedure, duration of procedure
after transseptal puncture (minutes), antiarrhythmic drug usage of beta-
blocker, Class IC, or Class III. Kaplan–Meier cumulative risk plots and the
log-rank tests were used to estimate the proportion of patients free from
AF after the initial procedure. A two-sided P-value of < 0.05 was consid-
ered statistically significant.

Results

Study population
We analysed data from 589 patients with a median follow-up period
of 92 [25th percentile (q1) 86, 75th percentile (q3) 99] days after ab-
lation. Recurrent AF was observed in 163 (28%) patients with a me-
dian time to recurrence of 14 (q1 6, q3 43) days. Among the 163
patients with recurrent atrial arrhythmia, 91% (n = 148) had recur-
rent AF only, 5% (n = 8) had recurrent atrial tachycardia or atrial flut-
ter only, and 4% (n = 7) had both. Overall, 48% of recurrences
occurred within the first 14 days post-ablation (n = 78; Figure 1).

Compared to patients without AF recurrence, patients with recur-
rent AF were older, more likely to be female, had a history of stroke/
TIA, coronary artery disease, had higher CHA2DS2-VASc scores, re-
quired electrical cardioversion during ablation more often and were
less likely to have used sodium channel blocking antiarrhythmic drugs
before ablation (Table 1). After ablation, patients with a recurrence of
AF reported higher (n = 16), lower (n = 97), or unchanged (n = 42)
EHRA score as compared to symptoms before ablation (missing,
n = 8). In total, 56 patients with recurrence of AF had no AF-related
symptoms after ablation (EHRA score = 1).

Factors associated with recurrent atrial
fibrillation
In univariate analyses (adjusted by site, Table 2), age per year [hazard
ratio (HR) 1.02, 95% confidence interval (CI) 1.00–1.04; P¼ 0.02],
history of stroke/TIA (HR 1.68, 95% CI 1.02–2.77; P¼ 0.04), coro-
nary artery disease (HR 1.53, 95% CI 1.01–2.33; P< 0.001), the
need for electrical cardioversion during ablation (HR 1.76, 95% CI
1.26–2.46; P < 0.001), longer duration of ablation after transseptal
puncture (steps per minute, HR 1.01, 95% CI 1.00–1.01; P = 0.005)
were associated with recurrent AF. Type of ablation technique (with
cryoballoon as reference) did not show a significant association be-
tween use of radiofrequency ablation and recurrent AF (HR 2.85,
95% CI 0.35–23.48; P¼ 0.33).

The forward selection process in multivariate analyses identified
three predictors associated with increased risk of recurrent AF
within the first 3 months after ablation (Table 3): coronary artery

disease (HR 1.85, 95% CI 1.20–2.86; P = 0.005), the need for car-
dioversion during the procedure (HR 1.77, 95% CI 1.26–2.49;
P = 0.001), and an age:sex interaction (HR 1.01, 95% CI 1.00–1.01;
P = 0.04) indicating higher risk of recurrent AF for young men and
older women.

Kaplan–Meier cumulative risk curves indicated that the type of ab-
lation technique did not influence AF recurrences (log-rank P = 0.16,
Figure 2A). Coronary artery disease (log-rank P = 0.02, Figure 2B), his-
tory of stroke/TIA (log-rank P = 0.01, Figure 2C), and the need for car-
dioversion during the ablation procedure (log-rank P < 0.001,
Figure 2D) were associated with recurrent AF.

Interatrial block and P-wave duration
In patients who were in sinus rhythm at the time of ablation, the pres-
ence of advanced IAB or P-wave duration shorter of 90 ms in any
available ECG (baseline, ablation, and follow-up) was not associated
with recurrent AF (Supplementary material online, Table S2). There
was no difference for IAB (partial or advanced) for recurrent AF at
baseline, ablation and follow-up. When the ECG at the end of follow-
up was analysed (i.e. including patients, who underwent AF ablation
in AF), two parameters were associated with recurrent AF. Patients
with recurrent AF showed a higher proportion of P-wave prolonga-
tion at follow-up compared to the day of ablation [no recurrence:
n = 108 (42%) vs. AF recurrence: n = 38 (57%), P = 0.03,
Supplementary material online, Table S2], and a higher absolute P-
wave duration compared to patients without recurrent AF (No re-
currence: 122 ± 22 ms vs. AF recurrence: 129± 31 ms, P = 0.03,
Supplementary material online, Table S2).

Discussion

Main findings
This analysis of factors associated with recurrent AF in 589
AXAFA-AFNET 5 patients undergoing a first ablation of AF identi-
fied present vascular disease and the need for electrical cardiover-
sion during the ablation procedure as strong predictors for

Figure 1 Cumulative frequency of first AF recurrence after
catheter ablation (n = 163). Vertical black line indicates Day 14.
Follow-up and first AF recurrence are displayed as median and q1:
25th percentile; q3: 75th percentile. AF, atrial fibrillation.
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......................................................................................................................................................................................................................

Table 1 Characteristics of baseline, AF, ablation, AF recurrence, and follow-up data.

No recurrence,

N (%)/mean 6 SD

AF recurrence,

N (%)/mean 6 SD

P-value

Patients 426 (72%) 163 (28%)

Randomization apixaban group 212 (50%) 87 (53%) 0.43b

Sex, male 294 (69%) 97 (60%) 0.03a,b

Age (years) 63 ± 9 65 ± 9 0.04a,c

Height (cm) 175 ± 10 175 ± 10 0.96c

Weight (kg) 88 ± 17 89 ± 18 0.41c

BMI (kg/m2) 28.72 ± 4.78 29.02 ± 5 0.47c

RR systolic (mmHg) 135 ± 19 137 ± 19 0.37c

RR diastolic (mmHg) 80 ± 12 81 ± 12 0.21c

Atrial fibrillation, paroxysmal 267 (63%) 91 (56%) 0.13b

AF diagnosis (months) 56 ± 67 58 ± 63 0.17c

EHRA (baseline)

IIa 119 (30%) 35 (23%) 0.14b

IIb 141 (35%) 49 (32%)

III 129 (32%) 64 (42%)

IV 9 (2%) 5 (3%)

NYHA

No 295 (69%) 102 (63%) 0.12b

I 44 (10%) 22 (14%)

II 79 (19%) 31 (19%)

III 8 (2%) 8 (5%)

Prior cardioversion (pharmacological or electrical) 279 (66%) 114 (70%) 0.31b

Age 65–74 years 150 (35%) 74 (45%) 0.02a,b

Older than 74 years 36 (9%) 16 (10%) 0.6b

History of stroke /TIA 26 (6%) 20 (12%) 0.01a,b

Hypertension 385 (90%) 144 (88%) 0.47b

Diabetes mellitus 43 (10%) 24 (15%) 0.11b

Symptomatic heart failure 95 (22%) 38 (23%) 0.79b

Coronary artery disease 44 (10%) 29 (18%) 0.01a,b

Cardiomyopathy 51 (12%) 22(13%) 0.62b

CHA2DS2-VASc score 1.4 ± 0.7 1.6 ± 0.8 0.03a,c

Valvular disease 52 (12%) 13 (8%) 0.14b

COPD 26 (6%) 10 (6%) 0.99b

Heart rate (index) (/min) 68 ± 19 73 ± 23 0.1c

QRS (ms) 97 ± 16 98 ± 19 0.88c

PQ (ms) 177 ± 33 181 ± 36 0.3c

QTc (ms) 435 ± 38 436 ± 47 0.93c

Hospitalization (days) 2.3 ± 1.6 2.6 ± 2.9 0.31c

Hospitalization after ablation (days) 1.6 ± 1.1 1.8 ± 2.1 0.43c

Duration of ablation (min) 146 ± 57 147 ± 55 0.73c

Duration after trans septal puncture (min) 120 ± 49 121 ± 51 0.96c

Type of ablation technique

Cryoballoon 126 (30%) 49 (30%) 0.11b

Radiofrequency 263 (62%) 108 (66%)

Other 37 (9%) 6 (4%)

Fluoroscopy time (min) 14.9 ± 11.8 15.1 ± 11.6 0.69c

Heparin total dose (IU) 12849 ± 5792 12004 ± 5588 0.1c

Need for cardioversion during procedure 111 (26%) 68 (42%) <0.001a,b

Antihypertensive medication 250 (59%) 104 (64%) 0.26b

Sodium channel blocker 105 (25%) 26 (16%) 0.02a,b

Antiarrhythmic class III 98 (23%) 28 (17%) 0.12b

Continued
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recurrence of AF after AF ablation. Notably, half of all observed AF
recurrences occurred within the first 14 days after ablation.
Although limited to analysis of P-wave duration at the end of
follow-up, a longer P-wave duration appeared to be associated
with recurrent AF after ablation.

Baseline findings and timely course of
atrial fibrillation
In our cohort of AF patients after first ablation with at least one risk
factor for stroke, patients with recurrent AF were older, more often
female, had more often coronary artery disease, a history of stroke/

TIA, a higher CHA2DS2-VASc score and more often underwent car-
dioversion during catheter ablation (Table 1).

Our finding that 28% of all patients had recurrent AF is in the range
of reported recurrences in the first 3 months after ablation (19–
56%).8,9,16 The wide range can be explained due to varying AF
definitions, observing intervals and efforts for AF diagnosis, and may
include a temporal effect related to improved ablation techniques
like pressure sensitive and irrigated ablation catheters or second-
generation cryoballoon in our cohort. The improvement in AF-
related symptoms in our cohort for patients with recurrence of AF is
in line with previous reported improvement of symptoms17 and qual-
ity of life.18

......................................................................................................................................................................................................................

Table 1 Continued

No recurrence,

N (%)/mean 6 SD

AF recurrence,

N (%)/mean 6 SD

P-value

Beta blockers 305 (72%) 113 (69%) 0.59b

Diuretics 137 (32%) 61 (37%) 0.23b

Statin 159 (37%) 55 (34%) 0.42b

Total amount of drugs 4 ± 2.2 3.9 ± 2.1 0.45c

CAD, history of coronary arteria disease; CABG, coronary arterial bypass graft; FU, measurement at 3-month follow-up period; SD, standard deviation; TIA, transient ischaemic
attack.
aP-value <0.05.
bPearson’s v2 test.
cMann–Whitney U test.

....................................................................................................................................................................................................................

Table 2 Univariate analysis for recurrence of AF within the first 3 months after ablation

Reference category (unit) Hazard ratio 95% CI P-value

Randomization group, VKA 0.91 0.67–1.25 0.57

AF type, persistent 1.26 0.89–1.77 0.19

Age (years) 1.02 1.00–1.04 0.02a

Sex, female 1.33 0.95–1.86 0.10

Age (years) � sex (female) 1.01 1.00–1.01 0.06

Height (cm) 0.98 0.97–1.00 0.08

Hypertension 1.13 0.67–1.90 0.65

Diabetes mellitus 1.35 0.86–2.11 0.19

Symptomatic heart failure 0.84 0.55–1.27 0.40

History of stroke/TIA 1.68 1.02–2.77 0.04a

Coronary artery disease 1.53 1.01–2.33 <0.001a

AF diagnosis (months) 1.00 0.99–1.00 0.65

Type of ablation technique

Cryoballoon – 0.009a

Radiofrequency 2.85 0.35–23.48 0.33

Other 0.46 0.28–0.78 0.004a

Need for eCV during procedure 1.762 1.26–2.46 <0.001a

Duration of ablation after trans septal puncture (min) 1.01 1.00–1.01 0.005a

Betablocker 0.97 0.68–1.37 0.85

Sodium channel blocker 0.77 0.48–1.23 0.27

Antiarrhythmic drug Class III 0.69 0.45–1.07 0.09

Hazard ratios were quantified for potential clinical and procedural factors associated with recurrence of AF. Data were adjusted for ‘site’ of ablation.
AF, atrial fibrillation; CI, confidence interval; eCV, electrical cardioversion; TIA, transient ischaemic attack; VKA, vitamin K antagonist.
aMarks significant factors.
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....................................................................................................................................................................................................................

Table 3 Multivariate analysis (Cox regression, adjusted for ‘site’ of ablation) for recurrence of AF within the first
3 months after ablation

Hazard ratio 95% CI P-value

History of stroke/TIA 1.54 0.93–2.56 0.1

Coronary artery disease 1.85 1.20–2.86 0.005a

Need for cardioversion during procedure 1.77 1.26–2.49 0.001a

Age (years) � sex (female) 1.01 1.00–1.01 0.04a

Variables included in the forward selection are randomization (VKA, apixaban), AF type (paroxysmal, persistent), sex (female), age (steps per year), interaction of sex (female)
and age (steps per year), height (steps in cm), hypertension, diabetes mellitus, symptomatic heart failure, history of stroke/TIA, confirmed coronary artery disease, AF knowl-
edge (steps per months), type of ablation energy used (cryoballoon, radiofrequency, other), need for cardioversion during procedure, duration of procedure after transseptal
puncture (steps in min), antiarrhythmic drug usage of betablocker, Class IC, or Class III.
AF, atrial fibrillation; TIA, transient ischaemic attack; VKA, vitamin K antagonist.
aMarks significant factors.

A B

C D

Figure 2 Kaplan–Meier cumulative risk plots of (A) type of ablation energy used, (B) coronary artery disease, (C) history of stroke/TIA, and (D) the
need for cardioversion during procedure. AF, atrial fibrillation; TIA, transient ischaemic attack.
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Predictors of recurrence of atrial fibrillation
The interaction of higher age and female sex, history of stroke/TIA,
coronary artery disease, and the need for cardioversion during pro-
cedure were predictors for recurrence of AF. Comparable risk
factors were reported before for structural heart disease,7 and car-
dioversion during procedure.6 According to previous studies, several
factors failed in prediction for recurrent AF in our cohort like hyper-
tension,6 AF type,7 age, or the duration of ablation.16 In addition to
vascular disease as a marker for an atrial cardiomyopathy, the need
for cardioversion during procedure may be considered as indication
for an advanced substrate of maintaining AF.

Procedural effects like type of ablation technique used and dura-
tion of ablation showed no differences in comparison of the groups
but an effect on rate of AF recurrence in univariate analysis while in
multivariate analysis failed to do so. Similar findings for duration of ab-
lation were reported before.3,19 The fact that type of AF, type of abla-
tion and procedural time showed no association to primary
outcome, can be explained, as the treatment was at discretion of
treating physicians. Thus, ablation was performed as needed for indi-
vidual success. Therefore, it is not surprising that a well-chosen abla-
tion strategy also leads to comparable outcome for recurrence of AF
in advanced types of AF as with early stages of AF. Independently, the
need for cardioversion shows a significant association to recurrence
of AF. This could be a sign of more advanced atrial remodelling and
probably more ablation is needed, because an AF trigger or a not ab-
lated substrate still maintains the ongoing arrhythmia. The results for
ablation technique used, is in line with the randomized trials compar-
ing the two main energy sources (cryoballoon ablation and radiofre-
quency ablation)20 and showed in the investigated cohort no
significant difference. Notably, because used therapy was at the dis-
cretion of the treating physician this cohort consists of rarely used
types of ablation techniques (PVAC N = 3, Laser ablation N = 42). In
Kaplan–Meier cumulative risk plot a lower dynamic of AF recur-
rences compared to cryoballoon and radiofrequency ablation was
revealed for laser ablation technique.

Potential clinical implications
Given the available data for recurrence of AF in comparable investiga-
tions with smaller cohorts, this investigation allows higher confidence
in identified predictors for recurrent AF within the first 3 months af-
ter catheter ablation. While vascular disease was previously de-
scribed as a risk factor for recurrent AF, our data identified as novel
aspect the need for cardioversion during procedure as a potential
and easily to assessable predictor for recurrent AF after a first AF ab-
lation. Prolonged P-wave duration at the end of the blanking period
in patients with recurrent AF might as well be considered as a marker
of increased risk of recurrent AF. Recurrence of AF within the blank-
ing period is a strong and independent predictor of long-term abla-
tion success. Therefore, our finding that half of patients with early
recurrent AF have their first recurrence within Day 1 to Day 14 after
ablation, followed a robust recurrent AF frequency until 3 months after
AF ablation, the blanking period of 3 months might be reconsidered.

Electrocardiogram parameter
Atrial remodelling is independently associated with new-onset AF
and higher number of AF recurrences after ablation and can be

measured by imaging techniques or 12-lead ECG. We analysed re-
peatedly recorded P-wave parameters and ECG sign for IAB as sur-
rogate marker for atrial remodelling and its association to recurrence
of AF. We found longer P-waves in patients with recurrent AF in our
cohort. Due to the high number of patients undergoing the proce-
dure in AF, this difference was only found when analyzing ECGs at
the end of the 3 months of follow-up (Supplementary material online,
Table S2). There is evidence for a change of P-wave indices due to
surgical ablation procedure as effect of reverse electrical atrial
remodelling.21 However, prolonged P-wave duration and increased
dispersion have been shown association with recurrent AF after AF
ablation.22,23 Furthermore, prolonged P-wave duration is known to
be associated with enlarged atria,15 atrial conduction disturbances and
associated with AF development.11 Based on our data, the presence
of advanced IAB as a predictor for new-onset atrial fibrillation,11 did
not add to the prediction of recurrent AF within the first 3 months af-
ter ablation but should be seen as hypothesis generating. Upcoming
investigation with primary outcome for AF recurrence in context of
advanced IAB and extended follow-up period are warranted.

Limitations
The data obtained from this multicentre study conducted in
European and North America was collected in a structured and pre-
defined way. Unfortunately, the data lack information on biomarkers
and imaging data which might add more information for atrial struc-
tural remodelling. Continuous rhythm monitoring in this cohort was
not provided after ablation, therefore reported rate of recurrence is
related to clinical AF, because asymptomatic episodes could be
missed by chance. Repeated ECG recording is available before and af-
ter the procedure, and in the follow-up period. Therefore, detailed
12-lead ECG analysis was performed as a surrogate marker for atrial
electrical remodelling. There is little evidence for association of pre-
dictors of recurrent AF within the first 3 months with later recur-
rence. Future studies on predictors of early AF recurrences are
therefore certainly warranted.

As because many patients presented in AF, the P-wave analysis and
advanced IAB was not available in all patients. Although, P-wave
analysis points towards an association of recurrent AF with advanced
IAB the analysis is potentially biased by analyzing the healthier
patients in our cohort and underestimates the association compared
to existing evidence,11,13,14,24–26 because in particular higher degree
of atrial remodelling is probably associated with higher chance of pre-
senting in AF at any time point. As a matter of fact, advanced IAB was
a marker of AF much later than 3 months in previous investigations.11

Data of this study were obtained for a comparison of Apixaban vs.
VKA, thus the primary objective and hypothesis of this retrospective
analysis was not defined a priori and no placebo control was included;
therefore, our results should be considered as descriptive and not as
a confirmatory investigation. Because no 1-year follow-up data is
available, a comparison of long-term ablation success, linked to recur-
rence within the blanking period is not possible.

Conclusion

Half of all early AF recurrences occurred within the first 14 days after
first ablation. Ablation technique source, duration of ablation,

Predictors of recurrent AF within 3 months after ablation 1343
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/22/9/1337/5877521 by U
niversity of Birm

ingham
 user on 15 Septem

ber 2020

https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data
https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaa132#supplementary-data


hypertension, type of AF, diabetes mellitus, or antiarrhythmic drug
usage showed no effect on recurrence of AF within the blanking pe-
riod. Present vascular disease (coronary artery disease or stroke/
TIA) and the need for cardioversion during the procedure are strong
predictors for recurrent AF within the blanking period. P-wave dura-
tion at follow-up was longer in patients with recurrent AF in the first
3 months after ablation.

Supplementary material

Supplementary material is available at Europace online.
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