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Abstract

Background Early recurrence of atrial tachyarrhythmia (ERAT) is common after radiofrequency catheter ablation (RFCA)
for atrial fibrillation (AF), but its clinical significance in patients with persistent AF remains unclear. We sought to determine
the predictive value of ERAT for rhythm outcome after RFCA for persistent AF.

Methods The study included 207 consecutive patients (mean age 66.4 +10.7 years, male 66.2%) with persistent and long-
standing persistent AF undergoing de novo pulmonary vein isolation (+ atrial substrate ablation). All patients remained off
antiarrhythmic drugs. ERAT was defined as any atrial arrhythmia > 30 s occurring within the first 30 days. Late recurrence
(LR) was determined during follow-up visits scheduled 1, 3, 6 and 12 months post-ablation using 7-day Holter ECGs.
Results ERAT occurred in 143/207 (69.1%) patients as AF (60%) or atrial tachycardia (40%) and was persistent in 82%
of cases. During a median follow-up of 22.2 months, LR occurred significantly more often in patients with ERAT than in
patients without ERAT (92.3 vs. 43.8%, P <0.001). The only independent predictors for LR were ERAT (OR 16.8, 95%
CI1 6.184-45.797, P<0.001) and intraprocedural termination to sinus rhythm (OR 0.052, 95% CI 0.003-0.851, P=0.038).
Extending the blanking period from 30 to 90 days did not impact LR rates.

Conclusion ERAT following ablation of persistent AF is strongly associated with late arrhythmia recurrence, which chal-
lenges the assumption that ERAT represents merely a transient phenomenon. While limiting the blanking period to 30 days
seems justified, the benefit of early re-ablations remains to be addressed in future studies.
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Introduction

Radiofrequency catheter ablation (RFCA) has become an
established therapy option for patients with symptomatic
drug-refractory atrial fibrillation (AF). Early recurrence
of atrial tachyarrhythmia (ERAT) after pulmonary vein
isolation (PVI) is common with a reported incidence of
40-60% [1-3]. This phenomenon is believed to be of tran-
sient nature due to reversible processes including post-
ablation inflammation, short-term autonomic imbalance
and lesion maturation time [4—6]. Therefore, a “blanking
period” of 3 months following AF catheter ablation is gen-
erally recommended during which early recurrences are
deemed non-specific and not regarded as treatment failure
[7].

However, there is increasing evidence that ERAT fol-
lowing CA for paroxysmal AF is strongly associated with
late recurrence (LR) beyond the blanking period [1, 2,
8]. In contrast, the prognostic significance of ERAT in
patients with persistent and long-standing persistent AF
is poorly defined, since the majority of data (~90%) orig-
inates from paroxysmal AF patient cohorts [9]. RFCA
for persistent AF is associated with less favorable out-
comes [7] and with higher ERAT rates [10-12] than for
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paroxysmal AF. Therefore, identifying patients with per-
sistent AF at higher risk of developing arrhythmia relapse
may help establish the optimal timing for re-ablation and
improve clinical outcomes.

The current study sought to characterize ERAT occurring
in the first month after RECA for persistent AF and to deter-
mine its prognostic significance for long-term single- and
multi-procedural outcomes.

Methods
Study population

Data of 207 consecutive patients (age > 18 years) receiving
de novo RFCA for drug-refractory symptomatic persis-
tent or long-standing persistent AF at our institution from
January 2015 to July 2016 was assessed. Baseline charac-
teristics, procedural and follow-up data were collected pro-
spectively and recorded in a computerized database. All
patients showed AF duration >4 weeks, presented in AF
at the time of ablation and had discontinued antiarrhyth-
mic drugs (AADs) > 5 half-lives before the procedure.
Patients presenting in sinus rhythm (SR), with a history of
heart surgery requiring atriotomy or with prior left atrial
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(LA) ablation were not included in the study. Persistent
and long-standing persistent AF were defined according
to current guidelines [7]. AF history was defined as the
time span from the first diagnosis of AF. AF duration was
defined as the longest AF episode. All patients provided
written informed consent for the procedure and the study
was approved by the local ethics committee (approval #
348/20 S-SR).

Catheter ablation procedure

All patients received uninterrupted oral anticoagulation
(direct oral anticoagulants or phenprocoumon with an
international normalized ratio between 2 and 3) for at
least 4 weeks prior to the procedure. LA thrombus was
excluded by either contrast-enhanced computed tomog-
raphy or transesophageal echocardiogram <48 h prior to
ablation. Electrophysiological study was performed under
conscious sedation with propofol, fentanyl and midazolam.
Heparin was administered as continuous infusion follow-
ing transseptal puncture to gain an intraprocedural acti-
vated clotting time > 300 s.

Vascular access was obtained using the right femoral
vein. Double access to the LA was gained by fluoroscopy-
guided single transseptal puncture with a steerable 11.7-
Fr sheet (AgilisTM, St. Jude Medical, Minneapolis, MN).
Electro-anatomical mapping of the LA was performed
using a circular mapping catheter (Orbiter PV variable
loop, Boston Scientific, Marlborough, MA or Lasso Nav
Eco 2515, Biosense Webster, Diamond Barr, CA) and a
3D mapping system (Ensite Velocity'", St. Jude Medical
or Carto3, Biosense Webster). Wide antral circumferen-
tial PVI and atrial substrate ablation were performed with
an open-irrigated-tip RF catheter (FlexAbility"", St. Jude
Medical or ThermoCool SmartTouch® SurroundFlow, Bio-
sense Webster) using point-by-point-lesions (30-40 W for
30 s), as described previously [13]. Complete PVI was
confirmed by documented elimination of all pulmonary
vein (PV) potentials by the circular mapping catheter
placed in each PV ostium and reassessed in SR at least
30 min after PVI completion.

If AF persisted after PVI, additional substrate modifi-
cation (ablation of low voltage areas and fractionation)
was performed with the endpoint of AF cycle length pro-
longation or AF termination into SR or atrial tachycardia
(AT) [13]. Stable ATs were mapped and ablated; in case
of macro-reentries, linear lesions were applied and bidirec-
tional line block was subsequently tested. If neither termi-
nation to AT nor SR was achieved, electrical cardioversion
was performed. Mean AF cycle length was measured in the
LA appendage prior to PVI and after additional substrate
ablation.

Follow-up

All patients remained off AADs post-ablation. Patients
received continuous in-hospital ECG monitoring during the
first 48 h following CA. Follow-up was scheduled 1, 3, 6,
and 12 months after the index procedure in our outpatient
clinic and comprised clinical assessment, resting ECG and
7-day Holter ECG. Patients were seen in interim visits in
case of symptoms suggestive of arrhythmia recurrence.

ERAT was defined as any documented atrial arrhyth-
mia >30 s occurring during the first 30 days after RFCA.
ERAT type and timing were assessed based on in-hospi-
tal ECG recordings, external resting and Holter ECGs,
implanted device recordings (if available), and patient symp-
toms. In patients with persistent ERAT, electrical cardiover-
sion was performed during the blanking period to promote
reverse remodeling.

LR was defined as any atrial arrhythmia>30 s docu-
mented > 30 days post-ablation. Re-ablations were per-
formed at least 3 months after the index ablation in case of
documented symptomatic LR. In exceptional cases of highly
symptomatic tachyarrhythmia recurrence with > 1 unsuc-
cessful electrical cardioversion, re-ablation was performed
starting 6 weeks post-ablation.

Statistical analysis

Continuous variables are expressed as mean + standard
deviation or median and interquartile range (25th and 75th
percentile; in case of non-normal distribution) and compared
by  tests. Categorical variables are presented as frequencies
or percentages and compared by y? tests. Time to first LR
was plotted using the Kaplan—Meier product limit method
and compared by the log-rank test. Univariate und multivari-
ate backward logistic regression analyses were performed to
identify factors associated with ER and LR. Factors with a
P value <0.1 on univariate analysis were considered in the
multivariate model. Cox regression analysis was performed
to analyze the correlation between timing of first ERAT and
risk of LR. Statistical tests and confidence intervals with
2-sided P <0.05 were considered statistically significant.
Statistical analysis was performed using the SPSS version
25.0 (IBM Inc., Armonk, NY).

Results

Baseline characteristics and factors associated
with ERAT

A total of 207 patients with persistent and long-standing
persistent AF (mean age 66.4 & 10.7 years, male 66.2%) were
followed for a median of 22.2 months (IQR 11; 41 months)
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Table 1 Baseline characteristics and procedural data of patients with and without early recurrence (ERAT)

Univariate analysis for ERAT

No ERAT ERAT Total Odds ratio  95% Confidence interval P value
n=64 n=143 n=207
Clinical data
Age, years 64.4+11 67.3+10 66.4+10.7 1.025 0.998-1.054 0.073
Male, n (%) 50 (78.0%) 87 (60.8%) 137 (66.2%) 0.435 0.220-0.860 0.017
BMI, kg/m? 28.3+4 28.5+5 28.4+4.5 1.008 0.944-1.076 0.815
Hypertension, n (%) 42 (65.6%) 104 (72.7%) 146 (70.5%) 1.397 0.741-2.632 0.301
Diabetes mellitus, n (%) 7 (10.9%) 23 (16.1%) 30 (14.5%) 1.561 0.633-3.850 0.334
Coronary artery disease, n (%) 22 (34.3%) 47 (32.8%) 69 (33.5%) 0.944 0.507-1.761 0.857
Previous stroke or TIA, n (%) 1(1.6%) 9 (6.3%) 10 (4.8%) 4.231 0.525-34.127 0.176
Implanted device, n (%) 3 4.7%) 17 (11.9%) 20 (9.7%) 2.743 0.774-9.719 0.118
B3 blockers, n (%) 47 (73.4%) 112 (78.3%) 159 (76.8%) 1.307 0.660-2.586 0.442
ACEi/ARB, n (%) 40 (62.5%) 79 (55.2%) 119 (54.1%) 0.741 0.405-1.355 0.330
CHA,DS,VASc Score 2.1+1.5 27+1.5 25+1.5 1.289 1.050-1.583 0.015
AF history, months* 13 (5.3;32.5) 18 (6;48) 17 (6;47) 1.002 0.995-1.009 0.527
AF duration, months* 5(3;11.5) 7 (4;13) 6 (4;12) 1.015 0.993-1.037 0.186
LV-EF, % 56.2+8 55.2+7 55.5+7.6 0.981 0.940-1.023 0.374
LA area, cm? 27.3+6 29.3+6 28.7+6.1 1.059 1.005-1.116 0.032
Mitral valve insufficiency, moderate 6 (9.3%) 20 (14%) 26 (12.6%) 1.572 0.599-4.123 0.358
or severe, n (%)
Creatinine, mg/dl 1.0+0.2 1.0+0.2 1.0+0.2 0.636 0.171-2.371 0.500
Glomerular filtration rate, ml/min ~ 76.8+17.2 75.4+18.2 75.8+17.9 0.996 0.979-1.012 0.607
Procedural data
Procedure time, min 182.2+48.3 180.6 +44.1 181.1£45.3 0.999 0.993-1.006 0.809
Radiofrequency time, min 66.0+18.4 66.1+18.8 66.1+18.6 1.000 0.985-1.016 0.969
Pulmonary vein isolation, n (%) 64 (100%) 143 (100%) 207 (100%) - - >0.999
Substrate ablation, n (%) 62 (96.9%) 138 (96.5%) 200 (96.6%) 0.890 0.168-4.715 0.891
Linear lesions, 1 (%) 10 (15.6%) 16 (11.2%) 26 (12.6%) 0.680 0.290-1.595 0.375
CL difference between baseline and 37.4+20 34.1+29 35.1+26.6 0.995 0.984-1.008 0.458
after substrate ablation, ms
Termination to AT or SR, n (%) 16 (25%) 26 (18.1%) 42 (20.3%) 0.667 0.329-1.353 0.261
Termination to AT, n (%) 10 (15.6%) 18 (12.6%) 28 (13.5%) 0.778 0.337-1.795 0.556
Termination to SR, n (%) 12 (18.7%) 18 (12.6%) 30 (14.5%) 0.624 0.281-1.387 0.247
Follow-up data
Late recurrence, n (%) 28 (43.8%) 132 (92.3%) 160 (77.3%) - - <0.001
Time to late recurrence, days 420.1+333.7 155.5+231.5 201.8+£270.6 - - <0.001
Follow-up, months* 21.4 (12;:41) 22.2(9.3;42.3) 22.2(10.7:41) - - 0.567
Multivariate analysis for ERAT
Predictor Odds ratio 95% Confidence interval P value
Age 0.994 0.955-1.035 0.783
Male 0.539 0.255-1.140 0.106
CHA,DS,VASc Score 1.231 0.896-1.690 0.199
LA area 1.057 1.002-1.115 0.043

ACEIi angiotensin-converting-enzyme inhibitors; ARB angiotensin II receptor type 1 blockers; AT atrial tachycardia; BMI body mass index; CL
cycle length; ERAT early recurrence of atrial tachyarrhythmia; LV-EF left-ventricular ejection fraction; SR sinus rhythm; 7/A transient ischemic
attack

*Non-normally distributed continuous variables are expressed as median and interquartile range (25th and 75th percentile)
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after de novo RFCA. Baseline characteristics and procedural
data are presented in Table 1. Median AF history and AF
duration were 17 months (IQR 6; 47) and 6 months (IQR 4;
12), respectively. Long-standing persistent AF was noted in
63 (30.4%) patients.

ERAT occurred in 143/207 patients (69.1%) after a
median of 2 days (IQR 1; 9 days) as either AF (86/143;
60%) or atrial tachycardia (AT; 57/143; 40%). ERAT was
persistent in 117/143 (82%) patients, while 26/143 (18%)
patients experienced spontaneous conversion to SR. Highest
ERAT incidence was observed in the first week following
ablation (Fig. 1). First ERAT episode occurred in 42% of
patients within 48 h and in 58% of patients within 7 days.

Patients with ERAT were more commonly female
(39.2% vs. 22%, P=0.017), had larger LA area (29.3+6 vs.
27.3+6 cm? P=0.032) and a higher CHA,DS,VASc Score
(2.7+1.5vs.2.1+1.5, P=0.015) compared to patients with-
out ERAT. Age, AF history/duration and procedural data
were not significantly different between groups. Additional
substrate ablation did not significantly impact ERAT rates
(Table 1). The LR rate was significantly higher in patients
with ERAT (92.3 vs. 43.8%, P <0.001) than in patients
without ERAT. On multivariate analysis, LA area was the
only independent predictor for ERAT (OR 1.057, 95% CI
1.002-1.115, P=0.043).
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Fig.1 Timing of first ERAT occurrence presented as a scatterplot.
Exact ERAT onset could be determined in 118/143 (82.5%) patients

Predictors of late recurrence (LR) after single
ablation procedure

During the median follow-up of 22.2 months, LR of any
atrial tachyarrhythmia after a single ablation procedure
occurred in 160 patients (77.3%). Initial LR presented as
AF in 100/160 (62.5%) patients and AT in 60/160 (37.5%)
patients. On univariate analysis, patients with LR had a
higher age (68.1+9.7 vs. 60.8 +12.0 years, P <0.001), were
more commonly female (38.2 vs. 19.2%, P=0.018), had a
longer mean AF duration (14.3 +22.5 vs. 6.7 +6.6 months,
P=0.022), presented more frequently mitral valve insuffi-
ciency (15.6 vs. 2.1%, P=0.038) and had larger LA area
(29.3+£6.1 vs. 26.7+5.8 cm?, P=0.014), compared to
patients without LR (Table 2).

ERAT was observed at a significantly higher rate in
patients with LR (82.5 vs. 23.4%, P <0.001) than in patients
without LR. The rate of intraprocedural termination to SR
was significantly lower in the LR group (9.3 vs. 31.9%,
P <0.001).

On multivariate analysis, ERAT (OR 16.8, 95% CI
6.184-45.797, P <0.001) was the only independent posi-
tive predictor of LR. Intraprocedural termination to SR (OR
0.052,95% CI10.003-0.851, P=0.038) was identified as the
only independent negative predictor of LR.

Association of ERAT with long-term outcomes

Arrhythmia-free survival in patients with and without ERAT
was assessed by Kaplan—Meier analysis (Fig. 2A). Freedom
from any atrial arrhythmia off AAD 12 months after sin-
gle ablation procedure was significantly higher in patients
without vs. with ERAT (76.6 vs. 17.5%, P <0.001) and in
patients with paroxysmal vs. persistent ERAT (34.6 vs.
13.7%, P=0.015) (Fig. 3). ERAT type (AF vs. AT) did not
have an impact on single-procedural outcome.

Freedom from ERAT after the index procedure was asso-
ciated with higher multi-procedural success rates (95.3 vs.
70.6% at 12 months, P <0.001), as shown in Fig. 2B. There
was no correlation between the timing of first ERAT mani-
festation and LR rates (Table 3).

A total of 101/117 (86%) patients with persistent ERAT
received early external cardioversion during the blanking
period. Overall recurrence rate after external cardioversion
was 83% within the first year and 94% during the entire
follow-up period. Recurrence after external cardioversion
occurred after a median of 35 days (IQR 9; 85).

Late recurrence after a blanking period of 90 days:
a subgroup analysis

In a subgroup analysis (n=177), LR rate was reassessed by
assuming a blanking period of 90 days instead of 30 days.
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Table 2 Baseline characteristics and procedural data of patients with and without late recurrence

Univariate analysis for late recurrence

No late recurrence Late recurrence Odds ratio 95% Confidence interval P value
n=47 n=160
Clinical data
Age, years 60.8+12.0 68.1+9.7 1.064 1.031-1.099 <0.001
Male, n (%) 38 (80.8%) 99 (61.8%) 0.384 0.174-0.850 0.018
BMI, kg/m? 27.8+3.4 28.6+4.8 1.042 0.967-1.123 0.281
Hypertension, n (%) 28 (59.6%) 118 (73.7%) 1.906 0.965-3.766 0.063
Diabetes mellitus, n (%) 3 (6.4%) 27 (16.9%) 2.977 0.861-10.295 0.085
Coronary artery disease, n (%) 14 (29.8%) 55 (34.4%) 1.197 0.590-2.430 0.618
Previous stroke or TIA, n (%) 1(2.1%) 9 (5.6%) 2.742 0.338-22.215 0.345
Implanted device, n (%) 1(2.1%) 19 (11.9%) 6.199 0.807-47.587 0.079
B3 blockers, n (%) 37 (78.7%) 122 (76.3%) 0.868 0.395-1.908 0.724
ACEIi/ARB, n (%) 25 (53.2%) 94 (58.8%) 1.253 0.652-2.410 0.498
CHA,DS,VASc Score 1.8+1.5 27+14 1.584 1.242-2.020 <0.001
AF history, months* 10 (4;25) 19 (7;49.5) 1.011 1.000-1.022 0.040
AF duration, months* 4 (3;10) 7 (4;13) 1.063 1.009-1.120 0.022
LV-EF, % 56.9+8.1 55.1+74 0.961 0.911-1.015 0.153
LA area, cm? 26.7+5.8 29.3+6.1 1.077 1.015-1.142 0.014
Mitral valve insufficiency, moderate or 12.1%) 25 (15.6%) 8.519 1.123-64.640 0.038
severe, 1 (%)
Creatinine, mg/dl 1.0+0.2 1.0+0.2 1.285 0.285-5.789 0.744
Glomerular filtration rate, ml/min 80.3+16.8 74.5+18.0 0.982 0.964—-1.000 0.053
ERAT 11 (23.4%) 132 (82.5%) 15.429 7.010-33.955 <0.001
Procedural data
Procedure time, min 178.3+46.5 181.9+45.1 1.002 0.994-1.009 0.632
Radiofrequency time, min 64.5+20.3 66.5+18.1 1.006 0.988-1.024 0.506
Pulmonary vein isolation, n (%) 47 (100%) 160 (100%) - - >0.999
Substrate ablation, n (%) 46 (97.9%) 154 (96.3%) 0.558 0.065-4.754 0.594
Linear lesions, n (%) 9 (19.1%) 17 (10.6%) 0.502 0.207-1.214 0.126
CL difference between baseline and after ~ 33.4+22.3 35.5+27.6 1.003 0.988-1.019 0.681
substrate ablation, ms
Termination to AT or SR, n (%) 16 (34%) 26 (16.2%) 0.376 0.180-0.784 0.009
Termination to AT, n (%) 8 (17%) 20 (12.5%) 0.696 0.285-1.702 0.427
Termination to SR, n (%) 15 (31.9%) 15 (9.3%) 0.221 0.098-0.497 <0.001
Multivariate analysis for late recurrence
Predictor Odds ratio 95% Confidence interval P value
Age 1.042 0.976-1.113 0.220
Male 0.794 0.234-2.694 0.711
ERAT 16.828 6.184-45.797 <0.001
LA area 1.020 0.936-1.112 0.647
AF history 1.006 0.995-1.018 0.286
AF duration 1.028 0.977-1.083 0.285
Mitral valve insufficiency, moderate or severe 6.390 0.659-61.996 0.110
Hypertension 1.086 0.284-4.148 0.904
Diabetes mellitus 3.183 0.576-17.574 0.184
Implanted device 6.310 0.386-103.253 0.184
CHA,DS,VASc Score 1.119 0.612-2.046 0.715
Glomerular filtration rate 1.007 0.975-1.040 0.672
Termination to SR 0.052 0.003-0.851 0.038
Termination to AT or SR 5.313 0.418-67.540 0.198

ACEi angiotensin-converting-enzyme inhibitors; ARB angiotensin II receptor type 1 blockers; AT atrial tachycardia; BMI body mass index; CL
cycle length; ERAT early recurrence of atrial tachyarrhythmia; LV-EF left-ventricular ejection fraction; SR sinus rhythm; TI/A transient ischemic

attack
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Table 2 (continued)
*Non-normally distributed continuous variables are expressed as median and interquartile range (25th and 75th percentile)
Blanking period: 30 days
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Fig.2 Freedom from any atrial arrhythmia off AAD (A) after a sin-
gle ablation procedure and (B) after multiple ablation procedures
(1.5+0.8 vs. 23+1.0, P<0.001) in patients without and with
ERAT (using a blanking period of 30 days; n=207). Freedom from
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Fig.3 Freedom from any atrial arrhythmia off AAD after a single
ablation procedure in patients with paroxysmal (26/143) or persistent
(117/143) ERAT (A). Freedom from any atrial arrhythmia off AAD

24 36 48
Follow-up (months)

any atrial arrhythmia off AAD (C) after a single ablation procedure
and (D) after multiple ablation procedures (1.5+0.8 vs. 2.1+1.0,
P<0.001) in patients without and with ERAT (using a blanking
period of 90 days; subgroup analysis, n=177)
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after a single ablation procedure in patients with atrial fibrillation
(86/143) or atrial tachycardia (57/143) as ERAT (B)
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Table 3 Late recurrence ERAT Timing LR, % Hazard ratio* 95% Confidence P value
according to first ERAT interval®
occurrence
No ERAT (n=64) 43.8 N/A N/A N/A
ERAT during first week (n=283) 95.2 6.9 4.39-10.87 <0.001
ERAT during second week (n=16) 87.5 3.6 1.91-6.95 <0.001
ERAT during third week (n=12) 83.3 3.6 1.73-7.40 0.001
ERAT during fourth week (n=7) 100.0 5.6 2.41-12.82 <0.001

n=182. Exact ERAT timing could be determined in 118/143 (82.5%) patients. LR rate (%) was not statisti-
cally different when compared between the four ERAT groups (week 1, 2, 3 and 4; P=0.296). In a separate
Cox regression analysis, ERAT within 48 h was associated with a HR of 7.1 (CI 4.394-11.405; P<0.001)
and ERAT occurring later than 48 h with a HR of 4.7 (CI 2.92-7.409; P <0.001)

ERAT early recurrence of atrial tachyarrhythmia, LR late recurrence

*No ERAT is the reference category

A total of 30/207 patients (15%) having received a redo pro-
cedure before day 90 due to uncontrolled atrial arrhythmia
were excluded from this analysis.

ERAT occurred in 117/177 (66.1%) patients during the
first 90 days with 114/117 (97.4%) cases being first observed
within the first 30 days. Among the three ERAT cases that
were identified additionally (ERAT timing on day 66, 71 and
81), the LR rate was 100%. Single- and multi-procedural
freedom from any atrial arrhythmia off AAD is shown as
Kaplan—Meier analyses in Fig. 2C and D.

Discussion
Main findings

This is to the best of our knowledge the first study analyzing
ERAT and its association with single- and multi-procedural
long-term outcomes in a large, purely persistent AF patient
cohort off AAD therapy.

Patients experiencing ERAT within 30 days after abla-
tion showed a significantly higher risk of LR compared
to patients without ERAT, with nearly all ERAT patients
(>90%) also presenting LR. ERAT was a strong independent
predictor for LR. Intraprocedural termination to SR indepen-
dently predicted freedom of any arrhythmia. The absence of
ERAT after the index ablation was associated with superior
multi-procedural outcomes.

Incidence and characteristics of ERAT

ERAT is a common phenomenon after CA for AF with a
reported incidence of 16-65% and a pooled estimate of
37.8% [1]. The significance of ERAT in patients with per-
sistent AF is not well characterized, since prognostic value
and characteristics of early recurrences are predominantly
based on data from patients with paroxysmal AF [1-3, 14,
15]. A recent meta-analysis investigating the predictive
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value of ERAT after RFCA included data which originates
from ~90% paroxysmal AF patients, while the persistent AF
population remains clearly underrepresented [9]. In the par-
oxysmal AF cohort, there is increasing evidence that ERAT
after PVI predicts LR [2, 8, 16].

The present study found an ERAT incidence of
69.1% during the first month following CA for persis-
tent AF. ERAT rates are higher in persistent compared
to paroxysmal AF [10-12]. The relatively high ERAT
rate in our study may be explained by the fact that all
patients remained off AADs, whereas in previous stud-
ies AADs were commonly restarted post-ablation. It has
been reported that transient AAD use during the blank-
ing period significantly reduces ERAT without prevent-
ing LR at 6 and 12 months [17, 18]. Since AADs rather
seem to “delay” atrial arrhythmia relapses, current data
more likely reflect the natural course of ERAT occur-
rence during the blanking period. Furthermore, routine
use of AADs post-ablation is not generally recommended
by current guidelines, since its benefit remains unclear
[7]. Substrate ablation in addition to PVI may have also
impacted ERAT rates in the current study. However, it was
previously reported that additional substrate ablation does
not increase ERAT rates [19].

In accordance with previous studies [10, 11, 15], ERAT
showed the highest incidence in the first week post-ablation,
occurring in nearly half of the patients within the first 48 h.
Early recurrences were predominantly persistent, while
spontaneous conversion to SR was observed in only 18% of
patients. This is in strong contrast to previous reports from
paroxysmal AF cohorts, where the prevalence of paroxys-
mal ERAT gradually diminished over the weeks following
ablation [10, 15].

We also found a different correlation between ERAT tim-
ing and LR than previously described for paroxysmal AF,
where the risk of relapse is known to gradually increase
with later ERAT occurrence [2, 8, 10]. In our cohort, the
risk of LR was rather equally high regardless of ERAT
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onset. Remarkably, the overwhelming majority of patients
(95.2%) experiencing ERAT within the first week went on
to have late arrhythmia recurrences. This data suggests a
rather dichotomous relationship between ERAT and the risk
of LR in patients with persistent AF.

Early cardioversion is thought to promote reverse remod-
eling processes in patients with ERAT [20]. In our study,
86% of patients with persistent ERAT received cardiover-
sion during the blanking period. Despite restoration of SR
by early cardioversion, there was a high rate of LR (83%
within 1 year and 94% by the end of follow-up), which is in
line with previous reports [20].

In summary, the vast majority of persistent AF patients
with ERAT did not experience spontaneous conversion to
SR during the blanking period and presented LR despite
early cardioversion. The type of LR (62.5% AF and 37.5%
AT) mainly corresponded to ERAT type, as reported previ-
ously [11], which suggests that ERAT is not a result of solely
transient mechanisms.

Predictive value of ERAT

Patients with ERAT showed a significantly higher rate of
LR compared to patients without ERAT (92.3 vs. 43.8%,
P <0.001). On multivariate analysis, ERAT was the only
independent positive predictor of LR (OR 16.8, P <0.001).
This adds to the growing body of evidence that ERAT is
highly predictive of LR in paroxysmal AF [2, 8]. Rather
surprisingly, the absence of ERAT following index ablation
was also associated with superior multi-procedural outcomes
in this study; patients without ERAT were to a significantly
higher rate arrhythmia-free off AADs after less ablation
procedures.

ERAT has been generally considered to be of transient
nature due to reversible mechanisms involving an inflam-
matory response [4], autonomous imbalance [S] and time
needed for lesion maturation post-ablation [6]. However,
recent studies suggest that inflammation is likely limited to
the first month post-ablation [21] and that ERAT is in fact
significantly associated with PV reconnection [3, 14], hence
challenging the concept that early relapses are of transient
nature. Indeed, the traditional 3-month blanking period has
been increasingly called into question by several reports
which proposed limiting the blanking period to 2 months
[10], 50 days [2], 46 days [12] and 23 days [11]. Notably, in
the present study, nearly all (97.4%) ERAT episodes initially
manifested in the first 30 days post-ablation.

In line with these findings, our subgroup analysis showed
that extending the blanking period from 30 to 90 days did
not impact LR rates. Therefore, “delayed cure” in months
2 and 3 after PVI may not be a realistic expectation in the
persistent AF patient cohort. Thus, it may seem reasonable
to schedule re-ablation in patients with ERAT.

Patients with persistent AF and ERAT are at very high
risk of developing LR irrespective of ERAT onset. We,
therefore, speculate that different pathomechanisms are
causal for ERAT in paroxysmal and persistent AF patients.
While ERAT in paroxysmal AF may be driven by tran-
sient mechanisms within the first weeks, ERAT in persis-
tent AF could predominantly be caused by atrial substrate
(involving atrial enlargement, scarring and slow conduction
zones) which continues to be a driver of AF despite first
ablation. This hypothesis is supported by the time-depend-
ency between ERAT and LR in paroxysmal AF [2, 8, 10] as
opposed to the rather dichotomous relationship we found
in persistent AF patients. The association of ERAT with
inferior multi-procedural outcomes is also suggestive for a
non-transient cause of early recurrences.

Conversely, patients without ERAT had significantly
smaller LA areas and thus likely present a lower degree of
atrial electroanatomic remodeling and hemodynamic burden
[2]. In addition, LA area was the only independent predictor
of ERAT in the current study.

The maintenance of SR after ablation may prevent func-
tional and structural remodeling and thus improve outcomes
[7]. Patients with paroxysmal ERAT presented lower LR
rates than those with persistent ERAT and intraprocedural
termination to SR negatively predicted LR (OR 0.052,
P=0.038), as previously reported [13]. This suggests that
modification of critical atrial substrate (PV foci, slow
conduction areas) during ablation may play a key role in
improving procedural outcomes.

Outlook and clinical implications

The optimal management strategy for ERAT remains chal-
lenging [7]. Based on current results, ERAT in persistent
AF should be distinguished from ERAT in paroxysmal AF,
as it shows different characteristics and prognostic signifi-
cance. We propose that patients experiencing ERAT during
a 30-day blanking period should be informed of being at
high risk of developing LR, considering the overwhelming
LR rate of >90% in this population. Early re-ablations were
previously shown to significantly reduce LR rates [16, 22],
however, safety and appropriate timing of repeat procedures
remain to be addressed in future prospective studies.

Limitations

This study is a retrospective single-center analysis with the
inherent limitations of this design. ERAT was determined
using a clinically feasible approach. However, implant-
able event recorder devices or transtelephonic monitor-
ing could have provided a more accurate ERAT detection.
Most patients received substrate ablation in addition to PVI;
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therefore, results may not be directly applicable to patients
receiving PVI alone. However, we found no association
between RF time or additional substrate ablation and ERAT
occurrence. Furthermore, substrate ablation in addition to
PVI was previously shown not to increase ERAT rate [19].

Conclusions

ERAT following first catheter ablation (PVI + atrial substrate
ablation) for persistent AF is a strong independent predictor
of late arrhythmia recurrence, which challenges the assump-
tion that ERAT represents merely a transient phenomenon.
A limited blanking period of 30 days may be sufficient to
determine long-term rhythm outcomes after persistent AF
ablation.
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