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Abstract
Background  To study the association between timing and success of electrical cardioversion (ECV) for the treatment of early 
recurrences (ERs) of atrial fibrillation post pulmonary vein isolation (PVI) on long-term rhythm outcome.
Methods  Data of 133 patients ablated for paroxysmal or persistent atrial fibrillation receiving ECV for ERs, i.e., atrial 
tachyarrhythmia recurrences within 90 days post ablation were analyzed. During 1-year follow-up, patients were screened 
for late recurrences (LRs), i.e., recurrences after the blanking period.
Results  In 114 patients (85.7%), ECV was successful compared to 19 patients (14.3%) with failed ECV. A higher body mass 
index (odds ratio (OR) 1.19 (95% CI 1.02–1.39), p = 0.029), a lower left ventricular ejection fraction (OR 1.07 (95% CI 
0.99–1.15), p = 0.079), and performance of ECV > 7 days from ER onset (OR 2.99 (95% CI 1.01–8.87), p = 0.048) remained 
independently associated with ECV failure. During 1-year follow-up, the rate of LR was significantly higher among patients 
with failed ECV as compared to patients with successful ECV (hazard ratio (HR) 3.00 (95% CI, 1.79–5.03), p < 0.001). 
Patients with ECV performed > 7 days from ER onset had a significantly higher risk of developing LR as compared to patients 
with ECV performed within ≤ 7 days from ER onset (HR 1.73 (95% CI 1.15–2.62), p = 0.009). Performance of ECV > 7 days 
from ER onset (HR 1.76 (95% CI 1.16–2.67), p = 0.008) and failed ECV (HR 3.32 (95% CI 1.96–5.64), p < 0.001) remained 
independently associated with LR.
Conclusions  A failed ECV and performance of ECV > 7 days from ER onset were independently associated with LR.
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1  Introduction

Catheter ablation has become an effective treatment option 
in patients with symptomatic atrial fibrillation but recur-
rences of atrial tachyarrhythmias after initially successful 
catheter ablation are common [1]. Early recurrences (ERs) 
within 90 days post atrial fibrillation ablation, i.e., during 
the conventional blanking period, owing to inflammatory 
changes, healing of the ablation lesions, and changes in neu-
rohumoral status [2, 3] have been shown to be a strong pre-
dictor for late recurrences (LRs), i.e., recurrences 3 months 
post ablation [4, 5]. Optimal management and treatment of 

ERs are still an unresolved issue. Electrical cardioversion 
(ECV) is frequently used to restore sinus rhythm in patients 
with ER. However, its effect on long-term rhythm outcome 
is not completely clarified. It has been suggested that an 
aggressive strategy with rapid ECV post ablation and within 
24 h from ER onset prevents adverse atrial remodelling and 
hence decreases the risk of LRs [6]. On the other hand, a 
“wait-and-see approach” with delayed ECV after recent-
onset atrial fibrillation has been shown to be non-inferior 
to early cardioversion [7]. In addition, literature reports 
conflicting data regarding successful or failed ECV during 
blanking period and its effect on long-term rhythm outcome 
[8, 9]. Moreover, data of possible predictors for ECV out-
come (successful or failed) for ERs are limited.

Hence, the purposes of the study were to investigate 
predictors for ECV outcome for the treatment of ERs post 
pulmonary vein isolation (PVI) and to study the association 
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between timing and success of ECV after PVI on long-term 
rhythm outcome.

2 � Methods

2.1 � Study population

All patients at the Karolinska University Hospital between 
January 2012 and December 2017 were enrolled provided 
that catheter ablation for atrial fibrillation was a first-time 
pulmonary vein isolation (PVI) procedure using radiofre-
quency (RF) technique. Patients subjected to additional 
ablation lines in the right/left atrium or ablation of complex 
fractionated atrial electrograms were excluded. Likewise, 
patients experiencing periprocedural major complications 
such as cardiac tamponade, cerebrovascular events, major 
bleeding, and AV fistula were excluded. Requirement for 
inclusion was that patients presented with ER post ablation 
which was treated by ECV during blanking period. Type 
of atrial fibrillation (paroxysmal or persistent) was defined 
according to the current European guidelines [10]. Complete 
follow-up information had to be available for 12 months 
post-PVI. Relevant patient characteristics and procedural 
details were prospectively collected at the time of the abla-
tion procedure and recorded in a computerized database. All 
patient data and follow-up information were derived from 
the digital medical record system (TakeCare, CompuGroup 
Medical Sweden, Uppsala, Sweden) which covers most of 
the hospitals and medical practices in Stockholm County.

2.2 � Catheter ablation procedure

Oral anticoagulation therapy was prescribed at least 1 month 
before the procedure. Transesophageal echocardiography prior 
to the procedure was performed to exclude left atrial append-
age thrombus in all patients. The ablation procedures were per-
formed under conscious sedation and analgesia. Throughout the 
procedure, a continuous infusion of heparin was maintained to 
achieve an activated clotting time (ACT) of > 300 s and ACT 
measurements were routinely done every 30 min. All patients 
underwent sole circumferential PVI as described before at our 
institution [11]. In brief, vascular access was obtained using 
the right and/or left femoral vein. Under fluoroscopic guidance 
trans-septal access to the left atrium was established through 
which the RF ablation catheter (Biosense Webster Inc., Dia-
mond Bar, CA, USA) and circular mapping catheter (Lasso, 
Biosense Webster Inc., Diamond Bar, CA, USA) guided by a 
3-dimensional mapping system (Carto, Biosense Webster Inc., 
Diamond Bar, CA, USA, or NavX, St. Jude Medical Inc., St. 
Paul, MN, USA) were advanced into the left atrium. Circum-
ferential lesions were created to surround the right and left 

pulmonary veins (PV) with a 3.5-mm irrigated-tip catheter (Bio-
sense Webster Inc., Diamond Bar, CA, USA). RF energy was 
applied with a power between 25 and 35 W, with an irrigation 
rate of 10 to 40 mL/min.

Acute procedural success was defined as entrance and 
exit block at least 20 min after initial PVI, documented 
with a circular mapping catheter. Pulmonary veins (PVs) 
with acute reconnection were re-isolated. Application of 
adenosine to assess for dormant PV conduction after abla-
tion was not performed. All patients who underwent abla-
tion were treated with the same approach.

2.3 � Post‑ablation follow‑up

Post ablation, patients were closely monitored for post-proce-
dural complications and discharged home after 24 h. Oral anti-
coagulation was continued for at least 3 months post ablation. 
Further use of oral anticoagulation was determined according 
to the ESC guidelines [10]. At the discretion of the treating 
physician, prescription of antiarrhythmic drugs (AADs; i.e., 
amiodarone, dronedarone, disopyramid, flecainid, or sotalol) 
during the 3-month blanking period was performed to favor 
reverse electrical and structural atrial remodelling. AADs 
were stopped in all symptom-free patients not later than the 
end of the blanking period.

Patients were followed up for 1 year with clinical visits in 
the outpatient clinic and at medical practices scheduled at 3, 
6, and 12 months post procedure. An ambulatory ECG and/
or 24-h Holter ECG (at least one Holter ECG during follow-
up) was routinely obtained during follow-up visits as well as 
during unscheduled ambulatory visits related to arrhythmia 
recurrences. For patients with an implantable cardiac device, 
the device was interrogated for arrhythmia burden at each clinic 
visit. Documentation of arrhythmic episodes was based on ECG, 
Holter ECG, or implanted device recordings (when available).

Recurrences were defined as any documented atrial tachyar-
rhythmias (atrial fibrillation, atrial flutter, atrial tachycardia) 
lasting > 30 s. In the case of symptomatic episodes, onset of 
recurrence was defined as timepoint of first sensation of atrial 
tachyarrhythmia experienced by the patient followed by a docu-
mentation of atrial tachyarrhythmia. In the case of asymptomatic 
atrial tachyarrhythmia, timepoint of documentation in the ECG 
was counted as recurrence onset. Early recurrence (ER) was 
defined as any atrial tachyarrhythmia occurring during the first 
3 months post ablation. Late recurrence (LR) was defined as any 
atrial tachyarrhythmia occurring after the 3 months blanking 
period (first episode of recurrence was documented).

2.4 � Electrical cardioversion

Restoration of SR was aimed for in all patients with ER and 
ECV was indicated at the discretion of the treating physician 
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and according to guidelines [12]. Anteroposterior transtho-
racic synchronized ECV applying an external defibrillator 
(Heart Start, Philips) was performed under sedation with 
intravenous propofol with biphasic shock energy applying 
200 J up to 3 times until restoration of sinus rhythm. Suc-
cessful ECV was defined as termination of atrial fibrillation 
and restoration of sinus rhythm after shock delivery. Failure 
of ECV was defined as relapse of atrial fibrillation within 
5 min after shock delivery. In the case of several ECVs dur-
ing blanking period, ECV was counted as failure if at least 
one failed ECV was present even if ECV was successful at 
another timepoint. In order to investigate timing of ECV 
related to the onset of ER, performance of ECV was divided 
into ≤ 7 days vs > 7 days from ER onset.

3 � Statistical analysis

All continuous variables are presented as mean ± standard 
deviation or median and interquartile range and were compared 
by using Student’s t tests or Mann–Whitney tests, respectively. 
Categorical variables are expressed as frequencies/percent-
ages and were compared by chi-square tests. Univariate and 
multivariable backward logistic regression analyses were per-
formed to identify factors associated with ECV failure and 
LR. The multivariable model considered factors associated 
with a p-value < 0.1 in univariate analyses and removed vari-
ables with p < 0.1 in a stepwise approach. The Kaplan–Meier 
method was used for building event curves. Hazard ratios with 
95% confidence intervals and p-values from the Cox regression 
and Log-rank analyses are provided. All statistical tests and 
confidence intervals were 2-sided, with a significance level of 
0.05. Statistical analyses were performed using SPSS software, 
version 25 (IBM Corp., Armonk, NY).

4 � Results

4.1 � Baseline characteristics

Of the 1836 patients who underwent ablation for atrial 
fibrillation, 713 fulfilled inclusion criteria. Of these, 
337 experienced an ER during the blanking period (i.e., 
within 90 days post ablation) which was treated by ECV 
in 133 patients (Fig. 1, supplementary). These patients 
were divided into two groups depending on whether the 
ECV was successful (114 patients (85.7%)) or failed (19 
patients (14.3%)). Patients with failed ECV had a signifi-
cantly higher body mass index (29.6 kg/m2 vs 27.4 kg/m2, 
p = 0.009) and a lower left ventricular ejection fraction 
(52.4% vs 56.1%, p = 0.018), showed a higher proportion 
with AAD treatment during the blanking period (78.9% 
vs 50.9%, p = 0.026), and had a longer procedure time of 

ablation (209.1 min vs 180.3 min, p = 0.031) compared to 
patients with successful ECV. All baseline clinical charac-
teristics of the study participants are presented in Table 1.

4.2 � Associations with ECV failure

Of the 19 patients with ECV failure, 15 patients (78.9%) had 
transient restoration of sinus rhythm and immediate reinitia-
tion of atrial fibrillation within 5 min and 4 patients (21.1%) 
never converted to sinus rhythm during ECV failure. Nine 
patients (47.4%) received at least one additional ECV and 
10 patients (52.6%) received additional AAD treatment after 
ECV failure during blanking period.

Table 2 presents the results of univariate and multivariable 
regression analyses of associations with ECV failure. In mul-
tivariable analysis, a higher body mass index (odds ratio (OR) 
1.19 (95% CI 1.02–1.39), p = 0.029), a lower left ventricular 
ejection fraction (OR 1.07 (95% CI 0.99–1.15), p = 0.079), 
AAD treatment during blanking period (OR 4.22 (95% CI 
1.23–14.52), p = 0.022), and performance of ECV > 7 days 
from ER onset (OR 2.99 (95% CI 1.01–8.87), p = 0.048) were 
independently associated with ECV failure (Table 2).

4.3 � Late recurrence

Of the total study group, 97 patients (72.9%) developed 
LRs. During 1-year follow-up, the rate of LR was signifi-
cantly higher among patients with failed ECV as compared 
to patients with successful ECV (LR rate 100% vs 68.4%; 
hazard ratio (HR) 3.00 (95% CI, 1.79–5.03), p < 0.001). The 
corresponding Kaplan–Meier curve is provided in Fig. 1. 
Notably, in this cohort, all patients with a failed ECV devel-
oped LRs although in 15 patients (78.9%) sinus rhythm was 
transiently restored during blanking period after ECV failure.

In order to investigate whether timing of ECV related to 
the onset of ER has an impact on long-term rhythm outcome, 
we analyzed patients with ECV performed within ≤ 7 days 
from ER onset (88 patients (66.2%)) compared to patients 
with ECV performed > 7 days from ER onset (45 patients 
(33.8%)). Baseline characteristics of the patients did not 
significantly differ between the two groups (Table 1, sup-
plementary). Patients with ECV performed > 7 days from 
ER onset had a significantly higher risk of developing LR as 
compared to patients with ECV performed within ≤ 7 days 
from ER onset (LR rate 80% vs 69.3%; HR 1.73 (95% CI 
1.15–2.62), p = 0.009). The corresponding Kaplan–Meier 
curve is provided in Fig. 2.

4.4 � Associations with LR

Table 3 presents the results of univariate and multivariable 
regression analyses of associations with LR. In multivariable 
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Table 1   Baseline characteristics of patients with early recurrence and electrical cardioversion (successful vs failed ECV) during blanking period

# Blanking period = first 90 days post ablation
* Non-normally distributed continuous variables are expressed as median and interquartile range (25th and 75th percentile)
ER, early recurrence; ECV, electrical cardioversion; BMI, body mass index; AAD, antiarrhythmic drug. AADs include amiodarone, dronedarone, 
disopyramid, flecainid, and sotalol

Baseline characteristics All patients (n = 133) Successful ECV (n = 114) Failed ECV (n = 19) p-value

Age (years) 60.9 ± 9.4 61.1 ± 8.8 59.4 ± 12.4 0.471
Male, n (%) 86 (64.7) 74 (64.9) 12 (63.2) 1.000
BMI (kg/m2) 27.7 ± 3.4 27.4 ± 3.0 29.6 ± 4.5 0.009
Type of atrial fibrillation 0.602

  Paroxysmal, n (%) 42 (31.6) 35 (30.7) 7 (36.8)
  Persistent, n (%) 91 (68.4) 79 (69.3) 12 (63.2)

Duration of atrial fibrillation in the past, years* 5.0 (2.0; 8.0) 5.0 (2.0; 8.0) 4.0 (2.0; 6.0) 0.210
Number of failed AADs 1.2 ± 0.7 1.2 ± 0.1 1.3 ± 0.1 0.431
Previous ECV, n (%) 105 (78.9) 92 (80.7) 13 (68.4) 0.233
CHA2DS2-VASc score, n (%) 0.936

  0 23 (17.3) 20 (17.5) 3 (15.8)
  1 45 (33.8) 37 (32.5) 8 (42.1)
  2 38 (28.6) 33 (28.9) 5 (26.3)
  ≥ 3 27 (20.3) 24 (21.1) 3 (15.8)

Arterial hypertension, n (%) 71 (53.4) 62 (54.4) 9 (47.4) 0.625
Diabetes mellitus, n (%) 6 (4.5) 4 (3.5) 2 (10.5) 0.204
Hyperlipidemia, n (%) 26 (19.5) 24 (21.1) 2 (10.5) 0.365
Smoker, n (%) 7 (5.3) 6 (5.3) 1 (5.3) 1.000
Left atrial size, parasternal long axis (mm) 41.5 ± 4.2 41.4 ± 4.0 42.0 ± 5.1 0.548
Left ventricular ejection fraction (%) 55.6 ± 6.4 56.1 ± 6.1 52.4 ± 7.4 0.018
Beta-blocker at discharge, n (%) 118 (88.7) 102 (86.4) 16 (84.2) 0.450
AAD treatment during blanking period#, n (%) 73 (54.9) 58 (50.9) 15 (78.9) 0.026
Procedure time (min) 184.4 ± 54.0 180.3 ± 49.6 209.1 ± 72.1 0.031
Fluoroscopy time (min) 18.5 ± 17.7 18.2 ± 18.8 20.3 ± 8.9 0.629
Radiofrequency delivery time (s) 2753.7 ± 1020.9 2734.6 ± 984.7 2872.4 ± 1249.0 0.597
ECV ≤ 7 days from ER onset 88 (66.2) 79 (69.3) 9 (47.4) 0.071
Timepoint of ECV during blanking period#, n (%) 0.907

  During 1st month 77 (57.9) 66 (57.9) 11 (57.9)
  During 2nd month 32 (24.1) 28 (24.6) 4 (12.5)
  During 3rd month 24 (18.0) 20 (17.5) 4 (21.1)

Table 2   Univariate and 
multivariable regression 
analyses for ECV failure

CI, confidence interval; BMI, body mass index; ECV, electrical cardioversion; AAD, antiarrhythmic drug
# Blanking period = first 90 days post ablation

Variable Univariate analysis Multivariable analysis

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

BMI 1.21 (1.04–1.40) 0.012 1.19 (1.02–1.39) 0.029
Left ventricular ejection fraction 1.08 (1.01–1.15) 0.025 1.07 (0.99–1.15) 0.079
AAD treatment during blanking period# 3.62 (1.13–11.58) 0.030 4.22 (1.23–14.52) 0.022
ECV > 7 days from ER onset 2.51 (0.94–6.71) 0.067 2.99 (1.01–8.87) 0.048
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Fig. 1   Kaplan–Meier analysis 
of event-free survival from LR 
in patients with successful ECV 
compared to failed ECV during 
blanking period after a 1-year 
follow-up. LR, late recurrence; 
ECV, electrical cardioversion. 
Blanking period = first 90 days 
post ablation

Fig. 2   Kaplan–Meier analysis 
of event-free survival from 
LR in patients with ECV 
within ≤ 7 days from ER onset 
compared to patients with 
ECV > 7 days from ER onset 
during blanking period after 
a 1-year follow-up. LR, late 
recurrence; ECV, electrical 
cardioversion; ER, early recur-
rence. Blanking period = first 
90 days post ablation

Table 3   Univariate and multivariable regression analyses for LR

LR, late recurrence; CI, confidence interval; BMI, body mass index; ECV, electrical cardioversion; AAD, antiarrhythmic-drug
#  Blanking period = first 90 days post ablation

Variable Univariate analysis Multivariable analysis

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Persistent atrial fibrillation 1.49 (0.95–2.32) 0.080 1.61 (1.02 – 2.52) 0.039
Duration of atrial fibrillation in the past 1.002 (1.000–1.005) 0.092 1.003 (1.000–1.006) 0.025
ECV > 7 days from ER onset 1.73 (1.15–2.62) 0.009 1.76 (1.16–2.67) 0.008
Failed ECV 3.00 (1.79–5.03)  < 0.001 3.32 (1.96–5.64)  < 0.001
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analysis, persistent atrial fibrillation (HR 1.61 (95% CI 
1.02–2.52), p = 0.039), longer duration of atrial fibrillation 
in the past (HR 1.003 (95% CI 1.000–1.006), p = 0.025), 
performance of ECV > 7 days from ER onset (HR 1.76 (95% 
CI 1.16–2.67), p = 0.008), and failed ECV (HR 3.32 (95% CI 
1.96–5.64), p < 0.001) were independently associated with 
LR (Table 3).

4.5 � Consistency analysis

In order to investigate whether the observed results were also 
found in different subgroups stratified according to their type 
of atrial fibrillation (paroxysmal atrial fibrillation (n = 42) vs 
persistent atrial fibrillation (n = 91)), we performed a con-
sistency analysis only considering these two distinct groups.

In patients with paroxysmal atrial fibrillation, the rate 
of LR was significantly higher among patients with failed 
ECV (n = 7 (16.7%)) as compared to patients with success-
ful ECV (n = 35 (83.3%)) (HR 4.88 (95% CI, 1.81–13.15), 
p = 0.002) during 1-year follow-up. Patients with ECV 
performed > 7 days from ER onset (n = 15 (35.7%)) had a 
significantly higher risk of developing LR as compared to 
patients with ECV performed within ≤ 7 days from ER onset 
(n = 27 (64.3%)) (HR 2.20 (95% CI 1.03–4.72), p = 0.049).

In patients with persistent atrial fibrillation, the rate of 
LR was significantly higher among patients with failed 
ECV (n = 12 (13.2%)) as compared to patients with success-
ful ECV (n = 79 (86.8%)) (HR 2.85 (95% CI, 1.52–5.35), 
p = 0.001) during 1-year follow-up. Patients with ECV per-
formed > 7 days from ER onset (n = 30 (33.0%)) had a higher 
risk of developing LR as compared to patients with ECV 
performed within ≤ 7 days from ER onset (n = 61 (67.0%)) 
(HR 1.636 (95% CI 0.996–2.686), p = 0.052). Hence, the 
results from consistency analysis were in line with the pri-
mary analysis of the whole study cohort.

5 � Discussion

In this study, we identified several predictors for ECV failure 
such as a higher body mass index, a lower left ventricular 
ejection fraction, and performance of ECV > 7 days from 
ER onset. Failed ECV and performance of ECV > 7 days 
from ER onset remained independently associated with LR.

A failed ECV during the first 90 days after PVI went along 
with a 100% LR rate and remained independently associ-
ated with LR in our cohort. This is in line with the study 
of Nakamaru et al. [9] where a failed ECV for ER was an 
independent predictor of LR. In another study, ECV failure 
was not associated with long-term rhythm outcome [8]. In 
the latter study, only ERs within the first 7 days post ablation 
were studied which might generate the difference of results.

Since the outcome of ECV is a crucial factor for long-
term rhythm outcome, it is important to identify predic-
tors for ECV success/failure. The knowledge of potentially 
modifiable risk factors and comorbidities gives the possi-
bility that a treatment priority of those may facilitate main-
tenance of sinus rhythm after ECV [13]. In former studies 
associated with the general ECV treatment of atrial fibril-
lation, several risk factors such as diabetes, renal impair-
ment, or arterial hypertension have been identified [14–16]. 
A lower body weight < 80 kg has been shown to be an 
independent predictor for the success of ECV [17] since 
patients who have a higher body weight may have greater 
energy requirements for successful ECV. The presence of 
LV dysfunction has been shown to have a negative impact 
upon ECV success [15]. In our study, we identified that a 
higher body mass index, a lower left ventricular ejection 
fraction, and a late ECV (> 7 days from ER) are risk fac-
tors for ECV failure. This goes in line with former studies 
and shows that these factors also play a pivotal role in the 
ECV treatment of ER.

In our study, an early ECV, i.e., within 7 days from ER 
onset, went along with a better long-term rhythm outcome. 
This is in accordance with the study of Malasana et al. [6] 
which showed that an aggressive strategy with rapid ECV 
within 24 h from ER onset was beneficial in terms of long-
term rhythm outcome. In addition, in the study of Baman 
et al. [18], an early ECV within 30 days from ER onset was 
the only independent predictor of maintenance of sinus 
rhythm after a single ablation procedure. The early ECV 
strategy for ER is suggested to avoid that atrial fibrillation 
itself may adversely affect the atrial myocardium on a cel-
lular and inflammatory level abolishing the favorable effects 
of the ablation.

Previous studies did not provide consistent data regard-
ing the treatment of ERs with ECV and its impact on long-
term rhythm outcome. Currently, it is recommended to car-
diovert patients with persistent atrial arrhythmia post atrial 
fibrillation ablation preferably within 30 days of arrhythmia 
onset [1]. However, the clinical data available supporting 
this approach remain limited. Therefore, the knowledge of 
factors associated with a beneficial effect of ECV on long-
term rhythm outcome is of relevance. Integration of rel-
evant factors in a scoring system as done for general ECV 
treatment of acute atrial fibrillation [19] may even help to 
better select patients that benefit from an ECV treatment 
approach for ER.

In our study, performance of ECV > 7 days from ER onset 
remained independently associated with LR. Risk factors 
such as a higher body mass index and a lower left ventricu-
lar ejection fraction contributing to a failed ECV outcome 
should be avoided or modified, when possible, to facilitate 
maintenance of sinus rhythm after ECV.
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6 � Limitations

This is a cohort study of registry-based design. All data were 
collected at a single electrophysiology center and, therefore, 
results may differ from other centers. It is possible that the 
exact onset of asymptomatic atrial tachyarrhythmias or 
entire asymptomatic episodes may have been missed since 
follow-up post ablation did not include intensive monitor-
ing by, e.g., transtelephonic monitoring or implantable loop 
recorder. All ablation procedures were performed only 
applying PVI using RF technique. Hence, our results may 
not be applicable to other forms of energy delivery such as 
cryoablation as well as more complex ablation techniques. 
The latter especially accounts for patients with persistent 
atrial fibrillation potentially having more complex PV sub-
strates predisposing for LR. ECVs were performed accord-
ing to clinical routine and were not standardized which could 
potentially introduce a bias into the results.

7 � Conclusion

In this study, a failed ECV within 90 days for ER after PVI 
for paroxysmal and persistent atrial fibrillation and perfor-
mance of ECV > 7 days from ER onset were independently 
associated with LR and, thus, are potential early indicators 
for the need of a redo ablation procedure. Our study provides 
valuable insights into the management of ERs helping to 
characterize better the mechanisms of atrial fibrillation and 
its long-term outcome. Large-scale prospective randomized 
studies are warranted to understand which subset of patients 
benefits from ECV for ER and at what timepoint the ECV 
should be performed.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10840-​022-​01368-w.

Funding  Open access funding provided by Karolinska Institute. This 
project was supported by the Deutsche Forschungsgemeinschaft (OL 
605/1–1) to G. O.

Data availability  The data underlying this article cannot be shared pub-
licly due to privacy of individuals that were investigated in the study. 
The data will be shared on reasonable request to the corresponding 
author provided that this in accordance with the institutional ethical 
guidelines as well as regulation and legislation.

Declarations 

Ethics approval  All data collection was approved by the regional eth-
ics committee and patient data were collected in accordance with the 
institutional ethics guidelines.

Conflict of interest  M. J.-U. is a consultant for Johnson and Johnson 
and has received research grants from Medtronic. N. D. has received 

speaker fees from Biosense Webster and served as proctor for Biosense 
Webster and Medtronic. F. B. is a speaker or trial committee member 
for Medtronic, Biotronik, Biosense Webster, Boehringer, Pfizer, Orion, 
Novartis, Abbott, and Impulse Dynamics. For the remaining authors, 
no conflicts of interest are declared.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/
ECAS/APHRS/SOLAECE expert consensus statement on cath-
eter and surgical ablation of atrial fibrillation. Heart Rhythm. 
2017;14(10):e275–444.

	 2.	 Hsieh MH, Chiou CW, Wen ZC, et al. Alterations of heart rate 
variability after radiofrequency catheter ablation of focal atrial 
fibrillation originating from pulmonary veins. Circulation. 
1999;100(22):2237–43.

	 3.	 Issac TT, Dokainish H, Lakkis NM. Role of inflammation in ini-
tiation and perpetuation of atrial fibrillation: a systematic review 
of the published data. J Am Coll Cardiol. 2007;50(21):2021–8.

	 4.	 Willems S, Khairy P, Andrade JG, et al. Redefining the blanking 
period after catheter ablation for paroxysmal atrial fibrillation: 
insights from the ADVICE (Adenosine Following Pulmonary 
Vein Isolation to Target Dormant Conduction Elimination) Trial. 
Circ Arrhythm Electrophysiol. 2016;9(8):e003909.

	 5.	 von Olshausen G, Uijl A, Jensen-Urstad M, et al. Early recur-
rences of atrial tachyarrhythmias post pulmonary vein isolation. 
J Cardiovasc Electrophysiol. 2020;31(3):674–81.

	 6.	 Malasana G, Day JD, Weiss JP, et al. A strategy of rapid cardio-
version minimizes the significance of early recurrent atrial tach-
yarrhythmias after ablation for atrial fibrillation. J Cardiovasc 
Electrophysiol. 2011;22(7):761–6.

	 7.	 Pluymaekers N, Dudink E, Luermans J, et al. Early or delayed 
cardioversion in recent-onset atrial fibrillation. N Engl J Med. 
2019;380(16):1499–508.

	 8.	 Ebert M, Stegmann C, Kosiuk J, et al. Predictors, management, 
and outcome of cardioversion failure early after atrial fibrillation 
ablation. Europace. 2018;20(9):1428–34.

	 9.	 Nakamaru R, Tanaka N, Okada M, et al. Usefulness of failed elec-
trical cardioversion for early recurrence after catheter ablation for 
atrial fibrillation as a predictor of future recurrence. Am J Cardiol. 
2019;123(5):794–800.

	10.	 Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for 
the diagnosis and management of atrial fibrillation developed in 
collaboration with the European Association for Cardio-Thoracic 
Surgery (EACTS): the Task Force for the diagnosis and manage-
ment of atrial fibrillation of the European Society of Cardiology 
(ESC) Developed with the special contribution of the European 
Heart Rhythm Association (EHRA) of the ESC. Eur Heart J. 
2021;42(5):373–498.

583Journal of Interventional Cardiac Electrophysiology (2023) 66:577–584

https://doi.org/10.1007/s10840-022-01368-w
http://creativecommons.org/licenses/by/4.0/


1 3

	11.	 Akerstrom F, Bastani H, Insulander P, Schwieler J, Arias MA, 
Jensen-Urstad M. Comparison of regular atrial tachycardia inci-
dence after circumferential radiofrequency versus cryoballoon 
pulmonary vein isolation in real-life practice. J Cardiovasc Elec-
trophysiol. 2014;25(9):948–52.

	12.	 European Heart Rhythm A, European Association for Cardio-
Thoracic S, Camm AJ, et al. Guidelines for the management of 
atrial fibrillation: the Task Force for the Management of Atrial 
Fibrillation of the European Society of Cardiology (ESC). Eur 
Heart J. 2010;31(19):2369–429.

	13.	 Rienstra M, Hobbelt AH, Alings M, et al. Targeted therapy of 
underlying conditions improves sinus rhythm maintenance in 
patients with persistent atrial fibrillation: results of the RACE 3 
trial. Eur Heart J. 2018;39(32):2987–96.

	14.	 Soran H, Younis N, Currie P, Silas J, Jones IR, Gill G. Influence 
of diabetes on the maintenance of sinus rhythm after a success-
ful direct current cardioversion in patients with atrial fibrillation. 
QJM. 2008;101(3):181–7.

	15.	 Gronberg T, Hartikainen JE, Nuotio I, et al. Can we predict the 
failure of electrical cardioversion of acute atrial fibrillation? The 
FinCV study. Pacing Clin Electrophysiol. 2015;38(3):368–75.

	16.	 Berry C, Stewart S, Payne EM, McArthur JD, McMurray JJ. Elec-
trical cardioversion for atrial fibrillation: outcomes in “real-life” 
clinical practice. Int J Cardiol. 2001;81(1):29–35.

	17.	 Frick M, Frykman V, Jensen-Urstad M, Ostergren J, Rosenqvist 
M. Factors predicting success rate and recurrence of atrial fibril-
lation after first electrical cardioversion in patients with persistent 
atrial fibrillation. Clin Cardiol. 2001;24(3):238–44.

	18.	 Baman TS, Gupta SK, Billakanty SR, et al. Time to cardiover-
sion of recurrent atrial arrhythmias after catheter ablation of atrial 
fibrillation and long-term clinical outcome. J Cardiovasc Electro-
physiol. 2009;20(12):1321–5.

	19.	 Jaakkola S, Lip GY, Biancari F, et al. Predicting unsuccessful 
electrical cardioversion for acute atrial fibrillation (from the AF-
CVS Score). Am J Cardiol. 2017;119(5):749–52.

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

584 Journal of Interventional Cardiac Electrophysiology (2023) 66:577–584


	Electrical cardioversion for early recurrences post pulmonary vein isolation
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Catheter ablation procedure
	2.3 Post-ablation follow-up
	2.4 Electrical cardioversion

	3 Statistical analysis
	4 Results
	4.1 Baseline characteristics
	4.2 Associations with ECV failure
	4.3 Late recurrence
	4.4 Associations with LR
	4.5 Consistency analysis

	5 Discussion
	6 Limitations
	7 Conclusion
	References


