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Abstract
Introduction: The impact of catheter ablation for atrial fibrillation (AF) on cardiovascular events and mortality is controversial.
We investigated the impact of sinus rhythm maintenance on major adverse cardiac and cerebrovascular events after AF ablation
from a Japanese multicenter cohort of AF ablation. Methods and Results: We investigated 2737 consecutive patients (25.6%
female, mean age 63.4 ± 10.3 years) who underwent a first catheter ablation for AF from the Atrial Fibrillation registry to Follow
the long-teRm Outcomes and use of aNTIcoagulants aftER Ablation (AF Frontier Ablation Registry). The primary endpoint
was a composite of stroke, transient ischemic attack, cardiovascular events, and all-cause death. During a mean follow-up of
25.2 months, 2070 (75.6%) patients were free from AF after catheter ablation, and the primary composite endpoint occurred
in 122 (4.5%) patients. The AF nonrecurrence group had a significantly lower incidence of the primary endpoint (1.7 per 100
person-years) compared with the AF recurrence group (3.2 per 100 person-years; P = 0.001). The multivariate analysis revealed
that freedom from AF (hazard ratio 0.57; 95% confidence interval 0.39–0.83; P = 0.003) was independently associated with
the incidence of the composite event.¬¬ Conclusion: In the multicenter cohort of AF ablation, sinus rhythm maintenance after
catheter ablation was independently associated with lower rates of major adverse cardiac and cerebrovascular events.
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ABSTRACT
Introduction: The impact of catheter ablation for atrial fibrillation (AF) on cardiovascular events and
mortality is controversial. We investigated the impact of sinus rhythm maintenance on major adverse cardiac
and cerebrovascular events after AF ablation from a Japanese multicenter cohort of AF ablation.
Methods and Results: We investigated 2737 consecutive patients (25.6% female, mean age 63.4 ± 10.3
years) who underwent a first catheter ablation for AF from the Atrial Fibrillation registry to Follow the longteRm Outcomes and use of aNTIcoagulants aftER Ablation (AF Frontier Ablation Registry). The primary
endpoint was a composite of stroke, transient ischemic attack, cardiovascular events, and all-cause death.
During a mean follow-up of 25.2 months, 2070 (75.6%) patients were free from AF after catheter ablation,
and the primary composite endpoint occurred in 122 (4.5%) patients. The AF nonrecurrence group had
a significantly lower incidence of the primary endpoint (1.7 per 100 person-years) compared with the AF
recurrence group (3.2 per 100 person-years; P = 0.001). The multivariate analysis revealed that freedom from
AF (hazard ratio 0.57; 95% confidence interval 0.39–0.83;P = 0.003) was independently associated with the
incidence of the composite event.
Conclusion: In the multicenter cohort of AF ablation, sinus rhythm maintenance after catheter ablation
was independently associated with lower rates of major adverse cardiac and cerebrovascular events.
Keywords: ablation; atrial fibrillation; stroke; cardiovascular disease; mortality.
INTRODUCTION
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Atrial fibrillation (AF) has attracted significant attention as a major risk factor for ischemic stroke, heart
failure, and death. In fact, AF was independently associated with a 5-fold stroke risk, a 3-fold heart failure
risk, and a 1.5–1.9-fold mortality risk based on large cohort studies.1-3 Although the elimination of AF by
catheter ablation has been theoretically expected to reduce cardiovascular events and improve survival, the
effect of sinus rhythm maintenance on the hard endpoints is not fully elucidated.
Considering the low incidence of major adverse cardiac and cerebrovascular events or death after catheter
ablation of AF, a large population of AF ablation may be required to determine the effect of sinus rhythm
maintenance on the hard endpoints. However, the identification of AF recurrence in large database-based
registries is challenging. In fact, several large propensity-matched registry-based cohort studies4-8 have shown
that catheter ablation of AF is significantly associated with a lower incidence of stroke, heart failure, and
death compared with medical therapy alone. However, most of those studies lacked information on AF
recurrence after catheter ablation, leaving unclear the impact of sinus rhythm maintenance on these adverse
events. Although a few old retrospective studies have reported the impact of sinus rhythm maintenance after
catheter ablation on clinical outcomes, the data from a large multicenter registry cohort in the era of direct
oral anticoagulation (DOAC) is scarce.
To address this issue, we analyzed the data from the Atrial Fibrillation registry to Follow the long-teRm
Outcomes and use of aNTIcoagulants aftER Ablation (AF Frontier Ablation Registry).
METHODS
Data sources and participants
The AF Frontier Ablation Registry (UMIN Clinical Trials Registry: UMIN000026849) is a multicenter cohort study whose study design has previously been described in detail.9 Briefly, the study included 3530
consecutive patients who underwent catheter ablation for AF at any of the 24 cardiovascular centers in
Japan between August 2011 and July 2017. The clinical data, such as patient characteristics (e.g., age, sex,
AF type, comorbidities, blood test results, echocardiographic characteristics, and drugs), catheter ablation
findings, and follow-up data were retrieved from each hospital’s medical records. The follow-up data included
information as to whether the AF had relapsed after catheter ablation, whether oral anticoagulants (OACs)
or antiarrhythmic drugs (AADs) had been discontinued, and whether adverse events such as ischemic stroke,
hemorrhagic stroke, transient ischemic attack (TIA), heart failure, acute coronary syndrome, or all-cause
death had occurred. The dates of AF recurrence and occurrence of these adverse events were also recorded.
In this analysis, we included patients from the AF Frontier Ablation Registry who underwent a first catheter
ablation for AF and completed the follow-up more than 3 months after the procedure. To avoid the effects
of multiple ablation sessions, we excluded patients who underwent catheter ablation of AF more than once.
The patients consented to the use of their anonymized clinical data for research purposes through the opt-out
program. The study protocol was approved by the institutional review boards of all 24 hospitals where the
patients were treated.
Post-ablation follow-up
In Japan, patients generally undergo routine outpatient follow-up every 1 to 3 months after catheter ablation
for AF. During the follow-up periods, 12-lead electrocardiography, 24-h Holter monitoring, or cardiac event
recorders are typically employed for detecting arrhythmias. The judgment of an AF recurrence was left to the
discretion of the doctors of the respective institutions based on current guidelines,10-12 which describe any
documented atrial tachyarrhythmia episode lasting more than 30 s is considered a recurrence. AF recurrence
3 months after catheter ablation was defined as late recurrence, and the isolated occurrence of AF during the
3-month blanking period was treated as nonrecurrence. The study patients were classified into AF recurrence
group or AF nonrecurrence group according to the presence or absence of the late AF recurrence.
Ablation protocol
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As previously described,13, 14 encircling pulmonary vein isolation was performed for patients registered in
the AF Frontier Ablation Registry who required it through the use of a radiofrequency ablation catheter
or cryoablation catheter, depending on the hospital’s preference or type of catheter available at the time of
the procedure. The ablation procedure was guided by a circular mapping catheter or a multiple-electrode
catheter. The radiofrequency ablation employed an irrigated-tip contact force-sensing catheter or an irrigatedtip standard non-contact force-sensing catheter, and a 3-dimensional mapping system (EnSite NavX/Velocity
[St. Jude Medical, St. Paul, MN, USA], CARTO [Biosense Webster, Irvine, CA, USA] or RHYTHMIA
[Boston Scientific, Marlborough, MA, USA]). Cryoablation was performed with an Arctic Front Advance
cardiac cryoablation catheter (Medtronic, Dublin, Ireland), and any touch-up ablation was performed with
a standard irrigated-tip catheter. Some patients were injected intravenously with adenosine triphosphate
after pulmonary vein isolation to expose dormant conduction between the pulmonary vein and left atrium.
When acute pulmonary vein reconnection or dormant conduction occurred, touch-up ablation was performed.
Additional linear ablation, such as tricuspid valve isthmus linear ablation, mitral isthmus linear ablation, and
left atrial roof linear ablation, was performed at the physician’s discretion. The residual potentials, including
complex fractionated atrial electrograms in the left atrium, were ablated as appropriate.
Study endpoints
The primary endpoint of this study was a composite of major adverse cardiac and cerebrovascular events
(defined as ischemic stroke, hemorrhagic stroke, TIA, cardiovascular events including hospitalization for
heart failure, acute coronary syndrome, and other cardiovascular events and all-cause death). Such events
occurring within 3 months after the procedure were considered procedure-related adverse events and were
excluded from the endpoint.
Statistics
The continuous variables are listed as means ± standard deviation, and the categorical variables are presented
as numbers and percentages. Continuous variables were compared between the AF nonrecurrence group and
the AF recurrence group using Student’s t-test or the Wilcoxon Rank-Sum test. We employed the chi-squared
test to compare the categorical variables between the groups. We tested for an association between the clinical
variables and the primary composite endpoint using the multivariate Cox proportional hazards model with
a stepwise procedure to evaluate the effect of covariates. We estimated the cumulative clinical adverse event
rates using the Kaplan–Meier method and analyzed the differences with the log-rank test. Two-sided Pvalues <0.05 were considered statistically significant. We employed SPSS version 25.0.0.0 (IBM, Armonk,
NY, USA) for all statistical analyses.
RESULTS
Clinical characteristics
After excluding 793 patients, we ultimately studied 2737 from the AF Frontier Ablation Registry who
underwent first catheter ablation of AF and completed the follow-up more than 3 months after the procedure
(Fig. 1). Table 1 shows the study population’s clinical characteristics. The population’s mean age was 63.4
± 10.3 years, and 25.6% were female. Patients with paroxysmal AF accounted for 62.7% of the population,
and the mean CHA2 DS2 -VASc score was 2.1 ± 1.5. The mean left ventricular ejection fraction (LVEF) was
63.6% ± 9.4%, and the mean left atrial diameter (LAD) was 40.1 ± 6.5 mm. Warfarin was prescribed less
frequently than direct oral anticoagulants (DOACs) (20.4% vs. 79.6%); 43% of the patients continued to
take OACs throughout the follow-up period, and AADs were prescribed for 27.9% of the patients at the end
of the follow-up.
Late recurrence of atrial fibrillation
Among the 2737 patients included in this analysis, 2070 (75.6%) were free from AF, whereas 667 (24.4%)
experienced a late recurrence of AF. The follow-up for the AF nonrecurrence group and AF recurrence group
was 4175 and 1573 person-years, respectively. Table 1 lists the patient characteristics of the AF nonrecurrence
and AF recurrence groups. Compared with the AF recurrence group, the AF nonrecurrence group exhibited
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a significantly lower rate of persistent AF (34.7% vs. 45.3%, P < 0.001), dyslipidemia (34.9% vs. 39.3%,P =
0.039), nonischemic myocardiopathy (3.1% vs. 5.3%, P = 0.01), warfarin use (17.5% vs. 29.4%, P < 0.001),
continuation of OAC use (35.3% vs. 67.2%, P < 0.001), AAD use (21.3% vs. 27.9, < 0.001), and smaller
baseline LAD (39.7 ± 6.4 mm vs. 41.5 ± 6.4 mm, P < 0.001).
Clinical adverse events after catheter ablation
Among the 2737 patients with AF included in this analysis, 122 (4.5%) developed the primary composite
endpoint, composed of major adverse cardiac and cerebrovascular events after ablation. The primary events
included 18 ischemic strokes (14.8%), 16 hemorrhagic strokes (13.1%), 7 TIAs (5.7%), 19 hospitalizations
for heart failure (15.6%), 19 acute coronary syndromes (15.6%), 24 hospitalizations for other cardiovascular
events (20%), and 19 deaths from any cause (15.6%). The overall incidence rate of the primary endpoint was
2.1 per 100 person-years.
The primary composite endpoint occurred in 72 patients of the AF nonrecurrence group (1.7 per 100 personyears) and 50 patients of the AF recurrence group (3.2 per 100 person-years). A Kaplan–Meier survival
analysis indicated that the AF nonrecurrence group had a significantly lower cumulative incidence of the
primary endpoint compared with the AF recurrence group (P = 0.001 by the log-rank test) (Fig. 2).
Factors associated with the primary composite endpoint
Table 2 summarizes the association between the clinical variables and the primary composite endpoint. In
the univariate Cox regression hazard model, older age, persistent AF, hypertension, diabetes, heart failure,
old myocardial infarction, nonischemic myocardiopathy, higher CHADS2 score, higher CHA2 DS2 -VASc score,
higher HAS-BLED score, lower LVEF, larger LAD, antiplatelet drug use, warfarin use compared with DOAC
use, lower hemoglobin level, continuation of OAC use during the follow-up period, AAD use at the end of
the follow-up, and late recurrence of AF were significantly associated with the occurrence of the primary
composite endpoint.
The multivariate analysis revealed that older age (hazard ratio [HR] 1.05; 95% confidence interval [CI]
1.03–1.07; P <0.001), hypertension (HR 1.58; 95% CI 1.04–2.42; P = 0.034), heart failure (HR 1.87; 95%
CI 1.24–2.83; P = 0.003), old myocardial infarction (HR 4.25; 95% CI 2.44–7.41; P <0.001), nonischemic
cardiomyopathy (HR 2.68; 95% CI 1.54–4.67;P = 0.001), and larger LAD (HR 1.18 per 5-mm increase;
95% CI, 1.02–1.36; P = 0.027) were independently associated with the incidence of the primary composite
endpoint after catheter ablation. Conversely, freedom from AF recurrence was independently associated with
a lower risk of the primary composite endpoint (HR 0.57; 95% CI 0.39–0.83; P = 0.003).
We explored the association between freedom from AF recurrence and each component of the primary
composite endpoint without adjusting for multiple testing. Freedom from AF was significantly associated
with a lower risk of ischemic stroke/TIA (HR 0.43; 95% CI 0.19–0.94; P = 0.035) and hospitalization for
heart failure (HR 0.21; 95% CI 0.083–0.54; P = 0.001).
DISCUSSION
Main findings
The main findings of this multicenter cohort study are as follows: (1) The incidence of the primary composite
event of major adverse cardiac and cerebrovascular events after the first catheter ablation for AF was 2.1
per 100 person-years. (2) The primary composite endpoint occurred less frequently in the patients without
late AF recurrence than in those with AF recurrence (incidence rates of 1.7 vs. 3.2 per 100 person-years,
respectively). (3) In the multivariate analysis, older age (HR 1.05), hypertension (HR 1.58), heart failure
(HR 1.87), old myocardial infarction (HR 4.25), nonischemic cardiomyopathy (HR 2.68), and larger LAD
(HR 1.18) were independent factors associated with the primary composite endpoint, and freedom from AF
recurrence was independently associated with a lower risk of the primary composite endpoint (HR 0.57).
Association between atrial fibrillation and cardiac and cerebrovascular events
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Several previous epidemiological studies1-3 have identified AF as a strong risk factor for cardiac/cerebrovascular events and death. In AF, a loss of effective atrial contraction, atrial dilatation, endocardial denudation, abnormal changes in blood constituents, and inflammation occur in the atrium to
fulfill Virchow’s triad for thrombogenesis.15 Furthermore, loss of atrial contraction by AF reduces cardiac
output by up to 25%, particularly in diastolic dysfunction.16 AF can also lead to arrhythmia-induced left
ventricular dysfunction, which is induced by extracellular matrix remodeling, cellular remodeling, and defects
in calcium ion handling.17 Based on these clinical and basic observations, maintenance of sinus rhythm can
theoretically be expected to reduce the risk of cardiac and cerebrovascular events in patients with AF.
However, in the landmark the Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM)
trial,18 a rhythm-control therapy using antiarrhythmic drugs failed to show a survival advantage over a ratecontrol therapy in patients with AF and a high risk for stroke or death. On the other hand, the substudy
of the AFFIRM trial found that the presence of sinus rhythm was independently associated with a survival
benefit, whereas AAD use was associated with increased mortality.19 These results suggest that an effective
method for maintaining sinus rhythm with fewer adverse effects, such as catheter ablation, might improve
survival.
Impact of sinus rhythm maintenance using catheter ablation on clinical hard endpoints
A number of large propensity-matched registry-based cohort studies4-8 have shown that catheter ablation
of AF is significantly associated with a lower incidence of stroke, heart failure, and death compared with
medical therapy alone. However, most of those registry-based studies lacked information on AF recurrence
after catheter ablation. The impact of sinus rhythm maintenance after catheter ablation on clinical outcomes
has been investigated in only a few retrospective studies and our results were generally in accordance with
these previous reports.
Lin et al.20 studied patients with AF whose CHA2 DS2 -VASc scores were [?]1 and who underwent catheter
ablation in Taiwan. In that single-center study, freedom from AF after ablation was found to be a predictor
of a lower incidence of major adverse cardiovascular events, including total vascular events (ischemic stroke,
TIA, acute coronary artery events, and peripheral vascular events or pulmonary embolism) and death.
Unfortunately, the number of study patients was somewhat small (118 in the nonrecurrence group and 56 in
the recurrence group).
Hunter et al.21 tested 1273 patients with AF in a multicenter study in the UK and Australia and showed
that freedom from AF after ablation was a predictor of stroke free survival. Ghanbari et al.22 studied
3058 patients with AF from a single-center registry in Michigan and found that sinus rhythm maintenance
after catheter ablation of AF was independently associated with a lower risk of cardiac mortality, although
the authors found no significant reduction in cerebrovascular events or mortality. These two studies are
relatively old, and the recruited patients underwent catheter ablation before 2011, thereby predominantly
using warfarin instead of DOACs. To identify the effect of sinus rhythm maintenance more clearly, patients
taking DOACs might be more suitable than those taking warfarin given that DOACs are associated with
fewer adverse events.23-26 All of the patients in our study underwent AF ablation after 2011, and DOACs
were predominantly prescribed in 78.4% of the patients. Our study is the first to demonstrate the favorable
effect of sinus rhythm maintenance after AF ablation on hard endpoints from a large multicenter cohort in
the DOAC era. Interestingly, the reduction in the primary endpoint by sinus rhythm maintenance per se
was considerable (HR 0.57) and was comparable to that of the AFFIRM study (HR 0.54).18, 19
Predictors for major adverse events after catheter ablation of AF
In this study, older age, hypertension, heart failure, old myocardial infarction, nonischemic cardiomyopathy,
and larger LAD were independent factors associated with the major adverse cardiac and cerebrovascular
events in AF patients after catheter ablation. These predictors were independent of AF recurrence and
generally concordant with those identified in the previous studies for AF patients treated without catheter
ablation.27-30
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Limitations
The current study had several limitations, the first of which is that it is not free from the intrinsic limitations
of a retrospective analysis. There were significant differences in the baseline characteristics between the AF
nonrecurrence and AF recurrence groups, although the results were adjusted for such covariates. A causal
relationship between the lower incidence of the primary endpoint and sinus rhythm maintenance by catheter
ablation is therefore not clear. Second, although the AF recurrence rate of this study was comparable to that
of previous reports,21, 22 we cannot deny that asymptomatic AF recurrence might have been overlooked.
CONCLUSION
In the multicenter cohort of AF ablation, sinus rhythm maintenance after catheter ablation was independently
associated with lower rates of major adverse cardiac and cerebrovascular events.
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Figure legends
Figure 1. Flowchart of the study selection process. Abbreviation: AF, atrial fibrillation.
Table 1. Clinical characteristics of the study patients. Abbreviations: AF, atrial fibrillation; TIA, transient
ischemic attack; Cr, creatinine; Hb, hemoglobin; OAC, oral anticoagulant; AAD, antiarrhythmic drugs.
Figure 2. Kaplan–Meier curve for the primary endpoint in patients without AF recurrence and those with
AF recurrence. Abbreviation: AF, atrial fibrillation.
Table 2. Cox regression analysis for variables of the primary endpoint. Abbreviations: AF, atrial fibrillation;
TIA, transient ischemic attack; Cr, creatinine; Hb, hemoglobin; DOAC, direct oral anticoagulant; OAC, oral
anticoagulant; AAD, antiarrhythmic drug; HR, hazard ratio; CI, confidence interval.
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