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Abstract: Long-duration atrial high-rate episodes (AHREs) monitored using cardiac implantable
electronic devices (CIEDs) can predict long-term major adverse cardiovascular events (MACEs).
This study aimed to compare the impact of long-duration AHRE on MACE development between
patients with and without a history of atrial fibrillation (AF). This single-center observational study
included 132 CIED-implanted patients with AHREs detected via remote monitoring. The population
was dichotomized into groups: with (n = 69) and without (1 = 63) AF. In each group, cumulative
incidences of MACEs comprising all-cause deaths, heart failure hospitalizations, strokes, and acute
coronary syndromes were compared between patients with AHRE durations of >24 h and <24 h.
Multivariate analysis was performed to identify predictors of MACEs among patients without AF.
MACE incidence was significantly higher in patients with AHRE >24 h than in those with <24 h in
the group without AF (92% vs. 30%, p = 0.005). MACE incidence did not significantly differ between
AHRE >24 h and <24 h in the group with AF (54% vs. 26%, p = 0.44). After a multivariate adjustment,
AHRE duration of >24 h emerged as the only independent predictor of MACEs among patients
without AF (p = 0.03). In conclusion, a long-duration AHRE was prognostic in patients without a
history of AF but not in patients with a history of AHREs.

Keywords: atrial high-rate episode; major adverse cardiovascular event; cardiac implantable elec-
tronic device; prognostic value; long-duration AHRE

1. Introduction

The prevalence of atrial fibrillation (AF) is rapidly increasing in developed coun-
tries [1]. AF causes stroke and various events, such as heart failure, cardiovascular events,
and sudden cardiac death. Hence, AF development can have a negative prognostic impact
on mortality [2-4]. Previous studies revealed that a high burden of atrial high-rate episodes
(AHRESs) that were monitored using cardiac implantable electronic devices (CIEDs) could
predict future stroke or thromboembolic events, irrespective of the history of AF [5-7].
Moreover, recent studies reported that an AHRE is also associated with adverse cardiovas-
cular events, such as heart failure hospitalization (HFH) and cardiovascular events [8-10].
Although long-duration AHRESs could have a strong impact on these events [9], it remains
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unclear whether the impact of the long-duration AHRES for such events is equivalent for
patients with a history of AF and those without. One might infer that long-duration AHREs
for patients without a history of AF could have a stronger prognostic impact than those for
patients with a history of AF because appropriate care for an AHRE (e.g., anticoagulation
therapy and catheter ablation) might be delayed for the former. To clarify this question, we
aimed to compare the impact of long-duration AHREs, which were precisely tracked by
remote monitoring, in the development of major adverse cardiovascular events (MACEs)
between patients with/without a history of AF. In addition, we aimed to identify predictors
of MACE development in patients without a history of AF.

2. Materials and Methods
2.1. Study Design

This single-center retrospective observational study was conducted at the Yamaguchi
University Hospital. The institutional review board approved this study. Informed consent
was waived because of the opt-out system. The tenets of the Declaration of Helsinki and the
ethical standards of the responsible committee on human experimentation were followed.

Among the consecutive patients who underwent remote monitoring between January
2010 and December 2020 with CIEDs manufactured by four vendors (Medtronic, Inc. (Min-
neapolis, MN, USA), Boston Scientific (Saint Paul, MN, USA), Biotronik (Berlin, Germany),
and Abbott, (Sylmar, CA, USA)), patients in whom AHREs were detected were enrolled.
Patients with subcutaneous cardioverter defibrillators and implantable loop recorders were
excluded because the algorithm of AHRE detection was not based on an intracardiac electro-
gram. Patients for which information of AHREs was unavailable and detected AHREs was
noise or artifacts were excluded. To evaluate the long-term prognosis, patients in whom
the duration of remote monitoring was less than 6 months were excluded. Furthermore,
patients for which the AHRE burden had already achieved 100% (persistent AF) in the
initiation of remote monitoring were also excluded because the present study aimed to
evaluate the development of the AHRE burden. The enrolled patients were allocated into
two groups: (I) patients for which AF or atrial flutter had never been documented before
the initiation of remote monitoring and (II) patients with a documented history of AF or
atrial flutter. In each group, we subcategorized patients based on whether the maximum
AHRE duration was >24 h or <24 h during the follow-up period. Hence, our previous
study showed that the incidence of both ischemic and bleeding events was higher for an
AHRE duration of >24 h compared to <24 h in patients with CIEDs [7]. We set the cut-off
of AHRESs as >24 h because we hypothesized that prognostic events would also be higher
in such patients. We compared the cumulative incidence of MACEs in each group. In
the group without a history of AF, we performed univariate and multivariate analyses to
identify predictors of MACE development.

2.2. Study Endpoints

The primary endpoint of this study was a comparison of the incidence of MACE
between patients with AHRE durations of >24 h and <24 h in each group (patients with or
without a history of AF). In addition, the predictors of MACE development were evaluated
by conducting univariate and multivariate analyses in the group without a history of AF.

2.3. Definition of Clinical Events

A MACE was defined as a composite of all-cause death, HFH, stroke, and acute
coronary syndrome (ACS). HFH was defined as hospitalization that required unplanned
medical treatments, such as intravenous administration of diuretics and renal replacement
therapy for decompensated heart failure. Stroke was defined as symptomatic ischemic
stroke identified by imaging modalities. ACS was defined by the third universal definition
of myocardial infarction [11].
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2.4. Detection of AHRE

An AHRE was defined as an atrial arrhythmia lasting more than 30 s. The cut-off rate
was more than 175 bpm for Medtronic, 200 bpm for Biotronik, 170 bpm for Boston Scientific,
and 180 bpm for Abbott. The AHRE information was obtained for every transmission.

2.5. Remote Monitoring

Between January 2010 and December 2012, patients with a CIED were recommended
to undergo remote monitoring at the discretion of the attending cardiologists. Since January
2013, all patients who underwent CIED-related procedures were routinely recommended
for the implementation of remote monitoring. In the remote monitoring systems provided
by three venders (Home Monitoring™, Biotronik; Latitude Patient Management system™,
Boston Scientific, and Merlin.net™, Abbott) the records were automatically transmitted to
our institution once a week via home transmitters. In the system from the fourth vendor
(CareLink Network™, Medtronic, Inc.), data from the patients with a pacemaker were
transmitted once a month, whereas data from patients with an implantable cardioverter
defibrillator and cardiac resynchronization therapy were transmitted once a week. The
data were reviewed by experienced clinical engineers and electrophysiologists once a week.
When unscheduled transmissions were obtained, the data were quickly reviewed. Inquiry
for patients was performed by physicians when the scheduled transmission was missed for
a week.

2.6. Data Collection and Patient Follow-Up

Information on drug and clinical data, including CHA;DS;-VASc and HAS-BLED
scores [1], was collected at the time of initiation of remote monitoring. In the outpatient
setting, all patients were followed up once every 6 months and interrogated for data re-
lated to the CIEDs. When an AHRE was detected in patients without a history of AF, we
recommended that the patients visit primary care physicians and undergo electrocardio-
graphic evaluation. The initiation of anticoagulation therapy was recommended if AF was
confirmed in patients with a high thromboembolic risk. Data regarding clinical events were
collected by contacting the primary care physician of each patient in July 2021.

2.7. Statistical Analysis

Normally distributed variables are expressed as mean =+ standard deviation, whereas
non-normally distributed variables are expressed as medians and interquartile ranges (first
and third quartiles). Differences in continuous variables between patients with AHRE
durations of >24 h and <24 h were evaluated using the Mann-Whitney U test. Categorical
variables are presented as frequencies and proportions (%) and were compared using
the chi-square (x?) test. The differences in the cumulative incidence of the first MACE
and each clinical event were compared using the log-rank test. Cox proportional hazards
regression analysis was performed to identify the predictors of MACEs in patients without
a history of AF. Variables with p-values < 0.1 in the univariate analysis were selected as
potential predictors. To precisely evaluate the association between long-duration AHRESs
and MACEs, a sensitivity analysis of the log-rank test was performed for the population
by excluding patients who developed a MACE before the AHRE duration exceeded the
24 h threshold. In addition, to evaluate the association between anticoagulation therapy
and MACE incidence in the group without a history of AF, we performed a sensitivity
analysis of the log-rank test performed for the population by excluding patients who were
prescribed anticoagulants for indications other than AF. The results are expressed as hazard
ratios and 95% confidence intervals (Cls). All analyses were performed using SPSS version
19 (IBM Corp., Armonk, NY, USA), and results with a p-value < 0.05 were considered
statistically significant.
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3. Results
3.1. Study Population

A flow diagram of the present study is shown in Figure 1. During the entire follow-up
period, 960 patients underwent CIED monitoring. Of these, 550 patients were monitored
with CIEDs manufactured by the four vendors who agreed to implement remote monitoring.
In the present study, 132 patients were included. The median follow-up period of patients
in whom AHREs were detected was 4.6 (2.2, 7.3) years (634 person-years). The data
were transmitted 133 (63, 293) times during 4.4 (2.2, 7.3) years of remote monitoring. The
proportion of each vendor was 39% for Medtronic, 27% for Boston Scientific, 26% for
Biotronik, and 8% for Abbott. Sixty-three patients without a history of AF developed
AHREs at 1.2 (0.2, 2.7) years since the initiation of remote monitoring. Twenty-two patients
(35%) had a maximum AHRE duration of >24 h. Of those, 54% (12/22 patients) achieved
>24 h duration in the first AHRE event. The demographic characteristics of patients with
an AHRE duration of >24 h or <24 h are compared in Table 1. Overall, 22% of patients were
prescribed anticoagulants but not diagnosed with AF. The indications were the prevention
of intramural thrombosis (64%), followed by deep vein thrombosis (29%) and venous graft
thrombosis (7%). In the group with a history of AF, 37 patients (54%) had a maximum
AHRE duration of >24 h at 0.7 (0.1, 2.1) years since the initiation of remote monitoring.
The demographics of patients in this group with AHRE durations of >24 h or <24 h are
compared in Table 2.

Consecutive patients with CIEDs who underwent
remote monitoring betweenJanuary 2010and
December2020 (n=550)

SCDorILR
(n=39)

Informationon AHRE unavailable
(n =37)

Noise or artifacts
(n=7)

Persistent AF
(n=11)

Follow-up period within 6 months

(n=104)
No AHRE
(n=220)
Patients in whom AHRE was detected
(n=132)
Without history of AF With history of AF
(n=63) (n =69)
AHRE 2 AHRE < AHRE 2 24h | | AHRE < 24h
24h 24h (n =37) (n=32)
(n=22) (n=41)

Figure 1. Flow diagram of the study. Red and blue texts indicated AHRE of >24 h and <24 h,
respectively. Grey background indicated excluded patients. Blue texts indi AF, atrial fibrillation;
AHRE, atrial high-rate episodes; CIED, cardiac implantable electronic device; ILR, implantable loop
recorder; SCD, subcutaneous cardioverter-defibrillator.
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Table 1. Comparison of demographics between patients with AHRE >24 h and <24 h in patients
without a history of AF.

Total AHRE >24h AHRE<24h

(n = 63) (n =22) (n = 41) p-Value

Age (years), mean + SD 68 + 16 67 £ 14 69 + 16 0.51
Male sex, 1 (%) 45 (71) 18 (82) 27 (66) 0.18

BW (kg), mean + SD 60 + 10 63 +9 59 +£10 0.14

T ICD/CRT, 1 (%) 35 (56) 16 (73) 19 (46) 0.04
SBP (mmHg), mean + SD 127 + 28 118 £ 21 132 £+ 30 0.06
HR (min~!), mean = SD 66 + 12 67 + 10 65+ 13 0.51
NYHA class, mean + SD 14£06 1.6 £0.6 14+0.6 0.1
History of HFH, 1 (%) 9 (14) 5 (23) 4 (10) 0.16
CHA5,DS,-VASc, mean + SD 3+1.8 29+18 3+1.8 0.78
HAS-BLED, mean =+ SD 14+£12 14+1 15+1.2 0.85

Etiology of SHD

CAD, 11 (%) 9 (14) 5 (23) 4(10) 0.16
DCM/DHCM, 1 (%) 8 (13) 2(9) 6 (15) 0.52
HCM, 1 (%) 12 (19) 6 (27) 6 (15) 0.22

VHD, n (%) 3 (5) 1(5) 2 (5) 0.95

CHD, 1 (%) 4 (6) 3 (14) 1(2) 0.08

Echocardiographic parameter
tLvDd (mm), mean £+ SD 53 + 11 56 + 11 51 +11 0.03
LVEF (%), mean 4+ SD 55 + 18 51+ 19 57 £ 18 0.16
LAD (mm), mean + SD 42 +7 43+9 41+ 6 0.14
Therapeutic agent

ACEI/ARB, 1 (%) 37 (59) 15 (68) 22 (54) 0.26
Beta blocker, 1 (%) 36 (57) 15 (68) 21 (51) 0.19
MRA, 1 (%) 19 (30) 6 (27) 13 (31) 0.71
Diuretics, 1 (%) 24 (38) 10 (45) 14 (34) 0.38
Amiodarone, 1 (%) 15 (24) 8 (36) 7 (17) 0.09

VKA /DOAC, n (%) 14 (22) 7 (32) 7 (17) 0.18

Laboratory data
eGFR (mL/min/1.73 mz), mean =+ SD 59 4+ 23 54 + 20 62 + 24 0.17

BNP level (pg/mL), median (IQR) 183 (72,379) 258 (72,417) 131 (64, 372) 0.29

Numerical data are expressed as mean + SD or median (interquartile range (IQR); first quartile, third quartile).
Categorical data are expressed as percentages and numbers. ' indicates statistical significance (p < 0.05). ACEI,
angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AHRE, atrial high-rate episode; ARB, angiotensin
II receptor blocker; BNP, brain natriuretic peptide; BW, body weight; CAD, coronary artery disease; CHD,
congenital heart disease; CRT, cardiac resynchronization therapy; DCM, dilated cardiomyopathy; DHCM, dilated
phase of hypertrophic cardiomyopathy; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration
rate; HCM, hypertrophic cardiomyopathy; HFH, heart failure hospitalization; HR, heart rate; ICD, implantable
cardioverter-defibrillator; IQR, interquartile range; LAD, left atrial diameter; LVDd, left ventricular end-diastolic
diameter; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York
Heart Association; SBP, systolic blood pressure; SD, standard deviation; SHD, structural heart disease; VHD,
valvular heart disease; VKA, vitamin K antagonist.

Table 2. Comparison of demographics between patients with AHRE >24 h and <24 h in patients
with a history of AF.

Total AHRE >24h AHRE<24h
(1 = 69) (n=37) =3z  PValue
Age (years), mean £ SD 71 £11 71 £11 70 £12 0.57
Male sex, 1 (%) 43 (62) 22 (59) 21 (66) 0.6
BW (kg), mean & SD 58 £ 12 56 + 11 59 +13 0.38
ICD/CRT, n (%) 31 (45) 19 (51) 12 (38) 0.25
SBP (mmHg), mean + SD 124 £17 123 £17 125 £ 17 0.38

HR (min~!), mean + SD 67 =12 69 £ 11 65 + 14 0.1
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Table 2. Cont.

Total AHRE >24h AHRE<24h Value
(1 = 69) (n = 37) (n=32) r
NYHA class, mean =+ SD 1.5+0.7 1.6 £0.7 14+07 0.24
History of HFH, n (%) 14 (20) 8 (22) 6 (19) 0.76
CHA,DS,-VASc, mean + SD 35+17 3.8+ 1.8 31+16 0.14
HAS-BLED, mean =+ SD 19+14 23+ 1.6 15+1 0.06
Etiology of SHD
CAD, n (%) 11 (16) 8(22) 309) 0.16
DCM/DHCM, n (%) 2 (3) 2 (5) 0 0.18
HCM, n (%) 10 (14) 6 (16) 4 (12) 0.66
VHD, n (%) 7 (10) 6 (16) 1(3) 0.07
CHD, n (%) 2 (3) 1(3) 1(3) 091
Echocardiographic parameter
LVDd (mm), mean + SD 50 £7 50£8 49+ 6 0.79
LVEF (%), mean + SD 56 + 14 54 +14 58 £13 0.14
LAD (mm), mean + SD 43+7 44 +7 43+7 0.55
Therapeutic agent
ACEI/ARB, n (%) 46 (67) 24 (65) 22 (69) 0.59
Beta blocker, 1 (%) 43 (62) 21 (57) 22 (69) 0.22
MRA, 1 (%) 15 (22) 9 (24) 6 (19) 0.62
Diuretics, 1 (%) 30 (43) 17 (46) 13 (41) 0.74
Amiodarone, 1 (%) 15 (22) 11 (30) 4 (13) 0.09
VKA /DOAC, n (%) 66 (96) 34 (92) 32 (100) 0.1
Laboratory data
eGFR (mL/min/1.73 mz), mean + SD 52 +20 49 4+ 21 55+ 19 0.3

t BNP level (pg/mL), median (IQR) 138 (57,315) 172 (102,382) 90 (40, 216) 0.04

Numerical data are expressed as mean + SD or median (interquartile range (IQR); first quartile, third quartile).
Categorical data are expressed as percentages and numbers. ' indicates statistical significance (p < 0.05). ACEI,
angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AHRE, atrial high-rate episode; ARB, angiotensin
II receptor blocker; BNP, brain natriuretic peptide; BW, body weight; CAD, coronary artery disease; CHD,
congenital heart disease; CRT, cardiac resynchronization therapy; DCM, dilated cardiomyopathy; DHCM, dilated
phase of hypertrophic cardiomyopathy; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration
rate; HCM, hypertrophic cardiomyopathy; HFH, heart failure hospitalization; HR, heart rate; ICD, implantable
cardioverter-defibrillator; IQR, interquartile range; LAD, left atrial diameter; LVDd, left ventricular end-diastolic
diameter; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York
Heart Association; SBP, systolic blood pressure; SD, standard deviation; SHD, structural heart disease; VHD,
valvular heart disease; VKA, vitamin K antagonist.

3.2. Cumulative Incidence of MACEs

Figure 2A and Table 3a show a comparison of the cumulative incidence of MACEs
between patients with AHRE >24 h and <24 h in the group without a history of AE. In
total, 24 patients (8/100 person-years) developed at least one clinical event (Table S1). The
cumulative incidence of MACEs was significantly higher in patients with AHRE >24 h
than in those with AHRE <24 h (92% (95% CI: 78-100%), 14/100 person-years vs. 30%
(95% CI: 11-49%), 4/100 person-years, p = 0.005). The cumulative incidence of each clinical
event is shown in Figure 3. The cumulative incidence of HFHs was significantly higher
in patients with AHRE >24 h than in those with AHRE <24 h (72% (95% CI: 48-97%),
10/100 person-years vs. 30% (95% CI: 0-70%), 1/100 person-years, p = 0.0003). This trend
persisted in the sensitivity analysis for MACE (89% (95% CI: 70-100%) vs. 30% (95% CI:
11-49%), p = 0.08). The sensitivity analysis for HFHs showed a statistically significant
difference persisted (62% (95% CI: 36-88%) vs. 30% (95% CI: 0-70%), p = 0.006). Regarding
another sensitivity analysis, the cumulative incidence of MACEs was significantly higher in
patients with AHRE >24 h than in those with AHRE <24 h, even in the population which
excluded the patients who were prescribed anticoagulants for indications other than AF
(69% (52-93%) vs. 12% (2-66%), p = 0.02). In the group with a history of AF, 21 patients
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(6/100 person-years) developed at least one clinical event. A comparison of the cumulative
incidence of MACEs and each clinical event in the group with a history of AF is shown in
Figures 2B and 4 and Table 3b. Interestingly, there were no differences in MACEs and HFHs
between patients with AHRE >24 h and those with AHRE <24 h (MACE: 54% (95% CI:
29-79%), 9/100 person-years vs. 26% (95% CI: 9-43%), 4/100 person-years, p = 0.44; HFH:
46% (95% CI: 22-71%), 7 /100 person-years vs. 14% (95% CI: 1-27%), 1/100 person-years,
p=0.12).

(A) Cumulative incidence of MACEs (without AF)

100%
L *
AHRE = 24h
T5%
@
e
[}
o
e
— 50%
2
2 J AHRE < 24h
= . +
O 25% I
‘_l’.
0% = *p<0.01
0 3 6 9 12

Number of at.risk patients Years since initiation of remote monitoring
AHRE =24h 22 14 9 5

AHRE <24h 41 25 16 4

(B) Cumulative incidence of MACEs (with AF)

100%

AHRE = 24h

75%

50%

-lAHRE < 24h

Cumulative incidence

25%

0%

0 25 5 75 10

Years since initiation of remote monitoring
Mumber of at-risk patients

AHRE = 24h 37 21 16 5 2

AHRE =24h 32 17 7 3 0

Figure 2. Comparison of the cumulative incidence of MACEs. (A) The Kaplan-Meier curve shows
the cumulative incidence and 95% CI of MACEs following the initiation of remote monitoring among
patients without a history of AF (red: patients with AHRE >24 h, blue: <24 h). (B) The Kaplan-Meier
curve shows the cumulative incidence and 95% CI of MACEs following the initiation of remote
monitoring among patients with a history of AF (red: patients with AHRE >24 h, blue: <24 h). The
asterisk indicates statistical significance (* p < 0.01). AF, atrial fibrillation; AHRE, atrial high-rate
episode; CI, confidence interval; MACE, major adverse cardiovascular event.
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Table 3. The cumulative incidence of each clinical event in patients without (a)/with (b) a history
of AF.

(a) Without a History of AF

AHRE >24h AHRE <24 h p-Value
* MACE, % (95% CI) 92 (78, 100) 30 (11, 49) 0.005
All-cause death, % (95% CI) 73 (33, 100) 28 (8, 48) 0.88
* HEH, % (95% CI) 72 (48,97) 30 (0, 70) 0.0003
Stroke, % (95% CI) 5(0,14) 4(0,10) 0.86
ACS, % (95% CI) 0 0 N/A
(b) With a History of AF
AHRE >24h AHRE <24 h p-Value
MACE, % (95% CI) 54 (29, 79) 26 (9, 43) 0.44
All-cause death, % (95% CI) 24 (1,47) 19 (1, 38) 0.51
HFH, % (95% CI) 46 (22, 71) 14 (1, 27) 0.12
Stroke, % (95% CI) 0 0 N/A
ACS, % (95% CI) 0 4(0,12) 0.25

ACS, acute coronary syndrome; AF, atrial fibrillation; CI, confidence interval; HFH, heart failure hospitalization;
MACE, major adverse cardiovascular event; N/A, not available. * denotes a statistically significant finding.

Cumulative incidence of each event (without AF)

(A) All-cause death (B) HF hospitalization

00% | %
1 100 %
- AHRE =z 24h
L 75% 75%
=
3
-
5
o 50 50%
B
E]
E
3 i —r—
%!  AHRE <24h (I 2%
0% —-FJ‘J — ] — ] *p<00005
0 3 8 9 12 ] 3 6 9 12
‘Years since initiation of remote monitoring
Mumber of at-risk patients
AHRE 224h 22 19 15 3 22 15 10 2
AHRE <24h 41 %6 16 4 41 2 16 4
(C) Stroke (D) Acute coronary syndrome
100% 1 100%
@
g 5% 75%
=
2
@
= 50% 50%
=
E
(&]
25%1 25%
AR
0%] —mel 0% ] e —
0 3 6 9 12 0 3 6 9 12

Years since initiation of remote monitoring

Number of at-risk patients
AHRE =2¢h 22 19 16 3 22 19 16 3
AHRE <240 41 25 16 - 41 26 16 4

Figure 3. Comparison of the cumulative incidence of each event in patients without a history of AF.
(A) The Kaplan-Meier curve shows the cumulative incidence and 95% CI of all-cause deaths following
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the initiation of remote monitoring in patients without a history of AF (red: patients with AHRE
>24 h, blue: <24 h). (B) The Kaplan—Meier curve shows the cumulative incidence and 95% CI of heart
failure hospitalizations following the initiation of remote monitoring in patients without a history of
AF (red: patients with AHRE >24 h, blue: <24 h). (C) The Kaplan-Meier curve shows the cumulative
incidence and 95% CI of strokes following the initiation of remote monitoring in patients without a
history of AF (red: patients with AHRE >24 h, blue: <24 h). (D) The Kaplan-Meier curve shows the
cumulative incidence and 95% CI of acute coronary syndromes following the initiation of remote
monitoring in patients without AF (red: patients with AHRE >24 h, blue: <24 h). The asterisks
indicate statistical significance (** p < 0.0005). AF, atrial fibrillation; AHRE, atrial high-rate episode;
ClI, confidence interval.

Cumulative incidence of each event (with AF)

(A) All-cause death (B) HF hospitalization
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Figure 4. Comparison of the cumulative incidence of each event in patients with a history of AF.
(A) The Kaplan-Meier curve shows the cumulative incidence and 95% CI of all-cause deaths following
the initiation of remote monitoring in patients with a history of AF (red: patients with AHRE >24 h,
blue: <24 h). (B) The Kaplan-Meier curve shows the cumulative incidence and 95% CI of heart failure
hospitalizations following the initiation of remote monitoring in patients with a history of AF (red:
patients with AHRE >24 h, blue: <24 h). (C) The Kaplan-Meier curve shows the cumulative incidence
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and 95% CI of strokes following the initiation of remote monitoring in patients with a history of AF
(red: patients with AHRE >24 h, blue: <24 h). (D) The Kaplan-Meier curve shows the cumulative
incidence and 95% CI of acute coronary syndromes following the initiation of remote monitoring
in patients with a history of AF (red: patients with AHRE >24 h, blue: <24 h). AF, atrial fibrillation;
AHRE, atrial high-rate episodes; CI, confidence interval.

3.3. Catheter Ablation during the Follow-Up Period

During the follow-up period, 5% (3/63) of patients without a history of AF and 27%
(19/69) of patients with a history of AF underwent catheter ablation for atrial tachyarrhyth-
mia, indicating that the proportion of patients who underwent catheter ablation was
significantly smaller in the group without a history of AF than in the group with a history
of AF (p = 0.0005). Among patients who developed MACEs, 20% of patients (9/45 patients)
underwent catheter ablation. In the group without a history of AF, all patients underwent
catheter ablation following the development of the first MACE (2/2 patients, 100%). Even
in the group with a history of AF, more than half of the patients underwent catheter ablation
following the development of the first MACE (4/7 patients, 57%).

3.4. Anticoagulation Therapy for Patients Who Developed MACEs

In the entire population, the proportion of patients who were prescribed anticoagulants
during the entire follow-up period was also significantly smaller in the group without a
history of AF than in those with a history of AF (29/63 patients, 46% vs. 69/69 patients,
100%, p < 0.0001). In patients who developed MACEs, most patients (40/45 patients,
89%) received anticoagulation therapy during the entire follow-up period. However, the
prevalence of patients who were prescribed anticoagulants prior to the first MACE was
significantly lower in the group without a history of AF than in the group with a history of
AF (14/24 patients, 58% vs. 20/21 patients, 95%; p = 0.004).

3.5. Predictors of MACE Development

Results of the univariate and multivariate analyses performed to evaluate the predic-
tors of MACE development in the group without a history of AF are summarized in Table 4.
Age >75 years, AHRE duration >24 h, left ventricular ejection fraction (LVEF) <40%, and
brain natriuretic peptide level >200 pg/mL emerged as significant factors in the univari-
ate analysis. Among these variables, AHRE duration >24 h was the only independent
predictor after a multivariate adjustment.

Table 4. Identification of predictive factors for MACEs in patients without a history of AF.

Univariate Analysis Multivariate Analysis
HR 95% CI p-Value HR 95% CI p-Value

Age >75 years 21 0.92-4.8 0.08 1.5 0.61-3.4 0.39
Male sex 2.2 0.77-6.5 0.14

t AHRE >24h 3.2 1.3-7.4 0.007 3.0 1.1-8.1 0.03
NYHA >2 3.8 0.48-31 0.2
CHA;,DS,-VASc >3 13 0.59-3 0.48
HAS-BLED >3 1.6 0.5-4.8 0.41
LVDd >55 mm 15 0.63-3.7 0.35
VKA/DOAC 15 0.6-3.8 0.37

LVEF <40% 2.3 0.9-5.9 0.08 1.6 0.52-4.7 0.42
LAD >45 mm 1.7 0.77-3.8 0.18
eGFR <30 mL/min/1.73 m? 19 0.84-4.6 0.11

BNP level >200 pg/mL 2.7 1.1-6.3 0.02 2.1 0.74-6.1 0.16

T indicates statistical significance after adjustment in the multivariate analysis (p < 0.05). HR, hazard ratio; AHRE,
atrial high-rate episode; BNP, brain natriuretic peptide; DOAC, direct oral anticoagulants; eGFR, estimated
glomerular filtration rate; LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; NYHA, New York Heart Association; VKA, vitamin K antagonist.
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4. Discussion
4.1. Main Findings

The important findings of this study were as follows: First, in the group without a
history of AF, the cumulative incidence of MACEs was significantly higher in patients with
AHRE >24 h than in those with <24 h. The gap was mainly derived from the difference in
HFH. However, there was no difference in MACE and HFH incidences between patients
with AHRE >24 h and those with <24 h in the group with a history of AF (Graphical
Abstract). Second, AHRE duration >24 h was the only independent predictor of MACEs
among patients without a history of AF after a multivariate adjustment.

4.2. The Impact of Long Duration of AHRE for MACE

Several studies showed the association between AHREs and MACEs in patients with
CIEDs [8-10,12-14]. In general, previous studies commonly reported that patients with
AHRESs were more susceptible to developing MACEs, such as HFH and cardiovascular
death, than those without AHRE [12-14]. However, studies focusing on the association
between the duration of AHRE burden (i.e., short vs. long duration) and the risk of a MACE
are limited [9,10]. Liu et al. reported that patients with an AHRE duration of >6 min had
a higher risk of a MACE (mainly composed of ACS) than those with a shorter (<6 min)
AHRE, particularly when the patients had a history of AF or myocardial infarction [9].
However, the study could not show a linear relationship between a longer duration of
an AHRE and a higher risk of a MACE. In contrast, Pastori et al. showed that patients
who developed a long-duration (>24 h) AHRE had nearly a two-fold higher risk of a
MACE than those who developed a short-duration (>5 min) AHRE [10]. In agreement
with the findings of these studies, our results also indicated a higher incidence of MACEs,
along with a longer duration of AHRE in patients without a history of AE. Even in a study
investigating the incidence of HFHs in patients with CIEDs, Nishinarita et al. revealed
that the risk was higher in the group with a high AHRE burden than in the groups with
low or no AHRE:s [8]. Hence, given that the most common event in our population was
an HFH, which is similar to that in the population of the studies [8,10], we assumed that
there would be a linear relationship between AHRE duration and HFH incidence. Our data
added evidence showing that the risk of HFH was higher in a long-duration AHRE than in
a short-duration AHRE.

4.3. Difference in the Impact of AHRE between Patients with and without a History of AF

To the best of our knowledge, this is the first study to demonstrate the difference
in the prognostic impact of long-duration AHRE in patients with and without a history
of AF. Rapid AF induced loss of cardiac output owing to several mechanisms, such as
a loss of atrial kick, irregularity of ventricular systole, and incomplete left ventricular
relaxation owing to tachycardia [15,16]. Notably, it would be challenging to maintain
hemodynamic compensation for new-onset AF. Previous studies showed that new-onset
AF has a higher prognostic impact than prevalent AF in patients with chronic heart failure
and acute myocardial infarction [17,18]. This phenomenon could also reflect the fact that
the therapeutic management of new-onset AF tended to be incomplete and delayed. Hence,
we postulated that our results would also follow this reasoning. To support this assumption,
our population showed that the number of patients who underwent catheter ablation in
the group without a history of AF was significantly fewer than in the group with AF. Even
with anticoagulation therapy, significantly fewer patients without AF than those with AF
who developed MACESs were prescribed anticoagulants prior to the first MACE. Hence,
our observation also suggested that therapeutic management of AHREs, as well as early
detection, might be mandatory to prevent MACEs. Since our population was composed
of patients who underwent remote monitoring, we could obtain information regarding
AHRE earlier than that in other studies. Although remote monitoring allowed for AHRE
detection several months earlier than an in-person follow-up [19], our results indicated that
early detection itself might be insufficient to reduce MACEs. Currently, there are several
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therapeutic options for AHRE. The latest guideline states that patients who were detected
with long-duration AHRE (>24 h) without the diagnosis of AF should be considered for
anticoagulation therapy if they have a high thromboembolic risk [1]. Atrial tachycardia
pacing could help prevent prolongation of AHRE duration [20]. Catheter ablation for AF
could improve the prognostic outcome in patients with systolic impairment and clinically
confirmed AF [21]. Early implementation of such therapeutic options for AHRE might be
helpful in improving the clinical outcomes in patients without a history of AF.

4.4. Clinical Implications

Our study revealed that patients without a history of AF had poorer prognostic
outcomes when they were detected with long-duration AHRE than with short-duration
AHRE. Thus, our results provide information regarding patients at high risk for MACE:s (i.e.,
those with AHRE >24 h and without a history of AF). In addition, therapeutic management
for AHRE could be delayed in patients without a history of AF, unlike in patients previously
diagnosed with AF. Hence, our results might encourage clinicians to initiate early therapies
in patients without a history of AF who experience long-duration AHRE. Regarding newly
diagnosed AF, a recent trial showed that an early rhythm control strategy could improve
the prognostic outcome compared to usual care [22]. Early therapeutic strategies for AHRESs
may also be helpful in improving MACEs.

4.5. Limitations

The present study had several limitations. First, the study protocol was designed as a
single-center, retrospective observational study. Thus, we could have missed unmeasured
variables associated with MACEs. In addition, the sample size was relatively small. Hence,
it remains unclear whether our results can be extrapolated to other populations; further
studies in other institutions are needed to validate our findings. Second, the present data
were composed of a selected population in which patients who were recommended for
implementation of remote monitoring were enrolled. Thus, our data included patients
with high severity. It remains uncertain whether our findings could be applicable to the
general population that comprises patients with usual follow-up regimens. Third, a certain
proportion of patients in our population were prescribed anticoagulants, although they
were not diagnosed with AF. This might reflect that the incidence of stroke was lower than
other events, such as all-cause death and HFH, in our population. Hence, the incidence
of stroke varied in response to the proportion of patients prescribed with anticoagulants,
and it remains unclear whether our results could be extrapolated to a population wherein
only a few patients were prescribed anticoagulants. Fourth, our study design could not
differentiate whether an AHRE was the causal factor for developing a MACE or the result
of the progression of other comorbidities. Hence, it remained unclear whether aggressive
therapeutic management for AHREs might contribute to the reduction of MACEs. Further
studies comparing the temporal relationship between the duration of AHREs and other
factors, such as echocardiographic parameters and biomarkers, in individual case levels
could clarify the issue. However, we believe it is important for clinicians to be cautious
about the duration of AHRE because it can be a useful marker to identify patients with
high risk for developing MACE.

5. Conclusions

Our data demonstrated that a long-duration AHRE in patients without a history of
AF could be highly associated with prognostic events than in patients with a history of AF.
Our results suggested that the risk of a MACE, especially HFH, could be quite high when
patients without a history of AF experienced a long-duration AHRE.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jem11061732/s1, Table S1: Characteristics of patients who devel-
oped a MACE in the group without a history of AF.


https://www.mdpi.com/article/10.3390/jcm11061732/s1
https://www.mdpi.com/article/10.3390/jcm11061732/s1

J. Clin. Med. 2022, 11,1732 13 of 14

Author Contributions: Conceptualization, H.I. and Y.Y.; methodology, H.L; software, H.I.; validation,
M.H.,, T.U. (Takeshi Ueyama), T.U. (Tomoyuki Uchida) and T.O. (Takuya Omuro); formal analysis,
M.E,; investigation, H.I. and M.E,; resources, T.U. (Takeshi Ueyama), TK. and M.O.; data curation,
S.E.; writing—original draft preparation, H.I.; writing—review and editing, A.S., T.O. (Takayuki
Okamura), S.K. and M.Y,; visualization, H.I.; supervision, M.Y.; project administration, Y.Y. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board of Yamaguchi University Hospital
(protocol code: H2021-098; date of approval: September 2021).

Informed Consent Statement: Informed consent was waived because of the opt-out system.

Data Availability Statement: The data sets analyzed in this study are available from the correspond-
ing author upon reasonable request.

Acknowledgments: We thank Keita Yasuki and other clinical engineering staff for reviewing the
daily reports from remote monitoring in our institution.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

10.

11.

Hindriks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, ].J.; Blomstrom-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A.; Dilaveris,
PE.; 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 Management 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. 2020, 2021, 373-498. [CrossRef]

Conen, D.; Chae, C.U.; Glynn, R.J.; Tedrow, U.B.; Everett, B.M.; Buring, J.E.; Albert, C.M. Risk of Death and Cardiovascular Events
in Initially Healthy Women with New-Onset Atrial Fibrillation. JAMA 2011, 305, 2080-2087. [CrossRef] [PubMed]

Pokorney, S.D.; Piccini, J.P; Stevens, S.R.; Patel, M.R.; Pieper, K.S.; Halperin, J.L.; Breithardt, G.; Singer, D.E.; Hankey, G.J.; Hacke,
W.; et al. Cause of Death and Predictors of All-Cause Mortality in Anticoagulated Patients with Nonvalvular Atrial Fibrillation:
Data from ROCKET AF. J. Am. Heart Assoc. 2016, 5, €002197. [CrossRef] [PubMed]

Vinter, N.; Huang, Q.; Fenger-Gren, M.; Frost, L.; Benjamin, E.J.; Trinquart, L. Trends in Excess Mortality Associated with Atrial
Fibrillation over 45 Years (Framingham Heart Study): Community Based Cohort Study. BMJ 2020, 370, m2724. [CrossRef]

Van Gelder, I.C.; Healey, ].S.; Crijns, H.J].G.M.; Wang, ].; Hohnloser, S.H.; Gold, M.R.; Capucci, A.; Lau, C.P; Morillo, C.A.; Hobbelt,
A.H; et al. Duration of Device-Detected Subclinical Atrial Fibrillation and Occurrence of Stroke in ASSERT. Eur. Heart J. 2017, 38,
1339-1344. [CrossRef]

Vitolo, M.; Imberti, J.E; Maisano, A.; Albini, A.; Bonini, N.; Valenti, A.C.; Malavasi, V.L.; Proietti, M.; Healey, J.S.; Lip, G.Y,;
et al. Device-Detected Atrial High Rate Episodes and the Risk of Stroke/Thromboembolism and Atrial Fibrillation Incidence: A
Systematic Review and Meta-Analysis. Eur. J. Intern. Med. 2021, 92, 101-106. [CrossRef]

Ishiguchi, H.; Shimizu, A.; Ishikura, M.; Yoshida, M.; Imoto, K.; Sonoyama, K.; Kawabata, T.; Sugamori, T.; Ogawa, M.; Uchida, T.;
et al. Association between Atrial High-Rate Episodes and Ischemic/Major Bleeding Events in Patients with a Cardiac Implantable
Electronic Device—A 10-Year, Single-Center Historical Cohort Study. Circ. J. 2021, 85, 1329-1337. [CrossRef]

Nishinarita, R.; Niwano, S.; Fukaya, H.; Oikawa, J.; Nabeta, T.; Matsuura, G.; Arakawa, Y.; Kobayashi, S.; Shirakawa, Y.; Horiguchi,
A_; et al. Burden of Implanted-Device-Detected Atrial High-Rate Episode Is Associated with Future Heart Failure Events-Clinical
Significance of Asymptomatic Atrial Fibrillation in Patients with Implantable Cardiac Electronic Devices. Circ. J. 2019, 83, 736-742.
[CrossRef]

Lu, W.D,; Chen, ].Y. Atrial High-Rate Episodes and Risk of Major Adverse Cardiovascular Events in Patients with Dual Chamber
Permanent Pacemakers: A Retrospective Study. Sci. Rep. 2021, 11, 5753. [CrossRef]

Pastori, D.; Miyazawa, K.; Li, Y.; Székely, O.; Shahid, F; Farcomeni, A.; Lip, G.Y.H. Atrial High-Rate Episodes and Risk of Major
Adverse Cardiovascular Events in Patients with Cardiac Implantable Electronic Devices. Clin. Res. Cardiol. 2020, 109, 96-102.
[CrossRef]

Thygesen, K.; Alpert, ].S.; Jaffe, A.S.; Simoons, M.L.; Chaitman, B.R.; White, H.D.; Joint ESC/ACCF/AHA /WHEF Task Force for
Universal Definition of Myocardial Infarction; Task Force Members Chairpersons; Thygesen, K.; Alpert, ].S.; et al. Third Universal
Definition of Myocardial Infarction. . Am. Coll. Cardiol. 2012, 60, 1581-1598. [CrossRef] [PubMed]


http://doi.org/10.1093/eurheartj/ehaa612
http://doi.org/10.1001/jama.2011.659
http://www.ncbi.nlm.nih.gov/pubmed/21610240
http://doi.org/10.1161/JAHA.115.002197
http://www.ncbi.nlm.nih.gov/pubmed/26955859
http://doi.org/10.1136/bmj.m2724
http://doi.org/10.1093/eurheartj/ehx042
http://doi.org/10.1016/j.ejim.2021.05.038
http://doi.org/10.1253/circj.CJ-20-1269
http://doi.org/10.1253/circj.CJ-18-1130
http://doi.org/10.1038/s41598-021-85301-7
http://doi.org/10.1007/s00392-019-01493-z
http://doi.org/10.1016/j.jacc.2012.08.001
http://www.ncbi.nlm.nih.gov/pubmed/22958960

J. Clin. Med. 2022, 11,1732 14 of 14

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gonzalez, M.; Keating, R.J.; Markowitz, S.M.; Liu, C.E; Thomas, G.; Ip, ].E.; Lerman, B.B.; Cheung, ]. W. Newly Detected Atrial
High Rate Episodes Predict Long-Term Mortality Outcomes in Patients with Permanent Pacemakers. Heart Rhythm. 2014, 11,
2214-2221. [CrossRef] [PubMed]

Ogino, Y.; Ishikawa, T.; Ishigami, T.; Matsumoto, K.; Hosoda, J.; Iguchi, K.; Matsushita, H.; Taguchi, Y.; Horiguchi, Y.; Kimura, K.
Characteristics and Prognosis of Pacemaker-Identified New-Onset Atrial Fibrillation in Japanese People. Circ. J. 2017, 81, 794-798.
[CrossRef]

Arai, S.; Kawamura, M.; Gokan, T.; Yoshikawa, K.; Ogawa, K.; Ochi, A.; Munetsugu, Y.; Ito, H.; Shinke, T. Relationship between
Device-Detected Subclinical Atrial Fibrillation and Heart Failure in Patients with Cardiac Resynchronization Therapy Defibrillator.
Clin. Cardiol. 2020, 43, 1517-1523. [CrossRef] [PubMed]

Andersson, B.; Lomsky, M.; Waagstein, F. The link between acute haemodynamic adrenergic beta-blockade and long-term
effects in patients with heart failure. A study on diastolic function, heart rate and myocardial metabolism following intravenous
metoprolol. Eur. Heart ]. 1993, 14, 1375-1385. [CrossRef] [PubMed]

Pozzoli, M.; Cioffi, G.; Traversi, E.; Pinna, G.D.; Cobelli, F,; Tavazzi, L. Predictors of primary atrial fibrillation and concomitant
clinical and hemodynamic changes in patients with chronic heart failure: A prospective study in 344 patients with baseline sinus
rhythm. J. Am. Coll. Cardiol. 1998, 32, 197-204. [CrossRef]

Santhanakrishnan, R.; Wang, N.; Larson, M.G.; Magnani, ]. W.; McManus, D.D.; Lubitz, S.A; Ellinor, P.T.; Cheng, S.; Vasan, R.S.;
Lee, D.S; et al. Atrial Fibrillation Begets Heart Failure and Vice Versa: Temporal Associations and Differences in Preserved versus
Reduced Ejection Fraction. Circulation 2016, 133, 484-492. [CrossRef]

Jabre, P.; Roger, V.L.; Murad, M.H.; Chamberlain, A.M.; Prokop, L.; Adnet, E; Jouven, X. Mortality Associated with Atrial
Fibrillation in Patients with Myocardial Infarction: A Systematic Review and Meta-Analysis. Circulation 2011, 123, 1587-1593.
[CrossRef]

Crossley, G.H.; Chen, J.; Choucair, W.; Cohen, T.J.; Gohn, D.C.; Johnson, W.B.; Kennedy, E.E.; Mongeon, L.R.; Serwer, G.A.; Qiao,
H.; et al. Clinical Benefits of Remote versus Transtelephonic Monitoring of Implanted Pacemakers. J. Am. Coll. Cardiol. 2009, 54,
2012-2019. [CrossRef]

Boriani, G.; Tukkie, R.; Manolis, A.S.; Mont, L.; Piirerfellner, H.; Santini, M.; Inama, G.; Serra, P.; De Sousa, J.; Botto, G.L.; et al.
Atrial Antitachycardia Pacing and Managed Ventricular Pacing in Bradycardia Patients with Paroxysmal or Persistent Atrial
Tachyarrhythmias: The Minerva Randomized Multicentre International Trial. Eur. Heart ]. 2014, 35, 2352-2362. [CrossRef]
Marrouche, N.F,; Brachmann, J.; Andresen, D.; Siebels, ].; Boersma, L.; Jordaens, L.; Merkely, B.; Pokushalov, E.; Sanders, P.; Proff,
J.; et al. Catheter Ablation for Atrial Fibrillation with Heart Failure. N. Engl. ]. Med. 2018, 378, 417-427. [CrossRef] [PubMed]
Kirchhof, P.; Camm, A.J.; Goette, A.; Brandes, A.; Eckardt, L.; Elvan, A.; Fetsch, T.; van Gelder, 1.C.; Haase, D.; Haegeli, L.M.; et al.
Early Rhythm-Control Therapy in Patients with Atrial Fibrillation. N. Engl. ]. Med. 2020, 383, 1305-1316. [CrossRef] [PubMed]


http://doi.org/10.1016/j.hrthm.2014.08.019
http://www.ncbi.nlm.nih.gov/pubmed/25131667
http://doi.org/10.1253/circj.CJ-16-1018
http://doi.org/10.1002/clc.23471
http://www.ncbi.nlm.nih.gov/pubmed/32989791
http://doi.org/10.1093/eurheartj/14.10.1375
http://www.ncbi.nlm.nih.gov/pubmed/8262085
http://doi.org/10.1016/s0735-1097(98)00221-6
http://doi.org/10.1161/CIRCULATIONAHA.115.018614
http://doi.org/10.1161/CIRCULATIONAHA.110.986661
http://doi.org/10.1016/j.jacc.2009.10.001
http://doi.org/10.1093/eurheartj/ehu165
http://doi.org/10.1056/NEJMoa1707855
http://www.ncbi.nlm.nih.gov/pubmed/29385358
http://doi.org/10.1056/NEJMoa2019422
http://www.ncbi.nlm.nih.gov/pubmed/32865375

	Introduction 
	Materials and Methods 
	Study Design 
	Study Endpoints 
	Definition of Clinical Events 
	Detection of AHRE 
	Remote Monitoring 
	Data Collection and Patient Follow-Up 
	Statistical Analysis 

	Results 
	Study Population 
	Cumulative Incidence of MACEs 
	Catheter Ablation during the Follow-Up Period 
	Anticoagulation Therapy for Patients Who Developed MACEs 
	Predictors of MACE Development 

	Discussion 
	Main Findings 
	The Impact of Long Duration of AHRE for MACE 
	Difference in the Impact of AHRE between Patients with and without a History of AF 
	Clinical Implications 
	Limitations 

	Conclusions 
	References

