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AUTHOR'S SUMMARY

Annually, 4 of 100 patients with pacemaker, 7 of 100 patients with implantable cardioverter-
defibrillator/cardiac resynchronization therapy with heart failure, and 5 of 100 patients

with implantable cardioverter-defibrillator without heart failure have been diagnosed with
new-onset atrial fibrillation (AF) during follow-up. Common risk factors were older age and
valvular heart disease across the three cardiac implantable electronic device (CIED) cohorts.
AF significantly increased the risk of major cardiovascular adverse events. Risk stratification
for the early detection of AF and integrated care for incident AF should be implemented to
improve the clinical outcomes in patients with CIED.

ABSTRACT

Background and Objectives: Comprehensive epidemiological data are lacking on the
incident atrial fibrillation (AF) in patients with cardiac implantable electronic devices
(CIEDs). This study aimed to examine the incidence, risk factors, and AF-related adverse
outcomes of patients with CIEDs.

Methods: This was an observational cohort study that analyzed patients without prevalent

AF who underwent CIED implantation in 20092018 using a Korean nationwide claims
database. The subjects were divided into three groups by CIED type and indication: pacemaker
(n=21,438), implantable cardioverter defibrillator (ICD)/cardiac resynchronization therapy
(CRT) with heart failure (HF) (n=3,450), and ICD for secondary prevention without HF

(n=2,146). The incidence of AF, AF-associated predictors, and adverse outcomes were evaluated.

Results: During follow-up, the incidence of AF was 4.3, 7.3, and 5.1 per 100 person-years in
the pacemaker, ICD/CRT with HF, and ICD without HF cohorts, respectively. Across the three
cohorts, older age and valvular heart disease were commonly associated with incident AF.
Incident AF was consistently associated with an increased risk of ischemic stroke (3.8-11.4-
fold), admission for HF (2.6-10.5-fold), hospitalization for any cause (2.4-2.7-fold), all-cause
death (4.1-5.0-fold), and composite outcomes (3.4-5.7-fold). Oral anticoagulation rates were
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suboptimal in patients with incident AF (pacemaker, 51.3%; ICD/CRT with HF, 51.7%; and
ICD without HF, 33.8%, respectively).

Conclusions: A substantial proportion of patients implanted CIED developed newly
diagnosed AF. Incident AF was associated with a higher risk of adverse events. The
importance of awareness, early detection, and appropriate management of AF in patients
with CIED should be emphasized.

Keywords: Atrial fibrillation; Pacemaker; Implantable cardioverter defibrillator;
Cardiac resynchronization therapy; Risk factor

INTRODUCTION

The implantation of cardiac implantable electronic devices (CIEDs), including pacemakers,
implantable cardioverter defibrillators (ICD), and cardiac resynchronization therapy (CRT)
devices, has markedly increased in the recent decade for several reasons, including the
increasing aging population and increasing overall burden of cardiovascular comorbidities.”?
Notably, the prevalence of atrial fibrillation (AF) among patients who have undergone CIED
implantation has also increased significantly.?

In patients with CIED, special consideration is needed with regard to the detection and
management of both prevalent and incident AF. First, CIED enhances the ability to identify
incident AF. Second, individuals with CIED already have structural heart diseases such as
heart failure (HF), or various types of heart rhythm disorders. Third, AF is associated with
increased risks of stroke, aggravating HF, cardiovascular death, and all-cause death.® The
clinical impact of AF is likely to be more profound in patients with CIED who already have
various degrees of structural heart diseases and heart rhythm disorders; in other words, a
high-risk population. Finally, incident paroxysmal AF may be associated with a higher risk
of inappropriate shock in patients with ICD and a higher risk of insufficient CRT delivery.?®
Regarding these special considerations, the incidence of AF after CIED implantation, risk
factors associated with incident AF, and the clinical impact of incident AF among patients
who have undergone CIED implantation might be distinct from those of the general
population. However, comprehensive epidemiological data are lacking on incident AF and its
impact on outcomes in patients with CIED.

Therefore, here we aimed to evaluate the incidence of AF in patients with CIED and identify
the risk factors associated with incident AF in this population using a nationwide population-
based cohort. Second, we investigated the clinical impact of incident AF on the risk of AF-
related adverse outcomes in patients with CIED.

METHODS

Ethical statement

This study complied with the Declaration of Helsinki (the latest version, 2013) and this study
was exempted from review by the Institutional Review Board of Seoul National University
Hospital (H-1802-080-923).
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Data source and study population

The analyses were performed using the Korean National Health Insurance Service (NHIS)
database. In South Korea, all citizens are mandatorily included in the NHIS system operated by
the government.® The Korean NHIS, as a single insurer, provides comprehensive coverage for
enrollees’ medical use. Thus, the Korean NHIS database contains demographic information,
and all medical expense claim data for the entire Korean population. The NHIS database
includes subjects’ demographic information; their International Classification of Disease, 10th
Revision, Clinical Modification (ICD-10-CM) diagnostic codes; examinations; procedures;
operations; and medical prescription records for outpatient and inpatient services.®

The study population enrollment flowchart is presented in Figure 1. We identified patients
who had undergone CIED implantation between January 1, 2009, and December 31, 2018
(n=46,796). The detailed device codes of the CIED, including pacemakers, ICDs, and CRTs,
are presented in Supplementary Table 1.3 After excluding patients who required device
replacement and those for whom two devices were claimed on the same date, 39,121 patients
were identified. Patients with prevalent AF (ICD-10-CM code I48) during a 2-year screening
period before the index CIED implantation were excluded (n=26,927).Y We divided the
subjects into 3 groups: patients with a pacemaker (pacemaker cohort), those with an ICD

or CRT with HF (ICD/CRT with HF cohort), and those without HF who had undergone ICD
implantation for secondary prevention (ICD without HF cohort). The definitions of ICD

Patients who were implanted CIED
between January 2009 and December 2018
(n=46,796)

Patients with device replacement (n=7,670)
Patients with 2 devices implanted on the same date,
considered claim error (n=5)

De novo implantation
(n=39,121)

I Patients with prevalent AF (n=12,194)

Patients without prevalent AF
before CIED implantation

(n=26,927)
Pacemaker cohort* ICD/CRT with HF cohort* ICD without HF cohort*
. . Patients with HF who were Patlenjcs WLl
Patients with pacemaker . were implanted ICD for
implanted ICD or CRT .
(n=21,438) secondary prevention
(n=3,450)
(n=2,146)
3,104 patients with 613 patients with 370 patients with
incident AF incident AF incident AF
(IR, 4.3 per 100 PY) (IR, 7.3 per 100 PY) (IR, 5.1 per 100 PY)

*Same patients within 2 different cohort are considered independent cases for each cohort.
The numbers of duplicates between cohorts were 75 cases for pacemaker cohort, 4 cases for ICD/CRT with HF cohort, and 4 cases for ICD without HF cohort.

Figure 1. Study enrollment flow.
AF = atrial fibrillation; CIED = cardiac implantable electronic device; CRT = cardiac resynchronization therapy; HF = heart failure; ICD = implantable cardioverter
defibrillator; IR = incidence rate; PY = person-years.

https://e-kcj.org https://doi.org/10.4070/kcj.2023.0084 15
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for secondary prevention due to aborted sudden cardiac death (SCD), sustained ventricular
tachycardia (VT), or ventricular fibrillation (VF) are presented in Supplementary Table 1.%)

Covariates
Patients’ age, sex, and comorbidities were obtained (Supplementary Data 1). Detailed
operational definitions of comorbidities are presented in Supplementary Table 1.°)

For the pacemaker cohort, device indication was classified into sick sinus syndrome (SSS,
1495) or atrioventricular block (AVB; 1441, 1442, or 1443). For ICD, secondary prevention was
defined as the presence of relevant diagnostic codes, including aborted SCD (1460 or I469),
sustained VT (I472), or VF (1490). Device types including single/dual chambers, CRT with a
defibrillator (CRT-D)/CRT or with a pacemaker (CRT-P), were also described.

Study outcomes and follow-up

Incident atrial fibrillation

New-onset AF was identified from the index date of CIED implantation. Incident AF was
defined based on the diagnostic code (I48) during admission or attendance at the outpatient
clinic during follow-up.” Study populations were followed up until the incidence of AF, death,
or the end of the study period (December 31, 2018), whichever came first.

Atrial fibrillation-related adverse outcomes

To evaluate the risk of AF-related adverse outcomes between patients with and without
incident AF during follow-up, we updated the subjects’ age and comorbidities at the time of
AF diagnosis in patients with incident AF and matched them to those without incident AF
by age and sex. After 3:1 or 2:1 matching of patients without incident AF versus those with
incident AF in each CIED cohort, we identified the incidence of AF-related adverse outcomes
including ischemic stroke, admission for HF, hospitalization for any cause, all-cause death,
and composite outcome of ischemic stroke, admission for HF, and all-cause death. Detailed
definitions of AF-related adverse outcomes are presented in Supplementary Table 1.¥ The
index date of patients with incident AF was at least 7 days after the AF diagnosis. Patients
were followed up until the occurrence of each adverse outcome, death, or the end of the study
period (December 31, 2018), whichever came first.

We also identified the prescription of oral anticoagulants (OACs), consisting of warfarin or
direct oral anticoagulants (DOACs) within a 1-year period after the AF diagnosis.

Statistical analysis

Categorical variables are presented as numbers and percentages. Continuous variables

are presented as means with standard deviations or medians with interquartile ranges.
Categorical variables were compared using the chi-square test (or Fisher’s exact test, if
applicable), while continuous variables were compared using the Student’s t-test. The
incidence rate (IR) of AF was estimated using the number of events during the total follow-up
period divided by 100 person-years (PYs) at risk. The cumulative incidence of AF in each CIED
cohort was analyzed using Kaplan-Meier curves.

To evaluate factors associated with incident AF, Cox regression analyses were performed for
each CIED cohort. First, a univariable Cox regression analysis was executed for age (per 10
years), sex (women), comorbidities, and device indications/types, and a multivariable Cox
regression analysis was performed on variables which had achieved a significance of p<0.1

https://doi.org/10.4070/kcj.2023.0084 16
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in the univariable Cox analysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) are
presented for the risk of incident AF for each variable.

To evaluate the risk of AF-related adverse outcomes using age- and sex-matched patients,

one patient with incident AF was matched with three patients without incident AF in the
pacemaker and ICD without HF cohorts, while one patient with incident AF was matched
with two patients without incident AF in the ICD/CRT with HF cohort. After matching, the
absolute standardized difference (ASD) was measured for all the variables to evaluate the
balance of baseline characteristics between patients with and without incident AF. An ASD of
<0.1indicates a negligible intergroup difference.” The IR of each AF-related adverse outcome
was estimated in the matched cohort using the number of events during the total follow-

up period divided by 100 PYs at risk. A multivariable Cox regression analysis was used to
calculate the risk of AF-related adverse outcomes after adjustment for age, sex, comorbidities,
and/or the CHA,DS,-VASc score, if there was a significant intergroup difference (ASD >0.1).
HRs and 95% ClIs are presented for the risk of AF-related adverse outcomes in patients with
incident AF versus those without incident AF (reference group).

Statistical significance was set at p<0.05. All statistical analyses were performed using SAS
Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA).

RESULTS

The baseline characteristics of each cohort are shown in Table 1. Finally, 21,438, 3,450,

and 2,146 patients were included in the pacemaker, ICD/CRT with HF, and ICD without

HF cohorts, respectively (Figure 1). The pacemaker cohort included the oldest population,
followed by the ICD/CRT with HF cohort, while the ICD without HF cohort mainly included
young and middle-aged adults (Supplementary Figure 1). Baseline characteristics according
to incident AF in each CIED cohort are presented in Table 1and Supplementary Data 2.

Atrial fibrillation incidence and factors associated with incident atrial
fibrillation in 3 cardiac implantable electronic device cohorts
The cumulative incidence curves for new-onset AF in each cohort are shown in Figure 2.

Pacemaker cohort

During the mean 41.1+32.7 months of follow-up, 3,104 patients were diagnosed with AF
(crude IR, 4.3 per 100 PY). The HRs for incident AF among the pacemaker cohorts are
presented in Supplementary Table 2 and Figure 3A. After multivariable adjustment, SSS and
valvular heart disease (VHD) were significantly associated with a higher risk of incident AF
by 2.5-fold and 2.2-fold, respectively, in the pacemaker cohort. In addition, older age (per 10
years), prior ischemic stroke/transient ischemic attack (TIA), HF, hypertension, and women
were associated with a higher risk of AF by 25%, 24%, 21%, 12%, and 4%, respectively.

Implantable cardioverter defibrillator/cardiac resynchronization therapy with heart failure
cohort

During the mean 29.5+26.7 months of follow-up, 613 patients were diagnosed with AF (crude
IR, 7.3 per 100 PY). After multivariable adjustment, VHD, prior ischemic stroke/TIA, and
older age (per 10 years) were associated with a higher risk of AF by 1.9-fold. 1.3-fold, and 1.3-
fold, respectively (Supplementary Table 3, Figure 3B).

https://doi.org/10.4070/kcj.2023.0084 17
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Pacemaker 20,563 12,498 7,538 4,034 1,628 57
ICD/CRT with HF 3,450 1,575 74 304 89 1
ICD without HF 2,146 1,297 794 407 156 2

Figure 2. AF-free survival curves in each cohort.
AF = atrial fibrillation; CRT = cardiac resynchronization therapy; F/U = follow-up; HF = heart failure; ICD =
implantable cardioverter defibrillator; IR = incidence rate; PY = person-years.

Implantable cardioverter defibrillator without heart failure cohort

During the mean 41.2+32.3 months of follow-up, 370 patients were diagnosed with AF (crude
IR, 5.1 per 100 PY). VHD, diabetes mellitus, and older age (per 10 years) were associated with

a higher risk of AF by 3.9-, 1.5-, and 1.2-fold, respectively (Supplementary Table 4, Figure 3C).

Atrial fibrillation-related adverse outcomes

The baseline characteristics of age- and sex-matched cohort are presented in Supplementary
Tables 5, 6, and 7 for each device cohort. Age, sex, and CHA,DS,-VASc score were well
balanced with ASD <0.1. Patients with incident AF showed significantly higher crude IRs

for all adverse outcomes than those without incident AF in all cohorts (Figure 4). After
multivariable adjustment, although there were some differences in HRs among different
cohorts, incident AF was consistently associated with an increased risk of ischemic stroke
(3.8-11.4-fold), admission for HF (2.6-10.5-fold), hospitalization for any cause (2.4-2.7-fold),
all-cause death (4.1-5.0-fold), and composite outcomes (3.4-5.7-fold) (Figure 5).

Oral anticoagulant prescription rate within 1 year after a new atrial
fibrillation diagnosis

In the pacemaker cohort, 51.3% of patients (n=1,594) were initiated on OAC within 1 year
after a new AF diagnosis; 17.9% were prescribed warfarin and 33.4% were prescribed DOACs.
In the ICD/CRT with HF cohort, 51.7% of patients (n=315) were initiated on OACs: 23.6% on
warfarin and 28.1% on DOACs. Among the ICD without HF cohort, 33.8% of patients (n=125)
started OACs, 15.9% started warfarin, and 17.9% started DOACs. In patients with a CHA,DS,-
VASc score >2 (70.3% of the pacemaker cohort, 89.7% of the ICD/CRT with HF cohort, and
56.5% of the ICD without HF cohort), 53.0%, 52.4%, and 42.1% were prescribed OACs within
1year after the AF diagnosis, respectively.
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A Pacemaker cohort

Adjusted HR (95% CI) p value
Age (per 10 years) 1.254 (1.167-1.348) ° <0.001
Female 1.041 (1.007-1.076) 0.017
Hypertension 1.115 (1.014-1.227) 0.025
Heart failure 1.209 (1.110-1.317) ° <0.001
Ischemic stroke/TIA 1.243 (1.140-1.355) ° <0.001
CAD 1.022 (0.951-1.099) 0.548
VHD 2.188 (1.777-2.694) - <0.001
SSS 2.453 (2.283-2.635) ® <0.001
T T 1
0.1 1 10
[ Risk factor for AF >
B ICD/CRT with HF cohort
Adjusted HR (95% CI) p value
Age (per 10 years) 1.257 (1.055-1.496) s 0.010
Female 1.064 (0.997-1.136) o 0.063
Hypertension 1.204 (0.952-1.522) 10 0121
Diabetes mellitus 1.168 (0.991-1.376) o 0.065
Ischemic stroke/TIA 1.280 (1.005-1.632) ° 0.046
M 0.770 (0.621-0.955) - 0.017
VHD 1.904 (1.190-3.044) —— 0.007
T 1
0.1 1 10
[ Risk factor for AF >
C ICD without HF cohort
Adjusted HR (95% CI) p value
Age (per 10 years) 1.208 (1.115-1.309) ° <0.001
Hypertension 1.140 (0.897-1.449) 0.285
Diabetes mellitus 1.471 (1176-1.842) -o- 0.001
CAD 0.945 (0.741-1.206) 0.650
MI 1.094 (0.814-1.471) 0.551
PAD 1.097 (0.774-1.555) 0.602
VHD 3.9927 (1.849-8.339) —e—  <0.001
T T 1
0.1 1 10

[ Risk factor for AF >

Figure 3. Factors associated with incident AF in 3 cohorts.

(A) Pacemaker cohort. (B) ICD/CRT with HF cohort. (C) ICD without HF cohort.

CAD = coronary artery disease; Cl = confidence interval; HR = hazard ratio; MI = myocardial infarction; PAD =
peripheral artery disease; TIA = transient ischemic attack; SSS = sick sinus syndrome; VHD = valvular heart disease.

DISCUSSION

This comprehensive population-based cohort study included a large number of patients
who had undergone CIED implantation, for which the incidence of AF with long-term
follow-up was evaluated. Our major findings were as follows: 1) during follow-up, the IRs of
new-onset AF were 4.3, 7.3, and 5.1 per 100 PY in patients with a pacemaker, ICD/CRT with
HF, and ICD without HF; 2) older age and VHD were common risk factors associated with
incident AF across the different cohorts despite additional specific risk factors in each CIED
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A Pacemaker cohort
100 1 All p<0.001
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B ICD/CRT with HF cohort
140 1 All p<0.001
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Ischemic Admission Hospitalization All-cause Composite
stroke for HF for any cause death outcome

Figure 4. Crude IRs of AF-related adverse outcomes in each cohort.
AF = atrial fibrillation; CRT = cardiac resynchronization therapy; HF = heart failure; ICD = implantable cardioverter
defibrillator; IR = incidence rate; PY = person-years.

cohort; 3) incident AF was associated with higher risks of ischemic stroke, admission for

HF, hospitalization for any cause, all-cause death, and composite outcomes across all three
cohorts; and 4) OAC prescription rates were suboptimal in CIED patients with AF, even those
with a CHA,DS,-VASc score >2.

Although our study used a nationwide population-based cohort to examine the incidence,
risk factors, and risk of cardiovascular adverse events of diagnosis-defined clinical AF in
patients with CIED, several previous CIED cohort studies have reported the incidence of
device-detected atrial arrhythmia (DDAT) based on atrial high-rate episodes (AHREs) and
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A Pacemaker cohort

Adjusted HR (95% CI) p value
Ischemic stroke 11.405 (8.622-15.086) - <0.001
Admission for HF 5.856 (4.949-6.931) 2 <0.001
Hospitalization for any cause 2.434 (2.300-2.576) ° <0.001
All-cause death 4.525 (4.160-4.922) ° <0.001
Composite outcome 4.814 (4.448-5.210) ° <0.001
r T T
0.1 1 10
[ Increased risk with incident AF >
ICD/CRT with HF cohort
Adjusted HR (95% CI) p value
Ischemic stroke 3.801(1.556-9.288) —— 0.003
Admission for HF 2.629 (2.018-3.426) 2 <0.001
Hospitalization for any cause 2.383(2.093-2.713) ° <0.001
All-cause death 4.121(3.438-4.938) ° <0.001
Composite outcome 3.439 (2.919-4.052) (] <0.001
T T T
0.1 1 10
[ Increased risk with incident AF >
C ICD without HF cohort
Adjusted HR (95% CI) p value
Ischemic stroke 5.086 (1.435-18.028) —— 0.011
Admission for HF 10.534 (5.042-22.006) —— <0.001
Hospitalization for any cause 2.741(2.286-3.286) L2 <0.001
All-cause death 4.964 (3.277-7.520) - <0.001
Composite outcome 5.657 (3.963-8.076) - <0.001
T T T
0.1 1 10

[ Increased risk with incident AF >

Figure 5. HRs of incident AF for AF-related adverse outcomes.

(A) Pacemaker cohort. (B) ICD/CRT with HF cohort. (C) ICD without HF cohort.

AF = atrial fibrillation; CI = confidence interval; CRT = cardiac resynchronization therapy; HF = heart failure; HR =
hazard ratio; ICD = implantable cardioverter defibrillator.

analyzed its associated risk factors.!®® In a recent prospective multicenter study, among

816 patients with pacemakers without prevalent AF, AHREs with >6 minutes, >6 hours, and
clinically documented AF by ECG were reported in 13.7%, 6.0%, and 2.9% of patients during
a median follow-up of 18 months."” CIEDs can easily identify incident AF from subclinical

to clinical AF.!”) Previous studies of CIED and AF have mainly focused on subclinical AF

and its impact on the risk of thromboembolic events.'?'?® In a meta-analysis of 24,984
patients with CIED, including a small number of those who had undergone ICD implantation
(n=321, 1.3%), 23% of patients had new-onset DDAT.! The risk factors for new-onset DDAT
remain controversial and differ among studies. SSS and enlarged left atrium (>41 mm) were
associated with a higher risk of AHREs >6 minutes, and Prior stroke/TIA, SSS and enlarged
left atrium (>41 mm) were associated with a higher risk of AHREs >6 hours™; SSS, HF,
history of recurrent TIA, and older age are reportedly related to the risk of DDAT®"%; or
hypertension, older age, left atrial enlargement, and higher ventricular pacing burden were
associated with an increased risk of the composite of DDAT and clinical AF."”) Regarding the
risk of thromboembolic events in patients with subclinical AF on CIED, although both AF
burden and CHA,DS,-VASc scores were associated with an increased risk of thromboembolic
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events, the risk factors for stroke, defined by the CHA,DS,-VASc score, had a stronger
association with thromboembolic risk than AF duration/burden among subclinical AF.1'21%

Although the incidence of subclinical AF in CIED patients has been highlighted,' few
well-organized comprehensive studies have been conducted on the development of clinical
AF in CIED patients, especially in relation to the different device types and indications with
sufficient numbers. This study included nationwide data on all Korean adults who had
undergone CIED implantation, and evaluated the incidence of clinical AF in pacemaker,
ICD/CRT with HF, and ICD without HF cohorts. Based on the device type and indication,
we observed differences in baseline characteristics among them. We also observed the
differences in AF incidence, the factors associated with incident AF, and the clinical
significance of AF among the three cohorts depending on the differences in baseline
characteristics.

Patients who had undergone pacemaker implantation were older than those in the ICD/CRT
with HF cohort as well as those in the ICD without HF cohort. The baseline characteristics
associated with incident AF in this study were largely consistent with those of previous
studies.'*®) Based on our analysis, patients with SSS or mitral valve stenosis or the presence
of a prosthetic heart valve might be a powerful predictor for future incident AF; thus, careful
follow-up of DDAT is needed. In a recent study based on data from a claims database, AF was
associated with an increased risk of ischemic stroke by 3.3-fold, HF by 3.3-fold, and all-cause
death by 2.5-fold.® In our study, incident AF was related to a more profound increased risk for
AF-related adverse outcomes in patients with CIED. Indeed, patients with CIED might have

a more severe form of “atrial myopathy” than the general population. To reduce the risk of
clinical adverse events, a more holistic approach to AF management is needed, with optimal
OAC therapy, rhythm control, and rate control.

Patients with ICD/CRT and HF showed the highest incidence of AF among the 3 groups. This
population already had HF; thus, it could be considered as a “high-risk” population. HF is

a well-known risk factor for incident AF. In patients with ICD/CRT with HF, patients with a
history of myocardial infarction or presumed ischemic cardiomyopathy, had a lower risk of
AF, whereas patients with VHD were associated with a higher risk of incident AF. In patients
with these baseline characteristics (such as non-ischemic cardiomyopathy or VHD), the need
for dual chamber ICD implantation for AF detection and differentiation might be considered
and careful surveillance for DDAT at follow-up should be warranted. In addition, AF in ICD
patients can cause inappropriate shock, and AF in patients with biventricular pacing can
cause insufficient CRT delivery.¥® Optimal OAC prescriptions and early consideration of
rhythm control might be crucial for improving outcomes in the ICD/CRT with HF patients."”

The last cohort we analyzed was patients who implanted ICD for secondary prevention and
who did not have prevalent HF. This population has been less studied in previous research.'
Although the mean age was much younger than that of the pacemaker cohort, the crude IR
of AF was higher. When physicians implanted ICD for secondary prevention purposes, the
consideration of incident AF during long-term follow-up may not be a major concern. In

our study population, the ICD without HF group had the lowest proportion of dual-chamber
devices. Contrary to what physicians believe, the incidence of AF was slightly higher than
that of the pacemaker cohort, which had a mean age that was almost 20 years older than

the ICD without HF cohort. When we consider the detailed etiology of aborted SCD/VT/VF,
both Brugada and long QT syndrome were associated with a higher risk of incident AF.2%)
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These 2 representative channelopathies are related to SSS.? Incident AF increased the risk
of inappropriate shock in patients with Brugada syndrome, and a single-chamber device was
an independent predictor of inappropriate ICD discharge.?” Careful programming for VI/VF
discrimination should be needed to avoid inappropriate shock.

The OAC prescription rate was suboptimal in CIED patients with incident AF. Although
controversy persists regarding the use of OACs for subclinical AF in patients with CIED,
OAC is recommended with clinical AF in the presence of stroke risk factors.?? Considering
significantly higher risk of stroke in CIED patients with incident AF, the implementation of
optimal OAC treatment should be emphasized in these population.

This study has several limitations. First, this study only included East Asians from the

Korean nationwide population-based database; thus, careful interpretation is needed when
generalizing these results to other ethnicities and countries. Second, although the procedure
and prescription claims would have been accurate because they are strictly reviewed for
medical expense reimbursements, there is a possibility of under- or overestimation of the
prevalence of comorbidities and outcomes. To minimize this, we adapted validated and
previously used operational definitions for this study.?”® However, there is still the possibility
of diagnosis input error in each diagnosis. Regarding AF, the positive predictive value of the
operational definition of AF using diagnostic codes was 94.1% in a previous report from

a Korean nationwide population-based cohort.?® However, this was validated by 12-lead
electrocardiogram findings in the general population. Among patients without AF in our
study, a substantial proportion of these patients might have AHRE. Therefore, the data should
be interpreted with caution, recognizing these limitations. Despite these limitations, our
study demonstrated that patients with CIED who had clinical AF (i.e., those with a diagnosis
and medical use of AF) are at increased risk for cardiovascular adverse events compared with
those who do not, and highlighted the importance of defining, detecting, and managing AF
in patients with CIED. Third, during the study period, the ventricular pacing strategy did not
include conduction system pacing because the conduction system pacing became available in
South Korea in the fourth quarter of 2019. Conventional right ventricular apical pacing could
cause pacemaker-induced cardiomyopathy, and this could be one of the risk factors of incident
AF.2Y%) However, in this study, we could not evaluate the occurrence of pacemaker-induced
cardiomyopathy due to the limitation of not including echocardiography data.

Lastly, this database did not contain the types of AF (paroxysmal or persistent) or detailed
results of device analyses; thus, the burden of AF could not be reflected in the risk of AF-
related adverse outcomes.

In conclusion, a substantial proportion of patients with implanted CIED developed newly
diagnosed AF. Incident AF was associated with a high risk of adverse events and the
anticoagulation rate was suboptimal in patients with incident AF. Awareness, early detection,
and appropriate management of AF in patients with CIED should be emphasized.
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Click here to view

REFERENCES

10.

11.

12.

13.

14.

15.

16.

Greenspon AJ, Patel JD, Lau E, et al. Trends in permanent pacemaker implantation in the United States
from 1993 to 2009: increasing complexity of patients and procedures. ] Am Coll Cardiol 2012;60:1540-5.
PUBMED | CROSSREF

Lee JH, Lee SR, Choi EK, et al. Temporal trends of cardiac implantable electronic device implantations: a
nationwide population-based study. Korean Circ ] 2019;49:841-52.

PUBMED | CROSSREF

Chao TF, Liu CJ, Tuan TC, et al. Lifetime risks, projected numbers, and adverse outcomes in Asian patients
with atrial fibrillation: a report from the Taiwan Nationwide AF Cohort Study. Chest 2018;153:453-66.
PUBMED | CROSSREF

van Rees JB, Borleffs CJ, de Bie MK, et al. Inappropriate implantable cardioverter-defibrillator shocks:
incidence, predictors, and impact on mortality. ] Am Coll Cardiol 2011;57:556-62.

PUBMED | CROSSREF

Santini M, Gasparini M, Landolina M, et al. Device-detected atrial tachyarrhythmias predict adverse
outcome in real-world patients with implantable biventricular defibrillators. J Am Coll Cardiol 2011;57:167-72.
PUBMED | CROSSREF

Cheol Seong S, Kim YY, Khang YH, et al. Data resource profile: the national health information database
of the National Health Insurance Service in South Korea. Int ] Epidemiol 2017;46:799-800.

PUBMED | CROSSREF

Lee HJ, Choi EK, Han KD, et al. Bodyweight fluctuation is associated with increased risk of incident atrial
fibrillation. Heart Rhythm 2020;17:365-71.

PUBMED | CROSSREF

Lee SR, Choi EK, Kwon S, et al. Oral anticoagulation in Asian patients with atrial fibrillation and a history
of intracranial hemorrhage. Stroke 2020;51:416-23.

PUBMED | CROSSREF

Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between treatment
groups in propensity-score matched samples. Stat Med 2009;28:3083-107.

PUBMED | CROSSREF

Glotzer TV, Daoud EG, Wyse DG, et al. The relationship between daily atrial tachyarrhythmia burden from
implantable device diagnostics and stroke risk: the TRENDS study. Circ Arrhythm Electrophysiol 2009;2:474-80.
PUBMED | CROSSREF

Kim M, Kim TH, Yu HT, et al. Prevalence and predictors of clinically relevant atrial high-rate episodes in
patients with cardiac implantable electronic devices. Korean Circ ] 2021;51:235-47.

PUBMED | CROSSREF

Kaplan RM, Koehler ], Ziegler PD, Sarkar S, Zweibel S, Passman RS. Stroke risk as a function of atrial
fibrillation duration and CHA,DS,-VASc score. Circulation 2019;140:1639-46.

PUBMED | CROSSREF

Al-Gibbawi M, Ayinde HO, Bhatia NK, et al. Relationship between device-detected burden and duration
of atrial fibrillation and risk of ischemic stroke. Heart Rhythm 2021;18:338-46.

PUBMED | CROSSREF

Belkin MN, Soria CE, Waldo AL, et al. Incidence and clinical significance of new-onset device-detected
atrial tachyarrhythmia: a meta-analysis. Circ Arrhythm Electrophysiol 2018;11:005393.

PUBMED | CROSSREF

Healey JS, Connolly SJ, Gold MR, et al. Subclinical atrial fibrillation and the risk of stroke. N Engl | Med
2012;366:120-9.

PUBMED | CROSSREF

Pedersen KB, Madsen C, Sandgaard NC, Diederichsen AC, Bak S, Brandes A. Subclinical atrial fibrillation
in patients with recent transient ischemic attack. J Cardiovasc Electrophysiol 2018;29:707-14.

PUBMED | CROSSREF

https://doi.org/10.4070/kcj.2023.0084 26


https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2023.0084&fn=kcj-54-13-s010.ppt
http://www.ncbi.nlm.nih.gov/pubmed/22999727
https://doi.org/10.1016/j.jacc.2012.07.017
http://www.ncbi.nlm.nih.gov/pubmed/31074230
https://doi.org/10.4070/kcj.2018.0444
http://www.ncbi.nlm.nih.gov/pubmed/29017957
https://doi.org/10.1016/j.chest.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/21272746
https://doi.org/10.1016/j.jacc.2010.06.059
http://www.ncbi.nlm.nih.gov/pubmed/21211688
https://doi.org/10.1016/j.jacc.2010.08.624
http://www.ncbi.nlm.nih.gov/pubmed/27794523
https://doi.org/10.1093/ije/dyw253
http://www.ncbi.nlm.nih.gov/pubmed/31585180
https://doi.org/10.1016/j.hrthm.2019.09.029
http://www.ncbi.nlm.nih.gov/pubmed/31813363
https://doi.org/10.1161/STROKEAHA.119.028030
http://www.ncbi.nlm.nih.gov/pubmed/19757444
https://doi.org/10.1002/sim.3697
http://www.ncbi.nlm.nih.gov/pubmed/19843914
https://doi.org/10.1161/CIRCEP.109.849638
http://www.ncbi.nlm.nih.gov/pubmed/33655723
https://doi.org/10.4070/kcj.2020.0393
http://www.ncbi.nlm.nih.gov/pubmed/31564126
https://doi.org/10.1161/CIRCULATIONAHA.119.041303
http://www.ncbi.nlm.nih.gov/pubmed/33250442
https://doi.org/10.1016/j.hrthm.2020.10.017
http://www.ncbi.nlm.nih.gov/pubmed/29540371
https://doi.org/10.1161/CIRCEP.117.005393
http://www.ncbi.nlm.nih.gov/pubmed/22236222
https://doi.org/10.1056/NEJMoa1105575
http://www.ncbi.nlm.nih.gov/pubmed/29478291
https://doi.org/10.1111/jce.13470

Risk of AF in CIED Patients

C

Korean Circulation Journal

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chent XL, Ren XJ, Liang Z, Han ZH, Zhang T, Luo Z. Analyses of risk factors and prognosis for new-
onset atrial fibrillation in elderly patients after dual-chamber pacemaker implantation. J Geriatr Cardiol
2018;15:628-33.

PUBMED | CROSSREF

Wachter R, Freedman B. Subclinical atrial fibrillation and the risk of recurrent ischemic stroke. Thromb
Haemost 2021;121:697-9.

PUBMED | CROSSREF

Turagam MK, Garg ], Whang W, et al. Catheter ablation of atrial fibrillation in patients with heart failure:
a meta-analysis of randomized controlled trials. Ann Intern Med 2019;170:41-50.

PUBMED | CROSSREF

Johnson JN, Tester DJ, Perry J, Salisbury BA, Reed CR, Ackerman MJ. Prevalence of early-onset atrial
fibrillation in congenital long QT syndrome. Heart Rhythm 2008;5:704-9.

PUBMED | CROSSREF

Hayashi H, Sumiyoshi M, Nakazato Y, Daida H. Brugada syndrome and sinus node dysfunction. J Arrhythm
2018;34:216-21.

PUBMED | CROSSREF

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 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 | 2021;42:373-498.

PUBMED | CROSSREF

Lee SS, Ae Kong K, Kim D, et al. Clinical implication of an impaired fasting glucose and prehypertension
related to new onset atrial fibrillation in a healthy Asian population without underlying disease: a
nationwide cohort study in Korea. Eur Heart ] 2017;38:2599-607.

PUBMED | CROSSREF

Connolly SJ, Kerr CR, Gent M, et al. Effects of physiologic pacing versus ventricular pacing on the risk of
stroke and death due to cardiovascular causes. N Engl ] Med 2000;342:1385-91.

PUBMED | CROSSREF

Pastore G, Zanon F, Baracca E, et al. The risk of atrial fibrillation during right ventricular pacing. Europace
2016;18:353-8.

PUBMED | CROSSREF

https://e-kcj.org https://doi.org/10.4070/kcj.2023.0084 27


http://www.ncbi.nlm.nih.gov/pubmed/30416511
https://doi.org/10.11909/j.issn.1671-5411.2018.10.008
http://www.ncbi.nlm.nih.gov/pubmed/34020463
https://doi.org/10.1055/s-0041-1726403
http://www.ncbi.nlm.nih.gov/pubmed/30583296
https://doi.org/10.7326/M18-0992
http://www.ncbi.nlm.nih.gov/pubmed/18452873
https://doi.org/10.1016/j.hrthm.2008.02.007
http://www.ncbi.nlm.nih.gov/pubmed/29951135
https://doi.org/10.1002/joa3.12046
http://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1093/eurheartj/ehaa612
http://www.ncbi.nlm.nih.gov/pubmed/28662568
https://doi.org/10.1093/eurheartj/ehx316
http://www.ncbi.nlm.nih.gov/pubmed/10805823
https://doi.org/10.1056/NEJM200005113421902
http://www.ncbi.nlm.nih.gov/pubmed/26443444
https://doi.org/10.1093/europace/euv268

