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1 | INTRODUCTION

Abstract

Aims: Several predicting models have been evaluated for new-onset atrial fibrillation
(AF) in several clinical conditions, but never in patients with cardiac implantable elec-
tronic devices (CIED). We aimed to evaluate the five predicting models compared with
atrial high rate episodes (AHRE) to predict new AF in patients with CIED.

Methods and Results: We retrospective enrolled 470 consecutive patients with CIED
and without a history of AF. The five predicting models, including CHA,DS,-VASc
score, C,HEST score, mCHEST score, HAT,CH,, score, and HAVOC score were used.
The primary endpoint was new AF documented by 12-lead electrocardiography
(ECG) or 30-s ECG strip. Multivariable Cox regression analysis was used to determine
variables associated with independent factors of new AF. Patients' median age was
76years and 58.7% were male. During follow-up (median 29 months), 34 new AF oc-
curred (incidence rate 2.99/100 patient-years, 95% Cl 1.67-6.20). Multivariable Cox
regression analysis showed AHRE 26 min and 24 h, and HAT,CH,, score were inde-
pendent predictors for new AF. Optimal AHRE cutoff value was 9.3 min with highest
Youden index (AUC, 0.806; 95% Cl, 0.722-0.889; p <.001). The AF occurrence rate of
AHRE >9.3 min was 7 times AHRE <9.3 min (p <.001).

Conclusions: We compared 5 predicting models for new AF in patients with CIED and
without a history of AF. AHRE 26 min and 24 h, and HAT,CH,, score were independent
predictors for AF.

KEYWORDS
atrial fibrillation, cardiac implantable electronic device, predicting models

etal., 2019; Li, Pastori, et al., 2019; Lip et al., 2020), mCHEST score (Li,
Bai, et al., 2021), HAT,CH,, score (Emren et al., 2016; Hu & Lin, 2017),

Atrial fibrillation (AF) is a leading arrhythmia worldwide and the and HAVOC score (Ntaios et al., 2020; Zhao et al., 2019) have been
major risk of systemic thromboembolic events (Hindricks et al., 2021; elucidated for predicting new AF in different populations and all re-

January et al., 2019). Several predicting models, including CHA,DS,,- vealed acceptable discriminating power. A prospective study enrolled
VASc score (Hu & Lin, 2018; Zuo et al., 2013), C,HEST score (Li, Bisson, 528 symptomatic arrhythmic patients and showed a CHA,DS,-VASc
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score with a C statistic 0.63 and an optimal cutoff at 2 for new-onset
AF (Zuo et al., 2013). Hu et al. used Longitudinal Health Insurance
Database of Taiwan to demonstrate CHA,DS,-VASc score with the
area under the curve of the receiver operating characteristic 0.67 for
new-onset AF in patients with type Il diabetes mellitus and hyperos-
molar hyperglycaemic state (Hu & Lin, 2018). C,HEST score was used
to predict new AF in a Danish Healthy Population (Lip et al., 2020),
post-stroke patients from France, (Li, Bisson, et al., 2019) and Chinese
and Korean subjects (Li, Pastori, et al., 2019). The mCHEST score was
refined in a hospital-based Chinese population and showed better
predictive performance than other predicting models for incident AF
(Li, Bai, et al., 2021). HAT,CH, score has a slightly but significantly
better predictive performance than CHA,DS,-VASc score for new AF
in cancer patients (Hu & Lin, 2017), and can be used to predict the
development of AF in patients after coronary artery bypass surgery
(Emren et al., 2016). HAVOC score was also a newly developed score
for predicting new AF in cryptogenic stroke patients with insertable
cardiac monitors (Zhao et al., 2019). Overall, these five practical pre-
dicting models have not been well evaluated in patients with cardiac
implantable electronic devices (CIED).

The latest guidelines regarding non-valvular AF (Hindricks
et al, 2021; January et al., 2019) state that AHRE >5-6 min and
>180bpm detected by CIED increase the risk for new AF and clearly rec-
ommended AHRE should be closely monitored and treated. Sustained
AHRE 224 h could be viewed as new AF and should be considered anti-
coagulant therapy in patients with CIED if a CHA2DS2-VASc score of 22
for men and =3 for women (Hindricks et al., 2021; January et al., 2019).
Therefore, sustained AHRE 224 h could be hypothesized as a surrogate
marker for new AF in patients with CIED (Li, Pastori, et al., 2021). The
AHRE >5-6 min would increase the risk of stroke and clinical new AF
in patients with CIED without prior AF which has been documented in
a recent systemic review article (Doundoulakis, Gavriilaki, et al., 2021).
Therefore, the optimal cutoff value for AHRE is still a debated issue and
more pieces of evidence should be elucidated.

Hence, the present study aimed to investigate the performance
of five commonly used predicting models for new AF and comparing
to AHRE 26 min and AHRE 224 h in patients with CIED and without
a history of AF. The novelty of this study is that there are no previ-
ous studies compared with predicting models and AHRE for new AF

prediction.

2 | METHODS

2.1 | Study participants

Consecutive patients aged 18years or older who underwent CIED
implantation (Medtronic® and Biotronik®: dual-chamber pace-
maker, dual-chamber implantable cardioverter defibrillator, cardiac
resynchronization therapy-pacing, and cardiac resynchronization
therapy defibrillator) in the Cardiology Department of National
Cheng Kung University Hospital from January 2015 to April 2021
were retrospectively included.

2.2 | Ethical considerations

The procedures followed were in accordance with the “Declaration
of Helsinki” and the ethical standards of the responsible commit-
tee on human experimentation (institutional or regional). The proto-
col for this cohort study was reviewed and approved by the ethics
committee of National Cheng Kung University Hospital and was
conducted according to guidelines of the International Conference
on Harmonization for Good Clinical Practice (B-ER-108-278). All
included patients provided signed informed consent at the time of
their implantation procedures.

2.3 | Data collection and definitions

Patients' medical history and data of co-morbidities and echocar-
diographic parameters were collected from chart records for retro-
spective evaluation. Diabetes mellitus was defined by the presence
of symptoms and casual plasma glucose concentration 2200mg/dl,
fasting plasma glucose concentration 2126 mg/dl, 2-h plasma glu-
cose concentration 2200mg/dl from a 75-g oral glucose tolerance
test, or taking medication for diabetes mellitus. Hypertension was
defined as in-office systolic blood pressure values 2140 mmHg and/
or diastolic blood pressure values 290mmHg or taking antihyper-
tensive medication. Dyslipidemia was defined as low-density lipo-
protein 2140 mg/dl, high-density lipoprotein <40mg/dl, triglycerides
2150mg/dl, or taking medication for dyslipidemia. Chronic kidney
disease (CKD) was defined as an estimated glomerular filtration rate
<60ml/min/1.73m? for at least 3 months. Coronary artery disease
(CAD) was defined as patients with a history of acute coronary syn-
drome or >50% stenosis of coronary angiography. Peripheral artery
disease was defined as patients with a history of a value of ankle-
brachial index below 0.9 at rest or percutaneous transluminal angio-
plasty. Valvular heart disease was defined as patients with moderate
or severe valvular stenosis or regurgitation using formal echocar-
diographic reports. Heart failure was diagnosed as preserved or re-
duced left ventricular ejection fraction by formal echocardiography
reports and patients' clinical symptoms. The primary endpoint for
this study was the occurrence of new-onset AF after the date of
CIED implantation, diagnosed by experienced cardiologists based
on 12-lead electrocardiography (ECG) or one-channel ECG strip
>30seconds or 24-h Holter recordings. In every office visit for pace-
maker interrogation, one 12-lead ECG will be done. If AHRE 26 min
was detected, more new AF detection by 24-h Holter or 12-lead
ECG would be arranged. The follow-up duration will be similar in all
patients.

AHRE were extracted from the devices via telemetry at each
office visit (3-6 months). AHRE electrograms were reviewed by at
least one experienced electrophysiologist, who carefully considered
the possibility that AHRE included lead noise or artifacts, far-field
R-waves, paroxysmal supraventricular tachycardia, and visually con-
firmed AF in the detected AHRE. Atrial sensitivity was programmed
to 0.3 mV with bipolar sensing of Medtronic devices and 0.2 mV with
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bipolar sensing of Biotronik devices. AHRE was defined as heart rate
>175bpm (Medtronic) or >200bpm (Biotronik) and at least 30s of
atrial tachyarrhythmia recorded by the devices on any day during
the study period. To evaluate the cutoff threshold for new AF, AHRE
was categorized by duration: 26 min, and 224 h. If patients had mul-
tiple AHREs, the longest AHRE duration was used for analysis. If a
patient's longest AHRE duration was 10 h, the result was counted as
AHRE 26 min but not 224 h.

2.4 | Statistical analysis

Categorical variables are presented as percentages and continuous
variables as means and standard deviations for normally distributed
values or medians and interquartile interval for non-normally dis-
tributed values. The normal distribution for continuous variables
was assessed using the Kolmogorov-Smirnov method. Pearson's
chi-square test or Fisher's exact test was used to determine dif-
ferences in baseline characteristics for categorical variables, and a
two-sample student's t-test or Mann-Whitney U-tests was used to
analyze continuous variables. Multivariable Cox regression analysis
was used to identify variables associated with new-onset AF, re-
ported as hazard ratios (HR) with 95% confidence intervals (Cl). If
the p-value in the univariable analysis was <.05, the parameter was
entered into the multivariable analysis. The receiver-operating char-
acteristic (ROC) area under the curve (AUC) of the AHRE in minutes
and the associated 95% confidence intervals (Cl) were evaluated for
association with new-onset AF after CIED implantation. The optimal
cutoff values with the highest Youden index were chosen based on
the results of the ROC curve analysis and used to evaluate the as-

sociated values of the AHRE duration for determining new-onset AF.

TABLE 1 The list of variables used in the five predicting models

CHA,DS,-Vasc
score

Variable

History of heart failure

Hypertension

Diabetes mellitus

Age 65-74years

Age>75years

Prior stroke, transient ischemic attack

Vascular diseases

N N N N SN N N N[ e
[ N N = =

Female gender

Valvular heart disease

Peripheral vascular disease

Obesity (body mass index >30)
Chronic obstructive pulmonary disease
Coronary artery disease

Systolic heart failure

Thyroid disease (hyperthyroidism)

WILEY- 2™

For all comparisons, p<.05 was considered statistically significant.
All data were analyzed using SPSS statistical package version 23.0
(SPSS Inc.).

3 | RESULTS

3.1 | Patient characteristics

Between January 1, 2014 and April 30, 2021, a total of 644 consecu-
tive patients receiving CIED transplantation at National Cheng Kung
University Hospital were recruited initially. Patients with previous
AF (n = 174) were excluded. The final analysis included data of 470
patients, of which 34 had experienced new AF. Table 1 shows the all
variables in the 5 models.

The median follow-up period was 29 months after implantation of
CIED and similar between the two groups (Table 2). Table 2 shows
patients' baseline demographic and clinical characteristics based on
whether new AF occurrence or not. Patients' median age was 76 years
and 58.7% of patients were men. Types of CIED included dual-chamber
pacemaker (376, 80.0%), dual-chamber ICD (66, 14.0%), CRTP (23,
4.9%), and CRTD (5, 1.1%). Medtronic was 66.8% and Biotronik was
33.2%. AHRE 26 minutes detected in Medtronic devices was 32.8%
(103/314) and 14.7% (23/156) in Biotronik devices. The most common
indication for CIED implantation was sick sinus syndrome (52.8%),
followed by atrioventricular block (27.2%) and ventricular tachyar-
rhythmia (20.0%) (Table 2). Overall atrial pacing median percentages
(34.0%) and ventricular pacing median percentages (4.2%) were noted.
High percentages of hypertension (82.6%), hyperlipidemia (77.9%), di-
abetes (47.9%), CKD (37.2%), heart failure (30.2%), and CAD (25.5%)
suggest a relatively high risk of AF for the entire study cohort. More

HAVOC
C,HEST score mC,HEST score HAT,CH, score score
8 8 7 14
v 2 4 4
4 1 4 1 v 1 4
v 1
v 2 4 2 v 1 v/ 2
v 2
v 2
4 1
v 1
4 1 4 1 v 1
4 1 4 1 v 2
4 2 v 2
4 1 v 1
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TABLE 2 Baseline characteristics of the overall study group and with/without new atrial fibrillation

Variables
Age (years)
Gender
Male
Female
Body mass index (kg/m2)
Device brand
Medtronic
Biotronik
Device type
Dual chamber pacemaker

Dual chamber implantable cardioverter
defibrillator

Cardiac resynchronization therapy

Cardiac resynchronization therapy
defibrillator

Primary indication
Sinus node dysfunction
Atrioventricular block

Heart failure/ventricular tachycardia/
ventricular fibrillation

Atrial pacing (%)
Ventricular pacing (%)
Hypertension
Diabetes mellitus
Hyperlipidemia
Peripheral artery disease
Coronary artery disease
Valvular heart disease
Chronic obstructive pulmonary disease
Prior stroke
Prior myocardial infarction
Heart failure
Preserved left ventricular ejection fraction
Reduced left ventricular ejection fraction
Chronic kidney disease
Chronic liver disease
Thyroid disease
Hemoglobin (mg/dL)
Platelet
Echo parameters
Left ventricular ejection fraction (%)
Mitral E/e’
Left atrial diameter (cm)

Right ventricular systolic function (s', m/s)

All patients (n = 470)

76 (65-83)

276 (58.7%)
194 (41.3%)
24.8 (22.6-26.1)

314 (66.8%)
156 (33.2%)

376 (80.0%)
66 (14.0%)

23 (4.9%)
5(1.1%)

248 (52.8%)
128 (27.2%)
94 (20.0%)

34.0(8.7-75.7)
4.2 (0.2-96.8)
388 (82.6%)
225 (47.9%)
366 (77.9%)
6 (1.3%)
120 (25.5%)
57 (12.1%)
23 (4.9%)
25 (5.3%)
91 (19.4%)

52 (11.1%)

90 (19.1%)
175 (37.2%)

26 (5.5%)

22(7.0%)
12.0(10.8-13.0)
203 (175-221)

67.0 (56.0-74.0)

11.0 (8.7-14.0)
3.8(3.2-4.1)

12.0(11.0-14.0)

New atrial fibrillation

Yes (N = 34)
77 (68-83)

27 (79.4%)
7 (20.6%)
24.8 (23.1-26.5)

28 (82.4%)
6 (17.6%)

33(97.1%)
0(0.0%)

1(2.9%)
0(0.0%)

21 (61.7%)
12 (35.3%)
1(2.9%)

34.9 (8.5-64.6)
13.2(0.8-43.3)
32 (94.1%)
21 (61.8%)
33(97.1%)
1(2.9%)
9 (26.5%)
3(8.8%)
3(8.8%)
1(2.9%)
9 (26.5%)

6(17.6%)
8(23.5%)

19 (55.9%)
1(2.9%)
1(5.6%)

12.0(11.0-13.6)
204 (175-222)

64.5(52.3-71.5)

11.9 (9.7-15.3)
4.0 (3.5-4.4)

12.0(11.0-14.0)

No (N = 436)
75 (65-83)

249 (57.1%)
187 (42.9%)
24.8 (22.6-26.1)

286 (65.6%)
150 (34.4%)

343 (78.7%)
66 (15.1%)

22 (5.0%)
5(1.1%)

227 (52.1%)
116 (26.6%)
93(21.3%)

34.0(8.6-76.3)
3.0(0.2-97.3)
356 (81.7%)
204 (46.8%)
333 (76.4%)
5(1.1%)
111 (25.5%)
54 (12.4%)
20 (4.6%)
24 (5.5%)
82 (18.8%)

46 (10.6%)

82 (18.8%)
156 (35.8%)

25 (5.7%)

21(7.1%)
12.0(10.7-13.0)
203 (175-221)

68.0 (56.0-74.0)

11.0 (8.6-14.0)
3.7(3.2-4.1)

12.0(11.0-14.0)

Univariate p
value

.284

.011

617

.057

.067

.001

.877
.340
.096
.092
.002
364
.896
.785
.227
1.000
276

.204
.500
.020
711
.950
.953
793

216
59
.028
.284
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TABLE 2 (Continued)

Variables

Drug prescribed at baseline

Antiplatelets 179 (38.1%)
Anticoagulants 42 (8.9%)
Beta blockers 164 (34.9%)
Amiodarone 76 (16.2%)
Propafenone 15 (3.2%)
Flecainide 1(0.2%)
Dronedarone 5(1.1%)
lvabradine 26 (5.5%)
Digoxin 7 (1.5%)
Non-dihydropyridine calcium channel 16 (3.4%)
blockers
Diuretics 78 (16.6%)
Renin-angiotensin-aldosterone system 205 (43.7%)
inhibitors
Statins 181 (38.5%)
Metformin 79 (16.8%)
Sodium glucose co-transporters 2 inhibitors 15 (3.2%)
Follow-up duration (months) 29.0 (14.0-52.0)
CHA,DS,-VASc score 3(2-4)
C,HEST score 3(1-3)
mC,HEST score 3(2-4)
HAVOC score 4(2-6)
HAT,CH, score 2 (1-3)
AHRE >6mins 126 (26.8%)
AHRE 224h 39 (8.3%)

All patients (n = 470)

WILEY-L2°™

New atrial fibrillation

Univariate p

Yes (N = 34) No (N = 436) value
10 (29.4%) 169 (38.8%) .280
17 (50.0%) 25(5.7%) <.001
17 (50.0%) 147 (33.7%) .055
15 (44.1%) 61 (14.0%) <.001
3(8.8%) 12 (2.8%) .086
0(0.0%) 1(0.2%) 1.000
2(5.9%) 3(0.7%) .044
2(5.9%) 24 (5.5%) 1.000
0(0.0%) 7 (1.6%) 1.000
1(2.9%) 5(3.4%) 1.000
9 (26.5%) 69 (15.8%) 108
16 (47.1%) 189 (43.4%) 683
12 (35.3%) 169 (38.8%) .689
8(23.5%) 71(16.3%) .277
1(2.9%) 14 (3.2%) 1.000
26.0(12.0-47.0) 29.0 (14.0-52.0) .503
4(3-4) 3(2-4) .297
3(3-4) 3(1-3) .026
3(3-4) 3(2-4) .034
6(4-8) 4 (2-6) .025
3(2-4) 2(1-3) .001
24 (70.6%) 102 (23.4%) <.001
14 (41.2%) 25 (5.7%) <.001

Note: Data are presented as medians (interquartile interval) or n (%). Non-parametric continuous variables, as assessed using the Kolmogorov-
Smirnov method, were analyzed using the Mann-Whitney U test. Statistical significance is set at p <0.05. AHRE, atrial high-rate episodes; CHA,DS -
Vasc score, range from O to 9. History of heart failure, hypertension, diabetes, vascular disease, age 65-74 years, and female sex each is calculated as
1 point; 75years or older and prior stroke, TIA, or thromboembolism each is calculated as 2 points; C,HEST score, range from O to 8. C,: CAD/COPD
(1 point each); H: hypertension (1 point); E: elderly (age = 75 years, 2 points); S: systolic HF (2 points); and T: thyroid disease (hyperthyroidism, 1 point);
HAT,CH, score, range from O to 7. Hypertension, 1 point; age >75years, 1 point; stroke or transient ischemic attack, 2 points; chronic obstructive
pulmonary disease, 1 point; heart failure, 2 points; HAVOC score, H: hypertension (2 points); A: age (age = 75 years, 2 points); V: valvular heart disease
(2 points), peripheral vascular disease (1 point); O: obesity (1 point); C: congestive heart failure (4 points) and coronary artery disease (2 points);
mC,HEST score, Range from 0 to 8. C,: CAD/COPD (1 point each); H: hypertension (1 point); E: elderly (age 65-74 years, 1 point; age 275years, 2
points); S: systolic HF (2 points); and T: thyroid disease (hyperthyroidism, 1 point).

patients used antiplatelet therapy because of more patients with CAD
and prior stroke. Overall, the total number of new AF was 34 (inci-
dence rate 2.99/100 patient-years, 95% Cl 1.67-6.20).

3.2 | Univariable analysis and multivariable
logistic regression analysis to identify independent
predictors of new AF

Univariable analysis revealed that male gender, sick sinus syndrome,
hyperlipidemia, chronic kidney disease, left atrial diameter, AHRE
26 min, AHRE 224h, C,HEST score, mCHEST score, HAVOC score,

and HAT,CH, score were significantly associated with new AF oc-
currence (Table 2). Multivariable Cox regression analysis showed that
only AHRE 26 min (Model B-1~B-4 in Table 3) and AHRE 224 h (Model
A-1 to A-4 in Table 3) were independently associated with new AF.
Only the HAT,CH,, score was independently associated with new AF.

3.3 | ROC-AUC determination of the AHRE cutoff
values as a predictive factor for future AF

The optimal AHRE cutoff value predictive of future AF was deter-
mined to be 9.3 minutes with the highest Youden index (sensitivity,
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70.6%; specificity, 78.2%; AUC, 0.806; 95% Cl, 0.722-0.889;
p<.001) (Figure 1). The AF occurrence rate significantly increased
(around 7 times) if patients with AHRE 29.3 minutes than AHRE
<9.3 minutes (Figure 2).

4 | DISCUSSION

41 | Major finding

The main finding of this study is that five predicting models
(CHA,DS,-VASc score, C,HEST score, mCHEST score, HAT,CH,
score, and HAVOC score) for new AF, compared to AHRE 26 min or
>24hin a Taiwanese population with CIED and no history of AF, only
HAT,CH, score was the independent predictor. The optimal cutoff
value of AHRE for subsequent AF was 9.3 min. These results suggest
that if patients with CIED, closely monitoring AHRE occurrence and
assessing the HAT,CH, score is important.

4.2 | Are5 predicting models independently
predicting new AF in patients with CIED and without
a history of AF?

The present study was conducted because of the performance of

several predicting models (CHAZDSZ—VASC score, C,HEST score,

ROC Curve
1.0 =
/——/d
0.8 [
o
/__J
P
. |
g 06 |
2 /
= ¢
" |
c |
[ —1
P 04 e
r
J
J
0.2
0.0 T T T T
0.0 02 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

FIGURE 1 Receiver-operating characteristic curve analysis of
the AHRE in patients with CIED with new atrial fibrillation. AHRE
in minutes: Optimal cutoff value with the highest Youden index,

9.3 minutes; sensitivity, 70.6%; specificity, 78.2%; AUC, 0.806; 95%
Cl,0.722-0.889; p<.001

mCHEST score, HAT,CH, score, and HAVOC score) to predict new
AF in patients with CIED and without a history of AF had not been
well studied before. All variables and predicting models are listed in
Table 1. Only hypertension and age 275years are commonly used
variables in all 5 systems. Among them, the CHA,DS,-VASc score
is the most well-known and guideline-recommendation (Hindricks
et al.,, 2021; January et al., 2019) one for risk-predicting systemic
thromboembolic events in patients with non-valvular AF. Also re-
garding the HAT,CH, score, C,HEST score, mCHEST score, and
HAVOC score, no study has been conducted for new AF predic-
tion in patients with CIED and without a history of AF. To the best
of our knowledge, the current study is the first one to reveal that
AHRE 26 min or 224 h is better than these 5 predicting models, ex-
cept for the HAT,CH, score, to predict new AF in patients with CIED
and without a history of AF and the area under the curve of ROC
curve is adequate, 0.806. We did not compare other more compli-
cated AF-prediction models, such as BASIC-AF score (Samaras
et al., 2021) and CHARGE-AF score (Alonso et al., 2013). BASIC-AF
score (Samaras et al., 2021) includes biomarkers (N-terminal pro-B-
type natriuretic peptide and high-sensitivity troponin-T), echocar-
diographic parameter (left atrial volume index), and electrographic
parameter (intraventricular conduction delay). High-cost biomarkers
and skill-dependent echocardiographic parameters would limit the
clinical use. CHARGE-AF score (Alonso et al., 2013) comprises big-
measurement-change of systolic and diastolic blood pressure and for
the only white race. Also, complicated calculation formula limits its
clinical use.

Originally, the HAT,CH,, score has been validated to predict the
development of post-operative AF (Emren et al., 2016). As shown in
Table 1, the HAT,CH, score includes chronic obstructive pulmonary
disease (COPD) as one point (not included in the CHA,DS,-VASc
score and HAVOC score), which highlights the varied impact of dif-
ferent diseases in new AF occurrence in patients with CIED based
on our study results. COPD-related hypoxemia/hypercapnia, sys-
temic inflammation and accelerated aging may promote increased
sympathetic nerve activity, pulmonary vascular constriction, and
structural modeling process, which all leads to increased automatic-
ity and action potential shorting, and local conduction disturbances,
therefore, increasing the risk of clinical AF (Simons et al., 2021).
Additional prospective studies are required to elucidate the possible
mechanisms underlying COPD-related AF risk, and then to identify
effective preventive interventions.

4.3 | Why AHRE is a more powerful prediction
surrogate for new AF?

Sustained AHRE 224 h detected by CIED has a similar risk of sys-
temic thromboembolic events as clinical AF (Li, Pastori, et al., 2021),
although AF could be only diagnosed by 12-lead electrocardiogra-
phy or a 30-second electrocardiographic strip (Hindricks et al., 2021;
January et al., 2019). Even, current guidelines recommend if patients
with AHRE 26 minutes, more aggressive anti-thrombotic therapy
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FIGURE 2 The occurrence rate of atrial fibrillation and AHRE
>9.3 minutes or not. The occurrence rate of atrial fibrillation in
patients with AHRE 29.3 minutes was 7 times without AHRE
>9.3 minutes

should be considered (Hindricks et al., 2021; January et al., 2019).
AHRE is closer to clinical AF than these 5 prediction models, which
suggests that in patients with CIED, more closely monitoring of
AHRE duration is needed. We also showed patients with AHRE
>9.3 min have 7-time for new AF than patients with AHRE <9.3 min.
Accurate reading of the signals of the atrial channel for AHRE re-
corded by CIED, excluding artifacts and atrial-oversensing, should
be integrated into routine patient care in patients with CIED to early
predict new AF.

In a recent review article (Doundoulakis, Gavriilaki, et al., 2021),
eight retrospective or prospective studies including 4322 patients
with CIED and without a documented AF history have been used in
this meta-analysis. AHREs were defined as the atrial rate >170-225
beats per minute and duration >5-6 min (Doundoulakis, Gavriilaki,
et al., 2021). The prevalence rate of AHREs was 10.1%-50.0% and
the overall incidence ratio of AHRE cases per 100 person-years was
2.64-40.47. The key message (Doundoulakis, Gavriilaki, et al., 2021)
was that patients with AHREs were 4.45 times more likely to develop
clinical AF in the follow-up periods (mean duration: 1.6-6.6years).
They also concluded that the cutoff value for AHREs may be longer
than 5-6 min, which was comparable with our data of 9.3 min. Based
on this meta-analysis and our study, in patients with CIED without
a history of AF, early detection of AHREs could be an acceptable
predictor for new-onset AF.

The next step for these patients with AHREs 29.3 min, we sug-
gested more AF detection using different tools should be arranged
in daily practice and the current guidelines also recommended
reassessing clinical AF regularly (Hindricks et al., 2021; January
et al.,, 2019). Furthermore, AHREs have been viewed as a marker of
atrial cardiomyopathy recently (Doundoulakis, Tsiachris, et al., 2021;
Vitolo et al., 2022). Atrial cardiomyopathy could be a thromboem-
bolic source even in patients without documented AF. According to
the current guidelines, anticoagulants might be considered in pa-
tients with AHREs 21 h if CHA,DS,-VASc score 22 in male and 23
in female (Hindricks et al., 2021; January et al., 2019). Ongoing two

trials (Kirchhof et al., 2017; Lopes et al., 2017) will give us the answer
to deal with this situation. Based on our findings, more short-cutoff
of AHREs 9.3-minute may promote primary physicians to early de-
tection of AF and more stroke prevention algorithm will be used.

5 | LIMITATIONS

The present study has several limitations. First, this was a single-
center, retrospective, observational study with a relatively small
number of patients with CIED in a hospital setting, and all patients
were Taiwanese. The results may not be generalizable to other
populations. Prospective multicenter studies with larger samples
are required to confirm the results of this study. Second, we did
not compare all published prediction models and complicated
predicting models, which may overemphasize the AHRE. Third,
the different default settings of generators for AHRE detection
may reduce the accuracy. However, we believe that the duration
26 min or 24 h could be ensured enough to exclude the possibil-
ity. Fourth, 50% of patients with new AF received anticoagulants
at baseline in our study indicated probably that physicians used
the AHRE 25-6 min or 224 h as new-onset AF. If high risks of sys-
temic thromboembolic events (CHA,DS,-VASc score 21 in male
or CHA,DS,-VASc score 22 in female), they will prescribe antico-
agulants. Finally, few ICD/CRT patients preclude comment on the
heart failure population.

6 | CONCLUSIONS

New AF is common in patients after CIED implantation and without
a history of AF. The AHRE and HAT,CH, scores are independent
predictors for new AF in this population during mid-term follow-
up. Our results suggest that closely monitoring AHRE occurrence
and duration during the interrogation of CIED and assessing the
HAT,CH, score should be warranted.
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