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Background: Patients with cardiac implantable electronic device (CIED) developing atrial high-rate episodes
(AHRE) have a significant risk of thromboembolic events (TEs), but risk factors have been scarcely investigated.
Objectives: To analyze risk factors for TEs in a contemporary cohort of patients with CIED.
Methods: Consecutive non-AF patients without anticoagulation at baseline were followed up after the CIED im-
plantation. The role of newly-developed AHRE and other risk factors for TEs were analyzed using a time-
dependent Cox regression model and Kaplan-Meier analysis with log-rank tests.
Results: A total of 594 CIED patients were followed up for amean of 4.2 years: 175 developed AHRE (29.5%; incident
rate [IR] 8.80%per patient-year). Of those, 33 experienced TEs (5.5%; IR 1.38%per patient-year). Incidence of TEswas
low in patients with a CHA2DS2-VASc score b 2 (male)/b3 (female) (AHRE vs. no-AHRE, 0.60% vs. 0.00% per patient-
year, p = 0.469) and high in those with score ≥ 2 (male)/≥3 (female) (AHRE vs. no-AHRE, 2.12% vs. 1.36% per
patient-year, p=0.209), regardless of the AHRE presence. AHRE was not significantly associated with TEs (hazard
ratio [HR], 1.46 [0.64–3.33]). There was no temporal relationship between AHRE and TEs. Baseline CHA2DS2-VASc
score was independently associatedwith TEs (HR, 1.41 [1.13–1.75]) on multivariate analysis, but not AHRE.
Conclusions: Thromboembolic risk in patientswith CIED ismainly driven by comorbidity burden, i.e., CHA2DS2-VASc
score, rather thanAHREper se. Decision-makingon strokepreventionneeds to focus on comorbidity burden andnot
merely on the presence or absence of AHRE in CIED patients.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Atrial high-rate episode (AHRE) is commonly seen in patients with a
cardiac implantable electronic device (CIED) [1], whereby approximately
30% to 70% of patients with CIED developed AHRE at follow-up, depend-
ing on the clinical profile of the population studies, the definition and du-
ration of AHRE [2,3]. AHRE has been associatedwith thromboembolic risk
in CIED patients without atrial fibrillation (AF) [4,5].

Detection of AHRE with a duration of over 5 to 6min was associated
with a risk of subsequent development of clinical AF [2]. In AHRE pa-
tients, the risk of thromboembolic events (TEs) appears to be lower
than clinical AF [4,6,7]. In addition, AHRE does not seem to be a direct
cause for the increased risk, given the lack of a temporal connection be-
tween AHRE and TEs [4,8]. Indeed, a substantial proportion of patients
had no AHRE before thromboembolic events [9]. Furthermore, there
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were no AHREs detected among patients in the thirty days before
their TEs [9]. Whether AHRE and TE have a causality therefore remains
unclear.

Accumulating clinical risk factors, such as previous stroke, heart failure
(HF), vascular disease and age, are the major drivers of thromboembolic
risk in AF and non-AF population. In a large cohort study (n = 42,987),
the CHA2DS2-VASc score, a composite of clinical thromboembolic risk fac-
tors,was associatedwith thromboembolic risk even in non-AF population
[10]. In patients with high CHA2DS2-VASc score (≥4), the absolute risk of
TE was high regardless of the presence of AF (e.g., for a score of 4, 8.2% vs
9.7% for patients with and without AF) [10]. In other studies, the
CHA2DS2-VASc score has also been associated with thromboembolic risk
in non-AF subjects [11–13].

In the Asymptomatic Atrial Fibrillation and Stroke Evaluation in
Pacemaker and the Atrial Fibrillation Reduction Atrial Pacing Trial
(ASSERT) study [4], only patients with a high stroke risk were included
(CHA2DS2-VASc ≥ 2, for aged over 65 and hypertensive); hence, this
study did not include low stroke risk patients, among whom the role
of AHRE remains unclear. In a Japanese cohort, the association between
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AHRE and TEswas only shown in high-risk patients (CHADS2 score N 2),
but not in low-risk patients (CHADS2 score 0–2) [8], suggesting that
AHRE is perhaps more like a stroke risk modulator rather than an inde-
pendent risk factor.

However, the role of AHRE and other risk factors has never been
compared and investigated simultaneously in patients without AF.
This study therefore was aimed at analyzing independent predictors of
TEs in non-AF patients with CIED.

2. Material and methods

We included consecutive patients receiving a permanent pacemaker, implantable
cardioverter defibrillator (ICD), or cardiac resynchronization therapy (CRT),who attended
the cardiology department of Sandwell andWest BirminghamHospitals between January
1999 and January 2017. All these patients received a structured follow-up with 3–
9 months of interval. The follow-up duration was defined as the time period from the
date of device implantation to last date of hospital visit (including device clinic visit and
specialist clinic visit). Information with regard to stroke, transient ischemic attack (TIA),
systematic embolism and device recordings were ascertained at these visits. We retro-
spectively collected the data from the Clinical Data Archive of the National Health System
(NHS). Patients were not involved in its conduct, and there was no impact on their care.
Ethical reviewwas therefore not required. Patient consent was not sought. AHRE was de-
fined as an episode lasting at least 5 min with atrial rate ≥ 175 bpm, which criteria was
similar to that used in the ASSERT study, enabling the exclusion of most noise from non-
cardiac origin [4]. The accurate diagnosis of AHRE was reviewed by experts from cardiac
electrophysiology team. Baseline demographic characteristics and medical conditions in-
cluding comorbidities and medications were retrospectively collected. Data collection
and secondary verification were performed independently by Y.G.L, K.M and D.P to guar-
antee data accuracy and quality. Patients with known AF and those on anticoagulation
therapywere excluded from this study, considering theywere demonstrated to have a sig-
nificant impact on thromboembolic events.

The concomitant thromboembolic risk factors were grouped into the CHA2DS2-VASc
score, which was retrospectively calculated using the baseline patient profile as follows:
heart failure (HF), hypertension, age ≥ 75 (2 points), diabetes mellitus, previous stroke/
TIA (2 points), vascular disease, age 65–75, female sex.

2.1. Definition of outcomes

The primary endpoint of this study was thromboembolic event including ischemic
stroke (IS), TIA and systemic embolism (SE) (IS/TIA/SE), which were determined through
reviewing medical records issued by experienced physicians or specialists. Computed to-
mography or magnetic resonance imaging was used to confirm in all patients who were
suspected to have IS. TIA was defined as a sudden, focal neurological deficit of presumed
vascular origin lasting b24 h. SEwas defined as sudden loss of end-organ perfusion as doc-
umented by the use of imaging, surgery or autopsy.
Table 1
Baseline characteristics of subjects divided by AHRE and non-AHRE.

Characteristics Total
(n = 594)

Demographics
Female 234 (39.4)
Age 69 ± 14
Age ≥ 65 402 (67.7)
Age ≥ 75 255 (42.9)

Device type
PM 457 (76.9)
ICD 65 (10.9)
CRT 72 (12.1)

Comorbidities
Hypertension 411 (69.2)
DM 167 (28.1)
Hyperlipidemia 375 (67.2)
Vascular disease 210 (35.4)
CAD 205 (34.6)
Stroke/TIA 59 (9.9)
HF 126 (21.2)
COPD 32 (6.6)
Cardiomyopathy 128 (22.0)

Stroke risk assessment
CHADS2 1.8 ± 1.2
CHA2DS2-VASc 3.2 ± 1.7
CHA2DS2-VASc ≥ 2 (male)/≥3 (female) 461 (77.6)

Values aremean± SD or n (%). Bold emphasis represents P value b 0.05. AHRE= atrial high rat
pulmonary disease; CRT = cardiac synchronization treatment; DM= diabetes mellitus; HF =
This study was conducted in accordance with the EU Guidance on Good Clinical Prac-
tice CPMP/ECH/135/95 and the Declaration of Helsinki. Since our project was a review of
anonymized data from patients under the care of the cardiology department of Sandwell
andWest BirminghamHospitals NHS Trust as part of ongoing clinical audits, therewas no
requirement for the study to be approved by NHS Research Ethics Committee.

2.2. Statistical analysis

Continuous variables were expressed as the mean ± standard deviation (SD). Cate-
gorical variables were expressed as numbers and percentages. Student's t-test was used
for comparison between continuous variables. Pearson chi-square test was used for anal-
ysis of categorical variables. The cumulative hazard of AHREwas illustrated using standard
Kaplan-Meier analysis, and differences between groups were assessed using the log-rank
test. Considering some AHREs were developed during follow-up, we created a time-
dependent covariate to track the development of AHRE. The detection of AHRE N 5 min
triggered a time-dependent variable that remained positive for the remainder of the
follow-up period. Follow-up was censored when patients suffered endpoint events. All
tests were two-tailed. A p-value b 0.05 was considered as statistically significant. Analyses
were performed using SPSS Statistics, version 23.0 (IBM, SPSS Inc.) and STATA Software,
version 14.0 (Stata Corp., College Station, TX).

3. Results

We studied 594 patients (60.6% male; mean age 69 years, SD= 14).
During a mean of 4.2 years of follow-up (2393 patient-years) (SD =
2.7), 175 (29.5%) developed at least one episode of AHRE N 5 min,
with an annual incidence of 8.8 per 100 patient-years. Median time
from CIED implantation to detection of first AHRE N 5 min was
16 months (IQR 7–42 months).

Patients with AHRE were older, had a higher percentage of paced
rhythm. Patients without AHRE had a higher implantable cardiac defi-
brillator (ICD) use and higher prevalence of HF and cardiomyopathy.
The CHA2DS2-VASc and CHADS2 scores were numerically higher in pa-
tientswith AHRE compared to thosewithout AHRE. A higher percentage
of patients with the CHA2DS2-VASc score ≥ 2 (male)/≥3 (female) were
found in patients with AHRE (Table 1).

3.1. Outcomes of thromboembolic events

A total of 33 patients experienced IS/TIA/SEwith an incidence of 1.38
per 100 patient-years. Patients with TEs were older (73 ± 10 years vs.
69 ± 15 years, p = 0.038), and had higher CHA2DS2-VASc score (4.0 ±
No AHRE
(n = 419)

AHRE
(n = 175)

p value

165 (39.4) 69 (39.4) 0.991
68 ± 15 72 ± 13 0.001
268 (64.0) 134 (76.6) 0.003
164 (39.1) 91 (52.0) 0.004

310 (74.0) 147 (84.0) 0.008
53 (12.7) 12 (6.9) 0.039
56 (13.4) 16 (9.1) 0.151

283 (67.5) 128 (73.1) 0.178
118 (28.2) 49 (28.0) 0.968
261 (66.4) 114 (69.1) 0.539
151 (36.0) 59 (33.7) 0.589
148 (35.3) 57 (32.9) 0.581
40 (9.5) 19 (10.9) 0.627
98 (23.4) 28 (16.0) 0.045
22 (5.4) 10 (5.9) 0.815
105 (25.5) 23 (13.5) 0.001

1.8 ± 1.2 1.9 ± 1.2 0.218
3.2 ± 1.8 3.4 ± 1.6 0.105
315 (75.2) 146 (83.4) 0.075

e episode; PM=pacemaker; CAD= coronary artery disease; COPD= chronic obstructive
heart failure; ICD = implantable cardiac defibrillator; TIA = transient ischemic attack.



Table 2
Cox regression analysis of risk factors for thromboembolic events.

Risk factors Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Atrial high-rate episodes 1.46
(0.64–3.33)

0.373 1.31
(0.51–3.38)

0.582

Age ≥ 65 2.91
(1.12–7.54)

0.028 2.67
(0.87–8.20)

0.086

Female 0.89
(0.44–1.82)

0.757 0.70
(0.30–1.65)

0.418

Heart failure 1.60
(0.71–3.57)

0.255 7.40
(1.61–34.0)

0.010

Vascular disease 1.32
(0.66–2.63)

0.434 0.63
(0.26–1.55)

0.316

Previous stroke/TIA 3.27
(1.47–7.29)

0.004 3.76
(1.53–9.22)

0.004

Hypertension 2.03
(0.84–4.92)

0.117 1.09
(0.39–3.05)

0.872

Diabetes mellitus 1.69
(0.83–3.44)

0.150 1.65
(0.75–3.60)

0.212

Hyperlipidemia 2.17
(0.89–5.29)

0.089 0.62
(0.19–1.99)

0.422

Cardiomyopathy 1.04
(0.43–2.53)

0.938 0.62
(0.19–1.99)

0.621

TIA = transient ischemic attach, HR = hazard ratio, CI = confidence interval.
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1.5 vs. 3.2 ± 1.7, p = 0.008) compared with patients without TEs (see
Supplementary Table S1). HF and previous stroke/TIA were indepen-
dently associated with TE events (Table 2).

3.2. Atrial high-rate episode and thromboembolic risk

Patients with AHRE had a higher annual incidence of thromboembolic
event (1.85% vs. 1.14%, p=0.373). AHREwas not significantly associated
with TEs (Table 3). After adjustment for risk factors, including HF, hyper-
tension, age, diabetes mellitus, previous stroke/TIA, vascular disease and
sex category, the association between AHRE and thromboembolic events
remained non-significant (HR, 1.31 [0.51–3.38]; p= 0.582).

Among the 33 patients with TEs, 18 patients (54.5%) had no AHRE
during follow-up, 7 (21.2%) had AHRE after events, and only 8 (24.2%)
had AHRE prior to thromboembolic events. For the 8 patients, the mean
time from first AHRE to thromboembolism was 20.8 ± 18.7 months.

3.3. CHA2DS2-VASc score and thromboembolic risk

A significant difference of accumulative hazard regarding CHA2DS2-
VASc score groups was shown in Kaplan-Meir curves analysis (log-rank
test p value= 0.036 (Fig. 1). The CHA2DS2-VASc score was significantly
associatedwith thromboembolic risk, as a continuous variable (HR, 1.41
[1.13–1.75]) and as a dichotomous variable (HR, 3.32 [1.01–10.90],
score ≥ 2 [male]/≥3 [female] vs. b2 [male]/b3 [female]).

Patientswith CHA2DS2-VASc score b 2 (male)/b3 (female) had a low
incidence of TEs regardless of the presence and absence of AHRE (AHRE
Table 3
Hazard ratio of atrial high-rate episode on thromboembolic events.

Clinical outcomes No-AHRE
(n = 419)

AH
(n

No. of events %/year No

IS/TIA/SE 18 1.14 15

IS 5 0.32 6

SE 2 0.13 3

TIA 11 0.70 7

⁎ Adjusted with heart failure and previous stroke/transient ischemic attack. HR, hazard ratio
vs. no-AHRE, 0.60% vs. 0.00% per patient-year, p = 0.469). In patients
with a CHA2DS2-VASc score ≥ 2 (male)/≥3 (female), the incidence of
TE events was high (AHRE vs. no-AHRE, 2.12% vs. 1.36% per patient-
year, p = 0.209) (see Supplementary Fig. S1). In this high-risk group,
AHRE patients were at numerically higher risk, but the difference was
non-significant (HR, 1.45 [0.62–3.37], for AHRE vs. Non-AHRE).

4. Discussion

The major findings of this study are as follows: i) AHRE were non-
significantly associated with increasing thromboembolic risk among
CIED patients without AF; ii) incidence of TE increased according to
the CHA2DS2-VASc score regardless of the presence of AHRE; and iii)
the risk of TE was mainly driven by comorbidity burden, as is reflected
by higher CHA2DS2-VASc score.

The extensive use of CIED and availability of long-term monitoring
has made it easier to pick up AHRE in patients with CIED. AHRE has
been associated with a higher risk of thromboembolic events in non-
AF subjects [4]. However, AHRE and TE appear to have temporal discon-
nection with very few patients had AHRE in the month prior to their
events [14]. The precise mechanism(s) of increased thromboembolic
risk in patients with CIED and AHRE is yet to be determined.

Evidence of the association between AHRE and TE risk has been
shown by several trials including ASSERT [4], TRENDS (A Prospective
Study of the Clinical Significance of Atrial Arrhythmia Detected by Im-
planted Device Diagnostics) [9], and MOST (Atrial Diagnostics Ancillary
Study of the MOde Selection Trial) [15]. In the ASSERT study, all the
RE
= 175)

HR⁎

(95% CI)
p value

. of events %/year

1.85 1.46
(0.64–3.33)

0.373

0.74 1.34
(0.35–5.16)

0.675

0.37 2.55
(0.34–18.9)

0.361

0.87 1.37
(0.43–4.41)

0.599

. Other abbreviations see Table 1.



Fig. 1. Accumulated hazard curves of thromboembolic events according to the CHA2DS2-
VASc score.
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patients had high stroke risk (CHA2DS2-VASc score ≥ 2, or hypertensive
and age ≥ 65 years) and AHREs were associated with thromboembolic
risk (HR, 2.49; 95% CI, 1.28–4.85) [4]. In the MOST study, the presence
of any AHRE was an independent predictor for death or nonfatal stroke
(HR, 2.79; 95% CI, 1.51–5.15); while the association between AHRE and
stroke events was not independently reported [15].

In these trials, AHRE and TEs were temporally disconnected. For
example, in the ASSERT study, using a time-dependent multivariable
analysis, the association between AHRE and thromboembolic risk
was marginally significant (HR 1.77 [1.01–3.10], p = 0.047) [4]. Fur-
ther, only 4 of 51 patients (8%) who experienced IS/SE had AHRE
within 30 days before the events [4]. Also, the increased thromboem-
bolic risk for AHRE was only shown among patients with CHADS2
score N 2, suggesting that AHRE was be a TE modulator rather than
risk factor per se [4]. Similarly, in the TRENDS study, TE events
were not preceded by AHRE or AF, but the arrhythmia usually oc-
curred after TE events [9]. Indeed, in the present study, 20 of the 40
patients had TE after AT/AF, 9 of whom did not show any AT/AF in
the 30 days prior to the event [9]. Thus, although AHRE was demon-
strated to increase thromboembolic risk in previous studies, causal-
ity remains weak in patients without AF.

In our study, we found a numerically higher incidence of TEs in pa-
tients with AHRE compared with non-AHRE patients (1.85% vs. 1.14%
per patient-year), whilst the difference was not significant at multivari-
able analysis. A temporal disconnection between AHRE and TE events
was also seen in this ‘real world’ study, similar to the previous trials. In
our study, among the 33 patients with TE events, only 8 (24.2%) had
AHRE prior to thromboembolic events. These findings confirmed that
AHRE and TE events do not always occur in the pathophysiological time
course, suggesting thatAHREmight not be an immediate cause for throm-
boembolic events.

Whilst, we found that the thromboembolic risk was intimately re-
lated with the CHA2DS2-VASc score, which suggests that the develop-
ment of TE events is driven by clinical risk factors. Indeed, in the low-
risk group (CHA2DS2-VASc score b 2 [male]/b3 [female]), the incidence
of TE was low, regardless of AHRE presence; while in the high-risk
group (CHA2DS2-VASc score ≥ 2 [male]/≥3 [female]), both patients
with and without AHRE had a high risk of TE. Although in the high-
risk group, patients with AHRE had a higher incident rate compared
with non-AHRE patients (2.03% per 100 patient-years vs. 1.38% per
100 patient-years), the difference was not significant. The different
results between our study and previous studies may come from the rel-
atively small population in the present study. We might hypothesize
that underlying mechanisms of the increased (but not directly con-
nected) thromboembolic riskmay include the possibility that AHRE (in-
cluding AF and other atrial tachycardia arrhythmias) simply embodies
left atrial disease [16] or systemic disorders (e.g. inflammation, hypoxia
and hypercoagulation) [17], which could contribute to thrombogenesis
[18].

Duration of AHRE may also be another factor for thromboembolic
risk as was demonstrated in a subgroup study of the ASSERT study
[19]. In ASSERT, AHRE between 6 min to 24 h was not significantly
different from patients without AHRE [19]. AHRE N 24 h was associ-
ated with a significantly higher risk of thromboembolism (HR 5.73
[2.41–13.64]) [19]. In general, an AHRE lasting for N24 h would be
considered as clinical AF to a great extent [20], although not demon-
strated in this subgroup study per se. As was demonstrated in the
subgroup analysis of the ASSERT study, patients with longer subclin-
ical AF were more likely to have other stroke risk factors, suggesting
that confounders other than AHRE duration may be responsible for
thromboembolic events. In the ASSERT study, all subjects were at
high thromboembolic risk (CHA2DS2-VASc score ≥ 2, for aged ≥65,
hypertension), while in the present study, both high and low throm-
boembolic risk patients were included. We found that in patients
with CHA2DS2-VASc score b 2 (male)/b3 (female), the risk of throm-
boembolism was low (b1% per patient-year) regardless of AHRE
presence.

In this study, the presence of other thromboembolic risk factors
seemed more important, and considering that TE incidence was
1.38% per patient-year for patients with CHA2DS2-VASc score ≥ 2
(male)/≥3 (female) without AHRE, this may be already exceed the
threshold for anticoagulation initiation in patients with AF (i.e.
0.9% per patient-year of thromboembolic risk for non-vitamin K an-
tagonist anticoagulants) [21].

4.1. Strength and limitations

In this study, we demonstrated that the comorbidity burden
(i.e., higher CHA2DS2-VASc score), plays an important role in in-
creasing TE risk. Patients without AHRE had high annual stroke risk
if associated with high CHA2DS2-VASc scores, appealing for more at-
tention on this group of patients for stroke prevention. The relatively
small low number of TEs may limit us from drawing a firm relation-
ship between AHRE and the risk of TE. Also, we were unable to ana-
lyze the role of AHRE burden on thromboembolic risk, which might
give more details regarding this topic, especially for the combined
role of AHRE burden and the CHA2DS2-VASC score. In this study, we
used 5 min as a cut off time duration for AHRE, which may have
minor impact when comparing our results with those from previous
studies. There were 8 patients who experienced AHRE prior to TE
events, but we are unable to show if there was AHRE in one month
before their events.

5. Conclusion

Thromboembolic risk in patients with CIED is mainly driven by car-
diovascular risk factors, as reflected by the CHA2DS2-VASc score, rather
than AHRE per se. Decision-making on stroke prevention needs to focus
on other stroke risk factors, and not merely on the presence or absence
of AHRE in CIED patients.
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