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Abstract
Objective  The clinical significance of atrial high-rate 
episodes (AHREs) detected by cardiac devices among 
patients with implantable pacemakers has recently 
emerged. However, the relationship between AHREs and 
ischaemic stroke and systemic embolism (SE) is not well 
understood in the Japanese population.
Methods  This study included 343 patients with 
pacemakers capable of continuous atrial rhythm monitoring 
(167 males; mean age, 80±7 years). Atrial tachyarrhythmia 
detection was programmed to the nominal setting of 
each device, and AHRE was defined as any episode of 
sustained atrial tachyarrhythmia lasting for more than 6 min. 
Thromboembolic risk was defined based on the CHADS2 
score.
Results  During the follow-up period (52±30 months), 
165 (48%) patients had at least one episode of AHREs, 
and 19 (6%) patients experienced stroke/SE. Among 
patients who experienced stroke/SE, 14 had AHREs 
before the stroke/SE. AHREs were significantly associated 
with stroke/SE (HR 2.87; 95% CI 1.10 to 8.90; p=0.03). 
Subgroup analysis conducted to investigate the impact 
of the CHADS2 score severity on stroke/SE revealed that 
AHREs were not associated with stroke/SE in  
patients with low or intermediate thromboembolic  
risk (CHADS2 score 0–2; n=217). In contrast, among 
patients with high thromboembolic risk (CHADS2 
score>2; n=126), there was a significant association 
between AHREs and the incidence of stroke/SE (HR 3.73; 
95% CI 1.06 to 13.1; p=0.04).
Conclusion  AHREs detected by pacemaker were 
associated with ischaemic stroke/SE in the Japanese 
population. However, this association was observed only 
in the high thromboembolic risk group.

Introduction
The incidence of atrial fibrillation (AF), which is 
the most common arrhythmia with clinical signif-
icance among elderly populations, is increasing 
worldwide.1 As AF is a well-established risk 
factor for thromboembolic events including 
ischaemic stroke,2 anticoagulation therapy is 
recommended based on CHADS2 and CHA2DS2-
VASc scores in patients with non-valvular  
AF.3–5 

The clinical significance of AF detected by cardiac 
implantable electronic devices, which are recorded 
as atrial high-rate episodes (AHREs), has emerged 
recently.6 7 However, due to the controversial rela-
tionship between AHREs and thromboembolic 
events, which has not been extensively studied in 
Japanese populations, appropriate anticoagulation 

therapy strategies for the management of AHREs 
have not been established.

The aim of this study was to investigate the 
impact of AHREs on ischaemic stroke in the Japa-
nese population.

Methodology
Study population and design
This was a multicentre retrospective cohort study. 
The study population included patients from 
Ehime University Hospital, Kitaishikai Hospital 
and Yawatahama City General Hospital in Japan. 
Patients who were 65 years of age or older and 
underwent their first implantation with a Medtronic 
dual-chamber pacemaker for sinus node disease or 
atrioventricular block between January 2005 and 
December 2014 were included. Patients with prior 
paroxysmal AF were included, but those with persis-
tent or permanent AF at the time of pacemaker 
implantation were excluded from this study because 
almost all these patients underwent implantation 
with single-chamber pacemakers (right ventricular 
lead only). Among a total of 392 patients who 
were identified, 49 patients were excluded due to 
the lack of details on the device data due to loss 
to follow-up, terminal illnesses limiting survival 
at implantation, atrial lead failure or placement of 
replacement devices due to infection. Therefore, 
343 patients were included in the final analysis 
(figure 1). All patients underwent follow-up evalua-
tions at each hospital, including clinical and device 
checks at least every 3–6 months. The strategy for 
overall medication strategy and the medical treat-
ment for embolism prevention was determined by 
the physicians attending the outpatient clinic at 
each institute. The study protocol was approved 
by the ethics committees of all participating institu-
tions (IRB No. 1201012; 23 January 2017).

Clinical parameters
Clinical parameters were retrospectively collected 
from the medical records. Information gathered 
from the records included the reason for pacemaker 
implantation, presence of comorbidities, medica-
tion usage, echocardiographic data and previously 
documented AF. Risk factors for thromboembolic 
events were assessed at baseline to classify patients 
according to the CHADS2 score.8

Implanted devices and detection of AHREs
All patients received pacemakers based on a 
class I or IIa indication for cardiac pacemaker 
set by the Japanese Circulation Society,9 and all 
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implanted cardiac devices were Medtronic dual-chamber pace-
makers (Sensia DR, Adapta DR, EnPulse2 DR, Kappa 700 DR, 
Kappa 900 DR, EnRhythm DR, Advisa DR MRI, Advisa DR; 
Medtronic, Minneapolis, Minnesota, USA). We enrolled only 
patients with Medtronic pacemaker implantation to unify the 
detection methods of AHREs in this study. Pacemakers were 
programmed to dual-chamber operation with active mode 
switching, and atrial tachyarrhythmia detection was programmed 
to the nominal setting of each device. A rate of 175 beats per 
minute was used to detect atrial arrhythmia in this study. AHRE 
was defined as any episode of sustained atrial tachyarrhythmia 
lasting for more than 6 min according to a previous study.10 AF 
episodes lasting longer than 7 days or those requiring chem-
ical or electrical cardioversion were referred to as persistent 
AF according to the 2012 hours/EHRA/ECAS expert consensus 
statement.11 Details of device-detected atrial tachyarrhythmia of 
any duration or atrial morphology were documented during all 
follow-up periods.

Definition of thromboembolic events
The primary endpoint of this study was the incidence of ischaemic 
stroke or systemic embolism (SE), which was determined by the 
review of medical records performed by an independent and 
blinded physician. Ischaemic stroke was defined as a neurolog-
ical deficit with sudden onset persisting for more than 24 hours. 
CT was performed in all patients who were suspected to have 
suffered a stroke. Patients with intracranial haemorrhages were 
excluded. Transient ischaemic attack events were also excluded 
in this study to rule out false-positive cases.

Statistical analysis
Overall, <2% of observations were missing, and continuous 
variables were imputed using the corresponding mean values. 
Continuous variables were expressed as means±SD, and cate-
gorical variables were presented as percentages. The significance 
of differences between the groups was assessed using Student’s 
t test for data with normal distribution, and the Mann-Whitney 
U test was used for data that were not normally distributed. For 
categorical variables, χ2 test or Fisher’s exact test was used, as 
appropriate. Univariate and multiple Cox regression analyses 
were used to assess the association between device-detected AF 
and thromboembolic risk. Survival was estimated by the Kaplan-
Meier method, and differences in survival between groups were 

assessed by the log-rank test. Statistical analysis was performed 
using JMP 10 (SAS Institute, Cary, North  Carolina, USA). p 
Values of <0.05 were considered statistically significant.

Results
Detection of AHREs
The study follow-up period was 52±30 months (median, 48 
months) with continuous cardiac rhythm monitoring between 
the first pacemaker implantation and the last device check or 
thromboembolic event. During the follow-up period, at least 
one AHRE occurred in 165 patients (48%), and progression 
to persistent AF was observed in 36 patients (10%) (figure 1). 
Baseline characteristics of the overall cohort as well as of those 
with and without AHREs are shown in table 1. Mean age and 
CHADS2 score of the overall cohort were 80 years and 2.3, 
respectively, which suggested the relatively high-risk of stroke 
for the entire study cohort. Patients with AHREs had signifi-
cantly larger left atrial diameters and higher CHADS2 scores 
than those without AHREs. Additionally, patients with AHREs 
were more likely to have prior documented paroxysmal AF 
episodes and higher rates of anticoagulant and antiarrhythmic 
drug use compared with patients without AHREs. Progression 
to persistent AF was observed more frequently in patients with 
prior documented PAF than in those without (24/82 patients 
(29%) vs 12/261 patients (5%), p<0.01).

Stroke and systemic embolic events
In the overall study population, 19 of 343 patients (6%) experi-
enced ischaemic stroke/SE (18 and 1 patient, respectively) during 
the follow-up period. The detailed characteristics of patients 
who suffered ischaemic stroke or SE are shown in table 2. In this 
group, 7 of 19 (37%) patients were male, and the mean age was 
79 years. The mean CHADS2 score of patients with ischaemic 
stroke/SE was significantly higher than that in patients without 
ischaemic stroke/SE (3.5±1.1 vs 2.2±1.1, p<0.01). Fourteen 
patients (74%) with ischaemic stroke/SE had at least one AHRE 
during the follow-up. Among these patients, AHREs within 30 
days before ischaemic stroke/SE was detected in eight patients 
(42%). Specifically, two patients had paroxysmal AF, whereas 
the remaining six patients progressed from paroxysmal to persis-
tent AF.

Associations of thromboembolic events with AHREs
This study revealed that ischaemic stroke/SE was significantly 
associated with several factors (table  3). AHREs were signifi-
cantly associated with ischaemic stroke/SE (HR 2.87; 95% CI 
1.10 to 8.90; p=0.03), and the Kaplan-Meier analysis demon-
strated that the incidence of ischaemic stroke/SE was significantly 
higher in patients with AHREs than in those without AHREs 
(p=0.03; figure 2). To investigate the influence of the severity 
of the CHADS2 score on ischaemic stroke/SE, we performed 
subgroup analysis according to the CHADS2 score. Patients in 
the study cohort were classified into three thromboembolic risk 
groups: low (CHADS2 score 0; n=17), intermediate (CHADS2 
score 1–2; n=200) and high (CHADS2 score >2; n=126). The 
relationship between thromboembolic risk and AHREs was eval-
uated in each group (figure 3). There was no ischaemic stroke/
SE in the low-risk group. Only three (2%) patients in the inter-
mediate-risk group had ischaemic stroke/SE, and AHREs were 
not associated with the incidence of ischaemic stroke/SE in this 
group (p=0.47). In contrast, 16 (13%) patients had ischaemic 
stroke/SE in the high-risk group, and the incidence of ischaemic 
stroke/SE was significantly higher in patients with AHREs than 

Figure 1  Assembly of the cohort and the results of continuous 
monitoring by pacemaker during the follow-up period. AF, atrial 
fibrillation; AHRE, atrial high-rate episode.
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in those without AF (HR 3.73; 95% CI 1.06 to 13.1; p=0.04). 
However, analysis of the overall cohort revealed that the associ-
ation between AHREs and ischaemic stroke/SE was not signifi-
cant after adjustment for other factors such as the CHADS2 score 
(HR 1.89; 95% CI 0.70 to 5.98; p=0.21) and prior documented 
paroxysmal AF (HR 1.78; 95% CI 0.61 to 5.94; p=0.30).

Discussion
The main findings of this study were as follows. (1) During a 
median of 4 years of follow-up, at least one AHRE lasting for 
more than 6 min was observed in approximately half of the Japa-
nese patients with pacemaker implantation included in the study. 
(2) AHREs were associated with ischaemic stroke/SE; however, 
this risk was not equal for all patients. Therefore, ischaemic 
stroke/SE risk should be considered particularly in patients with 
AHREs and high thromboembolic risk (CHADS2 score >2).

Modern cardiac devices have sophisticated AF diagnostic 
algorithms that facilitate the detection of asymptomatic and 
brief AF episodes.12 13 Starting in the early 2000s, several studies 
investigated the association between device-detected AHREs 
and thromboembolic events.10 14–16 Glotzer et al were the 
first to demonstrate that AHREs were significantly associated 
with stroke in the ancillary study of the MOde Selection Trial 
(MOST)14; specifically, the authors determined that the presence 
of any AHREs (atrial rate>220 bpm for 10 consecutive beats) 

was an independent predictor of death or non-fatal stroke (HR 
2.79).

After the MOST study, two famous prospective studies 
(TRENDS and ASSERT) confirmed that the presence of AHREs 
was associated with a two to three times increase in the risk of 
stroke/SE.10 15 In agreement with the findings of these studies 
conducted in Western countries, this study which consisted of 
the Japanese population also revealed that AHREs were asso-
ciated with thromboembolic events with a comparable HR of 
2.87.

Importantly, the temporal association between AHREs and 
stroke was examined in the subgroup analysis of the TRENDS 
and ASSERT.17 18 Both studies described that about half of the 
patients who experienced stroke or SE did not have AHREs 
before thromboembolic events. Especially, the ASSERT inves-
tigators revealed that only 4 of 51 (8%) patients who experi-
enced ischaemic stroke/SE had AHREs within 30 days before 
these events.18 In this study, among 19 patients who experienced 
ischaemic stroke/SE, 14 (74%) had AHREs before the event, 
whereas 8 patients (42%) had AHREs within 30 days prior to 
the event. The detection rate of AHREs immediately before isch-
aemic stroke/SE in this study was higher than that reported in 
previous studies conducted in Western countries, which might 
be associated with the study protocols including follow-up 
periods. Nonetheless, in this study, as well as in previous studies, 

Table 1  Baseline characteristics of patients with and without AHREs

Variable
Overall
(n=343)

Patients without AHREs
(n=178)

Patients with AHREs
(n=165) p Value

Age, years 80±7 80±7 80±7 0.38

Male sex 167 (49) 79 (48) 88 (49) 0.77

BMI, kg/m2 23±4 23±4 23±4 0.26

Current smoking 32 (9) 15 (8) 17 (10) 0.55

Reason for PMI

 � Sinus node disease/AV node disease 147/196
(43/57)

46/132
(26/74)

101/64
(61/39)

<0.01

CHADS2 score 2.3±1.1 2.1±1.0 2.5±1.2 <0.01

 � (0/1–2/>2) 17/200/126
(5/58/37)

12/111/55
(7/62/31)

5/89/71
(3/54/43)

0.03

Comorbidities

 � Congestive heart failure 56 (16) 17 (10) 39 (24) <0.01

 � Hypertension 278 (81) 141 (79) 137 (83) 0.37

 � Diabetes mellitus 94 (27) 49 (28) 45 (27) 0.96

 � Previous stroke/SE/TIA 52 (15) 21 (12) 31 (19) 0.07

 � Dyslipidaemia 136 (40) 72 (40) 64 (39) 0.75

 � Chronic kidney disease 205 (60) 108 (61) 97 (59) 0.72

 � Coronary artery disease 38 (11) 15 (8) 23 (14) 0.10

 � Cardiomyopathy 18 (5) 5 (3) 13 (8) 0.04

 �  Valvular heart disease 35 (10) 14 (8) 21 (8) 0.14

 � �   Mitral valve disease 14 (4) 5 (3) 9 (5) 0.22

Prior documented paroxysmal AF 82 (24) 13 (7) 69 (42) <0.01

Echocardiography

 � LVEF, % 67±9 67±8 66±9 0.31

 � LAD, mm 41±7 40±6 43±7 <0.01

Drug prescribed at PMI

 � Oral anticoagulant 53 (15) 7 (4) 46 (28) <0.01

 � Antiplatelet (including aspirin) 113 (33) 54 (30) 59 (36) 0.29

 � Class I or III AAD 45 (13) 9 (5) 36 (22) <0.01

Date are presented as means±SD or n (%).
AAD, antiarrhythmic drug; AF, atrial fibrillation; AHREs, atrial high rate episodes; AV node disease, atrioventricular node disease; BMI, body mass index; LAD, left atrial diameter; LVEF, left 
ventricular ejection fraction; PMI, pacemaker implantation; SE, systemic embolism; TIA, transient ischaemic attack.
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a substantial percentage of patients with ischaemic stroke/SE 
did not have any AF episodes within 30 days before the event. 
Therefore, the mechanism of stroke in some patients with 
AHREs might not be attributable to AF alone.

AHREs may play some critical roles in the development of 
stroke. The first is the widely supported traditional theory, 
which holds that AF results in cardioembolic events via atrial 
clots caused by mechanical stasis in the atrium.19–21 In this study, 
cardioembolic mechanism was strongly suspected in six patients 
who progressed from paroxysmal to persistent AF immedi-
ately before the ischaemic stroke/SE. In addition, Wakula et 
al revealed that the blood biomarkers which were associated 
with atrial fibrosis and progression of AF such as tissue inhibi-
tors of metalloproteinases -1, -2, -4 were significantly higher in 
the patients with AHREs than in those without.22 These results 

suggest that AHREs may cause stroke because AHREs influence 
atrial fibrosis and the progression of AF. Alternatively, AHREs 
itself may become a maker of stroke in patients with cardiovas-
cular disease. The underlying risk factors for AF (AHREs) such 
as CHADS2 score components (ie, age, hypertension, diabetes 
mellitus and heart failure) are almost similar to the risk factors 
for ischaemic stroke.23 24 These risk factors were shown to be 
associated with stroke in patients without clinical AF as they 
could lead to hypercoagulability and endothelial dysfunction.25 26 
Therefore, AHREs may be likely to reflect thromboembolic risk. 
Several recent studies reported that the CHADS2 score predicted 
the risk for stroke in the absence of AF in patients with coronary 
heart disease and heart failure.27 28 In this study, AHREs were 
significantly associated with stroke in only the high thromboem-
bolic risk group (CHADS2 score >2). This result might support 
the hypothesis of AHREs as a maker of stroke.

Table 2  Characteristics in patients with ischaemic stroke/systemic embolism

Patient no. Age, years Sex
CHADS2 
score

Antithrombotic 
therapy

Prior documented
AF

AHREs detected 
during follow-up

Progression to 
persistent AF

AHREs detected
≤30 days before 
ischaemic stroke/SE

1 69 F 2 ASA – – 

2 73 M 3 None – – 

3 78 M 2 None – – 

4 82 F 3 ASA – – 

5 87 F 4 None – −

6 75 F 3 ASA – + – – 

7 75 F 3 ASA – + − – 

8 76 F 2 None + + − – 

9 83 M 3 None – + – – 

10 84 F 3 ASA + + – – 

11 87 F 6 None – + – – 

12 67 M 5 ASA + + – +

13 79 F 4 OAC/ASA + + – +

14 76 M 3 OAC + + + +

15 77 M 4 None + + + +

16 80 F 5 OAC/ASA + + + +

17 82 F 3 OAC/ASA + + + +

18 83 M 5 ASA + + + +

19 87 F 3 None + + + +

AF, atrial fibrillation; AHREs, atrial high rate episodes; ASA, aspirin; F, female; M, male; OAC, oral anticoagulant; SE, systemic embolism.

Table 3  The factors relating to stroke/SE

Variable HR 95% CI p Value

Age 0.99 0.93 to 1.07 0.98

Male 0.68 0.25 to 1.69 0.41

BMI 0.53 0.84 to 1.08 0.53

Current smoking 1.03 0.16 to 3.62 0.97

Sinus node disease 1.48 0.60 to 3.73 0.39

CHADS2 score 2.69 1.83 to 3.97 <0.01

Chronic kidney disease 1.38 0.56 to 3.74 0.49

Coronary artery disease 4.02 1.41 to 10.20 0.011

Cardiomyopathy 1.94 0.31 to 6.80 0.42

Valvular heart disease 2.47 0.70 to 6.82 0.14

LVEF 0.98 0.93 to 1.07 0.48

LAD 1.13 1.06 to 1.20 <0.01

Prior documented paroxysmal AF 4.44 1.78 to 11.25 <0.01

Oral anticoagulant 2.97 1.04 to 7.54 0.04

AHREs 2.87 1.10 to 8.90 0.03

AF, atrial fibrillation; AHREs, atrial high rate episodes; BMI, body mass index; LAD, left 
atrial diameter; LVEF, left ventricular ejection fraction; SE, systemic embolism.

Figure 2  The Kaplan-Meier analysis demonstrating that the incidence 
of ischaemic stroke/systemic embolism (SE) was significantly higher in 
patients with atrial high-rate episodes (AHREs) than in those without 
AHREs.
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Study limitations
This study has several limitations. First, this was a retrospective 
study with a small number of patients. In particular, the number 
of stroke/SE is small, and only three patients experienced stroke/
SE events in the moderate-risk group (CHADS2 score of 1–2). It 
is possible that a larger study may have detected an increased risk 
of thromboembolic events in this population. Second, this study 
population included patients with previous AF, and the presence 
of previous AF must influence baseline antithrombotic therapy 
and the study outcomes. However, there were only nine ischaemic 
stroke/SE events in patients without previous AF (table 2); hence, 
statistical power was weak for the analysis of the association of 
AHREs with stroke/SE. There were a few previous studies which 
used similar study designs including prior AF14 15; therefore, this 
study referred to these study designs. In addition, antithrom-
botic therapy was determined by the physicians attending the 
outpatient clinics without a uniform strategy, and we could not 
assess the accurate situation on the oral anticoagulant therapy 
including prothrombin time-international normalised ratio in 
the patients who were administered warfarin. Third, although 
modern cardiac devices have sophisticated AF diagnostic algo-
rithms that facilitate the detection of asymptomatic and brief 
AF episodes,29 false positives such as repetitive non-reentrant 
ventriculoatrial synchrony, far-field oversensing and noise could 
not be completely excluded.30 We tried to confirm AHREs with 
intracardiac ECG in all patients, but few data of intracardiac 
ECG did not completely remain. Therefore, we were unable to 
measure AF burden details in the all the patients. Finally, we 
were unable to subclassify the types of stroke because most of 
the pacemakers used in this study were not suitable for MRI. 
It might be considered that few stroke events may be caused by 
non-thromboembolic mechanisms, including atherosclerosis, in 
this study. Because of these limitations, a clear demonstration of 
AHREs as an independent predictor of thromboembolic events 
was not possible in this study, which requires a much larger 
sample size and a longer observation period in order to collect a 
larger number of thromboembolic events.

Conclusion
AHREs were observed in approximately half of the patients and 
were associated with ischaemic stroke/SE in the Japanese popu-
lation; these findings were similar to those reported in Western 
populations. However, this association was observed only in the 
high thromboembolic risk group.
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