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Atrial Fibrillation Burden Detected by
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Song-Yun Chu, Jie Jiang, Yu-Ling Wang, Qin-Hui Sheng, Jing Zhou* and Yan-Sheng Ding

Department of Cardiology, Peking University First Hospital, Beijing, China

Background: Atrial fibrillation (AF) might lead to adverse cardiac consequences. The
association between AF burden and cardiac prognosis is unknown.

Methods and Results: This retrospective cohort study enrolled 204 patients (117
males; age 74.5 £+ 11.5 years) who underwent dual-chamber pacemaker implantation in
our center from October 2003 to May 2017. During a median follow-up of 66.5 months,
AF could be detected in 153 (75%) of the 204 pacemaker patients. Primary endpoint
events (composite cardiac readmission, stroke or systemic embolism, and all-cause
death) occurred in 83 cases (40.7%). In logistic regression analysis, AF detection was
associated with increased risks of composite endpoints [odds ratio (OR) = 2.9, 95%
confidence interval (Cl): 1.3-6.2, p = 0.007], and the hazard was mainly driven by
increased cardiac readmission (OR = 2.2, 95% CI: 1.1-4.7, p = 0.034). No significantly
elevated risk for new-onset stroke, systemic embolism, or deaths were found in patients
with AF detected than those without AF recorded. AF duration grade of more than 6 min
suggested progressively increased composite endpoints (OR = 1.8, 95% CI: 1.2-2.7,
p for trend = 0.005), cardiac readmission (OR = 1.8, 95% ClI: 1.2-2.7, p for trend =
0.005), especially heart failure or acute coronary syndrome-associated readmission (OR
=1.8,95% ClI: 1.2-2.9, p for trend = 0.010), than those with shorter (<6 min) or no AF
episodes. Kaplan-Meier analyses and Cox regression also suggested that episodes of
AF more than 6 min predicted future cardiac events.

Conclusions: AF detected by pacemakers were common. Higher AF burden predicted
more adverse cardiac outcomes and might suggest the intervention of rhythm control in
these population.
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INTRODUCTION

Atrial fibrillation (AF) is the most common sustained
arrhythmia, affecting 1-2% of the general population (1).
Long-standing AF might promote the atrial remodeling
process and leads to enlarged atria, cardiac dysfunction, and
thromboembolic events. However, about 10-40% of all AF
patients are asymptomatic, or so-called silent AF (2), and might
be neglected for a long time until devastating cardiac outcomes
developed. Additionally, paroxysmal AF is suggested not as
only one entity. Outcomes may differ among different patterns
and burden of AF; those with AF progression developed more
cardiovascular events and all-cause mortality (3). Meanwhile,
the lack of apparent symptoms and continuous monitoring
makes it difficult to assess the AF burden in a clinical scenario.
The threshold of AF burden to initiate anticoagulation and/or
rhythm control also needs to be elucidated.

Implantable devices provide great opportunities to collect the
data of AF burden in these patients. With data from published
studies, the recent consensus document had addressed the
clinical importance of device-detected atrial tachyarrhythmias
(4, 5). To be noted, most prior studies only included events longer
than 6 min, while the device-detected atrial tachyarrhythmia
could be very short episodes. On the other hand, studies
conducted using Holter data suggested that even short episodes
of silent atrial tachycardia (AT) or AF conveyed an increased
risk of stroke (4). There are still controversies regarding the
optimal strategies for evaluating AF burden as well as initializing
treatment (6, 7). We hypothesized that any AF detected by dual-
chamber pacemakers might be used to predict adverse cardiac
outcomes. We also attempted to explore the potential threshold
of AF burden which might warrant intervention.

MATERIALS AND METHODS
Study Population and Design

Consecutive adult (>18 years) patients who underwent dual-
chamber pacemaker implantation from October 2003 to
May 2017 in our center were screened. To reduce the
selection bias originated from different algorithms from different
manufacturers, we only included patients with currently available
models from Biotronik, Berlin, Germany (CYLOS DR, PROTOS
DR CLS, Philos DR, Philos II DR, Evia DR, Estella DR, and
Lumax 340 DR). Patients were routinely programmed at the first
interrogation after implantation. Subjects who have pacemakers
with a mode switch, atrial tachycardia detection, and intracardiac
electrogram storage function activated, and the AF suppression
functions deactivated throughout the follow-up period were
included. If there was evidence of inappropriate AF detection or
a pacemaker reprogramming that might impact AF detection,
the subject was excluded from the analysis. Patients who were
taking anticoagulants for any reason were excluded. The study
was approved by the institutional review board of our hospital.
Demographic, medical history, and echocardiographic data of
the patients were captured from the electronic medical records.
The medical history and outcomes were defined by the presence
of diagnosis codes or prescription fills.

Exposures—Atrial Fibrillation Detection

and Burden Documented by Pacemaker
Pacemaker-detected AF was defined as a combined mode-switch
(MSW) activation and/or high atrial rate (HAR) episode-based
algorithm (8). For MSW episodes, the intervention rate was 160
bpm, and both onset and resolution criteria were five out of eight
for all the models. AF episodes were also identified by HAR event-
based algorithm. Specifically, for models Protos, Philos, Cylos,
and Philos II, AF defined by HAR was a heart rate of more
than 250 bpm, and the criteria for sudden-onset were met, but
the criteria for stability were not. For models Evia, Estella, and
Lumax, AF defined by HAR was a heart rate of more than 200
bpm, and onset and resolution criterion of 36 out of 48 and
20 out of 24 were met, respectively. EGM storage was further
ascertained by blinded cardiologists to confirm the diagnosis and
exclude artifacts or oversensing events according to the current
consensus (4).

AF duration grade was defined as Grade 0, no AF episode was
detected; Grade 1, AF episode(s) <6 min; Grade 2, AF episode(s)
>6 min but <1 h; Grade 3, AF episode(s) >1h but <24 h; Grade
4: AF episode(s) >24h were detected during the follow-up,
respectively. The longest AF episode was used to determine the
AF duration grade if different duration of AF episodes were
identified in one patient’s record.

Follow-Up and Outcomes

Patients were regularly followed-up with the interrogation record
of the pacemaker and the document of the index outcomes.
Device interrogations were conducted within 1 week, at 3
months, 6 months, and annually after implantation. The primary
outcome was composite cardiac readmission, ischemic stroke
or systemic embolism, and all-cause death, identified with
evidence of a primary diagnosis during a hospitalization stay
or an emergency department visit. Specific endpoint event was
identified as: (1) cardiac readmission: subjects hospitalized for
>24h and discharged with the primary reason for admission
listed as cardiovascular events in nature [i.e., arrhythmia, acute
coronary syndrome (ACS), and heart failure]; (2) ischemic stroke
or systemic embolism: supported by the consistency between
symptoms and findings on brain/peripheral magnetic resonance
imaging or computed tomography. For each outcome, only the
first event of that outcome in a specific subject was included.
For the composite outcome, only the first event in a given
patient was included. To investigate the natural history of
pacemaker-detected AF, participants were censored at the first
of the following events: end of the follow-up or other end of
study event (e.g., device explantation, death, or occurring of the
endpoint events).

Statistical Analysis

Continuous variables are expressed as mean & SD or median and
range for normal and skewed distributions. The Kolmogorov-
Smirnov test was used to evaluate the normal distribution
of continuous data. The t-test or the Mann-Whitney U-test
was used to compare continuous variables between groups.
Categorical variables were described by numbers or percentages.
The chi-square test was used to test for categorical variables.
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TABLE 1 | Baseline characteristics of the patients.

Characteristic

Overall (N = 204)

Demographic and history

Gender (male), n (%)

Age (years) (mean £ SD)

Diabetes, n (%)

Hypertension, n (%)

Coronary heart disease, n (%)
Congestive heart failure, n (%)
Peripheral artery disease, n (%)
Stroke or systemic embolism history, n (%)
CHADS; score? [n, interquartile range (IQR)]
CHA,DS,-Vasc score (n, IQR)
HASBLED score® (n, IQR)

CHADS; score >2 (n, %)
CHA,DS,-Vasc score >2 (n, %)
HASBLED score >3 (n, %)
Indication for pacemaker

Sick sinus syndrome (SSS), n (%)
Atrial ventricular block (AVB), n (%)
SSS+AVB, n (%)

Others, n (%)

Echocardiography

Left atrial diameter? (cm) [mean + SD]
LVEF (%) (mean =+ SD)

E/E’ (median, IQR)

Medications

Anti-platelet (n, %)

RAS inhibitor (n, %)

Beta blocker (n, %)

Statins (n, %)

117 (57.4%)
745+ 115
69 (33.8%)
149 (73.0%)
69 (33.8%)
1 (0.5%)
33 (16.2%)
54 (26.5%)
2.0 (1.0-3.0)
4.0 (3.0-5.0
2.0 (1.0-3.0
140 (68.6%
187 (91.7%
63 (30.9%)

)
)

)
)

134 (65.6%)
56 (27.5%)
6 (2.9%)
8 (3.9%)

3.8+0.7
65.6 + 13.8
11.8 (8.8-15.0)

98 (48.0%)
85 (41.7%)
81 (39.7%)
92 (45.1%)

SD, standard deviation; LVEF, left ventricular ejection fraction; E, peak early diastolic velocity of the mitral inflow; E’, peak early diastolic velocity of the septal mitral annulus in tissue

Doppler; RAS inhibitor, renin-angiotensin system inhibitor.

4CHADS,: Range from O to 6; higher score indicates higher risk of stroke. History of heart failure, hypertension, 75 years or older, and diabetes each is calculated as 1 point; prior stroke,

TIA, or thromboembolism each is calculated as 2 points.

bCHA,DS,-Vasc: Range from 0 to 9; higher score indicates higher risk of stroke. History of heart failure, hypertension, diabetes, vascular disease, age 65-74 years, and female sex
each is calculated as 1 point; 75 years or older and prior stroke, TIA, or thromboembolism each is calculated as 2 points.

CHASBLED: Range from O to 9; higher score indicates higher risk of bleeding. Point score is calculated as 1 point each for hypertension, abnormal kidney function, abnormal liver
function, prior stroke, prior bleeding or bleeding predisposition, labile international normalized ratio (INR), older than 65 years, medication usage predisposing to bleeding, and alcohol
use. In this studly, our study population excluded those received anticoagulation therapy, thus the HASBLED score did not consider INR and the range is from O to 8.

9| eft atrial diameter: left atrial anterior-posterior diameter measured using two-dimensional (2D) assessment in the parasternal long axis view.

The association between clinical characteristics, AF detected, and
cardiac outcomes were assessed by the chi-square test. Univariate
analysis was performed to preliminarily screen potential risk
factors, including age, sex, past medical history (hypertension,
diabetes mellitus, coronary heart disease, heart failure, stroke
or systemic embolism, and peripheral arterial disease), echo-
cardiac parameters, the indication of pacemaker implantation,
and medications for index cardiac endpoints. Multivariate
logistic regression models were then established to adjust the
confounders of cardiac outcomes.

Survival was estimated by the Kaplan-Meier method, and
differences in survival were evaluated with a log-rank test.
Multivariate analyses with the Cox proportional-hazards model

were used to assess the association of AF burden with cumulative
risk for cardiac outcomes, with the results expressed as hazard
ratios (HRs) with 95% confidence intervals (CIs).

Statistical analysis was performed using SPSS Statistics
software, version 24.0 (IBM, Armonk, NY). Two-sided p-values
< 0.05 were considered statistically significant.

RESULTS
Patient Characteristics

We retrospectively evaluated 241 patients who were implanted
with Biotronik pacemakers in our center between October 2003
and May 2017. Of these, we excluded 29 patients taking oral
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anticoagulants for any reason. Eight patients could not be
contacted, so that no follow-up data could be collected. The
final analysis included 204 pacemaker recipients (117 males;
age 74.5 £ 11.5 years). Hypertension was the most prevalent
comorbidities (73.0%), whereas diabetes (33.8%), coronary heart
disease (33.8%), stroke (26.5%), and peripheral artery disease
(16.2%) were less frequent. Heart failure history had rarely
been documented (0.5%). The average atrial diameter [(3.8 +
0.7) cm] and left ventricular ejection fraction [(66.5 £+ 13.8)%]
were within normal ranges. Medications included antiplatelet
agents, beta-blockers, angiotensin-converting enzyme inhibitor
(ACEI), and/or angiotensin receptor blockers (ARB), statins.
Sick sinus syndrome was the primary indication for pacemaker
implantation, accounting for 68.5% of the subjects (Table 1).

Atrial Fibrillation Detected by Pacemaker

and Atrial Fibrillation Burden Assessment
During a median follow-up of 66.5 [interquartile range (IQR)
45.0-90.0] months, AF episodes could be detected in 153 (75.0%)
patients. Notably, in patients without clinical AF documented,
105 (69.1%) cases had AF episodes detected, and the distribution
of AF episodes between patients with and without clinical AF
history was diverse. Those with clinical AF history had more AF
episodes lasting more than 1h detected, while subjects without
clinical AF history had most of their AF episodes lasting < 6 min
detected (Table 2).

Cardiac Outcomes and Atrial Fibrillation

Burden Detected by Pacemakers

The primary endpoint of the composite cardiac outcomes
occurred in 83 cases (40.7% of the cohort). For individual events,
cardiac readmission was observed in 78 cases (38.2%), stroke or
systemic embolism was observed in 15 cases (7.4%), and 14 cases
(6.9%) died (Figure 1).

In multivariate logistic regression, AF detection was associated
with increased risks of composite endpoints (OR = 2.9, 95% CI:
1.3-6.2, p = 0.007). The elevated hazard was mainly driven by
increased cardiac readmission (OR = 2.2, 95% CI: 1.1-4.7, p =
0.034). In contrast, no significantly elevated risks for new-onset
stroke, systemic embolism, or deaths were found in patients with
AF detected than those without AF recorded (Figure 1).

Further analysis of the relationship between the endpoint
events and AF burden was conducted. While there was only
a minor increase in the primary composite events and cardiac
readmission when short-episode (<6 min) AFs (AF duration
grade 1) were detected, significantly increased endpoint events
when AF was longer than 6 min (AF duration grades 2-4) were
recorded. However, no significant difference in the occurrence of
endpoint events were found between subjects with AF duration of
grades 2, 3, and 4. Also, among all the reasons for re-admission,
heart failure or acute coronary syndrome other than arrhythmia
events increased with the AF grade escalated by a similar trend
(Figure 2).

In multivariate logistic regression, AF duration of 6 min or
more showed stepwise elevated risks for composite endpoints
(OR = 1.8, 95% CI: 1.2-2.7, p for trend = 0.005), cardiac

TABLE 2 | Incidence of pacemaker-detected atrial fibrillation (AF) and stratified by
clinical AF history.

Pacemaker- Total Patients Patients  P-value
detected AF (n = 204) with AF without AF
(N, %) history history

(n = 52) (n = 152)
Any AF episodes 153 (75.0%) 48 (92.3%) 105 (69.1%) <0.001*
AF lasting <6 min 72 (35.3%) 6 (11.5%) 66 (43.4%) <0.001*
AF lasting >6min, 22 (10.8%) 3 (5.8%) 19 (12.5%) <0.001*
<1h
AF lasting >1h, 32 (15.7%) 20 (38.5%) 12(7.9%) <0.001*
<24h
AF lasting >24h 27 (13.2%) 19 (36.5%) 8(5.3%) <0.001*

*P < 0.05.

readmission (OR = 1.8, 95% CI: 1.2-2.7, p for trend = 0.005),
and heart failure or ACS-associated admission (OR = 1.8, 95%
CI: 1.2-2.9, p for trend = 0.010) than those with short episodes
(<6min) of AF and no AF at all (Figure 3).

The survival analysis showed a significant correlation between
a more than 6-min episode of AF detection and a shorter
event-free survival time. Multivariate Cox proportional hazards
analysis further showed that episodes of AF more than 6 min
were associated with increased risk of composite endpoints (HR
=1.9,95% CI 1.2-3.0, p = 0.006), cardiac readmission (HR = 1.9,
95% CI 1.1-3.1, p = 0.020), and heart failure or ACS-associated
admission (HR = 2.1, 95% CI 1.1-3.7, p = 0.016) (Figure 4).

DISCUSSION
Main Findings

The detection of AF episodes was common in patients who
underwent dual-chamber pacemaker implantation. Most of the
AF episodes detected by pacemakers were short runs. Subjects
with any AF detected had increased risks for adverse cardiac
outcomes. Moreover, the impact of AF on cardiac events
increased with the AF burden escalated to more than 6 min.

Detection of Atrial Fibrillation Episodes by

Implantable Devices

The effort to assess the AF burden in real-world clinical
practice has often been hampered by the variation of paroxysmal
attacks and the poor correlation between symptoms (if any)
and true episodes of arrhythmias. Routine 12-lead ECG as
a screening tool usually yields little. Longer time monitoring
by Holter or intermittent handheld ECG recordings identifies
AF better (9). Cardiac implantable electronic devices (CIEDs)
have the advantage of longer monitoring time and screening
algorithms with intracardiac electrograms to identify high atrial
rate (HAR) events.

Earlier studies (10-12) defined the device-detected AF as HAR
events sustained for a certain duration (usually more than 5 or
6min) in fear of the false positives from the far-field R wave
sensing and noises (13). These measures, however, might also
lead to leaving out real AF events with shorter duration or
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Overall No AF detected AF detected OR (95% Cl)
N (%) N (%) N (%) OR 95%Cl P value
Composite endpoint 83 (40.7%) 12 (23.5%) 71 (46.4%) -—i 2.9 1.3-6.2 0.007*
Cardiac readmission 78 (38.2%) 12 (23.5%) 66 (43.1%) — 2.2 1.1-4.7 0.034*
Stroke or systemic embolism ¢ (7.4%) 2 (3.9%) 13 (8.5%) Ho—— 2.0 0.4-9.1 0.395
All-cause death 14 (6.9%) 4(7.8%) 10(6.5%) i 11 03-3.8 0.842
01 10
FIGURE 1 | The association between atrial fibrillation (AF) detection and the cardiac outcomes. The adjusted confounders in the multivariate regression analysis for
composite endpoint and cardiac readmission were age, sex, hypertension, indication for pacemaker implantation, and antiplatelet therapy; for stroke or systemic
embolism were CHA,DS,-Vasc scores; for all-cause death were age, sex, and atrial fibrillation history, respectively. OR, odds ratio; ClI, confidence interval. *p < 0.05.

slower ventricular rate. In the present study, we adopted the
combined definition of MSW and HAR algorithm as well as EGM
evidence aiming to collect more accurate AF burden, as we have
demonstrated the feasibility and accuracy (8).

AF episodes could be detected in our cohort in as many
as three quarters. Even in patients without clinical AF history,
the AF detection rate was up to ~70%. The higher detection
rate might result from the inclusion of any duration of AF
episodes and a more extended follow-up period. The so-called
“subclinical” AF incidence was ~30% if we only included
episodes >6min in patients without AF history as early studies,
which was consistent with prior reports (12, 14). More AF
episodes recorded in patients without clinical AF history though
were short runs (<6 min). In contrast, the AF episodes shown
in patients with clinical AF history were more prolonged (>1h).
The diverse distribution of the AF episodes might reflect the
different total AF burden in patients with and without clinical
AF history.

Cardiac Outcomes and Atrial Fibrillation

Detected by Pacemakers
Any AF detection was associated with a 2-fold increased risk
of composite endpoints, and the elevated hazard was mainly
driven by increased cardiac readmission. The analysis between
AF duration grade and cardiac outcomes also suggested a
progressively elevated risk for the composite endpoint, cardiac
readmission, especially heart failure or ACS-associated admission
when AF episode sustained for more than 6 min. AF episodes
lasting more than 6min also predicted a shorter event-free
survival. We believe that any AF contributes to the adverse
outcomes, although the longer duration of AF weighs more.
No significantly elevated risks for new-onset stroke, systemic
embolism, or deaths were found in patients with AF detected
than those without AF recorded.

The critical cutoff for AF duration associating with stroke
hazard is still unclear. A prior study conducted using Holter

80 B Composite endpoint O Heart failure or ACS admission
= O Cardiac readmission
S 820
2 60 56.3 56.3 556556
e 50.0 50.0
E 44.4
)
> 40 36.4
b 33306
£
] 235235
208
£ 90 19.6
[ =4
I.u —|
0 T T T T T
Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

AF duration grade

FIGURE 2 | The distribution of composite endpoint, cardiac readmission, and
heart failure or acute coronary syndrome-associated admission stratified by
pacemaker-detected AF duration grade. Note the trend of progressively
increased cardiac outcomes with the AF grade escalated from Grades 0 to 2,
although the occurrence of the events kept at a steady state after the duration
of AF detected longer than 6 min were detected (Grades 2, 3, and 4). AF
duration grade was defined as Grade 0: No AF episode was detected; Grade
1: only AF episode(s) <6 min was detected; Grade 2: AF episode(s) >6 min
but <1 h was detected; Grade 3: AF episode(s) >1h but <24 h detected;
Grade 4: AF episode(s) >24 h was detected.

data suggested that even short episodes of silent AF convey an
increased risk of stroke (15). On the other hand, short episodes
(<15-20s) of AF were not associated with increased risk of
clinical events in the RATE Registry (16). The subclinical AF
burden for predicting stroke risk varied among studies, from 5
to 6 min [MOST (17) and ASSERT (14)], 1 h, >5.5h daily [SOS
AF (18) and TRENDS (19)] to >24 h [AT500 Registry (20)]. In a
meta-analysis of >10,000 subjects with CIEDs, the risk of stroke
only increased in patients with a minimum episode of AF >5 min
(18). In our study, most of the AF episodes were short runs.
The lack of correlation between AF detection and the embolism
events might partially result from the scarcity of longer episodes
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Unadjusted rate (%) P for trend OR (95% Cl)
(unadjusted) P for trend
Adjusted OR 95%C1
(adjusted)
—e—
Composite endpoint <0.001* 1.8 1.2-2.7 0.005*
No AF detected 12(23.5%) 1(reference)
AF lasting <6 minutes 24(33.3%) 1.8 0.8-4.2
AF lasting >6 minutes 47(58.0%) 5.0 23-11.2
Cardiac readmission <0.001* —e— 1.8 1.2-2.7 0.005*
No AF detected 12(23.5%) 1 (reference)
AF lasting <6 minutes 22 (30.6%) 1.4 0.6-3.2
AF lasting >6 minutes 44(54.3%) 3.9 1.8-84
HF or ACS readmission 0.001* —e— 1.8 1.2-2.9 0.010*
No AF detected 10(19.6%) 1 (reference)
AF lasting <6 minutes 15 (20.8%) 11 0.4-2.6
AF lasting >6 minutes 36(59.0%) 0 2 4 33 1.5-7.4
FIGURE 3 | The association between atrial fibrillation (AF) burden detected and the cardiac outcomes. The adjusted confounders in the multivariate regression
analysis for composite endpoint were age, sex, stroke or systemic embolism history, and antiplatelet therapy; for cardiac readmission were age, sex, clinical AF history,
stroke or systemic embolism history, and antiplatelet therapy; for heart failure or ACS admission were age, sex, hypertension, coronary heart disease, AF history,
stroke or systemic embolism history, and antiplatelet therapy, respectively. OR, odds ratio; Cl, confidence interval. *p < 0.05.

detected. The influence of the short-run AF needs to be clarified
in more large-scale studies. Besides, the patients in our cohort
had ~70% with a CHADS, score >2 and more than 90% with a
CHA,DS;-Vasc score >2, which suggested clinical characteristics
indicating high stroke or systemic embolic risks. In this scenario,
the AF burden might not act as a potent risk factor sufficient to
actas an add-on effect (8). The result might be an extrapolation of
earlier studies such as SPORTIF III and V, which reported similar
stroke rates in patients with paroxysmal and persistent AF and at
least two risk factors for stroke (21).

The close relationship between AF detection and heart
failure or ACS-associated admission is impressive. Rarely clinical
heart failure history had been recorded, and an average
of normal ejection fraction was noted at baseline in this
population. Considering the advanced age and high prevalence
of hypertension in the cohorts, these might reflect the impact
of the rapid and irregular rhythm of AF on diastolic functional
reserve. Besides, sick sinus syndrome (SSS) as the indication
for pacemaker implantation were more found in our patients
with AF detected than those without AF just as seen in earlier
reports (10, 22-24), which might indicate that the degenerative
atrial remodeling or fibrotic atrial cardiomyopathy serves as

the common substrate of impaired heart function and AF
development (25). As for ACS, most of the patients underwent
coronary angiography, yet no obstructive coronary artery was
found. The finding was consistent with the prior study, which
suggested the more prevalent AF for myocardial infarction with
no obstructive coronary artery (MINOCA) (26). The ischemic
chest discomfort symptoms and/or elevated cardiac biomarker
might suggest slow coronary blood flow or micro-emboli as the
underlying pathophysiological mechanism.

Perspective: Possible Intervention for
Atrial Fibrillation Detected by Pacemakers

As mentioned above, the critical cutoff of AF burden associated
with increased risk of stroke varied among different studies.
There are still controversies for initializing anticoagulation for
subclinical AF (27, 28). In the present study, most of the AF
episodes detected were short runs, and no significant elevated
risks for stroke or systemic embolism was found. In fact, about
90% of the patients had CHA,DS,-Vasc score >2, and no one
received anticoagulants while the incidence of new-onset stroke
was rather low. Our result was in line with earlier data (29),
which suggested that patients with device-detected AF seem to
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FIGURE 4 | Event-free survival after pacemaker implantation stratified by
pacemaker-detected AF episodes of more than 6 min. HR, hazard ratio; Cl,
confidence interval.

be at lower thrombotic risk than the general AF population. As
stated in the latest ESC guidelines, the absolute risk of stroke
associated with subclinical AF may be lower than with clinical
AF (5,30, 31). The AF burden could be a marker of the severity of
atrial cardiomyopathy and stroke risk instead of acting as a cause
(4, 28, 32). Meanwhile, anticoagulation based on subclinical AF
recurrences did not improve the outcome (33). More evidence is
needed in future large-scale clinical trials. Continued follow-up
and monitoring to detect progression to clinical AF, or subclinical

AF burden transition to longer durations, as well as underlying
comorbidity change are warranted (5, 34).

In contrast, AF detection by the pacemaker associated with
the elevated risk for heart failure or ACS, and AF lasting more
than 6 min, seemed to be enough to contribute to the outcomes.
These might suggest that these patients may benefit more from
rhythm control. Recently, the generalizability of the CASTLE-
AF trial indicated that ablation therapy might benefit patients
regardless of the ejection fraction (35). Upstream therapy, such
as angiotensin receptor blockers, B-blockers, and statins, might
also be considered.

Limitation

This study is a single-center retrospective cohort study, and the
sample size is small. Pacemaker default settings for AF detection
were slightly different between different models, although devices
of only one manufacturer were included. Therefore, the results
may not directly extrapolate to other practice settings. The
scarcity of endpoint events led to less power in the statistical
calculation and difficult for further sub-analysis.

CONCLUSION

Detection of AF episodes was common in patients with dual-
chamber pacemakers implanted. The composite cardiac adverse
outcomes, cardiac re-admission, especially for heart failure, or
ACS, were associated with pacemaker-detected AF. Episodes of
AF lasting more than 6 min showed not only further elevated
risks for the endpoint events than those with short-run AF and
no AF at all, but also suggested future cumulative hazard.

DATA AVAILABILITY STATEMENT

All data needed to evaluate the conclusions in the paper are
present in the paper.

ETHICS STATEMENT

This retrospective cohort study was approved by the Ethics
Committee on Clinical Investigation of Peking University First
Hospital. Considering the retrospective nature of the present
study, a waiver of informed consent from patients was obtained.
All the procedures being performed were part of the routine care.

AUTHOR CONTRIBUTIONS

S-YC, JZ, and JJ formed the conception and designed the study.
S-YC, Y-LW, Q-HS, and JZ analyzed and interpreted the data.
S-YC, Q-HS, JJ, and JZ drafted the manuscript. JJ, Q-HS, JZ,
Y-LW, S-YC, and Y-SD revisited it critically for important
intellectual content. All the authors have read and given the final
approval of the manuscript submitted.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 654532


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Chu et al.

AF Burden Predicts Cardiac Outcomes

FUNDING

This study was supported by the National Key Research
and Development Project: Screening, Prevention, and Health

REFERENCES

10.

11.

12.

13.

. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, et al.

Prevalence of diagnosed atrial fibrillation in adults: national implications
for rhythm management and stroke prevention: the AnTicoagulation and
Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA. (2001) 285:2370-
5. doi: 10.1001/jama.285.18.2370

. Savelieva I, Camm AJ. Clinical relevance of silent atrial fibrillation: prevalence,

prognosis, quality of life, and management. ] Interv Card Electrophysiol. (2000)
4:369-82. doi: 10.1023/A:1009823001707

. De With RR, Marcos EG, Dudink E, Spronk HM, Crijns H, Rienstra M, et

al. Atrial fibrillation progression risk factors and associated cardiovascular
outcome in well-phenotyped patients: data from the AF-RISK study.
Europace. (2020) 22:352-60. doi: 10.1093/europace/euz339

. Gorenek BC, Bax J, Boriani G, Chen SA, Dagres N, Glotzer TV, et al.

Device-detected subclinical atrial tachyarrhythmias: definition, implications
and management-an European Heart Rhythm Association (EHRA)
consensus document, endorsed by Heart Rhythm Society (HRS), Asia
Pacific Heart Rhythm Society (APHRS) and Sociedad Latinoamericana de
Estimulacion Cardiaca y Electrofisiologia (SOLEACE). Europace. (2017)
19:1556-78. doi: 10.1093/europace/eux163

. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist

C, et al. ESC Guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European Association
for Cardio-Thoracic Surgery (EACTS). Eur Heart J. (2021). 42:373-
498. doi: 10.1093/eurheartj/ehaa612

. Podd §J, Sugihara C, Furniss SS, Sulke N. Are implantable cardiac monitors

the 'gold standard’ for atrial fibrillation detection? A prospective randomized
trial comparing atrial fibrillation monitoring using implantable cardiac
monitors and DDDRP permanent pacemakers in post atrial fibrillation
ablation patients. Europace. (2016) 18:1000-5. doi: 10.1093/europace/euv367

. Mahajan R, Perera T, Elliott AD, Twomey DJ, Kumar S, Munwar

DA, et al. Subclinical device-detected atrial fibrillation and stroke risk:
a systematic review and meta-analysis. Eur Heart J. (2018) 39:1407-
15. doi: 10.1093/eurheartj/ehx731

. Chu SY, Jiang J, Wang YL, Sheng QH, Zhou J, Ding YS. Pacemaker-

stroke
(2020)

ischemic
Lung.

and risk of
study. Heart

detected atrial fibrillation burden
or thromboembolic events-A cohort

49:66-72. doi: 10.1016/j.hrtlng.2019.07.007

. Svennberg E, Engdahl ], Al-Khalili F Friberg L, Frykman V,
Rosenqvist M. Mass screening for untreated atrial fibrillation:
The STROKESTOP study. Circulation. (2015) 131:2176—

84. doi: 10.1161/CIRCULATIONAHA.114.014343

Mittal S, Stein K, Gilliam FR, 3rd, Kraus SM, Meyer TE, Christman SA.
Frequency, duration, and predictors of newly-diagnosed atrial fibrillation
following dual-chamber pacemaker implantation in patients without a
previous history of atrial fibrillation. Am ] Cardiol. (2008) 102:450-
3. doi: 10.1016/j.amjcard.2008.03.080

Schuchert A, Lepage S, Ostrander JJ, Bos RJ, Gwechenberger M, Nicholls A,
et al. Automatic analysis of pacemaker diagnostic data in the identification of
atrial tachyarrhythmias in patients with no prior history of them. Europace.
(2005) 7:242-7. doi: 10.1016/j.eupc.2005.01.005

Cheung JW, Keating R], Stein KM, Markowitz SM, Iwai S, Shah
BK, et al. Newly detected atrial fibrillation following dual chamber
pacemaker implantation. J Cardiovasc Electrophysiol. (2006) 17:1323-
8. doi: 10.1111/j.1540-8167.2006.00648 x

Kaufman ES, Israel CW, Nair GM, Armaganijan L, Divakaramenon S,
Mairesse GH, et al. Positive predictive value of device-detected atrial high-
rate episodes at different rates and durations: an analysis from ASSERT. Heart
Rhythm. (2012) 9:1241-6. doi: 10.1016/j.hrthm.2012.03.017

Economic Evaluation for High-Risk Population of Cardio-
and Cerebrovascular Disease (2017YFC1307700) and the Youth
Clinical Research Project of Peking University First Hospital
(No. 2017CR20).

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Seet

. Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci A, et

al. Subclinical atrial fibrillation and the risk of stroke. N Engl | Med. (2012)
366:120-9. doi: 10.1056/NEJMoal105575

RC, Friedman PA, Rabinstein AA. Prolonged rhythm
monitoring for the detection of occult paroxysmal atrial fibrillation
in  ischemic stroke of unknown cause. Circulation. (2011)
124:477-86. doi: 10.1161/CIRCULATIONAHA.111.029801

. Swiryn S, Orlov MV, Benditt DG, DiMarco JP, Lloyd-Jones DM, Karst E, et

al. Clinical implications of brief device-detected atrial tachyarrhythmias in
a cardiac rhythm management device population: results from the registry
of atrial tachycardia and atrial fibrillation episodes. Circulation. (2016)
134:1130-40. doi: 10.1161/CIRCULATIONAHA.115.020252

. Glotzer TV, Hellkamp AS, Zimmerman J, Sweeney MO, Yee R, Marinchak

R, et al. Atrial high rate episodes detected by pacemaker diagnostics
predict death and stroke: report of the Atrial Diagnostics Ancillary
Study of the MOde Selection Trial (MOST). Circulation. (2003) 107:1614-
9. doi: 10.1161/01.CIR.0000057981.70380.45

. Boriani G, Glotzer TV, Santini M, West TM, De Melis M, Sepsi M, et al.

Device-detected atrial fibrillation and risk for stroke: an analysis of >10,000
patients from the SOS AF project (Stroke prevention Strategies based on
Atrial Fibrillation information from implanted devices). Eur Heart J. (2014)
35:508-16. doi: 10.1093/eurheartj/eht491

. Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, Hilker C,

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. doi: 10.1161/CIRCEP.109.849638
Capucci A, Santini M, Padeletti L, Gulizia M, Botto G, Boriani G, et
al. Monitored atrial fibrillation duration predicts arterial embolic events
in patients suffering from bradycardia and atrial fibrillation implanted
with antitachycardia pacemakers. ] Am Coll Cardiol. (2005) 46:1913-
20. doi: 10.1016/j.jacc.2005.07.044

Hylek EM, Frison L, Henault LE, Cupples A. Disparate stroke rates on
warfarin among contemporaneous cohorts with atrial fibrillation: potential
insights into risk from a comparative analysis of SPORTIF III versus SPORTIF
V. Stroke. (2008) 39:3009-14. doi: 10.1161/STROKEAHA.108.514935
Jackson LR, 2nd, Rathakrishnan B, Campbell K, Thomas KL, Piccini
JP, Bahnson T, et al. Sinus node dysfunction and atrial fibrillation:
a reversible phenomenon? Pacing Clin Electrophysiol. (2017) 40:442-
50. doi: 10.1111/pace.13030

Gillis AM, Morck M. Atrial fibrillation after
implantation. ] Cardiovasc  Electrophysiol.
7. doi: 10.1046/j.1540-8167.2002.00542.x

Nielsen JC, Thomsen PE, Hojberg S, Moller M, Vesterlund T, Dalsgaard D, et
al. A comparison of single-lead atrial pacing with dual-chamber pacing in sick
sinus syndrome. Eur Heart . (2011) 32:686-96. doi: 10.1093/eurheartj/ehr022
John RM, Kumar S. Sinus node and atrial arrhythmias. Circulation.
(2016) 133:1892-900. doi: 10.1161/CIRCULATIONAHA.116.0
18011

Lopez-Pais ], Izquierdo Coronel B, Galan Gil D, Espinosa Pascual MJ, Alcon
Duran B, Martinez Peredo CG, et al. Clinical characteristics and prognosis of
myocardial infarction with non-obstructive coronary arteries (MINOCA): A
prospective single-center study. Cardiol J. (2020). doi: 10.5603/CJ.a2020.0146.
[Epub ahead of print].

Dobreanu D, Svendsen JH, Lewalter T, Hernandez-Madrid A, Lip
GY, Blomstrom-Lundqvist C, et al. Current practice for diagnosis and
management of silent atrial fibrillation: results of the European heart rhythm
association survey. Europace. (2013) 15:1223-5. doi: 10.1093/europace/e
ut227

Chen LY, Chung MK, Allen LA, Ezekowitz M, Furie KL, McCabe
P, et al. Atrial fibrillation burden: moving beyond atrial fibrillation

DDDR  pacemaker
(2002)  13:542-

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 654532


https://doi.org/10.1001/jama.285.18.2370
https://doi.org/10.1023/A:1009823001707
https://doi.org/10.1093/europace/euz339
https://doi.org/10.1093/europace/eux163
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/europace/euv367
https://doi.org/10.1093/eurheartj/ehx731
https://doi.org/10.1016/j.hrtlng.2019.07.007
https://doi.org/10.1161/CIRCULATIONAHA.114.014343
https://doi.org/10.1016/j.amjcard.2008.03.080
https://doi.org/10.1016/j.eupc.2005.01.005
https://doi.org/10.1111/j.1540-8167.2006.00648.x
https://doi.org/10.1016/j.hrthm.2012.03.017
https://doi.org/10.1056/NEJMoa1105575
https://doi.org/10.1161/CIRCULATIONAHA.111.029801
https://doi.org/10.1161/CIRCULATIONAHA.115.020252
https://doi.org/10.1161/01.CIR.0000057981.70380.45
https://doi.org/10.1093/eurheartj/eht491
https://doi.org/10.1161/CIRCEP.109.849638
https://doi.org/10.1016/j.jacc.2005.07.044
https://doi.org/10.1161/STROKEAHA.108.514935
https://doi.org/10.1111/pace.13030
https://doi.org/10.1046/j.1540-8167.2002.00542.x
https://doi.org/10.1093/eurheartj/ehr022
https://doi.org/10.1161/CIRCULATIONAHA.116.018011
https://doi.org/10.5603/CJ.a2020.0146
https://doi.org/10.1093/europace/eut227
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Chu et al.

AF Burden Predicts Cardiac Outcomes

29.

30.

31.

32.

33.

as a binary entity: a scientific statement from the American heart
association. Circulation. (2018) 137:€623-44. doi: 10.1161/CIR.00000000000
00568

Rovaris G, Solimene F, D’Onofrio A, Zanotto G, Ricci RP, Mazzella T,
et al. Does the CHA2DS2-VASc score reliably predict atrial arrhythmias?
Analysis of a nationwide database of remote monitoring data transmitted
daily from cardiac implantable electronic devices. Heart Rhythm. (2018)
15:971-9. doi: 10.1016/j.hrthm.2018.02.023

Freedman B, Boriani G, Glotzer TV, Healey ]S,
Potpara TS. Management of atrial high-rate episodes
by cardiac implanted electronic devices. Nat Rev Cardiol.
14:701-14. doi: 10.1038/nrcardio.2017.94

Camm A]J, Simantirakis E, Goette A, Lip GY, Vardas P, Calvert M, et al.
Atrial high-rate episodes and stroke prevention. Europace. (2017) 19:169-
79. doi: 10.1093/europace/euw279

Kamel H, Okin PM, Longstreth WT Jr, Elkind MS, Soliman EZ. Atrial
cardiopathy: a broadened concept of left atrial thromboembolism beyond
atrial fibrillation. Future Cardiol. (2015) 11:323-31. doi: 10.2217/fca.15.22
Martin DT, Bersohn MM, Waldo AL, Wathen MS, Choucair WK, Lip GY, et
al. Randomized trial of atrial arrhythmia monitoring to guide anticoagulation
in patients with implanted defibrillator and cardiac resynchronization devices.
Eur Heart ]. (2015) 36:1660-8. doi: 10.1093/eurheartj/ehv115

Kirchhof P,
detected
(2017)

34. Boriani G, Glotzer TV, Ziegler PD, De Melis M, Mangoni di SSL, Sepsi
M, et al. Detection of new atrial fibrillation in patients with cardiac
implanted electronic devices and factors associated with transition to higher
device-detected atrial fibrillation burden. Heart Rhythm. (2018) 15:376-
83. doi: 10.1016/j.hrthm.2017.11.007

35. Noseworthy PA, Van Houten HK, Gersh BJ, Packer DL, Friedman
PA, Shah ND, et al. Generalizability of the CASTLE-AF trial: Catheter
ablation for patients with atrial fibrillation and heart failure in routine
practice. Heart Rhythm. (2020) 17:1057-65. doi: 10.1016/j.hrthm.2020.
02.030

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Chu, Jiang, Wang, Sheng, Zhou and Ding. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 654532


https://doi.org/10.1161/CIR.0000000000000568
https://doi.org/10.1016/j.hrthm.2018.02.023
https://doi.org/10.1038/nrcardio.2017.94
https://doi.org/10.1093/europace/euw279
https://doi.org/10.2217/fca.15.22
https://doi.org/10.1093/eurheartj/ehv115
https://doi.org/10.1016/j.hrthm.2017.11.007
https://doi.org/10.1016/j.hrthm.2020.02.030
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Atrial Fibrillation Burden Detected by Dual-Chamber Pacemakers as a Predictor for Cardiac Outcomes: A Retrospective Single-Center Cohort Study
	Introduction
	Materials and Methods
	Study Population and Design
	Exposures—Atrial Fibrillation Detection and Burden Documented by Pacemaker
	Follow-Up and Outcomes
	Statistical Analysis

	Results
	Patient Characteristics
	Atrial Fibrillation Detected by Pacemaker and Atrial Fibrillation Burden Assessment
	Cardiac Outcomes and Atrial Fibrillation Burden Detected by Pacemakers

	Discussion
	Main Findings
	Detection of Atrial Fibrillation Episodes by Implantable Devices
	Cardiac Outcomes and Atrial Fibrillation Detected by Pacemakers
	Perspective: Possible Intervention for Atrial Fibrillation Detected by Pacemakers
	Limitation

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


