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Abstract

Background—Device-detected atrial fibrillation (AF) is associated with increased risk of stroke. 

However, there are no clearly-defined thresholds of AF burden for which to initiate oral 

anticoagulation (OAC). We sought to describe OAC prescription practice variation in response to 

new device-detected AF and the association to outcomes.

Methods—We performed a retrospective cohort study using data from the Veterans Health 

Administration linked to remote monitoring data that included day-level AF burden. We included 

patients with cardiac implantable electronic devices (CIED) and remote monitoring from 2011–

2014, CHA2DS2-VASc ≥2, and no prior stroke or OAC receipt in the preceding 2 years. We 

determined the proportion of patients prescribed OAC within 90-days following new device-

detected AF across a range of AF thresholds (≥6 minutes to >24 hours), and examined site 

variation in OAC prescription. We used multivariable Cox proportional hazards regressions to 

determine the association of OAC prescription with stroke by device-detected AF burden.

Results—Among 10,212 patients with CIEDs, 4,570 patients (45%), 3,969 patients (39%), 3,263 

patients (32%), and 2,469 patients (24%) had device-detected AF >6 minutes, >1 hour, >6 hours, 

and >24 hours, respectively. For device-detected AF >1 hour, 1,712 patients met inclusion criteria 

(72±10 years; 1.5% female; CHA2DS2-VASc 4.0±1.4; HAS-BLED 2.6±1.1). The proportion 

receiving OAC varied based on device-detected AF burden (≥6 minutes: 272/2,101 (13%); >1 

hour: 273/1,712 (16%); >6 hours: 263/1,279 (21%); >24 hours: 224/818 (27%)). Across 52 sites 
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(N=1,329 patients), there was substantial site-level variation in OAC prescription after device-

detected AF >1 hour (median: 16%; range: 3%−67%; median odds ratio: 1.56 [95% credible 

interval 1.49–1.71]). In adjusted models, OAC prescription after device-detected AF >24 hours 

was associated with reduced stroke risk (HR 0.28, 95% CI 0.10–0.81, p=0.02), although the 

propensity-adjusted model was significant when AF lasted at least 6 minutes.

Conclusions—Among Veterans with CIEDs, device-detected AF is common. There is large 

practice variation in 90-day OAC initiation after new device-detected AF with low rates of 

treatment overall, even for episodes >24 hours. The strongest association of OAC with reduction in 

stroke was observed after device-detected AF >24 hours. Randomized trials are needed to confirm 

these observational findings.
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INTRODUCTION

In patients with clinical atrial fibrillation (AF), oral anticoagulation (OAC) has been shown 

to prevent stroke,1, 2 with current consensus statements recommending OAC prescription 

based on clinical risk factors independent of AF pattern (i.e., paroxysmal and non-

paroxysmal) or burden.3, 4 However, post-hoc analyses of randomized trials indicate that 

persistent and permanent AF are associated with a higher risk of stroke than paroxysmal AF, 

suggesting AF pattern or burden may impact risk5–9, even transiently.10 Although atrial high 

rate episodes detected by cardiac implantable electronic devices (CIED) lasting 6 minutes or 

more have been associated with stroke11–13 and are common14, treatment thresholds for 

initiating OAC are unknown.11–13, 15, 16

Because of the lack of clear evidence on treatment thresholds3, 4, 17, 18 there is potential for 

practice variation in treatment. We therefore sought to examine practice variation in OAC 

prescription after device-detected AF, by linking datasets of CIED remote monitoring and 

data from the Veterans Health Administration, the largest integrated health care system in 

the United States. Additionally, we examined the association of OAC prescription to stroke 

by device-detected AF burden.

METHODS

We performed a retrospective cohort study using data from the Department of Veterans 

Affairs (VA) national health care system. The analytic cohort was created by linking two 

data sources: 1) administrative and electronic health record data representing the full 

denominator of VA users; 2) remote monitoring enrollment and daily AF burden data from 

the device manufacturer. The VA maintains a centralized CIED remote monitoring program, 

the National Cardiac Device Surveillance Program (NCDSP),19 which voluntarily enrolls 

patients implanted with CIEDs in the VA system. The NCDSP centralizes and coordinates 

CIED care for 150 participating VA centers and provides remote monitoring for 

approximately 50,000 patients. Clinical electronic health records and medical claims data 

included the VA National Patient Care Database,20 the VA Decision Support System 
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national pharmacy extract,21 the VA Fee Basis Inpatient and Outpatient datasets, the VA 

Laboratory Decision Support System extract,22 Medicare inpatient and outpatient 

institutional claims data (part A, part B, and carrier files),23 and the VA Vital Status File that 

contains validated combined mortality data from VA, Medicare, and Social Security 

Administration sources.24, 25 Methods for linkage of VA administrative and electronic 

medical record data have been previously described in detail.26–28 The data, analytic 

methods, and study materials will not be made available to other researchers for purposes of 

reproducing the results.

Assessment of Device-Detected AF

We obtained CIED remote monitoring data from the manufacturer’s data warehouse 

(CareLink® Data Warehousing and Analytics Service; Medtronic plc, Mounds View, MN). 

Linkage was limited to this single device manufacturer for several reasons. Remote 

monitoring AF burden is expressed differently across different device manufacturers, remote 

monitoring services, and remote monitoring data management platforms. For the current 

analysis, our goal was to evaluate treatment response based on duration of AF episode, using 

day-level AF burden as a surrogate. The Medtronic CareLink® remote monitoring platform 

records day-level AF burden data (expressed as number of seconds of AF, and other atrial 

tachyarrhythmias such as atrial flutter, during a 24-hour calendar day) for the bradycardia 

and tachycardia platform devices. Day-level AF burden data were not available in most 

CIEDs from other manufacturers during the observation period. Also, the selected 

manufacturer represents the majority of CIEDs followed by the VA during the observation 

period. When quantifying example AF patterns as day-level AF burden, 7 discrete 1-hour 

episodes of AF during a calendar day are reported as > 6 hours of AF. A continuous 24-hour 

episode that begins at 10 pm on day 1 and ends at 10 pm on day 2 (i.e., crosses midnight) 

would be reported as > 1 hour of AF on day 1 and > 12 hours of AF on day 2.

We included patients with CIEDs with 1) enrollment in the VA NCDSP from January 1, 

2011 through March 31, 2014, 2) a Medtronic CIED with an atrial lead capable of detecting 

and transmitting data on atrial tachyarrhythmias (pacemaker or defibrillator, with or without 

cardiac resynchronization [CRT]) or insertable cardiac monitor (ICM), and 3) at least one 

day with device-detected AF burden ≥ 6 minutes (atrial rate > 170 beats per minute in most 

devices). We excluded patients who, in the two years prior to index device-detected AF 

episode, had 1) a primary diagnosis of stroke (International Classification of Diseases, Ninth 

Revision [ICD-9]: 433.*, 434.*, 436.*, 437.1) associated with an inpatient VA encounter; 2) 

a baseline CHA2DS2-VASc score of 0 or 1 (less than class I recommendation for OAC in 

patients with clinical AF); or 3) OAC prescription (warfarin or non-vitamin K antagonist 

oral anticoagulants [NOAC]) prescription of at least 30 days.

The primary outcome of interest was OAC prescription (warfarin or NOAC) within 90-days 

of index episode of device-detected AF with day-level burden > 1 hour. We chose this 

cutpoint as the primary outcome because of the lack of clear treatment thresholds and based 

on informal surveys with electrophysiologists and cardiologists regarding conceptual and 

face validity. We performed a sensitivity analysis on the primary outcome by burden of 

index device-detected AF episode (≥ 6 minutes, > 6 hours, > 24 hours), with the 6-hour 
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cutpoint intended to replicate recently recommended European Heart Rhythm Association 

cutpoint of 5.5 hours, based on the TRENDS observational study.18 Patients included for an 

episode of device-detected AF who at a later date had an episode that exceeded a higher 

burden cutpoint, were included in analyses for both thresholds with different time 0.

To examine variation in OAC prescription across sites, we aggregated patients by site based 

on the location of clinical encounters within the 90-days following index device-detected AF 

> 1 hour. Site was determined according to a uniform set of numeric facility stop codes used 

to identify site of care across the entire VA health care system. If there was more than one 

encounter site, then site assignment was prioritized based on the following order: device 

management or device clinic, outpatient cardiology, inpatient cardiology, non-cardiology, 

and fee basis care. For the site variation analysis, we excluded patients that could not be 

mapped to a site, sites that managed < 7 patients with device-detected AF > 1 hour (median 

number of patients per site), and sites that did not prescribe OAC to any patients (which 

could be explained by data coding issues or unique exceptions to care processes). We also 

determined site variation of OAC prescription within 90-days of device-detected AF > 24 

hours for sites included in the > 1 hour site variation analysis.

We also determined incidence rates of stroke (ICD-9 codes 433.*, 434.*, or 437.1 as primary 

diagnosis associated with an inpatient VA, VA fee basis care, or Medicare encounter) and 

death (using the VA Vital Status File24, 25) by OAC prescription status and device-detected 

AF burden.

Statistical Methods

For each device-detected AF burden threshold, we then determined the association of OAC 

prescription within 90 days after device-detected AF and stroke using Cox proportional 

hazard regression with 1) multivariable adjustment and 2) propensity score adjustment using 

inverse probability of treatment weights (IPTW). We also performed an interaction analysis 

between OAC prescription and device-detected AF burden.

For the multivariable analysis, we used Cox proportional hazards models with shared frailty 

(to adjust for site) and competing risk of death to determine the association of OAC 

prescription with stroke by burden of device-detected AF. Multivariable models included 

baseline variables with univariate associations with P < 0.10, including CIED type, age, 

clinical AF, hypertension, heart failure, myocardial infarction, diabetes, CHADS2 score, 

niacin/fibrates prescription, and statin prescription.

For the propensity score analysis, we fit shared frailty models (to adjust for site) with 

competing risk of death using IPTW. Propensity scores were calculated using logistic 

regression, with conditional probability of OAC prescription within 90 days after device-

detected AF episode based on baseline covariates (excluding baseline medications to avoid 

overfitting). Model fit was assessed by the Hosmer-Lemeshow goodness-of-fit test and C-

statistic. Covariate weights were calculated as the inverse of the estimated propensity score 

for OAC-treated patients and the inverse of one minus the estimated propensity score for 

untreated patients. Balance diagnostics were assessed using standardized difference in 
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baseline covariates before and after IPTW. A standardized difference after IPTW less than 

0.1 is acceptable.

For the interaction analysis between burden of device-detected AF and OAC prescription 

within 90 days, we used Cox proportional hazard regression with stroke as the dependent 

variable. We included all eligible device-detected AF events and clustered at the patient level 

to account for patients who met inclusion for multiple AF burden thresholds. We then 

determined the significance of the interaction term (device-detected AF and OAC) for each 

device-detected AF threshold with AF ≥ 6 minutes as the reference.

Baseline characteristics were determined using previously described methods28 and 

stratified by patient’s CIED type, implantable cardioverter defibrillator (ICD) (including 

CRT-defibrillator) versus pacemaker (including CRT-pacemaker) and ICM. Differences in 

baseline characteristic between OAC-treated and untreated patients were assessed with the 

chi-squared test and 2-sample t-test for categorical and continuous variables, respectively. 

Calculated HAS-BLED scores exclude labile international normalized ratio component as 

this is inapplicable across the whole cohort and also cannot be obtained at baseline prior to 

treatment.30 Time to OAC prescription was measured in days from the index AF episode. To 

determine which patient and site covariates were associated with OAC prescription after 

device-detected AF > 1 hour, we used a generalized linear mixed model with random effects, 

adjusting for age, sex, CHA2DS2-VASc score, and site volume. The median odds ratio was 

used to quantify the extent of variation across sites on a similar scale that covariate effects 

are usually expressed, which is determined by comparing OAC prescription for all possible 

pairs of patients with similar covariates treated at different sites.29

All analyses were performed using SAS, version 9.2 (Cary, NC) and STATA, version 11.0 

(College Station, TX). The senior author had full access to all study data and takes 

responsibility for its integrity and the data analysis. This study was approved by local 

institutional review board (Stanford, CA) and the VA Research and Development Committee 

(Palo Alto, CA).

RESULTS

The full cohort included 10,212 patients with CIEDs of which 4,570 patients (45%), 3,969 

patients (39%), 3,263 patients (32%), and 2,469 patients (24%) had at least one day where 

cumulative amount of device-detected AF (day-level burden) exceeded 6 minutes, 1 hour, 6 

hours, and 24 hours, respectively. The primary analysis cohort, after exclusion criteria were 

applied, included 1,712 patients with device-detected AF episode > 1 hour (age 72±10 years; 

1.5% female; CHA2DS2-VASc 4.0±1.4; HAS-BLED 2.6±1.1; 1,398 with ICDs; 272 with 

pacemakers; 42 with ICM) (Figure 1) (Table 1). CHA2DS2-VASc and HAS-BLED scores, 

by burden of device-detected AF, are reported in Table 2. Within 90-days of index device-

detected AF episode > 1 hour, 273 out of 1,712 patients (16%) received OAC prescription, 

on average, 32±24 days after index device-detected AF episode. The proportion receiving 

OAC within 90-days of index device-detected AF episode varied by burden (≥ 6 minutes: 

272/2,101 (13%); > 6 hours: 263/1,279 (21%); > 24 hours: 224/818 (27%), while average 

time to OAC prescription after index device-detected AF episode was greater than 30 days 
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for all burdens (Table 2). For patients with device-detected AF > 1 hour, estimated bleeding 

risk was similar for OAC-treated and untreated patients (Table 1). Patients with and without 

a prior ICD-9 code diagnosis of AF had similar proportions receive OAC within 90-days of 

index device-detected AF (Supplemental Table 1).

In multivariable analysis, CHA2DS2-VASc score ≥4 (reference CHA2DS2-VASc 2–3) 

weakly trended towards an association with OAC receipt within 90-days of device-detected 

AF episode > 1 hour (OR 1.3; 95% CI 0.9–1.7; p = 0.14), while every year above the mean 

patient age was associated with 3% reduction in odds of OAC receipt (OR 0.97; 95% CI 

0.95–0.99; p <0.001) (Supplemental Table 2).

For the site level analysis, 52 sites met inclusion criteria, managing 1,329 patients with 

device-detected AF > 1 hour. Among these patients, 266 (20%) received OAC within 90-

days of device-detected AF episode > 1 hour. The proportion of patients prescribed OAC by 

site ranged from 3% to 67% with a median odds ratio of 1.56 (95% credible interval 1.49–

1.71). The median site OAC prescription proportion was 16% (IQR: 12%−25%), with ten 

percent of sites with an OAC prescription proportion less than 8% (Figure 2). For the 590 

patients with AF > 24 hours managed at the 52 included sites, overall OAC prescription 

within 90-days of device-detected AF > 24 hours was 31% ranging by site from 0% to 60% 

(median: 33%; IQR: 19%−44%; 10% of sites < 9%) (Supplemental Figure 1). The median 

odds ratio for device-detected AF > 24 hours was 1.21 (95% credible interval 1.19–1.23).

For the 1,712 patients with device-detected AF > 1 hour, the stroke incidence rates for 

patients who were and were not prescribed OAC were 7.7 (95% CI 3.7–16.2) and 10.2 (95% 

CI 7.8–16.2) per 1,000 person-years, respectively. With increasing burden of device-detected 

AF, the incidence rate for stroke numerically increased for patients not prescribed OAC and 

were similar for patients prescribed OAC (Figure 3) (Table 3). Cox proportional hazard 

regressions showed OAC prescription associated with greater numeric reductions in stroke 

risk with increasing burdens of device-detected AF, reaching significance in all models for 

device-detected AF > 24 hours (multivariable regression: HR 0.28, 95% CI 0.10–0.81, p = 

0.02; propensity-adjusted with IPTW: HR 0.27, 95% CI 0.14–0.54, p = 0.0002). In the 

propensity-adjusted model with IPTW (model fit: p = 0.61, C statistic = 0.62, covariate 

standardized mean differences ≤ 0.1 after IPTW [Supplemental Table 3]), OAC prescription 

was also associated with reduced stroke risk when prompted by device-detected AF ≥ 6 

minutes and > 6 hours (Table 4). In the analysis including all eligible device-detected AF 

events, the interaction term for device-detected AF and OAC was significant only when AF 

exceeded 24 hours. Incidence rates for stroke and death by CIED type are reported in 

Supplemental Table 4.

DISCUSSION

Using health care system data linked to CIED remote monitoring, we found that device-

detected AF was common, with 39% of patients having at least one day where AF burden 

exceeded one hour. However, among patients with CHA2DS2-VASc ≥ 2, OAC prescription 

within 90-days of device-detected AF episodes was low overall, with substantial variation 

across sites and across thresholds of index AF episode burden. With increasing burden of 
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device-detected AF, the incidence rate for stroke numerically increased for patients not 

prescribed OAC. Importantly, the strongest association of OAC with reduction in stroke was 

observed when treatment was prompted by AF episodes > 24 hours.

OAC therapy is prescribed for 45 to 70% of patients with a clinical diagnosis of AF 

depending on the population studied,26, 27, 31 which is well below desired thresholds.32 

However, in our cohort, device-detected AF episodes ranging from ≥ 6 minutes to > 24 

hours resulted in OAC prescription rates that were substantially lower. Importantly, bleeding 

risk, based on modified HAS-BLED scores, were similar when comparing OAC-treated and 

untreated patients, suggesting that high bleeding risk did not drive low rates of OAC 

prescription in this cohort. There are several potential explanations for observed treatment 

variation. Consensus statements published in 2014 and 2016 progressed from stating a need 

for further evidence to a weak recommendation for OAC in rare patients with device-

detected AF.3, 4 However, the European Heart Rhythm Association, citing observational 

data,11–13, 15, 16 recommends a device-detected AF threshold of >5.5 hours for OAC 

initiation (in patients with CHA2DS2-VASc ≥2).18 The observed treatment variation may 

fundamentally reflect the lack of high-quality evidence regarding when or at what threshold 

to treat device-detected AF. This is further confounded by considerations in patients with 

multiple comorbidities and concomitant use of antiplatelet therapy. The combination of 

limited overall evidence, variation in guidelines, and unique patient factors may all 

contribute to the high observed treatment variation.

Low or variable OAC prescription may be due to vulnerabilities in the health care system, 

such as breakdowns and delays in the communication loop, which includes 1) transmission 

of a device-detected event, 2) event receipt and review by the managing provider, and 3) 

delivery of recommendations to the patient. The frequency of scheduled transmissions and 

events that trigger an unscheduled transmission can be customized at the discretion of the 

managing provider. Additionally, some devices are not capable of automatic transmissions, 

with remote transmissions manually sent by the patient, usually in response to symptoms. 

With reimbursements for remote monitoring services limited to every 90 days by most 

payers, providers may be discouraged from selecting more frequent transmissions, resulting 

in clinically relevant delays in care, although this is not a likely factor in the VA system. 

Additionally, remote monitoring is not a closed loop system as the patient and device do not 

receive confirmation that the managing provider received and reviewed the transmission, 

specifically the patient’s burden of AF. Of note, in the VA system, the NCDSP is the 

designated managing provider for remote transmissions. Accordingly, all included episodes 

of new device-detected AF were reviewed and triaged by the NCDSP, with designated local 

site and set of clinicians then notified.

An additional barrier to treatment exists if expedited in-person or telehealth visits to discuss 

OAC initiation are not available. In our analysis, time from index device-detected AF 

episode (of any burden) to OAC prescription was on average greater than 30 days, 

suggesting opportunities to improve the speed of care delivery after index episode. For 

ICMs, which are underrepresented in our cohort, implanted to screen for actionable AF in 

real-time,33 these issues are particularly problematic.
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Looking forward, recently released Bluetooth-enabled CIEDs are expected to use patients’ 

own smartphones to remotely transmit events in the near future. This may improve 

transmission frequency or compliance and could provide the patient confirmation as to 

whether the transmission was reviewed. This new transmission paradigm also has the 

potential to give patients their AF burden data, which may have the potential to improve 

patient engagement, patient-clinician communication, and improved decision making 

regarding OAC.

Rapid proliferation of wearable health technology, which can already accurately detect AF,34 

has expanded remote monitoring beyond patients with a CIED and is now available on retail 

smartwatches and smartwatch accessories with an arrhythmia notification provided directly 

to the user. Given remote monitoring’s current lack of expedited closed-loop delivery of 

information to the patient, there is a potential role for wearables even in patients with 

CIEDs. Clinical trials of wearable technologies are ongoing.35

The optimal treatment threshold for device-detected AF remains a key evidence gap.7 In the 

ASSERT cohort, device-detected AF episodes > 24 hours were associated with stroke risk 

comparable to clinical AF,15 with OAC prescription for this burden associated with large 

reductions in stroke risk in our analysis. For lower burdens, we also detected reductions in 

stroke risk in the propensity-adjusted model, suggesting possible benefit to OAC at even 

lower burden thresholds than 24 hours. Event driven trials investigating optimal OAC 

strategies for device-detected AF are ongoing,36, 37 with feasibility of implementing CIED-

guided NOAC strategies for AF already demonstrated.38

Our study has several limitations. The study is observational and is vulnerable to measured 

and unmeasured confounding by treatment selection, therefore limiting causal inference. 

The majority of devices were ICDs, which reflects the fact that daily AF burden was first 

implemented on the CIED vendor’s ICD platform and is only present in newer pacemaker 

models. Third, the number of stroke events in OAC-treated patients was low, leading to 

greater uncertainty in risk ratio point estimates. Fourth, this is a Veteran cohort that is 

overwhelmingly male and findings may not generalize to women or non-Veterans. Fifth, 

treatment effects may not be consistent 1) across CIEDs from other manufacturers, 

especially if there are systematic differences in calculation of AF burden; 2) in patients 

whose device’s atrial rate threshold for AF diagnosis has been lowered; and 3) when AF is 

described by duration, as opposed to day-level AF burden. Sixth, false positive device-

detected AF episodes are described, particularly for lower burdens of AF, which may have 

contributed to low rates of OAC prescription. Finally, with an integrated health care system 

that utilizes a centralized CIED remote monitoring system, these results from the VA may 

not generalize the degree of variation that could be observed in other health care systems.

In conclusion, we found large practice variation in 90-day OAC initiation after new device-

detected AF, even for episodes > 24 hours. Importantly, OAC was prescribed for device-

detected AF substantially less often than previously reported for clinical AF. Across 

increasing burdens of AF, the risk of stroke in untreated patients numerically increased. The 

strongest association of OAC with reduction in stroke was observed after device-detected AF 

episodes > 24 hours. Randomized trials are needed to confirm these observational findings.
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CLINICAL PERSPECTIVE

1) What is new?

• Among Veterans with cardiac implantable electronic devices, device-detected 

atrial fibrillation is common.

• There is large practice variation in 90-day oral anticoagulation initiation after 

new device-detected atrial fibrillation with substantially lower treatment rates 

as compared to clinical atrial fibrillation.

• In patients not prescribed oral anticoagulation, stroke incidence increased as 

burden of device-detected atrial fibrillation increased.

• The strongest association of oral anticoagulation with reduction in stroke was 

observed after device-detected atrial fibrillation > 24 hours.

2) What are the clinical implications?

• Large variation in prescription of oral anticoagulation after device-detected 

atrial fibrillation highlights the uncertainty in optimal treatment strategies, 

failure to effectively utilize available clinical data sources, or both.

• Higher stroke incidence with increasing burden of device-detected atrial 

fibrillation, in patients not anticoagulated, supports treating atrial fibrillation 

as a non-binary entity.

• Although confirmation of treatment benefit awaits results from ongoing 

randomized studies, observational data supports initiation of oral 

anticoagulation after device-detected atrial fibrillation > 24 hours.
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Figure 1: Cohort Selection Diagram
Inclusion and exclusion criteria used to select analysis cohort. AF: atrial fibrillation; DOB: 

date of birth; DOD: date of death; OAC: oral anticoagulation; ScrSSN: Scrambled SSN; 

SSN: social security number
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Figure 2: Oral Anticoagulation Prescription for Device-Detected Atrial Fibrillation > 1 hour by 
Site
Proportion of patients at a site with CHA2DS2-VASc ≥ 2 prescribed oral anticoagulation 

within 90 days of index device-detected atrial fibrillation > 1 hour ranked in order by sites’ 

oral anticoagulation prescription proportion (site number = 52).
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Figure 3: Stroke Incidence by Oral Anticoagulation Prescription and Burden of Device-Detected 
Atrial Fibrillation
Stroke incidence rate per 1,000 person-years by 1) OAC prescription within 90-days of 

device-detected AF and 2) index device-detected AF episode (cumulative amount of AF over 

one day). Error bars represent 95% confidence intervals. AF: atrial fibrillation. OAC: oral 

anticoagulation.
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