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BACKGROUND: Guideline recommendations for oral anticoagulation (OAC) in patients with atrial fibrillation (AF) are based on
CHA,DS,-VASc score alone. Patients with cardiac implantable electronic devices provide an opportunity to assess how the
interaction between AF duration and CHA,DS,-VASc score influences OAC prescription rates.

METHODS AND RESULTS: Data from the Optum de-identified Electronic Health Record data set were linked to the Medtronic
Carelink database of cardiac implantable electronic devices. An index date was assigned as the later of 6 months after device
implant or 1 year after Electronic Health Record data availability. Maximum daily AF duration (no AF, 6 minutes—23.5 hours,
and >23.5 hours) was assessed for 6 months before index date. OAC prescription rates were computed as a function of both
AF duration and CHA,DS,-VASc score. A total of 35 779 patients with CHA,DS,-VASc scores >1 were identified, including
27 198 not prescribed OAC. Overall OAC prescription rate among the 12 938 patients with device-detected AF >6 minutes
was 36.7% and significantly higher in those with a maximum daily AF duration >23.5 hours (45.4%) compared with those
with 6 minutes to 23.5 hours (28.7%). OAC prescription rates increased monotonically with both increasing AF duration and
CHA,DS,-VASc score, reaching a maximum of 67.2% for patients with AF >23.5 hours and a CHA,DS,-VASc score >5.

CONCLUSIONS: Real-world prescription of OAC increased with both increasing duration of AF and CHA,DS,-VASc score. This
highlights the need for further research into the role of AF duration, stroke risk, and the need for anticoagulation in patients
with devices capable of long-term AF monitoring.
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of chronic oral anticoagulation (OAC) in patients

with atrial fibrillation (AF) and >2 stroke risk fac-
tors, without regard of AF duration or burden.! Device-
detected AF of various durations, often referred to as
subclinical AF, has been shown to be associated with
increased stroke risk, though at a rate less than that
of clinically detected AF.>* Anticoagulation recommen-
dations for clinical AF are based on studies of stroke
risk in the clinical AF population." While patients may
have both clinical and subclinical AF, the increasing
use of implantable and consumer-grade technologies

CUWent US guidelines strongly support the use

capable of detecting AF will likely increase the latter
population significantly. There is, however, consider-
able clinical equipoise about the management of these
episodes of subclinical AF, particularly those that are
paroxysmal and of short duration. Even the 2019 up-
date of the American Heart Association/American
College of Cardiology/Heart Rhythm Society guidelines
noted that it is not yet clear what the optimal manage-
ment strategy is in these patients with regards to anti-
coagulation.! There are trials currently being conducted
to answer this question, but in the meantime, clinicians
are presented with such clinical scenarios daily.>®
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CLINICAL PERSPECTIVE

What Is New?

e This retrospective study in a large database
of patients with cardiac implantable electronic
devices describes rates of oral anticoagulation
prescription in patients with device-detected
atrial fibrillation (AF).

e Oral anticoagulation prescription rates in-
creased monotonically with both increasing
AF duration and CHA,DS,-VASc score, reach-
ing a maximum of 67.2% for patients with AF
>23.5 hours and a CHA,DS,-VASc score >5.

e There is geographic variation in rate of oral an-
ticoagulation prescription for patients of similar
AF duration and CHA,DS,-VASc score.

What Are the Clinical Implications?

e Qver arange of CHA,DS,-VASc scores and AF
duration, oral anticoagulation is underused.

e Physicians often consider AF duration in addi-
tion to CHA,DS,-VASc score when making de-
cisions about anticoagulation.

Nonstandard Abbreviations and Acronyms

OAC oral anticoagulation

A recent statement from the American Heart
Association noted the considerable evidence gap in
answering this clinical question.” Given the uncertainty
of anticoagulation management in device-detected AF
and the absence of randomized trial results for guid-
ance, it is of interest to determine the practice patterns
of anticoagulation use in patients with device-detected
AF among US physicians.

METHODS

Because of contractual arrangements between
Medtronic, Inc. and Optum, the data cannot be made
available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Cohort

Data were obtained from the Optum Electronic Health
Record (EHR) database, which contains de-identified
data from patients collected in EHR systems during
2007 to 2017 from multiple health provider networks
within the United States. Patients were included if
they had a cardiovascular diagnosis code in their
medical records or they had a cardiovascular-related
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procedure performed during the data collection pe-
riod. In this study, the analysis-cohort was formed by
linking Optum EHR data to the Medtronic CareLink
database of cardiac implantable electronic devices
(CIEDs) capable of continuous AF monitoring (dual and
triple chamber pacemakers, implantable cardioverter
defibrillators, and cardiac resynchronization therapy
devices with an atrial lead). The Institutional Review
Board at Northwestern University determined that the
study was not human research and that no approval
was indicated. Patients were included in the analysis
only if they had medications recorded in the EHR da-
tabase to ensure that anticoagulation status was cor-
rectly assigned. Patients with a CHA,DS,-VASc score
of zero were excluded.

Derivation of Clinical Data

A patient was considered to have a clinical history of
a specific stroke risk factor if there was a diagnosis
code date associated with the patient that occurred
before the index date. The index date was defined
as the later of either 6 months after device implanta-
tion or 1 year after EHR data availability. Therefore,
CHA,DS,-VASc scores were assessed via EHR
based on the patient’s clinical history before the index
date using the diagnosis codes provided in Table S1.
Female sex was treated as a risk modifier in the com-
putation of the CHA,DS,-VASc score.! Consequently,
women with no other CHA,DS,-VASc risk factors
were assigned a score of zero. Anticoagulation sta-
tus was determined from medication data in the
year before the index date. Geographical regions
were divided based on the United States Census
Bureau designations of West, South, Midwest, and
Northeast.®

Derivation of Device Data

Previous studies have shown that the detection al-
gorithms used in this study are capable of quantify-
ing AF duration with >95% accuracy.® Patients were
categorized into 1 of 3 groups depending on the
maximum daily AF duration observed over the 180-
day period before the index date: No AF, 6 minutes to
23.5 hours, and >23.5 hours. The thresholds of 6 min-
utes and 23.5 hours were based on previous studies
which demonstrated an increased risk of thromboem-
bolic events with AF episodes of these durations.>*+'°
Rates of anticoagulation were then determined based
on combinations of AF duration and CHA,DS,-VASc
score.

Statistical Analysis
Rates of anticoagulation were determined by dividing the
number of patients in each group on anticoagulation by
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the total number in that group. Continuous variables are
reported as mean and SD or median (interquartile range)
while discrete variables are reported as counts and per-
centages, as appropriate. Continuous variables were
compared using a t test and discrete variables were com-
pared using a Chi-square test. Statistical significance was
assigned for P<0.05. All analyses were performed with
SAS software version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

There were 212 816 patients identified by the merger of
the clinical and device databases. Of these, 35 779 pa-
tients with CIED were identified for the study based on
the presence of data in available databases, a device
capable of recording episodes of AF, and documented
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anticoagulation prescriptions (Figure 1). In this group,
27 198 patients (76.0%) were not on anticoagulation.
Demographics of patients who were prescribed and
who were not prescribed anticoagulation are com-
pared in Table 1. The average age of the patients was
71.8+10.3 years with 65% men.

The percentages of patients receiving antico-
agulation for each combination of AF duration and
CHA,DS,-VASc score are shown in Figure 2. Rates
of anticoagulation increased significantly with both in-
creasing AF duration and increasing CHA,DS,-VASc
score (P<0.001) among the groups. The highest rate
of anticoagulation (67.2%) was seen in the group with
the longest AF duration (>23.5 hours) and highest
CHA,DS,-VASc score (25). Even in patients with a
CHA,DS,-VASc score of 1 where OAC is a Class IIB
indication, prescription rates reached 19.5% for those

298,026 patients with
Optum EHR and
CareLink data
121,704 || Device lacks Cardiac
Y Compass data
176,322 patients
No atrial lead,
132,968 inadequate follow-up, or
L 2 not part of integrated
delivery network
43,354 patients
126
» Age <18 years
A 4
43,228 patients
2835 Missing oral
I > anticoagulation
status
40,393 patients
Sl CHA,DS,-VASC = 0
\ 4
35,779 patients

Figure 1.
EHR indicates Electronic Health Record.
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Development of the study cohort.
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Table 1. Baseline Demographics
No Anticoagulation (n=27 198) Anticoagulation (n=8581) Total (n=35 779)

Mean age (SD), y 71.7 (10.3) 71.9 (10.4) 71.8 (10.3)

Age >75 12 491 (46%) 3991 (47%) 16 482 (46%)

Age =65 21 945 (81%) 6722 (78%) 28 667 (80%)
Male sex 17 607 (65%) 5587 (65%) 23 194 (65%)
CHA,DS,-VASc Score

Mean (SD) 3.3(1.7) 4.4(1.8) 3.6(1.8)

1 3612 (13%) 352 (4%) 3964 (11%)

2 7080 (26%) 1006 (12%) 8086 (23%)

3-4 10 034 (37%) 3225 (38%) 13 259 (37%)

>5 6472 (24%) 3998 (47%) 10 470 (29%)
CHADS, Score

Mean (SD) 1.9 (1.5) 29(1.4) 2.2(1.5)

0 4088 (15%) 259 (3.0%) 4347 (12%)

1 8567 (32%) 1213 (14%) 9780 (27%)

2 5848 (22%) 2151 (25%) 7999 (22%)

3 4647 (17%) 2214 (26%) 6861 (19%)

>4 4048 (15%) 2744 (32%) 6792 (19%)
Hypertension 15 008 (55%) 7067 (82%) 22 075 (62%)
Heart failure 10 310 (38%) 5637 (66%) 15 947 (45%)
Stroke/TIA 3884 (14%) 2474 (29%) 6358 (18%)
Diabetes mellitus 7037 (26%) 3245 (38%) 10 282 (29%)
Vascular disease 1983 (7%) 1298 (15%) 3231 (9%)
Myocardial infarction 4831 (18%) 2624 (31%) 7455 (21%)
Atrial fibrillation* 6124 (23%) 6787 (79%) 12 911 (36%)
Device type

CRT-D 8720 (32%) 2711 (32%) 11 431 (32%)

CRT-P 848 (3%) 611 (7%) 1459 (4%)

ICD 8396 (31%) 1996 (23%) 10 392 (29%)

IPG 9234 (34%) 3263 (38%) 12 497 (35%)

CRT-D indicates cardiac resynchronization therapy-defibrillator; CRT-P, cardiac resynchronization therapy-pacemaker; ICD, implantable cardioverter
defibrillators; IPG, implantable pulse generator; and TIA, transient ischemic attack.

*Indicates atrial fibrillation diagnosed before the index date of this study.

with AF >23.5 hours. A similar analysis of percentage
of patients receiving OAC at each AF duration using
CHADS, score rather than CHA,DS,-VASc is pre-
sented in Figure S1.

Rates of OAC usage for each component of the
CHA,DS,-VASc score are presented in Table 2. For
each comorbidity, its presence was associated with
higher use of OAC. However, in the case of sex itself,
rates of OAC were similar between men and women.
Younger patients (aged <65 years) had the highest
rate of OAC while the oldest group (aged >75 years)
had the second highest rate of OAC. Even for pa-
tients who had a prior stroke or TIA, just 38.9% were
on OAC. While that number includes patients without
AF, a prior stroke is sufficient to warrant anticoagu-
lation in someone with AF and without any additional
risk factors. Even among patients with AF and prior
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stroke or TIA, only 60.1% were receiving OAC. While
the cohort was predominantly White in race (88.1%),
those patients who were Black had significantly lower
rates of OAC.

There were 6124 patients who were not prescribed
OAC despite a documented history of clinical AF. Of
those, 40% had a CHA,DS,-VASc score of at least 5
and 55% had a CHA,DS,-VASc score of 2 or 3. These
patients had a mean (SD) CHA,DS,-VASc score of 4.1
(1.8). A distribution of this cohort incorporating AF du-
ration is shown in Table 3. About half of this group also
had device-detected AF (48.7%).

Use of OAC also varied across geographical regions
of the United States. Highest rates of overall OAC were
seen in the West region with the lowest rates in the
Northeast. Rates of anticoagulation for specific com-
binations of CHA,DS,-VASc score and AF duration
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Figure 2. Percentage of patients on oral anticoagulation.

AF indicates atrial fibrillation.

compared across geographical regions are shown in
Figure 3. Even for patients with AF duration >23.5 hours
and CHA,DS,-VASc score of at least 3, rates of OAC
were as low as 35.2% in the South and up to 54.7% in
the West. A similar analysis of OAC across geograph-
ical regions by AF duration and CHADS, score is pre-
sented in Figure S2.

DISCUSSION

In a large population of patients with CIEDs, rates of
OAC use increase with increasing AF duration and
increasing CHA,DS,-VASc score, indicating that cli-
nicians are considering both factors when making
decisions about initiation of anticoagulation for device-
detected AF.

Oral anticoagulation has been demonstrated to be
underused in patients with clinical AF in numerous prior
studies."~"3 Even in large registries of patients with clin-
ical AF, rates of OAC in patients with CHA,DS,-VASc
>2 are around 50%. Our data further emphasize this
important underuse of OAC in patients with AF.* As
the utility of OAC for stroke prevention in subclinical
device-detected AF is not yet elucidated, it is not sur-
prising that there is substantial heterogeneity in prac-
tice patterns. Even within the groups of patients with
>23.5 hours of AF in a day, the rates of anticoagulation
usage ranged from 24.3% for a CHA,DS,-VASc score
of 210 67.2% for a CHA,DS,-VASc score of >5. At pres-
ent, American Heart Association/American College of
Cardiology/Heart Rhythm Society guidelines recom-
mend anticoagulation based on CHA,DS,-VASc score
alone, however studies of real-world use even in a clin-
ical AF population have demonstrated lower rates in
paroxysmal AF compared with persistent AF"'S Such
a pattern appears to be extended in practice with de-
vice-detected AF as well.
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The variability and underuse of anticoagulation in
device-detected AF was also demonstrated in a study
by Perino et al of a large number of patients with CIED
in the Veterans Affairs (VA) healthcare system.'® Our
findings expand upon this point in patients more reflec-
tive of the general AF population in the United States.
Whereas 98% of the VA patients in that study were
men, our population is 65% men. Additionally, the vast
majority of the patients in the VA study had implantable
cardioverter-defibrillators (82%) compared with 62% in
the present study, likely reflecting the increased mor-
bidities common in the VA population, as well as the
greater use of remote monitoring for implantable car-
dioverter defibrillators rather than pacemakers at the
time of the VA study.'®

We have previously demonstrated that rates of
stroke and systemic embolism follow a similar pattern
of increasing with both increasing AF duration and in-
creasing CHA,DS,-VASc score."” These findings will
help interpret future results from trials of anticoagula-
tion in device-detected AF, as these factors may iden-
tify groups of patients who benefit more than others.
Such a strategy is already included in the European
Heart Rhythm Association guidelines from 2017, rec-
ommending anticoagulation with a CHA,DS,-VASc
of at least 2 in men or 3 in women and AF duration
>5.5 hours but also noting that anticoagulation should
be considered with a lower burden if additional risk fac-
tors are present.’® As the present study demonstrates,
many clinicians appear to be considering these factors
in making their own decisions about anticoagulation
for their patients, even without specific recommenda-
tions from the American Heart Association/American
College of Cardiology/Heart Rhythm Society guide-
lines.! Future guidelines should address the interac-
tion of AF burden/duration with clinical risk factors in
discussing anticoagulation indications. Randomized
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Table 2. Rates of Oral Anticoagulation Based on the
Occurrence of Individual Risk Factors

Anticoagulation
Total (%) P Value
Age,y <0.001
Age <65 7112 1859 (26.1%)
Age 65-74 12185 2731 (22.4%)
Age =75 16 482 3991 (24.2%)
Sex 0.529
Men 23194 5587 (24.1%)
Women 12 585 2994 (23.8%)
Hypertension <0.001
No 13704 1514 (11.0%)
Yes 22 075 7067 (32.0%)
Heart failure <0.001
No 19382 2944 (14.8%)
Yes 15 947 5637 (35.3%)
Stroke/TIA (Transient <0.001
ischemic attack)
No 29 421 6107 (20.8%)
Yes 6358 2474 (38.9%)
Diabetes mellitus <0.001
No 25 497 5336 (20.9%)
Yes 10 282 3245 (31.6%)
Vascular disease <0.001
No 32548 7283 (22.4%)
Yes 3231 1298 (40.2%)
Race <0.001
Black 2355 480 (20.4%)
Asian 140 41 (29.3%)
White 31537 7683 (24.4%)
Other (includes Native 1747 377 (21.6%)
American/Alaskan
Native, Pacific Islander/
Native Hawaiian)/
unknown)
Geography <0.001
Northeast 1898 402 (21.2%)
South 13 564 3219 (23.7%)
Midwest 17 643 4271 (24.2%)
West 2023 548 (27.1%)
Other/unknown 651 141 (21.7%)

TIA indicates transient ischemic attack.

controlled trials that are currently in process will likely
provide a higher level of evidence on this issue.>®

Our data also reveal variation in OAC usage by geo-
graphical regions. While practice patterns have been
shown to vary by hospital site in a study of VA hospi-
tals, the large regional groupings in the present study
include a variety of different types of practice settings
(eg, community hospitals and academic medical cen-
ters).'"® However there continues to be variations in

J Am Heart Assoc. 2020;9:e018378. DOI: 10.1161/JAHA.120.018378

Oral Anticoagulation Usage in Subclinical AF

Table 3. Distribution of CHA,DS,-VASc Scores and Atrial
Fibrillation Duration in Patients Not on Anticoagulation But
With a Clinical History of Atrial Fibrillation

AF Duration
Group CHA,DS,-VASc Group No. Subjects (%)
No AF (n=3138) 1 155 (3%)
2 418 (7%)
3-4 1199 (20%)
=5 1366 (22%)
AF 6 min-23.5 h 1 94 (2%)
(n=1536) 2 228 (4%)
3-4 649 (11%)
>5 565 (9%)
AF >23.5 h 1 94 (2%)
(n=1450) 2 213 (3%)
3-4 637 (10%)
>5 506 (8%)

OAC usage which in some combinations of CHA,DS,-
VASc score and AF duration reach a 15% difference
between regions. Interestingly, the highest rates were
not in the regions with the highest density of academic
medical centers.

While higher rates of OAC were seen in the presence
of each comorbidity that contributes to the CHA,DS,-
VASCc score, rates of OAC were highest in the youngest
patients, in whom age does not add any points to their
CHA,DS,-VASc score. Interestingly, OAC rates did not
decrease with increasing age but rather were higher
in the oldest patients compared with those in the mid-
dle range of 65 to 74 years old. Differences were also
seen in usage of OAC by racial group with the lowest
rate of OAC in Black patients. Such disparities have
been previously demonstrated, even after adjustment
for insurance status and income.'® These data further
support the need to address not just suboptimal levels
of OAC in all patients, but specifically in groups that
have been receiving even lower rates of guideline-indi-
cated therapy.

Several major strengths of this study include the
large data set with representation from across the
United States. Additionally, with CIEDs in every patient,
each with an atrial lead, the accuracy of AF quantifica-
tion is quite high. While randomized controlled trials are
the gold standard of evidence in medicine, it is also ac-
knowledged that trial populations tend to be different
from real-world populations.?® Therefore, real-world
studies such as this one can be quite informative in
bridging the gap from guidelines to practice. There
are several limitations given the retrospective nature
of this study as well as the limitations inherent to the
use of the EHR for research. First, we recognize that
there are other uses of OAC beyond stroke prevention
in AF. Therefore, some of the OAC use, particularly in
those with no AF, could have been in response to other
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Figure 3. Rates of oral anticoagulation across geographical regions for patients
with no atrial fibrillation (A), AF duration 6 minutes-23.5 hours (B), and AF duration

>23.5 hours (C).

indicated uses of these medications. About a third of
patients had a clinical diagnosis of AF, and so even
without any documented episodes during the study
period, they might have been on OAC based on histor-
ical episodes. In addition, we do not have information
on appropriateness of anticoagulation dosing or time
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in therapeutic range for patients treated with warfarin.
Importantly, reasons for not prescribing an anticoagu-
lant are not available in our database. While individual
AF episodes were not adjudicated, the accuracy of
the AF algorithms, particularly for episodes lasting at
least a few minutes as required by this study, is quite
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high.?' However, it should be noted that all devices in
this study were manufactured by Medtronic, Inc. and
thus used their algorithm.

In conclusion, in a large database of patients with
CIED across the United States, rates of oral anticoag-
ulation increased with increasing AF duration and in-
creasing CHA,DS,-VASc score. Even in the highest AF
duration and CHA,DS,-VASc group, only two thirds of
the patients were on OAC. The ongoing randomized
trials of OAC for subclinical AF will provide clarity to the
necessity of OAC in these patients.
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Table S1. Diagnosis codes for computation of CHA2DS,-VASc score.

Disease state ICD-9 or ICD-10 diagnosis codes

Hypertension 401.X, 402.X, 404.X, 403.X, 405.X, 110.X, 111.X, 112.X, 113.X, 115.X
Diabetes 250.X0, 250.X2, E11.X, 250.X1, 250.X3, E10.X

Heart failure 428.X,402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91,

404.93, 150.X, 111.0, 113.0, 113.2

Ischemic stroke/ TIA 433.X,434.X, 436.X, 163.X, 165.X, 166.X,
435.X, G45.0, G45.1, G45.2, G45.8, G45.9, 786.73, V12.54

Vascular diseases (PAD, aortic plaque) 440.2X, 443.9, 170.2X, 173.9, 440.0, 170.0

Myocardial Infarction 410.X,412.X,121.X, 122.X, 123.X, 125.2

Atrial Fibrillation 427.31,148.0, 148.1, 148.2, 148.91




Figure S1. Percentage of patients on oral anticoagulation by CHADS; score.
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Figure S2. Rates of oral anticoagulation across geographical regions by CHADS; score for
patients with no AF (A), AF duration 6 minutes-23.5 hours (B), and AF duration >23.5 hours
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C: AF duration >23.5 hours
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