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Background: The 2019 ACC/AHA/HRS guidelines established direct oral anticoagulants (DOACs) as first line 

therapy over warfarin for non-valvular atrial fibrillation (AF). 

Methods: Ambulatory clinic patients with non-valvular AF or atrial flutter seen between 10/1/2019-7/12/2020 

included. High-risk AF defined as males CHA 2 DS 2 -VASc score ≥ 2 and females ≥ 3. Patients were separated into: 

warfarin, DOAC, or no oral anticoagulation (OAC). ATRIA bleed score calculated. A provider survey assessing 

knowledge and barriers to anticoagulation completed via REDCap between 3/5-4/16/2020. 

Results: Of 12,014 subjects with AF, 8,032 were high risk (mean age 75.9 ± 9.8 years; 57.5% male). There 

were 4,619 (57.1%) ≥ 75 years and 63.4% were rural dwelling. There was no significant difference between the 

number of subjects on anticoagulation before and after the guideline publication (75.6% vs. 75.7%, p = 0.79). 

Warfarin use decreased 2.3% over 1 year (39.3% to 37.0%), while DOACs increased 2.4% (36.2% to 38.7%, 

p < 0.001 for both). At 1-year, age, male gender, CHA 2 DS 2 -VASc score 4-6, hypertension, stroke and cardiology 

consult increased prescription of OAC (p < 0.05). Vascular disease, high risk ATRIA bleed, renal disease, prior 

hemorrhage, and left atrial appendage occlusion were associated with decreased OAC use ( p < 0.05). Left atrial 

appendage occlusion device use was low ( < 1%). In a survey, majority of providers noted bleeding risk (35.1%) 

and cost (25.0%) to be the biggest barriers to DOAC use. 

Conclusions: The new guidelines caused a slight increase in DOACs over time. Significant barriers to DOAC use 

exist in rural areas; one in four high risk AF patient remains without OAC therapy. 
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ntroduction 

Atrial fibrillation (AF) is the most common cardiac arrhythmia glob-

lly, and its prevalence increases with age. 1-3 Approximately 6–12 mil-

ion people in the United States will suffer from AF by 2050. 4 Due to

he aging population, the total number of AF cases continues to rise,

ven while the age standardized prevalence of AF is decreasing over

ime. 5–7 AF is associated with an approximate 5-fold increase in the risk

f thromboembolism (TE) with no differences between males and fe-

ales, 7–11 thus leading to an increased risk of morbidity and mortality
Abbreviations: ACC/AHA/HRS, American college of cardiology/American heart a

nd risk factors in atrial fibrillation; CHA 2 DS 2 -VASc, congestive heart failure/left vent

schemic attack/thromboembolism, vascular disease, age 65-74, sex category (female

eft atrial appendage occlusion; DOAC, direct oral anticoagulant; OAC, oral anticoagu
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f left untreated. 10 , 12–14 Management with oral anticoagulation (OAC)

s important to reduce the risk of stroke. 1 , 12 

The 2019 American College of Cardiology/American Heart Associ-

tion/Heart Rhythm Society (ACC/AHA/HRS) guidelines updated the

ecommendations for OAC use in patients with non-valvular AF. The

rst line therapy for non-valvular AF patients is now direct oral anti-

oagulants (DOACs; in DOAC-eligible patients) instead of warfarin 15 as

OACs were found to be noninferior to warfarin. 16–20 

The ACC/AHA/HRS guidelines changed the definition of high risk

or females. 15 The CHA 2 DS 2 -VASc risk score is recommended for all pa-
ssociation/heart rhythm society; AF, atrial fibrillation; ATRIA, anticoagulation 

ricular dysfunction, hypertension, Age ≥ 75, diabetes mellitus, stroke/transient 

 gender); CHF, congestive heart failure; EHR, electronic health record; LAAO, 

lation; TE, thromboembolism. 
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ients with AF (except those with moderate or severe mitral stenosis, or

echanical or bioprosthetic heart valves) and is used to estimate the

isk of TE; 15 , 21 , 22 as the risk of TE increases stepwise with increasing

HA 2 DS 2 -VASc score. 7 Despite clear evidence that warfarin and DOACs

educe risk of stroke, studies demonstrate that these medications con-

inue to be underutilized among high-risk AF patients. 23 , 24 Patient and

rovider barriers which influence the use of DOACs include cost, in-

urance coverage, presumed lack of availability of reversal age, patient

ompliance, and lack of knowledge. 25–28 

The primary aim was to demonstrate trends in OAC therapy across

 largely rural healthcare system in northern Minnesota. The secondary

im was to determine what factors were associated with use or lack of

se of OAC therapy. Lastly, we aimed to assess the impact of the new

019 guideline-recommended use of DOACs as first line OAC therapy

ver warfarin in real-world clinical practice. 

ethods 

tudy population 

This is a retrospective cohort study of patients seen in outpatient

rimary care or cardiology at Essentia Health between 10/1/2019 and

/1/2020, who had a diagnosis of AF or atrial flutter on their electronic

ealth record (EHR, Epic®) problem list. Essentia Health serves patients

n Northern Minnesota, Northern Wisconsin, and North Dakota, USA,

ith an approximately 65% rural population. The baseline AF cohort

as obtained on 7/1/2020 and included all AF patients and a baseline

HA 2 DS 2 -VASc score at time of clinic visit. The 1-year follow-up data

as captured on the same AF cohort on 7/12/2021. 

nclusion and exclusion criteria 

Adults aged 18 years or older were included in the baseline cohort.

revalent AF was identified using diagnostic codes (ICD-10 codes I48.0,

48.1, I48.2, I48.3, I48.4, I48.91, and I48.92.) Patients with moder-

te to severe rheumatic mitral stenosis and mechanical heart valves on

he problem list were excluded, as it is recommended that these pa-

ients take warfarin regardless of CHA 2 DS 2 -VASc risk scores. 15 , 29 Pa-

ients who were deceased ( N = 1,073) or had missing 1-year follow-up

ata ( N = 665) were excluded ( Fig. 1 ). 

Baseline demographic, clinical, and medication data were obtained

t time of encounter. Cardiology visit was defined as any office visit with

 cardiology provider in the 3 years prior to their encounter. Baseline

ariables included results from an automated CHA 2 DS 2 -VASc calculator

n EHR and risk factors included in the atrial fibrillation (ATRIA) bleed

core. 30 Patients missing a CHA 2 DS 2 -VASc score were excluded from

nalysis ( N = 429). 

HA 2 DS 2 -VASc calculator 

Systemwide implementation of the CHA 2 DS 2 -VASc automated cal-

ulator occurred on 5/27/2020 after undergoing testing and internal

alidation in 300 patients with known AF. During the study period, the

HA 2 DS 2 -VASc calculator was visible to the provider and would update

t every clinic visit. The calculator was located next to the EHR problem

ist ( Fig. 2 ). 

The CHA 2 DS 2 -VASc score was calculated as follows: 1 point for con-

estive heart failure (CHF) defined as having ejection fraction < 40%

n echocardiography or by ICD-10 code (see Appendix A), hyperten-

ion, diabetes mellitus, vascular disease, age 65-74 years, or female sex

nd 2 points for age ≥ 75 years or prior stroke/transient ischemic attack

TIA)/TE. High-risk CHA 2 DS 2 -VASc score was defined as ≥ 2 for males

nd ≥ 3 for females. 15 
2 
TRIA bleed score 

The ATRIA bleed score was verified by using ICD-10 codes for prior

emorrhage. ATRIA bleed score was validated previously 31 and is cal-

ulated as follows: 1 point for any prior bleeding episode, or current or

rior diagnosis of hypertension, 2 points for age ≥ 75 years, and 3 points

or severe renal disease with eGFR < 30 ml/min or end-stage renal dis-

ase (dialysis-dependent), or anemia with hemoglobin < 13 g/dL in men

nd < 12 g/dL in women. ATRIA bleed score was divided into low (0-3),

ntermediate (4), and high risk (5-10). Although the HAS-BLED score

ore accurately predicts major bleeding episodes compared to ATRIA,

ariables from ATRIA bleed score were all obtainable in the EHR. 31 , 32 

ariable definitions and ICD codes are shown in Appendix A. 

nticoagulation groups 

Patients were separated into three treatment groups: warfarin,

OAC, or no OAC. No OAC included patients on aspirin monotherapy

r patients without anticoagulation or antiplatelet therapies on their

edication list. Patients who had both a DOAC and warfarin on their

edication list underwent chart review to determine what OAC therapy

as most recently prescribed. 

tudy outcomes 

The outcome for this study was to determine trends in OAC therapy

n patients with AF at high-risk of stroke from baseline to 1-year follow-

p. Time trend comparisons were made by comparing CHA 2 DS 2 -VASc

nd ATRIA bleed scores, as well as OAC use versus no OAC use. 

arriers to anticoagulation treatment in AF provider survey 

A modified version of the 2014 Heart Rhythm Society/National

troke Association survey was used to better understand the barriers

o appropriate use of OAC therapy from prescribing providers. The sur-

ey was IRB approved by Essentia Health. An email with a link to an

lectronic REDcap survey (Appendix B) was sent to all primary care

nd cardiology providers at Essentia Health (n = 894) between March 5-

pril 16, 2020, with a response rate of 17%. Providers were grouped

nto 3 categories: cardiology, primary care, and other. Primary care in-

luded providers who selected primary care or hospital medicine as their

pecialty. Other included emergency medicine, neurology, and other

pecialties. Surveys included both fixed-response and open-ended ques-

ions. Providers were asked how they would manage a hypothetical pa-

ient with AF: 67-year-old female with hypertension, recurrent episodes

f paroxysmal AF, no other medical history. Answer options included as-

irin, warfarin, or DOAC. Demographic data were obtained along with

nswers to questions assessing barriers to anticoagulation use and pa-

ient education. Responses were excluded if provider reported they did

ot see AF patients ( N = 11), were a nurse ( N = 29), a pharmacist

 N = 18), or did not complete the survey ( N = 33). 

tatistical analysis 

Categorical variables were expressed as numbers (percentages) and

ompared using 𝜒2 tests. Continuous variables were presented as

ean ± standard deviation (SD) and compared using ANOVA F tests.

or all analyses, a p -value < 0.05 was considered statistically signifi-

ant. Generalized logistic regression models were used to calculate odds

atios and corresponding 95% confidence intervals (CI) to determine

he independent association between variables and OAC status. A uni-

ariate regression model compared each variable to OAC status and

as adjusted for age and sex only. A multivariable regression model

ith the outcomes: any OAC (warfarin and/or DOACs use) versus no
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Fig. 1. Flow diagram of the study cohort review process and categorization of atrial fibrillation patients’ anticoagulation treatment regimens at baseline. AF indicates 

atrial fibrillation; NOAC, non-vitamin K oral anticoagulant; OAC, oral anticoagulation. CHA 2 DS 2 -VASc conditions key: C: Congestive Heart Failure, H: Hypertension, 

Age ≥ 75, D: Diabetes Mellitus, S: Stroke or Transient Ischemic Attack, V: Vascular Disease, A: 65 to 74 years, S: Female. 
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AC therapy were used against select variables: age, sex, CHA 2 DS 2 -

ASc score, ATRIA bleed score, CHF, hypertension, diabetes melli-

us, stroke/TIA/TE, vascular disease, severe renal disease, prior hem-

rrhage, cardiology visit, and left atrial appendage occlusion (LAAO)

evice (WATCHMAN). All statistical analyses were performed with Mi-

rosoft Excel (version 2102, Redmond, WA, 2021) and RStudio (version

.4.1717, Boston, MA, 2020). 

This study was approved by the Institutional Review Board at Es-

entia Health. The need to obtain informed consent was waived for the

ollection, analysis, and publication of the retrospectively obtained and

nonymized data for this non-interventional study. 

esults 

Of the 12,014 patients in the baseline AF cohort, we identified 8,032

mean age 75.9 ± 9.8 years, 42.5% female) who met inclusion criteria:

on-valvular AF, high-risk CHA 2 DS 2 -VASc score, and had 1-year follow-

p data ( Fig. 1 ). Patients in the warfarin group were more likely to be

 75 years of age (67.2%) compared to the DOAC (49.9%) or no OAC

reatment (51.6%) groups ( p < 0.001) ( Table 1 ). 

The mean CHA 2 DS 2 -VASc score was higher in patients in the war-

arin group (4.3 ± 1.3) compared to DOACs (4.1 ± 1.4) or no OAC ther-

py (3.8 ± 1.4) ( p < 0.001). The prevalence of CHF (17.1%), hyperten-

ion (85.3%), diabetes (35.0%), and vascular disease (30.4%) was also

igher in patients in the warfarin group compared to DOACs and no OAC

herapy ( p < 0.001). The mean ATRIA bleed score was higher in patients

n the warfarin group (3.1 ± 1.8) compared to DOACs (2.7 ± 1.9) or no

AC therapy (2.7 ± 2.) ( p < 0.001). 

Severe renal risk and prior hemorrhage (1.4% and 10.3%, respec-

ively) ( p < 0.001), and current daily smoking (8.0%) ( p < 0.001) were

igher in patients on no OAC therapy compared to warfarin and DOACs

roups. Prevalence of LAAO device (WATCHMAN) was low (1.1%) but

igher in patients in the no OAC therapy compared to warfarin and

OACs groups ( p < 0.001). Patients in the warfarin (60.5%) or DOACs
3 
68.6%) groups were more likely to have had a prior cardiology visit

ompared to the no OAC therapy group (47.5%) ( p < 0.001) ( Table 1 ). 

dherence to guidelines and prescription of DOACs 

Baseline OAC use by sex and CHA 2 DS 2 -VASc risk scores is shown in

ig. 3 . 

Females, at every CHA 2 DS 2 -VASc score, were less likely to be on

ny OAC compared to males in the respective score. Among the 8,032

igh-risk non-valvular AF patients, OAC use at baseline and 1-year fol-

ow up was unchanged (75.6% to 75.7% at 1-year; p = 0.79). However,

here was a non-significant trend in decreasing warfarin use (39.3% to

7.0% at 1-year; p = 0.19), while DOAC use increased overall (36.2% to

8.7%; p = 0.07). Of the patients taking DOACs at baseline, 56.0% were

n apixaban (Eliquis), increasing to 57.9% at 1-year; 40.3% on rivarox-

ban (Xarelto), decreasing to 39.1% at 1-year; and 3.7% on dabigatran

Pradaxa), decreasing to 3.0% at 1-year. Approximately one in four high

isk patients were not on any OAC therapy at baseline and this did not

hange over time (24.4% at baseline to 24.3% at 1-year). 

nticoagulation use by age 

In the age group < 65 years, 22.8% were on warfarin, 19.7% apixa-

an, 23.8% rivaroxaban, and 1.8% dabigatran. In the age group 65-74

ears, 32.6% were on warfarin, 21.7% apixaban, 18.0% rivaroxaban,

nd 1.6% dabigatran. In the age group 75-84 years 45.2% were on war-

arin, 20.7% apixaban, 13.0% rivaroxaban, and 1.1% dabigatran. In the

ge group ≥ 85 years 48.2% were on warfarin, 17.5% apixaban, 7.1% ri-

aroxaban, and 1.1% dabigatran ( p < 0.001). Patients were more likely

o be on warfarin as they aged: 22.8% (age < 65 years) versus 48.2%

age ≥ 85 years). Patients that were younger were more likely to be on

o OAC therapy: 31.9% (age < 65 years) versus 26.1% (age 65-74 years)

nd 19.9% (age ≥ 75 years). 
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Fig. 2. Example of the automatic CHA 2 DS 2 -VASc calculator and smart phrase available in the electronic health record (EHR) for providers to use. A, Sample pop-up 

CHA 2 DS 2 -VASc calculator. B, smart phrase available in the EHR to auto populate the recording of the CHA 2 DS 2 -VASc score into the provider’s note. A) LAA indicates 

left atrial appendage; LV, left ventricular; MI, myocardial infarction; PAD, peripheral artery disease; TE, thromboembolism; TIA, transient ischemic attack. B) LV 

indicates left ventricular; MI, myocardial infarction; PAD, peripheral artery disease; TE, thromboembolism; TIA, transient ischemic attack. CHA 2 DS 2 -VASc conditions 

key: C: Congestive Heart Failure, H: Hypertension, Age ≥ 75, D: Diabetes Mellitus, S: Stroke or Transient Ischemic Attack, V: Vascular Disease, A: 65 to 74 years, S: 

Female. 

4 
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Table 1 

Baseline characteristics of patients with non-valvular atrial fibrillation or atrial flutter in a large ambulatory health care system (Essentia Health, Duluth, MN, US); 

identified by a high-risk CHA 2 DS 2 -VASc score with 1-year follow-up data and stratified into groups based on anticoagulation therapy at baseline. 

Measurement All AF patients 

N = 8032 

Warfarin 

N = 3160 

DOAC 

N = 2909 

No OAC therapy 

N = 1963 

p -Values 

Demographics 

Age, years 75.9 ± 9.8 78.0 ± 8.7 74.3 ± 9.5 75.0 ± 11.1 < 0.001 

Age groups 

< 65 years 852 (10.6) 194 (6.1) 386 (13.3) 272 (13.9) 

65-74 years 2595 (32.3) 845 (26.7) 1072 (36.9) 678 (34.5) 

75-84 years 2975 (37) 1345 (42.6) 1037 (35.6) 593 (30.2) 

≥ 85 years 1610 (20.1) 776 (24.6) 414 (14.2) 420 (21.4) 

Male 4619 (57.5) 1784 (56.5) 1714 (58.9) 1121 (57.1) 0.14 

Rural dwelling 5095 (63.4) 2088 (66.1) 1791 (61.6) 1216 (61.9) < 0.001 

Clinical Diagnoses 

Atrial fibrillation 7200 (89.6) 2874 (90.9) 2579 (88.7) 1747 (89.0) < 0.001 

Atrial flutter 435 (5.4) 114 (3.6) 168 (5.8) 153 (7.8) < 0.001 

Atrial fibrillation and flutter 397 (4.9) 172 (5.4) 162 (5.6) 63 (3.2) < 0.001 

Current daily smoker 541 (6.7) 189 (6.0) 195 (6.7) 157 (8.0) < 0.001 

Current e-cigarette use 15 (0.2) 3 (0.1) 29 (1.0) 22 (1.1) < 0.001 

CHA 2 DS 2 -VASc Score 

Score, mean ± SD 4.1 ± 1.4 4.3 ± 1.3 4.1 ± 1.4 3.8 ± 1.4 < 0.001 

CHF/ LVD 1180 (14.7) 541 (17.1) 431 (14.8) 208 (10.6) < 0.001 

Hypertension 6160 (76.7) 2695 (85.3) 2184 (75.1) 1281 (65.2) < 0.001 

Diabetes 2489 (31.0) 1106 (35.0) 908 (31.2) 475 (24.2) < 0.001 

Stroke/TIA/TE 543 (6.8) 238 (7.5) 240 (8.3) 65 (3.3) < 0.001 

Vascular disease 2157 (26.9) 962 (30.4) 754 (25.9) 441 (22.5) < 0.001 

ATRIA Bleed Score 

Average Score 2.8 ± 1.9 3.1 ± 1.8 2.7 ± 1.9 2.7 ± 2.0 < 0.001 

Anemia 2041 (25.4) 819 (25.9) 720 (24.7) 502 (25.6) 1 

Severe renal risk 58 (0.7) 15 (0.5) 16 (0.6) 27 (1.4) < 0.001 

Prior hemorrhage 654 (8.1) 226 (7.2) 226 (7.8) 202 (10.3) < 0.001 

Hypertension 6645 (82.7) 2706 (85.6) 2408 (82.8) 1531 (78.0) < 0.001 

Device 

LAAO (WATCHMAN) 27 (0.3) 0 (0.0) 5 (0.2) 22 (1.1) < 0.001 

Other 

Cardiology visit 4840 (60.3) 1911 (60.5) 1997 (68.6) 932 (47.5) < 0.001 

Categorical variables are reported as n (%). Continuous data are reported as mean ± standard deviation. AF indicates atrial fibrillation; ATRIA bleed score, Anticoag- 

ulation and Risk Factors in Atrial Fibrillation; CHA 2 DS 2 -VASc conditions key: C: Congestive Heart Failure, H: Hypertension, A: Age ≥ 75 years, D: Diabetes Mellitus, 

S: Stroke or Transient Ischemic Attack, V: Vascular Disease, A: 65 to 74 years, S: Female sex; CHF, congestive heart failure; LAAO, left atrial appendage occlusion 

device; LVD, left ventricular dysfunction; DOAC, non-vitamin K oral anticoagulant; OAC, oral anticoagulation; SD, standard deviation; TE, thromboembolism; TIA, 

transient ischemic attack. 

Fig. 3. Baseline prevalence of anticoagulation therapy in the study cohort (non-valvular atrial fibrillation or atrial flutter patients with a high-risk CHA 2 DS 2 -VASc 

score and 1-year follow-up data; N = 8,032), sorted by CHA 2 DS 2 -VASc score. M = male; F = female. CHA 2 DS 2 -VASc conditions key: C: Congestive Heart Failure, H: 

Hypertension, A: Age ≥ 75 years, D: Diabetes Mellitus, S: Stroke or Transient Ischemic Attack, V: Vascular Disease, A: 65 to 74 years, S: Female sex. 

5 
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Table 2 

Patients in the study cohort (non-valvular atrial fibrillation or atrial flutter patients with a high-risk CHA 2 DS 2 - 

VASc score and 1-year follow-up data; N = 8 032) on oral anticoagulation (warfarin or non-vitamin K oral 

anticoagulant) compared to those not on oral anticoagulation therapy, stratified by ATRIA bleed score at base- 

line and at 1-year. 

ATRIA Bleed Score 

Treatment Regimen Low Risk0-3 Intermediate Risk4 High Risk5-10 

Baseline ( N = 8032) 

OAC ( N = 6069, 75.6%) 4436 (55.2) 536 (6.7) 1097 (13.7) 

No OAC Therapy ( N = 1963, 24.4%) 1432 (17.8) 170 (2.1) 361 (4.5) 

1-year Follow-up ( N = 8032) 

OAC ( N = 6083, 75.7%) 4310 (53.7) 505 (6.3) 1268 (15.8) 

No OAC Therapy ( N = 1949, 24.3%) 1354 (16.9) 152 (1.9) 443 (5.5) 

Categorical variables are reported as n (%). ATRIA bleed score, Anticoagulation and Risk Factors in Atrial 

Fibrillation; OAC, oral anticoagulation. 

Table 3 

Multivariate predictors of oral anticoagulation use among patients in the study 

cohort (non-valvular atrial fibrillation or atrial flutter patients with a high-risk 

CHA 2 DS 2 -VASc score and 1-year follow-up data; N = 8 032). Assessed at base- 

line, July 2020. 

OAC vs. No OAC Multivariate 

Predictors Odds Ratio (95% CI) p -value 

Age < 65 years Reference 

Age 65-74 years 1.45 (1.21-1.73) < 0.001 

Age 75-84 years 1.98 (1.60-2.46) < 0.001 

Age ≥ 85 years 1.41 (1.12-1.77) < 0.01 

Male sex 1.31 (1.17-1.46) < 0.001 

CHA 2 DS 2 -VASc Score 

2-3 Reference 

4 1.23 (1.05-1.43) < 0.05 

5 1.40 (1.39-1.72) < 0.01 

6 1.52 (1.15-2.02) < 0.01 

7 1.17 (0.81-1.72) 0.41 

≥ 8 1.15 (0.64-2.13) 0.65 

Hypertension 1.87 (1.63-2.14) < 0.001 

Stroke/TIA/TE 1.98 (1.47-2.71) < 0.001 

Vascular Disease 0.86 (0.74-0.99) < 0.05 

ATRIA Bleed Score 

0-3 Reference 

4 1.05 (0.86-1.29) 0.62 

5-10 0.84 (0.72-0.98) < 0.05 

Severe Renal Risk 0.33 (0.19-0.58) < 0.001 

Hemorrhage 0.63 (0.52-0.77) < 0.001 

LAAO (WATCHMAN) 0.06 (0.02-0.17) < 0.001 

Cardiology visit 1.93 (1.73-2.15) < 0.001 

ATRIA Bleed Score, Anticoagulation and Risk Factors in Atrial Fibrillation; 

CHA 2 DS 2 -VASc conditions key: C: Congestive Heart Failure, H: Hypertension, 

Age ≥ 75, D: Diabetes Mellitus, S: Stroke or Transient Ischemic Attack, V: Vas- 

cular Disease, A: 65 to 74 years, S: Female; CI, confidence interval; LAAO, left 

atrial appendage occlusion device; OAC, oral anticoagulation. TE, thromboem- 

bolism; TIA, transient ischemic attack. 
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1  
nticoagulation and ATRIA bleed score 

At baseline there were 17.8% ( N = 1432) of low bleeding risk pa-

ients not on OAC, decreasing by less than 1.0% (16.9%; N = 1354) at

-year ( Table 2 ). 

At 1-year, patients at high bleeding risk increased by 3.1% ( n = 1458

t baseline vs. n = 1711 at 1-year). Of the 443 patients at 1-year follow-

p, who were not on OAC therapy and had a high bleeding risk, 85.6%

 N = 379) had a very high CHA 2 DS 2 -VASc score ( ≥ 4) and only 3.6%

 N = 16) had an LAAO (WATCHMAN) device. 

redictors of outcomes 

Predictors of OAC versus no OAC therapy are summarized in Table 3 .
6 
In the multivariate regression model, older age groups, male sex,

HA 2 DS 2 -VASc score of 4, 5, and 6, hypertension, prior stroke/TIA/TE,

nd a cardiology visit had an increased probability of any OAC therapy

 p < 0.05). 

Vascular disease, high risk ATRIA bleed score, severe renal risk, prior

emorrhage, and LAAO device (WATCHMAN) had a decreased proba-

ility of any OAC therapy ( p < 0.05). CHA 2 DS 2 -VASc score of 7 or ≥ 8

nd ATRIA bleed score of 4 were not significant predictors of anticoag-

lation therapy in the multivariate analysis. 

urvey: provider characteristics 

A total of 243 prescribing providers started the survey, with 148

ompleting the entire survey and case study (60.9% completion rate).

rovider demographics are shown in Appendix C. Of the 148 providers

ho completed the case study, 75.0% correctly recommended treatment

ith a DOAC. Providers in cardiology were more likely than those in pri-

ary care and other specialties to select DOAC (cardiology 96.3% vs.

rimary care 68.3% vs. other 88.2%, respectively; p < 0.05). In response

o the question “When using anticoagulants to reduce the risk of stroke

esultant from atrial fibrillation, what are your primary concerns? ” Ma-

ority (87.8%) of providers responded bleeding risk, cost (83.1%), and

eed for monitoring (63.5%). When asked which on they saw as their

reatest concern, 35.1% chose bleeding risk and 25.0% chose cost as the

umber one factor. 

Majority of providers cited that the top barriers to patient compli-

nce with anticoagulation were concerns of cost (N = 62, 43.7%) and

onitoring anticoagulation effect ( N = 31, 21.8%). There were no dif-

erences between specialty who reported the primary barrier was con-

erns of cost (cardiology 40.7% vs. primary care 43.3% vs. other 35.3%;

 = 0.8). Providers noted the primary barrier to educating patients about

heir increased risk of stroke was: “They have trouble understanding

hat I am trying to explain to them ” (25.0%), “They think that once

heir symptoms are being treated the risk of AF-related stroke goes

way ” (14.1%), and “I don’t have enough time to fully discuss the issues

ith them ” (14.1%). When asked “How many patients with atrial fibril-

ation have you referred for consideration of WATCHMAN (left atrial ap-

endage occlusion device)? ” majority of providers responded 0 (60.1%)

r 1–5 (35.8%). 

iscussion 

Nearly one in four patients with non-valvular AF or atrial flutter in a

argely rural health system with a high-risk CHA 2 DS 2 -VASc score are not

n guideline recommended OAC therapy. Of these high-risk AF patients

ot on anticoagulation, 16.9% had a low-risk ATRIA bleed score at 1-

ear and OAC therapy would be recommended. 31-34 

The GLORIA-AF registry found at 30 days after AF diagnosis, 40%,

6%, and 8.6% of patients had DOAC, vitamin K antagonists, and an-
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iplatelet drugs initiated, respectively, and more patients were on war-

arin than DOAC therapy at 1-year (37%). 35 Two large health systems

Kaiser) found that at 1-year 43% of new AF patients with CKD were on

arfarin compared to 48% without CKD. Additionally, 8.6% of those

ith CKD were on DOAC compared to 15% of those without CKD. 36 

owever, a trend was seen with fewer patients on warfarin and more on

OAC therapy (36% vs. 39%). Our DOAC use is similar to the GLORIA-

F registry and higher than the study by Bansal et al. (2022). We found

o significant increase in the percentage of AF patients receiving OAC

herapy. Apixaban (Eliquis) was the most prevalent DOAC followed by

ivaroxaban (Xarelto). Possible explanation for this trend in decreased

arfarin use is the result of the 2019 ACC/AHA/HRS guideline update

hich established DOACs as first line therapy over warfarin for non-

alvular AF as well as increasing provider familiarity with DOACs. 15 

nother contributing factor to declining warfarin use may have been

he COVID-19 pandemic and corresponding limited access to INR clinics.

onitoring future trends in DOAC use will be important for anticoagu-

ation programs as patients shifting from warfarin to DOACs will lead to

ecreased need for warfarin-specific management teams and increased

eed for comprehensive anticoagulation programs. 

Meta-analysis has shown that DOACs significantly reduce the risk of

schemic and hemorrhagic stroke/TE, intracranial bleeding, and other

atal bleeding events in comparison to warfarin. 19 , 37 , 38 The GLORIA-AF

ound no significant difference between DOAC and warfarin in ischemic

troke incidence. 39 With exception of apixaban, AF patients ≥ 75 years

aking warfarin had a decreased risk of gastrointestinal bleeding in com-

arison to DOACs. 40 , 41 We found that 48% of patients ≥ 85 years were

n warfarin compared to only 23% of patients < 65 years. DOAC use

as similar throughout the younger age groups. However, in patients ≥

5 years, use of rivaroxaban dropped from 24% to 7% after 1 year. Ri-

aroxaban and dabigatran have been shown to have an increase rate of

astrointestinal and other nonfatal bleeding when compared to warfarin

nd apixaban. 10 , 12-18 , 21 , 22 , 38 , 42 , 43 

While not a variable in the CHA 2 DS 2 -VASc score, prior studies

ave shown that current daily smoking is an independent predictor of

troke/TIA/TE. 13 , 44 , 45 Despite this, we did not find that current daily

moking was associated with either an increased or decreased odds of

eing on OAC therapy. 

We found a substantial population of high-risk AF patients not on

nticoagulation. This may reflect physician gap in knowledge and per-

eived bleeding risk. 46 In the Essentia Health Provider Survey, only

5.0% of providers responded correctly that they would prescribe a

OAC for a hypothetical patient with a CHA 2 DS 2 -VASc score of 3 with

o contraindications to anticoagulation. Primary care providers were

east likely to prescribe DOACs to the hypothetical patient with nearly

 in 4 incorrectly treating the patient either antiplatelet or no anticoag-

lation, similar to Frankel et al. 47 The survey provided insight into bar-

iers physicians have cited to anticoagulation therapy; the top barrier

as patient’s concern of cost, monitoring anticoagulation and bleed-

ng risk - but bleeding risk scores have and continue to be subject to

isinterpretation. 30 , 46 , 48 Similarly, the SATELLITE substudy found the

ost important factors cited by patients were reducing stroke and bleed-

ng risk, as well as their healthcare providers recommendations. 49 How-

ver, there is research that using a shared-decision making tool at the

ncounter does not improve treatment decisions. 50 Bleeding risk is a

ynamic measurement of the patient. 30 Head to head comparisons of

he different DOACs has shown Rivaroxaban to have higher bleeding. 51 

igh-risk ATRIA bleed scores are not a reason to withhold OAC in high-

isk non-valvular AF patients if the net benefit of ischemic stroke risk

eduction is higher than risk of serious bleeding events. 30-33 Further-

ore, if patients are at high bleeding risk, a LAAO device could be con-

idered to lower stroke risk in lieu of long-term anticoagulation. 52 We

ound LAAO use was low in this largely rural cohort. Barriers to LAAO

se include geography (limited access to this technology) with few ( < 5)

rained cardiology providers to implant these devices. Besides limited

ccess, our implanting providers often require patients to have failed
7 
 DOAC (not just warfarin) prior to implant. Many patients who tol-

rate DOAC may not need to undergo a procedure for a LAA device.

urthermore, we have a centralized anticoagulation program across our

ealth system that manages warfarin and DOACs. The time in therapeu-

ic range on warfarin is > 70% for most patients. Primary care provider

nowledge of LAAO as a treatment option is also a barrier. Majority of

roviders (60.1%) noted never referring a patient for LAAO and 35.8%

ad referred 1-5 patients. 

Based on the 2019 ACC/AHA/HRS guidelines, DOACs are preferred

ver warfarin if the patient is eligible for DOAC. 15 However, increasing

OAC use continues to be a challenge due to patient and provider bar-

iers. DOACs are more expensive, and the target-specific reversal agents

uch as idarucizumab (Praxbind) and andexanet alfa (Andexxa), are not

eliably accessible, especially in rural critical access hospitals, compared

o vitamin K or 4F-PCC (Kcentra). 48 The superiority of DOACs to war-

arin in regard to lower incident of intracranial bleed, was demonstrated

ithout the use of DOAC antidotes. 16-18 , 23 , 40 , 41 The perception of ne-

essity of having the antidote available at hand before initiating the

OAC treatment remains misconstrued. As the population continues to

ge, the prevalence of AF will continue to rise. 4 , 5 There is an increas-

ng need for appropriate and up to date OAC therapy and improved AF

anagement in high-risk patients. As DOACs have been introduced to

he market since 2010, some if not all the currently used DOAC agents

ill become generic over the next 5-10 years which in turn will increase

heir use. Majority of providers reported patient cost as a significant bar-

ier to patient anticoagulation use in the provider survey. While many

nsurance plans cover DOACs, it is our experience that the combination

f the patient deductible that has to be met and then the Medicare Cov-

rage Gap (or donut hole) are the biggest barriers to patient use. Many

edicare Part D plans have reasonable copays for DOAC, but the initial

eductible can be a barrier. Provider’s lack of understanding of the in-

ricacies of insurance coverage and deductibles and lack of transparency

hen ordering medications are also potential barriers. Some providers

ite the high co-pay as the barrier but in reality, that is the high patient

eductible for the first month due, but the DOAC co-pay may be afford-

ble for the patient in subsequent months. This predictable trend places

urther emphasis in transitioning the warfarin clinics to comprehensive

nticoagulation clinics. 

imitations 

There are several limitations of this study. First, groups were defined

ased on EHR medication list, not pharmacy dispensing data. Most of

hese patients had multiple visits during this time but medication adher-

nce and duration of use was not measured in this retrospective study.

econd, we included clinically meaningful AF. We did not confirm AF

iagnosis by electrocardiogram nor determine timing or duration of AF

pisodes nor exclude secondary causes of AF. 42 If AF or atrial flutter was

n the active problem list at the time of the visit, the patient was con-

idered to have AF and was entered into the cohort. Third, we used the

TRIA bleed score, a measurement of bleeding risk that includes vari-

bles easily captured in the EHR. 30-32 Lastly, there is commonly a delay

fter publication of a new guideline until the widespread implementa-

ion in the medical community. The time frame for our observation was

nly 1 year, and only 2 years after the publication of the new guide-

ines. It is possible that the changes in the trend of administration of

AC would be different if a longer timeframe was chosen. 

onclusion 

Implementation of the 2019 ACC/AHA/HRS guideline recommen-

ation that DOACs are first line therapy over warfarin for high-risk

on-valvular AF resulted in an increase in DOAC use. There was a non-

ignificant trend in decreasing warfarin use. Apixaban (Eliquis) was the

ost prevalent DOAC. Although trends showed that anticoagulation use
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lightly increased over the 1-year study period, one in four high-risk pa-

ients were not on any OAC therapy. Barriers to anticoagulation use

nclude concerns of bleeding and patient cost. These results present fur-

her opportunities for research, discussion, and education of providers

nd patients on the risk of stroke associated with non-valvular AF. Fu-

ure studies on barriers and facilitators of OAC therapy for AF needs to

e prioritized. 
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