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Abstract

BACKGROUND.—Stroke prophylaxis in patients with atrial fibrillation (AF) and heart failure 

(HF) in the era of direct anticoagulants (DOAC) is not well characterized. Using data from AHA 

Get With The Guidelines-Atrial Fibrillation (GWTG-AFIB), we sought to evaluate oral 

anticoagulation (OAC) use at discharge among AF patients with concomitant HF.

METHODS AND RESULTS.—AF patients with a diagnosis of HF hospitalized from 01/2013 to 

03/2017 were included. We compared patient characteristics and use of OAC at discharge among 

patients with reduced (HFrEF, EF≤40%), borderline (HFbEF, 40%<EF<50%), and preserved 

(HFpEF, EF≥50%) EF using multivariable mixed logistic regression models. Among 10,883 

patients with AF and HF, 1,790 (16.4%) had a reported contraindication to anticoagulation and 

were excluded from further analysis. Among 9,093 patients eligible for OAC, 3,499 (38.5%) had 

HFrEF, 1,062 (11.7%) had HFbEF, and 4,532 (49.8%) had HFpEF. The median CHA2DS2-VASc 

score was 5 (Q1, Q3; 3, 6) among all patients and higher among those with HFpEF than HFrEF (5 
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[4, 6] vs 4 [3, 5], p<.0001). The proportion of eligible patients discharged on OAC was 94.9%, 

with 43.6% discharged on warfarin and 50.7% discharged on DOAC. A higher proportion of 

patients with HFrEF and HFbEF were discharged on DOAC than with HFpEF, but the difference 

was small (52.8%, 53.1% vs 48.5%, respectively; p=.0002). EF group was not significantly 

associated with a patient’s OAC use at discharge.

CONCLUSIONS.—In the context of AHA GWTG-AFIB, a quality improvement program, the 

rate of use of OAC at discharge in eligible AF patients with HF was almost 95%. To our 

knowledge, these rates represent some of the highest use of appropriate anticoagulation for 

patients in a national registry to date.

As growing and converging epidemics, atrial fibrillation (HF) and heart failure (HF) together 

portend a worse prognosis than either condition alone.1-4 In addition, the high risk of 

ischemic stroke has the potential to further accelerate morbidity for these patients.5 Though 

oral anticoagulation (OAC) with warfarin has the ability to reduce stroke risk significantly 

and has long been recommended in the American College of Cardiology/American Heart 

Association (ACC/AHA) HF management guidelines,6, 7 use of OAC among patients with 

AF and HF has historically remained insufficient (65%) in potentially eligible patients 

despite attempts to promote guideline adherence.8 Recent clinical trials have shown direct 

oral anticoagulants (DOACs) to be equivalent or more efficacious than warfarin for AF 

stroke prevention, with improved safety profiles and greater ease of use.9 Additionally, AF 

coexists across the HF left ventricular ejection fraction (LVEF) spectrum, with prior 

evidence suggesting that cardiovascular outcomes after AF may differ by HF subtype.10, 11

In this study, using data from the Get With The Guidelines (GWTG)-AFIB registry, we 

examined the clinical characteristics and rate of OAC in patients hospitalized with AF across 

the HF LVEF spectrum and in a setting of wider availability of DOACs. In addition, we 

assessed factors associated with appropriate OAC in this population.

METHODS

The data, analytic methods, and study materials will not be made available to other 

researchers for purposes of reproducing the results or replicating the procedure.

Data source

This study utilized data collected through the Get With The Guidelines Atrial Fibrillation 

(GWTG-AFIB) registry, an ongoing observational, national, inpatient, prospective quality 

improvement initiative started in 2013 by the American Heart Association (AHA). The 

program objectives, design, and data elements have been previously described.12 One 

primary goal of the registry is to provide active interventions on an institution or health 

system level to promote rapid-cycle quality improvement. GWTG-AFIB promoted a 

multifaceted approach including education and outreach, integrated decision support, and 

ongoing data assessment and feedback geared towards specific institutional change.

Systematic data acquisition was key. Briefly, the registry included consecutive patients aged 

≥ 18 years who were hospitalized with a principal or secondary diagnosis of AF or atrial 

flutter (henceforth included together as AF). Trained personnel at participating hospitals 
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used an online, interactive Patient Management Tool (QuintilesIMS, Cambridge, 

Massachusetts) for concurrent as well as retrospective data collection. Collected data 

included demographics, medical history, medications (including specific antiarrhythmic, 

anticoagulant, and antiplatelet agents), laboratory data, in-hospital care and procedures 

specifically related to AF, rate or rhythm strategy, in-hospital outcomes, discharge 

medications (including contraindications for evidence-based therapies), discharge status, and 

risk reduction interventions supported by current specialty society guidelines. 

Contraindications were chosen from a prepopulated list and more than 1 contraindication 

could be selected. Included in the data collected was assessment of the CHA2DS2-VASc and 

HAS-BLED scores in the evaluation of thromboembolic and bleeding risk, respectively.13, 14 

The CHA2DS2-VASc score assesses a point score based on the presence of congestive heart 

failure, hypertension, age ≥65 years, diabetes mellitus, female sex, and vascular disease 

(prior myocardial infarction, peripheral vascular disease, or aortic plaque) with additional 

points given for prior stroke or transient ischemic attack and age >75 years. In current 

American College of Cardiology (ACC)/AHA guidelines, anticoagulation is recommended 

for patients with AF and a CHA2DS2-VASc score ≥2.5 Prior HF guidelines have 

recommended OAC in all HF patients with AF regardless of overall CHA2DS2-VASc score.
15 The HAS-BLED score incorporates the risk of bleeding from several risk factors 

(hypertension, renal disease, liver disease, prior stroke, prior major bleeding or risk of 

bleeding, labile international normalized ratio, age >65 years, medication usage predisposing 

to bleeding, and heavy alcohol use), but guidelines do not recommend withholding 

anticoagulation based on any risk score.5 Select hospital variables are also available, 

including total number of beds, US census region, rural/urban status, self-reported teaching 

versus nonteaching status, and presence or absence of board-certified electrophysiologists on 

staff.

All participating hospitals were required to comply with local regulatory and privacy 

guidelines and, if required, to secure institutional review board approval. Because data were 

used primarily at the local site for quality improvement, sites were granted a waiver of 

informed consent under the Common Rule. IQVIA is the data collection coordination center 

for the American Heart Association/American Stroke Association Get With The Guidelines 

programs. The Duke Clinical Research Institute (Durham, North Carolina) serves as the data 

analysis center, and institutional review board approval was granted to analyze aggregate de-

identified data for research purposes.

Study design and outcomes

For this analysis, we considered and included GWTG-AFIB participants hospitalized 

between January 2013 and March 2017 with documentation on concurrent diagnosis or 

history of HF and discharge disposition (Figure 1). HF was determined based on past 

medical history, primary diagnosis for hospitalization, or first detection during the 

concurrent hospital admission. Quantitative or qualitative ejection fraction (EF), when 

available, was submitted by sites based on chart review. From an initial 11,536 patients from 

90 hospitals, we further excluded 653 patients without documentation of EF. There were 

1,790 patients who had a listed contraindication to anticoagulation; these patients were 

described but not included in the primary analysis. The final overall study population 
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included 9,093 admissions from 89 sites, subdivided into 3 groups by EF: HF with preserved 

EF (HFpEF, EF ≥50% or qualitative description of normal or mild ventricular dysfunction), 

HF with borderline EF (HFbEF, 40%<EF<50%), and HF with reduced EF (HFrEF, EF 

≤40% or qualitative description of moderate/severe ventricular dysfunction).7

The primary outcome of interest was use of an oral anticoagulant at discharge among 

eligible patients with a history of HF without documented contraindications. Other 

secondary analyses were planned to determine whether OAC varied according to EF groups, 

direct OAC versus warfarin therapy, risk stratification by CHA2DS2-VASc and HAS-BLED 

scores, and other factors associated with OAC at discharge.

Statistical analysis

We reported descriptive statistics for baseline patient and hospital characteristics for HF 

patients by EF group using Pearson’s chi-squared tests for binary or nominal categorical 

variables and the Kruskal-Wallis test for continuous or ordinal categorical variables. 

Proportions and medians with interquartile ranges (IQRs) were reported for categorical and 

continuous variables, respectively. Percent standardized differences (calculated as the 

difference in means or proportions divided by a pooled estimate of the standard 

deviation*100) were also calculated; a standardized difference greater than 10 is typically 

considered meaningful and may be useful in the interpretation of statistically significant 

differences that are of small clinical significance. Patient characteristics with <25% missing 

were imputed before entering into models. Patient medical history or medication prior to 

admission were imputed to “No” as we assume it was not checked when none applied. Other 

patient variables were imputed using multiple imputations with 25 datasets. Patient’s rate/

rhythm strategy was not imputed. Hospital variables were not imputed. Variable missing 

rates and more imputation details can be found in Table S1 in the Online Supplement. We 

used adjusted logistic regression models to evaluate covariates associated with 

anticoagulation at discharge among patients who were anticoagulation naïve on admission. 

Generalized estimating equations were used to adjust for the clustering of patients within 

hospitals. Candidate variable selection was based on patients’ key baseline demographics 

and clinical experience. The covariates included were age, sex, race, insurance status, 

geographic region, hospital type, hospital size, rural status, adult cardiac electrophysiology 

site, AF type, anemia, coronary artery disease, prior stroke or transient ischemic attack, 

diabetes, chronic dialysis, HF, hypertension, liver disease, obstructive sleep apnea, 

peripheral vascular disease, chronic obstructive pulmonary disease, prior hemorrhage or 

bleeding, prior myocardial infarction, prior history of percutaneous intervention, smoking 

status, thyroid disease, heart failure medications prior to admission, aspirin and antiplatelet 

prior to admission, estimated glomerular filtration rate, BMI, and rate versus rhythm control 

strategy. Adult cardiac electrophysiology site was defined as presence of board certified 

adult electrophysiologist or availability of AF ablation on site. OAC use was also presented 

across hospital sites, and by CHA2DS2-VASc and HAS-BLED scores in figures. Because 

some contraindications may be viewed as more relative than absolute, we also conducted a 

sensitivity analysis that examined the variables associated with OAC excluding “physician 

preference” and “frequent falls/frailty” as contraindications. All statistical tests were 2-
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tailed, with p ≤0.05 considered statistically significant. All analyses were performed using 

SAS software, version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS

Baseline characteristics

Among 10,883 patient hospitalizations with AF and HF with documented EF, 1,790 (16.4%) 

had a reported contraindication to anticoagulation. “High bleeding risk” and “frequent falls/

frailty” were the two most prevalent reasons, reported in 51% of those with listed 

contraindications (Table 1). Patients with HFpEF were slightly more likely to have a 

contraindication reported (17.8% vs. 15.2 vs.15.0%, p=0.0004) and to have that reason listed 

as “frequent falls/frailty.” Patients with contraindications were henceforth excluded from 

further analysis.

Among 9,093 patient hospitalizations eligible for anticoagulation, 3,499 (38.5%) had 

HFrEF, 1,062 (11.7%) had HFbEF, and 4,532 (49.8%) had HFpEF. As shown in Table 2, for 

19.9% of patients, admission was for the first detected episode of AF. Compared with the 

other EF groups, patients with HFrEF were younger, more likely to be men, a smoker, and 

had a lower prevalence of hypertension, chronic obstructive pulmonary disease, or thyroid 

disease. Compared with patients with HFrEF, patients with HFpEF were more likely to have 

paroxysmal AF (45.0% vs 37.8%, p <.001) and a higher prevalence of prior stroke or TIA 

(17.0% vs 12.6%, p <.001). Use of beta-blocker therapy ranged from 65-68% on admission 

in all EF groups. Among eligible patients, 62% were treated with OAC (warfarin, DOAC, or 

other) before admission. Patients with HFpEF were more likely to be treated with warfarin 

than HFrEF patients (36.1% vs 30.9%, p <.001), but 27.3% of all HF patients were treated 

with a DOAC without significant variation among EF groups. Patients with HFrEF were 

more likely to be treated with a rhythm versus rate control strategy compared with other EF 

groups (58.1% vs. 52.6% vs. 52.7%, p <.001). Approximately 50% of all patients underwent 

an AF procedure during the hospitalization.

Oral Anticoagulation at Discharge

Among eligible patients with AF and HF, 94.9% of patients were prescribed OAC at 

discharge, with 43.6% discharged on warfarin and 50.7% discharged on a DOAC (Table 3). 

Patients with HFpEF were slightly more likely to not receive oral anticoagulation at 

discharge (5.7% vs. 4.4% vs. 4.6%, p=0.003). A higher proportion of patients with HFrEF 

and HFbEF were discharged on DOAC than HFpEF, but the difference was small (52.8%, 

53.1% vs 48.5%, respectively; p = .0002). The most commonly prescribed DOAC in our 

population was apixaban (28% of patients prescribed OAC on discharge).

Patients who were on OAC prior to admission were very likely to have their anticoagulation 

prescribed at discharge (>94%). In patients who were naïve to OAC (Table 4 and S2, Online 

Supplement) multivariable logistic regression identified female sex, use of ACEI/ARB prior 

to admission, a higher eGFR, a higher BMI, and a rhythm control strategy as factors 

independently associated with higher odds of increased OAC prescription at discharge (all 
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p<0.05). In the adjusted analysis, the EF group was not significantly associated with a 

patient’s OAC use at discharge.

Consistent with the high overall rate of OAC prescription among eligible patients, hospital 

level prescription of anticoagulation was high (Figure 2). The median rate of anticoagulation 

prescription among hospitals was 93.8% (interquartile range: 88.1% - 97.6%), and 10 of 89 

hospitals prescribed anticoagulation in all eligible patients. There was no significant 

association between hospital characteristics and anticoagulation prescription in eligible 

patients with HF and AF.

Risk stratification and anticoagulation use

The median CHA2DS2-VASc score was 5 (Q1, Q3; 3, 6) among all patients and higher 

among those with HFpEF than HFrEF (5 [Q1, Q3; 4, 6] vs 4 [Q1, Q3; 3, 5], p <.001). The 

median HAS-BLED score was 2 (Q1, Q3; 2, 3) among all patients. As shown in Figure 3, 

the highest proportion of OAC use was among patients with CHA2DS2-VASc = 4. Lack of 

anticoagulation remained below 10% among all CHA2DS2-VASc scores. Additionally, the 

odds of being discharged on warfarin was 14% higher than being discharged on DOAC, for 

every unit increase of CHA2DS2-VASc score (OR = 1.14; 95% CI = 1.11, 1.17; p <.0001). 

Figure 4 shows that rates of non-anticoagulation increased with increasing bleeding risk 

according to the HAS-BLED risk score. Warfarin prescription also increased relative to 

DOAC use with increasing HAS-BLED scores (OR = 1.28 for every unit increase HAS-

BLED; 95% CI = 1.23, 1.33; p <.0001) Very few patients in this population had a HAS-

BLED score above 5.

Combination antithrombotic therapy

In the analysis population of 9,093 patients, 43.2% were prescribed aspirin, with 40.0% of 

patients taking both aspirin and OAC (Table 3). Use of aspirin was higher in patients with 

HFrEF than HFbEF and HFpEF (47.4% vs. 43.4% and 39.8%, p<.001). The use of so-called 

triple therapy—a combination of aspirin, other non-aspirin antiplatelet, and OAC—was 

documented in 3.1% of patients, with higher use among patients with HFrEF than other EF 

groups (4.1% vs. 2.4% and 2.6%, p<.001). While aspirin use prior to admission was not 

significantly associated with OAC at discharge in adjusted models (OR 1.03; 95% CI 

0.74-1.43; p=0.86), a higher proportion of patients discharged with aspirin did not receive 

appropriate anticoagulation (7.3% vs. 3.1%, p<.0001).

Sensitivity Analyses

We excluded two stated contraindications to anticoagulation in a sensitivity analysis, 

“physician preference” and “frequent falls/frailty.” As expected, in this increased eligible 

population of patients with AF and HF, stroke prophylaxis was slightly lower, prescribed in 

89.6% of patients. Congruent with the main analysis, EF group was not significantly 

associated with OAC at discharge in adjusted models. However, increased patient age and 

permanent/long standing persistent AF was now associated with significantly lower odds of 

OAC (Table S3 in Supplement). Use of ACEI/ARB prior to admission and eGFR were no 

longer independently associated with OAC use, but other results were consistent with the 
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primary analysis. Additionally, Table S4 in the Online Supplement presents a comparison of 

how imputations for missing variables affected the multivariable modeling.

DISCUSSION

In the context of a national quality improvement initiative, we examined the characteristics 

and management of over 9000 admissions for patients with AF and HF. In the modern era of 

widely available DOAC therapy, stroke prophylaxis among eligible patients with AF and HF 

was almost 95%, regardless of EF. To our knowledge, these rates represent some of the 

highest rates of appropriate anticoagulation use for patients in a national registry to date. 

These results strongly support the efforts of large-scale quality improvement initiatives and 

creation of learning health systems to promote successful implementation of evidenced-

based care. There was no significant association between hospital characteristics and 

anticoagulation prescription in eligible patients with HF and AF.

Published evidence of patients in observational registries—particularly in those with HF—

generally suggest that the use of stroke prophylaxis has been low. Registries in the late 

1990s-2000s suggested only around 60% of eligible patients with AF received 

anticoagulation.16 An earlier analysis from the GWTG-Heart Failure program data on 

anticoagulation between 2005-2008 also suggested rates of appropriate stroke prophylaxis 

around 65%, and no improvement over time despite participation in a GWTG quality 

improvement program.8 The rate of use of appropriate anticoagulation in outpatients treated 

by cardiovascular specialists in the ACC National Cardiovascular Data Registry’s 

PINNACLE (Practice Innovation and Clinical Excellence) Registry—a quality improvement 

program—between 2008 and 2012 also did not exceed 50%.17 In contrast, in the Outcomes 

Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF)—a voluntary 

registry of US outpatients with AF, rates of OAC were generally higher at around 77%, and 

even higher among HF patients at 81% (irrespective of contraindications).18, 19 In these 

registries the predominant drug prescription for anticoagulation was warfarin. In the era of 

increasing DOAC availability and prescription, an updated analysis of the PINNACLE 

registry with data up to 2014 showed an increasing anticoagulation rate of 61%, though 

warfarin remained the predominant drug used.20 Updated data from GWTG-HF to include 

2014 also showed higher anticoagulation rates of ~73% in patients with AF and HF.21

Anticoagulation to prevent stroke and systemic embolism in patients with AF has been a 

principal target of quality improvement in AF. Compared to prior registries, use of 

anticoagulation in our analysis is very high. Given the voluntary nature and design of 

GWTG-AFIB to target quality improvement in AF care and specifically anticoagulation, 

some degree of bias will be inherent. Additionally, over 50% of patients in the current 

analysis underwent AF procedures such as cardioversion or ablation during the 

hospitalization, potentially heightening attention to the risk of stroke and its prevention. 

Nevertheless, prior work within HF has shown that focused patient data collection, targeted 

decision support tools, and performance feedback in a large-scale care improvement 

intervention can improve the use of guideline-recommended HF therapies.22 Within GWTG-

AFIB, analysis of temporal trends show sustained improvement in OAC rates over time and 

is also >95% in the last quarter of enrollment.23 Prior analyses in HF and stroke have 
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suggested variations in care and outcomes based on hospital characteristics like bed size and 

academic status, but we saw no significant associations between different hospital 

characteristics and anticoagulation prescription in eligible patients with HF and AF.24, 25 

This finding may suggest iterative improvement in the successful implementation of quality 

improvement methods across different hospital settings within GWTG-AFIB. Combined 

with increasing availability of DOACs, these data suggest concrete performance 

improvement techniques can have a lasting impact on promoting sustainable evidence-based 

treatment.

In the primary analysis, about 16% of patients were deemed ineligible for anticoagulation 

due to a selected contraindication, with the most common causes being “frequent falls/

frailty” and “high bleeding risk.” An additional 257/1,790 (14.9%) of patient were deemed 

ineligible due to “patient refusal.” In contrast, in the recent PINNACLE analysis, only 

0.09% of patients had a documented contraindication to anticoagulation.20 Our high rate of 

selected contraindications may be attributed to a sicker, hospitalized patient population. 

However, the increased accountability associated with a reportable quality metric of a 

quality improvement program could have contributed a significant role. Nevertheless, these 

contraindications reflect the challenging balance between the risk of stroke against risk of 

bleeding complications, especially among older patients. Prior research of elderly patients, 

however, suggests that their risk of ischemic stroke is greater than the risk for hemorrhagic 

stroke, and they may indeed derive the greatest net benefit from anticoagulation.26, 27 

Additionally, most older patients with a personal history or a perceived high risk for falls 

still derive net benefit from anticoagulation when balanced against the absolute risk of fall-

related major bleeding.28, 29 Thus, under a more rigorous analysis of risk versus benefit, it is 

likely that more of the patients excluded in the current analysis could be considered good 

candidates for OAC. Identifying and properly communicating risk in a shared decision 

model will be an important next target for quality improvement in AF management.

Our results suggest a potential mismatch in the risk-benefit assessment between DOACs and 

warfarin. In large clinical trials, 4 DOACs (dabigatran, rivaroxaban, apixaban, and 

edoxaban) consistently showed statistically lower rates of major bleeding (with the 

exception of rivaroxaban and dabigatran 150 mg) and intracranial bleeding when compared 

to warfarin.30-33 However, in our cohort, for every unit increase of HAS-BLED bleeding 

risk, the odds of warfarin prescription increased 28% relative to DOAC use. Risk scores 

including HAS-BLED can help quantify hemorrhage risk for individual patients, with a 

score ≥3 indicating “high risk” for bleeding. However, given their uncertain clinical utility, 

current practice guidelines do not make absolute recommendations based on any one 

absolute score.5 Renal dysfunction is a component of HAS-BLED and may have contributed 

to the increased warfarin use. Nevertheless, recent evidence supports the safety and 

effectiveness of standard-dose apixaban for stroke prevention in dialysis patients with AF.34 

In appropriate patients represented by clinical trials, evidence suggests that use of DOACs 

may be safer in patients with a higher risk of bleeding.

The continued high use of concomitant aspirin in our cohort of patients receiving OAC 

remains another area for further education and improvement. Multiple prior studies have 

demonstrated increased risk for hemorrhage associated with combined antiplatelet and 
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anticoagulant use in patients with appropriate indications.35-39 Additionally, prior registries 

such as ORBIT have found that nearly 40% of patients receiving combined therapy had no 

clear indication for the addition of aspirin.39 In the current analysis, about 40% of patients 

were on combined aspirin and anticoagulant therapy. This finding is comparable to those 

described in the ORBIT registry where 35% of the AF cohort received combined therapy 

and in the large apixaban and dabigatran clinical trials where roughly 30% and 40% of 

patients, respectively, received concomitant low dose aspirin and oral anticoagulants.30, 32 

Despite increasing concerns regarding the bleeding risk of aspirin and minimal evidence of 

benefit in stable atherosclerotic disease, concomitant use with oral anticoagulants persists in 

the modern era.37 Clinicians should further consider whether the benefits of concomitant 

aspirin outweigh risks in AF patients on OAC.

Study Limitations

We note several limitations of this study. First, GWTG-AFIB is a voluntary program with 

the explicit objective to improve adherence to guidelines for AF management and treatment 

in hospitalized patients. Participating hospitals may have a stronger interest in following 

guideline recommendations. Findings may not generalize to patients with AF and HF who 

are not hospitalized. However, prior analyses of other GWTG registries suggest that the 

patient populations are nationally representative. 40, 41 Second, patient data are collected by 

chart review and thus dependent on the accuracy and completeness of documentation. 

Additionally, patients deemed eligible for anticoagulation treatment in our analysis may 

have had other reasons that prevented treatment not well captured by the medical record or 

case report form. Lastly, post-discharge initiation or adherence and persistence to therapy is 

not currently available.

Conclusions

In the context of a national quality improvement initiative and of increasing DOAC 

availability, we found almost 95% OAC among eligible hospitalized patients with HF across 

the LVEF spectrum and AF. Quality improvement initiatives including clinical decision 

support, education outreach, performance profiling, and real-time feedback can be 

implemented successfully with sustainable impact on patient outcomes on a national scale. 

In other areas of chronic AF care—such as prevention of HF, appropriate antiarrhythmic 

selection, and careful review of concomitant antiplatelet use—these efforts should serve as a 

framework for future performance improvement programs that support implementation of 

evidence-based care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Sources of Funding: The Get With The Guidelines-AFib (GWTG-AFIB) program is provided by the American 
Heart Association. GWTG-AF is sponsored, in part, by Daiiachi Sankyo, Boehringer Ingelheim, and BMS Pfizer.

Luo et al. Page 9

Circ Heart Fail. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S, Chiuve SE, 
Cushman M, Delling FN, Deo R, de Ferranti SD, Ferguson JF, Fornage M, Gillespie C, Isasi CR, 
Jimenez MC, Jordan LC, Judd SE, Lackland D, Lichtman JH, Lisabeth L, Liu S, Longenecker CT, 
Lutsey PL, Mackey JS, Matchar DB, Matsushita K, Mussolino ME, Nasir K, O’Flaherty M, 
Palaniappan LP, Pandey A, Pandey DK, Reeves MJ, Ritchey MD, Rodriguez CJ, Roth GA, 
Rosamond WD, Sampson UKA, Satou GM, Shah SH, Spartano NL, Tirschwell DL, Tsao CW, 
Voeks JH, Willey JZ, Wilkins JT, Wu JH, Alger HM, Wong SS, Muntner P, American Heart 
Association Council on E, Prevention Statistics C and Stroke Statistics S. Heart Disease and Stroke 
Statistics-2018 Update: A Report From the American Heart Association. Circulation. 
2018;137:e67–e492. [PubMed: 29386200] 

2. Colilla S, Crow A, Petkun W, Singer DE, Simon T and Liu X. Estimates of current and future 
incidence and prevalence of atrial fibrillation in the U.S. adult population. Am J Cardiol. 
2013;112:1142–7. [PubMed: 23831166] 

3. Dries DL, Exner DV, Gersh BJ, Domanski MJ, Waclawiw MA and Stevenson LW. Atrial fibrillation 
is associated with an increased risk for mortality and heart failure progression in patients with 
asymptomatic and symptomatic left ventricular systolic dysfunction: a retrospective analysis of the 
SOLVD trials. Studies of Left Ventricular Dysfunction. J Am Coll Cardiol. 1998;32:695–703. 
[PubMed: 9741514] 

4. McManus DD, Hsu G, Sung SH, Saczynski JS, Smith DH, Magid DJ, Gurwitz JH, Goldberg RJ, Go 
AS and Cardiovascular Research Network PS. Atrial fibrillation and outcomes in heart failure with 
preserved versus reduced left ventricular ejection fraction. J Am Heart Assoc. 2013;2:e005694. 
[PubMed: 23525446] 

5. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, Jr, Conti JB, Ellinor PT, 
Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG, Tchou PJ, Tracy CM, Yancy 
CWand Members AATF. 2014 AHA/ACC/HRS guideline for the management of patients with atrial 
fibrillation: executive summary: a report of the American College of Cardiology/American Heart 
Association Task Force on practice guidelines and the Heart Rhythm Society. Circulation. 
2014;130:2071–104. [PubMed: 24682348] 

6. Hart RG, Pearce LA and Aguilar MI. Meta-analysis: antithrombotic therapy to prevent stroke in 
patients who have nonvalvular atrial fibrillation. Ann Intern Med. 2007;146:857–67. [PubMed: 
17577005] 

7. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Jr., Drazner MH, Fonarow GC, Geraci SA, 
Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy WC, Masoudi FA, McBride PE, McMurray 
JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson LW, Tang WH, Tsai EJand Wilkoff BL. 
2013 ACCF/AHA guideline for the management of heart failure: executive summary: a report of the 
American College of Cardiology Foundation/American Heart Association Task Force on practice 
guidelines. Circulation. 2013;128:1810–52. [PubMed: 23741057] 

8. Piccini JP, Hernandez AF, Zhao X, Patel MR, Lewis WR, Peterson ED, Fonarow GC, Get With The 
Guidelines Steering C and Hospitals. Quality of care for atrial fibrillation among patients 
hospitalized for heart failure. J Am Coll Cardiol. 2009;54:1280–9. [PubMed: 19778670] 

9. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, Camm AJ, 
Weitz JI, Lewis BS, Parkhomenko A, Yamashita T and Antman EM. Comparison of the efficacy and 
safety of new oral anticoagulants with warfarin in patients with atrial fibrillation: a meta-analysis of 
randomised trials. Lancet. 2014;383:955–62. [PubMed: 24315724] 

10. Eapen ZJ, Greiner MA, Fonarow GC, Yuan Z, Mills RM, Hernandez AF and Curtis LH. 
Associations between atrial fibrillation and early outcomes of patients with heart failure and 
reduced or preserved ejection fraction. Am Heart J. 2014;167:369–375 e2. [PubMed: 24576522] 

11. Olsson LG, Swedberg K, Ducharme A, Granger CB, Michelson EL, McMurray JJ, Puu M, Yusuf 
S, Pfeffer MA and Investigators C. Atrial fibrillation and risk of clinical events in chronic heart 
failure with and without left ventricular systolic dysfunction: results from the Candesartan in Heart 
failure-Assessment of Reduction in Mortality and morbidity (CHARM) program. J Am Coll 
Cardiol. 2006;47:1997–2004. [PubMed: 16697316] 

Luo et al. Page 10

Circ Heart Fail. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Lewis WR, Piccini JP, Turakhia MP, Curtis AB, Fang M, Suter RE, Page RL, 2nd and Fonarow 
GC. Get With The Guidelines AFIB: novel quality improvement registry for hospitalized patients 
with atrial fibrillation. Circ Cardiovasc Qual Outcomes. 2014;7:770–7. [PubMed: 25185244] 

13. Lip GY, Nieuwlaat R, Pisters R, Lane DA and Crijns HJ. Refining clinical risk stratification for 
predicting stroke and thromboembolism in atrial fibrillation using a novel risk factor-based 
approach: the euro heart survey on atrial fibrillation. Chest. 2010;137:263–72. [PubMed: 
19762550] 

14. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ and Lip GY. A novel user-friendly score 
(HAS-BLED) to assess 1-year risk of major bleeding in patients with atrial fibrillation: the Euro 
Heart Survey. Chest. 2010;138:1093–100. [PubMed: 20299623] 

15. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, Jessup M, Konstam 
MA, Mancini DM, Michl K, Oates JA, Rahko PS, Silver MA, Stevenson LW and Yancy CW. 2009 
focused update incorporated into the ACC/AHA 2005 Guidelines for the Diagnosis and 
Management of Heart Failure in Adults: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice Guidelines: developed in 
collaboration with the International Society for Heart and Lung Transplantation. Circulation. 
2009;119:e391–479. [PubMed: 19324966] 

16. Ogilvie IM, Newton N, Welner SA, Cowell W and Lip GY. Underuse of oral anticoagulants in 
atrial fibrillation: a systematic review. Am J Med. 2010;123:638–645 e4. [PubMed: 20609686] 

17. Hsu JC, Maddox TM, Kennedy KF, Katz DF, Marzec LN, Lubitz SA, Gehi AK, Turakhia MP and 
Marcus GM. Oral Anticoagulant Therapy Prescription in Patients With Atrial Fibrillation Across 
the Spectrum of Stroke Risk: Insights From the NCDR PINNACLE Registry. JAMA Cardiol. 
2016;1:55–62. [PubMed: 27437655] 

18. Hess PL, Kim S, Fonarow GC, Thomas L, Singer DE, Freeman JV, Gersh BJ, Ansell J, Kowey PR, 
Mahaffey KW, Chan PS, Steinberg BA, Peterson ED, Piccini JP, Outcomes Registry for Better 
Informed Treatment of Atrial Fibrillation P and Investigators. Absence of Oral Anticoagulation 
and Subsequent Outcomes Among Outpatients with Atrial Fibrillation. Am J Med. 2017;130:449–
456. [PubMed: 27888051] 

19. Cherian TS, Shrader P, Fonarow GC, Allen LA, Piccini JP, Peterson ED, Thomas L, Kowey PR, 
Gersh BJ and Mahaffey KW. Effect of Atrial Fibrillation on Mortality, Stroke Risk, and Quality-
of-Life Scores in Patients With Heart Failure (from the Outcomes Registry for Better Informed 
Treatment of Atrial Fibrillation [ORBIT-AF]). Am J Cardiol. 2017;119:1763–1769. [PubMed: 
28416199] 

20. Marzec LN, Wang J, Shah ND, Chan PS, Ting HH, Gosch KL, Hsu JC and Maddox TM. Influence 
of Direct Oral Anticoagulants on Rates of Oral Anticoagulation for Atrial Fibrillation. J Am Coll 
Cardiol. 2017;69:2475–2484. [PubMed: 28521884] 

21. Patel N, Ju C, Macon C, Thadani U, Schulte PJ, Hernandez AF, Bhatt DL, Butler J, Yancy CW and 
Fonarow GC. Temporal Trends of Digoxin Use in Patients Hospitalized With Heart Failure: 
Analysis From the American Heart Association Get With The Guidelines-Heart Failure Registry. 
JACC Heart Fail. 2016;4:348–56. [PubMed: 26874392] 

22. Fonarow GC, Albert NM, Curtis AB, Stough WG, Gheorghiade M, Heywood JT, McBride ML, 
Inge PJ, Mehra MR, O’Connor CM, Reynolds D, Walsh MN and Yancy CW. Improving evidence-
based care for heart failure in outpatient cardiology practices: primary results of the Registry to 
Improve the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting (IMPROVE 
HF). Circulation. 2010;122:585–96. [PubMed: 20660805] 

23. Piccini JP, Cox M, Fonarow GC, Butler J, Curtis AB, Desai N, Fang M, McCabe PJ, Page RL, 
Turakhia M and Lewis WR. Abstract 23237: Improvement in Quality of Care for Atrial 
Fibrillation in Get With The Guidelines - Atrial Fibrillation (GWTG-AFIB). Circulation. 
2016;134:A23237–A23237.

24. Shah B, Hernandez AF, Liang L, Al-Khatib SM, Yancy CW, Fonarow GC, Peterson ED and Get 
With The Guidelines Steering C. Hospital variation and characteristics of implantable cardioverter-
defibrillator use in patients with heart failure: data from the GWTG-HF (Get With The Guidelines-
Heart Failure) registry. J Am Coll Cardiol. 2009;53:416–22. [PubMed: 19179199] 

25. Fonarow GC, Smith EE, Reeves MJ, Pan W, Olson D, Hernandez AF, Peterson ED, Schwamm LH, 
Get With The Guidelines Steering C and Hospitals. Hospital-level variation in mortality and 

Luo et al. Page 11

Circ Heart Fail. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rehospitalization for medicare beneficiaries with acute ischemic stroke. Stroke. 2011;42:159–66. 
[PubMed: 21164109] 

26. McGrath ER, Kapral MK, Fang J, Eikelboom JW, o Conghaile A, Canavan M, O’Donnell MJ and 
Investigators of the Registry of the Canadian Stroke N. Which risk factors are more associated 
with ischemic stroke than intracerebral hemorrhage in patients with atrial fibrillation? Stroke. 
2012;43:2048–54. [PubMed: 22618379] 

27. Lip GY, Clementy N, Pericart L, Banerjee A and Fauchier L. Stroke and major bleeding risk in 
elderly patients aged >/=75 years with atrial fibrillation: the Loire Valley atrial fibrillation project. 
Stroke. 2015;46:143–50. [PubMed: 25424474] 

28. Man-Son-Hing M, Nichol G, Lau A and Laupacis A. Choosing antithrombotic therapy for elderly 
patients with atrial fibrillation who are at risk for falls. Arch Intern Med. 1999;159:677–85. 
[PubMed: 10218746] 

29. Gage BF, Birman-Deych E, Kerzner R, Radford MJ, Nilasena DS and Rich MW. Incidence of 
intracranial hemorrhage in patients with atrial fibrillation who are prone to fall. Am J Med. 
2005;118:612–7. [PubMed: 15922692] 

30. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J, Reilly PA, 
Themeles E, Varrone J, Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H, Diener 
HC, Joyner CD, Wallentin L, Committee R-LS and Investigators. Dabigatran versus warfarin in 
patients with atrial fibrillation. N Engl J Med. 2009;361:1139–51. [PubMed: 19717844] 

31. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G, Halperin JL, Hankey 
GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM and 
Investigators RA. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med. 
2011;365:883–91. [PubMed: 21830957] 

32. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, Al-Khalidi HR, 
Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia D, 
Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser SH, Horowitz J, Mohan P, 
Jansky P, Lewis BS, Lopez-Sendon JL, Pais P, Parkhomenko A, Verheugt FW, Zhu J, Wallentin L, 
Committees A and Investigators. Apixaban versus warfarin in patients with atrial fibrillation. N 
Engl J Med. 2011;365:981–92. [PubMed: 21870978] 

33. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, Waldo AL, Ezekowitz 
MD, Weitz JI, Spinar J, Ruzyllo W, Ruda M, Koretsune Y, Betcher J, Shi M, Grip LT, Patel SP, 
Patel I, Hanyok JJ, Mercuri M, Antman EM and Investigators EA-T. Edoxaban versus warfarin in 
patients with atrial fibrillation. N Engl J Med. 2013;369:2093–104. [PubMed: 24251359] 

34. Siontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, He K, Tilea A, Stack AG, Balkrishnan R, 
Yao X, Noseworthy PA, Shah ND, Saran R and Nallamothu BK. Outcomes Associated with 
Apixaban Use in End-Stage Kidney Disease Patients with Atrial Fibrillation in the United States. 
Circulation. 2018.

35. Dentali F, Douketis JD, Lim W and Crowther M. Combined aspirin-oral anticoagulant therapy 
compared with oral anticoagulant therapy alone among patients at risk for cardiovascular disease: 
a meta-analysis of randomized trials. Arch Intern Med. 2007;167:117–24. [PubMed: 17242311] 

36. Dewilde WJ, Oirbans T, Verheugt FW, Kelder JC, De Smet BJ, Herrman JP, Adriaenssens T, Vrolix 
M, Heestermans AA, Vis MM, Tijsen JG, van ‘t Hof AW, ten Berg JMand investigators Ws. Use of 
clopidogrel with or without aspirin in patients taking oral anticoagulant therapy and undergoing 
percutaneous coronary intervention: an open-label, randomised, controlled trial. Lancet. 
2013;381:1107–15. [PubMed: 23415013] 

37. Hansen ML, Sorensen R, Clausen MT, Fog-Petersen ML, Raunso J, Gadsboll N, Gislason GH, 
Folke F, Andersen SS, Schramm TK, Abildstrom SZ, Poulsen HE, Kober L and Torp-Pedersen C. 
Risk of bleeding with single, dual, or triple therapy with warfarin, aspirin, and clopidogrel in 
patients with atrial fibrillation. Arch Intern Med. 2010;170:1433–41. [PubMed: 20837828] 

38. Lamberts M, Gislason GH, Lip GY, Lassen JF, Olesen JB, Mikkelsen AP, Sorensen R, Kober L, 
Torp-Pedersen C and Hansen ML. Antiplatelet therapy for stable coronary artery disease in atrial 
fibrillation patients taking an oral anticoagulant: a nationwide cohort study. Circulation. 
2014;129:1577–85. [PubMed: 24470482] 

39. Steinberg BA, Kim S, Piccini JP, Fonarow GC, Lopes RD, Thomas L, Ezekowitz MD, Ansell J, 
Kowey P, Singer DE, Gersh B, Mahaffey KW, Hylek E, Go AS, Chang P, Peterson ED, 

Luo et al. Page 12

Circ Heart Fail. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Investigators O-A and Patients. Use and associated risks of concomitant aspirin therapy with oral 
anticoagulation in patients with atrial fibrillation: insights from the Outcomes Registry for Better 
Informed Treatment of Atrial Fibrillation (ORBIT-AF) Registry. Circulation. 2013;128:721–8. 
[PubMed: 23861512] 

40. Curtis LH, Greiner MA, Hammill BG, DiMartino LD, Shea AM, Hernandez AF and Fonarow GC. 
Representativeness of a national heart failure quality-of-care registry: comparison of OPTIMIZE-
HF and non-OPTIMIZE-HF Medicare patients. Circ Cardiovasc Qual Outcomes. 2009;2:377–84. 
[PubMed: 20031864] 

41. Reeves MJ, Fonarow GC, Smith EE, Pan W, Olson D, Hernandez AF, Peterson ED and Schwamm 
LH. Representativeness of the Get With The Guidelines-Stroke Registry: comparison of patient 
and hospital characteristics among Medicare beneficiaries hospitalized with ischemic stroke. 
Stroke. 2012;43:44–9. [PubMed: 21980197] 

Luo et al. Page 13

Circ Heart Fail. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What is new?

• Guidelines strongly recommend use of oral anticoagulation for stroke 

prophylaxis in patients with atrial fibrillation and heart but prior studies have 

showed significant gaps in medication use

• In the setting of a quality improvement initiative and availability of 

contemporary direct oral anticoagulants, we show that there was nearly 

universal prescription of stroke prophylaxis among patients with atrial 

fibrillation and heart failure
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What are the clinical implications?

• These results support the use of systematic, scalable quality improvement 

initiatives to help implement evidence-based therapies into clinical care
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Figure 1. 
Flow diagram of the study design. This figure displays the initial study population, through 

exclusions, to the final study population.
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Figure 2. 
Oral anticoagulation at discharge per site among eligible heart failure patients.
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Figure 3. 
Oral anticoagulation at discharge among eligible AF patients with HF according to 

CHA2DS2-VASc score.
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Figure 4. 
Oral anticoagulation at discharge among eligible AF patients with HF according to HAS-

BLED score.
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Table 1

. Oral Anticoagulation (OAC) Contraindication in AF patients with HF by EF groups.

Variable Overall
N=10,883

HFrEF
(EF ≤40%)

N=4,115

HFbEF
(EF 41–49%)

N=1,252

HFpEF
(EF ≥50%)

N=5,516
P Value

OAC Contraindications

Anticoagulation Contraindicated 1,790 (16.4) 616 (15.0) 190 (15.2) 984 (17.8) 0.0004

Reasons

Allergy 11 (0.6) 5 (0.8) 1 (0.5) 5 (0.5) 0.74

Unable to adhere/monitor 126 (7.0) 79 (12.8) 10 (5.3) 37 (3.8) <.0001

Occupational risk 5 (0.3) 2 (0.3) 0 (0.0) 3 (0.3) 0.74

High Bleeding risk 495 (27.7) 132 (21.4) 62 (32.6) 301 (30.6) <.0001

Prior intracranial hemorrhage 48 (2.7) 13 (2.1) 5 (2.6) 30 (3.0) 0.53

Bleeding event 335 (18.7) 104 (16.9) 42 (22.1) 189 (19.2) 0.23

Frequent falls/frailty 503 (28.1) 147 (23.9) 53 (27.9) 303 (30.8) 0.01

Patient refusal/preference 267 (14.9) 98 (15.9) 30 (15.8) 139 (14.1) 0.58

Physician preference 332 (18.5) 112 (18.2) 35 (18.4) 185 (18.8) 0.95

Recent operation 41 (2.3) 17 (2.8) 5 (2.6) 19 (1.9) 0.53

Comorbid illness (e.g. renal/liver) 134 (7.5) 53 (8.6) 17 (8.9) 64 (6.5) 0.22

Need for dual antiplatelet therapy 25 (1.4) 13 (2.1) 2 (1.1) 10 (1.0) 0.18

Data shown number (percent).
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Table 2

. Baseline characteristics in atrial fibrillation (AF) patients with heart failure (HF) by ejection fraction 
(EF) groups.

Variable Overall
N=9,093

HFrEF
(EF ≤40%)

N=3,499

HFbEF
(EF 41-49%)

N=1,062

HFpEF
(EF ≥50%)

N=4,532
P Value

% Std. Diff.

HFbEF
vs HFrEF

HFpEF
vs HFrEF

Demographics

Age, years 72 (63 - 
81) 68 (59 - 78) 73 (64 - 81) 75 (66 - 83) <.001 31.4 48.9

Female 47.60 31.15 44.82 60.94 <.001 28.4 62.6

Race/Ethnicity <.001

 White/Caucasian 81.32 78.24 79.22 84.20 2.4 15.3

 Black/African American 9.83 12.03 9.82 8.14 7.1 13.0

Hispanic (any race) 5.73 6.65 6.96 4.73 1.2 8.3

Insurance status 0.004

 No Insurance 8.70 9.32 7.44 8.52 6.8 2.8

 Medicare - Private/HMO/Other 19.74 17.89 20.06 21.09 5.5 8.1

 Medicare (Title 18) 20.21 19.41 20.43 20.79 2.6 3.4

 Medicaid (Title 19) 13.12 14.03 12.71 12.51 3.9 4.5

 Private/HMO/Other 38.23 39.35 39.36 37.09 <0.1 4.7

LVEF, % 48 (33 - 
58) 30 (23 - 35) 45 (43 - 47) 58 (55 - 63)

Systolic blood pressure, mm Hg 131 (115 - 
147)

127 (111 - 
143) 133 (117 - 149) 133 (118 - 

150) <.001 23.6 26.8

Heart Rate, bpm 104 (79 - 
130)

107.5 (81 - 
132) 106 (81 - 132) 100 (77 - 

129) <.001 3.4 15.5

Body mass index, kg/m2 30.1 (25.6 
- 35.9)

29.9 (25.4 - 
35.6)

30.1 (25.8 - 
35.1)

30.2 (25.7 - 
36.1) 0.30 1.2 5.8

Atrial Arrhythmia Type 0.003

Atrial Flutter 11.42 12.86 10.64 10.48 6.9 7.4

Atrial Fibrillation 88.58 87.14 89.36 89.52 - -

Type of AF <.001

 Permanent/long standing 
Persistent AF 14.43 13.65 13.75 15.18 0.3 4.4

Persistent AF 23.85 25.28 26.76 22.10 3.4 7.5

Paroxysmal AF

 Paroxysmal AF 41.77 37.79 40.88 44.96 6.3 14.6

 First Detected AF 19.94 23.28 18.61 17.76 11.5 13.7

Medical History

Anemia 12.98 10.12 14.41 14.85 <.001 13.1 14.4

Coronary Artery Disease 37.40 38.35 42.00 35.58 <.001 7.4 5.8

Prior Stroke or TIA 15.00 12.58 14.60 16.97 <.001 5.9 12.4

Diabetes 34.98 33.92 36.53 35.42 0.20 5.5 3.1

Dialysis 1.87 1.71 1.69 2.03 0.53 0.2 2.3

Heart Failure 80.85 78.85 82.30 82.06 0.001 8.7 8.1
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Variable Overall
N=9,093

HFrEF
(EF ≤40%)

N=3,499

HFbEF
(EF 41-49%)

N=1,062

HFpEF
(EF ≥50%)

N=4,532
P Value

% Std. Diff.

HFbEF
vs HFrEF

HFpEF
vs HFrEF

Hypertension 79.12 74.51 79.10 82.70 <.001 10.9 20.1

Obstructive Sleep Apnea 19.41 18.29 20.24 20.08 0.10 5.0 4.6

Peripheral Vascular Disease 8.46 7.60 9.51 8.87 0.05 6.8 4.6

COPD 24.69 20.61 23.73 28.07 <.001 7.5 17.5

Prior Hemorrhage 2.56 1.83 2.73 3.09 0.002 6.0 8.1

Prior MI 14.27 17.06 15.25 11.87 <.001 4.9 14.8

Prior PCI 15.05 16.46 17.89 13.29 <.001 3.8 8.9

Smoker 11.81 15.52 9.60 9.47 <.001 17.9 18.4

Thyroid Disease 18.82 14.03 19.30 22.40 <.001 14.2 21.8

Prior AF Procedure

Cardioversion 24.04 24.42 26.10 23.25 0.13 3.9 2.8

Ablation 11.37 10.43 11.24 12.13 0.07 2.6 5.4

AF Surgery (Surgical MAZE) 1.40 1.62 1.61 1.18 0.23 0.1 3.8

None 69.11 68.82 67.37 69.76 0.30 3.1 2.1

Medications at Admission

ACEi/ARB 49.40 54.18 47.98 46.02 <.001 12.4 16.4

Aldosterone Antagonist 10.18 14.97 7.71 7.04 <.001 23.1 25.5

Beta-Blocker 67.02 68.60 68.21 65.53 0.01 0.8 6.5

Anticoagulation Therapy <.001

 Warfarin 33.60 30.94 31.70 36.10 1.6 11.0

 DOAC 27.26 27.34 30.06 26.55 6.0 1.8

 Other AC/not specified 1.19 0.70 1.93 1.40 10.8 6.9

 No OAC 37.95 41.02 36.32 35.95 9.7 10.5

Aspirin 41.44 43.45 41.33 39.91 0.007 4.3 7.2

Antiplatelet agent (not aspirin) 8.62 8.19 10.60 8.49 0.05 8.3 1.1

Triple Therapy (aspirin + non-
aspirin antiplatelet + OAC) 2.02 2.37 1.83 1.79 0.18 3.8 4.1

Laboratory Data at Admission

Serum Creatinine 1.1 (0.9 - 
1.4) 1.1 (0.9 - 1.5) 1.1 (0.9 - 1.4) 1.1 (0.8 - 1.4) <.001 3.2 1.3

Blood urea nitrogen, mg/dL 21 (16 - 
29) 21 (16 - 31) 20 (15 - 29) 21 (15 - 29) 0.001 8.3 6.4

NT-pro BNP, pg/mL
3183 

(1469 - 
6290)

4180 (1731 - 
7989)

3284 (1435 - 
7008)

2640 (1305 - 
5025) <.001 22.2 35.1

BNP, pg/mL 522 (264.5 
- 1048.5)

649.1 (334 - 
1289)

539.4 (222 - 
985)

423 (237 - 
853) <.001 23.5 18.7

eGFR, mL/min per 1.73 m2 60 (43 - 
77) 61 (44 - 77) 61 (45 - 78) 59 (42 - 76) 0.003 1.8 6.4

Rate/Rhythm Control Strategy <.001

Rate Control Strategy 45.22 41.89 47.41 47.35 11.1 11.0

Rhythm Control Strategy 54.78 58.11 52.59 52.65 - -

Procedures During This 
Hospitalization
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Variable Overall
N=9,093

HFrEF
(EF ≤40%)

N=3,499

HFbEF
(EF 41-49%)

N=1,062

HFpEF
(EF ≥50%)

N=4,532
P Value

% Std. Diff.

HFbEF
vs HFrEF

HFpEF
vs HFrEF

No Procedures 49.73 43.58 49.14 54.64 <.0001 11.2 22.3

Cardioversion 35.14 39.37 36.12 31.64 <.0001 6.7 16.2

A-Fib Ablation 7.36 7.79 7.13 7.08 0.46 2.5 2.7

A-Flutter Ablation 5.47 6.49 4.66 4.86 0.003 8.0 7.1

PCI 4.15 6.96 4.28 1.95 <.0001 11.6 24.5

Pacemaker 2.91 1.62 2.38 4.03 <.0001 5.4 14.6

Hospital Characteristics

Rural Location 7.22 6.33 6.86 7.98 0.02 2.2 6.4

Academic/Teaching Hospital 85.58 87.38 87.12 83.85 <.001 0.8 10.1

Hospital Size (Number of Beds) 0.002

 500+ 44.78 47.30 46.99 42.34 0.6 10.0

 400-499 14.40 14.38 14.47 14.40 0.2 <0.1

 300-399 11.17 10.10 10.77 12.08 2.2 6.3

 200-299 13.03 11.92 12.14 14.08 0.7 6.4

 100-199 14.36 14.29 13.09 14.71 3.5 1.2

 50-99 2.26 2.01 2.53 2.39 3.5 2.6

Region 0.006

 West 11.47 11.92 12.24 10.94 1.0 3.1

 South 26.99 27.46 28.25 26.32 1.7 2.6

 Midwest 24.73 25.81 25.14 23.81 1.5 4.6

 Northeast 36.81 34.81 34.37 38.92 0.9 8.5

Adult Cardiac Electrophysiology 
Hospital 86.81 88.28 88.13 85.39 0.001 0.5 8.6

Data shown number (percent) or median (Q1-Q3). Percent standardized differences is calculated as the difference in means or proportions divided 
by a pooled estimate of the standard deviation*100; a standardized difference greater than 10 is typically considered meaningful. HFrEF = heart 
failure reduced ejection fraction; HFbEF = heart failure borderline ejection fraction; HFpE = heart failure preserved ejection fraction; HMO = 
health maintenance organization; LVEF = left ventricular ejection fraction; TIA = transient ischemic attack; COPD = chronic obstructive 
pulmonary disease; MI = myocardial infarction; PCI = percutaneous coronary intervention; ACEi = angiotensin converting enzyme inhibitor; ARB 
= angiotensin receptor blocker; DOAC = direct oral anticoagulant; OAC = oral anticoagulant; NT- BNP = N-Terminal pro brain natriuretic peptide; 
eGFR = estimated glomerular filtration rate.
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Table 3

. Discharge medications and risk scores in atrial fibrillation (AF) patients with heart failure (HF) by 
ejection fraction (EF) groups.

Variable Overall
N=9,093

HFrEF
(EF ≤40%)

N=3,499

HFbEF
(EF 41–49%)

N=1,062

HFpEF
(EF ≥50%)

N=4,532
P Value

% Std. Diff

HFbEF
vs HFrEF

HFpEF
vs HFrEF

Medications at Discharge

Overall Anticoagulation, % 94.9 95.4 95.6 94.4 0.003

 Warfarin 3,876 (43.6) 1,437 (42.0) 432 (41.7) 2,007 (45.2) 0.8 6.3

 DOAC 4,510 (50.7) 1,805 (52.8) 551 (53.1) 2,154 (48.5) 0.7 8.6

  Apixaban 2,397

  Rivaroxaban 1,724

  Dabigatran 373

  Edoxaban 15

 Other AC/not specified 57 (0.6) 19 (0.6) 8 (0.8) 30 (0.7) 2.7 1.5

No OAC 456 (5.1) 158 (4.6) 46 (4.4) 252 (5.7) 0.9 4.8

Missing 194 (2.1) 80 (2.3) 25 (2.4) 89 (2.0)

Aspirin 3,579 (43.2) 1,520 (47.4) 423 (43.4) 1,636 (39.8) <.001 7.9 15.2

Antiplatelet(s) (not aspirin) 598 (7.2) 244 (7.6) 75 (7.7) 279 (6.8) 0.35 0.1 3.1

Triple Therapy (aspirin + non-aspirin
antiplatelet + OAC)

280 (3.1) 141 (4.1) 25 (2.4) 114 (2.6) <.001 9.7 8.7

Risk Scores

HAS-BLED Score 2 (2 - 3) 2 (1 - 3) 2 (2 - 3) 3 (2 - 3) <.001 18.7 28.2

CHA2DS2-VASc Score 5 (3 - 6) 4 (3 - 5) 5 (4 - 6) 5 (4 - 6) <.001 30.7 47.6

Data shown number (percent) or median (Q1-Q3). Percent standardized differences is calculated as the difference in means or proportions divided 
by a pooled estimate of the standard deviation*100; a standardized difference greater than 10 is typically considered meaningful. HFrEF = heart 
failure reduced ejection fraction; HFbEF = heart failure borderline ejection fraction; HFpE = heart failure preserved ejection fraction; DOAC = 
direct oral anticoagulant; OAC = oral anticoagulant. CHA2DS2-VASc score (Congestive heart failure, Hypertension, Age ≥75 years [doubled], 

Diabetes mellitus, Prior Stroke or TIA or thromboembolism [doubled], Vascular disease, Age 65 to 74 years, Sex category). HAS-BLED score 
(Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile INR, Elderly, Drugs/alcohol concomitantly).
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Table 4

. Multivariable Factors Associated with Oral Anticoagulation (OAC) use in OAC Naïve Patients 

Variables Unadjusted Model
OR (95% CI)

P Value Adjusted Model
OR (95% CI)

P Value

EF group 0.07 0.08

 HFpEF (EF ≥50%) 0.76 (0.60, 0.96) 0.02 0.77 (0.52, 1.16) 0.21

 HFbEF (EF 41-49%) 1.00 (0.74, 1.33) 0.97 1.16 (0.75, 1.79) 0.50

 HFrEF (EF ≤40%) Reference Reference

Female vs. male 1.42 (1.09, 1.85) 0.009

AF Type: AFib - -

 Permanent/long standing Persistent AF - - 0.45 (0.16, 1.27) 0.13

 Persistent AF - - 0.64 (0.31, 1.31) 0.22

 Paroxysmal AF - - 0.41 (0.22, 0.75) 0.004

 First Detected AF - - 1.06 (0.52, 2.17) 0.87

 AFib, type missing - - 0.33 (0.15, 0.74) 0.007

AF Type: AFlutter - - Reference

Past Medical History: Heart Failure - - 0.60 (0.37, 0.99) 0.04

ACEi/ARB Prior to Admission - - 1.36 (1.00, 1.85) 0.05

eGFR, per 10 unit increase - - 1.10 (1.00, 1.22) 0.05

BMI, per unit increase - - 1.05 (1.02, 1.08) 0.0008

Control Strategy: Rate vs. Rhythm - - 0.59 (0.39, 0.91) 0.02

Other covariates included in multivariable model were age, sex, race, insurance status, geographic region, hospital type, hospital size, rural status, 
adult cardiac electrophysiology site, AF type, anemia, coronary artery disease, prior stroke or transient ischemic attack, diabetes, chronic dialysis, 
HF, hypertension, liver disease, obstructive sleep apnea, peripheral vascular disease, chronic obstructive pulmonary disease, prior hemorrhage or 
bleeding, prior myocardial infarction, prior history of percutaneous intervention, smoking status, thyroid disease, heart failure medications prior to 
admission, aspirin and antiplatelet prior to admission, estimated glomerular filtration rate, BMI, and rate versus rhythm control strategy. Full model 
results included in Online Supplement.
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