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Abstract

Background and Purpose—Oral anticoagulants are highly efficacious for the prevention of
stroke in atrial fibrillation, and are the preferred treatment by current guidelines. The purpose of
our study was to assess the utilization of antithrombotic drugs in atrial fibrillation patients at the
time of ischemic stroke and the factors associated with their use.

Methods—We enrolled 759 consecutive patients admitted with ischemic stroke at Boston
Medical Center, Geisinger Health System, and the University of Alabama. To be eligible, patients
had to have electrocardiographically-confirmed atrial fibrillation at the time of admission or within
6 months of the index stroke. All stroke events and electrocardiograms were validated by study
physicians. Patients with newly diagnosed atrial fibrillation were not eligible.

Results—The mean age was 78 years, 43% were male, 19% black, and the mean CHADS, score
3.0. Atrial fibrillation was paroxysmal in 31%. At presentation, 181 (24%) patients were taking
warfarin only, 96 (13%) both warfarin and aspirin, 294 (39%) aspirin alone, and 189 (25%) no
antithrombotic therapy. The mean international normalized ratio was 1.6. Among patients with
paroxysmal atrial fibrillation, one in five was taking warfarin. Although increasing stroke risk was
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associated with a greater likelihood of warfarin use, only 39% of highest risk CHADS, 3-6 were
taking warfarin at the time of stroke.

Conclusions—Among high-risk individuals with atrial fibrillation, only 37% were taking
warfarin at the time of stroke. Paroxysmal atrial fibrillation was associated with the highest risk of
not receiving warfarin.
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1. Introduction

Stroke is a highly prevalent disease in the United States affecting more than 6.8 million
Americans with an incidence of 795,000 persons/year. It is projected that by 2030 four
million more people will suffer a stroke,[1, 2] and the overall medical cost associated with
stroke will rise to 184.3 billion dollars. This cost represents a 157% relative increase from
2013.[3] Atrial fibrillation (AF) is an independent risk factor for stroke, increasing the risk
by 5-fold. Data from the Framingham study and the Austrian stroke registry have
demonstrated that strokes associated with AF have up to two times higher mortality, higher
recurrence rate, and are associated with worse neurological and functional outcomes
compared to non-AF strokes.[4, 5]

Oral anticoagulation (OAC) reduces the rate of ischemic stroke as well as the severity of and
mortality from stroke.[6] The increased utilization of OAC in patients with AF between
1992 and 2002 resulted in a reduction in ischemic stroke rates from 46.7 to 19.5 per 1000
patient-years.[7] Use of OAC at the time of the stroke reduces the severity of ischemic
stroke,[8] the short term stroke-associated mortality,[9] and results in more favorable long-
term outcomes.[10] Aspirin is substantially less efficacious compared to OAC (20% vs. 60%
risk reduction accordingly),[11] and currently is recommended only for the lowest risk
patients.[12-14]

Despite the strong evidence supporting the use of OAC for stroke prevention in patients with
AF, it remains significantly underused.[15-17] Analysis of Medicare data reveal that cost
related to strokes in AF patients who are not on OAC rises to 4.8 billion USD.[18] Given the
significant impact of OAC underuse, we sought to identify factors associated with OAC use
at the time of ischemic stroke among individuals with previously diagnosed AF.

2. Methods
2.1. Study population

Patients admitted with ischemic stroke were identified over a 5-year period (2006—-2010)
from three health systems: Boston Medical Center (BMC), Geisinger Health System in
Pennsylvania (GHS), and the University of Alabama at Birmingham (UAB). BMC is a
teaching hospital and major safety net hospital for the city of Boston. GHS is a highly
integrated health care system that serves a predominantly rural population in Pennsylvania.
UAB is part of the southeastern “stroke belt” and cares for a widely diverse patient
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population. To be eligible, patients had to have electrocardiogram (ECG)-confirmed AF at
the time of admission or within 6 months prior to the stroke, if paroxysmal. Patients with
newly diagnosed AF at the time of stroke were not eligible for this study. Patients with
mechanical heart valves were excluded as were patients whose stroke was secondary to a
vascular procedure, infection, tumor, or vasculitis. Race was defined by self-report.
Socioeconomic status was determined using zip codes. All stroke events and AF ECGs were
confirmed by study physicians. Antithrombotic therapy, stroke risk factors, and the
international normalized ratio (INR) were determined from stroke admission records.
Antithrombotic therapy includes antiplatelet therapy with aspirin and OAC with warfarin. In
this cohort, non-vitamin K oral anticoagulants were not utilized. The study was approved by
the institutional review committees of the participating institutions and subjects gave
informed consent.

2.2. ldentification of stroke cases

Stroke events were identified using ICD-9 codes for ischemic stroke (433-434, 436). To
ensure the most comprehensive search, we included ICD-9 codes identified in any position-
primary or secondary. Among these ICD-9 identified stroke events, those cases associated
with AF (ICD-9 code 427.31) were subject to detailed medical record review. A valid
ischemic stroke was defined as a neurologic deficit of sudden onset that persisted for >24
hours, corresponded to a vascular territory, and was not explained by other etiologies, such
as intracerebral hemorrhage, tumor, infection, or vasculitis.[19, 20] Stroke cases were
adjudicated by site investigators based on review of the medical record. All stroke events
underwent final review by site neurologists.

2.3. Statistical analysis

3. Results

Analyses were performed using SAS software (version 9.3; SAS Institute, Cary, NC).
Continuous variables are summarized as means * standard deviations and categorical
variables as counts (percentages). Bivariate analyses were performed with contingency
tables, and p-values were derived with the Chi-square statistic. Multiple logistic regression
analysis was performed to evaluate for independent factors associated with antithrombotic
use at the time of admission. The variables included in univariate and multivariate analysis
were pre-specified and based on clinically relevant factors. All p-values correspond to two-
sided tests and the alpha criterion was set to 0.05.

3.1. Patient characteristics

Across the three sites, 759 patients were identified (BMC: 176, GHS: 297, and UAB: 286;
Table 1). The mean age of the study participants was 78 years and the mean CHADS, score
3.0+1.4. Forty-three percent (328) of participants were male, 19% (143) black, and 4% (27)
had a race different than white or black. Approximately one-third of patients had paroxysmal
AF (PAF) and one-half were older than 80 years of age. At presentation, 24% (181) of
patients were on OAC only, 13% (96) on both OAC and aspirin, 39% (293) on aspirin only,
and 25% (189) were receiving neither OAC nor aspirin. The mean INR of the patients taking
OAC was 1.6. 188 patients (33.6%) had INR within the therapeutic range (2.0 to 3.0) and
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371 patients (66.4%) had sub-therapeutic INR. Twenty one (2.7%) patients had a prior
intracranial hemorrhage and none of them was receiving OAC.

Although increasing stroke risk was associated with a greater likelihood of OAC use, only
39% of patients at highest risk CHADS, scores of 3—6 were taking OAC at the time of
stroke (Figure 1). Patients who were 80 years of age and older were less likely to be taking
OAC compared to those younger than 80 years of age (45.1% vs. 54.9%, p=0.034, Figure 2).
Among patients with PAF, approximately one in five was taking OAC compared to those
patients with persistent or permanent AF (21% vs. 43.6%, p<0.001, Figure 2). We found no
difference in CHADS, scores between the groups: PAF, mean CHADS, 2.97 versus
permanent AF, mean CHADS, 3.08. There was no difference in OAC use by sex (p=0.18),
income (p=0.68), or race (p=0.18).

3.2. Independent factors associated with OAC use

Patients with permanent AF had a 3-fold higher likelihood of taking OAC at baseline
compared to those individuals with PAF (OR: 3.25, 95% CI: 2.25-4.69, p<0.001, Table 2).
Higher stroke risk was also associated with OAC use (OR: 1.22, 95% CI: 1.09-1.37,
p<0.001). Patients who were 80 years of age or older were less likely to be taking OAC at
time of ischemic stroke (OR: 0.51, 95% ClI: 0.37-0.72, p<0.001).

4. Discussion

In this study of patients with known AF, we found the prevalence of OAC use at the time of
ischemic stroke to be 37%. Approximately 39% of patients were taking aspirin only, and
25% were taking neither OAC nor aspirin. Of those individuals treated with OAC, the mean
INR was 1.6. Although increasing stroke risk was associated with greater likelihood of OAC
use, only 39% of the highest CHADS, risk patients were taking OAC at the time of stroke.
Our study documents a gross underuse of OAC among patients with PAF; only one in five
was taking OAC at time of stroke. Older patients (age < 80) were also less likely to be taking
OAC.

Despite the overwhelming evidence, multiple studies have documented the underuse of OAC
among individuals with AF. The National Anticoagulation Benchmark Outcomes Report
(NABOR) conducted in 2002 demonstrated that only 55% of high-risk patients with AF
were prescribed warfarin.[17] A similar rate of OAC utilization was reported in Europe.[21,
22] The Global Anticoagulant Registry in the FIELD (GARFIELD) with 540 sites in 19
countries reported significant underuse of OAC in high-risk patients, with 38% of patients
with a CHADS, score <2 not being on OAC.[23] Several studies have evaluated use of
antithrombotic therapy among individuals with known AF at time of incident stroke (Table
3).[6, 24-29] Of the 7 studies cited, six were from a single center outside of the United
States, four were conducted over a decade ago, three included fewer than 150 patients, and
validation of the AF and ischemic stroke diagnoses was variable. Across these different AF
populations, OAC use ranged from 12% in the Japanese study to 42% in a small Canadian
study (n=106) that excluded patients with possible contraindications to OAC therapy.
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Our study highlights the persisting liability associated with paroxysmal AF. Although it has
been reported that patients with PAF are younger and have fewer cardiovascular risk factors,
lower risk does not explain our findings.[30-32] We found no difference in CHADS, scores
between the groups: PAF, mean CHADS, 2.97 versus persistent/permanent 3.08. Results of
the Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) trial
initially highlighted the importance of continuing anticoagulation therapy among individuals
with AF despite seeming restoration of sinus rhythm.[33] In the NABOR study, hospitalized
patients with PAF were less likely to be discharged on OAC.[17] Studies of AF in Poland
and Turkey[21, 34] also reported decreased use of OAC among patients with paroxysmal AF
as did the Deguchi Japanese study of individuals with AF admitted with stroke.[26] Partly
underlying this gap in treatment is the uncertainly regarding the duration of a single episode
of AF that mandates lifelong anticoagulation. In CRY ptogenic STroke And underLying AF
(CRYSTAL AF) trial 8.9% of patients that suffered a cryptogenic stroke were found to have
AF.[35] Subclinical AF has been detected in 10% of asymptomatic individuals and is
independently associated with a 2.5-fold increase in risk of ischemic stroke or systemic
embolism.[36] Asymptomatic AF is also present in 53-56% of patients after ablation for AF.
[37, 38] Following ablation, AF is more likely to be shorter, regular, and more asymptomatic
(up to 79% compared to 52% before ablation).[38] Ongoing randomized trials assess
whether stopping OAC after successful AF ablation is safe (Table 4a). The dearth of robust
evidence relating stroke risk to AF burden drives at least in part the variability in physician
treatment patterns. Answers to these questions will be forthcoming given the multitude of
ongoing AF detection studies utilizing various external and implantable monitoring
modalities (Table 4b). In addition, the patient- and physician-specific factors that lead to
discontinuation of OAC therapy and the communication strategies that underlie and
influence these decisions are poorly understood.

Despite the increasing risk of ischemic stroke, multiple studies have demonstrated the
paradox of decreased OAC use with older age and higher CHADS; scores.[17, 21, 24, 34,
39, 40] We have previously shown that bleeding risk and risk of warfarin discontinuation
increase with CHADS; score.[39] Despite this increase in bleeding risk, the net benefit
strongly supports use of OAC in these high risk groups.[41] Although the newer
anticoagulants are associated with a dramatic reduction in intracranial hemorrhage, the most
devastating complication of OAC therapy, the rates of the more frequent complication,
gastrointestinal hemorrhage, are either similar to warfarin or increased. A better
understanding of the mechanisms underlying this age-related vulnerability is needed to
enhance long-term maintenance of OAC therapy.[42] Cessation of treatment following a
gastrointestinal hemorrhage is associated with higher mortality and increased thrombotic
risk.[43, 44] We found no difference in OAC use based on socioeconomic status or race.

Our study has several strengths. Eligible patients had ECG-confirmed AF at the time of
stroke admission or within 6 months consistent with the study population definition used in
recent AF trials.[45, 46] All stroke events underwent final review by site neurologists. Stroke
risk factors were derived from in-depth review of the medical record as was aspirin status
which is frequently missing in pharmacy administrative data due to its nonprescription, over-
the-counter availability. The large number of events allowed for multivariable analyses to
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determine factors independently associated with OAC use at the time of the index stroke.
Our multi-center cohort is the largest U.S. study to date to address this critical question.

In summary, among high-risk individuals with previously diagnosed AF, only 37% were
taking OAC at the time of ischemic stroke. Paroxysmal AF and older age were associated
with the highest risk of not receiving OAC, while higher CHADS2 score was associated with
OAC use. Given the morbidity and mortality related to AF stroke, development of strategies
to address this documented undertreatment is of paramount importance.
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Figure 1. Antithrombotic utilization by CHADS, scores
Increasing stroke risk was associated with a greater likelihood of OAC use. However, still

only 39% of patients at highest risk CHADS, scores of 3—-6 were taking OAC at the time of
stroke.
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Figure 2. Antithrombotic utilization across ischemic stroke patient subgroups
Patients with paroxysmal AF were less likely to be taking OAC compared to those with

persistent or permanent AF (21% vs. 43.5%, p<0.001). Patients who were 80 years of age
and older were less likely to be taking OAC compared to those younger than 80 years of age
(45.1% vs. 54.9%, p=0.034).
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