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Background and Purpose A substantial proportion of patients with atrial fibrillation (AF)
are not treated optimally; however, the inappropriateness of drug therapy has never been
evaluated before or after a stroke event. We investigated the adherence to guidelines for ther-
apy in AF patients hospitalized with acute ischemic stroke (AIS) before stroke onset and at
discharge, with the aim of identifying the factors associated with inappropriate therapy.

Methods AIS patients with AF hospitalized within 7 days of onset were identified from a
prospective nine-center stroke registry database. Two cohorts were defined: patients diag-
nosed with AF prior to the stroke event (admission cohort) and patients diagnosed with AF
at discharge from hospital (discharge cohort). Any of the following conditions were regarded
as nonadherence to guidelines in this study: use of anticoagulant or nonuse of antithrombot-
ics with CHADS2 score=0, nonuse of antithrombotics with CHADS2 score=1, or nonuse of
anticoagulant with CHADS?2 score =2.

Results Overall, 406 patients were enrolled in the admission cohort and 518 in the dis-
charge cohort. The rates of nonadherence before a stroke event and at discharge were 77.8%
and 33.3%, respectively. These rates varied widely for both cohorts, with interhospital differ-
ences being statistically significant. Multivariable analysis revealed that old age, stroke histo-
ry, and congestive heart failure were associated with nonadherence before stroke. At dis-
charge, males, coronary heart disease, inappropriate antithrombotic use before stroke, and
functional disability at discharge were associated with nonadherence.

Conclusions This study shows that antithrombotic use in AIS patients with AF might be not
optimal before and after stroke in Korea.

Key Words atrial fibrillation, drug utilization review, cerebral infarction, guideline adherence.

INTRODUCTION

The heterogeneity of stroke risk in patients with atrial fibrillation (AF) is well known, with
the stroke incidence reportedly ranging from 0.7% to 14.2% per year." A need for risk strati-
fication schemes resulted in the introduction of a point system in 2001 called the CHADS2
score. Because this system was simple to use and widely validated, most current clinical
practice guidelines recommend its application in determining the use of antithrombotics in
patients with AE*®

Despite the clear benefits of antithrombotic therapy for stroke prevention,® a substantial
proportion of patients with AF do not receive optimal treatment.” "> Recent studies per-
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formed at the national level found that nearly 40% of patients
with AF were on warfarin therapy when they experienced a
stroke."*" Furthermore, a nonnegligible proportion of patients
with AF are not treated optimally even after they experience
stroke. A national survey from Israel found that 39% of high-
risk AF patients were taking an anticoagulant when they pre-
sented with acute ischemic stroke, and 62% were discharged
with anticoagulant." However, despite the importance of the
CHADS? score in daily practice, no previous study has evalu-
ated the appropriate use of antithrombotics according to the
CHADS?2 score in AF patients who present with acute isch-
emic stroke in Korea. Taking advantage of a nationwide multi-
center stroke registry database in Korea,"” we aimed to describe
the inappropriateness of antithrombotic use in hospitalized
stroke patients with AF before and after stroke, and to eluci-
date factors associated with inappropriate pharmacological
therapy in these patients.

METHODS

Study subjects

A consecutive series of patients with ischemic stroke hospi-
talized at participating centers between April 2008 and March
2009 were identified in the prospective registry database of
the Clinical Research Center for Stroke-5" division (CRCS-
5)."” Nine stroke centers (including academic and regional
hospitals) belonging to the CRCS-5 participated in this study
(Supplementary Fig. 1 in the online-only Data Supplement).
The CRCS-5 registry began to collect data on the demo-
graphics, stroke characteristics, vascular risk factors, etiologi-
cal work-up, in-hospital management, and functional status
at discharge of hospitalized stroke cases in April 2008. Ap-
proval was obtained from the institutional review boards at
all participating centers for the collection of anonymized
clinical data without patients’ consent for the purpose of
monitoring and improving the quality of stroke care. We re-
ceived further approval for the collection of additional data
and the use of the registry database for this study.

Among the registered patients, those with a history of AF
or were newly diagnosed with AF were enrolled in this study.
Patients who had mitral stenosis, prosthetic cardiac valves, or
acute myocardial infarction within 4 weeks of stroke onset
were excluded.

We assessed the appropriateness of antithrombotic use
based on the CHAD?2 score at two time points: at stroke on-
set and at discharge. The assessment at stroke onset was per-
formed for patients who were diagnosed with AF prior to the
stroke event (admission cohort) and the assessment was com-
pleted at discharge for the admission cohort plus for those
patients who were newly diagnosed with AF after stroke on-
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set (discharge cohort). Patients who died during hospitaliza-
tion were included in the admission cohort but not the dis-
charge cohort.

CHADS?2 score and inappropriate use

of antithrombotic therapy

We defined nonadherence to reference guidelines as ‘inap-
propriateness. The inappropriateness of antithrombotic ther-
apy was defined based on the CHADS2 score.'* The CHADS2
scale is scored by assigning 1 point for congestive heart fail-
ure (CHF), hypertension, age >74 years, and diabetes melli-
tus (DM), and 2 points for a history of stroke or transient
ischemic attack. Information on these factors except CHF was
obtained directly from the registry database. CHF was de-
fined through an additional review of medical records as a
left-ventricle ejection fraction of <35% on echocardiogra-
phy’ or International Classification of Diseases-10 codes of
150.0 or 150.9 in the insurance claim database. We graded
CHADS?2 scores of 0, 1, and =2 as low, moderate, and high
risk, respectively.>'” The nonadherence to guidelines for anti-
thrombotic therapy was determined using the Clinical Prac-
tice Guidelines for Stroke from the Clinical Research Center
for Stroke as reference guidelines, because theses have been
widely used in Korea and are accredited by the Korean Stroke
Society and the Korean Neurological Association. According
to these guidelines, inappropriate treatment was defined as the
use of an oral anticoagulant (OAC) or nonuse of an antiplate-
let in the low-risk group, neither antiplatelet use nor OAC
therapy in the moderate-risk group, and nonuse of any OAC
in the high-risk group. Aspirin, clopidogrel, ticlopidine, tri-
flusal, and cilostazol were classified as antiplatelet drugs.

Statistical analysis

Continuous variables are presented as mean and standard
deviation or median (interquartile range) values, whereas
categorical variables are expressed as absolute values (per-
centages). The distributions of CHADS2 scores and the anti-
thrombotics used were analyzed in the admission and dis-
charge cohorts. The patient characteristics were compared
according to the inappropriateness of antithrombotic use in
the admission and discharge cohorts. The distributions of in-
appropriate use at stroke onset and at discharge were analyzed
according to the participating centers.

Multivariable logistic regression analysis identified the cor-
relates of inappropriate therapy use. Variables with p values
of <0.2 in bivariate analyses were selected for adjustment in
multivariable models. We used different models for analyzing
the admission and discharge cohorts. The modified Rankin
Scale (mRS) was used to assess prestroke disability for the
admission cohort models. Inappropriate drug use at stroke
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onset applied at the discharge cohort model. The National
Institutes of Health Stroke Scale score at admission was not
chosen as a covariate due to a possibility of multicollinearity
with the discharge mRS score. After the first round of multi-
variable analyses (model 1 for the admission cohort and
model 3 for the discharge cohort), hospital was added as a
variable to examine its effect on inappropriate therapy use
(models 2 and 4). Only variables showing p<0.05 in models 1
and 3 were selected as covariates in models 2 and 4, respec-
tively. The results of multivariable analysis were summarized
as odds ratios, 95% confidence intervals, and p values. For
these results, the reference category for hospital was selected
by the number of patients and inappropriate therapy use of
each hospital in each cohort. The global Wald test was used
for the overall association of the hospital with inappropriate
therapy use in each cohort.

All statistical analyses were performed using SPSS (version
19.0, SPSS Inc., Chicago, IL, USA). A two-sided p value of
<0.05 was used as the cutoff for statistical significance.

RESULTS

Over a 12-month period, 3,240 patients were hospitalized at
the participating centers for acute ischemic stroke; of these,
591 patients were diagnosed with AF and were eligible for in-
clusion in this study. Twenty-nine patients were excluded
from the study due to the presence of prosthetic cardiac
valves (n=3), mitral stenosis (n=22), or a recent myocardial
infarction event (n=4). Of the remaining 562 patients who
were enrolled for this study, 406 (72.2%) were known to have
AF prior to the stroke event and were analyzed as the admis-
sion cohort, while 518 (92.2%) were assigned to the discharge
cohort since 44 patients (7.8%) had died during the hospital-
ization period.

Exactly half of the patients had not received any antithrom-
botic drug therapy when they experienced a stroke despite

having a history of AF (Table 1). In this admission cohort,
21% (n=86) had taken OACs, but 90% of these patients were
receiving an anticoagulant at a subtherapeutic level [pro-
thrombin time international normalization ratio (INR) <2.0].
Inappropriate use of antithrombotic medications was found
in 87.5% of the low-risk group (CHADS2 score=0, n=32), in
63.7% of the moderate-risk group (CHADS?2 score=1, n=91),
and in 77.4% of the high-risk group (CHADS2 score =2,
n=283). We did not identify any correlation between higher
CHADS?2 score and greater likelihood of patients receiving
the appropriate antithrombotic drug (p=0.26, Mantel-Haenszel
chi-square test for trend) (Table 1). Of the patients with a
CHADS?2 score of 0, 28.1% were treated with OACs, while
only 22.5% of the patients with a CHADS2 score of 22 were
taking OACs. Overall, 6.7% of the admission cohort (n=27)
took both antiplatelet and OAC agents.

The patient characteristics did not differ significantly be-
tween appropriate and inappropriate users in the admission
cohort (Table 2).

Eighty-nine percent of patients with AF were discharged
on antithrombotic medication (Table 1), 67.4% on OACs,
and 39.0% on antiplatelet drugs. Ninety patients (17.4%)
were discharged on both antiplatelet therapy and OACs. The
CHADS?2 scores in the discharge cohort ranged from 2 to 6,
with those having a CHADS?2 score of 4 constituting the larg-
est proportion (39.8%), followed by CHADS?2 scores of 3, 5,
2, and 6 in 30.1%, 14.7%, 13.1%, and 2.3%, respectively. The
proportion of the discharge cohort with inappropriate use was
32.6%, and this increased with the CHADS2 score (p=0.01,
Mantel-Haenszel chi-square test for trend) (Table 1).

Comparisons of patient characteristics between the appro-
priate and inappropriate users in the discharge cohort re-
vealed that the inappropriate users were more likely to be
older, have DM, have a more severe stroke at presentation, be
receiving inappropriate therapy before the stroke, and be dis-
abled (mRS score=3-5) at discharge (Table 2).

Table 1. Distribution of CHADS2 scores and antithrombotic use in the admission and discharge cohorts

CHADS2 Admission cohort (n=406) Discharge cohort (n=518)

score Overall AP OAC Either U Overall AP OAC Either U
0 32 5(15.6) 9(28.1) 13 (40.6) 28 (87.5)
1 91 25 (27.5) 13 (14.3) 33(36.3) 58 (63.7)
2 16 38(32.8) 19 (16.4) 53 (45.7) 97 (83.6) 68 22 (32.4) 52 (76.5) 60 (88.2) 16 (23.5)
3 71 21(29.6) 16 (22.5) 35(49.3) 55 (77.5) 156 59 (37.8) 117 (75.0) 141(90.4) 39 (25.0)
4 70 41 (58.6) 17 (24.3) 48 (68.6) 53 (75.7) 206 86 (41.7) 123(59.7) 182(883) 83(40.3)
5 19 11 (57.9) 8 (42.1) 16 (84.2) 11 (57.9) 76 29(382) 49(645 67(882) 27(355)
6 7 3(42.9) 4(57.1) 5(71.4) 3(42.9) 12 6 (50.0) 8 (66.7) 11(91.7) 4(33.3)

Total 406 144 (35.5) 86 (21.2) 203 (50.0) 305 (75.1) 518  202(39.0) 349(67.4) 461(89.0) 169 (32.6)

Data are number of patients (%) values.
AP: antiplatelet, Either: AP orfand OAC, IU: inappropriate medication user, OAC: oral anticoagulant.
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The proportions of inappropriate use differed significantly
among the participating centers at stroke onset (p<0.01) and
at discharge (p=0.03), ranging from 52.4% to 100.0% in the ad-
mission cohort and from 22.2% to 46.9% in the discharge co-
hort (Fig. 1).

Multivariable analyses excluding the hospital variable (mod-
els 1 and 3) revealed that age was an independent predictor
of inappropriate medications at stroke onset, while age, smok-
ing, inappropriate medication at admission, and discharge
mRS score were independent predictors at discharge (Table
3). In the admission cohort, the statistical significance of age
in inappropriate medication use disappeared when the anal-
ysis was adjusted to include the hospital variable (model 2).
However, in the discharge cohort, the statistical significance
of all the variables (p<0.05) in model 3 remained significant
even after adding the hospital variable to the model (to pro-
duce model 4).

DISCUSSION

This study has shown that stroke prevention therapy might
not be optimal in AF patients, not only when patients experi-
ence a stroke but also when they are discharged from acute-
care hospitals in Korea.

The CHADS2 score was used for stratifying the stroke risk
of patients with AF, since it is advocated in several interna-
tional guidelines.>*® However, clinical practices generally do
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not appear to follow these guidelines. In a recent single-hos-
pital study from Australia, 71% of patients with AF were
aware of the presence of AF prior to the stroke event, and
only 31% of them were receiving OAC therapy when they
experienced the stroke." In a study from Italy, 78% of pa-
tients were diagnosed with AF before a stroke event, but only
22% were taking OACs and 37% had received no antithrom-
botic therapy when they experienced the stroke.'” Another
study targeting stroke patients with AF, who are ideal candi-
dates for warfarin, showed that only 40% were on warfarin
and 29% were on no antithrombotic medications.”® Our re-
sults are consistent with these findings. About 70% of our
patients with AF were diagnosed prior to the stroke event,
but the rate of optimal treatment was only 25% in these pa-
tients with known AF at the time of the stroke event. OAC
therapy was prescribed in <30% of patients at medium or
high risk as defined by CHADS?2 scores. Half of the patients
were not receiving any antithrombotic agent at the time of
stroke presentation in this study, which is higher than the
rates found in previous studies.”" This high proportion
might be at least partly attributable to many patients with con-
traindications to antithrombotic therapy for various reasons
(e.g., high bleeding risk, allergy, and recent surgery) not be-
ing excluded from this study.

At discharge, about 67% of the patients were taking an an-
ticoagulant at an appropriate level in this study. A single-hos-
pital-based study from Taiwan found that only 55% of stroke

Table 2. Patient characteristics according to the inappropriateness of antithrombotic use in the admission and discharge cohorts

Admission cohort

Discharge cohort

AU U p AU U p

Age, years 71.3£10.0 73.249.8 0.10 772.2410.2 74.7£10.5 0.01
Male 52 (51.5) 149 (48.9) 0.65 164 (47.0) 85 (50.3) 0.48
CHF 28 (27.7) 59 (19.3) 0.08 62(17.8) 33(19.5) 0.63
Hypertension 74 (73.3) 218 (71.5) 0.73 245 (70.2) 122 (72.2) 0.64
DM 21(20.8) 87 (28.5) 0.13 77 (22.1) 52 (30.8) 0.03
History of stroke/TIA 42 (41.6) 97 (31.8) 0.07 97 (27.8) 55 (32.5) 0.27
Ever smoked 25 (24.8) 78 (25.6) 0.87 80 (22.9) 51(30.2) 0.08
CHD 18(17.8) 45 (14.8) 0.46 53 (15.2) 35(20.7) 0.12
NIHSS score at admission 6(3-14) 12 (5-18) <0.01
IU at admission 258 (73.9) 153 (90.5) <001
Prestroke mRS score 0.06

Oto2 89 (88.1) 286 (93.8)

3to5s 12 (11.9) 19 (6.2)
Discharge mRS score <0.01

Oto?2 171 (49.0) 34 (20.1)

3toh 178 (51.0) 135(79.9)

Data are number (%), mean+SD, or median (interquartile range) values.

*p calculated using Pearson's chi-square test, Student's t-test, or the Mann-Whitney U test.
AU: appropriate medication user, CHD: coronary heart disease, CHF: congestive heart failure, DM: diabetes mellitus, IU: inappropriate medication user,
NIHSS: National Institutes of Health Stroke Scale, mRS: modified Rankin Scale, TIA: transient ischemic attack.
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patients with AF received warfarin at discharge,” and a hos-
pital-based study from Australia produced similar results."
Conversely, the rate of OAC therapy at discharge was report-
ed to be over 86% in the Adherence eValuation After Ischemic
stroke Longitudinal (AVAIL) registry of North America.”' Di-
rect comparisons of warfarin use between previous studies
are limited by the indications and contraindications for war-
farin differing among these studies. In the present study, 57
patients (11%) did not receive any antithrombotic agent at
discharge and 21% were on antiplatelet agents only. It might
be valid to assume that those discharged with no antithrom-
botic medications were also contraindicated for OAC therapy.

Conversely, 28% of those in the low-risk group at presenta-
tion were taking OACs in this study. Current guidelines rec-
ommend antiplatelet medications for this group.*® Half of
those in the low-risk groups in a single hospital-based study
from USA,” a prospective study from Geneva,” the Euro-
heart survey,* and a large Japanese registry study” received
warfarin. It has been claimed that the apparent overprescrib-
ing of OACs might be attributable to other indications such
as electrical cardioversion (ECV) or radiofrequency ablation
(RFA) not being taken into account.”* However, the present
study focused on the incidence of patients with AF present-
ing with acute ischemic stroke. The risk of stroke after ECV
or RFA is known to be low;”” and the proportion of patients
with ECV- or RFA-associated stroke was assumed to be ex-
tremely small in the present study. Therefore, most patients
in our low-risk group were taking inappropriate OACs at an
inadequate intensity when they experienced a stroke. The
reasons why they were taking OACs should be further inves-
tigated in a future study.

This study showed that the factors associated with inap-
propriateness of antithrombotic use differed between before
and after the stroke event. Inappropriate use at presentation
was associated with the hospital variable rather than with pa-
tient characteristics. Previous studies have noted that the fac-
tors affecting antithrombotic use were advanced age, gender,
and stroke history.'>*** At discharge, inappropriate use was
associated with advanced age, smoking, poor functional sta-
tus, and inappropriate use at presentation. One Taiwan study
found that warfarin use was related to age and stroke histo-
ry** OAC use was associated with OAC use prior to the stroke
event and age, and differed between countries in the Stroke
and Atrial Fibrillation Ensemble II reanalysis.”” However, re-
gion and hospital type were not associated with OAC use in
the AVAIL registry.”' The present study revealed a clear inter-
hospital variability of inappropriate use at presentation, which
might reflect regional variability (Fig. 1). This interhospital
variability decreased at discharge, for which there are several
possible explanations. First, inappropriate prescriptions might
have been corrected during hospitalization. Second, most of
the admitted stroke patients were managed by stroke neurol-
ogists during hospitalization in the participating centers of
this study, but the physicians who managed these patients pri-
or to the stroke event may not have had up-to-date informa-
tion on the guidelines for preventing stroke. Third, the treat-
ment before the stroke event might have been influenced more
by regional factors (e.g., urban vs. rural area, and socioeco-
nomic status).

Several limitations should be noted when interpreting the
results of this study. First, this study may have been affected
by the limitations that are common to retrospective studies,
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Fig. 1. Inappropriateness of antithrombotic use among participating centers in the admission and discharge cohorts.
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such as selection bias. Second, we did not obtain details of the
inappropriateness of medications, and so some of the patients
in the inappropriate group might have received the correct
medication, such as antiplatelet medication instead of OAC
in the high-risk group in cases of high bleeding risk, poor
functional status, or unavailable INR monitoring. Readers
should therefore exercise caution when interpreting the causes
of the inappropriateness. Third, the CHA2DS2-VASc is new
popular AF scheme that makes it clearer to decide the appro-
priate antithrombotic agent. However, we did not investigate
the appropriateness of treatment according to CHA2DS2-
VASc because adequate data were not available. Fourth, all of
the guidelines are not recommended equally. According to
antithrombotic therapy and the prevention of thrombosis in
the 9th edition from American College of Chest Physicians,*
the best medication in low-risk patients does not include an-
tithrombotic therapy. This indicates that using a different
guideline in our trial could have produced different results.
Lastly, because this study did not focus on the anticoagula-
tion status of the patient, but rather on the nonadherence to
guidelines for medication at hospital admission and at dis-
charge, not limiting the study to patients with AF might be a
better approach when exploring the real-world status.
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