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Aims

Methods
and results

Data on the optimal use of antithrombotic drugs and associated clinical outcomes in patients with atrial fibrillation (AF) and
acute ischaemic stroke (IS) are limited. We investigated the prescription patterns of antithrombotics in community practice
and long-term clinical prognosis according to early post-stroke antithrombotic therapy in patients with AF and acute IS.

Patients with AF who were admitted for acute IS at a single tertiary hospital in 2010-2020 were retrospectively reviewed.
Clinical profiles including the aetiology of stroke and prescription patterns of antithrombotics were identified. The net clin-
ical outcome (NCO)—the composite of recurrent stroke, any bleeding, hospitalization or emergency department visits for
cardiovascular (CV) events, and death—was compared according to the antithrombotic therapy at the first outpatient clinic
visit [oral anticoagulation (OAC) alone vs. antiplatelet (APT) alone vs. OAC/APT(s)] following discharge. A total of 918 pa-
tients with AF and acute IS (mean age, 72.6 years; male, 59.3%; mean CHA,DS,-VASc score 3.3) were analysed. One-third
(33.9%, n =310) of patients were simultaneously diagnosed with AF and IS. The most common aetiology of IS was cardi-
oembolism (71.2%), followed by undetermined aetiology (19.8%) and large artery atherosclerosis (6.0%). OAC, APT(s),
and concomitant OAC and APT(s) were prescribed in 33.4%, 11.1%, and 53.4% of patients during admission that changed
to 67.0%, 9.1%, and 21.7% at the first outpatient clinic, and were mostly continued up to one year after IS. Non-prescription
of OAC was observed in 11.3% of post-stroke patients with AF. During a median follow-up of 2.1 years, the overall incidence
rate of NCO per 100 patient-year (PY) was 20.14. APT(s) monotherapy presented the highest cumulative risk of NCO
(adjusted hazard ratio 1.47, 95% confidence interval 1.08-2.00, P =0.015; with reference to OAC monotherapy) mainly
driven by the highest rates of recurrent stroke and any bleeding. OAC/APT(s) combination therapy was associated with
a 1.62-fold significantly higher risk of recurrent stroke (P=0.040) and marginally higher risk of any bleeding than OAC
monotherapy.

Approximately one-third of acute IS in AF have a distinctive mechanism from cardioembolism. Although APT was frequently
prescribed in post-stroke patients with AF, no additive clinical benefit was observed. Adherence to OAC treatment is es-
sential to prevent further CV adverse events in patients with AF and IS.
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Keywords

What’s new?

® |n this observational cohort study of patients with atrial fibrillation
(AF) (n=918) who were admitted for an acute ischaemic stroke
(IS), 33.8% of patients were concurrently diagnosed with AF and IS.

® Among patients with AF and IS, 71.1% of IS had an aetiology as car-
dioembolism (CE), while remained 28.9% of IS was non-CE.

® Nearly one-third of patients with AF and IS utilized antithrombotic
therapy including antiplatelet (APT), either APT(s) alone or in com-
bination with oral anticoagulant (OAC).

® Compared to OAC monotherapy, patients with APT(s) monother-
apy from the early post-stroke period presented a 47% higher risk of
net clinical outcome, and patients with OAC/APT(s) combination
therapy was related to 62% significantly higher risk of recurrent
stroke and marginally higher risk of any bleeding than OAC
monotherapy.

Introduction

Atrial fibrillation (AF) contributes to 20-30% of ischaemic stroke (IS)
and is associated with five-fold increased risk of stroke."? Oral anticoa-
gulation (OAQ) is a pivotal drug for the primary and secondary preven-
tion of IS in patients with AF, but optimal antithrombotic strategies and
the timing of initiation largely depend on expert consensus.>™ Indeed,
combination with antiplatelet (APT) agents remains common in clinical
practice, and even APT(s) monotherapy, which is discouraged by guide-
lines, is prescribed in a substantial portion of patients with AF/

The gap between guideline recommendations and real-world clinical
practice might be partly explained by the possible coexistence of alter-
native stroke mechanisms in patients with AF, such as large artery ath-
erosclerosis (LAA) or small-vessel occlusion (SVO).2? Meanwhile, the
recent guidelines for secondary stroke prevention emphasize the
need to define the aetiology of IS to identify treatment targets.
Given that some patients with AF of acute IS often have vascular risk
factors that necessitate APT therapy,10 the optimal antithrombotic
drug regimen in these patients has been subject to debate.”
Concurrently, little information is known about the real-world clinical
practice of the prescription pattern of antithrombotics for patients

<Compared to OAC monotherapy>

with AF during acute IS, early post-stroke, and long-term maintenance
period, as well as the accompanying clinical outcomes.

In this study, we aimed to investigate (1) the detailed characteristics,
including the aetiology of stroke, (2) the antithrombotic therapy
treatment pattern, and (3) long-term clinical outcomes in patients
with AF and acute IS according to early post-stroke phase antithrombo-
tic therapy, especially by OAC alone vs. APT(s) alone vs. OAC/APT(s).

Methods

Ethics approval and consent to participate

The institutional review board at Seoul National University Hospital
(H-2105-165-1221) authorized this study. Written informed consent was
waived since all the information was anonymized and de-identified. This study
is reported according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guideline (see Supplementary material
online, Supplementary file 1).

Study design and population

This is a single-centre retrospective cohort study including hospitalized patients
who were admitted for IS or transient ischaemic attack (TIA) (hereafter, index
stroke) and subsequently underwent evaluation through brain magnetic reson-
ance imaging (MRI) at a tertiary referral hospital (Seoul National University
Hospital) from January 2010 to December 2020. Among them, only those
with a prior or concurrent diagnosis of AF were included. Patients were initially
identified based on the International Classification of Diseases (ICD)-10
codes—I63, 164, and G459 for index stroke and 148 for AF, which presented
82-97% positive predictive value (PPV) for IS/TIA and 98% PPV for AF"°—
from the electrical medical record. Individual cases were comprehensively eval-
uated by two cardiologists (H.-J.A. and S.-R.L.). Misclassified patients labelled as
having AF based on diagnostic code (preliminary diagnosis) but were later con-
firmed to have AF after the index admission period or those admitted for
other medical reasons such as seizure, neuropathy, or supportive care were
excluded during the thorough review process.

Covariates, information on index stroke, and

antithrombotic regimens

Demographic data, anthropometric measurements, comorbidities, labora-
tory examination results, medication history, and smoking/drinking status
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investigated at the index admission were retrospectively reviewed. We col-
lected echocardiographic data closest to the index stroke, with a maximum
range of six months before and after the occurrence of the index stroke.
The utilization of antithrombotic drugs at four distinct time points was as-
sessed: before admission for the index stroke, during the admission period,
at the first clinic visit following discharge from the index admission, and one
year after the occurrence of the index stroke.

We evaluated detailed information on AF, including type, date of diagno-
sis, and the chronological relationship with the index stroke (whether AF is
diagnosed precedingly or simultaneously). The aetiology of stroke was de-
termined based on the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification' by the agreement of neurologists who were pri-
marily responsible for the peri-stroke care as one of the five categories:
LAA, cardioembolism (CE), SVO, stroke of other determined aetiology
(OD), and stroke of undetermined aetiology (UD). We also explored the
concomitant presence of microbleeds or haemorrhagic transformation
on brain MRI, which was performed as an initial evaluation of the index
stroke.

The use of OAC, APT, and subtype of each drug category at four time
points was investigated. We assessed how the prescription pattern of an-
tithrombotic drugs changed at designated time intervals. Also, we evaluated
clinical factors associated with the exclusive use of OAC—which is recom-
mended for secondary stroke prevention in AF'>"®—at the first clinic visit
with the assumption that this treatment would be continued in the subse-
quent acute stroke period.

Study outcomes and follow-up

The primary outcome was the net clinical outcome (NCO), defined as the
composite of recurrent stroke, any bleeding, hospitalization or emer-
gency department (ED) visits for cardiovascular (CV) events, and death.
The secondary outcomes were the individual components of the primary
outcome. The outcomes were consecutively retrieved based on the med-
ical records of the healthcare utilization at the study centre or individuals’
self-report. The death records of the included patients were queried and
retrieved from the National Statistical Information Service. The occur-
rence of the outcomes was followed up from the date of index stroke
to 31 December 2021.

The risks of primary and secondary outcomes were compared according
to the antithrombotics regimen at the first clinic following discharge: OAC
alone vs. APT(s) alone vs. OAC/APT(s). The outcomes were also evaluated
according to OAC monotherapy and the others: Group A (OAC alone) vs.
Group B [APT(s) alone or OAC/APT(s)]. We defined the blanking period as
the duration between the discharge date and the first clinic period to evalu-
ate primary and secondary outcomes that occurred only after the first clinic
visit. To evaluate the primary and secondary outcomes according to the an-
tithrombotic drug regimen at the first clinic, we excluded patients lost to
follow-up after discharge and those who were not prescribed any antith-
rombotic drugs to reduce the potential confounding effect of underlying
medical conditions that precluded the use of antithrombotic medications.

Statistical analysis

Continuous variables are described as mean =+ standard deviation or me-
dian (interquartile range), and categorical variables are presented as num-
bers (%). Student’s t-test or Mann—Whitney test was performed to
compare any differences in variables between study groups for continuous
variables, and Pearson’s x* test or Fisher's exact test was applied for cat-
egorical variables as required. Clinical variables associated with an exclusive
OAC use at the first clinic were evaluated by a multivariable logistic regres-
sion model and presented as odds ratio (OR) with 95% confidence intervals
(Cls). The variables were chosen based on discrepancies in baseline clinical
features between Group A and Group B while also taking into account their
clinical significance. The risk of the primary and secondary outcomes
according to the antithrombotic drug regimen at the first clinic was esti-
mated using Cox proportional hazards regression models and reported
as hazard ratios (HRs) with 95% CI. Model 1 was unadjusted. Model 2
was adjusted for age and sex. Model 3 was adjusted by age, sex, hyperten-
sion, diabetes mellitus, stroke aetiology, and type of AF (paroxysmal AF vs.
non-paroxysmal AF), of which are clinically important variables to be con-
sidered to decide antithrombotic drug regimen after stroke in AF. The cu-
mulative risks of the primary and secondary outcomes stratified by the

antithrombotics regimen at the first clinic were visualized by the Kaplan—
Meier survival method with a log-rank test or the Breslow test.

Sensitivity and subgroup analyses

We performed sensitivity analysis on the risk of NCO according to antith-
rombotic drug regimen at the first clinic in two ways: (1) by adjusting all cov-
ariates that presented differences in the baseline characteristics between
groups (P<0.01) and (2) by excluding patients who admitted in
COVID-19 era (from January 2020 to December 2020).

Subgroup analyses were performed stratified by sex (male vs. female),
age (age < 75 years vs. >75 years), history of stroke (no vs. yes), aetiology
of stroke (non-CE vs. CE), and simultaneous diagnosis of AF and stroke (no
vs. yes) for the outcomes that demonstrated significant differences accord-
ing to the antithrombotic drug regimen at the first clinic (Group A vs. Group
B). All analyses were performed using Stata (version 17, StataCorp LLC,
College Station, TX, USA). A value of two-sided P < 0.05 was considered
statistically significant.

Results

Study population and baseline

characteristics

We identified 1173 patients admitted for IS or TIA with a prior history
of AF or simultaneous diagnosis of AF and had brain MRI for the initial
assessment between January 2010 and December 2020. Among them,
215 patients were excluded due to their preliminary diagnosis of AF,
which was confirmed later after the index admission period. We also
excluded 40 patients who were ascertained to be admitted for non-
stroke medical reasons, and diagnostic code of IS or TIA was registered
based on the past medical history (seizure, n = 8; encephalopathy or
peripheral neuropathy, n = 5; supportive care, n = 4; dizziness or head-
ache, n =4; and others, n = 17). Finally, 918 patients with index stroke
events with confirmation of brain MRI and previous/simultaneous diag-
nosis of AF upon admission were included for the analysis of clinical
characteristics of patients with AF and stroke. Among them, patients
lost to follow-up after discharge (n=116) and those who were not
prescribed any antithrombotic drugs (n=18) were excluded.
Ultimately, 784 patients with AF and stroke were analysed for the
evaluation of clinical outcomes according to antithrombotic drug regi-
men at the first clinic following discharge (Figure 1).

The baseline characteristics of the total population are described in
Table 1. The mean age was 72.6 + 10.0 years, and 59.3% (n = 544) were
male. The most common comorbidities were hypertension (64.1%) and
diabetes mellitus (28.3%). Approximately one-fifth (21.6%) of the par-
ticipants had a prior history of stroke. The pre-stroke mean
CHA,DS,-VASc score was 3.3 + 1.7 and HAS-BLED score was 2.5 +
1.1. The left atrium of the overall population was dilated with a mean
anteroposterior diameter of 50.1 + 8.6 mm.

Half of the included patients had paroxysmal AF (50.7%). Of total in-
dex stroke cases, 33.8% (n = 310) were simultaneously diagnosed with
AF. The median time from AF diagnosis to index stroke was 110.0
(0.0-1036.0) days. With respect to the aetiology of stroke, the most
frequent cause was CE (71.1%), followed by UD (19.8%; 58 of 182 pa-
tients are suspected to have both CE and LAA) and LAA (6.0%). On
brain MRI, 38.4% (n=334) of patients presented concurrent micro-
bleeds or haemorrhagic transformation. The median duration of admis-
sion was 8.0 (5.0-16.0) days, and the median time from discharge to the
first clinic visit was 20.0 (14.0-27.0) days.

Peri-stroke prescription pattern of

antithrombotics

The prescription pattern of antithrombotic drugs at four distinct time
points is summarized in Figure 2. Prior to the occurrence of the index
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1173 Patients admitted due to IS or TIA (163, 164, G459) and history of AF
diagnosis record (148) at tertiary referral hospital in 2010—2020 and have
brain imaging (MRI) for the evaluation of IS or TIA during index admission.

8 Seizure

A 4

215 Patients diagnosed with AF after the index admission of IS or TIA
40 Patients not admitted for IS or TIA but for other medical reasons
(admission diagnostic code of IS or TIA was enrolled based on prior medical records)

5 Peripheral neuropathy or encephalopathy

4 Supportive care for general medical condition

4 Dizziness or headache

2 INR prolongation

17 etc. (i.e., DC cardioversion for AF, cognitive decline, or pneumonia)

A 4

918 Patients admitted for IS or TIA with confirmation of brain imaging
(MRI) and had AF or newly diagnosed as AF at the time of admission

- 116 Patients lost to follow-up after discharge
"| 18 Patients not prescribed any antithrombotic drugs

y

784 AF Patients who admitted for IS or TIA and followed up at the first
outpatient clinic after discharge and prescribed any antithrombotic drugs

Figure 1 Inclusion of study population. AF, atrial fibrillation; DC, direct current; IS, ischaemic stroke; MRI, magnetic resonance imaging; TIA, transient

ischaemic attack.

stroke event, 41.1% of the patients were not utilizing OAC or APT.
Nearly half of the patients were on either OAC alone or APT(s) alone
[OAC alone, 24.2%; APT(s) alone, 30.2%]. Those who are on both
OAC and APT(s) were 4.6%.

During the admission period of index stroke, 97.9% of the patients re-
ceived a prescription for either OAC or APT(s). Among these, 53.4% of
patients for both OAC and APT(s), while 33.4% were prescribed OAC
exclusively. With regard to the change of prescription pattern during ad-
mission, 59.5% (n = 546) patients newly initiated OAC, whereas 19.6%
(n=180) continued previous OAC regimen and 7.7% (n = 71) switched
to the other type of OAC from that used before the index stroke (see
Supplementary material online, Table S17). For APT, 38.7% (n = 355) of
patients newly initiated APT during admission and 12.9% of patients
maintained prior APT regimen.

At the first clinic visit after discharge, 87.4% (n = 802) of the patients’
data were available. Among these, 88.7% (n=711) patients were pre-
scribed OAC, and 30.8% (n=247) were taking APT(s); and 21.7%
(n=174) patients were on both OAC and APT(s). The majority of the
patients (80.0%) continued OAC prescribed during admission, and ap-
proximately one-third (28.8%) discontinued APT, which was prescribed
during admission (see Supplementary material online, Table ST).

One year after the index stroke, data for 69.9% (n = 642) of the total
population were accessible. The distribution of the antithrombotics
regimen was similar to that of the first clinic after discharge; 68.8%
maintained OAC alone, 20.7% used both OAC and APT(s), and 7.6%
are prescribed APT(s) alone.

OAC monotherapy at the first clinic and

the related clinical factors

Overall, among the patients with available antithrombotics data at the
first clinic, 537 (68.5%) patients were taking OAC alone regimen, 73
(9.3%) were on APT(s) alone, and 174 (22.2%) were on OAC/
APT(s) (OAC with single APT, n=165; OAC with dual APTs, n=9).
The comparison of baseline characteristics among patients with OAC
alone vs. APT(s) alone vs. OAC/APT(s) at the first clinic following dis-
charge is described in Table 1. The comparison between Groups A and
B is described in Supplementary material online, Table S2. Patients with
OAC alone had the largest mean left atrial diameter (49.9 +7.8 mm,
P =0.002) and the greatest proportion of simultaneous diagnosis of
AF and stroke (38.2%, P = 0.020). CE was the major aetiology of stroke
in patients with OAC alone (82.5%) with a significantly higher pro-
portion than APT(s) alone (42.5%) and OAC/APT(s) (50.6%) group
(P < 0.001). Meanwhile, patients with APT(s) alone were the oldest
(75.2 +10.8 years, P=0.002) with the highest CHA,DS,-VASc score
(3.7+17, P<0.001) and HAS-BLED score (2.8+1.0, P=0.004).
Those with OAC/APT (s) combination therapy had the highest propor-
tion of vascular disease (36.8%, P < 0.001) among the groups.

On multivariable logistic regression model (Table 2), clinical factors
associated with the prescription of OAC alone were larger left atrial
size [OR (95% CI), 1.026 (1.002-1.051); P <0.001], simultaneous
diagnosis of AF and the index stroke [OR (95% ClI), 1.631 (1.115-
2.386); P=0.012], and CE as an aetiology of stroke [OR (95% Cl),
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Table 1 Baseline characteristics of the study population

Total

Antithrombotic drug regimen at the first clinic visit after

discharge from the index admission®

APT(s) alone©
N =173 (9.3%)

OAC alone®

N =537 (67.0%)

OAC/APT(s)?
N =174 (22.2%)

P-value

Age
Male
Body mass index (kg/m?)
Comorbidities
Hypertension
Diabetes mellitus
Congestive heart failure
Stroke/TIA/TE
Vascular disease
Ischaemic heart disease
Peripheral artery disease, aortic
plaque
Both
Dyslipidaemia
Valvular heart disease
CHA,DS,-VASc score
HAS-BLED score
Smoking
Never smoker
Ex-smoker
Current smoker
Current drinking
Medications
ACEi/ARB
Beta blockers
Calcium channel blockers
Diuretics
Statin
Laboratory values
White blood cell (10°/uL)
Haemoglobin (g/dL)
Haematocrit (%)
BUN (mg/dL)
Creatinine (mg/dL)
eGFR (mL/min/1.73 m2)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
Echocardiographic parameters
LVEF (%)
LAD (mm)
E/E

726 +100
544 (59.3%)
240433

588 (64.1%)
260 (28.3%)
78 (8.5%)
198 (21.6%)
162 (17.6%)
135 (14.7%)
18 (2.0%)

9 (1.0%)

188 (20.5%)

120 (13.1%)
33+17
25+11

584 (63.6%)
242 (26.4%)
91 (9.9%)
282 (30.8%)

241 (26.3%)
267 (29.1%)
179 (19.5%)
121 (13.2%)
215 (23.5%)

79+29
134 +21
402+56
186 +9.2
1109
714 +24.0
159.9 + 384
95.6 +44.5
479 +13.8
97.1+335

575+88
50.1+86
158 +13.5

713£99
321 (59.8%)
240433

333 (62.0%)
137 (25.5%)
46 (8.6%)
106 (19.7%)
62 (11.5%)
54 (10.1%)
7 (1.3%)

1 (0.2%)

108 (20.1%)

68 (12.7%)
31+16
24411

327 (60.9%)
146 (27.2%)
64 (11.9%)
178 (33.1%)

135 (25.1%)
148 (27.6%)
98 (18.2%)
66 (12.3%)
111 (20.7%)

78+26
13.6 +£2.0
40.6 +54
18.1+86
1107
73.0+234
159.9 +£36.5
95.7 +44.3
48.0+14.0
97.3+31.2

580+82
499+78
159 +15.7

752+108
44 (60.3%)
232432

52 (71.2%)
23 (31.5%)
7 (9.6%)
14 (19.2%)
4 (329%)
1 (28.8%)
1 (1.4%)

2 (27%)
16 (21.9%)
3 (4.1%)
3717
28+10

46 (63.0%)
21 (28.8%)
6 (8.2%)
19 (26.0%)

25 (34.2%)
29 (39.7%)
19 (26.0%)
9 (12.3%)
18 (24.7%)

77+27
134+20
399+54
20.8+10.0
14+18
67.7 +£265
165.0 +31.5
974 +359
478130
99.6 +29.3

582+9.1
464+74
158 +14.3

729+86
110 (63.2%)
24.6+34

117 (67.2%)
57 (32.8%)
16 (9.2%)
36 (20.7%)
64 (36.8%)
52 (29.9%)
7 (4.0%)

5 (2.9%)
46 (26.4%)
26 (14.9%)

36+17

26+1.1

111 (63.8%)
51 (29.3%)
12 (6.9%)
56 (32.2%)

48 (27.6%)
55 (31.6%)

5 (20.1%)
19 (10.9%)
56 (32.2%)

78+28
13.6+19
40.6 +55
178+74
11+07
708 +23.6
159.3 +40.1
102.0 + 48.9
48.0+134
96.2+37.0

56.7+9.9
49.6+6.6
144+ 69

0.191
0.132
0.940
0.952
<0.001

0.207
0.502
<0.001
0.004
0.410

0.472

0.244
0.082
0.276
0.885
0.008

0.951
0.691
0.532
0.029
0.015
0.177
0.531
0.311
0.990
0.763

0.212
0.002
0.509

Continued
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Table 1 Continued
Total Antithrombotic drug regimen at the first clinic visit after P-value
discharge from the index admission®
OAC alone® APT(s) alone® OAC/APT(s)?
N=918 N =537 (67.0%) N =73 (9.3%) N =174 (22.2%)
AF information
Type 0.255
Paroxysmal AF 465 (50.7%) 290 (54.0%) 46 (63.0%) 89 (51.1%)
Non-paroxysmal AF 403 (43.9%) 231 (43.0%) 24 (32.8%) 82 (47.1%)
Family history of AF 9 (1.0%) 6 (1.1%) 0 (0.0%) 2 (1.1%) 0.656
CIED 40 (4.5%) 25 (4.7%) 2 (2.7%) 6 (3.4%) 0.638
Stroke information
Simultaneous diagnosis of AF and 310 (33.8%) 205 (38.2%) 21 (28.8%) 48 (27.6%) 0.020
stroke
Time from AF diagnosis to incident 110.0 (0.0-1036.0) 27.5 (0.0-831.0) 360.0 (0.0-1043.0) 367.0 (0.0-1326.0) 0.083
stroke (days)
Aetiology of stroke (TOAST <0.001
classification)
LAA 55 (6.0%) 6 (1.1%) 17 (23.3%) 27 (15.5%)
CE 653 (71.1%) 443 (82.5%) 31 (42.5%) 88 (50.6%)
SVO 23 (2.5%) 5 (0.9%) 3 (4.1%) 13 (7.5%)
oD 5 (0.5%) 1(0.2%) 0 (0.0%) 2 (1.1%)
ub 182 (19.8%) 82 (15.3%) 22 (30.1%) 44 (25.3%)
Microbleeds or haemorrhagic 334 (38.4%) 192 (37.6%) 26 (35.6%) 69 (39.7%) 0.574
transformation on brain MRI
Duration of admission (days) 8.0 (5.0-16.0) 13.9+201 10.9 +£10.1 125+14.5 0.341
Time from discharge to the first visit 20.0 (14.0-27.0) 20.0 (13.0-27.0) 22,0 (17.0-27.0) 20.0 (14.0-27.0) 0.859

(days)

Percentages may not total 100.0 because of rounding.
ACEi, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; APT, antiplatelet; ARB, angiotensin Il receptor blockers; BUN, blood urea nitrogen; CE, cardioembolism; CIED,
cardiac implantable electronic device; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LAA, large artery atherosclerosis; LAD, left atrial diameter; LDL,
low-density lipoprotein; LVEF, left ventricular ejection fraction; OAC, oral anticoagulant; OD, other determined aetiology; SVO, small-vessel occlusion; TE, thromboembolism; TIA,
transient ischaemic attack; UD, undetermined aetiology.
?Patients who have available data at the first clinic visit following discharge from the index admission. Those who were not prescribed any antithrombotics at the first clinic were excluded
to reduce the potential confounding effect of underlying medical conditions that precluded the use of antithrombotic medications. The sum is not equal to the number of total population
due to the exclusion of patients not prescribed antithrombotics and those lost to follow-up.

PWarfarin, n = 248 (46.2%); apixaban, n = 129 (24.0%); dabigatran, n = 63 (11.7%); rivaroxaban, n = 67 (12.5%); edoxaban, n = 30 (5.6%).
“Aspirin, n =20 (27.4%); clopidogrel, n =9 (12.3%); others, n = 6 (8.2%); dual APTs, n =38 (52.1%).
9[Warfarin, n =89 (51.2%); apixaban, n =40 (23.0%); dabigatran, n =21 (12.1%); rivaroxaban, n =15 (8.6%); edoxaban, n=9 (5.2%)], [aspirin, n = 105 (60.3%); clopidogrel, n = 44

(25.3%); others, n =16 (9.2%); dual APTs, n=9 (5.2%)].

4.249 (2.954-6.111); P < 0.001]. Patients with pre-existing vascular dis-
ease were less likely to receive OAC alone; they were more commonly
prescribed either exclusive APT(s) or a combination of APT alongside
OAC [OR (95% Cl), 0.238 (0.152-0.373); P < 0.001].

Primary and secondary outcomes

Among those with available prescription information at the first clinic
following discharge from the index stroke (n = 784), there were 490
events of NCO, 98 events of recurrent stroke, 127 events of any bleed-
ing, 314 events of hospitalization or ED visits for CV events, and 264
deaths during a median follow-up of 2.1 (0.7-4.9) years. The overall in-
cidence rate per 100 patient-year (PY) was 20.1 for NCO; 3.4 for re-
current stroke; 4.6 for any bleeding; 14.0 for hospitalization or ED
visits for CV events; and 6.9 for death.

The cumulative risk of the primary outcome, NCO, according to the
antithrombotic therapy regimen at the first clinic after discharge from
the index stroke [OAC alone vs. APT(s) alone vs. OAC/APT(s)] are
presented in Figure 3 and Supplementary material online, Table S3. At
7.0 years from the occurrence of index stroke, compared to OAC
alone, APT(s) alone showed a significantly higher risk of NCO (adjusted
HR 1.471, 95% Cl 1.079-2.004, P =0.015). The combination of OAC
and APT(s) showed comparable risk of NCO with OAC alone
(adjusted HR 1.155, 95% ClI 0.927-1.440, P = 0.198). When comparing
between Group A and Group B, the risk of NCO in Group B was sig-
nificantly higher than in Group A: adjusted HR (95% ClI), 1.234 (1.014—
1.500), P=10.036 [i.e. adjusted HR of Group A compared to Group B
was 0.811 (0.666-0.986)] (see Supplementary material online,
Table S4 and Supplementary material online, Figure S1).
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mNone mOAC alone mAPT(s) alone m OAC+APT(s)

100.0

80.0

60.0

40.0

Percentage (%)

20.0

Pre-stroke Stroke The first clinic One year
admission after discharge after stroke
n =918 n=918 n = 802 n =642
OAC+APT(S) 42 (4.6%) 490 (53.4%) 174 (21.7%) 133 (20.7%)
APT(s) alone 277 (30.2%) 102 (11.1%) 73 (9.1%) 49 (7.6%)
OAC alone 222 (24.2%) 307 (33.4%) 537 (67.0%) 442 (68.8%)
None 377 (41.1%) 19 (2.1%) 18 (2.2%) 18 (2.8%)

Figure 2 Peri-stroke prescription pattern of antithrombotics. OAC, oral anticoagulant; APT, antiplatelet. Percentages may not total 100.0 because of

rounding.

For secondary outcomes, OAC/APT (s) combination therapy was as-
sociated with a higher risk of recurrent stroke (adjusted HR 1.620, 95%
Cl 1.021-2.569, P =0.040) and marginally higher risk of any bleeding
(adjusted HR 1.491, 95% Cl 0.989-2.250, P =0.057) than OAC alone
(Figure 4 and Supplementary material online, Table S3). Comparisons
of Groups A and B are presented in Supplementary material online,
Table S4 and Supplementary material online, Figure S1. Group B has a
1.667-hold higher risk of recurrent stroke and 1.499-fold higher risk
of any bleeding than Group A (both P < 0.05). Group B also presented
a marginally higher risk of hospitalization or ED visits for CV events and
all-cause death.

Sensitivity analyses

The lowest risk of NCO in patients with OAC alone was maintained
after adjusting all covariates selected based on the inter-group differ-
ences (P < 0.05) (see Supplementary material online, Table S5) and ex-
cluding patients who were admitted in the COVID-19 era (see
Supplementary material online, Table S6).

Subgroup analyses

Subgroup analyses were performed for the outcomes presenting sig-
nificant differences (NCO, recurrent stroke, and any bleeding) accord-
ing to the antithrombotic therapy regimen prescribed at the first clinic
(Group A vs. Group B). For NCO, male patients of Group B presented
amore accentuated higher risk than females (P-for-interaction = 0.039)
(see Supplementary material online, Figure S2A). The higher risk of re-
current stroke and any bleeding in Group B than in Group A was
also consistent across the subgroups (see Supplementary material
online, Figure S2B and C). Although there were no significant

interactions, patients of male, age under 75 years, with a prior history
of stroke, with CE as a stroke aetiology, and simultaneous diagnosis
of AF and stroke presented numerically higher risk increment of recur-
rent stroke in Group B than Group A.

Discussion

In this retrospective cohort of patients with AF who were admitted for
an acute IS, our major findings can be summarized as follows: (1) among
total, 33.8% of patients were concurrently diagnosed with AF and IS; (2)
71.1% of IS was CE, while remained 28.9% of IS was non-CE; (3) nearly
two-thirds of patients with AF continued OAC monotherapy and
one-third utilized antithrombotic therapy including APT, either
APT(s) alone or combination of OAC and APT(s) for secondary pre-
vention after index stroke; and (4) compared to OAC monotherapy,
patients with APT(s) monotherapy from the early post-stroke period
presented a 47% higher risk of NCO, and patients with OAC/APT(s)
combination therapy was related to 62% significantly higher risk of re-
current stroke and marginally higher risk of any bleeding than OAC
monotherapy by 49%.

Our study provides detailed clinical features of patients with preva-
lent or newly diagnosed AF who experienced acute IS and suggests an
opportunity to assess community practice on antithrombotic strategies
for secondary stroke prevention in AF. The 18.9% lower risk of NCO in
the OAC monotherapy group than the others reverberates the im-
portance of guideline-adherent antithrombotic therapy irrespective
of comorbidities or the aetiology of index stroke.""”

Our cohort of patients with AF and IS includes in-depth descriptions
of clinical situations. An intriguing observation is that approximately
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Table 2 Clinical factors associated with the exclusive oral anticoagulation use at the first clinic
Clinical factors Univariable Muiltivariable
OR (95% CI) P-value OR (95% CI) P-value
Age® 0.778 (0.662-0.916) 0.003 0.830 (0.657-1.048) 0.118
Hypertension 0.753 (0.547-1.037) 0.083 0.856 (0.562-1.304) 0.469
Diabetes mellitus 0.715 (0.514-0.994) 0.046 0.771 (0.499-1.190) 0.240
Vascular disease 0.236 (0.163-0.342) <0.001 0.238 (0.152-0.373) <0.001
CHA;DS,-VASc score 0.827 (0.754-0.906) <0.001 1.083 (0.916-1.280) 0.353
LAD 1.021 (1.000-1.042) 0.045 1.026 (1.002-1.051) 0.035
Simultaneous diagnosis of AF and stroke 1.593 (1.147-2.211) 0.005 1.631 (1.115-2.386) 0.012
CE as an aetiology of stroke 5.069 (3.628-7.082) <0.001 4.249 (2.954-6.111) <0.001

AF, atrial fibrillation; CE, cardioembolism; Cl, confidence interval; LAD, left atrial diameter; OR, odds ratio.

For 10-year increase.

Net clinical outcome

Group Adjusted HR P Log-
(95% ClI) rank P
1.00
OAC alone 1 (Reference) -
APT(s) alone 1.471 (1.079-2.004) 0.015 0.010
_ 0757 OAC/APT(s) 1.155 (0.927-1.440) 0.176
g
b
>
(%]
) 0.50
g
o 32.8%
W 0.25 20.9%
20.3%
0 Log-rank P = 0.005
T T T T T
0 365 1095 1825 2555
Days from index stroke
Number at risk
OAC alone 537 384 227 140 64
APT(s) alone 73 45 13 6
OAC/APT(s) 174 120 35 18
—— OAC alone —— APT(s) alone —— OAC/APT(s)

Figure 3 Cumulative risks of net clinical outcome in atrial fibrillation after discharge from the index stroke stratified by antithrombotics therapy at the
first clinic visit. HR, hazard ratio; OAC, oral anticoagulant; APT, antiplatelet. Hazard ratios were adjusted by age, sex, hypertension, diabetes mellitus,
stroke aetiology, and type of AF (paroxysmal AF vs. non-paroxysmal AF). ¥Bonferroni’s corrected P-values.

one-third of patients with AF who were admitted for IS were newly di-
agnosed with AF during the hospitalization for stroke. In accordance
with previous reports of hospital-based and nationwide cohort data
that 18.0-29.0% of patients with AF-related stroke occurred without
a pre-stroke AF diagnosis,'®'®'? such a sizable portion would suggest
the potential advantage of AF screening, which could be coupled with
OAC prescription thereby stroke prevention. Moreover, we noted

that a considerable proportion of strokes have non-CE aetiology
even in patients with AF, and this is consistent with the prior report
that non-atrial aetiology has been estimated at 40.0% of strokes in
AF20-23 Although it remains speculative and lacks a reliably established
method to determine stroke mechanism,?’ the significant prevalence of
non-CE stroke in AF indicates that the risk of stroke in AF cannot be
fully explained by atrial myopathy and rhythm disturbance associated
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Lﬁ 0.25 OAC alone 1 (Reference)

APT(s) alone 1.821 (0.915-3.621) 0.088 0.311
0 ] _OACIAPT(s) 1620 (1.021-2.569) 0.40 0065 | og-rank P = 0.037
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T T

0 365 1095

1825 2555 1825 2555
Days from index stroke Days from index stroke
Number at risk Number at risk
OAC alone 537 428 274 180 95 OAC alone 537 416 257 165 93
APT(s) alone 73 45 25 17 10 APT(s) alone 73 43 24 18 8
OAC/APT(s) 174 140 77 48 22 OAC/APT(s) 174 133 73 45 25
—— OAC alone APT(s) alone OAC/APT(s)
C Hospitalization or ED visits for CV events D All-cause death
1.00 A 1.00 A
T 0.75 1 g 0.75 A
e 2 66.4%
E ? 54.2%
8 0501 Adjusted HR 46.6% ¢ 0501 Adjusted HR Log 54.4%
= ljuste = -
I Group (95% Ci) gzggﬁ; = Group (95% Cl) P rank P
:>j 0.25 4 OAC alone 1 (Reference) L% 0.25 1 OAC alone 1 (Reference)
APT(s) alone 1.460 (0.975-2.186) 0.066 0.216 APT(s) alone 1.431 (0.950-2.158) 0.087  0.020
0| OACIAPT(s) 1208 (0.926-1576) 0163 0246 | 54 rank P = 0.066 0 |__OACIAPT(s) 1.151(0.844-1570) 0.373 0.187 | og-rank P = 0.012
0 365 1095 1825 2555 0 365 1095 1825 2555
Days from index stroke Days from index stroke
Number at risk Number at risk
OAC alone 537 359 206 128 62 OAC alone 537 494 362 244 146
APT(s) alone 73 37 16 9 4 APT(s) alone 73 59 42 33 23
OAC/APT(s) 174 116 60 34 15 OAC/APT(s) 174 158 105 68 41

Figure 4 Cumulative risks of (A) recurrent stroke, (B) any bleeding, (C) hospitalization or emergency department visits for cardiovascular events, and
(D) death in atrial fibrillation after discharge from the index stroke stratified by antithrombotics at the first clinic visit. HR, hazard ratio; OAC, oral anti-
coagulant; APT, antiplatelet. Hazard ratios were adjusted by age, sex, hypertension, diabetes mellitus, stroke aetiology, and type of AF (paroxysmal AF

vs. non-paroxysmal AF). *Bonferroni's corrected P-values.

with AF.2* This suggests that stroke risks in AF could be mitigated with
alternative antithrombotic therapies based on stroke subtypes, creating
opportunities for varying antithrombotic options to be considered by
both neurologists and cardiologists.

Using the contemporary hospital-based data, we demonstrated the
temporal prescription pattern of antithrombotic drugs in patients
with AF and stroke. The antithrombotic drugs at the first clinic visit fol-
lowing discharge from stroke admission were likely to be continued up
to one year after the index stroke. The associated clinical factors re-
lated to OAC monotherapy were a larger left atrium, simultaneous
diagnosis of AF and stroke, and an identified stroke aetiology concluded
as CE, which indicates a stronger causal link between AF and stroke.'®
The presence of vascular disease was related to less use of OAC mono-
therapy, namely, additive APT use or APT monotherapy, which aligns
with the current preference for APT use in patients with multiple vas-
cular risk factors such as coronary artery disease.'%>>%¢

In addition, we noted that an appreciable portion of patients (11.3%)
were not prescribed OAC, despite OAC being a standard of care to
prevent stroke in patients with AF815% The underuse of OAC in

patients with AF has also been documented in both Europe and the
USA. 230 Also, a retrospective Danish cohort reported that 37.5%
of patients with AF and stroke did not receive OAC following stroke.’’
Non-prescription of OAC on discharge from stroke in patients with AF,
which is contrary to the guideline, has also been reported in a Canadian
prospective cohort study.>®> Our data echo the under-utilization of
OACs in community practice, indicating the necessity to improve phys-
ician adherence to clinical guidelines. At the same time, it also indicates
that guidelines may not fully address all clinical ambiguities and uncertain-
ties involved in determining the optimal antithrombotic treatment in pa-
tients with AF and stroke, consequently leading to an area to decide OAC
usage on physicians’ own discretion.

Several studies examined the association between post-stroke an-
tithrombotic drugs and long-term clinical outcomes.>™* Not only
the recurrent stroke risk, we investigated any recorded bleeding event,
hospitalization or ED visits for CV events, and all-cause death. The com-
posite of defined events, NCO, was 18.1% lower in the OAC mono-
therapy group, which was primarily driven by a significantly lower risk
of recurrent stroke and marginally lower risks of any bleeding and
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hospitalization or ED visits for CV events. Similar findings have been
supported by prior studies of Danish nationwide registries; post-stroke
OAC therapy (with or without APT) was related to 19% lower risk of
recurrent thromboembolic events without significant difference in
bleeding complications than no antithrombotic  therapy.’’
Korean-linked data of patients with IS due to AF and LAA concluded
that OAC monotherapy is associated with lower risks of composite
outcome (recurrent IS, intracranial haemorrhage, myocardial infarction,
and all-cause death) than APT(s) monotherapy or OAC/APT(s) com-
bination regimes.>> Although the included patients and comparative
groupings of antithrombotic therapy is slightly different among studies,
it is consistently demonstrated that a combination of OAC and APT(s) is
associated with a higher risk of bleeding complications and has limited evi-
dence to support risk reductions in composite clinical outcomes.”*7

In our analysis of distinct antithrombotic drug groups, we noted that
the lower risks of primary and secondary outcomes in OAC monother-
apy group [i.e. higher risks in APT(s) mono- or combination group]
were mainly attributed to higher occurrence of outcomes in APT(s)
monotherapy group. It can be interpreted that OAC, whether pre-
scribed as standalone treatment or in combination with APT(s), has
an essential role in secondary prevention in patients with AF and IS.
Interestingly, we should appreciate that OAC/APT(s) combination
therapy presents a higher risk of recurrent stroke than OAC mono-
therapy, which might originate from the comorbidities necessitating
concurrent APT(s) therapy, also accompanies a higher tendency of
any bleeding requiring appropriate patient selection to decide combin-
ation therapy.

On the other hand, the comparison of overall clinical benefits be-
tween OAC monotherapy and OAC/APT(s) combination therapy
seems inconclusive as evidenced by the accompanying event survival
curves. The ADD-ON (ClinicalTrials.gov ID: NCT04010955) is an on-
going multicentre registry-based study investigating the effectiveness
and safety of additional APT to edoxaban in patients with AF-acute IS
and significant atherosclerosis. The additive role of APT to standalone
OAC therapy in patients with AF and IS has been specified in cases of
comorbid atherosclerosis,**3® which emphasizes the necessity of
tailored antithrombotic therapy strategy in patients with AF and
acute IS.

Our subgroup analysis results—the lower risk of NCO, recurrent
stroke, and any bleeding in the OAC monotherapy group irrespective
of stroke aetiology—is in line with the current guideline that the
combination of APT(s) and anticoagulation is typically not indicated
for secondary stroke prevention with very few exceptions.”
Nonetheless, as the benefit of lower risk in NCO, recurrent stroke,
and any bleeding was numerically greater in AF with stroke of CE aeti-
ology, it is still important to define stroke subtype whenever possible

and identify individualized treatment target as emphasized in guide-
lines.*3840

Limitations

Our study has several limitations. First, we might underdetect the AF-IS
patients during the identification of the study population using ICD-10
codes as it is established for administrative databases rather than re-
search purposes, thus may not accurately represent the final diagnosis.
Also, there might be a selection bias in the study population as the ana-
lysis was performed from a retrospective observational cohort of a sin-
gle tertiary referral centre. The peri-stroke and long-term maintenance
antithrombotic drug regimen in patients with AF would require repre-
sentativeness through further multicentre cohort investigation.
Secondly, the subsequent decrement of evaluable patients, potential
change in the antithrombotic drug regimen during follow-up, and lack
of information on the compliance of antithrombotic drugs might all
introduce bias in the association between the antithrombotics regimen
and the clinical outcomes. Thirdly, unmeasured confounding may

remain, and a causal relationship between antithrombotic drugs at
the first clinic and clinical outcomes cannot be answered.
Nonetheless, our study demonstrates the practical implication of an-
tithrombotic drugs for secondary stroke prevention in AF by providing
detailed clinical scenarios, which are only accessible by a thorough
examination of clinical practices.

Conclusion

Among patients with AF who were admitted for the care of acute IS,
approximately one-third of the stroke aetiology was non-CE.
Although the majority was taking OAC monotherapy, nearly 30.0%
of patients were prescribed either APT(s) monotherapy or the com-
bination of OAC and APT(s). As OAC monotherapy presents a lower
risk of NCO than APT(s) monotherapy or the combination of OAC
and APT(s), primarily driven by the significantly decreased risk of recur-
rent stroke and any bleeding, it is essential to promote good adherence
to OAC and carefully assess the need for the additional APT(s) in pa-
tients with AF and IS.

Supplementary material

Supplementary material is available at Europace online.

Acknowledgements

The authors would like to thank Jeong-Yoon Kim for data acquisition and
ascertainment.

Funding

This research was supported by a grant from the Korean Cardiac Research
Foundation (202103-01), Patient-Centered Clinical Research Coordinating
Center (PACEN) funded by the Ministry of Health & Welfare, Republic of
Korea (grant number: HC21C0028), and by the Korea Medical Device
Development Fund grant funded by the Korea government (the Ministry
of Science and ICT, the Ministry of Trade, Industry and Energy, the
Ministry of Health & Welfare, the Ministry of Food and Drug Safety) (pro-
ject number: HI20C1662, 1711138358, KMDF_PR_20200901_0173).

Conflict of interest: H.-]. A, JM.C, K-Y.L,SK,S.O.:none.S.-R L.: speak-
ing fees from Bayer, BMS/Pfizer, Biosense Webster, Daiichi-Sankyo,
Sanofi-Aventis, Daewoong Pharmaceutical Co. Samjinpharm, Seers
Technology, Biotronik, Boston Scientific, and Medtronic. Consultant for
Biosense Webster. No fees are received personally and no fees are related
to this work. E.-K.C.: research grants or speaking fees from Abbott,
Bayer, BMS/Pfizer, Biosense Webster, Chong Kun Dang, Daewoong
Pharmaceutical Co., Daiichi-Sankyo, DeepQure, Dreamtech Co., Ltd., Jeil
Pharmaceutical Co. Ltd, Medtronic, Samjinpharm, Seers Technology, and
Skylabs. G.Y.H.L: consultant and speaker for BMS/Pfizer, Boehringer
Ingelheim, Anthos, and Daiichi-Sankyo. No fees are received personally.
G.Y.H.L. is co-principal investigator of the AFFIRMO project on multimor-
bidity in AF, which has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement no.
899871.

Data availability

All data generated or analysed during this study are included in this pub-
lished article and its supplemental information files. The datasets used
and analysed during the current study are available from the corresponding
author on reasonable request.

References
1. Lip GY, Lane DA. Stroke prevention in atrial fibrillation: a systematic review. JAMA 2015;
313:1950-62.
2. Lip GYH, Proietti M, Potpara T, Mansour M, Savelieva |, Tse HF et al. Atrial fibrillation
and stroke prevention: 25 years of research at EP Europace journal. Europace 2023;25:
euad226.

$20Z YyoJe g0 Uo Jasn ujeq yetes Aq 08¥£6S/2/SE08BNS/Z/9Z/a10nie/e0ed0ina/wod dno olwapeoe//:sdny Wwoll papeojumod


http://ClinicalTrials.gov
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euae033#supplementary-data

Post-stroke antithrombotics in AF and clinical prognosis

1

B

w

o

~

[es]

Ned

20.

21.

22.

. Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez |, Lombardi-Hill D
et al. 2021 guideline for the prevention of stroke in patients with stroke and transient
ischemic attack: a guideline from the American Heart Association/American Stroke
Association. Stroke 2021;52:e364—467.

Evans A, Perez |, Yu G, Kalra L. Should stroke subtype influence anticoagulation deci-

sions to prevent recurrence in stroke patients with atrial fibrillation? Stroke 2001;32:

2828-32.

. Klijn CJ, Paciaroni M, Berge E, Korompoki E, Korv J, Lal A et al. Antithrombotic treat-

ment for secondary prevention of stroke and other thromboembolic events in patients

with stroke or transient ischemic attack and non-valvular atrial fibrillation: a European

Stroke Organisation guideline. Eur Stroke | 2019;4:198-223.

Boriani G, Proietti M, Laroche C, Fauchier L, Marin F, Nabauer M et al. Association be-

tween antithrombotic treatment and outcomes at 1-year follow-up in patients with at-

rial fibrillation: the EORP-AF General Long-Term Registry. Europace 2019;21:1013-22.

Verheugt FWA, Gao H, Al Mahmeed W, Ambrosio G, Angchaisuksiri P, Atar D et al.

Characteristics of patients with atrial fibrillation prescribed antiplatelet monotherapy

compared with those on anticoagulants: insights from the GARFIELD-AF registry. Eur

Heart | 2018;39:464-73.

. Katsi V, Georgiopoulos G, Skafida A, Oikonomou D, Klettas D, Vemmos K et al.
Noncardioembolic stroke in patients with atrial fibrillation. Angiology 2019;70:299-304.

. Best JG, Cardus B, Klijn CJM, Lip G, Seiffge D), Smith EE et al. Antithrombotic dilemmas
in stroke medicine: new data, unsolved challenges. | Neurol Neurosurg Psychiatry 2022;93:
939-51.

. Nakamura A, Kuroda |, Ago T, Hata J, Matsuo R, Arakawa S et al. Causes of ischemic
stroke in patients with non-valvular atrial fibrillation. Cerebrovasc Dis 2016;42:196—204.

. Kokotailo RA, Hill MD. Coding of stroke and stroke risk factors using international clas-
sification of diseases, revisions 9 and 10. Stroke 2005;36:1776-81.

. McCormick N, Bhole V, Lacaille D, Avina-Zubieta JA. Validity of diagnostic codes for
acute stroke in administrative databases: a systematic review. PLoS One 2015;10:
e0135834.

. Park ], Kwon S, Choi E-K, Choi Y-, Lee E, Choe W et al. Validation of diagnostic codes of
major clinical outcomes in a National Health Insurance database. Int | Arrhythm 2019;20:
5.

. Adams HP Jr, Bendixen BH, Kappelle L}, Biller }, Love BB, Gordon DL et al. Classification
of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial.
TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke 1993;24:35-41.

. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist C et al. 2020
ESC guidelines for the diagnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic Surgery (EACTS): the
task force for the diagnosis and management of atrial fibrillation of the European
Society of Cardiology (ESC) developed with the special contribution of the European
Heart Rhythm Association (EHRA) of the ESC. Eur Heart | 2021;42:373-498.

. Chao TF, Joung B, Takahashi Y, Lim TW, Choi EK, Chan YH et al. 2021 focused update
consensus guidelines of the Asia Pacific Heart Rhythm Society on stroke prevention in
atrial fibrillation: executive summary. Thromb Haemost 2022;122:20-47.

. Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L et al. The 2018
European Heart Rhythm Association practical guide on the use of non-vitamin K antag-
onist oral anticoagulants in patients with atrial fibrillation. Eur Heart | 2018;39:1330-93.

. Borowsky LH, Regan S, Chang Y, Ayres A, Greenberg SM, Singer DE. First diagnosis of
atrial fibrillation at the time of stroke. Cerebrovasc Dis 2017;43:192-9.

. Friberg L, Rosenqvist M, Lindgren A, Terént A, Norrving B, Asplund K. High prevalence

of atrial fibrillation among patients with ischemic stroke. Stroke 2014;45:2599-605.

Hart RG, Halperin JL. Atrial fibrillation and stroke: concepts and controversies. Stroke

2001;32:803-8.

D’Souza A, Butcher KS, Buck BH. The multiple causes of stroke in atrial fibrillation:

thinking broadly. Can | Cardiol 2018;34:1503-11.

Perera KS, Sharma M, Connolly SJ, Wang J, Gold MR, Hohnloser SH et al. Stroke type

and severity in patients with subclinical atrial fibrillation: an analysis from the

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

asymptomatic atrial fibrillation and stroke evaluation in pacemaker patients and the at-
rial fibrillation reduction atrial pacing trial (ASSERT). Am Heart | 2018;201:160-3.

Di Biase L, Santangeli P, Anselmino M, Mohanty P, Salvetti |, Gili S et al. Does the left
atrial appendage morphology correlate with the risk of stroke in patients with atrial fib-
rillation? Results from a multicenter study. | Am Coll Cardiol 2012;60:531-8.

Kamel H, Okin PM, Elkind MS, ladecola C. Atrial fibrillation and mechanisms of stroke:
time for a new model. Stroke 2016;47:895-900.

Cannon CP, Bhatt DL, Oldgren J, Lip GYH, Ellis SG, Kimura T et al. Dual antithrombotic
therapy with dabigatran after PCl in atrial fibrillation. N Engl | Med 2017;377:1513-24.
Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran R et al. Antithrombotic
therapy after acute coronary syndrome or PCl in atrial fibrillation. N Engl | Med 2019;
380:1509-24.

Schnabel RB, Ameri P, Siller-Matula JM, Diemberger |, Gwechenberger M, Pecen L et al.
Outcomes of patients with atrial fibrillation on oral anticoagulation with and without
heart failure: the ETNA-AF-Europe registry. Europace 2023;25:euad280.

Hsu JC, Maddox TM, Kennedy KF, Katz DF, Marzec LN, Lubitz SA et al. Oral anticoagu-
lant 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.
Guenoun M, Cohen S, Villaceque M, Sharareh A, Schwartz ], Hoffman O et al.
Characteristics of patients with atrial fibrillation treated with direct oral anticoagulants
and new insights into inappropriate dosing: results from the French National
Prospective Registry: PAFF. Europace 2023;25:euad302.

Chan YH, Chan CY, Chen SW, Chao TF, Lip GYH. Comparisons of effectiveness and
safety between on-label dosing, off-label underdosing, and off-label overdosing in
Asian and non-Asian atrial fibrillation patients treated with rivaroxaban: a systematic re-
view and meta-analysis of observational studies. Europace 2023;25:euad288.
Gundlund A, Xian Y, Peterson ED, Butt JH, Gadsboll K, Bjerring Olesen | et al. Prestroke
and poststroke antithrombotic therapy in patients with atrial fibrillation: results from a
nationwide cohort. JAMA Netw Open 2018;1:¢180171.

McGrath ER, Kapral MK, Fang J, Eikelboom JW, Conghaile A, Canavan M et al.
Antithrombotic therapy after acute ischemic stroke in patients with atrial fibrillation.
Stroke 2014;45:3637-42.

Kim TJ, Lee JS, Yoon JS, Oh MS, Kim JW, Park SH et al. Optimal use of antithrombotic
agents in ischemic stroke with atrial fibrillation and large artery atherosclerosis. Int |
Stroke 2023;18:812-20.

Xu H, Ruff CT, Giugliano RP, Murphy SA, Nordio F, Patel | et al. Concomitant use of
single antiplatelet therapy with edoxaban or warfarin in patients with atrial fibrillation:
analysis from the ENGAGE AF-TIMI48 trial. ]| Am Heart Assoc 2016;5:002587.
Toyoda K, Yasaka M, Iwade K, Nagata K, Koretsune Y, Sakamoto T et al. Dual antith-
rombotic therapy increases severe bleeding events in patients with stroke and cardio-
vascular disease: a prospective, multicenter, observational study. Stroke 2008;39:
1740-5.

Mant J, Hobbs FD, Fletcher K, Roalfe A, Fitzmaurice D, Lip GY et al. Warfarin versus
aspirin for stroke prevention in an elderly community population with atrial fibrillation
(the Birmingham Atrial Fibrillation Treatment of the Aged Study, BAFTA): a randomised
controlled trial. Lancet 2007;370:493-503.

Lip GY. The role of aspirin for stroke prevention in atrial fibrillation. Nat Rev Cardiol
2011;8:602-6.

Powers W), Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K et al.
2018 guidelines for the early management of patients with acute ischemic stroke: a
guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke 2018;49:e46—110.

Ntaios G, Wintermark M, Michel P. Supracardiac atherosclerosis in embolic stroke of
undetermined source: the underestimated source. Eur Heart | 2021;42:1789-96.
Lyrer F, Zietz A, Seiffge D), Koga M, Volbers B, Wilson D et al. Atrial fibrillation detected
before or after stroke: role of anticoagulation. Ann Neurol 2023;94:43-54.

$20Z YyoJe g0 Uo Jasn ujeq yetes Aq 08¥£6S/2/SE08BNS/Z/9Z/a10nie/e0ed0ina/wod dno olwapeoe//:sdny Wwoll papeojumod



	Association between antithrombotic therapy after stroke in patients with atrial fibrillation and the risk of net clinical outcome: an observational cohort study
	Introduction
	Methods
	Ethics approval and consent to participate
	Study design and population
	Covariates, information on index stroke, and antithrombotic regimens
	Study outcomes and follow-up
	Statistical analysis
	Sensitivity and subgroup analyses

	Results
	Study population and baseline characteristics
	Peri-stroke prescription pattern of antithrombotics
	OAC monotherapy at the first clinic and the related clinical factors
	Primary and secondary outcomes
	Sensitivity analyses
	Subgroup analyses

	Discussion
	Limitations

	Conclusion
	Supplementary material
	Acknowledgements
	Funding
	Data availability
	References




