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BACKGROUND: Recent clinical trials established the benefit of dual antiplatelet therapy with aspirin and clopidogrel (DAPT-AC) in
early-presenting patients with minor ischemic stroke. However, the impact of these trials over time on the use and outcomes
of DAPT-AC among the patients with nonminor or late-presenting stroke who do not meet the eligibility criteria of these trials
has not been delineated.

METHODS AND RESULTS: In a multicenter stroke registry, this study examined yearly changes from April 2008 to August 2022
in DAPT-AC use for stroke patients ineligible for CHANCE/POINT (Clopidogrel in High-Risk Patients with Acute Nondisabling
Cerebrovascular Events/Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke) clinical trials due to National
Institutes of Health Stroke Scale >4 or late arrival beyond 24 hours of onset. A total of 32 118 patients (age, 68.1+13.1 years;
male, 58.5%) with National Institutes of Health Stroke Scale of 4 (interquartile range, 1-7) were analyzed. In 2008, DAPT-AC
was used in 33.0%, other antiplatelets in 62.7%, and no antiplatelet in 4.3%. The frequency of DAPT-AC was relatively un-
changed through 2013, when the CHANCE trial was published, and then increased steadily, reaching 78% in 2022, while
other antiplatelets decreased to 17.8% in 2022 (P,,,4<0.001). From 2011 to 2022, clinical outcomes nonsignificantly improved,
with an average relative risk reduction of 2%/y for the composite of stroke, myocardial infarction, and all-cause mortality, both
among patients treated with DAPT-AC and patients treated with other antiplatelets.

CONCLUSIONS: Use of DAPT-AC in stroke patients with stroke ineligible for recent DAPT clinical trials increased markedly and
steadily after CHANCE publication in 2013, reaching deployment in nearly 4 of every 5 patients by 2022. The secondary
prevention in patients with ischemic stroke seems to be gradually improving, possibly due to the enhancement of risk factor
control.
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CLINICAL PERSPECTIVE

What Is New?

e The study, conducted in South Korea, found a
notable increase in the use of dual antiplatelet
therapy with aspirin and clopidogrel from 2013
onwards among >32000 stroke patients in-
eligible for recent dual antiplatelet therapy clini-
cal trials, coinciding with the publication of the
CHANCE (Clopidogrel in High-Risk Patients
with  Acute Nondisabling Cerebrovascular
Events) trial.

e Qur results also indicated an increase in annual
rates for risk factor control, such as statin and
diabetes medication use.

e Slight decreases in the annual risk of early vas-
cular outcomes were observed both in patients
treated with dual antiplatelet therapy with as-
pirin and clopidogrel and patients treated with
mono- or other dual antiplatelet regimens.

What Are the Clinical Implications?

e Late-presenting strokes or nonminor strokes in
actual clinical practice may signify a substan-
tial gap between evidence and clinical practice,
underscoring the need to conduct clinical tri-
als on dual antiplatelet therapy with aspirin and
clopidogrel for secondary prevention in nonmi-
nor (National Institutes of Health Stroke Scale
>4) and nonacute (beyond 24hours of onset)
ischemic stroke patients who were ineligible for
recent dual antiplatelet therapy with aspirin and
clopidogrel clinical trials.

e The secondary prevention effects in patients
with ischemic stroke seem to be gradually im-
proving, possibly due to the enhancement of
risk factor control.

and clopidogrel (DAPT-AC) is not recommended

for long-term secondary prevention after ischemic
stroke because reduction in recurrent ischemic stroke
is counterbalanced by an increase in intracranial and
major bleeding.! However, short-term DAPT-AC was
shown to confer net benefit with greater reductions
in recurrent ischemic stroke than increase in bleeding
complications, in the CHANCE (Clopidogrel in High-
Risk Patients with Acute Nondisabling Cerebrovascular
Events) trial in 2013 and the POINT (Platelet-Oriented
Inhibition in New TIA and Minor Ischemic Stroke) trial
in 2018.%7* In addition, DAPT-AC is only recommended
for very specific patients who have had a recent stroke
associated with severe symptomatic intracranial steno-
sis (ie, 70%—-99% stenosis) based on the SAMMPRIS
(Stenting and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis)

Long—term dual antiplatelet therapy with aspirin
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Nonstandard Abbreviations and Acronyms

CHANCE Clopidogrel in High-Risk Patients
with Acute Nondisabling
Cerebrovascular Events

CRCS-K Clinical Research Center for
Stroke-Korea

DAPT-AC dual antiplatelet therapy with aspirin
and clopidogrel

NIHSS National Institutes of Health Stroke
Scale

OE Other determined etiology

POINT Platelet-Oriented Inhibition in New

TIA and Minor Ischemic Stroke

SAMMPRIS Stenting and Aggressive Medical
Management for Preventing
Recurrent Stroke in Intracranial
Stenosis

The Acute Stroke or Transient
Ischaemic Attack Treated with
Ticagrelor and ASA [acetylsalicylic
acid] for Prevention of Stroke and
Death

Trial of Org 10172 in Acute Stroke
Treatment

ub undetermined cause

THALES

TOAST

trial.> Current guidelines, therefore, recommend short-
term use of DAPT-AC, for the first 21 days or90days
poststroke, for early secondary prevention in patients
with acute (initiation within 24 hours of onset) minor
(National Institutes of Health Stroke Scale [NIHSS]
scores of 0-3 or 4) ischemic stroke or high-risk tran-
sient ischemic attack.®” For most ischemic stroke pa-
tients not meeting these criteria due to more severe
neurologic deficit or later time after onset, aspirin
monotherapy, clopidogrel monotherapy, or combina-
tion of aspirin and extended-release dipyridamole have
been primarily considered.®

However, recent studies have indicated that in rou-
tine clinical practice DAPT-AC is frequently administered
to patients who do not meet the inclusion criteria of the
CHANCE or POINT clinical trials.®® In the Get With The
Guidelines (GWTG)-Stroke registry, >40% of patients
with nonminor stroke received DAPT-AC despite lack
of randomized trial evidence in this setting.? However,
these studies did not investigate temporal trends in the
use of DAPT-AC in trial-ineligible patients nor variation in
use among specific trial-ineligible subsets.

Therefore, we hypothesized that the secular trends
of DAPT-AC use in patients with acute ischemic
stroke who do not meet the eligibility criteria of recent
DAPT-AC clinical trials might suggest a temporal trend
indicative of evolving clinical practices.
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METHODS

Subjects

This study was an analysis of a prospective, multi-
center, nationwide registry of consecutive patients with
acute stroke or transient ischemic attack admitted to
18 academic hospitals in South Korea, the Clinical
Research Center for Stroke-Korea (CRCS-K) registry.
Detailed methodologic information about the CRCS-K
registry has been reported previously.'®!" Inclusion cri-
teria for this study were as follows: (1) admitted with
acute ischemic stroke between April 2008 and August
2022; (2) noncardiogenic stroke mechanism; and (3)
NIHSS score >4 or arrival beyond 24 hours of onset.
Exclusion criteria were as follows: (1) treated with acute
reperfusion therapy or carotid revascularization such
as endarterectomy or carotid artery stenting; and (2)
treated with anticoagulation.

Data Collection

Demographic, clinical, imaging, and laboratory data
were prospectively collected. Ischemic stroke sub-
types were classified according to the Trial of Org
10172 in Acute Stroke Treatment (TOAST) criteria,
which were refined to incorporate additional informa-
tion based on modern imaging studies.’? Antiplatelet
regimens were categorized into 4 groups: (1) DAPT-AC;
(2) other mono- or dual-antiplatelet treatment (as-
pirin alone, clopidogrel, cilostazol, ticlopidine, trif-
lusal, ticagrelor alone or in a combination other than
aspirin+clopidogrel); (3) triple antiplatelet therapy with
aspirin, clopidogrel, and other antiplatelets; and (4)
no antiplatelet therapy. Although the 2021 American
Heart Association/American  Stroke Association
(ASA) secondary prevention guidelines issued a new
recommendation for ticagrelor plus aspirin for patients
with minor to moderate stroke (NIHSS score <5) after
the publication of the THALES (The Acute Stroke or
Transient Ischaemic Attack Treated with Ticagrelor and
ASA [acetylsalicylic acid] for Prevention of Stroke and
Death) clinical trial,%'® ticagrelor alone and ticagrelor
plus aspirin were not commonly used during the study
period in South Korea. Therefore, these antiplatelet
agents were grouped together in the mono- or other
dual antiplatelet regimen category.

Patient Follow-Up and Outcomes

Three months after initial ischemic stroke admission
and data collection, patients were followed up by
trained research coordinators in face-to-face or tel-
ephone interviews based on a standardized interview
protocol.’®!" For the analysis of annual changes in
early vascular outcomes, we used data collected after
January 2011, which was the point at which the registry
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began prospectively collecting data on vascular events
at 3months and 1year. Outcomes analyzed were as
follows: (1) the composite of stroke, myocardial infarc-
tion, and all-cause mortality, (2) recurrent stroke (either
ischemic or hemorrhagic), and (3) all-cause mortality.

Statistical Analysis

Patient baseline characteristics are presented as
means and SDs or medians with interquartile ranges
for continuous variables and numbers and percent-
ages for categorical variables. Changes in baseline
characteristics according to the calendar year were
tested for statistical significance using the Cochran—
Armitage trend test, Mantel-Haenszel x° test, and a
linear contrast test in analysis of variance, as appropri-
ate. Detailed analyses were undertaken comparing the
2 predominant treatment strategies, DAPT-AC versus
mono- or other dual antiplatelet regimens, from which
patients treated with triple antiplatelet therapy or no an-
tiplatelet therapy were excluded.

Comparisons of baseline characteristics between
DAPT-AC users and other antiplatelet regimen users
were made using the Student ¢ test or Wilcoxon rank
sum test for continuous variables and a x? test for cat-
egorical variables, as appropriate. The log-rank test for
trend and a linear contrasts test in Cox proportional
hazards regression were used to evaluate the statis-
tical significance of changes in survival outcomes ac-
cording to the calendar year.

Additionally, to identify changes in the trend of
DAPT-AC proportion and adjusted event rates, join-
point regression was estimated by using the Joinpoint
Regression Program. By fitting segmented linear re-
gression models to the data, joinpoint analysis can
identify points where the rate of change in the data sig-
nificantly deviates. The average annual percent change
is then calculated based on these identified joinpoints,
providing a comprehensive understanding of the aver-
age annual percentage change.'

To examine the associations between calendar
year and outcomes, marginal Cox model with robust
variance estimator was used to account for the center
effect.”® Adjusted variables were considered as clini-
cally relevant variables as follows: age, sex, NIHSS
score, arrival within 24 hours, body mass index, his-
tory of stroke, history of coronary artery disease, hy-
pertension, diabetes, dyslipidemia, current smoking,
prior statin use, large artery steno-occlusion, TOAST,
statin, antidiabetes medication, DAPT-AC, and calen-
dar year. All statistical analyses were performed using
SAS software (Version 9.4, SAS Institute Inc, Cary,
NC) and Joinpoint Regression Program (Version 5.0.2,
Statistical Research and Applications Branch, National
Cancer Institute).
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Ethics Approval

Clinical information was collected from the CRCS-K
registry with approval from the local institutional re-
view boards of all the participating centers. A waiver
for informed consent was provided because of study
subject anonymity and minimal risk to the participants.
The data used in this study are available upon reason-
able request following the submission of a legitimate
academic research proposal to be assessed by the
CRCS-K steering committee.

RESULTS

General Characteristics

A total of 32118 patients met study selection criteria
(patient selection flowchart shown in Figure S1. The
mean age was 68.1+13.1 years, men were 58.5%), and
median NIHSS score of 4 (interquartile range, 1-7)
(Table 1). Trial ineligibility was due to arrival >24 hours
alone in 54.0%, NIHSS >4 alone in 28.6%, and both
in 17.4%. Among patients with NIHSS >4, median
NIHSS was 7 (interquartile range, 5-11). Most patients
(71.4%) arrived >24 hours after onset. The stroke sub-
types were large artery atherosclerosis, small vessel
occlusion (24.8%), other determined etiology (OE,
3.5%), and undetermined cause (UD, 21.9%). At ad-
mission, 51.6% of the patients received DAPT-AC,
and 45.2% received other antiplatelet regimens; as-
pirin alone (37.1%), clopidogrel alone (2.9%), or other
antiplatelet treatment (5.2%), such as cilostazol, ticlo-
pidine, or triflusal, either alone or in combination with
aspirin or clopidogrel.

Annual Trends of the Use of DAPT-AC

In the first study year, 2008, DAPT-AC was used in
33.0% of patients, while other antiplatelet regimens
were used in 62.7%. Use frequencies remained in this
range until 2013 and then DAPT-AC use gradually in-
creased to 78% in 2022 (P for trend <0.001) (Table 2,
Figure 1). In the Joinpoint analysis of annual percent
changes in DAPT-AC use, 2 joinpoints were observed
in 2013 and 2020 (Figure S2). The annual changes of
patient characteristics are shown in Table S1, with an
increase in age, height, weight, and body mass index
observed since 2008. The proportion of patients who
with arrival beyond 24 hours as their only trial ineligibil-
ity feature mildly increased, those with NIHSS >4 mildly
decreased, and those with both remain unchanged.
During this time period, baseline features of patients
prescribed DAPT-AC showed increasing frequencies
of prestroke clopidogrel (12% in 2008 to 16.3% in
2022, Py.opg <0.001) and statin use (10.7%—-30.1%, Py ong
<0.001) and in-hospital antihypertensive treatment
(34.2%-50.6%, Pynq <0.001), antidiabetic medication
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Table 1. General Characteristics of Subjects

All subjects
N 32118
Age, mean+SD 68.1+13.1
Male, n (%) 18799 (58.5)
Height, cm (mean+SD) 161.8+9.0
Weight, kg (mean+SD) 62.5+11.7
BMI (mean+SD) 23.8+3.5
NIHSS score, med (IQR) 4 (1-7)
Reasons for trial ineligibility

Arrival beyond 24 h only 17351 (64.0)

NIHSS >4 only 9170 (28.6)

Both 5597 (17.4)

In-hospital antiplatelet treatment

DAPT-AC 16569 (51.6)

Other mono/dual antiplatlet regimen 145083 (45.2)

Triple antiplatlet 284 (0.9)

No antiplatlet 762 (2.4)

TOAST, n (%)

LAA 16032 (49.9)

SVO 7950 (24.8)

OE 1115 (3.5)

ubD 7021 (21.9)

Medical history, n (%)

TIA 555 (1.7)

Stroke 6798 (21.2)

PAD 233 (0.7)

CAD 2222 (6.9)

Hypertension 21878 (68.1)

Diabetes 11997 (37.4)

Dyslipidemia 10179 (31.7)

Smoking
Never 19985 (62.2)
Current 8492 (26.4)
Ex-smoker 2435 (7.6)
Recently quit 1206 (3.8)

Medication history, n (%)

Antiplatelet 9290 (28.9)
Prior aspirin 6523 (20.3)
Prior clopidogrel 3884 (12.1)

Antihypertensive 16220 (50.5)

Statin 6253 (19.5)

Antidiabetics 8883 (27.7)

Large artery steno-occlusion, n (%)

No 15425 (48.0)

Mild 3408 (10.6)

Significant 7232 (22.5)

Occlusion 6053 (18.8)

In-hospital treatment, n (%)
Aspirin 28999 (90.3)
Clopidogrel 19361 (60.3)
Continued
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Table 1. Continued
5
All subjects E 8
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Cilostazol 3411 (10.6)
T @
Triflusal 333 (1.0 Q| o< '
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Ticlopidine 645 (2.0) N =0 A ~
Antidiabetics 9055 (28.2) s |=
Antihypertensive 14676 (45.7) g % % “,,:’ S ; éj é’
Statin 29409 (91.6) I
BMI indicates body mass index; CAD, coronary artery disease; DAPT-AC, 5 <
dual antiplatelet therapy with aspirin and clopidogrel; IQR, interquartile QD 8 i ™ g = st
range; LAA, large artery atherosclerosis; NIHSS, National Institutes of Health & 225|888 <
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Figure 1. Annual changes of antiplatelet treatments in stroke patients noneligible for recent DAPT-AC clinical trials.
DAPT-AC indicates dual antiplatelet therapy with aspirin (asp) and clopidogrel (clop).

risk factors, and prior antiplatelet, statin, antihyperten-
sive, and antidiabetes medications before index stroke
(Table S3).

Among the 27529 patients, 97% completed a 3-
month and 89.5% a 1-year follow-up. The changes in
3-month vascular event rates between 2011 and 2022
are shown in Table 3 and Figure 3. The COVID pandemic
appeared to affect events rates with a spike in events
during peak pandemic year 2021 and a postpandemic
drop in events in 2022. Before the advent of the COVID
peak, from 2011 to 2020, in both adjusted and unad-
justed analyses, there was a declining trend in each of
the outcomes (Table 3, Table S4 and Figure S3). In the
adjusted analysis, the composite of stroke, myocardial
infarction, and all-cause mortality within 3months de-
clined from 14.5% to 11.6%, P4 <0.001; and recur-
rent stroke declined from 12.8% t0 9.2%, P,y <0.001,
but not in all-cause mortality and hemorrhagic stroke;
from 2.7% to 3.1% (Py,eng=0.16) and from 0.1% to 0.3%
(Pyena=0.62), respectively (Table 3, Figure 3A). The join-
point trend analysis revealed a decreasing trend in 3-
month recurrent strokes (Figure S4). A similar, though
somewhat less pronounced, decline between 2011
and 2022 was also seen at 1-year follow-up in both
adjusted and unadjusted analyses for recurrent stroke
outcomes, but not in the composite of stroke, myocar-
dial infarction, and all-cause mortality; and all-cause
mortality alone (Figure S5, Table S5).

The annual outcome event rates separately in pa-
tients prescribed DAPT-AC and patients prescribed
other antiplatelet regimens, adjusted and unadjusted,
are shown Tables S6 and S7 and Figure 3B and
Figure S3B. In general, the absolute declines from 2011
to 2019 were more pronounced, but relative declines
were similar in patients prescribed DAPT-AC than in
patients prescribed other antiplatelet regimens. For

J Am Heart Assoc. 2024;13:e033611. DOI: 10.1161/JAHA.123.033611

example, in adjusted analysis of 3-month outcomes,
for recurrent stroke rates with DAPT-AC declined from
15.8% to 11.8% (absolute risk reduction, ARR 4.0%)
while rates with other antiplatelet regimens declined
from 13.6% to 11.0% (ARR 2.6%). There were nonsig-
nificant associations of calendar year increase since
2011 with reducing the risk in 3-month composite of
stroke, myocardial infarction, and all-cause mortality
by relatively 2% (hazard ratio, 0.98 [95% CI, 0.97-1.01))
(Table 4). The proportional assumptions were not met
for many of the variables.

For TOAST ischemic subtypes, similar patterns
were seen in patients prescribed DAPT-AC and other
antiplatelet regimens, except UD ischemic subtype
(Tables S8 and S9 and Figure S6). In the UD ischemic
subtype, DAPT-AC showed a significant decreasing
trend in 3-months vascular events with increasing cal-
endar year (P,,.,q <0.001).

DISCUSSION

Our study, from a large, prospective, multicenter
stroke registry collected over >14years, demonstrates
a marked increase in the recent use of DAPT-AC be-
ginning in 2013 among >32000 stroke patients who
were non-eligible for recent DAPT clinical trials. This in-
crease coincided with the publication of the CHANCE
trial, though early arriving, minor stroke patients dif-
fered from those in this study. Furthermore, we ob-
served a slight decrease in the annual risk of 3-month
early vascular outcomes, relative risk reduction 2%
per year, both in patients treated with DAPT-AC and
patients treated with mono- or other dual antiplatelet
regimens. The observations that DAPT-AC is used in
~70% to 75% of cases in all ischemic stroke subtypes,
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Figure 2. Annual changes of DAPT-AC with aspirin and clopidogrel in TOAST stroke
subtypes (A), noneligibility subgroups (B), and large artery steno-occlusion (C).

DAPT-AC indicates dual antiplatelet therapy with aspirin and clopidogrel; LAA, large artery
atherosclerosis; NIHSS, National Institutes of Health Stroke Scale; OE, other determined
etiology; SVO, small vessel occlusion; TOAST, Trial of Org 10172 in Acute Stroke Treatment;

and UD, undetermined cause.
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late-presenting stroke, or nonminor stroke in actual
clinical practice may indicate a significant evidence-
clinical practice gap and highlight the necessity of con-
ducting clinical trials of DAPT-AC for early secondary
prevention in nonminor (NIHSS >4) and nonacute (be-
yond 24 hours of onset) ischemic stroke patients who
were ineligible for recent DAPT-AC clinical trials.

As no randomized trials of short-term DAPT-AC
versus other antiplatelet regimens in ischemic stroke
patients with nonminor presenting deficits (NIHSS >4)
or late presentation (beyond 24 hours of onset) exist,
it remains unclear whether DAPT-AC is a preferred
treatment in this population. Indeed, observational
studies from the Korean multicenter stroke registry
have suggested that DAPT-AC was not more effective
than aspirin monotherapy in nonminor acute ischemic
stroke.®'® Nonetheless, our study identified a substan-
tial increase in the use of DAPT-AC, from ~30% in 2008
to >70% in 2022, among stroke patients who did not
meet the eligibility of recent DAPT clinical trials. This rise
was temporally driven by the reporting of the CHANCE
trial in 2013 and continued, though did not accelerate,
with the reporting of the POINT trial in 2018.

This study’s results in the Korean nationwide stroke
registry contrast in several ways with related findings
from the US Get With The Guidelines (GWTG)-Stroke
nationwide stroke registry.2 The GWTG-Stroke inves-
tigation analyzed only data from 2019 to 2020 so it
was not able to evaluate trends over time in DAPT-AC
use. Notably, in the comparable 2019 to 2020 time
period, the rate of DAPT-AC use in nonminor isch-
emic stroke patients was substantially higher in the
Korean than in the US registry, 66% to 72% versus
44%. Moreover, the DAPT-AC use rate in Korea in
nonminor stroke patients was also substantially
higher than the use rate in the United States in minor
ischemic stroke patients (47%). These findings may
reflect that the CHANCE trial, conducted in Asian pa-
tients, had a greater impact upon clinicians in Korea,
while US physicians awaited the results of the later
POINT trial in a Western population and an increase
in DAPT-AC was only just beginning in the 2019 to
2020 timeframe.

The high rate of DAPT-AC use in patients ineligible
for recent trials likely reflects several factors. In the
specific conditions of carotid artery stenting or intra-
cranial large artery atherosclerosis, moderately strong
indirect evidence supports DAPT-AC though random-
ized trials within these populations are lacking. This
likely explains the lower rate of DAPT-AC use in non-
stenosis compared with any stenosis patients during
the first years of the study period. Also, in the setting
of breakthrough strokes despite aspirin monotherapy,
indirect evidence supports intensifying antithrombotic
therapy from aspirin to DAPT-AC.'"'® These circum-
stances reflect decision-making by clinicians based
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Figure 3. Adjusted vascular outcome events within 3mo inischemic stroke patients (A) and by DAPT-AC vs other antiplatelet
regimens (B).
AP indicates antiplatelet; DAPT-AC, dual antiplatelet therapy with aspirin (asp) and clopidogrel (clop).

on physiologic reasoning and available data when de- use rate among patients with higher baseline risk for
finitive randomized trial evidence is lacking.'® These recurrent stroke, in whom clinicians may perceive more
considerations likely also explain the higher DAPT-AC intensive preventive therapy is needed.
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Table 4. Associations of Calendar Year, DAPT-AC, and Composite of Stroke, Ml, and All-Cause Mortality Within 3mo (Since

2011, n=27529)

Unadjusted HR P for PH P for non- Adjusted HR P for PH
(95% Cl) Pvalue | assumption linear effect (95% Cl) Pvalue | assumption

Age (per 10-y increase) 1.21 (1.16-1.26) <0.001 <0.001 0.003 1.12 (1.07-1.17) <0.001 <0.001
Sex (male) 0.85 (0.82-0.88) <0.001 0.816 0.96 (0.92-1.01) 0.113 <0.001
NIHSS scores 1.08 (1.07-1.08) <0.001 0.267 <0.001 1.03 (1.02-1.04) <0.001 <0.001
Avrrival within 24 h 2.66 (2.45-2.88) <0.001 <0.001 1.98 (1.80-2.17) <0.001 <0.001
BMI 0.95 (0.94-0.96) <0.001 <0.001 0.096 0.98 (0.97-0.99) <0.001 0.022
TOAST

LAA 1 (Ref) 1 (Ref)

SVO 0.52 (0.45-0.60) <0.001 <0.001 0.68 (0.58-0.80) <0.001 0.084

OE 0.97 (0.81-1.16) 0.725 <0.001 1.33 (1.16-1.52) <0.001 <0.001

ub 0.92 (0.83-1.02) 0.127 0.003 0.88 (0.79-0.99) 0.027 <0.001
Large artery steno-occlusion

No stenosis 1 (Ref) 1 (Ref)

Mild stenosis (<50%) 1.29 (1.11-1.49) <0.001 0.878 1.04 (0.89-1.21) 0.635 0.995

Significant stenosis 1.29 (1.12-1.49) <0.001 <0.001 0.99 (0.82-1.19) 0.898 0.001

Occlusion 2.05 (1.84-2.29) <0.001 0.009 1.39 (1.24-1.57) <0.001 0.027
Prior stroke 1.20 (1.12-1.29) <0.001 <0.001 1.01 (0.94-1.09) 0.723 <0.001
Prior CAD 1.25 (1.11-1.41) <0.001 <0.001 1.10 (0.98-1.24) 0.091 0.013
Hypertension 1.21 (1.14-1.28) <0.001 0.001 1.10 (1.03-1.18) 0.005 0.241
Diabetes 119 (1.13-1.26) <0.001 <0.001 1.16 (1.04-1.30) 0.007 0.032
Dyslipidemia 1.04 (0.95-1.14) 0.376 0.167 1.09 (1.00-1.19) 0.062 0.617
Prior statin treatment 0.96 (0.88-1.06) 0.443 <0.001 0.87 (0.76-1.00) 0.045 0.571
Current smoking 0.82 (0.76-0.89) <0.001 <0.001 0.97 (0.89-1.06) 0.497 0.002
Antidiabetes medication 1.13 (1.07-1.20) <0.001 <0.001 1.03 (0.92-1.16) 0.616 0.356
Statin treatment 0.93 (0.78-1.11) 0.436 <0.001 1.01 (0.86-1.18) 0.902 0.026
DAPT-AC 1.09 (0.96-1.25) 0.193 <0.001 1.10 (0.98-1.24) 0.090 <0.001
Calendar year since 2011 0.98 (0.96-1.01) 0.167 0.922 0.187 0.98 (0.96-1.01) 0.166 0.140

Marginal Cox model with robust variance estimator to account for the center effect. The proportional assumptions were not met for many of the variables.
BMI indicates body mass index; CAD, coronary artery disease; DAPT-AC indicates dual antiplatelet therapy with aspirin and clopidogrel; HR, hazard ratio; LAA,
large artery atherosclerosis; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; OE, other determined etiology; PH,proportional hazard;
SVO, small vessel occlusion; TOAST, Trial of Org 10172 in Acute Stroke Treatment; and UD, undetermined cause.

Our study also found a yearly 2% relative risk re-
duction in 3-month composite vascular outcomes and
recurrent stroke, although not statistically significant in
the Cox regression analysis. These improvements were
observed in both DAPT-AC treated and other mono- or
dual antiplatelet treated—patients, suggesting advances
in risk factor management over the study period rather
than exclusive reliance on DAPT-AC. Our results also in-
dicated an increase in annual rates for risk factor control,
such as statin and diabetes medication use. Trends in
secondary stroke prevention within this population likely
involve factors beyond the comparison of DAPT-AC
versus other mono or dual antiplatelet therapy. But the
paradoxical "Will Rogers effect" may also be contrib-
uting and masking an added benefit of DAPT-AC over
other antiplatelet regimens.?® Migration of higher risk
patients from the other antiplatelet regimen group to the
DAPT-AC group would cause the event rate to drop in
the other antiplatelet as only lower risk patients remain.

J Am Heart Assoc. 2024;13:e033611. DOI: 10.1161/JAHA.123.033611

Despite this, in the UD subtype, a significant re-
duction in 3-month composite events with DAPT-AC
was observed, suggesting a potential benefit of using
DAPT-AC in the noneligibility subgroup, particularly in
the UD subgroup, though further study would be war-
ranted. This indicates that the UD subgroup might be a
potential target population for future randomized clini-
cal trials for DAPT-AC.

There were several limitations of the study. First, we
lacked information on the duration of DAPT-AC use
and on the use of other medications and risk factor
control. However, we considered that the most im-
portant results would stem from the short-term use of
poststroke DAPT-AC in these patients as similar to the
POINT/CHANCE population. Thus, we considered the
primary outcome of the annual changes of outcome
observation as a composite of events within 3 months.
Second, despite conducting detailed multivariate
modeling to evaluate differences in vascular outcomes
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between DAPT-AC and other antiplatelet regimens, the
retrospective nature of the study made it challenging
to avoid unmeasured confounders. Consequently, our
findings suggest a potential 15% higher risk of events
in the DAPT-AC group compared with the mono- or
dual-antiplatelet group. Third, patients who under-
went reperfusion therapy were excluded from the
study, even though there might be a potential bene-
fit from using DAPT-AC after 24 hours of postreperfu-
sion care. However, some of these patients might not
use DAPT-AC due to hemorrhagic transformation or
bleeding, which could introduce bias, so they were ex-
cluded from this study. Moreover, our study, focused
on DAPT-AC, has a limitation because we did not col-
lect safety outcomes related to bleeding. Although we
collected and analyzed data on hemorrhagic strokes,
not analyzing the annual trend of major bleeding con-
stitutes a limitation. Fourth, this study has inherent
limitations because it is a registry-based retrospective
study. Additionally, it is limited to the Korean popula-
tion, and other countries may exhibit different patterns,
thus restricting generalization. Moreover, several hos-
pitals have been added to the CRCS-K registry since
2011, and the impact of these additions cannot be ex-
cluded. Although we analyzed the secular trend of out-
comes from 2011 onwards by prospectively collecting
data, the relatively stable nature of DAPT-AC between
2008 and 2011 may not have significantly influenced
the analysis of the secular trend in outcomes. Instead,
it is noteworthy that this study is the first to analyze
time trends and outcomes in large stroke populations
not included in recent antiplatelet clinical trials, making
the results deserving of attention.

In conclusion, our study, based on a large stroke
population from a multicenter stroke registry, demon-
strated a marked increase in the use of DAPT-AC
among stroke patients who are ineligible for DAPT clin-
ical trials, coinciding at the time of publication of the
CHANCE trial in 2013 and continuing to the present.
The secondary prevention effects in patients with isch-
emic stroke seem to be gradually improving, possibly
due to the enhancement of risk factor control. Further
research is needed to investigate whether the DAPT-AC
use is associated with an incremental improvement in
risk-adjusted annual rates of early vascular events in
patients with nonminor stroke and patients with pre-
sentation beyond 24 hours.
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