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Post-Intracranial Hemorrhage Antithrombotic
Therapy in Patients With Atrial Fibrillation
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BACKGROUND: To investigate the effectiveness and safety of withholding or restarting antithrombotic agents, and different
antithrombotic therapies among patients with atrial fibrillation post-intracranial hemorrhage.

METHODS AND RESULTS: This is a nationwide retrospective cohort study involving patients with atrial fibrillation receiving
antithrombotic therapies who subsequently developed intracranial hemorrhage between January 1, 2011 and December
31, 2017. The risk of ischemic stroke (IS), recurrent intracerebral hemorrhage (ICH), and all-cause mortality were investigated
between patients receiving no treatment versus patients reinitiating oral anticoagulants (OACs) or antiplatelet agents, and
warfarin versus non-vitamin K antagonist OACs. We applied inverse probability of treatment weighting to balance the baseline
characteristics and Cox proportional hazards model to estimate the hazard ratios (HRs) of different outcomes of interest.
Compared with no treatment, OACs reduced the risk of IS (HR, 0.61; 0.42-0.89), without increase in the risk of ICH (1.15, 0.66—
2.02); antiplatelet agent users showed a similar risk of IS (1.13, 0.81-1.56) and increased risk of ICH (1.81, 1.07-3.04). Use of
OACs or antiplatelet agents did not reduce the risk of all-cause mortality (0.85, 0.72-1.01; and 0.88, 0.75-1.03, respectively).
Compared with warfarin, non-vitamin K antagonist OAC users showed a similar risk of IS (0.92, 0.50-1.70), non-significantly
reduced risk of ICH (0.53, 0.22-1.30), and significantly reduced all-cause mortality (0.60, 0.43-0.84).

CONCLUSIONS: OACs are recommended in patients with atrial fibrillation and intracranial hemorrhage because they reduced
the risk of IS with no increase in the risk of subsequent ICH. Non-vitamin K antagonist OACs are recommended over warfarin
owing to their survival benefits.
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risk of thromboembolism, particularly those with

a CHA,DS,-VASc score >2; therefore, oral an-
ticoagulant (OAC) therapy is recommended com-
monly according to different guidelines."® However,
OAC therapy increases the risk of bleeding. Thus,
after the occurrence of an intracranial hemorrhage
episode, OAC agents should be discontinued imme-
diately.* Reinitiating antithrombotic therapy (AT) after
the episode is a difficult decision, which requires
balancing the risk of re-bleeding and occurrence of

Patients with atrial fibrillation (AF) have an increased

thromboembolism.® To date, there has been little re-
search on whether or when to start AT and the drug
of choice.

According to the report of RESTART (Restart or
Stop Antithrombotics Randomised Trial) conducted in
2019, reinitiating antiplatelet therapy after an intrace-
rebral hemorrhage (ICH) episode, compared with no
treatment, did not increase the risk of ICH and major
hemorrhagic events.® Nevertheless, <20% of par-
ticipants in the RESTART trial had AF.® Several retro-
spective observational studies have investigated the
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CLINICAL PERSPECTIVE

What Is New?

* Among patients with history of intracranial hem-
orrhage, anticoagulant therapy reduces the risk
of ischemic stroke, without increasing the risk of
recurrent intracerebral hemorrhage compared
with no treatment.

e Among patients with history of intracranial hem-
orrhage, use of antiplatelet agents is associ-
ated with a similar risk of ischemic stroke but
increases the risk of intracerebral hemorrhage
compared with no treatment.

¢ Non-vitamin K antagonist oral anticoagulants
show similar effectiveness and safety, but lower
mortality as compared with warfarin.

What Are the Clinical Implications?

e For patients with intracranial hemorrhage his-
tory, anticoagulant therapy is recommended
over antiplatelet therapy.

e Among anticoagulant therapy, non-vitamin K
antagonist oral anticoagulants should be the
priority choice.

Nonstandard Abbreviations and Acronyms

AT antithrombotic therapy
ICH intracerebral hemorrhage
NOAC non-vitamin K antagonist oral

anticoagulant

OAC oral anticoagulant

effectiveness and safety of reinitiating AT among pa-
tients with AF and a history of intracranial hemorrhage.
A Danish study showed that reinitiating anticoagulants
was associated with a reduced risk of ischemic stroke
(IS) and all-cause mortality compared with no treat-
ment.” Another Korean study showed that maintaining
time in the therapeutic range of 60% among warfarin
starters post-intracranial hemorrhage, compared with
no treatment, significantly reduced the risk of compos-
ite outcome of thromboembolic and major bleeding
events.® Contrarily, a Taiwanese study showed that
initiating warfarin, compared with no treatment, signifi-
cantly reduced the risk of IS but increased the risk of
intracranial hemorrhage.®

Large-scale, randomized, prospective studies have
proven that non-vitamin K antagonist oral anticoagu-
lants (NOACs) are equivalently effective to warfarin in
preventing thromboembolism among patients with
AF; additionally, they significantly reduce the risk of
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intracranial hemorrhage.’®'® However, patients with
a history of intracranial hemorrhage have been uni-
versally excluded from these studies.""® In addition,
warfarin has been a major OAC evaluated in prior stud-
ies.” To date, data on the effectiveness and safety of
reinitiating NOACs subsequent to an intracranial hem-
orrhage episode are lacking.

The aim of our study was to investigate the effec-
tiveness and safety of withholding or reinitiating AT in
patients with AF and a history of intracranial hemor-
rhage. In addition, we compared different treatment
strategies: OAC therapy versus no treatment, antiplate-
let therapy versus no treatment, OAC therapy versus
antiplatelet therapy, and NOAC versus warfarin.

METHODS

Because of the sensitive nature of the data collected
for this study, requests to access the data set from
qualified researchers trained in human subject con-
fidentiality protocols may be sent to the Health and
Welfare Data Science Center, Ministry of Health and
Welfare of Taiwan at stdlwu@mohw.gov.tw.

Data Source

The population-level data source of the Health and
Welfare Database in Taiwan was used for this study.
The database contains administrative claims data from
the National Health Insurance program and registra-
tion files. The National Health Insurance program was
launched in 1995 and covers ~99.9% of Taiwan’s popu-
lation." The population-level data contain de-identified
information on beneficiaries’ enrollment, demograph-
ics, inpatient and outpatient service use, diagnosis,
prescriptions, and cause of death. Data from January
1, 2011 to December 31, 2017 were used in this study.

Study Design and Participants

The study was a nationwide retrospective cohort study.
We enrolled patients aged >20 years who had an intrac-
ranial hemorrhage event including ICH, subarachnoid
hemorrhage, or other intracranial hemorrhage after
being diagnosed for AF between January 1, 2011 and
December 31, 2017. The patients who received at least
1 prescription of antithrombotic agent within 3 months
before the intracranial hemorrhage event. Participants
who did not receive an antithrombotic agent before
intracranial hemorrhage were presumed to have the
characteristics of not using antithrombotic agents,
and these factors may affect the decision to reinitiate
AT after ICH as well as risk outcomes. Antithrombotic
agents have been categorized as NOACs (dabigatran,
rivaroxaban, apixaban, and edoxaban), warfarin, and
antiplatelet agents (aspirin, clopidogrel, prasugrel, and
ticagrelor).
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Participants were assigned to the following groups
based on their exposure status on the index date:
OAC agents (OAC users), antiplatelet agents (antiplate-
let users), and no treatment with any antithrombotic
agents (non-AT users). The effectiveness and safety in
OAC users versus non-AT users, antiplatelet users ver-
sus non-AT users, and OAC users versus antiplatelet
users were compared. The index date was defined as
90 days from hospital discharge after an intracranial
hemorrhage event. Moreover, we compared the ef-
fectiveness and safety in NOAC users versus warfarin
users; the index date was defined as the first prescrip-
tion of NOACs or warfarin after an intracranial hemor-
rhage event.

Despite absence of any current guideline on the
optimal timing of resuming anticoagulation therapy
after an ICH episode,* the period of 90 days was se-
lected based on: (1) the clinical observation that most
patients reinitiate AT within 3 months of discharge
after an intracranial hemorrhage episode, and (2) the
recommendation of at least 1-month delay for post-
ICH anticoagulant therapy as the risk of stroke is mini-
mized when OAC is reinitiated at 10 weeks after an ICH
event.*'® This design also eliminates the potential time
bias between AT users and non-users. In addition, we
excluded cases of IS or ICH occurring during the 90-
day period, because these events might be related to
antithrombotic agent interruption or re-bleeding of the
prior intracranial hemorrhage.'®

Patients were excluded if they had either of the fol-
lowing conditions: valvular AF, structural brain disease,
pregnancy, end-stage renal disease requiring dialysis,
or used OACs and antiplatelet agents concurrently on
the index date. Valvular AF was defined as mitral ste-
nosis or artificial heart valves.!” Structural brain disease
was defined as malformation of precerebral and cere-
bral vessels, dissection of cerebral arteries, cerebral
aneurysm, or moyamoya disease. The International
Classification of Diseases, Ninth and Tenth Revision,
Clinical Modlfication (ICD-9-CM, ICD-10-CM) codes
for inclusion and exclusion criteria and the Anatomical
Therapeutic Chemical (ATC) Classification codes for
the study drugs are listed in Table S1 and S2.

Covariates

Data for baseline characteristics and concurrent medi-
cations were collected within the 6-month pre-index
period. Information on the following comorbidities
were collected: congestive heart failure, hypertension,
diabetes, coronary artery disease, myocardial infarc-
tion, peripheral artery disease, IS, transient ischemic
attack, peripheral arterial occlusive disease, venous
thromboembolism, pulmonary embolism, gastro-
intestinal bleeding, other bleeding events, liver dis-
ease, and renal disease. Information on the following
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concurrent medications were collected: calcium chan-
nel blockers, renin-angiotensin system inhibitors,
3-hydroxy-3-methylglutaryl coenzyme A reductase in-
hibitors, non-steroidal anti-inflammatory drugs, class |
and Il anti-arrhythmic drugs, B blockers, digoxin, and
proton pump inhibitors. History of antithrombotic agent
use was collected for the 3-month period before ad-
mission for intracranial hemorrhage. A claims-based
stroke severity index was used to define intracranial
hemorrhage severity, which included the predictors
for disease severity such as existence of an invasive
catheter, length of hospital stay, and specific treatment
procedure or drug. The stroke severity index was calcu-
lated based on billing codes and was significantly cor-
related with the National Health Insurance (NHI) Stroke
Scale (=0.73; 95% Cl, 0.71-0.76)."® The ICD-9-CM and
ICD-10-CM codes for comorbidities, the NHI codes for
stroke severity index, and the ATC codes for concur-
rent medications are listed in Table S2 through S4.

Study Outcomes

The primary outcomes were IS, ICH, and all-cause
mortality. The secondary outcomes were major bleed-
ing and any thromboembolic event. For all participants,
the duration of follow-up was from the index date to
the condition which occurred first among the follow-
ing: outcomes of interest, death, change of exposure
status, or the end of the study (December 31, 2017).
For participants who reinitiated AT, change in exposure
status was defined as a gap >42 days between the
end date of the last prescription and the date to refill
the next prescription. Patients switching between war-
farin and NOACs were not censored, except for a com-
parison of NOACs versus warfarin. For participants
who did not reinitiate AT after an intracranial hemor-
rhage episode, change in exposure status was defined
as the initiation of any antithrombotic agent after the
index date. The ICD-9-CM and ICD-10-CM codes for
the study outcomes are listed in Table S3.

Statistical Analysis

Inverse probability of treatment weighting (IPTW) was
used to balance baseline characteristics between the
study groups. Individuals were weighted based on
the propensity score to create a pseudo-population
in which the distribution of measured baseline covari-
ates was independent of the treatment assignment.
Imbalance of baseline characteristics after weighting
was determined by absolute standardized differences.
An absolute standardized difference >0.1 indicated a
meaningful imbalance in baseline characteristics.'® No
weight trimming or weight truncation was conducted,
and there were no extreme weights in the main analy-
sis. The propensity score distribution and weights of
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different exposure groups are presented in Table S5
and Figure S1. IPTW-adjusted hazard ratios (HRs)
using the Cox proportional hazards model were used
to evaluate the relationship between AT exposure and
outcomes of interest. Statistical significance was de-
fined as a 2-sided P value <0.05. All statistical proce-
dures were performed using the SAS software (version
9.4; SAS Institute Inc., Cary, NC, USA). The study pro-
tocol was approved by the Research Ethics Committee
B of the National Taiwan University Hospital (NTUH-
REC No. 202002072W), and written informed consent
was not required for this retrospective observational
investigation based on the de-identified information in
the insurance database.

Sensitivity Analyses

We performed 4 sensitivity analyses. First, for all analy-
ses, we capped the follow-up time to 2 years to reduce
the potential bias caused by different lengths of follow-
up duration. Second, we ensured follow-up for at least
3 months for each patient. Third, instead of using the
first prescription as the index date, we re-assessed
the effectiveness and safety of NOACs versus warfarin
within the 90-day period. Finally, we trimmed the high-
est and lowest 2.5% of the values and performed all
analyses.

RESULTS

Between January 1, 2011 and December 31, 2017,
there were 5007 participants with AF who subse-
quently developed intracranial hemorrhage. Among
them, 1369 participants died before discharge, and
22 were admitted to the hospital at the end of the
study. A total of 1899 among 3616 (52.52%) partici-
pants reinitiated AT after discharge. Among them,
antiplatelet monotherapy was the most commonly
used alternative as antithrombotic agents (49.34%),
followed by NOAC (25.75%) therapy. The median time
from discharge to reinitiate AT was 48 days (interquar-
tile range, 12-163 days) for antithrombotic agents,
42 days (interquartile range, 10127 days) for OACs,
and 56 days (interquartile range, 14-204 days) for
antiplatelet agents. The study enrollment process is
shown in Figure 1.

OACs Versus No AT After Intracranial
Hemorrhage Event

Among all, a total of 283 participants reinitiated oral
OACs (OAC users), whereas 1069 did not reinitiate
antithrombotic agents (AT non-users) 90 days after
discharge from hospital stay because of intracranial
hemorrhage. The baseline characteristics of the par-
ticipants in different groups before and after IPTW ad-
justment are listed in Table S6. The median follow-up
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duration was 0.7 years for OAC users and 0.5 years for
AT non-users. IS occurred in 10 OAC users (3.5%) and
52 AT non-users (4.9%). The IPTW-adjusted HR for IS
between OAC users and AT non-users was 0.61 (95%
Cl, 0.42-0.89). ICH occurred in 4 OAC users (1.4%)
and 17 AT non-users (1.6%). The adjusted HR for OAC
users to AT non-users was 1.15 (95% CI, 0.66-2.02).
OAC users had a significantly lower risk of thromboem-
bolic events than that of AT non-users (HR, 0.60; 95%
Cl, 0.43-0.84), but had a similar risk of major bleeding
(HR, 1.40; 95% CI, 0.99-1.98) and all-cause mortality
(HR, 0.85; 95% CI, 0.72-1.01). The results are shown
in Table 1, and the survival curves for ICH and IS are
shown in Figure 2.

Antiplatelet Agents Versus No AT After
Intracranial Hemorrhage Event

A total of 214 participants reinitiated antiplatelet agents
(antiplatelet users) 90 days after discharge from hos-
pital stay because of intracranial hemorrhage. The
baseline characteristics of the participants in different
groups before and after IPTW adjustment are listed in
Table S7. The median follow-up duration was 0.9 years
for antiplatelet users and 0.5 for AT non-users. IS
occurred in 15 antiplatelet users (7.0%) and 52 AT
non-users (4.9%). The HR for antiplatelet users to AT
non-users was 1.13 (95% ClI, 0.81-1.56). ICH occurred
in 7 antiplatelet users (3.3%) and 17 AT non-users
(1.6%). The HR for antiplatelet users to AT non-users
was 1.81 (95% Cl, 1.07-3.04). Compared with AT non-
users (N=1069), antiplatelet users had a similar risk of
thromboembolic events (HR, 1.11; 95% Cl, 0.84-1.48),
major bleeding (HR, 1.10; 95% ClI, 0.77-1.58), and
all-cause mortality (HR, 0.88; 95% ClI, 0.75-1.03), as
shown in Table 1 and Figure 2.

OACs Versus Antiplatelet Agents After
Intracranial Hemorrhage Event

The baseline characteristics of 283 OAC users and
214 antiplatelet users before and after IPTW adjust-
ment are presented in Table S8. The median follow-up
duration was 0.7 years for OAC users and 0.9 for anti-
platelet users. IS occurred in 10 OAC users (3.5%) and
19 antiplatelet users (8.9%). The HR for OAC users to
antiplatelet users was 0.66 (95% Cl, 0.37-1.19). ICH oc-
curred in 4 OAC users (1.4%) and 11 antiplatelet users
(5.1%). The HR for OAC users to antiplatelet users was
0.42 (95% ClI, 0.18-0.99). OAC users had a lower risk of
thromboembolic events than that of antiplatelet users
(HR, 0.54; 95% ClI, 0.32—-0.91), and similar risk of major
bleeding (HR, 0.97; 95% CI, 0.57-1.64) and all-cause
mortality (HR, 0.96; 95% ClI, 0.73-1.25), as shown in
Table 2. The survival curves for ICH and IS are shown
in Figure 2.
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Jan. 1%t, 2011 to Dec. 31%t, 2017
5007 patients with AF with subsequent ICH

1369 Death before discharge
22 No discharge

3616 Post-ICH discharged patients with AF

—

Analysis I: AP users / OAC users versus non-AT users
(Index date: 90 days after discharge)

Analysis Il: NOAC users versus warfarin users
(Index date: First OAC prescription after discharge)

402 Had IS or ICH events between discharge
and the index date or insufficient
baseline assessment period*

339 Had valvular atrial fibrillation,
structural brain disease, dialysis,
unknown sex, or concurrent use of
anticoagulant and antiplatelet agents
on the index date

957 Did not use antithrombotic agent
before intracranial hemorrhage

352 Died during the 90-day landmark
period

1566 Study participants

283 OAC users
214 AP users
1069 AT non-users

]

1899 Restarted anticoagulant agents

220 Had IS or ICH events between discharge
and the index date or insufficient
baseline assessment period*

262 Had valvular atrial fibrillation,
structural brain disease, dialysis,
unknown sex, or concurrent use of
anticoagulant and antiplatelet agents
on the index date

343 Did not use antithrombotic agent
before intracranial hemorrhage

1074 Study participants

536 Claimed antiplatelet agents

205 Warfarin users
333 NOAC users

Figure 1. Sample selection flowchart.

Patients were required to have at least a 6-month observation period before the index date for baseline characteristic assessment. AF
indicates atrial fibrillation; AP, antiplatelet agents; AT, antithrombotic agents; ICH, intracranial hemorrhage; IS, ischemic stroke; NOAC,
non-vitamin K antagonist oral anticoagulants; and OAC, oral anticoagulants.

NOACSs Versus Warfarin Therapy After
Intracranial Hemorrhage Event

The results of the effectiveness and safety of NOACs
versus warfarin after ICH are shown in Table 3. After
discharge from hospital stay because of intracranial
hemorrhage, 333 patients received NOACs, and 205
patients received warfarin. The baseline characteristics
of the participants in different groups before and after
IPTW adjustment are listed in Table S9. The median
follow-up duration was 0.5 years for both NOAC and
warfarin users. IS occurred in 12 NOAC users (3.6%)
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and 9 warfarin users (4.4%). The adjusted HR for NOAC
users to warfarin users was 0.92 (95% ClI, 0.50-1.70).
ICH occurred in 5 NOAC users (1.5%) and 6 warfarin
users (2.9%). The adjusted HR for NOAC users to warfa-
rin users was 0.53 (95% Cl, 0.22-1.30). Compared with
warfarin users, NOAC users had a similar risk of throm-
boembolic events (HR, 0.81; 95% ClI, 0.46-1.44), and a
significantly low risk of major bleeding (HR, 0.36; 95%
Cl, 0.22-0.60) and all-cause mortality (HR, 0.60; 95%
Cl, 0.43-0.84). No further comparisons were made be-
tween individual NOAC agents and warfarin because of
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Table 1. Event Rate of Different Outcomes According to Treatment Stratification
No treatment Oral anticoagulants Antiplatelet therapy

Outcome (n=1069) (n=283) Adjusted HR* (n=214) Adjusted HR'

Ischemic stroke 0.61 (0.42-0.89) 1.183 (0.81-1.56)
No. of events 52 10 15
Person-y 1068.81 32718 27116
Event rate (95% Cl) 48.69 (37.10-63.89) 30.56 (16.45-56.81) 55.32 (33.35-91.76)

Thromboembolism 0.60 (0.43-0.84) 1.11(0.84-1.48)
No. of events 68 12 18
Person-y 1065.08 325.29 263.12
Event rate (95% Cl) 63.84 (50.34-80.97) 36.89 (20.95-64.96) 68.41 (43.10-108.58)

Intracerebral hemorrhage 1.15 (0.66-2.02) 1.81 (1.07-3.04)
No. of events 17 4 7
Person-y 1066.18 335.15 274.24
Event rate (95% Cl) 15.94 (9.91-25.65) 11.94 (4.48-31.80) 25.52 (12.17-53.54)

Major bleeding event 1.40 (0.99-1.98) 1.10 (0.77-1.58)
No. of events 42 i 1
Person-y 1051.00 301.22 271.86
Event rate (95% ClI) 39.96 (29.53-54.07) 33.50 (18.55-60.50) 40.46 (22.41-73.06)

All-cause mortality 0.85 (0.72-1.01) 0.88 (0.75-1.03)
No. of events 235 48 45
Person-y 1087.31 336.22 278.89
Event rate (95% Cl) 216.13 (190.19-245.61) 142.77 (107.59-189.45) 161.35 (120.47-216.11)

HR indicates hazard ratio.

*Hazard ratio between oral anticoagulants and no treatment.

fHazard ratio between antiplatelet therapy and no treatment.

small sample sizes (apixaban, n=68; dabigatran, n=104; DISCUSSION

edoxaban, n=10; and rivaroxaban, n=151).

Sensitivity Analyses

The results of the sensitivity analyses were consistent
with those of the main analyses. Capping the follow-up
duration at 2 years did not substantially affect the study
results (Table S10 and S11). The requirement of at least
3 months of follow-up yielded similar results to those in
the main analyses (Table S12 and S13), but a significant
increase in risk of major bleeding events was observed in
antiplatelet users compared with non-AT users (HR, 1.56;
95% Cl, 1.01-2.41). Using a 90-day period for compari-
son between NOACs and warfarin might have caused
to move the point estimates away from the null, but the
overall findings remained consistent with the main analy-
ses (Table S14 and S15). Further, trimming the upper and
lower 2.5% of the values did not significantly change the
results (Table S16 and S17). Antiplatelet users showed
higher risk of IS (HR, 1.44; 95% Cl, 1.03-2.02) and throm-
boembolic events (HR, 1.37; 95% Cl, 1.01-1.86) than in
the group who received no treatment in this analysis, but
this association was not statistically significant in prior
analyses.

J Am Heart Assoc. 2022;11:022849. DOI: 10.1161/JAHA.121.022849

Our study compared the effectiveness and safety of
different treatment options after an episode of intracra-
nial hemorrhage, including OACs, antiplatelet agents,
and no treatment. Our analysis demonstrated that
reinitiating OACs, compared with no treatment, signifi-
cantly reduced the risk of IS and did not increase the
risk of ICH. We further showed that OACs significantly
reduced the risk of thromboembolic events and ICH
compared with antiplatelet agents. Among anticoagu-
lants, effectiveness of NOACs was similar in terms of IS
prevention, but survival improved compared with war-
farin. Reinitiating antiplatelet therapy did not reduce the
risk of IS but increased the risk of ICH compared with
no treatment.

ICH is one of the most common and serious adverse
effects of OACs. However, patients with history of ICH
during AT therapy were not included in large-scale clini-
cal trials comparing OAC to antiplatelet or to placebo in
patients with non-valvular AF. Physicians may be hesi-
tant to reinitiate OACs in patients with a history of ICH,
particularly in the Asian population that is more likely to
suffer from OAC-related ICH than non-Asian popula-
tions.?® Moreover, Asian race is a risk factor for recurrent
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Figure 2. Survival curves of ischemic stroke and intracerebral hemorrhage according to the type of antithrombotic therapy.
A, Oral anticoagulants versus no treatment; B, Antiplatelet therapy versus no treatment; C, Oral anticoagulants versus antiplatelet
therapy. NOACs indicates non-vitamin K antagonist oral anticoagulants.

ICH.?" Other risk factors for recurrent ICH are multifo-
cal including age, blood pressure, extent of OAC expo-
sure, presence of multiple cerebral microbleeds, and
hematoma size and location.*® The risk of re-bleeding
after reinitiating OACs can be reduced by selecting pa-
tients carefully, controlling reversible risk factors such
as blood pressure, and avoiding off-label dosing of
OACs.® Our data showed that patients with a history
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of intracranial hemorrhage still benefit from reinitiating
OACs. Therefore, it is rational to reinitiate OAC in patients
with intracranial hemorrhage and at a high risk of throm-
boembolism. Moreover, among anticoagulants, NOACs
are preferred over warfarin because they reduce major
bleeding events and improve survival.

Antiplatelet agents can be used as a treatment alter-
native for patients who are not eligible for reinitiating OAC
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Table 2. Event Rate of Different Outcomes in Oral Anticoagulant Users and Antiplatelet Agent Users

Outcome Oral anticoagulants (n=283) Antiplatelet therapy (n=214) Adjusted HR
Ischemic stroke 0.66 (0.37-1.19)
No. of events 10 19
Person-y 32718 510.83
Event rate (95% Cl) 30.56 (16.45-56.81) 37.19 (23.72-58.31)
Thromboembolism 0.54 (0.32-0.91)
No. of events 12 25
Person-y 325.29 493.60
Event rate (95% Cl) 36.89 (20.95-64.96) 50.65 (34.22-74.96)
Intracerebral hemorrhage 0.42 (0.18-0.99)
No. of events 4 1l
Person-y 335.15 532.05
Event rate (95% Cl) 11.94 (4.48-31.80) 20.67 (11.45-37.33)
Major bleeding event 0.97 (0.57-1.64)
No. of events " 19
Person-y 328.33 526.19
Event rate (95% Cl) 33.50 (18.55-60.50) 36.11 (23.03-56.61)
All-cause mortality 0.96 (0.73-1.25)
No. of events 48 76
Person-y 336.22 540.83
Event rate (95% CI) 142.77 (107.59-189.45) 140.52 (112.23-175.95)

HR indicates hazard ratio.

therapy. The American Heart Association/American
Stroke Association guidelines suggest that antiplate-
let monotherapy may be considered in patients with a
history of ICH event and having concern of bleeding.
The results from the RESTART trial showed that anti-
platelet agents did not increase the risk of recurrent ICH.
Moreover, antiplatelet agents significantly reduced major
vascular events such as non-fatal myocardial infarction
and non-fatal stroke compared with no treatment, al-
though the risk of all major occlusive vascular events is
similar.® Unlike RESTART, in our study, antiplatelet agents
showed no benefit in preventing IS and increased risk in
ICH, consistent with the findings of Chao et al.® These
differences may be attributed to the characteristics of
our participants who were patients with AF presenting
worse effects of antiplatelet agents than OACs in pre-
venting thromboembolism.22222 |In addition, our re-
sults suggested superior effects of OACs to antiplatelet
agents in reducing the risk of thromboembolic events
and ICH. Considering no beneficial effects of antiplatelet
therapy in IS prevention, which may be discouraging for
patients with AF who subsequently developed intracra-
nial hemorrhage, OACs should be considered for post-
intracranial hemorrhage.

Two recent studies investigated the risk and benefit
of reinitiating NOACs in patients with AF and a history
of intracranial hemorrhage. Both studies showed com-
parable effectiveness of NOAC in preventing IS to that
of warfarin along with reducing the risk of intracranial
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bleeding.?#?® These studies enrolled participants with
strong indications for reinitiating OACs and high average
CHA,DS,-VASc score of 4.0 in the study by Lee et al.**
(6% with a score of O to 1) and 5.5 in the study by Tsai
et al. (none with a score of O to 1).2° Our study also en-
rolled participants with a strong indication for OAC ther-
apy (average CHA,DS,-VASc score of 5.0, <1% of the
participants with a score of 0 to 1). However, the study
by Lee et al. enrolled patients with AF who were naive to
OAC therapy before occurrence of intracranial hemor-
rhage.?* Thus, the results of that study mainly reflected
the effectiveness and safety of OAC in patients with a
high baseline risk of bleeding such as spontaneous in-
tracranial hemorrhage. In the study by Tsai et al., the
average interval between the diagnosis of AF and intra-
cranial hemorrhage was 5.9 years, which was relatively
remote.?® In contrast to these 2 studies, we focused par-
ticularly on patients with AF and subsequent intracranial
hemorrhage, and an exposure to AT before occurrence
of bleeding events. Our study subjects represent a pop-
ulation that present clinical dilemma about whether to
reinitiate AT after an intracranial hemorrhage event. The
results of this study provide further evidence on the ef-
fectiveness and safety of resuming AT (including OACs
and antiplatelet agents) in patients who potentially have
AT-related intracranial hemorrhage.

The optimal time to reinitiate OACs after an ICH event
remains unclear. The 2015 American Heart Association/
American Stroke Association guidelines on spontaneous
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Table 3. Event Rate of Different Outcomes in NOAC and Warfarin Users

Outcome NOACs (n=333) Warfarin (n=205) Adjusted HR
Ischemic stroke 0.92 (0.50-1.70)
No. of events 12 9
Person-y 27513 196.82
Event rate (95% Cl) 53.42 (24.66-76.46) 45.73 (23.79-87.88)
Thromboembolism 0.81 (0.46-1.44)
No. of events 13 i
Person-y 275.10 196.19
Event rate (95% Cl) 47.22 (27.42-81.32) 56.07 (31.05-101.24)
Intracerebral hemorrhage 0.53 (0.22-1.30)
No. of events 5 6
Person-y 284.42 196.53
Event rate (95% Cl) 17.58 (7.32-42.24) 30.53 (13.72-67.96)
Major bleeding event 0.36 (0.22-0.60)
No. of events 13 18
Person-y 281.96 187.84
Event rate (95% Cl) 46.11 (26.77-79.40) 95.83 (60.38-152.10)
All-cause mortality 0.60 (0.43-0.84)
No. of events 34 39
Person-y 285.20 198.28
Event rate (95% CI) 119.22 (85.18-166.84) 196.69 (143.77-269.21)

HR indicates hazard ratio; and NOACs, non-vitamin K antagonist oral anticoagulants.

ICH recommend reinitiating OACs for at least 4 weeks after
the onset of ICH in patients with no mechanical heart valve.*
Our data demonstrated the median time to start OACs as
~B weeks, which is even more conservative than the rec-
ommended time. Data on patients with mechanical valves
are lacking. An observational study in Germany showed
that reinitiating therapeutic anticoagulants among patients
with mechanical valve within 2 weeks after an ICH onset
increased the risk of re-bleeding and should be discour-
aged.?® Collectively, decision to reinitiate OACs in patients
with AF and a history of ICH is difficult. In addition to medi-
cal therapy, left atrial appendage occluder implantation can
be a treatment alternative according to a recent study that
has shown its comparable risk of bleeding as NOACs in
patients with a high risk of stroke and bleeding.?”

Our study has the following limitations. First, this
is a retrospective study and has the potential for un-
measurable residual confounding bias. Therefore, we
used IPTW to balance between-group differences and
applied the 90-day period to avoid time bias and car-
ryover effect from the previous intracranial hemorrhage
episode. In addition, we excluded participants who did
not receive an AT agent before the occurrence of in-
tracranial hemorrhage because these patients were
presumed to be frail and tended to avoid AT agents
after the event. Second, we were unable to deter-
mine the optimal time to reinitiate AT post-intracranial
hemorrhage owing to the retrospective design of the
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study. The time to initiate AT after intracranial hem-
orrhage is mainly driven by patient characteristics. A
prospective study with randomization in the timing of
reinitiating therapy is necessary to answer this ques-
tion. Third, our study was conducted in an Asian pop-
ulation. Since Asian race is a risk factor for ICH and
recurrent ICH,2"28 the results of this study may not be
generalizable to other ethnic groups. Nevertheless,
our results suggest that OAC remains a safe treatment
alternative post-intracranial hemorrhage, even in the
Asian population. Therefore, it is plausible that OAC
is a safe choice in the non-Asian population. Finally,
we did not check the CHA,DS,-VASc score for study
enrollment. The use of OACs in patients with a score
of 0 to 1 is not recommended commonly according
to different guidelines.®?° Nevertheless, the proportion
of participants with low CHA,DS,-VASc was low. Our
study represents a population with a strong indication
for reinitiating OAC therapy after the occurrence of in-
tracranial hemorrhage.

In conclusion, our study demonstrated that reiniti-
ating OACs after the occurrence of intracranial hemor-
rhage reduces the risk of IS without affecting the risk
of recurrent ICH. NOACs are recommended over war-
farin owing to the benefit of survival. Antiplatelet agents
have not shown any benefit in preventing IS, moreover,
they increase the risk of ICH, and thus may not be an
appropriate treatment option.
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Table S1. Diagnosis Codes for Inclusion and Exclusion Criteria.

Condition ICD-9-CM ICD-10-CM
Inclusion criteria
Atrial fibrillation 427.31 148
Intracranial 430,431, 432 160, 161, 162
bleeding

Exclusion criteria

394.0,394.2,396.0,396.1, 746.5  105.0,105.2, 108.0, Q23.2

Mitral stenosis

o V42.2, V433 795.3,795.4,795.2
Artificial valve
replacement NHI codes: FHVO01, FHV02
Pregnancy V22,V23 734,733.1,733.3
V45.1, V56 799.2,791.15

Dialysis NHI codes: 58001C, 58018C, 58025C, 58027C, 58029C, 58007C,

58014C, 58026C, 58030B, 58002C, 58009A/B, 58010A/B, 58011A/C,
58012A/B, 58017B/C

Malformation of ~ 747.89 Q28.0, Q28.1
precerebral
vessels

Malformation of  747.81 Q28.2,Q28.3
cerebral vessels

Dissection of 443.29 167.0
cerebral arteries

Cerebral 437.3 167.1
aneurysm
Moyamoya 437.5 167.5
disease

ICD-9-CM: International Classification of Diseases,Ninth Revision, Clinical Modification;
ICD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification



Table S2. ATC Codes of Medications.

Categories ATC codes Medication
BOTAAO03 Warfarin
BO1AEO7 Dabigatran
Oral anticoagulants BO1AFO1 Rivaroxaban
BO1AF02 Apixaban
BO1AFO03 Edoxaban
BOTACO06 Aspirin
BO1ACO04 Clopidogrel
Platelet aggregation inhibitors BOIAC) Prasugrel
BO1AC24 Ticagrelor
Calcium channel blockers C08D, CO8C
Agents acting on the renin- C09

angiotensin system
HMG-CoA reductase inhibitors C10AA
Nonsteroid anti-inflammatory MO1A

drugs
Antiarrhythmics, CO01B
class I and III
Digitalis glycosides CO1AAO05 Digoxin
Beta blocking agents CO7A
Proton pump inhibitors A02BC

ATC: Anatomical Therapeutic Chemical Classification



Table S3. Diagnosis Codes for Baseline Comorbidities and Outcomes

Condition

ICD-9-CM

ICD-10-CM

Congestive heart

398.91, 428, 402.01, 402.11,

402.91, 404.01, 404.03,
404.11,404.13, 404.91,

111.0, 113.0, 113.2, 142.0, 142.5,
142.6,142.7,142.8, 142.9, 150

failure 404.93. 4254, 425.5. 4257,
425.8. 425.9
Hypertension 401, 402, 403, 404, 405 110, 111, 112, 113, 115, 116

Diabetes mellitus

250

E08, E09, E10, E11, E13

Coronary artery
disease

410, 411, 412, 413, 414

120, 121, 122, 123, 124, 125

Myocardial
infarction

410,412

121,122,125.2

Peripheral artery
disease

440, 443

170,173, 177.7

Peripheral arterial
thrombosis

444

174

Ischemic stroke

433.01, 433.11, 433.21,
433.31, 433.81, 433.91,

434.01, 434.11, 434.91, 436,

362.3

163,167.89, 164, G45.3, H34

Transient ischemic

435.0,435.1,435.2,435.3,
435.8,435.9

G45.0, G45.1, G45.2, G45.8,
G45.9, G46.0, G46.1, G46.2,

attack 167.841, 167.848
Venous 451,453 180, 182
thromboembolism
Pulmonary 415.1, 416.2 126, 127.82,
embolism
Intracerebral 431 161
bleeding
Intracranial 430,431, 432 160, 161, 162
bleeding
Other intracranial 430, 432 160, 162
bleeding
531.0,531.2,531.4,531.6, K25.0, K25.2, K25.4, K25.6,
532.0,532.2,532.4, 532.6, K26.0,K26.2, K26.4, K26.6,
533.0, 533.2, 533.4, 533.6, K27.0,K27.2, K27.4, K27.6,
534.0,534.2, 534.4, 534.6, K28.0, K28.2, K28.4, K28.6,
Gastrointestinal 535.01, 535.11, 535.21, K29.01,K29.21, K29.31, K29.41,
bleeding 535.31, 535.41, 535.51, K29.51,K29.61, K29.71, K28.91,
535.61, 535.71, 562.02, K29.91, K52.81, K57.01, K57.11,
562.03, 562.12, 562.13, K57.13,K57.21, K57.31, K57.33,
568.81, 569.3, 569.85, 578 K57.41,K57.51, K57.53, K57.81,
K57.91, K57.93, K66.1, K62.5,
K55.21,K92.0, K92.1, K92.2,
Other bleeding 287.8,287.9, 423.0, 459.0, D69.8, D69.9, 131.2, R58, R31,
events 599.7,719.1, 784.7, 784.8, M25.0, R04, H35.6

786.3, 362.81

Liver disease

570, 571, 572,573, V42.7

K70,K71,K72,K73,K74. K75,
K76,K77,794.4

Renal disease

403.01, 403.11, 403.91,
404.02, 404.03, 404.12,

112.0, I13.11, 113.2, NI18, N19,
749.0,749.3,791.15, 794.0, 298 4,




404.13, 404.92, 404.93, 585, 799.2
586, V42.0, V45.1, V56

ICD-9-CM: International Classification of Diseases,Ninth Revision, Clinical Modification;
ICD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification



Table S4. National Health Insurance Codes for Stroke Severitz Index

Condition NHI codes
47041C, 47042C

Airway suctioning

13009C, 13020C, 13010C, 13021B, 13011C,

Bacterial sensitivity test 13022B, 13020C. 13009B. 13010B, 13011B

02006K, 02007A, 02008B, 03001K, 03002A,
General ward stay 03004B 03005K, 03006A,03008B, 03026K, 03027A,
03029B
ICU stay 02011K, 02012A, 02013B, 03010E, 03011F,

03012G, 03047E, 03048F, 03049G

Nasogastric intubation 47017C, 47018C

Osmotherapy ATC codes: BOSBCO01, B0O5BC92
(mannitol or glycerol infusion)
Urinary catheterization 47013C, 47014C

NHI: National Health Insurance; ICU: Intensive Care Unit; ATC: Anatomical Therapeutic
Chemical Classification



Table S5. Distribution of Inverse Probabilitx of Treatment Weights

Weight OAC AT AP AT NOAC Warfarin
Users non-users users non-users users users
100% 15.38 2.59 26.14 1.97 3.19 9.93
99% 13.07 2.17 17.27 1.65 2.50 5.33
95% 9.06 1.68 12.93 1.45 2.13 4.09
90% 8.07 1.53 10.38 1.36 1.96 3.47
75% 591 1.34 7.37 1.25 1.77 2.89
50% 4.05 1.19 5.18 1.17 1.57 2.47
25% 2.81 1.12 3.64 1.11 1.43 2.06
10% 2.11 1.08 2.95 1.08 1.30 1.89
5% 1.88 1.07 2.51 1.06 1.18 1.77
1% 1.61 1.05 2.02 1.05 1.10 1.60
0% 1.46 1.04 1.76 1.04 1.06 1.56

OACs: Oral anticoagulants, AT: Antithrombotic therapy, AP: Antiplatelet, NOAC: Non-vitamin K antagonist oral anticoagulants



Table S6. Baseline Characteristics Among Oral Anticoagulant Users and Antithrombotic TheraBX Non-Users

Inverse probability of treatment weighting

Before After
Characteristics, N (%) OAC AT Absolute OAC AT Absolute
users non-users Standardized users non-users Standardized
N=283 N=1069 difference N=1312.54 N=1353.16 Difference

Age, mean (SD) 75.61 (9.84) 76.31 (10.69) 0.07 76.50 (21.09)  76.20 (11.99) 0.03
Sex, male 166 (58.66) 618 (57.81) 0.02 776.73 (59.18)  786.62 (58.13) 0.02
CHA,DS,-VASc score, mean (SD) 531(1.67)  5.20 (1.57) 0.07 5.24 (3.64) 5.23 (1.76) 0.01

0-4* 89 (31.45) 349 (32.65) 449.58 (34.25)  432.00 (31.93)

5-6% 116 (40.99) 495 (46.3) 510.56 (38.90)  630.06 (46.56)

=7% 78 (27.56) 225 (21.05) 352.39 (26.85)  291.10 (21.51)
Stroke severity index, mean (SD) 12.57 (5.81) 15.24 (5.83) 0.46 14.17 (12.44) 14.66 (6.72) 0.08
Comorbidities
Congestive heart failure 92 (32.51) 301 (28.16) 0.10 396.66 (30.22)  395.29 (29.21) 0.02
Hypertension 209 (73.85) 830 (77.64) 0.09 1021.87 (77.85) 1042.63 (77.05) 0.02
Diabetes mellitus 88 (31.1) 376 (35.17) 0.09 44143 (33.63)  466.52 (34.48) 0.02
Coronary artery disease 63 (22.26) 228 (21.33) 0.02 293.43 (22.36)  293.77 (21.71) 0.02
PAD and PAT 17 (6.01) 35(3.27) 0.13 50.58 (3.85) 52.44 (3.88) <0.01
IS and TIA 145 (51.24) 470 (43.97) 0.15 595.26 (45.35)  615.24 (45.47) <0.01
VT and PE 11 (3.89) 19 (1.78) 0.13 31.39 (2.39) 30.22 (2.23) 0.01
Gastrointestinal bleeding 22 (7.77) 58 (5.43) 0.10 71.24 (5.43) 78.65 (5.81) 0.02
Other bleeding events 10 (3.53) 50 (4.68) 0.06 50.62 (3.86) 60.39 (4.46) 0.03
Liver disease 15 (5.3) 50 (4.68) 0.03 66.32 (5.05) 65.57 (4.85) 0.01




Renal disease 28 (9.89) 95 (8.89) 0.04 125.83(9.59)  124.09 (9.17) 0.014

Baseline medication history

Antithrombotic agents’ 283 (100) 1069 (100) <0.01 1312.54 (100)  1353.16 (100) <0.01
Calcium channel blockers 144 (50.88) 515 (48.18) 0.05 709.72 (54.07)  664.13 (49.08) 0.10
ACEIs/ARBs 162 (57.24) 524 (49.02) 0.17 690.09 (52.58)  685.96 (50.69) 0.04
HMG-CoA reductase inhibitors 81(28.62) 149 (13.94) 0.37 236.64 (18.03)  230.31 (17.02) 0.03
NSAIDs 80 (28.27) 265 (24.79) 0.08 365.56 (27.85)  349.53 (25.83) 0.05
CAIESSE‘?;X?I‘EES’ 78 (27.56) 218 (20.39) 0.17 309.41 (23.57)  298.272 (22.04) 0.04
Rate control drugs® 166 (58.66) 524 (49.02) 0.19 717.56 (54.67)  693.52 (51.25) 0.07
Proton pump inhibitors 29(10.25)  84(7.86) 0.08 95.97(7.31)  111.85(8.27) 0.03

OAC, oral anticoagulant; AT, antithrombotic therapy, SD, standard deviation, IPTW, inverse probability treatment weighting; PAD, peripheral artery
disease; PAT, peripheral artery thrombosis; IS, ischemic stroke; TIA, transient ischemic attack; VT, venous thromboembolism; PE, pulmonary
embolism, ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAID, non-steroidal anti-inflammatory drug

* Denotes descriptive variables that were not included in the propensity score

1 Antithrombotic agents include oral anticoagulants and antiplatelet agents

1 Rate control drugs include ATC code C07A and CO1AA0S5



Table S7. Baseline Characteristics Among AntiElatelet Agent Users and Antithrombotic TheraBX Non-Users

Inverse probability of treatment weighting

Before After
Characteristics, N (%) AP AT Absolute AP AT Absolute
users non-users Standardized users non-users Standardized
N=214 N=1069 difference N=1291.35 N=1282.23 Difference

Age, mean (SD) 75.12 (11.10)  76.31 (10.69) 0.11 76.42 (26.83)  76.13 (11.71) 0.03
Sex, male 140 (65.42) 618 (57.81) 0.16 794.45 (61.52)  757.92 (59.11) 0.05
CHA,DS,-VASc score, mean (SD) 531(1.56)  5.20 (1.57) 0.07 5.26 (3.90) 5.22 (1.72) 0.03

0-4* 67 (31.31) 349 (32.65) 440.68 (34.13)  412.05 (32.14)

5-6* 96 (44.86) 495 (46.3) 541.84 (41.96)  593.45 (46.28)

=7* 51(23.83)  225(21.05) 308.82(23.91) 276.73 (21.58)
Stroke severity index, mean (SD) 13.24 (5.73) 15.24 (5.83) 0.35 14.98 (14.19) 14.91 (6.47) 0.01
Comorbidities
Congestive heart failure 69 (32.24) 301 (28.16) 0.09 386.29 (29.91)  370.80 (28.92) 0.02
Hypertension 167 (78.04) 830 (77.64) 0.01 1013.31 (78.47) 997.87 (77.82) 0.02
Diabetes mellitus 84 (39.25) 376 (35.17) 0.08 439.73 (34.05)  459.54 (35.84) 0.04
Coronary artery disease 67 (31.31)  228(21.33) 0.23 279.86 (21.67)  292.79 (22.83) 0.03
PAD and PAT 9 (4.21) 35(3.27) 0.05 43.81 (3.39)  43.34(3.38) <0.01
IS and TIA 109 (50.93) 470 (43.97) 0.14 624.66 (48.37)  580.82 (45.30) 0.06
VT and PE 3(1.4) 19 (1.78) 0.03 2137 (1.65)  21.91(1.71) <0.01
Gastrointestinal bleeding 18 (8.41) 58 (5.43) 0.12 64.70 (5.01) 74.67 (5.82) 0.03
Other bleeding events 16 (7.48) 50 (4.68) 0.12 63.93 (4.95) 65.53 (5.11) 0.01
Liver disease 12 (5.61) 50 (4.68) 0.04 48.24 (3.74) 60.67 (4.73) 0.05




Renal disease 20 (9.35) 95 (8.89) 0.02 99.30 (7.69)  114.79 (8.95) 0.04
Baseline medication history

Antithrombotic agents’ 214 (100) 1069 (100) <0.01 1291.35(100)  1282.23 (100) <0.01
Calcium channel blockers 99 (46.26) 515 (48.18) 0.04 619.89 (48.00)  615.49 (48.00) <0.01
ACEIS/ARBs 125 (58.41) 524 (49.02) 0.19 639.19 (49.50)  647.87 (50.53) 0.02
HMG-CoA reductase inhibitors 42(19.63) 149 (13.94) 0.15 192.35(14.89)  191.12 (14.9) <0.01
NSAIDs 63(29.44) 265 (24.79) 0.11 326.24 (25.26)  327.52 (25.54) 0.01
CAIESSE‘?;X?I‘EES’ 53(24.77)  218(20.39) 0.11 278.06 (21.53)  270.96 (21.13) 0.01
Rate control drugs 131 (61.21) 524 (49.02) 0.25 653.26 (50.59)  655.07 (51.09) 0.01
Proton pump inhibitors 11 (5.14) 84 (7.86) 0.11 100.37 (7.77)  94.78 (1.39) 0.02

AP, antiplatelet; AT, antithrombotic therapy, SD, standard deviation, IPTW, inverse probability treatment weighting; PAD, peripheral artery disease;
PAT, peripheral artery thrombosis; IS, ischemic stroke; TIA, transient ischemic attack; VT, venous thromboembolism; PE, pulmonary embolism,
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAIDs, non-steroidal anti-inflammatory drug

* Denotes descriptive variables that were not included in the propensity score

1 Antithrombotic agents include oral anticoagulants and antiplatelet agents

1 Rate control drugs include ATC code C07A and CO1AA0S5



Table S8. Baseline Characteristics Among Oral Anticoagulant Users and AntiElatelet Agent Users

Inverse probability of treatment weighting

Before After
Characteristics, N (%) OAC AP Absolute OAC AP Absolute
users users Standardized users users Standardized
N=283 N=214 difference N=495.25 N=498.38 Difference

Age, mean (SD) 75.61 (9.84) 75.12 (11.10) 0.05 75.45 (13.01)  75.34 (17.44) 0.01
Sex, male 166 (58.66) 140 (65.42) 0.14 309.25 (62.01) 304.69 (61.52) 0.01
CHA,DS,-VASc score, mean (SD) 531(1.67)  5.31(1.56) <0.01 5.31(2.19) 5.29 (2.43) 0.01

0-4* 89 (31.45) 67 (31.31) 0.10 156.88 (31.68) 162.78 (32.66) 0.09

5-6% 116 (40.99) 96 (44.86) 202.73 (40.94) 220.14 (44.17)

=7* 78 (27.56) 51 (23.83) 135.63 (27.39) 115.46 (23.17)
Stroke severity index, mean (SD) 12.57 (5.81) 13.24 (5.74) 0.12 12.81 (7.56) 12.86 (8.76) 0.01
Comorbidities
Congestive heart failure 92 (32.51) 69 (32.24) 0.01 158.01 (31.91) 157.56 (31.61) 0.01
Hypertension 209 (73.85) 167 (78.04) 0.10 374.79 (75.68) 376.92 (75.63) <0.01
Diabetes mellitus 88 (31.10) 84 (39.25) 0.17 170.20 (34.37) 171.79 (34.47) <0.01
Coronary artery disease 63(22.26) 67 (31.31) 0.21 130.23 (26.30)  134.29 (26.94) 0.02
PAD and PAT 17 (6.01) 9 (4.21) 0.08 2427 (4.90)  22.64 (4.54) 0.02
IS and TIA 145 (51.24) 109 (50.93) 0.01 254.48 (51.38) 257.14 (51.60) <0.01
VT and PE 11 (3.89) 3 (1.40) 0.16 1343 (2.71)  9.27(1.86) 0.06
Gastrointestinal bleeding 22 (7.77) 18 (8.41) 0.02 41.16 (8.31)  39.14(7.85) 0.02
Other bleeding events 10 (3.53) 16 (7.48) 0.17 22.68 (4.58)  25.65(5.15) 0.03
Liver disease 15 (5.30) 12 (5.61) 0.01 27.50 (5.55)  28.06 (5.63) <0.01




Renal disease 28(9.89)  20(9.35) 0.02 47.93(9.68)  52.57 (10.55) 0.03
Baseline medication history

Antithrombotic agents’ 283 214 495.25 498.38

Calcium channel blockers 144 (50.88) 99 (42.26) 0.09 246.38 (49.75) 255.89 (51.34) 0.03
ACEIS/ARBs 162 (57.24) 125 (58.41) 0.02 284.08 (57.36) 279.70 (56.12) 0.03
HMG-CoA reductase inhibitors 81(28.62)  42(19.63) 0.21 123.24 (24.88)  130.63 (26.21) 0.03
NSAIDs 80 (28.27) 63 (29.44) 0.03 140.12 (28.29)  140.46 (28.18) <0.01
CAIESSZ‘?;X?I‘EES’ 78 (27.56) 53 (24.77) 0.06 131.66 (26.58) 133.33 (26.75) <0.01
Rate control drugs 166 (58.66) 131 (61.21) 0.05 300.52 (60.68) 305.89 (61.38) 0.01
Proton pump inhibitors 29(10.25) 11 (5.14) 0.19 40.65 (8.21)  42.73(8.57) 0.01

AP, antiplatelet agent; OAC, oral anticoagulant; SD, standard deviation, IPTW, inverse probability treatment weighting; PAD, peripheral artery
disease; PAT, peripheral artery thrombosis; IS, ischemic stroke; TIA, transient ischemic attack; VT, venous thromboembolism; PE, pulmonary
embolism, ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAID, non-steroidal anti-inflammatory drug

* Denotes descriptive variables that were not included in the propensity score.

1 Antithrombotic agents include oral anticoagulants and antiplatelet agents.
iRate control drugs include ATC code CO7A and CO1AAO05.



Table S9. Baseline Characteristics Among NOAC Users and Warfarin Users

Inverse probability of treatment weighting

Before After
Characteristics, N (%) NOAC Warfarin Absolute NOAC Warfarin Absolute
users users Standardized users users Standardized
N=333 N=205 difference N=538.00 N=537.19 Difference

Age, mean (SD) 76.23 (9.99) 74.34 (10.24) 0.19 7553 (13.01)  75.45 (15.61) 0.01
Sex, male 191 (57.36) 117 (57.07) 0.01 311.82(57.96) 309.64 (57.64) 0.01
CHA,DS,-VASCc score, mean (SD) 516 (1.54)  4.92(1.77) 0.15 5.07 (1.97) 5.06 (2.84) 0.01

0-4* 108 (32.43) 84 (40.98) 185.55 (34.49) 204.69 (38.10)

5-6* 164 (49.25) 79 (38.54) 263.23 (48.93) 210.58 (39.20)

=7* 61(18.32)  42(20.49) 89.22 (16.58) 121.91 (22.69)
Stroke severity index, mean (SD) 13.16 (6.05)  13.21 (5.74) 0.01 13.18 (7.64)  13.16 (9.40) 0.01
Comorbidities
Congestive heart failure 89 (26.73) 53 (25.85) 0.02 141.69 (26.34) 139.74 (26.01) 0.04
Hypertension 240 (72.07) 143 (69.76) 0.05 385.29 (71.62) 390.75 (72.74) 0.03
Diabetes mellitus 93(27.93) 66 (32.2) 0.09 160.81 (29.89) 160.11 (29.80) <0.01
Coronary artery disease 59(17.72) 40 (19.51) 0.05 101.49 (18.86) 110.24 (20.52) 0.04
PAD and PAT 19 (5.71) 3 (1.46) 0.23 21.93 (4.08)  19.98 (3.72) 0.02
IS and TIA 152 (45.65) 82 (40) 0.11 232.45 (43.21) 230.58 (42.92) 0.01
VT and PE 10 (3) 8 (3.9) 0.05 17.75 (3.30)  17.71 (3.30) <0.01
Gastrointestinal bleeding 17 (5.11) 12 (5.85) 0.03 29.86 (5.55)  30.20 (5.62) <0.01
Other bleeding events 11 (3.3) 8 (3.9) 0.03 18.816 (3.50)  18.03 (3.36) 0.01
Liver disease 11 (3.3) 11 (5.37) 0.10 2127(3.95)  20.67 (3.85) 0.01




Renal disease 28(8.41)  22(10.73) 0.08 51.96 (9.66)  52.26(9.73) <0.01
Baseline medication history

Oral anticoagulants 286 (85.89) 175 (85.37) 0.02 459.76 (85.46) 457.98 (85.25) 0.01
Antiplatelet agents 71(21.32) 46 (22.44) 0.03 118.22(21.97) 117.00 (21.78) 0.01
Calcium channel blockers 142 (42.64) 84 (40.98) 0.03 225.41 (41.90) 229.18 (42.66) 0.02
ACEI/ARB 164 (49.25) 94 (45.85) 0.07 257.36 (47.84) 261.78 (48.73) 0.02
HMG-CoA reductase inhibitors 80 (24.02)  37(18.05) 0.15 117.61 (21.86) 119.14 (22.18) 0.01
NSAIDs 108 (32.43) 72 (35.12) 0.06 179.43 (33.35)  175.86 (32.74) 0.01
‘ngisa?mhfﬁics’ 72(21.62) 50 (24.39) 0.07 119.79 (22.27)  115.92 (21.58) 0.02
Rate control drugs' 173 (51.95) 107 (52.2) 0.01 281.61 (52.34) 280.00 (52.12) <0.01
Proton pump inhibitors 49 (1471)  21(10.24) 0.14 70.74 (13.15)  67.53 (12.57) 0.02

NOAC, non-vitamin K antagonist oral anticoagulant; SD, standard deviation, IPTW, inverse probability treatment weighting; PAD, peripheral artery

disease; PAT, peripheral artery thrombosis; IS, ischemic stroke; TIA, transient ischemic attack; VT, venous thromboembolism; PE, pulmonary
embolism, ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAID, non-steroidal anti-inflammatory drug
* Denotes descriptive variables that were not included in the propensity score
1 Rate control drugs include ATC code CO7A and CO1AAOQ5



Table S10. Sensitivity Analysis: Event Rate of Different Outcomes According to Treatment Stratification
(Up to 2 Years of Follow-Up)

Outcome No treatment Oral anticoagulants Adjusted HR? Antiplatelet therapy Adjusted HR®
Ischemic stroke 0.61 (0.42-0.88) 1.13 (0.82-1.56)
Number of events 52 10 15
Person-years 840.05 267.77 217.13
Event rate (95% CI) 61.90 (47.17-81.23) 37.35(20.09-69.41) 69.08 (41.65-114.59)
Thromboembolism 0.60 (0.43-0.83) 1.11 (0.84-1.48)
Number of events 68 12 18
Person-years 838.42 265.45 212.26
Event rate (95% CI) 81.10 (63.95-102.87) 45.13 (25.63-79.47) 84.80 (53.43-134.60)
Intracerebral hemorrhage 1.10 (0.63-1.93) 1.80 (1.07-3.03)
Number of events 17 4 7
Person-years 837.76 272.82 218.08
Event rate (95% CI) 20.29 (12.61-32.64) 14.66 (5.50-39.06) 32.10 (15.30-67.33)
Major bleeding 1.34 (0.94-1.89) 1.11 (0.78-1.59)
Number of events 42 11 11
Person-years 827.82 269.18 217.28
Event rate (95%CI) 50.74 (37.49-68.65) 40.86 (22.63-73.79) 50.63 (28.04-91.42)
All-cause mortality 0.84 (0.71-0.99) 0.90 (0.76-1.06)
Number of events 235 48 45
Person-years 850.42 273.71 221.67

Event rate (95%CI)

276.34 (243.17-314.02)

175.37 (132.16-232.71)

203.01 (151.57-271.89)

Abbreviations: CI, confidence interval; HR, hazard ratio.

*HR between oral anticoagulants and no treatment.
"HR between antiplatelet therapy and no treatment.



Table S11. Sensitivity Analysis: Event Rate of Different Outcomes Between Warfarin and NOAC Therapy
(Up to 2 Years of Follow-Up)

Outcome Warfarin NOACs Adjusted HR
Ischemic stroke 0.89 (0.48-1.63)
Number of events 9 12

Person-years 166.09 251.90

Event rate (95% CI) 54.19 (28.20-104.15) 47.64 (27.05-83.88)
Thromboembolism 0.79 (0.45-1.39)
Number of events 11 13

Person-years 165.45 250.84

Event rate (95% CI) 66.48 (36.82-120.05) 51.83 (30.09-89.26)
Intracerebral hemorrhage 0.53 (0.22-1.30)
Number of events 6 5

Person-years 165.66 258.45

Event rate (95% CI) 36.22 (16.27-80.62) 19.35 (8.05-46.48)
Major bleeding 0.36 (0.22-0.60)
Number of events 18 13

Person-years 160.04 256.01

Event rate (95% CI) 112.47 (70.86-178.52) 50.78 (29.48-87.45)
All-cause mortality 0.58 (0.42-0.81)
Number of events 39 34

Person-years 167.41 259.22

Event rate (95% CI)

232.96 (170.21-318.85)

131.16 (93.72-183.57)

Abbreviations: CI, confidence interval; HR, hazard ratio, NOACs, non-vitamin K antagonist oral anticoagulants.



Table S12. Sensitivity Analysis: Event Rate of Different Outcomes According to Treatment Stratification

(At Least 3-Month Follow-Up)

Outcome No treatment Oral anticoagulants Adjusted HR* Antiplatelet therapy Adjusted HR®
Ischemic stroke 0.63 (0.41-0.98) 1.32 (0.91-1.92)
Number of events 37 7 12
Person-years 1031.76 322.32 268.49
Event rate (95% CI) 35.86 (25.98-49.49) 21.72 (10.35-45.55) 44.69 (25.38-78.70)
Thromboembolism 0.57 (0.38-0.84) 1.17 (0.84-1.63)
Number of events 49 8 13
Person-years 1028.64 320.22 260.08
Event rate (95% CI) 47.64 (36.00-63.03) 24.98 (12.49-49.96) 49.98 (29.02-86.08)
Intracerebral hemorrhage 1.79 (0.87-3.67) 2.61 (1.32-5.16)
Number of events 9 3 5
Person-years 1029.30 330.64 271.56
Event rate (95% CI) 8.74 (4.55-16.80) 9.07 (2.93-28.13) 18.41 (7.66-44.24)
Major bleeding 1.56 (1.00-2.44) 1.56 (1.01-2.41)
Number of events 25 7 9
Person-years 1013.65 323.43 269.18
Event rate (95%CI) 24.66 (16.67-36.50) 21.64 (10.32-45.40) 33.44 (17.40-64.26)
All-cause mortality 0.83 (0.69-1.00) 0.84 (0.70-1.01)
Number of events 190 39 35
Person-years 1051.41 331.69 276.48

Event rate (95%CI)

180.71 (156.76-208.32)

117.58 (85.91-160.92)

126.59 (90.89-176.32)

Abbreviations: CI, confidence interval; HR, hazard ratio.

*HR between oral anticoagulants and no treatment.
"HR between antiplatelet therapy and no treatment.



Table S13. Sensitivity Analysis: Event Rate of Different Outcomes Between Warfarin and NOAC Therapy

(At Least 3-Month Follow-Up)

Outcome NOACs Warfarin Adjusted HR
Ischemic stroke 0.67 (0.33-1.36)
Number of events 8 8
Person-years 270.80 191.90
Event rate (95% CI) 29.54 (14.77-59.07) 41.69 (20.85-83.36)
Thromboembolism 0.59 (0.30-1.18)
Number of events 8 9
Person-years 269.52 191.06
Event rate (95% CI) 29.68 (14.84) (24.51-90.54)
Intracerebral hemorrhage 0.73 (0.23-2.33)
Number of events 3 3
Person-years 278.71 191.78
Event rate (95% CI) (3.47-33.37) 15.64 (5.05-48.50)
Major bleeding 0.44 (0.22-0.87)
Number of events 7 8
Person-years 276.23 182.80
Event rate (95% CI) 25.34 (12.08-53.16) 43.76 (21.89-87.51)
All-cause mortality 0.65 (0.45-0.94)
Number of events 28 32
Person-years 279.72 193.58

Event rate (95% CI)

100.10 (69.12-144.98)

165.30 (116.90-233.75)

Abbreviations: CI, confidence interval; HR, hazard ratio; NOACs, non-vitamin K antagonist oral anticoagulants.



Table S14. Sensitivity Analysis: Event Rate of Different Outcomes Between Warfarin and NOAC Therapy

(With a 90-Day Landmark Period)

Outcome NOACs Warfarin Adjusted HR
(N=325) (N=176)
Ischemic stroke 0.64 (0.32-1.27)
Number of events 6 8
Person-years 187.02 294.90

Event rate (95% CI)
Thromboembolism

Number of events

Person-years

Event rate (95% CI)
Intracerebral hemorrhage

Number of events

Person-years

Event rate (95% CI)
Major bleeding

Number of events

Person-years

Event rate (95% CI)
All-cause mortality

Number of events

Person-years

Event rate (95% CI)

32.08 (14.41-71.41)

7
186.56
37.52 (17.89-78.70)

6
188.47
31.83 (14.30-70.86)

14
174.34
80.30 (47.56-135.59)

34
189.23

179.67 (128.38-251.46)

27.13 (13.57-54.24)

10
292.13
34.23 (18.42-63.62)

4
302.33
13.23 (4.97-32.25)

14
298.62
46.88 (27.77-79.16)

33
302.95

108.93 (77.44-153.22)

0.74 (0.39-1.39)

0.25 (0.11-0.58)

0.39 (0.24-0.64)

0.59 (0.42-0.84)

Abbreviations: CI, confidence interval; HR, hazard ratio; NOACs, non-vitamin K antagonist oral anticoagulants.



Table S15. Sensitivity Analysis: Event Rate of Different Outcomes Between Warfarin and NOAC Therapy
(With a 90-Day Landmark Period and Up to 2 Years of Follow-Up)

Outcome NOACs Warfarin Adjusted HR
(N=325) (N=176)

Ischemic stroke 0.63 (0.32-1.26)
Number of events 6 8
Person-years 180.31 291.89
Event rate (95% CI) 33.28 (14.95-74.07) 27.41 (13.71-54.80)

Thromboembolism 0.73 (0.39-1.37)
Number of events 7 10
Person-years 179.85 289.11
Event rate (95% CI) 38.92 (18.56-81.64) 34.59 (18.61-64.28)

Intracerebral hemorrhage 0.25 (0.11-0.58)
Number of events 6 4
Person-years 181.76 299.32
Event rate (95% CI) 33.01 (14.83-73.48) 13.36 (5.02-35.61)

Major bleeding 0.39 (0.24-0.64)
Number of events 14 14
Person-years 168.09 295.61
Event rate (95% CI) 83.29 (49.33-140.63) 47.36 (28.05-79.97)

All-cause mortality 0.57 (0.41-0.81)
Number of events 34 33
Person-years 182.52 299.93
Event rate (95% CI) 186.28 (133.10-260.71)  110.02 (78.22-154.76)

Abbreviations: CI, confidence interval; HR, hazard ratio; NOACs, non-vitamin K antagonist oral anticoagulants.



Table S16. Event Rate of Different Outcomes According to Treatment Stratification

(Trim Upper and Lower 2.5% of the Weights)

Outcome No treatment Oral anticoagulants Adjusted HR* Antiplatelet therapy Adjusted HR®
(n=1035) (n=250) (n=181)

Ischemic stroke 0.51 (0.33-0.79) 1.44 (1.03-2.02)
Number of events 50 8 14
Person-years 1040.82 287.50 220.88
Event rate (95% CI) 48.04 (36.41-63.38) 27.83 (13.92-55.64) 63.38 (37.54-107.02)

Thromboembolism 0.57 (0.40-0.83) 1.37 (1.01-1.86)
Number of events 65 10 16
Person-years 1037.92 285.60 214.09
Event rate (95% CI) 62.63 (49.11-79.86) 35.01 (18.84-65.07) 74.74 (45.79-121.99)

Intracerebral hemorrhage 0.94 (0.51-1.75) 1.88 (1.09-3.24)
Number of events 17 3 6
Person-years 1038.30 295.24 224.00
Event rate (95% CI) 16.37 (10.18-26.34) 10.16 (3.28-31.51) 26.79 (12.03-59.62)

Major bleeding 1.01 (0.68-1.51) 1.34 (0.92-1.95)
Number of events 40 7 10
Person-years 1023.99 289.28 221.62
Event rate (95%CI) 39.06 (28.65-53.25) 24.20 (11.54-50.76) 45.12 (24.28-83.86)

All-cause mortality 0.62 (0.51-0.76) 0.83 (0.69-1.001)
Number of events 218 34 36
Person-years 1059.43 296.13 228.59

Event rate (95%CI)

205.77 (180.19-234.98)

114.82 (82.04-160.69)

157.49 (113.60-218.33)

Abbreviations: CI, confidence interval; HR, hazard ratio.

*HR between oral anticoagulants and no treatment.
"HR between antiplatelet therapy and no treatment.



Table S17. Event Rate of Different Outcomes Between Warfarin and NOAC Therapy
(Trim Upper and Lower 2.5% of the Weights)

Outcome NOACs Warfarin Adjusted HR
(n=319) (n=191)

Ischemic stroke 0.94 (0.49-1.79)
Number of events 11 8
Person-years 261.35 186.33
Event rate (95% CI) 42.09 (23.31-76.00) 42.93 (21.47-85.85)

Thromboembolism 0.80 (0.44-1.46)
Number of events 12 10
Person-years 260.29 185.70
Event rate (95% CI) 46.10 (26.18-81.18) 53.85(28.98-100.09)

Intracerebral hemorrhage 0.41 (0.16-1.05)
Number of events 4 6
Person-years 269.36 185.92
Event rate (95% CI) 14.85 (5.57-39.57) 32.27 (14.50-71.83)

Major bleeding 0.45 (0.26-0.77)
Number of events 12 16
Person-years 266.89 177.52
Event rate (95% CI) 44.96 (25.54-79.17) 90.13 (55.22-147.12)

All-cause mortality 0.59 (0.41-0.83)
Number of events 31 37
Person-years 270.13 187.67

Event rate (95% CI)

114.76 (80.71-163.18)

197.15 (142.85-272.11)

CI, confidence interval; HR, hazard ratio; NOACs, non-vitamin K antagonist oral anticoagulants.



Figure S1. Cumulation Distribution of Propensity Score.
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