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Effectiveness and Safety of Antithrombotic
Medication in Patients With Atrial Fibrillation and
Intracranial Hemorrhage: Systematic Review and
Meta-Analysis

Elena Ivany, MRes; Leona A. Ritchie®, MPharm; Gregory Y.H. Lip®2, MD; Robyn R. Lotto(, PhD; David J. Werring®, PhD;
Deirdre A. Lane®®, PhD

BACKGROUND: For patients with atrial fibrillation who survive an intracranial hemorrhage (ICrH), the decision to offer oral
anticoagulation (OAC) is challenging and necessitates balancing risk of thromboembolic events with risk of recurrent ICrH.

METHODS: This systematic review assesses the effectiveness and safety of OAC and/or antiplatelets in patients with atrial
fibrillation with nontraumatic ICrH. Bibliographic databases CENTRAL, MEDLINE, EMBASE, and CINAHL were searched.
Articles on adults with atrial fibrillation with spontaneous ICrH (intracerebral, subdural, and subarachnoid), receiving
antithrombotic therapy for stroke prevention were eligible for inclusion.

RESULTS: Twenty articles (50470 participants) included 2 randomized controlled trials (n=304), 8 observational studies, 8 cohort
studies, and 2 studies that meta-analyzed individual-level data from observational studies. OAC therapy was associated with a
significant reduction in thromboembolic events (summary relative risk [sRR], 0.561 [95% Cl, 0.30-0.86], heterogeneity 1°=2%;
P=0.39, n=5 studies) and all-cause mortality (sRR, 0.52 [95% ClI, 0.38-0.71], heterogeneity 1°=0; P=0.44, n=3 studies). OAC
therapy was not associated with an increased risk of recurrent ICrH (sRR, 1.44 [95% Cl, 0.38-5.46], heterogeneity 1>=70%,
P=0.02, n=5 studies). Nonvitamin K antagonist OACs were more effective at reducing the risk of thromboembolic events (sRR,
0.65 [95% Cl, 0.44-0.97], heterogeneity 1°=72%, P=0.03, n=3 studies) and were associated with a lower risk of recurrent ICrH
(sRR, 0.62 [95% Cl, 0.40-0.67], heterogeneity 1°=0%, P=0.43, n=3 studies) than warfarin.

CONCLUSIONS: In nontraumatic ICrH survivors with atrial fibrillation, OAC therapy is associated with a reduced risk of thromboembolic
events and all-cause mortality without significantly increasing risk of recurrent ICrH. This finding is primarily based on observational
data, and further larger randomized controlled trials are needed to corroborate or refute these findings.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: anticoagulant ® atrial fibrillation ® intracranial hemorrhage ® ischemic stroke ® systematic review

treatment for ischemic stroke prevention in patients  (ICrH) is a potential complication of OAC? and is asso-
with atrial fibrillation (AF) and at least 1 additional  ciated with significant mortality and morbidity3* ICrH
stroke risk factor,! but all OAC therapy is associated with  survivors are at risk of sustaining further hemorrhage or

Long—term oral anticoagulation (OAC) is the main  an increased risk of bleeding. Intracranial hemorrhage
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Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
ICH intracerebral hemorrhage

ICrH intracranial hemorrhage

NOAC nonvitamin-K antagonist oral
anticoagulant

OAC oral anticoagulant

RCT randomized controlled trial

RR relative risk
VKA vitamin-K antagonist

an ischemic stroke, particularly if AF is present®® As a
result, the clinical dilemma about what, if any, stroke pre-
vention therapy should be offered to ICrH survivors with
AF persists. There are few published data from random-
ized controlled trials (RCTs),”® and most of the available
evidence is from observational studies.

This review aims to systematically assess the effec-
tiveness and safety of OAC in patients with AF who have
sustained a nontraumatic ICrH.

METHODS

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Eligibility Criteria

The review was conducted in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines and was registered with the PROSPERO
database of systematic reviews (https://www.clinicaltrials.gov;
Unique identifier: CRD42020223266).

Participants

To be eligible for inclusion, articles had to report on adults
(aged >18 years) with AF who had survived a nontraumatic
spontaneous ICrH of any size and any type (lobar, brain stem,
deep, cerebellar, subdural, epidural or subarachnoid loca-
tion; see Table S1 for definitions of terms) or had cerebral
microbleeds.

Intervention

The intervention of interest was long-term OAC and/or anti-
platelets for stroke prevention in AF. Short-term and/or non-
oral anticoagulation therapy or OAC for other reasons were
excluded.

Comparators

Any form of oral, long-term anticoagulation therapy and/
or antiplatelet therapy, or no comparator (no therapy) were
considered.
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Outcomes

The primary outcomes were thromboembolic events and
recurrent ICrH. Thromboembolic events were chosen as
an outcome to reflect the range of definitions used in the
included studies (eg, ischemic stroke and/or systemic embo-
lism, and thromboembolic events). Secondary outcomes
were major bleeding, all-cause mortality, cardiovascular mor-
tality, fatal hemorrhage or stroke, incidence of clinically sig-
nificant nonmajor bleeding or thromboembolic events (other
than ischemic stroke).

Search Strategy

The following electronic databases were searched: CENTRAL
(29/06/20, 07/12/20, and 25/10/21), MEDLINE
(03/07/20, 25/10/20, and 25/10/21), EMBASE and
CINAHL (30/06/20, 25/09/20, and 25/10/21). Search
terms and index terms associated with AF, intracerebral hem-
orrhage (ICH), major bleeding, and anticoagulant medications
were included (Table S2). Only full-text articles were included.
Searches were not limited by language but were restricted to
the year 2000 onward.

Study Selection

Two researchers (E.l. and LAR.) independently assessed the
suitability of articles for inclusion against the eligibility criteria.
Any disagreements were resolved through examination of the
original data and discussion, with recourse to a third reviewer
(D.ALL) where necessary.

Data Extraction

Two researchers (E.l. and LAR.) extracted relevant data from
the articles using a standardized tabulated data extraction form.
One author provided additional unpublished data.

Risk of Bias Assessment

Observational studies were assessed using the Risk of Bias
Assessment Tool for Nonrandomized Studies (RoBANS)™
(Figure S1) and RCTs were assessed using the Cochrane
Collaboration’s tool for assessing risk of bias'!' (Figure S2)
independently by 2 researchers (E.l. and LAR.).

Data Synthesis

Included studies were assessed for clinical and statistical het-
erogeneity. Meta-analyses were performed if studies reported
similar designs, had the same outcomes, comparable interven-
tions and comparators, and pooling the results was appropri-
ate. Studies that could not be included in meta-analyses are
reported narratively.

Statistical Analysis
A random effects model was used in all meta-analyses. Event
data for control and intervention groups was compared using
risk ratios and associated 95% Cls. Sensitivity analyses were
performed according to outcome and follow-up period, where
appropriate.

Statistical heterogeneity was evaluated using the I? statistic.
An 12 value of 0% to 40% indicated low heterogeneity, 30% to
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60% moderate heterogeneity, 50% to 90% substantial hetero-
geneity, and >75% considerable heterogeneity.

RESULTS

The searches identified 4429 citations, and 4 titles were
identified through hand-searching. After removal of
duplicates, 3053 titles and 211 abstracts were assessed
for eligibility. Reasons for exclusion at the abstract and
full-text stages are provided in Figure 1. A total of 20
articles were included in the review.

Characteristics of the Included Studies

The systematic review included articles published
between 2015 and 2021, comprising a total of 50470
participants (mean age ranging from 67.9 years'? to 83.6
years'$; 24%° to 71.3%'? female, ICrH sustained on OAC
ranging from 0% to 1000%). Eight articles'®2° reported
on prospective observational cohorts, 6%'22'24 on retro-
spective cohorts, 22526 on nationwide cohorts, 2278 meta-
analyzed individual-level data from observational studies,
1 reported on the pilot phase of an RCT2 and 1 reported
on a Phase 2 trial” (Table S3). Nine studies®'2-1523-26
included patients with an index ICrH (intracerebral, sub-
dural, subarachnoid, or epidural hemorrhages) and 11
studies® 167222729 included patients with an index ICH.
Eight studies could not be included in meta-analyses,
either due to differences in reported outcomes?'?"% or
because raw event data were not available.!*15171824

The included articles reported on a mixture of OAC-
naive patients and patients who had their index event
while on OAC and/ or antiplatelets. The intervention
ranged from vitamin-K antagonist (VKA) only,'21522252728
nonvitamin K antagonist oral anticoagulants (NOAC)
only 16212326 g mixture of VKA and NOAC21314172024
or OAC and/or antiplatelets.®'®'® The most commonly
reported outcomes were ischemic stroke and recur-
rent ICrH. There were variations in how the outcome of
ischemic stroke was defined, including cerebral infarct,
ischemic stroke, thromboembolic events, major vascular
events, and the combined outcome of ischemic event/
systemic embolism (Table).

Primary Outcomes

Thromboembolic Events

Seventeen articles (n=35441) reported on the pri-
mary outcome of ischemic stroke/systemic embolism
or alternative definitions of stroke. Of these, 9 studies
reported on ischemic stroke alone,~916192325-27 & on
ischemic stroke/systemic embolism combined,'37151820
1 on thromboembolic events,'”” 1 on ischemic stroke
combined with transient ischemic attack (TIA),2* and 1
on cerebral infarction.?®> One article included OAC-naive

Stroke. 2022;53:3035-3046. DOI: 10.1161/STROKEAHA.122.038752
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participants,?® 8 included participants who sustained an
ICrH on OAC™15.192022242627 gnd 8 included a combination
of both OAC-naive and current OAC users.8912714161825
Follow-up ranged from a median of 17 days® to a median
of 48.6 months.?”

Oral Anticoagulation Versus No Therapy

Five studies®'2132022 (hn=1187 participants) compared the
effect of OAC with no therapy on the risk of thromboembolic
events (defined in the included articles as cerebral infarc-
tion, ischemic stroke, ischemic stroke/systemic embolism)
and were entered into a meta-analysis (Figure 2A), which
revealed a significant reduction in thromboembolic events
with OAC compared with no therapy (relative risk [RR],
0.51 [95% Cl, 0.30-0.86]; P=0.01, I’=2%).

Three studies could not be entered into a meta-anal-
ysis,'92427 either because raw event data were not avail-
able™2* or because the study compared the effect of OAC
therapy solely in patients with lobar and nonlobar ICH (with
no control group)?” Nielsen et al'™® reported that OAC ther-
apy was associated with a nonsignificant reduction in the
rate of ischemic stroke and systemic embolism compared
with no therapy (event rate 3.3 versus 8.9 per 100 person-
years, adjusted HR, 0.49 [95% Cl, 0.24—-1.02)). Biffi et al*”
reported that restarting VKA was associated with areduced
risk of sustaining an ischemic stroke in both lobar (HR,
0.48 [95% ClI, 0.25-0.75]; P=0.003) and nonlobar (HR,
0.39 [95% CI, 0.21-0.74]; P=0.004) ICH patients. New-
man et al** reported no statistical significance between the
OAC and no therapy groups for the outcome of stroke/TIA
(adjusted HR, 0.87 [95% CI, 0.62-121]).

Oral Anticoagulation and/or Antiplatelets Versus No
Therapy

Three observational studies'®'®% compared OAC and/
or antiplatelets with no therapy and reported on the out-
come of ischemic events. The study by Pennlert et al'®
was not included in the meta-analysis due to unavail-
ability of raw event data. The pooled relative risk for the
other 2 studies (n=13063)'% was RR, 0.93 [95% ClI,
0.43-2.04]; P=0.87, 1>=77% (Figure 2B).

Oral Anticoagulation Versus Antiplatelets or No
Therapy

Three observational studies' 82 (h=17287) and 2
RCTs™ (n=304) compared OAC versus antiplatelet or
no therapy. Three studies were included in a meta-analy-
sis™2% (n=13221), which found no significant difference
in the risk of thromboembolic events between OAC and
antiplatelet or no therapy (RR, 0.568 [95% CI, 0.23-1.46];
P=0.25, 1’=74%; Figure 2C).

Two studies could not be entered into the meta-analy-
sis due to lack of raw event data. Pennlert et al'® reported
that the cumulative incidence of thromboembolic events
3-years post-index ICH was 6.3% in patients assigned to
OAC versus 18.8% in the antiplatelet group and 13.8%
in the no therapy group. Nielsen et al' reported that the
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(n=3,053)
—
)
0 Records screened > Records excluded
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Abstracts assessed for Abstracts excluded, with
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>
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3
ED Wrong drug (n =2)
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————
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o
=
U . . .
£ Studies included in
systematic review
(n=20)

Figure 1. Flow-diagram depicting the selection of included studies.

incidence rate of ischemic stroke/systemic embolism, per
100 person-years, was 5.3 (95% Cl, 3.3-8.5) in the OAC
group, 10.3 (95% Cl, 7.3-14.4) in the antiplatelet group,
and 10.4 (95% Cl, 8.2-13.1) in the no therapy group.

3038  October 2022

NOAC Versus Warfarin

Three studies (n=8711)92326 compared NOAC with
warfarin and reported a significant reduction in the risk
of thromboembolic events with NOAC compared with

Stroke. 2022;53:3035-3046. DOI: 10.1161/STROKEAHA.122.038752
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Table. Summary of Event Data by Intervention and Comparator for Articles Included in the Meta-Analyses
Number
Types of ICrH included Number of events: of events:
Author, y, | Intervention | Compari- Length of and ICrH diagnosis Number of events: ischemic intracranial/intrace- | all-cause
country (n) son (n) follow-up technique(s) stroke rebral hemorrhage | mortality
NOAC vs warfarin
Lee et NOAC Warfarin Median, Intracranial hemorrhage. NOAC: 45/1115* NOAC: 19/1115* NOAC:
al,® 2020, | (=1115)* (n=2434) year 0.6 Diagnosis based on Warfarin: 191/2434 Warfarin: 92/2434 78/1115*
Korea (IQOR, clinical presentation, HR, 0.729 (95% ClI, 0.522— HR, 0.628 (95% ClI, | Warfarin:
0.2-1.7) hospitalization, CT, and/ 1.017) 0.379-1.039) 260/2434
or MRI scan. HR 0.907
(95% Cl,
0.699-
1.719)
Tsai et NOAC Warfarin Not Intracranial hemorrhage. NOAC: 226/3493 NOAC: 83/3493 NOAC:
al,?® 2020, | (n=83493) (n=1047) reported Diagnosis method not Warfarin: 78/1047 Warfarin: 50/1047 682/3493
Taiwan reported (data from aHR, 0.879 (95% ClI, 0.678— aHR, 0.556 (95% Warfarin:
registry). 1.141) Cl, 0.389-0.796) 421/1047
aHR, 0.517
(95% Cl,
0.457-
0.585)
Nielsen et | NOAC Warfarin 1and 3y Intracerebral hemor- NOAC: 15/348 NOAC: 18/348 Not
al,’® 2019, | (n=348) (n=274) rhage. Diagnosis method | Warfarin: 21/274 Warfarin: 19/274 reported
Denmark not reported (data from Weighted risk difference, 3.78% Weighted risk
registry). (95% Cl, —0.15% to 7.71%)* difference, 1.93%
(95% ClI, —2.02% to
5.87%)
OAC vs no therapy
Sadighi et | Warfarin No therapy Mean, mo Spontaneous nontrau- OAC: 7/38t OAC: 5/38 OAC:
al,* 2020, | or NOAC (n=55) OAC: 22.7 | matic intracerebral hem- | No therapy: 10/565 No therapy: 3/55 10/38
United (n=38) (22.4) orrhage. Initial method of | RR, 0.9 (95% ClI, 0.3-2.7) RR, 2.9 (95% CI, No therapy:
States No OAC: diagnosis not reported. 0.3-30.8) 20/55
28.8 (22.0) RR, 0.8
(95% Cl,
0.3-1.9)
Sakamoto | VKA or No therapy To hospital | Lobar or nonlobar OAC: 2/29 OAC: 0/29 Not
etal?® NOAC (n=4) discharge. | intracerebral hemor- No therapy: 0/4 No therapy: 0/4 reported
2019, (n=29) Median rhage. Brain imaging HR not reported HR not reported
Japan hospital (CT/MRI) available for all
stay 17 participants.
d (IQR,
11-26)
Perreault | VKA or No therapy 1y Intracranial hemorrhage. | OAC: 1/125% OAC: 4/123 OAC:
etal,' NOAC (n=max. Initial method of diagno- No therapy: 7/247 No therapy: 23/249 | 20/125
2019, (n=max. 249) sis not reported. HR not reported HR not reported No therapy:
Canada 125) 80/246
HR not
reported
Park et Warfarin No therapy Mean, mo Cerebral (47%), subdural | Warfarin: 7/254 Warfarin: 13/2548§ Warfarin:
al,’”2 2016, | (n=254) (n=174) 39.5+31.9 | (86.4%), subarach- No therapy: 14/174 No therapy: 0/174 13/254
Korea noid (119%), cerebellar RR, 0.19 (95% CI, 0.08-0.47) RR not reported No therapy:
(8%), epidural (0.7%), 22/174
intraventricular (0.7%) RR not
hemorrhages. Diagnosed reported
by clinical presentation,
CT, and/or MRI scan.
Kura- VKA No therapy 1y Deep (45.1%); lobar VKA: 4/108f VKA: 4/108 Not
matsu et (n=108) (n=158) (37.1%), cerebellar No therapy: 16/153 No therapy: 5/153 reported
al,>2 2015, (10.3%), brain stem HR not reported HR not reported
Germany (4.3%), intraventricular
(8.29%) hemorrhages.
Diagnosed using brain
imaging (CT/MRI).
(Continued)
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Number
Types of ICrH included Number of events: of events:
Author, y, | Intervention | Compari- Length of and ICrH diagnosis Number of events: ischemic intracranial/intrace- | all-cause
country (n) son (n) follow-up technique(s) stroke rebral hemorrhage | mortality
OAC and/or antiplatelet therapy vs no therapy
Chao et Warfarin No therapy Mean, y, Intracerebral (68.6%), Warfarin: 130/1154 Warfarin: 241/1154 | Not
al,® 2016, | (=1154) or | (~=8211) 3.31£3.6 subarachnoid (12.3%), aHR, 0.66 (95% CI, 0.55-0.79) aHR, 1.60 (95% reported
Taiwan antiplatelet epidural (2.5%), subdural | Antiplatelet: 581/3552 1.38-1.86)
(n=3552) (12.6%), nonspecified aHR, 0.90 (95% CI, 0.81-1.01) Antiplatelet:
(4%) hemorrhages. No therapy: 954/8211 628/3552
Diagnosis method not aHR, 1 aHR, 1.35 (95% Cl,
reported (registry data). 1.21-1.51)
No therapy:
730/8211
aHR, 1
Poli et Warfarin No therapy Median, mo | Lobar (cortex or cerebel- | OAC: 2/55t Not reported OAC: 5/55
al,’® 2018, | or NOAC (n=62) 18.0 lar) and nonlobar (basal wHR, 0.09 (95% CI, 0.02-0.40) wHR, 0.23
ltaly (n=55) or ganglia, thalamus, or Antiplatelet: 8/29 (95% Cl,
antiplatelet brain stem) intracerebral | wHR, 1.07 (95% CI, 0.40-2.83) 0.08-0.68)
(n=29) hemorrhages. Diagnosed | No therapy: 13/62 Antiplatelet:
by CT or MRI scan. wHR, 1 7/29
wHR, 0.84
(95% Cl,
0.31-2.25)
No therapy:
12/62
wHR, 1
OAC vs antiplatelet therapy or no therapy
Chao et Warfarin No therapy Mean, y, Intracerebral (68.6%), Warfarin: 130/1154 Warfarin: 241/1154 | Not
al,?® 2016, | (h=1154) or | (n=8211) 3.3+3.6 subarachnoid (12.3%), aHR, 0.66 (95% ClI, 0.55-0.79) aHR, 1.60 (95% ClI, | reported
Taiwan antiplatelet epidural (2.5%), subdural | Antiplatelet: 581/3552 1.38-1.86)
(n=3552) (12.6%), nonspecified aHR, 0.90 (95% CI, 0.81-1.01) Antiplatelet:
(4%) hemorrhages. No therapy: 954/8211 628/3552
Diagnosis method not aHR, 1 aHR, 1.35 (95% CI,
reported (registry data). 1.21-1.51)
No therapy:
730/8211
aHR, 1
APACHE- | Apixaban Antiplate- Median Lobar, nonlobar, brain Apixaban: 6/50 Apixaban: 4/50# Apixaban:
AF Inves- | (n=50) let or no 1.9y (IQR, | stem, cerebellar, and Antiplatelets or no therapy: 6/51 Antiplatelets or no 9/50
tigators,” therapy 1.0-3.1) intraventricular intra- aHR, 0.96 (95% ClI, 0.31-2.97) therapy: 1/51 Antiplate-
2021, the (n=51) cerebral hemorrhages. aHR, 4.08 (95% Cl, | lets or no
Nether- Diagnosis confirmed by 0-45-36-91 therapy:
lands imaging (not defined). 11/51
HR not
available
SoSTART | NOAC Antiplate- Median Lobar and nonlobar OAC: 3/101 OAC: 8/101 OAC:
Collabo- or VKA let or no 1.2y (IQR, | spontaneous intracere- Antiplatelets or no therapy: Antiplatelets or no 15/101
ration,® (n=101) therapy 0.97-1.95) | bral, nonaneurysmal sub- | 19/102 therapy: 4/102 Antiplate-
2021, (n=102) arachnoid, intraventricular | HR not available aHR, 2.42 (95% Cl, | lets or no
United or subdural hemorrhage. 0.72-8.09) therapy:
Kingdom Diagnosis confirmed by 11/102
CT or MRl scan. HR not
available

AF indicates atrial fibrillation; aHR, adjusted hazard ratio; CT, computerized tomography; HR, hazard ratio; ICD-10, International Classification of Diseases and Health
Related Problems, Tenth Revision; ICrH, intracranial hemorrhage; IQR, interquartile range; MRI, magnetic resonance imaging; N/A, not available; NOAC, nonvitamin K
antagonist oral anticoagulant; OAC, oral anticoagulant; RR, relative risk; VKA, vitamin K antagonist; and wHR, weighted hazard ratio.

*Participant numbers and event rates given are before propensity matching.

tOutcome reported is ischemic stroke/systemic embolism.

#Participant numbers reported for participants with AF only.

§Outcome reported is recurrent CNS bleeding.

|[Event rate data reported is after propensity matching.

{lOutcome reported is cerebral infarction.
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warfarin (RR, 0.65 [95% Cl, 0.44-0.97]; P=0.03, I°=72%)
but there was considerable heterogeneity (Figure 2D).

Recurrent ICrH

Fifteen studies’ 912716202227 (n=32579 patients with
AF and ICrH) reported on the outcome of recurrent
ICrH. Eight studies®'871523-% included patients with
an index ICrH (intracerebral, subdural, subarachnoid,
or epidural hemorrhages) and 7 studies’ 416202227
included patients with an index ICH. One study included
OAC-naive participants,?® 7 studies included partici-
pants who sustained an ICrH on OAC,152022242627 gnd
7 studies included a combination of OAC-naive patients
and patients who sustained an ICrH on OAC 89127141625
Follow-up ranged from a median of 17 days® to a
median 48.6 months.?’

Oral Anticoagulation Versus No Therapy
Five observational studies (n=1187)%12182022 com-
pared OAC versus no therapy on the risk of sustaining
a recurrent ICrH and the pooled estimate revealed no
statistically significant difference (RR, 1.44 [95% ClI,
0.38-5.46]; £=0.59, I°’=70%; Figure 3A).

Three observational studies could not be entered
into a meta-analysis.'>?*?" Biffi et al*’ reported that
VKA resumption was associated with a nonsignificant
increase in the risk of sustaining an ICH (lobar HR, 1.21
[95% ClI, 0.86-1.70]; A=0.27; nonlobar HR, 1.10 [95%
Cl, 0.94-1.28]; P=0.23). Nielsen et al™® reported that
warfarin treatment was associated with a nonsignificant
increase in the risk of recurrent ICrH (adjusted HR, 1.31,
[95% CI, 0.68-2.50]). Newman et al?* reported an asso-
ciation between OAC therapy (VKA or NOAC) post-ICrH
and a reduction in the risk of recurrent ICrH (incidence
3.29 versus 5.80 events per 100 patient years, adjusted
HR=0.62 [95% ClI, 0.41-0.95]).

Oral Anticoagulation Versus Antiplatelets or No
Therapy
Two RCTs™ (n=304) and 2 observational studies'*?
(n=14669) compared OAC versus antiplatelet therapy
or no therapy. Three studies™?® (n=13221) were entered
into a meta-analysis; OAC was associated with a higher
risk of recurrent ICrH versus antiplatelet or no therapy (RR,
1.82 [95% ClI, 1.61-2.05]; A<0.01, 12=0%; Figure 3B).
Nielsen et al'* reported that the incidence rate of
recurrent ICrH per 100 person-years, was 8.0 (95% CI,
5.4-11.8) in the OAC group, 5.3 (95% Cl, 3.3-8.4) in the
antiplatelet group, and 8.6 (95% Cl, 6.6—11.2) in the no
therapy group.

NOAC Versus Warfarin

Three studies (n=8711)193% compared the effect of
NOAC versus warfarin on recurrent ICrH with the pooled
relative risk demonstrating that NOAC significantly reduced
risk of recurrent ICrH compared with warfarin (RR, 0.52
[95% ClI, 0.40-0.67]; A~<0.00001, 1>=0%; Figure 3C).
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Secondary Outcomes

All-Cause Mortality

Five observational studies (n=11456)1218202326 gnd 9
RCTs™ (n=304) reported on all-cause mortality. Three stud-
ies included patients who had sustained their index ICrH
on OAC2%% 1 study included OAC-naive patients,® and
another 3 included a mixture of OAC-naive patients and
patients who sustained their ICrH on OACE&'2'3 Two studies
included patients who sustained an index ICH"® and 5 arti-
cles included patients who sustained an index |CrH.812132326
The longest follow-up was median 39.9 months.?

Oral Anticoagulation Versus No Therapy

Three studies (n=891)12"320 examined the impact of OAC
versus no therapy on all-cause mortality and reported a
significant reduction in death associated with OAC (RR,
0.52 [95% CI, 0.38-0.71]; <0.01, I’=00%; Figure 4A).

Oral Anticoagulation Versus Antiplatelets or No
Therapy

Two RCTs (n=304) examined the impact of OAC ver-
sus antiplatelets or no therapy on all-cause mortality and
were entered into a meta-analysis, which was not statisti-
cally significant (RR, 1.09 [95% ClI, 0.64-1.87]; P=0.74,
1°=0%; Figure 4B).

NOAC Versus Warfarin

Two studies (n=8089)%% examined the impact of
NOAC versus warfarin on the risk of all-cause mortal-
ity and the pooled estimate demonstrated that NOACs
were significantly associated with a reduced risk of
all-cause mortality (RR, 0.55 [95% CI, 0.41-0.74];
P<0.00001, I>=81%; Figure 4C).

Subgroup and Sensitivity Analyses

Subgroup and sensitivity analyses are provided in Table
S4. OAC therapy significantly reduced the risk of throm-
boembolic events at 1 year follow-up (RR, 0.34 [95% Cl,
0.13-0.87], 1°=00%) but not at > 1 year (RR, 0.59 [95%
Cl, 0.20-1.72], 1>=66%). The risk of sustaining a recurrent
ICrH did not differ by follow-up time. Examining only the
RCT data™ (n=304), no difference was found in the risk of
ischemic stroke (RR, 0.41 [95% ClI, 0.06—-2.64], I’=82%)
or recurrent ICH (RR, 2.37 [95% Cl, 0.85-6.62], 1’=0%)
when comparing OAC with antiplatelet or no therapy.

Risk of Bias Assessment

The overall risk of bias assessment for all included studies
is presented in Figures S1 and S2. The categories address-
ing participant selection, incomplete outcome data, and
selective outcome reporting among observational studies
were assessed as having the lowest risk of bias.

DISCUSSION

This systematic review included 20 studies (n=50470,
304 were enrolled in RCTs) and updates previously
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OAC No OAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.1.1 A. OAC vs no therapy
Kuramtsu 2015 4 108 16 153 5.0% 0.35[0.12, 1.03] 2015
Park 2016 7 254 14 174 6.3% 0.34[0.14,0.83] 2016 e
Perreault 2019 1 125 7 247 1.7% 0.28 [0.04, 2.27] 2019 - 1
Sakamoto 2019 2 29 0 4 1.0% 0.83[0.05, 14.92] 2019
Sadighi 2020 7 38 10 55 6.4% 1.01[0.42, 2.43] 2020 -1
Subtotal (95% CI) 554 633  20.3% 0.51 [0.30, 0.86] <o
Total events 21 47
Heterogeneity: Tau? = 0.01; Chi? = 4.09, df = 4 (P = 0.39); I?= 2%
Test for overall effect: Z = 2.54 (P = 0.01)
1.1.2 B. OAC and/or antiplatelets vs no therapy
Chao 2016 711 4706 964 8211 14.5% 1.29[1.18, 1.41] 2016 =
Poll 2018 10 84 13 62 7.4% 0.57[0.27, 1.21] 2018 -/
Subtotal (95% CI) 4790 8273 21.9% 0.93 [0.43, 2.04] ’
Total events 721 977
Heterogeneity: Tau? = 0.26; Chi? = 4.43, df =1 (P = 0.04); I’ =77%
Test for overall effect: Z=0.17 (P = 0.87)
1.1.3 C. OAC vs antiplatelets/no therapy
Chao 2016 130 1154 1545 11763 14.0% 0.86 [0.72, 1.02] 2016 -
Schreuder 2021 6 50 6 51 5.0% 1.02[0.35, 2.95] 2021 I S
Al-Shahi Salman 2021 3 101 19 102 4.3% 0.16 [0.05, 0.52] 2021 -
Subtotal (95% CI) 1305 11916  23.3% 0.58 [0.23, 1.46] o
Total events 139 1570
Heterogeneity: Tau? = 0.49; Chi?=7.78, df = 2 (P = 0.02); I = 74%
Test for overall effect: Z=1.15 (P = 0.25)
1.1.4 D. NOAC vs warfarin
Nielsen 2019 15 348 21 274  8.6% 0.56 [0.30, 1.07] 2019 -/
Lee 2020 45 1115 191 2434 12.5% 0.51[0.37, 0.71] 2020 -
Tsai 2020 226 3493 78 1047 13.3% 0.87[0.68, 1.11] 2020 il
Subtotal (95% CI) 4956 3755 34.4% 0.65 [0.44, 0.97] . 2
Total events 286 290
Heterogeneity: Tau? = 0.08; Chi? = 7.06, df =2 (P = 0.03); I* = 72%
Test for overall effect: Z=2.12 (P = 0.03)
Total (95% ClI) 11605 24577 100.0% 0.67 [0.50, 0.90] ‘
Total events 1167 2884
Heterogeneity: Tau? = 0.15; Chi? = 75.06, df = 12 (P < 0.00001); I? = 84% F f y y
Test fo? over:II effect: Z=2.67 (P = 0.008) ( ) 0.01 01 ! 10 100
: . Favours OAC Favours No Therapy
Test for subaroup differences: Chi? = 1.68, df = 3 (P = 0.64), I?=0%

Figure 2. Forest plot depicting the risk of thromboembolic events in patients postintracranial hemorrhages with atrial
fibrillation receiving oral anticoagulant (OAC) versus no therapy, OAC and/or antiplatelets versus no therapy, OAC versus
antiplatelets/no therapy, or nonvitamin K antagonist oral anticoagulant (NOAC) versus warfarin.

published reviews.?*=%" Our main findings are that OAC sig-
nificantly reduced the risk of thromboembolic events and
all-cause mortality in patients with AF and ICrH, without
significantly increasing the risk of recurrent ICrH. Second,
NOACs were associated with a lower risk of thromboem-
bolic events and recurrent ICrH than warfarin.

Oral Anticoagulation for Stroke Prevention

This PRISMA-compliant systematic review found that
OAC therapy significantly reduced the risk of an isch-
emic stroke in patients with AF and a history of ICrH
when compared with no therapy (RR, 0.51 [95% CI,
0.30-0.86]; P=0.01). Previous meta-analyses that inves-
tigated the effect of restarting OAC post-ICrH reported
that OAC generally and VKA specifically were associated
with a reduction in thromboembolic events.?®%%32 The
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current review also found that NOAC therapy is more
effective at preventing thromboembolic events than
warfarin (RR, 0.65 [95% ClI, 0.44-0.97]). Although trials
comparing NOAC and warfarin largely excluded patients
with ICrH, and findings in this review are based on obser-
vational data, there is evidence to suggest that NOACs
are more effective at preventing thromboembolic events
than warfarin.® However, 2 recently completed RCTs
found that restarting OAC was not associated with a sig-
nificant decrease in the risk of thromboembolic events in
patients with AF and a history of ICH or ICrH.7®

Oral Anticoagulation and All-Cause Mortality

The significant reduction in all-cause mortality among
patients with AF who received OAC therapy following
ICrH compared with those who received no therapy

Stroke. 2022;53:3035-3046. DOI: 10.1161/STROKEAHA.122.038752
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OAC No OAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

1.2.1 A. OAC vs no therapy

Heterogeneity: Tau? = 1.22; Chi? = 9.99, df = 3 (P = 0.02); I>=70%
Test for overall effect: Z = 0.53 (P = 0.59)

1.2.2 B. OAC vs antiplatelets/no therapy

Chao 2016 241 1154 1358 11763 14.5%
Schreuder 2021 4 50 1 51 5.2%
Al-Shahi Salman 2021 8 101 4 102 9.5%
Subtotal (95% ClI) 1305 11916  29.1%
Total events 253 1363

Heterogeneity: Tau? = 0.00; Chi? = 0.58, df =2 (P = 0.75); I>=0%
Test for overall effect: Z = 9.58 (P < 0.00001)

1.2.3 C.NOAC vs warfarin

Nielsen 2019 18 348 19 274  12.6%
Lee 2020 19 1115 92 2434 13.3%
Tsai 2020 83 3493 50 1047 13.9%
Subtotal (95% Cl) 4956 3755 39.8%
Total events 120 161

Heterogeneity: Tau? = 0.00; Chi? = 1.67, df = 2 (P = 0.43); I?=0%
Test for overall effect: Z = 5.02 (P < 0.00001)

Total (95% ClI) 6813 16306 100.0%
Total events 399 1555
Heterogeneity: Tau? = 0.67; Chi? = 90.24, df = 9 (P < 0.00001); 1> = 90%

Test for overall effect: Z = 0.22 (P = 0.83)

Kuramtsu 2015 4 108 5 153 8.8% 1.13[0.31,4.12] 2015 B

Park 2016 13 254 0 174 36%  18.53[1.11,309.66] 2016 >
Perreault 2019 4 123 23 249 10.2% 0.35[0.12, 1.00] 2019 —

Sakamoto 2019 0 29 0 4 Not estimable 2019

Sadighi 2020 5 38 3 55  84% 2.41[0.61,9.50] 2020 T

Subtotal (95% Cl) 552 635 31.0% 1.44 [0.38, 5.46] ——

Total events 26 31

1.81[1.60, 2.05] 2016 b
4.08[0.47, 35.25] 2021 —

2.02 [0.63, 6.50] 2021 -
1.82 [1.61, 2.05] ¢
0.75[0.40, 1.39] 2019 —
0.45[0.28, 0.74] 2020 —

0.50 [0.35, 0.70] 2020 =

0.52 [0.40, 0.67] <

1.07 [0.58, 1.97]

Test for subaroup differences: Chi? = 74.79, df = 2 (P < 0.00001), I1>=97.3%

| T .

0.01 0.1 1 10 100
Favours OAC Favours No Therapy

Figure 3. Forest plot depicting the risk of repeat intracranial hemorrhage in patients post-intracerebral hemorrhage with
atrial fibrillation receiving oral anticoagulant (OAC) versus no therapy, OAC versus antiplatelets/no therapy, or nonvitamin-K

antagonist oral anticoagulant (NOAC) versus warfarin.

supports the use of OAC in the post-ICrH population
with AF. This finding is confirmed by a previous meta-
analysis that examined OAC resumption in patients who
sustained an OAC-associated ICrH.3? The main limitation
with assessing the impact of OAC therapy following ICrH
is confounding by indication, as studies have shown dif-
ferences between those who did and those who did not
receive OAC post-ICrH.3*% Two studies also reported
that patients exposed to OAC at the time of their ICrH
were less likely to restart OAC post-ICrH."2'3 It is pos-
sible that OAC is associated with improved survival in
AF patients post-ICrH as OAC is more likely to be pre-
scribed to those who are more likely to survive. However,
OAC use post-ICrH has been shown to be associated
with improved functional outcomes among patients with
poor functional status (modified Rankin Scale score >3)
at hospital discharge.?™?®

Oral Anticoagulation and the Risk of Recurrent
ICrH

The current review found that OAC therapy was not
associated with a statistically significantly increased

Stroke. 2022;53:3035-3046. DOI: 10.1161/STROKEAHA.122.038752

risk of recurrent ICrH (RR, 1.44 [95% ClI, 0.38-5.46];
P=0.59). Of the 10 studies examining the association
between OAC and/or antiplatelet therapy and the risk
of recurrent ICrH, 2 studies'??® reported a significant
increase in the risk of an ICrH (defined in 1 article as
CNS bleeding), 2 studies'®?* reported a reduction in the
risk of repeat ICrH, and 67814202227 stydies reported no
significant difference in the risk of recurrent ICrH. There
was heterogeneity in the type of OAC therapy used and
the baseline characteristics of the patients who were
commenced on OAC therapy. Furthermore, there was
considerable heterogeneity in the participant cohorts
and follow-up periods reported, and an unclear risk of
bias regarding measurement of participants’ exposure to
OAC therapy in all but one of the included articles.

From the patient's perspective, the key attribute
of OAC therapy is stroke prevention, although risk of
bleeding is the second most important attribute when
choosing OAC.®” However, patients report variability
in the number of acceptable bleeds associated with
OAC therapy and considerable differences in the per-
centage of patients who were not willing to consider
OAC therapy.®® The study by Chao et al®® reported that
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OAC No OAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.3.1 A. OAC vs no therapy
Park 2016 13 254 22 174  91% 0.40[0.21,0.78] 2016
Perreault 2019 20 124 80 246 14.8% 0.50[0.32, 0.77] 2019 —
Sadighi 2020 10 38 20 55  9.5% 0.72[0.38, 1.37] 2020 1
Subtotal (95% CI) 416 475 33.5% 0.52[0.38, 0.71] L 2
Total events 43 122
Heterogeneity: Tau? = 0.00; Chi? = 1.65, df = 2 (P = 0.44); 1= 0%
Test for overall effect: Z = 4.05 (P < 0.0001)
1.3.2 B. OAC vs antiplatelets/no therapy
Al-Shahi Salman 2021 15 101 11 102 7.9% 1.38[0.67, 2.85] 2021 1T
Schreuder 2021 9 50 11 51 7.0% 0.83[0.38, 1.84] 2021 I
Subtotal (95% CI) 151 153 14.8% 1.09 [0.64, 1.87] L 4
Total events 24 22
Heterogeneity: Tau? = 0.00; Chi? = 0.84, df =1 (P = 0.36); 1= 0%
Test for overall effect: Z = 0.33 (P = 0.74)
1.3.3 C. NOAC vs warfarin
Lee 2020 78 1115 260 2434 23.0% 0.65[0.51, 0.83] 2020 -
Tsai 2020 682 3493 421 1047 28.7% 0.49 [0.44, 0.54] 2020 u
Subtotal (95% CI) 4608 3481 51.7% 0.55 [0.41, 0.74] <
Total events 760 681
Heterogeneity: Tau? = 0.04; Chi2 = 5.25, df =1 (P = 0.02); I?=81%
Test for overall effect: Z = 3.90 (P < 0.0001)
Total (95% ClI) 5175 4109 100.0% 0.60 [0.47, 0.76] L 2
Total events 827 825
Heterogeneity: Tau? = 0.05; Chi? = 15.51, df = 6 (P = 0.02); 1= 61% ; f t y
Test fogrJ over:II effect: Z = 4.21 (P < 0.0001) ( ) 0.01 01 ; 1 10 100
Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 5.91, df = 2 (P = 0.05), I = 66.2%

Figure 4. Forest plot depicting the risk of all-cause mortality in patients postintracranial hemorrhage with atrial fibrillation
receiving oral anticoagulation (OAC) versus no therapy, OAC versus antiplatelets/no therapy, or nonvitamin K antagonist oral

anticoagulant (NOAC) versus warfarin.

patients who survive an ICrH are at increased risk of
repeat ICrH regardless of whether they receive OAC
therapy post-ICrH or not, and that OAC therapy with
VKA post-ICrH ought to be reserved for patients with
CHA,DS,-VASc 26. NOACs may alleviate some con-
cerns about OAC-related ICrH because apixaban and
dabigatran have been shown to be associated with
reduced risk of major bleeding when compared with
warfarin,®® and NOACs have reversal agents which
may prevent exacerbating the ICrH. However, results
from APACHE-AF" show that there were more recur-
rent ICH in the apixaban group than in the antiplatelet
or no therapy group (8% versus 29%), although this
difference was not significant (adjusted hazard ratio,
4.08 [95% ClI, 0.45-36.91]). Furthermore, SoSTART®
reported that OAC could not be considered noninfe-
rior to no therapy due to the increased risk of mortal-
ity and recurrent ICrH.

Strengths and Limitations of This Review

Several bibliographic databases were searched to
ensure that all contemporary relevant literature was cap-
tured, and 2 authors independently selected the included
studies and extracted the data. Sensitivity analyses and
subgroup analyses were undertaken.

3044  October 2022

The primary limitation of this review is that most are
observational cohort studies. The included studies were
heterogeneous, both clinically and methodologically, with
most reporting on both intracerebral and other types of
ICrH combined. This is a limitation since intracerebral (or
parenchymal) hemorrhage is associated with a higher
intrinsic risk of thrombotic events than subarachnoid hem-
orrhage. In addition, not all studies could be included in
the meta-analyses due to unavailable data or differences
in reported outcomes. Finally, it was difficult to accurately
assess the measurement of participants’ exposure to
OAC therapy, since several studies were retrospective
in design and utilized patient data from large databases.
Therefore, the results of this systematic review should
be interpreted with caution. Several RCTs addressing
the efficacy and safety of OAC for stroke prevention in
patients with AF who have survived an ICH or ICrH are
ongoing.*-* The findings reported by these RCTs will be
critical to confirm or refute the findings of this review.

CONCLUSIONS

OAC use after ICrH in patients with AF significantly
reduces the risk of thromboembolic events and all-cause
mortality, without significantly increasing the risk of
recurrent ICrH. NOACs are preferable to warfarin as they

Stroke. 2022;53:3035-3046. DOI: 10.1161/STROKEAHA.122.038752
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are associated with preventing thromboembolic events
with a lower risk of recurrent ICrH. Nevertheless, the
available evidence is mostly observational, with consid-
erable clinical and methodological heterogeneity, includ-
ing differences in intervention, comparators, outcomes,
and follow-up time. Thus, further evidence from ongoing
RCTs is urgently needed to corroborate these findings.
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