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IMPORTANCE Non–vitamin K antagonist oral anticoagulants (NOACs) might be an attractive
choice for stroke prevention in people without atrial fibrillation who may harbor a potential
source of cardiac emboli, but not if certain individual NOACs carry risks of intracranial
hemorrhage that are heightened relative to aspirin.

OBJECTIVE To conduct a systematic review and meta-analysis of randomized clinical trials
to assess the risk of intracranial hemorrhage with individual NOACs vs aspirin across all
indications.

DATA SOURCES We searched PubMed, Embase, CENTRAL, and ClinicalTrials.gov from
inception to May 28, 2018, with the terms novel oral anticoagulants, non–vitamin K
antagonist oral anticoagulants, direct oral anticoagulants, dabigatran, rivaroxaban, apixaban,
edoxaban, warfarin, Coumadin, vitamin K antagonist, aspirin, acetylsalicylic acid, or ASA, and
major bleeding, fatal bleeding, or intracranial hemorrhage. We restricted our search to clinical
trials on humans. There were no language restrictions.

STUDY SELECTION Randomized clinical trials of 3 months or longer that included a
comparison of the outcomes of NOAC use vs use of aspirin.

DATA EXTRACTION AND SYNTHESIS Two investigators independently abstracted data from
eligible studies. We computed a fixed-effect estimate based on the Mantel-Haenszel method.

MAIN OUTCOMES AND MEASURES Odds ratios (ORs) with 95% CI were used as a measure of
the association of individual NOAC vs aspirin with the risk of intracranial hemorrhage. The
hypothesis that intracranial hemorrhage risk would be higher with NOACs than aspirin was
formulated during data collection.

RESULTS Our principal analysis included 5 randomized clinical trials comparing 1 or more
NOACs with aspirin, with 39 398 individuals enrolled. Pooling the results from the
fixed-effects model showed that a dose of 15 to 20 mg of rivaroxaban once daily was
associated with an increased risk of intracranial hemorrhage (2 trials; OR, 3.31 [95% CI, 1.42
to 7.72]) compared with aspirin, while a 10-mg dose of rivaroxaban once daily or a 5-mg dose
twice daily (3 trials; OR, 1.43 [95% CI, 0.93 to 2.21]) and a 5-mg dose of apixaban twice daily
(1 trial; OR, 0.84 [95% CI, 0.38 to 1.88]) were not.

CONCLUSIONS AND RELEVANCE A 15-mg to 20-mg dose of rivaroxaban once daily is
associated with substantially increased risks of intracranial hemorrhage, while smaller daily
doses of rivaroxaban and apixaban were not, implying that risk increase is dose dependent. It
may be worthwhile to conduct randomized clinical trials comparing specific NOACs in specific
doses (eg, apixaban, 5 mg twice daily) and aspirin in patients without atrial fibrillation, but
with potential sources of cardiac emboli that could cause stroke.
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I ntracranial hemorrhage is a major concern when an anti-
thrombotic agent is given to a patient, because intracranial
hemorrhage is generally associated with a high risk of

mortality1 and poorer health over a lifetime,2,3 which could off-
set the benefits of antithrombotic treatment in reducing major
ischemic events. Such a concern may lead some physicians to
resort to aspirin in certain situations, such as atrial fibrillation,
when an oral anticoagulant is indicated. However, in a large
clinical trial of patients with atrial fibrillation,4 a 5-mg dose of
apixaban twice daily was shown to not cause more intracra-
nial hemorrhage than aspirin, and the medication substan-
tially reduced stroke risk, thereby making aspirin, with its much
smaller stroke protection benefit, no longer a viable therapeu-
tic option in people with atrial fibrillation, even from a stand-
point of safety concern.

Considering the low risks of intracranial hemorrhage with
non–vitamin K antagonist oral anticoagulants (NOACs) use, one
may wonder whether NOACs could be applied to clinical sce-
narios beyond atrial fibrillation that traditionally been treated
by aspirin. However, NOACs are not all the same. A network
meta-analysis comparing one NOAC with another clearly show
they are different in terms of effectiveness and safety.5 In-
deed, another large clinical trial showed that a 15-mg dose of
rivaroxaban once daily substantially increased the risk of in-
tracranial hemorrhage in patients with embolic stroke of un-
determined source.6

Although NOACs and aspirin are in general protective in
different vascular beds, NOACs might be an attractive choice
for stroke prevention in certain clinical situations, such as in
people without recognized atrial fibrillation but with an em-
bolic stroke of undetermined source7,8 or atrial cardiopathy9-11

because of their propensity to also cause stroke through car-
diac emboli. Nonetheless, the benefit of NOACs compared with
aspirin for stroke protection is likely to be less promising in
people without atrial fibrillation, compared with people with
atrial fibrillation. Therefore it is even more important to clarify
whether individual NOACs in various doses harbor compa-
rable risks of intracranial hemorrhage with aspirin based on
the evidence currently available before conducting a large clini-
cal trial in such a population. To do this, we conducted a sys-
tematic review and meta-analysis of randomized clinical trials
for the comparison across all indications of intracranial
hemorrhage with individual NOACs vs aspirin.

Methods
This study was performed in accordance with the recommen-
dations of the Preferred Reporting Items of Systematic Re-
views and Meta-Analyses (PRISMA) statement.12

Data Sources and Searches
We searched PubMed (from 1966 to May 28, 2018), Excerpta
Medica dataBASE (EMBASE; from 1966 to May 28, 2018), the
Cochrane Central Register of Controlled Trials (CENTRAL), and
the clinical trial registry maintained at ClinicalTrials.gov with
the terms novel oral anticoagulants, non–vitamin K antagonist
oral anticoagulants, direct oral anticoagulants, dabigatran,

rivaroxaban, apixaban, edoxaban, warfarin, Coumadin,
vitamin K antagonist, aspirin, acetylsalicylic acid, or ASA, and
major bleeding, fatal bleeding, or intracranial hemorrhage. We
restricted our search to human and clinical trials. There were
no language restrictions. We also reviewed the Introduction
and Discussion sections of retrieved trials and relevant re-
view articles to identify additional trials. Two investigators
(W.-Y.H. and M.L.) independently conducted the literature
search, screen of abstracts, and selection of included trials.

Study Selection
Criteria for inclusion of a study were (1) a randomized clinical
trial study design, (2) inclusion of a comparison of NOACs with
aspirin, (3) reporting of intracranial hemorrhage as an end
point, (4) reporting of the number of participants and the num-
ber of intracranial hemorrhage separately in each group, and
(5) a treatment duration of at least 3 months. When compari-
son of individual NOACs (eg, dabigatran and edoxaban) with
aspirin were not available, we selected studies comparing dabi-
gatran or edoxaban with warfarin, as well as comparing aspi-
rin with warfarin, to obtain the indirect comparison between
dabigatran or edoxaban and aspirin.

Criteria for exclusion of a study were that it (1) was an NOAC
trial that did not use at least of 1 of the 4 eligible NOACs
(ie, dabigatran, rivaroxaban, apixaban, and edoxaban), be-
cause only these NOACs are approved for use in atrial fibrilla-
tion in current guidelines; (2) included a combination of 2 or
more antithrombotic agents as a treatment strategy in a study
arm; (3) used antiplatelet agents other than aspirin; and (4) was
published prior to 2000. In addition, we excluded all studies
that included a population in which most participants had
(5) cancer; (6) a mechanic heart valve (because the use of
1 NOAC, dabigatran, in patients with mechanical heart
valves was associated with increased rates of thromboem-
bolic and bleeding complications compared with warfarin,
and NOAC use is thus not justified for these patients13); or
(7) end-stage renal disease.

Data Abstraction
We abstracted data about baseline characteristics, which in-
clude age, sex, duration of follow-up, and the number of

Key Points
Question How do individual non–vitamin K antagonist oral
anticoagulants compare with aspirin with regard to the risk of
intracranial hemorrhage?

Findings This systematic review and meta-analysis of 5
randomized clinical trials that had compared non–vitamin K
antagonist oral anticoagulants with aspirin; the use of 15 to 20 mg
of rivaroxaban daily was associated with increased risk of
intracranial hemorrhage (OR, 3.31 [95% CI, 1.42 to 7.72]) compared
with aspirin, while 10 mg of rivaroxaban daily and 5 mg of apixaban
twice daily were not.

Meaning In this study, a rivaroxaban dose of 15 to 20 mg once
daily greatly increased the risk of intracranial hemorrhage
compared with aspirin, while neither the lower doses of
rivaroxaban nor apixaban conferred such comparative risk.
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patients in each group. We also abstracted data on safety out-
comes from each trial, which include numbers with intracra-
nial hemorrhage, major bleeding, and fatal bleeding in each
group under NOACs and aspirin treatment. Two investigators
(M.L. and W.-Y.H.) independently abstracted data from eli-
gible studies. Any discrepant judgments were resolved by joint
discussion.

Quality Assessment
The risk of bias (eg, sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective out-
come reporting, and other issues) in each trial was indepen-
dently assessed in accordance with the Cochrane risk of bias
tool. The risk of bias was rated as low, unclear, or high, accord-
ing to established criteria.14

Statistical Analysis
The primary end point was the association of individual
NOACs (compared with aspirin) with risks for intracranial
hemorrhage. The secondary end points were risks of major
bleeding and fatal bleeding.

The definitions of intracranial hemorrhage and fatal bleed-
ing were consistent across trials. (Intracranial hemorrhage was
defined as traumatic and atraumatic intracerebral, subarach-
noid, and subdural or epidural hemorrhage. Fatal bleeding was
defined as mortality caused by bleeding.) However, major
bleeding differed slightly across trials. It was defined as clini-
cally overt bleeding accompanied by 1 or more of the follow-
ing: a decrease in the hemoglobin level of 2 g/dL or more in a
24-hour period, transfusion of 2 or more units of packed red
cells, and bleeding at a critical site4 or any site in the body,6 as
per the criteria of the International Society of Thrombosis and
Hemostasis.

The dosage of each NOAC was taken into consideration.
Rivaroxaban was further categorized into 15 to 20 mg once daily
and 10 mg once daily or 5 mg twice daily, because this differ-
ence of dosage was substantial.

Odds ratios (OR) with 95% CIs were used as a measure
of the association of individual NOACs vs aspirin with the
risk of intracranial hemorrhage, fatal bleeding, or major
bleeding. We computed a fixed-effect estimate based on the
Mantel-Haenszel method when 2 or more studies provided
sufficient data for a given outcome. The principal analysis
was pairwise comparisons between individual NOACs and
aspirin.

In situations where pairwise comparisons were not avail-
able between certain NOACs (ie, dabigatran and edoxaban) and
aspirin, we conducted accessory analyses using dabigatran or
edoxaban vs warfarin and aspirin vs warfarin to obtain indi-
rect comparisons of dabigatran or edoxaban vs aspirin. Re-
sults from these indirect comparisons should be regarded as
suggestive rather than conclusive. Studies that compared ri-
varoxaban or apixaban with warfarin were excluded from the
study; because direct comparison between rivaroxaban or
apixaban vs aspirin has been available in randomized clinical
trials, it was not necessary to obtain results from indirect com-
parison.

Subgroup analyses for the primary end point, intracra-
nial hemorrhage, were conducted for different trial charac-
teristics: patients with a history of ischemic stroke, atrial
fibrillation, or venous thromboembolism at entry. This sub-
group analysis was driven by the fact that the risk of intra-
cranial hemorrhage within 1 year after ischemic stroke is
about 15 times higher than in the reference population,15

and patients with atrial fibrillation have a propensity to
have more incidents of bleeding compared with patients
without atrial fibrillation.16 Therefore it was important to
clarify whether individual NOACs were causing additional
risks of intracranial hemorrhage compared with aspirin in
these situations.

Heterogeneity was assessed by the P value of χ2 and I2 sta-
tistics, which describes the percentage of variability in the ef-
fect estimates that is because of heterogeneity rather than
chance.17,18 We considered study-level estimates to be hetero-
geneous if the χ2 test was significant (P < .05) or the I2 statis-
tic was greater than 50%. We report absolute risks in terms of
the difference in the number of events per 1000 patients and
the respective 95% CI. All analyses were based on the intention-
to-treat principle. We evaluated the quality of evidence for pri-
mary and secondary outcomes reported in the meta-analysis.19

For all analyses, P < .05 was considered statistically signifi-
cant. The Review Manager Software Package (RevMan 5; Coch-
rane Collaboration) and Stata version 13 (Stata Corp) were used
for this meta-analysis.

Results
The literature review identified 56 full articles for detailed as-
sessment, of which 31 were excluded for using placebo or no
treatment in the control group (k = 4), using another antiplate-
let drug rather than aspirin in the comparator group (k = 2),
continuing treatment for less than 3 months (k = 19), or com-
paring rivaroxaban or apixaban with warfarin (k = 6). Twenty
trials regarding dabigatran or edoxaban vs warfarin and aspi-
rin vs warfarin were included in accessory analyses for the pur-
pose of obtaining indirect comparisons of dabigatran or edoxa-
ban vs aspirin.

Our final principal analysis included 5 randomized clini-
cal trials comparing NOAC and aspirin, with 39 398 individu-
als enrolled (eFigure in the Supplement).4,6,20-22 One trial4 com-
pared a 5-mg dose of apixaban twice daily with aspirin in
patients with atrial fibrillation. One trial6 compared 15 mg of
rivaroxaban once daily with aspirin in patients with embolic
stroke of undetermined source. One trial22 compared riva-
roxaban delivered in 20-mg or 10-mg doses once daily with as-
pirin in patients with venous thromboembolism. Two trials
compared a 5-mg dose of rivaroxaban twice daily with aspi-
rin in patients with stable cardiovascular disease20 and stable
peripheral or carotid artery disease.21

The characteristics of these 5 randomized clinical trials
are shown in Table 1. The overall quality of included trials
was considered good, because all trials showed low risk of
bias based on the Cochrane risk of bias assessment (eTable 1
in the Supplement).
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Primary End Point: Intracranial Hemorrhage
Pooling the results from the fixed-effects model showed that
15-mg to 20-mg of rivaroxaban once daily was associated with
increased risk of intracranial hemorrhage (2 trials6,22 ; OR, 3.31
[95% CI, 1.42 to 7.72]; P for heterogeneity = .36) compared with
aspirin. A 10-mg dose of rivaroxaban once daily or a 5-mg dose

twice daily were not associated with increased risk (3 trials20-22;
OR, 1.43 [95% CI, 0.93 to 2.21]; P for heterogeneity = 0.17); nor
was a 5-mg dose of apixaban twice daily (1 trial4; OR, 0.84 [95%
CI, 0.38 to 1.88]; Figure 1).

A 15-mg to 20-mg dose of rivaroxaban once daily, com-
pared with aspirin, would cause an additional 3 intracranial

Figure 1. Odds Ratios of Intracranial Hemorrhage With Use of Individual Non–Vitamin K Antagonist Oral
Anticoagulants (NOACs) vs Aspirin, by Trial and Pooled
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This figure presents odds ratios of
intracranial hemorrhage of individual
NOACs vs aspirin, by trial and pooled,
calculated via the Mantel-Haenszel
method. AVERROES indicates
Apixaban Vs Acetylsalicylic Acid
[ASA] to Prevent Stroke in Atrial
Fibrillation Patients Who Have Failed
or Are Unsuitable for Vitamin K
Antagonist Treatment;
COMPASS, Cardiovascular
Outcomes for People Using
Anticoagulation Strategies;
EINSTEIN CHOICE, Reduced-dosed
Rivaroxaban in the Long-term
Prevention of Recurrent
Symptomatic Venous
Thromboembolism;
NAVIGATE ESUS, Rivaroxaban Vs
Aspirin in Secondary Prevention of
Stroke and Prevention of Systemic
Embolism in Patients With Recent
Embolic Stroke of Undetermined
Source.

Table 1. Characteristics of Included Trials (Non–Vitamin K Antagonist Oral Anticoagulants vs Aspirin)

Study
Acronym

Qualifying
Condition

Mean
Age, y

Total
Patients,
No.

Female,
No./Total
No. (%)

Active
Group,
No.

Active
Treatment

Control
Group

Control
Treatment

Follow-Up,
y

Intracranial Hemorrhage
Events
in Active
Arm, No.

Events
in Control
Arm, No.

Apixabana

AVERROES,
201423

Atrial
fibrillation
unsuitable for
vitamin K
antagonist

70 5599 2322
(41.5)

2808 Apixaban, 5
mg twice daily

2791 Aspirin,
81 to 324
mg once
daily

1.1 11 13

Rivaroxabanb

EINSTEIN
CHOICE,
201722

Venous
thrombo-
embolism

58.5 3365 1500
(44.6)

2234 Rivaroxaban,
20 mg once
daily (1107
participants)
or 10 mg once
daily (1127
participants)

1131 Aspirin, 100
mg once
daily

1 3 (20 mg);
1 (10 mg)

2

COMPASS,
201720

Stable
cardiovascular
disease

68.2 18 243 3961
(21.7)

9117 Rivaroxaban,
5 mg twice
daily

9126 Aspirin, 100
mg once
daily

1.9 43 24

COMPASS,
201721

Stable
peripheral or
carotid artery
disease

67.8 4978 1391
(27.9)

2474 Rivaroxaban,
5 mg twice
daily

2504 Aspirin, 100
mg once
daily

1.8 6 9

NAVIGATE
ESUS,
20186

Embolic
strokes of
undetermined
source

67 7213 2777
(38.5)

3609 Rivaroxaban,
15 mg once
daily

3604 Aspirin, 100
mg once
daily

0.92 20 5

Abbreviations: AVERROES, Apixaban vs Acetylsalicylic Acid [ASA] to Prevent
Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for
Vitamin K Antagonist Treatment; COMPASS, Cardiovascular Outcomes for
People Using Anticoagulation Strategies; EINSTEIN CHOICE, Reduced-Dosed
Rivaroxaban in the Long-term Prevention of Recurrent Symptomatic Venous
Thromboembolism; NAVIGATE ESUS, Rivaroxaban vs Aspirin in Secondary

Prevention of Stroke and Prevention of Systemic Embolism in Patients With
Recent Embolic Stroke of Undetermined Source.
a This study used apixaban in the active study arm.
b These studies used rivaroxaban in the active study arm.
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hemorrhage per 1000 patients who receive it. The quality of a
body of evidence was moderate (Table 2).

Secondary End Points: Fatal Bleeding and Major Bleeding
Pooling the results from the fixed-effects model showed that
a 15 mg to 20 mg dose of rivaroxaban once daily was associ-
ated with increased risk of fatal bleeding (2 trials; OR, 2.37 [95%
CI, 1.30 to 4.29]; P for heterogeneity = .87),6,22 while a 10-mg
dose of rivaroxaban once daily or a 5-mg dose twice daily
(3 trials20-22; OR, 1.47 [95% CI, 0.72 to 2.97]; P for heteroge-
neity = .82) and a 5-mg dose of apixaban twice daily (1 trial4;
OR, 0.66 [95% CI, 0.19 to 2.35]) were not associated with
increased risk. A 15-mg to 20-mg dose of rivaroxaban once daily,
compared with aspirin, would cause an additional 4 fatal bleed-
ing events in 1000 patients. The quality of a body of evidence
was found to be moderate (Table 2).

Pooling the results from the fixed-effects model showed
that both a 15-mg to 20-mg dose of rivaroxaban once daily
(2 trials6,22; OR, 2.64 [95% CI, 1.68 to 4.16]; P for heteroge-
neity = .70) and a 10-mg dose of rivaroxaban once daily or a
5-mg dose twice daily (3 trials20-22; OR, 1.56 [95% CI, 1.31 to
1.85]; P for heterogeneity = .87) were associated with an in-
creased risk of major bleeding compared with aspirin, while a

5-mg dose of apixaban twice daily (1 trial4; OR, 1.12 [95% CI,
0.73 to 1.73]) was not associated with increased risks. A 15-mg
to 20-mg dose of rivaroxaban once daily and a 10-mg dose once
daily or a 5-mg dose twice daily would cause an additional 9
major bleeding events in 1000 patients compared with aspi-
rin use alone. The quality of a body of evidence was found to
be moderate to high (Table 2).

Subgroup Analysis
Subgroup analysis for intracranial hemorrhage was pre-
sented in Figure 2. For patients with stroke at study entry, a
15-mg dose of rivaroxaban once daily vs aspirin was associ-
ated with increased risks of intracranial hemorrhage (OR, 4.01
[95% CI, 1.50 to 10.70]),6 while a 5-mg dose of apixaban twice
daily (in a subgroup of stroke patients from the Apixaban
Versus Acetylsalicylic Acid [ASA] to Prevent Stroke in Atrial
Fibrillation Patients Who Have Failed or Are Unsuitable for
Vitamin K Antagonist Treatment [AVERROES] trial)23 was not
associated with increased risks (OR, 0.76 [95% CI, 0.20 to
2.87]). For patients with atrial fibrillation at entry, a 5-mg dose
of apixaban twice daily (1 trial4; OR, 0.84 [95% CI, 0.38 to 1.88])
was not associated with increased risk. For patients with ve-
nous thromboembolism, both a 20-mg, once-daily dose of

Table 2. Summary of Quality Assessments and Findings for Primary and Secondary Outcomes

Outcomes

Quality Assessment

Summary of Findings

Events, No./Total No. (%)

Odds Ratio
(95% CI)

Control
Risk,
Events
per
1000
Persons

Risk
Difference,
Increase
per 1000
(95% CI) Quality

Studies,
No.

Serious
Limita-
tions

Serious
Incon-
sistency

Serious
Indirectness

Serious
Impre-
cision

Publi-
cation
Bias
Detected NOAC Aspirin

Primary Outcome

Intracranial
hemorrhage

Rivaroxaban vs
aspirin

15-20 mg
daily

2 No No No Yes No 23/4716
(0.5)

7/4735
(0.1)

3.31
(1.42-7.72)

1 3 (1-10) Moderate

10 mg daily 3 No No No Yes No 50/12 718
(0.4)

35/12 761
(0.3)

1.43
(0.93-2.21)

3 NS Moderate

Apixaban vs
Aspirin

1 No No No Yes No 11/2808
(0.4)

13/2791
(0.5)

0.84
(0.38-1.88)

5 NS Moderate

Secondary Outcomes

Fatal bleeding

Rivaroxaban vs
aspirin

15-20 mg
Daily

2 No No No Yes No 36/4716
(0.8)

15/4735
(0.3)

2.37
(1.3-4.29)

3 4 (1-10) Moderate

10 mg Daily 3 No No No Yes No 19/12 718
(0.1)

13/12 761
(0.1)

1.47
(0.72-2.97)

1 NS Moderate

Apixaban vs
aspirin

1 No No No Yes No 4/2808
(0.1)

6/2791
(0.2)

0.66
(0.19-2.35)

2 NS Moderate

Major bleeding

Rivaroxaban vs
aspirin

15-20 mg
Daily

2 No No No Yes No 68/4716
(1.4)

26/4735
(0.5)

2.64
(1.68-4.16)

5 9 (4-17) Moderate

10 mg Daily 3 No No No No No 221/12 761
(1.7)

339/12 718
(2.7)

1.56
(1.31-1.85)

17 9 (5-14) High

Apixaban vs
aspirin

1 No No No Yes No 44/2808
(1.6)

39/2791
(1.4)

1.12
(0.73-1.73)

14 NS Moderate

Abbreviations: NOACs, non–vitamin K antagonist oral anticoagulants; NS, not significant.
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rivaroxaban (OR, 1.53 [95% CI, 0.26 to 9.20]) and a 10-mg,
once-daily dose (OR, 0.50 [95% CI, 0.05 to 5.54]) were not sig-
nificantly associated with increased risks of intracranial
hemorrhage.22

Accessory Analysis
There was no direct comparison of dabigatran or edoxaban vs
aspirin. Therefore, 20 trials regarding dabigatran vs warfarin,
edoxaban vs warfarin, and aspirin vs warfarin were included
for the purpose of obtaining the indirect comparison of dabi-
gatran or edoxaban vs aspirin (eTable 2 in the Supplement).
Indirect comparison implied both dabigatran at a dose of 110
mg to 150 mg twice daily and edoxaban at a dose of 30 to 60
mg once daily might be not associated with increased risks of
intracranial hemorrhage or fatal bleeding compared with as-
pirin but might be associated with increased risks of major
bleeding (eTable 3 in the Supplement).

Discussion
In this meta-analysis of 5 randomized clinical trials across all
indication of high-quality data from almost 40 000 people, we
found that a 15-mg to 20-mg dose of rivaroxaban once daily
was associated with substantially higher odds of intracranial
hemorrhage than aspirin, while a 5-mg dose of apixaban twice
daily and a 10-mg dose of rivaroxaban once daily or a 5-mg dose
twice daily were not associated with increased risks. The qual-
ity of a body of evidence for outcome was moderate. Al-
though the results were derived from a few (even single) large
randomized clinical trials, it might provide evidence to in-
form the potential design and conduct of future NOAC trials
beyond atrial fibrillation. Also, indirect comparisons implied
that dabigatran in doses of 110 mg to 150 mg twice daily and
edoxaban in doses of 30 mg to 60 mg once daily might have
comparable risks of intracranial hemorrhage with aspirin, al-
though such results should be interpreted with caution be-

cause of the lack of head-to-head comparisons in any random-
ized clinical trial.

The novelty of this meta-analysis lies in the comparison
across all indications of intracranial hemorrhage with indi-
vidual NOAC vs aspirin. The efficacy and safety of NOACs as a
class in patients with atrial fibrillation has been well
established.24 However, the risk of intracranial hemorrhage
possessed by each individual NOAC is crucial when that NOAC
is to be considered in a clinical scenario other than treatment
of a patient with atrial fibrillation. For example, several large
prospective cohorts have shown that atrial abnormality was
associated with increased risks of stroke in patients without
recognized atrial fibrillation.9-11 Patients with ischemic stroke
who do not have atrial fibrillation but do have moderate to se-
vere left atrial enlargement (vs normal left atrial size) also show
a trend toward a greater risk of recurrent cardioembolic or cryp-
togenic stroke.25 Although cardiac emboli are likely to be the
cause for stroke, those patients would be treated by aspirin un-
less atrial fibrillation is recognized. Since a 5-mg dose of apixa-
ban twice daily had comparable risks of intracranial hemor-
rhage with aspirin, it could be an attractive alternative agent
for use on this population. On the other hand, a 15-mg to 20-mg
dose of rivaroxaban once daily possessed substantial higher
risks of intracranial hemorrhage than aspirin, its use in people
without atrial fibrillation could not be encouraged. Although
10 mg of rivaroxaban once daily or 5 mg twice daily did not
show higher risks of intracranial hemorrhage than aspirin in
this meta-analysis, it is worthwhile to mention that such low-
dose rivaroxaban did not reduce major cardiovascular events
or stroke compared with aspirin in patients with vascular
disease,20,21 and even a 15-mg dose of rivaroxaban was not bet-
ter than aspirin for recurrent ischemic stroke prevention among
embolic stroke patients without recognized atrial fibrillation.6

Limitations
This study has several limitations. First, a meta-analysis
may be biased when the literature search fails to identify all

Figure 2. Odds Ratios of Intracranial Hemorrhage With Use of Individual Non–Vitamin K Antagonist Oral
Anticoagulants (NOACs) vs Aspirin, Stratified by Condition at Study Entry
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relevant trials or the selection criteria for including a trial are
applied in a subjective manner. To minimize these risks, we
performed thorough searches across multiple literature and
trial databases and used explicit criteria for study selection,
data abstraction, and data analysis.

Second, the results were derived from a few large clinical
trials, and in some cases from single trials, and the quality of
a body of evidence was moderate. Also, there is to our knowl-
edge no pairwise comparison in dabigatran or edoxaban vs as-
pirin in a published randomized clinical trial to date. Ongoing
trials with apixaban vs aspirin8 and dabigatran vs aspirin7 in
patients with embolic stroke with undetermined source may
help to resolve these concerns, at least partially.

Third, intracerebral hemorrhage is known to account for
a larger proportion of strokes in Asian vs white populations,26,27

and thus it is important to clarify the risks of intracranial hem-
orrhage between individual NOACs and aspirin in Asian indi-
viduals. However, no trials included in this analysis provided
ethnic subgroup analysis, and for this reason, further analy-
sis was not possible.

Finally, in this study-level meta-analysis, we were
only able to use data on major bleeding provided by the
original trials, which used a variety of differing definitions.
Because major bleeding was the secondary end point of this
study and the differences in definitions was not substantial,

this likely made little difference in the overall results of this
meta-analysis.

Conclusion
In conclusion, in this meta-analysis of randomized clinical trials
across all indications comparing individual NOACs and aspi-
rin, we found that patients receiving 15 to 20 mg of rivaroxa-
ban once daily had substantially increased risks of intracra-
nial hemorrhage, while patients who took 10 mg of rivaroxaban
once daily, 5 mg of rivaroxaban twice daily, or 5 mg of apixa-
ban twice daily had no increased risks. There was no pairwise
comparison between dabigatran or edoxaban vs aspirin, but
an indirect comparison suggests that taking 110 to 150 mg of
dabigatran twice daily or 30 to 60 mg of edoxaban once daily
might be not associated with increased risks of intracranial
hemorrhage, although such results should be interpreted with
caution. Based on these findings, only patients with atrial fi-
brillation should be considered for administration of 15 to 20
mg of rivaroxaban once daily. In addition, it may be worth-
while to conduct randomized clinical trials comparing cer-
tain NOAC dosages (eg, 5 mg of apixaban twice daily) and as-
pirin in patients who do not have atrial fibrillation but do have
potential sources of cardiac emboli that can cause stroke.
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