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Abstract

Aims Relative bleeding risks of different antithrombotic agents in heart failure (HF) patients is an important consideration in
treatment decision making, making detailed comparative analysis desirable. The aim of this study was to conduct a network
meta-analysis to investigate the major bleeding risk for individual novel oral anticoagulants (NOACs) vs. aspirin among patients
with HF.
Methods and results We searched Pubmed, EMBASE, Cochrane Collaboration Central Register of Controlled Clinical Trials,
and Clinicaltrials.gov from 1966 to November 2019 to identify relevant randomized clinical trials. Studies comparing individual
NOACs vs. aspirin were analysed using direct study-level meta-analysis. Studies comparing aspirin to warfarin and NOACs to
warfarin were then additionally added using network (direct and indirect) study-level meta-analysis. Primary endpoint was
major bleeding. Final analysis included nine trials with 34 367 participants, including one direct comparison trial (apixaban
vs. aspirin) and eight indirect comparison trials against the shared warfarin comparator (four aspirin trials and one trial each
of apixaban, dabigatran, rivaroxaban, and edoxaban). For apixaban, network meta-analysis combing direct and indirect com-
parison showed that major bleeding risk might not be different between apixaban and aspirin (odds ratio, 1.18 [95% confi-
dence interval, 0.38 to 3.65]) in HF patients. In contrast, indirect-comparison meta-analysis showed dabigatran,
rivaroxaban, and edoxaban compared with aspirin might be associated with a higher risk of major bleeding in HF patients.
Conclusions In network meta-analysis, apixaban might be associated with a comparable risk of major bleeding compared
with aspirin in patients with HF, while other NOACs might be associated with a higher risk. However, such results were not
strongly convincing because of lack of direct comparison in an original trial and small sample size of trials and participants.
A clinical trial directly comparing apixaban vs. aspirin in patients with HF and sinus rhythm may be worth undertaking.
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Introduction

Patients with heart failure (HF) are at increased risk of falls1

and potentially other causes of systemic and intracranial
bleeding. Randomized clinical trials (RCTs) of warfarin vs. as-
pirin in sinus rhythm-HF patients showed no clear best agent,
because higher bleeding complications with warfarin offset

beneficial reduction in ischemic stroke.2–6 Consequently,
practice guidelines recognize both warfarin and antiplatelet
therapy strategies as reasonable options.7

Non-vitamin K antagonist oral anticoagulants (NOACs)
might favourably shift the benefit–risk ratio towards
anticoagulation rather than antiplatelet therapy in sinus
rhythm-HF patients by reducing the bleeding side effects.
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However, NOAC agents differ by class (factor Xa inhibitors
and direct thrombin inhibitors), within class by several
features, including half-life and renal vs. hepatic clearance.8

Analyses of trials largely performed in patients without HF
have found safety differences between agents in those
patient classes. A network meta-analysis comparing NOACs
in patients with atrial fibrillation (AF) found safety
differences.8 Also, a pairwise meta-analysis in patients with
AF, venous thromboembolisms, atherosclerotic disease, or
embolic stroke of uncertain source suggested rivaroxaban at
a dose of 15 to 20 mg once daily increased the risk of major
bleeding and intracranial haemorrhage compared with
aspirin, while apixaban at a dose of 5 mg twice daily
conferred comparative risk.9

Direct RCTs of certain NOAC vs. acetylsalicylic acid (ASA) in
sinus rhythm-HF patients1would be worth undertaking if
there was suggestive evidence of a less incremental bleeding
risk of certain NOACs in the HF population. The incremental
bleeding risk in HF patients can usefully be evaluated in both
HF patients in sinus rhythm and HF patients with AF. There-
fore, we undertook this network meta-analysis to summarize
current evidence of the relative bleeding risk of individual
NOACs vs. aspirin in HF patients.

Methods

The study design was a network meta-analysis using a
frequentist model.10 The study was performed in accordance
with the recommendations of the Preferred Reporting Items
of Systematic Reviews and Meta-Analyses statement.11

Data sources and searches

We systematically searched Pubmed, EMBASE, Cochrane Col-
laboration Central Register of Controlled Clinical Trials, and
ClinicalTrials.gov from 1966 to 6 November 2019 using the
search terms: heart failure or cardiac failure or heart decom-
pensation or myocardial failure or congestive heart failure
AND novel oral anticoagulants or non-vitamin K antagonist
oral anticoagulants or direct oral anticoagulants or dabigatran
or rivaroxaban or apixaban or edoxaban or warfarin or
coumadin or vitamin K antagonist or aspirin or acetylsalicylic
acid or ASA AND major bleeding or intracranial hemorrhage
or brain hemorrhage or posterior fossa hemorrhage. We re-
stricted 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 review
articles to identify additional trials. Two investigators (WYH
and YLW) independently conducted the literature search,
screening of abstracts, and identification of eligible trials.

Study selection

Entry criteria for a study to be included in the meta-analysis
were as follows: (i) the study design was an RCT; (ii) all or
an identifiable subset of participants had HF (regardless
whether there was or was not co-existing AF); (iii) the study
included a comparison of NOACs with aspirin, NOACs with
warfarin, or aspirin with warfarin; (iv) treatment duration
was at least 6 months; (v) reported endpoints included major
bleeding and/or intracranial bleeding; (vi) total number of pa-
tients and events were reported separately in each group.
We only included trials with treatment duration of at least
6 months to avoid small trials with less rigorous methodology
and very few major bleeding events.

Participants of any age or of either sex were included.
Studies were excluded when (i) NOAC trials are not using
one of four NOACs (i.e. dabigatran, rivaroxaban, apixaban,
and edoxaban) because only these four NOACs are approved
by regulatory authorities; (ii) combination of two or more
antithrombotic agents as a treatment strategy in active or
control arm; (iii) use of other antiplatelet agents rather than
aspirin; (iv) most participants (>50%) had cancer; (v) most
participants (>50%) had a mechanical heart valve (because
use of a NOAC, dabigatran, in patients with mechanical heart
valves was associated with increased rates of thromboem-
bolic and bleeding events, as compared with warfarin, and
is thus not justified for these patients)12; (vi) most partici-
pants (>50%) had end stage renal disease; and (vii) either
the active therapy or the comparator group received an
additional treatment not administered to the other
treatment arm.

Data abstraction

All data from eligible studies were independently abstracted
by two investigators (ML and WYH). Any discrepant
judgements were resolved by joint discussion. We abstracted
data by treatment group about patient characteristics, includ-
ing age, sex, duration of follow up, and proportion with AF or
sinus rhythm at trial entry. Outcomes abstracted by
treatment groups were (i) major bleeding (as defined in each
study) and (ii) intracranial bleeding.

Quality assessment

The risk of bias for each trial was independently assessed by
the two raters using the Cochrane risk of bias tool 1.0,
assessing the six domains of sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, and
selective outcome reporting, rating each as low, unclear, or
high according to established criteria.13
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Statistical analysis

The primary aim was to delineate the association of individual
NOACs (compared with aspirin) with the endpoint major
bleeding; the secondary aim was to delineate their association
with intracranial haemorrhage. Odds ratios (ORs) with 95% con-
fidence intervals (CIs) were used to quantify the association of
individual NOACs vs. aspirin with these outcomes. Two
meta-analytic strategies were followed: first, a traditional
pairwise meta-analysis with a random-effects model; and sec-
ond, a random-effects network meta-analysis, assuming a com-
mon heterogeneity variable for all comparisons [the tau (τ)
value].14 To check for overall inconsistency, the command

<network meta inconsistency> was used for the inconsistency
model provided in Stata. In the network meta-analysis, effect
estimates drew upon RCTs providing (i) a direct comparison
of a NOACwith aspirin and (ii) an indirect comparison of NOACs
vs. aspirin available by drawing upon RCTs directly comparing
NOACs with warfarin and RCTs directly comparing aspirin with
warfarin.15 Network meta-analyses were performed for each
NOAC separately. A subgroup analysis was performed in the
subset of patients with diagnosis of HF who were additionally
documented to have left ventricular ejection fraction <40%
(or nearest equivalent). For all analyses, P < 0.05 was
considered statistically significant. Software employed for
meta-analyses was Revman 5.3 and Stata Version 15.

Table 1 Characteristics of included trials

Study,
publication year,
countries Population and definition of heart failure at entry Comparison

Sample
size

Mean
age
(year)

Women
(%)

History of
atrial
fibrillation
(%)

Use of ACE
inhibitor or
ARB (%)

NOAC vs. aspirin
AVERROES, 2011,
Multiple
countries

Subgroup of HF in AF patients unsuitable for warfarinApixaban 5 mg
BID vs. aspirin
100 mg OD

2171 NA NA 100 NA

Aspirin vs. warfarin
WASH, 2004, UK
and US

HF requiring treatment with diuretics, evidence of left
ventricular systolic dysfunction on echocardiography;
HF was defined as LVEF ≤35%

Aspirin 300 mg
QD vs. warfarin

180 63.5 24.5 7 89

HELAS, 2006,
European
countries

Patients with symptomatic HF, defined as in NYHA
Class II–IV and LVEF <35%

Aspirin 325 mg
QD vs. warfarin

115 61.6 10.8 0 58

WATCH, 2009,
US, Canada, and
UK

Patients with symptomatic HF, defined as NYHA II–IV
and LVEF ≤35%

Aspirin 162 mg
QD vs. warfarin

1063 63 15 0 97

WARCEF, 2012,
Multiple
countries

Patients with HF, defined as NYHA II–IV and LVEF
≤35%

Aspirin 325 mg
QD vs. warfarin

2305 61 20 3.7 98

NOAC vs. warfarin
RE-LY, 2013,
Multiple
countries

Subgroup of symptomatic HF in an AF trial; HF was
defined as presence of NYHA Class II or higher HF
symptoms (fatigue, dyspnoea) in the 6 months
before screening, in patients with a history of
previous admission for congestive HF.

Dabigatran 150
or 110 mg BID
vs. warfarin

4904 68.2 34.4 100 ACE
inhibitor:57.3,
ARB:22.1
\

ROCKET-AF,
2013, Multiple
countries

Subgroup of HF in an AF trial; HF was defined a priori
as a history of HF or a LVEF <40%

Rivaroxaban
20 mg QD vs.
warfarin

9033 72 39.1 100 ACE inhibitor:
55.7

ARISTOTLE, 2013,
Multiple
countries

Subgroup of HF in an AF trial: HF was defined as
patients with LVEF ≤40%, with or without
symptomatic HF or patients with HF and preserved
LVEF (>40%),

Apixaban 5 mg
BID vs. warfarin

6451 68.5 32.6 100 78.7

ENGAGE AF-TIMI
48, 2016,
Multiple
countries

Subgroup of HF in an AF trial; HF was defined as the
presence or history of HF Stage C or D according to
the American College of Cardiology/American Heart
Association definition

Edoxaban
60 mg QD vs.
warfarin

8155 70 37.5 100 71

ACE inhibitor, angiotensin-converting-enzyme inhibitor; AF, atrial fibrillation, ARB, Angiotensin II receptor blocker; BID, twice daily; HF,
heart failure; LVEF, left ventricular ejection fraction; NA, not available; NOAC, non-vitamin K antagonist oral anticoagulant; NYHA, New
York Heart Association; QD, once daily
Trial names: ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation trial; AVERROES,
Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin
K Antagonist Treatment; ENGAGE AF-TIMI 48, Effective Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation–Thrombolysis
in Myocardial Infarction 48; HELAS, Heart Failure Long-term Antithrombotic Study; RE-LY, Randomized Evaluation of Long-Term
Anticoagulation Therapy; ROCKET AF, The Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism
for Prevention of Stroke and Embolism Trial in Atrial Fibrillation; WARCEF, the Warfarin vs. Aspirin in Reduced Cardiac Ejection Fraction;
WASH, the Warfarin/Aspirin Study in Heart failure; WATCH, the Warfarin and Antiplatelet Therapy in Chronic Heart Failure.
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Results

We identified 60 full articles for detailed assessment, of which
51were excluded for taking placebo or no treatment in control
group, taking another antiplatelet rather than aspirin in a com-
parator group, treatment duration less than 6 months, or not
including identifiable HF patients (see Supporting Information
Figure S1). The final analysis included nine RCTs enrolling
34 367 participants.2–4,6,16–20 Table 1 shows the trial design
and patient characteristics of the studies. A direct comparison
between a NOAC and aspirin in HF patients was available form
one AF trial evaluating apixaban and aspirin.16 Comparisons of
each of the four NOACs with warfarin in HF patients were avail-
able from four trials enrolling patients with AF17–20 while

comparisons of aspirin with warfarin in HF patients was avail-
able from four trials enrolling patients with sinus rhythm.2–4,6

Follow-up duration ranged from 1.1 to 3.5 years.
The Cochrane risk of bias assessment for the included trials

is summarized in Figure S2. Three trials had potential perfor-
mance bias because of non-blinding of intervention,2,6,17 and
one trial had potential detection bias because of non-blinding
of outcome assessment.6

Major bleeding

Direct comparison showed that apixaban compared with aspi-
rin was not associated with an increased risk of major bleeding
in HF patients (OR, 0.88 [95% CI 0.44 to 1.76]; Figure 1A).

Figure 1 Odds ratio with 95% confidence interval (CI) of major bleeding in apixaban vs. aspirin: (A) direct comparison, (B) indirect comparison,
(C) network meta-analysis combing direct and indirect comparison. ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation trial; AVERROES, Apixaban vs. Acetylsalicylic Acid to Prevent Stroke in Atrial Fibrillation Patients Who have Failed or
are Unsuitable for Vitamin K Antagonist Treatment; HELAS, Heart Failure Long-Term Antithrombotic Study; M–H, Mantel–Haenszel; WARCEF,
Warfarin vs. Aspirin in Reduced Cardiac Ejection Fraction; WASH, Warfarin/Aspirin Study in Heart Failure; WATCH, Warfarin and Antiplatelet
Therapy in Chronic Heart Failure.
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Indirect comparison based on apixaban vs. warfarin (OR, 0.71
[95% CI, 0.55 to 0.91]) and aspirin vs. warfarin (OR, 0.50 [95%
CI, 0.35 to 0.72]) implied that there might be no significant dif-
ference in a risk of major bleeding between apixaban and aspi-
rin in HF patients (OR, 1.43 [95% CI, 0.92 to 2.21]; Figure 1B).
Network meta-analysis combing direct and indirect comparison
accordingly found that major bleeding risk might not be differ-
ent between 5mg twice daily of apixaban and aspirin in HF pa-
tients (OR, 1.18 [95% CI, 0.38 to 3.65]; Figure 1C). The global
test for inconsistency with the command <network meta
inconsistency> provided in Stata obtained a P value of 0.28,
giving no evidence of substantial statistical inconsistency.
However, the point estimate point in the direct comparison
suggested a lower risk for major bleeding associated with
apixaban treatment, while the point estimate in the indirect
comparison suggested the opposite. The difference between
the two estimates corresponded to an OR of 1.63, which
suggested that heterogeneity was not negligible.

We conducted analyses with a fixed-effect model for major
bleeding endpoint between apixaban and aspirin as a sensitivity
test and obtained similar results (direct comparison: OR, 0.89
[95% CI, 0.45 to 1.76]; indirect comparison: OR, 1.43 [95% CI,
0.93 to 2.18]; overall results: OR, 1.19 [95% CI 0.39 to 3.62]).

Indirect comparison based on dabigatran vs. warfarin and as-
pirin vs. warfarin showed 110 or 150mg twice daily of dabigatran
comparedwith aspirinmight be associated with an increased risk
of major bleeding in HF patients (OR, 1.63 [95% CI, 1.06 to 2.51];
Figure S3). Indirect comparison based on rivaroxaban vs. warfa-
rin and aspirin vs. warfarin showed 20 mg once daily of
rivaroxaban compared with aspirin might be associated with an
increased risk of major bleeding in HF patients (OR, 2.02 [95%
CI, 1.39 to 2.95]; Figure S4). Indirect comparison based on
edoxaban vs. warfarin and aspirin vs. warfarin showed 60 mg

once daily of edoxaban compared with aspirin might be associ-
ated with an increased risk of major bleeding in HF patients
(OR, 1.55 [95% CI, 1.04 to 2.33]; Figure S5).

Intracranial haemorrhage

Indirect comparison based on apixaban vs. warfarin (OR, 0.22
[95% CI, 0.10 to 0.47]) and aspirin vs. warfarin (OR, 0.91 [95%
CI, 0.35 to 2.37]) showed apixaban compared with aspirin
might be associated with a reduced risk of intracranial haem-
orrhage in HF patients (OR, 0.24 [95% CI, 0.07 to 0.82]; Figure
S6). Indirect comparison based on dabigatran vs. warfarin and
aspirin vs. warfarin showed no significant difference in risk of
intracranial haemorrhage between dabigatran and aspirin in
HF patients (OR, 0.40 [95% CI, 0.13 to 1.30]; Figure S7). Indi-
rect comparison based on rivaroxaban vs. warfarin and aspi-
rin vs. warfarin showed no significant difference in risk of
intracranial haemorrhage between rivaroxaban and aspirin
in HF patients (OR, 0.66 [95% CI, 0.23 to 1.92]; Figure S8).
Indirect comparison based on edoxaban vs. warfarin and
aspirin vs. warfarin showed no significant difference in risk
of intracranial haemorrhage between edoxaban and aspirin
in HF patients (OR, 0.46 [95% CI, 0.16 to 1.31]; Figure S9).

Comparison of individual NOAC vs. aspirin in primary and sec-
ondary endpoints in patients with HF was presented in Table 2.

Sensitivity analyses

Sensitivity analyses in patients with HF and left ventricular
ejection fraction less than 35% or nearest equivalent
were done for major bleeding endpoint (Table 3).

Table 2 Comparison of non-vitamin K antagonist oral anticoagulants vs. aspirin on major bleeding and intracranial haemorrhage in pa-
tients with heart failure, presented as odds ratio with 95% confidence interval

Apixaban 5 mg twice
daily vs. aspirin

Dabigatran 110 mg or 15 mg
twice daily vs. aspirin

Rivaroxaban 20 mg once
daily vs. aspirin

Edoxaban 60 mg once
daily vs. aspirin

Major bleeding
Direct comparison 0.88 (0.44–1.76) NA NA NA
Indirect comparison 1.43 (0.92–2.21) 1.63 (1.06–2.51) 2.02 (1.39–2.95) 1.55 (1.04–2.33)
Combination of direct and
indirect comparison

1.18 (0.38–3.65) NA NA NA

Intracranial haemorrhage
Direct comparison NA NA NA NA
Indirect comparison 0.24 (0.07–0.82) 0.40 (0.13–1.30) 0.66 (0.23–1.92) 0.46 (0.16–1.31)

NA, not available.

Table 3 Indirect comparison of non-vitamin K antagonist oral anticoagulants vs. aspirin on major bleeding in patients with heart failure
and left ventricular ejection fraction less than 40% or nearest equivalent

Endpoints
Apixaban 5 mg twice daily vs.
aspirin

Dabigatran 110 mg or 15 twice daily
vs. aspirin

Rivaroxaban 20 mg once daily
vs. aspirin

Edoxaban 60 mg once daily
vs. aspirin

Major
bleeding

1.62 (0.98–2.68) 1.83 (1.06–3.16) 2.20 (1.46–3.32) 1.76 (1.11–2.80)
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Indirect-comparison based on individual NOACs vs. warfarin
and aspirin vs. warfarin showed that apixaban compared with
aspirin might not be associated with a significantly increased
risk of major bleeding (OR, 1.62 [95% CI, 0.98 to 2.68],
Figure S10) whereas dabigatran (OR, 1.83 [95% CI, 1.06 to
3.16], Figure S11), rivaroxaban (OR, 2.20 [95% CI, 1.46
to 3.32], Figure S12), and edoxaban (OR, 1.76 [95% CI,
1.11 to 2.80], Figure S13) compared with aspirin might be
associated with an increased risk of major bleeding.

Discussion

In this network meta-analysis of nine randomized controlled
trials consisting over 30 000 participants, we found that
5 mg twice daily of apixaban compared with aspirin might
not be associated with an increased risk of major bleeding
in HF patients, whereas 150 or 110 mg twice daily of
dabigatran, 20 mg once daily of rivaroxaban, and 60 mg once
daily of edoxaban might be associated with an increased risk
of major bleeding. Also, indirect comparison suggested that
apixaban compared with aspirin might be associated with a
lower risk of intracranial haemorrhage in HF patients. When
we restricted analyses to patients with HF and left ventricular
ejection fraction <35% or nearest equivalent, indirect com-
parison suggested apixaban compared with aspirin might
not be associated with an increased risk of major bleeding.

HF and AF are both common heart diseases and frequently
co-exist.21 Among patients who have been diagnosed as con-
gestive HF, 24% had a prior or concurrent diagnosis of AF,
and 17% developed AF during the follow up period of
4.2 years.22 Furthermore, some patients who are categorized
as HF patients with sinus rhythm may have paroxysmal AF.
While it is clear, a NOAC should be used in patients with
co-existing HF and AF, an optimal antithrombotic strategy
for HF with sinus rhythm remains inconclusive, and so in rou-
tine clinical practice, a more conservative approach (i.e. anti-
platelet therapy), is usually applied. The novelty of our study
lies in the comparisons of major bleeding risk of individual
NOAC vs. aspirin in HF patients, regardless of whether AF
co-existed. On the other hand, a meta-analysis of RCTs sug-
gested that oral anticoagulant warfarin compared with aspi-
rin was associated with a lower risk of ischemic stroke in HF
with sinus rhythm.5 Taken together, 5 mg twice daily of
apixaban might be a viable alternative to aspirin in patients
with HF, even when AF is not found.

A recently published clinical trial of patients in sinus
rhythm, with a history of HF and coronary artery disease,
and all receiving antiplatelet therapy showed that add-on
rivaroxaban 2.5 mg twice daily vs. placebo reduced a risk of
stroke, but increased a risk of major bleeding.23 This
benefit–risk profile is similar to that seen in trials comparing
warfarin vs. aspirin in patients with HF and sinus rhythm.5

As such, it is conceivable that adding a NOAC to baseline an-
tiplatelet therapy, even at a lower dose, would likely raise a
major bleeding risk compared with using antiplatelet therapy
alone. Furthermore, 2.5 mg twice daily of rivaroxaban is un-
likely to be an efficacious dose for preventing stroke in pa-
tients with unrecognized AF. Taken all together, 5 mg twice
daily of apixaban monotherapy might be a more reasonable
option for HF patients in sinus rhythm, given its comparable
major bleeding risk with aspirin, and its greater efficacy in
the prevention of cardioembolic stroke.

Direct comparison between NOACs and aspirin was only
available between apixaban and aspirin and it was derived
from a subgroup of HF in an AF trial.16 However, this trial
was not designed (i.e. not powered) to detect differences in
major bleeding between the compared treatments in HF pa-
tients. Although the point estimate was 0.88, the 95% CIs
ranged from 0.44 to 1.76, suggesting that the trial was not
large enough to estimate the association with sufficient pre-
cision to get potential effects significant. Furthermore, in
the direct comparison of apixaban vs. aspirin, the point esti-
mate point towards a lower risk for major bleeding associated
with apixaban treatment, while the point estimate in the
indirect comparison indicates the opposite. The difference
between the two estimates corresponds to an OR of 1.63.
Although global test for inconsistency was not statistically
significant between direct and indirect comparisons, tests
for heterogeneity generally have poor statistical characteris-
tics when applied in a meta-analysis with very few studies,
mostly because of wide 95% CIs. Plausible reasons for the
differences between estimates from direct and indirect
comparisons, as well as wide CIs were (i) different demo-
graphics such as sex differences between included trials;
(ii) different conditions such as AF or non-AF at baseline;
(iii) different co-medication such as the proportion of
angiotensin-converting-enzyme inhibitor use; and (iv) differ-
ent dosing of the compared treatments such as different as-
pirin doses in included trials. Because this is a study-level
meta-analysis and there was small number of the included
trials, we were unable to further explore above-mentioned is-
sues. Because the CIs were quite large and the point esti-
mates of direct and indirect comparisons were in the
opposite directions, the result of apixaban and aspirin having
similar risk of major bleeding remains less convincing.

The aspirin doses using in the four warfarin vs. aspirin HF
trials ranged from 162 to 325 mg once daily,2–4,6 which were
higher than the current recommended low-dose aspirin
(75–100 mg daily).24 Low-dose aspirin was associated with
lower risk of bleeding complication when compared with
high-dose aspirin.25 As the current recommended dose of
aspirin was low dose (75–100mg daily), further trials compar-
ing NOACs and low-dose aspirin are warranted.

Some previous studies revealed that women are at
higher risk of bleeding after percutaneous coronary interven-
tion and ST-elevation myocardial infarction treated with
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fibrinolysis than men26,27 while other studies revealed that
the risk of bleeding events was lower in women than in
men.28 Also, one previous study suggested that an
angiotensin-converting-enzyme inhibitor or an angiotensin
receptor blocker therapy was associated with a protective ef-
fect of developing gastrointestinal bleeding in patients using
continuous-flow left ventricular assist device29 while other
studies revealed that lisinopril therapy had a higher risk of
hospitalized gastrointestinal haemorrhage when compared
with amlodipine.30 Because of the effects of sex difference
and an angiotensin-converting-enzyme inhibitor use on
bleeding risk remain inconclusive, we speculated that
the observed differences between the populations (e.g.
regarding sex or the proportion of patients receiving
angiotensin-converting-enzyme inhibitors) did not affect the
pooling of the effects.

Most of the patients in the four warfarin vs. aspirin trials
were HF with sinus rhythm,2–4,6 whereas the patients in the
apixaban vs. aspirin trial16 and NOACs vs. warfarin trials17–20

were HF with AF. As no trial comparing NOACs vs. aspirin or
NOACs vs. warfarin in HF with sinus rhythm patients is avail-
able currently, we assumed that the incremental bleeding risk
in HF patients can usefully be evaluated in both sinus
rhythm-HF patients and AF-HF patients with the assumption
that no interaction between treatment and AF is present (re-
garding the risk of major bleeding).

Our study has several limitations. First, the literature
search might be unable to identify all of the related trials.
To reduce such risks, we performed exhaustive search across
multiple trial and literature databases. Second, only one AF
trial reported direct comparison between a NOAC and aspirin
in subgroup of HF patients. Still, the comparable major bleed-
ing risk between 5 mg twice daily of apixaban and aspirin was
unlikely affected by the existence of AF in this trial; therefore,
such results might be generalizable in sinus rhythm-HF pa-
tients. Third, given that the comparison of apixaban vs. aspi-
rin suggesting that the direct and indirect comparisons are
heterogeneous, this questions the other indirect compari-
sons. Because only indirect comparisons were available be-
tween dabigatran, rivaroxaban, and edoxaban vs. aspirin,
such results should be interpreted with caution. Finally, defi-
nition of HF varied across trials. Still, sensitivity analyses fo-
cusing on patients with left ventricular ejection fraction
<35% or nearest equivalent showed similar results.

Conclusions

The network meta-analysis of RCTs suggested that 5mg twice
daily of apixaban compared with aspirin might be associated
with a comparable risk of major bleeding and a lower risk
of intracranial haemorrhage in HF patients. Although the indi-
rect comparison implied that dabigatran, rivaroxaban, and

edoxaban compared with aspirin might be associated with in-
creased risks of major bleeding, such result was not strongly
convincing because of lack of direct comparison in an original
trial and small sample size of trials and participants. As such,
these results should be interpreted as signal generation
rather than estimation of effects. Because an optimal anti-
thrombotic strategy for patients with HF and sinus rhythm
is not known to date, based on the results currently available,
a clinical trial directly comparing 5 mg twice daily of apixaban
vs. aspirin in these patients may be worth undertaking.
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Figure S1. Study selection.
Figure S2. Risk of Bias of Included Trial
Figure S3. Odds ratio with 95% confidence interval of major
bleeding (dabigatran vs warfarin and aspirin vs warfarin), by
trial and pooled. M-H indicates Mantel–Haenszel methods.
ASA indicates aspirin.
Figure S4. Odds ratio with 95% confidence interval of major
bleeding (rivaroxaban vs warfarin and aspirin vs warfarin),
by trial and pooled. M-H indicates Mantel–Haenszel methods.
ASA indicates aspirin.
Figure S5. Odds ratio with 95% confidence interval of major
bleeding (edoxaban vs warfarin and aspirin vs warfarin), by
trial and pooled. M-H indicates Mantel–Haenszel methods.
ASA indicates aspirin.
Figure S6. Odds ratio with 95% confidence interval of intra-
cranial bleeding (apixaban 5 mg vs warfarin and aspirin vs
warfarin), by trial and pooled. M-H indicates Mantel–
Haenszel methods. ASA indicates aspirin.
Figure S7. Odds ratio with 95% confidence interval of intra-
cranial bleeding (dabigatran vs warfarin and aspirin vs
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warfarin), by trial and pooled. M-H indicates Mantel–
Haenszel methods. ASA indicates aspirin.
Figure S8. Odds ratio with 95% confidence interval of intra-
cranial bleeding (rivaroxaban vs warfarin and aspirin vs warfa-
rin), by trial and pooled. M-H indicates Mantel–Haenszel
methods. ASA indicates aspirin.
Figure S9. Odds ratio with 95% confidence interval of intra-
cranial bleeding (edoxaban vs warfarin and aspirin vs warfa-
rin), by trial and pooled. M-H indicates Mantel–Haenszel
methods.
Figure S10. Odds ratio with 95% confidence interval of major
bleeding in LVEF <35% or nearest equivalent (apixaban vs
warfarin and aspirin vs warfarin), by trial and pooled. M-H in-
dicates Mantel–Haenszel methods.

Figure S11. Odds ratio with 95% confidence interval of major
bleeding in LVEF <35% or nearest equivalent (Dabigatran vs
warfarin and aspirin vs warfarin), by trial and pooled. M-H in-
dicates Mantel–Haenszel methods.
Figure S12. Odds ratio with 95% confidence interval of major
bleeding in LVEF< 35% or nearest equivalent (Rivaroxaban vs
warfarin and aspirin vs warfarin), by trial and pooled. M-H in-
dicates Mantel–Haenszel methods.
Figure S13. Odds ratio with 95% confidence interval of major
bleeding in LVEF<35% or nearest equivalent (Edoxaban vs
warfarin and aspirin vs warfarin), by trial and pooled. M-H in-
dicates Mantel-Haenszel methods.
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