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Abstract
Hospitalized and stable HF patients are both at increased risk of thrombo-embolic events, making the possibility of protection via
the use of anticoagulants and/or antithrombotics attractive. The 2016 ESC guidelines on HF, do not recommend aspirin or anticoagulation in HF patients in SR, or any antiplatelet drugs in patients with HF without concomitant CAD. NOACs have a favourable
safety profile and simplicity of use. This has led to interest in their use in HF. Secondary analyses showed that patients with HF with
high cardiovascular risk and/or CAD may benefit from NOACs.  However, these benefits in HF patients in SR were not confirmed
in the large COMMANDER HF trial where rivaroxaban 2.5 mg twice daily did not reduce the primary endpoint (death from any
cause, MI, stroke), nor achieve its primary safety outcome. In patients with HF in AF guidelines recommend an oral anticoagulant
to prevent thrombo-embolism for all patients with paroxysmal or persistent/permanent AF and CHA2DS2 VASc ≥2, and for patients
with HF and non-valvular AF, eligible for anticoagulation based on a CHA2DS2-VASc score, NOACs rather than warfarin should be
considered.
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Introduction

A substantial number of studies have provided evidence
of the link between thrombosis and heart failure (HF). It is
important to understand that thrombosis can be both a cause
and a consequence of HF. HF itself promotes a state of
hypercoagulability, and HF, its complications and progression
may result from the consequences of a pre-existing prothrombotic state. Many HF patients routinely receive
anticoagulant or antithrombotic therapy due to the presence of
specific indications for their use, such as atrial fibrillation (AF)
or coronary artery disease (CAD). However, the potential clinical
benefit of using these agents in the management of HF itself
remains a subject of active discussions.

Potential pathophysiological mechanisms leading to
thrombosis in heart failure

HF interferes with 3 elements included in the Virchow triad,
leading to:
• hypercoagulability, due to increased plasma viscosity, platelet
activation, impairment of the protein C pathway and thrombin
formation, adenosine-mediated thrombosis;
• haemodynamic changes (stasis) due to low cardiac output,
cardiac chamber dilatation, aneurysms of the left ventricle
(LV), impaired myocardial contractility;
• endothelial injury/dysfunction related to oxidative stress, a
pro-inflammatory state, deficient NO production and many
others.

Epidemiology of thrombotic events in patients with
heart failure

Pulmonary embolism, peripheral embolism, stroke.
Data from observational studies and secondary analyses of
randomized clinical trials indicate a higher risk of thrombotic
events in patients with HF than in general population.[1] It
was found that in hospitalized HF patients the relative risk for
pulmonary embolism and venous thromboembolism (VTE) was
2.15 and 1.21, respectively.[2] Interestingly, the NT-proBNP
level may be more useful than the NYHA class as an indicator
for identifying patients at a high short-term risk of VTE, whereas
elevated D-dimer may be suggestive of high mid-term risk.[3] In
patients with HFrEF and in sinus rhythm (SOLVD study), the annual
incidence of stroke, pulmonary and peripheral embolism was 2.4
% in women and 1.8 % in men. Moreover, a 53 % increased
risk of VTE was observed for every 10 % of reduction in LVEF.
[4] Tang et al. in their meta-analysis of 71 studies investigating
the risk of VTE in patients hospitalized due to HF found that the
overall median symptomatic VTE rate was 2.48 %.[5] However,
for patients who did not receive thromboprophylaxis the VTE rate
was already 3.73% compared to 1.47% for those who did.
In the Framingham Study based on 5,184 participants over 24
years, the adjusted risk ratio for stroke was 5.4 in men and 6.2 in
women (with no adjustment for a presence of AF).[6] Moreover,
in a 2007 meta-analysis, 18 in every 1,000 persons with HF
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experienced a stroke during the first year after the diagnosis of
HF, with a maximum stroke rate of 47.4 for every 1000 patients
observed after 5-years of follow-up.[7] In the Rotterdam Study,
based on 7,546 patients with no history of stroke, the risk of
ischaemic stroke increased almost 6-fold during the first month
after the diagnosis of HF, but decreased to 3.5 fold for 1-6
months post-onset, and was not significantly elevated from 6
months onwards.[8]
LV thrombi. Epidemiological data on the risk of thromboembolism
in patients with LV thrombi and HF are unavailable. Contemporary
data estimate the prevalence of LV thrombus at about 15% in
patients with ST-segment elevation myocardial infarction and
25% in patients with anterior myocardial infarction.[8]

Clinical models estimating the thromboembolic risk in
patients with heart failure

Data from the CORONA and GISSI-HF trials were re-analyzed
in order to estimate the actual incidence of, and risk factors for,
stroke in patients with HF without AF.[10] Two clinical models for
stroke risk in patients, with HF and without AF, were developed.
The first model included the following clinical variables: NYHA
class, age, insulin-dependent type 2 diabetes mellitus, and the
history of previous stroke and body mass index. The second
model included plasma NT pro-BNP, type 2 diabetes mellitus,
and the history of previous stroke. Interestingly, patients with
HF without AF in the upper tercile of the risk score had a rate of
stroke that approximated to the rate of risk in HF patients with
AF. Both models will require further validation, before they can be
recommended for a broader clinical use.
In another study, the predictive accuracy of the CHA2DS2-VASc
score was validated in a population of patients with HF (42,987
patients from Danish registries not receiving anticoagulation).[11]
The absolute risk of thromboembolism was high independently
of the presence of AF, beginning from the CHA2DS2-VASc score
exceeding 4. Importantly, the risk was greater with an increasing
CHA2DS2-VASc score, but the predictive accuracy was only
modest. The clinical utility of the CHA2DS2-VASc score in
patients with HF without AF remains to be determined.

Data on safety and efficacy of antithrombotic/
anticoagulants therapy in patients with heart failure

Patients with heart failure in sinus rhythm.
According to the 2016 ESC guidelines on HF [12], in patients
with HF who are in sinus rhythm, there is no evidence that oral
anticoagulants decrease mortality and morbidity in comparison
to placebo or aspirin. Moreover, no benefit has been observed
when using antiplatelet drugs in patients with HF without
concomitant CAD. WARCEF investigators [13] demonstrated
no significant overall difference between warfarin and aspirin
in preventing the primary outcome defined as a time to first
event in a composite endpoint of ischemic stroke, intracerebral
hemorrhage, or death from any cause. Along with that, warfarin
therapy was associated with a significant reduction in the risk of
stroke compared to aspirin without a significant difference in the
risk of intracranial and intracerebral hemorrhages. However, the
rate of major hemorrhage was significantly higher with warfarin
compared to aspirin, largely due to a more frequent occurrence
of major gastrointestinal bleeding.
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The advent of NOACs, agents with a favorable safety profile and
simplicity of use, has led to further attempts to use them in HF
patients. There were some suggestions from secondary analyses
that patients with HF with high cardiovascular risk and/or
coronary artery disease may benefit from the addition of NOAC
therapy. A subgroup analysis from the ATLAS ACS 2-TIMI 51 trial
(patients with a recent ACS on dual antiplatelet therapy) showed
that rivaroxaban 2.5 mg daily compared with placebo reduced
the primary outcome of cardiovascular death, myocardial
infarction or stroke, and all-cause death in patients having HF
at the time of their ACS.[14] Also a sub-analysis of patients
with HF enrolled in the COMPASS trial (patients with a history
of stable atherosclerotic disease) suggested some benefits from
rivaroxaban treatment (2.5 mg twice daily) in addition to aspirin
(100 mg daily).[14]
Both above-mentioned studies noted that the beneficial effects
of rivaroxaban were accompanied by an increased rate of
bleeding.[14, 15] However, the expectation of additional benefits
of including rivaroxaban to standard care in patients HF who are
in sinus rhythm has not been confirmed in the COMMANDER
HF trial.[16] This double-blind, randomized controlled trial was
designed to assess the effectiveness and safety of rivaroxaban in
reducing thrombin generation, and as a consequence, mortality,
myocardial infarction, or stroke in patients with worsening
chronic HF, reduced LVEF, CAD, and no AF. It was shown that
rivaroxaban treatment at a dose of 2.5 mg twice daily was not
associated with a significantly lower risk of the primary endpoint
(death from any cause, myocardial infarction, stroke), nor
the primary safety outcome (fatal bleeding or bleeding into a
critical space with a potential for causing permanent disability).
Moreover, rivaroxaban did not affect the rate of rehospitalization
for worsening HF. Thus, the results of the COMMANDER HF trial
[16] did not confirm the contribution of atherothrombotic coronary
events to the progression of HFrEF of ischaemic aetiology.

Patients with heart failure and atrial fibrillation.

The 2016 ESC guidelines on HF emphasize that patients with
HF and AF should generally be anticoagulated, therefore an
evaluation of the balance of benefit and the risk of bleeding
(using CHA2DS2-VASc and HAS-BLED scores) is indicated.
[12] A substantial proportion of patients with HF and AF is
characterized by both benefit and risk scores ≥3, indicating that
careful consideration should be given before prescribing an oral
anticoagulant and that regular patient’s control is subsequently
needed.
The 2016 ESC guidelines on HF make the following
recommendations for the prevention of thromboembolism in
patients with HF and concurrent AF [12]:
1. For the estimation of the risk of thromboembolism and the risk
of bleeding associated with oral anticoagulation, the CHA2DS2VASc and HAD-BLED scores are recommended tools (IB)
2. 
An oral anticoagulant is recommended to prevent
thromboembolism for all patients with paroxysmal or
persistent/permanent AF and CHA2DS2-VASc ≥2 without
contraindications, and irrespective of whether a rate or rhythm
management strategy is used (including after successful
cardioversion) (IA)
3. NOAC treatment is contraindicated in patients with mechanical
valves, or at least moderate mitral stenosis (IIIB)
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Table 1. The hazard ratio (HR) and 95% confidence interval of the efficacy and safety outcomes of NOACs compared with
warfarin in AF patients with or without HF
Clinical Trial

RE-LY [17]

ROCKET-AF [18]

ARISTOTLE [19]

ENGAGE
AF-TIMI 46 [20]

NOAC

Dabigatran

Rivaroxaban

Apixaban

Edoxaban

110 mg

150 mg

AF patients
with HF, n

1641

1640

4530

3235

8145

Stroke/systemic
embolism

0.99 (0.69–1.42)

0.75 (0.51–1.10)

0.91 (0.74–1.13)

0.55 (0.34–0.91)†
0.98 (0.65–1.49)‡

0.88 (0.69–1.12)⁺
0.83 (0.55–1.25)⁺⁺

Major bleeding

0.83 (0.64–1.09)

0.79 (0.60–1.03)

N/A

0.81 (0.58–1.14)† 0.62
(0.44–0.88)‡

0.79 ( 0.65–0.96)⁺
0.79 (0.54–1.17)⁺⁺

Intracranial
haemorrhage

0.34 (0.14–0.80)

0.39 (0.17–0.89)

0.63 (0.40–1.02)

0.25 (0.08–0.73)† 0.20 (0.07–0.58)‡

0.45 ( 0.28–0.73)⁺
0.35 ( 0.14–0.88)⁺⁺

AF patients
without HF, n

4374

4436

2551

5885

5926

Stroke/systemic
embolism

0.86 (0.67–1.09)

0.61 (0.47–0.79)

0.84 (0.65–1.09)

0.74 (0.57–0.96)

0.87 ( 0.69–1.11)

Major bleeding

0.79 (0.67–0.94)

0.99 (0.84–1.16)

N/A

0.77 (0.62–0.94)

0.82 (0.68–0.99)

Intracranial
haemorrhage

0.28 (0.17–0.47)

0.42 (0.27–0.64)

1.05 (0.93–1.18)

0.47 (0.30–0.73)

0.51 ( 0.33–0.80)

Legend:
N/A, not available
†HR and 95% CI for patients with left ventricular systolic dysfunction.
‡HR and 95% CI for patients with heart failure and preserved ejection fraction.
⁺ HR and 95% CI for patients with heart failure NYHA I-II
⁺⁺ HR and 95% CI for patients with heart failure NYHA III-IV

4. Combination of an oral anticoagulant and an antiplatelet agent
is not recommended in patients with chronic (>12 months after
an acute event) coronary or other arterial disease, because of
a high-risk of serious bleeding. Single therapy with an oral
anticoagulant is preferred after 12 months (IIIC)
5. 
For patients with HF and non-valvular AF, eligible for
anticoagulation based on a CHA2DS2-VASc score, NOACs
rather than warfarin should be considered for anticoagulation
as NOACs are associated with a lower risk of stroke, intracranial
hemorrhage and mortality, which outweigh the increased risk
of gastrointestinal haemorrhage (IIaB)
Data on efficacy and safety of NOACs (dabigatran, rivaroxaban,
apixaban and edoxaban) compared with warfin in additional
analyses in patients with AF with HF versus without HF are
summarized in table 1. Based on the results of the metaanalysis [21], which included patients with AF and HF (13,384
patients treated with NOACs and 13390 patients treated with
warfarin), single-/high-dose NOAC regimens have a significantly
better efficacy and safety profile compared with warfarin. Lowdose regimens had similar efficacy and safety levels to those
of warfarin. Currently, head-to-head comparisons between
NOACs in patients with AF and HF are not available.

Patients with LV.

According to the ESC guidelines for the management of acute
MI in patients presenting with ST-segment elevation, when LV
thrombus is recognized, anticoagulation should be administered
for up to 6 months guided by repeated imaging.[22] The standard
care for patients with LV thrombus is anticoagulation with warfarin,
this practice is based on studies performed in the thrombolytic era

in post MI patients. The results of the use of NOACs in patients
with LV thrombus were combined in a meta-summary of 36 clinical
cases, where HF was one of the most common comorbidities [23].
LV thrombus resolution with NOACs was noted in most patients
with median duration of treatment to resolution equal to 1 month.
There were minimal bleeding and no embolic events reported.
Further clinical trials will provide more robust data regarding the
efficacy and safety of NOACs in patients with LV thrombus.

Conclusions

To this date, there still is no conclusive evidence that HF itself
should be an indication for anticoagulant/antithrombotic therapy.
Recommendations for anticoagulant therapy in AF are similar in
patients, with and without HF.  The efficacy and safety of NOACs
are similar, regardless of concomitant HF.
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