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Background

Heart failure patients present an important thrombo-embolic risk,
including symptomatic or silent peripheral arterial embolism,
pulmonary embolism, and stroke [1,2]. Even though anticoagula-
tion proved to be useful and even life-saving in patients with
atrial fibrillation, there are few reports regarding the efficacy of
anticoagulant treatment in patients with sinus rhythm. Patients
in sinus rhythm who have concomitant depressed (<35%) left
ventricular (LV) ejection fraction (EF) have a 4% rate of embolic
events [3-5]. Embolic events in the same category of patients but
treated with warfarin are around 1.2%, if we count strokes, pul-
monary, and systemic embolism [6]. Dilated cardiomyopathy
(DCM) in sinus rhythm and LVEF <40% offer a suitable terrain
for thrombus formation, according to a very recent study (LV
thrombus was found in 13% of patients and left atrial appendage
thrombus in 68% of patients) [7].

Increased embolic events provide the foundation for using oral
anticoagulants in these patients. Unfortunately, all relevant stud-
ies relating this issue either did not reach statistical significance or
were underpowered to show benefit of warfarin versus aspirin,
clopidogrel, or placebo, as detailed below. Even though in 2 stud-
ies warfarin had a slight advantage over aspirin (in the WATCH
and WARCEE trials- [6,8]), it was at the cost of an increased risk
in major hemorrhage. To decrease bleeding rates and to improve
the antithrombotic effect, new treatment strategies such as novel
anticoagulants (dabigatran, rivaroxaban, or apixaban) have to be
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4% rate of embolic events. Several prospective randomized trials of anticoagulation in this
group of patients were either underpowered or had a short period of follow-up. Even
though in two studies warfarin had a slight advantage over aspirin (in the WATCH and
WARCEEF trials), it was at the cost of an increased risk in major hemorrhage. To decrease
bleeding rates and to improve anticoagulant effect, new treatment strategies have to be
tested. Novel anticoagulants (dabigatran, rivaroxaban, and apixaban) seem to be a promis-

tested. Dabigatran seems to be a promising alternative especially
because it proved the highest decrease in stroke/systemic embo-
lism rates versus warfarin in patients with atrial fibrillation [9], in
comparison with rivaroxaban or apixaban.

Incidence of Stroke in Patients with
DCM, Low EF, and Sinus Rhythm

There is a variable incidence in stroke; however, the mean inci-
dence seems to be superior to 4-5% at 30 months or more. In
patients treated with dronedarone, the incidence of stroke at
2 months was 5.6% versus 6% in the placebo groups, even
though 30% of patients were in atrial fibrillation (from which
70% had anticoagulant treatment) [3]. In the placebo arm of
another study that included 70% patients with ischemic DCM,
stroke rate was 4.8% at 37-month follow-up [4]. In another
ischemic cohort with severe heart failure treated with antiplatelet
or anticoagulant therapy in a proportion of 90%, stroke was
found in 4% for the placebo versus 3.5% for the rosuvastatin
group at 32.8 months; a pulmonary embolism rate of 0.3% was
found in the placebo group [5]. Other studies reveal slightly lower
incidence in stroke, but patients had either combined antiaggre-
gant or anticoagulant treatment or a shorter period of follow-up
[10-13]. In patients with atrial fibrillation, the presence of chronic
heart failure or LVEF<25% is responsible for 5.7% (4.4-7.0%
range) of strokes per 100 patient/years and is considered high-risk
factor for embolic disease [14].
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Trials of Oral Anticoagulants or
Antiaggregants in Patients with DCM in
Sinus Rhythm and Low EF

There is an ongoing controversy regarding the role of oral antico-
agulants as compared with aspirin in patients with heart failure
with reduced EF [15-17]. Anticoagulant treatment seemed to
reduce embolic rates even since the 1950s [18-20]. Retrospective
nonrandomized studies that included patients with a low LVEEF
did not translate into clear treatment strategies [21-25]. The SAVE
trial [22] found that for every decrease of 5% points in the EF,
there was an 18% increase in the risk of stroke in patients who
survived a MI; anticoagulant therapy was present in 38% of stroke
patients and in 28% of patients without stroke; aspirin use was
46% versus 59% for the same groups. Another trial showed that
there is an increasing risk of thrombo-embolic events for LVEF
<20% [24]. In 630 cases of heart failure, those with stroke after
heart failure had a 2.3-fold increase in death rate compared with
those without stroke [25].

Several prospective randomized trials were either underpow-
ered or had a short period of follow-up. The Heart Failure
Long-Term Antithrombotic Study (HELAS) enrolled 197 patients
with EF<35% of ischemic and idiopathic etiology, randomized
to receive warfarin, aspirin, or placebo; no overall significant
difference among the groups was noted regarding the embolic
events [26]. In the WASH trial [27], 279 patients were random-
ized to warfarin, aspirin, or placebo with no significant differ-
ence regarding death, stroke, or myocardial infarction (MI).
However, the highest rate of rehospitalization was among those
receiving aspirin [27]. The WATCH trial (Warfarin and Antiplat-
elet Therapy in Chronic Heart Failure) randomized 1587
patients with low EF to warfarin (target I.N.R of 2.5 to 3), aspi-
rin (162 mg), or clopidogrel (75 mg) [6]. Warfarin was not
superior to aspirin, and clopidogrel was not superior to aspirin;
however, warfarin lowered the percentage of stroke, at the cost
of an increased hemorrhage rate. The WARCEEF trial (Warfarin
versus Aspirin in Reduced Cardiac Ejection Fraction) random-
ized 2305 patients with low EF and in sinus rhythm to warfarin
(target LN.R of 2 to 3.5) or aspirin (325 mg) [8]. Even though
underpowered (69% power to test the primary null hypothesis
and 83% power for the main secondary null hypothesis), it
showed that there was no significant difference in stroke and
death from any cause between treatment with warfarin and
aspirin. A reduced risk of ischemic stroke with warfarin was off-
set by an increased risk of major hemorrhage. However, in mul-
tivariate analysis, age was the only significant parameter that
interacted with treatment (treatment interaction with age:
P = 0.003). Patients below 60 years might benefit the most from
warfarin therapy, with a 37% decrease in the composite end-
point (death/ischemic stroke/intracerebral hemorrhage) (0.63
[0.48-0.84]; 0.001 vs. 1.09 [0.88-1.35]; 0.442) and important
decrease in major bleedings (1.30 [0.56-3.07]; 0.636 vs. 2.73
[1.56-4.97]; 0.0002) at the cost of a slight increase in minor
bleedings (1.95 [1.41-2.71]; <0.0001 vs. 1.43 [1.08-1.92];
0.014)-for patients <60 years versus patients >60 years, HR
(95% CI). Future studies will have to clarify which clinical/bio-
logical or echocardiography parameters are correlated with this
decrease in mortality.
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Novel Anticoagulants

Rivaroxaban inhibits factor Xa in a concentration-dependent
manner via a rapid and reversible binding, having a 60-80%
bioavailability, half-time of 5-13 h, 66% hepatic, and 33%
renal excretion. It proved its noninferiority to warfarin for
stroke/systemic embolism in the ROCKET-AF trial [28] at a dose
of 20 mg o.d. (15 mg o.d. if creatinine clearance of 30-49 mL/
min) (relative risk reduction of 21%, P = 0.015). In the setting
of acute MI (the ATLAS ACS 2-TIMI 51 trial- [29]), rivaroxaban
2.5 and 5 mg b.i.d in addition to double antiaggregation therapy
reduced significantly the primary endpoint (a composite of
death from cardiovascular causes, myocardial infarction, or
stroke) in comparison with double antiaggregation therapy
alone (8.9% vs. 10.7%). Only the rivaroxaban 2.5 mg b.i.d
group (but not the 5 mg group) reduced the death from cardio-
vascular causes (2.7% vs. 4.1%, P = 0.002) and from any cause
(2.9% vs. 4.5%, P =0.002). Safety outcomes referred to major
bleedings not associated with coronary artery bypass graft
(1.8%/2.4% vs. 0.6%, P <0.001), intracranial hemorrhage
(0.4%1/0.7% vs. 0.2%, P = 0.009), and fatal bleeding (0.1%/
0.4% vs. 0.2%, P = 0.66) for the 2.5 mg, 5 mg, and the “pla-
cebo” groups, respectively. Of note, the 2.5 mg b.i.d group had
fewer fatal bleeding events than the 5 mg b.i.d group (0.1% vs.
0.4%, P =0.04). Overall, rivaroxaban increased the risk of
major bleeding and intracranial hemorrhage but not the risk of
fatal bleeding.

Apixaban is a reversible oral direct inhibitor of factor Xa with a
bioavailability of 50%, half-time of 9-14 h, 75% fecal, and 25%
renal excretion. It was better than aspirin in preventing strokes/
systemic embolisms (55% reduction in primary endpoint) in the
atrial fibrillation population from the AVERROES trial [30]. Com-
pared with warfarin, it reduced the stroke/systemic embolic rate
by 21%, reduced the major bleeding rates by 31%, and the
all-cause mortality by 11%, at a dose of 5 mg b.i.d, adjusted to
2.5 mg b.i.d in patients >80 years, <60 kg or with a serum cre-
atinine of > 1.5 mg/dL. It has no role in acute MI (APPRAISE-2
trial) [31].

Dabigatran etexilate is a competitive reversible oral antico-
agulant that inhibits thrombin directly and has a bioavailabity
of 6%, half-time of 12-17 h, and 80% renal excretion. Com-
pared with warfarin, in atrial fibrillation patients, dabigatran
treatment (150 mg b.i.d.) induced lower rates of embolic
events with similar rates of major hemorrhage as warfarin in
the RE-LY study [9]. A lower dose (110 mg b.i.d.) was nonin-
ferior to warfarin for embolic event prevention, with lower
rates of major bleeding. A relative risk reduction of 58% for
the stroke/systemic embolic events was observed for the high
dose. The Food and Drug Administration also approved the
75 mg b.i.d. in severe renal failure patients. Even though the
high-dose dabigatran reduced significantly the embolic rates
(relative risk of 0.66, 0.53-0.83, P for superiority<0.001) and
decreased all-cause mortality by 11%, there is, however, a
concern regarding an increased rate of MI, which is nonsignif-
icant (relative risk of 1.27, 0.94-1.71 HR; P = 0.12; 0.81% for
the high-dose dabigatran vs. 0.64% in patients treated with
warfarin). Dabigatran has no role in the setting of acute MI
[32].
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Endoxaban is also a Xa oral inhibitor undergoing a phase III trial
at this moment; results will be available perhaps in 2013.

None of the novel anticoagulants has a specific antidote. Dabig-
atran prolongs the activated partial thromboplastin time (at high
concentrations, the correlation is not linear), and rivaroxaban
prolongs the prothrombin time. For a rough evaluation of the
anticoagulation effect of the anti-Xa oral inhibitors, an anti-Xa
assay could be used.

Considerations Regarding Future Trials

Taking into account the superiority of all novel anticoagulants
over warfarin [9,28-30], the fact that there is an increased risk of
embolic events in the subgroup of patients in sinus rhythm who
have concomitant depressed LVEF [3-5] and that this risk is
reduced by warfarin treatment (with the cost of increased hemor-
rhage rates- 6, 8), the novel anticoagulants have to be tested in
this population, as it could really be of benefit in decreasing
embolic events.

What Patients Should Be Enrolled?

Ideally, a trial that could provide solutions for both ischemic and
idiopathic cardiomyopathies would be the perfect solution, espe-
cially because ischemic cardiomyopathy is the main cause of heart
failure worldwide. However, the need for aspirin or double anti-
platelet treatment in ischemic cardiomyopathy could increase
bleeding risk and provide unclear results if outcomes are mixed
with those suffering from idiopathic cardiomyopathy; on the other
hand, it is unethical to treat ischemic cardiomyopathy without
aspirin or anticoagulant (in the case of a placebo arm). If only
patients with idiopathic cardiomyopathy will be enrolled, prob-
lems like insufficient enrollment sites and longer enrollment
period due to the very small incidence of these patients will make
the trial difficult to conduct.

Another issue regards the phase of the heart failure in which
the patient will be enrolled: acute or chronic versus first episode
or advanced disease, as embolic risk is slightly different in each
phase. In the Rotterdam Study, the risk of ischemic stroke was
highly increased in the first month after diagnosis of heart failure
(age- and sex-adjusted HR 5.79, 95% CI 2.15-15.62), but returned
to normal within 6 months [33]. This is highly important, because
this population could benefit most from anticoagulation therapy.
In another study, patients diagnosed with heart failure had a 17.4-
fold increased risk of stroke in the first 30 days after heart failure
diagnosis, compared with patients in the general population [25].

What Should Be Compared?

A trial that compares newer antithrombotic therapies versus
placebo (and eventually vs. warfarin) would be preferable. For
example, in the WARCEF trial, we know that warfarin and
aspirin have the same effect, but we do not know whether they
are equally harmful or equally effective. Similarly, in patients
<60 years, we know that warfarin does better than aspirin, but
we do not know whether warfarin is ineffective and aspirin
harmful or whether warfarin is effective and aspirin is ineffec-
tive/less effective.
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Which of the Novel Anticoagulants Should Be
Compared?

Either of the novel anticoagulants could be used. However, one
issue is of increasing importance: does anticoagulant treatment,
apart from decreasing stroke/systemic embolic rates, increase cor-
onary plaque rupture and provoke increased myocardial events?
Apparently yes, if we look at the RE-LY study. Rivaroxaban at a
dose of 2.5 mg b.i.d in addition with double antiplatelet treatment
has already been used in acute MI setting, with favorable results
regarding death/thrombosis; however, the therapeutic doses of
rivaroxaban are of least 15 mg b.i.d. In consideration should be
taken also the profile of enrolled patients with regard to the anti-
coagulant’s pharmacokinetic property. Dose adjustment for spe-
cial populations (renal or hepatic disease, higher bleeding risk) is
also important.

What Should Be the Outcomes?

We suggest that a future study, which would include as primary
outcome the rate of any embolic event at 3 years (stroke, embolic
MI, pulmonary, or peripheral embolism), with concomitant safety
outcome that would include death and major bleeding, would be
extremely helpful in deciding whether anticoagulant treatment is
really of any help in this setting. Embolic events should be defined
as any new lesion detected on computed tomography or magnetic
resonance imaging (MRI) in comparison with the initial examina-
tion; major bleeding should be defined as intracerebral, epidural,
subdural, subarachnoid, spinal intramedullary, retinal, or any
other bleeding causing a decline in the hemoglobin level of more
than 2 g per deciliter in 48 h or bleeding requiring transfusion of
2 or more units of whole blood, hospitalization, or surgical inter-
vention.

Silent embolic event has been associated with poor outcomes
that will be detailed below. The prevalence of silent cerebral
infarcts in 226 elderly patients with first-ever stroke or transient
ischemic attack was 20% in one study [34]. Silent strokes are
correlated with increased risk of in-hospital mortality [35], overall
mortality (OR=3.4; 95% CI, 1.4 to 8.5 [36] and OR =1.95, 95% CI
= 1.16-3.29 [37]), dementia [36], recurrent strokes [34,37], and
progression of renal disease in patients with chronic kidney disease
[38]. Silent lacunar infarcts due to cerebral small vessel disease also
have an increased risk of vascular (HR 2.6; 95% CI, 1.4 to 4.9) and
nonvascular death (HR 2.7; 95% CI, 1.3 to 5.3) [39]. Silent MI
expressed as late gadolinium enhancement at cardiac MRI is found
in 28% of patients with diabetes who had negative history of MI or
absence of Q waves on ECG [40]. Increased major adverse
cardiovascular events and death rates have been found in
these patients (adjusted HR 4.13; 95% confidence interval, 1.74 to
9.79; P = 0.001). Silent MI-baseline Q waves outside the infarct-
related artery territory in ST-elevated MI setting have a death rate
of 6.7% versus 4.0% in STEMI patients without prior MI [41].

We would like to highlight the importance of finding those
“silent” embolic events associated with poorer outcomes that
may pass as “normal” if a detailed work-up is not done [the
difference between the rates of embolic events without antico-
agulant/antiaggregant treatment is 4-5% at 3 years [3-5] and
0.6-1.2% [6] in the same population treated with warfarin,
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but those studies did not take into account the silent embolic
events such as ministrokes or small peripheral/pulmonary
embolism that do not necessarily translate into clinical symp-
tomatology immediately].

What Should the Trial Design Look Like?

Probably an “intention to treat” design would be appropriate. The
initial clinical, biological, and imaging (computer tomography/
MRI) examination should be performed for these patients with
idiopathic DCM in sinus rhythm and LVEF<35%. Coronary angi-
ography should be performed. Patients should have full medical/
interventional therapy according to the guidelines for the treat-
ment of HF. Randomization to active placebo arm should be per-
formed; if dabigatran should be used, for example, it should be
titrated in function of the HAS-BLED [42] score: 110 mg b.i.d if
high bleeding score>2, 150 mg b.i.d if bleeding score 0-2. How-
ever, the validation of prediction scores like HAS-BLED in heart
failure patients in sinus rhythm should precede use of these scores
as a tool to titrate anticoagulation in these patients. Biological fol-
low-up for adverse effects of dabigatran should be carried out
twice a week for the first week, then every week for 2 weeks, and
then at each follow-up visit.

Sample size calculation is crucial, as none of the previous ran-
domized trials [6,8,26,27] succeeded in having a sufficiently pow-
ered result. As previously stated, the incidence of stroke in severe
heart failure is at least 4-5% [3-5], compared with a risk of less
than 0.5% in those without heart failure [43,44] and also com-
pared with a risk of 0.6% in patients with DCM with low EF and
in sinus rhythm treated with warfarin [6]. Even though previous
studies did not count silent embolic events and even though the
incidence of those silent events is of at least 10-20% [34,40], we
will be very drastic and suppose that the embolic rate will be of at
least 5%, number clearly confirmed by the literature data [3-5]. If
we consider 3 groups (placebo, warfarin, and novel anticoagu-
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