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Abstract
Heart failure (HF) and atrial fibrillation (AF) often coexist, being closely interrelated as the one increases the prevalence and
incidence and worsens the prognosis of the other. Their frequent coexistence raises several challenges, including under-diagnosis
of HFwith preserved ejection fraction in AF and of AF in HF, characterization and diagnosis of atrial cardiomyopathy, target and
impact of rate control therapy on outcomes, optimal rhythm control strategy in the era of catheter ablation, HF-related throm-
boembolic risk and management of anticoagulation in patients with comorbidities, such as chronic kidney disease or transient
renal function worsening, coronary artery disease or acute coronary syndromes, valvular or structural heart disease interventions
and cancer. In the present document, derived by an expert panel meeting, we sought to focus on the above challenging issues,
outlining the existing evidence and identifying gaps in knowledge that need to be addressed.
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Introduction

Heart failure (HF) and atrial fibrillation (AF) are both fre-
quent, causing a significant health burden that is expected to
increase due to population ageing and growing impact of car-
diometabolic abnormalities and other increasingly prevalent
risk factors. They have a general population prevalence of
2% each that climbs to 10% after the age of 65 [1, 2]. HF
remains a syndrome with ominous prognosis, with an overall
50% mortality rate at 5 years, while being the most common
cause of hospital admissions in the elderly and causing a sig-
nificant financial burden mainly due to repeated hospitaliza-
tions [1, 3]. AF, on the other hand, is the most common

sustained arrhythmia, associated with a 2- and 5-fold higher
risk of death and stroke, respectively [2].

The two conditions are closely interrelated as each in-
creases the prevalence and incidence and worsens the prog-
nosis of the other. AF is present in at least one-third of HF
patients, while HF increases the prevalence of AF up to 10-
fold [4, 5]. Their frequent coexistence often raises diagnos-
tic and therapeutic challenges. In the present manuscript,
derived by an expert panel meeting, we sought to focus on
the main challenging issues related to HF and AF co-treat-
ment, outline the existing evidence and identify unmet
needs and pertinent gaps in knowledge that need to be
addressed.
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Epidemiology: AF begets and worsens HF
and vice versa

Epidemiological studies show that AF is a common comor-
bidity in HF. It is prevalent in 24–44% of patients with acute
HF [6], in one-third of those with chronic HF [4] and in more
than half (57%) of those with new-onset HF [5]. In the two
large American registries on acute HF, the ADHERE and
OPTIMIZE-HF, on 105,388 and 48,612 patients, respective-
ly, the prevalence of AF was 31% [7, 8]. In an analysis of the
European Society of Cardiology (ESC) HF long-term registry
on 14,964 patients with acute or chronic HF, the overall prev-
alence of AF was 30%, ranging from 27% in patients with
reduced left ventricular ejection fraction (LVEF, HFrEF) to
39% in those with preserved EF (HFpEF); AF was strongly
age-dependent, reaching 50% in patients older than 80 years
[9]. The recent CHECK-AF registry on 8253 Dutch patients
with HFrEF reported an AF prevalence of 25.6% [10]. AF
incidence is nearly 10-fold higher in patients with prevalent
HF compared with those without HF [5]. AF is further a pre-
cipitating factor for HF hospitalization, accounting for 19% of
HF admissions [3].

On the other hand, HF is prevalent in 33%, 44% and 56%
of ambulatory patients with paroxysmal, persistent and per-
manent AF, respectively [11], in more than one-third (37%) of
those with new-onset AF [5], as well as in up to 50% of
hospitalized AF patients [12]. Of note, HF was the primary
reason for hospitalization in the majority of patients with a
prior history of AF, whereas HF with preserved or mid-
range LVEF (40% or higher) was twice as prevalent compared
with HFrEF (EF < 40%) [12]. The incidence of HF, particu-
larly HFpEF, is also increased by more than 2-fold in patients
with prevalent AF compared with those without AF [5]. The
presence of either HFpEF or HFrEF confers an increased risk
of death in AF patients [5, 13], while AF also increases mor-
tality in patients with either HFrEF or HFpEF [14, 15].

Pathophysiology: Is there a left atrial
cardiomyopathy linking AF and HF?

Both AF and HF may predispose to each other by several
mechanisms thus creating a vicious circle of interdependence,
in which the one condition begets and worsens the other [16].
HF may lead to AF through increased filling pressures, dia-
stolic dysfunction, mitral regurgitation and neurohormonal
activation that increase atrial stretch and induce atrial fibrosis
and remodelling [17]. AF in turn predisposes to HF due to
rapid and irregular heart rate and loss of atrial kick that impair
hemodynamic performance and cardiac output, tachycardia-
induced cardiomyopathy and neurohormonal activation [18].
In addition, both conditions share common risk factors and
pathogenetic mechanisms such as ageing, cardiometabolic

abnormalities and systemic inflammation that predispose con-
currently to AF and HF [19].

Over the past few years, the term “left atrial cardiomyopa-
thy” or “left atrial disease” has been used to describe a condi-
tion of structural, functional and electrical atrial abnormalities
that precede AF development and may further link AF with
HF (Fig. 1) [20]. This condition is thought to be caused by the
common risk factors and systemic conditions of AF and HF in
combination with genetic predisposition. It is characterized by
(i) electrical remodelling with action potential prolongation,
calcium handling alterations and increased heterogeneity of
refractoriness; (ii) mechanical dysfunction with impaired atrial
deformation during reservoir, conduit and contraction phases;
(iii) structural abnormalities with interstitial fibrosis, fibrofatty
replacement, inflammatory infiltration and myocyte hypertro-
phy; (iv) systemic neurohormonal and inflammatory activa-
tion [21–23]. These abnormalities precede AF, while they
may also occur early in the development of HF, as they seem
to be coupled with corresponding changes in ventricular myo-
cardium [24, 25]. Regardless of whether this condition should
be framed as atrial cardiomyopathy or disease, it represents a
window of opportunity for early intervention and thus preven-
tion of AF and perhaps HFpEF. It remains however challeng-
ing how to identify its presence by existing diagnostic means.
Sensitive diagnostic modalities such as atrial deformation im-
aging, magnetic resonance imaging and biomarkers may help
in this regard.

Diagnosis of HF in AF and vice versa

Atrial fibrillation may hinder the diagnosis of HF, particularly
when LVEF is preserved, as the two conditions share many
diagnostic features, including symptoms, echocardiographic
abnormalities (i.e. atrial enlargement) and increased levels of
natriuretic peptides [26]. Actually, in recent HF trials, the ap-
plied natriuretic peptide cut-offs for the diagnosis of HF in the
presence of AF are higher than those in the absence of AF; for
example, in PARAGON-HF, a N-terminal beta-type natriuret-
ic pro-peptide (NT-proBNP) higher than 900 pg/ml was re-
quired for the diagnosis of HFpEF in patients with AF versus
only 300 pg/ml for those without AF [27]. Given the difficul-
ties in diagnosing HFpEF in patients with AF, there is a po-
tential risk that HFpEF remains underdiagnosed in these pa-
tients. It seems that the majority of AF patients with dyspnoea
and high levels of natriuretic peptides also suffer from HF and
should thus be regarded as having HF until proven otherwise
[28]. Thus, patients with AF should meticulously investigated
for the coexistence of HF. In this case, HF diagnosis may be
facilitated by the appraisal of diastolic function indices and left
atrial volume and strain, along with natriuretic peptides with
AF-adjusted cut-offs (i.e. NT-proBNP > 660 or BNP >
240 pg/mL) [29]; the recently proposed HFA-PEFF
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diagnostic algorithm by the Heart Failure Association of the
European Society of Cardiology (ESC) may help in this re-
gard [29].

On the other hand, AF may also be underdiagnosed in HF,
as frequent episodes of silent or subclinical AF may occur in
individuals at increased risk for AF [30]. Patients with a HF
diagnosis should therefore be periodically checked for AF.
Analysis of recorded arrhythmia events in the patients with
implanted devices, as well as the novel technologies of wear-
able sensors, smart-watch and smart-phone applications may
contribute considerably to AF diagnosis.

Management of arrhythmia: Rhythm and rate
control strategies in the era of catheter
ablation

Rate control

There is not a universally accepted target heart rate (HR) in AF
with HF, as the recommended targets are arbitrary defined and
differ among scientific bodies (Table 1). At the same time, in
contrast to HF patients in sinus rhythm, the prognostic impor-
tance of HR in HF patients with AF has been questioned by
meta-analysis evidence, having shown that HR does not affect
prognosis and HR lowering with beta-blocker does not confer
survival benefit in these patients [31, 32]. Until more solid
evidence is available, targeting a HR lower than 100–
110 bpm seems reasonable in HF with AF [33]. According

to the latest European Heart Rhythm Association guidelines,
therapeutic options for long-term rate control include diltia-
zem/verapamil, beta-blockers and digoxin in patients with
preserved LVEF (40% or higher) and beta-blockers and di-
goxin for those with reduced LVEF (< 40%), initially as
monotherapy, followed by two-drug combinations if required,
while taking precautions to avoid bradycardia [34].

Rhythm control

Comparison between rate control and pharmacological
rhythm control strategies in AF patients with HF before the
era of radiofrequency catheter ablation showed no differ-
ences in outcomes, including mortality and stroke, according
to one randomized trial (AF-CHF) and a meta-analysis of 25
studies [35]. In contrast, small studies comparing catheter
ablation with pharmacological rate control in patients with
AF and HFrEF showed that ablation was superior in improv-
ing HF symptoms, LVEF, peak oxygen consumption and
quality of life [36–39]. In an open-label randomized trial
on 203 patients with AF and HFrEF, the AATAC study,
catheter ablation reduced significantly the risk of death and
unplanned hospitalization compared with pharmacological
rhythm control with amiodarone [40]. Catheter ablation
was further proved to be superior to atrioventricular node
ablation combined with biventricular pacing in improving
exercise capacity, quality of life and LVEF in HFrEF accord-
ing to the small PABA-HF trial [41]. The randomized
CASTLE-AF trial in 363 patients with AF and HFrEF

Fig. 1 Schematic representation
of the atrial cardiomyopathy or
atrial disease concept (SE,
systemic embolism; HFpEF, heart
failure with preserved left
ventricular ejection fraction;
created using artwork provided by
Servier Medical Art, licenced
under a Creative Commons
Attribution 3.0 Unported
Licence)
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demonstrated a significant reduction in the risk of all-cause
death or hospitalization for HF at 60 months, compared with
medical therapy (rhythm or rate control), but the study has
been criticized particularly for the large number of patients
screened for enrolment [42]. In this trial, the prognostic ben-
efit of ablation was achieved without eliminating AF, but
solely by achieving a significant reduction in patients’ ar-
rhythmia burden. These data point towards an alternative
assessment of procedural outcome from categorical (success
or failure) to continuous (percentage of time in sinus
rhythm). In a pooled analysis of randomized data on 1112
patients comparing catheter ablation with any medical ther-
apy, ablation was associated with lower rates of all-cause
death and hospitalization, along with lower rates of AF re-
currence and greater improvement in LVEF and quality of
life, but similar rate of stroke [43]. The more recent
CABANA trial that included only 15% of patients with
HFrEF failed to show a benefit in the composite of all-
cause death, disabling stroke, serious bleeding or arrest at
60 months, suffering from low event rate and significant
crossover between arms [44]. A pre-specified subgroup anal-
ysis of the trial demonstrated a non-significant trend for pri-
mary endpoint reduction (HR 0.61) among AF patients with
a history of HF as compared with neutral effect (HR 0.95)
among those without HF. Therefore, in line with the
CASTLE-AF results, these findings suggest that properly
selected HF patients with AF may benefit from catheter ab-
lation, with maximal benefit (super-responders) in those suf-
fering from arrhythmia-induced cardiomyopathy [45].

Trials have suggested a number of factors that may identify
potential responders to AF ablation among HF patients, in-
cluding a non-ischemic aetiology, a LVEF of 35% or higher
and a limited extent of left atrial fibrosis of 10% or less [39,
42, 46]. Additional factors that have been suggested although
not supported by evidence include young age, recent AF on-
set, absence of significant left atrial dilatation or LV fibrosis
and absence of comorbidities [47]. A number of ongoing stud-
ies (RAFT-AF NCT01420393, AMICA NCT00652522,
CATCH-AF NCT02686749, CONTRA-AF NCT03062241)
will hopefully shed some new light on this issue.

In general, a rhythm control strategy is preferable in pa-
tients with a reversible secondary cause of AF, an obvious

precipitant or in those who remain symptomatic despite opti-
mization of rate control and HF therapy [34].

Anticoagulation for thromboembolic
prevention in HF with AF: A partially unmet
need and room for improvement

The risk of thromboembolism in HF with AF

Heart failure is often regarded as a hypercoagulable state [48,
49]. It is an established thromboembolic risk factor in AF,
adding 1 point in the CHA2DS2-VASc score. Indeed, a bulk
of evidence shows that HF increases significantly the risk of
stroke and systemic embolism in AF [50–52]. Importantly,
paroxysmal AF, which is often misinterpreted as conferring
a lower stroke risk, was associated with a greater risk for HF
hospitalization and stroke compared with persistent or parox-
ysmal AF in a secondary analysis of PARADIGM-HF and
ATMOSPHERE trials [53]. Further to AF type, the risk of
stroke is also reported to be higher in the initial period follow-
ing incident HF in patients with prevalent AF, especially dur-
ing the first 30 days after HF diagnosis [54, 55].

Properly anticoagulated AF patients with HF, in contrast,
seem to have comparable thromboembolic risk with those
without HF. A meta-analysis of the four seminal trials on
direct oral anticoagulants (DOAC) in AF showed that there
was no difference in the rates of stroke or systemic embolism
in anticoagulated patients with and without HF [13]. A sec-
ondary analysis of the ARISTOTLE trial also showed that the
risk of stroke or systemic embolism did not differ in
anticoagulated AF patients with or without either left ventric-
ular systolic dysfunction or HFpEF [51]. Besides addressing
the thromboembolic risk, anticoagulation therapy may im-
prove the overall outcomes of patients with HF and AF. In a
multi-centre study on 5105 hospitalized patients with HF and
AF, the initiation of anticoagulation therapy at discharge was
followed by a significantly lower adjusted rate of all-cause
mortality at 1 and 3-year, without however an effect on all-
cause re-admissions over the same time period [56].

At the same time, real-world evidence suggests that AF
patients with HF seem to have a similar risk of bleeding, as

Table 1 Recommended target heart rate in patients with atrial fibrillation with and without heart failure by different scientific bodies

ESC-EHRA ESC-HFA ACC/AHA CCS NHFA/CSANZ

Atrial fibrillation < 110 – < 80 (IIa) < 100 < 110
< 110 (IIb, stable, pEF)

Atrial fibrillation and heart failure < 110 60–100 (rest) – < 110–115 60–100
< 110 (exercise)

ESC: European Society of Cardiology; EHRA: European Heart Rhythm Association; ACC: American College of Cardiology; AHA: American Heart
Association; CCS: Canadian Cardiovascular Society; NHFA: National Heart Foundation of Australia; CSANZ: Cardiac Society of Australia and New
Zealand; pEF: preserved left ventricular ejection fraction
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defined by a HAS-BLED score of 3 or higher, compared with
AF patients without HF [57]. In addition, in the aforemen-
tioned meta-analysis of DOAC trials, anticoagulated patients
with both AF and HF had actually reduced rates of intracranial
haemorrhage and any bleeding compared with anticoagulated
AF patients without HF [13].

Thromboembolic risk prediction in HF with AF

European guidelines recommend an oral anticoagulant (OAC)
for AF patients with a CHA2DS2-VASc score of 1 or higher
(unless 1 is due to female gender alone) [34]. Interestingly, the
prediction of thromboembolic risk with CHA2DS2-VASc
score in patients with HF may not be accurate. It has been
shown that in patients with both HF and AF, the mean score
increased significantly in parallel to LVEF, being 4.1 in pa-
tients with HFrEF, 4.5 in those with HFpEF and LVEF be-
tween 50 and 60% and 4.7 in those with HFpEF and LVEF
>60%, while the annual incidence of stroke decreased with
increasing LVEF, being significantly higher in patients with
HFrEF [52]. As a result, HF patients with the highest LVEF
had the lowest true incidence of stroke despite the highest
CHA2DS2-VASc score, a finding that can be explained by
the higher prevalence of advanced age and comorbidities in
HFpEF patients. However, recent evidence from the NCDR
PINNACLE-AF registry showed that HFpEF is probably
under-appreciated as a risk factor in patients with AF,
resulting in lower rates of anticoagulation [58].

The constellation of variables constituting CHA2DS2-
VASc and other thromboembolic risk prediction scores are
not only risk factors for stroke and systemic embolism but
also risk factors for both HF and AF, not being necessarily
related to the pathogenesis of thrombosis in AF. In this con-
text, it has been suggested that additional factors that are prob-
ably more pathogenetically related to thromboembolism in
AF should be used to predict thromboembolic risk, including
atrial morphology and function and biomarkers [59].

Taken together, the evidence discussed in this paragraph
suggests that it is reasonable to prescribe OAC in HF patients
with AF, irrespective of the underlying systolic function, the
thromboembolic risk score or the presence of other risk factors
for thromboembolism [18].

Evidence on DOAC for thromboembolic prevention in
HF with AF

In the four seminal studies of DOAC in AF, the prevalence of
HF ranged between 19% and 64%, according to the different
HF definitions used in the trials [60, 61]. Secondary analyses
of these trials confirmed the efficacy and safety of DOAC in
the subgroup of patients with HF.

A secondary analysis of the RE-LY trial on 4904 patients
(27% of the total study population) with symptomatic HF,

defined as a history of NYHA class symptoms of II or higher
and previous HF hospitalization, showed that the efficacy and
safety of dabigatran over warfarin was consistent among pa-
tients with and without HF as well as among those with re-
duced and preserved LVEF [50]. More specifically, compared
with warfarin, dabigatran at 150 mg twice daily had superior
efficacy for stroke prevention without an increase in major
bleeding while dabigatran at 110 mg twice daily had similar
efficacy for stroke prevention and less major bleeding; both
doses reduced significantly the rate of intracranial haemor-
rhage [50]. Real-world evidence from the GLORIA-AF study
on 4859 AF patients treated with dabigatran (including 32%
with HF) showed that the incidence rates of stroke and major
bleeding at 2 years were similarly low in patients with and
without HF [57]. Accordingly, in a secondary analysis of the
ARISTOTLE trial, the enhanced efficacy and safety of
apixaban over warfarin was consistent in patients with and
without HF across the LVEF spectrum [51].

Two meta-analyses of the aforementioned trials confirmed
the above findings, having shown that the efficacy and safety
of DOACs, as compared with warfarin, was consistent in pa-
tients with and without HF [13, 62]. It is worth to mention that
in one of the meta-analyses, the risk of intracranial bleeding in
particular was reduced by 57% by DOAC compared with
warfarin in patients with both AF and HF [62].

In addition to the proven efficacy and safety of DOAC in
patients with HF and AF, it should further be stressed that the
presence of HF has been associated with reduced time in ther-
apeutic range (TTR) in AF patients treated with VKA [63, 64].
Frequent hospitalizations and polypharmacy, which are com-
mon in HF, are also independent predictors of low TTR [65].
Low TTR may lead to even higher risk of thromboembolism
or bleeding in these patients. DOAC are also very helpful in
HF patients requiring device implantation, as their rapid on-
and off-set action allows for a short window where the proce-
dure can be carried out without the need for bridging therapy
[66], although data from centres adopting this approach has
shown variability in discontinuation timing [67]. Therefore, it
is reasonable to suggest that DOAC are the preferable OAC in
patients with HF and AF.

Impact of HF comorbidities on anticoagulation
strategies

Chronic kidney disease

Chronic kidney disease is a frequent comorbidity in HF, while
renal function worsening often accompanies HF decompensa-
tion [68]. Similarly, there is also a bidirectional relationship
between AF and renal disease [69, 70]. In patients with AF
and either moderate or mild renal dysfunction (creatinine
clearance of 30–49 or 50–80 mL/min, respectively), meta-
analysis data shows that DOAC are more efficacious and safer
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compared with warfarin [71]. However, there is limited evi-
dence for the use of DOAC in severe renal dysfunction with
creatinine clearance < 30 mL/min, while DOAC are not indi-
cated for patients with clearance < 15 mL/min in Europe. Of
note, in DOAC studies in AF (RE-LY, ROCKET-AF,
ARISTOTLE), the Cockcroft-Gault formula was used to esti-
mate creatinine clearance.

Fluctuations of renal function may be frequent in HF and
therefore the dose of factor Xa inhibitors (rivaroxaban,
apixaban, edoxaban) should be adjusted according to creati-
nine clearance (Table 2) [60, 72]. For dabigatran, in contrast,
there is no need to modify dosing, provided that clearance
remains at 30 mL/min or above. The efficacy and safety of
the drug has actually been shown to be consistent across the
whole spectrum of renal function for clearance of 30 mL/min
and above [73]. In addition, dabigatran and rivaroxaban have
been shown to attenuate the renal function decline that has
been attributed to warfarin-induced nephropathy [74–76].

Coronary artery disease and acute coronary syndromes

Coronary artery disease is the most common cause of HF and
patients particularly with HFrEF often have a history of myo-
cardial infarction. Patients with AF and recent (less than
1 year) acute coronary syndrome (ACS) or percutaneous cor-
onary intervention (PCI) should receive a combination of an-
tiplatelet agents and DOAC according to current

recommendations [72, 77]. Double therapy with a DOAC
and P2Y12 inhibitor, omitting aspirin after few days post
PCI, seems a reasonable choice, especially for patients with
high bleeding and low thrombotic risk [78]. Patients with AF
and chronic coronary syndromes or those with AF and ACS or
PCI of more than 1 year before should be treated with a
DOAC alone without the need for additional antiplatelet ther-
apy [72, 77, 79]. The coexistence of HF in the above settings
does not modify the choice or dosing of antithrombotic
therapy.

Structural heart disease

Valvular heart disease (VHD) is a frequent comorbidity in HF
and sometimes the cause of the syndrome. According to
guideline recommendations, DOAC are contraindicated in pa-
tients with mechanical prosthetic valve or moderate-to-severe
mitral valve stenosis and these patients should be
anticoagulated with VKA. Evidence from the seminal
DOAC trials in AF on dabigatran, rivaroxaban and apixaban
shows that the efficacy and safety of DOAC compared with
warfarin is consistent in patients with other forms of valvular
heart disease [80–82]. Clinical evidence also suggests that
DOAC are an effective and safe anticoagulation options for
AF patients with bioprosthetic valves, prior surgical valve
repair or transcatheter aortic valve replacement [83, 84].

Table 2 Recommended dosing of direct oral anticoagulants in patients
with heart failure, atrial fibrillation and renal dysfunction (colour
encoding: green, can be used safely; yellow, should be used with

caution; red, is contraindicated; modified from Steffel et al., Eur Heart J
2018 [68] and Farmakis et al., Cardiology 2018 [56])

Crea�nine 

clearance

Dabigatran  

150 mg

Dabigatran 

110 mg
Rivaroxaban Apixaban Edoxaban

≥95 mL/min

150 mg bid 110 mg bid1
20 mg od

5 mg bid2

60 mg od

50-94 mL/min 60 mg od3

30-49 mL/min 15 mg od 30 mg od

15-29 mL/min - - 15 mg od 2.5 mg bid 30 mg od

<15 mL/min - - - -

bid: twice daily; od: once daily
1 Preferable over 150 md bid if at least 1 of the following: age ≥ 80 years, concomitant verapamil, HAS-BLED ≥ 3
2 Reduce to 2.5 mg bid if at least 2 of the following: age ≥ 80 years, weight ≤ 60 kg, creatinine ≥ 1.5 mg/dL
3Reduce to 30 mg od if at least 1 of the following: weight ≤ 60 kg, concomitant cyclosporine, dronedarone, erythromycin, ketoconazole, or other potent
P-glycoprotein inhibitor

Heart Fail Rev



As a result, the European Heart Rhythm Association
(EHRA) states that DOACs can be used in AF patients
with mild-to-moderate native valvular disease (except for
mitral stenosis) and severe aortic stenosis [85]. EHRA
further states that DOAC can also be used in AF patients
with mitral valve repair (except for the first 3–6 months
post-operatively), bioprosthetic valves (except for the first
3 months post-operatively) and transcatheter aortic valve
implantation (TAVI, in combination with antiplatelet ther-
apy during the first months according to local practices)
[77, 85, 86]. However, a recent randomized study showed
that addition of clopidogrel to OCA for the first 3 months
post-TAVI increased the risk of bleeding compared with
OAC monotherapy [87]. In patients with AF and second-
ary mitral regurgitation resulting from left ventricular re-
modelling in the context of HFrEF, who undergo repair of
the valve with a transcatheter technique such as
MitraClip, the suggested antithrombotic therapy includes
a combination of an OAC and aspirin for at least the first
6 months after the intervention [77]. The coexistence of
HF in the above settings does not modify the prescription
of anticoagulation regimen. DOAC can also be used in
patients with hypertrophic cardiomyopathy and AF that
may also be a cause of HF [85]. There are scarce data
on the use of DOAC in atrial arrhythmias associated with
congenital heart disease [88].

Cancer

Cancer may often coexist in patients with HF and AF. On
one hand, cancer shares several risk factors with HF and
AF while both HF and AF may result from cancer therapy
including classical chemotherapy, targeted therapies, ra-
diotherapy and surgery [1, 89–91]. Overall, the manage-
ment of AF in these patients follows the same principles
as in patients without cancer. However, two additional
parameters should be considered while making therapeu-
tic decisions, the prognosis and life expectancy of cancer
and the fact that cancer itself may often be associated with
either a prothrombotic state or an increased bleeding ten-
dency [89]. Regarding the choice of anticoagulation regi-
men, evidence from secondary analyses, meta-analyses
and clinical studies have shown that DOAC are equally
effective and safe for the prevention of stroke and system-
ic embolism in patients with cancer and therefore they
constitute a viable therapeutic option [92–95]. On the oth-
er hand, cancer itself and the resulting polypharmacy and
repeated hospital admissions have all been associated with
reduced TTR in AF patients on VKA therapy [63, 65, 96].
The choice of anticoagulation regimen should further con-
sider the potential drug-drug interactions with cancer ther-
apy, which are numerous in the case of VKA.

Current status of anticoagulation in HF with AF

Global and local evidence shows that among patients with AF,
the diagnosis of HF is associated with a lower chance of
DOAC prescription over VKA. Evidence from the Global
Anticoagulant Registry in the Filed-Atrial Fibrillation
(GARFIELD-AF) on 24 ,137 pa t i en t s rece iv ing
anticoagulation therapy showed that HF was among the fac-
tors favouring the prescription of VKAs over DOAC [OR,
0.81 (0.75–0.88)] [97]. Similarly, data from a survey on the
management of AF in seven Balkan countries also showed
that HF was negatively associated with DOAC use [OR,
0.65 (0.48–0.87)] [98].

In a Greek single-centre registry of patients hospitalized
with AF, 13% of those with both AF and HF were not pre-
scribed any OAC at discharge, with half of these patients
being at high risk for stroke [12]. Data from this registry
shows that HF, although was associated with an increased
prescription of OAC, discouraged the use of DOAC over
VKA. In another Greek multi-centre cross-sectional study in
603 patients hospitalized for either HF or AF, 43% of patients
with both HF and AF were treated with DOAC and 33% with
VKA, with the rest of patients being treated with either low
molecular weight heparin or no anticoagulation [99].

Besides the lower than expected prescription rates of
DOAC in patients with HF and AF, evidence from different
surveys shows that HF is independently associated with inap-
propriate dose reductions of DOAC, despite the higher throm-
boembolic risk associated with the syndrome [100, 101].
Under-dosing of DOAC may jeopardize their efficacy. With
the exception of dabigatran 110 mg twice daily that was stud-
ied in a significant number of patients (n = 6015, 49.7% of the
total study population in RE-LY) [102], low doses of DOAC
have not been adequately studied in the seminal studies in AF;
rivaroxaban 15 mg once daily was studied in 1474 patients
(20.7% of the total population in ROCKET-AF), edoxaban
30 mg once daily in 1784 patients (25.4% of the total popu-
lation in ENGAGE-AF), while apixaban 2,5 mg twice daily
only in 428 patients (4.7% of the total population in
ARISTOTLE) [103–105].

Management of HF in the presence of AF

The management of HF in the presence of AF should gener-
ally follow the corresponding guideline recommendations that
apply to the general HF population. However, the efficacy of
some disease-modifying therapies may be altered in the pres-
ence of AF. As stressed above, previous meta-analyses indi-
cated that beta-blockers may not have a prognostic impact on
HFrEF patients with AF [31, 32]. Amore recent meta-analysis
that included HF patients across the whole LVEF spectrum,
showed that in patients in sinus rhythm at baseline, beta-
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blockers improved LVEF and reduced all-cause and cardio-
vascular mortality in those with HFrEF and HFmrEF but not
in those with HFpEF; in patients with AF at baseline, in con-
trast, although beta-blockers still improved LVEF in HFrEF
and HFmrEF (but not in HFpEF), they did not have an impact
on survival in any LVEF category [106]. In contrast,
sacubitril/valsartan reduced the rates of cardiovascular death
and HF hospitalization compared with enalapril consistently
in HFrEF patients with and without AF in the context of the
seminal PARADIG-HF trial [107]. Regarding sodium-
glucose cotransporter-2 inhibitors (SGLT2i) that are currently

under investigation as potential HF therapies, in a secondary
analysis of the EMPA-REG OUTCOME trial that concerned
type 2 diabetic patients with established cardiovascular dis-
ease, empagliflozin reduced significantly the risk of all-cause
and cardiovascular mortality, HF hospitalization and new or
worsening nephropathy consistently in patients with and with-
out AF [108].

In terms of device therapy, not enough evidence is avail-
able on the effects of cardiac resynchronization therapy
(CRT) in HFrEF patients with AF and other indications
for this therapy (persisting symptoms despite optimal

Table 3 Open issues in the management of atrial fibrillation in patients with heart failure

Epidemiology • True prevalence/incidence of HFpEF in patients with AF

• True prevalence/incidence of AF in patients with HFpEF

Diagnosis • Diagnostic criteria of HFpEF in patient with AF

• Correct diagnosis of AF in patient with HF

• Definition and diagnostic criteria of atrial disease/cardiomyopathy

• Diagnostic criteria of AF in HF patients with devices

Rate control therapy • Optimal heart rate target

• Prognostic impact of heart rate lowering

• Prognostic impact of beta-blocker therapy

Rhythm control therapy • Optimal candidates for catheter ablation

• Optimal ablation procedure (solely PVI vs. more extensive interventions)

• Timing for referral for invasive management

• Impact of alternative approaches such as AVN ablation with His bundle pacing

Antithrombotic therapy • Optimal anticoagulation strategies in patients with comorbidities such as cancer or CKD

• Anticoagulation in left atrial disease/cardiomyopathy

• Anticoagulation in HF patients without AF

• Correct dosing of DOAC in patient with AF and HF

HFpEF: heart failure with preserved left ventricular ejection fraction; AF: atrial fibrillation; PVI: pulmonary vein isolation; AVN: atrioventricular node;
CKD: chronic kidney disease; OAC: oral anticoagulants; DOAC: direct oral anticoagulants

Fig. 2 A proposed overview of
the management of patients with
heart failure and atrial fibrillation.
HF: heart failure; AF: atrial
fibrillation; ECG:
electrocardiogram; ICD:
implantable cardioverter
defibrillator; CRT: cardiac
resynchronization therapy;
LVEF: left ventricular ejection
fraction; NT-proBNP: N-terminal
B-type natriuretic pro-peptide;
BNP: B-type natriuretic peptide;
CrCl: creatinine clearance; CAD:
coronary artery disease; ACS:
acute coronary syndromes; PCI:
percutaneous coronary
intervention; VHD: valvular heart
disease; LA: left atrial. 1 Pieske
et al., Eur Heart J 2019;40:3297–
317 [102]
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medical therapy, LVEF ≤ 35%, QRS duration ≥ 130 ms)
[109]. Small studies comparing CRT with pharmacological
therapy provided conflicting results in AF, while a sub-
group analysis of the RAFT study comparing implantable
cardioverter defibrillator (ICD) alone or with CRT (CRT-
D) found no benefi t from CRT addit ion, but the
biventricular capture rate in the CRT-D arm was very low
[110]. The ESC guidelines recommend the use of CRT in
HFrEF patients with AF and the above indications with a
IIaB recommendation provided there is a strategy to ensure
high rates of biventricular capture or the patient is expected
to return to sinus rhythm [109]. In contrast, CRT seems to
be preferred over conventional right ventricular pacing in
HFrEF patients with high-degree atrioventricular block re-
quiring ventricular pacing or those undergoing atrioventric-
ular node ablation for persistently high ventricular rate (>
110 bpm) despite pharmacological rate control [109]. In
patients with ICD or CRT-D, inappropriate shocks trig-
gered by AF may be an issue that can be managed by proper
device programming ensuring shock triggering at higher
ventricular rates and longer delay between detection and
therapy delivery [111].

Conclusions, unmet needs and gaps
in knowledge

A proposed management plan of patients with HF and AF is
outlined in Fig. 2. As previously stressed, patients with a
diagnosis of one of the two conditions should be meticulous-
ly and periodically investigated for the potential coexistence
of the other. Patients with both HF and AF should be started
on anticoagulation with a DOAC (unless contraindicated, as
for creatinine clearance < 15 mL/min) and undergo optimi-
zation of HF therapy according to guideline recommenda-
tions [109].

Several issues concerning the association between HF
and AF remain to be addressed (Table 3). In terms of epi-
demiology, as previously stated, it seems that HFpEF is
underdiagnosed in patients with AF given the common
symptoms, echocardiographic abnormalities and natriuretic
peptide concentrations of the two conditions. The use of
AF-specific natriuretic peptide cut-offs for the diagnosis
of HF may help in this regard and have been adopted by
recent trials involving patients with HFpEF. AF may also be
underdiagnosed in HF, as clinically silent AF episodes
seem to be frequent. Studies looking at the recordings of
implantable cardioverter defibrillators and cardiac
resynchronization devices in patients with HFrEF may help
in establishing the true prevalence and incidence of AF in
these patients.

Atrial disease or atrial myopathy seems an attractive entity
nicely linking the pathophysiology of HF and AF, offering a

window of opportunity for prevention; its definition and diag-
nosis, however, remain obscure. Advanced imaging modali-
ties such as atrial deformation by speckle tracking and atrial
tissue characterization with cardiac magnetic resonance and
biomarkers targeting the local and systemic abnormalities re-
lated to the condition such as neurohormonal and inflamma-
tory activation or fibrosis, provide the possibility for its better
understanding and identification through properly designed
mechanistic studies. Additional issues related to rhythm and
rate control strategies have emerged in the era of catheter
ablation and are listed in Table 3.

Available evidence shows that the prescription of
anticoagulation therapy in HF patients with AF remains sub-
optimal, while there is a reluctance in the use of DOAC over
VKA along with frequent inappropriate under-dosing of
DOAC in these patients. Epidemiological studies and regis-
tries should provide detailed evidence on the type and dosing
of anticoagulants and predictors of prescribing practices in
populations with HF and AF in order to define the true unmet
needs that should be targeted. This should be coupled with the
better education of physicians to increase the implementation
of guideline recommendations and address any relevant mis-
interpretations concerning anticoagulation therapy in patients
with HF and AF.
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