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Graphical Abstract

During year 2020, we learned new options to better stratify patients with heart failure and preserved left ventricular ejection fraction (HFpEF) (A), the clin-
ical benefit of three new drugs to improve prognosis of patient with heart failure and reduced left ventricular ejection fraction (HFrEF): empagliflozin, veri-
ciguat and omecamtiv mecarbil (B), the potential benefit of a broader utilization of recommended drugs for HFrEF in patients with left ventricular ejection
fraction higher than 40% (C), and the potential added clinical benefit of a comprehensive use of recommended drugs for HFrEF (D) in a year marked by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic (central cartoon). Reprinted or adapted from: (A) Selvaraj et al.,23 (B) Packer
et al.,115 Armstrong et al.,126 and Teerlink et al.,132 (C) Böhm et al.,100 (D) Vaduganathan et al.139
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Introduction

Heart failure (HF) prevalence remains high worldwide with significant
sex-related and regional differences in its presentation, management,
and outcomes. In 2020, advances in biomarkers and imaging techni-
ques were reported for the diagnosis and prognosis of diastolic dys-
function, HF with preserved ejection fraction or monitoring
cardiotoxicity; a new definition of HF with recovered left ventricular
ejection fraction (LVEF) was released. Benefits of renin–angiotensin–
aldosterone system inhibitors and b-blockers may extend to patients
with an LVEF up to 55%. Sacubitril–valsartan improved LV remodel-
ling, biomarker levels, and rates of sudden cardiac death. Two studies
investigating the sodium-glucose cotransporter 2 inhibitors empagli-
flozin and sotagliflozin in patients with HF were reported: the
EMPEROR-Reduced trial in patients with HF with reduced EF with or
without type 2 diabetes (T2DM) demonstrated a significant reduc-
tion in cardiovascular (CV) death and HF hospitalisations (HFH). In
patients with T2DM and HF across the whole EF spectrum after a re-
cent HFH, the SOLOIST trial showed a reduction in the primary end-
point of CV deaths, total HFH, and urgent visits for HF. In addition, in
patients with kidney disease with or without diabetes mellitus
(DAPA-CKD), dapagliflozin prevented the deterioration of renal
function. Two novel drugs, the activator of soluble guanylate cyclase
vericiguat and the myosin activator omecamtiv mecarbil, in the large
outcome trials VICTORIA and GALACTIC-HF predominantly
reduced HFH in high-risk patients with worsening HF. In the
AFFIRM-AHF trial, intravenous ferric carboxymaltose reduced HFH
in patients with iron deficiency after an HF decompensation.

Year 2020 will be remembered as the year of coronavirus disease
of 2019 (COVID-19). The pandemia caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) has caused a massive
impact on global health and economy. When this article is published,
>80 million people will have been infected and >1.75 million will
have died of the disease. Many others will have died or worsen of
their diseases, many with cardiovascular (CV) disease, as an indirect
effect of the fear to seek assistance or the collapse of healthcare sys-
tems. Yet, advances in science and medical care continued developing
during the year. This article reviews important advances in the field of
heart failure (HF) presented in 2020.

Epidemiology

More than 64 million people are living with HF in the world, with an
estimated prevalence of 1–2% among adults in developed countries,
most often with several comorbidities (Figure 1).1 The incidence of HF
may be stabilizing globally, with decreases in higher-income countries,2

but increases in lower-income countries, and a shift towards HF with
preserved ejection fraction (HFpEF), and increasing due to population
ageing and the increase in obesity.1 Age, traditional risk factors for HF,

a sedentary lifestyle, and social deprivation are associated with incident
HF.3 Actually, lifestyle and social determinants of health are attracting
more attention in the epidemiology and care of patients with HF.4 In
patients with new-onset HF, the most common first events are cardiac
events (36%), recurrent HF (28%), and death (29%).5

Non-traditional risk factors, such as pacemaker implantation may
play a role in the development of HF: within the first 2 years after im-
plantation in patients without known HF, the incidence of fatal and
non-fatal HF is 10.6%, six times higher than for age- and gender-
matched individuals without HF and pacemaker.6

Mortality rates of HF seem to be declining less rapidly than previ-
ously in the general population.1 Among patients with cardiac
resynchronization therapy (CRT), a gradual decrease in sudden car-
diac death risk has been observed since the early 2000s7 with implica-
tions for the role of implantable defibrillators and the design of
comprehensive HF care models.

Significant regional differences in the management of acute HF have
been identified, including timing and types of treatments used,8 and
rates and time trends of readmission.2,9,10 However, the importance
of distinguishing worsening/chronic HF from new-onset HF in patients
with first hospitalization has been highlighted, as patients with worsen-
ing/chronic HF have a significantly greater comorbidity burden and
higher adjusted risks of mortality and HF readmission.10,11

Clinical aspects

Diagnostics and risk stratification
Imaging

Imaging is pivotal in the diagnosis and risk stratification of patients
with HF. The European Society of Cardiology (ESC) Heart Failure
Association (HFA) has recently highlighted in a position statement
the central role of full echocardiographic examination in patients
admitted for acute heart failure (AHF).12 Once the patient is stabi-
lized, the added value of routine cardiac magnetic resonance (CMR)
over echocardiography alone to help diagnose the causes of HF not
related to ischaemic heart disease has been questioned.13 Selective
rather than routine CMR for identifying specific HF aetiologies is
more cost effective. Noteworthy, CMR could serve to better define
HFpEF phenotypes and to select patient specific therapies, such as
MRA may be for HFpEF patients with myocardial fibrosis.14–17 The
diagnosis of HFpEF remains challenging especially in patients with
coexisting conditions that account for dyspnoea. Diastolic dysfunc-
tion, left atrial enlargement, elevated left atrial pressure, and pulmon-
ary hypertension are common in these patients.18,19 The 2016
diastolic dysfunction grading algorithm proposed by the European
Association of Cardiovascular Imaging has shown improved prognos-
tic value compared to the 2009 one.20 However, the high number of
patients with doubtful classification renders clinical decision making
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challenging.21 The analysis of LA mechanics, LA strain, and left ven-
tricular (LV) global longitudinal strain22 allows to better classify the
degree of diastolic dysfunction and improves individual risk stratifica-
tion. Two algorithms (H2FPEF and ESC HFA-PEFF) may facilitate
HFpEF diagnosis. These two scores have equivalent predictive power
of incident HF hospitalization or death among patients without a clin-
ical diagnosis of HF.23 Although LV ejection fraction (LVEF) is key for
HF classification, it remains a crude estimate of LV function.
Intriguingly, 17% of patients with initially preserved LV systolic func-
tion show a decrease in LVEF below 40% at 6 months follow-up,
which is associated with more cardiac events.24 Parameters of LV
mechanics (LV strain, multilayer strain and myocardial work) provide
incremental prognostic information over LVEF.22,25 The benefit of
treatment [i.e. sacubitril/valsartan (SV)] on LV remodelling is also bet-
ter captured by LV strain.26 Myocardial mechanics is linked to coron-
ary microvascular dysfunction in patients with hypertensive HF.27,28

In AHF, cardiac sympathetic nerve dysfunction, as evaluated by 123I-
metaiodobenzylguanidine imaging, is associated with poor outcome
irrespective of LVEF.29

Biomarkers

Biomarkers are key for diagnosis and prognostic evaluation in
patients with HF. Circulating biomarkers related to extracellular ma-
trix regulation were abnormal in patients with HFpEF, displayed prog-
nostic value, and were influenced favourably by SV in PARAGON-

HF.30 In HF with reduced LVEF (HFrEF), absolute NT-proBNP, hs-
TnT, and sST2 levels predict outcomes independent of age, sex, and
LVEF category.31 Differential circulating levels of biomarkers associ-
ated with ageing in patients with HF have been reported, with
increasing levels of proteins associated with extracellular matrix or-
ganization, inflammatory processes, and tumour cell regulation and
lower expression of tumour proliferation functions.32

In AHF, a specific challenge is to identify infection as a trigger of
AHF. Procalcitonin (PCT) has emerged as an alternative for C-react-
ive protein in diagnosing bacterial infection. In a recent randomized,
multicentre, open study, a strategy of PCT-guided initiation of anti-
biotic therapy was more effective than standard care in improving
clinical outcomes.33 Omics phenotyping is likely the next frontier to
unravel disease mechanisms and heterogeneity.34 As a recent ex-
ample, incorporating a panel of three metabolite-based biomarkers
into a risk score improved the prognostic utility of NT-proBNP by
predicting long-term CV death.35

Heart failure during the COVID-19
pandemic
The role of the angiotensin-converting enzyme (ACE) receptor 2 in
the infection of human cells by SARS-CoV-2 and in the pathophysi-
ology of COVID-19,36 and the poor prognosis of cardiac patients
with COVID-1937 raised the concern of a potential deleterious effect
of the treatment with ACE inhibitors and angiotensin receptor

Figure 1 Prevalence of heart failure in different world regions as estimated from population-based studies. Reprinted from Groenewegen et al.1
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blockers (ARB). These drugs may either decrease acute lung damage,
prevent angiotensin-II-mediated pulmonary inflammation or increase
the SARS-CoV-2 pulmonary damage by the up-regulation of ACE2
receptors.38,39 Observational studies refuted the hypothesis of a
deleterious effect of ACEI/ARB.40–43 The BRACE CORONA trial
found no worse outcomes in patients with COVID-19 allocated to
continuation or interruption of their chronic ACEI/ARB treatment
(presented at the ESC Congress, data not published). The incidence
of AHF or decompensation of chronic HF among patients with
Covid-19 is high and with poor prognosis.44 Indirect effects of the
pandemic included the reduction in HF hospitalizations during local
outbreaks45–47 with increases in their hospital mortality,45,47 and
major challenges for the management and Follow-up of HF patients,
and the conduct of clinical trials. Recommendations to overcome
these challenges have been released.48–50

Sex and heart failure
Women account for half of patients with HF with a lower incidence
rate until the age of 75 years, a higher proportion of HFpEF, probably
related to the higher prevalence of obesity and diabetes mellitus.1

Women with HF present a greater symptom burden and poorer
quality of life as compared with men.51 Significant sex-related differ-
ences have been described in Europe in the management of acute
and chronic HF8,52 including a lower use of guideline-directed medical
therapies—which seem to be mostly explained by older age and
comorbidity rather than by sex itself—with lower crude rates of
death and HF hospitalization in women. The lack of sex-related differ-
ences in the clinical effect of HF therapies53,54 does not justify these
differences, although the possibility has been suggested that women
with HF might benefit from treatment to a higher level of LVEF than
previously considered.54 A different perspective of the gender gap in
HF is the lower proportion of female authors in HF practice guide-
lines and trials, ranging between 11% and 24% only, with modest
increases over time in European and US guidelines references but
not in HF trials. Importantly, HF trials with a woman first or senior au-
thor are associated with a higher proportion of enrolled female
participants.55

Comorbidities
Comorbidities are important because they impact the clinical presen-
tation, management, and outcomes of HF patients. The burden of
comorbidities is higher in older patients, women and those with
HFpEF,56–58 which are often ignored.59 Particularly relevant condi-
tions in HF patients include atrial fibrillation,60 which has complex
interrelations with HF needing more research.61,62 One example is
the lack of increase in mortality risk associated with elevated heart
rate in patients with HFrEF and atrial fibrillation, as compared to sinus
rhythm.60,63 Renal disease is one other, with renal function often
changing during the course of the disease or as a response to HF
therapies. Clinical responses, including worsening renal function and
pseudo-worsening renal function, and their pathophysiological corre-
lates, i.e. tubular function (diuretic response) beyond estimated glom-
erular filtration rate (eGFR), need to be understood to be properly
managed, adapting therapies to the changing situation.64,65

Specific situations

Acute heart failure
In patients with acute HFrEF, istaroxime, an inhibitor of the sarcolem-
mal Naþ/Kþ pump activating the SERCA2a pump, improved cardiac
function without major adverse effects in a small mechanistic trial.66

Cimlanod, a nitroxyl donor infused over 48 h, was reasonably well
tolerated at a lower dose whereas higher doses caused unacceptable
hypotension. There was improvement of NT-ProBNP but not on
dyspnoea (presented at HFA Discoveries, data not published). A
number of position papers have summarized the role of imaging12 or
the management of AHF in specific situations, such as acute coronary
syndromes67 or atrial fibrillation.68

Cardiogenic shock
While its incidence seems to be decreasing, cardiogenic shock still
conveys a high mortality risk.69 A new clinical classification,70 and two
position papers71,72 on cardiogenic shock have been published this
year. The SWEdish evaluation of left Ventricular Assist Device
(SweVAD) will examine the impact of mechanical circulatory support
vs. guideline-directed medical therapy on survival in a population of
AHF patients ineligible for heart transplant.73

Peripartum cardiomyopathy
Peripartum cardiomyopathy (PPCM) is the first cause of HF in
women during/after pregnancy74–76 The ESC EORP registry on
PPCM enrolled >700 women with this condition from 49 countries.
It showed that PPCM affects women from any region or ethnicity.
Within 6 months after diagnosis, the average rates of maternal mor-
tality, readmission, and neonatal mortality were, respectively, 6%,
10%, and 5%, with marked regional variations. Recovery of LVEF
occurred in 46% of women.77 The management of these patients is
reviewed in a recent paper.78

HF with recovered left ventricular
ejection fraction
This year, a working definition of HF with recovered left ventricular
ejection fraction (HFrecEF) has been proposed. This includes: (i)
documentation of a decreased LVEF < 40% at baseline; (ii) >_10% ab-
solute improvement in LVEF; and (iii) a second measurement of LVEF
>40%.79 Reverse LV remodelling is associated with improved myo-
cyte and LV chamber contractility and better clinical outcomes.
However, a significant proportion of patients with HFrecEF develop
recurrences of LV dysfunction and HF. Despite improvements in
structural and functional abnormalities, many of the multilevel mo-
lecular changes occurring during LV remodelling remain dysregulated
in reverse remodelled hearts. Therefore, guideline-directed medical
and device therapy for patients with HFrecEF should be continued in-
definitely with close clinical follow-up.79

HF in cancer patients
The role of CV imaging in cancer patients receiving cardiotoxic thera-
pies has been highlighted in a position statement by the HFA12 and in
the European Society for Medical Oncology guidelines.80 The role of
focus echocardiography81 and CMR82 has also been recently dis-
cussed. In daily practice, caution should, however, be given if using
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.
late gadolinium enhancement or qualitative T2-weighted STIR
imaging-only approach for the exclusion of checkpoint inhibitor-
associated myocarditis.83 Imaging is cornerstone for monitoring car-
diotoxicity and identifying subtle impairment of myocardial function
occurring prior crossing the traditionally defined threshold of LV sys-
tolic dysfunction (LVEF < 50%).84,85

Right ventricular dysfunction (RVD)
RV and right atrium dysfunction contribute to HFpEF pathophysi-
ology. Also, RV dysfunction (lower RV systolic velocity and RV frac-
tional area change) and impairment in RV-pulmonary artery coupling
are more frequently found in HFpEF patients developing acute lung
congestion with exercise.86 Activation of the endothelin and adreno-
medullin neurohormonal pathways is associated with pulmonary
haemodynamic derangements, reduced RV functional reserve,
reduced cardiac output, and more severe impairment of peak VO2 in
HFpEF patients.87 The most common causes of RVD are left-sided
heart diseases (46%), pulmonary thromboembolic disease (18%),
chronic lung disease/hypoxia (17%), and pulmonary arterial hyperten-
sion (11%). Average 1-year mortality in patients with RVD is high
(>40%), highest among chronic lung disease patients.88 The presence
of RVD at CRT implantation predicts worsening LV remodelling and
survival.89

Pharmacotherapies

Angiotensin receptor–neprilysin
inhibitors (paragon, paradigm, parallax)
Angiotensin receptor–neprilysin inhibitor (ARNI) showed, in a sub-
analysis of PARADIGM-HF, a reduction in sudden cardiac death risk
regardless of the use of implantable cardiac defibrillators.90 Reduction
in ventricular volumes and increase in LVEF have been observed with
standard echocardiography in patients after 6 months on SV, but im-
provement in global longitudinal strain is apparent after 3 months.26 In
a small cohort of patients with end stage renal disease, SV showed effi-
cacy and safety.91 The LIFE Trial, comparing SV to valsartan in NYHA
Class IV HFREF patients, although prematurely interrupted because
of the COVID 19 pandemia, will still provide information about ARNI
as a treatment option for advanced HF patients.92

The PARALLAX trial tested the efficacy of SV vs. optimal individual-
ised background therapy in HFpEF patients and found a reduction in
NT-proBNP from baseline to 12 weeks but no effect on six-minute
walk distance from baseline to 24 weeks (presented at ESC 2020—
data not published). In the PARAGON Trial in patients with HFpEF,
SV did not result in a lower rate of total hospitalizations for HF and
death. Of the 12 pre-specified subgroup analyses, sex and LVEF
appeared to modify the effect of SV vs. valsartan on the primary com-
posite outcome. Although no benefit was apparent in men, there was
a significant reduction in HF hospitalizations in women.93 Also, patients
seemed to derive more benefit from SV when started early after hos-
pitalization.94 Baseline and mean achieved systolic blood pressure of
120–129 mm Hg identified the lowest risk HFpEF patients, but the
blood pressure-lowering effects of SV did not account for its effects on
outcomes, regardless of sex.95 Compared with valsartan, SV reduced
the risk of renal events and slowed the decline in estimated glomerular
filtration rate.96 Reduction in serum uric acid was also associated with

improved outcomes.97 A meta-analysis assessing the efficacy of differ-
ent renin–angiotensin–aldosterone system (RAAS) antagonists in clin-
ical trials performed in HFpEF patients (PEP-CHF, CHARM-preserved,
I-PRESERVE, TOPCAT, PARAGON-HF) showed no statistical differ-
ence in all-cause and CV mortality among RAAS antagonists and pla-
cebo, but a significantly decreased risk in HF hospitalizations in patients
allocated to receive ARNI compared with controls (OR, 0.73, 95% CI,
0.61–0.87) and ARB (OR 0.80, 95% CI, 0.71–0.91).98

A patient-level data analysis from the PARADIGM-HF and
PARAGON-HF trials (SV vs. enalapril in HFrEF and SV vs. valsartan in
HFpEF, respectively), and the CHARM-Alternative and CHARM-
Preserved trials (candesartan vs. placebo) showed that, compared
with RAAS inhibitors, SV improved outcomes across the range of
LVEF, with a risk reduction (RR) of 0.54 [95% confidence interval (CI)
0.45–0.65] for the recurrent primary endpoint compared with puta-
tive placebo (P < 0.001). Treatment benefits were robust in patients
with LVEF < 60%, but not in those with LVEF > 60%.99 These results
are in line with prior post hoc analyses from the TOPCAT study and
b-blocker trials suggesting that the cut-off of LVEF for a beneficial
treatment effects is �55%. These analyses show that in the sparsely
studied population of patients with an LVEF of 40–55%, several HF
treatments might provide benefit (Figure 2).100

Sodium-glucose cotransporter 2
inhibitors (EMPEROR-Reduced, DAPA-
HF, SOLOIST, VERTIS, SUGAR-DM-HF,
EMPA-TROPISM [ATRU-4])
In patients with type 2 diabetes, the sodium-glucose cotrans-
porter 2 (SGLT-2) inhibitors empagliflozin and dapagliflozin re-
duce the risk of HF hospitalization regardless of baseline CV risk
or history of HF.101,102 In The VERTIS trial, ertugliflozin did nei-
ther significantly reduce CV events, nor the combined endpoint
of CV death/HF hospitalization103 but reduced HF
hospitalizations.104

In patients with HFrEF, DAPA-HF has demonstrated a significant
reduction in CV mortality and HF events.105,106 This robust effect
was analysed in more detail in several seminal papers published in
2020. The benefit of dapagliflozin was independent of the diabetes
status, occurring across all levels of HbA1C,107 as well as of baseline
renal function or blood pressure, patient age, or background HF ther-
apy.108–111 Dapagliflozin improved symptoms, physical function, and
quality of life112 and was shown to be a cost-effective treatment for
HFrEF in the UK, German, and Spanish healthcare systems.113

Dapagliflozin also reduces the rate of decline in renal function in
HFrEF patients.111 as well as in patients with chronic kidney disease,
as shown in the DAPA-CKD trial, where treatment with dapagliflozin
reduced the risk of worsening renal function, end-stage kidney dis-
ease, or death. This protective effect was observed in patients with
or without diabetes.111,114

Empagliflozin also showed marked beneficial effects in HFrEF
patients independently from diabetes status (Figure 3), with a signifi-
cant reduction in the primary composite endpoint of CV death and
HF events (hazard ratio (HR), 0.75; 95% CI, 0.65–0.86; P < 0.001), the
secondary endpoints of total HF hospitalizations (HR, 0.70; 95% CI,
0.58–0.85; P < 0.001), the annual rate of decline in the estimated
glomerular filtration rate (-0.55 vs. -2.28 mL/min/1.73 m2 of body-
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surface area per year, P < 0.001), the risk of serious renal out-
comes,115 and the risk and total number of inpatient and outpatient
worsening HF events, which starts early after the initiation of treat-
ment and remains during the duration of treatment.116 These benefi-
cial effects were also observed to a similar extent in patients pre-
treated with ARNI117 and were independent of baseline diabetes sta-
tus and across the continuum of HbA1c,118 and in patients with and
without CKD and regardless of the severity of kidney impairment at
baseline.119

In the SUGAR-DM-HF study, empagliflozin reduced LV volumes
measured by CV magnetic resonance in patients with HFrEF and type
2 diabetes or prediabetes.120 The mechanistic trial EMPA-TROPISM
(ATRU-4) showed the beneficial effect of empagliflozin in improving
LV volumes, LV mass, LV systolic function, functional capacity, and
quality of life in non-diabetic patients with HFrEF121 (ref). Taken the
evidence together, SGLT-2 inhibitors reduce all-cause and CV mor-
tality and improve renal outcomes in patients with HFrEF, supporting
the role of dapagliflozin and empagliflozin as a new standard of care
for patients with HFrEF.119,122

Sotagliflozin, another SGLT-2 inhibitor that displays also gastro-
intestinal SGLT-1 inhibition and thus reduces intestinal glucose

absorption, was investigated in patients with type 2 diabetes after a
recent hospitalization for worsening heart failure (SOLOIST-WHF).
Patients were included independent of their ejection fraction, and
78% of patients had an ejection fraction <50%. The primary endpoint
of CV death, total hospitalizations, and urgent visits for HF was signifi-
cantly reduced in patients treated with sotagliflozin (HR, 0.67; 95%
CI, 0.52–0.85; P < 0.001). The results were consistent among sub-
groups and especially also in patients with an EF > 50%.123

Sotagliflozin was also investigated in patients with type 2 diabetes,
chronic kidney disease, and elevated CV risk (SCORED);124 primary
endpoint (changed during the study to a composite of CV death, total
HF hospitalizations and urgent visits for HF) was significantly reduced
in patients treated with sotagliflozin (HR, 0.67; 95% CI, 0.52–0.85;
P < 0.001). It has to be mentioned that both sotagliflozin trials had to
be stopped earlier than planned because of loss of funding from the
sponsor.

Activators of soluble guanylate cyclase
(victoria, vitality, capacity)
The activator of soluble guanylate cyclase (sGC) vericiguat was
investigated in the VICTORIA study in 5050 patients with recently

Figure 2 Results from different trials testing a number of drugs commonly used to treat heart failure, pointing to an extended benefit up to a left
ventricular ejection fraction of 55%. For patients with left ventricular ejection fraction >55%, a population group usually presenting several comorbid-
ities, there is still no evidence of a drug improving prognosis. Reprinted from Böhm et al.100
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..decompensated chronic HF and LVEF < 45%.125,126 Vericiguat sig-
nificantly reduced the primary outcome of CV death or first HF
hospitalisation (HR, 0.90; 95% CI, 0.82–0.98; P = 0.02) (Figure 3).
While vericiguat significantly reduced HF hospitalisations (HR, 0.90;
95% CI, 0.81–1.00), CV deaths were not significantly diminished.
Adverse events were largely similar among the vericiguat and pla-
cebo groups. An analysis comparing HRs and absolute RR in three
large recent HFrEF trials demonstrated that while the HR suggests
a smaller treatment effect in VICTORIA than in the DAPA-HF and
PARADIGM-HF trials, a comparison of 12-month event rates for
the primary outcome pointed to a comparable benefit across the
three trials.127,128 Given the significant interaction of vericiguat
effects according to baseline NT-proBNP levels, a post hoc analysis
showed an association of vericiguat benefit on the primary out-
come in patients with NTproBNP levels up to 8000 pg/mL, with
greatest benefit in patients with NTproBNP <4000 pg/mL (HR,
0.77, 95% CI, 0.68–0.88).129

Vericiguat was evaluated In HFpEF patients in the VITALITY
trial,128 showing no benefit in quality of life and exercise tolerance.130

Similarly, in the CAPACITY trial, the sGC stimulator praliciguat was
well-tolerated but did neither affect the primary efficacy endpoint of
pVO2 nor other predefined outcome parameters.131

Cardiac myosin activators and inhibitors
Omecantiv mecarbil (GALACTIC-HF, EXPLORER-HCM)

Omecamtiv mecarbil, a cardiac myosin activator that enhances car-
diomyocyte contraction, given twice daily on the basis of plasma
levels of the drug, significantly reduced the primary endpoint of HF
hospitalisation and CV death in patients with HFrEF and a recent
HF event (HR, 0.92; 95% CI, 0.86–0.99; P = 0.03) (Figure 3) but had
no impact on any of the secondary outcomes (CV death, change
in symptom score, first HF hospitalization, and death from any
cause).132

A similar compound, danicamtiv, increased stroke volume,
improved global longitudinal and circumferential strain, decreased LA
minimal volume index, and increased LA function index when com-
pared to placebo in a small phase 2a trial in 40 patients with stable
HFrEF.133

Figure 3 Primary outcome results from the EMPEROR REDUCED (top), VICTORIA (lower left), and GALACTIC (lower right) trials, testing
empagliflozin, vericiguat, and omecamtiv mecarbil, respectively, in patients with heart failure with reduced left ventricular ejection fraction. Reprinted
from Packer et al.,115 Armstrong et al.,126 and Teerlink et al.132
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On the other hand, mavacamten, a myosin inhibitor, significantly

improved the combined primary endpoint of increase in peak oxygen
consumption (pVO2) and reduction in NYHA class in a phase 3 trial
in patients with obstructive hypertrophic cardiomyopathy. Also, out-
flow tract obstruction and health status were improved.134

Other therapies

Ferric carboxymaltose (AFFIRM-AHF)
In iron-deficient patients hospitalized for acute HF (AFFIRM-AHF),135

intravenous ferric carboxymaltose compared to placebo was associ-
ated with a trend to reduced total HF hospitalizations and CV death
(rate ratio 0.79, 95% CI 0.62–1.01, P = 0�059). In a pre-specified sensi-
tivity analysis considering the impact of the COVID-19 pandemic, a
statistically significant difference in favour of ferric carboxymaltose
was reported for the primary endpoint was reported, but not in CV
death risk.136

MicroRNA-132 inhibition
In a first clinical trial limited by a small number of HF patients, the anti-
sense oligonucleotide drug directed against miR-132, CDR132L,137

was well tolerated and showed first hints for a cardiac functional
improvement.138

Comprehensive disease-modifying
pharmacological therapies
Using data from the EMPHASIS-HF, PARADIGM-HF, and DAPA-HF
trials lifetime gains in survival have been estimated with comprehen-
sive therapy (SV, b-blocker, MRA, and SGLT-2 inhibitor) vs. RAAS
and b-blockers in patients with chronic HFrEF.11,139 The HR for the
composite endpoint of CV death or hospitalisation for HF was 0.38
(95% CI 0.30–0.47). Favourable results were also calculated for CV
death alone, hospitalization for HF alone, and all-cause mortality.
Comprehensive therapy could prolong overall survival 6.3 years in
average in a 55-year-old patient. These results support the combin-
ation use of SV, b-blockers, mineralocorticoid receptor antagonists,
and SGLT-2 inhibitors as a new therapeutic standard.

Device/interventional therapies

Secondary (or functional) mitral
regurgitation (COAPT)
Secondary (or functional) mitral regurgitation (SMR) occurs fre-
quently in HFrEF and is associated with progressive symptoms and
worse prognosis. If SMR is treated by edge-to-edge repair, patients
with optimal result at discharge and 12-month follow-up displayed
best outcomes.140

Cardiac resynchronization therapy
(STOP-CRT)
Cardiac resynchronization therapy (STOP-CRT) is an integral part of
treatment in patients with HFrEF, especially with left bundle branch
block and wide QRS. In a selected cohort of patients with LVEF
>50% during CRT and neurohormonal blockade, the STOP-CRT

study investigated the feasibility and safety of neurohormonal blocker
withdrawal. The incidence of adverse LV remodelling or clinical out-
comes was low after discontinuation of betablockade/RAAS inhib-
ition. However, comorbidities prompted the continuation of
neurohormonal blockers in many patients.141

In patients with HFrEF who are ineligible for CRT, baroreflex activa-
tion therapy (BAT) may be useful in addition to optimal drug therapy.
In the BeAT-HF study, BAT was safe and significantly improved symp-
toms, quality of life, exercise capacity, and NT-proBNP.142 On the
basis of these data, BAT was approved in the USA, while ongoing
follow-up in the BeAT-HF study will assess effects on hard outcomes.

Specific management issues

Telemedicine and remote monitoring
The role of telemedicine and remote monitoring in the management
of HF patients is still controversial. An observational study in three
European countries showed that pulmonary artery pressure-guided
HF management is feasible and safe and associated with better out-
comes haemodynamic and clinical outcomes.143 Also, preliminary
results testing non-invasive remote physiological monitoring from a
wearable sensor showed promising results in the early detection of
impending HF rehospitalisation.144 However, different modes of re-
mote monitoring failed to show a benefit in improving treatment,
quality of life,145 or clinical outcomes.146 Moreover, remote monitor-
ing with a cardiac implanted electronic device increased clinical activ-
ity for patients with HF and AF, with no associated reduction in
mortality, and conversely, greater risk of CV hospitalisation amongst
patients with persistent/permanent AF.147 In the COVID-19 era, re-
mote monitoring is a useful tool for managing HF patients.148

Self-care and palliative care
Self-care is essential in the management of chronic HF. Practical ad-
vice for key activities and priorities for self-care is given in an HFA
manuscript.149 At the end of the HF pathway, palliative care should
be introduced early, focusing on symptom management,150 regard-
less of prognosis, but actually only a minority in Europe receive it.151

Providing palliative care substantially reduces hospitalizations, with
no clear adverse effect on survival.152
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Seferovic P, Tschöpe C, Zhang S, Gao C, Zhou S, Senni M, Zhang J, Metra M.

Management of heart failure patients with COVID-19: a joint position paper of
the Chinese Heart Failure Association & National Heart Failure Committee and
the Heart Failure Association of the European Society of Cardiology. Eur J
Heart Fail 2020;22:941–956.

49. D’Amario D, Restivo A, Canonico F, Rodolico D, Mattia G, Francesco B,
Vergallo R, Trani C, Aspromonte N, Crea F. Experience of remote cardiac care
during the COVID-19 pandemic: the V-LAPTM device in advanced heart failure.
Eur J Heart Fail 2020;22:1050–1052.

50. Anker SD, Butler J, Khan MS, Abraham WT, Bauersachs J, Bocchi E, Bozkurt B,
Braunwald E, Chopra VK, Cleland JG, Ezekowitz J, Filippatos G, Friede T,
Hernandez AF, Lam CSP, Lindenfeld JAnn, McMurray JJV, Mehra M, Metra M,
Packer M, Pieske B, Pocock SJ, Ponikowski P, Rosano GMC, Teerlink JR, Tsutsui
H, Van Veldhuisen DJ, Verma S, Voors AA, Wittes J, Zannad F, Zhang J,
Seferovic P, Coats AJS. Conducting clinical trials in heart failure during (and
after) the COVID-19 pandemic: an Expert Consensus Position Paper from the
Heart Failure Association (HFA) of the European Society of Cardiology (ESC).
Eur Heart J 2020;41:2109–2117.

51. Truby LK, O’Connor C, Fiuzat M, Stebbins A, Coles A, Patel CB, Granger B,
Pagidipati N, Agarwal R, Rymer J, Lowenstern A, Douglas PS, Tulsky J, Rogers
JG, Mentz RJ. Sex differences in quality of life and clinical outcomes in patients
with advanced heart failure: insights from the PAL-HF trial. Circ Heart Fail 2020;
13:e006134.

52. Lain�s�cak M, Milinkovi�c I, Polovina M, Crespo-Leiro MG, Lund LH, Anker SD,
Laroche C, Ferrari R, Coats AJS, McDonagh T, Filippatos G, Maggioni AP,
Piepoli MF, Rosano GMC, Ruschitzka F, Simi�c D, A�sanin M, Eicher J-C, Yilmaz
MB, Seferovi�c PM, ; on behalf of the European Society of Cardiology Heart
Failure Long-Term Registry Investigators Group. Sex- and age-related differen-
ces in the management and outcomes of chronic heart failure: an analysis of
patients from the ESC HFA EORP Heart Failure Long-Term Registry. Eur J
Heart Fail 2020;22:92–102.

53. Rossello X, Ferreira JP, Pocock SJ, McMurray JJV, Solomon SD, Lam CSP,
Girerd N, Pitt B, Rossignol P, Zannad F. Sex differences in mineralocorticoid re-
ceptor antagonist trials: a pooled analysis of three large clinical trials. Eur J Heart
Fail 2020;22:834–844.

54. Dewan P, Jackson A, Lam CSP, Pfeffer MA, Zannad F, Pitt B, Solomon SD,
McMurray JJV. Interactions between left ventricular ejection fraction, sex and
effect of neurohumoral modulators in heart failure. Eur J Heart Fail 2020;22:
898–901.

55. Reza N, Tahhan AS, Mahmud N, DeFilippis EM, Alrohaibani A, Vaduganathan
M, et al. Representation of women authors in international heart failure guide-
lines and contemporary clinical trials. Circ Heart Fail 2020;13:e006605.

56. Pandey A, Vaduganathan M, Arora S, Qamar A, Mentz RJ, Shah SJ, Chang PP,
Russell SD, Rosamond WD, Caughey MC. Temporal trends in prevalence and
prognostic implications of comorbidities among patients with acute decompen-
sated heart failure: the ARIC study community surveillance. Circulation 2020;
142:230–243.

57. Khan MS, Samman Tahhan A, Vaduganathan M, Greene SJ, Alrohaibani A,
Anker SD, Vardeny O, Fonarow GC, Butler J. Trends in prevalence of comor-
bidities in heart failure clinical trials. Eur J Heart Fail 2020;22:1032–1042.

58. Bhatt AS, Ambrosy AP, Dunning A, DeVore AD, Butler J, Reed S, Voors A,
Starling R, Armstrong PW, Ezekowitz JA, Metra M, Hernandez AF, O’Connor
CM, Mentz RJ. The burden of non-cardiac comorbidities and association with
clinical outcomes in an acute heart failure trial—insights from ASCEND-HF. Eur
J Heart Fail 2020;22:1022–1031.

59. Aimo A, Barison A, Castiglione V, Emdin M. The unbearable underreporting of
comorbidities in heart failure clinical trials. Eur J Heart Fail 2020;22:1043–1044.

60. Docherty KF, Shen L, Castagno D, Petrie MC, Abraham WT, Böhm M, Desai
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140. Reichart D, Kalbacher D, Rübsamen N, Tigges E, Thomas C, Schirmer J,
Reichenspurner H, Blankenberg S, Conradi L, Schäfer U, Lubos E. The impact
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PB, Böhm M; for the MEMS-HF Investigators. Pulmonary artery pressure-guided
therapy in ambulatory patients with symptomatic heart failure: the
CardioMEMS European Monitoring Study for Heart Failure (MEMS-HF). Eur J
Heart Fail 2020;22:1891–1901. Jun

144. Stehlik J, Schmalfuss C, Bozkurt B, Nativi-Nicolau J, Wohlfahrt P, Wegerich S,
Rose K, Ray R, Schofield R, Deswal A, Sekaric J, Anand S, Richards D, Hanson H,
Pipke M, Pham M. Continuous wearable monitoring analytics predict heart failure
hospitalization: the LINK-HF multicenter study. Circ Heart Fail 2020;13:e006513.

145. Rahimi K, Nazarzadeh M, Pinho-Gomes A-C, Woodward M, Salimi-Khorshidi
G, Ohkuma T, Fitzpatrick R, Tarassenko L, Denis M, Cleland J; SUPPORT-HF2
Study Group. Home monitoring with technology-supported management in
chronic heart failure: a randomised trial. Heart 2020;106:1573–1578. Oct

146. Galinier M, Roubille F, Berdague P, Brierre G, Cantie P, Dary P, Ferradou J-M,
Fondard O, Labarre JP, Mansourati J, Picard F, Ricci J-E, Salvat M, Tartière L,
Ruidavets J-B, Bongard V, Delval C, Lancman G, Pasche H, Ramirez-Gil JF,
Pathak A; on behalf of the OSICAT Investigators. Telemonitoring versus stand-
ard care in heart failure: a randomised multicentre trial. Eur J Heart Fail 2020;22:
985–994.

147. Zakeri R, Morgan JM, Phillips P, Kitt S, Ng GA, McComb JM, Williams S, Wright
DJ, Gill JS, Seed A, Witte KK, Cowie MR; REM-HF Investigators. Impact of re-
mote monitoring on clinical outcomes for patients with heart failure and atrial
fibrillation: results from the REM-HF trial. Eur J Heart Fail 2020;22:543–553.

148. Abraham WT, Fiuzat M, Psotka MA, O’Connor CM. Heart failure collaboratory
statement on remote monitoring and social distancing in the landscape of
COVID-19. JACC Heart Failure 2020;8:692–694.

149. Jaarsma T, Hill L, Bayes-Genis A, Brunner La Rocca HP, Castiello T, �Celutkien _e
J, et al. Self-care of heart failure patients: practical management

The year in CV Medicine: HF and cardiomyopathies 669
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/42/6/657/6060054 by U
niversity of Liege user on 18 M

ay 2022

https:doi.org/10.1056/NEJMoa2030183
https://doi.org/10.1056/NEJMoa2030186


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
recommendations from the Heart Failure Association of the European Society
of Cardiology. Eur J Heart Fail 2020. 10.1002/ejhf.2008 (accessed 24 December
2020).

150. Hill L, Geller TP, Baruah R, Beattie JM, Boyne J, De Stoutz N, Di Stolfo G,
Lambrinou E, Skibelund AK, Uchmanowicz I, Rutten FH, �Celutkien _e J, Piepoli
MF, Jankowska EA, Chioncel O, Ben Gal T, Seferovic PM, Ruschitzka F, Coats
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Erratum to: Development and validation of two SCORE-based cardiovascular risk prediction models for Eastern Europe: a multicohort
study [Eur Heart J 2020; doi:10.1093/eurheartj/ehaa571]

Upon the original publication of this article, several errors were noted. The publisher apologises for the following errors that have subse-
quently been corrected in the online and print versions of the article:

The affiliation footnote ‘7’ should read: “Department of Epidemiology and Population Studies, Institute of Public Health, Jagiellonian
University Medical College, ul. Grzego�orzecka 20, 31531 Krakow, Poland”.

The “Graphical Abstract” figure should be replaced with the corrected version.

The “Take home” figure should be deleted.

In the “Methods” section, the following text should read: “A summary of the methods and results is shown in the Graphical abstract.”. In
addition, two other corrections under the following headings were made:

Under “Derivation data”, the following sentence should read: “Trained nurses performed a personal interview, physical examination and
took blood samples. Serum cholesterol was determined by the automated enzymatic method. Past medical and drug history, education,
employment, marital status, and physical inactivity were assessed by interview according to standardized questionnaire.”;

Under “External validation data”, the following text should read: “between 2002 and 2011 from 51 045 population-based participants”.

The results in Table 1. should be corrected.

In Table 2., the “Categorical net reclassification improvement (95% CI)” and “Continuous net reclassification improvement (95% CI)”
results for “From model 1 (original SCORE) to model 2 (recalibrated SCORE)”, “From model 2 (recalibrated SCORE) to model 3
(HAPIEE SCORE)” and “From model 1 (original SCORE) to model 3 (HAPIEE SCORE)” should be corrected. The results heading for
“model 1 (original SCORE) to model 3 (HAPIEE SCORE)” should be: “Predicted 10-year risk (HAPIEE)”.

In Table 3., the “Categorical net reclassification improvement (95% CI)” and “Continuous net reclassification improvement (95% CI)”
results for “From model 1 (original SCORE) to model 2 (recalibrated SCORE)”, “From model 2 (recalibrated SCORE) to model 3
(HAPIEE SCORE)” and “From model 1 (original SCORE) to model 3 (HAPIEE SCORE)” should be corrected. The results heading for
“model 1 (original SCORE) to model 3 (HAPIEE SCORE)” should be: “Predicted 10-year risk (HAPIEE)”.

The funding section omitted the following: “the National Science Centre of Poland [2018/29/B/NZ7/02118]”.

In addition, two further corrections have been made to the online version of the article. These are as follows:

The affiliation footnote ‘11’ should read: “Institute of Mathematics and Statistics, University of Tartu, Narva mnt 18, 51009 Tartu, Estonia”.

The funding section omitted the following: “Research Foundation Flanders [1S05916N to O.D.]; Ghent University Special Research Fund
[BOF.01P08419 to O.D.]”.

VC The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Cardiology.
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