
The year in cardiovascular medicine 2021: 
heart failure and cardiomyopathies

Johann Bauersachs1*, Rudolf A. de Boer2, Joann Lindenfeld3, 
and Biykem Bozkurt4

1 Department of Cardiology and Angiology, Hannover Medical School, Carl-Neuberg-Straße 1, 30625 Hannover, Germany
2 Department of Cardiology, University Medical Center Groningen, Groningen, The Netherlands
3 Vanderbilt Heart and Vascular Institute, Vanderbilt University Medical Center, Nashville, TN, USA
4  Winters Center for Heart Failure, Cardiology, Baylor College of Medicine and Michael E. DeBakey VA Medical Center, 
Houston TX, USA

*Corresponding author. Tel: +49 511 532 3841, Fax: +49 511 532 5412, E-mail: bauersachs.johann@mh-hannover.de 

Special article

Received Date: 16 September 2021; Revision received Date: 27 October 2021; Accepted Date: 16 November 2021

Reproduced from: Bauersachs J, de Boer RA, Lindenfeld J, Bozkurt B. The year in cardiovascular medicine 2021: heart 
failure and cardiomyopathies. Eur Heart J 2022;43:367–376. https://doi.org/10.1093/eurheartj/ehab887, by permission 
of Oxford University Press on behalf of the European Society of Cardiology

© The Author(s) 2022.

All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any 
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permis-
sion of the Publishers.

For Permissions, please email: journals.permissions@oup.com

The opinions expressed in the Journal item reproduced as this reprint are those of the authors and contributors, and 
do not necessarily refl ect those of the European Society of Cardiology, the editors, the editorial board, Oxford Univer-
sity Press or the organization to which the authors are affi liated.

The mention of trade names, commercial products or organizations, and the inclusion of advertisements in this reprint 
do not imply endorsement by the Journal, the editors, the editorial board, Oxford University Press or the organization 
to which the authors are affi liated. The editors and publishers have taken all reasonable precautions to verity drug 
names and doses, the results of experimental work and clinical fi ndings published in the Journal. The ultimate respon-
sibility for the use and dosage of drugs mentioned in this reprint and in interpretation of published material lies with 
the medical practitioner, and the editors and publisher cannot accept liability for damages arising from any error or 
omissions in the Journal or in this reprint. Please inform the editors of any errors.

Oxford University Press, OPL, and the European Society of Cardiology are not responsible or in any way liable for the 
accuracy of the reprint, for any errors, omissions, or inaccuracies, or for any consequences arising therefrom. The Czech 
Society of Cardiology is solely responsible for this reprint.

59_71_Bauersachs.indd   5959_71_Bauersachs.indd   59 22/12/2022   14:41:4922/12/2022   14:41:49



60 The year in cardiovascular medicine 2021: HF and cardiomyopathies

Graphical Abstract Summary of the universal defi nition and EF classifi cation of heart failure; management of HFrEF ac-
cording to 2021 ESC guidelines for heart failure and results of the EMPEROR-preserved trial. 

Abstract
In the year 2021, the universal defi nition and classifi cation of heart failure (HF) was published that defi nes HF as a clini-
cal syndrome with symptoms and/or signs caused by a cardiac abnormality and corroborated by elevated natriuretic 
peptide levels or objective evidence of cardiogenic congestion. This defi nition and the classifi cation of HF with reduced 
ejection fraction (HFrEF), mildly reduced, and HF with preserved ejection fraction (HFpEF) is consistent with the 2021 
ESC Guidelines on HF. Among several other new recommendations, these guidelines give a Class I indication for the use 
of the sodium–glucose co-transporter 2 (SGLT2) inhibitors dapaglifl ozin and empaglifl ozin in HFrEF patients. As the fi rst 
evidence-based treatment for HFpEF, in the EMPEROR-Preserved trial, empaglifl ozin reduced the composite endpoint 
of cardiovascular death and HF hospitalizations. Several reports in 2021 have provided novel and detailed analyses of 
device and medical therapy in HF, especially regarding sacubitril/valsartan, SGLT2 inhibitors, mineralocorticoid receptor 
antagonists, ferric carboxymaltose, soluble guanylate cyclase activators, and cardiac myosin activators. In patients hos-
pitalized with COVID-19, acute HF and myocardial injury is quite frequent, whereas myocarditis and long-term damage 
to the heart are rather uncommon. 

Keywords: Heart failure; Epidemiology; Imaging; Biomarkers; Pharmacotherapy; Artifi cial intelligence; SGLT-2 inhibi-
tor; Angiotensin receptor–neprilysin inhibitors; Activators of soluble guanylate cyclase; Device therapy 
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specifi city and lack of evidence in linking treatments to 
a biomarker-based approach were identifi ed as signifi -
cant barriers to a simply biomarker-based approach in 
defi nition of HF.4

Epidemiology

The HF Atlas survey reports a wide-ranging incidence of 
HF and HF hospitalizations across Europe with conside-
rable heterogeneity in the resources for management 
and the data quality providing data to allow the develo-
pment of strategies to improve inequalities.5 Exposure to 
ambient air pollutants increases the risk of HF in a dose-
-dependent fashion, and there was a particularly high risk 
of HF among persons with genetic higher susceptibility to 
HF (Figure 2).6 Air pollution probably should be conside-
red in risk scores to predict HF. 

A recent European registry report demonstrated that 
dilated cardiomyopathy (DCM), not skeletal myopathy, 
is the major determinant of prognosis in patients with 
dystrophin gene mutations.7 Finally, cancer and HF occur 
more commonly together that predicted by risk models, 
and a recent study suggests that statins reduce the risk 
of both and have a greater risk reduction with more pro-
longed use.8

Diagnostics and risk stratifi cation

For HFrEF, the main diagnostic criterion remains LVEF 
≤40%.3 However, there is more controversy in the other 
categories, HFmrEF and HFpEF. Pieske et al.9 formulated, 
on behalf of the ESC, new diagnostic criteria, including 
echo parameters, NPs, and if a defi nitive diagnosis cannot 
be made, to turn to stress testing and/or invasive haemo-
dynamics. 

There is increasing appreciation that classical diag-
nostics fall short in complex multifactorial diseases with 
various aetiologies and precipitants, and several studies 
have addressed whether an agnostic approach, where 
large data sets are queried by computer algorithms, may 
be superior in making a specifi c diagnosis. Such tech-
niques are referred to as machine learning (ML) and 
artifi cial intelligence (AI). Peyster et al.10 used an au-
tomated image analysis to detect rejection after heart 
transplantation and described a ‘Computer-Assisted 
Cardiac Histologic Evaluation (CACHE)-Grader’ pipeline 
that was non-inferior to the rejection grading provided 
by independent pathologists. Another fi eld of research 
for which AI provides an attractive tool is the categori-
zation of patients who received a general diagnosis of 
HF. Verdonschot et al.11 studied 795 consecutive DCM 
patients with data on aetiology and co-morbidities, im-
aging studies and endomyocardial biopsies, and identi-
fi ed four distinct phenogroups. Woolley et al.12 using an 
algorithm based on 363 biomarkers to phenotype, 429 
patients with HFpEF identifi ed four clusters with dif-
ferent clinical parameters and important differences in 
prognosis. 

Artifi cial intelligence/machine learning might be par-
ticularly useful for a diagnosis of HF. Kwon et al.13 evalu-

Introduction

Heart failure (HF) remains a major challenge for patients 
and healthcare systems worldwide. For patients suffering 
from HF with reduced ejection fraction (HFrEF), several 
evidence-based treatments are available and have mar-
kedly improved prognosis and quality of life; however, 
a subset of these patients displays a rapid progression 
of HF despite best care. A recent special article called to 
action for global approaches to novel drug solutions for 
these patients,1 but also for patients with HF with pre-
served EF (HFpEF), for whom until recently there was not 
a single evidence-based treatment. 

In this article, we summarize important progress that 
has been made in 2021 regarding the diagnosis and treat-
ment of HF with a special focus on articles published in 
2021 in the European Heart Journal and the European 
Journal of Heart Failure. 

Defi nition and classifi cation of heart failure

With the recognition of the need for standardization 
of an HF defi nition, the Universal Defi nition and Clas-
sifi cation of Heart Failure was developed, which de-
fi ned HF as a clinical syndrome with current or prior 
symptoms and or signs caused by a structural and/or 
functional cardiac abnormality and corroborated by 
elevated natriuretic peptide (NP) levels or objective 
evidence of cardiogenic pulmonary or systemic conges-
tion by diagnostic modalities (Figure 1).2 It also provi-
ded revised defi nitions for stages of HF, categorized as 
‘At-Risk for HF’ (former Stage A) for patients at risk for 
HF but without current or prior symptoms or signs of 
HF and without structural cardiac changes or elevated 
biomarkers of heart disease; Pre-HF (former Stage B) 
for patients without current or prior symptoms or sig-
ns of HF but evidence of structural heart disease, ab-
normal cardiac function, elevated NP levels or elevated 
cardiac troponin levels; ‘Heart Failure’ (former Stage C 
for symptomatic patients, ‘Advanced HF’ (former Stage 
D) for patients with severe symptoms and/or signs of 
HF (Figure 1 – see in original). Ejection fraction cate-
gories were classifi ed as HFrEF: left ventricular (LV) EF 
≤40% (Figure 1 – see in original); HF with mildly re-
duced EF (HFmrEF): LVEF 41–49%; HFpEF: LVEF >50%; 
and HF with improved EF (HFimpEF): HF with a baseline 
LVEF ≤40%, a ≥10 point increase from baseline LVEF, 
and a second measurement of LVEF >40%. The EF cate-
gories used in the recent 2021 ESC HF Guidelines were 
consistent with these classifi cations.3 In the Universal 
Defi nition of HF, there was also an emphasis on trajec-
tories of HF and to use ‘persistent HF’ instead of ‘sta-
ble HF’ for patients with ongoing symptoms/signs and 
‘HF in remission’ instead of ‘recovered HF’ for patients 
with resolution of symptoms and signs of HF or with 
the resolution of previous structural/functional heart 
disease2 (Figure 1 – see in original). Though a simple 
defi nition of HF predominantly depending on NPs was 
proposed as an alternative,4 limitations of such an app-
roach due to variability of NP levels by age, sex, body 
mass, renal function, and atrial fi brillation; and lack of 
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ated data from 34 103 patients who underwent echocar-
diography and electrocardiogram (ECG) and created an 
ML algorithm that could detect HFpEF. Segar et al.14 em-
ployed ML models to aid in predicting race-specifi c risk 
for incident HF. 

In the near future, we will be faced with many more 
potential utility of AI/ML models, as there is a clear 
need for individualized approaches and decision-mak-
ing.15 It will be essential, however, to provide recom-
mendations as to what input is (minimally) required for 
models, and the models must be prospectively tested 
in independent settings. Furthermore, treatment deci-
sions based on the models must be tested in a random-
ized blinded fashion.16

Imaging and biomarkers
A state-of-the-art diagnosis of HF remains challenging. 
The ESC guidelines3 recommend using an array of sig-
ns and symptoms, supplemented with imaging and 
biomarkers studies. The imaging primarily relies on 
echocardiography and CMR, and NPs and high sensiti-
vity troponins are the preferred biomarkers. However, 
sophisticated classifi cation of patients in various ca-
tegories using imaging and biomarkers may enhance 
adequate phenotyping,11,17 and imaging of non-cardiac 
tissues such as fat may have relevance to HF pheno-
typing, too.18,19 Furthermore, next-generation genetic 
analyses has been shown to have a consequence for 
prognosis20 and diagnosis21 of HF. In addition, a recent 

Figure 2 Long-term joint exposure to various air pollutants, including PM2.5, PM10, PM2.5–10, NO2, and NOx is associated with an elevated 
risk of incident heart failure in an additive manner. Persons with genetic higher susceptibility to heart failure displayed a particularly high 
risk of heart failure. Reprinted with permission from Wang et al.,6 by permission of OUP on behalf of ESC.

59_71_Bauersachs.indd   6259_71_Bauersachs.indd   62 22/12/2022   14:41:5122/12/2022   14:41:51



J. Bauersachs et al. 63

article highlighted the indications of endomyocardial 
biopsies.22

Specifi c situations

Acute heart failure
The 2021 ESC guidelines did not signifi cantly change re-
commendations for acute HF, although the use of opioids 
was downgraded to a Class III recommendation.3 Eviden-
ce continues to accrue supporting the use of urinary sodi-
um in assessing outcomes in acute HF.23,24

Cardiogenic shock
Mortality remains high in cardiogenic shock, and rando-
mized trials assessing therapies remain rare but a single-
-centre trial randomized patients with cardiogenic shock 
to either milrinone or dobutamine and showed no diffe-
rences in any of the primary or secondary outcomes.25 In 
the follow-up of the IMPRESS trial in cardiogenic shock, 
there was no difference in mortality comparing intra-
-aortic balloon pumps vs. the Impella device at 5 years.26 
A biomarker composite outperformed other risk scores 
for cardiogenic shock using 4 biomarkers [Cystatin C, 
Lactate, interleukin-6, and N-terminal pro brain natriure-
tic peptide (NT-proBNP)].27 A recent consensus statement 
outlines important suggestions for optimizing cardioge-
nic shock trials.28

Ventricular assist devices and heart transplantation
A single entry registry confi rms that HeartMate III 
(HMIII) outcomes are better than historical controls 
confi rming randomized trials.29 The stroke rate with 
HMIII is less than with the Heartware ventricular as-
sist device (HVAD)—one of several reasons the HVAD 
has been withdrawn from use.30 Disappointingly, left 
ventricular assist devices (LVAD) use does not reduce 
myocardial fi brosis nor does a new risk score improve 
the prediction of right ventricular failure post-LVAD, 
but on the bright side, elderly patients have benefi ts 
in quality of life and exercise capacity with LVADs.31–33 
There is substantial inter-observer variability in the dia-
gnosis of cellular rejection in myocardial biopsies but 
automated computation image analysis may allow im-
proved standardization as described in the section on 
Diagnostics and Imaging. Non-invasive prediction of 
rejection in cardiac transplant recipients has been elu-
sive, but studies using peripheral blood cell-free DNA 
show promising early results.34

Pregnancy/patients with peripartum 
cardiomyopathy
Women with a known cardiomyopathy or at risk for HF 
planning pregnancy, or presenting with HF during or af-
ter pregnancy are in need of individualized pre-, during, 
and post-pregnancy assessment and counselling.35

Patients with peripartum cardiomyopathy are at 
risk for detrimental outcomes36,37 but often do recover 
from HFrEF. Recent publications investigated the value 
of ECG abnormalities for predicting echocardiographic 
results and the role of hypertensive disorders during 
pregnancy.38,39

Hypertrophic cardiomyopathy/amyloidosis
In the health status analysis of EXPLORER-HCM, mava-
camten markedly improved the health status of patients 
with symptomatic obstructive hypertrophic cardiomyo-
pathy (HCM) compared with placebo.40 Gaps in eviden-
ce for risk stratifi cation for sudden cardiac death in HCM 
were summarized by Pelliccia et al.41 In a study by Mar-
ston et al.42 using Sarcomeric Human Cardiomyopathy 
Registry, patients with childhood-onset HCM were repor-
ted more likely to have sarcomeric disease, carry a higher 
risk of life-threatening ventricular arrhythmias, and have 
a greater need for advanced HF therapies. In the German 
Cardiac Society position statement, Yilmaz et al.43 outline 
a diagnostic algorithm to detect cardiac amyloidosis, to 
accurately determine its extent, and to reliably identify 
the underlying subtype of amyloidosis, thereby enabling 
subsequent targeted treatment. 

Cancer
Heart failure often complicates the treatment of cancer, 
and a recent paper proposes defi nitions of cardiovascular 
(CV) toxicities.44 Classically, chemotherapy and radiothe-
rapy have been identifi ed as risk factors, but in the recent 
decade, immunotherapy with immune checkpoint inhibi-
tors (ICIs) is becoming the mainstay of cancer treatment. 
However, ICIs also carry a risk for CV side effects. D’Souza 
et al.45 reported on this risk in a Danish registry and show 
that ICI is associated with a 1.8% 1-year risk for (peri-)
myocarditis, and with an almost 10% risk for any CV com-
plication. Given the increasing use of ICI, this issue will 
require clinical guidance and further study, as ICIs have 
an impact on several cells and tissues.46,47 There are initial 
reports providing guidance as to treat ICI-induced myo-
carditis.48,49

This fi eld extends the increasing awareness that inci-
dent cancer is more common in patients with prevalent 
HF,50 and that cancer and HF may be connected more 
closely than anticipated before. In support of this, Ren 
et al.8 demonstrated that the use of statins reduces inci-
dent cancer. Finally, a special article by Zannad et al.51 dis-
cusses aspects of cancer research that may be applicable 
to HF research, with the aim of streamlining the clinical 
trial process and decreasing the time and cost required to 
bring safe, effective, treatments to HF patients. 

Pharmacotherapies

New algorithm of the 2021 ESC Guidelines on heart 
failure for the pharmacological treatment of heart 
failure with reduced ejection fraction 
The 2021 ESC Guidelines on HF provide a Class I reco-
mmendation for pharmacological treatment of all HFrEF 
patients with a combination of an angiotensin-conver-
ting enzyme (ACE) inhibitor or angiotensin receptor–ne-
prilysin inhibitor (ARNI), a beta-blocker, a mineralocorti-
coid receptor antagonist (MRA), and a sodium–glucose 
co-transporter 2 (SGLT2) inhibitor (dapaglifl ozin or\and 
empaglifl ozin) (Figure 1B – see in original).3 The guide-
line still recommends the use of ARNI as a replacement 
for ACE inhibitor; however, an ARNI may also be consi-
dered as a fi rst-line therapy instead of an ACE inhibitor. 
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It is recommended that these four disease-modifying 
drugs are initiated within a short time frame.3,52 Poten-
tial advantages of another algorithm for the sequencing 
of these drugs have been suggested by McMurray and 
Packer53 with beta-blockade and SGLT2 inhibition as fi rst-
-line therapies. However, albeit appealing from a patho-
physiological standpoint such a new sequence is not yet 
evidence-based. 

A recent consensus document of the HFA of the ESC 
identifi ed nine patient profi les that may be relevant for 
treatment implementation in patients with HFrEF taking 
into account heart rate, atrial fi brillation, symptomatic 
low blood pressure, estimated glomerular fi ltration rate, 
or hyperkalaemia. Using such a personalized approach 
may lead to a better and more comprehensive therapy 
for each individual patient.54

Angiotensin-converting enzyme inhibition
While ACE inhibitors are a standard for the prevention 
and treatment of HF for many years, the impact of these 
drugs as preventive therapy for HF in patients with Du-
chenne muscular dystrophy was unclear. A large French 
registry showed that prophylactic treatment of patients 
without LV dysfunction with an ACE inhibitor was able 
to prevent the transition to HF and improve survival in 
Duchenne muscular dystrophy.55

Angiotensin receptor–neprilysin inhibitors (PARA-
GON, PARADIGM, PARALLAX, PARADISE-MI, LIFE)
In an analysis of the PARADIGM-HF trial, initiation of 
sacubitril/valsartan, even when titrated to target dose, 
did not lead to greater discontinuation or down-titra-
tion of other guideline-directed medical therapies and 
was associated with fewer discontinuations of MRA.56 In 
real-world patients with HFrEF, sacubitril/valsartan was 
effective, safe, and well tolerated.57–60 Sacubitril–valsartan 
was found to be useful in treating resistant hypertension 
in HFpEF in the PARAGON-HF trial when compared with 
valsartan.61 In the PROVE-HF trial, in patients with HFrEF, 
32% improved their EF to >35% by 6 months and 62% to 
>35% by 12 months after initiation of sacubitril/valsartan 
therapy.62 In patients with asymptomatic LV systolic dys-
function late after myocardial infarction, treatment with 
sacubitril/valsartan did not have a signifi cant reverse re-
modelling effect compared with valsartan.63,64 In the PA-
RADISE-MI trial,65 sacubitril/valsartan did not signifi cantly 
reduce the rate of CV death, HF hospitalization, or outpa-
tient HF requiring treatment in patients with LVEF ≤40% 
and/or pulmonary congestion following acute myocardial 
infarction, compared with ramipril (results presented 
at the ACC). In the Sacubitril/Valsartan in Patients with 
Advanced Heart Failure with Reduced Ejection Fraction 
in the Advanced Heart Failure (LIFE-HF) trial, which enro-
lled NYHA Class IV patients and LVEF ≤35%, sacubitril/val-
sartan did not improve the clinical composite endpoints 
(presented at ACC 2021). PARALLAX trial will determine 
if sacubitril/valsartan improves NT-proBNP levels, exercise 
capacity, quality of life, and symptom burden in HF pati-
ents with EF >40%.66

In the new 2021 ESC Guidelines on HF,3 sacubitril/
valsartan is recommended as a replacement for an ACE 
inhibitor in patients with HFrEF as a Class I recommen-

dation. Initiation of sacubitril/valsartan in ACE inhibitor 
naive patients with HFrEF on the other hand is suggested 
as a Class IIb recommendation.3

Sodium–glucose co-transporter 2 inhibitors 
(EMPEROR-Reduced, EMPEROR-Preserved, 
DAPA-HF, SOLOIST)
Sodium–glucose co-transporter 2 inhibitors are rapidly 
becoming the panacea for the entire spectrum of cardio-
metabolic and renal disease. In trials in type 2 diabetes 
mellitus (T2DM), a benefi cial effect was observed for CV 
endpoints in general, while the effects on incident HF 
were overwhelmingly positive. These effects were vali-
dated in patients with prevalent HFrEF, fi rst in DAPA-HF 
and a year later in the EMPEROR-Reduced trial. Nume-
rous subanalyses from these trials were published in 2021. 

First, besides the striking effects on hard endpoints, it 
is more and more recognized that functional status and 
symptoms are important to patients with HFrEF.67 Both 
in DAPA-HF and EMPEROR-Reduced, these were im-
proved,68,69, although a smaller dedicated trial with em-
paglifl ozin did not improve functional status.70 Further, 
a series of subanalyses showed no interaction of SGLT2 in-
hibitors with common HF drugs, such as MRAs, and most 
importantly, also not with sacubitril/valsartan.71,72 Fur-
thermore, the equal effects of the drugs were ascertained 
by analysing the effects across countries and ethnicities.73 
Another striking observation was that dapaglifl ozin was 
associated with a lower incidence of new-onset diabe-
tes.74 Collectively, to date, we have not seen any analysis 
suggesting a differential or lesser effect of SGLT2 inhibi-
tors in HFrEF. We therefore must start to learn how to 
employ these drugs practically.52,75

Different from HFrEF, the effi cacy of SGLT2 inhibitors 
in HFpEF remained to be proven. However, the EMPER-
OR-Preserved study presented during ESC 2021 demon-
strated that empaglifl ozin reduced the primary combined 
endpoint of CV death and HF hospitalization in almost 
6000 patients with HFpEF (Figure 3 – see in original). 
These data are extremely important and provide hope 
for millions of HFpEF patients for whom there were no 
evidence-based therapies. Over a median follow-up of 26 
months, the primary outcome event occurred in 13.8% 
of the patients in the empaglifl ozin group and in 17.1% 
in the placebo group [hazard ratio (HR): 0.79; 95% con-
fi dence interval (CI): 0.69–0.90; P < 0.001]. Empaglifl ozin 
was very effective in reducing HF hospitalization, but all-
cause mortality was not reduced. The effects of empa-
glifl ozin were consistent in patients with or without dia-
betes.76,77 Shortly, the result of the second mortality trial 
in HFpEF with the SGLT2 inhibitor dapaglifl ozin, DELIVER, 
will be presented.78

Sodium–glucose co-transporter 2 inhibitors were also 
evaluated in patients with acute HF or immediately after 
acutely decompensated HF. The SOLOIST trial,79 with the 
mixed SGLT 1/2 inhibitor sotaglifl ozin, enrolled 1244 pa-
tients with T2DM and recent worsening HF and showed 
a benefi cial effect of the study drug, initiated before 
or shortly after discharge, with regard to a signifi cantly 
lower total number of CV deaths and HF hospitalizations 
and urgent visits for HF. The ongoing EMPULSE trial will 
provide more data in the acute HF arena.80
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Sodium–glucose co-transporter 2 inhibitors do not 
stop to amaze us in renal disease. After the publication 
of the hallmark trials CREDENCE and DAPA-CKD,81 in 
2021, the SCORED trial82 came out, demonstrating in pa-
tients with T2DM and chronic kidney disease, allocated 
to sotaglifl ozin or placebo, a reduction of 37% in the 
primary endpoint of CV death and HF events (HR: 0.74; 
95% CI: 0.63–0.88; P < 0.001). However, sotaglifl ozin was 
associated with adverse events such as diarrhoea, geni-
tal mycotic infections, volume depletion, and diabetic 
ketoacidosis. 

Mineralocorticoid receptor antagonists 
(FIDELIO, FIGARO, HOMAGE)
Mineralocorticoid receptor antagonists are fi rst-line the-
rapies for HFrEF and may also be considered in HFmrEF.3 
Novel non-steroidal MRA such as fi nerenone differ from 
steroidal MRA regarding tissue distribution, MR binding, 
recruitment of cofactors, and downstream gene expre-
ssion.83 In FIDELIO-DKD, fi nerenone improved CV and kid-
ney outcomes in patients with chronic kidney disease and 
T2D regardless of baseline HF status (G. Filippatos, 2021, 
submitted for publication). In FIGARO-DKD, fi nerenone 
reduced the primary composite endpoint of death from 
CV causes, non-fatal myocardial infarction, non-fatal stro-
ke, or HF hospitalization with the benefi t driven primarily 
by a lower incidence of HF hospitalization.84 In HOMAGE, 
in patients with, or at high risk for, coronary disease and 
raised NP levels, no interaction between baseline serum 
galectin-3 and changes in procollagen collagen biomar-
kers induced by spironolactone treatment was observed. 
However, blood pressure and NT-proBNP were reduced 
by spironolactone.85

Activators of soluble guanylate cyclase (VICTORIA)
The novel activator of soluble guanylate cyclase, ve-
riciguat, in a subanalysis of the VICTORIA trial, did 
not reduce new-onset atrial fibrillation. However, 
pre-existing atrial fibrillation did not affect the be-
neficial effect of vericiguat on the primary composite 
outcome (time to CV death or first HF hospitalization) 
or its components.86 Similarly, beneficial effects of ve-
riciguat were consistent across the full range of renal 
function.87

Cardiac myosin activators
A substudy of the pivotal trial of the myosin activa-
tor omecamtiv mecarbil (GALACTIC-HF) in patients 
with HFrEF found that the drug reduced the primary 
endpoint of HF hospitalization and CV death more as 
EF declined with a 17% decrease in the lowest quar-
tile (EF ≤ 22%) and no benefi t in the highest quartile 
(EF ≥ 33%).88

Ferric carboxymaltose (AFFIRM-AHF; IRON-CRT)
Iron defi ciency is related to worse outcomes in HF. The 
AFFIRM-AHF study demonstrated that in patients with 
LVEF <50% and iron defi ciency after a hospitalization for 
acute HF, i.v. treatment with ferric carboxymaltose did 
not only reduce HF hospitalizations but also results in cli-
nically meaningful benefi cial effects on quality of life.89 
In HFrEF patients with iron defi ciency and a persistently 

reduced LVEF <45% after cardiac resynchronization the-
rapy (IRON-CRT) study, i.v. ferric carboxymaltose FCM im-
proved cardiac structure and function, as well as quality 
of life.90

Iron defi ciency also contributes to resistance to endo-
genous erythropoietin, an important cause of anaemia in 
HF.91

Others
In a small clinical trial, CDR132L, an antisense oligo-
nucleotide drug directed against miR-132 was well tolera-
ted and seemed to be associated with cardiac functional 
improvement in HF patients.92–94

In 50 patients with idiopathic chronic DCM and par-
vovirus B19 persistence, i.v. immunoglobulin therapy did 
not signifi cantly improve LV systolic function or function-
al capacity beyond standard medical therapy.95

Device and interventional therapies

Cardiac resynchronization therapy
In patients with HF, atrial fi brillation and a narrow QRS 
mortality and HF hospitalizations were reduced by atri-
oventricular junctional ablation and cardiac resynchro-
nization therapy (CRT) compared with pharmacologi-
cal treatment alone; this benefi cial effect was similar 
in patients with LVEF ≤ 35% and >35%.96 Guidelines 
for CRT and suggestions for optimized implementati-
on have recently been published.97,98 The controversy 
about whether adding an ICD to CRT provide additi-
onal mortality benefi t, especially in non-ischaemic HF 
continues.99

Percutaneous mitral valve repair
The US Valvular Disease Guidelines as well as the 2021 
ESC Guidelines on valvular heart disease recently up-
graded the recommendation for transcatheter mitral 
valve repair (TEER) for secondary (functional) mitral 
regurgitation (SMR) to a IIA recommendation for pa-
tients who meet COAPT criteria.100,101 A joint position 
statement from the ESC supports this recommendati-
on.102 The 3-year results of the COAPT trial demonstra-
te the ongoing benefi t of TEER.103 An important secon-
dary analysis from COAPT demonstrates that residual 
3–4+ SMR is the strongest risk factor for poor outcomes 
in both the TEER group and in the medical therapy 
group.104 In patients with atrial fi brillation, TEER was 
associated with a lower risk of stroke.105 Subgroups 
of MITRA-FR mimicking COAPT patients did not show 
a benefi t of TEER, although a subgroup of COAPT mi-
micking MITRA-FR patients did show a benefi t in HF 
hospitalizations.106,107

Implantable haemodynamic monitors
The GUIDE-HF trial evaluated haemodynamic guided ma-
nagement to reduce HF hospitalizations and mortality in 
patients with NYHA II–IV and all ejection fractions. The 
overall analysis was negative but when COVID-19 was 
accounted for there was a signifi cant reduction in HF hos-
pitalization in NYHA II–III patients with either a previous 
HF hospitalization or elevated NPs.108
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Specifi c management

Telemedicine and remote monitoring
In a comprehensive review, Bekfani and colleagues discu-
ss unmet needs in the management of patients with HF, 
how remote monitoring might contribute to future soluti-
ons and provide an overview of current and novel remote 
monitoring technologies.109 A great variety of innovative 
remote monitoring technologies and algorithms including 
patient self-managed testing, wearable devices, technolo-
gies integrated into clinically indicated therapeutic devi-
ces, such as pacemakers and defi brillators, and landmark 
clinical trials of remote monitoring were reviewed. 

Rehabilitation
In an Expert Panel consensus document on Cardiac Reha-
bilitation for Patients with Heart Failure, Bozkurt et al.110 
provide an overview of effi cacy and safety evidence of 
exercise training and cardiac rehabilitation in HFrEF and 
HFpEF, recommendations on practical approaches to exer-
cise training and cardiac rehabilitation in patients with HF 

and examine the reasons and solutions for underutilizati-
on of cardiac rehabilitation in HF patients. In the REHAB-
-HF trial, in a diverse population of older patients who 
were hospitalized for acute decompensated HF, an early, 
transitional, tailored, progressive rehabilitation interven-
tion that included multiple physical function domains re-
sulted in greater improvement in physical function than 
usual care. This is an important study demonstrating the 
safety and effi cacy of initiation of progressive rehabilita-
tion initiated during and early post-hospitalization in HF 
patients regardless of LVEF.111

Heart failure during the COVID-19 pandemic

Incident acute HF was recognized as a complication in 
2%, and myocardial injury in 10% of all patients hospita-
lized with COVID-19.112 Elevated admission NT-proBNP le-
vels were associated with higher mortality,113 and cardiac 
myocyte-specifi c microRNAs were upregulated in critically 
ill COVID-19 patients indicating cardiac involvement.114 

Figure 4 Myocardial injury in recovered COVID-19 patients assessed by cardiovascular magnetic resonance. Myocarditis-like injury can be 
encountered, with limited extent and minimal functional consequence. Reprinted with permission from Kotecha et al.,127 by permission of 
OUP on behalf of ESC.
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Declining overall admission rates for HF115 and higher out-
-of-hospital mortality rates116 during lockdown were reco-
gnized as alarming issues, refl ecting lack of access to care 
among patients with established HF. Randomized trials 
demonstrated the safety of continuation of ACE inhibitors 
or ARB among patients hospitalized with COVID-19.117–119 
Dapaglifl ozin treatment did not signifi cantly reduce organ 
dysfunction or death, but was well tolerated in patients 
hospitalized with COVID-19 (DARE-19 trial).120 Myocarditis 
emerged as a rare complication of COVID-19 mRNA vacci-
nations, especially in young men.121 Benefi t–risk assessment 
for COVID-19 vaccination was favourable for all age and 
sex groups; and almost all patients with myocarditis had re-
solution of symptoms and signs.121 Long-term complications 
of SARS-CoV-2 infection include persistent sinus tachycar-
dia, postural orthostatic tachycardia syndrome, atrial arrhy-
thmia, and cardiomyopathy.122 Among athletes recovering 
from COVID-19, several CMR studies reported varying rates 
and degrees of cardiac abnormalities suggestive of myo-
carditis.123,124 Screening by troponin, ECG, echocardiogra-
phy, and additional CMR and/or stress echocardiography if 
abnormal, resulted in only 0.6% of the athletes being re-
stricted to return to sports, and none had cardiac events.125 
Though myocardial injury is common in COVID-19, and 
SARS-CoV-2 RNA can be detected in the heart, myocarditis 
is an uncommon pathologic diagnosis occurring in 4.5% of 
highly selected cases undergoing autopsy or endomyocar-
dial biopsy.126 During convalescence after severe COVID-19 
infection with troponin elevation, myocarditis-like injury 
can be detected by CMR, however, with limited extent and 
minimal functional consequence (Figure 4).127
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