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GRAPHICAL ABSTRACT Summary of the universal definition and EF classification of heart failure; management of HFrEF accor-
ding to 2021 ESC guidelines for heart failure and results of the EMPEROR-preserved trial.
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In the year 2021, the universal definition and classification of heart failure (HF) was published that defines 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 definition and the classification of HF with reduced
ejection fraction (HFrEF), mildly reduced, and HF with pre-served ejection fraction (HFpEF) is consistent with the 2021
ESC Guidelines on HF. Among several other new recommendations, these guidelines give a Class | indication for the
use of the sodium-glucose co-transporter 2 (SGLT2) inhibitors dapagliflozin and empagliflozin in HFrEF patients. As
the first evidence-based treatment for HFpEF, in the EMPEROR-Preserved trial, empagliflozin 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, mineralocor-
ticoid receptor antagonists, ferric carboxymal-tose, soluble guanylate cyclase activators, and cardiac myosin activa-
tors. In patients hospitalized with COVID-19, acute HF and myocardial injury is quite frequent, whereas myocarditis
and long-term damage to the heart are rather uncommon.

Heart failure, Epidemiology, Imaging, Biomarkers, Pharmacotherapy, Artificial intelligence, SGLT-2 inhibitor,
Angiotensin receptor—neprilysin inhibitors, Activators of soluble guanylate cyclase, Device therapy

HF but evidence of structural heart disease, abnormal
Heart failure (HF) remains a major challenge for patients  cardiac function, elevated NP levels or elevated cardi-
and healthcare systems worldwide. For patients suffer- ac troponin levels; ‘Heart Failure’ (former Stage C for
ing from HF with reduced ejection fraction (HFrEF), se- symptomatic patients, ‘Advanced HF’ (former Stage
veral evidence-based treatments are available and have D) for patients with severe symptoms and/or signs of
markedly improved prognosis and quality of life; however, HF (Figure 1). Ejection fraction categories were clas-
a subset of these patients displays a rapid progression sified as HFrEF: left ventricular (LV) EF <40% (Figure
of HF despite best care. A recent special article called to  7); HF with mildly reduced EF (HFmrEF): LVEF 41—
action for global approaches to novel drug solutions for 49%; HFpEF: LVEF >50%; and HF with improved EF
these patients (1), but also for patients with HF with pre- (HFimpEF): HF with a baseline LVEF £40%, a 210 point
served EF (HFpEF), for whom until recently there was increase from baseline LVEF, and a second measure-
not a single evidence-based treatment. ment of LVEF >40%. The EF categories used in the
In this article, we summarize important progress that recent 2021 ESC HF Guidelines were consistent with
has been made in 2021 regarding the diagnosis and these classifications (3). In the Universal Definition of
treatment of HF with a special focus on articles pub- HF, there was also an emphasis on trajectories of HF
lished in 2021 in the European Heart Journal and the and to use “persistent HF” instead of “stable HF” for pa-
European Journal of Heart Failure. tients with ongoing symptoms/signs and “HF in remis-
sion” instead of “recovered HF” for patients with resolu-
tion of symptoms and signs of HF or with the resolution
of previous structural/functional heart disease (2) (Fig-
ure 1). Though a simple definition of HF predominantly
With the recognition of the need for standardization of depending on NPs was proposed as an alternative (4),
an HF definition, the Universal Definition and Classifi- limitations of such an approach due to variability of NP
cation of Heart Failure was developed, which defined levels by age, sex, body mass, renal function, and atrial
HF as a clinical syndrome with current or prior symp- fibrillation; and lack of specificity and lack of evidence in
toms and or signs caused by a structural and/or func- linking treatments to a biomarker-based approach were
tional cardiac abnormality and corroborated by elevat- identified as significant barriers to a simply biomarker-
ed natriuretic peptide (NP) levels or objective evidence based approach in definition of HF (4).
of cardiogenic pulmonary or systemic congestion by
diagnostic modalities (Figure 1) (2). It also provided re-
vised definitions 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  The HF Atlas survey reports a wide-ranging incidence
and without structural cardiac changes or elevated bio- of HF and HF hospitalizations across Europe with con-
markers of heart disease; Pre-HF (former Stage B) for siderable heterogeneity in the resources for manage-
patients without current or prior symptoms or signs of ment and the data quality providing data to allow the
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FIGURE 1. (A) Universal definition of heart failure (upper left panel) and new classification of heart failure according to left
ventricular ejection fraction (lower panel) and stages of heart failure (upper right panel). Reprinted from Bozkurt et al. (2). (2)
Overview of the management of pharmacological treatment of heart failure with reduced ejection fraction according to 2021
ESC Guidelines on Heart Failure. Reprinted with permission from McDonagh et al. (3)
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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).

development 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 considered in risk scores to predict
HF.

A recent European registry report demonstrated that di-
lated cardiomyopathy (DCM), not skeletal myopathy, is
the major determinant of prognosis in patients with dys-
trophin 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 stratification

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 crite-
ria, including echo parameters, NPs, and if a definitive
diagnosis cannot be made, to turn to stress testing and/
or invasive haemodynamics.
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There is increasing appreciation that classical diag-
nostics fall short in complex multifactorial diseases
with various aetiologies and precipitants, and seve-
ral studies have addressed whether an agnostic ap-
proach, where large data sets are queried by compu-
ter algorithms, may be superior in making a specific
diagnosis. Such techniques are referred to as machine
learning (ML) and artificial intelligence (Al). Peyster et
al. (10) used an automated 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 patholo-
gists. Another field of research for which Al provides
an attractive tool is the categorization 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, imaging studies and
endomyocardial biopsies, and identified four distinct
phenogroups. Woolley et al. (12) using an algorithm
based on 363 biomarkers to phenotype, 429 patients
with HFpEF identified four clusters with different clini-
cal parameters and important differences in progno-
sis.

Artificial intelligence/machine learning might be par-
ticularly useful for a diagnosis of HF. Kwon et al. (13)
evaluated data from 34 103 patients who underwent
echocardiography and electrocardiogram (ECG) and
created an ML algorithm that could detect HFpEF.
Segar et al. (14) employed ML models to aid in predict-
ing race-specific risk for incident HF.

In the near future, we will be faced with many more po-
tential utility of AI/ML models, as there is a clear need
for individualized approaches and decision-making
(15). It will be essential, however, to provide recommen-
dations as to what input is (minimally) required for mod-
els, and the models must be prospectively tested in in-
dependent settings. Furthermore, treatment decisions
based on the models must be tested in a randomized
blinded fashion (16).

A state-of-the-art diagnosis of HF remains challenging.
The ESC guidelines (3) recommend using an array of
signs and symptoms, supplemented with imaging and
biomarkers studies. The imaging primarily relies on
echocardiography and CMR, and NPs and high sensi-
tivity troponins are the preferred biomarkers. However,
sophisticated classification of patients in various cate-
gories using imaging and biomarkers may enhance ad-
equate 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 ge-
netic analyses has been shown to have a consequence
for prognosis (20) and diagnosis (21) of HF. In addition,
a recent article highlighted the indications of endomyo-
cardial biopsies (22).
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The 2021 ESC guidelines did not significantly change
recommendations for acute HF, although the use of opi-
oids was downgraded to a Class Il recommendation (3).
Evidence continues to accrue supporting the use of uri-
nary sodium in assessing outcomes in acute HF (23, 24).

Mortality remains high in cardiogenic shock, and ran-
domized trials assessing therapies remain rare but a
single-centre trial randomized patients with cardiogenic
shock to either milrinone or dobutamine and showed
no differences in any of the primary or secondary out-
comes (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 outper-
formed other risk scores for cardiogenic shock using
4 biomarkers [Cystatin C, Lactate, interleukin-6, and
N-terminal pro brain natriuretic peptide (NT-proBNP)]
(27). A recent consensus statement outlines important
suggestions for optimizing cardiogenic shock trials (28).

A single entry registry confirms that HeartMate Il (HMI-
II) outcomes are better than historical controls confirm-
ing randomized trials (29). The stroke rate with HMIII is
less than with the Heartware ventricular assist 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
fibrosis nor does a new risk score improve the prediction
of right ventricular failure post-LVAD, but on the bright
side, elderly patients have benefits in quality of life and
exercise capacity with LVADs (31-33). There is substan-
tial inter-observer variability in the diagnosis of cellular
rejection in myocardial biopsies but automated computa-
tion image analysis may allow improved standardization
as described in the section on Diagnostics and Imaging.
Non-invasive prediction of rejection in cardiac transplant
recipients has been elusive, but studies using peripheral
blood cell-free DNA show promising early results (34).

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 counseling (35).
Patients with peripartum cardiomyopathy are at risk
for detrimental outcomes (36, 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).
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In the health status analysis of EXPLORER-HCM, ma-
vacamten markedly improved the health status of pa-
tients with symptomatic obstructive hypertrophic cardio-
myopathy (HCM) compared with placebo (40). Gaps in
evidence for risk stratification for sudden cardiac death
in HCM were summarized by Pelliccia et al. (41). In a
study by Marston et al. (42) using Sarcomeric Human
Cardiomyopathy Registry, patients with childhood-on-
set HCM were reported more likely to have sarcomeric
disease, carry a higher risk of life-threatening ventricu-
lar arrhythmias, and have a greater need for advanced
HF therapies. In the German Cardiac Society position
statement, Yilmaz et al. (43) outline a diagnostic algo-
rithm to detect cardiac amyloidosis, to accurately deter-
mine its extent, and to reliably identify the underlying
subtype of amyloidosis, thereby enabling subsequent
targeted treatment.

Heart failure often complicates the treatment of can-
cer, and a recent paper proposes definitions of cardio-
vascular (CV) toxicities (44). Classically, chemotherapy
and radiotherapy have been identified as risk factors,
but in the recent decade, immunotherapy with immune
checkpoint inhibitors (ICls) is becoming the mainstay
of cancer treatment. However, ICls also carry a risk for
CV side effects. D'Souza et al. (45) reported on this
risk in a Danish registry and show that ICl is associated
with a 1.8% 1-year risk for (peri-)myocarditis, and with
an almost 10% risk for any CV complication. Given the
increasing use of ICl, this issue will require clinical guid-
ance and further study, as ICls have an impact on seve-
ral cells and tissues (46, 47). There are initial reports
providing guidance as to treat ICl-induced myocarditis
(48, 49).

This field 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 re-
duces incident cancer. Finally, a special article by Zan-
nad et al. (51) discusses 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, treat-
ments to HF patients.

The 2021 ESC Guidelines on HF provide a Class |
recommendation for pharmacological treatment of all
HFrEF patients with a combination of an angiotensin-
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converting enzyme (ACE) inhibitor or angiotensin re-
ceptor-neprilysin inhibitor (ARNI), a beta-blocker, a
mineralocorticoid receptor antagonist (MRA), and a so-
dium—glucose co-transporter 2 (SGLT2) inhibitor (da-
pagliflozin or\and empagliflozin) (Figure 1B) (3). The
guideline still recommends the use of ARNI as a re-
placement for ACE inhibitor; however, an ARNI may
also be considered as a first-line therapy instead of an
ACE inhibitor. It is recommended that these four dis-
ease-modifying drugs are initiated within a short time
frame (3, 52). Potential advantages of another algorithm
for the sequencing of these drugs have been suggested
by McMurray and Packer (53) with beta-blockade and
SGLT2 inhibition as first-line therapies. However, albeit
appealing from a pathophysiological standpoint such a
new sequence is not yet evidence-based.

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

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
Duchenne 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).

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-titration
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 initia-
tion of sacubitril/valsartan therapy (62). In patients with
asymptomatic LV systolic dysfunction late after myo-
cardial infarction, treatment with sacubitril/valsartan did
not have a significant reverse remodelling effect com-
pared with valsartan (63, 64). In the PARADISE-MI trial
(65), sacubitril/valsartan did not significantly reduce the
rate of CV death, HF hospitalization, or outpatient HF
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requiring treatment in patients with LVEF <40% and/or
pulmonary congestion following acute myocardial in-
farction, 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
enrolled NYHA Class IV patients and LVEF <35%, sa-
cubitril/valsartan did not improve the clinical composite
endpoints (presented at ACC 2021). PARALLAX trial
will determine if sacubitril/valsartan improves NT-proB-
NP levels, exercise capacity, quality of life, and symp-
tom burden in HF patients 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 | recom-
mendation. Initiation of sacubitril/valsartan in ACE in-
hibitor naive patients with HFrEF on the other hand is
suggested as a Class lIb recommendation (3).

Sodium—glucose co-transporter 2 inhibitors are rap-
idly becoming the panacea for the entire spectrum of
cardiometabolic and renal disease. In trials in type 2
diabetes mellitus (T2DM), a beneficial effect was ob-
served for CV endpoints in general, while the effects
on incident HF were overwhelmingly positive. These ef-
fects were validated in patients with prevalent HFrEF,
first in DAPA-HF and a year later in the EMPEROR-
Reduced trial. Numerous 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 improved (68, 69), although a smaller dedicated
trial with empagliflozin did not improve functional status
(70). Further, a series of subanalyses showed no inter-
action of SGLT2 inhibitors with common HF drugs, such
as MRAs, and most importantly, also not with sacubitril/
valsartan (71, 72). Furthermore, the equal effects of the
drugs were ascertained by analysing the effects across
countries and ethnicities (73). Another striking observa-
tion was that dapagliflozin was associated with a lower
incidence of new-onset diabetes (74). Collectively, to
date, we have not seen any analysis suggesting a dif-
ferential or lesser effect of SGLT2 inhibitors in HFrEF.
We therefore must start to learn how to employ these
drugs practically (52, 75).

Different from HFrEF, the efficacy of SGLT2 inhibitors
in HFpEF remained to be proven. However, the EM-
PEROR-Preserved study presented during ESC 2021
demonstrated that empagliflozin reduced the primary
combined endpoint of CV death and HF hospitalization
in almost 6000 patients with HFpEF (Figure 3). These
data are extremely important and provide hope for mil-
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lions of HFpEF patients for whom there were no evi-
dence-based therapies. Over a median follow-up of 26
months, the primary outcome event occurred in 13.8%
of the patients in the empagliflozin group and in 17.1%
in the placebo group [hazard ratio (HR): 0.79; 95% con-
fidence interval (Cl): 0.69-0.90; P <0.001]. Empagliflo-
zin was very effective in reducing HF hospitalization,
but all-cause mortality was not reduced. The effects of
empagliflozin were consistent in patients with or without
diabetes (76, 77). Shortly, the result of the second mor-
tality trial in HFpEF with the SGLT2 inhibitor dapagliflo-
zin, DELIVER, will be presented (78).

Sodium—glucose co-transporter 2 inhibitors were also
evaluated in patients with acute HF or immediately af-
ter acutely decompensated HF. The SOLOIST trial (79),
with the mixed SGLT 1/2 inhibitor sotagliflozin, enrolled
1244 patients with T2DM and recent worsening HF
and showed a beneficial effect of the study drug, initi-
ated before or shortly after discharge, with regard to a
significantly 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).

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 trial (82) came out, demonstrating
in patients with T2DM and chronic kidney disease, allo-
cated to sotagliflozin 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, sotag-
liflozin was associated with adverse events such as
diarrhoea, genital mycotic infections, volume depletion,
and diabetic ketoacidosis.

Mineralocorticoid receptor antagonists are first-line
therapies for HFrEF and may also be considered in
HFmrEF (3). Novel non-steroidal MRA such as finer-
enone differ from steroidal MRA regarding tissue dis-
tribution, MR binding, recruitment of cofactors, and
downstream gene expression (83). In FIDELIO-DKD,
finerenone improved CV and kidney outcomes in pa-
tients with chronic kidney disease and T2D regardless
of baseline HF status (G. Filippatos, 2021, submitted
for publication). In FIGARO-DKD, finerenone reduced
the primary composite endpoint of death from CV caus-
es, non-fatal myocardial infarction, non-fatal stroke, or
HF hospitalization with the benefit 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
biomarkers induced by spironolactone treatment was
observed. However, blood pressure and NT-proBNP
were reduced by spironolactone (85).
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The novel activator of soluble guanylate cyclase, veri-
ciguat, in a subanalysis of the VICTORIA trial, did not
reduce new-onset atrial fibrillation. However, pre-exist-
ing atrial fibrillation did not affect the beneficial effect of
vericiguat on the primary composite outcome (time to
CV death or first HF hospitalization) or its components
(86). Similarly, beneficial effects of vericiguat were con-
sistent across the full range of renal function (87).

A substudy of the pivotal trial of the myosin activator
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 quartile (EF < 22%)
and no benefit in the highest quartile (EF 233%) (88).

Iron deficiency is related to worse outcomes in HF. The
AFFIRM-AHF study demonstrated that in patients with
LVEF <50% and iron deficiency after a hospitalization
for acute HF, iv. treatment with ferric carboxymaltose
did not only reduce HF hospitalizations but also results
in clinically meaningful beneficial effects on quality of
life (89). In HFrEF patients with iron deficiency and a
persistently reduced LVEF <45% after cardiac resyn-
chronization therapy (IRON-CRT) study, iv. ferric car-
boxymaltose FCM improved cardiac structure and func-
tion, as well as quality of life (90).

Iron deficiency also contributes to resistance to endo-
genous erythropoietin, an important cause of anaemia
in HF (91).

In a small clinical trial, CDR132L, an antisense oligonuc-
leotide drug directed against miR-132 was well tolerat-
ed and seemed to be associated with cardiac functional
improvement in HF patients (92—94).

In 50 patients with idiopathic chronic DCM and parvo-
virus B19 persistence, i.v. immunoglobulin therapy did
not significantly improve LV systolic function or func-
tional capacity beyond standard medical therapy (95).

In patients with HF, atrial fibrillation and a narrow QRS
mortality and HF hospitalizations were reduced by atrio-
ventricular junctional ablation and cardiac resynchroni-
zation therapy (CRT) compared with pharmacological
treatment alone; this beneficial effect was similar in
patients with LVEF <35% and >35% (96). Guidelines
for CRT and suggestions for optimized implementation
have recently been published (97, 98). The controversy
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about whether adding an ICD to CRT provide additional
mortality benefit, especially in non-ischaemic HF con-
tinues (99).

The US Valvular Disease Guidelines as well as the
2021 ESC Guidelines on valvular heart disease re-
cently upgraded the recommendation for transcatheter
mitral valve repair (TEER) for secondary (functional)
mitral regurgitation (SMR) to a Il1A recommendation for
patients who meet COAPT criteria (100, 101). A joint
position statement from the ESC supports this recom-
mendation (102). The 3-year results of the COAPT trial
demonstrate the ongoing benefit of TEER (103). An im-
portant secondary 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 medi-
cal therapy group (104). In patients with atrial fibrillation,
TEER was associated with a lower risk of stroke (105).
Subgroups of MITRA-FR mimicking COAPT patients
did not show a benefit of TEER, although a subgroup
of COAPT mimicking MITRA-FR patients did show a
benefit in HF hospitalizations (106, 107).

The GUIDE-HF trial evaluated haemodynamic guided
management to reduce HF hospitalizations and mortal-
ity in patients with NYHA II-1V and all ejection fractions.
The overall analysis was negative but when COVID-19
was accounted for there was a significant reduction in
HF hospitalization in NYHA II-lll patients with either a
previous HF hospitalization or elevated NPs (108).

In a comprehensive review, Bekfani and colleagues dis-
cuss unmet needs in the management of patients with
HF, how remote monitoring might contribute to future
solutions and provide an overview of current and novel
remote monitoring technologies (109). A great variety
of innovative remote monitoring technologies and algo-
rithms including patient self-managed testing, wearable
devices, technologies integrated into clinically indicated
therapeutic devices, such as pacemakers and defibril-
lators, and landmark clinical trials of remote monitoring
were reviewed.

In an Expert Panel consensus document on Cardiac
Rehabilitation for Patients with Heart Failure, Bozkurt et
al. (110) provide an overview of efficacy and safety evi-
dence of exercise training and cardiac rehabilitation in
HFrEF and HFpEF, recommendations on practical ap-
proaches to exercise training and cardiac rehabilitation
in patients with HF and examine the reasons and solu-
tions for underutilization of cardiac rehabilitation in HF
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patients. In the REHAB-HF trial, in a diverse population
of older patients who were hospitalized for acute de-
compensated HF, an early, transitional, tailored, prog-
ressive rehabilitation intervention that included multiple
physical function domains resulted in greater improve-
ment in physical function than usual care. This is an
important study demonstrating the safety and efficacy
of initiation of progressive rehabilitation initiated during
and early post-hospitalization in HF patients regardless
of LVEF (111).

Incident acute HF was recognized as a complication in
2%, and myocardial injury in 10% of all patients hos-
pitalized with COVID-19 (112). Elevated admission NT-
proBNP levels were associated with higher mortality
(113) and cardiac myocyte-specific microRNAs were

upregulated in critically ill COVID-19 patients indicating
cardiac involvement (114). Declining overall admission
rates for HF (115) and higher out-of-hospital mortality
rates (116) during lockdown were recognized as alarm-
ing issues, reflecting lack of access to care among pa-
tients with established HF. Randomized trials demon-
strated the safety of continuation of ACE inhibitors
or ARB among patients hospitalized with COVID-19
(117-119). Dapagliflozin treatment did not significantly
reduce organ dysfunction or death, but was well tole-
rated in patients hospitalized with COVID-19 (DARE-19
trial) (120). Myocarditis emerged as a rare complication
of COVID-19 mRNA vaccinations, especially in young
men (121). Benefit—risk assessment for COVID-19 vac-
cination was favourable for all age and sex groups; and
almost all patients with myocarditis had resolution of
symptoms and signs (121). Long-term complications of
SARS-CoV-2 infection include persistent sinus tachy-
cardia, postural orthostatic tachycardia syndrome, atri-
al arrhythmia, and cardiomyopathy (122). Among ath-
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letes recovering from COVID-19, several CMR studies
reported varying rates and degrees of cardiac abnor-
malities suggestive of myocarditis (123, 124). Screen-
ing by troponin, ECG, echocardiography, and additional
CMR and/or stress echocardiography if abnormal, re-
sulted in only 0.6% of the athletes being restricted 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 oc-
curring in 4.5% of highly selected cases undergoing
autopsy or endomyocardial biopsy (126). During conva-
lescence after severe COVID-19 infection with troponin
elevation, myocarditis-like injury can be detected by
CMR, however, with limited extent and minimal func-
tional consequence (Figure 4) (127).
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