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Heart Failure Is a Major Public Health Problem 
Worldwide

2
HF = heart failure; HFpEF = heart failure with preserved ejection fraction; US = United States.

1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Lancet. 2018;392:1789-1858; 2. Lippi G et al. AME Med J. 2020;5:15; 3. Jones NR et al. Eur J Heart Fail. 2019;21:1306-1325; 4. Mamas AM et 
al. Eur J Heart Fail. 2017;19:1095-1104; 5. Omote K et al. Online ahead of print. Annu Rev Med. 2021. 

~64 million
people

have HF1

5-year mortality rate ~50%3

Projected ~24% rise in cases 

between 2012 and 20302

HF mortality risk is similar to some of the 

common cancers in both men and women4

Economic burden ~350 billion US dollars2

US Data

US 

Data
Magnifying glass with solid fill

Number one cause of 

hospitalizations in people 

over 65 years of age1,a

Number one cause 

of unplanned 

hospital readmission2



What is heart failure? 

3EF = ejection fraction; HF = heart failure; LVEF = left ventricular ejection fraction.

1. Bozkurt B et al. Eur J Heart Fail. 2021;23:352-380; 2. McDonagh TA et al. Eur Heart J. 2021;42:3599-3726.

HF Categories According to LVEF2

HF with 

reduced EF

LVEF ≤40%

HFrEF

HF with mildly 

reduced EF

LVEF 41-49%

HFmrEF

HF with 

preserved EF

LVEF ≥50%

HFpEF
Clinical syndrome with symptoms and/or 

signs caused by a structural and/or 

functional cardiac abnormality and 

corroborated by elevated natriuretic peptide 

levels and/or objective evidence of 

pulmonary or systemic congestion.

Proposed Universal Definition of HF1

Definition by Braunwald: 
«A clinical syndrome caused by the inability of the heart 

to supply blood to the tissues commensurate to the 

metabolic needs of that tissue 

or only at the expense of elevated filling pressures»



Heart failure 

signs and 

symptoms

McDonagh T.A. et al. 2021 ESC 

Guidelines for the diagnosis and

treatment of acute and chronic heart 

failure, EHJ 2020

NYHA 
Functional 

Classification 





Myocardial Stretch Biomarkers:

BNP and NT-proBNP.

Left ventricular wall stress is 

the most potent trigger for

release of natriuretic peptides



McDonagh T.A. et al.

BNP = B-type natriuretic peptide; ECG = electrocardiogram; HbA1c = glycated haemoglobin; NT-proBNP = N-terminal pro-

B-type natriuretic peptide; TSAT = transferrin saturation. (a) Class of recommendation. (b) Level of evidence. (

c) References are listed in section 4.2 for this item.
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

The diagnostic algorithm for

heart failure

ECG = electrocardiogram; HFmrEF = heart failure with mildly reduced ejection
fraction; 
HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with
reduced ejection fraction; LVEF = left ventricular ejection fraction; NT-proBNP = N-
terminal pro-B type natriuretic peptide. 
The abnormal echocardiographic findings are described in more detail in the 
respective sections onHFrEF (section 5), HFmrEF (section 7), and HFpEF (section 8).
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(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

The diagnostic algorithm for

heart failure

ECG = electrocardiogram; HFmrEF = heart failure with mildly reduced ejection
fraction; 
HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with
reduced ejection fraction; LVEF = left ventricular ejection fraction; NT-proBNP = N-
terminal pro-B type natriuretic peptide. 
The abnormal echocardiographic findings are described in more detail in the 
respective sections onHFrEF (section 5), HFmrEF (section 7), and HFpEF (section 8).



Changes in LVEF Occur Over Time and 
Are Associated With Specific Patient Characteristics

8

Data from patients with ≥2 EF measurements in the SwedeHF study (N=4942) between May 2000 and December 2012.
aEF decrease; b:EF increase. 1. Bozkurt B et al. Eur J Heart Fail. 2021;23:352-380; 2. McDonagh TA et al. Eur Heart J. 2021;42:3599-3726.

EF = ejection fraction; HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; LVEF 
= left ventricular ejection fraction; NT-proBNP = N-terminal pro-B-type natriuretic peptide. 

Savarese G et al. JACC Heart Fail. 2019;7:306-317.

HFrEF
HF with 

reduced EF

LVEF <40%

HFmrEF
HF with mildly 

reduced EF

LVEF 41-

49%

HFpEF
HF with 

preserved EF

LVEF ≥50%

Factors associated with progressiona:

Diabetes, ischemic heart disease, 

lack of specialized HF follow-up, 

higher NT-proBNP levels

Factors associated with recoveryb:

Younger age, female, lower HF severity, 

shorter HF duration, fewer comorbidities 

ProgressionbProgressionb

RecoverycRecoveryc

HF Categories According to LVEF 1,2



Characteristic hemodynamic pressure 

and Doppler echocardiographic 

findings seen with different LV filling 

patterns



Reddy Y.N.V. et al. 

Pieske B. et al. 

HFpEF diagnosis



Critical stenosis with remodeled plaque on RCA (right coronary artery)Advanced diagnostic tests: computed tomography (CT)



Advanced diagnostic tests

Cardiac Magnetic 

Resonance Imaging (CMR)

CMR represents the "gold standard" for the evaluation 

of cardiac morphology, function, and mass and is 

extremely useful for obtaining additional information 

for diagnostic, therapeutic, and prognostic purposes. 

It is the only non-invasive method at our disposal for 

tissue characterization, particularly through the 

assessment of the presence of "late gadolinium 

enhancement" (LGE), an increase in signal caused by 

the contrast medium lingering in the interstitial tissue, 

mostly attributable to fibrotic replacement. 

The distribution of LGE in the myocardium provides 

diagnostic indications (non-ischemic patterns: "mid-

wall" and/or subepicardial) useful in differentiation 

from ischemic forms, and its detection has significant 

prognostic implications, in terms of distribution site 

and percentage compared to healthy myocardium.

New promising MRI techniques include the evaluation 

of "T1-mapping" and extracellular volume, allowing 

for the quantification of unorganized fibrosis not 

visible through standard post-contrast methods.



Transesophageal 

echocardiogram

Cardiopulmonary Exercise Test (CPET). 

Advanced diagnostic tests
24-Hour Holter ECG/ 

48-Hour Holter ECG 

Genetic analysis
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2023 ESC Guidelines for the management of cardiomyopathies
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad 194)

Figure 1
Central illustration. 
Key aspects in the 
evaluation and 
management of 
cardiomyopathies



Right heart 

catheterization 

Endomyocardial Biopsy (EMB)
It is reasonable to consider endomyocardial biopsy (EMB) indicated in cases of severe, 

newly onset, unexplained, and refractory to conventional therapy heart failure, 

especially if associated with absent or mild left ventricular remodeling, and in cases 

presenting with life-threatening unexplained tachyarrhythmias or advanced 

atrioventricular blocks associated with left ventricular dysfunction. Moreover, EMB can 

be useful in cases of unclear etiology or in suspicion of storage or infiltrative diseases.

Coronary 

angiography

Advanced diagnostic tests

https://ccibelledonne.com/en/patient-guide/coronary-angiography/
https://ccibelledonne.com/en/patient-guide/coronary-angiography/


Dante col libro della Commedia, tre regni e la città di Firenze, 
Domenico di Michelino e Alesso Baldovinetti, 1465, Santa Maria del Fiore, Firenze

La diagnosi 

nello scompenso cardiaco:

non fermiamoci al livello «letterale»



McDonagh T.A. et al.

5-HIAA = 5-hydroxyindoleacetic acid; ACE = angiotensin-converting enzyme; ANA= anti-

nuclear antibody; ANCA= anti-nuclear cytoplasmic antibody; ARVC = arrhythmogenic

right ventricular cardiomyopathy; BP = blood pressure; CAD= coronary artery disease; CMP = 

cardiomyopathy; CMR= cardiac magnetic resonance; CK = creatinine kinase; CT

= computed tomography; ECG = electrocardiogram; Echo = echocardiography; EMB = 

endomyocardial biopsy; FDG = fluorodeoxyglucose; GGT= gamma-glutamyl transferase;

HIV = human immunodeficiency virus; h = hour; LFT = liver function test; LGE = late 

gadolinium enhancement; MEK =mitogen-activated protein kinase; PET = positron emission

tomography; TFT = thyroid function test; VEGF = vascular endothelial growth factor
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Causes of heart failure, common modes of presentation and specific 
investigations (1)

ARVC = arrhythmogenic right ventricular cardiomyopathy; BP = blood pressure; CAD= coronary artery disease; CMP = cardiomyopathy; CMR= cardiac magnetic resonance; 
ECG = electrocardiogram; GGT= gamma-glutamyl transferase; LFT = liver function test.
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Causes of heart failure, common modes of presentation and specific 
investigations (1)

ARVC = arrhythmogenic right ventricular cardiomyopathy; BP = blood pressure; CAD= coronary artery disease; CMP = cardiomyopathy; CMR= cardiac magnetic resonance; 
ECG = electrocardiogram; GGT= gamma-glutamyl transferase; LFT = liver function test.



HFrEF and HFpEF Share Many Comorbidities and 
Risk Factors, While Others Differ

17COPD = chronic obstructive pulmonary disease; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction.

Simmonds SJ et al. Cells. 2020;9:242. 

HFrEF HFpEF

Volume    

overload

Myocarditis

Myocardial 

infarction

COPD

Inflammation

Age

Kidney disease

Obesity

Hypertension

Type 2 Diabetes



Heart failure, 

a central and 

current issue



Critical stenosis in LAD (left anterior descending artery)Advanced diagnostic tests: computed tomography (CT)



Coronary angiography

Normal

https://ccibelledonne.com/en/patient-guide/coronary-angiography/


Coronary angiography:

Three-vessel coronary artery 

disease with left main disease 

and chronically collateralized 

occlusion of the dominant right 

coronary artery

https://ccibelledonne.com/en/patient-guide/coronary-angiography/


Valvular diseases

Aortic valve stenosis



Valvular diseases

Aortic valve stenosis



Valvular diseases

Mitral regurgitation

ECO-TT

(transthoracic echocardiography)



Valvular diseases

Mitral regurgitation

ECO-TE

(transesophageal  

echocardiography)



Valvular diseases Aortic valve regurgitation



Valvular diseases
Mitral valve stenosis

Doming



Cardiomyopathy is disease of the heart muscle.

A cardiomyopathy is defined as ‘a myocardial disorder in which the

heart muscle is structurally and functionally abnormal, 

in the absence of coronary artery disease (CAD), hypertension, 

valvular disease, and congenital heart disease (CHD) sufficient to 

cause the observed myocardial abnormality

CARDIOMYOPATHIES
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2023 ESC Guidelines for the management of cardiomyopathies
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad 194)

Figure 1
Central illustration. 
Key aspects in the 
evaluation and 
management of 
cardiomyopathies
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Transthoracic Echocardiogram

DILATED CARDIOMYOPATHY

Significant 

mitral 

regurgitation

Significant 

tricuspid 

regurgitation



ECG is characterized by: 

• high QRS voltages, 

indicating increased 

ventricular mass, 

• pseudonecrosis Q 

waves, 

• and deep negative T 

waves, particularly in the 

inferior-lateral leads.

ECG of a young patient with incidental findings of hypertrophic cardiomyopathy, presenting with a 

syncopal episode.

HYPERTROPHIC CARDIOMYOPATHY



Apical 4-chamber view Parasternal long-axis view 
HYPERTROPHIC CARDIOMYOPATHY

 Transthoracic Echocardiogram

SAM (Systolic 

anterior motion 

of the mitral 

valve)



HYPERTROPHIC CARDIOMYOPATHY

CMR
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Figure 1
Central illustration. 
Key aspects in the 
evaluation and 
management of 
cardiomyopathies



CARDIAC AMYLOIDOSIS, ECG

Typical electrocardiogram (ECG) in a patient with cardiac amyloidosis. Low QRS voltages in peripheral leads, 

Pathologic Q waves.



Apical 4-chamber view

CARDIAC AMYLOIDOSIS, 
Transthoracic Echocardiogram

Subcostal 

view

Longitudinal strain presents with a typical pattern that 

distinguishes it from other cardiomyopathies: a severe 

reduction in deformation values at the base of the left 

ventricle with apical sparing

(>2:1 apical/basal ratio or “cherry on top”) pattern.



99mTechnetium imaging procedures for cardiac amyloidosis. SPECT 

imaging to identify myocardial retention of technetium-based isotopes

Perugini grading scale: 

• Strong uptake (2-3), 

• weak uptake (1), a

• bsent uptake (0))

Bone tracers, in particular, 99mTc-3,3-diphosphono-1,2-

propanodicarboxylic acid (99mTc-DPD) has been documented to 

have the ability to bind to TTR deposits but not to AL deposits. 

Therefore, the method allows, within certain limits, the differential 

diagnosis between the two etiological forms

CARDIAC AMYLOIDOSIS, bone scintigraphy
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Central illustration. 
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management of 
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Figure 1
Central illustration. 
Key aspects in the 
evaluation and 
management of 
cardiomyopathies

Diagnosis of 

cardiac 

amyloidosis



nadir-to-end of S-wave interval 

>55 msec

ECG in ARVC 

patient (PKP2 

mutation). 

Inversion of T-waves 

in V1-V6 leads and 

epsilon wave in V1.

ARRHYTHMOGENIC CARDIOMYOPATHY,  ECG

ECG during exercise-

induced ventricular 

tachycardia (VT) in a 

patient with 

arrhythmogenic right 

ventricular 

cardiomyopathy 

(ARVC). Morphology 

of VT resembling a 

left bundle branch 

block (LBBB) pattern 

with a lower axis, 

delayed transition, 

wide QRS, and the 

presence of notches 

in the QRS 

complexes.

The echocardiogram in arrhythmogenic 
right ventricular cardiomyopathy (ARVC). 



Biventricular wall motion abnormalities (WMA) in a 

patient with arrhythmogenic right

ventricular cardiomyopathy (ARVC) and left 

ventricular (LV) involvement seen at steady-state

free precession (SSFP) imaging. End-diastole ( a , c 

), end-systole ( b , d ). Four-chamber off-axis

( a , b ), and short-axis ( c , d ) slices. Note RV end-

systolic bulging areas in b and d ( arrows ). Apical

LV hypokinesis is also present

ARRHYTHMOGENIC 

CARDIOMYOPATHY, 

CMR



MYOCARDITIS and 

MYOPERICARDITIS DIAGNOSIS: 

Troponin and Echocardiogram

Pericardial 

effusion Depression of the kinetics of 

the left ventricle



ECV . extracellular volume; LGE . late gadolinium enhancement; T2W . T2-weighted.

Cardiac Magnetic Resonance Imaging (CMR)

MYOCARDITIS,          DIAGNOSIS

Histology:

Lymphocytic and Histiocytic Infiltrate and T Lymphocytes in Heart-Tissue. 

Sections from Patients with Acute Myocarditis.

Panel A shows acute myocarditis with widespread lymphocytic and histiocytic infiltrate 

(arrow) and associated myocyte damage (arrowhead) (hematoxylin and eosin).

Panel B shows CD3 immunostaining of T lymphocytes

in a patient with acute myocarditis



The definitions for PH are based on haemodynamic assessment by right heart catheterization (RHC).

Although haemodynamics represent the central element of characterizing PH, the final diagnosis

and classification should reflect the whole clinical context and consider the results of all investigations.

Pulmonary hypertension : 

a mean pulmonary arterial pressure (mPAP) > 20 mmHg at rest

It is essential to include 

- Pulmonary Vascular Resistance (PVR) 

- and Pulmonary Arterial Wedge Pressure (PAWP)  

in the definition of pre-capillary PH



Pulmonary Hypertension: TransThoracic Echocardiography 

A case of severely dilated 

right ventricle (RV size more 

than that of LV) in a patient 

with severe pulmonary 

hypertension.

Subcostal view: distended 

inferior vena cava with 

diminishing inspiratory 

collapsibility

Tricuspid regurgitation seen with color 

doppler flow

Increase systolic peak tricuspid 

regurgitation velocity (peak TRV), 

measured with continuous wave 

Doppler



DIAGNOSIS : INVASIVE 

CARDIOPULMONARY HEMODYNAMICS: 

Right Heart Catheterization (RHC).

DIAGNOSIS of PH.  

PULMONARY FUNCTION AND 

LUNG IMAGING 

Figures: Axial CT images show severity grades 

of parenchymal emphysema



1 2 3 4 5



Causes of acute/sub-acute CVD in active cancer

Farmakis et al. Eur J Heart Fail 2018

Direct effects
• Invasion of cardiac structures
• Primary cardiac tumors
• Metastatic cardiac tumors

Indirect effects
• Metabolic disorders, SNS

activation etc

Direct effects
• Cardiomyocytes
• Endothelial cells

Indirect effects
• Metabolic disorders etc

Heart
disease

Cancer

CV disease
and risk
factors

Cancer
therapy

•
•
•
•

2022 ESC Guidelines on cardio-oncology (European Heart Journal; 
2022 – doi: 10.1093/eurheartj/ehac244)

Chemotherapy
Targeted agents
Radiotherapy
Supportive
therapies

Differential diagnosis
• Cardiotoxicity
• Cancer (eg. cardiac tumors,

cancer progression,
carcinoid HD)

• Non cancer/cancer therapy-
related causes

Dynamics of CV
toxicity risk

CTR-CVT: 

cancer therapy-related 

cardiovascular toxicity



An illustration of the mechanisms of heart failure in obesity

(14.8%)



Alcohol-induced cardiomyopathy (AC) is an 

acquired form of dilated cardiomyopathy (DCM) 

caused by prolonged and heavy alcohol intake in 

the absence of other causes.

Clinical overview, pathogenesis, treatment and prognosis of alcoholic cardiomyopathy. 

DCM, dilated cardiomyopathy; HF, heart failure; HFrEF, heart failure with reduced 

ejection fraction; HTx, heart transplant; LVEDD, left ventricular end-diastolic diameter; 

LVEF, left ventricular ejection fraction; SD, standard deviation



Initial management of acute heart failure. MCS=mechanical circulatory support. aAcute mechanical cause: myocardial rupture complicating

acute coronary syndrome (free wall rupture, ventricular septal defect, acute mitral regurgitation), chest trauma or cardiac intervention, acute native or

prosthetic valve incompetence secondary to endocarditis, aortic dissection or thrombosis. bSee Figures 7 10 for specific treatments according to different

clinical presentations

Diagnostic workup of new onset acute heart failure. ACS = acute coronary syndrome; BNP=B-type natriuretic peptide; CT=computed tomography; HF=heart 

failure; MR-proANP=mid-regional pro-atrial natriuretic peptide; NT-proBNP=N-terminal pro-B-type natriuretic peptide; TSH =thyroid-stimulating hormone. aInitial 

laboratory exams include troponin, serum creatinine, electrolytes, blood urea nitrogen or urea, TSH, liver function tests as well as D-dimer and procalcitonin when 

pulmonary embolism or infection are suspected, arterial blood gas analysis in case of respiratory distress,

and lactate in case of hypoperfusion. bSpecific evaluation includes coronary angiography, in case of suspected ACS, and CT in case of suspected pulmonary 

embolism. cRule-in values for the diagnosis of acute HF: >450 pg/mL if aged <55 years, >900 pg/mL if aged between 55 and 75 years and >1800 pg/mL if aged 

>75 years.433,434

Acute heart failure
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Initial management of 
acute heart failure

MCS = mechanical circulatory support. 
aAcute mechanical cause: myocardial rupture 
complicating acute coronary syndrome (free wall rupture, 
ventricular septal defect, acute mitral regurgitation), 
chest trauma or cardiac intervention, acute native or
prosthetic valve incompetence secondary to endocarditis, 
aortic dissection or thrombosis. 
bSee previous slides for specific treatments according to 
different clinical presentations.
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Initial management of 
acute heart failure

MCS = mechanical circulatory support. 
aAcute mechanical cause: myocardial rupture 
complicating acute coronary syndrome (free wall rupture, 
ventricular septal defect, acute mitral regurgitation), 
chest trauma or cardiac intervention, acute native or
prosthetic valve incompetence secondary to endocarditis, 
aortic dissection or thrombosis. 
bSee previous slides for specific treatments according to 
different clinical presentations.



McDonagh T.A. et al.

TAKE-HOME MESSAGE 



Prime valutazioni in sospetto scompenso cardiaco 1. Esami di laboratorio:

➢ EMOCROMO: WBC, Hb, PLT.

➢ Funzionalità renale ed elettroliti: Creatinina (GFR), Urea, K+, Na +, Acido urico

➢BNP o NT-proBNP

➢ Emoglobina glicata (HbA1c) e glicemia.

➢ Funzionalità tiroidea (TSH reflex).

➢ Assetto marziale: 

• Ferro, 

• Ferritina,

• Indice di saturazione,

• Transferrina.

➢ Proteine totali, albumina, AST, ALT, fosfatasi alcalina, gamma-GT, LDH, CPK, Elettroforesi 

delle sieroproteine. Bilirubina totale.

➢ Profilo lipidico: Colesterolo totale, LDL, HDL, Trigliceridi.

TAKE-HOME MESSAGE 



Prime valutazioni in sospetto scompenso cardiaco 

2. Visita cardiologica con ECG ed ecocardio:

TAKE-HOME MESSAGE 



3. DAY HOSPITAL CARDIOLOGICO
PDTA SCOMPENSO, ambulatorio scompenso

TAKE-HOME MESSAGE 



Francisco Goya (1746-1828), The Giant, The Colossus

HEART FAILURE, A GIANT TO DEFEAT



Grazie per 

l’attenzione!!!
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