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How to define HF oiy

ATypical symptoms (e.g. breathlessness,
ankle swelling and fatigue)

AMay be accompanied by signs (e.qg.
elevated jugular venous pressure,
pulmonary crackles and peripheral
oedema)

AStructural and/or functional cardiac
abnormality, resulting in a reduced
cardiac output and/ or elevated
Intracardiac pressures at rest or during
stress.
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Symptoms
and
signs
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Definition of heart failure with preserved (HFpEPF, mid-
range (HFmrEF) and reduced ejection fraction (HFrEF)

Type of HF HFrEF HFmrEF HFpEF
Symptoms £ Signs' | Symptoms £ Signs* Symptoms 2 Signs’
g LVEF <40% LVEF 40-49% LVEF 250%
F:_‘ _ |. Elevated levels of natriuretic peptides’; |. Elevated levels of natriuretic peptides”;
5 2. At least one additional criterion: 2. At least one additional criterion:

a.relevant structural heart disease (LVH and/or LAE), |  a.relevant structural heart disease (LVH and/or LAE),
b. diastolic dysfunction (for details see Section 43.2). | b.diastolic dysfunction (for details see Section 4.3.2).

EBuropean Heart .burnd (2016) 37, 21292200
EURCPEAN doi:10.109¥%ewrheartyehw128
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The left ventricle is markedly thickened in this patient with severe
hypertension that was untreated for many years. The myocardial
fibers have undergone hypertrophy.




Caratteristiche delle curve Pressionélume
nel cuore normale e nello scompenso cardiaco
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Modificatada :ZileMR.BrutsaertD. Circulation 2002; 105: 138893




Aetiologies of heart failure

DISEASED MYOCARDIUM

Ischaemic heart
disease

Myocardial scar

Myocardial stunning/hibernation

Epicardial coronary artery disease

Abnormal coronary microcirculation

Endothelial dysfunction

Toxic damage

Recreational substance abuse

Alcohol, cocaine, amphetamine, anabolic steroids.

Heavy metals

Copper, iron, lead, cobalt.

Medications Cytostatic drugs (e.g. anthracyclines), immunomodulating drugs (e.g. interferons monoclonal
antibodies such as trastuzumab, cetuximab), antidepressant drugs, antiarrhythmics, non-steroidal
anti-Inflammatory drugs, anaesthetics.

Radiation

Immune-mediated
and inflammatory
damage

Related to infection

Bacteria, spirochaetes, fungi, protozoa, parasites (Chagas disease), rickettsiae, viruses (HIV/AIDS).

Not related to infection

Lymphocytic/giant cell myocarditis, autoimmune diseases (e.g. Graves’ disease, rheumatoid
arthritis, connective tissue disorders, mainly systemic lupus erythematosus), hypersensitivity and
eosinophilic myocarditis (Churg-Strauss).

Infiltration Related to malignancy Direct infiltrations and metastases.
Not related to malignancy Amyloidosis, sarcoidosis, haemochromatosis (iron), glycogen storage diseases (e.g. Pompe disease),
lysosomal storage diseases (e.g. Fabry disease).
Metabolic Hormonal Thyroid diseases, parathyroid diseases, acromegaly, GH deficiency, hypercortisolaemia, Conn’s
derangements disease,Addison disease, diabetes, metabolic syndrome, phaeochromocytoma, pathologies related
to pregnancy and peripartum.
Nutritional Deficiencies in thiamine, L-carnitine, selenium, iron, phosphates, calcium, complex malnutrition

(e.g. malignancy, AIDS, anorexia nervosa), obesity.

Genetic abnormalities

Diverse forms

HCM, DCM, LV non-compaction,ARVC, restrictive cardiomyopathy (for details see respective
expert documents), muscular dystrophies and laminopathies.

ABNORMAL LOADING CONDITIONS

Hypertension

Valve and Acquired Mitral, aortic, tricuspid and pulmonary valve diseases.
myocardium . - . . !
Congenital Atrial and ventricular septum defects and others (for details see a respective expert document).
structural defects
Pericardial and Pericardial Constrictive pericarditis

endomyocardial
pathologies

Pericardial effusion

Endomyocardial

HES, EMF, endocardial fibroelastosis.

High output states

Severe anaemia, sepsis, thyrotoxicosis, Paget’s disease, arteriovenous fistula, pregnancy.

Volume overload

Renal failure, iatrogenic fluid overload.

ARRHYTHMIAS
Tachyarrhythmias Atrial, ventricular arrhythmias.
Bradyarrhythmias Sinus node dysfunctions, conduction disorders.
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Molecular Basisof Viable Dysfunctional Myocardium

Left ventricular dysfunction
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Reversible Irreversible
Immediate Viable dysfunctional
recovery myocardium
“Stunned” “Hibernating”
Normal resting blood flow Reduced resting blood flow
Mildly reduced coronary flow reserve Moderately reduced coronary flow reserve
Limited left ventricular dysfunction Chronic left ventricular dysfunction

Recovery 24-48 hours after re-establishment Recovery several days to months after

of blood flow revascularization

BayevaM, Circ HeartFail. 2014;7:686691



The final step of hibernating myocardium

Consequences of Chronic Repetitive Ischemia

i Flow Reserve 6% Repetitive

l l ischemia
Chronically Stunned . Normal resting flow
Myocardium Cell survival
l Program

it Flow FIeserve l t Apoptosis

+ B adrenergic signaling
Inhomogenaeity in Innervation

Chronic Hibemating .
Myocardium !
, Reduced resting flow

Degeneration / \Adaptation

Heart Failure i Adapted to Ischemia
Progressive Vulnerable to lethal
Fibrosis arrhythmias

Canty JM Jr: Coronary blood flow and myocardial ischemia. Heart Disease, 8th ed.2007. Braunwald E, ed.




The unpredictable evolution of the revascularized
hibernating myocardium

Revascularization of
Hibernating Myocardium

- +/= +/- +/= + +
Y
Stressand  Contractile Metabolic Enzymes of the Cardiomyocyte
Cytoskeletal  Proteins Enzymes Respiratory Proliferation
Proteins Chain and ATP
| Synthesis |
Time ?
+/-

Functional Recovery

Recchia FA JACC 2015;7¢¢9®



Coronary microvascular dysfunction and future risk of heart
failure with preserved ejection fraction

Coronary

Microvascular === |mpaired Coronary
Ischemialy low Reserve

Taqueti VR, Eur Heart J. 2017;39(10):840-849. doi:10.1093/eurheartj/ehx721




Coronary microvascular dysfunction adFpEFas Q/zy
female-pattern cardiovascular disease ‘

Rgmodelled
yo0 AE=E=EkO) D)
and HFpEF

Coronary Subendocardial Subclinical Concentric Arteriolar Pressure
Microvascular ischemia myocardial hypertrophy  remodelling load
Dysfunction infarctions Hypertension
Obesity
Sympathetic
nervous system
activation,
endothelial ? ?
dysfunction, Diastolic and
vascular S,mO(_)th systolic dysfunction?
muscle activation,
spasm Is Coronary Microvascular Dysfunction causal for ventricular remodeling

or is remodeling causal for Coronary Microvascular Dysfunction?

Nelson MD Eur Heart J. 2018;39(10):850-852. doi:10.1093/eurheartj/ehx818




