
Chronic heart failure

(molecular pathophysiology)

Dr. Zoltán Papp

University of Debrecen

Faculty of Medicine

Division of Clinical Physiology



Pressure overload hypertrophy



Volume overload hypertrophy



Hypertrophic cardiomyopathy



Dilated cardiomyopathy



Haemodynamic changes

during chronic heart failure



Healthy vs. failing myocardial energetics

• In HF: ESPVR slope ↓ (contractility↓), EDPVR shifts left (stiffness↑)

• Loop area = external work (drastically reduced) + efficiency reduced



Forward left ventricular failure



Backward left ventricular failure

• ANP/BNP → natriuresis, vasodilation

• But overwhelmed by RAAS/SNS 

• BNP now used as biomarker



Ca2+ fluxes during excitation-contraction coupling
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Cellular determinants of contractility during chronic
heart failure

• Prolonged APD: altered K+ channels (IK1↓, Ito↓)

• Reduced i.c. Ca²⁺: SERCA dysfunction, RyR leak



Ca2+-transients during chronic heart failure

• Reduced amplitude → ↓ systolic force

• Prolonged decay → impaired relaxation (diastolic dysfunction) 

• This explains why HF has BOTH systolic and diastolic problems" 



Blunted force-frequency relationship during 
chronic heart failure

• Normal: ↑freq → ↑SR Ca²⁺ loading → ↑force

• HF: Defective SERCA, leaky RyR → can't augment SR Ca²⁺
• Clinical: Exercise intolerance



The  - adrenergic system during 

chronic heart failure

• Paradox: SNS activation is compensatory initially

• But chronic activation → receptor dysfunction

• Rationale for β-blocker therapy (counterintuitive but works!) 



Renin-angiotensin system activation

during chronic heart failure

Angiotensin II effects on heart: 

• Direct: ↑ contractility (initially), hypertrophy signaling (later) 

• Indirect: ↑ afterload, ↑ aldosterone

• ACE inhibitors and ARBs: cornerstone of HF therapy



The normal transients drive both contraction and the transcription of adult genes to maintain

phenotypic stability. Under conditions that induce hypertrophy, the modified Ca2+ transients (increase

in amplitude or width) are such that they can induce both contraction and the activation of foetal

genes that bring about the phenotypic remodelling that leads to cardiac hypertrophy.

Hypothetical explanation for the hypertrophic

process



Physiologic and patologic myocardial hypertrophy

In physiological hypertrophy, action potentials generate a Ca2+ signal that controls contraction and may also

stabilize the normal cardiac signalsome by maintaining the adult genes. The insulin-like growth factor 1 (IGF-1) that

is produced during exercise uses this adult template when it activates protein synthesis, acting through the PtdIns

3-kinase (PI 3-K) signalling pathway. During pathological hypertrophy, pressure overload activates signalling

pathways that alter the nature of the Ca2+ signal (∗), which activates a foetal set of genes that results in a

remodelled cardiac signalsome that results in heart disease.



Signaling processes involved in cardiac

remodelling



Parallel pathways and nodes in HF signaling



GSK-3β and cardiac hypertrophy

Proc. Natl. Acad. Sci. U.S.A. 99:907–912. Copyright (2002)



Molecular changes during chronic heart failure

Therapeutic targets emerging from this understanding: 

• β-blockers (paradoxical benefit) 

• ACE inhibitors (block RAAS)

• Investigational: SERCA enhancers, RyR stabilizers


