Outline of Lecture 03 (12-02 PP; Hare)

Heart Failure, Neurohormones, and EC Coupling
Neurohormonal activation in heart failure


- Old hypothesis: hemodynamic problems central to heart failure [( preload (salt and water retention), ( afterload (vasoconstriction), ( contractility (heart damage)]

- New hypothesis: prolonged activation of neurohormonal systems becomes maladaptive

- Sympathetic nervous system (SNS)


- Effects




Cardiac stimulation ((1, (1, (2)




Vasoconstriction ((1)




RAAS activation ((1, (1) ( see below


- Sustained SNS activation leads to ( ( receptor density and downregulation of (-adrenergic signaling (***)


- Effects on excitation-contraction coupling


- Ca entry thru L-type Ca channel ( CICR ( contraction ( Ca reuptake by SERCA2a ( relaxation


- NE/Epi ( (1 or (2 ( Gs ( AC ( cAMP ( PKA ( L-type Ca channel (( Ca entry), phospholamban (SERCA2a activation ( stronger contraction and faster relaxation), troponin I (enhanced relaxation)

- Net result: normally ( adr signal results in stronger contraction and faster relaxation (allows ( HR) but chronic stimulation results in poor ( adr response



- Hence, chronic ( blockers (not agonists) can restore SNS response
 
- Renin-angiotensin-aldosterone system (RAAS)


- Review: symp/(-adr ( renin (kidney) ( AI ( AII (via ACE) ( aldosterone


- Effects




Arterial vasoconstriction ( ( SVR




Central (hypothalamus) thirst stimulation




Aldosterone ( Na and water retention




Stimulation of gene expression ( remodeling ( heart hypertrophy




Stimulation of collagen synthesis ( heart fibrosis ( diastolic stiffening




Reduced endothelial function




Sympathetic stimulation ( see above


- ACE inhibitors are indicated treatment

- Natriuretic peptides


- NP’s are released by the heart in response to various cardiac stresses



- Effects




ANP, BNP: vasodilation, Na excretion, ( aldosterone, inhibit SNS



CNP: vasodilation, ( vascular smooth mm growth, ( aldosterone


- In heart failure, levels are increased by responsiveness drops


- Vasopressin and endothelin: other vasoconstrictors that play a role in heart failure

Depressed cardiac reserve

Altered gene expression and depressed ( adr response ( altered Ca cycling


Failure to increase force (contractility) at higher frequencies (HR)

Cardiac remodeling


Neurohormonal activation of remodeling, e.g. hypertrophy or apoptosis

Peripheral changes in CHF


Endothelial dysfunction ( poor NO-mediated vasodilation


Failure of skeletal mm (incl resp mm) vasodilation ( exertional fatigue and dyspnea

Abnormal vasomotor regulation and tone due to persistent SNS stimulation
