Congestive Heart Failure
CHF and Hemorrhage cause the exact same neurohormone response, since the baroreceptors 
sense the same feeling.  The difference is that in hemorrhage it is temporary, but in CHF 
the neurohormones are permanently active.

“Neurohormonal” Compensation Mechanisms in CHF
CHF always has elevated sympathetics and RAA system.
This causes increased preload, salt/water retention, increased cardiac contractility/rate (initially), 
myocardial hypertrophy, and vasoconstriction.
There is a net decline in systolic and diastolic heart functions.
AGT-II, alpha-agonists, and endothelin all cause G-protein-coupled IP3-mediated increases in 
intracellular calcium, leading to vasoconstriction.
RAA system will cause vasoconstriction, fluid retention, and thirst.  CHF patients often 
complain of thirst, even though they need to lose fluid.  AGT-II also contributes to 
cardiac hypertrophy and fibrotic stiffening (remodeling).
Vasopressin promotes fluid retention and vasoconstriction.
Endothelin is an extremely potent vasoconstrictor, and is highly elevated in CHF.

ANP/BNP are secreted by distended atria.  They promote renal excretion, and should help CHF, 
but levels don’t get high enough to counteract the other systems.
Beta-agonists (epi, norepi) cause cAMP to rise, which activates PKA.  PKA phosphorylates:

--L-type calcium channels, which increases calcium entry into cells


--Phospholamban, which enhances calcium reuptake into sarcoplasmic reticulum

Both of these effects increase contractility.

In CHF, sympathetics are permanently on, eventually leading to beta receptor downregulation, 
de-coupling of beta receptors from G-protein signal pathways, net declines in cAMP 
and PKA, and overall decreased muscle contraction and systolic reserve.
Excitation-Contraction Coupling  (doesn’t work in CHF)
EC coupling is mediated by a calcium cycle inside the myocyte.
L-type Ca2+ channels let in a little sodium, which stimulates a large calcium release from the SR.

This is called “calcium-induced calcium release.”
Normally, PKA phosphorylates phospholamban and the calcium ATPase, which pump calcium out 
and stop the contraction.  If PKA is reduced (as in CHF), calcium remains and ventricles 
don’t relax properly.  The left ventricular filling pressure is elevated, stroke volume 
decreases, contractility decreases, and diastolic tone is elevated.  


The action potential plateau is also lengthened by the prolonged calcium wave.

Contractile reserve is greatly diminished.
Force-Frequency relationship means that the faster the muscle contract, the more force is generated.

This relationship depends on EC coupling, so it doesn’t work in CHF.
Chronic excitation by sympathetic stimulation will lead to myocyte necrosis and apoptosis.  

Beta-blockers increase systolic function, reduce resting heart rate, and prevent necrosis.
Beta-blockers will also reverse remodeling!

Vascular Abnormalities in CHF
Endothelium loses its ability to synthesize NO.  Also, AGT-II activates vascular oxidases 
(NADPH oxidase) to generate superoxide, which counteracts remaining NO.
The reduced perfusion of muscles leads to dyspnea and exertional fatigue.

