Unit 5   Pharmacology 1  

Cardiac Glycosides and Congestive Heart Failure

What is Congestive Heart Failure (CHF)

Inability of the heart to pump sufficient blood to the body and it fails to maintain the circulation of blood. It can be caused by impaired ability of the heart muscles to contract or an increased workload imposed on the heart.

An increase in blood volume and interstitial fluid and dilation of blood vessels occurs. 

( Pulmonary congestion and edema in Left Heart Failure

( Peripheral edema in Right Heart Failure 

It can be caused by arteriosclerotic, valvular, hypertensive and congenital heart diseases as well as dilated cardiomyopathy.

There is a decrease in cardiac output and an increase in venous return. 

The sympathetic system is active by increasing NE and E to increase the heart rate and force of contraction. But the heart is a weak pump so the SV is low.

Treating CHF

Therapeutic goal ( increase cardiac output

Drug classes used to treat CHF:

1. Vasodilators: widen blood vessels and decrease workload on heart

2. Diuretics: decrease extracellular fluid volume by increasing excretion in urine

3. Positive Inotropic Agents: increase strength of cardiac muscle contractions.

Positive Inotropic Agents:

Improve cardiac muscle contractility ( increasing cardiac output

They are a family of drugs called digitalis glycosides obtained from a plant called foxglove. 

Include: Digitoxin and Digoxin

They work by:

· Regulation of cytosolic calcium concentration
· Increased contractility of cardiac muscle
· HOW ?

· Combine reversibly to the Na+/K* ATPase in the cardiac cell membrane. It is an enzyme that uses the energy from ATP to act as a pump. It pumps Na+ out and K+ in. When this pump is disabled, the net result will be an increase in intracellular Na+ and K+ extracellularly. (The net influx of Na+ is due to passive movement of sodium into the cell down its concentration gradient and the net efflux of K+ is due to the movement of K+ out of the cell down its concentration gradient.)

· As a result, this will lead to an increase in intracellular Ca+. This is due to the presence of a Na+/Ca+ pump that normally pumps Ca+ out and Na+ in by detecting more extracellular than intracellular Na+. But when the intracellular Na+ is increased, it stops functioning and Ca+ concentrations in the cell will rise.

· Since the cardiac cell experiences an increase in intracellular Ca+, there will be more Ca+ available and the systolic force of contraction will greatly increase.

· Digitalis glycosides have a very low therapeutic index: there is a small difference between the therapeutically effective dose and the toxic/fatal dose.

· Increasing the myocardial contraction ( decrease in end diastolic volume (EDV) ( improved ejection fraction.

· Ejection fraction: the fraction of the blood contained in the ventricle at the end of diastole that is expelled during its contraction, i.e., the stroke volume divided by end-diastolic volume, normally 0.67 or greater; with the onset of congestive heart failure the ejection fraction decreases.
· As a result, circulation improves and stroke volume increases.
· Sympathetic activity decreases ( decrease in peripheral resistance improving blood flow, decrease in heart rate.
· Enhancing vagal tone (parasympathetic activity) ( slower heart rate, slower AV node conduction velocity, myocardial oxygen demand is diminished.

Therapeutic uses:

Digoxin therapy is indicated for patients with ( severe LEFT VENTRICULAR SYSTOLIC DYSFUNCTION after beginning vasodilation and diuretic therapy. Not indicated for right ventricular or diastolic dysfunction.

Dobutamine is also an inotropic agent given intravenously in hospitals.

Pharmacokinetics:

· All digitalis glycosides have the same pharmacological action.
· They differ in potency and pharmacokinetics
· They are absorbed in the body after ORAL administration
	Digitoxin
	Digoxin

	Binds to extracellular proteins
	Doesn’t bind to extracellular proteins

	Larger volume/area of distribution
	Smaller area of distribution

	Long half – life: takes a while to be excreted, needs to be metabolized by the liver before excretion in the feces. (Hepatic disease ( ( dose)
	Short half – life: better treatment of toxic reactions – excretion in urine

	Slower onset of action
	More rapid onset of action ( useful in emergencies


Adverse effects:

Digitalis Toxicity is common. 

Discontinue cardiac glycoside therapy 

Hypokalemia or decreased serum levels of potassium predispose a patient to digoxin toxicity. 

Determine serum potassium levels ( is low, give potassium supplements
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