Drugs for Heart Failure

I. Causes of Heart Failure- usually a consequence of underlying CV disorders 

a. Myocardial infarction- most common cause

b. Other cardiovascular causes
i. Acute. Chronic coronary artery disease

ii. Chronic HTN

iii. Valvular disorders

iv. Arrhythmias

v. Viral cardiomyopathy

vi. Aortic Stenosis

vii. Constrictive pericarditis

c. Non-cardiac causes
i. Severe anemia 

ii. Thiamine deficiency

iii. Drugs

1. Chemotherapy agents (i.e. doxorubicin)

2. Amiodarone

3. COX-2 inhibitors- NSAID
4. NSAIDs

5. Thiazolidinediones

6. Metformin

II. Pathophysiology of Heart Failure
a. Reduction in stroke volume and cardiac output by measurement of ventricular end-diastolic pressure (preload)

i. Reduced stroke volume caused by either diastolic(mobility for ventricle to fill) or systolic(mobility of ventricle to contract) dysfunction

b. Left sided heart failure

i. Left ventricle doesn’t adequately pump blood forward- increased pulmonary circulation pressure- fluid forced into lung interstitium- congestion and edema- reduction of diffusion of O2 and CO2 between alveoli and pulmonary capillaries- hypoxemia (decreased oxygenation in blood)

1. Tissue hypoxia and organ dysfunction

2. Dyspnea (Exertional, orthopnea, paroxysmal nocturnal)

c. Right sided heart failure- can cause left-sided failure because it makes left side work harder
i. Congestion in peripheral veins

	Hepatojugular reflux (increase in jugular vein distension when pressure applied over the liver
	Ankle edema (ambulatory patient) and sacral edema (bedridden patient)




d. Compensatory neurochromal responses- triggered in response to reduction in CO (aka Frank-Starling mechanism- counter productive)

i. Reduction in tissue perfusion- activation of SNS and renin-angiotensin-aldosterone system- vasoconstriction and increase Na and H2O retention

1. Increase plasma volume and venous pressure

2. Decreased cardiac output and increase circulatory congestion

III. Classes of Drugs used to treat Heart Failure
a. Diuretics
i. MOA- reduce plasma volume and edema- relive symptoms of circulatory congestion

ii. Thiazide diuretics (HCTZ)- for milder cases

iii. Loop diuretics- more potent natriuretic activity. Carefully titrate doses to avoid excessive diuresis, dehydration and electrolyte imbalances- most common diuretic for CHF
1. Examples

a. Furosemide (Lasix)-40mg
b. Torsemide (Demadex)-10-20mg
c. Bumetanide (Bumex)-1mg
iv. Aldosterone antagonists (spironolactone) - reserve for patients with symptoms at rest despite the use of diuretics, digoxin, ACE inhibitors and beta-blockers. Use low dose and closely monitor potassium. Eplerone (Inspra)- new drug, expensive, less side effects than spironolactone
v. General side effects for all- hypokalemia, hypomagnesaemia, hypocalcemia (loops) and tachycardia. Two most important ions to maintain normal cardiac function are CA2+ and K+. Common to give supps and Mg+  supps in CHF patients- decrease K+ and Mg+ but increased Ca2+ increases risk of digoxin toxicity
1. Thiazides can increase calcemia

2. Spironolactone can casue hyperkalemia

b. Vasodilators 

i. ACE inhibitors (end in ‘pril)
1. MOA- reduce formation of Angiotensin II; therefore counteract the activation of the renin-angiotensin aldosterone system, which occurs during compensatory mechanism of heart failure. This results in venous and arterial dilation, reduction in plasma volume, venous pressure and edema as well as increase in CO by reducing arterial pressure and cardiac afterload

2. Several studies demonstrate reduced mortality in patients with heart failure

3. SEs- nonproductive cough (20%), rash, abnormal taste, hyperkalemia, dizziness, decreased renal function, angioedema, monitor electrolytes
ii. Isosorbide (Isordil, Ismo, Imdur)- organic nitrate
1. Relaxes venous smooth muscle more than arterial smooth muscle therefore reduces venous volume and pressure and reduces pulmonary congestions, rescues preload
2. Often combined with hydralazine (arterial vasodilator) in patients who can not tolerate ACE inhibitors

iii. Hydralazine
1. Relaxes arterial smooth muscle therefore reduces afterload and increase cardiac output

iv. Hydralzone/Isosorbide combo (BIDIL)
1. Newly approved drug to treat heart failure in African American patients

2. First drug to be approved to treat a specific ethnic group

v. Angiotensin receptor blockers (end in ‘sartan)- used in patients intolerant to ACE inhibitors

c. Beta Blockers
i. MOA- rescue excessive sympathetic stimulation of the heart and circulation in patients with heart failure. SNS stimulation causes tachycardia, increase O2 demand, and increase stimulation of renin-angiotensin-aldosterone system. Beta blockers can counteract all these effects

ii. Cardioselective agents preferred (Metoprolol, Bisoprolol)- beta 1 blockers
iii. Carvedilol (Coreg)- start low, go slow
1. Preferred drug for CHF (mild to moderate)

2. Combo alpha and beta 1 blocker

3. Vasodilative 

4. Antioxidant properties

iv. ADRs for all beta blockers- bradycardia, dizziness, hypotension

d. Positive Inotropes
i. Digitalis glycosides (Digoxin- Lanoxin) (PO, IV) (C) 
1. Derived from leaves of digitalis (foxglove) plants and skin secretions of certain toads

2. Kinetics- long half-life (35 hours). Renal elimination. Low therapeutic index

3. Must monitor levels (nl range = 0.5-2ng/ml)

a. If used for a-fib or a-flutter can go up to serum levels of 2.5ng/ml

4. MOA

a. Positive inotrope- increase force of contraction by increase intracellular calcium and inhibiting sodium pump (increase intracellular Na+; increase Ca2+ entry, increase contraction). This in turn increase SV and CO

b. Negative chronotrope (decrease HR)

c. Negative dromotrope (decrease in conduction velocity)

d. Direct effects on cardiac electrophysiology- after depolarizations may occur due to excessive Ca2+ influx leading to tachycardia, usually after higher doses. On ECG- shortens action potential duration, increase PR interval and decreases QT interval

5. Indications- CHF, atrial fibrillation, atrial flutter, and supraventricular tachycardia and cardiogenic shock. NOT used for ventricular arrhythmias

6. ADRs- GI (anorexia, nausea, and vomiting), cardiac (arrhythmias and AV block- increased risk with hypokalemia, hypomagnesaemia {give magnesium oxide} and hypercalcemia) and neurologic {weakness, fatigue, dizziness, headaches, mental disturbances and visual disturbances (blurred or yellow/green vision)}. Seizures- rarely

7. DDI- CYP3A4 substrate; beta blockers, amiodarone, cyclosporine can all increase digoxin effects. Dilitiazem, quinidine and verapimil reduce digoxin clearance and increase digoxin levels. Caution with diuretic because of their effects on electrolytes. Antacids and cholestyramine can decrease digoxin effects

8. Dosing- need to give loading dose or digitalizing dose to get patient to steady state levels. IV doses are 20-25% less than PO dose. Reduce dose by 50% in patients with CrCl <50 ml/min. Usual PO maintenance dose in adults is 0.125-0.25mg/day

9. Antidote- Digibind (digoxin immune binding fragments are specific antibodies- bind with molecules of digoxin and excreted really. Used in cases of severe toxicity. Treat symptomatically (i.e. treat hypokalemia with K+ and arrhythmias with lidocaine)

ii. Digitoxin- not used as often, metabolized in liver, excreted in feces. Side effects same as digoxin

iii. Adrenergic Receptor Agonists
1. Dobutamine and Dopamine (IV infusion)- acute heart failure
2. Selective beta agonists- selectively stimulate cardiac contractility

3. Dobutamine- mild vasodilative effect. Dopamine dilates renal vessels- increases renal flow
iv. Phosphodiesterase (PDE) inhibitors
1. Amrinone and Milrinone (IV)

a. MOA- inhibits type III PDE- increase cAMP concentration in cardiac tissue and vascular smooth muscle- increase cardiac contractility and relaxes vascular smooth muscle

b. Reserved for short-term management of acute heart failure or for acute exacerbations of chronic heart failure in patients who do not respond to other drugs

c. Long term use may cause thrombocytopenia and ventricular arrhythmias

i. Have been associated with increased mortality with heart failure

v. Nesiritide (Natrecor) (IV) (C)
1. MOA- vasodilator. B-type human natriuretic peptide. Binds to guanylate cyclase receptor on vascular smooth muscle- increase cyclic GMP- smooth muscle relaxation

2. Indications- treatment of acutely decompensated congestive heart failure in patients with dyspnea at rest or with minimal activity

3. Contraindicated in cardiogenic shock or hypotension (SBP <90)

4. SEs- hypotension, increase Cr, headache, dizziness, N,V,D

5. Dosing- specific dosing and administration guidelines

IV. Calcium channel blockers- amlodipine

a. Negative inotropic effects

b. May have a beneficial effect on mortality with non-ischemic heart failure- praise trial

c. May be beneficial for isolated diastolic dysfunction

V. Amiodarone

a. Because sudden cardiac death due to arrhythmias can cause 40% of heart failure deaths so, the drug can be sometimes recommended to use as an antiarrhythmic

b. Some of the class III may have increased mortality however, amiodarone may decreased mortality  and  improve ejection fraction with non-ischemic cardiomyopathy

c. Investigational treatments
i. Vasopeptide inhibitors

1. Will block ACE and endopeptidase which leads to enhanced activity of endogenous vasodilators (like Nesiritide)

2. Omapatrilat is currently being developed for treatment of hypertension and heart failure

ii. Cytokine antagonists

1. Increased cytokine and tumor necrosis factor can exert cardiodepressant and cardiotoxic effects

2. Tumor necrosis factor antagonists currently commercially available

a. Etanercept (Enbrel) for RA

b. Infliximab (Remicade) for Crohn’s disease and RA

3. May improve ejection fraction and decrease left ventricular chamber size

4. Further studies needed before used for heart failure

iii. Endothelin antagonists

1. Endothelin is a potent vasoconstrictor with potential adverse effects on structure and function of the heart and blood vessels

a. Endothelin receptor blocker (bosentan)

b. Endothelin converting enzyme inhibitor

2. Further studies needed

VI. Treatment of Heart Failure
a. Often 4 drug combination with diuretic, ACE inhibitor, beta blocker and digoxin (BADD)

b. Other drugs used if patient intolerant to or inadequate response to above drugs. Also, other drugs used for acute heart failure or exacerbations of chronic heart failure
