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Subject:  Pharmacological Treatment of Heart Failure. 


April 4th 9:30-10:20 am   IRC6
Michael J.A. Walker,

Room 413, Medical Block C,

Tel: 822 9531, Fax: 822 9578, Email: rsdaa@interchange.ubc.ca

CV Week 4 Lecture 3.
  PHARMACOLOGICAL TREATMENT OF HEART FAILURE.

The following document contains objectives, lecture notes and presentations. 

OBJECTIVES

1.
Prepare by reviewing a) anatomy and physiology of the heart; b) the cardiac actions of the autonomic nervous system; c) the cardiac actions of epinephrine and norepinephrine; and d) the pathophysiology of heart  failure and the role of sodium and water retention.

2.
Understand the patho-physiological responses of the cardiovascular system to a falling cardiac output.

3.
Understand the possible ways of supporting the failing heart.

4.
Know the molecular mechanisms by which drugs may exert positive inotropic actions.

5.
Know the classes of drugs possessing positive inotropic actions.

6.
Know which drugs produce positive inotropic actions by elevating cAMP.

7.
Know the class of drugs known as cardiac glycosides and be familiar with their side effects and toxicities.

8.
Know the various class of drugs which act on the renin/angiotensin system.

9.
Know the class of drugs known as diuretics.

10.
Know the various adjunct drug therapies for treating congestive heart failure.

11.
Supplement these notes with your own personal notes.

NOTES ON THE PHARMACOLOGY OF CONGESTIVE HEART FAILURE

OVERVIEW


The role of the heart is to provide sufficient cardiac output to all parts of the body.  It does this by relying on certain mechanisms intrinsic to the heart and extrinsic factors such as the autonomic nervous system as well as hormones which regulate the sodium and water balance in the body.

The intrinsic properties of heart muscle are such that contraction is dependent upon the resting tension of the muscle before contraction.  This Frank-Starling relationship ensures that cardiac output increases if there is an increase in filling pressure (pre-load).  The relationship between resting tension and developed tension is contractility.  If contractility is increased then there is a corresponding increase in contraction.  In the intact heart this is seen as an increased cardiac output.

The autonomic nervous system, on moment to moment basis, regulates cardiac performance and cardiac output.  The sympathetic system, via release of norepinephrine from nerves, and epinephrine from the adrenal medulla increases heart rate (positive chronotropism), force of contraction (positive inotropism) and conduction velocity through the atrioventricular node (positive dromotropism).  In addition there is a general increase in excitability (liability to arrhythmias).   Sympathetics innervate all chambers of the heart therefore its effects are seen throughout the whole heart.  However, the parasympathetic system only innervates the atria and atrioventricular node.  Its activation, via release of acetylcholine results in reduced heart rate (negative chronotropism), reduced atrial contractility (negative inotropism) and reduced conduction through the atrioventricular node (negative inotropism).  

Pre-load in the heart depends on venous return which in turn depends upon sympathetic-induced contraction of veins and on blood volume.  Blood volume is a function of sodium (=water) retention.  The main stimulus for sodium retention operates through the renin-angiotensin system.  A fall in renal blood flow releases renin from the renal juxtaglomerular apparatus.  The enzyme renin cleaves angiotensin I from is precursor angiotensinogen.  Inactive angiotensin I is converted by a tissue protease enzyme (converting enzyme) located principally in the lung to angiotensin II which has direct vascoconstrictor actions, potentiates sympathetic activity and releases aldosterone (from adrenal cortex).  Aldosterone acting on renal tubules regulates sodium and potassium. 

PRINCIPAL PATHOLOGIES IN HEART FAILURE:


Diseases that precipitate heart failure include myocardial infarction, cardiomyopathy, hypertension, cardiac valve disease, congenital heart disease, infection, hyperthyroidism.  The adult heart has a fixed complement of cardiac myocytes.  The chronic response of the heart to increased work demand therefore results in hypertrophy of the existing cells.  There is a continuing loss of heart cells with age and this is compounded if cells are irreplaceably lost to myocardial infarction.  Cardiac output falls as a downward and rightward shift of the Frank-Starling curve occurs with failure.  A fall in cardiac output stimulates the sympathetic system (positive inotropism and chronotropism) and venoconstriction and stimulates release of renin (angiotensin II).  Sodium and water accumulation increases blood volume and helps to raise venous pressure. 

PHARMACOLOGY OF DRUGS USED TO TREAT CONGESTIVE HEART FAILURE.


Various classes of drugs are available to treat the above pathologies.  They include 1) positive inotropes, 2)  drugs blocking the renin-angiotensin system, 3)  diuretics 4) vasodilators and 5) morphine.

Goal of treatment.

 
The major goal of therapy in the treatment of congestive heart failure is to prolong life.  For this reason the gold standard for clinical trials is reduction in mortality.  Although alleviation of symptoms is comforting to the patient, drugs which achieve this without favourably influencing mortality are of lesser value.  Drugs have been discovered that produced marked alleviation of symptoms, but increased mortality, and are never used.

POSITIVE INOTROPES 


Positive inotropes exert their actions by one of two mechanisms: one is to elevate cAMP levels.  This occurs with agonists of beta1 adrenoceptors which increase of cAMP, and with phosphodiesterase inhibitors which achieve the same effect.  The latter inhibit phosphodiesterase (enzyme which breaksdown cAMP).  Elevated cAMP increases calcium currents and makes more calcium available for contraction.  Cardiac glycosides act by a different mechanism to elevate calcium levels.

.

BETA AGONISTS, XANTHINES, PHOSPHODIESTERASE INHIBITORS. 

Beta agonists


Beta1 adrenoceptors are the cardiac receptors of the adrenergic nervous system.  Their stimulation results in an increased heart rate (tachycardia or positive chronotropism), heart force (positive inotropism) and conduction through the atrio ventricular node (positive dromotropism).  Beta2 adrenoceptors stimulation relax smooth muscles (bronchial, vascular, uterine and gastrointestinal).  Beta1 receptors are stimulated by norepinephrine (from cardiac sympathetic nerves) and by circulating epinephrine from the adrenal medulla.

Xanthines

The xanthines are a group of chemically closely-related alkaloids found in coffee, tea, cocoa, coca cola etc. which are phosphodiesterase inhibitors.  The main xanthine used to acutely treat cardiac failure is theophylline (known as aminophylline when complexed with ethylenediamine).  Can be given orally or i.v.  Therapeutic monitoring of blood levels can be used to avoid toxicity.  Also alleviates asthma. 

Other phosphodiesterase inhibitors.

Selective inhibitors (milrinone and amrinone) are available but do not have a favourable effect on mortality.

CARDIAC GLYCOSIDES.


The cardiac glycosides are naturally occurring steroid derivatives found in plants, and even some animals.  Many cardiac glycosides exist.  They vary in their chemical side groups which effects their pharmacokinetic characteristics but all have the same basic mechanism of action which is inhibition of the Na/K ATPase enzyme on the cell membrane via binding to an extracellular site on the enzyme.  This inhibition occurs in all tissue; this is expressed therapeutically in the heart but toxicologically in a variety of tissues.  The glycoside used in clinical practise is digoxin because it can be given i.v. or orally (70% absorbed), and has a half-life of 30 hours.  

A diversity of actions occur because of digoxin's molecular mechanism of action.  In the heart Na/K ATPase inhibition results intracellular accumulation of sodium; this in turn results in reduced extrusion of Ca and increased intracellular Ca available for excitation-contraction coupling.  However, this beneficial action is limited since toxic actions soon intervene if therapeutic actions are pursued further.

By virtue of its basic molecular action digoxin can poison all tissues.  Digoxin excites the afferent limb of vagal reflexes in thereby producing indirect parasympathomimetic actions (bradycardia and depression of atrioventricular nod conduction).  In the gastrontestinal tract it induces nausea  and vomiting.  It can also have toxic actions on other tissues but the major lethal action is due to arrhythmias

CONVERTING ENZYMES INHIBITORS AND ANGIOTENSIN RECEPTOR ANTAGONISTS

Drugs may act at various locations to prevent either the formation of angiotensin II, or its actions.  Renin antagonists block the enzyme but appear to have limited utility.  On the other hand the angiotensin converting inhibitors (ACEIs) prevent the formation of angiotensin II and are therapeutically more important.  A third group of drugs have recently been introduced; these block the actions of angiotensin II on one type of angiotensin receptor. 

ACE inhibitors (prototype is captopril, others, lisinopril, enalapril) 


Effective in the treatment of hypertension, congestive heart failure, after myocardial infarction, in diabetic neuropathy and progressive renal insufficiency.  Reduce symptoms of failure and increase the quality of life; more dramatically they decrease mortality in heart failure patients.  In addition to converting enzyme catalysing the conversion of angiotensin I to angiotensin II the enzyme also breaks down bradykinin - a noxious peptide kinin released from damaged  tissue.

Angiotensin antagonists (prototype is losartan, others include candarsatan, bosartan) 

Only recently introduced and being evaluated.  They are selective for angiotensin II's actions and as a result it is believed that they may have greater therapeutic utility; less liable to cause cough.  However, there is currently some doubt as to whether they reduce mortality in patients with congestive heart failure.    

VASODILATORS


Nitroglycerin  is used in acute cardiac failure, especially when there is ischaemic pain.  By virtue of venodilation it reduces pre-load while ateriolar dilation will lower after-load.  Other vasodilators that have been used include hydralazine in conditions where ACE inhibitors cannot be used.

DIURETICS 


In acute congestive heart failure the loop diuretic furosemide can produce marked diuresis (salt and water loss).  In addition, it also may have vasodilator properties especially when given intravenously in acute failure.  Thiazide diuretics are used chronically, not so efficacious as furosemide, also vasodilators. 

MORPHINE
Morphine is used in acute congestive heart failure.  Its anxiolytic actions are very marked in acute failure.  In addition by causing venodilation it reduces pre-load.

BETA ADRENOCEPTOR ANTAGONISTS (beta blockers)

It was originally supposed that beta blockers would exacerbate congestive heart failure since one of the physiological compensatory responses to failure is an increase in sympathetic tone.  However, it is now recognized that sympathetic stimulation can be inappropriate and exacerbate the condition.  Therefore beat blockers might be useful.  It is still not clear whether all types of beta blockers are useful although carvediol reduces mortality in patients treated concomitantly with digoxin, diuretics and angiotensin converting enzyme inhibitors.

Drug induced side effects and toxicities

The side effects and toxicity of the drugs used in congestive heart failure can relate to their basic maechanism of action, or be specific to each drug.

Beta agonists:
Side effects include beta adrenoceptor related tachycardia and arrhythmias, hypokalaemia and tremor.  Beta2 receptors located on the muscle spindle of skeletal muscles are stimulated inducing a tremor, similar to that seen in familial tremor.  The adverse effects on cardiac efficiency means that beta agonists are only used in critical situations. 

Theophylline:
Theophylline cause nausea, cardiac arrhythmias and tremors as well as CNS excitation..  Toxicity is most likely to occur at plasma concentrations >20(g/ml.  Some drugs (oral contraceptives, erythromycin, calcium blockers, cimetidine) can increase theophylline concentrations while others (rifampin, phenobarbital, phenytoin, carbamazepine) reduce them.

Cardiac glycosides:


The therapeutic ratio between beneficial and detrimental actions is close to unity and therefore great care has to be exercised in its use.  The toxic actions of cardiac glycosides is seen in many tissues. In the gut, nausea, vomiting and  diarrhoea can occur.  In the heart, arrhythmias occur due to in part to inappropriate autonomic nervous system activation.  In the elderly digoxin can cause confusion.  Since potassium competes with cardiac glycosides for the binding site on Na/K ATPase, cardiac glycoside toxicity is potentiated by hypokalaemia and can be treated by elevating serum potassium- within limits.

Angiotensin converting enzyme inhibitors:


A dry cough is the most common side effect due to ACE inhibitors.  Hypotension in those with cardiac failure.  Renal failure in those with severe renal stenosis.    

Angiotensin receptor antagonists:


Cough is a lesser symptom with this class of drugs.

Diuretics:

Depends upon the type of diuretic used, thiazide or furosemide. With furosmide used to relieve acute failure there is a danger of a precipitous loss of sodium and excessive loss of volume.  Thiazides used chronically can lead to or potentiate the following: hypokalaemia, hyperuricaemia, hyperglycaemia. 

Vasodilators:


All vasodilators can cause hypotension due to excessive dilation.  Hypotension can result in reflex tachycardia which can be inappropriate in the presence of heart failure.  Nitrates can cause headache due to vasodilation of dural vessels and methaemoglobinaemia.

Morphine:       


Morphine can produce nausea and vomiting, less likely in acute heart failure.  Significant respiratory depression can occur.  Other effects include constipation and histamine release (itch, hives).
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Basic Physiology of Heart

Cardiac myocytes have:

Well organized actin/myosin (between skeletal and smooth muscle).

Well organized sarcoplasmic reticulum.

Contraction depends on calcium release triggered by calcium entry.

Inotropism modulated by autonomic nervous system

Sympathetics mediate positive inotropism via cAMP generation, L type Ca channels and the sarcoplasmic reticulum.

Parasympathetics mediate negative inotropism in atria only

Inotropism modulated by initial tension in muscle

Described by Frank-Starling curve

Contractility depends upon pre- and after-load (venous and arterial pressures).

PATHOPHYSIOLOGICAL CYCLE OF HEART FAILURE
Failure induced by:
Loss of myocytes due to myocardial infarction, toxins, etc.

Excessive chronic demands on the heart 

Rate too high for  too long

Pressure demands too high for too long (hypertension, valvular incompetence)

Compensatory responses to inadequate cardiac output
Increased sympathetic activity, especially acutely.

Reduced renal blood flow causes release of renin.

(renin results in elevated angiotensin II)

Angiotensin II-stimulates aldosterone release, vascoconstrictor, potentiates   

sympathetics.

Retained sodium (with water) increases blood volume

Cardiodynamic response
Venous pressure rises and oedema occurs.

Heart utlitizes Frank-Starling effect to maintain cardiac output.

Vicious cycle ensues

APPROACHES TO TREATING CONGESTIVE FAILURE
Different approaches depend upon acute or chronic status

A.  Acute congestive Failure
1.
Intravenous furosemide

2.
Intravenous morphine

3.
Oxygen

4.
Inotropes if needed.

Beta agonists for immediate action.

Digoxin


5.
Nitrovasodilators (nitroglycerin, nitroprusside)

B.  Chronic congestive failure
1.
Angiotensin converting enzyme inhibitors -
saves lives. 


Angiotensin receptor antagonists - may not be equivalent to ACEIs.


2.
Cardiac glycosides (digoxin)


3.
Diuretics


4.
?beta blockers.  

POSITIVE  INOTROPES

CAMP DEPENDENT INOTROPES

All increase cardiac intracellular cAMP which phosphorylates calcium channels,  and the sarcoplasmic reticulum, making more calcium available for contraction.

· 1 adrenoceptor agonists:

Endogenous agonists (NE and E) also stimulate other types of adrenoceptors, but inotropic action is oxygen wasting.

Dopamine also an agonist on dopamine receptors, maintains renal blood flow.

Dobutamine more (1selective

Used only for acute support of cardiovascular system.

Phosphodiesterase inhibitors

Aminophylline (a chemical complex containing the xanthine, theophylline)

Can be used in acute situations, simultaneously alleviates asthma.

Other orally active phosphodiesterase inhibitors are available but do not have a favourable effect on mortality.

CARDIAC GLYCOSIDES

Mechanism of action is inhibition of Na/K ATPase - leads to intracelllular accumulation of sodium and therefore calcium.

Naturally occurring sugar complex/steroid derivative - in plants (and toads).  

Only one used therapeutically is digoxin ((USA & Canada, others elsewhere) Others ingested (plant material) accidentally can be responsible for toxicity.  

Same molecular mechanism - vary in pharmacokinetics (absorption, metabolism, excretion) 

DIGOXIN:  i.v. or oral (70% absorbed, renal excretion)

Therapeutic ratio close to unity (dose beneficial to all would be toxic to some) 

ANGIOTENSIN RELATED DRUGS AND DIURETICS

ANGOTENSIN RELATED DRUGS

Common mechanism of beneficial action relates to increased excretion of excess sodium and water, plus ancillary actions.

Angiotensin converting enzyme inhibitors and angiotensin receptor antagonists.

Both classes of drugs, and renin inhibitors, could be expected to have the same utility (all modify actions of angiotensin) but this is not so.  Renin inhibitors have limited utility. 

 Angiotensin converting enzyme inhibitors:

Reduce symptoms, reduces morbidity and mortality.

Oedema fluid lost -cardiac output rises

Angiotensin receptor I antagonists.

Not identical to above in action but they are newer drugs 

Reduce symptoms, reduces morbidity but maybe not mortality.

DIURETICS

Two major types:- loop (high ceiling)  diuretics (furosemide) and distal tubule diuretics (thiazides)

Both types are salt and water loosing and also can have vasodilator actions but loop diuretics are more efficacious (higher maximum effect).

OTHER DRUGS

All have usefulness, generally in well defined conditions

Vasodilators  
Given acutely (nitroglycerin) can reduce pre- and after-load which brings benefit

Morphine (used acutely only)
Has a very useful anxiolytic action.  Also a venodilator and reduced pre-load.

Beta blockers
Increasingly being investigated. 

