HEART FAILURE 
Definition:

· Heart failure is the pathophysiologic state in which the heart, via an abnormality of cardiac function (detectable or not), fails to pump blood at a rate commensurate with the requirements of the metabolizing tissues and/or pumps only from an abnormally elevated diastolic filling pressure
Epidemiology

· The overall prevalence of HF in the adult population in developed countries is 2%. 

· HF prevalence follows an exponential pattern, rising with age, and affects 6–10% of people over the age of 65

· The overall prevalence of HF is thought to be increasing, in part because current therapies of cardiac disorders, such as myocardial infarction (MI), valvular heart disease, and arrhythmias, are allowing patients to survive longer.

· Although HF was once thought to arise primarily in the setting of a depressed left ventricular (LV) ejection fraction (EF), epidemiological studies have shown that approximately one-half of patients who develop HF have a normal or preserved EF (EF ≥ 40–50%).

· Accordingly, HF patients are now broadly categorized into one of two groups: 
· HF with a depressed EF (commonly referred to as systolic failure)  
· HF with a preserved EF (commonly referred to as diastolic failure)
· Rheumatic heart disease remains a major cause of HF in Africa and Asia, especially in the young. 
· Hypertension is an important cause of HF in the African and African-American populations. 
· Chagas' disease is still a major cause of HF in South America. 
· Not surprisingly, anemia is a frequent concomitant factor in HF in many developing nations. 
· As developing nations undergo socioeconomic development, the epidemiology of HF is becoming similar to that of Western Europe and North America, with CAD emerging as the single most common cause of HF. 
· Although the contribution of diabetes mellitus to HF is not well understood, diabetes accelerates atherosclerosis and is often associated with hypertension
· In industrialized countries, coronary artery disease (CAD) has become the predominant cause in men and women and is responsible for 60–75% of cases of HF. 
· Hypertension contributes to the development of HF in 75% of patients, including most patients with CAD. 
· Both CAD and hypertension interact to augment the risk of HF, as does diabetes mellitus
Etiology
Depressed Ejection Fraction (<40%)

1. Coronary artery disease: Myocardial infarction and myocardial ischemia
2. Chronic pressure overload: Hypertension and obstructive valvular disease
3. Chronic volume overload: Regurgitant valvular disease, intracardiac (left-to-right) shunting and extracardiac shunting

4. Nonischemic dilated cardiomyopathy: Familial/genetic disorders, infiltrative disorders, toxic/drug-induced damage, Metabolic disorder, Viral
5. Disorders of rate and rhythm: Chronic bradyarrhythmias and chronic tachyarrhythmias
Preserved Ejection Fraction (>40–50%)

1. Pathological hypertrophy: Primary (hypertrophic cardiomyopathies) and Secondary (hypertension)

2. Restrictive cardiomyopathy:  Infiltrative disorders (amyloidosis, sarcoidosis), Storage diseases (hemochromatosis)

3. Aging

4. Fibrosis

5. Endomyocardial disorders

Pulmonary Heart Disease 

1. Cor pulmonale

2. Pulmonary vascular disorders

High-Output States 

1. Metabolic disorders: Thyrotoxicosis and nutritional disorders (beriberi)

2. Excessive blood-flow requirements: Systemic arteriovenous shunting and chronic anemia

Precipitating causes
1. Infection. The resulting fever, tachycardia, and hypoxemia and the increased metabolic demands may place a further burden on an overloaded, but compensated, myocardium of a patient with chronic heart disease.

2. Anemia. In the presence of anemia, the oxygen needs of the metabolizing tissues can be met only by an increase in the cardiac output 

3. Thyrotoxicosis and pregnancy. Similar to anemia and fever, thyrotoxicosis and pregnancy are also high cardiac output states. 

4. Arrhythmias. In patients with compensated heart disease, arrhythmias are among the most frequent precipitating causes of HF. 
5. Rheumatic, viral, and other forms of myocarditis. Acute rheumatic fever and a variety of other inflammatory or infectious processes affecting the myocardium may precipitate HF in patients with or without preexisting heart disease 

6. Infective endocarditis. The additional valvular damage, anemia, fever, and myocarditis that often occur as a consequence of infective endocarditis may, singly or in concert, frequently precipitate HF 

7. Physical, dietary, fluid, environmental, and emotional excesses. The sudden augmentation of sodium intake as with a large meal, the inappropriate discontinuation of pharmaceuticals to treat HF, blood transfusions, physical overexertion, excessive environmental heat or humidity, and emotional crises all may precipitate HF in patients with heart disease who were previously compensated.

8. Systemic hypertension. Rapid elevation of arterial pressure, as may occur in some instances of hypertension of renal origin or upon discontinuation of antihypertensive medication in patients with essential hypertension, may result in cardiac decompensation 

9. Myocardial infarction. In patients with chronic but compensated ischemic heart disease, a fresh infarct, sometimes otherwise silent clinically, may further impair ventricular function and precipitate HF 
10. Pulmonary embolism. Physically inactive patients with low cardiac output are at increased risk of developing thrombi in the veins of the lower extremities or the pelvis. Pulmonary emboli may result in further elevation of pulmonary arterial pressure, which in turn may produce or intensify ventricular failure
Classification
· HF may be described as systolic or diastolic, high-output or low-output, acute or chronic, right-sided or left-sided, and forward or backward. 

Systolic versus diastolic failure
· The distinction between these two forms of HF relates to whether the principal abnormality is the inability of the ventricle to contract normally and expel sufficient blood (systolic failure) or to relax and/or fill normally (diastolic failure). 
· The major clinical manifestations of systolic failure relate to an inadequate cardiac output with weakness, fatigue, reduced exercise tolerance, and other symptoms of hypoperfusion, while in diastolic HF the manifestations relate principally to the elevation of filling pressures. 

· Diastolic HF may be caused by increased resistance to ventricular inflow and reduced ventricular diastolic capacity (constrictive pericarditis and restrictive, hypertensive, and hypertrophic cardiomyopathy), impaired ventricular relaxation (acute myocardial ischemia), and myocardial fibrosis and infiltration (restrictive cardiomyopathy).

High-output versus low-output heart failure
· It is useful to classify patients with HF into those with a low cardiac output, i.e., low-output HF, and those with an elevated cardiac output, i.e., high-output HF. 
· The former occurs secondary to ischemic heart disease, hypertension, dilated cardiomyopathy, and valvular and pericardial disease, while the latter is seen in patients with HF and hyperthyroidism, anemia, pregnancy, arteriovenous fistulas, beriberi, and Paget's disease. 
· In most forms of high-output HF, the heart is called on to pump abnormally large quantities of blood in order to deliver the oxygen required by the metabolizing tissues. 
· The hemodynamic burden placed on the myocardium by the increased flow load resembles that produced by chronic aortic regurgitation. 
· In addition, thyrotoxicosis and beriberi may also impair myocardial metabolism directly, while very severe anemia may interfere with myocardial function by producing myocardial anoxia, especially in the subendocardium and in the presence of underlying obstructive coronary artery disease.

Acute versus chronic heart failure
· The prototype of acute HF is the sudden development of a large myocardial infarction or rupture of a cardiac valve in a patient who previously was entirely well. 
· Chronic HF is typically observed in patients with dilated cardiomyopathy or multivalvular heart disease that develops or progresses slowly. 
· Acute HF is usually predominantly systolic, and the sudden reduction in cardiac output often results in systemic hypotension without peripheral edema.
· In contrast, in chronic HF, arterial pressure is ordinarily well maintained until very late in the course, but there is often accumulation of edema.

Right-sided versus left-sided heart failure
· Many of the clinical manifestations of HF result from the accumulation of excess fluid behind either one or both ventricles 
· This fluid usually localizes upstream to (behind) the ventricle that is initially affected. 
· For example, patients in whom the left ventricle is hemodynamically overloaded (e.g., aortic stenosis) or weakened (e.g., postmyocardial infarction) develop dyspnea and orthopnea as a result of pulmonary congestion, a condition referred to as left-sided HF. 
· In contrast, when the underlying abnormality affects the right ventricle primarily (e.g., congenital valvular pulmonic stenosis or pulmonary hypertension secondary to pulmonary thromboembolism), symptoms resulting from pulmonary congestion are uncommon, and edema, congestive hepatomegaly, and systemic venous distention, i.e., clinical manifestations of right-sided HF, are more prominent. 
Backward versus forward heart failure
· The concept of backward HF contends that in HF, one or the other ventricle fails to discharge its contents or fails to fill normally. 
· As a consequence, the pressures in the atrium and venous system behind the failing ventricle rise, and retention of sodium and water occurs as a consequence of the elevation of systemic venous and capillary pressures and the resultant transudation of fluid into the interstitial space 
· In contrast, the proponents of the forward HF hypothesis maintain that the clinical manifestations of HF result directly from an inadequate discharge of blood into the arterial system. 
· According to this concept, salt and water retention is a consequence of diminished renal perfusion and excessive proximal tubular sodium reabsorption and of excessive distal tubular reabsorption through activation of the renin-angiotensin-aldosterone (RAA) system.

Pathophysiology

E-medicine 

· Inadequate adaptation of the cardiac myocytes to increased wall stress in order to maintain adequate cardiac output following myocardial injury is the inciting event in CHF

· Most important among these adaptations are the 
1) Frank-Starling mechanism, in which an increased preload helps to sustain cardiac performance
2) Myocardial hypertrophy with or without cardiac chamber dilatation, in which the mass of contractile tissue is augmented 

3) Activation of neurohumoral systems, especially the release of norepinephrine (NE) by adrenergic cardiac nerves, which augments myocardial contractility and the activation of the renin-angiotensin-aldosterone system (RAAS) and other neurohumoral adjustments that act to maintain arterial pressure and perfusion of vital organs.

· In acute heart failure, the finite adaptive mechanisms that may be adequate to maintain the overall contractile performance of the heart at relatively normal levels become maladaptive when trying to sustain adequate cardiac performance

· The primary myocardial response to chronic increased wall stress includes myocyte hypertrophy and remodeling, usually of the eccentric type. 

· The reduction of cardiac output following myocardial injury sets into motion a cascade of hemodynamic and neurohormonal derangements that provoke activation of neuroendocrine systems, most notably the above-mentioned adrenergic systems and RAAS. 

· The release of epinephrine (E) and NE, along with the vasoactive substances endothelin-1 (ET-1) and vasopressin (V), causes vasoconstriction, which increases afterload, and, via an increase in cyclic adenosine monophosphate (cAMP), causes an increase in cytosolic calcium entry. 

· The increased calcium entry into the myocytes augments myocardial contractility and impairs myocardial relaxation (lusitropy).

· The calcium overload may also induce arrhythmias and lead to sudden death. 

· The increase in afterload and myocardial contractility (known as inotropy) and the impairment in myocardial lusitropy lead to an increase in myocardial energy expenditure and a further decrease in cardiac output. 

· The increase in myocardial energy expenditure leads to myocardial cell death, resulting in heart failure and further reduction in cardiac output, thus starting an accelerating cycle of further increased neurohumoral stimulation and further adverse hemodynamic and myocardial responses

· In addition, the activation of the RAAS leads to salt and water retention, resulting in increased preload and further increases in myocardial energy expenditure. 

· Increases in renin, mediated by decreased stretch of the glomerular afferent arteriole, reduced delivery of chloride to the macula densa, and increased beta1-adrenergic activity as a response to decreased cardiac output, results in an increase in angiotensin II (Ang II) levels and, in turn, aldosterone levels. 

· This results in stimulation of release of aldosterone. 

· Ang II, along with ET-1, is crucial in maintaining effective intravascular homeostasis mediated by vasoconstriction and aldosterone-induced salt and water retention

· Some evidence indicates that local cardiac Ang II production, with a resultant decrease in lusitropy, increase in inotropy, and increase in afterload, leads to increased myocardial energy expenditure. 
· In this fashion, Ang II has similar actions to NE in CHF

· Ang II also mediates myocardial cellular hypertrophy and may promote progressive loss of myocardial function. 
· The neurohumoral factors above lead to myocyte hypertrophy and interstitial fibrosis, resulting in increased myocardial volume and increased myocardial mass, as well as myocyte loss. 
· The increase in myocardial volume results in myocyte slippage, which also results in further increases in myocardial volume and mass. 

· These features, namely the increased myocardial volume and mass, along with myocyte loss, are the hallmark of myocardial remodeling. 

· This remodeling process leads to early adaptive mechanisms, such as augmentation of stroke volume (Starling mechanism) and decreased wall stress (Laplace mechanism), and later, maladaptive mechanisms such as increased myocardial oxygen demand, myocardial ischemia, impaired contractility, and arrhythmogenesis

· As heart failure advances and/or becomes progressively decompensated, there is a relative decline in the counterregulatory effects of endogenous vasodilators, including nitric oxide (NO), prostaglandins (PGs), bradykinin (BK), atrial natriuretic peptide (ANP), and B-type natriuretic peptide (BNP). 
· This occurs simultaneously with the increase in vasoconstrictor substances from the RAAS and adrenergic systems. 
· This fosters further increases in vasoconstriction and thus preload and afterload, leading to cellular proliferation, adverse myocardial remodeling, and antinatriuresis with total body fluid excess and worsening CHF symptoms
Clinical manifestations

History

· Breathlessness, a cardinal sign of LV failure, may manifest with progressively increasing severity as (1) exertional dyspnea, (2) orthopnea, (3) paroxysmal nocturnal dyspnea, (4) dyspnea at rest, and (5) acute pulmonary edema. 
· Exertional dyspnea: The principal difference between exertional dyspnea in subjects who are healthy and exertional dyspnea in patients with heart failure is the degree of activity necessary to induce the symptom
· Exertional dyspnea, in fact, may be absent in sedentary patients.

· Orthopnea: This early symptom of CHF may be defined as dyspnea that develops in the recumbent position and is relieved with elevation of the head with pillows. 
· In the recumbent position, decreased pooling of blood in the lower extremities and abdomen occurs. 
· Blood is displaced from the extrathoracic to the thoracic compartment. 
· The failing LV, operating on the flat portion of the Starling curve, cannot accept and pump out the extra volume of blood delivered to it without dilating. 
· As a result, pulmonary venous and capillary pressures rise further, causing interstitial pulmonary edema, reduced pulmonary compliance, increased airway resistance, and dyspnea. 

· In contrast to paroxysmal nocturnal dyspnea, orthopnea occurs rapidly, often within a minute or two of recumbency, and develops when the patient is awake. 
· Cough, particularly during recumbency, may be an "orthopnea equivalent." 
· This nonproductive cough may be caused by pulmonary congestion and is relieved by treatments for heart failure.

· Paroxysmal nocturnal dyspnea: Attacks of paroxysmal nocturnal dyspnea usually occur at night. 
· This symptom of CHF is defined by a sudden awakening of the patient, after a couple hours of sleep, with a feeling of severe anxiety, breathlessness, and suffocation. 
· The patient may bolt upright in bed and gasp for breath. 
· Bronchospasm increases ventilatory difficulty and the work of breathing and is a common complicating factor of paroxysmal nocturnal dyspnea. 
· In contrast to orthopnea, which may be relieved by immediately sitting up in bed, attacks of paroxysmal nocturnal dyspnea may require 30 minutes or longer in this position for relief. 
· Episodes of this may be so frightening that the patient may be afraid to resume sleeping, even after the symptoms have abated.

· Dyspnea at rest: Mechanisms of dyspnea in heart failure 

· Decreased pulmonary function

· Decreased compliance 

· Increased airway resistance

· Increased ventilatory drive

· Hypoxemia due to increased pulmonary capillary wedge pressure (PCWP) 

· Ventilation/perfusion (V/Q) mismatching due to increased PCWP and cardiac output 

· Increased carbon dioxide production

· Respiratory muscle dysfunction

· Decreased respiratory muscle strength 

· Decreased endurance 

· Ischemia

· Fatigue and weakness: These symptoms are often accompanied by a feeling of heaviness in the limbs. 

· Fatigue and weakness are generally related to poor perfusion of the skeletal muscles in patients with a lowered cardiac output. 
· Nocturia: Nocturia may occur relatively early in the course of heart failure. 
· Recumbency reduces the deficit in cardiac output in relation to oxygen demand; renal vasoconstriction diminishes and urine formation increases. 
· Oliguria is a late finding in CHF and is found in patients with markedly reduced cardiac output from severely reduced LV function.

· Cerebral symptoms: Confusion, memory impairment, anxiety, headaches, insomnia, bad dreams or nightmares, and rarely, psychosis with disorientation, delirium, or hallucinations may occur in elderly patients with advanced heart failure, particularly in those with cerebrovascular atherosclerosis. 

· Predominant right-sided heart failure: Ascites, congestive hepatomegaly, and anasarca due to elevated right-sided heart pressures transmitted backward into the portal vein circulation may result in increased abdominal girth and epigastric and right upper quadrant (RUQ) abdominal pain. 
· Other gastrointestinal symptoms, owing to congestion of the hepatic and gastrointestinal venous circulation, include anorexia, bloating, nausea, and constipation. 
· In preterminal heart failure, inadequate bowel perfusion can cause abdominal pain, distention, and bloody stools. 
· Distinguishing right-sided CHF from hepatic failure is often clinically difficult. 

· Dyspnea, prominent in LV failure, becomes less prominent in isolated right-sided heart failure because of the absence of pulmonary congestion. 
· On the other hand, when cardiac output becomes markedly reduced in patients with terminal right-sided heart failure (as may occur in isolated RV infarction and in the late stages of primary pulmonary hypertension and pulmonary thromboembolic disease), severe dyspnea may occur as a consequence of the reduced cardiac output, poor perfusion of respiratory muscles, hypoxemia, and metabolic acidosis.

Physical

· General appearance: Patients with mild heart failure appear to be in no distress after a few minutes of rest, but they may be obviously dyspneic during and immediately after moderate activity. 
· Patients with LV failure may be dyspneic when lying flat without elevation of the head for more than a few minutes. 
· Those with severe heart failure appear anxious and may exhibit signs of air hunger in this position. 

· Patients with recent onset of heart failure are generally well nourished, but those with chronic severe heart failure are often malnourished and sometimes even cachectic. 

· Chronic marked elevation of systemic venous pressure may produce exophthalmos and severe tricuspid regurgitation and may lead to visible pulsation of the eyes and of the neck veins. 

· Central cyanosis, icterus, and malar flush may be evident in patients with severe heart failure. 

· In mild or moderate heart failure, stroke volume is normal at rest; in severe heart failure, it is reduced, as reflected by a diminished pulse pressure and a dusky discoloration of the skin. 

· With very severe heart failure, particularly if cardiac output has declined acutely, systolic arterial pressure may be reduced. 
· The pulse may be weak, rapid, and thready; the proportional pulse pressure (pulse pressure/systolic pressure) may be markedly reduced. 
· The proportional pulse pressure correlates reasonably well with cardiac output. 
· Evidence of increased adrenergic activity: Increased adrenergic activity is manifested by tachycardia, diaphoresis, pallor, peripheral cyanosis with pallor and coldness of the extremities, and obvious distention of the peripheral veins secondary to venoconstriction. 

· Diastolic arterial pressure may be slightly elevated.

· Pulmonary rales: Rales heard over the lung bases are characteristic of CHF of at least moderate severity. 
· With acute pulmonary edema, rales are frequently accompanied by wheezing and expectoration of frothy, blood-tinged sputum. 

· The absence of rales, however, certainly does not exclude elevation of pulmonary capillary pressure due to LV failure.

· Systemic venous hypertension: This is manifested by jugular venous distention (normal ≤ 8 cm). 
· Normally, jugular venous pressure declines with respiration; however, it increases in patients with heart failure, a finding known as the Kussmaul sign (also found in constrictive pericarditis). 

· Hepatojugular reflux: This is found in patients with right-sided heart failure and is helpful in differentiating hepatic enlargement due to heart failure from that caused by other conditions. 

· Edema: Although a cardinal manifestation of CHF, edema does not correlate well with the level of systemic venous pressure. 
· In patients with chronic LV failure and low cardiac output, extracellular fluid volume may be sufficiently expanded to cause edema in the presence of only slight elevations in systemic venous pressure. 

· Usually, a substantial gain of extracellular fluid volume (i.e. a minimum of 5 L in adults) must occur before peripheral edema is manifested. 

· Edema, in the absence of dyspnea or other signs of LV or RV failure, is not solely indicative of heart failure and can be observed in many other conditions, including chronic venous insufficiency, nephrotic syndrome, or other syndromes of hypoproteinemia or osmotic imbalance.

· Hepatomegaly: Hepatomegaly is prominent in patients with chronic right-sided heart failure, but it may occur rapidly in acute heart failure. 

· When occurring acutely, the liver is usually tender. 

· In patients with considerable tricuspid regurgitation, a prominent systolic pulsation of the liver, attributable to an enlarged right atrial V wave, is often noted. 
· A presystolic pulsation of the liver, attributable to an enlarged right atrial A wave, can occur in tricuspid stenosis, constrictive pericarditis, restrictive cardiomyopathy involving the RV, and pulmonary hypertension (primary or secondary).

· Hydrothorax (pleural effusion): Hydrothorax is most commonly observed in patients with hypertension involving both systemic and pulmonary systems. 
· Hydrothorax is usually bilateral, although when unilateral, it is usually confined to the right side of the chest. 

· When hydrothorax develops, dyspnea usually intensifies because of further reductions in vital capacity.

· Ascites: This finding occurs in patients with increased pressure in the hepatic veins and in the veins draining into the peritoneum. 

· Ascites usually reflects long-standing systemic venous hypertension.

· Protodiastolic (S3) gallop: This is the earliest cardiac physical finding in decompensated heart failure in the absence of severe mitral or tricuspid regurgitation or left-to-right shunts. 

· Cardiomegaly: A nonspecific finding, cardiomegaly nonetheless occurs in most patients with chronic heart failure. 

· Notable exceptions include heart failure from acute myocardial infarction, constrictive pericarditis, restrictive cardiomyopathy, valve or chordae tendineae rupture, or heart failure due to tachyarrhythmias or bradyarrhythmias.

· Pulsus alternans: Pulsus alternans occurs most commonly in heart failure due to increased resistance to LV ejection, as occurs in hypertension, aortic stenosis, coronary atherosclerosis, and dilated cardiomyopathy. 

· It is usually associated with an S3 gallop, signifies advanced myocardial disease, and often disappears with treatment of heart failure.

· Accentuation of P2 heart sound, S3 gallop, and systolic murmurs: This accentuation is a cardinal sign of increased pulmonary artery pressure. 
· It disappears or improves after treatment of heart failure. 

· Mitral and tricuspid regurgitation murmurs are often present in patients with decompensated heart failure because of ventricular dilatation. 
· The presence of an S3 gallop in adults is important, pathologic, and often the most apparent finding on cardiac auscultation in patients with significant CHF.

· Cardiac cachexia: Cardiac cachexia is found in long-standing heart failure, particularly of the RV, because of anorexia from hepatic and intestinal congestion and sometimes because of digitalis toxicity. 
· Occasionally, impaired intestinal absorption of fat and (rarely) protein-losing enteropathy occur. 

· Patients with heart failure may also exhibit increased total metabolism secondary to augmentation of myocardial oxygen consumption, excessive work of breathing, low-grade fever, and elevated levels of circulating TNF.

· Fever: Fever may be present in severe decompensated heart failure because of cutaneous vasoconstriction and impairment of heat loss.

· In patients with long-standing severe HF, impotence and depression are common.

Diagnosis 
Modified Framingham Criteria for Diagnosis of Congestive Heart Failure 

Major criteria 

1. Paroxysmal nocturnal dyspnea 

2. Orthopnea 
3. Elevated jugular venous pressure 
4. Pulmonary rales 

5. Third heart sound 

6. Cardiomegaly on chest x-ray 

7. Pulmonary edema on chest x-ray 

8. Weight loss ≥ 4.5 kg in five days in response to treatment of presumed heart failure Rales 

Minor criteria 

1. Bilateral leg edema 

2. Nocturnal cough 

3. Dyspnea on ordinary exertion 

4. Hepatomegaly 

5. Pleural effusion 

6. Tachycardia (heart rate 120 beats/min) 

7. Weight loss ≥ 4.5 kg in five days
· To establish a clinical diagnosis of congestive heart failure by these criteria, at least one major and two minor criteria are required.
Differential diagnosis

· HF is sometimes difficult to distinguish from pulmonary disease
· Pulmonary embolism also presents many of the manifestations of HF, but hemoptysis, pleuritic chest pain, a right ventricular lift, and the characteristic mismatch between ventilation and perfusion on lung scan should point to this diagnosis 

· Ankle edema may be due to varicose veins, cyclic edema, or gravitational effects, but in these patients there is no jugular venous hypertension at rest or with pressure over the abdomen. 
· Edema secondary to renal disease can usually be recognized by appropriate renal function tests and urinalysis and is rarely associated with elevation of venous pressure. 
· Enlargement of the liver and ascites occur in patients with hepatic cirrhosis and also may be distinguished from HF by normal jugular venous pressure and absence of a positive abdominojugular reflux.
Treatment
Goals

· The treatment of HF may be divided into four components: 
a) Removal of the precipitating cause, 
b) Correction of the underlying cause, 
c) Prevention of deterioration of cardiac function 
d) Control of the congestive HF state. 
· The third component of the treatment of HF, i.e., the prevention of deterioration of cardiac function, involves the administration of angiotensin-converting enzyme (ACE) inhibitors and alpha-adrenergic blockers as well as reduction of cardiac work load. 
· Control of the congestive heart failure state requires reduction of the excessive retention of salt and water as well as enhancement of myocardial contractility. 
· Then, as symptoms develop simple measures such as moderate restriction of activity and sodium intake and oral diuretics should be tried. 
· Alpha -adrenergic receptor blockers and digitalis glycosides are given for patients with systolic HF. 
· If these measures are insufficient, the next step is more rigorous restriction of salt intake and higher doses and multiple diuretics. 
· If HF persists, hospitalization with rigid salt restriction, bed rest, intravenous vasodilators, and positive inotropic agents are tried. 
· Assisted circulation and cardiac transplantation are considered for patients with severe, intractable HF and a poor prognosis.

Staging

· HF should be viewed as a continuum that is comprised of four interrelated stages. 

A. Stage A includes patients who are at high risk for developing HF but without structural heart disease or symptoms of HF (e.g. patients with diabetes mellitus or hypertension). 

B. Stage B includes patients who have structural heart disease but without symptoms of HF (e.g. patients with a previous MI and asymptomatic LV dysfunction).

C. Stage C includes patients who have structural heart disease and have developed symptoms of HF (e.g. patients with a previous MI with dyspnea and fatigue). 

D. Stage D includes patients with refractory HF requiring special interventions (e.g., patients with refractory HF who are awaiting cardiac transplantation).
Classification 

	New York Heart Association Classification



	

	Functional Capacity 

Objective Assessment

Class I 

Patients with cardiac disease but without resulting limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitations, dyspnea, or anginal pain.

Class II 

Patients with cardiac disease resulting in slight limitation of physical activity. They are comfortable at rest. Ordinary physical activity results in fatigue, palpitation, dyspnea, or anginal pain.

Class III 

Patients with cardiac disease resulting in marked limitation of physical activity. They are comfortable at rest. Less than ordinary activity causes fatigue, palpitation, dyspnea, or anginal pain.

Class IV 

Patients with cardiac disease resulting in inability to carry on any physical activity without discomfort. Symptoms of heart failure or the anginal syndrome may be present even at rest. If any physical activity is undertaken, discomfort is increased.




Basis of treatment
· Once patients have developed structural heart disease, their therapy depends on their NYHA functional classification 

· For patients who have developed LV systolic dysfunction but remain asymptomatic (class I), the goal should be to slow disease progression by blocking neurohormonal systems that lead to cardiac remodeling 

· For patients who have developed symptoms (class II–IV), the primary goal should be to alleviate fluid retention, lessen disability, and reduce the risk of further disease progression and death. 

· These goals generally require a strategy that combines diuretics (to control salt and water retention) with neurohormonal interventions (to minimize cardiac remodeling).
MANAGEMENT OF HF WITH DEPRESSED EJECTION FRACTION (<40%)
General Measures

· Clinicians should aim to screen for and treat comorbidities such as hypertension, CAD, diabetes mellitus, anemia, and sleep-disordered breathing, as these conditions tend to exacerbate HF. 

· HF patients should be advised to stop smoking and to limit alcohol consumption to two standard drinks per day in men or one per day in women. 

· Patients suspected of having an alcohol induced cardiomyopathy should be urged to abstain from alcohol consumption indefinitely. 

· Extremes of temperature and heavy physical exertion should be avoided. 

· Certain drugs are known to make HF worse and should also be avoided 

· For example, nonsteroidal anti inflammatory drugs, including cyclooxygenase 2 inhibitors, are not recommended in patients with chronic HF because the risk of renal failure and fluid retention is markedly increased in the presence of reduced renal function or ACE inhibitor therapy. 

· Patients should receive immunization with influenza and pneumococcal vaccines to prevent respiratory infections. 

· It is equally important to educate the patient and family about HF, the importance of proper diet, as well the importance of compliance with the medical regimen. 

· Supervision of outpatient care by a specially trained nurse or physician assistant and/or in specialized HF clinics have all been found to be helpful, particularly in patients with advanced disease.
Activity

· Although heavy physical labor is not recommended in HF, routine modest exercise has been shown to be beneficial in patients with NYHA class I–III HF. 

· For euvolemic patients, regular isotonic exercise such as walking or riding a stationary bicycle ergometer, as tolerated, should be encouraged.

Diet

· Dietary restriction of sodium (2–3 g daily) is recommended in all patients with HF and preserved or depressed EF. 

· Further restriction (<2 g daily) may be considered in moderate to severe HF.

Diuretics

· Many of the clinical manifestations of moderate to severe HF result from excessive salt and water retention that leads to volume expansion and congestive symptoms. 

· Diuretics are the only pharmacologic agents that can adequately control fluid retention in advanced HF, and they should be used to restore and maintain normal volume status in patients with congestive symptoms (dyspnea, orthopnea, edema) or signs of elevated filling pressures (rales, jugular venous distention, or peripheral edema). 

· Furosemide, torsemide, and bumetanide act at the loop of Henle (loop diuretics) by reversibly inhibiting the reabsorption of Na+, K+, and Cl– in the thick ascending limb of Henle's loop; thiazides and metolazone reduce the reabsorption of Na+ and Cl– in the first half of the distal convoluted tubule; and potassium-sparing diuretics such as spironolactone act at the level of the collecting duct

· Diuretics should be initiated in low doses and then carefully titrated upward to relieve signs and symptoms of fluid overload in an attempt to obtain the patient's "dry weight."

Preventing Disease Progression

· Drugs that interfere with the excessive activation of the RAA system and the adrenergic nervous system can relieve the symptoms of HF with a depressed EF by stabilizing and/or reversing cardiac remodeling. 

· In this regard, ACE inhibitors and beta blockers have emerged as the cornerstones of modern therapy for HF with a depressed EF

ACE Inhibitors

· ACE inhibitors stabilize LV remodeling, improve symptoms, reduce hospitalization, and prolong life.

· Because fluid retention can attenuate the effects of ACE inhibitors, it is preferable to optimize the dose of diuretic before starting the ACE inhibitor. 

· However, it may be necessary to reduce the dose of diuretic during the initiation of ACE inhibition in order to prevent symptomatic hypotension. 

· ACE inhibitors should be initiated in low doses, followed by gradual increments if the lower doses have been well tolerated.
· In patients who cannot tolerate ACE inhibitors because of cough or angioedema, angiotensin receptor blockers (ARBs) are the recommended first line of therapy

ß-Adrenergic Receptor Blockers

· Beta blocker therapy represents a major advance in the treatment of patients with a depressed EF 

· These drugs interfere with the harmful effects of sustained activation of the adrenergic nervous system by competitively antagonizing one or more adrenergic receptors (α1, ß 1, and ß 2). 

· Although there are a number of potential benefits to blocking all three receptors, most of the deleterious effects of adrenergic activation are mediated by the ß 1 receptor. 

· When given in concert with ACE inhibitors, beta blockers reverse the process of LV remodeling, improve patient symptoms, prevent hospitalization, and prolong life. 

· Therefore beta blockers are indicated for patients with symptomatic or asymptomatic HF and a depressed EF <40%

· Analogous to the use of ACE inhibitors, beta blockers should be initiated in low doses, followed by gradual increments in the dose if lower doses have been well tolerated

· Therapy with beta blockers can lead to bradycardia and/or exacerbate heart block. 

· Accordingly, the dose of beta blocker should be reduced if the heart rate decreases to <50 beats/min and/or second or third degree heart block or symptomatic hypotension develops

Aldosterone Antagonists

· Although classified as potassium-sparing diuretics, drugs that block the effects of aldosterone (spironolactone or eplerenone) have beneficial effects that are independent of the effects of these agents on sodium balance. 
· Accordingly, the administration of an aldosterone antagonist is recommended for patients with NYHA class IV or class III (previously class IV) HF who have a depressed EF (<35%) and who are receiving standard therapy, including diuretics, ACE inhibitors, and beta blockers.

· The major problem with the use of aldosterone antagonists is the development of life-threatening hyperkalemia, which is more prone to occur in patients who are receiving potassium supplements or who have underlying renal insufficiency.

· Painful gynecomastia may develop in 10–15% of patients who use spironolactone, in which case eplerenone may be substituted

Management of Patients WHO Remain Symptomatic

· An ACE inhibitor (or an ARB) plus a beta blocker should be standard background therapy for HF patients with a depressed LV EF. 

· Additional pharmacologic therapy should be considered in patients who have persistent symptoms or progressive worsening despite optimized therapy with an ACE inhibitor and beta blocker. 

· Agents that may be considered as part of additional therapy include an ARB, spironolactone, the combination of hydralazine and isosorbide dinitrate, or digitalis. 

· The triple combination of an ACE inhibitor, an ARB, and an aldosterone antagonist should not be used because of the high risk of hyperkalemia
· Digoxin is recommended for patients with symptomatic LV systolic dysfunction who have concomitant atrial fibrillation, and it should be considered for patients who have signs or symptoms of HF while receiving standard therapy, including ACE inhibitors and beta blockers. 

· Therapy with digoxin is commonly initiated and maintained at a dose of 0.125–0.25 mg daily.
· There is no indication for using loading doses of digoxin to initiate therapy in patients with HF
Anticoagulation and Antiplatelet Therapy

· Treatment with warfarin [goal international normalized ratio (INR) 2.0–3.0] is recommended for patients with HF and chronic or paroxysmal atrial fibrillation, or with a history of systemic or pulmonary emboli, including stroke or transient ischemic attack. 

· Patients with symptomatic or asymptomatic ischemic cardiomyopathy and documented recent large anterior MI or recent MI with documented LV thrombus should be treated with warfarin (goal INR 2.0–3.0) for the initial 3 months after MI, unless there are contraindications to its use

· Aspirin is recommended in HF patients with ischemic heart disease for the prevention of MI and death. 

· However, lower doses of aspirin (75 or 81 mg) may be preferable because of the concern of worsening of HF at higher doses
Management of Cardiac Arrhythmias

· Atrial fibrillation occurs in 15–30% of patients with HF and is a frequent cause of cardiac decompensation. 

· Most antiarrhythmic agents, with the exception of amiodarone and dofetilide, have negative inotropic effects and are proarrhythmic. 

· Amiodarone is a class III antiarrhythmic that has little or no negative inotropic and/or proarrhythmic effects and is effective against most supraventricular arrhythmias. 

· Amiodarone is the preferred drug for restoring and maintaining sinus rhythm, and it may improve the success of electrical cardioversion in patients with HF. 

· Amiodarone increases the level of phenytoin and digoxin and prolongs the INR in patients taking warfarin. 

· Therefore it is often necessary to reduce the dose of these drugs by as much as 50% when initiating therapy with amiodarone.

· Implantable cardiac defibrillators (ICDs) are highly effective in treating recurrences of sustained ventricular tachycardia and/or ventricular fibrillation in HF patients with recurrent arrhythmias and/or cardiac syncope, and they may be used as stand-alone therapy or in combination with amiodarone and/or a beta blocker

MANAGEMENT OF HF WITH A PRESERVED EJECTION FRACTION (>40–50%)
· There are no proven and/or approved pharmacologic or device therapies for the management of patients with HF and a preserved EF. 
· Therefore, it is recommended that initial treatment efforts should be focused, wherever possible, on the underlying disease process (e.g., myocardial ischemia, hypertension) associated with HF with preserved EF. 
· Precipitating factors, such as tachycardia or atrial fibrillation, should be treated as quickly as possible through rate control and restoration of sinus rhythm when appropriate. 
· Dyspnea may be treated by reducing total blood volume (dietary sodium restriction and diuretics), decreasing central blood volume (nitrates), or blunting neurohormal activation with ACE inhibitors, ARBs, and/or beta blockers. 
· Treatment with diuretics and nitrates should be initiated at low doses to avoid hypotension and fatigue
ACUTE HF

Defining an Appropriate Therapeutic Strategy

· The therapeutic goals for the management of acute HF therapy are to (1) stabilize the hemodynamic derangements that provoked the symptoms responsible for the hospitalization, (2) identify and treat the reversible factors that precipitated decompensation, and (3) reestablish an effective outpatient medical regimen that will prevent disease progression and relapse

· The two primary hemodynamic determinants of acute HF are elevated LV filling pressures and a depressed cardiac output. 

· Frequently the depressed cardiac output is accompanied by an increase in systemic vascular resistance (SVR) as a result of excessive neurohormonal activation. 

· Because these hemodynamic derangements may occur singly or together, patients with acute HF generally present with one of four basic hemodynamic profiles: normal LV filling pressure with normal perfusion, elevated LV filling pressure with normal perfusion, elevated LV filling pressures with decreased perfusion, and normal or low LV filling pressure with decreased tissue perfusion

Pharmacologic Management of Acute HF

Vasodilators

· After diuretics, intravenous vasodilators are the most useful medications for the management of acute HF. 

· By stimulating guanylyl cyclase within smooth-muscle cells, nitroglycerin, nitroprusside, and nesiritide exert dilating effects on arterial resistance and venous capacitance vessels, which results in a lowering of LV filling pressure, a reduction in mitral regurgitation, and improved forward cardiac output, without increasing heart rate or causing arrhythmias

Inotropic Agents

· Positive inotropic agents produce direct hemodynamic benefits by stimulating cardiac contractility, as well as by producing peripheral vasodilation. 

· Collectively, these hemodynamic effects result in an improvement in cardiac output and a fall in LV filling pressures
Prognosis

· Despite many recent advances in the evaluation and management of HF, the development of symptomatic HF still carries a poor prognosis. 

· Community based studies indicate that 30–40% of patients die within 1 year of diagnosis and 60–70% die within 5 years, mainly from worsening HF or as a sudden event (probably because of a ventricular arrhythmia). 

· Although it is difficult to predict prognosis in an individual, patients with symptoms at rest [New York Heart Association (NYHA) class IV] have a 30–70% annual mortality rate, whereas patients with symptoms with moderate activity (NYHA class II) have an annual mortality rate of 5–10%. 

· Thus, functional status is an important predictor of patient outcome
