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       الصيدلة السريرية/النظري/المرحلة الرابعة      

  CHRONIC HEART FAILURE                                       م.م. مهند ياسر الرديف

• Chronic heart failure results from deficiency in the heart's function as a pump, 

where the delivery of blood, and therefore oxygen and nutrients, becomes inadequate 

for the needs of the tissues.  

• Chronic heart failure is a complex condition associated with a number of symptoms 

arising from defects in left ventricular filling and/or emptying; of which shortness of 

breath (exertional dyspnoea, orthopnoea and paroxysmal nocturnal dyspnoea), fatigue 

and ankle swelling are the most common.  

• The symptoms of heart failure are due to inadequate tissue perfusion, venous 

congestion and disturbed water and electrolyte balance. Impairment of renal function, 

and the associated water retention, adds to the burden placed on the heart.  

• In chronic heart failure, the physiological mechanisms that aim to maintain 

adequate tissue perfusion become counterproductive and contribute to the progressive 

nature of the condition. Because heart failure can occur in the presence or absence of 

fluid overload, the term heart failure is preferred over the former term congestive 

heart failure. 

• The term acute heart failure is used to signify either an acute decompensation of a 

patient with a history of chronic heart failure or to refer to a patient presenting with 

new-onset heart failure symptoms. 

• Treatment is aimed at improving left ventricular function, controlling the secondary 

effects that lead to the occurrence of symptoms, and delaying disease progression. 

Drug therapy is indicated in all patients with heart failure to control symptoms (where 

present), improve quality of life and prolong survival. 
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ETIOLOGY 

• The common underlying etiologies in patients with heart failure are coronary artery 

disease and hypertension.  

• Identifiable causes of heart failure include aortic stenosis, cardiomyopathy, 

mechanical defects such as cardiac valvular dysfunction, hyperthyroidism and severe 

anemia. Conditions that place increased demands on the heart can create a shortfall in 

cardiac output and lead to intermittent exacerbation of symptoms. 

• Symptoms of heart failure may occur as a consequence of hyperthyroidism, where 

the tissues place a greater metabolic demand, or severe anemia, where there is an 

increased circulatory demand on the heart. Cardiac output may also be compromised 

by bradycardia or tachycardia, or by a sustained arrhythmia such as that experienced 

by patients in atrial fibrillation. 

PATHOPHYSIOLOGY 

• In health, cardiac output (CO) at rest is approximately 5 L/min with a mean heart 

rate (HR) of 70 beats per minute and stroke volume (SV) of 70 mL. Since the filled 

ventricle has a normal volume of 130 mL, the fraction ejected is over 50% of the 

ventricular contents, with the remaining (residual) volume being approximately 60 

mL.  

• In left ventricular systolic dysfunction, the Ejection fraction (EF) (the fraction of the 

volume present at the end of diastole that is pushed into the aorta during systole) is 

reduced to below 45%, and symptoms are common when the fraction is below 35%, 

although some patients with a low EF can remain asymptomatic. When the EF falls 

below 10%, patients have the added risk of thrombus formation within the left 

ventricle and in most cases anticoagulation with warfarin is indicated. 

• HR is controlled by the autonomic nervous system, where sympathetic stimulation 

of β-adrenergic receptors results in an increase in HR and CO.  

• SV is the volume of blood ejected with each systole. SV volume is determined by 

factors regulating preload, afterload, and contractility.  

• Preload is a measure of ventricular filling pressure, or the volume of blood in the 

left ventricle (also known as LV end-diastolic volume). Preload is determined by 

venous return as well as atrial contraction. An increase in venous return to the left 

ventricle results in the stretch of cardiomyocyte sarcomeres (or contractile units) and 

a subsequent increase in the number of cross-bridges formed between actin and 

myosin myofilaments. This results in an increase in the force of contraction based on 

the Frank-Starling mechanism.  

• The Frank-Starling ventricular function curve demonstrates a curvilinear 

relationship between LV myocardial muscle fiber “stretch” (wall tension) and 

myocardial work. As stretch increases, the volume of blood ejected with each systolic 
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contraction (SV) increases. In systolic heart failure, the work capacity for any degree 

of stretch is diminished. 

 
• Afterload is the resistance to ventricular ejection and regulated by ejection 

impedance, wall tension, and regional wall geometry. Thus, elevated aortic and 

systemic pressures result in an increase in afterload and reduced SV.  

• Contractility, also known as the inotropic state of the heart, is an intrinsic property 

of cardiac muscle incorporating fiber shortening and tension development. 

Contractility is influenced to a large degree by adrenergic nerve activity and 

circulating catecholamines such as epinephrine and norepinephrine. 
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CLINICAL MANIFESTATIONS 

• The reduced cardiac output, impaired oxygenation and diminished blood supply to 

muscles cause fatigue.  

• Shortness of breath occurs on exertion (dyspnoea) or on lying (orthopnoea). When 

the patient lies down, the postural change causes abdominal pressure on the 

diaphragm which redistributes edema to the lungs, leading to breathlessness. At night 

the pulmonary symptoms give rise to cough and an increase in urine production 

prompts micturition (nocturia), which adds to the sleep disturbance. The patient can 

be inclined to waken at night as gradual accumulation of fluid in the lungs may 

eventually provoke regular attacks of gasping (paroxysmal nocturnal dyspnoea).  

• Patients with heart failure may appear pale and their hands cold and sweaty.  

• Reduced blood supply to the brain and kidney can cause confusion and contribute to 

renal failure, respectively.  

• Edema affects the lungs, ankles and abdomen. Signs of edema in the lungs include 

crepitations heard at the lung bases.  

• The sputum may be frothy and tinged red from the leakage of fluid and blood from 

the capillaries.  

DIAGNOSIS  
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TREATMENT  

• All guidelines confirm that ACE inhibitors and β-blockers should be given to all 

patients with all grades of heart failure, whether symptomatic or asymptomatic, in the 

absence of contraindication or intolerance. 

• In ACE inhibitor-intolerant patients, the preferred alternative is an ARB. However, 

it should be remembered that where ACE inhibitor intolerance is due to renal 

dysfunction, hypotension or hyperkalaemia, similar effects could be expected with an 

ARB.  

• If an ARB is an unsuitable alternative, the use of hydralazine/nitrate combination or 

digoxin could be considered, although the latter combination of agents has no effect 

on mortality.  

• For patients with symptomatic heart failure, a loop diuretic is usually recommended 

to treat edema and control symptoms.  

• In heart failure patients who are still symptomatic despite being on optimum 

therapy (ACE inhibitor, β-blocker with/without a diuretic), the use of adjunctive 

therapies is recommended which can include ARB, aldosterone antagonists, 

hydralazine/nitrate combination and digoxin where the patient is still in sinus rhythm. 
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Diuretics 

• In chronic heart failure, diuretics are used to relieve pulmonary and peripheral 

edema by increasing sodium and chloride excretion through blockade of sodium re-

absorption in the renal tubule. Normally, in the proximal tubule, about 70% of 

sodium is reabsorbed along with water.  

• In mild heart failure, either a thiazide or more often a loop diuretic is chosen 

depending on the severity of the symptoms experienced by the patient and the degree 

of diuresis required.  

• Thiazides are now rarely used as sole diuretic therapy and are reserved for cases 

where the degree of fluid retention is very mild, renal function is not compromised or 

as an adjunct to loop diuretics. 

• Loop diuretics are indicated in the majority of symptomatic patients and most 

patients will be prescribed one of either furosemide, bumetanide or torasemide in 

preference to a thiazide.  

• These agents are known as ‘high-ceiling agents’ because their blockade of sodium 

re-absorption in the loop of Henle continues with increased dose. They have a shorter 

duration of action (average 4–6 h) compared to thiazides (average 12–24 h), and 
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produce less hypokalaemia. In high doses, however, their intensity of action may 

produce hypovolaemia with risk of postural hypotension, worsening of symptoms and 

renal failure.  

ACE inhibitors 

• ACE inhibitors are indicated as first-line treatment for all grades of heart failure due 

to left ventricular systolic dysfunction, including those patients who are 

asymptomatic.  

• These agents exert their effects by reducing both the preload and afterload on the 

heart, thereby increasing cardiac output. 

• ACE inhibitors act upon the renin–angiotensin–aldosterone system, and they reduce 

afterload by reducing the formation of angiotensin II, a potent vasoconstrictor in the 

arterial system. 

• These drugs also have an indirect effect on sodium and water retention by inhibiting 

the release of aldosterone and vasopressin, thereby reducing venous congestion and 

preload. 

• The increase in cardiac output leads to an improvement in renal perfusion, which 

further helps to alleviate edema. 

• ACE inhibitors also potentiate the vasodilator bradykinin and may intervene locally 

on ACE in cardiac and renal tissues. 

• When an ACE inhibitor is prescribed, it is important to ensure that the dose is 

started low and increased gradually, paying close attention to renal function and 

electrolyte balance. The dose should be titrated to achieve the target dose that has 

been associated with long-term benefits shown in clinical trials or (if not possible) the 

maximum tolerable dose. 

• The introduction of an ACE inhibitor may produce hypotension, which is most 

pronounced after the first dose and is sometimes severe. Hypotension can also occur 

where the ACE inhibitor has been initiated at too high a dose or where the dose has 

been increased too quickly after initiation. In the primary care setting, treatment must 

be started with a low dose which is usually administered at bedtime. 

• One of the most common adverse effects seen with ACE inhibitors is a dry cough 

and this is reported in at least 10% of patients. 

Angiotensin II receptor blockers 

• Although comparisons of ACE inhibitors and ARBs have shown similar benefits on 

morbidity and heart failure mortality, only ACE inhibitors have been shown to have 

positive effects on all-cause mortality. ARBs should, therefore, not be used instead of 

ACE inhibitors, unless the patient experiences intolerable side effects. 
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β-Blockers 

• Formerly, β-blockers have been contraindicated in patients with heart failure. 

However, the sympathetic neurohormonal overactivity that occurs in response to the 

failing heart has been identified as a decisive factor in the progression of ventricular 

dysfunction.  

• The use of β-blockers is, therefore, recommended for all patients with heart failure 

due to left ventricular systolic dysfunction, irrespective of age and the degree of 

dysfunction. However, due to their negative inotropic effects, β-blockers should only 

be initiated when the patient's condition is stable.  

• Currently, nebivolol, bisoprolol and carvedilol are the only licensed β-blockers for 

the treatment of heart failure in the UK. Extended-release metoprolol succinate, 

carvedilol, and bisoprolol are FDA approved for use in heart failure. Metoprolol and 

bisoprolol are both partially selective β1-blockers, and carvedilol is a mixed α1- and 

nonselective β-blocking agent. 

• It is likely that patients will experience a worsening of symptoms during initiation 

of therapy and, therefore, patients are started on very low doses of β-blocker (e.g. 

carvedilol 3.125 mg daily) with careful titration occurring over a number of weeks or 

months with careful monitoring. 

Aldosterone antagonists 

• Spironolactone has been shown to reduce mortality and hospitalisation rates in 

patients with moderate-to-severe heart failure. The use of eplerenone has also been 

shown to be associated with similar benefits in early post-MI patients with 

symptomatic heart failure or early post-MI diabetic patients with asymptomatic heart 

failure. 

• Aldosterone can cause sodium and water retention, sympathetic activation and 

parasympathetic inhibition, all of which are associated with harmful effects in the 

patient with heart failure. Aldosterone antagonists counteract these effects by directly 

antagonising the activity of aldosterone, providing a more complete blockade of the 

renin–angiotensin–aldosterone system when used in conjunction with an ACE 

inhibitor.  

Digoxin  

• Digoxin is currently recommended for use as add-on therapy at low doses in 

patients with moderate-to-severe heart failure who remain symptomatic despite 

adequate doses of ACE inhibitor, β-blocker and diuretic treatment. 

• Digoxin is a positive inotropic agent and acts by increasing the availability of 

calcium within the myocardial cell through an inhibition of sodium extrusion, thereby 
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increasing sodium–calcium exchange and leading to enhanced contractility of cardiac 

muscle.  

• Digoxin increases cardiac output in patients with co-existing atrial fibrillation by 

suppressing atrioventricular conduction and controlling the ventricular rate. 

• Digoxin treatment is potentially hazardous due to its low therapeutic index and so 

all patients receiving this drug should be regularly reviewed to exclude clinical signs 

or symptoms of adverse effects.  

• Digoxin may cause bradycardia and lead to potentially fatal cardiac arrhythmias. 

Other symptoms associated with digoxin toxicity include nausea, vomiting, confusion 

and visual disturbances. Digoxin toxicity is more pronounced in the presence of 

metabolic or electrolyte disturbances and in patients with cardiac ischemia. Those 

patients who develop hypokalaemia, hypomagnesaemia, hypercalcaemia, alkalosis, 

hypothyroidism or hypoxia are at particular risk of toxicity. 

• Treatment of toxicity may be required to restore serum potassium, and in 

emergency situations intravenous digoxin-specific antibody fragments can be used to 

treat life-threatening digoxin toxicity. 

Nitrates/hydralazine 

• Nitrates exert their effects in heart failure predominantly on the venous system 

where they cause venodilation, thereby reducing the symptoms of pulmonary 

congestion. The preferred use of nitrates is in combination with an arterial vasodilator 

such as hydralazine, which reduces the afterload, to achieve a balanced effect on the 

venous and arterial circulation. 

• The combined effects of these two drugs lead to an increase in cardiac output, and 

there is evidence to show the combination is effective and associated with a reduction 

in mortality in patients with heart failure 

Inotropic agents 

• The use of inotropic agents (except digoxin) is almost exclusively limited to 

hospital practice, where acute heart failure may require the use of one or more 

inotropic agents, particularly the sympathomimetic agents dobutamine and dopamine, 

in an intravenous continuous infusion. 
 

 

 

 

 

 


