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Case scenario
A 74 year old man attends the surgery for review of his longstanding heart failure. He has an exercise tolerance of just a few yards, limited by breathlessness. His jugular venous pressure is not raised, he has no ankle oedema, and the lung bases are clear. There is no evidence of fluid overload. A recent echocardiogram showed an ejection fraction of less than 25%. He has a history of type 2 diabetes mellitus and stage 2 chronic obstructive pulmonary disease with limited reversibility. His current treatment is with ramipril 10 mg daily and furosemide 80 mg daily, in addition to aspirin, simvastatin, and salbutamol and ipratropium inhalers. Should he be prescribed a β blocker?
Heart failure is characterised by neurohormonal activation, particularly of the sympathetic nervous system and the renin-angiotensin-aldosterone system. Reducing this activation with an angiotensin converting enzyme (ACE) inhibitor has been the mainstay of heart failure management for many years. β adrenoceptor antagonists (β blockers) used to be contraindicated in heart failure, owing to the risk of decompensation when they were given in doses licensed for treatment of angina or hypertension. However, raised concentrations of catecholamines in plasma (a marker of sympathetic nervous system activation) correlate with disease severity, disease progression, and a poorer prognosis, and may therefore contribute to deterioration of cardiac function. Re-evaluation of the potential for low dose β blockers to ameliorate these consequences showed overwhelmingly that they reduce morbidity and mortality in heart failure with reduced left ventricular ejection fraction (LVEF). These drugs are now a cornerstone of effective management of symptoms and prognosis.
Three β blockers are licensed in the UK for treatment of heart failure: carvedilol, bisoprolol, and nebivolol. Carvedilol is a non-selective β blocker and has vasodilatory effects owing to α1 adrenoceptor blockade. The other two drugs are cardioselective, and nebivolol also produces nitric oxide mediated vasodilation. Modified release metoprolol, also a cardioselective β blocker, is licensed for use in heart failure in many countries outside the UK.
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How well do β blockers work?
Heart failure with reduced LVEF
Many large randomised, double-blind, placebo controlled trials have assessed β blockers in combination with ACE inhibitors, in clinically stable patients with all grades of symptomatic heart failure with reduced LVEF (New York Heart Association classes II-IV, see box). The evidence is compelling, with a reduction of about 34% in total mortality and hospital admission as a result of worsening heart failure, in addition to the reduction in mortality and morbidity achieved with an ACE inhibitor alone. The absolute benefit depends on the severity of the disease. In class II or III heart failure the number needed to treat over 1 year to prevent one death is 23-27 and in class III-IV is 15.
New York Heart Association classification for heart failure
· Class I (mild)-No limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitation, or dyspnoea. 

· Class II (mild)-Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity results in fatigue, palpitation, or dyspnoea. 

· Class III (moderate)-Marked limitation of physical activity. Comfortable at rest, but less than ordinary activity causes fatigue, palpitation, or dyspnoea. 

· Class IV (severe)-Unable to carry out any physical activity without discomfort. Symptoms of cardiac insufficiency at rest. If any physical activity is undertaken, discomfort is increased. 

Two randomised comparisons between metoprolol (modified-release formulation) and carvedilol found no significant differences in exercise capacity, quality of life, or the combined endpoint of all cause mortality and all cause hospitalisation. Carvedilol reduced all cause mortality over 58 months by 17% more than short acting metoprolol (34% v 40%) in one placebo controlled study, but it has been suggested that the use of this formulation of metoprolol, rather than the modified release formulation used in other trials, may have biased the results in favour of carvedilol. The choice of β blocker among those licensed for heart failure is probably not important. However, if a patient taking a different β blocker develops heart failure, they should change to one with evidence of effectiveness in patients with this condition.


Heart failure with preserved LVEF
The use of β blockers in heart failure with preserved LVEF is more controversial. The National Institute for Clinical Excellence found insufficient evidence to recommend such use. However, some experts advocate use of a β blocker in this situation based on limited evidence from a trial of nebivolol in older people.


How safe are β blockers?
Possible side effects of β blockers include bronchospasm, cold peripheries (including exacerbation of Raynaud's phenomenon), hypotension, bradycardia, and the potential to precipitate decompensation in heart failure. In diabetes mellitus they may lead to deterioration in blood glucose control, or impair awareness of hypoglycaemia.
β blockers are often withheld from older people, patients with severe left ventricular systolic dysfunction, and those with co-morbidities such as diabetes mellitus, chronic obstructive pulmonary disease (COPD), or peripheral vascular disease. This probably reflects concerns over side effects and the potential for clinical deterioration. Is there any evidence to support these views?
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Use in severe heart failure
Using β blockers to treat patients with severe heart failure produces similar reductions in mortality and morbidity as in those with mild to moderate heart failure. No excess of hospital admissions for worsening heart failure is seen in those with severe heart failure taking a β blocker, and some studies found a significant reduction in admissions. There is no justification for withholding treatment solely on the grounds of severity of symptoms or degree of LVEF reduction, although the maximum tolerated dose of β blocker may be lower.


Use in older adults
Older people are under-represented in many clinical trials, and the mean age of patients in most trials of β blockers in heart failure was 63 years, although the average age at which heart failure develops in the community is nearer 76 years. To address this concern, a randomised placebo controlled study with nebivolol was carried out in 2128 patients aged over 70 years (mean 76 years). It showed a modest reduction in the composite endpoint of all cause mortality and cardiovascular hospital admissions-from 36% to 31% over 30 months. A subgroup analysis of 1982 patients over 65 years (mean age 72 years) from a randomised controlled trial with modified release metoprolol in patients with reduced LVEF showed a reduction in all cause mortality from 14.1% to 8.9% over 1 year, results that are comparable to those in younger patients (8.1% vs 5.6%). Overall, the evidence suggests that older patients who have heart failure with impaired systolic function have similar outcomes with β blockers as younger patients.


Use in asthma and COPD
Asthma is considered to be a contraindication for β blockers. However, a Cochrane review found that, at least in the short term, no deterioration of lung function occurs when cardioselective β blockers are used in mild to moderate asthma.
Patients with COPD are often not started on a β blocker because of concerns about reactive airways and the risk of bronchospasm, and COPD was an exclusion criterion in all the major heart failure trials. A Cochrane review of cardioselective β blockers given to patients with COPD, including those with reversible (>15% improvement with β2 agonist) and irreversible airway disease, found no change in forced expiratory volume, breathlessness, or effects of bronchodilators. This finding is supported by an observational study that showed the tolerability of carvedilol in heart failure was similar in patients with and without COPD.


Use in peripheral vascular disease
In theory, the symptoms of peripheral vascular disease might be worsened by the combination of a decrease in cardiac output and blood pressure produced by a β blocker and impaired skeletal muscle vasodilatation from β2 adrenoceptor blockade. However, a meta-analysis of 11 randomised controlled trials with β blockers in stable mild to moderate intermittent claudication showed no significant effect on pain free walking distance. Observational data confirm good tolerability of carvedilol in patients with peripheral vascular disease and heart failure. However, β blockers should be avoided in patients with critical limb ischaemia.
Use in diabetes mellitus
Traditional teaching has been that β blockers should be used with caution in diabetes mellitus, since they can inhibit glycogenolysis and mask the symptoms of hypoglycaemia. No randomised trials have focused specifically on people with diabetes mellitus and heart failure, and patients with unstable diabetes were excluded from most trials. However, subgroup analysis of patients with diabetes mellitus and heart failure in trials of β blockers showed tolerability and benefits similar to those of the trial population as a whole.
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What are the precautions?
The target doses of β blockers in heart failure are based on those shown to be effective in clinical trials. In these trials, between 42% and 68% of patients (including older people) achieved the intended dose. More patients discontinued placebo than the β blocker, although dose titration was limited by side effects in many patients. Sensitivity to β blockers seems to be increased in heart failure, and the maximum tolerated dose varies widely among individuals. This variation may be caused by the reduced number of β1 adrenoceptors in the failing heart, with reduced tolerability indicating that a high proportion of receptors are occupied by the drug.
At each visit for assessment, measure blood pressure (preferably sitting and standing to exclude a postural drop) and check the heart rate. Although symptomatic hypotension or bradycardia can limit the maximum tolerated dose, blood pressure may rise with gradual dose titration because of improved cardiac function. If patients are bradycardic but do not have symptoms, then the dose of β blocker does not need to be reduced. A meta-analysis of trials of β blockers in heart failure showed that for every reduction in heart rate of five beats per minute, mortality fell by 18%.By contrast, β blockers are contraindicated in second or third degree heart block.
In patients with severe or poorly controlled asthma, avoid β blockers. However, if asthma is mild or moderate severity and stable, β blockers may be trialled with close monitoring of symptoms and peak expiratory flow rates. β blockers can be used cautiously in COPD even if there is substantial reversibility of the airway obstruction, but again with close monitoring, since even a cardioselective β blocker can cause bronchospasm. Patients with COPD and little airway reversibility usually tolerate a β blocker well.
Cold peripheries or Raynaud's phenomenon can limit tolerability of any β blocker, although it is worth trying one with vasodilating activity, such as carvedilol or nebivolol, if such problems occur. Sexual and erectile dysfunction can occur, but are probably no more common than with many other cardiovascular drugs. Sleep disturbance and nightmares are more common with lipid soluble β blockers such as metoprolol than with hydrophilic drugs.


How cost effective are β blockers?
Heart failure accounts for 2% of healthcare spending in Europe, but there are few cost-effectiveness analyses of β blockers in heart failure. An individual patient simulation model from data on older people treated with nebivolol considered costs of hospital admission for cardiovascular disease, drugs, general practitioner visits, and outpatient appointments. It found that nebivolol was cost effective in patients older than 70 with heart failure and reduced LVEF. However, it might have underestimated the number of general practitioner visits during the drug titration phase.


How are β blockers taken and monitored?
The traditional approach to management of heart failure with reduced LVEF is to start with an ACE inhibitor and then to add a β blocker. However, the second agent added is less likely to be titrated up to the target dose than the primary agent. The question of which drug should be given first was investigated in 1010 patients with mild to moderate heart failure and a mean age of 72 years, who were randomised to six months of monotherapy with either enalapril or bisoprolol before addition of the other agent. No significant difference was reported in the time to first event of all cause mortality or all cause hospital admission between the protocols.
The initial dose of β blocker should be low, with gradual dose titration no more frequently than every two weeks, aiming for the target dose used in the trials or the maximum tolerated dose. "Tips for doctors" provides some practical advice on starting and monitoring use of β blockers.
Regular review to check for treatment related effects is important during the titration phase. Taking the maximum tolerated dose of a β blocker leads to a better outcome than no β blocker at all.
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Once started, a β blocker should not be stopped if the heart failure deteriorates. Every effort should be made to adjust treatment with other drugs to control symptoms, since stopping a β blocker is associated with a doubling in mortality (although this finding could be attributed to withdrawal in those with more severe heart failure).


How do β blockers compare with other drugs?
Both ACE inhibitors and angiotensin receptor blockers reduce mortality in heart failure, with a number needed to treat of about 26 over one year of treatment to prevent a death. These drugs are not an alternative to β blockers, since the effects on morbidity and mortality are additive, and trials of β blockers in heart failure have assessed the drugs only as add-on therapy for patients already stabilised on an ACE inhibitor.
Spironolactone reduces mortality in severe heart failure with a number needed to treat of 9 over two years of treatment to prevent one death, but only 10% of patients in this trial were taking a β blocker. More recently, two studies have assessed the aldosterone antagonist epleronone in patients with reduced ejection fraction but less severe symptoms. The first was in patients after myocardial infarction, and the second in those with class II heart failure. In these studies, 75-87% of patients were taking a β blocker, and the number needed to treat to prevent one death in a year was about 50 in both studies. Ivabradine, a specific sinus node inhibitor, has also been studied in heart failure with reduced ejection fraction. The patients had symptomatic heart failure (grade II-IV), and 89% were taking a β blocker. The number needed to treat for ivabradine to prevent one death from heart failure in a year was 88.


Return to case scenario
Our patient's general practitioner starts him on bisoprolol, explaining that there is good evidence that he is likely to benefit from a β blocker, living longer and with less chance of admission to hospital with worsening heart failure. His co-morbidities and age should not be a barrier to starting treatment.


Tips for doctors
· Always consider adding a β blocker to standard treatment for heart failure with impaired systolic function, regardless of severity 

· Do not with-hold drugs from patients with co-morbidities that have traditionally been reasons to avoid β blockers (notably diabetes, peripheral vascular disease, COPD) 

· Avoid β blockers in patients with second or third degree heart block, severe or poorly controlled asthma, and critical limb ischaemia 

· Use a drug licensed for heart failure, usually bisoprolol or carvedilol 

· Start with a very small dose, and titrate slowly every two weeks using the regimens recommended in the British National Formulary 

· Aim to achieve the recommended target dose, but accept the maximum tolerated dose if this is lower 

· Check standing and sitting blood pressure and heart rate at each visit for dose titration, and ask about symptoms suggesting hypotension 

· Bradycardia in the absence of symptoms does not usually require dose reduction 

· Try not to stop the β blocker if the heart failure deteriorates; try to adjust other drugs to regain control of symptoms and fluid balance 

· In patients who also have asthma or COPD, monitor symptoms and peak expiratory flow rates closely 
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