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Abstract
Rate control drugs are used to reduce the ventricular rate during atrial arrhythmias and are widely used in both primary and secondary care. In this final instalment of a three-part series, we evaluate three commonly used rate control agents; bisoprolol, diltiazem, and digoxin.  Of these, bisoprolol has the widest range of indications as it is also used in the prevention of ventricular arrhythmias.  It has the best safety profile of the three drugs due to its combined renal and hepatic excretion.  Diltiazem and digoxin have a narrower range of use, and carry a greater risk of toxicity due to a reliance on either hepatic or renal elimination.  These issues are explored alongside consideration of evidence base for use, dosing, and interactions.  The focus is on information that supports safe prescribing and administration.
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Introduction
In the first two articles of this three-part series, we examined the principles of antiarrhythmic drug therapy and took a detailed look at three of the most commonly used rhythm control drugs.  In this final instalment, we turn our attention to the rate control drugs. 
Rate control agents include beta-blockers, the non-dihydropyridine calcium channel blockers, and digoxin.  Their principal use in arrhythmia management is to slow the ventricular response during atrial arrhythmias, although some rate control drugs also have rhythm control properties (Bennett, 2013).  Like the rhythm control drugs, they are a heterogeneous group with a variety of mechanisms of action, pharmacological features and safety issues.  A sound knowledge of their unique features is therefore essential to safe practice. 
In this article we examine three of the most commonly used rate control drugs in more detail; bisoprolol, diltiazem and digoxin.  As with previous articles in the series, the focus will be on establishing the rationale for drug use, and outlining the information that supports safe prescribing and administration.

Bisopolol
Overview and indications
[bookmark: _Hlk19796045]Bisoprolol is a beta-adrenergic receptor blocker, more commonly referred to as a beta-blocker (Joint Formulary Committee, 2019).  Beta blockers exert their effects by occupying beta-adrenergic receptors on the cell membrane (Fogoros and Mandola, 2018).   This prevents adrenaline and noradrenaline from binding to the cell, reducing the effects of the sympathetic nervous system and the “fight or flight” response (Klabunde, 2012).  There are two main subtypes of beta-adrenergic receptor; beta 1 receptors and beta 2 receptors.  Although many organs contain both subtypes, beta 1 receptors are more common in the heart, GI tract, kidney, brain, and fat cells.  Beta 2 receptors predominate in the bronchi, peripheral vasculature, pancreas, uterus and thyroid (Borchard 1998).  Beta-blockers bind to both receptor types.
In the heart, blockade of beta 1 receptors reduces automaticity, electrical conduction speed and contractility (Fogoros and Mandrola, 2018).  Beta blockers therefore slow the heart rate, reduce conduction speed through the AV node, and lower cardiac output.  Their effect on beta 1 receptors in the kidneys reduces renin production, targeting the start of the renin-angiotensin-aldosterone cascade; this reduces vasoconstriction and fluid retention, lowering the blood pressure (Klabunde, 2012).  These effects make beta-blockers useful agents in the management of angina, heart failure, hypertension and arrhythmias (Joint Formulary Committee, 2019).  
The effect of beta-blockers on beta 2 receptors is responsible for a range of extra-cardiac effects that may be undesirable, for example bronchospasm (Bain, 2005).  Unlike first generation beta-blockers such as propranolol, bisoprolol is cardioselective, meaning that it has a higher affinity for beta 1 receptors than beta 2 receptors (Baker, 2005).  This reduces the risk of extra-cardiac side effects but does not eliminate it entirely (Joint Formulary Committee, 2019).  It is also dose dependent, with cardioselectivity declining as the dose increases.  Unlike some second-generation beta blockers, bisoprolol has no additional vasodilatory properties (Mansour and Kaul, 2009).  
In atrial arrhythmias, bisoprolol is used to slow AV node conduction and therefore ventricular rate (Bennett, 2013).  This can relieve symptoms such as palpitations, breathlessness and fatigue, and reduces the risk of tachycardia-induced cardiomyopathy (Van Gelder et al, 2016).  The aim is to control symptoms, enable exercise, and preserve left ventricular (LV) function, without inducing bradycardia.  Guidelines suggest a target heart rate of less than 110 beats per minute at rest for most individuals; a lower heart rate may be needed if symptoms persist, LV function declines, or biventricular pacing is used (Kirchof et al, 2016).  Ambulatory monitoring is usually required to assess the response to treatment (Bennett, 2013).  
Rate control with beta-blockers may be a standalone treatment, or may complement attempts to control the rhythm using drugs, DC cardioversion or catheter ablation (National Institute for Health and Care Excellence [NICE], 2014).  Beta blockers have a limited effect in preventing atrial arrhythmias on their own, although they are more effective when episodes have clear adrenergic triggers such as pain, anxiety or exercise (Grandi and Ripplinger, 2019).  They have proven efficacy in reducing atrial fibrillation (AF) following cardiac surgery, and can be used to terminate re-entrant supraventricular tachycardia (SVT) (Frendl et al, 2014; Page et al, 2015).
In the management of ventricular arrhythmia, beta blockers are considered the cornerstone of drug therapy (Priori et al, 2015).  They exert a greater rhythm control effect in the abnormal myocardium due to factors including reduced myocardial work and ischaemia, blockade of elevated sympathetic activity, and prevention of adverse ventricular remodelling (Grandi and Ripplinger, 2019).  They also have specific antiarrhythmic effects including suppression of abnormal automaticity, and prolongation of the ventricular effective refractory period.  Beta blockers reduce sudden arrhythmic death in chronic heart failure (CHF) and following myocardial infarction (MI), and are first line therapies in these conditions (Priori et al, 2015).  They also reduce ventricular arrhythmia in long QT syndrome and catecholaminergic polymorphic ventricular tachycardia; the non-selective beta blockers nadolol and propranolol are preferred for this indication because of greater efficacy (Ackerman et al, 2017).  

Dosing and administration
Bisoprolol has a plasma elimination half-life of 10-12 hours, allowing once daily dosing (Accord Healthcare Ltd, 2019).  The drug is well absorbed from the gut with or without food, and undergoes very little first pass metabolism, resulting in a bioavailability of 90%.  The usual starting dose is 1.25mg with weekly up titration as required (Joint Formulary Committee, 2019).  
In atrial arrhythmias, the dose should be increased until adequate control of the heart rate is achieved, assuming that intolerance or complications do not occur.  In the prevention of ventricular arrhythmia in CHF or following MI, the dose of bisoprolol should be increased incrementally, aiming for as near to the maximum dose as the patient can tolerate (NICE 2018; NICE 2013).  Careful assessment is required during dose titration as side effects, bradycardia, hypotension or AV block may prevent higher doses from being reached.  
The maximum licensed dose of bisoprolol is 10mg daily in CHF, although up to 20mg can be given for other indications (Joint Formulary Committee, 2019).  

Safety
Because of its negative inotropic effects, bisoprolol is contraindicated in unstable heart failure, cardiogenic shock and symptomatic hypotension (Accord Healthcare Ltd, 2019).  Following MI or in newly diagnosed CHF, the drug should only be started once haemodynamic stability has been achieved. In common with other antiarrhythmic drugs, bisoprolol must not be used if there is significant conduction system disease unless a pacemaker is present.  It is also contraindicated in untreated pheochromocytoma and metabolic acidosis (Joint Formulary Committee, 2019). 
Bisoprolol is usually well tolerated in people with chronic obstructive pulmonary disease, however caution is advised in asthma because of the potential for bronchospasm (Joint Formulary Committee, 2019).  Caution is also advised in individuals with peripheral vascular disease as it may decrease peripheral blood flow; it is contraindicated if there is severe occlusive arterial disease or Raynaud’s syndrome.  Beta blockers can affect glycaemic control and mask the signs of hypoglycaemia; care is therefore required in diabetes (Accord Healthcare Ltd, 2019).  
Bisoprolol should not be stopped suddenly, especially in coronary heart disease as this can produce rebound ischaemia; gradual dose reduction over a number of days is recommended (Bain, 2018).  The drug should be continued during surgery whenever possible. Common side effects include fatigue, dizziness, headache, cold hands and feet and gastrointestinal disturbances (Fogoros and Mandrola, 2018).
Bisoprolol is eliminated by two routes; 50% is converted to inactive metabolites by the liver prior to renal excretion, while the other half is excreted unchanged by the kidneys (Accord Healthcare Ltd, 2019).  Because of this dual elimination, dose reduction is not required if there is renal or hepatic impairment, and there are no drugs interactions caused by shared hepatic pathways.  Combined with a broad therapeutic index, these features give bisoprolol a good safety profile (Bain, 2018).  Important drug interactions do occur because of additive effects, and these must be taken into account - see table 1 for more details. 

	Drug
	Effect of co-administration
	Recommendation

	Verapamil (and to a lesser extent diltiazem)
	Additive effects on inotropy and AV conduction: increased risk of hypotension, bradycardia, AV block and heart failure.

	Concomitant use not recommended

	Centrally acting antihypertensives, e.g. clonidine, methyldopa, moxonodine, rilmenidine
	Additive effect on sympathetic tone: increased risk of bradycardia, hypotension, heart failure.

	Concomitant use not recommended

	Class I antiarrhythmic drugs, e.g. flecainide
	Additive effects on inotropy and AV conduction: increased risk of hypotension, bradycardia and AV block.

	Concomitant use not recommended in heart failure; use with caution in angina and hypertension

	Antihypertensives and drugs with blood pressure lowering potential, e.g. tricyclic antidepressants, barbiturates, phenothiazines

	Additive effects on blood pressure; increased risk of hypotension
	Use with caution

	Class III antiarrhythmics, e.g.  amiodarone
	Additive effect on AV conduction: increased risk of bradycardia and AV block.

	Use with caution

	Topical beta blockers e.g. timolol eye drops

	Additive effects possible
	Use with caution

	Digoxin, parasympathomimetic drugs
	Additive effect on AV conduction: increased risk of bradycardia and AV block.

	Use with caution

	Insulin and hypoglycaemic agents
	May increase effects and mask signs of hypoglycaemia

	Use with caution



Table 1. Drugs with important additive effects to bisoprolol (Accord Healthcare Ltd, 2019)




Diltiazem
Overview and indications
Diltiazem is one of a heterogeneous group of drugs described as calcium channel blockers (Joint Formulary Committee, 2019).  The group can be subdivided into two main drug types - the dihydropyridine drugs, which include amlodipine, nifedipine and nicardipine; and the non-dihydropyridine drugs, which comprise diltiazem and verapamil.  All calcium channel blockers reduce the influx of calcium through voltage-gated L-type calcium channels, which are found in multiple organs including the heart, blood vessels, and gut (Abernethy and Schwartz, 1999).  
In the blood vessels, reduced calcium entry causes smooth muscle relaxation and vasodilatation, lowering blood pressure and increasing coronary artery blood flow.  This makes calcium channel blockers useful drugs in the management of hypertension and angina (Joint Formulary Committee, 2019).  
In the heart, calcium channel blockade reduces contractility and slows the depolarisation of cells within the cardiac conduction system.  This reduces the sinus rate and slows conduction through the AV node.  The magnitude of these cardiac effects varies between the two groups of calcium channel blockers; the dihydropyridine drugs have little negative inotropic action, and do not affect electrical function in vivo (Abernethy and Schwartz, 1999).  In contrast, diltiazem and verapamil have a more profound negative inotropic effect and slow depolarisation of the sinus and AV nodes (Padial et al, 2016).  
The AV node slowing properties of diltiazem make it a useful drug for the rate control of atrial arrhythmias in people without significant left ventricular dysfunction (Van Gelder et al, 2016).  Although the drug is not licensed for this use, it is a first-line agent for rate control in AF guidelines, alongside beta-blockers (Kirchof et al, 2016; NICE, 2014).  The evidence base for its use is limited, but in a cross-over study of 60 patients with permanent AF, diltiazem controlled heart rate more effectively, both at rest and during exercise, than verapamil, metoprolol or carvedilol (Ulimoen et al, 2013).  The drug was also superior in terms of symptom management.  Unlike beta-blockers, diltiazem can be used safely in asthma, and may cause less fatigue (Bennett, 2013).  
Diltiazem does not reduce sympathetic activity or slow conduction within the myocardium, and therefore has no intrinsic antiarrhythmic properties.  It is not used in heart failure because of its negative inotropic effects (Padial et al, 2016).  Although diltiazem and verapamil may supress idiopathic ventricular tachycardia, they have no role in the management of ventricular arrhythmia secondary to structural heart disease, and are not used in the prevention of sudden cardiac death (Brugada and Diez, 2010).  Diltiazem and verapamil are effective alternatives to adenosine in the acute termination of re-entrant SVT; verapamil is used in this context because diltiazem is not available in intravenous form in the UK (Joint Formulary Committee, 2019).  

Dosing and administration
Diltiazem is well-absorbed orally, however a large first-pass effect reduces bioavailability to around 40% (Accord-UK Ltd, 2018).  With standard preparations, plasma half-life is only 4-8 hours, meaning that three times daily administration is required (Joint Formulary Committee, 2019).  To improve adherence, modified or sustained release preparations are typically used, allowing once or twice daily dosing.  In AF, twice daily dosing is commonly employed, using a sustained-release preparation such as Tildiem Retard, which has an elimination half-life of 7-8 hours (Sanofi, 2019).  Preparations from different manufacturers have different pharmacokinetic profiles and are therefore not interchangeable.  
Because diltiazem is not licensed for AF, manufacturers recommendations on dosing are not available (Accord-UK Ltd, 2018; Sanofi, 2019).  A typical starting dose is 90mg twice daily using a sustained release preparation; this should be reduced to 60mg in the elderly, or if there is renal or hepatic impairment (Sanofi, 2019).  Dosing should be guided by clinical response; as with beta-blockers, the aim is to control symptoms and enable the patient to exercise, without producing bradycardia, hypotension or intolerable side effects (Van Gelder et al, 2016).  
In hypertension and angina, the maximum licensed doses of diltiazem for are 360mg and 480mg respectively (Accord-UK Ltd, 2018).  Up to 360mg daily has been used in clinical studies of AF rate control, although unwanted effects were more likely at this dose (Padial et al, 2016).  

Safety
Diltiazem should not be given if there is significant conduction system disease unless a pacemaker is present (Joint Formulary Committee, 2019).  The drug is contraindicated in pregnancy and breastfeeding; congestive heart failure; severe aortic stenosis; cardiogenic shock; and severe hypotension (Sanofi, 2019).  Common side effects include headache, dizziness, flushing, constipation and ankle oedema (Accord-UK Ltd, 2018).
Diltiazem is deactivated in the liver, with only 5% excreted unchanged in the urine (Abernethy and Schwartz, 1999).  Despite this small renal involvement, plasma levels increase during both hepatic and renal impairment, requiring dose reduction (Sanofi, 2019).  Diltiazem is primarily metabolised by CYP3A4, and also inhibits this enzyme (Accord-UK Ltd, 2018).  Interactions occur when diltiazem is coadministration with drugs metabolised by, or affecting, CYP3A4.  Additive effects occur with drugs that decrease blood pressure or cardiac conduction. Important interactions are outlined in table 2. 















	Drug
	Effect of co-administration
	Recommendation

	Alpha antagonists, nitrates

	Additive hypotensive effect
	Use with caution, monitor blood pressure.

	Amiodarone
	Additive effect on AV conduction: increased risk of bradycardia, AV block.

	Use with caution – close supervision and ECG monitoring

	Anti-H2 agents (cimetidine, ranitidine)
	Increase in diltiazem plasma levels
	Careful monitoring and dose reduction if necessary


	Atorvastatin, simvastatin
	Increased statin plasma levels; muscle toxicity possible
	Change to a statin not metabolised by CYP3A4, e.g. pravastatin, rosuvastatin


	Beta blockers
	Additive effects on cardiac conduction and inotropy – increased risk of bradycardia, AV block, heart failure

	Use with caution – close supervision and ECG monitoring 

	Carbamazepine
	Increased plasma levels of carbamazepine

	Check plasma levels and adjust dose if necessary

	Ciclosporin
	Increase in ciclosporin plasma levels
	Use reduced dose of ciclosporin and monitor plasma levels and renal function.


	Dantrolene
	Ventricular fibrillation when dantrolene coadministered with verapamil.

	Concomitant use contraindicated

	Digoxin
	Additive effect on AV conduction: increased risk of bradycardia and AV block.  Increased digoxin plasma level.

	Use with caution – close supervision and ECG monitoring 

	Ivabradine
	Additive effect on sinus rate – risk of significant bradycardia

	Concomitant use contraindicated

	Lithium
	Increased risk of lithium-induced neurotoxicity

	Use with caution

	Rifampicin
	May decrease plasma levels of diltiazem

	Monitor rate control

	Theophylline
	Increase in circulating theophylline levels

	Use with caution



Table 2. Important drug interactions with diltiazem (Accord-UK Ltd, 2018)



Digoxin
Overview and indications
Digoxin is one of the oldest cardiovascular medicines.  The drug is extracted from the Foxglove plant digitalis lanata, which has been used for centuries in traditional remedies for “dropsy”, an archaic term for oedema (Stucky and Goldberger, 2015).  In the 18th century, William Withering investigated the properties of digitalis, publishing a paper on its clinical use in 1785.  From then until the mid-twentieth century, digitalis preparations were the only effective drug therapy for heart failure and AF; digoxin, the pharmaceutical compound prepared from the digitalis plant, continues to be used in these two conditions, although its use has declined in recent years (Wyse, 2014).  
Digoxin binds to the sodium-potassium pump in the cell membrane, occupying the receptor site for potassium (Stucky and Goldberger, 2015).  Inhibition of the pump causes an increase in intracellular sodium; this affects the sodium-calcium exchange mechanism, resulting in increased levels of intracellular calcium.  In the cardiac myocyte, increased calcium levels produce a positive inotropic effect.  The same mechanism in nerve cells increases parasympathetic tone, slowing sinus node activity and conduction through the AV node (Accord-UK Ltd, 2019).  This reduces the heart rate during sinus rhythm and slows the ventricular response to atrial tachyarrhythmias.   
The positive inotropic effects of digoxin can be useful in chronic heart failure, although its use is no longer recommended until first- and second-line therapies have been optimised (Ponikowski et al, 2016).  In the DIG study, a large randomised controlled trial of heart failure patients, digoxin had a neutral effect on mortality when compared to placebo, but reduced hospitalisation for heart failure by 28% (Digitalis Investigation Group, 1997).  
The effect of digoxin on AV node conduction is widely exploited in the rate control of atrial arrhythmias, in particular AF (Kirchof et al, 2016).  As with heart failure, other drugs are considered first-line (beta blockers and non-dihydropyridine calcium channel blockers) however digoxin can be a useful adjunct to these agents.  The use of digoxin as monotherapy is not recommended unless the patient is sedentary, as it does not control the heart rate during exercise (Van Gelder et al, 2016).  Digoxin has no intrinsic antiarrhythmic activity, and has no additional indications in arrhythmia management. 

Dosing and administration
Although digoxin can be given intravenously, its predominant use is in long term oral therapy.  Typical doses are 125 – 250micrograms once daily, although smaller doses may be required in elderly patients and in heart failure; 62.5 microgram tablets are available (Joint Formulary Committee, 2019).  
Peak plasma levels are reached 2-6 hours after oral administration; however, the drug has a large volume of distribution so it takes some days to achieve steady state plasma levels (Accord-UK Ltd, 2019).  A more rapid clinical response can be achieved by oral loading, for example 0.75 to 1.5mg over 24 hours in divided doses (Joint Formulary Committee, 2019).  Absorption is slowed when digoxin is taken with food, but bioavailability is unaffected at around 63% (Accord-UK Ltd, 2019).   
Although a small fraction of digoxin is metabolised in the liver, the majority is excreted unchanged by the kidneys; the dose should therefore be reduced when renal function is impaired.  Elimination half-life in people with normal renal function is 30-40 hours (Accord-UK Ltd, 2019).


Safety
Although digoxin is a useful rate control agent, a number of safety issues affect its use. These include a risk of drug toxicity, concerns about increased mortality, and multiple interactions.
Digoxin has a narrow therapeutic index, meaning that toxic effects can develop rapidly if over-dosing or drug accumulation occurs (Bennett, 2013).  Risk factors for toxicity include renal impairment and the coadministration of drugs that reduce digoxin clearance, for example amiodarone or verapamil (Accord-UK Ltd, 2019).  Toxicity is also more likely when there is hypokalaemia because the drug competes with potassium for binding sites on the sodium-potassium pump (Klabunde, 2012).  People with heart failure are a high-risk group for digoxin toxicity because they often have impaired renal function, and are frequently treated with diuretics, which can cause hypokalaemia (Wang et al, 2010).   
The symptoms of digoxin toxicity are non-specific and include fatigue, nausea, weight loss, headache and confusion (Stucky and Goldberger, 2015).  As serum levels increase, xanthopsia, a yellowing of the vision, may occur.  This is commonly known as the “Van Gogh” effect after the famous painter.  Van Gogh was treated with digitalis compounds, and it has been speculated that his “yellow-period” work was influenced by drug toxicity.  Digoxin toxicity is associated with arrhythmia development including frequent ectopic beats, atrial tachycardia with 2:1 AV block, and junctional rhythms.  Ventricular tachycardia can also occur, which can cause cardiac arrest (Bennett, 2013).  
Because of the risk of toxicity and proarrhythmia, regular blood tests for renal function and plasma digoxin levels are recommended in people taking digoxin (Accord-UK Ltd, 2016).  Toxicity is more likely at plasma concentrations above 2.0ng/ml, but can occur at lower concentrations (Stucky and Goldberger, 2015).  Guidance from the European Society of cardiology recommends a target serum digoxin level of 0.5–0.9 ng/mL (Kirchof et al, 2016).  Blood for digoxin levels should be taken at least six hours after the last dose of the drug (Accord-UK Ltd, 2016).  
Increased mortality in patients taking digoxin has been debated for many years (Wyse, 2014).  Although this was not seen in the DIG trial of heart failure patients, subsequent studies of people with AF have demonstrated a higher death rate in individuals taking digoxin (Wyse, 2014).  These trials were mainly retrospective cohort studies, and therefore at risk of bias.  Ziff et al (2015) perfomed a meta-analysis of the available data, concluding that there was a neutral effect on mortality in randomised controlled trails, although these were all of patients with heart failure.  Considerable prescription bias was found in the retrospective studies of AF patients; individuals taking digoxin were older, sicker and more likely to be taking diuretics and antiarrhythmic drugs.  Ziff et al (2015) concluded that the increase in mortality was probably due to confounding, and not the effect of digoxin.  Other authors have pointed to data linking increased mortality with higher serum digoxin levels, suggesting that any excess mortality risk might be mitigated by careful dosing and monitoring of drug levels (Lopes et al, 2018; Wyse, 2014).
Digoxin is contraindicated in significant conduction system disease (unless a pacemaker is present), myocarditis, Wolff-Parkinson-White syndrome, and ventricular arrhythmias (Joint Formulary Committee, 2019).  The drug has multiple interactions; readers are referred to manufacturer’s guidance (Accord-UK Ltd, 2019).  Among those most relevant to cardiac nurses are interactions with other rate control drugs, which result in additive effects on heart rate and AV conduction (Bennett, 2013).  ACE inhibitors, amiodarone, angiotensin receptors blockers, atorvastatin and calcium channels blockers may all increase digoxin plasma levels.  Diuretics cause electrolyte depletion, increasing the risk of digoxin toxicity (Accord-UK Ltd, 2019).  


Conclusion
The rate control drugs are a diverse group with various mechanisms of action, pharmacological properties, and safety profiles.  Bisoprolol has the widest range of indications, being useful in both atrial and ventricular arrhythmia, and has a good safety profile if additive effects with other cardiovascular drugs are taken into account.  Diltiazem has a narrower range of use, but is an effective alternative in the rate control of AF, especially in patients with asthma or intolerance to beta-blockers.  Digoxin is largely used as an adjunct as it fails to control heart rate during exercise.  The drug suffers from a narrow therapeutic index, multiple interactions, and renal excretion.  This results in a risk of toxicity, which can produce life-threatening arrhythmia.  Some studies have linked the drug to an increase in mortality, although there is no clear consensus on this issue. 
All medicines have the potential for adverse events, especially if they are used without adequate assessment or monitoring of the patient.  Antiarrhythmic drugs can produce life threatening complications, so an understanding of their uses, pharmacology, and interactions is especially important.  This series has highlighted the key issues in the use of these drugs, and described six commonly used drugs in detail.  Although important safety information has been highlighted, clinicians should augment this with their own investigation of product literature, especially when prescribing.   

Key points
· Bisoprolol, diltiazem and digoxin are useful drugs in the management of heart rate during atrial arrhythmia.  

· Bisoprolol has additional indications in the management of ventricular arrhythmia, and confers a mortality benefit in chronic heart failure and following myocardial infarction.  It has a broad therapeutic index, with few interactions, making it a relatively safe drug providing additive effects are taken into account.  

· Diltiazem is a useful alternative in the rate control of atrial arrhythmia, although it has no significant place in the management of ventricular arrhythmia.  Unlike bisoprolol, it can be given to patients with asthma, but suffers from more interactions due to its hepatic elimination.  Diltiazem is contraindicated in heart failure because of its negative inotropic effects.  

· Digoxin is a second line drug in rate control, and can be a useful adjunct in heart failure.  It does not control heart rate during exercise, so is generally used in conjunction with a beta blocker or diltiazem.  There is a risk of drug toxicity that increases in renal impairment and hypokalaemia - monitoring of renal function and serum digoxin levels are therefore important aspects of safe management.  

· Antiarrhythmic drugs have the potential for adverse events, especially if they are used unwisely or without sufficient assessment or follow up.  Understanding the key features of each drug, its recommended uses, and the potential for interaction with other medicines are important aspects of ensuring that antiarrhythmic drug therapy is delivered safely.


CPD questions
1. Rate control agents often produce side effects such as fatigue and breathlessness (beta blockers) and ankle swelling (diltiazem).  How would you identify these as unwanted drug effects, rather than symptoms of the patients underlying heart problem?

2. How would you monitor the effect of rate control agents on heart rate?  What range is desirable, and what problems should you be looking out for?

3. Digoxin often produces characteristic ST depression on the 12-lead ECG.  Would you recognise these changes? What effect might they have on the diagnosis of acute myocardial ischaemia?  
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