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Regular Review

Calcium channel blocking agents and the heart

JOHN KENNY

The advent of calcium channel blocking agents was a
substantial advance in cardiovascular therapeutics. In the
four years since the last editorial in the BMJ on this subject
the number of agents available has risen' and clinical
experience with the existing drugs has increased; with that
experience the range of therapeutic indications has widened.
What these drugs have in common is the ability to modify

the transmembrane transport of calcium ions in different
tissues, but the group is heterogeneous.2 Calcium channel
blocking agents differ from each other in their chemical
structure, their mechanism of action at a cellular level, and
their pharmacological effects. Far from being a disadvan-
tage, this heterogeneity gives the group of drugs a distinct
advantage over the P adrenergic blocking drugs.

Verapamil, nifedipine, and diltiazem are the three front
line calcium channel blocking agents available, and these
three agents have been the most extensively evaluated in
clinical practice. Drugs such as prenylamine, perhexiline
maleate, and lidoflazine also achieve their effects by actions
on the calcum channel, but experience with these and other
agents is more limited, and in some cases their use is also
restricted by serious adverse effects.
The cellular mechanism of action of calcium channel

blocking agents is complex.3 Calcium is vital in the genesis of
the cardiac action potential, regulation of myocardial con-
tractility, and contraction of smooth muscle. Calcium
channel blocking agents interfere with the entry of calcium
ions into the cell and so may reduce the formation and
conduction of the cardiac impulse, reduce myocardial con-
tractility, and produce vasodilatation. Nifedipine, a di-
hydropyridine derivative, produces coronary and systemic
vasodilatation but in vivo has no effect on the cardiac con-
ducting system. In contrast, both verapamil, a phenylalkyl-
amine derivative, and diltiazem, a benzothiazepine
derivative, produce less vasodilatation than nifedipine but
impair sinoatrial and atrioventricular nodal conduction. In
studies on dogs nifedipine has the most negatively inotropic
effect, diltiazem having the least.4 In vivo, however, this
negative inotropic effect of the calcium channel blocking

agents is offset by systemic vasodilatation and reflex sym-
pathetic stimulation.

Coronary artery spasm

Dynamic coronary obstruction-coronary artery spasm
-plays an important part in the pathogenesis of angina (and
particularly angina at rest), not only in patients with normal
coronary arteries but also in patients with fixed arterial
stenoses due to coronary artery disease. Calcium channel
blockade with nifedipine provides symptomatic relief in this
condition, reducing the frequency of angina and the con-
sumption of glyceryl trinitrate.5 Similar results have been
obtained with verapamil and diltiazem. Long term treatment
of coronary artery spasm with diltiazem also reduces cardio-
vascular "events" such as myocardial infarction, sudden
death, and admission to hospital for prolonged pain.6
Nitrates and calcium channel blockade are equally effective
in the condition, but patients seem to prefer treatment with
calcium channel blockers.7

Stable angina pectoris

The main indication for the use of calcium channel
blocking agents is chronic stable angina. Used alone, all the
calcium channel blocking agents are effective in stable
angina; they improve exercise tolerance and prolong both the
time to the onset of angina and the time to the onset of
ST segment depression during exercise testing.8'0 These
beneficial effects appear to be sustained with long term
treatment." Although calcium channel blocking agents are
said to achieve their beneficial effects in stable angina by
increasing coronary blood flow, the evidence for this is not
convincing,'2 and the more likely mechanism is a reduction in
myocardial oxygen consumption. Indeed, most studies have
shown that calcium channel blocking agents do reduce the
rate pressure product and thus the myocardial oxygen
consumption at submaximal exercise. They may also have an
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effect on myocardial cells unrelated to their effects on
systemic and coronary haemodynamics, and this, too, may
delay or reduce the consequences of ischaemia.

Used alone, both verapamil and diltiazem are as effective
as propranolol in prolonging exercise tolerance and the time
to angina.'3'4 Propranolol appears, however, to reduce ST
segment depression during exercise induced ischaemia more
than verapamil or diltiazem. This is because propranolol
decreases the rate pressure product more than the calcium
channel blocking agents. Nifedipine should be used alone
with caution in the treatment of stable angina: responses by
patients are variable and in some it increases angina.'3 16 In
part these adverse effects of nifedipine may be related to its
action in increasing the heart rate-and this may also explain
the findings of a study that showed that verapamil was
superior to nifedipine in the treatment of stable angina.'7

Nifedipine, diltiazem, and verapamil all produce an added
beneficial effect when combined with P adrenergic blockade
in the treatment of stable angina. 18-20 When given in this way,
however, verapamil and diltiazem may produce adverse
effects from their depression of the cardiac conducting
system. Indeed, in stable angina high doses of diltiazem may
be as effective as combined treatment with diltiazem and
propranolol and the single drug may cause fewer side effects
than the combination treatment.2'

In patients with angina pectoris the first treatment should
be with a short acting nitrate. Next, f blockade remains the
prophylactic treatment of choice in stable angina for many
reasons. These include the vast clinical experience of its use
in angina, its cardioprotective effect after myocardial infarc-
tion, and its ability to produce a greater reduction in
ischaemic ST depression. In the many patients unable to
tolerate I3 blockade or in whom its use is contraindicated,
however, treatment with verapamil or diltiazem appears to
be an effective alternative. Few direct comparisons have been
made between long acting nitrates and calcium channel
blocking agents in the treatment of angina. In favour of the
use of calcium channel blocking agents is the maintenance of
their beneficial effects with long term use, whereas there are
serious doubts about the long term efficacy of long acting
nitrates.22 Nifedipine is safe and effective when added to the
treatment of a patient whose symptoms persist despite his
taking an adequate dose of a Pi blocking drug. If this
combination does not provide adequate relief then
P blockade combined with verapamil or diltiazem may be
more effective, but patients should be monitored carefully
for adverse effects, with particular attention to the heart
rate.23

Unstable angina
The pathogenesis of unstable angina is complex, but the

consensus is that its initial treatment should consist of bed
rest and medical treatment. When unstable angina is
associated with pain at rest increased coronary vasomotor
tone is almost certainly an important factor.24 As might be
expected, therefore, calcium channel blocking agents have
proved extremely effective in this condition. They provide
valuable symptomatic relief, and when added to conven-
tional antianginal treatment they reduce the incidence of
sudden death, myocardial infarction, and the need for
coronary artery surgery.2526 If calcium channel blocking
agents are used alone in the treatmen't ofunstable angina then
diltiazem or verapamil may be preferable because of the
increased risk of adverse effects associated with the use of
nifedipine.2"

1151

Hypertension

As might be predicted on the basis of their action as
peripheral vasodilators, calcium channel blocking agents are
effective in systemic hypertension. Possibly they may also
correct the defect in leucocyte sodium transport that occurs
in hypertension.28 Nifedipine is simple, safe, and effective in
the management of hypertensive emergencies and as a third
line agent in the treatment of hypertension.29" Diltiazem is
as effective as hydrochlorothiazide and may have advantages
because of its low incidence of side effects." Verapamil is also
effective in hypertension, producing a consistent reduction
in blood pressure over 24 hours.32 It is difficult, however, to
define the precise place ofcalcium channel blocking agents in
the "stepped care" approach to the management of hyper-
tension.33

Cardiac arrhythmias
Verapamil and diltiazem impair atrioventricular and

sinoatrial conduction. This action contributes to some of
their adverse effects, but it also makes them effective agents
in the management of certain arrhythmias. The important
cardiac arrhythmias that are dependent on the slow inward
calcium current include sinus and atrioventricular nodal re-
entry tachycardias.34 Intravenous verapamil is the treatment
of choice in supraventricular tachycardias, up to 85% of
patients reverting to sinus rhythm.33 Though verapamil is
effective in terminating the reciprocating tachycardia of the
Wolff-Parkinson-White syndrome when one of the pathways
incorporates the atrioventricular node, it should not be used
if atrial fibrillation is present because of the risk of
accelerated antegrade conduction through the bypass tract
and thus of ventricular fibrillation.34 In atrial fibrillation both
parenteral verapamil given short term and long term oral
treatment will reduce the ventricular response, though
conversion to sinus rhythm is rare.35 Similar effects occur in
atrial flutter. Verapamil and digoxin are effective when
combined together if either proves inadequate in controlling
the ventricular response.3637 Intravenous diltiazem is also
effective and well tolerated in the management ofparoxysmal
supraventricular tachycardias.38 Calcium channel blocking
agents are regarded as not having any useful part to play in
the treatment of ventricular arrhythmias, but verapamil may
possibly be effective in certain specific types of ventricular
tachycardia.39

Other indications

Other indications for the use of calcium channel blockers
in heart disease include hypertrophic cardiomyopathy and
pulmonary hypertension. These drugs produce important
symptomatic and haemodynamic improvements in patients
with hypertrophic cardiomyopathy, but there is no evidence
that they reduce the incidence of sudden death.' They are
useful in the management of pulmonary hypertension
because of their vasodilating properties, but their long term
efficacy and safety have yet to be established.4' They may also
be used as afterload reducing agents in heart failure, though
this use is limited because of their negative inotropic effects.42
Calcium channel blocking agents may have a cardio-
protective effect in patients with coronary heart disease, but
this needs to be confirmed in practice-as was done for 1B
blocking agents by a large double blind trial.43 They may also
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possibly modify experimental atherosclerosis, perhaps by
interfering with platelet function."

Unwanted effects

Many of the unwanted effects of the calcium channel
blocking agents may be predicted from their pharmaco-
logical actions. Their most serious adverse effects are related
to disturbances of conduction. Atrioventricular block and
asystole have been reported in patients given verapamil or
diltiazem.454 Most such reports have been in patients with
pre-existing sinoatrial or atrioventricular node disease or
those receiving concurrent f adrenergic blockers. Parenteral
verapamil or diltiazem should not be given to such patients,
though it may be possible to give intravenous diltiazem to
patients already taking oral ( blockers.47 By mouth, diltiazem
or verapamil may be combined with a ( blocker but the dose
should be titrated carefully and the heart rate monitored to
detect any substantial bradycardia.'920 Nifedipine does not
have any adverse effects on the conducting system. Because
of their negative inotropic effects calcium channel blocking
agents may produce heart failure or impair left ventricular
function, particularly if they are used in combination with (

blockers in patients with pre-existing left ventricular dys-
function.4"49 Nifedipine is generally well tolerated, though
symptoms related to vasodilatation may occur-such as
headache, flushing, dizziness, palpitations, ankle oedema,
and rarely hypotension.S° Verapamil may produce hypo-
tension after parenteral use, which is usually transient. Other
unwanted effects of verapamil include dizziness, headaches,
and constipation. Diltiazem appears so far to have a low
incidence of adverse effects. Calcium channel blocking
agents may have adverse effects on glucose and potassium
homoeostasis, producing hyperglycaemia and hypo-
kalaemia.30 II

The experience of calcium channel blocking agents so far
indicates that they are effective and safe in many cardio-
vascular disorders. As newer agents with greater tissue
selectivity are developed the indications for this exciting and
important group of drugs should increase further.
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