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Calcium antagonists and the heart

Calcium antagonists are a new class of drugs that are proving
very useful in cardiology. An understanding of their action
depends on two physiological principles.

In all excitable cells, including cardiac muscle, the uneven
distribution of electrolytes between the extracellular and
intracellular fluids leads to potassium concentrations being
higher within the cell and sodium concentrations higher
outside. In the resting state the cell membrane is more
permeable to potassium than to sodium ions, which are
thought to cross membranes through discrete "channels."
The action potential at a given membrane site results from
sequential changes in membrane ion permeability and the
initial depolarisation of the cardiac cell is due to rapid influx of
sodium. When this depolarisation has reached a certain level a
slow flow of calcium ions prolongs the depolarisation to a
"plateau phase"; progressively the membrane becomes more
permeable to potassium, less permeable to sodium; repolarisa-
tion ensues and the cardiac action potential diminishes. This
sequence of events, with slight local modification, occurs
throughout the whole conducting system of the heart. Alterna-
tion of movements of calcium through the membrane may
contribute to many cardiac arrhythmias.1

Calcium also plays a fundamental part in the excitation and
contraction of both striated and smooth muscle. Muscular
contraction is now thought to result from an interaction
between two parallel sets of filaments of actin and myosin.2
In resting muscle fibres this interaction is prevented by a
protein complex, troponin-tropomysin, which is built into the
actin filaments. On excitation, calcium ions are released from
stores and flow through the channels in the cell membrane,
where they bind to the troponin-tropomysin complex,
antagonising its inhibiting action, and the muscle contracts.3
If extracellular calcium is prevented from penetrating the cell
membrane muscular contraction will be prevented.4 Vascular
smooth muscle will relax, producing vasodilatation; and cardiac
muscle will contract less powerfully.
Drugs which antagonise the ingress of calcium through the

channels in cell membranes may therefore have two actions:
they may alter cardiac rhythm or they may act as vasodilators.
Four drugs are available in Britain whose action is thought to
depend primarily on calcium antagonism-verapamil, nifedi-
pine, prenylamine, and perhexiline (which has, however, other
modes of action). Several other classes of drugs such as
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beta-adrenoreceptor blockers and local anaesthetics also
antagonise calcium transport,5 but this is not their principal
effect. In theory, any of these four drugs could be used as an
antiarrhythmic, antianginal, or antihypertensive agent, or for
treating heart failure, but clinical experience is limited with
each of them.

Verapamil was first used as an antianginal agent and is now
widely prescribed for cardiac arrhythmias.6 In practical terms,
its effect is limited to blocking calcium flux in the atrio-
ventricular node and it is used for supraventricular rather than
ventricular arrhythmias. Paroxysmal supraventricular tachy-
cardia and the ventricular rate in atrial flutter or fibrillation
readily respond to verapamil.7 The drug may be given by
intravenous injection or by mouth, though how much is
metabolised in the first pass through the gut and liver is
uncertain.7 When given intravenously, the patient's electro-
cardiogram should be monitored and observed closely to
allow the drug to be infused at an appropriate rate. Consider-
able thought should be exercised before verapamil is given to a
patient who has been taking digitalis or beta-blocking drugs
or has evidence of a defect of atrioventricular conduction, as
the risk of cardiac standstill is not insignificant. The theoretical
risk of a negative inotropic effect is rarely seen clinically, and
in fact the vasodilating action of verapamil may improve left
ventricular function. Nevertheless, three of 102 patients given
the drug for hypertrophic cardiomyopathy died of heart
failure; the contribution of verapamil to these deaths is
uncertain.8 Should prolonged atrioventricular conduction
occur with verapamil, atropine is the antagonist of choice,
though theoretically calcium gluconate might help.

Nifedipine was used firstly as an antianginal agent and is
now being given for hypertension. A few patients with angina
at rest have electrocardiograms showing raised rather than
depressed ST segments; their symptoms are often attributed
to coronary artery spasm (Prinzmetal's angina, variant angina).
Nifedipine has been shown to relieve symptoms in many such
patients.9 Nifedipine is also effective in classic angina of effort,
where its effect is comparable with that of isosorbide dinitrate
and verapamil.10 Nifedipine may usefully be combined with a
beta-blocker in angina,1 12 but care must be taken about the
possibility of heart failure.'3 In patients with classic angina,
irrespective ofthe cause, nifedipine probably acts by peripheral
vasodilatation rather than a local effect on the coronary vessels.
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Adverse effects are generally limited to those expected of a
peripheral vasodilator-flushing and headache and fluid
retention; the basis of the recent warning that nifedipine may
precipitate angina and even myocardial infarction'4 is unclear.
More recently, nifedipine has been shown to lower blood
pressure rapidly, and this effect is prolonged.'5 The reflex
increase in sympathetic activity manifest by a rise in pulse rate
and plasma renin concentration suggests that combined
treatment with beta-blockade may be appropriate in hyper-
tension.
The problems of treatment with perhexiline have been

mentioned in the BMJ before.'6 The drug is effective, but its
adverse effects include peripheral neuropathy, raised intra-
cranial pressure, disturbances of liver function, dizziness,
sickness, and ataxia. These preclude its use as an antianginal
agent of the first order, though it is a relatively potent calcium
antagonist. Prenylamine is also widely used as an antianginal
agent, but recent publications have given more emphasis to
its propensity to cause arrhythmias'7 (especially in the presence
of hypokalaemia) and heart failure'8 (especially in patients
taking beta-blockers) than to its undoubted therapeutic
efficacy.
Where does this leave the clinician? Nitroglycerin remains

the drug of choice in angina. Calcium antagonists may yet
challenge beta-blockers for second place, especially where the
adverse effects of beta-blockade may pose clinical problems,
but their final place has not yet been clarified. Some questions
remain to be answered. Do these drugs have the potential to
limit the size of a myocardial infarct ? When used as antihyper-
tensive agents, might they prevent death from myocardial
infarction, which conventional antihypertensive treatment
(including beta-blockers) has so far not been shown to do ? The
answer to these and other problems must await further clinical
experience.
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Occupational physicians and
ethics
Earlier this year the BMA published The Occupational
Physician,' a development of its long-familiar pamphlet "The
Doctor in Industry." As a practical guide to the whole- or
part-time doctor in occupational medicine it should prove as
valuable as its predecessor. In particular, the booklet contains
a useful appendix on ethics, a subject that the Faculty of
Occupational Medicine of the Royal College of Physicians has
also tackled in its Guidance on Ethics for Occupational
Physicians.2 Both publications make it clear that the ethical
aspects of occupational medicine can be complex, calling for
some delicate professional judgments by the doctors concerned.
The Faculty points out that occupational physicians practise
in a subject where major changes are taking place in the
relation between medicine and those parts of society
represented in industry. Ethical behaviour is defined as a duty
self-imposed on each doctor; the incentive is his need for the
approval of colleagues rather than the avoidance of official
censure.
The place of the doctor in any business concern should be

that of an independent professional adviser who has the
confidence of both management and employees. The guide-
lines look at some specific aspects. The question of certificates
of fitness to work is dealt with at length. Problems may arise
because a bald statement about the fitness or otherwise of the
person for a specific job may not give sufficient information.
In these circumstances the guiding principle must be that
clinical details can be disclosed only with the informed
agreement of the individual employee. The only exception is
the rare case when the safety of other workers or of the
general public is threatened, when duty to the public over-
rides the principle of confidentiality.

In assessing whether an individual is fit or unfit for a job,
the occupational physician has to assess that individual's
working capacity in relation to the physical or mental require-
ments of the job. The interests of the individual and the
employer should be given equal emphasis. The question of
acceptability for admission to a pension scheme is not
relevant so far as the employability of an individual is con-
cerned; if a candidate is fit for the job he must be fit for the
pension scheme.
Another problem specific to occupational physicians is that

of dealing with commercial confidence, such as the details of
manufacturing processes or procedures. The potential effects
on the health of employees of any materials handled must be
discussed openly with the workers, and the information must
be made available to the medical staff of other companies
whose workers may be required to handle the products or
byproducts.
During the routine and periodic examinations of workers

required by statute occupational physicians need to recognise
that the circumstances in which individuals attend for exam-
ination are fundamentally different from those of the normal
doctor-patient relationship. At these examinations the
doctor needs to make sure that he confines himself to relevant
questions or procedures in order to retain the confidence of
the patient.
Between them, the two publications also give consideration

to records and screening and to the all-important relations
with other doctors. In addition, relations with management,
trades unions, government agencies, and other professionals
working in occupational health and safety, such as nurses,
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