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not be rapidly reversible and clinical recovery would be
improbable.
The possibility of clinical recovery must be borne in mind

on every occasion that one or more organs are involved in a
P. falciparum infection. The most serious and life-threatening
complication is severe cerebral infection, but renal, pulmo-
nary, and hepatic disturbances can be equally dangerous.

AIMS OF THERAPY

(1) The first aim of therapy should be the destruction of the
malaria parasites. Administration of 1-2 g of quinine intra-
venously every 24 hours results in optimal blood levels in
the shortest possible time. Though many antimalarial drugs
are normally rapidly absorbed from the gastrointestinal tract,
administration by mouth is often impossible or, even if pos-
sible in semicomatose states, hazardous. Absorption in critically
ill patients is inevitably uncertain-for example, gastrointes-
tinal motility and splanchnic circulation may both be
depressed. Quinine is preferable to chloroquine in these cases
because of the uncertainty of parasite resistance to other
drugs.

(2) Disintegration of the endothelial lining of the capillary
vessels must be prevented. Corticosteroids inhibit manv rhe-
nomena of the inflammatory process, though no explanation
has been generally accepted. The inflammatory response is
inhibited, whether the inciting agent is mechanical, toxic, or
immunological. The value of glucocorticosteroids in reducing
or preventing cerebral oedema is well established-in
particular, by inhibiting the oedema by preserving the normal
function of capillary endothelium. In this series Case 1
resnonded promptly to intravenous glucocorticosteroids.

(3) Capillary stasis must be prevented and the circulation
in various organs, especially the brain, maintained. The first
measure we took to prevent capillary sludging was to give low
molecular weight dextran, which is valuable owing partly to
its antithrombotic action and partly to its specific erythrocyte
disaggregating effect, which we thought would prevent both
stasis and the formation of haemagglutination thrombi in the
cerebral microcirculation. We found, however, that low

molecular weight dextran together with quinine were insuf-
ficient, and two patients died when this combination was
given. Our next step to prevent capillary sludging was to give
heparin, which has a well-known antithrombotic effect. Fur-
thermore, some reports state that heparin has a specific
antimalarial effect.7 A prolonged clotting time can enhance
cellular diapedesis through a damaged capillary wall (par-
ticularly when there is increased vascular congestion) and
hence possibly there is a greater risk of cerebral
haemorrhage. This is also well known in fatal cases of malig-
nant tertian malaria, even When heparin has not been given.
For instance, in Case 4 bleeding occurred in the perirenal
capsule, not in the brain substance. Thus we believe that the
benefit to be gained by giving heparin to prevent occlusion of-
cerebral capillaries by anticoagulation outweighs the risk of
haemorrhage.

(4) Both cerebral oedema (Case 3) and pulmonary oedema
(Case 4) may occur in a late stage of cerebral malaria. The
doctor should remain on his guard even when the malaria
parasites have disappeared from the patient's perioberal
blood, the temperature has returned to normal,8 and most
signs and symptoms have subsided, as our Case 4 shows.
Rigid maintenance of fluid and electrolyte balance is impera-
tive, though clearly oedema in various organs can develop
independently of fluid or electrolyte imbalance or both. When
kidney function is not impaired a trial with urea dehydration
can be life-saving.
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Therapeutic Conferences

Heart Failure-II
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PROFESSOR MACGREGOR: We must now discuss the control of
digoxin therapy. A patient with normal renal function and
who is not losing potassium may tolerate 0.25 mg twice daily.
If there is a pressing need 0-5 mg orally can be given six-
hourly on the first day, or an intravenous dose may be given
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by slow injection. There are few occasions when this is neces-
sary. In normal people half the digoxin given is excreted
unchanged in the urine. For this reason, in patients with
renal impairment the dosage should be reduced. The introduc-
tion of the 0 0625 mg tablet for use in paediatric and geriatric
patients has been most useful.

DR. WOOD: A point to make is that intramuscular digoxin
can be very painful. We must discuss the other cardiac
glycosides.

DR. SHORT: Since the paediatric-geriatric tablet has been
introduced I haven't used the other preparations.

DR. WOOD: But we musn't forget that ouabain is useful in
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the treatment of acute arrhythmias when one is not looking
for long-term effects. It's particularly useful as it is rapidly
acting and rapidly excreted. It's available for parenteral use
only and has no place in the routine management of heart
failure. Digitoxin is more cumulative than digoxin.

PROFESSOR MACGREGOR: I haven't used it for several years.
The fact that it does build up makes it a little more difficult
to use, although the Americans seem to use it a lot.

HOUSE PHYSICIAN: Why is digitoxin longer acting?

DR. WOOD: It is relatively more bound to plasma protein
than digoxin.

PROFESSOR MACGREGOR: It is best to learn to use one
glycoside and stick to it. We have already mentioned some of
the toxic effects, but the common symptoms of toxicity are
anorexia, nausea, and vomiting. All these are probably due to
an action on the chemoreceptor trigeer zone in the medulla.
Some other central nervous system effects, such as visual dis-
turbances with yellow or green vision, may occur and changes
in mood and orientation have been reported.

HOUSE PHYSICIAN: I've also read reports that gynaecomastia
can occur in men owing to an oestrogen-like effect. But to get
back to the toxic effects of digoxin-how should one treat
them?

PROFESSOR MACGREGOR: The first point is to recognize that
the patient is on digoxin and that the drug may be the cause
of the symptoms. Secondlv, the drug should be stopped.
Thirdly, potassium should be given unless there is
atrioventricular block. After this one usually just treats the
arrhythmia.

Case 3-Resistant Cardiac Failure

HOUSE PHYSICIAN: This 64-year-old woman has long-standing
rheumatic heart disease. She was readmitted two weeks ago
because of severe breathlessness and pitting sacral and ankle
oedema. She has been on oral frusemide, 120 mg daily,
digoxin, and potassium chloride supplements.

PROFESSOR MACGREGOR: The cause of the failure is related
to mitral and aortic valve disease. She seems much better
today. What treatment is she on?

HOUSE PHYSICIAN: Apart from rest we've been making sure
that she has been taking her tablets. Patients who are on sev-
eral drugs seem to get confused. We have also modified her
diuretic therapy.

PROFESSOR MACGREGOR: You mean that you have added
another diuretic rather than changed to ethacrynic acid.

DR. SHORT: Another alternative would have been to increase
the dosage of frusemide to about 240 mg daily.

DR. PETRIE: We tried that, but have now added the
aldosterone antagonist spironolactone. These agents reduce
potassium loss, and potassium chloride supplements have now
been stopped. Spironolactone is a weak diuretic and should
be prescribed with another drug. It interferes with the effect
of aldosterone on the distal tubule and the full diuretic effect
does not occur for 72-96 hours. Spironolactone is given orally,
50-200 mg a day in divided doses.

HOUSE PHYSICIAN: You were talking about triamterene or
amiloride at one stage.
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DR. PETRIE: Amiloride appears to be more powerful than
triamterene, but both are weak diuretics and are usually used
together with another diuretic. They have a similar action
and reduce the reabsorption of sodium in the distal tubule, as
well as lowering the amount of hydrogen and potassium ion
secreted and excreted. Although they act on the distal tubule
they are not aldosterone antagonists. The drugs are usually
advertised as potassium-sparing drugs.

ETHACRYNIC ACID

DR. WOOD: I've found that ethacrynic acid is often effective in
patients with resistant cardiac failure. It may be slightly
longer acting than frusemide, as the diuresis reaches a peak
about two hours after it's taken by mouth and is largely
complete by six hours. An oral test dose of 50 mg must
always be given as a massive diuresis of up to seven litres in
24 hours has been reported in some oedematous patients. The
maintenance dose is 50-100 mg a day.

STUDENT: Does it work in the same way as frusemide?

DR. PETRIE: Ethacrynic acid is believed to act predomi-
nantly in the medullary portion of the ascending loop of
Henle. It may also act at more distal sites as it inhibits the
renal concentrating and diluting mechanism. There may be
some similarity between the mechanism of action, if not in
the site of action, and that of the mercurial diuretics, as both
have been shown in vitro to combine with sulphydryl groups,
but the specific cellular actiQn of ethacrynic acid is unknown.
But we can say that the site of action is different as
ethacrynic acid may provoke a diuresis in patients in whom
mercurial diuretics have failed. It can also, like mersalyl,
cause a hypochloraemic alkalosis as the excretion of chloride
is prominent.

STUDENT: Does it raise the blood uric acid level like the
thiazides?

DR. PETRIE: Yes. Disturbances of carbohydrate handling
may also occur, and transient hearing loss has been reportedin some patients. It should be given with meals as it may
cause anorexia and epigastric discomfort and it has also been
associated with gastrointestinal haemorrhage.
HOUSE PHYSICIAN: I have recently read about cases of heart

failure treated with glucagon.
DR. WOOD: Not very many! It is given as an intravenous

infusion and has a positive inotropic action on the heart,
even if digitalis has also been given. Glucagon has also
been used in patients with myocardial depression caused by
beta blockade, as with propranolol. Its effect is similar to that
of catecholamines but it seems to act at different
sites in the myocardium as its action is not abolished by
pronranolol.

Another therapeutic manoeuvre which may be used in
heart failure is to give insulin. This may improve myocardial
cell function by restoring the intracellular levels of potassium.
STUDENT: The books say that in very oedematous patients

fluid may be drained from the legs with tubes. Do you ever
do this?

PROFESSOR MACGREGOR: I haven't used Southey's tubes for
some years, but they were useful in draining peripheral
oedema. Fortunately few patients require these extreme
measures. This patient seems much better on digoxin,
frusemide, and spironolactone. By the way, I hope that you
have excluded bacterial endocarditis in this patient.
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DR. SHORT: Yes. This is an important cause of cardiac fail-
ure. I would also make the point that I find it useful in
patients with resistant cardiac failure to prescribe the short-
acting diuretics such as frusemide at four o'clock in the after-
noon, as the diuresis is then complete in the evening and this
reduces the occurrence of paroxysmal nocturnal dyspnoea.

I would also re-emphasize that rest is important. We dis-
cussed it when we were talking about mild cardiac failure but
there is a small group of patients whose hearts are so
severely diseased that it is worthwhile to restrict severely
activity for up to six months. In my opinion patients who are
to be kept in bed for such periods ought to be given
anticoagulants as a prophylaxis against thromboembolism.

PROFESSOR MACGREGOR: I don't want to discuss cardiac sur-
gery today but in younger patients this would have to be
seriously considered. The last case is in contrast with the first
three.

Case 4-Heart Failure (Cor pulmonale)

HOUSE PHYSICIAN: This 65-year-old man has smoked 40 cigar-
ettes a day for 40 years. He has chronic bronchitis and
emphysema, and has been admitted because of severe breath-
lessness. On examination he is cyanosed and plethoric. The
chest is hyperexpanded and he is using the accessory muscles
of respiration. There is pitting sacral and ankle oedema. The
sputum is purulent.

PROFESSOR MACGREGOR: He is obviously hypoxaemic and
hypercapnoeic. You can feel the warm extremities of so-called

high-output failure. The investigations must surely confirm
that the heart failure is due to his pulmonary disease.

DR. WOOD: Yes. He is having humidified oxygen through a
Venturi mask, and the concentration of oxygen is being main-
tained in the region of 24-28 °/,%. He is also having steam
inhalations, physiotherapy, and postural drainage. His sputum
is being cultured and in the meantime we're giving him
ampicillin. Morphine and high flow rates of oxygen are abso-
lutely contraindicated in view of this patient's respiratory
insufficiency.

PROFESSOR MACGREGOR: You are treating the pulmonary
disease, which is the cause of his heart failure. I take it that
he is also on a diuretic, potassium supplements, and digoxin?

DR. WOOD: Yes, but we should point out to the students
that there's some debate about using digoxin in patients with
cor pulmonale as it may increase pulmonary congestion.
However, digoxin acts on both ventricles and in our experi-
ence is useful in such patients if there is associated left
ventricular disease.

PROFESSOR MACGREGOR: We've seen four interesting
patients. The principles of treatment of heart failure are to
establish and treat the precipitating cause, whether it be
rheumatic valvular disease, thyrotoxicosis in the elderly,
anaemia, or cor pulmonale. Oxygen and morphine must be
used very carefully. Although there are a variety of diuretics
some of which are inappropriate in mild or severe heart fail-
ure, it is necessary to become familiar only with a few. The
cardiac glycosides, 186 years after their introduction, continue
to puzzle us.

Computers in Medicine

Logical Foundations of Medicine
W. I. CARD, I. J. GOOD

British Medical_Journal, 1971, 1, 718-720

For more than two thousand years the diagnoses, the predic-
tions, and the decisions of the doctor have all taken place in a
private world of his own. His private programmes are based
on his medical training and subsequently develop from his
clinical experience. He learns how much reliance can be
placed on a certain symptom; he has learnt to discard a sign
he was once taught; he has found how unwise it is to advise
operation in a given clinical situation and so on. All this
clinical experience continually modifies his "programmes." As
a decision maker he can become extremely shrewd.
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So natural is this traditional clinical method to the doctor
that the possibility of any other hardly occurs to him. He is,
of course, helped by scientific progress. The inside of the
stomach is photographed or a chemical substance in the body
fluids is measured in nanogrammes per millilitre. But the
doctor usually assumes that the basis for his work is not
thereby affected; that only humans can arrive at a disease
label or predict the outcome of a disease.
This assumption has now to be questioned. We now have

the opportunity of exploring an alternative medical system
and developing its logical structure. This opportunity arises
because of developments in relevant mathematics and because
of the existence of the computer, whose immense information
store and calculating ability makes possible mathematical
methods that were previously impracticable.
Computers can be used in medicine in various ways. Some

of these uses, though perhaps not intellectually exciting, may
be very important, such as the calculation of pay slips. Com-
puters have also been used in hospitals for transmitting and
storing medical information expressed in traditional terms.
But computers could also be used in a different way, by giv-
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