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Therapeutic Conferences

Heart Failure-I
FROM THE DEPARTMENT OF THERAPEUTICS AND PHARMACOLOGY, ABERDEEN UNIVERSITY

British Medical Journal, 1971, 1, 658-660

PROFESSOR A. G. MACGREGOR: We have several patients in
the ward who have heart failure and I want to discuss the
principles of management and the drugs that are used.

Case 1-Mild Cardiac Failure

HOUSE PHYSICIAN: This 70-year-old obese woman had an upper
respiratory infection two weeks ago. She now has an un-
productive cough and complains of breathlessness. She has
pale mucous membranes; the pulse is regular and the blood
pressure is 170/115 mm Hg. The jugular venous pressure is
raised and we have observed that she has episodes of
paroxysmal nocturnal dyspnoea.

DR. D. S. SHORT: I would like to emphasize two points.
Firstly, in early heart failure pulmonary congestion may
produce symptoms, such as unproductive cough, before the
more obvious features of heart failure, such as ankle swelling,
appear. Secondly, cardiac failure is often precipitated by an
infection, such as a febrile cold or an exacerbation of
bronchitis, as Sir Thomas Lewis used to teach.
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PROFESSOR MACGREGOR: How are you treating this patient?

HOUSE PHYSICIAN: I have given her bendrofluazide 5 mg
daily with potassium chloride supplements.

PROFESSOR MACGREGOR: This is quite reasonable, and the
diuretic also has a mild hypotensive effect. This brings me to
our first point this morning: if you are managing the patient
you must not only treat the heart failure. Dr. Short?

DR. SHORT: Yes, I agree. Unless Qne identifies the cause of
the heart failure, be it structural or functional, and corrects it
as far as possible the patient won't be much better off.
Patients with heart failure usually have a raised blood
volume, which may overload a pump system which itself may
be malfunctioning. In general, there are many possible causes

for heart failure (Fig. 1). This particular patient is obese and
anaemic and her diastolic blood pressure is moderately raised.

STUDENT: Does she really need to be kept in bed? Surely
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FIG. 1-Some causes of heart failure. 1. Heart (disorders of myocardium,
valves, or pericardium). 2. High cardiac output. Anaemia, thyrotoxicosis,
arteriovenous fistulae. 3. Lungs. Infection, or cor pulmonale.

obesity is the main problem here?

DR. J. C. PETRIE: We are encouraging her to lose weight and
she is on a 600-calorie diet and oral iron. Rest is an impor-
tant part of the general management, but we don't confine
these patients strictly to bed because as well as difficulties
with bowel and bladder, there's a danger of deep venous
thrombosis. This patient has done well and may soon no
longer need a diuretic either for her heart failure or for her
hypertension.

PROFESSOR MACGREGOR: Perhaps we should explain why we
use bendrofluazide.

DR. R. A. WOOD: Yes. In mild cardiac failure there is no
need for powerful diuretics, such as frusemide or ethacrynic
acid, and the drugs of choice are the thiazides. There is little
to choose between the different drugs in the group as their
mechanism of action is similar. In this ward we use
bendrofluazide and see little value in using other preparations
with which we are less familiar. Cyclopenthiazide and hydro-
chlorothiazide are alternative drugs that act for up to 16-24
hours. Polythiazide may have significant action for longer
periods.
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STUDENT: How do the thiazides work?

DR. PETRIE: It's very difficult to do research into this
problem as at present our techniques make it difficult to sep-
arate primary diuretic effects on the nephron from effects
due to the influence of other factors-such as intrarenal
haemodynamics, intratubular pressure, body hydration,
plasma protein concentrations, and possibly hormonal factors.
Major diuretic drugs do act on the proximal renal tubule but
whether these effects overshadow the compensatory mecha-
nisms there is not clear.
The thiazides do inhibit sodium reabsorption in the prox-

imal tubule, but the net diuretic effects are probably predomi-
nantly related to an action at a more distal site in the
nephron.

PROFESSOR MACGREGOR: I think we must add something
about the effects on electrolyte excretion.

DR. PETRIE: Thiazides reduce the active reabsorption of
sodium without water (free water clearance) owing to an
effect on the part of the ascending loop of Henle which is in
the kidney cortex and where the urine becomes more dilute
(Fig. 2).
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FIG. 2-Schematic representation of predominant sites of action of some
major diuretic agents. 1. Proximal tubule. Pharmacological action but ?
net diuretic effect. 2. Medullary portion of ascending loop of Henle
(ethacrynic acid, frusemide). 3. Cortical diluting portion of ascending
loop of Henle and distal diluting system (thiazides). 4. Distal tubule
(spironolactone, amiloride, triamterene).

The thiazides also increase potassium excretion. This is
thought to be because there is increased delivery of sodium
to the sodium/potassium exchange mechanism in the distal
tubule rather than because of any inhibition of
sodium/hydrogen exchange or inhibition of carbonic
anhydrase activity at this site. Thiazides also lead to a loss of
chloride and on long-term therapy a hypokalaemic,
hypochloraemic alkalosis occurs unless enough potassium is
taken as well.

HOUSE PHYSICIAN: Are potassium supplements really neces-
sary when patients are on a normal diet? Does hypokalaemia
often occur?

DR. WOOD: That's a good point. The normal dietary intake
of potassium is about 60 to 80 mEq per day. If the patient is
eating well or drinking plenty of fruit juice potassium supple-
ments, which contain from 8 to 13 mEq of potassium per
tablet, may not be needed. If the patient is not eating well
and is on long-term diuretics then potassium supplements
must be given.

HYPOKALAEMIA

PROFESSOR MACGREGOR: It's easy to miss the symptoms of
hypokalaemia. They include lassitude, muscle weakness, and
polyuria, which may develop owing to the effect of
hypokalaemia on the kidneys. Treatment with other drugs
such as digoxin may also be complicated. It is important to
prescribe potassium chloride, because if the potassium deficits
and the acid-base balance are to be fully corrected the losses
of both potassium and chloride must be replaced.

DR. PETRIE: Even so, we must emphasize that full correction
of potassium deficit will not be possible unless chloride is
given as well. This is because chloride is an important anion
which is reabsorbed along with sodium by the renal tubule. If
the corcentration of chloride is reduced there is a deficit of
reabsorbable anion. Sodium is then actively reabsorbed un-
accompanied by chloride and the potential difference across the
tubular cell surface increases. More sodium is then re-
absorbed by the alternative ion-exchange mechanism (Na/H or
Na/K). This leads to loss of cation from the tubular cells,
and within the cells there is increased production of bicar-
bonate-and the plasma concentration therefore rises thereby
perpetuating the hypokalaemic alkalosis. When additional
chloride is given the disproportionate reabsorption of sodium
and chloride is corrected, as is the electrolyte and acid-base
disturbance.

HOUSE PHYSICIAN: Should we always restrict the salt intake
in these patients?

PROFESSOR MACGREGOR: Seldom. The modern potent
natriuretic diuretic agents cause a disproportionate loss of
chloride over sodium, and this is a further reason for not im-
posing severe salt restriction in addition to intensive diuretic
therapy.

DR. SHORT: We have been talking about mild cardiac fail-
ure, where thiazides are usually indicated, but in acute left
ventricular failure there is usually a more acute cause, such
as an arrhythmia or myocardial infarction. This next patient
had striking physical signs on admission.

Case 2-Acute Left Ventricular Failure

HOUSE PHYSICIAN: This 45-year-old man was admitted two
weeks ago. He complained of severe chest pain and acute
breathlessness. On examination the pulse was 100/minute and
regular, and the blood pressure was 120/80 mm Hg. He had
signs of acute left ventricular failure.

PROFESSOR MACGREGOR: What was the cause of his heart
failure?

HOUSE PHYSICIAN: He's had two previous admissions for
proved myocardial infarction. On this admission an electro-
cardiogram and the rise in serum enzyme levels have con-
firmed that he has had a further infarct.

PROFESSOR MACGREGOR: How did you manage him on
admission?

HOUSE PHYSICIAN: We made sure that he had no history of
respiratory insufficiency and started humidified oxygen
(6 I./min.) and prescribed diamorphine 10 mg intramuscularly.
The improvement in breathing was striking.

PROFESSOR MACGREGOR: Good. The effect of diamorphine
can be quite dramatic, although it is not very clear how it
works.

DR. WOOD: But we do know that morphine or diamorphine
lessen anxiety, restlessness, and the sensation of acute dysp-
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m
noea that occurs in left ventricular failure. This leads to
deeper and more effective breathing. This is a central action
but probably morphine also interferes with reflexes initiated
in the lung. The venous return to the heart may also be
reduced.

HOUSE PHYSICIAN: Two things I forgot to say were that we
paid particular attention to his posture and gave him
intravenous frusemide, 20 mg.

DR. SHORT: The haemodynamics of the ideal posture are
not fully worked out in patients with heart failure, but a
semirecumbent position is usually best for the patient who is
not im shock. Another way of relieving the pulmonary circula-
tion is to apply blood pressure cuffs, inflated to about 90 mm
Hg to each leg, but this is seldom necessary nowadays,
although it should be remembered in acutely ill patients.
Actual venesection is outmoded.

STUDENT: Why did you choose frusemide as the diuretic?

DR. PETRIE: Its effect has been compared to a pharma-
cological venesection, and it's invaluable in pulmonary
oedema. It has a more rapid action than a thiazide, and this
may be complete within four hours. It's also better in
promoting sodium excretionL In some patients it may even
lead to sudden alterations in body water and electrolyte equi-
librium; this may lead to hypotension and even collapse.
Although frusemide is very well absorbed from the gut, many
doctors find that in an emergency they prefer to use the
preparation intravenously.

PROFESSOR MACGREGOR: Yes, we must remember that these
patients may not be able to swallow, and also that possibly
absorption is reduced if there is severe portal congestion.
This man had an excellent diuresis following frusemide.

STUDENT: How does frusemide work?

DR. PETRIE: Experimentally it inhibits active sodium
transport in the proximal tubule, but, as with thiazide, it's
difficult to sort out whether this plays a significant part in
its action. Most people think that the diuretic effect is in
the medullary portion of the ascending limb of the loop of
Henle and in the more distal part of the nephron (see Fig. 2).

ACTION OF DIGOXIN

PROFESSOR MACGREGOR: The thiazides and frusemide have a
similar structure, and, of course, their side effects are very
similar. We should also explain to the students why this man
is on digoxin and how this drug works.

DR. WOOD: He has a diseased myocardium and in spite of
correction of hypervolaemia there is still "pump" insuf-
ficiency. We're giving him digoxin to improve the force of
contraction of the individual muscle fibres-that's to say, for
its positive inotropic effect.

HOUSE PHYSICIAN: His pulse rate has come down-is that
part of the inotropic effect?

DR. WOOD: Yes and no. Because of the increased force of
contraction the stroke volume is increased but cardiac slowing
occurs owing to reflexes mediated through the receptors in
the carotids and the aortic arch. In the doses we use in treat-
ment there is some slight central vagal stimulation and also
the heart is more susceptible to vagal stimulation.
The slowing of the ventricular rate in atrial fibrillation

occurs because digoxin, acting both directly and via the
vagus, reduces the responsiveness of the lower atrio-
ventricular node. This is the important chronotropic action but
isn't relevant in this patient, who's in sinus rhythm.
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HOUSE PHYSICIAN: What is the mechanism of the inotropic
action?

DR. WOOD: The positive inotropic action is probably due to
an increased rate of the entry of sodium into the myocardial
cell during depolarization (Fig. 3). This then causes more
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1- Sodium entry into cell increased during depolarization
2- This leads to increased release of calcium from thesarcoplasmic reticulum for the contractile mechanismof actin and myosin

FIG. 3-Myocardial cell: schematic representation of positive inotropic
action of digoxin.

rapid release of calcium from the sarcoplasmic reticulum, and
leads to more forceful muscle contraction. The inotropic
action is not influenced by changes in serum potassium levels
in the physiological range. Outside the normal range potas-
sium does affect muscle function, but this is independent of
digoxin and is concemed with the state of polarization of the
cell membrane.

DR. PETRIE: But from the clinical point of view there is an
important relationship between the potassium ion and digoxin
toxicity. In toxic doses digoxin inhibits the adenosinetriphos-
phatase in the cell membrane. Normally, during diastole this
enzyme influences the return of sodium to the extracellular
fluid and potassium to the cell. But if it is inhibited by digoxin
there is a loss of intracellular potassium and progressive loss
of the resting potential of the cell membrane. All this results in
reduced muscle contractility and increased cardiac automaticity,
leading to heart failure and ectopic arrhythmias of
supraventricular and ventricular type. There is also decreased
conductivity and heart block may occur.

DR. WOOD: Patients with renal insufficiency don't, of course,
tolerate the normal doses of digoxin.

DR. SHORT: It is sometimes difficult to decide whether
digoxin toxicity is the cause of cardiac arrhythmias, and
should be stopped, or whether it is the treatment of choice of
the arrhythmias. From reading the literature I'm doubtful
about the value of routinely measuring plasma digoxin.

DR. WOOD: Again, some patients tolerate a blood level of
digoxin which may cause toxicity in others-for instance,
those who are potassium depleted or have heart failure.

DR. SHORT: Bfore leaving this patient one should mention
that in some patients with severe persistent heart failure
excision of an adynamic portion of the myocardium may be
lifesaving.

PROFESSOR MACGREGOR: But there are few places with the
necessary facilities available at the time they are required.
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