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Results of clinical trials with diuretics in heart
failure

J R Hampton

The introduction of the loop diuretics
frusemide and ethacrynic acid in the early
1960s had a dramatic effect on medical prac-
tice. Until then patients with heart failure
were treated with digoxin, thiazides, or intra-
muscular injections of a mercurial such as
mersalyl. Heart failure had been considered a
terminal condition, but the new diuretics-
active both by injection and by tablet-
suddenly allowed the most amazing resolution
of fluid retention. It was obvious that they
worked, and little in the way of clinical trials
was needed for the new drugs to be welcomed
into standard practice.

It is perhaps important to remember that in
the early 1960s not only was there a lack of
alternatives to loop diuretics, but the patho-
physiology of heart failure was not well under-
stood. Bedside haemodynamic monitoring
was not possible, and even electrocardio-
graphic monitoring was in its infancy in most
hospitals. No one appreciated the importance
of vasoconstriction in heart failure, and it was
not possible to measure any of the hormonal
responses associated with it. The introduction
of loop diuretics therefore was not, could not
be, and did not need to be, accompanied by
the intense investigations considered essential
for the approval of any new drug today.
Consequently we are short of information
about the effect of diuretics, both in the short
and the long term, and because they are now
standard cheap drugs it is unlikely that money
will be forthcoming that will permit extensive
research programmes.
The advent of loop diuretics stands in

sharp contrast with that of the angiotensin
converting enzyme (ACE) inhibitors. The
ACE inhibitors were introduced when large
clinical trials were a prerequisite for licensing,
and further competition between different
pharmaceutical companies trying to market
ACE inhibitors with minor differences led to a
plethora of trials. These have elucidated the
role of ACE inhibitors in the treatment of
symptoms and the prevention of death, and
have considerably advanced our knowledge of
the pathophysiology of heart failure.
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Use of diuretics
Diuretics are known to have theoretical disad-
vantages-they cause glucose intolerance,
hypokalaemia, and hyperuricaemia, tend to
raise plasma cholesterol, and are associated
with an increase in ventricular arrhythmias.

Despite these apparent disadvantages, loop
diuretics are very widely used. We have

surveyed this in Nottinghamshire, a county
with a population of just over one million,
with the prescribing analysis and cost (PACT)
data from the Prescription Pricing Authority
of the National Health Service. These data
provide information about the numbers of
prescriptions issued, not about individual
patients, so it is necessary to use sampling
techniques to interpret PACT results for epi-
demiological purposes.'

In the year beginning 1 April 1991 pre-
scriptions were issued in Nottinghamshire for a
total of 382 726 600 mg of frusemide (the
equivalent of 9-5 million 40 mg tablets). This
equates to 1 048 566 mg or 26 214 tablets
(40 mg daily). In a sample of about 400
patients treated with frusemide in general
practice, the daily dose ranged from 20-1000
mg (median, 40 mg; and mean, 60 mg). Also,
there were about 20 000 prescriptions for
bumetanide.
The survey of individual patients given loop

diuretics showed that just over half had
unequivocal evidence of heart failure: in the
rest the diuretic was prescribed either for
hypertension or ankle swelling of uncertain
cause. We have used these data to estimate
prevalence of heart failure in Nottingham-
shire, and for all ages this seems to be
10-15/1000, depending on the assumptions
made. For our present purposes, however, the
important thing to note is that in a population
of one million, between 20 000 and 30 000
patients are being treated with loop diuretics.2

Diuretics and pathophysiology ofheart
failure
It is important to remember that by the time
overt symptoms and signs of heart failure have
appeared, the physiological responses to car-
diac dysfunction have been overwhelmed.'
The clinical manifestation of heart failure is a
syndrome resulting from changes in the whole
of the circulatory system. At the stage before
overt symptoms are present, cardiac damage
causes an increase in wall tension and by the
Frank-Starling mechanism contractility in the
non-damaged heart muscle is increased; the
sympathetic system is activated and f,
adrenergic receptors in the non-injured
myocardium also increase contraction.
Sympathetic stimulation also causes periph-
eral arteriolar and venous constriction that
maintain pressure but make the problem
worse so far as the myocardium is concerned,
but other factors reduce sympathetic stimul-
ation: atrial stretch releases atrial natriuretic
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peptide, which is a vasodilator, and also
inhibits noradrenaline release, and eventually
a new balance is achieved. Cardiac hypertro-
phy eventually overcomes some of the funda-
mental cardiac problems. Once clinical
symptoms and signs of heart failure have
appeared, systemic perfusion is maintained by
peripheral vasoconstriction and sodium reten-
tion: peripheral vasoconstriction is due
sequentially to activation of the sympathetic,
renin-angiotensin, and vasopressin mecha-
nisms, and sodium retention results from
renin-angiotensin activation and loss of the
atrial natriuretic peptide mechanism.

Asymptomatic left ventricular dysfunction
and the clinical syndrome of overt heart fail-
ure therefore involve a very different physio-
logical state even though there is obviously a
considerable overlap between the two condi-
tions. There is no reason to suppose that both
can be improved by the same drugs.

Studies of the neuroendocrine system in
untreated heart failure have shown that at
least in the early stage, plasma noradrenaline
and atrial natriuretic peptide are high, but
plasma renin activity and aldosterone are
normal.4 These are increased after diuretic
treatment.
The effects of diuretics on the circulation

are much more complex than simply those
resulting from sodium and water excretion
through the kidney and from the activation of
the renin-angiotensin system, which tend to
counter this effect. The beneficial effects of
diuretics occur much more quickly than either
of these, and the initial effect of intravenous
frusemide is undoubtedly venodilatation.
Frusemide causes a rapid fall in right atrial
and pulmonary artery diastolic pressure
accompanied at least at first by a fall in car-
diac output; the increase in sodium excretion
follows later.67 It has been suggested that
diuretics also cause arteriolar dilatation.8 Few
long-term studies of the haemodynamic
effects of diuretics have been performed, but
the classic findings of Stampfer et al 25 years
ago showed that when oedematous patients
were treated with chlorothiazide until they
were "dry" there was a fall in right atrial pres-
sures and in the pulmonary capillary wedge
pressure.9 Again, there was a fall in cardiac
output but the patients' exercise times were
improved (table 1).

Table 1 Haemodynamic effects of chlorothiazide
(Stampfer et al 1986)9

Before treatment After treatment
15 Patients in NYHA II or III (wet) (dry)

Weight (kg) 66-0 62-0
Mean RAP (mm Hg) 9 4
RVEDP (mm Hg) 11 6
Mean PAP (mm Hg) 41 26
Mean PCWP (mm Hg) 24 13
CO (1/min) 4-5 3-6
Mean exercise times (min) 7-5 9

RAP, right atrial pressure; RVEDP, right ventricular end
diastolic pressure; PAP, pulmonary artery pressure; PCWP,
pulmonary capillary wedge pressure; CO, cardiac output.

Diuretics for the treatment of
symptomatic heart failure
Loop diuretics activate the renin-angiotensin
system and so cause more vasoconstriction,
and at least in theory the resulting rise of
aldosterone may cause an increase in sodium
retention. Theoretically this may limit the effi-
cacy of the diuretic,'0 but clinical improve-
ment can often be achieved simply by
increasing diuretic dose. Kiyingi et al showed
that to add a different class of diuretic such as
metolazone can improve symptoms and
enhance sodium excretion in oedematous
patients with New York Heart Association
(NYHA) class IV heart failure who are already
on huge doses of frusemide.1" Seventeen such
patients who were on oral frusemide
(200-500 mg daily) plus intravenous
frusemide (120 mg daily) as well as digoxin
and ACE inhibitors were given metolazone.
Twelve of these extremely ill patients
improved to NYHA class II or III, with a
mean weight loss of 8-3 kg, and the intra-
venous frusemide was discontinued.

Diuretics combined with ACE inhibitors
in symptomatic heart failure
The first placebo controlled trial that showed a
beneficial effect on exercise time when capto-
pril was added to diuretics was published in
1982.12 Since then several studies have con-
firmed this effect."-'5

As ACE inhibitors reverse vasoconstriction
in heart failure and reduce aldosterone medi-
ated sodium retention, they should be ideal
drugs to use as monotherapy in heart failure.
It is therefore surprising that there is little or
no evidence to suggest that ACE inhibitors
are effective for the treatment of clinical heart
failure without diuretics being given concomi-
tantly. In a series of 14 patients with docu-
mented left ventricular dysfunction whose
symptoms were controlled by frusemide (40
mg daily), the diuretic was withdrawn and
was replaced by captopril.'6 Four patients,
who were among those who had the most
severe heart failure originally, developed pul-
monary oedema when the treatment was
changed.
The addition of ACE inhibitors does not

necessarily reduce diuretic requirements.
Odemuyiwa et al studied 16 non-oedematous
patients with heart failure who were being
treated with at least 80 mg of frusemide
daily.'7 Captopril was added and at the same
time the diuretic dose was halved. The three
patients who were severely symptomatic
despite being free of oedema all deteriorated
and needed the original dose of diuretic. Five
of the 13 initially in heart failure NYHA class
II or III also needed an increase in diuretic
treatment up to the original dose, whereas one
remained unchanged and seven improved
without any increase in diuretics.

Clearly we need some large comparative
trials directly comparing ACE inhibitors and
diuretics for the treatment of mild and moder-
ate heart failure. It has become virtually
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impossible to find untreated patients who
could be included in such a study, and it
might well be argued that such a trial would
be unethical. We therefore lack, and are likely
to lack, good evidence of the effect of ACE
inhibitors alone in symptomatic patients.

In combination with diuretics, digoxin has
been shown to have a similar effect to capto-
pril on exercise time and on the need for
increased treatment for heart failure.18 Most
other heart failure drugs also add to the effect
of diuretics so there does not seem to be any-
thing specific about the relation between
diuretics and ACE inhibitors.
A comparison of the addition of captopril

to diuretic treatment with an increased dose
of the diuretic also suggested that there was
little to choose between these changes in
treatment. 19 Ten patients with moderate
(NYHA class II or III) heart failure who were
symptomatic despite treatment with
frusemide (40 mg daily) were randomised to
receive either an extra 40 and then an extra 80
mg of frusemide, or alternatively captopril (25
mg and then 50 mg three times daily). Both
treatments improved symptom limited exer-
cise tolerance; higher dose frusemide had a
more favourable effect although the difference
from captopril was not significant. Both treat-
ments reduced perceived exertion during sub-
maximal exercise to a similar extent and
improved symptoms as assessed by question-
naire. Both additional frusemide and the
introduction of captopril reduced (but neither
fully corrected) the peripheral vasoconstric-
tion characteristic of heart failure. This was a
small study and a much larger study of the
same treatments, but with a parallel-group
design, is clearly needed. Unfortunately the
proved benefits of ACE inhibitors on survival
make such a study virtually impossible to
perform.

It therefore seems fairly clear that diuretics
are necessary to relieve symptoms; the addi-
tion of an ACE inhibitor undoubtedly
improves symptoms, but not definitely more
so than would an increase in diuretics or the
addition of some other agent (such as digoxin)
to diuretic treatment. But the value of diuretics
for survival rather than symptomatic relief in
patients with heart failure is entirely
unknown, for no trial of diuretic treatmient
with survival as an end point has ever-or
probably, will ever-be conducted.

Diuretics for improved survival in heart
failure
Natural history studies do not help much to
elucidate the long-term effect of diuretics.20
Any variable that would be expected to indi-
cate severe as opposed to mild cardiac disease
indicates a poor prognosis,21 but the dose of
diuretic used has variously been claimed to be
of little21 or of considerable22 prognostic value.

Similarly, the trials of drugs other than
diuretics that lengthen survival in patients
with symptomatic heart failure do not clarify
the role of diuretics, for without exception

each trial expected the patients to be on opti-
mal diuretic treatment before randomisation
to the experimental drug. This applies to trials
involving digoxin,23-2' milrinone,2326 hydra-
lazine plus nitrate,27 and xamoterol,2428 as well
as the ACE inhibitors.2>'1 In the original ACE
inhibitor survival trial, the cooperative north
Scandinavian enalapril survival study (CON-
SENSUS), the patients were being treated
with a mean dose of 200 mg of frusemide
daily.30 The ACE inhibitors seemed effective
in all these trials whatever the dose of diuretic;
in the only ACE inhibitor trial in which active
treatment failed to improve survival (the
CONSENSUS II study of enalapril in
patients with acute myocardial infarction) the
fatality rate was essentially the same in the
active placebo groups whether or not diuretics
were used.32

Although there have been no placebo con-
trolled trials of diuretics with a survival end
point in patients with heart failure, there has
been a study in which the effects of frusemide,
captopril, and placebo were compared for
their ability to prevent left ventricular dilata-
tion after myocardial infarction.3' The capto-
pril group showed no change in left
ventricular end diastolic volume and in these
patients ejection fraction was increased; in the
frusemide and placebo groups the ventricular
volumes increased and the ejection fraction
was reduced. If we could be sure that left ven-
tricular dilatation is an accurate surrogate for
survival this would certainly suggest that
frusemide treatment is not ideal, but there is
no substitute for a true survival study.

Unwanted effects of diuretic treatment
Possible adverse effects of diuretics have been
studied in more detail during the treatment of
hypertension than in patients treated for heart
failure, although in these two situations the
risks and benefits of treatment are probably
quite different. Furthermore, the lower dose
of diuretics now used in hypertension proba-
bly does not activate the renin-angiotensin
system to any great extent.34

In the Medical Research Council hyperten-
sion trial diuretics increased ventricular
extrasystoles but nevertheless reduced fatal-
ity,'35 so it seems unlikely that diuretic induced
arrhythmias are important. The overall effect
of diuretics on risk factors are probably of little
clinical importance36-for example, in the sec-
ond MRC trial37 the mean plasma cholesterol
concentration increased by 4 mg/dl in both
the diuretic treated and the placebo groups-
and in the European Working Party on
Hypertension in the Elderly (EWPHE) trial
the mean cholesterol concentration fell by an
equal amount in those given diuretics and
those given placebo.38 The first MRC trial
gave a good quantitative estimate of the inci-
dence of side effects that might be expected
from diuretics (table 2)39: these figures are
probably relevant to patients with heart failure
because a relatively high-dose of diuretics was
used.
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Table 2 Problems causing withdrawalfrom treatment in
theMRC study, expressed as rate per 1000 patient-years
of treatment39

Problem BZF Propranolol PIacebo

Impaired glucose tolerance 9-38* 1-65 2-51
Gout 11-23* 2-56 1-03
Impotence 19-58* 5-48* 0-89
Lethargy 6-91* 10-23* 0-20
Raynaud's disease 0 5.48* 0-19
Dyspnoea 0 5-48* 0-15

*P < 0 05 (bendrofluazide).

BENEFITS OF DIURETICS IN THE HYPERTENSION
TRIALS
The overall result of the many trials in which
diuretics have been compared with placebo to
treat hypertension is that active treatment is
beneficial,40 particularly in the reduction of
stroke. Although this can be taken to mean
more that high blood pressure is harmful than
that diuretics are good, some information
about the actual benefit of diuretics can be
inferred from the blood pressure trials in
which diuretics were compared with,B block-
ers. In three of the four trials (table 3) diuretics
and,B blockers were associated with essen-
tially the same proportions of vascular events:
in the second MRC trial diuretic treatment
led to less vascular deaths and strokes than
treatment with a,B blocker,37 39 4142 although
the difference was not statistically significant;
there were, however, significantly fewer
myocardial infarctions in the diuretic group.
The use of diuretics was blamed by some

for the failure of special intervention in the
multiple risk factor intervention trial
(MRFIT) to reduce fatality in healthy patients
considered to be at high risk of cardiovascular
disease.43 Subgroup analysis showed that
patients who started with an abnormal elec-
trocardiogram and who were hypertensive-
and who therefore were probably treated with
diuretics-had an increased fatality rate.
Special intervention was, however, also asso-
ciated with an increased fatality in the sub-
group of non-hypertensive patients with
normal electrocardiograms, and overall it
seems likely that these differences between
groups occurred by chance. This view is sup-
ported by the results of the systolic hyperten-
sion in the elderly programme (STOP)44; here
the relative risk of fatal plus non-fatal myocar-
dial infarction in the actively (diuretic) treated

Table 3 Events in the trials comparing diuretics and/,
blockers (% ofrandomised patients)

Diuretics fi Blockers

Vascular deaths:
MRC39 1-6 1-5
IPPPSH41 1-8 1-4
HAPPHY42 1-8 1-7
MRC-237 6-1 8-6
Stroke:
MRC39 0-4 0 9
IPPPSH 1-4 1-4
HAPPHY 1-2 1-0
MRC-237 4-2 5-1
Myocardial infarction:
MRC39 1-3 1-5
IPPPSH 1-8 1-4
HAPPHY 1-8 1-7
MRC-237 4.4 7-2*

*P <0-006.

group compared with placebo was 083 in
patients with normal electrocardiograms
(non-significant), and 0-69 in those with
abnormal electrocardiograms (significant).
The final evidence favouring use of diuret-

ics in hypertension is that in hypertensive
patients diuretic treatment, probably like any
other successful pressure reduction treatment,
seems to reverse left ventricular hypertrophy.45

There is certainly nothing in the vast hyper-
tension experience to make us worry about
the use of diuretics in general. Evidence for
the effects of diuretics in hypertension can
only be considered circumstantial as far as
heart failure is concerned, but if what matters
in hypertension is the reduction of blood pres-
sure rather than the way this is achieved, the
same could well be true of the treatment of
heart failure.

Conclusions
Diuretics are at present the first line drugs for
the treatment of fluid retention due to heart
failure, and there are good physiological and
clinical reasons why this should continue.
Perhaps because they were introduced before
the days of large clinical trials with mortality
end points we do not know their effect on sur-
vival: however, the lack of an alternative to
diuretics for symptom control then and now
makes it very difficult to see how a mortality
end point trial could be designed. Although
diuretics activate the neuroendocrine system
and cause a variety of biochemical changes
that are theoretically undesirable, large con-
trolled trials of hypertension suggest that
these were of little clinical importance. There is
no reason why diuretics should fall into dis-
favour.
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