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Summary
The use of metolazone (Zaroxolyn), a new diuretic, in
fifty-two African patients is described. The drug was
found to be safe and moderately effective when used
alone, but combined with frusemide it proved to be of
great value in patients whose fluid retention was
refractory to other diuretics.

Introduction
Metolazone is structurally related to quinethazone.

Its diuretic and hypotensive actions have been
demonstrated in animals (Belair et al., 1969), and it
has been found to be more potent than hydrochloro-
thiazide. In normal man it has been shown that
diuresis occurs less promptly but is more prolonged
than with frusemide (Materson & Barkin, 1969).
We report here on our experience of metolazone in

Uganda where it was used in a two part trial:
Part 1. (Patients 1-35) was a preliminary study in

which the drug was given to unselected patients with
oedema and/or ascites. The aim of this part of the
study was to assess the safety of the drug, both
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clinically and by following several laboratory
parameters.

Part 2. (Patients 36-52) was a further study of
patients who were selected because of oedema and/or
ascites resistant to conventional diuretics. Such
refractory fluid retention is a common feature of
clinical practice in Uganda and is encountered in the
nephrotic syndrome associated with quartan malaria,
in cardiac disease, especially endomyocardial fibrosis,
and in hepatic cirrhosis.

In neither part of this trial were pregnant women
or patients under the age of 16 given the new drug.

Patients and methods
Part 1

Thirty-five hospital in-patients with salt and water
retention of diverse aetiology were studied. Brief
clinical details are given in Table 1.

Part 2
Seventeen in-patients with resistant fluid retention

were selected for a trial of combined treatment with
metolazone and frusemide. Clinical details are given
in Table 2. Their degree of resistance during the

TABLE 1. Patients in Part 1 of the trial

Result
Patient no. Diagnosis Total

Success Failure Indeterminate

1-19 Congestive cardiac failure 19 9 7 3
20-22 Hepatic cirrhosis 3 1 2 -

23-31 Nephrotic syndrome 9 4 5
32-35 Miscellaneous* 4 1 2 1

* 32, amyloidosis; 33, chronic lymphatic leukaemia; 34, pancreatic ascites; 35, undiagnosed.
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TABLE 2. Patients in Part 2 of the trial

No. Age Sex Diagnosis

36 58 M CCF, aortic incompetence, chronic renal failure
37 35 F CCF, hypertension, chronic renal failure
38 29 M CCF, mitral incompetence, endomyocardial fibrosis,

big spleen disease
39 30 F CCF, endomyocardial fibrosis, atrial flutter
40 33 M CCF, chronic renal failure
41 51 M CCF, aortic incompetence, hypertension
42 50 M Cor pulmonale
43 20 M CCF, endomyocardial fibrosis
44 50 M Hepatic cirrhosis
45 19 M CCF, endomyocardial fibrosis, atrial fibrillation
46 40 M Hepatic cirrhosis
47 M Hepatic cirrhosis
48 33 M CCF, chronic renal failure, hypertension
49 28 M Hepatic cirrhosis
50 40 F CCF, cause uncertain
51 35 F CCF, hypertension
52 21 M CCF, endomyocardial fibrosis, atrial fibrillation

CCF, congestive cardiac failure.

control period of conventional treatment is illus-
trated in Figs. 1-3.
Out-patients
Two patients from Part 1, and ten patients from

Part 2 were treated with metolazone after discharge
from hospital.
The following observations were made on all

in-patients:
Daily clinical examination with special reference

to pulse, blood pressure and degree of fluid retention.
Daily weight, which was considered a simpler and

more accurate index of fluid retention than fluid
balance charts.

Routine urine testing, estimation of haemoglobin,
white blood- cell count, blood urea and serum elec-
trolytes before treatment with metolazone and
weekly thereafter.
On twenty-three patients serum uric acid, proteins,

bilirubin, alkaline phosphatase and pyruvate trans-
aminase were performed before and during treat-
ment. Glucose tolerance tests were performed on two
patients before and during treatment, and on two
patients who developed glycosuria while on meto-
lazone.

Results
A. Diuretic effect

If a weight loss of 05 kg/day for at least 4 days
occurred, the treatment was recorded as successful.

In the thirty-five patients of Part 1 it was successful
in fifteen, unsuccessful in sixteen, and in four the
results were indeterminate (Table 1). Three of these
four were too ill to be moved from their beds to a
weighing machine, and the fourth, who had pan-
creatic ascites (Dreiling, 1970), lost weight on
diuretics but simultaneously suffered from anorexia
and repeated vomiting. Success was achieved with

daily doses of metolazone of 5-150 mg but in other
patients 5-100 mg failed. Two patients responded
to a combination of frusemide and metolazone, but
three had no benefit from this regime.
For the seventeen patients in Part 2, selected

because of their failure to respond to previous
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FIG. 1. Weight change in patients on adding metolazone
2-5 mg daily to the dose of frusemide given. Daily dose
of frusemide (mg): Patient 37, 240; Patient 39, 80-
Patients 38, 40-43, 120. The vertical line indicates the
first day of metolazone.
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therapy, the combined treatment of metolazone plus
frusemide was prescribed in one of three ways:

(1) Addition of metolazone to previous therapy.
(Patients 37-43, Fig. 1.) Seven patients were treated
in this way, and the treatment was successful in six.

Case history: Patient 38 was a cultivator, aged 29,
under regular treatment for congestive cardiac
failure due to endomyocardial fibrosis with mitral
incompetence. He was re-admitted with ascites and
left lower lobe pneumonia. The latter responded

kg
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FIG. 2. Weight changes in patients on substituting meto-
lazone for spironolactone. The vertical line indicates the
first day of the metolazone. (See data set out in table
below.)

rapidly to penicillin but despite digoxin and fruse-
mide 120 mg daily, his ascites increased and he
steadily gained weight. On adding 2-5 mg metolazone
daily to this regime, prompt diuresis occurred, and
he subsequently remained free of ascites and oedema
for 85 days as an out-patient taking digoxin 0-25 mg,
frusemide 80 mg and metolazone 2-5 mg daily. When
the combined diuretic regime was replaced by
bendrofluazide, ascites recurred but control of
ascites was readily regained with metolazone and
frusemide.

(2) Substitution of metolazone for spironolactone.
(Patients 44 49, Fig. 2.) Six patients were treated in
this way, and the treatment was successful in four.

Case histories: Patient 44 who had ascites due to
hepatic cirrhosis failed to lose weight on frusemide
400 mg and spironolactone 100 mg daily, but his
weight fell promptly when metolazone 10 mg was
substituted for the spironolactone. Subsequently, it
was necessary to increase the metolazone to 100 mg
daily to maintain the diuresis.

Patient 47, who also had hepatic cirrhosis and
ascites, failed to respond when metolazone was sub-
stituted for spironolactone, but he did lose weight
after the reintroduction of spironolactone to con-
stitute a regime of frusemide 120 mg, metolazone
200 mg and spironolactone 100 mg daily.

(3) Cross over studies. (Patients 36, 50-52, Fig. 3.)
In four patients metolazone and frusemide were
assessed independently. Metolazone was given alone,
and frusemide either alone or in combination with
diuretics other than metolazone. The effect of the
combination of metolazone with frusemide was then
observed. In three of these patients the combination
of metolazone with frusemide was clearly shown to
be effective when all the other regimens had failed.

Case histories: Patient 36 had anasarca attributed
to congestive heart failure secondary to aortic valve
disease and chronic renal failure. The maximal dose
of metolazone (200 mg daily) failed to cause a diuresis
as did high dose frusemide (200 mg daily) combined
with spironolactone and thiazide. On adding 10 mg
of metolazone daily to this massive diuretic therapy,
he became ambulant and free of oedema.

Treatment before metolazone (mg/day) Treatment after metolazone (mg/day)
Patient

Frusemide Spironolactone Frusemide Metolazone

44 400 100 400 10
45 160 100 160 10
46 120 200 120 5
47 480 100 220 2 5-10
48 240 100 240 5-20
49 200 150 200 2-5
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FIG. 3. Weight changes in patients 36, 50 and 51.
The arrows a, b, c and d indicate changes in therapy

in individual patients as follows (diuretic dose in mg/
day):
Patient 36-a, metolazone 200; b, bendrofluazide 15+
spironolactone 100; c, as at b but with frusemide 200
added; d, as at c but with metolazone 10 added.
Patient 50-a, frusemide 320; b, metolazone 10; c, meto-
lazone 20; d, frusemide 120+metolazone 2 5.
Patient 51-a, frusemide 80; b, frusemide 180; c, meto-
lazone 50; d, frusemide 120+metolazone 2-5.

Patients 50 and 51 were treated initially with high-
dose frusemide alone, then metolazone in moderate
dosage (10-50 mg daily) and finally 2 5 mg of
metolazone with frusemide 120 mg daily (a smaller
dose of frusemide than that used in the control
period). A prompt diuresis occurred with combined
treatment in patient 50, but in patient 51 the result
was more equivocal.

Patient 52 (not shown in Fig. 3) had a 7-year
history of congestive cardiac failure due to endo-
myocardial fibrosis with mitral incompetence, atrial
fibrillation and gross ascites which regularly recurred
after paracentesis despite therapy with digoxin and
diuretics in large doses, such as frusemide 120 mg
daily plus spironolactone 100 mg daily combined
with salt restriction. Paracentesis was performed
about once every 10 weeks. Metolazone 200 mg
daily failed to prevent recurrence of the ascites, but
on combined treatment with metolazone 2 5 mg and
frusemide 80 mg daily, diuresis occurred. Paracen-
tesis has not been required in the initial 18 weeks of
follow up of this treatment, and the patient has
remained at work.

Out-patient results. Twelve patients were dis-
charged taking metolazone. One patient (18) took it
alone, while the others took it in combination with
frusemide. Nine patients were seen subsequently and
over periods ranging from 42 to 126 days the diuretic
effect was maintained.

B. Side-effects
The side-effects common to diuretic therapy from

other drugs were encountered. The blood urea rose

in nineteen patients and fell in three. The serum
potassium fell below normal limits in nine patients,
and such a fall was sometimes noted when spirono-
lactone was given with metolazone and sometimes
when potassium supplements were given. There were
no other changes in the laboratory investigations
which could not be ascribed to the underlying disease.

All clinical occurrences noted during the trial
were attributable to the patient's disease with the
following exceptions:

Patient 3 with cor pulmonale complained of pain
in the legs for which no cause could be found.

Patient 35 (whose diagnosis was not established)
had persistent though not disabling oedema despite
treatment. When being treated as an out-patient he
developed a depression on day 75 of metolazone
therapy. This was preceded by a throat infection.
His electrolytes were normal at the time of the de-
pression, as was his white cell count.

C. Deaths
Ten patients died while taking metolazone or soon

afterwards. Most of these had such gross disease
that their deaths were not unexpected and cannot
be attributed to the diuretic therapy. In the following
cases, however, the deaths were unexpected.

Patient 45 died suddenly the day after a brisk
diuresis which occurred on day 3 of combined
frusemide and metolazone treatment. He had been
digitalized. On day 1 of his treatment, his serum
potassium had been 5 0 mEq/l and as he had been
on spironolactone until this time potassium supple-
ments were not given. Just prior to his death pulsus
bigeminus was noted. His serum potassium on the
day of death was 3 2 mEq/l. This was no doubt
attributable to the diuresis and one factor contribut-
ing to his death, though he had a history of paroxys-
mal arrhythmnias.

Patient 49 had cirrhosis of the liver manifested by
oedema and ascites resistant to frusemide 200 mg
and spironolactone 150 mg daily. Steady weight loss
occurred on substituting metolazone 2 5 mg daily
for the spironolactone. Seventeen days after starting
combined treatment he was completely free ofoedema
and ascites and diuretics were discontinued. The
following day he had an upper respiratory infection,
and the next evening, while walking, he fell uncon-
scious and convulsing. The convulsions were con-
trolled with phenytoin and phenobarbitone, but he
never regained consciousness. Necropsy showed
micronodular cirrhosis of the liver with histological
evidence of active hepatitis. Moderate pulmonary
oedema and some ascites were present, but the other
organs including the brain were normal.

Discussion
Two factors are of the greatest importance in
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evaluating a new drug, namely, safety and efficacy.
With regard to the former the most disturbing
feature of the present study was the unexplained
coma and death of patient 49. The abrupt onset of
coma was unlike hepatic encephalopathy, and the
history is not reminiscent of other drug reactions.
Moreover, the coma occurred 61 hr after the last
dose of metolazone, by which time all of the drug
would have been excreted and certainly its diuretic
action had ceased. His death may have been due to
a curious 'brain syndrome' of unknown aetiology
which is occasionally seen in the wards and at post-
mortems in Uganda. These cases resemble other
states associated with coma, confusion and convul-
sions, namely, cerebral malaria, trypanosomiasis and
viral encephalopathy. Standard investigations in life
and routine microscopy of the brain at necropsy do
not shown any diagnostic features but detailed
histopathological studies of these idiopathic brain
syndromes have not yet been made (Hutt, 1971).
The only other side-effects of note are a rise in

blood urea and hypokalaemia. A rise in blood urea
and fall in glomerular filtration rate consistently
accompany effective diuresis, as has been pointed
out recently by Jewkes, Burki & Guz (1970), who
were studying frusemide. Hypokalaemia has been
thought to be an uncommon complication of diuretic
therapy in Uganda because of the high potassium
content of the plantain banana which constitutes the
staple diet, and it is common practice not to pre-
scribe potassium supplements with diuretics. Our
results indicate that such supplements may be re-
quired with metolazone when it is either given alone
or combined with frusemide. Spironolactone was
not enough to prevent hypokalaemia in some of our
patients. The onset of diuresis using the combined
regime may be disturbingly abrupt.
With regard to the efficacy of metolazone, the

success rate in Part 1 is comparable with that achieved
with other diuretics in similar groups of patients.
Many of those in whom metolazone was unsuccess-
ful were refractory to other diuretics. The results in
Part 2 allow comparison of the combined metol-
azone-frusemide treatment with the effect of large
doses of conventional diuretics. It appears that the
combined treatment is a particularly potent diuretic
regimen.
Apparent synergy of metolazone and frusemide is

suggested most clearly in the records of patients 38,
41, 43, 49 and in the cross-over studies. The clinical

observation of a synergistic effect raises interesting
problems concerning the action of diuretics. Fruse-
mide enhances the maximal diuresis obtainable with
thiazides but the addition of thiazide to a subject
undergoing maximal frusemide diuresis has no effect
(Robson et al., 1964; Hook & Williamson, 1965).
On the other hand, the animal experiments of Belair,
Borelli & Yelnosky (1969) showed that the action of
metolazone was inhibited by Ex4877 which is known
to inhibit thiazide diuresis but not frusemide (Ross &
Cafruny, 1963). Their conclusion that metolazone
acts at the same site as thiazides is not compatible
with the synergy suggested by our results. Further
studies of the action and interaction of these drugs
will be of interest.
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