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A study of two diuretic/potassium combinations in heart
failure
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Birch Hill Hospital, Rochdale OL12 9QB and Department ofChemical Pathology, Leeds, UK.

Summary: The effect of potassium supplements was studied in 28 patients taking long term frusemide
(40-80 mg daily). Plasma potassium fell when supplements were stopped, and rose towards prior values on
the potassium/frusemide combination, Diumide K. In a crossover study in 14 of these patients comparing
equivalent doses offrusemide, Diumide K (frusemide 40 mg, potassium 8 mmol), bumetanide, and Burinex
K (bumetanide 0.5 mg, potassium 7.7 mmol) plasma potassium was lower on frusemide than on
bumetanide. On Diumide K and Burinex K plasma potassium rose significantly but did not reach the levels
on prior therapy. Small doses of potassium in combined formulations seem to be effective in countering the
mild hypokalaemia caused by loop diuretics.

Introduction

Loop diuretics are the most effective and commonly
prescribed drugs in heart failure, and are usually given
with potassium supplements because of the risk of
hypokalaemia. However a review of the literature
suggested that, contrary to general opinion, the fall in
serum potassium, and thus the frequency of hypo-
kalaemia, was much less with the loop diuretics than
with the thiazides (Morgan & Davidson, 1980).

Nevertheless, a number of preparations have been
developed where a loop diuretic is combined with
either a potassium supplement or a potassium sparing
duretic. We have compared the effect of two diuretics
and diuretic/potassium combinations on plasma and
red cell electrolytes in patients with stable heart failure.
Frusemide and bumetanide were given without sup-
plements and as combination therapy, Diumide K
(frusemide 40 mg, potassium 8 mmol) and Burinex K
(bumetanide 0.5 mg, potassium 7.7 mmol) per tablet in
an open crossover study.

Patients and methods

Twenty-eight patients (14 male, 14 female) agreed to
take part in the study. Eighteen patients had ischaemic
heart disease, and ten patients valvular disease; their
mean age was 62.5 y (range 39-75). All had been on a

constant dose of frusemide for at least two months;
one patient in the first study and one in the second
were taking 80mg/d and the rest were on 40mg/d.
Twenty-seven patients were on potassium sup-
plements (8-32 mmol/d, average 13 mmol/d) and one
on spironolactone. Seventeen patients were taking
digoxin for atrial fibrillation.

After initial measurements, potassium supplements
or spironolactone were stopped and the patients were
allocated to their treatment groups. They were seen at
two weekly intervals at the same time in the morning.
At each visit their cardiac state was assessed, side
effects were noted and an electrocardiogram (ECG)
and a 30 second rhythm strip were taken. Blood was
taken without venous occlusion or muscle pumping
and separated within an hour. The plasma potassium
was measured with an auto-analyser, and the eryth-
rocyte potassium was measured by a technique des-
cribed elsewhere (Morgan et al., 1980).

Design of study

The study was in two parts:
(a) Crossover comparison of frusemide and Diumide
K: the first 14 patients (7 female) took frusemide or
Diumide K in random order for periods of one month
each;
(b) Crossover comparison of 4 preparations: the
second 14 patients (7 female) were randomly allocated
to frusemide or bumetanide and in order to avoid
prolonged periods without supplements continued as
follows:

bumetanide, 1 mg - Burinex K (2 tablets) -
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frusemide, 40 mg - Diumide K (I tablet); OR
frusemide, 40 mg- Diumide K (1 tablet) - bumetan-
ide, 1 mg - Burinex K (2 tablets).

One patient was on 80 mg frusemide and 2 mg
bumetanide and the equivalent doses of the combined
preparations (see Ramsey et al., 1978).
The treatment periods were one month each, the

total duration of the study being 16 weeks. Two
patients were withdrawn after completing bumetanide
- Burinex K only leaving 12 for comparison of all 4
preparations.

Criteria for withdrawal from the study included;
clinical deterioration necessitating an increased dose
of diuretic, digoxin toxicity, significant hypokalaemia
(less than 3.0 mmol/l ) and side effects from the drugs.
Statistical analysis was by two way analysis of
variance and where appropriate, the paired 't' test.

Results

Clinical

All patients completed the first part of the study but in
the second 2 patients were withdrawn, both because of
increasing heart failure. None of the patients de-
veloped clinical evidence ofdigoxin toxicity, and none
had to be withdrawn because of hypokalaemia. There
were no significant side effects from any of the
preparations. Two patients died some months later,
one after cardiac surgery and one from myocardial
infarction.

Electrocardiogram

None of the patients developed any of the ECG
features of hypokalaemia or digoxin toxicity. In 16
patients, 9 on digoxin, no ventricular ectopics were
observed at any stage. In 5 patients, all on digoxin,
ectopics occurred on only one occasion. Ventricular

ectopics occurred on more than one occasion in 6
patients, 3 of whom were on digoxin. The occurrence
of ectopics bore no relation to changes in plasma
potassium or clinical state.

Plasma and erythrocyte composition

Comparison offrusemide alone and Diumide K Com-
parative data were available from 14 patients from the
first study and 12 from the second. There were no
significant differences between these two groups and
their results have been combined (Table I). There were
no significant changes in weight or plasma and red cell
electrolytes apart from potassium. Plasma potassium
fell by 0.3 mmol/l when supplements were withdrawn
and the patients continued on frusemide alone but rose
on Diumide K towards the level on prior therapy
(P <0.001).

Comparison ofbumetanide alone and Burinex K (Table
II) There were no significant changes in weight or
plasma and red cell electrolytes apart from plasma
potassium. On bumetanide alone plasma potassium
was on average 0.23 mmol/l less than on prior therapy,
and rose on Burinex K (P <0.05).

Comparison offour drugs Twelve patients (6 male, 6
female) completed a crossover comparison of all four
drugs. There were again no significant changes in
weight or plasma electrolytes apart from plasma
potassium. The results (mean + s.d.) for plasma
potassium were: prior therapy 3.82 (0.32), frusemide
3.43 (0.31), Diumide K 3.67 (0.23), bumetanide 3.71
(0.31), Burinex K 3.75 (0.28) mmol/l. The plasma
potassium on frusemide was significantly less than all
other treatment periods (P <0.01). In individual
patients there was no significant correlation between
the falls in plasma potassium on frusemide, and the
smaller falls on bumetanide.

Table I Plasma and red cell electrolytes (mean ± s.d.) in 26 patients completing a crossover comparison offrusemide alone and
Diumide K. The plasma potassium was significantly lower on frusemide than on prior therapy or Diumide K (***P<0.001).

Plasma Erythrocyte
Weight mmol/l mmol/l (washed)
(kg) Na + K+ Urea Na + (w) K+ (w)

Prior therapy 65.46 140.3 3.88 6.37 7.62 86.0
(16.72) (1.7) (0.32) (1.7) (1.04) (1.2)

Frusemide 65.58 139.4 3.58*** 6.38 8.03 87.0
(17.04) (2.6) (0.36) (1.57) (1.41) (1.4)

Diumide-K 66.2 139.4 3.84 6.98 7.76 86.8
(16.77) (1.7) (0.36) (2.26) (1.17) (2.1)
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Table II Plasma and red cell electrolytes (mean + s.d.) in 14 patients completing a crossover comparison of bumetanide and
Burinex K. The plasma potassium was significantly lower on bumetanide than on prior therapy (* P <0.05) or Burinex K

(*P <0.05).

Plasma Erythrocyte
Weight mmol/l mmol/l (washed)
kg Na+ K+ Urea Na+ (w) K+ (w)

Prior therapy 65.64 140.0 3.90 6.27 7.76 86.8
(17.70) (2.7) (0.29) (1.57) (1.17) (2.12)

Bumetanide 65.36 138.8 3.67* 6.54 7.82 86.4
(17.87) (2.75) (0.33) (1.26) (1.55) (1.49)

Burinex K 65.03 138.1 3.81 6.95 7.81 87.8
(17.95) (3.8) (0.30) (1.45) (1.40) (1.88)

Factors affecting plasma potassium during treat-
ment: In most patients it was possible to compare the
plasma potassium at the second and fourth week of
each treatment period. There were no significant
differences between the average values on the two
visits but in individual patients there was considerable
variation between the two values: mean difference
0.037 mmol/l, s.d. 0.33 mmol/l, n = 69.

Despite this variation there did seem to be a
significant difference between men and women, the
fall in plasma potassium being greater in women
(Table III). Indeed in men there were no significant
differences between any of the treatments.

Discussion

This study suggests that potassium supplements can at
least partly correct the fall in plasma potassium caused
by frusemide and bumetanide. This finding is surpris-
ing considering the low doses of potassium used
(7-14 mmol/d) when compared with the normal
dietary intake of potassium (50-150 mmol/d). Never-
theless, the fall in plasma potassium when previous
supplements were stopped (0.23-0.30 mmol/l) and the
rise when potassium was given again
(0.14-0.26 mmol/l), suggest that this is not a spurious
result.

Table III Plasma potassium (mean ± s.d.) during diuretic
therapy: differences between the sexes (* P < 0.05)

n Prior therapy Frusemide Diumide-K

Male 13 3.79 (0.25) 3.71(0.29) 4.01(0.36)
Female 13 3.78 (0.32) 3.50 (0.36)* 3.67 (0.29)*

n Prior therapy Bumetanide Burinex K
Male 7 3.94(0.37) 3.74(0.21) 3.91(0.32)
Female 7 3.86(0.16) 3.60(0.40)* 3.69(0.21)

Although loop diuretics have been widely used for
more than twenty years, there is remarkably little
information on their effect on serum (or plasma)
potassium with or without potassium supplements. In
early studies where frusemide was given without
supplements serum potassium fell on average by
0.3 mmol/l, compared to a fall of 0.6 mmol/l on
thiazides (Morgan & Davidson, 1980). Similar data
for bumetanide were not available until recently, since
most studies with this drug have included routine
potassium supplements.
Two groups have reported the effect of bumetanide

alone and compared it with frusemide. In a well-
designed crossover study Gabriel & Baylor (1981)
found that plasma potassium fell by 0. I mmol/l on
bumetanide compared to 0.24 mmol/l on frusemide.
Yajnik et al. (1981) found more striking differences in
a short parallel group study, the fall on bumetanide
being 0.12 mmol/I and frusemide 0.81 mmol/l. In our
study there were small differences which again
favoured bumetanide in the doses used. Short term
balance studies have shown less urinary potassium loss
after bumetanide than frusemide (Ramsay et al.,
1978), and larger studies seem indicated to clarify the
issue.
To our knowledge there are no previous studies of

the effect of potassium supplements on the hypo-
kalaemia caused by loop diuretics in short or long term
therapy. Several reports (Singh & Watt, 1976; Kubik
et al., 1977; Murchison et al., 1975) with Burinex K
and one (Lewis, 1979) with Diumide K show that
plasma potassium is maintained over periods of up to
six months, and by inference suggest that the dose of
potassium included in the tablet is effective in long
term treatment. This is supported by the findings of
the present short term study. Although hypokalaemia
was not entirely prevented, the number of patients
with a plasma potassium less than 3.5 mmol/1 was
reduced from 30% to 12% by the change from
frusemide to Diumide K. A similar but smaller effect
was seen with bumetanide and Burinex K.
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These findings conflict with the generally held view
that potassium supplements are relatively ineffective.
Evidence for this view comes from studies with
thiazides rather than loop diuretics. In a community
study (Krakauer & Lauritzen, 1978) there was no
significant difference in serum potassium between
those taking and those not taking supplements; and in
a small study Schwartz & Schatz (1974) were unable to
correct the serum potassium in some patients even
with 96 mmol potassium/d. In our review of the
literature we found an increase in serum potassium of
0.32 mmol/l on supplements (mean dose 36 mmol/d)
which was less than the rise observed with potassium
sparing diuretics (Morgan & Davidson, 1980).
The apparent difference in the efficacy of potassium

supplements during treatment with the thiazides and
the loop diuretics cannot readily be explained. Jackson
et al. (1982) have shown that there is a flat dose
response curve, which implies that small doses of
potassium are relatively more effective than high
doses. As the fall in plasma potassium on loop
diuretics is less than the thiazides the relatively small
effect of supplements (0.14-0.26 mmol/l) may be
sufficient to counter the hypokalaemia with loop
diuretics where it cannot with thiazides. An alternative
explanation is that in the combined preparations,
Diumide K and Burinex K, the diuretic component is
incompletely absorbed and, therefore, has a smaller
effect on plasma potassium. There was however no
significant change in weight or other biochemical
measurement to suggest this was the case.

There is still considerable debate about the clinical
importance of mild hypokalaemia. One third of our
patients on frusemide alone, and a smaller proportion
on bumetanide, had a plasma potassium of
3.0-3.5 mmol/l, but there were no clinical or ECG
changes in these patients, even those taking digoxin.
However, there are reports of increased ectopic

activity during continuous ECG monitoring with
plasma potassium levels in this range (Steiness &
Olesen, 1976; Hollifield & Slaton, 1981; Holland et al.,
1981), and our observations were clearly limited in this
respect.
One further point of interest lies in the greater fall in

plasma potassium in women than in men when
supplements were stopped. There is increasing
evidence that women are more susceptible to hypok-
alaema from any cause (Lawson et al., 1979; Morgan
& Young, 1982). In a large community study Krak-
auer & Lauritzen (1978) found that the serum potas-
sium during diuretic therapy was 4.1 mmol/l in men
and 3.9 mmol/l in women, and in the recent report
from the MRC study in mild to moderate hyperten-
sion (1983) 12 of the 16 patients who developed severe
hypokalaemia on diuretics were women. The mechan-
ism of this difference is unknown, but it is sufficiently
great to question the need for supplementation at all in
men, at least in the doses used in this study.

This study, taken with data from longer studies
using Burinex K and Diumide K, suggests that small
doses of potassium can be effective in reducing the
hypokalaemia caused by loop diuretics. However, the
fall in plasma potassium after loop diuretics is relative-
ly small, and the need to correct it is still disputed. If
potassium supplements are indicated, the advantage
of such combined diuretic/potassium formulations in
terms ofcompliance must be set against the additional
cost of these drugs.
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