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Acute and long-term renal and metabolic effects of piretanide in
congestive cardiac failure

W. R. McNABB*, F. H. NOORMOHAMED & A. F. LANT
Department of Clinical Pharmacology and Therapeutics, Charing Cross and Westminster Medical School at
Westminster Hospital, London SWlP 2AP and St Stephen's Hospital, London SW10 9TH

1 The renal and metabolic effects of the sulphamoylbenzoic acid diuretic, piretanide,
have been studied, under controlled dietary conditions, in 39 patients with congestive
cardiac failure.
2 In acute studies, peak saluresis occurred within 4 h of oral piretanide administration;
saluresis was complete within 6 h, after which a significant antidiuretic effect was
observed. Addition of triamterene, 50 mg, blunted the 0-6 h kaliuretic effect of piretanide.
Over 24 h, piretanide, alone, caused insignificant urinary losses of potassium when
compared with control.
3 In comparative studies, the piretanide dose-response curve was found to be parallel to
that of frusemide over the dose range studied. The 0-6 h saluretic responses of piretanide,
6, 12 and 18 mg, were found to be equivalent to frusemide, 40,80 and 120 mg respectively.
The collective mean ratios of all the saluretic responses to each dose of piretanide with the
corresponding dose of frusemide was observed to be 0.99 ± 0.12, over 0-6 h period, and
0.86 ± 0.09 over the 24 h period. The relative potency of piretanide, when compared with
frusemide was found to be 6.18 (95% confidence limits 4.87 - 8.33), over the 0-6 h period,
and 4.73 (95% confidence limits 3.65 - 6.14), over 24 h period.
4 In 15 patients in severe cardiac failure, urinary recovery of piretanide, over first 6 h, at
the start of treatment was 21.2 ± 2.1% while efficiency of the diuretic (mmol Na/mg drug)
was 47.3 ± 4.1. Long-term piretanide therapy was continued in the same group for up to
and in some cases over 3 years. No other diuretics or potassium supplements were given.
Piretanide dosage ranged from 6 to 24 mg day-' according to clinical need. Plasma
potassium fell significantly at 12 and 24 months, though remaining within the normal
range. At these same times, significant elevations in both plasma urate and total fasting
cholesterol were observed. Two patients developed overt gout on high dose piretanide
therapy (24 mg day- 1). Piretanide was well tolerated, and effective in the management of
congestive cardiac failure without any other recognized metabolic or electrolyte changes.
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Introduction

Piretanide is a sulphamoylbenzoate diuretic with bumetanide and frusemide (Lawrence et al.,
a chemical structure similar to that of bumeta- 1978; Roberts et al., 1978). In healthy volunteers,
nide and frusemide (Figure 1), and with a weight all three agents have been shown to have their
for weight potency lying intermediate between primary renal site of action in the thick ascending
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-NH-C4H9 Bumetanide

N( Piretanide

H2N-02S

CI HCNH-CH2- 3 Frusemide

H2N-02S COOH

Figure 1 Comparison of structural formulae of
sulphamoylbenzoate diuretics showing the 2:4 sub-
stituted side chains of frusemide and the 3:4 substituted
side chains of bumetanide and piretanide.

loop of Henle (TAL), with piretanide showing
additional inhibitory effects on the proximal
tubular reabsorption of phosphate and urate
(McNabb et al., 1984a). As with other sulpha-
moylbenzoates, piretanide has been found to be
effective in the management of congestive cardiac
failure (CCF) (Sherman et al., 1986); in addition,
its vasodilatory activity (Brown et al., 1984;
Klaus et al., 1984) has led to its application in the
management of hypertension (Verho et al., 1984).
With the widespread clinical use of diuretics, on
their own or in combination with other agents,
attention has been focused on the possible long-
term metabolic complications of therapy (Lant,
1985). Debate has largely centred on diuretic-
induced hypokalaemia and hypomagnesaemia
(Harrington et al., 1982; Kaplan, 1983) though
carbohydrate intolerance, hyperuricaemia and
diuretic-induced lipid disturbances have also
attracted attention (Ames & Hill, 1976; Green-
berg et al., 1983; Lasser et al., 1984). Most of the
metabolic changes described have been features
of chronic benzothiadiazine therapy, and the
extent to which these changes occur with 'loop'
diuretics is far less clear (Losse et al., 1983). The
present study was carried out with the objectives
of assessing, first, the relative potency of pireta-
nide compared to frusemide in a group of patients
with moderate CCF; second, in a similar group
of subjects the effect of piretanide, alone and in
combination with the potassium sparing diuretic,
triamterene were compared; and third, the acute
and long-term efficacy of piretanide alone was
assessed in patients with severe CCF.

Methods

A total of 39 patients with CCF were divided into
two groups according to the degree of heart

failure, group A with mild to moderate CCF,
and group B with more advanced CCF. All
patients gave informed consent to be included in
the study and protocols were approved by the
Westminster Hospital Ethics Committee. The
first group of patients with mild CCF took part in
single dose comparative studies, whilst the group
with advanced CCF received continuous pireta-
nide therapy for 1 week as inpatients, followed
by prolonged treatment for up to, and in some
cases, over 3 years as out-patients.

Single dose comparative studies - Group A

1) Piretanide (P) vs frusemide (F) Thirteen
patients were included in this group with grade II
CCF, according to the New York Heart Associa-
tion (NYHA) classification. There were nine
males and four females with a mean age of 72 ± 3
years (range 66-92). Mean creatinine clearance
was 63 ± 7 ml min-1 (range 25-88). Seven
patients had ischaemic heart disease, three had
congestive cardiomyopathy and three with
essential hypertension. All patients were admit-
ted as in-patients and were stabilized on a no-
added salt diet, 150 mmol day-' NaCl, for a
minimum of 1 week prior to inclusion into the
study. Eight of the thirteen subjects were exposed
to either piretanide, 6 mg/frusemide, 40 mg; four
subjects to piretanide, 12 mg/frusemide, 80 mg,
and five were exposed to piretanide, 18 mg/
frusemide 120 mg. All doses were administered
orally at 08.00 h and in a random fashion, with an
interval of 2-3 days, free of any diuretic, between
exposures. Urine was collected between 08.00
and 14.00 h, and between 14.00 and 08.00 h on
all five days. Blood samples for plasma creatinine
and electrolytes were taken each day at 08.00 h.
Concurrent drug therapy remained unchanged
throughout the study period and the only other
drugs given consisted of digoxin (patients CR
and DF), glibenclamide (patient LP) and isosor-
bide dinitrate (patients, SA and DF).

2) Piretanide (P) vs piretanide plus triamterene
(P + T) Eleven patients were included in this
group with grade I or II CCF (NYHA). There
were seven females and four males, with a mean
age of60 ± 2 years (range 48-66). Mean creatinine
clearance was 81 ± 5 ml min-1 (range 59-114).
Nine out of eleven patients had ischaemic heart
disease and two had congestive cardiomyopathy.
Patients, whose diuretic therapy was discon-
tinued, were stabilized on a metabolically con-
trolled diet containing 150 mmol Na and 70
mmol K per day for a minimum of 3 days. Drug
therapy, which was randomized, consisted of
piretanide, 6 mg, alone and piretanide, 6 mg,
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plus triamterene, 50 mg. All drugs were admini-
stered at 08.00 h. Urine was collected from 08.00
to 14.00 h, and from 14.00 to 08.00 h, on all
control and treatment days. Blood samples were
taken at 08.00, 12.00 and 16.00 h each day.

Continuous piretanide therapy - Open study -

Group B

1) Short term in-patient assessment This group
of 14 patients had severe CCF, nine grade III,
and five grade IV (NYHA). There were 10
males and four females, with a mean age of 69 ±
3 years (range 42-78). Mean creatinine clearance
was 59 ± 7 ml min1 (range 20-104). Twelve
patients had ischaemic heart disease, whilst two
had congestive cardiomyopathy. The patients
were hospitalized for a minimum of 10 days,
including an initial 3 day period without any
diuretic therapy. During this time, they were
stabilized on a no-added salt ward diet of approxi-
mately 150 mmol Na day- 1. All urine passed was
collected for the first week of treatment. On the
control days, (3 days immediately prior to the
first dose of piretanide) and days 1 and 7 of
piretanide therapy, urine was collected in 0-2,
2-4, 4-6, 6-8,8-12 and 12-24 h fractions, with 24
h collections on the intervening days 2-6 of
therapy. Piretanide was continued at 6 mg daily
thereafter in all but two patients. In these two
patients (CS and WH), piretanide dosage was
increased to 12 mg daily, on day 2 and 3 of
treatment respectively, because of clinical evi-
dence of continuing severe heart failure. All
piretanide doses were given orally at 08.00 h.
Concurrent therapy was not altered during the
study period. The other drugs given consisted of
digoxin (AE, CE, AW, LS and WH), hydralazine
(AE, CS and PN), isosorbide trinitrate (AE,
CE, IH, WB, PN, LS and KH), nifedipine (CE),
prazosin (WH) and warfarin (CE and CS).

2) Long-term out-patient assessment - Group
B Fifteen patients, with grade III or IV CCF,
were followed as out-patients by the same clini-
cian for up to, and in some cases over 3 years,
with 2-monthly clinical assessment and bio-
chemical screening. These patients included all
fourteen from part (1) above, together with
another patient (AD) in grade IV CCF. This
patient developed severe left ventricular failure,
and initially received 12 mg piretanide daily. He
was therefore excluded from the short-term study
in which all patients had received 6 mg piretanide
daily. During the long-term study, piretanide
was given in doses up to 24 mg daily, according
to clinical need, and without potassium supple-
ments or other diuretics. Patients were counselled

by the same dietician and were advised to remain
on a no-added salt diet throughout the follow-up
period. Details of the patients are given in Table 1.

Statistical analyses

All results are expressed as mean ± s.e. of mean
or mean with 95% confidence limits. The pireta-
nide/frusemide dose-response curves were tested
for linearity and parallelism by applying analysis
ofvariance to linear regression. Appropriate use
was also made of paired t-tests, unpaired t-tests
and Friedman two-way analysis of variance in
conjunction with Wilcoxon signed rank test.
Results were considered significant at P < 0.05.

Analaytical methods

Urinary electrolytes were measured by atomic
absorption spectrophotometry (Perkin-Elmer
603), chloride by a titratometric method
(Buchler), and uric acid by a uricase method
(Boehringer). Plasma and urine osmolalities
were measured cryoscopically (Advanced Instru-
ments). Urinary inorganic phosphates were
measured by the method of Fiske & Subbarow,
(1925), and creatinine by the alkaline picrate
method (Bonsnes & Taussky, 1945). Urinary
levels of piretanide were estimated only on the
first day of treatment using a method published
previously (Dixey et al., 1987). Plasma electro-
lytes, creatinine and uric acid and blood glucose
were measured by standard autoanalyser tech-
niques (Technicon SMA2).

Results

Single dose comparative studies - Group A

1) Piretanide (P) vsfrusemide (F) Both drugs,
piretanide and frusemide, produced parallel
dose-response curves (Figure 2). Over 0-6 h, the
urinary excretion of sodium following piretanide,
6 mg, and frusemide, 40 mg, were of equal
magnitude. Similarly sodium losses following
the other two doses of piretanide, 12 and 18 mg,
matched those elicited by frusemide, 80 and 120
mg, respectively. The overall ratio of the saluretic
response of all doses of piretanide to all doses of
frusemide, over 0-6 h assay was close to unity
(0.99 ± 0.12; n = 17). Over 0-24 h, the saluretic
response ratio was (P/F): 0.72 ± 0.09, (6/40, n =
8); 0.93 ± 0.04 (12/80, n = 4); 1.00 ± 0.25 (18/
120, n = 5), with the resulting overall mean of
0.86 ± 0.09 (n = 17). The relative potency of
piretanide when compared with frusemide, on a
weight to weight basis, was found to be 6.18 +
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Figure 2 Comparison of saluretic responses, over a
period of 24 h, of three doses of piretanide, 6, 12 and
18 mg (e), with those of frusemide, 40, 80 and 120 mg
(0), in a group of patients with mild to moderate
congestive cardiac failure.

0.80, over the 0-6 h period. Over the entire 24 h
period the relative potency was calculated to be
4.73 ± 0.60.

2) Piretanide (P) vs piretanide plus triamterene
(P + T) 0-6 h Urinary volume and excretion of
sodium and chloride increased by two-fold or
more in the first 6 h after treatment (Table 2).
The addition of triamterene did not significantly
increase the natriuretic effect of piretanide alone
[UNaV (mmol) = 91.3 ± 13.6 (P) vs 100.9 ± 16.5
(P + T)]. The kaliuretic response after piretanide
was blunted by the addition of triamterene (Table
2). Significantly, calciuria was observed only
after piretanide plus triamterene when com-
pared with control day (3.8 ± 0.7 vs 1.9 ± 0.4
mmol 6 h-'; P < 0.01). Magnesuria was seen
with both piretanide (2.4 ± 0.5 vs 1.1 ± 0.2
mmol 6 h'; P < 0.01) and piretanide plus
triamterene (2.4 ± 0.5 vs 1.1 ± 0.3 mmol 6 h-1;
P < 0.01) respectively compared with control.
No changes in urate or phosphate excretions
occurred in this period. Beyond the first 6 h after
piretanide, falls in both sodium and chloride
excretion were observed, though these reduc-
tions did not attain significance (Table 2).

0-24 h When the responses over 24 h were
compared, significant saluresis was seen with
both treatments. Changes in chloride excretion
paralleled those of sodium. With respect to other
cations, phosphate and urate, no significant
changes were noted.

Continuous therapy open study - Group B
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and 4) demonstrates that the diuretic and salu-
retic effect of piretanide were complete within 6
h. Over 0-6 h, Na and Cl losses were four-fold
over control, increasing from 11.7 ± 3.6 to 52.8
± 7.5 mmol (P < 0.001), and from 11.3 ± 3.0 to
65.4 ± 8.9 mmol (P < 0.001), respectively.
Potassium excretion increased significantly in
the first 6 h from 16.8 ± 2.3 to 22.6 ± 2.6 mmol
(P < 0.01), whilst urinary calcium and magnesium
excretion doubled in the first 6 h, from 0.7 ± 0.1
to 1.6 ± 0.2 mmol (P <0.01), and from 1.0 ± 0.2
to 1.8 ± 0.2 mmol (P < 0.01), respectively.
During the same period urinary phosphate ex-

cretion was less than during the equivalent control
period [5.1 ± 0.9 (control) vs 3.8 ± 0.6 mmol
(day 1; P < 0.05)], whilst urate excretion did not
change (Figure 4). Urinary recovery of piretanide
over this period was found to be 21.2 ± 2.1% of
the dose administered. Efficiency of piretanide,
when administered orally, in this group of patients
(n = 14) was found to be 47.3 ± 4.1 (mmol Na/
mg piretanide). The responses noted over 0-6 h
on day 7 of continuous piretanide therapy paral-
leled in all respects, the urinary responses on day
1 though the absolute magnitude of saluresis was
less (mmol 6 h-') [U Na V = 52.8 ± 7.5 (day 1)
vs39.5 ± 5.0(day7); P<0.05, andUclV =

65.4 ± 8.9 (day 1) vs 48.9 ± 5.6 (day 7); P <
0.05].

6-24 h When compared with control values, a

significant reduction in sodium and chloride ex-

cretion was observed on day 1 (mmol): U NaV =

42.4 ± 7.2 (control) vs 33.8 ± 6.0 (day 1, P <
0.05); and U cl V = 33.6 ± 6.8 (control) vs 23.9
± 4.5 (day 1), (P < 0.05). This rebound fall in
sodium and chloride excretion was even more

marked on day 7, when values (mmol) were 28.2
± 4.6 and 15.1 ± 3.3, respectively (P < 0.05).

Very little additional drug was excreted over 6-

24 h period (5.0 ± 0.8% of administered dose).

0-24 h Over 24 h, urinary volume did not
change, but there were significant increases in
urinary sodium and chlbride excretions of
55.6 ± 17.9% (Na) and 82.1 ± 17.1% (Cl) over
their respective control values. These increases
were not maintained by day 7 when values did
not differ significantly from control (Table 3).
During the first week of piretanide, 6 mg daily,
plasma potassium concentration (mmol l-1) was
significantly lower at the end of day 1, 4.27 +

0.09, and day 7, 4.20 ± 0.09, when compared
with the mean control values of 4.40 ± 0.09 (P <
0.05). Plasma magnesium concentration fell
during the first day of treatment from 0.86 +

0.02 to 0.83 ± 0.02 (P < 0.05). By the end of the
first week plasma bicarbonate concentration had
increased from 24.1 ± 0.8 to 26.0 ± 8.0 mmol 1-1
(P < 0.01), whilst chloride concentration had
fallen from 99.1 ± 1.0 to 97.5 ± 0.9 mmol 1-1
(P < 0.05). No changes in plasma creatinine,
sodium, calcium, uric acid, fasting glucose,
cholesterol or triglycerides were observed over

,vthe first week of piretanide therapy (Table 4).

Long term out-patient assessment

Clinical details Data concerning the 15 patients
treated with piretanide long-term are given in
Table 1. The majority of patients required daily
piretanide in doses greater than 6 mg. The highest
daily dose received was 24 mg. In general, symp-
toms and signs of heart failure were well control-
led following appropriate adjustments in dosage.
Two patients (PN and LS) developed gout within 3
days of increasing piretanide from 18 to 24 mg
daily. One of these patients (PN) had a further

Table 3 Comparison of 24 h urinary excretion profiles between the
first and seventh day of continuous piretanide treatment (6 mg day-1)
in 14 patients with severe congestive cardiac failure. C = control

Urinary
excretion
(mmollperiod) C Day 1 Day 7

Volume (ml/period) 1844 ± 260 1893 ± 198 1999 ± 261
Sodium 59.6 ± 6.9 88.6 ± 11.8** 67.7 ± 8.6
Potassium 55.1 ± 6.5 60.7 ± 7.6 60.7 ± 8.3
Chloride 49.0 ± 4.2 89.3 ± 12.2*** 64.0 ± 8.0
Calcium 2.7 ± 0.5 3.4 ± 0.6 3.6 ± 0.7
Magnesium 3.1 ± 0.4 4.1 ± 0.6* 3.9 ± 0.7
Phosphate 20.4 ± 2.6 19.7 ± 2.8 20.0 ± 2.9
Urate 2.71 ± 0.21 2.59 ± 0.32 2.70 ± 0.24

* P < 0.05; ** P < 0.01; ***P < 0.001
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episode of gout, 2 days after commencing ben-
zylpenicillin therapy for coincidental pneumo-
nia. In both patients, hyperuricaemia was con-
trolled with allopurinol. Piretanide was otherwise
well tolerated in all patients with no adverse
effects. Piretanide was discontinued in four
patients AE, AC, IS and WH, for reasons detailed
in Table 1.

Metabolic profile The most consistent changes
in biochemical measurements, over the first 2
years of long-term piretanide therapy, were a
gradual decrease in plasma potassium concen-
tration and an increase in fasting cholesterol
(Table 4). Although the lowest individual plasma
potassium observed was 3.40 mmol 1-1, on one
occasion in one patient, mean potassium con-
centrations were within the normal range for our
laboratory (95% confidence limits: 3.50 - 5.50
mmol 1-1). Mean plasma potassium concentra-
tions at 1 year and 2 years were (mmol I-') 4.03
± 0.08 (P < 0.01) and 4.16 ± 0.16 (P < 0.05),
respectively. Elevations in plasma uric acid,
sodium and bicarbonate concentrations were
significant on occasions, but less consistently so
in comparison with changes in plasma potassium.
Overall there were no changes in plasma chloride,
calcium, magnesium, phosphate, creatinine,
fasting blood sugar and triglyceride concentra-
tions on long-term piretanide therapy. No further
changes in plasma parameters were seen in seven
subjects studied in excess of 33 months (33-43
months). Plasma potassium concentration at the
end of their treatment was 4.14 ± 0.14 (mmol
1-1) (P < 0.05) while plasma bicarbonate was
26.1 ± 0.1 (mmol -1) (P < 0.05).

Safety profile Regular urinalyses were under-
taken to check for proteinuria and haematuria.
No changes attributable to drug therapy were
found. Neither were any significant changes noted
in plasma alkaline phosphatase, bilirubin, ala-
nine and asparate aminotransferases, haemo-
globin, total and differential white blood count
and platelet count.

v

*

V

*

Discussion

The patients who participated in this study varied
in the extent of severity of their cardiac failure
and as such were categorized into groups A and
B. Using established comparative assay tech-
nique previously validated (Lant et al., 1969), we
have compared the potency of piretanide with
respect to frusemide at three different dose levels.
In the 6 h assay piretanide, 6, 12 and 18 mg,

yielded an overall response ratio of 0.99 ± 0.12
with respect to the corresponding doses of fruse-
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mide, 40, 80 and 120 mg. Over the whole 24 h,
the saluretic response ratio averaged 0.86 ± 0.09,
reflecting longer duration of action of frusemide
in patients with CCF (Vasko et al., 1985). These
findings of an overall potency ratio P/F of
approximately 6:40, on a weight to weight basis,
is in agreement with other reports of relative
potency ratios for comparative short-term studies
(Clissold & Brogden, 1985). In previous reports
from this laboratory the bioavailability of
piretanide in patients with severe CCF was found
to be 68 ± 7% (n = 3) compared with 79 ± 6%
(n = 4) in normal subjects (McNabb et al.,
1984b). While there was no change in tmax (time
for maximal plasma concentration), the Cmax
(maximum plasma concentration) tended to be
lower in the cardiac failure group, the mean
values were, however, not significantly different
from those obtained in normajs [tma (min) 60 ±
12 (n = 4) vs 58 ± 6 (n = 13) and Cmax (ng ml-)
189 ± 36 (n = 4) vs 273 ± 38 (n = 13) respec-
tively (unpublished observations)]. A recent
report has shown that oral bioavailability of
bumetanide, a closely related sulphamoyl-
benzoate diuretic, is not diminished in grossly
oedematous patients (Bailie et al., 1987).
The efficiency of orally administered piretan-

ide [sodium excretion (mmol)/piretanide excre-
tion (mg)], over 0-6 h, in the present group of
CCF patients was observed to be 47.3 ± 4.5
mmol mg-' (n = 14), a value significantly dif-
ferent from those seen in healthy volunteers
(84.0 ± 9.9 mmol mg-1; n = 13; P < 0.01,
unpublished observations). Such difference in
the efficiency is consistent with the view that
sodium conserving mechanisms are activated in
cardiac failure (Skorecki & Brenner, 1982). The
extent of sodium retention can be shown to
parallel the degree of cardiac failure. The urinary
excretion of sodium, after 3 days free from any
diuretic, was 104.3 ± 14.2 mmol 24 h-1 in group
A patients (n = 17) and only 59.5 ± 6.9 mmol 24
h-1 in group B patients (n = 14; P < 0.01). It is
possible that sodium retention observed in the
more severe cases of failure (group B) is directly
related to excessive depletion of body electrolyte
stores following previous diuretic therapy. This
is unlikely, as in the patients studied, daily sodium
output on 3 days, free from any diuretic therapy
prior to piretanide exposure was: 64.2 +
11.3; 59.4 ± 7.9 and 53.9 ± 9.5 mmol 24 h-1
(n = 14), a clear indication of steady state con-
ditions.
An important sequel to effective saliuresis is

the secondary wastage of urinary potassium that
follows it. Whether this plays a role in the induc-
tion of potassium depletion in patients with CCF
treated with diuretics is still a matter of some

controversy. One view is that, after an initial but
transient drop in plasma concentration, potassium
status remains stable and any changes in total
body potassium can be attributed to muscle
wasting (Morgan et al., 1978). Other studies
however, present evidence to the contrary. Total
body potassium is shown to be reduced in CCF
patients as a result of activation of renin-angio-
tensin-aldosterone system and in absence of any
changes in muscle mass (Cleland et al., 1987).
We have previously demonstrated an acute
kaliuretic effect of piretanide in healthy volun-
teers undergoing sustained water-diuresis
(McNabb et al., 1984a). As with volunteers, a
kaliuretic effect was also seen acutely with pireta-
nide in cardiac failure and this was abolished by
the addition of triamterene. The overall 24 h
losses of potassium did not differ significantly
from control. The rapid re-establishment of
potassium status in presence of continued pireta-
nide therapy was clearly shown in the third group
of patients. The kaliuretic response remained
stable over seven days of treatment and did not
differ significantly from control. This is further
reflected in the long-term follow up where, des-
pite a gradual but significant fall in plasma potas-
sium over a three year period with piretanide
doses ranging from 6 to 24 mg, mean plasma
potassium concentrations were within our normal
laboratory range (3.50 to 5.50 mmol 1-1). A
similar lack of effect on plasma potassium has
also been reported in hypertensives treated for
12 weeks with piretanide (Verho et al., 1984) and
over a shorter period in a group of CCF patients
(Sherman et al., 1986). Over the long term,
magnesium status in our patients was virtually
unaltered.

Chronic use of diuretics in the treatment of
hypertension and CCF is associated with increase
in plasma urate levels (Buckert et at., 1984;
Kostis et al., 1982). The mechanisms involved in
the rise of plasma urate is still a matter of some
debate but it is generally accepted to be a post-
saluretic phenomenon related to diuretic induced
shrinkage of extracellular volume (Steele, 1969).
Further support for this view comes from our
findings of significantly elevated plasma urate
concentration in states of experimental sodium
depletion (McNabb et al., 1986). With the excep-
tion of predisposition to gout, asymptomatic
elevation of plasma urate concentration is not
considered harmful (Langford et al., 1987). In
the present study, significant hyperuricaemia
was observed during long term therapy though
not consistently, as shown in Table 4. Acute
clinical gout occurred in two of the patients on 24
mg piretanide/day therapy.
Concern has been expressed on possible long
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term metabolic consequences of diuretic therapy.
There is considerable debate as to the significance
of metabolic changes observed after chronic
therapy with benzothiadiazines and to the extent
to which such changes occur with 'loop' diuretics
(Anderson et al., 1971; Gabriel & Baylor, 1981;
Losse et al., 1983; Lant, 1985). The concern has
largely centred on impaired glucose tolerance
and changes in lipid metabolism. The increase in
total cholesterol that was found in our study was
not further characterized as lipid subfractionation
was not performed. Other workers have reported
an increase in low density lipoproteins after
chronic piretanide therapy (Gluck et al., 1978;
Valimaki et al., 1983).
On the basis of the present study we conclude

that piretanide emerges as approximately five to
six times more potent, on a weight to weight
basis, when compared with frusemide. The time

course of action of piretanide is not significantly
altered by cardiac failure. In its long term use,
piretanide emerged as a potent diuretic with a
profile of action similar to frusemide. Piretanide
was well tolerated and clinically effective in the
continued control of cardiac failure, causing
minimal metabolic changes.
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