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Summary. The diuretic effects of torasemide and of
furosemide were compared in a double blind cross-
over study in 13 patients with stable chronic heart
failure. Single doses of 10 mg and 20 mg of torase-
mide and of 40 mg of furosemide were given orally,
in a randomized order on 3 consecutive days. In ad-
dition, a placebo was administered on the day pre-
ceding the 3 active drug treatment days to obtain
control data. Each experimental day was divided in-
to three urine collection periods - 0 to 4h, 4 to 12h
and 12 to 24 h. Urine output, ion excretion and clear-
ance were measured during each of the 3 periods as
well as for the 24-h period. Torasemide 20 mg was
distinctly more active in each of the 3 collection peri-
ods and in the 24-h period than furosemide 40 mg,
whereas no significant difference was found between
furosemide 40 mg and torasemide 10 mg for most of
the experimental data. From 0 to 4 h, both torase-
mide and furosemide significantly increased the uri-
nary flow rate and the urinary excretion of sodium,
chloride and calcium, while they decreased the uri-
nary osmolality when compared to placebo. All the
effects persisted in the 4 to 12 h period after torase-
mide 20 mg in contrast to furosemide, whose effects
were limited to the 0 to 4 h period. In the third period
(12-24h), the urine volume fell below the placebo
value after furosemide but not torasemide, and only
torasemide 20 mg was followed by a persistent de-
crease in the urine osmolality. Both diuretics in-
creased the free water clearance, but this phenome-
non was slightly greater after torasemide. Finally,
urinary potassium excretion was increased by both
doses of torasemide and furosemide, with no signifi-
cant difference between the three experiments. Tora-
semide and furosemide were well tolerated; no clini-
cal or biochemical adverse effects occurred after
administration of either of the compounds. Torase-
mide is a new loop diuretic which may constitute a

good alternative to furosemide in the treatment of
oedema in chronic heart failure.
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In a preliminary study in healthy volunteers [1], tor-
asemide was shown to be a potent diuretic of high-
ceiling type activity; urinary output and ionic excre-
tion increased while urinary density and osmolality
decreased with the logarithm of the dose in the range
2.5 to 20 mg. An other Phase I study [2] showed that
torasemide had a terminal half-life of 2.5 h, and that
more than 90% was bioavailable by the oral route.

In the present Phase II study, the acute diuretic
activity of torasemide was compared with that of fu-
rosemide taken as the reference preparation, in pat-
ients suffering from chronic heart failure.

Material and Methods

Design of the Study

The study was designed as a double blind random-
ized cross-over study comparing the effects of single
oral doses of 40 mg furosemide (Fy), 10 mg torase-
mide (Tjo) and 20 mg torasemide (Ty). In order to
avoid any sequence effect, the three drugs were given
in randomized order on three consecutive days: 5
patients began treatment with Ty, 4 patients received
Ty first and 4 patients began treatment with Ty A
placebo was administered on the day preceding ad-
ministration of the active drugs to obtain control da-
ta. The study protocol was approved by the Ethical
Committees of our institutions.
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Subjects

Thirteen patients suffering from chronic heart failure
and hospitalized in the Department of Internal Med-
icine were investigated. Their clinical characteristics
were (mean+SEM): 6 females and 7 males, 672
years, 61.5+ 3.0 kg. All presented oedema of the legs
due to right heart insufficiency and/or lung conges-
tion (Killip IT or worse) indicating left heart failure.

Their haemodynamic state was guite stable dur-
ing the week preceding the study. Any diuretic agent
was stopped for at least 48 h beforehand, but their
other usual medications (digoxin or digitoxin, vaso-
dilators, etc. . ..) were kept unchanged. After receiv-
ing a detailed explanation about the purpose of the
study and the protocol, all patients gave their formal
consent to it.

Protocol

The study was carried out with patients lying down
and kept under strict medical supervision. They re-
ceived a 1600 keal daily diet containing less than 1 g
sodium, and water consumption was limited to 1.51/
day. The patients, wearing a hospital gown, were
weighed every morning at 8 a.m. after voiding. At
that time, the drug was ingested with 100 ml water,
immediately before breakfast.

All urine was collected in 3 successive periods on
each day:0-4,4-12 and 12-24 h after drug ingestion.
On each urine sample the following parameters were
measured by classical methods: volume, osmotality,
concentration of sodium (Na), potassium (K), chlo-
ride (Cl), calcium (Ca), phosphates (P), urea, creati-
nine and uric acid.

A blood analysis was done 24 h after the inges-
tion of each drug to determine the following parame-
ters: sodium, potassium, chloride, calcium, phos-
phates, urea, creatinine, uric acid, osmolality, total
proteins, glucose, haematocrit and blood cell count.

Heart rate and arterial blood pressure were deter-
mined by conventional methods every hour from 8 to
i2a.m. and at 2, 4 and 8 p.m.

Statistical Analysis

The results were expressed as mean + SEM. Statisti-
cal comparison used Student’s rtest for paired data.

Results

Urine Data

All the results are expressed as percentage change
versus the data measured during the control day on
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ptacebo, which were taken as the reference (100%)
value in each case.

Volume (Fig. 1). The mean urine volume was signifi-
cantly increased during the first 4 h when compared
to the control test: +235% with Fy, + 128% with Ty,
and +313% with Ty No significant difference was
observed between the three diuretic treatments.

During the second period (from 4 to 12 h) Ty was
the sole treatment in which a significant effect on di-
uresis was observed when compared to the placebo.
During the third period, from 12 to 24 h, the urine
volume after Fyy was significantly lower than after
placebo or Ty,

As Tar as the entire 24 h study period was con-
cerned, the total urine volume did not differ signifi-
cantly between Fy and Ty, and placebo. It was 68%
larger (2 p <(.001) after Tag.

Sodium Excretion (Fig. 1). The changes in urinary so-
dium excretion in many respects were similar to
those in urine volume.

Dwuring the first 4 h, a significant increase in natri-
uresis was observed after Fyg (4+425%), Tio (+ 190%)
and Ty (4 533%) when compared to the placebo. No
significant difference was observed between the 3 di-
uretic treatments.

During the second period from 4 to 12 h (+66%),
as well as during the entire 24 h study period
(+137%), only Ty led to a significant increase in uri-
nary sodium excretion when compared to the day on
placebo.

Potassium Fxcretion (Fig.1). When compared to the
results obtained with placebo, Fyy, T1y and T, signifi-
cantly increased urinary potassium loss during the
first 4 h (respectively + 149, +123 et +152%), from
4 to 12h (respectively +43, +30 et +36%) and
throughout the 24 h period (respectively -+31, +28
and +31%). No statistically significant difference
was observed between the three treatments at any
time in the study.

Urinary Sodium/Potassium Ratio (Fig.1). Inter-indi-
vidual variation in the urinary Na/K ratio was high
in all groups, particularly after placebo administra-
tion.

When compared to the placebo results, the uri-
nary Na/K ratio was enhanced during the first 4 h in
the three diuretic tests (+ 144% with Fyy, 4+ 77% with
Ty and + 170% with Ta). However, due (o the large
scatter of the individual results, the difference was
only statistically significant with the highest dose of
torasemide (2 p<0.02). No significant difference
from placebo was observed during the other two pe-
riods (4-12h and 12-24h) or between the three di-
uretic tests at any time in the study.
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Fig. 1. Urine volume and urinary excretion of
sodium and potassium during the three successive
periods 0-4h, 4-12 h and 12-24 h, and during the
entire O to 24-h study period, after the four treat-
ments: placebo (P), furosemide 40 mg (Fy), tora-
semide 10 mg (Tyy} and torasemide 20 mg (Tx).
Results are expressed as mean =+ SEM (s =13); the
statistical significance is indicated by the 2 p values
(Student’s t-test for paired data)

Chloride Excretion (Fig.2). Urinary chloride excre-
tion paralleled the sodium loss, although slightly
higher after diuretic ingestion. Fy (+499%), Tyo
(+277%) and Ty (4 508%) significantly enhanced
urinary chloride loss during the first period, namely
from O to 4h.

During the second period, from 4 to 12 h, a sig-
nificant increase persisted with Fy (+172%) and
with Ty (+ 298%).

When the entire 24 h study period was consid-
ered, Ty was the sole treatment inducing a signifi-
cant increase in urinary chloride excretion (+246%,
2 p <0.02). However, there was no statistically signif-
icant difference between the three diuretic tests at
any time in the study.

Calcium Excretion (Fig.2). Changes in the urinary
calcium excretion were similar to those in urine vol-
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ume as well as to those in urinary sodium and chlo-
ride.

During the first period (0-4 h), there was signifi-
cantly enhanced urinary calcium excretion in all
three diuretic tests: +237% with Fy, +197% with
T and +267% with Ty The effect persisted during
the second period (4-12h), but the difference was
significant only for Ty, (+78%). During the third pe-
riod (12-24 h), urinary calcium loss was significantly
lower than in the placebo test with Fy (—43%) and
T (-—- 35%), but not with ng.

Consequently, T was the sole treatment causing
a significant increase in urinary calcium excretion
during the 24h study period (+44%, 2 p<0.05).
Again, no significant difference was observed be-
tween the three divretic tests in all the three study pe-
riods.
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|, Fig.2. Urinary excretion of chloride, calcium,
inorganic phosphate and uric acid during the three
successive periods 0-4h, 4-12h and 12-24 h, and
+2 during the whole 0 to 24-h study peried after the
four treatments: placebo (P), furosemide 40 mg
(Fup), torasemide 10 mg (Tyy) and torasemide 20 mg
™" (Ta). Results are expressed as mean = SEM

{r =13); the statistical significance is indicated by
the 2 p values (Student’s f-test for paired data)
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FPhosphate  Excretion (Fig.2). Urinary phosphate
excretion was not significantly altered by any of the
diuretic drugs at any time (there was a slight increase
with T,g during the first 4 h which was at the Emit of
the statistical significance).

Uric Acid Excretion (Fig.2). When compared to
placebo, Typ and Ty significantly increased urinary
uric acid excretion during the first 4 h (respectively
+147 and - 77%), whereas the rise observed with
Fy, although of the same order of magnitude
(+ 107%), was not statistically significant. No signifi-
cant change was observed during the two following
periods nor when calculated for the 24-h study peri-
od.

Urea and Creatinine Excretion. When compared to
placebo, the three diuretic treatments resulted in sig-
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nificant and similar increases in the urinary excre-
tion of urea during the first 4 h after each dose: from
39.3 £ 4.2 mmol/4 h under placebo to 60.8 £9.4 after
Fa (2 p <0.025), 58.0+7.8 after Ty (2 p<0.05) and
65.14 6.8 after Ty (2 p <0.005).

Torasemide simultaneously caused a significant
increase in the urinary excretion of creatinine: from
1.3£0.1 pmol/4 h after placebo to 1.9+0.2 after T
(2p<0.02) and to 2.1£04 after T,y (2p <0.05),
whereas the corresponding rise observed after Fy
was smaller and was not significant (from 1.3 £0.1to
1.64-0.3 pmol/4 h).

Urinary urea and creatinine in the two following
periods (4-12h, 12-24h) and those calculated for
the whole 24-h study period were sirilar in the four
groups.



A.J.Scheen et al.: Diuretic Activity of Torasemide and Furosemide

39

E
g
o .005 0 .05 .01
F~ 1 r s} r “+ frrr———
=] 5 o .05 .02
Eo ——— .005 01
4 g =
£ 0 05
K —
800 ~600
] tp
et P17 7 R Fig.3. Urinary osmolality during
400+ [l T3 400 the three successive periods 0-4 h,
5 ‘\ 4-12hand 12-24 h, and during the 0
/ \ 7 to 24-h study period after the four
% treatments: placebo (P}, furosemide
40 mg (Eyy), torasemide 10mg (Tio)
200+ / 7290 and torasemide 20 mg (Ty). Results
g / are expressed as mean + SEM
s {r = 13); the statistical significance is
Q indicated by the 2 pvalues (Student’s
& 1-test for paired data)
P T T2 P Fo To T
L -12h 12 -2 h

Urinary Osmolality (Fig.3). During the first 4h, a
marked and significant drop in urine osmolality was
observed after Fy (—35%), T (—31%) and Ty
(—42%); no significant differences were observed
during the three diuretic tests. During the second pe-
riod, from 4 to 12 h, the decrease in urinary osmo-
lality when compared to placebo remained slightly
more marked with Ty than with Ty or Fu. During
the third period (12-24h), the results obtained with
Fy and Ty, were similar to those measured after
placebo, whereas Tag showed a significant persistent
reduction in the urinary osmolality { —19%).

Consequently, as far as the entire 24 h study peri-
od was considered, the decrease in urine osmolality
was of similar amplitude with Fyy (—14%) and Ty,
(—11%), and was significantly higher with Ty
(—29%, 2 p < 0.005).

Clearance Data

Creatinine Clearance. During the first 4 h, torasemide
significantly increased the creatinine clearance
from 51.3+5.0 to 844+ 11.0mi/min after 10mg
(2p<0.01), and to 86.7+13.7ml/min after 20 mg
(2 p<0.01). In contrast, the moderate rise from
51.3+5.0 to 68.2+t13.5ml/min observed after Fu
was not significant. However, no significant differ-
ence was observed between the three diuretic treat-
ments.

The values of creatinine clearance were not sig-
nificantly different between the four groups from 4
to 12 h or from 12 to 24 h, or during the whole study
period.

Free Water Clearance. ln the patients suffering from
cardiac insufficiency, the free water clearance (uri-
nary volume ml/min) (1 - wurinary osmolality
mOsm/kg/serum osmolality mOsm/kg) was nega-
tive during the placebo period (— 0.6 .1 ml/min)}.

During the first 4h after administration of the
drug, Fy and T, induced a moderate but non-signif-
icant increase in free water clearance from —0.52+
0.10 ml/min after placebo to —0.30x020 and
—0.21£0.10 ml/min, respectively.

During the second period (4-12h), only Ty sig-
nificantly increased the free water clearance from
—0.53£0.10 after placebo to —0.33 £0.10 ml/min
(2 p<0.05). The effect of T,y persisted from 12 to
24 h (significant rise from — 0,72 £ 0.10 after placebo
to —0.412£0.10 ml/min, 2 p <0.01) and became sig-
nificantly higher when compared to F, (—0.66+
0.10ml/min, 2p<0.02) and Ty (—0.57 £0.10 ml/
min, 2 p<0.01),

Consequently, in the whole 24-h study period,
the free water clearance after Ty (—0.40£0.10 ml/
min) was significantly higher than after placebo
(—0.65+£0.10ml/min, 2 p<0.02) or Fy (—0.51+
0.10 ml/min, 2 p <0.05).

However, the free water clearance remained neg-
ative in all three diuretic groups during the different
periods studied.

Serum Electrolyte Levels (Table 1)

No significant differences were observed between
the four experimental conditions as far as the serum
levels of sodium, potassium, chloride, calcium, inor-
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Table 1. Serum levels of sodium, potassium, chloride, calcium, inorganic phosphate, uric acid, urea, creatinine and total proteins, blood
glucose, haematocrit and osmolality in blood samygles from overnight fasted subjects 24 h after the ingestion of placebo or of the tested

drugs. Mean+ SEM

Placebo Furosemide 40 mg Torasemide 10 mg Torasemide 20 mg

Na (mmol/B 1376 + 141 1375 + 1.1 1369 + 1.2 1383 + 13
K (mmol/f) 43 + 0.1 42 + 0.1 42 + 02 41 + 0.1
Cl (mmol/1) 1003 + 16 98.8 + 1.5 983 + 1.5 992 £ 16
Ca (mmol/1) 22 & 01 23 + 01 22 4+ 01 22 + 01
Inorganic P (umol/1) 105+ .11 111+ Q.00 1.08+ 0.04 £13+ 0.06
Uric acid (nmol/D) 440.7 +285 4598 +33.9 4722 £29.1 467.5 +38.0
Urea (mmol/1) 84 & 1.7 99 + 12 95 + 09 96 £ 1.0
Creatinine  (umol/l) 9560 = 7.1 1027 + 71 99.1 + 53 1018 + 6.2
Osmolality  (mOsm/kg) 2907 + 54 2891 + 5.0 2911 + 52 2870 = 43
Haematocrit (%) 350 & 16 398 + 1.9° 389 + 16 394 = 1.9
Total proteins (g/1) 396 £ 3.2 627 £ 6.7 61.0 £ 34 620 + 28
Glucose {mmol/1} 59 + 02 57 £ 03 53 + 0.2 52 £ 03
* 2 p<0.05 versus placebo

ganic phosphate, uric acid, urea, creatinine and os-  Discussion

molality were concerned. There was a slight but sig-
nificant increase in haematocrit after Fyg and Ty,
and simultaneously a discrete rise in total serum pro-
tein level was also observed. These changes indicate
haemoconcentration after administration of the di-
uretics. Finally, a slight decrease in blood glucose
level was observed after torasemide but not after fu-
rosemide,

Body Weight

Body weight fell significantly from 61.2 +3.2 kg after
placebo to 60.3 +£3.2 kg after Fio (n =12, 2 p <0.005),
from 61.5+3.0 to 60.6::3.1kg after Ty (n=13,
2 p<0.05) and from 63.1£3.2 to 61.8 £3.2kg after
Ty (=10, 2 p<0.01). The weight loss was similar
after the three diuretic treatments.

Haemodynamic Parameters

Analysis of the results for heart rate and arterial
blood pressure showed no significant differences be-
tween the four experimental conditions at any time
in the study, as well as no significant change versus
the baseline value recorded at 8 a.m. just before ad-
ministration of each drug.

Side-Effects

Ne patient complained of gastro-intestinal, cardio-
respiratory or neurological distubances during the
four experiments. No particular clinical or biological
side-effects were observed.

Although in rats and dogs torasemide has been
shown to be 5- to 10-times more potent than furose-
mide on a weight basis (3, 4, 5), previous studies in
normal man have indicated that the corresponding
oral dose of torasemide when compared to 40 mg fu-
rosemide was probably 10 to 20 mg [1, 2]. In a previ-
ous Phase 11 study [6] the comparison was made of
three 5-day treatment periods with torasemide
10mg, torasemide 20mg or furosemide 40mg in
three different subgroups of oedematous patients,
suffering from heart failure or hepatic cirrhosis. The
results suggested that torasemide was more effective
than furosemide on urine volume and sodium excre-
tion. However, as oedemaltous patients are often a
heterogeneous population, and since it is difficuit to
appreciate precisely the degree of oedema, it was not
possible to be sure that the three subgroups were
strictly comparable. Thus, in order to improve the
conditions for a comparative trial, the present experi-
ment was designed as a double-blind randemized
cross-over study comparing single oral doses of fo-
rasemide 10 mg, torasemide 20 mg and furosemide
40 mg. Moreover, all the patients were suffering from
pure cardiac insufficiency, excluding hepatic cirrho-
sis or renal failure, They were in a stable haemody-
namic state during the prior week and any diuretic
drug was withdrawn for at least 48 h. Finally, the
comparative study in each patient was preceded by a
control day on placebo,

At the two doses tested, torasemide exhibited po-
tent diuretic activity, with a significant increase in
urine volume as well as in the urinary excretion of
sodium, potassium, chloride and calcium. Simul-
taneously, the urinary osmolality was significantly
reduced. The changes were qualitatively quite simi-
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lar to those reported in normal subjects in whom a
clear dose/response curve was observed for doses of
torasemide ranging from 2.5 to 20 mg [1]. However,
on a quantitative basis, torasemide was much less
potent in the cardiac patients, since the urine volume
during the first 4h after drug ingestion was 2.5- to

3-times lower and the urinary sodium excretion was

15- to 20-times lower than in normal subjects.

The urinary changes induced by torasemide were
qualitatively and quantitatively comparable to those
observed after furosemide. Torasemide showed a
clear dose-response curve, so that the amplitude of
the diuretic activity of furosemide 40 mg was mi-
miced by torasemide 10 to 20mg. The onset and
peak of action of torasemide and furosemide were
similar, and their actions both peaked during the first
4 h following ingestion. The resuits fit with the phar-
macokinetic data, since the peak serum level of to-
rasemide is reached 1h after its oral administration
and its biological half-life is estimated to 2.5h [2].
The action of torasemide appeared to last longer
than that of furosemide, as judged from the results
obtained during the second period (4-12 h). The re-
sults are in agreement with those of Broekhuysen
et al. [6], and could easily be explained by the phar-
macokinetics, which showed that torasemide had
a longer half-life than furosemide (arcund 1h;
[7-10]). Furthermore, after 20 mg torasemide no sec-
ondary fall in diuresis below baseline values was ob-
served during the third period (12-24 h), while the
diuresis after furosemide fell below the mean place-
bo value during the corresponding period. Conse-
quently, over the 24-h period, only torasemide 20 mg
induced a significant increase in urine volume and
natriuresis when compared to placebo. Torasemide
produced a greater chloruresis than natriuresis, as
found earlier by Lesne et al. [2] for this compound
and by others for several high-ceiling diuretics, such
as furosemide, bumetanide and azosemide [11-13].

Furosemide 40mg and torasemide 20mg in-
creased the urinary loss of potassium by a similar
amount. Since the natriuretic effect of torasemide
20 mg was higher than that of furosemide, the uri-
nary Na/K ratio after the new drug was slightly
higher than after furosemide, confirming the results
of another Phase II study [6]. However, the urinary
potassium excretion was higher after torasemide in
the present cardiac patients than in the normal sub-
jects previously tested [1]. Since the natriuresis was
lower, the urinary Na/K ratio after torasemide 20 mg
reached only 2.8 in this Phase I1 study, whereas it
was 5.1 in the previous work in healthy volunteers [1]
and 5.6 in the study of Lesne et al. [2]. The differ-
ences can be explained by the salt restriction and the
secondary hyperaldosteronism in the patients with
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heart failure. Nevertheless, in this acute study, serum
potassium levels did not change significantly when
comparing the three diuretic treatments with the
placebo day.

The urinary excretion of inorganic phosphate
can be used as a marker of proximal tubular inhib-
ition [14, 15]; the absence of major change with to-
rasemide might then indicate that it had no impor-
tant effect on this part of the nephron. However, a
significant alteration was not found either with fu-
rosemide, even though proximal tubular effects with
this drug were reported in earlier animal studies [16,
17]. The effect of furosemide on urinary phosphate
excretion was shown to be function of the experi-
mental conditions [15, 18]; phosphate excretion in-
creased significantly when urinary loss was replaced,
but it remained unchanged if volume contraction oc-
curred, as in the present study.

A significant increase in urinary creatinine and
creatinine clearance was found with torasemide but
not with furosemide. Increased, unchanged or de-
creased glomerular filtration rates have been report-
ed in the literature for furosemide and other diuretic
agents in various animal species as well in man [re-
viewed in 19]. The variability might well be ex-
plained by the difficulty of obtaining steady-state
conditions in diuretic experiments (by adequate wa-
ter and electrolyte replacement), which is a basic
requirement for clearance studies. Thus, in experi-
mental as well as in clinical circumstances, altered
creatinine clearance should be considered cautiously
and it may not necessarily indicate a corresponding
effect on the renal function.

Finally, torasemide induced almost the same in-
crease in free water clearance as furosemide [19, 20].
In the condition of relative hydropenia, both diuret-
ics provoked decreased tubular reabsorption of so-
lute-free water and this effect persisted even after the
peak of saliuresis, namely after the 4th hour. The re-
sults confirm that the mean locus of action of torase-
mide is the ascending limb of the loop of Henle,
where sodium chloride is reabsorbed in excess of wa-
ter. Indeed, as a result of studies on free water pro-
duction in animals and in man, as well as by direct
micropuncture and isolated nephron technigues, the
high-ceiling diuretics have been shown to act primar-
ily by inhibiting the active transport of the chloride
anion at the fuminal border of tubuie, thereby inhib-
iting sodium chloride reabsorption in the ascending
limb of the Toop of Henle [21].

In spite of their potent diuretic effects, torase-
mide and furosemide were well tolerated. The haem-
odynamic parameters remained entirely stable, no
patient complained of side-effects and no biological
abnormalities were detected.
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In conclusion, torasemide is a potent diuretic
compound, whose mode of action and properties ap-
pear similar to those of furosemide, a high-ceiling di-
uretic. In patients with chronic heart failure, a single
oral dose of 20 mg torasemide was significantly more
effective than that of 40 mg furesemide, which was
not significantly different from 10mg torasemide.
Torasemide, which was clinically and biclogically
well tolerated, is a new loop diuretic, which may con-
stitute a good alternative to furosemide.
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