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Summary

Metolazone is a modified quinazolinesulphonamide and
in a dose of between 4 and 7-5 mg is an effective diuretic in
man with normal renal function. Fourteen patients with
non-oedematous stable chronic renal failure (creatinine
clearance ranging from 12 to 12 ml/min) were given
metolazone in doses ranging from 20-150 mg. A notice-
able increase in urine flow and sodium excretion oc-
curred, free water clearance increased, and there was a
small but significant increase in potassium excretion.
No side effects were noted.

Introduction

Frusemide in high dosage can be an effective diuretic in patients
with severe renal impairment (Dettli and Spring, 1966; Laragh
et al., 1966; McKenzie et al., 1966; Muth, 1966, 1968; Silver-
berg and Kjellstrand, 1968; Allison and Kennedy, 1971) and
ethacrynic acid can also be of value in this situation (Maher
and Schreiner, 1965). High dosage diuretic therapy may now
be regarded as a significant advance in the management of
patients with chronic renal failure (Lancer, 1971) since other
commonly-used diuretics such as the thiazides are ineffective at
glomerular filtration rates of less than 15-20 mil/min (Reubi
and Cottier, 1961).

We report on the acute effect of a new preparation, metola-
zone, in patients with grossly impaired renal function. Metola-
zone has the formula 2 methyl-3-(o-tolyl)-6-sulphamyl-7-chloro-

diuretic and natriuretic substance (Materson and Barkin, 1970;
Steinmuller and Puschett, 1971, 1972).

Patients and Methods

Sixteen acute studies were performed on 14 patients with their
agreement. Each patient had relatively stable, non-oedematous
chronic renal failure due to glomerulonephritis (8), pyelone-
phritis (4), and polycystic kidneys (2) (Table I). One patient
(Study No. 14, 15, and 16) was studied three times with in-
creasing doses (Table II). There were seven men and seven
women ranging in age from 18 to 72 years.

The creatinine clearance values ranged from 1-2-12 ml/min
with a mean of 4-2. No patient had received a diuretic in the
previous two weeks, and tea, coffee, and smoking were not al-
lowed on the day of the study, during which there was no
restriction of normal activities. Previous dietary regimens were
maintained in the individual patients without specific monitoring
of sodium and potassium intake.

To study the effect of the drug on free water clearance each
patient was water loaded. One litre of water was given at 8 a.m.
followed by further amounts every two hours equal to the volume
of urine passed. Urine samples were collected at two-hourly
intervals from 8 a.m. to 10 p.m., and plasma samples at similar
intervals from 9 a.m. to 11 p.m. A further 10-hour sample of
urine was collected from 10 p.m. to 8 a.m. to assess any late effect
of the drug. Twenty-four-hour urine samples were collected on

TABLE I—Clinical Data on the 14 Patients in the Study

1,2,3,4-tetrahydro-4-quinazolionone and is structurally related ..

. . qs s . . A Study Ageaand Creatinine
to the sulphonamides and benzothiadiazine diuretics. It is No. Diagnosis Clearance
similar to quinethazone but differs from that compound by the (ml/min)

i it1 i 1 40 M. Glomerulonephritis 64
replacement qf the eth):l group in position 2 with a pmethy! group, : oM oDt ¢4
and by the introduction of the o-tolyl group in position 3. 3 27 M. Glomerulonephritis 53
Studies in normal man have shown metolazone to be a potent H BE o phitia &9

6 32 F. Pyelonephritis 32

7 64 F. Pyelonephritis 22

8 40 M. Glomerulonephritis 35

9 20 F. Glomerulonephritis 12

University Depart t of Medicine and Renal Unit, Royal In- 10 18 F. Pyelonephritis 55
firmary, Glasgow 11 39 M. Polycystic kidney 18

. . .. 12 19 M. Glomerulonephritis 26
H. J. DARGIE, M.B., M.R.C.P., Registrar in Medicine i 13 22 F. Pyelonephritis 12
MAR]JORIE E. M. ALLISON, M.B., M.R.C.P., Lecturer in Medicine 14 37 M. Glomerulonephritis 22
A. C. KENNEDY, M.D., F.R.C.P., Professor of Medicine 15 37 M. Glomerulonephritis 22
MARY J. B. GRAY, B.sc., Biochemist 16 37TM. Glomerulonephritis 22
TABLE 1I—Results Before and After Administration of Metolazone

Urine Flow Na+ Excretion K+ Excretion | Maximum % Filtered| Solute Excretion Cy,0 (ml/min) Hours to Maxi-
Sltqudy Al‘) '( e (ml/min) (Eq/min; (#Eq/min) Load Na+ Excreted| (.Osm/min) mum Effect on:
0. oS¢
X (Highestl | Urine| Na+
B. A. | Diff. | B A. |Diff. | B A. |Diff. | B. | A. | Diff. | B. A. | Diff. | B. A. | Diff. | Flow | Excretion

1 200 1116 |21 |094 | 48 | 125 | 77 | 20 | 30 | 10 | 66 | 165 | 99 |35 [515 |150 | 016 | 029 | 0-13 6 6

2 20-0 209 | 308 |09 [102 |162 | 60 | 32 | 31 | —1 |176 [ 286 |11 |[438 | 668 [230 | 021 (083 |06l | 10 10

3 40-0 128 | 289 | 161 | 37 {172 |135 | 25 | 61 | 36 | 66 |32 |[255 | 250 | 569 |319 | 049 [ 084 | 055 | 24 2-4

4 40-0 1117 | 242 | 126 | 44 |156 [112 | 28 | 57 | 29 | 66 (242 (176 |193 | — | — | 058 [ 058 0 | 10 10

5 50-0 192 | 13 |-062| 91 87 | -4 | 14 | 16 2 {106 (101 | -0 |474 {343 (131 | — | — | — | — -

6 50-0 082 |135 |053 | 31 | 8 | 55 | 14 | 18 4 | 77 209 | 132 | 181 |324 [ 143 | 026 | 034 | 008 | 4-6 4-6

7 100-0 104 | 135 031 | 38 | 70 | 32 | 23 | 26 3 (132|253 | 121 [ 232 | 300 | 68 | 025 [ 036 | 0-11 | 8-10 8-10

8 100-0 131 {20 |069 | 8 |153 | 68 | 26 | 26 0 (198 |33 [132 | 341 | 494 | 153 | 021 | 046 | 025 | 4-6 4-6

9 100-0 227 (31 [083 | 54 | 158 |104 | 17 | 22 5 33| — | — |32 |614 [262 |113 | — | — |46 46
10 { 1500 214 | 342|128 | 32 |161 |129 | 13 | 12 | -1 | 55 | 242 | 187 | 287 |554 | 267 | 113 | 146 | 023 | 4-6 4-6
11 1000 136 | 1475 | 039 | 68 |124 | 56 | 26 | 39 | 13 |28 |526 | 246 | 340 (501 | 161 | 031 | 015 | 016 | 4-6 4-6
12 | 1500 11 [135 025 | 62 [100 | 38 | 16 | 18 2 | 187|297 |11 |254 |342 | 88 [031 [032 |0 4-6 4-6
13 50-0 167 | 250 | 083 | 45 3 | 20 | 27 7 | 28| 519| 24 | 387 | 706 | 319 | 042 | 036 | 006 | 10 10
14 20-0 1176 | 316 | 14 70 {133 | 63 | 53 | 60 7 | 286 |55 |264 |529 | 700 [171 ? |o81 | — 8 8
15 400 214 (33 |116 [102 | — | — | 30 | — | — |32 |473|153 {469 [ — | — | — | — | — 4 -
16 60-0 18 |27 |09 74 (107 | 33 | 27 | 49 | 22 [385 |407 | 22 | 259 | 467 | 208 | 044 | 114 [ 07 4 4

B. = Mean of two-hour clearance periods immediately before giving drug.
A. = Maximum response seen after drug.
Diff. = Difference.
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the days before and immediately after the study for measure-
ment of creatinine clearance. The drug was given by mouth at
2 p.m. when stable urine flows were obtained. The doses were:
20 mg (3); 40 mg (3); 50 mg (3); 60 mg (1); 100 mg (4); 150 mg
).

Osmolality of fresh urine and plasma samples were deter-
mined with an osmometer from Advanced Instruments Inc.
Urinary and plasma sodium and potassium were determined on
a direct reading flame photometer (Instrumentation Inc.) and
chloride on a “Buchler-Cotlove” chloridometer. Creatinine was
measured by the method of Hare (1950).

The following calculations were made on the two-hour
clearance periods described above:

Urine flow rate = V (ml/min)
Electrolyte excretion = UgV (rEq/min)
UgV x 100
Per cent. filtered load excreted = P x GFR x f
where Pg = plasma electrolyte concentra-
tion (mEq/l.)
and f = Donnan factor*
i lali
Osmotic clearance (C,q) = V x urine osmolality (ml/min)

Plasma osmolality
= V — C,,p, (ml/min).
Full haematological indices, liver function tests, and serum

transaminases were determined for each patient before and after
the study.

Free water clearance (Cy,0)

Results

The individual results and their mean values are given in Tables
II and III respectively and the latter are shown in Fig. 1. The
individual results were used in paired ¢ tests to calculate the

=383 t=9-0Ol t=6:9I t=742 t=3-13
<0O-0025 P<O-0C005 P<O-0005 P<O-0005 P<O-005
<] 500
30+
41 400 1601 401
31 300 1201 301
21 2001 801 201
| 1 g [e0] 404 10
2
Urine flow Solute Na + excrehon Max% filtered K+ excretion
(ml/min excretion (mEq/min)  load Na+ (mEq/min
(posm/min excreted

Effect of metolazone on urine flow and solute excretion. Mean values before
and after metolazone are shown. Values after drug are peak response period.

significance of each observed increase (Table III). The heights
of the diuretic effect occurred on average six hours after the
administration of the drug. Although the mean glomerular
filtration rate was only 4-2 ml/min, the mean urine flow rate
achieved after metolazone was 2-:36 ml/min. There was a signi-
ficant natriuresis, the mean sodium excretion increasing by
113%, and an associated chloruresis. Potassium excretion also
increased significantly but to a much lesser degree (33%). There
was no correlation between the glomerular filtration rate and
increase in urine flow and electrolyte excretion after metolazone
over the narrow range of glomerular filtration rate examined
(1-2-12 ml/min). Fractional sodium excretion was closely related
to glomerular filtration rate both during control water loading

*The constant governing the distribution ‘of anions and cations on either
side of a semi-permeable membrane on one side of which there are protein
anions.
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TABLE 1II—Mean Values Before and After Metolazone and Results of Paired
t Tests on Individual Results

Urine | Solute | Na+ K+ |Maximum| Cuo
Flow Excretion | Excretion | Excretion Na+ (ml/min)
(ml/min) ((wOsm/min)| (LEq/min) | (kEq/min) | (%)
Before 1-56 334 58-7 25 15 0-39
After 2-36 504 125 33 30 0-59
t 3-83 9-01 691 313 7-42 2:46
P <0-0025 | <0:0005 [ <0-0005 | <0-005 <0:0005 | <0-025

periods and after the drug. Falling glomerular filtration rate
is associated with rising fractional electrolyte excretion, so that
maximum fractional sodium excretion was 389, before and 559%,
after metolazone at a glomerular filtration rate of 2:2 ml/min. A
small but statistically significant increase in free water clearance
was found at the height of the diuresis.

Discussion

These results show that oral metolazone can have a significant
natriuretic and diuretic effect even at a very low glomerular
filtration rate. Despite the high basal fractional water and electro-
lyte excretion rates due to the low glomerular filtration rate in
these patients, a 519, increase in mean urine flow rate and a
1139, increase in mean sodium excretion occurred. The time
taken to reach the maximum effect, six hours, was greater than
the time of two hours shown for non-uraemic subjects by Stein-
muller and Puschett (1972). There was a small but statistically
significant increase of 339, in mean potassium excretion. There
was no evidence of any major side effects and the oral dose of
20-150 mg was well tolerated.

In dogs and in normal human subjects at a dosage of 4-7-5 mg,
metolazone has been shown to have an effect similar to that of
hydrochlorothiazide (Materson and Barkin, 1970; Belair ez al.,
1969; Michelis ez al., 1970). Generally, a decrease in free water
clearance during water diuresis is seen suggesting an inhibiting
effect on sodium reabsorption in the ascending limb of the loop
of Henle. In the present patients with advanced renal failure a
fall in proximal sodium reabsorption must occur since loss of up
to 559, of the filtered load of sodium is found. The small rise in
free water clearance found may be related to this, masking any
incomplete blocking action the drug may have on the distal
diluting segment.

It is interesting to compare the present results with those of
a recent similar study with frusemide (Allison and Kennedy,
1971). Twenty patients with stable, non-oedematous chronic
renal disease (mean glomerular filtration rate 6-1 ml/min) had
control water and electrolyte excretion during water loading not
statistically different from those in the present study. Frusemide
in a dosage of 100 mg given by mouth or intravenously produced
twice as much increase in urine flow rate and sodium excretion
(103 and 2639, respectively) and three times as much potassium
loss (91%, increase). In some patients with chronic renal failure
high dosage frusemide produced a loss of up to 879, of filtered
sodium and apparently all of the glomerular filtrate. The value of
high dosage frusemide in oedematous patients with a very low
glomerular filtration rate and in the nephrotic syndrome is now
well recognized, as are the side effects that may be associated
with such potent therapy (Allison and Kennedy, 1971; Lancet,
1971). Ethacrynic acid may also be effective in such situations
(Maher and Schreiner, 1965) but the thiazides and mercurial
diuretics are not effective when the glomerular filtration rate is
below 15-20 ml/min (Reubi and Cottier, 1961).

Oral metolazone has a significant diuretic and natriuretic
effect even at a low glomerular filtration rate, and its potency is
obviously greater than that of the thiazides and somewhat less
than that of frusemide. No side effects have been reported as yet,
even after intraventricular injection (Schoonees ez al., 1971).
It may prove useful, therefore, in the management of chronic
renal failure, and we are currently engaged in studies in its long-
term use in such patients.
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Effect of Posture on Glucose Tolerance after Gastric Surgery

C. D. HOLDSWORTH,

British Medical Journal, 1972, 4, 198-200

Summary

Oral glucose tolerance after either partial gastrectomy or
vagotomy and pyloroplasty for duodenal ulcer was markedly
affected by posture. Peak blood glucoses and the degree of
reactive hypoglycaemia were greater in the erect than in the
supine position. This is probably due to positional changes
in gastric emptying, and our findings support the view that
after gastric surgery alteration in gastric emptying rate is the
main factor responsible for the change in oral glucose toler-
ance.

Introduction

Glucose tolerance is often abnormal after gastric resection, with
a high peak value and a tendency to reactive hypoglycaemia.
We have previously presented evidence that this reactive
hypoglycaemia is due largely to the altered pattern of gastric
emptying rather than to hypersecretion of insulin (Holdsworth
et al., 1969). Gastric emptying of a “balanced” fluid meal has
been shown to vary greatly with posture after vagotomy and a
drainage procedure (McKelvey et al., 1969), and this is also
true for 20 g/100 ml of glucose solution after either vagotomy
and pyloroplasty or a Polya partial gastrectomy (I. Hulme-
Moir and C. D. Holdsworth, unpublished observations). We
have, therefore, studied the effect of posture on glucose toler-
ance in patients with gastric and duodenal ulcer before and
after surgery.

Patients and Methods

The subjects studied were a consecutive series of patients re-
ferred to a surgical unit with an established diagnosis of benign
gastric or duodenal ulcer. Preoperative studies were carried
out a few days before surgery. Postoperative studies were
carried out several weeks after surgery. Oral glucose tolerance
tests were performed after an overnight fast while otherwise

Royal Infirmary, Sheffield
C. D. HOLDSWORTH, M.p., M.R.C.P., Consultant Physician

St. Bartholomew’s Hospital, London E.C.1

I. HULME-MOIR, F.r.C.S., Research Fellow in Surgery
C. THIRUMALAI B.SC., Research Assistant in Medicine

I. HULME-MOIR, C. THIRUMALAI

on an unrestricted carbohydrate intake using 50 g of glucose
dissolved in 250 ml of orange-flavoured water, and sampling
venous blood from an antecubital vein. During supine studies
the patient lay on a horizontal table, and during erect studies
the patient was seated strictly upright, maintained in this posi-
tion by a light harness attached to the vertical back of a
specially constructed chair.

Blood glucose was measured by a reducing method on a
Technicon AutoAnalyzer. Plasma levels of immunoreactive
insulin were determined by radioimmunoassay, using dextran-
coated charcoal to separate the bound and free fractions (Her-
bert et al., 1965). The significance of differences in blood glu-
cose and plasma insulin was assessed by Student’s ¢ test for
unpaired data, as it was not possible to study all patients in
the two positions. Statistical analysis of data was carried out
only for “peak levels,” which are the highest blood glucose
or plasma insulin levels recorded during a test, and for the
degree of “reactive hypoglycaemia.” By reactive hypoglycaemia
we mean the maximum fall in blood glucose below fasting
levels observed late in the test, between 90 and 150 minutes
after ingestion of the glucose meal.

Results

DUODENAL ULCER

Preoperative.—Posture had no significant effect on the glu-
cose tolerance (Fig. 1). The peak blood glucose level was only
slightly higher during the erect test than during the supine
test. Peak plasma insulin levels were also unaffected by pos-
ture, mean values being 173 pU/ml during supine tests and
184 1 U/ml during the erect tests.

Postoperative.—Two operative procedures were used. Six
patients had a procedure, either a Polya gastrectomy or a vago-
tomy plus antrectomy, which involved gastric resection. Their
postoperative glucose tolerance tests are shown in Fig. 2. In
contrast to the preoperative findings, posture had a consider-
able effect on the glucose tolerance, with a peak blood glucose
much higher in the erect than in the supine position
(P < 0-001). Nine patients had a vagotomy and pyloroplasty,
and their postoperative glucose tolerance tests are shown in
Fig. 3. In these patients the findings were similar and although
the effects of the posture were less pronounced the
peak glucose in the erect position was again signifi-
cantly higher (P < 0-001) than in the supine posi-
tion. In the supine position the degree of reactive hypo-



