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CLINICAL RESEARCH

Diuretic treatment in decompensated cirrhosis and congestive
heart failure: effect of posture

HELMER RING-LARSEN, JENS H HENRIKSEN,
HENRIK PALS, NIELS JUEL CHRISTENSEN

Abstract

The diuretic effect of the supine position was evaluated in six
patients with cirrhosis and ascites and six with congestive cardiac
failure. After fasting overnight in bed the patients received
bumetanide 1 mg intravenously and were then immediately
randomly assigned to either bed rest in the supine position or
normal daily activity in the upright position for the next six hours.
Two days later the procedure was repeated, the patients being
assigned to the other posture. The diuretic response was similar
in patients with heart failure and cirrhosis, and was significantly
greater in the supine than in the upright position: mean 1133 v 626
ml/6 h (p<0-01). The natriuresis was similarly larger during
recumbency: mean sodium 96 v 45 mmol(mEq)/6 h (p<0-01), and
the excreted potassium in six hours was similar in both postures.
The glomerular filtration rate was 100 and 66 ml/min (p<0-01)
and heart rate 76 and 83 beats/min (p<0-01) in the supine and
upright positions respectively. Plasma concentrations of nora-
drenaline, renin, and aldosterone were all raised even when the
patient adopted the supine position, and a further significant rise
was observed during the upright position.
The results suggest that the attenuated response to intra-

venous bumetanide in the upright position and during normal
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daily activity may be due to the activation of several homoeo-
static mechanisms that may reduce the excretion of water and
salt.

Introduction

The aim of diuretic treatment is to reduce the sodium and water
content of the body, but in patients with oedema or ascites this
process has side effects. These are often dose related, and con-
sequently the lowest necessary dose of a diuretic should be used."
Before the introduction of potent loop diuretics bed rest was
recommended in oedematous states, as this apparently produced a
negative sodium and water balance. The diuretic effect of the supine
position, however, has never been critically evaluated and the
mechanisms responsible never fully elucidated. The purpose of the
present investigation was to quantify the effect of posture on the
response to a diuretic and simultaneously to study changes in other
possibly important variables.

Patients and methods

We studied 12 patients with a mean age of 60 years (range 30-82); six had
cirrhosis complicated by ascites and six congestive cardiac failure. All were
taking diuretics up to the time of study. The patients with cirrhosis, four
men and two women, all had alcoholic liver disease, subsequently verified by
biopsy of the liver. At the time of study, however, all abstained from alcohol
and had no withdrawal symptoms. All were in Pugh-Child classification
grade B, all had moderate to tense ascites, and two had pitting oedema. None
had experienced recent gastrointestinal bleeding or hepatic encephalopathy,
and none had renal failure. The patients with congestive heart failure, two
men and four women, all had coronary artery disease and had previously
been severely decompensated (New York Heart Association functional class
II or III). At the time of the study three had pitting oedema to just above
ankle level, all had evidence of pulmonary oedema on initial chest
radiography, and none had ascites. Three of the patients received digoxin,
but none received fi blocking agents.
On the day of investigation the previous diuretic regimen was discon-

tinued. After an overnight fast, during which the patients were not allowed
to leave bed, control blood samples were collected via a cannula in the
antecubital vein at 7 am, and control values for heart rate and arterial blood
pressure were recorded. Then the patients emptied their bladders and drank
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300 ml water. At 8 am the urine output in the control hour was determined,
and they were each given 1 mg bumetanide intravenously. After randomisa-
tion by sealed envelope patients were assigned to either continuous bed rest
or normal daily activity-that is, walking, sitting, etc-and food and drink
were withheld.

For the next six hours on the hour urine was collected and blood samples
were taken (in the supine position for recumbent patients and in the sitting
position for ambulant patients). The following values were recorded:
diuresis, arterial blood pressure, heart rate, and urine and serum concentra-
tions of sodium, potassium, and creatinine. Plasma concentrations of

TABLE I-Mean values (and SEM) for urinary excretion during six hours after I mg
intravenous bumetanide in six patients with decompensated cirrhosis and six patients
with congestive heart failure. Glomerular filtration rate was calculated in the last two
hours of study; heart rate and arterial blood pressure were recorded as an average
in the six hour study period

Mean
Urinary Urinary Glomerular arterial

Cumulated sodium potassium filtration blood
diuresis excretion excretion rate Heart rate pressure

Position (m1/6 h) (mnmol/6 h) (mmol/6 h) (mi/min) (beats/min) (mm Hg)

Supine 1133(127) %9(17) 25(3) 100(9) 76(4) 86(6)
Upright 626 (91) 45 (10) 24 (3) 66 (7) 83 (5) 85 (8)

Significance (p) <0-01 <0-01 NS <0-01 <0-01 NS

Conversion: SI to traditional units-Sodium: 1 mmol= ImEq. Potassium: I mmol= ImEq.

noradrenaline, renin, and aldosterone were measured in the control
hour and at one and six hours after the administration of diuretic. The
glomerular filtration rate was calculated from the concentrations of serum
and urine creatinine during the final two hours of study. The second day was
a day of rest in which the patients continued their usual diuretic treatment,
and on the third day the procedure was repeated with each patient assigned
to the other posture. In this way each patient served as his own control.

Creatinine, sodium, and potassium concentrations were determined by
autoanalyser (SMAC-Technicon). The concentration of plasma renin was
measured by radioimmunoassay ofgenerated angiotensin I, after incubation
with heterologous substrate, the interassay variation being 8% (Medi-Lab).
Plasma aldosterone was measured by a radioimmunoassay with charcoal
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period the total potassium excretion was roughly equal in the supine and
upright positions (p>005, table I).
The resting mean arterial blood pressure did not change after intravenous

bumetanide was given to the patient in either position, but the glomerular
filtration rate was significantly greater in the supine position (p<001, table
I). The average heart rate was unchanged after intravenous bumetanide
during bed rest, although on change to upright position an immediate and
maintained increase was observed. Plasma concentrations of noradrenaline
(figure) were raised: mean 2-0 (0-4) nmol/l (330 (70) ng/l). (In our laboratory
this is within the normal range for this age group, 082-3- 10 nmol/l (140-520
ng/l), but significantly above the mean values of 1 22 (0-3) and 1-42 (0-5)
nmol/l previously recorded, p<0 05.) The plasma concentration rose to 3-0
(0-65) and 3-8 (0 60) nmol/l (500 (110) and 640 (100) ng/l) at one and six
hours after bumetanide administration and change to erect position
(p<0 05), although no change was found in the supine position after
intravenous bumetanide.
The mean renin concentration (figure) was 241 (107) mU/l in the supine

position, which is significantly above the normal reference range: 6-36 mU/l.
After intravenous bumetanide and during continuous bed rest there was a
significant decrease after six hours. On the day of upright position the mean
plasma renin concentration increased from 230 (73) to 386 (127) and 407
(130) mU/I one and six hours respectively (p<0 05) after intravenous
bumetanide. The mean plasma aldosterone concentration (figure) was
similarly raised in the control hour to 427 (64) pmol/l (154 (23) ng/l) (normal
reference range <280 pmol/l (<100 ng/l)). After bumetanide but during
continuous bed rest there was a decrease after one and six hours respectively,
but on the day of upright position the plasma aldosterone concentration rose
from 467 (89) to 610 (97) and 601 (%) pmol/l (168 (32) to 220 (35) and 216 (35
ng/l) after one and six hours respectively (p<005).

Discussion

Our study shows that a diuretic drug may have a greater effect
during bed rest than during normal daily activity. Moreover, the
results indicate that the increased sodium reabsorption in the
nephron among upright oedematous patients may be caused by the
further activation of nervous and hormonal sodium retaining
mechanisms as well as a decreased glomerular filtration rate." In a
healthy person a change in posture from the recumbent position
results in a reduction of the central blood volume and a consequent
activation of low pressure baroreceptors on the venous side of the
circulation and high pressure baroreceptors on the arterial side.67

TABLE iI-Mean values (and SEM) for urine and sodium excretion per hour at rest and after intravenous I mg bumetanide (at one hour) in supine and
upright positions for 12 patients

0 1 2 3 4 5 6

Hours Supine Supine Upright Supine Upright Supine Upright Supine Upright Supine Upright Supine Upright Supine

Urine(mL'h) 75(19) 69(20) 206(26) 286(53) 169(26) 333(47' 113(31) 208(33) 69 (24) 151(27" 44(16) 79(7' 22(8) 76(9)
Sodium
mmoL/h) 4-9(1-11 5-9(2-3) 14-8(2-7)26-6(5-9 12-2 2-6)28-1(5-8 8 1 1-9) 16-7(4) 5-3(1-9) 12-3(3-0, 42 (1-0) 6-9(1 5, 1-0(0-4)5-2(1-1'

Sodium: 1 mmol= 1 mEq.

column separation after thin layer chromatography, the interassay variation
being 11% (Medi-Lab). Plasma noradrenaline was determined by an
enzymatic isotope derivative technique as previously described with an
interassay variation of 7%.3 Results are given as mean and SEM. The
significance of differences between data in the different positions was tested
by Wilcoxon's test for paired data.

Results

In all but one patient the total six hour diuresis was greater in the supine
than in the upright position. The average cumulated urine excretion during
the six hours was significantly larger in the supine position (table I). In either
position the greatest increase in urine excretion was observed during the first
and second hours after intravenous bumetanide (table II). Like the diuresis,
the average natriuresis in the control hour was equal on the day of bed rest
and on the day of upright position. Again the greatest natriuretic response
was observed in the first and second hours after intravenous bumetanide
(table II). The average cumulated sodium excretion was greater in the supine
position than in the upright position (table I). During the six hour study

This causes activation of several homoeostatic mechanisms in order
to secure normal perfusion pressure in the most vital areas of the
circulation, the brain and heart,6 and the blood flow to the visceral
organs decreases by 20-30%.
The most important of the known homoeostatic measures are

increased sympathetic nervous activity," '° activated renin-angio-
tensin-aldosterone system,7 and increased release of vasopressin.'2
In decompensated cirrhosis, as well as in cardiac failure, the activity
of these systems-which enhance sodium reabsorption in the renal
tubules-is significantly increased." In patients with cirrhosis
the increased plasma noradrenaline concentration, an index of
sympathoadrenal activity, has been found to be negatively correlated
with the renal blood flow'6 as well with the sodium excretion during
a water load."9 In patients with heart failure it has been directly
related to the degree of ventricular dysfunction.'32021 Increased
sympathetic nervous activity reduces renal blood flow, glomerular
filtration rate, and thus sodium excretion in both conditions," but
sodium reabsorption in the proximal tubules may be increased also
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by the sympathetic nervous action directly on the tubules, indepen-,
dently of blood flow and glomerular filtration rate.2`--
Renin activity is also increased in decompensated cirrhosis as well

as in congestive heart failure."--' The renin-angiotensin system is
important for the glomerular-tubular balance, securing filtration.at
low levels of blood pressure, but it probably does not directly
influence tubular sodium reabsorption.29 Reduction in urinary
sodium excretion has been found. to be inversely related to the
increase in plasma aldosterone concentration. in. patients with
cirrhosis while sitting.2 Such a relation was also seen in our
findings. The total urinary potassium excretion, however, was
similar in the two positions, which may indicate that the increase in
serum aldosterone concentration was of only minor importance for
the increased sodium reabsorption.
Noskov investigated the contributory diuretic effect of a change

ofposturein normal subjects,comparing the upright posture with an
antiorthostatic position-that is, 200 "feet up" position, simulating
weightlessness. The result, in an eight hour period, was an overall
increase in diuresis of 53%. The contributory diuretic effect of
change of posture in our study was greater probably because our
patients had sodium and water retention, unlike those studied by
Noskov, who were in sodium balance.
Bed rest per se may have an effect on the reabsorption,

distribution, and excretion of a drug given orally as well as
parenterally.31 Loop diuretics are excreted in the kidney by filtration
and proximal tubular secretion and apparently act from the inside of
the nephron in the ascending limb of the loop of Henle. Thus an
increased glomerular filtration rate in the supine position might
facilitate the bioavailability of the drug. Such an effect is probably
fairly insignificant, however, except in patients with extremely low
glomerular filtration rates.

In conclusion, the supine position used intermittently-for
ex:ample, in-the first couple of hours after a dose of diuretic-may
stil be valuable as it precipitates a faster mobilisation ofoedema and
ascites. Whether this effect may influence the marginal response in
so called diuretic resistant ascites or oedema remains to be tested.

We thank Dr Steen M(llertz, department of clinical chemistry, Hvidovre
Hospital, and his staff for performing most of the biochemical analyses.
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