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Renal function impairment induced by change in
posture in patients with cirrhosis and ascites
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SUMMARY The assumption of upright posture by patients with liver cirrhosis leads to striking
activation of adrenergic and renin-angiotensin systems. The tilting-induced modifications in
renal function of eight healthy controls and 14 untreated patients with liver cirrhosis and ascites
were related to plasma concentrations of noradrenaline, renin activity and aldosterone. All
patients had preserved renal blood perfusion. All parameters were evaluated during bed rest for
two hours and in the sitting posture for one hour. Basal plasma renin activity (0.l>p>0-05),
aldosterone and noradrenaline concentrations (p-.001) were raised in cirrhotics. The renal
function tests (creatinine clearance, filtered sodium, tubular rejection fraction, urinary sodium
excretion) were significantly reduced in cirrhosis. Under basal conditions, in cirrhotic patients
tubular rejection fraction and urinary sodium excretion were inversely related to both
noradrenaline and aldosterone concentrations. After tilting, the noradrenaline and aldosterone
integrated outputs (IA) were significantly greater in cirrhosis. All renal function tests
significantly decreased in cirrhotics, whereas creatinine clearance only significantly decreased in
controls. Patient's tubular rejection fraction of sodium and sodium excretion were related to XA
aldosteronaemia (r=-072; p<0.01), but no longer to E:A plasma noradrenaline.

Bed rest seems to enhance the effect of diuretics in
patients with cirrhosis with ascites.' Furthermore
in normal subjects an upright posture reduces renal
perfusion and urinary sodium excretion2 3 despite
autoregulation of renal blood flow and glomerular
filtration rate over a wide range of arterial
pressure.4 The precise mechanism(s) of these
changes is not entirely clear, but several findings
point to the adrenergic and renin-angiotensin
systems as very important factors.2 3 5

Plasma renin concentration6 and activity7-11 and
plasma noradrenaline concentration9-13 have often
been found to be increased in recumbent cirrhotics
with ascites. Both the renin-angiotensin and
adrenergic systems exhibit an enhanced response
to orthostatic stimulation in cirrhosis.910
Therefore, changes in posture in cirrhotic patients
could be followed by greater change in renal
function than those observed in normal subjects.
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We have quantified the changes of renal function
in cirrhotic patients with ascites induced by the
changes in posture, and investigated their
pathophysiology.

Methods

PATIENTS
This study was carried out on 14 male patients with
cirrhosis and ascites (age range 38-65 years) and
eight healthy controls matched for sex and age.
Cirrhosis had been diagnosed by biopsy and/or
laparoscopy in all cases and all patients had
portosystemic shunts, ascertained by endoscopy, or
dilated portal vein, ascertained by ultrasono-
graphy. In six cases the cirrhosis was caused by
alcohol excess, in six by hepatitis B virus and in
two it was unknown. No patient had heart failure,
hyperazotemic renal disease, hypertension,
diabetes, peripheral neuropathy, or recent gastro-
intestinal haemorrhage (at least two months) and
none was taking steroids, prostaglandin inhibitors,
amines or anti-hypertensive drugs. Diuretic treat-
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ment, when given (nine cases), was stopped one

week before the investigation. Table 1 illustrates
main liver function and basal renal function tests in
the patients studied.

This study was undertaken according to the
declaration of Helsinki, and informed consent was

obtained in all cases.

PROTOCOL OF THE STUDY
Controls and patients underwent a seven day
equilibration period during which they assumed a

diet providing 40 mmol/day of sodium and 80
mmol/day of potassium. Alcohol intake had ceased
at least one year before the study in the alcoholics
and it was prohibited during the equilibration
period in the controls. After an overnight fast,
studies were started at 8 am, with a two hour bed
rest in a quiet room, during which endogenous
creatinine clearance was measured. Blood samples
for creatinine and sodium concentration and
haematocrit determinations were obtained at the
midpoint. An indwelling venous catheter was
inserted and samples were taken at the end of the
rest period for the determination of plasma renin
activity, plasma aldosterone concentration and
plasma noradrenaline concentration. Urine
samples were collected throughout. The subjects
then assumed and maintained a sitting posture in
bed, with their legs dangling, and again blood was
taken for plasma renin activity, plasma aldosterone
concentration, and plasma noradrenaline concen-
tration after 10, 30, and 60 minutes. Urine collec-
tion for a second clearance period started at the
time of the change of posture and lasted 60-90
minutes. Blood for creatinine and sodium concen-
tration and haematocrit determinations was
sampled after 30 minutes. Arterial pressure was
determined at the midpoints of the two

endogenous creatinine clearance periods. The
withdrawn blood volume was replaced each time
with Ringer's solution.

DETERMINATIONS
Peripheral venous blood was collected in ice-
cooled tubes with sodium EDTA as anticoagulant
(2 drops of 10% solution for 10 ml of blood). After
centrifugation at 4°C, 0 1 ml of sodium EDTA 5%,
and 0.1 ml of sodium metabisulphite 10% were

added. Noradrenaline concentration was deter-
mined using the flurorometric method of Renzini et
al,14 using mercaptoethanol instead of dimercapto-
propranolol. Plasma concentrations were
expressed as ng/l. Values for 16 healthy supine
control subjects under identical experimental
conditions of sodium intake ranged from 95-314
ng/l.
Blood was collected in ice-cooled polyethylene

tubes with disodium EDTA as anticoagulant (1 mg/
ml of blood). Plasma renin activity was determined
by radioimmunoassay for angiotensin I and
calculated using the difference between angio-
tensin I present in 1 ml plasma incubated with
dimercaprol and 8-hydroxyquinolone for three
hours at 37°C, pH 6.6, and that present in 1 ml
plasma maintained at 4°C under the same

conditions. Angiotensin I was quantified using a

specific antibody (Lepetit SpA) with a mixture of
charcoal dextrane as separating agent. Plasma
renin activity values were expressed as ng/ml/h.

Aldosterone concentration was determined by
radioimmunoassay using a specific antibody
(Abbot). 1 ml 25% polyethylene glycol was used as

separating agent. Plasma aldosterone concen-
tration values were expressed as pg/ml. Values for
21 healthy supine control subjects under identical
experimental conditions of sodium intake ranged

Table 1 Liverfunction and basal renalfunction tests in the cirrhotic patients

Albumin Bilirubin Prothrombin Ccreat FNa TRFNa UNaV
Patient (gidl) (mgldl) activity (%) (mllmin) (mmollmin) (%) (mmollh)

1 2-91 0-8 57 111 15-42 0-07 0-68
2 3-0 1*1 72 97 13-87 0-26 2-08
3 2-47 2-3 52 51 6-98 0-07 0-30
4 3-21 1*2 70 66 9-11 0-26 1*40
5 2-80 2-9 48 64 8-89 0-16 0-64
6 3-35 1.5 66 113 15-70 0-89 6-24
7 2-78 3-1 68 119 16-54 0-47 4-62
8 2-86 0-9 71 84 12-01 0-41 2-88
9 3-51 0-9 77 61 7-86 0-44 2-92
10 2-01 3-4 35 42 5.37 0-57 1-74
11 2 41 1*7 40 64 8-44 0-14 0-71
12 2-90 1*2 68 112 15-23 0-65 5-18
13 2-13 2-9 32 90 7-50 0.05 0-40
14 2-82 1-6 59 91 11-83 0-35 1-06
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from 0 68-199 ng/ml/h for plasma renin activity
and from 32-150 pg/ml for plasma aldosterone
concentration.
Plasma noradrenaline concentration, plasma

renin activity, and plasma aldosterone concen-
tration after the assumption of the sitting posture
have been expressed as the sum of the differences
(EA) between plasma concentrations at 10(X1o),
30(X30) and 60(X60) minutes and basal values (XB):
=A (X1I XB) + (X30 - XB) + (X60 - XB)

STUDY OF RENAL FUNCTION
Plasma and urinary concentrations of creatinine
were measured using a colorimetric method
(Boehringer Mannheim GmbH). Endogenous
creatinine clearance (Ccreat) was calculated with the
usual formula Ucreat/Pcreat x V, where Ucreat and
Pcreat are the urine and plasma concentrations of
creatinine and V is the urine volume. Creatinine
clearance has been considered as a measure of
glomerular filtration rate. The filtered sodium
(FNa) was obtained by PNa X Cureat, where PNa is the
plasma sodium concentration. The tubular
rejection fraction of sodium (TRFNa) was
calculated by: UNaV X 10/Cmreat X PNa, where
UNaV is the urine sodium excretion. The difference
between sitting posture and basal values was

expressed as A.
Arterial pressure was measured by sphigmo-

manometry, carried out on all occasions by the
same operator. Values were expressed as mean
pressure (mean AP = diastolic + 3 pulse
pressure).

OTHER DETERMINATIONS
Plasma and urine sodium concentrations were
evaluated by flame photometry. Packed cell
volume was determined by peripheral micro-
haematocrit technique. The per cent decrease of
plasma volume during tilting compared with basal
values was calculated according to: 100/(100-HI)

x (H2-Hj)/H2, where H1 and H2 are the initial
and final packed cell volumes.15

STATISTICAL METHODS
Results were expressed as mean±SE. Differences
between controls and patients were evaluated by
Wilcoxon's rank sum test; the significance of the
changes induced by the change of posture within
the groups was evaluated by the Wilcoxon's
matched-pairs signed-ranks test. To derive correla-
tion coefficients, linear functions were used. If the
variables were logarithmically distributed, the
logarithm was used.

Results

BASAL CONDITIONS
Plasma renin activity, plasma aldosterone concen-
tration, and plasma noradrenaline concentration
were found within the normal range from our
laboratory in eight, nine, and seven patients
respectively. Their mean values, however (Table
2), were significantly raised compared with the
control group considered in this study.

Cirrhotics' renal function (Table 3) was
characterised by reduced mean values of Ccreat, FNa
(as a result of both decreased Ccreat and plasma
sodium concentration: 143 16±1-92 mmol/l and
135 57±1-48 mmol/l in controls and patients
respectively, p<0-005), and UNaV. Mean arterial
pressure of cirrhotics (82±2.56 mmHg), was lower
than that of controls (93±3.2 mmHg; p<001).

INTERRELATIONSHIPS BETWEEN PLASMA RENIN
ACTIVITY, PLASMA ALDOSTERONE
CONCENTRATION, PLASMA NORADRENALINE
CONCENTRATION AND RENAL FUNCTION
Log plasma noradrenaline concentration was

significantly correlated with log plasma renin
activity only in patients (r=0.67, p<0.01).
Log TRFNa and log UNaV of cirrhotics were

Table 2 Plasma renin activity (PRA), plasma aldosterone (PAC) and noradrenaline (PNC) in controls and patients
under basal conditions and after the assumption of the sitting position (mean ± SE)

PRA (nglmllh) PAC (pg/mi) PNC (ngll)

Supine
Controls 0-88±0-05 81-32±3-39 184-7±29-7
Patients 1-91 +0-38a 160-29+29-61c 389'0±60-9"

Sitting
Controls 60min 1-28+0-05 91-26+7-12 248-7+31-5
Patients 3-48±0 59c 261-42+31-34c 578-7±66-3'
Controls A 0-95+0-12 34-87+10-1 220-5±29-1
Patients 3.34±O060 247-83±47-8c 486-4±99-2b

a 0-1>p>0-05. b O-OS>p>O-005. c p<O-005 or less. XA = sum of differences.
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Table 3 Parameters exploring the renalfunction in controls and patients, under basal conditions and after the
assumption of the sitting position (mean ±SE)

Ccr,a,(milmin) FNVa(mmol/min) TRFNa(%) UNaV(mmollh)

Supine
Controls 122 5+5-49 17 42+±086 0-62+0 13 4-38±0-68
Patients 83 21+6-76" 11(05±0)07T 0-34+0 06 2-2±0-51l

Sitting
Controls 110-62+6 101 16-02+0-88 0-43±0-09 4 22+0-69
Patients 63 36+7.38:," 8 71+1 02 ' 0/18±0 03b.' 0-74±0.13cY
Controls -12-0±1 48 -1 4+0-2 -0.14+0-16 -0-30±0 63
Patients -19-0+2 12" -2-97±0 47" -0-16+0 05 -1 52±0-46

The abbreviations used are explained in the text.
b,p = 0.05>p>0()()5. c.y = p<0(005 or less. bhc, with respect to controls. P,y, with respect to basal values.

inversely correlated with both log plasma
aldosterone concentration (r=-0 87, p<0001;
r=-0-66, p<001 respectively) and log plasma
noradrenaline concentration (r=-0-57, p<0-05;
r=-0 53, p<005) (Fig. la). In controls these two
variables were only related to log plasma
aldosterone concentration (r=-0 72, p<001;
r=-0 66, 0.01>p>0.05).

Finally, patients' log FNa was inversely
correlated with log plasma renin activity
(r=-0 63, p<OO5).

SITTING POSTURE
The time course of changes in plasma noradren-
aline concentration, plasma renin activity, and
plasma aldosterone concentration is given in
Figure 2. Their EA were significantly greater in
patients compared with the control group (Table
2).

Statistically significant changes in Ccreat and FNa
occurred in controls. In contrast, statistically
significant reductions in all parameters occurred in
patients. Moreover, the magnitude of the changes
in Ccreat and FNa were significantly greater in
patients than in controls (Table 3).

Plasma sodium concentration did not change
significantly in either group. The mean arterial
pressure of patients was again significantly reduced
compared with controls (81±3 1 mmHg and
98±2-31 mmHg respectively; p<0005), but
postural hypotension was not found in any patient.
The per cent decrease in plasma volume was
greater in patients (-14.3±2.1%) than in controls
(-6 81±1*98%, p<005).

INTERRELATIONSHIPS BETWEEN PLASMA
NORADRENALINE, PLASMA RENIN ACTIVITY,
PLASMA ALDOSTERONE CONCENTRATION, AND
RENAL FUNCTION
No correlation was found between log EA plasma

noradrenaline concentration and log XA plasma
renin activity both in patients and controls.
No relationship between ATRFNa nor AUNaV

and log EA plasma noradrenaline concentration
was found in either controls or cirrhotics. On the
contrary, log XA plasma aldosterone concentration
was significantly correlated with ATRFNa in
controls (r=-0-65; 0-1>p>005) and with both
ATRFNa (r=-0.72; p<001) and AUNaV
(r=-0-67; p<0-01) in patients (Fig. lb).

Patients' AFNa was again related to log EA
plasma renin activity (r=-0.74; p<001).

Discussion

We have shown for the first time that the
assumption of the sitting position by patients with
cirrhosis and ascites leads to important changes in
their renal function. These involve both the
parameters directly related to intrarenal haemo-
dynamics, such as glomerular filtration rate and
filtered sodium, and tubular sodium handling. The
greater the reduction of glomerular filtration rate
in cirrhotics suggests a marked fall in renal
perfusion. This can be attributed to (a) the
reduction in effective volaemia and (b) the
enhanced stimulation of the vasoactive systems
evaluated in this study. The first of these mecha-
nisms is suggested by the fact that there was a
greater per cent decrease in plasma volume in
cirrhotics than in controls. This implies an
increased loss of protein-free fluid through
dependent vascular beds.t5 Also redistribution of
blood flow within a low resistance arterial
system16 17 and further gravity-induced splanchnic
pooling can be assumed, even though it was not
possible to show this in our patients.
The second of these mechanisms can be

attributed to the activity of the adrenergic and
renin-angiotensin systems. As has already been
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sitting posture.

noted in previous papers,'1}13 18-20 a number of
cirrhotic patients in the present study had
increased plasma noradrenaline concentration and
plasma renin activity under basal conditions. As
expected,7 9 10 the change in posture led to an

increased stimulation of both systems. The main
cause of adrenergic activation was probably the
reduction in effective volaemia, with consequent
stimulation of arterial and venous
baroreceptors. 10 12 13 Because the prevalent
intrarenal vascular receptors belong to the alpha-

21adrenergic type, the striking increase in plasma
noradrenaline concentration could have resulted in
active intrarenal vasoconstriction.12 In fact, an

inverse relationship between plasma noradrenaline
concentration and mean renal blood flow, as

measured by the "13Xe washout method, has been
reported in recumbent patients with
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decompensated cirrhosis.22
The significantly higher increase of plasma renin

activity can be attributed to both increased
sympathetic activity and the activation of the
'tubulo-glomerular feed-back'. In fact in this and
other studies'1) 13 a positive correlation between
plasma noradrenaline concentration and plasma
renin activity was found under basal conditions.
Furthermore beta-blocking drugs suppressed
plasma renin activity proportionally to the height
of the initial values in cirrhotics with ascites.23
Increased sympathetic activity can therefore be
considered an important factor in the activation of
the renin-angiotensin system in cirrhosis. The lack
of correlation between plasma noradrenaline
concentration and plasma renin activity sums of
difference does not rule out the role of the
adrenergic system, as the time course of the
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Fig. 2 Showing the time course ofchanges in PNC, PRA
and PAC after the change in posture. * 0, controls;
o--- -0, cirrhotics; *p<0-05; **p<0-005; ***p<O0I0J with
respect to basal values; A, p values with respect of controls
are shown in Table 2.

activation of the two systems during tilting is
different.3 It is difficult to state, therefore, whether
the increase in plasma renin activity was cause or
effect of the reduction in renal perfusion. A
significant inverse relationship between filtered
sodium and plasma renin activity was found in our
patients, under basal conditions. More important,
AFNa was inversely correlated with log XA plasma
renin activity during the sitting posture. This
suggests that renal hypoperfusion, b i. reducing
sodium delivery to the macula densa, was more

likely the cause, rather than the effect, of
juxtaglomerular apparatus stimulation. The vaso-
constrictor effect of angiotensin I,25 which closely
correlated to plasma renin activity in cirrhosis,,
cannot be overlooked. In fact it has been shown
that beta-blocking drugs can induce plasma renin
activity suppression and increase glomerular
filtration rate in case of diuretic-induced uraemia
without volume depletion.26
As mentioned above, the second relevant

consequence of the assumption of sitting position
by patients was the significant further reduction in
renal sodium excretion. This was inversely related
to the plasma aldosterone concentration sum of
differences, further supporting the concept that
mineralocorticoid activity is the basic stimulus to
renal sodium retention in cirrhosis, over a wide
range of experimental conditions.8 The inverse
relationship between plasma noradrenaline
concentration and both tubular rejection fraction
and urinary excretion of sodium observed by us
under basal conditions agrees with the findings by
Bichet et al. 13 This suggests that the increased
sympathetic tone could contribute to anti-
natriuresis by its action at the tubular epithelial
level.27-29 Nevertheless a statistically significant
correlation was not found between log IA plasma
noradrenaline concentration and both ATRFNa and
AUNaV. A dissociation between changes in plasma
noradrenaline concentration and renal sodium
excretion in cirrhotics has also been reported after
neck out immersion. 30 In any case it cannot be
excluded that the possible sodium retaining activity
by noradrenaline could have been masked by the
prevalent factors involved in renal sodium
handling.3i
Our observations could assume importance in

the clinical context. A prolonged maintenance of
upright posture could lead to significant
strengthening of renal sodium retention. This
would require larger doses of antimineral-
ocorticoid drugs to counteract the increased
aldosterone activity.32 Furthermore, when renal
perfusion undergoes a severe reduction, sodium
retention would also be a direct consequence of
decreased glomerular filtration rate.33 The use of
loop diuretics would then be necessary. Bed rest
could therefore be considered as a rational, even if
ancillary, complement for treatment of ascites in
cirrhosis.
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