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Raised urea clearance in cirrhotic patients with high
uric acid clearance is related to low salt excretion

G Decaux, F Prospert, B Namias, M Schlesser, A Soupart

Abstract
In cirrhotic patients without renal failure, salt
retention could result from a decreased effec-
tive intravascular volume or could be a primary
event leading to increased intravascular
volume. Clearance of urea and uric acid
depend on an effective intravascular volume.
In the syndrome of inappropriate secretion
of antidiuretic hormone (SIADH) - a state of
increased intravascular volume - uric acid
clearance is increased and that of urea is
increased only when salt excretion is low.
The intravascular volume of 60 consecutive
cirrhotic patients without renal failure was
estimated indirectly by studying the relation-
ship between fractional excretion of filtered
(FE) sodium, urea, and uric acid. Forty five
per cent had a high FE uric acid (>12%),
which could mean a high intravascular volume,
and presented with an FE urea that was in-
versely correlated with FE sodium (r= -0, 62;
p<0-001) as in SIADH, while in the controls
the FE urea was positively correlated with FE
sodium (r=+0, 46; p<0.01). In patients who
had a normal FE uric acid and low FE sodium
(<0.2%), the FE urea was significantly lower
(40 (13)%, n=20) than in subjects with high FE
uric acid and a low FE sodium (61 (9)%, n= 16,
p<0.001); this last group also presented with
lower mean blood urea concentrations (3.1
(1.2) mmol/l and 4.0 (1.8) mmol/l; p<0.05) and
a lower supine renin activity (p<0.01). As
observed in the SIADH, cirrhotic patient with
high FE uric acid have raised FE urea only
when salt excretion is low. It is believed that
the low salt excretion is not caused by a
decrease in effective intravascular volume and
that this is increased in cirrhotic patients with
raised FE uric acid.
(Gut 1992; 33: 1105-1108)
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We have suggested, as described in the syn-
drome of inappropriate secretion of anti-diuretic
hormone (SIADH),' that the high uric acid'
and high urea clearances6 frequently observed
in cirrhosis could be related to an increased
effective intravascular volume,6 the so called
'overflow theory' of ascites formation.7 In our

previous studies a high uric acid clearance
was observed in 30 to 50% of our cirrhotic
patients.669 However, high urea clearances have
been less frequently observed.6
We have also reported recently that in the

SIADH urea clearance is less frequently in-
creased than that of uric acid. "' In fact, high urea
clearance was present only with concomitant low
salt excretion and the fractional excretion of

filtered (FE) urea was negatively correlated with
FE sodium, whereas the FE uric acid was not
dependent on the sodium excretion. "'

Similarly, we investigated in this study the
potential relationship between FE urea and FE
sodium in cirrhotic patients with high and with
normal FE uric acid.
Our results indicate that a negative correlation

between FE urea and FE Na is present only in
cirrhotic patients with a high FE uric acid. This
finding supports the concept that in cirrhosis
with high FE uric acid the intravascular volume
is increased (the 'overflow' theory7) as in the
SIADH."1 12

Patients and methods
We analysed retrospectively the scores of all
patients admitted to hospital with cirrhosis over
a four year period. Sixty patients (mean (SD)
age, 52 (14) years) with normal renal function
and with histologically proved liver cirrhosis
were available for investigation. In all the
patients, the serum creatinine concentration was
lower or equal to 1 1 mg/dl (upper limit of
normal - 1-2 mg/dl) and the blood bicarbonate
concentration was higher than 22 mmol/l; none
had diabetes, glycosuria, phosphaturia, or pro-
teinuria. All the patients were in a stable clinical
condition, had had no medication for at least one
week, and were eating a normal hospital diet (50
to 150 mmol sodium/day), except for 33 with
ascites, who were on a low salt diet (20 mmol
sodium/day). None of the patients had signs of
hepatic encephalopathy or evidence of infection,
and none had a history of recent gastrointestinal
bleeding. Only patients with a total bilirubin
concentration lower than 3 mg/dl were studied.
Measurements were made after at least one week
of a stable hospital diet. Measurement of supine
renin activity was available in 16 ascitic patients
with low salt excretion (FE Na <0 2%).
The percentages ofFE urea, FE uric acid, and

FE Na were calculated as the urine/serum urea,
uric acid, or sodium concentration divided
by urine/serum creatinine concentration x 100.
Urine samples from patients, who had fasted
overnight, were collected between 8 and 10 am.
Blood samples were drawn at 9 am. The same
measurements were performed in 40 controls
of a similar age and sex- in 17 of whom,
measurements were performed after four days
of a low salt (20 mmol/day Na) diet.

All serum and chemical measurements were
performed in the hospital clinical laboratory.
Uric acid was measured by the Uricase method. 13

Statistical analysis was performed by using the
unpaired Student's t test, the Wilcoxon test, and
linear regression calculations.'4
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TABLE I Mean (SD) data in 60 patients with cirrhosis grouped according to their fractional uric acid excretion (FE uric)

Investigation
(control range)

Cirrhosis without ascites Cirrhosis with ascites Cirrhosis with and without ascites

FEuric<12% FE uric :12% FE unc<12% FE unc-12% FE uric<12% FE unrc=-12%
(n= 16) (n= 1) (n= 17) (n= 16) (n=33) (n=27)

Serum Na 138-0 (2.5) 137-0 (2.2) 133-0 (4.7) 133.4 (4.4) 135.0 (3.5) 134-6 (4.3)
(135-145 mmol/l) NS NS NS

Bloodurea 3-7 (1-4) 3-5 (1-6) 3.8 (1.9) 3-4 (1-5) 3-75(1-6) 3-4 (1-5)
(3.5-7 mmol/l) NS NS NS

Uricacid 5-3 (12) 3.6 (0.7) 5.2 (16) 3 4 (0.9) 5.2 (14) 3.5 (0.8)
(2.5-75 mg/dl) p<0-01 p<001-~ p<0001

Creatinine clearance 85.0 (25) 80-0 (21) 82-0 (24) 78-0 (20) 84 0 (24) 79.0 (20)
(50-160 ml/min) NS NS NS

FEuricacid 7-2 (23) 15-0 (35) 65 (20) 153 (40) 70 (20) 15.1 (04)
(3-5-11-9%)

FEurea 43-5 (9.6) 51-7 (10.8) 40-2 (12-9) 53.4 (13-3) 42-2 (11.0) 53 0 (12.0)
(25-55%) p<0006 -- ...p<0-01 p<0 001

V/Cl creat x 100 0.56 (0.30) 0-61 (0.26) 0-72 (0.32) 0-83 (0-31) 0-63 (0.33) 0.70 (0.30)
(0-25-1.1%) NS NS NS

FEOsm 1-29(0-65) 1-30(0.54) 1-12(0-36) 1 45(0.54) 1.25 (0-51) 1 36(0.54)
(0.7-2.8%) NS NS NS

Values for control subjects are ranges. Abbreviations: V=urine volume; Cl creat=creatinine clearance

Results
Table I shows that the group of patients with or
without ascites and with a high FE uric acid
(>12%) had a higher FE urea than the control
group or the cirrhotic patients with a normal FE
uric acid. Supine and orthostatic blood pressure
and pulse rate, as well as biochemical findings
reflecting the degree of liver failure (serum
aspartate and alanine aminotransferase activi-
ties, total bilirubin concentration, prothrombin
time, and albumin concentration) were similar in
patients with high or normal FE uric acid values.
The higher FE urea (about 10%) in the patients
with a high FE uric acid could not be explained
by a raised urine flow rate. Mean blood urea
concentration was about 10% lower in patients
with high FE uric acid but this did not reach
statistical significance. When the patients with a
high FE uric acid were studied separately, we
observed an inverse correlation between the FE
urea and FE Na in those who did not have
ascites (r=-0, 53; n=11; p<010) and those
ascites (r=-0, 66; n= 16; p<0 01), and in both
groups when the results are pooled (r=-0, 62;
n=27; p<0.001 - Figure).

In the patients with normal FE uric acid no
significant correlation was observed between FE
urea and FE Na (r=+0.20; n=33). In the
control subjects a positive correlation was found
between FE Na and FE urea (r= +0, 46;
p<001). It must be noted that four cirrhotic
patients with ascites and a high FE uric acid also
had relatively high salt excretion (FE Na>0-5%)
as noted in three patients in the group with
normal FE uric acid (Figure).

In the cirrhotic patients without ascites and a
high FE uric acid, four patients had very low salt
excretion (FE Na<0.2%) and in the group
with normal FE uric acid, eight had a FE
Na<0.2%.
When the cirrhotic patients with low FE Na

(<0 2%) and normal FE uric acid where com-
pared with the normal subjects with a similarly
low FE Na, there was no significant difference in
the FE urea (40 (13)% and 37 (8)%; NS) while
the cirrhotic patients with high FE uric acid
(-12%) and low FE Na (<0 2%) had a signific-
antly higher FE urea than the normal subjects or
the cirrhotic patients with normal FE uric acid
(FE urea 61 (9)%; p<0001) (Table II). These
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TABLE II Patients with a low FE Na (<0 2%) (n=36) grouped according to FE uric acid (<12% group I, >12% group II)
and whether or not they had ascites

Cirrhosis without ascites Cirrhosis with ascites Cirrhosis with and without ascites

FEuric<12% FEunrc >12% FEuric<12% FEunrc>12% FE unrc <J12% FE unrc -J12%
(n=8) (n=4) (n= 12) (n= 12) (n =20) (n= 16)

Serum Na 137.0 (2) 138.0 (2) 133.0 (6) 132 0 (3.4) 134.0 (5) 134.0 (3.5)
(mmol/l) NS NS

Urea 3.7 (1.3) 2-6 (0.7) 4.1 (1.8) 3-3 (1.0) 4-0 (1.8) 3-1 (1.2)
(mmol/l) ~~p<0 10 ~~p<0 05

Uric acid 0.32 (0.7) 0-20 (0.4) 0.33 (0 11) 0.18 (0.04) 0-32 (0.09) 0.18 (0.04)
(mmol/l) p<001 p<0001

Creatinineclearance 77.0 (18) 71-0 (16) 74.0 (17) 70-0 (17) 75.0 (18) 70.0 (17)
(mi/min) NS NS

FEurea 410 (13) 63-0 (10) 40.0 (12) 57 0 (10) 40.0 (13) 610 (9)
(%) - p<O0Ol p<0OOl

FE Na 0.1 (0.06) 0-08 (0.05) 0-08 (0.05) 0.07 (0.04) 0-08 (0.06) 0.07 (0.05)
(%) NS NS

FEuricacid 6.1 (1.6) 16.7 (5.2) 6-4 (1.6) 16-0 (4.8) 6 3 (2.0) 16-4 (4.7)
(%o)

V/Cl creat 0-6 (0.2) 0.7 (0.2) 0-6 (0.2) 0-68 (0.2) 0-6 (0.2) 0.7 (0.2)
NS NS

RA 14-8 (5-4)(n=8)3-6 (1-8)(n 8)
(ng AI/ml/h) p<0 01

Uric acid: conversion factor in mg/dl=mmol/l: 0 059. RA =renin activity.

cirrhotic patients with a low FE Na and a high
FE uric acid also had a mean blood urea concen-
tration that was lower than that of patients
with low FE Na and normal FE uric acid (3-1
(1[2) mmol/l and 4.0 (1[8); p<005). Supine
renin activity, measured in eight ascitic patients
in each group (Table II), was significantly higher
in the patients with a normal FE uric acid
(p<0-01).
The FE uric acid was not significantly cor-

related with the FE Na in any group.

Discussion
Hypouraemia in cirrhosis could be the result of
a decreased production'5 and/or an increased
clearance of urea.6 As expected, the absolute
excretion of urea did not differ between the
groups with a normal FE uric acid (0 13 mmol/
minute) and a high FE uric acid (0 14 mmol/
minute), although it was lower than in control
subjects (0-20 mmol/minute). This suggests that
urea production and protein intake were similar
in both groups, and it is therefore unlikely that
the patients with a normal FE urea were eating a
lower protein diet (known to decrease the FE
urea) than those with a high FE urea. 16 In our two
groups of cirrhotic patients (those with a normal
and those with a high FE uric acid), the differ-
ence in FE urea could not be related to a
difference in the urine flow rate or creatinine
clearance as these were similar. '`
The last known factor that might cause a high

FE urea is an increased effective intravascular
volume,46 the clinical assessment of which is of
low sensitivity and specificity. ` Supine and
orthostatic blood pressure and pulse rate were
not significantly different between both groups.
Interestingly, we observed an inverse correlation
between the FE urea and FE Na only in those
patients with a high FE uric acid.
We have recently reported the same phen-

omenon in patients with hyponatraemia related
to SIADH.'` In these patients FE uric acid is
classically high but FE urea is increased only
when salt excretion is low. ' In the cirrhotic
patients with a low FE Na (<0 2%), those with a
high FE uric acid showed a higher FE urea

(±20%) and a lower mean blood urea concen-
tration (±20%) than that cirrhotic patients with a'
normal FE uric acid (Figure and Table II).

This low salt excretion (mostly secondary to
low salt intake) would primarily suggest a trend
to 'hypovolaemia'. However, if the effective
intravascular volume was really decreased in
these patients we would expect a trend to a low
FE urea'9 as observed in our controls or in our
cirrhotic patients with normal FE uric acid.
We observed, in a few cirrhotic patients with

ascites, spontaneously high salt excretion (FE
Na>0.5% - see Figure) despite salt restriction.
This is not an infrequent observation in cirrhosis
with ascites.20 It is possible that the various salt
retaining stimuli could be blunted as a conse-
quence of an improvement in liver function
during the hospital stay, an improvement that
could not, however, be demonstrated by routine
laboratory tests (aminopyrine breath test was not
available).2'22 This may be observed without a
change in creatinine clearance.22 23

Moreover, some of our cirrhotic patients with-
out ascites and normal salt intake were retaining
salt (low FE Na<0-2%). The reason for the
low FE Na observed in some patients with
normal FE uric acid could be a trend to hypo-
volaemia. Their normal or low FE urea is an
expected finding. However, in the group without
ascites and high FE uric acid, four patients had a
low FE Na (<0 2%) despite normal salt intake.
The salt retention in these patients (and in the
other ascitic patients with high FE uric acid) was
associated with a high FE urea (Figure) which
suggests a normal or increased effective intra-
vascular volume.`' Renin activity was measured
in 16 ascitic patients: those with a high FE uric
acid (¢, 12%) had a significantly lower renin
activity than the cirrhotic patients with normal
FE uric acid, although this was associated with
very low salt excretion in each group (mean FE
Na 0.07% and 0.08%). This suggests a different
intravascular volume in these groups. Some
believe that salt retention (at least in the initial
stages) in many cirrhotic patients without renal
failure is not related to a decrease in the effective
vascular volume,724 but is due to liver cirrhosis
itself, mainly intrasinusoidal hypertension,2"
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that leads to an increase in the effective vascular
volume. The portal hypertension localises
accumulation of the retained sodium and water
to the peritoneal cavity. In the group of cirrhotic
patients with normal FE uric acid, we observed
normal urea clearance that did not seem to be
dependent on salt excretion, while in the patients
with high FE uric acid, urea clearance was highly
correlated with salt excretion. One explanation
for this relationship could be that the kidney
compensates for the lack of urine osmotic charge
in these cirrhotic patients with low salt excretion
that is not secondary to a decrease in effective
volaemia, by increasing urea excretion. The
underlying mechanism of this remains to be
established.

It is known that expansion induced by saline
infusion in humans increases the clearance of
uric acid, and that this is only related to the
infused volume and not to the sodium load or
serum sodium concentration26; this could explain
the lack of significant correlation between FE
uric acid and FE Na in our patients.

Another hypothesis would be that the raised
FE urea and FE uric acid result from a renal
tubule abnormality induced by the cirrhotic
state. Although urea-losing nephropathy has
never been reported, this could theoretically
exist. The fact that the high FE urea is observed
only when salt excretion is low, however, seems
to be less compatible with a tubulopathy.
We believe that the patients with salt retention

and normal FE uric acid correspond to the
'underfilling theory'2728 while those with high
uric acid clearance reflect the 'overflow
theory'."' These two theories are probably not
incompatible with each other.29"
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