
Postgraduate Medical Journal (August 1915) 51, 558-562.

SESSION III

TREATMENT OF ASCITES

Chairman: PROFESSOR SHEILA SHERLOCK

A rational approach to the treatment of ascites

V. ARROYO
M.D.

J. RODEIS
M.D.

The Liver Unit, Hospital Clinico y Provincial, University of Barcelona, Spain

Summary
A rational approach to the diuretic therapy of ascites
is proposed. Fifty-five patients were classified accord-
ing to their ability to excrete sodium and free water.
Patients with a high urinary sodium excretion can be
treated by low sodium intake alone. In most patients
with a low sodium excretion but high free water clear-
ance, distal diuretics (spironolactone or triamterene)
with a low sodium diet will relieve ascites. Patients
with low values for sodium excretion and free water
clearance also have poor glomerular filtration rate and
only a few of these will respond to diuretic therapy.

THE oldest known form of therapy of ascites is
paracentesis which was extensively used from the
Graeco-Roman period until very recently (Dawson,
1960). There is evidence that paracentesis can be
dangerous since it may induce protein and sodium
depletion and hyponatraemia, functional renal
failure and circulatory shock (Nelson, Rosenbaum
and Strauss, 1951; Papper, Belsky and Bleifer, 1959).
At present, the main problem in the approach to

the therapy of ascites is that its pathophysiology is
uncertain (Conn, 1972). Nevertheless, it seems clear
that patients with cirrhosis and ascites must be con-
sidered as having two principal disorders which may
or may not be related. Firstly, they have disorders
which can induce exudation of fluid into the peri-
toneal cavity, namely portal hypertension, hypo-
albuminaemia and an increased hepatic lymph
production. The second important disorder is the
presence of a renal dysfunction (Baldus et al., 1964;
Shear, Hall and Gabuzda, 1965), characterized in all
the patients by an increased renal tubular sodium
resorption. Some patients also have a decreased
glomerular filtration rate and an impaired ability to

excrete free water (Baldus et al., 1964; Shear et al.,
1965).

Pathophysiology of ascites
Portal hypertension and hypoalbuminaemia were

initially considered the chief factors in the patho-
physiology of ascites (Atkinson and Losowsky,
1962). Either factor, by breaking the Starling equili-
brium, could induce exudation of fluid from the
peritoneum into the abdominal cavity. Subsequently
it was suggested that post-sinusoidal portal hyper-
tension could also induce the formation of ascites
by increasing hepatic lymph production (Dumont
and Mulholland, 1965). Ascites would be produced
by exudation of lymph from the liver surface when
the hepatic lymph production was greater than the
drainage capacity of the lymphatic system of the
liver and of the thoracic duct.
According to this theory the renal dysfunction

would be a response to a decrease of 'effective'
plasma volume resulting from ascites formation and
from sequestration of blood into the portal venous
system (Eisenmenger, 1952; Papper, 1958).
However, there are some data against this hypo-

thesis. Many patients with cirrhosis and portal
hypertension and/or hypoalbuminaemia do not have
ascites. Plasma volume is high in the majority of the
patients with cirrhosis and ascites (Lieberman and
Reynolds, 1967) and the expansion of plasma volume
does not produce appreciable or lasting improvement
of renal function (Lieberman, Ito and Reynolds,
1969).
This theory of ascites has been the basis for some

form of treatment. The relief of the portal hyper-
tension by portacaval anastomosis has been useful in
some patients (Schroeder, Numann and Chamber-
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lain, 1970). However, this type of surgery has a high
mortality (Welch, Welch and Carter, 1964). The
external canulation of the thoracic duct and the
drainage of large amounts of lymph are not a prac-
tical form of therapy and some authors consider that
this procedure is a difficult way of performing a
paracentesis (Orloff et al., 1966). The expansion of
plasma volume by plasma, albumin or ascitic fluid
infusions only produces transitory increases of di-
uresis and natriuresis and can induce complications,
mainly gastrointestinal bleeding (McCloy et al.,
1967).

Recently, Lieberman, Denison and Reynolds
(1970) have proposed an alternative hypothesis which
considers that ascites formation in cirrhosis is a
consequence of the plasma-expanding effect of renal
sodium retention (Denison, Lieberman and Rey-
nolds, 1971). This theory suggests that the initial
disorder in ascites is the renal dysfunction, and that
portal hypertension is only a factor which localizes
the oedema.
Whichever may be the pathophysiology of ascites,

most clinicians agree that the correction of the in-
creased renal sodium retention by using diuretics is,
at the moment, the best therapy of this condition.
This therapy, although it can induce complications
such as serum-electrolyte disturbances, prerenal
azotaemia, and hepatic coma (Sherlock et al., 1966),
is effective in approximately 80Y% of cases.

Therapeutic and prognostic implications of renal func-
tion in cirrhosis
Although the mechanism which induces renal dys-

function in cirrhosis is not known, there are a con-
siderable number of studies which demonstrate that
the intensity ofthis disorder is one of the best markers
of the prognosis and of the future therapeutic
response of a patient with cirrhosis and ascites
(Hecker and Sherlock, 1956). At present, with our
large and effective diuretic armamentarium, it is
difficult to separate 'intractable ascites' from 'func-
tional renal failure'. The majority of, if not all, the
patients without these complications present a posi-
tive response to diuretic therapy.
Arroyo (1972) carried out a prospective study in

our Unit in order to evaluate the prognostic and
therapeutic implications of renal function in cir-
rhosis with ascites. In this study we proposed a
classification of cirrhosis with ascites based on the
renal capacity to excrete sodium and free water
which may be useful for a rational treatment of
ascites.

Fifty-five consecutive patients with cirrhosis and
ascites were studied, after 7 days on bed rest and low
salt intake (40-50 mEq/day), by determining glo-
merular filtration rate (GFR) using inulin clearance
(CINU), renal plasma flow (RPF) using paramino-

hippurate clearance (CPAH), free water clearance
(CH2o) after an intravenous water load of 20 ml/body
wt (as 5% dextrose), plasma sodium concentration
(PNa), and urinary sodium concentration (UNa).
Twenty-seven of these patients had never received
diuretics. The others had not received diuretics for
at least 10 days before the renal function studies.
Water intake was free. Renal function studies were
performed at approximately 9 a.m. on the eighth
day, after overnight fasting from food, liquid and
cigarettes. Patients who did not lose ascites and body
weight within the first 7 days of admission were
started on diuretics immediately following com-
pletion of renal function studies. Initially triamterene
(300 mg/day) or spironolactone (150 mg/day) were
given, but if a satisfactory diuresis was not obtained,
frusemide (40-80 mg/day) was added. Patients who
did not lose at least 2 kg of body weight after 15 days
in spite of low salt intake, triamterene or spirono-
lactone and frusemide, were considered to have a
negative response to therapy.
Twenty-one patients were already losing ascites

after 7 days of bed rest and low salt intake alone.
They had a relatively high urinary sodium concen-
tration (82-3 + 57.3 mEq/l) (mean ± s.d.) and were
considered 'salt tolerant'. The other thirty-four
patients who did not lose ascites on bed rest and low
salt intake were considered 'salt intolerant'. They
had a significantly lower urinary sodium concentra-
tion (7 7 + 8-4 mEq/l).
The criteria of classification with regard to the

renal capacity to excrete free water were obtained
after plotting free water clearance against plasma
sodium concentration (Fig. 1). Hyponatraemia
(plasma sodium concentration of less than 130
mEq/l) was present in thirteen of seventeen patients
with a free water clearance of less than 1 ml/min and
in only eight of thirty-eight with free water clearance
greater than 1 ml/min. This suggests that when free
water clearance is less than 1 ml/min overhydration
and hyponatraemia usually occur. Patients with free
water clearance greater than 1 ml/min were therefore
considered 'water tolerant' and those with free water
clearance lower than 1 ml/min 'water intolerant'.
On the basis of these criteria there were three

groups of patients (Fig. 2): group I, twenty-one
patients, water and salt tolerant; group II, seventeen
patients, water tolerant but salt intolerant; group
III, seventeen patients, water and salt intolerant.
No patient was water intolerant and salt tolerant.

Patients of groups I and II had relatively good
renal function. There were no significant differences
between these two groups of patients in GFR (Fig. 3)
and RPF (686 ± 223 ml/min for group I and 552 ±
152 ml/min for group II). However, patients of
group III had poor renal function. They had a sig-
nificantly lower GFR (Fig. 3) and RPF (363 ± 241
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FIG. 1. Relationship between plasma sodium concentration and free water clearance.
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FIG. 2. Classification of the patients in relation with the renal capacity to excrete free water and sodium.

ml/min) than those in the other two groups (P <
0o001).
The salt and water tolerant patients by definition

lost ascites on bed rest and low salt intake alone. In
eight cases distal diuretics were later given so as to
accelerate discharge from hospital, and in each in-
stance this was followed by a great increase in water
and sodium excretion.

Patients of group II needed diuretics because of
their low urinary sodium concentration but all of

them except one showed a positive response to distal
diuretics.

In group III only five of the fifteen treated patients
responded to treatment. This proportion was sig-
nificantly lower than the response in group I and II
(P < 0-001). Of the ten patients who did not respond
initially to diuretics, one responded 2 months later.
The other nine did not respond, and died.

Prognosis was also different in the three groups of
patients. Patients of group I had a very good prog-
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between the three groups of patients.

nosis: all the cases were discharged from hospital
without ascites. In group II, four of the seventeen
patients died while in hospital. This mortality was
significantly higher than in group I (P < 0-05).
Patients of group III had a very poor prognosis:
only six of seventeen survived. The mortality in this
group was significantly higher than in group II
(P < 005).
The determination of free water clearance can pro-

vide useful information of the renal handling of
sodium. Free water is normally generated within the
kidney as a result of sodium resorption from the
water-impermeable ascending limb of the loop of
Henle (Harrington and Cohen, 1973). The urine
entering the distal tubule is then hypotonic and can
remain so if antidiuretic hormone secretion is in-
hibited. Thus a high CH20 may indicate a good
delivery of sodium into the distal tubule.

Patients who have been water and salt tolerant
have a relatively high GFR, free water clearance and
urinary sodium excretion. The reason why these
patients develop ascites in spite of having a high
urinary sodium concentration might be that they
were salt intolerant before admission to hospital and
have become salt-tolerant after bed rest. However

since all the patients in our series had a relatively high
urinary sodium excretion within the first day of
admission, the most likely explanation is that they
were ingesting more sodium than they were able to
excrete while on a free salt intake before admission.
This type of patient does not need water restriction
since they have a sufficiently high renal capacity to
excrete free water. The most rational treatment is
bed rest and low salt intake and, if diuretics are
given, they should be distal diuretics, since such
patients respond very well to these drugs and the use
of frusemide or ethacrynic acid is unnecessary and,
because of the stronger natriuretic effect, may give
rise to the complications frequently encountered in
the course of this therapy (Sherlock et al., 1966).
The GFR and free water clearance of patients who

were water tolerant/salt intolerant were not sig-
nificantly different from those in the patients of
group I. Therefore it is probable that similar amounts
of sodium were delivered into the ascending limb of
the loop of Henle and distal tubule. Thus distal
sodium resorption was the critical factor in these
cases, producing a urine with very low concentration
of sodium. Such patients do not need water restric-
tion, but diuretic therapy is necessary since they have
a low urinary sodium excretion. However, the
majority of the patients will lose ascites on distal
diuretics because an enhanced distal sodium re-
sorption is probably the most important factor in
sodium retention. In our experience, approximately
90% of the water tolerant/salt intolerant patients
lose their ascites on bed rest, low salt intake, and
triamterene 300 mg/day (Rodes et al., 1972). Proxi-
mal diuretics (frusemide, ethacrynic acid) should
only be used in those few patients of this group who
do not respond to the above-mentioned therapy.
These diuretics should always be administered in
association with distal diuretics since the sodium
delivered from the proximal parts of the nephron
could be completely resorbed in the distal tubule
(Berliner, 1965).

Patients who were water and salt intolerant had a
very poor GFR and free water clearance. Here it is
probable that the decrease of filtered sodium and a
relative increase of proximal sodium resorption were
the chief factors in sodium retention. These patients
do need water restriction because they have a very
poor renal capacity to excrete it, and hyponatraemia
and hypo-osmolality are frequent in these cases. Di-
uretics should also be tried because a few patients
will have a positive response, but the majority will
die. A wide variety of treatments has been proposed
for these patients with intractable ascites. However,
the results have not been encouraging and, accord-
ingly, these treatments are not usually employed. We
feel that only in this group of patients should new
and aggressive forms of treatments be tried. Those of
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the other two groups have a good prognosis when
treated with such simple measures as bed rest, low
salt intake and diuretics.
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