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Functional renal failure (FRF) in cirrhosis of the liver and liver carcinoma
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Summary
The term 'functional renal failure' has been used to
describe the renal failure developing in advanced
cirrhosis in which tubular function and structure re-
main intact. It may develop spontaneously, in which
case prognosis is poor, but may be secondary to
gastrointestinal haemorrhage or excessive use of
diuretics, in which case correction of the precipitating
factor leads to improvement in renal function. It is
suggested that the renal failure is due to a reduction in
effective circulating plasma volume.

SINCE the initial paper by Hecker and Sherlock
(1956), who reported the occurrence in patients with
severe advanced liver cirrhosis of water and electro-
lyte disorders-azotaemia, hyponatraemia, oliguria
-many studies have allowed for a better under-
standing of this picture, although its mechanisms re-
main poorly understood. In 1962, on the basis of
careful pathological investigations in a large group of
patients, we established that the picture of severe
renal failure at the end-stage of liver cirrhosis could
not be explained by the presence of anatomical renal
lesions (Vesin, 1962). Therefore we coined the word
'functional'. This concept of functional renal failure
(FRF) in the cirrhotic was later accepted by many
authors, especially Lieberman (1970), Rod~s et al.
(1970) and Kew (1972). A striking confirmation of
the anatomical integrity of the kidney in the cirrhotic
with FRF was shown in the report by Koppel et al.
(1969) that the transplantation of such kidneys could
be successfully achieved with the recovery offunction
in the transplanted patient. Recently, Epstein et al.
(1970) showed the post-mortem integrity of the renal
vascular tree in these patients. All pertinent data will
be found in the reviews by Vesin (1972b) and Kew
(1972). In the course of these studies, it also appeared
that there were less severe forms of FRF developing
in the course of liver cirrhosis, namely bleeding-
induced FRF and diuretic-induced FRF. These
forms will also be dealt with in this paper, along with
other aspects of special interest.

Reprint requests to: Dr P. Vesin, 31 rue de Moscou, 75008
Paris, France.

Aetiological forms of FRF
Bleeding-induced FRF
FRF is quite common, following gastro-intestinal

(G-I) tract bleeding. Hyponatraemia and hyper-
kalaemia are moderate or absent and azotaemia and
oliguria are the main findings noted. Refilling the
vascular space rapidly leads to regression of azo-
taemia. A significant urine output is evidence of
arrest of bleeding and recovery of renal irrigation.

Diuretic-induced FRF
Since the first paper of Vesin et al. (1962a), several

studies have been devoted to this problem (Bosch et
al., 1973; Reynolds, Lieberman and Redeker, 1967).
To-day, it is quite easy in most cases to differentiate
'diuretic-induced FRF' from terminal FRF. The
clinical and biological findings are closely similar;
however, the course is different. Diuretic-induced
FRF is due to a significant fall in plasma volume and
following the administration of plasma expanders,
such as human serum albumin, functional recovery
with increase in plasma volume and GFR and fall of
azotaemia is achieved although, sometimes, it may
require several weeks. However, the development of
overt FRF in a cirrhotic patient following diuretic
administration has a bad prognosis, and repeated
bouts of FRF may accompany subsequent diuretic
courses. It is uncommon to see the full picture of
terminal FRF develop following diuretic administra-
tion; if so, it is probable that diuretics had been
given at the onset of terminal FRF, playing a releas-
ing or an accelerating role.

Terminal FRF
It is quite common in patients with advanced

hepatic failure, and correlates well with the biological
disorders which are evidence of the severity of the
liver impairment (Arieff and Chidsey, 1974). It may
develop spontaneously in patients never given di-
uretics (a rare occurrence nowadays) and who did not
present with G-I tract bleeding. It is similar in many
respects to diuretic-induced FRF-moderately in-
creased azotaemia and creatininaemia, moderate
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hyperkalaemia-but oliguria, hyponatraemia, rela-
tive 'hypovolaemia', impaired RPF and GFR are
definitely more conspicuous. The clinical course,
except in a few cases, is usually fatal within weeks or
may be more protracted, lasting 1 or 2 months.
Death can be the result of cardio-vascular collapse or
of hyperkalaemia-induced cardiac arrest (Acero et
al., 1974). In most cases, renal failure per se is not
responsible for death, but only accompanies porta-
caval encephalopathy or G-I tract bleeding. While
the restoration of the blood and/or plasma volume
usually results in the regression of diuretic-induced
FRF, it is not so in terminal FRF. Restoration of the
plasma volume is difficult to achieve and even more
to maintain (Traverso et al., 1966); furthermore it
is not accompanied by a regression ofFRF (Traverso
et. al., 1966; Tristani and Cohn, 1967; Vesin, 1962).
To account for the mechanism of terminal FRF, we
propose the following hypothesis. In the cirrhotic
patient, there is an underlying distortion of systemic
arterial circulation. The cardiac output is normal or
even increased in most cases (Lancestremere et al.,
1962; Tristani and Cohn, 1967), but blood supply is
not regularly distributed. Skin and muscle irrigation is
increased, cerebral and coronary circulation main-
tained, renal irrigation is reduced with decrease in the
renal fraction of the cardiac output, resulting in renal
hypoperfusion. At a critical stage of the disease,
any further decrease in renal irrigation, for instance
following a decrease in plasma volume, will lead to
the development of terminal FRF. As total plasma
volume is usually not much decreased, a concept of
reduced 'effective' plasma volume has been proposed.
Although not yet demonstrated, it fits well to the
observed data. The relative maintenance of the total
plasma volume is explained by the existence in the
cirrhotic patient at earlier stages of the disease of a
markedly increased plasma volume.
Many data point to a major, if not unique, role of

effective plasma volume decrease in the development
of terminal FRF.

(1) P6quignot et al. (1962) compared two groups of
patients, one azotaemic, the other not. The mean
plasma volume was smaller in the former group than
in the latter one. We made similar observations. Of
fifteen patients with favourable course, the plasma
volume was 'normal' in three or increased in twelve;
of sixteen patients with terminal FRF, it was 'nor-
mal' in eight or decreased in eight-never increased.

(2) Longitudinal studies of selected cases over
several years showed that a fatal course was accom-
panied by a progressive reduction in plasma volume,
not noted in patients who did not develop terminal
FRF.

(3) The investigation of patients with severe FRF,
first at the early stage of azotaemia and then before
death, revealed a progressive and spontaneous in-

crease in azotaemia and a significant fall in plasma
volume values (Vesin et al., 1962b).

In our opinion, the intrarenal circulation anoma-
lies (hypoperfusion of the outer renal cortex) re-
ported by Kew et al. (1972) and by Epstein et al.
(1970) are only the result of the global hypoperfusion
of the kidney. A similar explanation might account
for the high increase in plasma renin activity re-
ported by Schroeder et al. (1970).
The strikingly reduced renal blood flow may also

be the cause of severe renal vaso-constriction; it
should be noted that the recent studies of Arieff and
Chidsey (1974) showed that in terminal FRF, PG-A1,
a powerful vasodilator, could not improve renal
plasma flow and GFR. The severe hypoperfusion
syndrome is precipitated by a decrease in total
plasma volume, resulting in a reduced 'effective'
plasma volume. This 'effective' plasma volume de-
crease is responsible for the great increase in proxi-
mal tubular resorption of fluid and electrolytes, with
loss of efficiency of distal diuretics (Vesin, 1962), and
shown by the experimental studies of Weiner et al.
(1971).

Terminal FRF in patients with primary or metastatic
carcinoma of the liver
We have described this picture in two patients with

liver cirrhosis and hepatoma and in three patients
with liver metastases without cirrhotic lesions (Vesin,
Roberti and Vigui6, 1965). Kew et al. (1972) ex-
tended our findings with the study of a further four-
teen patients; they showed that the haemodynamic
changes were similar to those seen in cirrhotic
patients with terminal FRF.

Differential diagnosis of FRF from chronic nephritis
in patients with liver cirrhosis

This is usually easy. If testing for the presence in
the urine of red cells, casts or proteinuria is of no
avail, the following observations are of great help to
the diagnosis of FRF: terminal FRF develops a long
time after the initial diagnosis of cirrhosis, oliguria
sets in earlier, azotaemia is less marked, as well as
creatininaemia and hyperkalaemia, the concentra-
tion of urea in the urine is higher in FRF than in
chronic nephritis.

Treatment
Volume restoration is usually effective in haemor-

rhage-induced and diuretic-induced FRF. It is in-
effective in most cases of terminal FRF in liver
cirrhosis and liver carcinoma, although some un-
expected good results 'make a serious therapeutic
trial mandatory. The main guidelines are the fol-
lowing.

(1) Cessation of diuretic administration, although
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in a few cases the association of large doses of furo-
semide and blood volume expanders may be tran-
siently effective. Ascites should not be tapped.

(2) Blood volume expansion by means of blood,
plasma, plasma expanders, especially human serum
albumin deficient in salt, and ascites infusion.

(3) Water intake restriction may help to reduce
hyponatraemia. Mannitol infusions are usually in-
effective. Sodium chloride administration should be
avoided. Dialysis may control hyponatraemia, but
does not improve renal function.

(4) Potassium chloride or potassium-rich food
must be withheld to limit hyperkalaemia. Potassium-
binding resins may be useful.

(5) Vasodilators (acetylcholine, PG-A1) or sym-
pathomimetic amines (metaraminol, etc.) are useless.
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