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Renal blood flow in malignant disease of the liver
M. C. KEW, CAROL A. LIMBRICK, R. R. VARMA, AND SHEILA SHERLOCK

From the Departments of Medicine and Medical Physics, Royal Free Hospital, London

SUMMARY Although functional renal failure has been reported in patients with malignant disease
of the liver, renal haemodynamics and function have not been investigated. Renal and intrarenal
blood flow was measured using the 133Xenon washout technique and creatinine clearances by the
standard method in 14 patients with a variety of primary and secondary tumours of the liver in the
absence of cirrhosis and without evidence of renal disease. In 11 patients renal and outer cortical
blood flow was reduced and this was sometimes accompanied by a reduction in glomerular filtration
rate. The pattern of renal circulatory changes was similar to that seen in renal dysfunction associated
with hepatic cirrhosis. Possible causes of these disturbances and their significance in relation to the
aetiology of functional renal failure in liver disease are discussed.

Vesin, Roberti. and Viguie' in 1965 reported five
patients with hepatic malignancy in whom oliguric
renal failure developed without an obvious cause.
They likened the syndrome to that seen in patients
with advanced cirrhosis of the liver (Papper, Belsky,
and Bleifer, 1959; Baldus, Feichter, and Summerskill,
1964a; Shear, Kleinerman, and Gabuzda, 1965).
The cause and nature of the renal failure in the latter
circumstance has not been determined, but the
primary abnormality is thought to be reduced renal
perfusion (Baldus, Feichter, Summerskill, Hunt,
and Wakim, 1964b; Schroeder, Shear, Sancetta, and
Gabuzda, 1967; Tristani and Cohn, 1967; Epstein,
Berk, Hollenberg, Adams, Chalmers, Abrams, and
Merrill, 1970) with a redistribution of intrarenal
blood flow away from the cortex (Baldus, Summer-
skill, Hunt, and Maher, 1964c; Shear et al, 1965;
Schroeder et al, 1967; Tristani and Cohn, 1967;
Epstein et al, 1970; Kew, Brunt, Varma, Hourigan,
Williams, and Sherlock, 1971a) and a fall in
glomerular filtration rate (Baldus et al, 1964b; Shear
et al, 1965). In two of the patients of Vesin
et al primary cancer of the liver was associated with
hepatic cirrhosis, and renal dysfunction may have
been attributable to cirrhosis rather than the tumour.
However, the other three had secondary carcinoma
of the liver and no cirrhosis and in these patients at
least some other mechanism must have been opera-
tive. We have measured renal and intrarenal blood
flow and creatinine clearances in a group of patients
with a variety of primary and secondary tumours of
the liver who showed no evidence of primary renal
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disease and did not have cirrhosis, and have found
renal circulatory disturbances similar to those de-
scribed in cirrhosis. As both primary and secondary
hepatic malignancy carries a grave prognosis, it
may be argued that the appearance of progressive
renal failure in these patients is of little practical
importance. Nevertheless, the demonstration of
renal haemodynamic and functional changes in this
condition may serve to increase our understanding
of the pathogenesis of functional renal failure and
of the interrelationships between the liver and kidney.

Material and Methods

Fourteen patients with histologically proven malig-
nant disease of the liver were investigated, one
(no. 4) on two occasions. In four patients the tumour
was of hepatic origin (primary hepatic cancer, intra-
hepatic bile duct cancer, malignant haemangio-
endothelioma, and hepatic Hodgkin's disease in one
each) while the remainder had hepatic metastases
from a primary focus elsewhere. In three instances
the primary tumour was in the pancreas (adeno-
carcinoma in two and insulinoma in one), in one
each the colon, rectum, parotid gland, small bowel
(carcinoid tumour), and eye (melanoma), and in two
it was unknown (the metastasis was an adeno-
carcinoma in both). In no patient was evidence of
hepatic cirrhosis found on percutaneous biopsy, at
laparotomy, or at necropsy. There were eight females
and six males. Their ages ranged from 26 to 64
years with a mean of 46. None of the patients gave a
history of renal disease and all had a normal blood
urea and serum creatinine concentration, urine
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analysis, intravenous pyelogram, and renal arterio-
gram at the time they were investigated. The kidneys
were histologically normal in the two patients in
whom necropsies were subsequently performed. The
patients were receiving a full ward diet at the time
they were investigated. All had a normal serum
sodium concentration and urinary sodium excretion
and none had ascites. No patient showed evidence of
cardiovascular disease, and specifically the patient
with the carcinoid tumour did not show the features
of valvular heart disease. The patient with the
insulin-producing tumour of the pancreas was not
hypoglycaemic at the time of the investigation.
Serum bilirubin, alkaline phosphatase, aspartate
aminotransferase and albumin levels, and the pro-
thrombin time (Thrombotest) were measured in
each patient. Creatinine clearance was determined
on the day before the renal haemodynamic studies;
the standard method was used.
Renal haemodynamic studies were carried out at

the time of coeliac axis or superior mesenteric
arteriography done for diagnosis or to assess the
extent of the tumour, or hepatic artery catheteriza-
tion for intraarterial administration of cytotoxic
drugs. The 133Xenon washout technique was used
to measure renal and intrarenal blood flow. Details
of the procedure and its implications were explained
to the patients and their consent was obtained. The
patients fasted for six to eight hours before the pro-
cedure and were premedicated with pethidine and
diazepam. An end-hole polythene catheter with an
inner diameter of 1.50 mm and an outer diameter of
2.70 mm was introduced into the femoral artery by
the percutaneous route under local anaesthesia and
passed, under fluoroscopic control, into the renal
artery. The position of the catheter was checked by
injecting a small volume of 45 % sodium diatrizoate
under fluoroscopic screening. This also served to
verify that no contrast material (and hence 133Xenon)
leaked out of the renal artery during or after the
injection. A scintillation probe was aligned over the
centre of the kidney at a height adjusted to just clear
the anterior abdominal wall at the end of inspiration.
The probe contained a 5 cm thallium-activated
sodium iodide crystal located 7 5 cm from the end
of a cylindrical collimator. The output from the
probe was led through a pulse-height discriminator
with a window setting of 50 to 110 KeV to a rate-
meter and thence to a chart recorder. The paper was
run at 12 cm per minute with a time constant of 1
second. Background count rates were less than 30
counts per second while peak count rates after the
injection were greater than 1 500 counts per second.
A bolus of 600 to 1 000 ,Ci of '33Xenon dissolved in
0O8-1.0 ml of sterile isotonic saline solution was
injected as rapidly as possible through one arm of a

two-way tap connected to the catheter. This was
followed immediately by 5 ml of sterile isotonic
saline solution through the second arm to flush the
133Xenon solution out of the catheter. The syringes
and two-way tap were removed from the immediate
area of the detector but were then left in the same
position throughout the recording to ensure a
constant background activity.
Mean renal blood flow was calculated from the

initial disappearance slope of the washout curve
(Ingvar and Lassen, 1962). The intrarenal distribu-
tion of blood flow was determined by compart-
mental analysis, using the 'peeling-off' technique
described by Zilversmit (1960), and with an analog
computer. Because random error may be introduced
in the translation of the washout curve from the
recorder write-out to the semi-logarithmic replot
and, more especially, in the visual estimation of the
slope and hence half-time of the components
(Newman and Skinner, 1969), we have preferred to
use the results obtained with the analog computer.
Three components can be accurately obtained from
a 20-minute tracing (Ladefoged, 1966). The first (or
most rapid) component represents clearance of the
inert gas from the outer renal cortex, the second
clearance from the juxtamedullary region and outer
medulla, and the third from the inner medulla
(Thorburn, Kopald, Herd, Hollenberg, O'Morchoe,
and Barger, 1963; Ter-Pogossian, Koehler, and
Potchen, 1968). To allow repeated studies some of
the washout curves were continued for only six
minutes. In these recordings the third component
was represented by a horizontal line drawn through
the log counts per second at five minutes. Thorburn
et al (1963) and Rosen, Hollenberg, Dealy, and
Merrill (1968) have shown that the slope of the first
component can be accurately derived from such a
recording. Flow rate was calculated from the slope
(half time) of the component and the partition co-
efficient for renal parenchyma (0.65 corrected
according to the patient's haematocrit (Andersen
and Ladefoged, 1965)) as described by Ladefoged
(1966). The percentage distribution of blood flow
to the three regions of the kidney was calculated
from the zero-time intercept of each of the com-
ponents (Dobson and Warner, 1957).
Only three patients with a normal liver and

kidneys were available as controls. All had normal
serum and urinary sodium levels and were receiving
a full ward diet. The values for mean renal blood
flow (225 ± 18 ml/100 g/minute; mean ± SEM)
and first component blood flow (C1) (317 ± 11-8
ml/100 g/minute) are lower than those found by
Epstein et al (1970) using the same technique in 36
healthy individuals in whom renal arteriography was
performed during assessment of their suitability as
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kidney donors (338 ± 7 ml/100 g/minute and 410 +

9 ml/100 g/minute respectively). The percentage
distribution of blood flow to C1 (71 ± 3.6%) was

similar to that found in the earlier study (74 ± 1 %).
Based on the findings in our three control subjects,
we have taken the lower limits of normal for mean

renal blood flow as 190 ml/100 g/minute, C1 300 ml/
100 g/minute, and percentage distribution to C1 as

60%.

Results

The general characteristics, diagnosis, selected tests

No. Age Sex Diagnosis
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of liver function, and urinary sodium excretion in the
14 patients are summarized in Table I. The renal
and outer cortical blood flow and creatinine clear-
ances of the patients and controls are shown in
Table IL. Renal perfusion was normal in three
patients (nos. 1-3) but in the remainder mean renal
and outer cortical blood flow and the percentage
distribution of blood flow to the outer cortex was

reduced. Examples of a normal washout curve

(from a control subject) and abnormal curves in
patients with hepatic malignancy are shown in
Figure 1. When the 133Xenon washout curve was so

slow that the first component could not be dis-

Bilirubin Albumin Thrombotest Aspartate Alkaline PCV Urinary Sodium

(mg 5/,) (g 5/.) (%/,) Transaminase Phosphatase (5/.) (m-equivf24 hr)

(units) (units)

1 45 F Metastases (unknown') 0-6 2.5 50 1S 14 37 49
2 44 M Metastases (melanoma) 0-6 4-2 90 12 24 36 125
3 59 F Intrahepatic bile duct

cancer 195 5 1 100 58 102 33 97
4 37 F Haemangioendothelioma 1-6 3-8 100 13 10 41 63

1-8 3-2 100 57 42 44 45
5 50 F Metastases (unknown) 0-6 2-6 48 25 13 36 86
6 60 F Metastases (carcinoid) 0.9 2-2 60 14 23 42 73
7 57 M Metastases (insulinoma) 0-6 4.5 60 1S 10 46 105
8 63 M Metastases (colon) 05 2-6 100 13 22 35 77
9 29 F Metastases (rectum) 1-8 1.8 28 16 44 34 97
10 29 F Metastases (parotid) 0.5 3-7 100 7 8 35 72
1 1 26 M Hepatoma 1-3 2-4 86 33 105 44 65
12 64 M Metastases (pancreas) 0.5 4-4 100 8 10 34 81
13 46 F Hodgkin's 1 0 50 100 28 42 44 69
14 34 F Metastases (pancreas) 18.0 2-6 66 56 105 35 76

Table I The general characteristics, diagnosis, selected tests ofliverfunction, and urinary sodium excretion in the
14 patients
'Site of primary tumour.

No. Mean Renal Blood Flow Outer Cortical Blood Flow Creatinine
(ml/100 glmin) Clearance

Rate (ml/100 g/min) Distribution (ml/min/1 73m'

Controls
A 191 191 280 322 (301)' 71 61 (66) 106
B 286 197 (242) 325 301 (313) 78 62 (70) 115
C 261 359 8 1 116

Malignant Disease of the Liver
1 207 191 (199) 297 334 (316) 70 50 (60) 69
2 194 306 74 126
3 185 100 190 (158) 295 194 360 (283) 65 46 63 (58) i11
4a 160 180 96 (145) 180 263 196 (213) 80 82 50 (71) 67
4b 117 168 55 S0
5 82 73 (78) 185 73 (129) 23 10 (17) -

6 39 46 (43) 49 46 (43) 10 10 52
7 77 71 68 (72) 164 71 68 (101) 41 10 10 (20) 38
8 69 157 49 96
9 67 102 (85) 67 102 (85) 10 10 83
10 86 87 130 (99) 133 178 178 237 (182) 25 33 29 49 (34) 107
1 1 125 119 112 (119) 187 176 194 (186) 44 67 54 (55) 130
12 107 118 118 (114) 170 155 153 (159) 36 47 55 (46) 93
13 64 86 (75) 152 86 (119) 14 10 (12) 52
14 68 68 10 54

Table II Mean renal and outer cortical bloodflow and creatinine clearances in the 14 patients with hepatic malignancy
and in the control subjects
'Mean
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I

Fig. 1 Two examples ofabnormal 133Xenon washout
curves in patients with hepatic malignancy (nos. 12 and
14) compared with a normal tracing (C) in a control
subject.

$14

TIME (Seconds)

tinguished from the second (fusion curve), the
percentage distribution of blood flow to the outer
cortex was arbitrarily taken as 10 %. As these tracings
appear to consist of only second and third com-
ponents, the mean renal and juxtamedullary and
outer medullary flow rates are the same if the former
is calculated from the initial slope of the washout
curve. In these circumstances the cortical flow was
taken as being the same as the mean renal and second
component flow rate. There was a good correlation
between the percentage distribution of blood flow to
the outer cortex and the flow rate through this
region (r = 0.80, p < 0.001). The correlation
between the percentage distribution to the cortex
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and creatinine clearance was less good (r = 0.54,
p < 0.01) (Figure 2). One patient (no. 4) was studied
on two occasions. After her initial investigation (4a
in Table II), a partial hepatectomy was performed.
However, it was not possible to remove the entire
tumour. Thirteen months later she was re-studied
when the liver was again extensively infiltrated by
tumour. Renal perfusion was again abnormal and
the glomerular filtration rate reduced (4b). There
was no obvious correlation between the type of
tumour or tests of liver function and renal perfusion
or creatinine clearance.

Variability between successive curves in individual
patients was often marked (Table II). Gross irregu-
larity of the washout curve was present in four of the
37 tracings in the 14 patients and these are not shown
in Table I. Slight irregularity was present in a further
three curves. Variability and irregularity of 133Xenon
washout has been described in cirrhotic patients and
attributed to renal haemodynamic instability
(Epstein et al, 1970). Instability of this sort has not
been encountered in renal ischaemia from other
causes, and it is thought to indicate active renal
vasoconstriction in cirrhotic subjects with functional
renal failure (Epstein et al, 1970). The pattern and
degree of variability and irregularity of 133Xenon
washout in the patients with hepatic malignancy was
similar to that seen in a group of cirrhotic subjects
with normal blood urea levels (Kew et al, 1971).

0
0 20 40 60

'/. DISTRIBUTION TO THE OUTER CORTEX

Fig. 2 Correlation between percentage distribution of
bloodflow to the outer renal cortex and creatinine
clearance.

Discussion

Although functional renal failure most frequently
complicates cirrhosis of the liver, it has also been
described in patients with severe acute hepatitis

l
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(Summerskill, 1960) and hepatic tumours (Vesin
et al, 1965). The cause of the renal circulatory
changes thought to be responsible for renal dysfunc-
tion in these circumstances is not known, and a
consideration of the factors common to these three
conditions may shed some light on the understanding
of the mechanism or mechanisms involved.

Functional renal failure usually develops in
cirrhotic patients in the advanced stages of the
disease when refractory ascites is present and liver
function poor (Papper et al, 1959; Baldus et al,
1964a; Shear et al, 1965). Little is known about the
cases of acute hepatitis in which this complication
occurred except that they were severe and that renal
failure developed in the terminal stages of the illness
(Summerskill, 1960); it is, however, very likely that
hepatic failure was present. Because functional renal
failure usually occurs against a background of
hepatic failure, and because an increased renal
vascular resistance (Baldus et al, 1964c; Tristani and
Cohn, 1967) and decreased renal perfusion (Baldus
et al, 1964b; Schroeder et al, 1967; Tristani and
Cohn, 1967; Epstein et al, 1970) have been demon-
strated in these patients, it was suggested that some
vasoactive substance may be released from or not
metabolized by the failing liver (Summerskill, 1966;
Barnardo, Summerskill, Strong, and Baldus, 1970;
Baldus, 1970). Of the five patients with hepatic
malignancy and functional renal failure reported by
Vesin and his coworkers (1965), only one was
jaundiced, and liver function was well maintained in
our patients. It therefore seems unlikely that the
renal circulatory changes in these patients are due
to liver failure. However, some as yet unidentified
substance capable of increasing renal vascular tone
may be released as a result of malignant infiltration
of the liver. The fact that these changes have occurred
with a variety of both primary and secondary
tumours favours an origin of such a substance in
the invaded liver rather than the tumour tissue itself.

Alternatively, it has been postulated that the renal
haemodynamic changes in liver failure may be due
to the accumulation of false neurochemical trans-
mitters (Fischer and Baldessarini, 1971). The pre-
cursors of these substances, such as phenylalanine,
tyrosine and their amines, are produced in the bowel
and are normally catabolized in the liver. When
hepatic function is impaired or blood is shunted past
the liver these precursors may flood the nervous
system, be locally ,B-hydroxylated and replace
normal transmitters, resulting in a loss of arteriolar
tone and shunting of blood away from the kidney
to the peripheral circulation. This hypothesis does
not, however, explain the increased renal vascular
resistance found in these patients (Baldus et al,
1964c; Tristani and Cohn, 1967) or why there is a
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redistribution of intrarenal blood flow away from
the cortex (Baldus et al, 1964c; Shear et al, 1965;
Schroder et al, 1967; Tristani and Cohn, 1967; Kew
et al, 1971a). Renal haemodynamic changes have
also been described in patients with non-cirrhotic
portal hypertension (Kew et al, 1971b), which
suggests that some endogenous substance capable of
increasing renal vascular resistance and normally
metabolized by the liver may bypass the latter in
portal-systemic collateral channels. Such a sub-
stance, whether released from or shunted past the
liver, would have to exert a differential effect on
the renal vessels since arteriolar tone elsewhere in the
circulation is normal or reduced (Tristani and Cohn,
1967; Murray, Dawson, and Sherlock, 1958).
Attempts to identify endogenous vasoactive sub-
stances have thus far been unsuccessful (Barnardo
et al, 1970).
Another possible explanation for these changes is

that they may be caused by an increase in renal sym-
pathetic tone. The rich adrenergic and cholinergic
innervation of the renal vessels and their responsive-
ness to neurogenic stimulation suggests that the
autonomic nervous system may play an important
role in regulating renal and intrarenal blood flow
(Barger and Herd, 1971). There is also some experi-
mental support for an association between the
hepatic arterial (Hori, Austen, and McDermott,
1966) and portal venous circulations (Onnis et al,
1962) and renal perfusion, mediated via the auto-
nomic nervous system. The renal failure reported by
Vesin et al (1965) and disturbances in renal per-
fusion and function found by ourselves in patients
with malignant infiltration of the liver might be
explained on the basis of interference with normal
portal venous drainage or hepatic arterial circula-
tion. This may also explain their presence in patients
with well compensated cirrhosis (Epstein et al, 1970;
Kew et al, 1971a) and non-cirrhotic portal hyper-
tension (Kew et al, 1971b). Attempts at improving
renal perfusion by sympathetic blockade have, how-
ever, produced conflicting results. Baldus (1970)
was able to increase renal blood flow with diben-
zyline if the systemic hypotension caused by this
drug was prevented by expansion of plasma volume,
but Epstein et al (1970) were unable significantly to
alter renal haemodynamics byinfusing phentolamine.
The presence of hepatic tumours may cause a

marked increase in total hepatic blood flow (Wart-
naby, Bouchier, Pope, and Sherlock, 1963), blood
being shunted through the tumour. It is possib!e
that, by its effect on systemic haemodynamics. this
may alter renal blood flow. However, other forms of
abnormal arteriovenous communication might then
be expected to produce a similar effect and functional
renal failure has not been reported in these condi-
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tions. Moreover, hepatic blood flow is reduced in
patients with cirrhosis of the liver (Bradley, Ingel-
finger, Groff, and Bradley, 1948; Redeker, Geller,
and Reynolds, 1958).
There are thus several possible mechanisms

whereby liver disease may produce renal circulatory
and functional changes. The fact that oliguric renal
failure has only rarely been described in patients
with malignant disease of the liver and has not been
reported in non-cirrhotic portal hypertension, while
it is not uncommon in patients with decompensated
cirrhosis of the liver, suggests that the causative
factors may be additive and that more than one
factor is necessary before renal and cortical per-
fusion reaches a critical level at which azotaemia and
oliguria occur.

M.C.K. is in receipt of a Wellcome research grant
and R.R.V. a grant from the Medical College of
Wisconsin. Financial support for the study was
provided by the Ingram Trust. We are grateful to
Mr D. J. Sampson and our colleagues in the Depart-
ment of Radiology for their assistance.
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