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1 by the combination of bilirubin and pigment 
2 from columns. This is contrary to the re- 
port of Kosslin(9) that, under similar cir- 
cumstances, a “small but nevertheless dis- 
tinct” band with a mobility of pigment 1 
could be detected. 

Summary and conclusions. Rat-fistula bile, 
isolated rat liver, liver slices incubated with 
bilirubin, and the hepatectomized dog were 
utilized to study the nature and sources of 
conjugated bile pigment. The technics of 
reverse-phase column chromatography, chemi- 
cal-partition chromatography, and paper chro- 
matography were employed and molar ratios 
were calculated. Probably pigment 1 is formed 
solely in extrahepatic sites. The evidence 
favors a bilirubin monoglucuronide structure 
for pigment 1 rather than a comples of bili- 
rubin and pigment 2.  In the dog, pigment 2 
probably is formed only within the liver. I t  
is suggested that bilirubin diglucuronide may 
be formed intrahepatically from bilirubin di- 
rectly, as well as from part of the extrahepatic 
pigment 1. 
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Measurements of renal blood flow in oli- hippurate (PAH) clearance and extraction 
technique(l,2), have been criticized on tech- 
nical grounds for the very low extraction of 
PAH by the oliguric kidney. Clearances can- 
not be measured by this technique if anuria 
is present, and the extremely low figures for 

guric patients with acute renal failure are 
limited. Early reports using the para-amino- 
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renal blood flow (3% of normal) obtained 
with PAH were not confirmed when meas- 
urements were made with krypton (Krp5) 
using the inert gas equilibration technique 
(3,4). However, this technique has also been 
criticized because of difficulties in obtaining 
an equilibrium of the gas content in arterial 
and renal venous blood (5)  and the necessity 
to assume the solubility coefficient of kryp- 
ton in renal tissue. 

This report describes the measurement of 
renal blood flow in patients with acute renal 
failure using a constant infusion of indocya- 
nine green (IG) into the renal artery(6). 
The measurements were made either before 
or after treatment by haemodialysis and the 
same catheters were used, therefore, for flow 
measurements and for haemodialysis. 

Methods. The IG method requires cathe- 
terization of the renal artery and correspond- 
ing renal vein. A renal artery was catheter- 
ized under fluoroscopic control following per- 
cutaneous puncture of the femoral artery ( 7 )  
and introduction of an Odman-Ledin plas- 
tic catheter (8). The corresponding renal 
vein was also catheterized by the same tech- 
nique, passing a plastic catheter into one of 
the renal veins from the femoral vein. These 
catheters were used for haemodialysis using 
the percutaneous technique (9).  Arterial blood 
was also sampled from the other femoral ar- 
tery via a small polyethylene catheter. A 
loading dose of IG 0.3 mg per kg body 
weight was given intravenously and it was 
then infused at  0.5 mg per minute (in a 
volume of 1 ml) into the renal artery cathe- 
ter by a Sigma constant infusion pump. After 
a 20 minute equilibration period, samples 
were obtained from the renal vein and fe- 
moral artery catheters (allowing for dead 
space sampling times). Indocyanine green 
was measured directly in plasma without ex- 
traction( 10) and oxygen content of arterial 
and renal venous blood was measured spec- 
trophotometrically ( 1 1 ) .  Renal blood flow for 
the catheterized kidney was calculated from 
the formula:- 

I x 1000 100 
RBF” .= X 

V - A  100-PCV 
where RBF” = right renal blood flow, ml per 

minute. 

minute. 

tration of IG, mg per 1. 

of IG, mg per 1. 

The validity of this method and its coni- 
parison with PAH clearance and extraction 
values for renal blood flow have already been 
described (6). In 8 hypertensive subjects un- 
dergoing screening for renal artery stenosis 
there was no significant difference between 
the two methods. During the time taken to 
obtain a PAH clearance and extraction value 
for total renal blood flow it was possible to 
catheterize both kidneys consecutively and 
thus obtain a figure for renal blood flow for 
both kidneys by the indocyanine green meth- 
od. In addition there was no significant dif- 
ference between the blood flow of each kid- 
ney in these patients. 

Measurements were obtained in 8 patients 
with acute renal failure in the anuric-oliguric 
stage (Table I). In 4 patients renal blood 
flow was also estimated during the recovery 
stage. The right kidney was used on all 
occasions and the results were expressed as 
flow per right kidney and doubled to give 
total renal blood flow. Renal oxygen con- 
sumption was calculated from total renal 
blood flow values. 

Results (Table 11). The mean renal blood 
flow in the anuric-oliguric stage averaged 440 
t 110 ml per min per 1.73m2 fordtotal renal 
blood flow (k = 1 standard deviation). 
Mean control values previously established 

I = infusion rate of IG, mg per 

V - renal venous plasma concen- 

A = arterial plasma concentration 

PCV = packed cell volume. 

TABLE I. Clinical Data. 

Age Dialysis 
Cnsc ( yrs) Sex Aetiology (No.) Outconic 

A.S. 48 8 

A.K. 40 8 
F.A. 5 2  8 

P.P. 50 8 
H.P. 45 8 
R.R. 19 8 
.J.H. 19 8 
E.C. 21 9 

Carbon 1 Survivrtl 

Post surgical 4 Died 
Obstructive 2 Survived 

Pancreatitis 5 Died 
Post surgical 1 Biirvivd 
Trauma 7 
Gangrene of ovary 2 11 

Gastroenteritis 2 

tetrachloride 

jaundice 

P ?  

11  
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(6 )  were 560 t 130 ml per min per 1.73ni2 
(right kidney) and 1110 ml per min per 
1.73m2 for both kidneys. The reduction in 
blood flow to the anuric kidney averaged 
61 (Fig. 1 ) . Mean renal oxygen consump- 
tion was reduced to 6.39 +- 2.4 ml per min 
per 1.73m2 (mean control value 16.8 t 2.26 
ml per min per 1.73m2) but arterio-renal 
venous oxygen content difference averaged 
1.39 t 0.27 ml per 100 ml whole blood 
which was not significantly different from the 
mean control figure of 1.49 +- 0.13 ml per 
100 ml whole blood. During the recovery 

OLlGURlA RECOVERY CONTROL 
(ml.pcr m i n w  I.7Jm1)0/0 440a110 790h84 1120W60 

Renal Blood Flow 
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phase, renal blood flow and renal oxygen 
consumption increased to 70% of normal 
while the arterio-renal venous oxygen con- 
tent difference was not significantly altered. 

Discussion. The observation that renal 
blood flow and oxygen consumption in acute 
renal failure are about 407h of normal con- 
firms the earlier results using Kr8;'(4), and 
suggests that the criticism of the original 
PAH values of 3'/c( 1,2) is justified. The 
persistence of extremely low creatinine clear- 
ances (< 1 ml per minute), oliguria and ren- 
al failure cannot be explained by reduction 
in total renal blood flow alone, as values of 
40% are often seen in chronic renal disease 
without oliguria, gross nitrogen retention or 
such low creatinine clearances. The reduc- 
tion in oxygen consumption by the anuric 
kidney is consistent with the reduction in 
blood flow as it is known that renal extrac- 
tion of oxygen does not increase when renal 
blood flow is reduced( 12). 

I t  has recently been suggested that the 
majority of oxygen consumed by the kidney 
is utilized for reabsorption of filtered sodium 
( 13,14). This would therefore suggest that 
in the anuric kidney the filtered load of so- 
dium is reduced by the same order as the 
oxygen consumption, suggesting a similar re- 
duction in glomerular filtration rate. If the 
glomerular filtration rate of the anuric kid- 
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ney is 40% of normal then the total filtrate 
must be reabsorbed to produce anuria. Al- 
ternative explanations, however, would be 
that the metabolic work for sodium reabsorp- 
tion is greater in the anuric kidney or that 
oxygen is being utilized for other purposes. 
Thus the glomerular filtration rate might be 
reduced far more than renal blood flow in 
the anuric kidney. 

The increase in renal flow seen during the 
recovery phase of the illness suggests that 
renal ischaemia may play some part in main- 
taining the oliguric stage of acute renal fail- 
ure. 

Suwmzary. The renal blood flow was meas- 
ured by a constant infusion of indocyanine 
green into a renal artery in 8 patients with 
acute oliguric renal failure. There was an 
average reduction of renal blood flow to 40%) 
of normal. Renal oxygen consumption was 
similarly reduced. However, renal arterio- 
venous oxygen content difference was not 
significantly altered from control values. In 
the recovery phase renal blood flow and oxy- 
gen consumption increased to 70% of nor- 
mal. The persistence of renal failure in the 
acute oliguric phase could not therefore be 
explained by total reduction in renal blood 

flow as had previously been postulated. 
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Parabiotic union performed between F1 hy- 
brid mice and members of one of the parental 
strains frequently results in wasting of the J?, 
partner endinq in its death. This syndrome 
has been called parabiosis intoxication. While 
the affected F1 partner develops a hunched 
and sickly appearance, loses weight and be- 
comes severely anemic, the non-intoxicated 
parental strain partner becomes polycythemic. 
The similarity between the intoxicated para- 

*Aided by grants from U.S.P.H.S., Am. Cancer 
SOC., Minnesota Heart Assn., Am. Heart Assn., and 
the National Foundation. 

biont and the animal suffering from homolo- 
qous disease has been pointed out( 1-4). and 
it has been suggested that some or perhaps 
all of the phenomena observed in parabiosis 
intoxication may depend upon an immuno- 
1oq:cal reaction by the parental strain partner 
against the hybrid member of the parabiotic 
pair. Tokuda and MacGillivray ( 5 )  have re- 
cen tly suggested that immunologically compe- 
tent cells of the parental strain partner might 
wict  against the tissue antigens of the hybrid, 
1ead:n: to constriction and occlusion of the 
capillaries carrying blood from the parental 




