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Effect of the Intravenous Administration of Human Serum Albumin on
Renal Function.*

WaALTER H. CARrGILL.

(Introduced by E. A. Stead, Jr.)

From the Department of Medicine, Duke University School of Medicine, Durham, N. C.

The intravenous infusion of concentrated
human serum albumin often produces a
transient diuresis in patients with nephrosis
and Laennec’s cirrhosis.»? It has not been
definitely shown that this diuresis is related
to an increase in the oncotic pressure of the
blood, since the immediate result of albumin
administration is an increase in plasma vol-
ume and, therefore, of total circulating protein
but with little or no change in the albumin
or total protein concentration of the plasma.?
The possibility exists that the administration
of albumin may be followed by an alteration
in renal function. We have attempted to
study the immediate effect of the rapid in-
jection of a large amount of albumin on
glomerular filtration rate and renal blood
flow.

Methods. The clearance techniques of
Smith, Goldring and Chasis* have been fol-
lowed, using inulin and sodium para-amino-
hippurate (PAH). In addition, samples of
renal venous blood have been obtained by
the catheterization procedure of Warren,
Brannon, and Merrill? and compared with
simultaneous samples from the femoral artery
for PAH content. The fraction of PAH ex-
tracted from the blood during passage through
the kidney has been determined by the for-
mula: Ext,., =— A-RV/A, where A and RV

* This work was supported by a grant from the
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represent the concentration of PAH (mg %)
in arterial and renal venous blood. Renal
plasma flow (RPF) has been determined
from the clearance and extraction of PAH
(RPF = C,un/Extye) and this value adjusted
by the hematocrit reading to obtain the renal
blood flow. Glomerular filtration rate was
estimated from the inulin clearance (Ciy,),
and the filtration fraction (FF) from the
ratio C,,/RPF. It will be noted that this
derivation of the filtration fraction differs
from that usually reported, where it is calcu-
lated from the inulin and PAH clearances
alone, and since the actual renal plasma flow
is always greater than the PAH clearance, our
values for FF are, therefore, lower than those
commonly accepted.

Following two control clearance periods
300 cc of a 25% solution of salt-poor human
serum albumin! were injected intravenously
in from 10 to 25 minutes. The bladder was
then emptied, the urine discarded, and the
experiment continued for three additional
periods. Three normal subjects, three pa-
tients with hypertension, one patient with
chronic glomerulonephritis without edema,
and one patient with the nephrotic syndrome
of subacute glomerulonephritis have been
studied in this manner. In addition, similar
clearance studies without catheterization of
the renal vein have been performed on 2
normal subjects and one patient with the
nephrotic syndrome.

Results. An immediate increase in plasma
volume after the injection of albumin was
indicated by a fall in the hematocrit reading
of all subjects. In all but-one of the subjects,
(J.M.) there was an immediate increase in
both the inulin and PAH clearances. In the
8 subjects from whom samples of renal venous
blocod were obtained, a decreased PAH ex-
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traction was found after albumin administra-
tion, so that the actual renal plasma flow
showed a greater rise than would be indicated
from the PAH clearance alone. The fall in
PAH extraction in patient J.M. more than
compensated for the slight decrease in PAH
clearance, so that he also showed an increased
plasma flow. Since the renal plasma flow
rose more than the filtration rate, there was
a fall in the fltration fraction of all subjects.
In spite of the marked drop in hematocrit
readings, there was an increase in renal blood
flow in all subjects.

The average increase in filtration rate for
the 11 subjects was 13% of the initial value.
The control filtration rates of the 2 patients
with the nephrotic syndrome (G.W. and
M.B.) were below normal, 66 and 77 cc/min.,
and following albumin, these rose to 110 and
129 cc/min., increases of 67 and 68%. The
increases in renal plasma flow ranged from
35 to 106%, averaging 589 for the group of
8 subjects in which it was measured. A sig-
nificant increase in the rate of urine flow was
seen in only one patient, G.W., who had
nephrosis and massive edema. All of the
subjects were undergoing a water diuresis at
the time of study, however, to facilitate the
clearance determinations.

The individual data are tabulated in Table
I. Fig. 1 illustrates the changes produced in
a patient with nephrosis. Fig. 2 demonstrates
the individual variations in the degree and
duration of the decreased PAH extraction,
and includes 6 additional subjects in whom
PAH extraction was determined at intervals
for similar periods of time but to whom no
albumin was given. These control subjects
demonstrate that water diuresis and renal
vein catheterization do not in themselves
cause changes in PAH extraction.

Discussion. Although the number of pa-
tients studied is too small to allow generaliza-
tion, several factors of interest may be noted.
It is apparent that the administration of
albumin is followed by definite changes in
renal hemodynamics, and any attempt to
explain the diuretic action of albumin must
take this into consideration.

These studies also emphasize the danger of
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Determinations of Renal Function Before and After the Injeetion of 75 Grams of Albumin.
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All figures are the averages of at least 2 clearunce periods.
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Schematic representation of the cffects of albumin administration.
represents the duration of injection of 75 g of albumin.

each clearance period.

studying the effect of a substance on renal
blood flow by means of the PAH clearance
alone. The effect of the substance on the
tubular extraction of PAH must also be
determined.  Since albumin actually in-
creased the urinary excretion of PAH in the
experiments reported here, a decreased ex-
traction would have appeared unlikely. The
data show that conclusions as to the extrac-
tion of PAH drawn from the rate of excretion
of PAH may be in error.

There are several possible explanations for
the decreased extraction of PAH. Functional
impairment of the cells of the proximal con-
voluted tubules must be considered. Tt is
conceivable that the injection of albumin led
to its increased filtration and subsequent re-
absorption, thereby over-loading the transfer
mechanism of the tubular cells. A more like-
ly explanation, however, is that accessory

The black bar
The arrows indicate the end of

vascular channels were opened to accommo-
date the increased volume of blood perfusing
the kidney, analogous to changes which have
been observed in cutaneous vessels during
saline infusions.® Morphologic studies have
demonstrated the presence of juxta-medullary
arterio-venous communications in the human
kidney;? diversion of a portion of the renal
blood flow through this pathway could ac-
count for the decreased extraction of PAH
and the decreased filtration fraction observed.
It is possibly significant that the 2 patients
with advanced renal disease (J.M. and B.H.,
represented by the lowermost lines in Fig. 2)

6 Altschule, M. D., Freedberg, A. S., and Me-
Manus, M. J., Arch. Int. Med., 1947, 80, 491.

7 Trueta, J., Barelay, A. E., Daniel, P, M,
Franklin, K. J., and Prichard, M. M. L., Studies
of the Renal Circulation, Chap. IV, Charles C.
Thomas, Springfield, 1947.
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The fall in PAH extraction after albumin.
tion of arterial and renal venous samples.

showed the greatest and most prolonged fall
in PAH extraction following albumin, since
juxtamedullary shunts are most prominent in
the granular, contracted kidneys of chronic
nephritis and nephrosclerosis.”

The apparent decrease in the extraction
of PAH might be due to a change in the rate
of its acetylation. Determinations of total as
well as free PAH after albumin have elimi-
nated this possibility.

Summary. 1. The rapid intravenous in-
fusion of 75 g of human serum albumin pro-
duced a consistent increase in glomerular

Each point represents the simultaneous collec-

filtration rate and renal blood flow. These
changes were accompanied by both an in-
creased clearance and a decreased tubular ex-
traction of sodium para-aminohippurate. 2.
In 2 patients with the nephrotic syndrome of
chronic glomerulonephritis the administration
of albumin increased the filtration rate from
low to normal levels, and in one of these pa-
tients produced a marked diuresis. 3. A
possible mechanism for the decreased tubular
extraction of PAH accompanying an increased
renal blood flow is presented.





