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The preparation of a pure, concentrated human
serum albumin by Cohn and his associates (1)
offers a unique opportunity for the study and treat-
ment of patients with a deficiency of serum albu-
min. The homogeneity of this material permits the
tracing of the administered protein (2), while the
infrequency of untoward reactions on the patient
and the freedom from risk of homologous serum
jaundice allow the use of albumin in cases in
which the physician would hesitate to administer
whole plasma or plasma substitutes (3-5).

The severe deficiency of albumin in the nephro-
tic syndrome presents a strong indication for al-
bumin therapy, but treatment with albumin has
produced quite variable effects on hypoproteine-
mia and edema (4-9). The variability of clinical
and chemical response in different patients and
in the same patient at different times led us to
examine in detail the effects of the administration
of concentrated human serum albumin to patients
with the nephrotic syndrome. The results call
for a re-examination of some of the basic assump-
tions concerning the hypoproteinemia and edema
of nephrosis.

PATIENTS

Thirteen patients with the characteristic features of the
nephrotic syndrome have been treated. No patients with
marked hypertension or renal insufficiency were included.

The patients were put to bed and given a diet calculated
to contain protein, 1 gram/kg. and sodium 0.5 m.eq./kg.
per day, with fluids ad lib. When the fasting weight

1 This investigation was supported by a research grant
from the Division of Research Grants and Fellowships
of the National Institute of Health, U. S. Public Health
Service.

The concentrated human serum albumin used in this
study was made available in the largest part by the
American Red Cross, and in smaller amounts for specific
cases by, the Sharp and Dohme Company and by the
U. S. Navy.

2 Present address: Stanford University Hospitals, San
Francisco 15, California.

became stationary for three or more successive days,
treatment with concentrated human serum albumin in 25%
solution was begun. Albumin was administered through
a 20 or 21 gauge needle, at a rate of 25 grams in 40 to
60 minutes.

Twenty courses of albumin therapy have been given,
varying from three to six days in length. The usual
dosage was 50 grams per day, but daily dosage was modi-
fied in four cases to meet individual problems. Only 25
grams per day were given to one older patient as a pre-
caution against possible cardiovascular complications.
Dosage was reduced to 25 grams per day for two women
who complained of severe headache after larger doses.
Seventy-five grams per day were given to one patient in
whom50 grams had failed to induce diuresis, but the only
additional effect was an increased proteinuria.

The duration of treatment was guided by the effects.
In the early cases, we received the impression that the
maximal diuresis occurred in the first few days of treat-
ment, so that if diuresis failed to appear in three to five
days, treatment was stopped. If a good diuresis appeared,
treatment was continued until the weight became sta-
tionary and/or edema disappeared. These principles were
tentative and were determined to some extent by the
availability of albumin at that particular time.

METHODS

These have been described in an earlier report (2).
The following minor changes have been made. No at-
tempt has been made to determine the plasma volume
with T-1824 when fasting serum was visibly lipemic.
Plasma protein concentration was determined by nitrogen
content, which has also been used for albumin determina-
tion by sodium sulfate fractionation. Albumin concentra-
tion, measured by electrophoresis, cannot be calculated
from the total protein concentration measured by nitrogen
content, since the refractive index of lipid-rich plasma is
higher than expected from its nitrogen content (10, 11).
Since the electrophoretic analysis measures the proportion
of colloid refractive increment contributed to serum by
albumin, this percentage has been applied to the total
colloid refractive increment of the serum to ascertain the
refractive increment contributed by albumin. As the spe-
cific refractive increment of albumin is known, the albu-
min concentration can be calculated. This calculation
yields a value for albumin concentration which is lower
than the value obtained from the sodium sulfate fraction,
which is known to be contaminated with globulin. The
difference between the two values for albumin concentra-
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tion was constant in the same individual from time to
time, but among eight different patients of this series the
difference varied from 0.2 to 1.0 gram per 100 cc.

RESULTS

1. Plasma volume. Following each injection of
concentrated albumin, there was a rapid expansion
of plasma volume (Figure 1). The dilution of
the blood was often clearly visible as lipemia and
hemoglobin concentration declined. Measurement
of the plasma volume with blue dye, T-1824, con-
firmed the hemodilution when the plasma was clear.
If the plasma was even slightly lipemic, dilution
increased light transmission very greatly, giving
further evidence of the dilution of the blood but
making the direct determination of dye impos-
sible. The concentration of globulins in the plasma
decreased after each injection of albumin (Figure
2). The concentrations of the globulins and of
hemoglobin rose again in the intervals between in-
jections.

The various methods agreed on the large mag-
nitude of the increase of volume. The data ob-
tained by several methods in one patient are
presented in Figure 3. Volumes based on the fall

in hematocrit probably exaggerated the extent of
the changes. Measurement of the hemoglobin
concentration indicated a smaller change in plasma
volume. The dilution of the blue dye T-1824 was
also less than the dilution of the blood cell volume.
Dilution of the plasma globulin (determined by
electrophoresis) corresponded reasonably well
with the other determinations. In calculations
involving plasma volume, the dilution of T-1824
has been used.

Observation of the patient confirmed the in-
creased blood volume. After each injection, the
veins of the neck became fuller as the venous pres-
sure rose a few centimeters of water. Transitory
increases in pulse rate and blood pressure were
common. A sensation of fullness in the head and
neck was sometimes noted by the patient. Dyspnea
sometimes followed the administration of albumin
when the vital capacity was seriously reduced by
pleural effusions and ascites.

When 50 to 75 grams of albumin were given
daily, there was considerable individual variation
in the duration of the effect on plasma volume
(Figure 1 ). In some cases, the increase in volume
was sustained for many hours. Subsequent in-

ALBUMIN

VOLUME o 1 2 3 4 5 6 1

DAYS
FIG. 1. EFFECT OF INTRAVENOUSADMINISTRATION OF ALBUMIN

ON THE PLASMAVOLUME
All volumes are related to the initial volume taken as unity.

The heavy outlines show the range, and the broken line gives
the average of measurements during 12 courses of treatment of
nine patients. Note the large increase in plasma volume after
each dose of 100 cc. of 25% solution of albumin.
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AMS IV. TWICE DAILY most strikingly on the first two days of therapy
*+*(Table I). Subsequent injections produced much

t smaller changes in the concentration of plasma al-
e. e ._bumin, which fell quickly when therapy was stopped

(Figure 2). A cumulative increase in albumin
concentration beyond the first few days is possible
when proteinuria is minimal and when diuresis

,--*O~-_ follows (Table I).
_____________ e The increased albumin concentration was re-

flected in a parallel rise in colloid osmotic activity
of the plasma (Figure 5).

The change in the total protein concentration
was less striking and frequently was negligible
(Table I, Figure 2). When concentrated albumin
solutions are injected intravenously, the added al-
bumin draws into the plasma a large volume of ex-
tracellular fluid. The plasma globulins are diluted,
and the concentrations of the various electrophore-
tic fractions fall in a uniform fashion as the albu-

] /min concentration rises. Since albumin has a

higher osmotic activity than most of the proteins of
J nephrotic plasma, more water per gram of protein

a . may enter the plasma than was originally present.
3 4 5 Thus the total protein concentration may decrease

Us ADMINISTRATION OF after an injection of albumin, even though the os-
S OF PLASMAPROTEIN, motic activity of the plasma is increased by the

rise in concentration of albumin (Figure 5). On
eatment of 11 patients. later days of treatment, the total protein concentra-
e and the middle lines tion tended to rise slowly, but there was consider-*V nrlh*1Pto ootne average oI tne inalviauaL cases. an inJecLLion was

followed by an increase in the plasma albumin concentra-
tion, while the globulin concentration fell. Treatment
had little effect on the total plasma protein concentration
in the ten instances whose average is shown by the broken
line, but in four patients, there was a definite increase in
the protein concentration, indicated by the dotted line.
All of these four patients were free of edema at the end
of treatment.

jections on the same day produced further in-
creases, and the volume did not return to the base
line overnight (Figure 4). In Case 1, a maximum
was reached on the second day at a volume nearly
double the control levels (Figure 5). In other
cases, the maximum was reached more slowly.
In a few instances, the plasma volume returned
rapidly toward its usual level, and cumulative in-
creases in volume on successive days. were small
or absent (Figure 1).

2. Concentration of albumin and globulins in
plasma. In most of the patients studied, the con-
centration of albumin in the plasma was increased

ALBUMIN
WMS1.V TWICE

PLASMA
VOLUME

LITERS

DAYS

FIG. 3. CHANGESIN PLASMA VOLUMECALCULATED
FROMDILUTION OF DYE, HEMATOCRIT, HEMOGLOBINAND
GLOBULIN, IN A PATIENT RECEIVING ALBUMIN (CASE 1)

The initial plasma volume was determined with the
blue dye T-1824. Subsequent changes were calculated on
the basis of dye (square), hematocrit (solid circle), total
hemoglobin determined as cyanmethemoglobin (open cir-
cle), and globulin determined by electrophoresis (cross).
All data agree on the large increases in volume. The
hematocrit tends to exaggerate the change.

PLASMA
PROTON
GM./lOOcc.c

ALBUMIN
GMAoOc.c.

GLOBULIN
GM/IOOcc.
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able variation from patient to patient. Two fac-
tors which influenced the changes in plasma pro-
tein and albumin concentration were variations in
edema and the loss of albumin from the plasma.

3. Effect of edema on the plasma protein con-
centration. The lack of a sustained diuresis fol-
lowing treatment was apparently also a factor
favoring dilution rather than concentration of the
plasma proteins. The three patients whose plasma
protein concentration approached normal were
completely free of edema at the end of treatment
(Figure 6). In general, the patients with the least
edema, showed larger increases in plasma protein
concentration. When edema was massive, the
changes in plasma protein concentration were
smaller and less consistent in direction.

Diuresis can occur without an increase in plasma
protein concentration, and with an increase in al-
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FIG. 5. EFFECTS OF TREATMENTWITH ALBUMIN ON THE

PLASMAPROTEINS IN CASE 1

All data are plotted as per cent of normal.
The total circulating protein (solid circles, broken line)

is the product of the plasma volume, and the plasma pro-

tein concentration (open circles, solid line). During
treatment, the total circulating protein was increased
almost to the normal range (equivalent to 6% protein
and a normal plasma volume), but was so diluted by
extracellular fluid that there was no appreciable increase
in plasma protein concentration. The colloid osmotic
pressure and albumin concentration of the plasma were

approximately doubled, but the patient was still massively
edematous at the end of treatment.

bumin concentration no larger than that observed
in cases with persistent edema (Figures 6 and 7).
In no instance, however, did the plasma protein or

. . _ . _ , . albumin concentration approach normal levels
I 2 3 4 5 6 without a preceding complete relief of edema

(Figure 6, Table I).
'S OF TREATMENTWITH ALBUMIN ON; THE 4. Total circulating protein. When the total
ASMA PROTEINS IN CASE 7

peR eInt circulating protein is calculated from the proteinplotted as per cent of normal.
cnetainadvlm ftepami seitotal circulating protein was increased to concentration and volume of the plasma, it is evi-

fter two days of treatment. Diuresis be- dent that the injection of concentrated albumin can
day and was complete by the end of the effectively replace the deficit of circulating albu-

*eatment. On the third day, the plasma*umin concentrations rose to the lower min. The total circulating protein was approxi-
1. mately doubled, reaching 75-125% of the normal
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PLASMAPROTEIN CONCENTRATION

In five such cases followed from four months to
2½2 years, the proportion of albumin in the elec-
trophoretic pattern varied less than 5%o between
any two analyses on the same patient. All five
analyses of the serum of one patient and the two
analyses of serum of another patient showed a
proportion of albumin within ± 1%o of the mean.
The proportion of albumin, reproducible within
the error of the method, was grossly increased dur-
ing treatment with albumin, but returned within
four to 30 days (average 14 days) to the pre-
treatment level.

FIG. 6. RELATION BETWEENCHANGESIN EDEMAAND
IN PLASMA PROTEIN CONCENTRATION OF PATIENTS
TREATEDWITH ALBUMIN

Edema is expressed as per cent of usual body weight.
Each arrow indicates the change in plasma protein con-
centration and in edema during a course of treatment
with albumin, the head of the arrow representing condi-
tions at the end of treatment. Note that patients with
heavy edema generally had small increases or decreases
in the plasma protein concentration after albumin treat-
ment. A plasma protein concentration approaching nor-
mal was seen only when edema was eliminated.

total 3 after two or three days of treatment (Fig-
ures 4 and 5). The proportion of albumin was
usually increased until it equaled or exceeded the
amount of globulin (Figure 2). This almost com-
plete replacement of the plasma proteins was not
regularly followed by a corresponding increase in
plasma protein concentration because of the great
dilution of the plasma.

5. Duration of effects of treatment. The effects
of intravenous albumin on the circulating proteins
persisted for only a short time after treatment was
stopped. The plasma volume and albumin con-
centration declined as albumin was lost in the
urine, usually reaching the control level within a
week or two, depending on the rate of urinary loss.
In chronic, stationary cases of nephrosis, the pro-
portion of the blood proteins was often constant
for months. When such patients were treated
with albumin, the electrophoretic pattern returned
with great accuracy to the pre-treatment picture.
Persistent changes in the plasma proteins after
treatment probably result from a more funda-
mental alteration in the pathological state.

3'"Normal circulating protein" = (plasma volume ex-
pected from height, edema-free weight, and sex) X (7.5
grams of protein per 100 cc.).

CHANGEIN
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FIG. 7. THE RELATION BETWEENPROTEINURIA AND

CHANGESIN PLASMA ALBUMIN AND TOTAL PROTEIN
CONCENTRATIONS

Each point represents a course of albumin treatment,
and indicates the change in concentration of plasma albu-
min or protein during treatment, compared with the
amount of protein lost in the urine on the later days of
treatment when proteinuria was maximal. Essentially the
same relationship is noted when the per cent of total
injected protein lost in the urine during treatment is
charted in place of maximal proteinuria. The degree of
edema at the end of treatment is indicated by the symbols
as heavy (X), slight (open circle), or absent (solid cir-
cle). Note the relatively small effect of the large varia-
tion of proteinuria on the change in plasma protein con-
centration. Relief of edema was infrequent in patients
who developed massive proteinuria, and was quite variable
in patients with little proteinuria. The largest increases
of plasma albumin and protein concentration occurred in
patients who eliminated their edema while they retained
protein.
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DISTRBUTION OF INJECTED ALBUMIN.
DAY OF FIRST DAY LAST DAY POST-TREATMENT
TREATMENT

CAS 7 a

7DAYSPOSTF.IL(

CASE9

6 DAYSFI,.

11 DAYSPOST-6P

CASE 3

5 DAYSjI

8 DAYSPOST- F~

CASE I

4 DAYS I6.
6 DAYSPOST-6~.

P

FIG. 8. FATE OF INJECTED ALBUMIN AFTER ONEDAY
OF TREATMENT,AT THE ENDOF SEVERALDAYSOF TREAT-
MENT, AND Six To 11 DAYS AFTER THE END OF TREAT-
MENT

P = Albumin retained in plasma in excess of control
U= Albumin in urine in excess of control
T = Administered albumin not found in plasma or urine
N= Non-protein nitrogen from catabolism of albumin

The area of each circle represents the total dose of
albumin administered, up to and including stated day.
The distribution of the albumin is indicated by the areas

of the various sectors.
Cases are arranged in order of response to therapy,

from complete diuresis and normal protein level at the
top of the chart (Cases 7 and 9) to failure to affect
hypoproteinemia and edema (Cases 1 and 3) at the bot-
tom of the chart. Note the relatively constant proportion
of albumin stored in the tissues at the end of treatment.
There is some correlation between amounts of albumin
held in the plasma or lost in the urine, compared with the
results of treatment in the first four cases. The failure
of treatment in Case 1, however, can not be explained on

this basis.

6. Fate of injected albumin. Much of the albu-
min given by vein disappeared from the circulation.
A small part of the lost albumin appeared in the
urine on the first day of treatment (Figure 8).
If treatment was continued, a larger propor-

tion was lost in the urine, reaching a plateau on

the third or fourth day (Figure 9). In more

severe cases, the entire daily dose of albumin was
lost in the urine after the first few days of treat-
ment, but in milder cases, most of the administered
albumin was retained in the body (Table I).

Between 33%o and 55%o of the injected albumin
could not be found in the plasma or in the urine at
the end of treatment (Figure 8). This protein
must have passed into the extracellular fluid, and
a part may have entered the cells, where it could
be stored or burned. A few efforts were made to
locate the lost protein. Samples of effusions and
fluid before and after treatment were obtained
when edema was not relieved by treatment. Anal-
ysis of these fluids for protein indicated that the
injection of albumin increased the protein content
of effusions and of interstitial fluid, but that both
initial and final concentrations were very low.
In Case 12, edema fluid, collected from each leg
by Southey's tubes, contained 0.055%o and 0.049%
protein before albumin was given. The adminis-
tration of 25 grams of albumin increased the con-
centration to 0.064%o and 0.056%o in the two legs.
The protein concentration fell to the control level
within four hours in the right leg, from which fluid
continued to drain at a rate above 1 liter per day.
The flow of fluid from the left leg fell to less than
half the control rate for 48 hours, while the protein
concentration remained at a level of 0.063%o, and
then the flow increased again, with a correspond-
ing fall in protein concentration to the control
level. This sort of data suggests that in the tis-
sues, as well as in the plasma, shifts of fluid may
affect the concentration of protein. One may re-
call a similar effect in Drinker's studies on the
protein content of lymph. The important point
is that the injection of albumin appeared to make
only an infinitesimal change in a minute con-
centration.

The effect on the protein concentration of ascitic
fluid was also very small. In Case 8, 150 grams of
albumin in three days raised the protein concen-
tration of 4 liters of ascitic fluid from 0.1% to
0.3%o, while the weight dropped 1 kg., the plasma
protein concentration fell slightly, and the plasma
albumin concentration rose by approximately 65 %o
above its initial level. In Case 12, 250 grams of
albumin in five days raised the protein concen-
tration of ascitic fluid from 0.1%o to 0.2%o. Al-
though edema increased steadily despite treatment
in this patient (see Table I), only 1 liter of ascitic
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fluid could be obtained at the end of treatment;
doubtless, more was present, but not a great col-
lection.

Rough calculation from these data indicates that
the amount of protein lost into the extracellular
fluid would hardly account for all of the lost pro-
tein. This conclusion might also be inferred from
the similar loss of albumin into the tissues,
whether the patient is massively edematous or vir-
tually edema-free (Figure 8). It seems likely that
some of the protein was stored intracellularly.
Some attempts were made to study such storage
by the method of comparing nitrogen, potassium,
and phosphorus balances, used by Albright, Reif-
enstein, and Forbes (12). The results were con-
fused by the major changes in excretion of these
elements, due to alterations in renal function and
diuresis which followed albumin therapy. These
changes will be commented upon in connection
with nitrogen balance. At the end of two weeks,

IALBUMIN
14

IAILY 12 /
EXCRETION

IN URINE 10

sv
NON-PROTEN6 v

NITROGEN /
4-

6 -

ALBUMIN

most of the injected albumin nitrogen could usu-
ally be accounted for as excess albumin and non-
protein nitrogen in the urine (Figure 8).

7. Effect on nitrogen balance. Study of the
total nitrogen balance fails to describe adequately
the changes during albumin therapy of nephrosis.
It is important to separate the protein and non-
protein fractions, which show different and some-
times opposite changes. It is also necessary to
take into account changes in the volume and com-
position of body fluids which follow the adminis-
tration of albumin (Figure 10).

Most of the albumin administered on the first
day of treatment is retained in the body, but it has
already been shown that more and more of the
injected albumin may be lost on later days of treat-
ment (Figures 8 and 9). When treatment is
stopped, protein is lost in the urine in amounts
considerably above the control level for several
days. The excess protein in the urine is almost

8 8 8 8 GmSN i.V
4,,.4

GLOBULIN
0

u ! 8
-
I I

DAYS I 2 3 4 5 6 i 8 9 0o iI 12 (3 (4

']
-75

FIG. 9. EFFECTS OF ALBUMIN ADMINISTRATION ON THE ExcRETIoN OF
NON-PROTENNITROGEN, ALBUMIN, AND GLOBULIN IN THE URINE

The outer lines show the range, and the central line indicates the aver-
age for nine patients.

Note the immediate increase in urinary non-protein nitrogen on the first
day of treatment, and the fall below the base-line after the end of treat-
ment. The increased protein in the urine, rising to a plateau after several
days of treatment, is composed almost entirely of albumin. The increased
nitrogen excretion during the second week is probably related to the
catabolism of albumin stored during treatment.
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FIG. 10. EFFECTS OF ALBUMIN THERAPYON NITROGEN
BALANCE

In both balance charts, intake is plotted down from the
base line (0) to the bottom of the shaded area. The
nitrogen excreted by several routes is indicated as fecal,
protein nitrogen (PN), and non-protein nitrogen (NPN).
If the sum of these excretions falls below the base-line,
the patient is in positive balance, i.e., intake exceeds out-
put. If the total rises above the base line, the patient is
in negative balance.

The upper chart represents total nitrogen balance,
which reflects not only the metabolism of protein, but also
changes in the volume and composition of the body fluids.
In the second chart, the total balance is corrected for
changes in body water, non-protein nitrogen concentra-
tion, and total circulating albumin, which are plotted be-
low on an equivalent scale in terms of the grams of
nitrogen which they represent. In this correction, non-

protein nitrogen which is removed from the body fluids
by diuresis and improved renal function is subtracted
from the nitrogen excretion, since it does not represent
any change in protein catabolism, but simply a shift from
body fluids to urine. The nitrogen which accumulates in
the body fluids after treatment is added to the nitrogen
excretion, where it would appear if renal function were
more efficient. Similarly, albumin which accumulates in
the plasma during treatment, only to be excreted in the
urine after treatment, is calculated as if it had not been
retained. In the corrected chart, the storage and delayed
catabolism of albumin in the cells can be seen, free from
the extracellular and renal changes which complicate the
total balance chart.

entirely albumin, as globulin excretion is little
affected.

The changes in excretion of non-protein ni-
trogen (NPN) are different in several respects
(Figures 9 and 10). At the beginning of albumin
therapy, there is an increased excretion of NPN.
The NPNconcentration of the blood usually falls,
averaging 7 mg. per 100 cc. lower at the end of
treatment, with the largest decreases from blood
levels above 30 mg. per 100 cc. After the end of
treatment, the excretion of NPNfalls temporarily
below the control level, and the NPNconcentra-
tion of the blood increases.

The initial rise of non-protein nitrogen in the
urine can usually be related to the excretion of
body water and to a fall in the NPNconcentration
of the body fluids and does not represent an in-
creased catabolism of protein 4 (Figure 10). The
exact reverse of this effect may occur when treat-
ment is stopped. Within two weeks after albumin
therapy, an excess of nitrogen equivalent to the
injected albumin is usually excreted or can be ac-
counted for in the increasing volume and NPN
concentration of the body fluids. These changes
give an irregular appearance to the level of NPN
excretion (Figures 9 and 10) which can be resolved
into three phases: (a) increased renal excretion,
(b) decreased renal excretion, (c) increase due
to albumin catabolism. If the crude nitrogen bal-
ance is corrected so as to eliminate changes in vol-
ume and concentration of NPN and albumin in
the body fluids, it is possible to visualize the stor-
age and delayed catabolism of the albumin adminis-
tered. Figure 10 shows the relative magnitude of
these changes in a patient with good renal function
and a moderate diuresis.

8. Effects of loss of albumin in the urine. The
loss of albumin in the urine during treatment varied
considerably from patient to patient. In some
cases, the greatest daily loss was less than 20%o of
the injected albumin, but in other cases, most or all
of the albumin was wasted in the urine. One
might assume that this variability in loss would be
reflected in the increase of plasma protein and al-
bumin concentration during treatment. It is evi-
dent from the data in Figure 7 that variations in

4 This artificial change in external nitrogen balance
appears to be caused by the increased glomerular filtration
rate and diuresis which usually occur on the first days
of albumin therapy (2, 18).
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proteinuria have little systematic effect on the
increase in plasma protein concentration, and only
a slightly more dependable effect on the increase in
albumin concentration during albumin replace-
ment. This poor correlation probably is simply
another indication that dilution of the added pro-
tein suppresses any large increase in concentra-
tion unless diuresis occurs. When proteinuria is
relatively small and when diuresis occurs during
treatment, a much larger increase in albumin and/
or plasma protein concentration may follow (Fig-
ure 7).

The difference between the curves of total cir-
culating protein in Figures 4 and 5 is probably the
best indication of the effect of variation in pro-
teinuria. In Figure 5, increasingly heavy pro-
teinuria blocked further increase in total circulat-
ing protein after two days of treatment. In Fig-
ure 4, minimal loss from the plasma allowed cumu-
lative increases in the total circulating protein on
each day of treatment. Heavy proteinuria can
thus greatly reduce the efficiency of albumin re-
placement and presumably may reduce the prob-
ability of a diuresis (Figure 7).

DISCUSSION

Concentrated human serum albumin has proved
to be a useful therapeutic agent in five of our 13
cases of the nephrotic syndrome treated for brief
periods. The relief of edema, with or without ele-
vation of the plasma protein concentration, was
followed by a considerable physical and psycho-
logical improvement. The effects of albumin on
the blood proteins were temporary, but the reac-
cumulation of edema could be prevented or de-
layed by restriction of sodium intake. No funda-
mental change in the course of the disease has been
apparent after albumin therapy. In these and
many other respects, our results confirm the stud-
ies of Janeway (4, 5) and Thorn (6).

Some of the experimental observations during
treatment with albumin support certain current
views of the pathologic physiology of the nephrotic
syndrome. For example, the effect of increased
colloid osmotic activity of the plasma on fluid ex-
change at the capillaries was clearly demonstrated
by the increased plasma volume after an injection
of concentrated albumin.

Heavy loss of protein in the urine was obviously
a serious drain on the patient's circulating pro-

tein. The loss of protein in the urine might not
appear serious in the control periods, but when al-
bumin was given intravenously, the increased
plasma albumin concentration was reflected in an
increased proteinuria. In general, heavy protein-
uria during treatment occurred in patients who
showed a very low plasma albumin concentration
and/or a heavy proteinuria before treatment, indi-
cating a high degree of renal permeability to al-
bumin. In such patients, the loss of over half of
the injected albumin in the urine greatly reduced
the efficiency of plasma albumin replacement. In
other patients with little albumin in the urine
and a higher plasma albumin concentration before
treatment, effective replacement of plasma albu-
min could be achieved quite economically (Table
I).

The large variation from patient to patient in
urinary loss of protein seemed to have a surpris-
ingly small effect on the effects of treatment.
Patients with massive proteinuria showed in-
creases in plasma protein concentration nearly as
large as those shown by patients who lost only a
small amount of the injected protein in the urine.
The other routes of loss from the plasma ("tis-
sues") absorbed a fairly constant proportion of
the injected protein. The variable fraction of al-
bumin remaining in the plasma was apparently
diluted to approximately the same concentration in
nearly all cases. When diuresis occurred, how-
ever, concentration of the added protein could be
achieved, and it was in this group of patients who
lost their edema that the highest plasma protein
concentrations were reached. These patients gen-
erally retained much of the injected albumin, but
some other patients failed to eliminate their edema
even though they retained equally as much of the
injected albumin.

These findings do not support the concept that
the edema of nephrosis is the simple consequence
of a deficiency in albumin. It is necessary to dis-
tinguish clearly between replacement of the albu-
min deficit in grams of protein, and increasing the
plasma protein concentration in grams per 100 cc.
The albumin deficit can usually be made up by in-
travenous administration of albumin. To increase
the concentration of plasma albumin and protein
to normal is a much more difficult matter if diuresis
does not occur.
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In the presence of an excess of extracellular
fluid, it seems difficult to raise the plasma protein
concentration, since fluid dilutes the added albu-
min to a concentration approximating that of the
original plasma. The administration of albumin
thus increases the volume rather than the protein
concentration of plasma. There are two obvious
methods of increasing the plasma protein concen-

tration under these circumstances. One solution
is to remove the excess of extracellular fluid so as

to permit the increase in osmotic pressure without
excessive dilution of the blood, but this is not a

simple matter if the kidneys fail to excrete the
fluid. The other possible way to increase protein
concentration is an apparent absurdity, the sub-
stitution of an osmotically inactive protein. Albu-
min may be osmotically ineffectual if its concen-

tration increases equally in the plasma and in the
interstitial fluid. This situation occurs in the as-

cites of some patients with hepatic cirrhosis (7, 13,
14) and in the edema fluid of patients with an un-

usual form of idiopathic hypoproteinemia (7).
What little evidence we have indicates that the pro-
tein concentration of the edema fluid in nephrosis
is too low to influence appreciably the effective col-
loid osmotic pressure of the plasma proteins. The
logical conclusion of this line of thought is that in-
jected albumin can be concentrated in the plasma
of an edematous patient with nephrosis only if an

effective diuresis ensues. If a diuresis does not
follow, an anomalous situation occurs, in which the
total circulating protein approaches normal, but
the protein concentration remains very low, while
the plasma volume becomes abnormally large.
This mobilization of fluid at the peripheral capil-
laries without a corresponding diuresis throws the
responsibility for the intractable edema directly on

the kidney's failure to eliminate the excess of fluid.
The conjunction of plasma albumin depletion

and of the retention of fluid is sufficiently common

in nephrosis to justify the usual explanation of
edema on the basis of hypoproteinemia. The ob-
servant clinician, however, will note that major
changes in edema may occur without comparable
changes in plasma protein or albumin concentra-
tion (15-17). Wenow have evidence suggesting
that such changes in edema are due to variations
in renal excretion of sodium and water, which are

not explicable as a sequence of proteinuria, de-
pletion of plasma albumin, lowered plasma colloid

osmotic pressure, and escape of fluid from the
capillaries (18, 19). Change in the volume of the
plasma and interstitial fluids must be considered
as an independent factor which is equally as im-
portant as change in total circulating protein in
determining the plasma protein concentration.

The importance of sodium retention in the pro-
duction of edema is emphasized by the greater di-
uretic effect of salt-poor albumin (5, 6), suggested
by the data in Table I. The sodium balance of
these patients will be the subject of another re-
port. It may suffice to say here that many pa-
tients with nephrosis have great difficulty in ex-
creting sodium in certain phases of their disease
and that treatment with albumin may or may not
have a large effect on the excretion of sodium. In
an occasional patient, sodium restriction seems to
be unimportant (see Case 2, Table I) during a
brief course of treatment with albumin or during
a spontaneous relief of edema. In most patients,
however, it appears to be necessary to limit the in-
take of sodium if albumin is to be used most ef-
fectively as a diuretic.

The questions of optimal dosage and duration of
treatment with albumin were not examined in this
study. Two relevant pieces of information may be
noted, however. The very large increase in plasma
volume, the increased venous pressure, and the
dyspnea occurring in patients with vital capacity
already reduced by effusions, all suggest that
doses larger than 50-75 grams per day should be
given with the greatest caution and abandoned at
the first signs of cardiac or respiratory difficulty.
The loss of efficiency of albumin replacement after
the first two to four days of treatment suggests
that if some improvement fails to occur within a
few days, treatment with albumin is likely to prove
a very slow, costly and inefficient diuretic. It
would seem easier and safer to remove the fluid
with Southey's tubes if intensive or prolonged
treatment with albumin appears likely to be risky
or inefficient. The most important function of al-
bumin is to replace the deficit of plasma proteins.
If this replacement does not result in diuresis,
more efficient methods of disposing of the edema
may be indicated.

SUMMARY

1. The administration of concentrated human
serum albumin in dosage of 50 grams per day for
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three to six days to patients with the nephrotic
syndrome regularly results in a large increase of
plasma volume and of total circulating protein.

2. The proportion of albumin in the plasma is
considerably increased.

3. The plasma protein concentration is often
not significantly increased, even though the total
circulating protein is replaced to nearly normal
levels, because of the great dilution of the blood by
fluid mobilized from the tissues and not excreted
in the urine. This result was observed in six of the
13 patients.

4. Five patients were essentially free of edema
after four to six days' treatment. These patients
showed a larger average increase in concentration
of plasma protein and albumin than patients with
persistent edema showed, but there was a large
individual variation.

5. Wehave not observed a plasma protein or
albumin concentration approaching normal levels
without a preceding complete diuresis. Elimina-
tion of the bulk of the protein-free edema fluid is
apparently necessary before the serum protein
concentration can be raised to normal levels.

6. Diuresis can occur without an increase in
plasma protein or albumin concentration greater
than that observed with persistent edema. Small
increases in the colloid osmotic pressure evi-
dently suffice to mobilize a large amount of edema,
provided that the kidneys excrete the mobilized
fluid.

7. The replacement of plasma albumin is hin-
dered to a variable extent by the loss of albumin in
the urine, which increases as the plasma albumin
concentration is increased by successive days of
treatment. When proteinuria is massive, the effi-
ciency of protein replacement becomes very poor
after the second or third day of treatment. We
were unable to increase the plasma protein con-
centration to a useful degree in any case with mas-
sive proteinuria. Whenproteinuria is slight, cumu-
lative increase in total circulating proteins can be
maintained for a longer period, and the likelihood
of diuresis appears greater.

8. The increase in plasma protein and albumin
concentration after treatment with albumin is only
slightly larger in patients with smaller amounts of
proteinuria, since the protein retained in the plasma
is diluted to nearly the same extent as the protein
originally present. Whenedema is eliminated, the

concentration of proteins and albumin in the plasma
may increase more strikingly.

9. At the end of treatment, a fairly constant pro-
portion of the administered albumin cannot be
found in the urine or plasma. Some of this albu-
min appears in effusions and edema fluid, when
present, but another portion is probably stored in
the cells of the body. At the end of two weeks, all
of the nitrogen injected as albumin can be ac-
counted for as excess albumin and non-protein ni-
trogen in the urine.

CONCLUSIONS

1. Concentrated human serum albumin is an ef-
fective therapeutic agent for the temporary re-
placement of the deficit of circulating albumin in
the nephrotic syndrome.

2. The efficiency of replacement is obviously
reduced in patients with massive proteinuria.

3. It seems very difficult to increase the plasma
protein concentration in the presence of an excess
of edema fluid of low protein content because of
the great dilution of added protein.

4. It is suggested that removal of edema may be
a necessary step in increasing the plasma protein
concentration, as well as vice versa.

5. Both the edema and hypoproteinemia of the
nephrotic syndrome are aggravated by the failure
of the kidney to excrete excess fluid, and are there-
fore not necessarily corrected by replacement of
plasma albumin deficit.
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