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THE USEOF CONCENTRATEDHUMANSERUMALBUMIN IN THE
TREATMENTOF CIRRHOSIS OF THE LIVER1

By HENRYG. KUNKEL, DANIEL H. LABBY,2 EDWARDH. AHRENS, JR.,
ROBERTE. SHANK,3 AND CHARLESL. HOAGLAND4

(From the Hospital of The Rockefeller Institute for Medical Research, New York City)

(Received for publication November 12, 1947)

The formation of ascites in patients with cir-
rhosis of the liver probably depends on at least
three factors: (1) hypoalbuminemia, (2) portal
hypertension, and (3) increased amounts of cir-
culating antidiuretic substance. The relative im-
portance of these factors varies with the individual
patients. Although the formation and disappear-
ance of ascites do not correlate perfectly with levels
of serum albumin in all patients, in the majority
of cases the two findings are coincident and ap-
parently related (1, 2). The use of concentrated
human serum albumin in these patients for its
osmotic effect would be expected to cause a
diuresis. The extent to which this diuresis is pro-
duced would depend in large part upon the relative
importance of the various factors of ascites pro-
duction, being most marked in those patients in
whom hypoalbuminemia is most specifically at
fault.

The observations of Janeway (3) and Thorn
(4) and their co-workers in patients with liver
disease demonstrated that the albumin level of the
serum could be raised to normal by repeated in-
jections of albumin. Certain of their patients
showed a loss of edema and ascites but the oncotic
effects were disappointing in their experience.

1 The serum albumin used in this study was supplied
in part by the Bureau of Medicine and Surgery, United
States Navy, and in part by the American National Red
Cross. It was prepared from blood collected by the
American Red Cross from voluntary donors.

This is one of a series of investigations on serum
albumin being carried out with material supplied by the
American National Red Cross. As soon as sufficient
data become available to justify final conclusions con-
cerning its therapeutic value, a full report to the medical
profession on the use of serum albumin in medical prac-
tice will be published.

2Present address: University of Oregon Medical
School, Portland, Oregon.

8 Present address: Public Health Research Institute of
The City of New York, Inc., New York.

4Deceased, August 2, 1946.

While the largest portion of the administered al-
bumin did not remain in the blood stream, ni-
trogen balance studies showed that this protein
had been retained, presumably in the tissues.
The question as to whether parenterally adminis-
tered albumin is utilized in building tissue protein
is not completely clear, however. The work of
Whipple and co-workers (5, 6) in dogs has indi-
cated that plasma protein may replace tissue pro-
tein without being broken down to its constituent
amino acids. Albright and co-workers (7) by
measuring phosphorus and potassium as well as
nitrogen balance, have obtained evidence for the
utilization of part of the injected albumin for the
building of tissue protein in certain patients.

In addition to its oncotic and nutritional prop-
erties, albumin probably has other important func-
tions in the body. It has the remarkable capacity
to enter into combination with many molecules
and ions in a manner different from other proteins
(8). This property also has made albumin a valu-
able supplement to a medium for the growth of
tubercle bacilli (9). The significance of the bind-
ing effect of albumin in the living organism has
not been fully determined but it undoubtedly is
important in the transport of various substances
through the body. In view of these specific effects
of albumin, it is to be expected that albumin ther-
apy in liver disease would produce profound meta-
bolic results.

MATERIALSANDMETHODS

The present study represents the results of albumin
therapy in 17 patients with severe liver disease. All but
two of them demonstrated ascites at the time when albu-
min was first administered. The diagnosis was well-
established by a characteristic history, numerous physical
examinations, x-ray studies of the esophagus and abdo-
men, and a wide variety of liver function studies. In
eight of the patients the diagnosis was confirmed by the
gross appearance of the liver and from sections of the
liver obtained at laparotomy or autopsy. All patients
were hospitalized at the Hospital of The Rockefeller
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Institute during the period of albumin therapy. When
sufficient improvement had been accomplished by hos-
pitalization, the patients were observed twice weekly in
the Out Patient Department.

Etiology of the 15 cases of cirrhosis in this series was
varied. Four gave a clear-cut history of chronic alco-
holism with associated nutritional deficiencies; four were
patients with cirrhosis of the liver following infectious
hepatitis; in the remaining seven the etiology of the cir-
rhosis was obscure.

In addition, two patients with subacute yellow atrophy
following infectious hepatitis were treated with albumin.
Both of these patients had edema and ascites and were in
a critical state when treatment was begun; the diagnosis
was confirmed at autopsy.

In studies of the changes in caloric intake during the
course of albumin therapy, careful records of the daily
intake of protein, fat and carbohydrate were kept by
trained dietitians. An effort was made to provide pa-
tients with an excess of food and calculations of the
intake were made from the amounts offered and refused.
Diets were kept high in protein; fats and carbohydrates
were provided according to the taste of the individual.
For nitrogen balance studies three-day collections of
urine and feces were analyzed for total nitrogen by the
macromethod of Kjeldahl; nitrogen intake was calcu-
lated from standard tables.

Salt was not restricted in the diet. Preliminary studies
indicated that with such a restriction the caloric intake
fell, and, since therapy was chiefly directed toward in-
creasing caloric intake, salt restriction was not continued.

Alterations in serum proteins under the influence of
albumin were studied in detail in each case. Serum albu-
min and globulin were determined by the Howe method
(10) with Kjeldahl digestion and nesslerization of the
filtrate. Electrophoretic analyses were carried out on the
serum and ascitic fluid in certain of the patients as a
supplementary method of protein estimation. The effect
on the serum proteins of changes in plasma volume asso-
ciated with albumin therapy was carefully observed;
plasma volume determinations were carried out by the
method of Gibson and Evans (11).

In determining changes in liver function during the
course of therapy the methods employed were identical
with those presented in a previous study (12). Estima-
tion of serum esterase activity was carried out in the
Warburg manometric apparatus and the results expressed
in terms of the amount of CO2 released from bicarbonate
buffer following the hydrolysis of acetyl choline (13).
The normal range is 40-80 mm. CO.

The antidiuretic activity of urines of six patients was
measured by a bio-assay technic (14) in which male rats
were hydrated and then injected intraperitoneally with a
standard amount of dialyzed and concentrated human
urine. The minutes required for the excretion of 50 per
cent of the ingested water was taken as the assay time,
which in normals ranges from 80-140 minutes.

Method of albumin administration. Albumin 5 was ad-
ministered intravenously from a standard unit containing
25. gms. in 100 cc. of buffered diluent to which no pre-
servative is added. This is the amount of albumin ob-
tained from 500 cc. of plasma. The albumin used in 1945
contained 0.6-0.9 gms. of sodium per 100 cc., whereas in
1946 and 1947 the "salt-poor" product (0.3 gms.) was
given. No marked difference between these two types
in respect to diuretic effect could be ascertained.

TOXIC REACTION TO ALBUMIN

Four of the 17 patients treated with albumin
developed a febrile reaction on one or more oc-
casions approximately four hours after adminis-
tration. None of these reactions was considered
serious although a temperature of 1040 was en-
countered once.

Two patients (Nos. 2 and 5) developed esopha-
geal hemorrhages during the period of albumin
therapy. This occurred at a time when marked
shifts in body fluids were taking place and diuresis
was at its height. In neither case was the hemor-
rhage serious. Since patient No. 5 had bled pre-
viously on numerous occasions, it is possible that
the hemorrhage was coincidental.

Cardiac complications were not encountered
in any of the patients. However, another patient,
not included in this series, who was given albumin
for other purposes, developed pulmonary edema
following 14 units of albumin from which she re-
covered with great difficulty.

CLINICAL RESULTS

In order to evaluate the results of albumin ther-
apy, the 17 patients in this series have been divided
into four main groups: I. Patients treated soon
after the onset of ascites; II. Patients with long-
standing ascites who required frequent paracen-
teses; III. Patients suffering from a marked al-
bumin deficit associated with unusually severe liver
damage; and IV. Patients with low serum albu-
min levels without edema or ascites. Table I
summarizes the results of therapy in the entire
series.

Group I. Five patients comprise the group of
cases with early ascites. Two were the nutritional
type of cirrhosis, two were cirrhosis of undeter-

5 This material was prepared at the Harvard Frac-
tionation Laboratories, Department of Physical Chemis-
try, from blood collected by the American Red Cross.
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mined etiology, and one was cirrhosis after infec-
tious hepatitis. Relatively small amounts of albu-
min produced a diuresis with loss of ascites and
general improvement in each of the patients.
Figure 1 illustrates the rapid loss of ascites in pa-
tient No. 5 in whom10 units of albumin were suf-
ficient to produce the desired diuretic effect.

Figure 2 illustrates the course of patient No. 3
who while on intravenous liver extract therapy
showed some increase in the serum albumin level
and some loss of the moderate edema and ascites
that were present. However, the serum albumin
subsequently fell and marked ascites developed.
Following the administration of 9 units of albu-
min a diuresis occurred with loss of all edema and
some ascites. Despite continued albumin therapy,
further ascitic fluid accumulated and second para-

centesis was necessary. After 21 units were ad-
ministered, albumin administration was discon-
tinued. Approximately two weeks later a second
diuresis occurred. This patient has been followed
for more than one year after the loss of ascites and
has remained well. Minimal edema still develops
during menstrual periods but ascites has never re-
appeared. The serum albumin level gradually de-
clined following the period of therapy so that it
may be assumed that a defect in the synthesis of
this protein still exists but is less severe. The pa-
tient gained approximately 15 lbs. of body weight
and returned to normal activity. This case il-
lustrates the marked improvement that may occur
despite persistent severe damage and impaired
ability to synthesize normal amounts of albumin.

The remaining three patients of the group im-

Pt RA, 18 yAea Cirpphosis of the liver

Plasma albumin

Plasma globulin 3_

Albumin
Blood ~~~~~~~~~~~~10unitr5

transfusions |** lwt
tP~fl~fL4~i1Ofl~ 0cc. 500cc. 500cc

liemnatocrit ..- .....21 . . 26. ...... .. 23. 25. M
Plazma volume ............... 3273. 4235

Body weight
80

Fluid 3640
intak 3200

o 2,400'
Urine 2000 15-
output 1600

1200

Days, 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3 34 36

FIG. 1. PATIENT No. 5 (GRoup I) WITH EARLY Ascims FOLLOWINGAN

ESOPHAGEALHEMORRHAGE
Rapid and complete diuresis following the administration of a small

amount of albumin.
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9 3 ym Ciirahon% with icterus, ezophageml hemor'rhoge, and aocites
Ja'',6PFe.h Apfl may June Ju l yhU. 5ept Oct Nov Dec Jhn? Fk ?h
7 21 21 3 9 15 213 9 15 21 27 3 9 15 21 27 3 9 15 21 tV 3 9 218 l7 G17 21 7 21 7 217 u 7 n 7
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II

Total N intake

Intavnou; t-%IA&
livevetrauc loc A dWkY 2D cc twice emcly

so
Albumin P(i 1 lunit of 25gm

BodytXzWAweight7Z~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~Th'AflC1

Z!derna 3' v 4' 4* 2' 0 0 1' 0 1.0 1' 0 1. 0 1+

FIG. 2. PATIENT No. 3 (GROUP I) WITH INCREASING ASCITES DURING LIVER EXTRACT THERAPY
Immediate diuresis with loss of edema and delayed diuresis with loss of ascites following albumin therapy.

proved markedly on small doses of albumin. A
rapid diuresis was obtained in each case. Esopha-
geal hemorrhages have complicated the course of
recovery of two of these patients, one of whom
died following a spleno-renal anastomosis.

In each patient in this group albumin adminis-
tration initiated a more rapid response than could
have been expected with dietary and intravenous
liver extract therapy. Four of the five patients
were able to preserve their artificially elevated se-

rum albumin levels by better synthesis of their
own serum albumin.

Group II. This group includes four patients
with a nutritional type of cirrhosis all of whom
were severely ill with ascites that had been present

constantly for more than five months. Each pa-

tient had been given vigorous dietary and vitamin
therapy for at least three months prior to the ad-
ministration of albumin. Three had been started
on intravenous liver extract but, because their con-

dition was deteriorating alarmingly, it was be-
lieved that a more rapidly acting form of therapy
was necessary. This group, therefore, represents
patients who would probably have succumbed to
their disease despite the use of dietary and liver
extract therapy.

Figure 3 illustrates the course of patient No. 6.
The condition of this man grew progressively
worse in the hospital while he was being given

regular injections of liver extract. As may be

24

Gm.N,/24 hpM16

cvL

310

fly v I .

10
Go
56
6*
62



INTRAVENOUSALBUMIN THERAPYOF CIRRHOSIS 311

0

P4)

4)

I.

cn~
E

E co

P:4u4 *

0 0

o
4J.

z: .W f
P sf
ot >

0 .o
o3

U)40

I- o~
04

z *~

vZ 0

0

40

U4)

CU

-od

CdE
-

z *

ET4 -C° b

UR

oo

cnb
cO



3H. KUNKEL, D. LABBY, E. AHRENS, JR., R. SHANK, AND C. HOAGLAND

seen from the weight curve, a continuous decline
in his basic *weight followed each paracentesis.
The administration of small amounts of albumin
produced little effect. It was not until 4 units
were given each day that the serum albumin level
was raised to 'normal and a slight increase in
urine volume occurred. The patient also noticed
a feeling of well-being and the appearance of ap-
petite that was reflected in an increase in caloric
intake. Very little effect was noted, however, on
the rate of accumulation of ascitic fluid until 4
units of albumin were administered every other
day for more than two weeks. During this time
a gradual slowing in the rate of fluid accumulation
occurred although no acute diuresis was ever ob-
tained. Therapy was finally stopped after 80 units
of albumin had been administered despite the fact
that considerable ascites persisted. Approximately
two weeks after cessation of therapy a diuresis
with loss of all ascites occurred. At the same
time the serum albumin rose to the highest level
that had been reached. Although his caloric in-
take was almost double the pre-treatment level, the
patient failed to put on body weight. He remained
free of fluid for three months but then slowly and
despite continued intravenous liver extract therapy
reaccumulated ascites until a paracentesis appeared
necessary. Instead, 15 units of albumin were ad-
ministered and a slight diuresis was obtained.
Gradually over the next two months all ascitic
fluid disappeared spontaneously, and the patient
began to put on body weight. The improvement
following the second course of albumin was more
striking than after the first. The serum albumin
which had gradually fallen following initial therapy
was raised by the second course, but slowly fell
once again. He gained approximately 30 lbs. of
weight and returned to normal activity. Sud-
denly, six months after the last albumin treatment,
the serum albumin rose spontaneously to normal
indicating that the patient had finally regained the
ability to synthesize normal amounts of serum al-
bumin. His bromsulfalein retention fell from
30 per cent to 12 per cent over the period of 18
months that he was treated.

The three other patients in the group were
treated with large amounts of albumin after failing
to improve on other forms of therapy. All but one
patient showed a gradual disappearance of ascites
and marked clinical improvement. Ascites disap-

peared very slowly, usually several weeks after
the patients had begun to feel improved and were
eating better. In patient No. 8 moderate ascites
recurred three months after therapy, although the
patient continued to lead a normal life. Further
albumin was not administered. This patient died
suddenly because of an intestinal obstruction un-
related to the liver disease. Patient No. 9, who
did not respond to albumin therapy, was unusual
in that she had been accumulating approximately
20 liters of ascitic fluid every 14 days for nine
months prior to albumin administration. The
antidiuretic titer was found to be unusually high,
approximately twice the normal value (Table III).
Eighty units of albumin were administered intra-
venously over a period of three months without
noticeable effect. Although the serum albumin
level was kept above 3.5 gms. per cent during this
period, paracenteses continued to be necessary
every 10 to 16 days.

Group III. Four patients with extremely se-
vere cirrhosis and two patients with fatal subacute
infectious hepatitis, all showing albumin levels be-
low 2 gms. per cent, comprise this group. All
demonstrated large amounts of edema associated
with ascites. Laparotomy biopsy was performed
on one patient, and autopsies were obtained on the
five patients who died. None of the patients
showed a typical Laennec's cirrhosis. The diag-
nosis was post-necrotic cirrhosis in three patients,
biliary cirrhosis in one, and subacute yellow
atrophy in two.

All patients demonstrated a diuretic response
with disappearance of edema and ascites to an
average of 16 units of albumin. Figure 4 illus-
trates the course of a typical case in this group.
The patient (No. 10) was a 32 year old sailor who
had had a typical attack of infectious hepatitis 18
months prior to therapy. Following a severe re-
lapse'of infectious hepatitis, symptoms and signs
of liver damage persisted and he was followed
for one year at the Hospital of The Rockefeller
Institute. Following discharge from the Navy he
attempted full time work, but his symptoms be-
came more severe and he was readmitted to the
Rockefeller Hospital with generalized anasarca
and ascites. His condition was critical and dur-
ing a month of dietary and vitamin therapy he re-
quired three paracenteses. Following the adminis-
tration of 15 units of albumin a diuresis with loss
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of all ascites and edema occurred, and during this
diuresis 12 additional units were administered.
The serum albumin level was raised to normal
and the general condition of the patient improved
dramatically. His caloric intake increased from
2,000 to 3,000 calories per day and within two
weeks he was able to return to full activity. It
was evident that he suffered from a severe albu-
min deficit which when overcome resulted in
marked improvement. Over a period of four
months following the first course of therapy the
serum albumin level gradually declined and the
patient once again developed ascites and edema.
The administration of 12 units of albumin pro-
duced another immediate diuresis. The patient
lived for approximately one year after the onset
of albumin therapy, during which tinie recurring
edema and ascites were readily controlled by al-
bumin administration on four occasions. Al-
bumin, however, had no measurable effect in im-
proving his liver function, and the serum bilirubin
rose in the terminal four months from 12 mg. per
cent to 25 mg. per cent. Synthesis of prothrombin
and fibrinogen by the liver were markedly im-
paired, similar in degree to the albumin deficiency.
However, these proteins were not available for re-
placement therapy, and the patient finally suc-
cumbed because of severe, uncontrollable bleeding
from his gums and nose despite numerous trans-
fusions with fresh blood. It was believed, how-
ever, that the patient's life had been lengthened
considerably by albumin therapy.

Two other patients in the group (Nos. 11 and
12) appeared to have had their life span increased
by albumin administration. Patient No. 11 re-
ceived five separate courses of small amounts of
albumin with loss of edema and ascites on each oc-
casion. He eventually died during curare treat-
ment for a neurological disorder resembling Wil-
son's disease. Patient No. 13, who also presented
a terminal picture of generalized anasarca with a
very low serum albumin, demonstrated a cirrhosis
of undetermined etiology associated with severe
arthritis. All edema and ascites disappeared rap-
idly following the use of intravenous albumin.
This patient differed from the others in that she
continued to preserve the normal serum albumin
level brought about by albumin administration
and has remained well leading a normal life for
25 months following therapy. Laparotomy biopsy

two years after therapy showed an advanced cir-
rhosis characterized by dense fibrous tissue strands
and large masses of regenerating liver cells. The
gratifying response to albumin in this patient em-
phasizes the difficulty in predicting the thera-
peutic effect of albumin.

The two patients with subacute yellow atrophy
(Nos. 14 and 15) showed a diuresis with loss of
edema and ascites while in a semi-comatose state.
Their downhill course was unaffected by the albu-
min therapy and both died. They are additional
examples of cases that react readily with a diuretic
response to relatively small amounts of albumin.

The factor of portal obstruction was not ap-
parent clinically in this group of patients with
severe liver disease. Water retention corre-
sponded closely to the albumin deficit -and could
be controlled readily by albumin therapy. Al-
though three of the four patients with cirrhosis
eventually died, they were markedly improved
temporarily by this form of therapy. This effect,
together with the dramatic and prolonged im-
provement in patient No. 13, demonstrates the
value of albumin in this type of liver disease.

Group IV. Two patients with post-hepatitis
cirrhosis without edema and ascites were given al-
bumin therapy in order to increase dietary intake
prior to the expected onset of hepatic decompen-
sation. Patient No. 16 showed a definite increase
in caloric intake and was able to maintain his
artificially raised albumin level. He gained weight
and was able to return to normal activity. Patient
No. 17 showed no response. The dietary intake
remained poor, marked fatigue persisted, and
weight loss continued. However, for seven months
he maintained a serum albumin level higher than
that prior to therapy.

SPECIFIC EFFECTS OF ALBUMIN THERAPY

The influence of injected albumin on the ability
of the liver to resume normal synthesis of albumin
is perhaps the most important consideration in
evaluating its therapeutic effectiveness. The ne-
cessity for periodic injections of albumin in the
form of maintenance therapy rests with this ques-
tion. Table II shows that four of 12 patients were
able to form sufficient albumin to maintain an ap-
proximately normal level three months after the
first course of therapy ended. One other patient
(No. 6) regained this capacity following a second
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TABLE II

Alterations in plasma albumin levelfollowing albumin therapy
in 15 patients with cirrhosis of the liver

No. of patients

Albumin level Imme- 3 mos.
Before diately after

therapy after therapy*-therapy

3.5 gms. per cent or higher 0 15 4
3-3.5 gms. per cent 0 0 5
3 gms. per cent or lower 15 0 3

* Three patients are not included: two have not been
followed for three months following the discontinuation of
therapy and one died two months after therapy.

small course of therapy. Three patients experi-
enced a rapid fall in serum albumin after artificial
elevation of this level by a series of injections and
demonstrated no improvement in their ability to
synthesize albumin. The remainder maintained
higher levels after treatment but did not show
complete restoration to normal. It should be men-
tioned that the patients who developed low serum
albumin levels and ascites several weeks after
bleeding episodes were best able to maintain per-
manently normal levels following therapy.

Nitrogen balance studies were carried out in
four of the patients who received albumin. Fig-
ure 5 illustrates the results in a typical case. This
patient was in slight negative nitrogen balance
prior to therapy but then entered marked positive
balance during the period of albumin administra-
tion. In the four patients studied there was
greater than 90 per cent retention of injected al-
bumin nitrogen; they lost ascites following albu-
min therapy and did not require further para-
centeses. As a result, the continued loss of albu-
min through the peritoneal cavity was obviated.
This was not true of the patients who required
further paracenteses; they continued to lose al-
bumin nitrogen. Further observations on the pa-
tient illustrated in Figure 5 showed that the pa-
tient remained in positive balance for at least one
month after therapy was discontinued. Figure 5
also illustrates the marked difference between the
effect of albumin on the nitrogen balance and of
an equivalent amount of nitrogen in the form of
casein hydrolysate.

A number of patients volunteered the informa-
tion that they developed a feeling of well-being

0
25a Concentrated

human
alburnin

75 (gm-)

. 7

B Total plyST
protein

0
Plasma

s albumin
0

(gm.percent)

ovemZw .xcemDew

FIG. 5. PATIENT No. 10 (GROUPIII). PERSISTENT NEGATIVE NITROGENBALANCEWITH CASEIN HYDROLYSATE
Positive nitrogen balance with an equivalent amount of albumin nitrogen. Complete retention of albumin

nitrogen.
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intoke (oral)
IOutput (total)

output (feces)

2b6 20 lb 29 1 4 710 13 16 19
Dec. Jrn. Feh

FIG. 6. PATIENT No. 10 (GROUP III). RISE IN CALORIC INTAKE AND IN-
CREASEDRETENTION OF DIETARY NITROGEN FOLLOWINGTwo COURSESOF 3 UNITS
OF ALBUMIN

following the administration of albumin, despite
the fact that no diuresis occurred. This was as-
sociated with a general increase in appetite. To
test the validity of these observations careful
measurements were carried out on the caloric
intake before and after albumin therapy in a pa-
tient who was free of ascites and showed only
minimal edema. Figure 6 illustrates the definite
rise in protein and total oral caloric intake follow-
ing the administration of 3 units of albumin. Ni-
trogen balance determinations revealed an in-
creased retention of dietary nitrogen in addition to
the retention of the nitrogen of the albumin ad-
ministered. The experiment was interrupted by
a short febrile period due to a skin infection. Sub-

sequent administration of plasma did not affect
the caloric intake or the nitrogen balance to a
similar degree. This specific effect of albumin on
the dietary intake was observed during four dif-
ferent periods of albumin therapy in the patient
(Figure 4). In another patient (Figure 3) a
similar rise in caloric intake during albumin ther-
apy was observed considerably in advance of his
diuresis.

Estimation of the degree of retention of brom-
sulfalein was carried out before and after albumin
treatment in each of the patients. No improve-
ment in this liver function test could be demon-
strated within the first month after albumin ther-
apy. However, in four of the patients who were
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followed for more than six months following
therapy, definite improvement occurred. In pa-
tient No. 6 who exhibited no jaundice the brom-
sulfalein retention fell from 30 per cent to 12 per
cent over a period of 16 months. No immediate
improvement occurred in serum bilirubin, pro-
thrombin time, total globulin, the thymol turbidity
reaction, fibrinogen, and esterase activity follow-
ing albumin therapy. However, with prolonged
treatment for more than six months, changes oc-
curred in these serum components which were in
general parallel to the improvement in bromsul-
falein retention.

DISCUSSION

The most apparent effect of albumin in patients
with liver disease was that due to its osmotic
properties. In nine of 15 patients with fluid re-
tention who were treated, a rapid loss of edema
and ascites occurred. Five others showed a
delayed loss of ascites. In those patients whose
diuretic response to albumin was immediate, a
beneficial course of events was rapidly initiated;
loss of protein into ascitic fluid ceased, dietary
protein intake increased, and positive' nitrogen
balance resulted. Such treatment carried seriously
ill patients through the early critical period of
their disease until such time as dietary and liver
extract therapy had an opportunity to take effect.

The amount of albumin needed to produce a
loss of ascites was extremely variable, ranging
from 4 to 80 units, and appeared to depend upon
at least four factors. The first of these was the
relative role of portal obstruction in the causation
of fluid accumulation. Since there is no direct
method of measuring portal pressure without lap-
arotomy, it was necessary to evaluate this from
clinical signs. Esophageal varices and other evi-
dences of collateral circulation, a small hard liver
and a large spleen were considered to be associ-
ated with portal hypertension. However; the most
useful sign was the amount of edema relative to
the amount of ascites. Those patients exhibiting
marked ascites with little or no edema were con-
sidered to have a high degree of portal obstruc-
tion, while large amounts of edema in the presence
of less impressive quantities of slowly forming as-
cites indicated that portal obstruction, if present,
was of minor importance. Edematous patients
with slight evidence of portal obstruction re-

sponded more readily to therapy with albu-
min than did patients with severe portal hyper-
tension. Patients with subacute yellow atro-
phy and cirrhosis following infectious hepatitis
usually fell into this category. The plasma albu-
min levels of this group were extremely low, oc-
casionally below 1.5 gms. per cent, suggesting that
these patients suffered from a specific albumin
deficit. Approximately 12 units, administered
over a period of four days, usually produced a
dramatic diuresis with loss of edema and ascites.
On the other hand, patients with large amounts
of ascites in the absence of generalized edema, in
whom portal obstruction was considered to be a
dominant factor, were generally very resistant to
therapy. As much as 80 units of albumin were
sometimes necessary before ascites disappeared.
It should be emphasized, however, that a diuresis
was produced in three out of four such patients
with marked evidence of portal obstruction when
the plasma albumin was kept at a level of 3.5 gms.
per cent or higher for a sufficiently long period of
time; the one refractory patient failed to respond
to 80 units given over a three-month period de-
spite normal serum albumin levels.

A second factor of importance in determining
the amount of albumin required to produce a dis-
appearance of ascites was the rapidity with which
the patient accumulated fluid. Following the ad-
ministration of albumin an equilibrium between
blood and ascitic fluid albumin was established,
and the A/G ratio in these two body compart-
ments tended to remain equal. As a result, with
the rise in albumin concentration of the serum,
there was a rise in the concentration of albumin
in the ascitic fluid. When the ascitic fluid col-
lection was large and constantly reaccumulating,
a sizeable drain on the injected albumin would
occur with each paracentesis. Small doses of
albumin were ineffective under such circumstances.

The third factor and one which has not been
clearly evaluated was the length of time that fluid
accumulation had been present prior to albumin
therapy. Those patients treated soon after they
began to accumulate ascitic fluid responded readily
to therapy in each case. The patients most re-
sistant to the diuretic effect of albumin were those
who had been accumulating fluid for long pe-
riods. The experience gained by treatment of
the patients in Group I suggests that early as-
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TABLE III

Comparison between the titer of antidiuretic substance in the
urine and the amount of albumin required and the type

of response produced by albumin therapy in six
patients with cirrhosis of the liver

Cae Units of Tyeo

no. titer reuirme diuresis

minutes
5 140* 10 Immediate
2 140* 8 Immediate

11 120* 4 Immediate
7 300 24 Very gradual
9 240 80 None
6 160 80 Very gradual

* Normal.

cites is due primarily to low serum albumin
levels and that albumin therapy is a specific
remedy at this time. In the patients of Group II
with long-standing ascites, changes secondary to
fluid accumulation have been added to the initial
factor of hypoalbuminemia, rendering albumin
treatment less effective. Investigations are now in
progress regarding the role of alterations of peri-
toneal absorption in these patients.

The fourth factor influencing the amount of al-
bumin necessary to produce a diuretic effect was
the concentration of antidiuretic principle present
in the urine of patients being treated. Prelimi-
nary observations indicated that those patients ex-
creting large quantities of this substance required
prolonged administration of albumin (Table III).

The ultimate effects of albumin therapy are
certainly not all directly attributable to albumin
alone. In certain patients this material simply
initiated a curative process that was then sustained
by increased caloric intake and liver extract ther-
apy. A rise in caloric intake and increased re-
tention of dietary nitrogen were demonstrated
following albumin therapy in certain patients
where the response could not be attributed to re-
lief from the disabling effects of fluid. This effect
of albumin was perhaps of even greater signifi-
cance than its oncotic effects in initiating the proc-
ess of recovery. In the three patients of Group II
who eventually lost their ascites after prolonged
albumin therapy, the effects of albumin on food
intake and utilization may have been primarily
responsible for the eventual disappearance of as-
cites. The fact that these patients demonstrated

a delayed diuretic effect after albumin therapy
raises the question whether supplemental nutri-
tional and liver extract therapy which the patients
were receiving continually might have been pri-
marily responsible for improvement. However,
against this possibility the following observations
may be cited. First, during control periods on
supplemental treatment alone these patients had
failed to improve. Secondly, increased appetite
and a general feeling of well-being were closely
associated in time with albumin therapy. Finally,
the most conclusive evidence for the primary role
of albumin was obtained in those patients (Nos. 6
and 13) who developed a recurrence of ascites
several months after the first period of therapy and
in whom another small course of albumin caused
improvement and loss of ascites for the second
time.

SUMMARY

1. The results of serum albumin therapy in 17
patients with severe liver disease are presented.

2. Fourteen out of 15 patients with ascites lost
their fluid following therapy.

3. The amount of albumin necessary to produce
such an effect was variable ranging from 4 to 80
units.

4. Patients with marked evidence of portal ob-
struction, a high antidiuretic titer in the urine or
long-standing ascites proved very resistant to
therapy.

5. Patients with particularly severe liver disease
and very low plasma albumin levels following in-
fectious hepatitis responded most readily to ther-
apy. Cases of alcoholic and nutritional cirrhosis
with a short period of ascites also responded to
relatively small doses of albumin.

6. Permanently beneficial results were obtained
in six of seven patients with the nutritional type
of cirrhosis. Two of these patients required a
second short course of therapy. Patients with
post-necrotic cirrhosis after infectious hepatitis
and biliary cirrhosis showed only a temporary
response and four of these patients eventually died.

7. Evidence was presented for certain specific
effects of serum albumin on dietary intake and ni-
trogen balance which may be of greater importance
in the results obtained than its osmotic properties.
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