
balance between the synthesis and breakdown of 
protein. I t  now appears that within the total 
protein content of the body there is an exchange 
between the cellular protein, that being synthe- 
sized, utilized and in the circulation. The plasma 
protein represents the labile exchange medium of 
the body’s total protein pool. 

Extensive experimental study has indicated 
that the liver is the chief source for the forma- 
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IN CIRRHoTIC tion of plasma proteins,9 10 I 1  This deduction has 

By MALCOLM P. TYOR, M.D. 
and 

DAVID CAYER, M.D. 
Winston-Salem, North Carolina 

Patients with cirrhosis of the liver show 
alterations in many metabolic functions. In  those 
patients who develop ascites one of the chief 
factors is believed to be the lowered concentra- 
tion of serum albumin, since the albumin fraction 
is known to be the one which exerts the greatest 
intravascular osmotic attraction. 

Many investigators have demonstrated a cor- 
relation between the presence of ascites and a 
lowered serum albumin level in cirrhotic pa- 
tients.’ I t  has been suggested that the prognosis 
in patients with cirrhosis is directly related to 
levels of albumin and other protein frac- 
tions.‘ Several observers have administered 
large amounts of human serum albumin up to 
1,000 grams over a six-month period to patients 
with portal cirrhosis and ascites, and have studied 
the long-range effects5 None of these investi- 
gations allowed observations on the rate at  which 
protein molecules are utilized or move about. 

The body proteins are in a dynamic state.s 
Urinary nitrogen determinations furnish an index 
to the day-to-day utilization of dietary protein. 
Serum protein levels, when followed over long 
periods, may serve as an indication of the over 
all protein metabolism. These studies reflect the 

n m o a  
rn 

*Read in Section on Gastroenterology, Southern Medical Associa- 
tion, Forty-Fifth Annual Meeting, Dallas, Teras, November 5-8. 
1951. 

*From the Department of Internal Medicine, Bowman Gray 
School of Medicine of Wake Forest College and the North Caroli~a 
Baptist Hospital, WinstonSalem, North Carolina. 

*This investigation was supported in part by the U. S. Atomic 
Energy Commission under a contract with the Bowman Gray School 
of Medicine, and in part by a rewar& grant from the division 
of Research Grants and Fellowships of the National Institutes of 
Health, U. S. Public Health Service. 

been supportedby clinical studies in patients with 
liver disease.12 Evidence has been produced to 
show that, in dogs, the mass of protein in the 
extravascular, extracellular fluid is approximately 
equal to the proteins in cir~u1ation.l~ In human 
patients with cirrhosis of the liver clinical re- 
covery may be correlated with the ability to 
maintain a normal total circulating a1b~min. l~ 
The total circulating albumin seems to be a re- 
flection of the body’s total store of labile albumin. 

Human serum albumin may be “tagged” with 
radioactive iodine (I131) and injected into the 
body in very small amounts to serve as a tracer.ls 
This permits dilution of negligible, yet detectable 
quantities of albumin with the body pool without 
altering homeostasis, and is a method by which 
the metabolism of native albumin can be meas- 
ured and labile stores estimated. 

MATERIALS AND METHODS 

In the present study, a tracer dose of tagged 
human serum albumin* was injected into 11 
control patients? without liver disease (Group l ) ,  
7 cirrhotic patients (Group 2 )  without ascites, 
and 5 patients with portal cirrhosis and ascites 
(Group 3)  (Table I ) .  Diuretics and parenteral 
fluids were not administered before or during 
the study period. Patients with ascites were 
studied before paracentesis. 

The degree of radioactivity in the serum was 
determined at  24, 48 and 7 2  hours after injection 
of the tagged albumin. 

’The plasma volume was determined from the 
degree of radioactivity after 10 to 15 minutes 
was allowed for intravascular mixing. This 
__ 

*The tagged human w u m  albumin was obtained through the 
courtesy of Dr. D. L. Tahern of the Radioactive Pharmaceuticals 
Department of Abbott Laboratories, North Chicago, Illiois. 

tTbe opportunity to study eight of the patients in the control 
group was made possible through the cooperation of Dr. E. C. 
Harper, Chief Medical Officer, and his staff at the Veterans 
Administration Center, Mountain Home, Tennessee. 
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period has been found to be sufficient for equili- 
bration within the vascular compartment.16 The 
serum albumin concentration was measured by a 
standard chemical method (Kjeldahl) . The total 
circulating albumin was calculated from the 
plasma volume and the serum albumin level. 

In a previous study in human patients it was 
found that significant radioactivity without al- 
buminuria was detectable within three hours fol- 
lowing the intravenous injection of tagged 
albumin.16 This finding was interpreted as evi- 
dence that demonstrable catabolism of the in- 
jected albumin molecule had occurred. In order 
to use the concentration of tagged albumin in the 
serum as an index to the rate of metabolism of 
albumin, it was necessary to allow tagged mole- 
cules to reach a state of equilibrium with the 
body pool. It was found that a period of 24 to 
48 hours was required for equilibration between 
the serum and the ascitic fluid in the patients 
with cirrhosis and ascites. The decrease in the 
serum level of tagged albumin between the 48 
and 72 hour determinations was therefore used 
as an index to the rate of metabolism. 

RESVLTS (Table 2 )  

There was no significant difference in the 
mean plasma volumes of the three groups. 

The serum albumin concentration in both 
groups of cirrhotic patients was significantly re- 

IO 
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duced as compared with the controls. The al- 
bumin level in the group with ascites was also 
significantly lower than that in the group of 
cirrhotic patients without ascites. 

In the patients with cirrhosis and ascites the 
total circulating albumin was significantly less 
than the values found in cirrhotic patients with- 
out ascites. In Groups 1 and 2 the mean values 
for circulating albumin were comparable. 

During the first 48 hours the rate of disappear- 
ance of the tagged albumin from the vascular 
compartment was similar in the three groups. At 
4s to 7 2  hours, however, the rate of disappearance 
in the patients with cirrhosis and ascites (Group 
3 )  {vas significantly less than that in the other 
tn-o groups. A typical curve from each group is 
seen in Fig. 1. 

COblbfE NT 

The reduced rate oi  disappearance of the in- 
jected tagged albumin from the vascular com- 
partment in the patients with portal cirrhosis and 
ascites is interpreted as indicating a slower rate 
oi  albumin metabolism in these patients. 

The reduction in the serum albumin concen- 
tration o i  cirrhotic patients confirms the observa- 
tions of other investigat~rs.'~ l8 Of further sig- 
nificance is the decrease in the serum albumin 

CLINICAL DATA 

Group 

I 
Controls 

If. 
Cirrhosis 

without 
Ascites 

Iu. 
Cirrhosis 

with 
Ascites 

No. 
of 

Pts. - 

7 

5 

Females 

I 

. 3  

I 

21-44 

23-56 

35-69 

Follow up 

All living and well.. 

One dead with 
, hemorrhage; others 
living and improved. 

4 dead 2-4 weeks 
after study. 
One unknown. 

TABLE I 
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Controls 

Cirrhotics 5 Ascites 
Cirrhotics F Ascites 

Cirrhotics 5 Ascites 
Cirrhotics F Ascites 

level of patients with cirrhosis and ascites, as 
compared with the cirrhotic patients who did not 
have ascites. 

The data also indicate that those individuals 
with cirrhosis who show no evidence of ascites 
have an essentially normal total circulating al- 

4 4  

4-b 

4-b 

COMPARISON OF RESULTS 

Serum Total 
Albumin Circula ting Albumin 

Concentration Albumin Met a bo1 ism 

TABLE 2 

Rate  of Disappearance of 1''' Albumin from the Vascular Compartment 

I I lustrat  ive Cases 

to 
I 

4 2 
X 
W c n 3  
8 
a 
w 

W 
5 2  

24 48 

HOURS 
FIG. 1 

72 
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bumin. In the patients with cirrhosis and ascites, 
however, this value was significantly reduced 
indicating depletion of albumin stores. 

During the 72 hours in which the patients were 
studied, there was no detectable alteration in 
body homeostasis. The reduction in the serum 
albumin concentration, the total circulating al- 
bumin, and the rate of albumin metabolism in 
the patients with ascites would suggest a decrease 
in the synthesis of albumin. 

The data presented are consistent with the con- 
cept of a labile protein reserve, which has been 
depleted in patients with portal cirrhosis and 
ascites. I t  is felt that the reason for the depletion 
of this store is a reduction in the rate of albumin 
synthesis. When the labile stores of protein are 
depleted, the homeostatic mechanisms regulating 
the distribution of body fluids are altered, and 
ascites develops. Our data suggest that the defect 
in albumin metabolism is of primary importance 
in the pathogenesis of ascites, although factors 
such as portal hypertension, alterations in elec- 
trolyte metabolism and the possible influences 
of endocrines and lymphatics are significant and 
contributory. 

The patients with ascites had a uniformly poor 
prognosis. Four died within six weeks after the 
study. The lower rate of albumin metabolism in 
ascitic patients, as compared to that of cirrhotic 
patients without ascites would appear to indicate 
that albumin metabolism proceeds at  a constant, 
relatively normal rate, despite impairment of 
other less vital liver functions, until the terminal 
stages of liver disease. 

SUMMARY 

Following the injection of tracer amounts of 
albumin tagged with I1s1, the plasma volume, 
serum albumin concentration, total circulating 
albumin, and rate of disappearance of albumin 
from the vascular compartment (albumin metab- 
olism) were determined in patients without liver 
disease and in cirrhotic patients with and with- 
out ascites. 

The Serum albumin concentration of cirrhotic 
patients, with and without ascites, is significantly 
reduced. 

9. 

10. 

11. 

12. 

13. 

In patients with cirrhosis and ascites the levels 
of serum albumin and total circulating albumin, 
as well as the rate of albumin metabolism were 
significantly less than those of patients without 
liver disease or cirrhotic patients without ascites. 

These data demonstrate that depletion of 
labile albumin stores can be correlated with the 
presence of ascites, and suggest that albumin 
metabolism proceeds at a constant rate and is 
demonstrably altered only in the terminal stages 
of liver disease. 
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