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Among the complications attributed to the 
construction of portacaval shunts for portal 
hypertension is hemolytic anemia, as evi- 
denced by increased circulating indirect re- 
acting bilirubin and a shortened erythrocyte 
survival following the operation ( 1 ) . The ob- 
servation of hepatic siderosis and hemochro- 
matosis following portacaval shunts in pa- 
tients with cirrhosis( 2 )  , and the demonstra- 
tion that experimental diversion of the portal 
flow from the liver can result in hepatic 
siderosis in the absence of cirrhosis(3,4) sug- 
gested that diversion of the portal blood flow 
per se might lead to shortened erythrocyte 
survival and a consequent accelerated turn- 
over of hemoglobin iron. To investigate this 
possibility the survival of in vivo labeled 
erythrocytes and labeled homologous erythro- 
cytes in rats subjected to portacaval shunts 
was studied. 

Materials and methods. The experimental 
group consisted of 10 Fisher CDF rats ob- 
tained from the Charles River Laboratories 
with an initial weight of 180-200 g. These 
highly inbred animals were used because of 
their genetic homozygosi ty. End-to-side 
portacaval shunts were constructed by micro- 
surgical techniques in 7 animals and sham 
operations were performed in 3 controls. The 
rats were housed in individual cages and 
pair fed during the experiment. 

Cr 51 labeling: Six weeks following sur- 
gery, one shunted and one control animal 
were sacrificed by exsanguination from the 
aorta. The blood in ACD solution was incu- 
bated for one hour with Cr51 at 37°C. At 
that time ascorbic acid was added to reduce 
the chromate(5). The supernatant was re- 
moved and 0.5 ml packed erythrocytes was 
injected into the tail veins of recipient ani- 
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mals according to the following scheme: 
Group 1) One rat. Control blood into con- 
trol recipient. Group 2) Three rats. Con- 
trol blood into shunted recipients. Group 3 )  
One rat. Blood from shunted rat into control 
rat. Group 4) Three rats. Blood from 
shunted rat into shunted rats. At  various 
intervals, 0.02 ml blood was withdrawn from 
the tail vein and diluted in 1 ml distilled 
water. This was counted in a well-type scin- 
tillation counter (3” sodium iodide crystal) 
preset to 20,000 counts. 

Di-isoprop y l -~uorophosphate-P~~ (DFP$=)  
labeling. A dose of 8 microcuries D F P 2  was 
injected intramuscularly into all animals, with 
the exception of those sacrificed to obtain 
Cr51 labeled erythrocytes. At suitable inter- 
vals progressive amounts of blood, from 0.02 
rnl to 0.2 ml, were obtained from the tail 
vein and evenly distributed on lens filter 
paper. For the final count, 1 ml of blood 
was obtained on day 49, a t  time of sacrifice. 
The filter paper was wrapped around a Vic- 
toreen 1B85 Geiger tube and counted with 
the scaler preset to 3200 to 6400 counts. 

Results. The body weights of the rats 
subjected to portacaval shunts and their pair 
fed controls had increased about 10% by the 
end of the experiment. The initial hemato- 
crits and measured red cell masses are given 
in Table I. The half-life of Cr51 labeled 
erythrocytes in all groups was about the 
same, with a range of 12 to 14 days (Table 
I). The life span of erythrocytes labeled in 
vivo with DFP3’ was substantially the same 
in all animals, with a range of 55 to 66 days. 

Discussion. Studies of erythrocyte survival 
utilizing in vivo labeling with DFP32 in rats 
show no evidence of decreased erythrocyte 
life span after portacaval shunts. Cr51 labeled 
erythrocytes from shunted rats injected into 
controls and into other shunted rats have a 
normal apparent half-life, while erythrocytes 
from control rats injected into shunted rats 
have the same normal survival, The eryth- 
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TABLE I. Survival of C F  Labeled Homologous Erythrocytes~ and Erythrocytes Labeled in V ~ V O  
with DFPU in  Rats Subjected to End-to-Side P,ortaca,vd Shunts and in Normal Rats. 

C P  survival 
RBC volume Initial hema- (T-%) DFP= sur- 

Group Recipient Donor C P  (ml) tocrit ( %) (days) vival (days) 

Con tr ol 
Shunt 

9 9  

9 9  

Cont.ro1 
Shunt 

9 9  

7 9  

Control 4.0 
4.4 
6.6 
7.3 

S h y t  6.6 
6.2 
6.6 

Not done 

9 ,  

9 9  

9 ,  

9 ,  

9 9  

47 
49 
54 
58 
55 
58 
54 
59 

14 63 
14 58 
14 55 
14 55 
13 62 
12 Died a t  9 da.ys 
14 62 
- 66 

rocyte life span obtained with DFP32 is 
similar to that found by other investigators 
( 6 ) ,  while the half-life of Cr51 labeled eryth- 
rocytes is slightly longer. Thus, it is unlikely 
that the clinically observed decrease in eryth- 
rocyte survival following portacaval shunts is 
directly caused by diverting the portal flow 
into the systemic circulation. Many types of 
liver disease, including portal and postne- 
crotic cirrhosis (7-9), biliary cirrhosis and 
hepatitis ( 10) are accompanied by increased 
hemolysis. This is ascribed usually to hyper- 
splenism, but suggestive evidence for an alter- 
ation in the shape of erythrocytes, possibly 
resulting from liver damage, has been pre- 
sented(8). The degree of hemolysis has also 
been correlated with the severity of liver cell 
damage in one series( 11). In view of the 
demonstration of hepatic cell damage induced 
by diversion of the portal flow ( 12 ) , increased 
hemolysis following clinical portacaval shunt 
may result from a relatively mild insult to 
the integrity of the hepatic cells produced by 
portal blood deprivation superimposed on 
the pre-existing intrinsic liver damage. The 
hepatic siderosis following portacaval shunt 
also cannot be attributed to hemolysis but 
is rather a reflection of the diffuse hepato- 
cellular damage produced by lack of portal 
blood, probably with increased absorption of 
dietary iron( 13) .  

Summary. Studies of erythrocyte survival 
using Cr51 and DFP32 labeled red cells in 
rats following end-to-side portacaval shunts 
disclosed no change in erythrocyte longevity. 
It is suggested that the clinically observed 

decreased erythrocyte survival and hepatic 
siderosis following portacaval shunts may 
result from hepatocellular damage produced 
by the diversion of the portal flow, which 
is superimposed on pre-existing liver damage. 
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