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Subcutaneous transposition of  the spleen enhances the survival rate fol lowing 90 % hepatectomy in rats 
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Summary. The effects of subcutaneous transposition of the spleen (STS) on the survival rate following 90% 
hepatectomy were investigated in rats. The survival rate was significantly higher in the STS group than in the non-STS 
group. Light microscopy enabled us to note that congestion in the terminal portal veins and sinusoids occurred either 
slightly earlier or to a higher degree in the non-STS group. 
Key words. 90% hepatectomy; spleen transposition; portal congestion; portal-systemic shunt; hepatic failure. 

Ninety percent hepatectomy in rats is fatal within 40 h 
without regeneration of the liver remnant 1. When rats 
are given 20% glucose to prevent hypoglycemia 2, or 
given testosterone to enhance protein synthesis 3, the sur- 
vival rate is over 80 %. 
Subcutaneous transposition of the spleen (STS) was at- 
tempted, to produce portal-systemic shunting for the de- 
compression of the portal blood flow 4, 5. An overload of 
metabolites in the liver remnant has been considered to 
be one of the main factors causing the high mortality rate 
following 90 % hepatectomy in rats 6. The effect of STS 
in increasing the survival rate following 90 % hepatecto- 
my is reported. 
Materials and methods. Male Wistar rats, weighing 250 
300 g at the time of 90 % hepatectomy, were used. They 
were fed a standard laboratory chow and water ad libi- 

tum. The animals were divided into 2 groups with or 
without the subcutaneous transposition of the spleen 
(STS). 
STS was undertaken as follows: A left-sided longitudinal 
abdominal incision was made under light ether anesthe- 
sia. The fine peritoneal attachments between the stomach 
and the spleen were divided. Through a split in the ab- 
dominal muscle the spleen was pulled out and placed 
under the skin. The muscle was approximated carefully 
and the skin closed. The splenic artery and vein were not 
damaged 4, 5 
Ninety percent hepatectomy was performed as follows: 
The rats of  both groups were deprived of  solid food for 
the 12 h prior to surgery and 5 % glucose was given ad 
libitum. 90 % hepatectomy consisted of  Higgins-Ander- 
son's partial hepatectomy 7 plus a resection of  the lower 
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part of the right lateral lobe and finally the upper part of 
the right lateral lobe, leaving only the caudal (accessory) 
lobe z. In the STS group, hepatectomy was performed 
one week following STS. Al l  operations were performed 
under light ether anesthesia between 09.00 h and 11.00 h. 
After surgery, the animals were provided with 5 % glu- 
cose on the first postoperative day. From the second 
postoperative day, 5 % glucose and a regular diet were 
given. 
When the rats died, the abdominal cavity was opened 
and the abdominal viscera were carefully examined. The 
liver was removed, weighed and fixed in 10% formalin 
for the purpose of light microscopic examination. The 
liver tissues examined included two rats in each group 
with or without STS at the 12th hour, on the 1st and 2nd 
day, respectively. Sections of liver tissue, 5-1am-thick, 
were embedded in paraffin and stained with hematoxylin 
and eosin. The survival rates of both groups were ana- 
lyzed using Kaplan-Meier's test and the generalized 
Wilcoxon test. P values of less than 0.05 were considered 
to be statistically significant. 
Results. Th e weight of the resected liver was 7.9 + 1.2 g 
(mean _+ SD, N = 10), the remnant liver weight was 
0.97 + 0.26 g (mean _ SD, N = 10), thus the percentage 
of liver resected was 89.2 +_ 1.6% (mean +_ SD, N = 10) 
of the total liver weight. The survival rates of the groups 
with or without subcutaneous transposition of the spleen 
(STS) are shown in figure 1. The survival in both the STS 
and the non-STS groups dropped remarkably on the first 
day following 90 % hepatectomy, and in the latter group 
it declined further on the second day. The survival in the 
STS group was significantly higher after the second day, 
compared with the non-STS group (p < 0.01). The for- 
mer was significantly higher than the latter (p < 0.05) 
during the entire period following 90 % hepatectomy, as 
judged by the generalized Wilcoxon test. 
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Figure 1. Kaplan-Meier survival curves. Solid and broken lines indicate 
the survival rates of the STS and the non-STS groups, respectively. The 
survival rate in the STS group is significantly higher between days 2 and 
7, compared with the non-STS group (p < 0.01). 
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Figure 2. Light micrographs of the livers 12 h following 90% hepatecto- 
my in the non-STS rats (A) and 1 day following 90 % hepatectomy in the 
STS rats (B). Congestion in the portal veins and sinusoids is conspicuous 
in A, Though congestion in the portal vein and sinusoids is also present 
in B, it is less marked than in A. PV, portal vein. Scale bar: 100 ~tm. 

The light microscopic findings for the livers in both 
groups were compared. Massive steatosis was found in 
both groups from the early period following 90 % hepa- 
tectomy. Congestion in the terminal portal veins and 
sinusoids appeared either slightly earlier or deeper in the 
non-STS than in the STS group. Typical microscopic 
findings for the two groups are shown in figure 2 A and 
B. 
Discussion. The present study showed that the subcuta- 
neous transposition of the spleen (STS) significantly im- 
proved the survival rate following 90 % hepatectomy. 
Portography five days after STS shows a rich collateral 
circulation around the spleen 5. Since 90% hepatectomy 
was performed seven days after STS in the present study, 
the rats in the STS group were considered to have a rich 
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collateral circulation around the spleen at the time of  
hepatectomy. The congestion which was found in the 
terminal portal veins and sinusoids of  the non-STS group 
occurred either slightly earlier or to a higher degree than 
in the STS group by light microscopy. Though the ab- 
dominal viscera were carefully examined immediately af- 
ter all rats died, neither gastrointestinal hemorrhage nor 
small bowel infarction was observed macroscopically. 
Therefore, it was tentatively speculated that the high 
portal blood flow into the liver remnant was one of  the 
important  factors causing such a high mortality rate fol- 
lowing 90 % hepatectomy. 
Massive steatosis was also found in both groups from the 
early period soon after the 90% hepatectomy. In our 
previous study, where the fine structure of  hepatocytes in 
the early period after 90% hepatectomy was investigated, 
lipid accumulation was first observed soon after surgery 
and the increase after 12 h was progressive 6. When the 
rats were given testosterone to enhance protein synthesis, 
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the survival rate and liver remnant weight following 90 % 
hepatectomy were significantly improved3. Therefore, 
hepatic steatosis did not appear to be a primary factor for 
survival, it was tentatively concluded that the improve- 
ment of  the survival rate following 90% hepatectomy in 
the STS group was likely to be due to the decompression 
of  the portal blood flow. The precise mechanism, how- 
ever, still awaits further elucidation. 
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Spontaneous rhythmic contractions of human saphenous veins isolated from old subjects are sensitive to 
cyclooxygenase inhibitors 
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Summary. Spontaneous rhythmic contractions were observed in some preparations of  human isolated saphenous 
veins from old ( > 60 years) subjects. These contractions were insensitive to adrenergic and histaminergic blockers, 
but were abolished by the cyclooxygenase inhibitors, aspirin and indomethacin, indicating the participation of  
endogenous eicosanoids. 
Key words. Human saphenous vein; spontaneous rhythmic contractions; cyclooxygenase inhibitors. 

Rhythmic contractile activity has been shown to occur 
spontaneously in various vessels isolated from hu- 
mans 2 8 and animals 9 -13  In some instances, this activ- 
ity has been associated with pathological states 11-13 
and/or aging 6- 8. 
Here we report on spontaneous contractions of  human 
isolated saphenous veins. This phenomenon could only 
be observed in veins from old subjects and disappeared in 
the presence of  cyclooxygenase inhibitors. 

Materials' and methods'. Fragments of  human saphenous 
veins, obtained from patients undergoing aortocoronary 
bypass operations, were immediately transferred to 
Krebs'  physiological solution (composition in mM:  
NaC1 112, KC1 5, N a H C O  3 25, MgSO4 1.2, KH2PO 4 1, 
CaC12 t .25 and glucose 11.5) at 4 ~ Tissues were kept at 
this temperature for maximally 24 h before being used. 
Rings, 2 - 3  mm in length (internal diameter 2 3 mm) 
were prepared. In some of  them, the intimal surface was 

deliberately rubbed with the ends of  small forceps in 
order to remove the endothelial lining. Rings were then 
mounted between two L-shaped holders in 50-ml organ- 
chambers containing Krebs'  solution bubbled with a 
mixture of  95% 02 5% CO2, pH 7.4 at 37~ Isometric 
changes in tension were recorded. Tissues were suspend- 
ed under a tension of  2 g and allowed to relax. 15 min 
later the tension was readjusted to 2 g. During the follow- 
ing equilibration period, the baseline tension stabilized at 
about 1.5 g. Because the donor  patients were generally 
being treated for coronary artery disease by various 
drugs, tissues were extensively washed for 4 h, and also 
stimulated by histamine (0.2 mM) or by noradrenaline 
(1 gM). Those of  the preparations which did not contract 
in response to these stimuli were discarded. 
Preparations in which spontaneous rhythmic activity de- 
veloped after this equilibration period were used for test- 
ing a series of  drugs. Drugs used were (-)-noradrenaline 
(Fluka), histamine dihydrochloride (Merck), prazosin 


