
Title EXPERIMENTAL STUDIES ON ASCITES

Author(s) HAYANO, SHIGEO

Citation 日本外科宝函 (1958), 27(5): 1063-1079

Issue Date 1958-09-01

URL http://hdl.handle.net/2433/206695

Right

Type Departmental Bulletin Paper

Textversion publisher

Kyoto University



EXPERIMENTAL STUDIES ON ASCITES発

by 

SHIGEO HAYANO 

From the !st Surgical Division, Gifu Prefectural Medical School 
(Director: Prof. Dr. ATSUYA ONITSUKA) 
(Received for publication June 11., 1958) 

COJ¥oTENTS 

I. Introduction. I. Experimental materials. 
Il. The production of experimental ascites. 2. Experimental method. 
1. Experimental materials. 3. Experimental results. 

1063 

2. Experimental method. 
3. Experimental results. 

a) The removal of constriction of thoracic 
inferior vena cava. 

a) Comparison of the components of the 
two types of experimental ascites. 
b) Comparison of various function tests. 
c) Comparison of microscopic findings. 
4. Summary of chapter Il. 
JI[. The reveresibility of experimental ascites. 

b〕 Additionof portal stenosis to the con-
striction of thoracic inferior vena 
cava. 

4. Summary of chapter ID 
IV. Discussion. 
V. Conclusion. 

I. INTRODUCTION 

Ascites is one of the most important symptoms found in patients with hepatic 

cirrhosis or so-called “portal hypertension”， the name given by the Spleen Clinic of 
Presbyterian Hospital. 

Since STARLING’s paper on ascites, the pathogenesis of ascites has been considered 

to be an increase in portal venous pressure and a decrease in serum colloidal osmotic 

pressure. However, some investigators doubt the parallel relationship between 

production of ascites, potal venous pressure, and serum colloidal osmotic pressure. 

Others point to the important role of hepatic lymph as an origin of ascites, and 

others suggest an endocrine change as a factor in ascites formation. 

However, many problems pertaining to the pathogenesis of ascites remain 

unexplained. 

In regard to the treatment of ascites there are many methods, such as the 

TALMA-DRUMMOND’s operation, the portacaval shunting, etc.; none of which are 
very satisfatory. 

On an experimental basis, ascites has been produced by constriction of the 

thoracic inferior vena cava and also, as included in this report, the production of 

ascites by the addition of plasmapheresis旬 theconstricted portal vein. 

This paper deals with the contents of the ascitic fluid produced by the two 

experimental methods, in addddition to the difference in production of ascites and 

method to control the formation of ascites. 

長 Theoutline of this study was reported on at the 56th and 57th Annual Congress of the Japanese 
Surgical Society, at Sendai City May l, 1956 and at Tokyo April 3, 1957. 
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II. THE PRODUCTION OF EXPERIMENTAL ASCITES 

I. Eeperimental materials 

Twenty-eight adult mongrel dogs weighing about lOkg were used. 
2. Experimental method 
Twenty dogs were used for the constiriction of the thoracic inferior vena悶 va.
Following adequate exposure of the thoracic inferior vena cava by entering the 
chest through the sixth right intercostal space, a small cellophane band was applied 
to the inferior vena cava so that the vein could be constricted to approximately 
one-half of the original luminal diame民r.
Eight dogs were used for the constriction of the portal vein plus plasmapheresis. 
To constrict the portal vein, a cellophane band, also, was used. After exposure of 
the vein through a median incision in the upper abdomen, the・ vein was constricted 
to approximately one-half or one-third of its former diameter. Seven days after 
the establishment of portal stenosis, plasmapheresis was started and continued 
almost every other day for 2 months. The term “plasma pheresis” as used here 
means the removal of 100 cc of whole blood with subsequent replacement of the 
red blood cells suspended in 100 cc of 0.9% saline solution. 
After ascites formation was well established i乃’ thesetwo methods, samples of 
blood serum, ascitic fluid, and sometimes thoracic du.ct lymph, hepatic lymph, and 
the fluid formed on the liver surface (hereafter referred to as“capsulai・ liver 
fluid”） , were obtained for the following examinations; protein concentration (by 
refractometric determination), A/G ratio （川ァHowE’smethod) , cholesterol (by 
BLOJR’s method), sodium and potassium (by BECKMAN’s flamephotometer), chlorine 
(by ScHALES and ScHALES’s method) and sugar (by HAGEDORN-JENSEN’s method) in 
blood serum and ascitic fluid were measured to compare the two methods used in 
production of ascites. 
The following function tests were performed to compare the two experimental 
methods: (1) comparative blood picture to include the number of red blood cells, 
hemoglobin content and hematocrit, (2) circulating plasma volume by Ev ANS Blue 
method and extracellular fluid volume by sodium rhodanate method, (3) bromsulfo・
nphthalein retention after 30 minutes to determine the liver function, (4) phenol-
sulphonephathalein excretion for the I官1alfunction. 
Microscopic examination of the liver, spleen, pancreas, intestine and adrenal 
gland were performed following staining by hematoxylin-eosin. 
Samples of hepatic lmyph and thoracic duct lymph were obtained by cannula-
tion of one of the extrahepatic lymphatics and the thoracic duct with a fine 
polyethylene tube. Capsular liver fluid was allowed to drain into polyethylene 
sheets placed around the liver, and then the fluid samples were removed with a 
capillary pipette for the examination. 
The portal venous pressure was measured by direct puncture of the portal trunk 
with a needle having a 1 mm. luminar diameter attached to a simple water 
manometer. 

3. Experimental results. 
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a) Comparison of the components of the two types of experimental ascites. 

i) Constriction of the thoracic inferior vena cava caused accumulation of 

ascites which began to appear in 1 week after the operation and developed初 a

maximum (about 2,000 cc) within 2 or 3 weeks postoperatively. Extensive venous 

collateral channels were noted on the abdominal wall. The liver of the dogs wa日

moderately enlarged, turgid, and of purple hue. The surfaces were uneven. Innum-

erable droplets constant！~· coalesced and trickled from the liver into the peritoneal 

cavity. However, other abdominal viscera and peritoneal surfaces showed no 

pathological changes on gross inspection. The extrahepatic l~·mphatics located 

about the portal vein were found to be engorged with clear lymph. 

The protein content of the capsular liver fluid was similar to that of the 

hepatic lymph. The protein contents were found to be the highest, in this order; 

blood serum, hepatic lymph, thoracic duct lymph and ascites (Table 1.). 

Table 1. Total protein value of serum, heJ?atic lymph, capsular liver fluid, thoracic duct lymph, 

and ascitic fluid. Protein values are expressed in grams per 100 cc. 

No. of dogs 17 21 22 23 24 25 26 27 Average 
Blood serum 7.2 3.9 4.7 6.0 3.9 4.8 3.9 6.5 5.11 

Hepatic lymph 5.7 3.0 3.7 4.6 3.0 3.9 3.2 5.9 4.13 

Capsular liver fluid 5.4 3.7 4.7 3.0 3.8 3.2 5.0 4.11 

Thoracic duct lymph 5.6 2.5 ι7 2.8 3.6 2.6 4.6 3.77 

Ascitic fluid 4.8 2.2 2.6 3.8 1.8 3.0 2.0 5.0 3.15 

Constriction of the portal vein did not result in accumulation of ascites 

unless the procedure was combined with plasmapheresis to reduce the concentration 

of serum protein. The volume of accumulated ascites by the addition of plasma-

pheresis to constriction of the portal vein was 20 to 450 cc (Fig. 1). Extensive 

venous collateral channels were noted on the retroperitoneum and around the cardia 

and esophagus; ・however, no subrriucous varices of the esophagus were recognized. 

The liver of each dog was fairl~· pale macrospically. Other abdominal viscera did 

not show any noticeable change except for the engorgement of mesenteric veins. 

iii) Compared these two ascitc日， thecontents of protein and cholesterol in 

the ascites of group B were markedly less than those in the ascites of group A 

(Fig. 2, 3.). (For convenience of comparison, A will be used to denote those dogs 

with constricted thoracic inferior vena cava and B used to denote that group with 

const.ricted portal vein and plasmapheresis.) However, both ascites were similar in 

sodium, potassium, chlorine and sugar (Fig. 4, 5, 6, 7). A/G ratio and chlorine 

concentration of both ascites were higher than those of the serum (Fig. 6. 8). 

b) Comparison of various function tests. 

Each group showed marked anemia and decrease of hematocrit (Fig. 9). 

There was an increase of extracellular fluicl in both groups, but this was more 

pronounced in group B. Circulating plasma volume increased in both groups (Fig. 

10). There was increased retention of ESP in group A and B showing decrea同〔l

liver function in each group (Fig. 11). The renal function of group A was found 
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Fig. 9 Comparison of two types of experime-
ntal ascitic dogs concerning number of 
red cells, hemoglobin concentration and 

hematocrit in blood. 
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to be decreased following the operation by using PSP. This decrease in function 
was found加 betransient and recovery was noted in 2・3weeks (Fig. 12). The 
portal venous pressure in group A was not raised very much, but in group B there 
was a marked elevation immediately after the operation. This elevation of portal 
venous pressure in group B gradually decreased and returned tοnormal levels in a 
four week period (Fig. 13) . 

c) Comparison of microscopic findings. 

i) Liver; In group A,. marked congestion, which developed from the central 
zon飴 ofacinus to the peripheral zones with compression-degeneration of hepatic 
cells, was found within 1句 2weeks postoperatively, but the most striking observ・
ation was the dilatation of sttbcapsular sinusoids and lymphatic spaces (Fig. 14). 
Within 1 to 2 months postoperatively the congestion decreased, and connective 
tissue began to proliferate from GLISSON’s capsuls and around the central veins, and 
finally, the liver developed atrophic cirrhosis about 8 months later (Fig. 15, 16). 
ln group B, no congestion or dibtention of sinusoids was recognized, but the 

hepatic cells, especially in the central zones, showed diffuse degeneration (Fig. 17). 
ii) Spleen; In group A, congestion was not found, but atrophy was reco・

gnized by the reduction of follicular size, the increase in reticulum cells, and the 
tortuous trabeculae. Atrophy w出 alsoea-
sily recognized macroscopically (Fig. 18). 
The weight of the spleen was markedly 
less than that of group B or of normal 
dogs (Fig. 19). In group B, no pathological 
change was recognized except for slight 
congestion. 

On examination of the remaining visc-
era, there was no pathological change found 
in either group A or B. 
4. Summary of chapter II. 
1. Constriction of the thoracic inferior 

vena cava caused marked extrusion of fluid 
from the surface of the liver. This fluid 
had the same amount of protein as hepatic lymph. Dilatation of the liver subcap-
sular lymphatic spaces was shown microscopically. 

2. Constriction of the thoracic inferior vena cava caused the accumulation of 
ascites in spite of a normal portal venous pressure; however, constriction of the 
portal vein did not result in accumulation of ascites unless the pocedure was 
combined with plasmapheresis. 

3. The protein and cholesterol in the ascitic fluid of group B markedly le崎
than group A. However, there was no difference in sodium, potassium, chlorine 
and sugar level recognized between the ascitic fluid of group A or B. 

4. No di仔erencebetween the function of comparable organs of group B was 
noted except for the transient renal dysfunction in group A. 

Fig. 19 Spleen weight per body weight 
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5. There was marked reduction in the size of the spleen recognized in group 

A. 

][. THE REVERSIBILITY OF EXPERIMENTAL ASCITES 

1. Experimental materials 

Twent~γーone adult mongrel dogs weighing about 10 kg were used. 

2. Experimental method 

i) In 12 normal dogs, the thoracic inferior vena cava ¥vas constricted by a 
tissue-reactiorトfree polyethylene tube, in which a silver cord was inserted for 

convenience of manipulation, to produce experimental ascites. After ascites was 

well established, the constricting tube was removed from animals at periods varying 

from 21 to 163 days. After removing the constriction, examination was performed 

daily for one week. The abdominal girth, body weight and components of blood 

and ascites (protein content, A/G ratio, cholesterol, sodium, potassium and chlorine) 

were examined. Microscopic examination of the liver and spleen was performed 
after sacrificing the animals. 

ii) On a series of 9 dogs, the portal vein was narrowed to about one-half to 

one-third its former diameter with a cellophane band at periods of 7 to 4 7 days 

after the constriction of the inferior vena ca va. Following the addition of portal 

stenosis, the. same examination as above was performed daily for 1 week. 

3. Experimental results 

a) Removal of constriction of the thoracic inferior vena cava. 
-When a cellophane band was used to constrict the thoracic inferior vena cava, 

it caused the proliferation of connective tissue in the venous wall; however, the 

tissue-reaction-free polyeth）’lene tube did not result in such pathological changes 

and the elasticity of the constricted wall of the vein was not impaired (Fig. 20, 

21). It was shown roentgenographically that the constricted venous wall recovered 

句 thepre-constricted state after the removal of the polyethylene tube (Fig. 22, 

23). Ascites appeared in one week and reached a maximum (about 2,000 cc) in 2 

to 3 weeks after the constriction of the vein by non-irritating polyethylene tubing. 

This ascitic state was similar to that poduced when cellophane is used. After the 
removal of the constriction, the accumulated ascites disapp色ared within I week 

showing a decrease in the abdominal girth and body weight (Fig 24). The protein 
concentration of blood serum was hypoproteinemic during the accumulation of 

ascites, but after releasing the constriction it increased to above normal levels 

reaching maximum within 3 or 4 days, and then recovered to normal within 6 or 

7 days. ヘTheprotein concentration of the ascites increased slightly (Fig. 25). No 
noticeable change in A/G ratio was recognized in serum or ascitic fluid (Fig. 26). 

The cholesterol content of blood serum, similarly to protein, increased above normal 

reaching a maximum in 3 to 4 d旬、sand recovered to normal level within 6 to 7 

days after remoYing constriction. The cholesterol content of ascitic fluid slightly 

increased (Fig. 27). Sodium, potassium and chlorine in the blood serum and 

ascitic fluid showed no remarkable change (Fig. 28). 
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Fig-. 24 Course of body weight and girth of abdomen after removal of constriction. 

kl 
""' 君。 Cll.J'出。fabdoi国n、

16 
90 

16 60 

70 

ω 

lU I' a._ 『、、、「．』』土J，・』、、． So 

6 尽てミ÷」． JO 

4 20 
12~4567 田ys l 2 ) 4 5 6 7 lily• 

Fig. 25 Course of protein content in .blood serum 
and ascites after removal of constriction. Fig. 27 Course of total cholesterol in blood 

serum and ascites after removal of 
lO g/dl. constriction. 

8 

6 

ti 

2 

、＇.
。
l . 2 3 瓦十5・ 6 7 nays 

FI咽 Fig.2$匂1roughFig・351
＠ーーーOJreters七。'Talue:l.n blood serum. 
0・ーー-OJrefer，もovalu・inaeci七ea.

Fig. 26 Course of A/G ratio in blood serum and 
ascites after removal of constriction. 

1.4 

1.2 

i.o 

o.a 

o.6 
12  3 4 56  ?lllays 

mg/dl. 
troo 

300 

200 

100 

0 
12  3 4 56  ?Days 

Fig. 28 Course of sodium, potassium and chlo-
rine in blood and ascites after remova1 
of constriction. 

Na. 

110 

130 

K. 

4 

山o
Cl. 

120 

100 
E凪ys



EXPERIMENT AL STUDIES ON ASCITES 1071 

Microscopically, the marked congestion of the liver following constriction of 

the thoracic inferior vena cava markedly subsided and the bulk of hepatic cells 

were normal in arrangement, but size of the acini were slightly smaller than 

normal (Fig. 29). However, in some parts congestion remained. The connective 

tissue did not continue to proliferate after the removal of the constriction, but the 

slight thickening of the wall of the central vein and intrahepatic portal vein rema-

ined unchanged (Fig. 30). Splenic atrophy remained unchanged even 153 days 

following the removal of the constrictive band. 

b) Addition of portal stenosis 加 constrictionof the thoracic inferior vena 
cava. 

The portal venous pressure was 160-200 mm. H20 in experimental ascitic dogs 
with constricted thoracic inferior vena cava, but immediately after the addition of 
portal stenosis the pressure became 60・100mm  H,O in the proximal .portion of the 

stenosis and 240-280 mm  H,O in the distal part. No gross pathological changes 

were found in the intestinal tracts. The majority of accumulated ascites overflowed 

from the peritoneal cavity at the time of adding the portal stenosis, but 3:5 ~days 
later, ascites was proved by means of paracentesis. After that period, however, 

even 85 days later, no re-accumulation of ascites was found. There was very little 

change in abdominal girth and body weight (Fig. 31). The protein concentration 

of blood serum increased slightly for several days after the addition of portal 

stenosis, but, on the other hand, that of the ascites markedly decreased (Fig. 32). 

The A/G ratio of the blood serum and ascitic fluid did not change noticeably 

(Fig. 33). Blood serum cholesterol content did not show any noticeable change, 

but, that of ascitic fluid markedly decreased (Fig. 34). Sodium, potassium and 
chlorine in the blood serum and ascitic fluid showed no remarkable change (Fig. 
35). 

Histologically the congestion of the liver due to the constriction of the thoracic 

inferior vena cava disappeared following the addition of portal stenosis. In some 

instances vacuolic degeneration of hepatic cells was recognized (Fig. 36) . No 
pathological change was detected in the spleen. 

4. Summary of chapter Ill. 
1. The application of a cellophane band to constrict the thoracic inferior 

vena cava resulted in proliferation of connective tissue in the venous. walJ. Applic-

ation of a tissue-reaction-free tube of polyethyene was not followed by such path-

ological change~； the elasticity of the constricted wall of the vein was not damaged; 

and the constricted wall of the vein reverted to the pr・e-constrictedstate following 
the removal of the polyethylene tube. 

2. Upon releasing constricti0n of the thoracic inferior vena cava, accumulated 
ascites disappeared within 1 week. This reversibility of ascites was found to take 
place at the end of three weeks (21 days) and upon release and up to periods of 5 

months (163 days) and then release of the constriction. 
3. Additional constriction 0f the portal vein to the experime1Ltal ascitic clogs 

due to the constriction of the thoracic inferior vena cava caused the disappearance 
of accumulated ascites in a few days. 
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Fig. 31 Course of body weight and girth of abdomen 

after addition of portal vein constriction. 
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N. DISCUSSION 

As reported b~· BoLTON, '.¥IcKEE and GRINDLA Y, as in this study too, constriction 

of the thoracic inferior vena cava cau~ed marked extrusion of fluid from the liver 

surface, which was similar to hepatic lymph as regards protein contents; in addit-

ion dilatation of the subcapsular lymphatic spaces of the lin;r was shown microsc-

opically. Therefore, the origin of proteinous ascites is considered to be from the 

hepatic ］~＇mph. RrnNHOFF (1953) . noticed exudation of lymph from the hilum of 

liver in human cirrhosis, and THERON (1955) reported dilatation of the intrahepatic 

lymphatics. The experimental result following removal of a constriction of the 
thoracic inferior vena cava suggests that hepatic congestion plays a great role in 
the production of experimental ascites. It is open to discussion whether such an 

experimental as('.ites can be considere::l to be the same as seen in human cirrhosis. 

Accordingly, only that experimental ascitic li¥'ET which shows cirrhotic change 

without remaining congestion after the removal of a constriction of the. thoracic 
inferiur vena cava can be called a true cirrhosis. But it is well known that 

there are cases of hepatic cirrhosis without ascites and/or with reversible ascites 

clinically. MADDEN (1954) stated that reversible ascites of liver cirrhosis is due to 

the occlusion of the hepatic veins by intrahepatic cellular edema and that the 

irreversible ascites is due to organic occlusion of the hepatic veins. According to 

his concept, it might be considered that experimental ascites in dogs with constr-
icted inferior vena cavas is due to functional occlusion of the hepatic veins. From 

the result of these experiments, congestion of the hepatic veins and/or intr叫iepatic

lymph vessels is considered to be an important factor in the production of ascites. 

Constriction of the thoracic inferior vena cava caused massive ascites in spite 

of a normal portal pressure and constriction of the portal vein caused no ascites in 

spite of high portal pressure. Therefore, as reported by・BLAKEMORE,p A TTISON and 

KUNKEL, it is suggested that portal hypertension is not an essential factor in the 

production of ascites. However, as reported byア VoLWILER,GRINDLAY, the addition of 

hypopr叫einemiafollowed by plasmapheresis caused accumulation of ascites in this 
experiment. KuNKEL reported that production of ascites in cases of portal hyper-

tension without ascites followed addition of hypoproteinemia caused by hematoemesis 

due to rupture of esophagial varices; therefore it is considered that the maintenance 

of ascites would have to be accompanied by decrease of colloidal osmotic pressure 

and increase of portal venous pressure. In these animals the mesenterial and 
retroperitoneal veins dilated markedly, but the spleen, pancreas and intestine show-

ed no pathological change. This fluid could be primarily composed of the transudate 
from the prehepatic portal capillary bed. 

Comparing ascites due to the constriction of the thoracic inferior vena cava 

with ascites due to constriction of the portal vein plus plasmapheresis, the contents 

of protein and cholesterol in the former were much higher than those of the latter, 

but the content of su'.lium, potassium, chlorine and sugar ＇＇’加 similarin both cases. 
Comparing ascites due to constriction of the thoracic inferior vena ca¥'a before the 
addition of portal stenosis with ascites following addition of portal stenosis, the 
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same results as above mentioned were seen. Accordingly, these results suggest 

that ascites derived from the liver is rich in protein and cholesterol, but ascites 

derived from the prehepatic portal vein is poor in these substances. 

In the dog with a constricted thoracic inferior yena cava, the protein content 

of the ascites is much less than that of its hepatic lymph; accordingly, there 

occurs the problem as to whether the ascites resulted from the dilution of hepatic 

lymph with other peritoneal transudate or from the selective re-absorption of 

protein. But according to the comparison of both these types of ascites, it may 

be derived from the hepatic lymph diluted with the transudate from the prehepatic 

portal capillary bed. 
Comparing the various functions of dogs with constricted thoracic inferior 

vena回 vasto those of dogs with constricted portal veins plus plasmapheresis, 

there was not enough sig11ificant difference to suggest a difference of pathogenesis 

of ascites formation between the two groups of experimental ascitic dogs, except 

for di百erencein renal function. The renal dysfunction was found in the former 
group for 2-3 weeks postoperatively and during that time transient edematous 

swelling of the legs was recognized. Therefore, it is considered that congestion of 

the infrahepatic caval s~叫em does not have any important significance in the 

production of ascites. 

The reason for high concentration of protein and cholesterol in ascites due to 

a constricted thoracic inferior vena cava may be due to the special permeability 
of the hepatic capillaries, as reported by Frnw, LEIGH and DRINKER. 
The fact that the A/G ratio of both types of ascites was higher than that of 

the blood serum might be due to the fact that albumin molecule is more permeable 

than the globulin molecule, as reported b~’ DRINKER. 

Similarl>・, the content of chlorine in the ascitic fluid was higher than that of 

the blood serum. This fact may・ be explained as follows; the decrease of anion 

due to the reduction of protein in the ascites might be compensated by the chlor-
ine anion, as reported b：.’TAKAHASHI. 
The size of the spleen in experimental ascitic dogs with constricted thoracic 

inferior vena cavas markedly reduced in an inverse proportion to the clinical 

白ndingsof the hepatosplenic 吋1ndrome. This fact is of considerable interest, in 

view of the fact that splenomegal>・ does not necessarily follow Buoo-CHIARI’s 
syndrom. Therefore it is considered that this disease may’be different from comm・

on hepatosplenic syndrom. 

From the viewpoint of hydrodynamics, it is expected that the reduction of 

ascites formation m叫’ beachieved IJ.i・ the mean日ofdiminishing blood inflow to the 
liver. 

In fact, addition of portal 只tenosis resulted in the disappearance of ascites 

within a few days. According to LAUFMAN’s report, the same procedure caused 
disappearance of ascites, but this effect was transient and re網accumulationoccured 
'l weeks later. On the contran" re-accumulation of ascitcs in this experiment was 
not recognized even 85 days lat仁r.MARKOWITZ, RIENHOFF advocated ligation of the 
hepatic arterJ’as a treatment of ascites. Accordingly, t℃日trictionof blood inflow 



EXPERIT』IENTAL STUDIF只0:--1ASCITES 1075 

to the liver might be e庁e::ti¥'C in controlling persistent ascites, 

y. CONCLUSION 

1) Constriction of the thoracic inferior vena cava caused marked extrusion 

of fluid from the liver surface, which was similar to hepatic lymph as regards 

protein contents ; in addition dilatation of the subcapsular lympha十icspaces of the 

liver was shown microscopically. Therefore, the origin of protcinous ascites is con-

sidere:l to be from the hepatic lymph. 

2) Removal of a constriction of the thoracic inferior vena cava caused the 

disappearance of accumulated ascites in a few days. Therefore, it is considered 

that congestion of the hepatic veins or intrahepatic stagnation of lymph is an 

important factor in the experimental production of ascites. 

3) The constriction of the thoracic inferior vena cava caused the accumula-

tion of ascites, however, the portal venous pressure was within normal range. On 

the other hand, constriction of the portal vein)lone did not cause the accumulation 

of ascites, but the addition of plasmapheresis to the constricted portal vein caused 

the accumulation of ascites. Therefore it is considered that portal lη・pertension is 

not an essential factor for the production of ascites, but the association of portal 

hypertension with a decrease in colloidal osmotic pressure causes the persistent 

accumulation of ascites. 

4) Comparing ascites due to constriction of the thoracic inferior vena cava 

with ascites due to constriction of the portal vein combined with plasmapheresis, 

the former was rich in protein and cholesterol, but the latter was poor in protein 

and cholesterol. These results suggest that ascites derived from the liver is rich 

in protein and cholesterol, but ascites derived from the prehepatic portal vein is 

poor in these substances. 

5) Addition of a constriction to the portal vein in experimental ascitic dogs 

with a constricted thoracic inferior vena cava Cc:J,USed the disappearance of accum-

ulated ascites in a few davs. Therefore it is considered that restriction of blood 

inflow to the liver is e古ectivein controlling persistent ascites. 

REFERENCES 

I) Baret, A. C. : Ligation of th2 Hepatic Ar-
tery in Experimental Cirrhosis of the Liver 
with Portal Hypertension. Surg. Gynec. & 
Obst., 100, 33, 1955. 2) Blakemore, A.H.: 
Portacaval Shunting for Portal Hypertension. 
Surg. Gynec. & Obst., 94, 443, 1952. 3) Bol・
ton, C. : The Patholo5ical Occurences in the 
Liver in Experimental Venous Stagnation. 
J. Path. & Bact., 34, 701, 1931. 4) Brown, 
H.: ACTH in Cirrhosis of the Liver. Am. J. 
Med., 10, 770, 1951. 5) Cain, J.C.: Lymph 
from Liver and Thoracic Duct. Surg. Gynec. 
& Obst., 85, 559, 1947. 6) Craig, R.L.: The 
Effect of Hypophysectomy on Accumulated 

Ascites due to Circulatory Failure in the Dog. 
Ann. Surg., 140, 535, 1954. 7) Devic, G. : 
Etude exp~rimentale des ascites : S凶noses
、eineusesposthepatiques et transposition du 
foie clans le thorax. Bull. Soc. Internation. 
Chir., 15, 48, 1956. 8) Dohan, F.C.: Hormone 
Excretion in Liver Disease. J. Clin. Invest., 
31, 481. 1952. 9) Drinker, C.K.: Lymphatics, 
Lymph, and Lymphoid Tissue. Cambridge, 
Massachusetts Harvard University Press, 
1941. JO) Field, l¥I.E.: The Protein Content 
and Osmotic Pressure of Blood Serum and 
Lymph from Various Sources of the Dog. 
Am. J. Physiol., 110, 171. 1934-1935. 11) 
Freeman, S. : Recent Progress in the Physi-



1076 日本外科宝函第27巻第5号

ology and Biochemistry of the Liver. Med. 
Clin. of North America, 37, 109, 1953. 12) 
Fujita, J.: Case of Stenosis of the Vena Cava 
Inferior Associated with B:.idd Chiari's Syn-
drome. Jap. Arch. Int. Med., 2, 1019, 1955. 
13) Glatworthy, HルN.:A New Type of Portal-
To-Systemic Venous Shunt for Portal Hyper-
tension. Arch. Surg., 71, 588, 1955. 14) Glenn, 
W.L. :!Experimental Thoracic Duct Fistula. 
Surg. Gynec. & Obst., 89, 200, 1949. 15) 
Grindlay, J.H. : Lymph Fistulas in Trained 
Dogs. Surg., 27, 152. 1950. 16) Grindlay, 
J.H. : Hepatic Lymph and Ascitic Fluid Follo-
wing Experimetal Chronic :obstruction of the 
Inferior Vena Cava. Fed. Proc., 7, 45, 1948. 
17) Hoffbauer, F. W. : Factors Influencing 
Pressures in the Portal Vein as Studied in 
the Intact Animal. Gastro?nterol., 16, 194, 
1950. 18) Hyatt, R.E.: The Mechanism of 
Ascites. A Physiologic Appraisal. Am. J. Med., 
16, 434, 1954. 19) Hyatt, R.E. : Observation 
on the Origin of Ascites from Experimental 
Hepatic Circ11lation. J. Lab. and Clin. Med., 
45, 274, 1955. 20) Kelsey, M.P.: Occlusion 
of the Hepatic Veins. Arch. Int. Med., 75, 
175, 1945. 21〕Kunkel,H.G. : Liver Disease, 
Chiba Foundation Symposium, 1951, p. 130. 
22) Laufman, H.: Partial Occlusion of the Poト
ta! Vein in Experimental Ascites. Arch. Surg., 
65, 886, 1952. 23) Lemaire, A. : Zur Patho-
logie u.Behandlung der Leberzirrhose. Dtsch. 
med. Wschr., 80, 1460, 1955. 24) Linton, 
R.R. : Portcaval Shunts in Treatment of Por-
ta! Hypertension. Surg., 87, 129, 1948. 25) 
Little, R.D. : Case Report of Stenosis of the 
Vena Cava With Verni. Cava! and Hepatic 
Vein Thrombosis Related to Trauma. Ann. 
Int. Med., 37, 197, 1952. 26) Madden, J.L.: 
The Pathogenesis of Ascites and A Considera-
tion of Its Treatment. Surg. Gynec. & Obst., 
99, 385, 1954. 27) Mankin, H.: Osmotic Fae-
tors Influencing the Formation of Ascites in 
Patients with Cirrhosis of the Liver. J. Clin. 
Invest, 27, 145, 1947. 28) Markowitz, J.: 
Prevention of Liver Necrosis Following Liga-
tion of Hepatic Artery. Proc. Soc. Exper. Biol. 
& Merl., 70, 305, 1949. 29) McKee, F.W.: 

Experimental Ascites. Effects of Sodium, 
Chloride and Protein Intake on Protein Meta-
bolism of Dogs with Constricted Inferior 
Vena Cava. Surg. Gynec. & Obst., 89, 529, 1949. 
30) McKee, F. W. : Protein Metabolism and 
Exchange as Influenced by Constriction of 
the Vena Cava (I). J. Exper. Med., 87, 457, 
1948. 31) McKee, F.W.: Protein Metabolism 
and Exchange as Influenced by Constriction 
of the Vena Cava (Il). J.Exper. Med., 90, 447, 
1949. 32) Palmer, E.D.: Budd Chiari’s Syn-
drome. Arch. Int. Med., 41, 261. 1954. 33) 
Patek, A.J. : The Eff巴ctsof Intravenous In-
jection of Concentrated Human Serum Albu-
min Upon Blood Plasma, Ascites and Renal 
Functions in Three Patients with Cirrhosis 
of the Liver. J. Clin. Invest., 27, 135, J 948. 
34) Ralli, E.P. : Factors Influencing Ascites in 
Patients with Cirrhosis of the Liver. J. Clin. 
Invest., 24, 316, 1945. 35) Rienhoff, W.F.: 
Ligation of Hepatic and Splenic Arteries in 
Treatment of Cirrhosis with Ascites. J. A.M. 
A., 152, 687, 1953. 36) Rienhoff, W. F.: 
Ligation・ of the Hepatic and Splenic Arteries 
in the Treatment of Portal Hypertension. 
Bull. Jonhs Hopkins Hosp., 83, 368, 1951. 
37〕Rousselot,L.M. : Experimental Production 
of Congestive Sp!enomegaly. Proc. Soc. Exp. 
Biol. and Med., 40, 705. 1937. 38) Takahashi, 
T.: Kanzono Rinsho. J. Jap. Soc. Int. Med., 42, 
633. 1953. 39〕Taylor,F.羽T.: Portal Hyper-
tension. Surg., 92, 64, 1951. 40) Theron, P. 
: Ascites. Acta med. Scandinav., 306, 145, 1955. 
41) Thompson, R.B.: Thrombosis of the Hepa-
tic Vein日.Arch. Int. Med., 80. 602, 1947. 
42) Thorn, G.羽T.: Chemical, Clinical, and 
Immunological Studies on the Products of 
the Human Plasma Fractionation. J. Clin. 
Invest., 25, 304, 1946. 43) Volwiler, W.: The 
Relation of Portal Vein Pressure to the For-
mation of Ascites. Gastroenterol., 14, 40, 1950. 
44) Whipple, A.D.: Problem of Portal Hyper-
tension. Ann. Surg-., 122, 449. 1945. 45) Wi-
les, C. E. : The Experimental Production of 
Portal Hypertension. Ann. Surg., 136, 811, 
1952. 



EXPERIMENT AL STUDIES O.N ASCITES 1077 

Fig・. 14 Micro~copic section of liver 19 days after 
constrict10n of thoracic inferior vena cava 
showing congestion, dilated sinusoid and 
degeneration of hepatic cells. x JOO. 

Fig・. 16 Microscopic section of liver 222 days 
after constriction of thoracic inferior 
vena cava showing atrophic cirrhosis. 
×100. 

Fig. 18 Microscopic section of spleen 54 days 
after constriction of thoracic inferior 
vena cava showin阜、 atrophy.×100.

Fig. 15 Microscopic section of liver ?6 days after 
constriction of thoracic inferior vena cava 
showing dilatation of subcapsular lympha-
tic spaces and proliferation of connectiYe 
tissue. x JOO. 

Fig. 17 Microscopic section of 3~ days after 
constriction of portal vein associated 
plasmapheresis showing diminution of 
congestion and degeneration of hepatic 
cells.×100. 

Fig・. 20 Microscopic section of thoracic infenor 
vena cava constricted with cellophane 
band showing proliferation of connective 
tissue.×100. 

S. HAYANO 



1078 日本外科宝函第27巻第5号

Fig. 21 Microscopic section of thoracic inferior vena 
cava constricted with non-irritative polyeth-
ylene band showing no remarkable prolifer-
ation of connective tissue. x 100. 

Fig・. 22 Roentgenogram of thoracic inferior 
vena cava 52 days after constriction 
with .polyethylene band showing 
stenos1s. 

Fig. 23 Roentgenogram of thoracic inferior 
vena cava 65 days after removal of 
polyethylene band showing the relief 
of stenosis. 

Fig. 29 Microscopic section of liver 10 days after 
removal of constriction showing disappear-
ance of con良目esti on. ×zoo. 

Fig. 30 
Fig・. 36 Microscopic section of liver 10 days after 

addition of portal stenosis showing・disap-
pearance of congestion and degeneration 
of hepatic cell.×100. 

S. HAYANO 
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1. 胸部下大静脈狭窄により大量の腹水が貯溜し， 庄の充進と血祭E減 法透圧の低下との共存により持続
此の際肝の表面から著明な液体の漏出を認めた．此の 性の腹水を生ずることが考えられる．

漏出液の蛋白濃度は肝リンパのそれに極めて類似して 4. 胸部下大静除狭窄により貯溶した腹水と門肱狭

いた．叉組織学的に肝被膜下リンパ座の鉱張を認め 窄加血衆搬出により貯溜Lた腹水とを比較するとp 前
た．よって蛋自性腹水の起源、として肝被膜よりのりン 者は蛋白，コレステロールに富むが後者はこれらに乏

パ漏出が考えられる． しいp 従って肝に由来する腹水は蛋白，コレステロ－

2. 胸部下大級脈の狭窄を除去すると貯溜していた ルに富み肝前部門脈系に由来する腹水はこれらに乏し

腹水は数日で消失した．従って肝内の笹血或はリンパ いと考えられる．叉肝よりの漏出液が肝前部門脈系ょ

の穆積が実験的腹水産生の室要な因子と考えられる． りの漏出液により稀釈されて腹水が形成されると考え

3. 胸部下大静脈の狭窄により腹水が貯溜するがそ られる．

の際門脈圧はほぼ正常範囲内にあった．叉他方門脈の 5. 胸部下大静脈狭窄による実験的腹水犬に門脈狭

狭窄のみでは腹水は貯溜せずこれに血祭搬出を追加す 窄を追加すると貯溜していた腹水は数日で消失した．

ると腹水が貯溜して来た．従って門脈圧の冗進は腹水 依って肝への流入血量を減少させるとたとえ門脈圧冗

産生の第一義的因子ではないと考えられる．然し門脈 進があっても腹水の産生が抑制されると考えられる．


