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CHAPTER I INTRODUCTION 

Members of our clinic have pointed out (1) that after the ligation of the 
hepatic artericへtheportal circulation and hypoxic liver necrosis caused by the 
portal circulation impediment exercises the greatest and the most important influence 
upon the prognosis of the operated animal, and (2) that administration of penicillin, 
abbreviated 句 Pc, and other antibiotics remarkably reduces the mortality rate. 
Clinical application of this method of the ligation, however, requires further serious 
considerations of various kinds as cases di百er. Particularly, it should always be 
taken into consideration whether before the ligation there alrcad~’ exist any factors 
that develop post-operative disturbances of the portal blood flow. 
The present experiments have been undertaken in order to observe how the 

interruption of the hep. aa. is influenced by portal vein thrombosis, which is the 
most t~·pical C創出 of portal circulation impediment, especially I>~· infectious thrombosis 
which is of clinical importance. 

I Method 

（司HAPTERII PRELIMINARY EXPERIMENT 

Portal Circulation Impediment without Infection ----

The following Yarious method芯 wereemployed. In adult dogs, after an artificial 
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non寸nfe氾tiousobstruction of the intrahepatic portal vein was produced, the hepatic 

arterial supply was interrupted, and their prognosis were pursued. In this experiment, 

non-infectious obstruction was produced in order 加 excludeall the complicated 

influences which might be caused b~· bacterial infection, and句 observeonl，；.ア hemody-

namic changes caused byγthe artificiall，＼’produced obstruction of the portal circu-

la ti on. 
In both the preliminary and the main experiments, healthy adult mongrel dogs, 

weighing 5.2 to 15.2 kg, were used. In all the dogs 0.5 cc per kg of Nembutal was 

used for anesthesia. 

1. Method of Producing Portal Circulation Impediment 

The following methods were employed in producing circulation impediment in 

the proximal, middle and peripheral parts of the intrahepatic portal vein. 

1) Ligation of a portal branch 

One portal branch was ligated near where it arises from the portal trunk, 
inst四dof producing a thrombus the閃. Thus, hemodynamically, the same condition 

as thrombosis was obtained. 

2) Injection of Foreign Bodies into the Portal Vein 

a) Millet Seeds : Physiologic saline solution containing millet seeds without 

chaffs (about 2 mm in diameter) was injected into the portal vein bγwa,¥' of the 

mesentric vein so that they may stay as emboli in the middle portions of the 

intrahepatic portal vein (GussoN’s capsules). 
b) Lycopodia: Physiologic saline solution saturated n’ith lycopodia was injected 
through the mesentric vein to produce emboli in the peripheral parts of the intra-

hepatic portal vein (chiefly in lobules). 

2. Method of Ligation of the Hep. Aa. 

The method of the ligation of the 3 hep. aa., as has hitherto been employed 

in our clinic, was also employed in the present experiment. The common hep. a., 

the gastroduodenal a., and the right gastric a. were doubly ligated and 配veredto 

interrupt almost whole arterial supply to the liver. After the ligation 100,000 units 

of Pc was injected in the peritoneal cavity. 
II Results 

1. Dogs with Ligation of a Portal Branch (Table 1) (Fig. 1) 

In No. 56 dog only one of the portal branches coursing leftward was ligated, 
the hepatic aa. being left intact. The dog survived very well. 人ftera month the 

liver w出 takenout with such scarred atrophy in the anterior half of the left 
superior lobe that it looked almost disappearing. Histological examinations revealed 

scattered congestion or hemorrhagic necrosis and organized granular tissue growing 

Table 1 Dogs with ligation of a portal branch 

Dog N札 lWeight I Sex I Meぬodof Ligation 

Jど J＿，ーブプ手＿n:s::::·::::'"''i"~ 同f一di
35 I 15.2 I 《 ILi&'ation of right portal brar凶
一」一一 口 Iand 3 h~~主一一

56 1 9.5 I 合 JLigation of 凶 portalbranch 

Days pa闘【1I Result 
until death 

15 days I Sacrifice 

2 己竺
32 I Sacrifice 
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around GussoN’s capsules to repair the 

damage. 
In No. 30 dog, ligation of the left 

branch of the portal vein was followed 

by that of the 3 hep. aa.. When the 
former was ligated, the region that 

receives blood supply from the vessel 

immediately became dark red and swol-

len. Then, by the ligation of the 3 hep. 

aa., it got more dark. This dog survived 

and was sacrificed 2 weeks later. The 

anterior two-thirds of the left inferior 

lobe, which receives blood supplyァfrom

the ligated portal branch, showed nee-

rosis which was cl伺 rlJア demarcatedo百

from the normal region. Histologically, 

the a町ectedarea showed anemic wide-

spread necrosis, while the rest remained 

almost normal. 
No. 35 dog died 2 days after the 

ligation of right portal branch and 3 

hep. aa.. Anemic necrosis was found 

No.ヨo

No.35 

No. 56 

kNecrosis 

Fig. 1 

completely covering the whole region of the right sup. and inf. lobes, which had 

been deprived of blood supply同 theligation. Hemorrhagic necrosis were seen here 

and there in other lobes. 

2. Dogs with Injection of Millet Seeds (Table 2) 

Dog i¥o. Weight Sex 

44 9.6kg ♀ 
54 10.3 合

57 7.0 合

58 10.0 合

Table 2 Dogs with inj巴ctionof millet seeds 

I~即玩函瓦而函厄王云而雨瓦f云而i 晴戸同恰IResul 

I 60 I 8 days I 1 days I Death 
20 ¥ 20 I 6 I Death 

Sacrifice 
Death 

10 
30 

17 
8 

10 

In No. 58 dog, immediately after the injection through the mesentric vein, the 

liver surface began to show dark red marks of congestion. After a week, laparotomy 

revealed man~· congested areas on the surface. These areas caved in slightly and 
were sharpl~· circumscribed from the surrounding tissue. The histological picture 
of these areas was that of ZAHN infarct (Fig. 2). When the 3 hep. aa. were 

lig::i.ted and 100,000 units of Pc was injected into the peritoneal cavity, the animal 

died 20 hours postoperativelJ・. At autopsy the liver surface showt:d a complex com-

bination of di町erentcolors like darl、1℃ddishbrown, white and others, as well as 
ZAHF infarct (Fig. 3). Histological findings of the areas with dark reddish brown 

color we1℃ congested or hemon・hagicnecrosis, while those of the areas with white 
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color were of anemic one. Observation was made on the cut surface of the succesive 

slices of the liver (about 5 mm thick). Injected millet seeds were observed to have 

been distributed all over except in the periphery of the liver. One cut surface 

showed a wedge-shapedarea of ZAHN infarct with a millet seed in its vertex (Fig. 4). 

In No. 44 dog, the right sup, and inf. lobes had more millet seeds and conse-

quently more marked congestion or hemorr・hagicchanges than the other lobes. In 

addition, there were many white rings in the liver, 3 to 10 mm in radius, which 

encircled the vassels blocked by the millet se吋s,and perivascular regions showed a 

complex combination of di百erentcolors due to infiltration of green bilious pigment 

(Fig. 5). The white portions were areas of anemic necrosis histologically (Fig. 6). 

In No. 54 dog the millet seeds were found onl3ア inthe right sup. and inf. lobes. 

The liver showed no color change after the injection. Nor did postmortem examina-
tion on its sliced surfaces disclose any particular changes around the millets, except 

for general congestion (Fig. 7). The periphery of the left and middle lobes, however, 

SU首位edfrom anemic necrosis, regardless of the injected millet seeds. 

On the contrary, No. 57 dog had millet seeds chiefly in the left lobe. This 
dog only survived healthily. 

As is understood from the above, distribution of emboli, caused b~・ the millet 

seeds injection, amog different lobes so varied by cases that any generalization was 
impossible (Table 3) . 

Table 3 Distribution of emboli caused by millet seeds 

2ど~J1rf.: r~g~t 叫＼m刷e I州 (a~ア／left sup.刷l~n竺ヤ； caud山 lobe
44 I 特 ｜朴｜＋｜＋｜＋｜＋｜＋
a
A宮
守

，

a
n
k
U

5

5

5

 

件
＋
＋

＋＋ 

＋ ＋ ＋ 

＋＋ 

＋ 

＋＋ 

＋ ＋ 

3. Dogs with Injection of Lycopodia (Table 4) 

竺：＿＿＿P:o./ Wふ可 Sex
42 1 9.4 kg I♀ 
43 I 13.o I ♀ 

Table 4 Dogs with injection of Jycopodia 

｜！；泣c~~－~t;i;;1i~U:!Y~~；o0d~I 恥y of Jig 
5 cc I 10 days after I 2 days j Death 

I injection I ' 
工一一一 !Immediately after! 6 [ Death 
u linJection I I 

In No. 42 dog, no sooner had 5 cc of saline solution saturated with lycopodia 
been injected through the mesentric vein than man~· dark reddish spots of congestion 
appeared on the liver surface. The anterior parts of the left sup., middle, right 

sup. and inf. lobes especially became dark red and swelled all over. After 10 days 

the 3 hep. aa. were ligated, which resulted in death of the animal 2 d句アslater. 

In No. 43 dog, injection of 8 cc of the similar solution was immediately followed 
hy the ligation of the 3 hep. aa.. The injection caused no color change but a few 
narrow, dark reddish marks on the liver. The dog died 6 days postoperative！~－， 
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revealing the ・whole liYer generally congested. Histological examination disclosed 

areas of anemic necrosis demarcated by cell infiltration, as well as those of conges-

tion, hemorrhage and hemorrhagic necrosis (Fig. 8). The lycopodia was found 

scattering in portal veins in GussoN’s capsules and in sinusoids (Fig. 9). 

III Discussion (Table 5) 

Table 5 Postoperative course of non-infectious livers with ligation of hep. aa. 

噌ZAHNinfarct 
Portal circulation impediment→Congestionえ

道Hemorrhage→Hemon・ha邑：icnecrosis 

Portal circulation impediment with一一一今An巴micnecrosis 
simultaneous ligation of hep. aa. 

ー－・→Hemorrhagicnecrosis 

I→Congestion 
｜→Hemorrhage Portal circulation impediment followed 1 

← i→Hemorrhagic necrosis 
by ligation of hep. aa. after a while i→Anen巾悶rosis

l→Zahn infarct 

The above preliminar~· experiment has made it clear that in whatever portion 

of the intrahcpatic portal Yein circulation impediment may be caused to occur, 

there develops congestion foll<m℃d同・ ZAHNinfarct, and that, when intensely impeded, 
congestion is followed by hemorrhage and then hemorrhagic necrosis. 

＼＼アhenportal circulation impediment was accompanied with the ligation of the 

3 hep. aa., anemic necrosis occurred because the blood supply to the area of blocked 

portal vein, both arterial and venous was entircl~・ interrupted. When interruption 

of the portal blood flow is incomplete according to the degree or the position of the 

circulation impediment, a simultaneous ligation of the hep. aa. may cause hemor-
rhagic necrosis. 

If the ligation of the hep. aa. was pcrf町meda certain period of time after 

the formation of portal circulation impediment, complicated findings were obtained, 

with congestion, hemorrhage, hemorrhagic and anemic necrosis, and ZAHN infarct 
all mixed up. 

URABE, in our clinic, has proved that when a ligation of the 3 hep. aa. onl yis 

performed on normal dogs with postoperative administration of penicillin, the mor-

talit~· rate is about 30ヲ. Whereas, the above preliminary experiment disclosed as 
high a mortalit~’ rate 山 78%after the ligation of the hep. aa. in the dogs with 
portal circulation impediment. This ma~· be assumed that it was the intrahepatic 

Iに・ta!circulation impediment that advanced a development of liver necrosis, a prin’ 

cipal cause of the death after the l抵抗ionof the hep. aa.. So complex is the rela-

tionship of the de凹℃eof circulation impediments to the fate of the dog with the 

ligation of the hep. aa., that no simple generalization is possible. As is inferred 

from the above findings of the doi!s with ligation of a portal branch, however, it 

seems that the fate of the dogs depend日 uponhow large an area of the liver suffers 



INFLUENCE OF PORTAL THROMBOSIS UPON THE HEPATIC ~Er司HOSIS 1479 

portal circulation impediment. According to POPPER, dogs survi＼℃ when the pro-

portion of the necrotic area against the whole liver is !cs日 than1 3, while they die 

when it exceeds 1 12. The data obtained from the present experiment agree with 

him. 

CHλPTER III MAIN EXPERilVIE::¥T 

- Infectious Thrombosis十一

I Methods 

Clinically, the most important cause of intrahepatic portal thrombcsis is bacterial 

infection of the liver. Therefore, in the present study the following different methods 

of infection were employed to cause thrombosis in the liver. 

Gelatine-cultured colon bacilli and staph:yァlococciwere used for the pr田町tpurpose. 

The amount of the bacteria used at a time was about 1 to 20 platinum loops. 

Methods of Infection : 

a) Ascending infection 
1) Cholecysto・jejunostomywith BRAUN’s anastomosis. Abbreviation: 
C.J.M.B. (9 cases were operated on ・ --・ ・ ・ 5 cases survivals) 
2) Cholecysto・jejunostomywithout BRAUN’s anastomosis. C.J.0.B. (10 cases ・・ 
．・4survivals) 
3) Injection of colon baclili through the common bile duct and constriction of 

the common bile duct. (Incision of the duodenum exposed the papilla of V ATER, 

through which a VYm’l tube was inserted into the common bile duct. Immediately 

after a saline solution containing the bacilli was injected through the tube, it was 

taken off and the common bile duct was constricted with a silk suture.) (Fig. 10) 

Coli (Ch). (9 cases ・・ ... 3 survivals) 

S'o/ution Cont司問ing
bac十eria

cal 3〕 caJ ヰ）

Fig. 10 

4) Injection of colon bacilli through the common bile duct and temporary 
constriction of the duct. (One end of the v~·nyl tube for injection of the bacilli 
was blocked and fixed to the abdominal wall, making bile-flow stagnant, and then 

was taken off.) (Fig. 10) Coli (Ch'). (6 cases ・ ・ ・・ -2 survivals) 
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5) Injection of staphylococci through the common bile duct and constriction of 

the duct. Staph (Ch). ( 1 cases・・・…none survival) 
b) Haematogenous infection 

1) Injection of colon bacilli through the mesentric vein. Coli (V.P.). ( 4 cases・ .. 

・ ・ -3 survivals) 

2) Injection of staphylococci through the mesentric vein. 

(7 cases・・・…4 survivals) 
3) Injection of rabbit’s liver-adapted strain of Staphylococcus aureus (F.D.A.) 

through the subcutan船田 vein. (1 cases・一…nonesurvivals) 
II Results (Table 6) 

Staph (V.P.). 
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The procedures for infection were performed on 43 dogs, 22 of which died half-

way, while the rest 21 went through the whole course of the procedures (Table 7）・

In these 21 dogs the hep. aa. were ligated after a period enough for portal throm-

bosis to develop, that is, 8 to 126 days. Some of them went further to undergo 
cholecystectomy. 

On gross observation at the time of the ligation, the liver appeared almost normal. 
In many cases the liver lobes were found adherent to each other or to adjacent 

viscera, particularly on their inferior surfaces. Changes clearly identified as ZAHN 

infarcts caused by thrombosis were seldom found. In the cases of severer infection, 
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Table 7 Prognosis of dogs on which infection procedures were performed 

Died half-way 22 

Peritonitis 5 
Hepatic abscess 5 

Cholangio-hepatitis 2 

Distemper 6 

Damages caused by operation itself 4 
Survivals 21 

Totals 43 

multiple abscesses developed, causing death in most of the dogs before the ligation. 

And in all these回 sesautopsy disclosed that the liver surface was like a map 

complicatedly patterned with areas of dark reddish brown or yellowish brown, and 

that there were milletlike or tree-shaped abscesses scattered over the cut-surfaces 

of the liver. In these cases, however, in spite of so severe infla即 nation,such typical 

ZAHN infarcts, as were seen in the cases with injection of millet seeds, were not 

found. In other words, complete thrombi scarcely appeared when inflammation 

existed in comparatively thick portions of the intrahepatic portal vein. The only 

exception among the 5 dogs which had abscesses was No. 21 dog in which thrombosis 

was clearly noticed (Fig. 11). 

As the 3 hep. aa. were ligated and 100,000 units of Pc was injected into the 

peritoneal cavity, 9 dogs out of the 21 survived, while the rest died between 1 and 
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8 days postoperativeb・. The mortalit~＇ rate was 57%, about twice as high as that 

of 30弱 inthe cases of the dogs without infection. All the dogs that died had 

bloody purulent ascites in the peritoneal cavit~＇·λs for the proportion of the weight 

of the liver, spleen and kidneys to that of the body, there was no marked difference 

between 2 groups that died and survived (Table 8). 

Table 8 Proportion of weight of Ji,・er, spleen anrl kidney against加dyw倒的t

Jweight of liver/B的 Weight1We竺竺fspleen/Borl竺！竺竺竺竺k伽 y/Body weight 
Survival i 4.12 % I 0.320 0.316 
group I I 
Dead I I I 4.02 I 0.350 i 0.348 
group1 I 

As for the liver, gross observation at the time of death, however, revealed a 

significant difference between the two groups. In the group that died, all had more 

or less massive necrosis (Fig. 12), while in the other, any changes suggesting necrosis 

were hardly observed, with the exception of No. 17 dog which had local peritonitis 

caused b~＇ perforation of the gallbladder, and in which necrotic changes were seen 

only locally around the perforated organ. 

Abscesses were found on the surface or the sliced surface of the liver scattか

ringly, in No. 6 and No. 28 dogs of the dead group, and only locally in No. 1 dog 

of the survival group. All those dogs, which had highly developed abscesses, had 

died before the ligation of the hep. aa .. 

To search for thrombi, the livers were cut with a transplantation-knife into 

slices about 5 mm thick, upon which gross observations were made. It was, however, 

difficult for the naked eye to identi!¥ them. What is worse, on such conditions, 

th匂・wereall so fresh and new that it seemed difficult and sometimes impossible to 

distinguish them from postmortem blood coagulations often田enin the portal vein. 

Therefore, histological examinations were made for the present purpo田．

Histological Findings 

The liver, spleen, l、iclnc>・s,lungs and other organs were taken out from the dogs 
within 20 hours after they died or were sacrificed. The tissues were fixed in 

formalin, stained by hematoxylin and eosin, and then examined histologically. 

The degree of inflammatory reaction was judged chidl~－ bγthat of leucocytic 
or round cell infiltration. In all dogs with the infection and the ligation, inflam-

mator~· reaction was seen more or less. In some of them, both parenchyma and 

interstice su任erectcell infiltration almost evenly, in the form of cholangio・hepatitis,

but in most of others inflammation was severer in interstice than elsewhere, gradual-

ly’ spreading over parenchyma (Fig. 13). Inttammation of the interstice was such 

that cell infiltration was seen at an earl~· stage in and around the bile duct in the 
group with ascending infection (Fig. 14), and in the wall of the portal vein and 

periportal areas in the group with haematogenous infection (Fig. 15）・ Butsoon 

the inflammation further spread over GussoN's capsules around, and there came to 

be no difference in appearance between the two groups. In those cases where inflam-

mation was severe, abscc出 C日wereobserved here and there along GussoN’s capsュks・
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Which of the methods of infection entailed what degree of i11 Ccction? To answer 

this question ; the mor旬 lityrate is the same with the aト＇ccndin広 methodas with 

the haematogenous method, a日 awhole. But so far as the a日ccndingmethod are 

concerned, mortality rate was higher when bacteria were injected dircctl;-・ from the 
common bile duct and bile was stagnated than when the infection was naturallv 

caused b>・ the cholecysto・jejunostomy. In the cases of the haematogenous infection, 

staphylococci showed a stronger infectious power than colon bacilli (Table 9) . 

Ascending infection. 

Table 9 Methods of infection and degrees of infection 

Survival Death 

~｝ J6 ~｝ Js 
c. J. 
Coli (Ch〕
Coli (Ch' 1 

Hematogenous infection. Coli 
Staph. qo 

、aE，EE
J

つ＆
1ム

4
4
A
 

、・11ι
・rill
’

咽

i
n
J

The degree of degeneration or necrosis of liver cells m’a日 roughlyspeaking in 

direct proportion to that of inflammation. Therefore, in the dead cases, changes 

were marked always with massive necrosis, while in the surviving ones necrotic 

changes, if observed, were chiefly centrilobular (Fig. 16). In many cases, areas of 

ishemic necrosis and those of hemorrhagic necrosis were found alternating with each 

other. No. 15 dog, necrosis was of a comparatively slight degree, but there w剖

prevailing a high degree of cell degeneration indicated chiefly by a cloudy swelling 

of cells (Fig. 17). 

Disturbed arrangement of liver cell cords, enlargement of sinusoids, congestion 

and other changes were observed in nearl＞’ all cases, and their degrees were generally 

in proportion to that of infection. ¥Vhcrc congestion was intense, hemorrhage 

occurred in the center of lobules, pressing liver cells to degenerate into necrosis. In 

cases with ascending infection, proliferation of the bile duct and bile thrombi were 

often seen. 

Now concerning thrombosis, several cases were inquired. Fig. 18 and Fig. 19 

show a thrombus at an earl;>' stage, clinging to the inside of the vascular wall. In 

the latter picture, reaction of fibroblasts is shown about to occur. Fig. 20 shows 

organization of a thrombus originating from that part of the ve日目clwall to which 
it is adjacent. Fig. 21 reveals a thrombus chieflJ.ア composedof fibrin, with only 

elastica left in the wall. Fig. 22 shows a thrombus turned into necrosis at the earlγ 

stage of its organization and there are seen debris of nuclei, regeneration of capillary 
vessels and cell reaction. Fig. 23 shows an infectious thrombus with its organization 

and regeneration of capillan・ vessd:i. Fig. 24 shows a separating thrombus composed 

of fibrin with erythrocytes, leucocytes and others attached to them; it 日hm円 a
tendency of organization, invasion by endothel cells, and recanalization lη’regenerated 

capillary vessels. Fig. 25 shows thickening of the hepatic arterial wall and prolife-

ration of endothel cells, without signs of formation of thrombi. 
As seen in the above cases, in the infectious livers, especially in those sevcrcl>・ 

infected livers of the dogs that died, chiefly portal thrombosis of various degrees 

was observed. Although it would be ms¥・ to idcntif>・ thrombi if their organization 
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has progressed to a considerable de江rec.those thrombi observed in the present ex-
periment ¥¥'CJ・cmost］~· so fresh and new that it wa日 oftendifficult to distinguish 
them from postmortem coagulations. To take Fig. 26 for example, it shows only 
erythrocytes filling the portal vein, but the proliferation of endothel cells of the 

v~scular wall (Fig. 27) proves that the Cl"~·thr 
form a thrombus 2 or 3 days before the death, which caused endophlebitis and 
proliferation of endothel cells. In Fig. 28, projections within the vessels are PAS-
positive matters as a vital reaction of the wall due to the thrombus. To identify 
thrombi, not onl~· their organization but also changes in the vascular wall should 
be taken into consideration. It is obvious from the above histological examinations 
that the 3 changes, that is, in自ammatm・γreaction,development of thrombi and 
necrosis of hepatic cells, are close！~・ related to each other, and that their degrees 
generally go parallel : In the surviving dogs all these 3 changes were of a slight 
degree, while in the bogs that died they were of a high degree. 
In order to see in what portions of the liver which of the 3 changes would be 
remarkable, observations were made on the distribution of thrombi, of massive 
necrosis and of inflammation among di仔crentlobes of those dogs that died with 
more serious changes (Table 10). The results are; in the infectious livers, just as 

Table. 10 Distribution of massive necrosis (0). thrombi （口）
and degree of infection ( +. *・ -Ht) 

Doa' No. yit"t ;.f. vightsup 開iddfe.quad同右 left sup. left同f.caudate 

4 十 十 l~I ＋ ＋十 l盈 ＋＋ 
6 回 ＋十 引＋ ＋十 ＋十 嗣l →＋ 
15 序1 ー← ＋ ー← ＠ ＠ 十
IG 十十 ＋十 θ吟 ＠ ＠ ｜翻 ＠ 
24 ー← 十 合 ＋ →十 園 臨I
28 →十 寸十 村十 竹十 ＋什 付十 骨十
29 ＋十 ＋＋ 寸十 寸ヤ 寸十 寸ヤ →十
3'1 →十 喰十 十十 回 ＋十 l@I 寸十
4-.J 十十 回 斗十 寸＋ 十十 ~習 ＠ 
4't →ー ー← ＋十 寸＋ →十 l萌l＠ 
51 前 ＠ 何 ＠ ＠ ＠ ＠ 

in the non-infectious ones, necrotic lesions were most likely to occur in the left inf., 
caudate, and middle lobes, where inflammation was generall~r severer, most thrombi 
exclusively gathered there and abscesses were sometimes formed. In other words, 
the degrees of the 3 changes broadly went parallel also in the case of each lobe of 
each individual liver. In those dogs which died of liver abscesses before the ligation 
of the hep. aa., however, no such limited spread of inttammed areas among diπe-
rent liver lobes as was seen in the surviving dog was found・・・・・・thatis, inflammation 
was encountered equally in all liver lobes. In these dogs, thrombi were so few for 
the high degree of inflammation, and in most cases, the liver showed no greater 
changes than phlebitis. From the above, it may be concluded that the di百erencein 
the distribution of the 3 changes among di町erentliver lobes comes from the di百e-
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rence in the portal circulation impediment after the ligation of the hep. aa .. 
III Discussion 

The above observations made on the info℃tious liver after hepatic arterial 
interruption have made it clear that the changes in the liver are general ！~－ as follows 
(Table 11) : Infection spreads first over GussoN’s capsules after cholangitis and 

Table. 11 Postoperative course of ifectious liver after 
ligation of hep. aa. 

〔Ascendinginfection〕〔Hematogenousinfection〕

Cholangitis Phlebitis －「
↓｜  

Pericholangitis Periphlebitis I 
＼冶，／＂ I 

Interstitial inflammation 
,/ ＇＼冶

Cholangio・hepatitis Abscesses 
↓↓  

Hepatic-cell degeneration Phlebitis 
or necrosis ↓ 
↑ Thrombophlebi tis~＇ 

I J Ligat…of hep. ~1 
↓ 

Development of thrombus 
／＼  

回 ！日
〆、

Ischemic necrosis Hemorrhagic necrosis 

pericholangitis in the case of the ascending infection, and after phlebitis and peri-
phlebitis in the case of the haematogenous infection. When inflammation is severe, 
multiple small abscesses are formed along GLISSON’s capsules. As inflammation or 
abscesses invade the wall of the portal veins, phlebitis and then thrombophlebitis 
occur, and sometimes endoarteritis of the hepatic artc円’ orendophlebitis of the 
hepatic vein is brought about, with thicking of the vascular walls and proliferatior 1 
of end 

to assume that formation of thrombi occur日exclusivelyin the portal tree. 
In some portal thrombi, organization advanced加 sucha degree as recanalization 
had been brought about. These thrombi seems to have alread~－ existed before the 
ligation of the hep. aa.. Investigators in our clinic have proved that the ligation 
of the hep. aa. immediately brings about a marked degree of stagnation of the 
portal flow. It is, therefore, evident that such a sudden decrease in the velocity of 
the portal flow promotes a rapid formation of thrombi, particularl~· in those infec-
tious livers whose vascular walls have alrcad~－ encountered inflammatory changes. 
This makes us assume that most fresh thrombi were produced in this way, and it 
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is also natural that thev shoulct easiJ~－ clewlop in areas of marked congestion, and 
consequrntl~－ in areas where necrosis is more likel~ － to occur. 

Now turning to the dewlopment of necrosis that goes parallel with formation 

of thrombi after the ligation of the hep. aa., it seems that when a thrombus sud-

denly develops in a comparativel~· thick vessel, both the arter匂land the venous 

blood suppl：γis at the same time interrupted to cause ischemic necrosis, while if a 
thrombus develops either slowly or in a comparatively thin vessel which anastomoses 

with another one, hemorrhagic necrosis occurs (Fig. 29). In the former case, the 

necr ic areas have no cell reaction, and are sharply circumscribed by a cell infiltra-

tion line (Fig. 30). In the latter, congestion, hemorrhage, parenchymal degeneration 

generally caused by compression and final!~· necrosis occur extending from the center 

to the periphery of the lobules, with adjacent lobules fused together; cell reaction 

is seen in the foci of necrosis ; and demarcation between the normal and the damaged 

areas is not so sharp as in the former case, but very obscure (Fig. 31). 

It may be added that in the infectious livers, the infection was not limited to 

GusoN's capsules but spread over the parenchyma, taking the form of cholangio・

hepatiti日，sometimeswith cell degeneration such as cloudy swelling and fatty dege-

neration of the cells (Fig. 32). In such cases, liver d~・sfunction should not be 

depreciated as a cause of death. According to liver function tests we had done, the 

values of B.S.P. and MEULENGRACHT remained within normal in both the dead and 

the surviving dogs (Table 12). This means that liver 【J:y’日functioncaused by hepatic 

Table 12 Liver Function 

Dog :¥o. Time of test B. S. P. [ M. G. Prognosis 

20’： 0% I 
451: o I 38 70 days after C. J. 3 Survival 

39 65 days 山 rC. J. ¥ ~~＇. ~ 6・5 ¥ 3 i Death 

40 山 days山 rC. J. I. .JLJ __ l＿~ ___ _I Survival 
After ligation ; 4ぴ：o I 3 I 

41 I 105 days after C. J. I ZO' : 5 4 I Death 
i I 501: 0 I I 一一一

－－~；－－つ二予イえ亘子V. ~｝J ＝~tJ~ －－~~ ！＝唖二一
49 I Before ligation I ~~； ~~了三－ I Death 

[Normal dogs B. S. P. 20’： 0～5 % 1 
45’. 0～2.5% Tsuchiya J 

cell degeneration cannot be assumed to ha¥'c been a immediate cause of death. In 

the other viscera of the infectious dogs, such as the spleen, kindneys, lungs, intestine 

etc., any marked changes suggestive of immediate causes of death were not observed 

on either gross or histological examination, except for congestion, hemorrhage and 

a slight degree of infection. From this it is concluded that just as in the non-

infectious dogs, the immediate causes of death of the infectious dogs are anoxic 

necrosis that dc¥'clops after hepatic arterial ligation, and the function of Lecithinase 

produced by anerobic bacteria that bred in the anoxic areas. (Y AMABE) 
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Chapter IV SUMlVL¥RY 

It has been clarified through the experiment, no matter ¥¥'hether infection occurs 

or not, the existence of intr叫1epaticportal thrombosis is closely related to develop-

ment of liver necrosis after the interruption of the hepatic aa., and consequently 

to the mortality rate of the dogs operated upon. When both 8 dogs with non-

infectious portal circulation impediment and 21 dogs with it are put together, the 

mortality rate is 61%, a figure about twice as high as 30% of normal dogs 

(Table 13). 

Table 13 Mortality rate of <logs with ligation of hep. aa. (Penicillin-treated) 

Normal dogs 
Dogs with non-infectious portal circulation impediment 
Infectious dogs 

30% 

78~百 1
f61% 

57%J 

According to LuBARSCH, the significance of bacterial infection to the formation 

of thrombosis consists in (1) impeding the heart function and the vasomotoric 

center・・…decreasein the velocity of the blood flow, (2) having the functions of 

hemolysis and of dissolving cells・・・・ ・・changes of the nature of blood, and (3) causing 

inflammatory changes to the vascular wall・ ・・・damage of the vascular wall. Further 

more, according to MrzuTANI, the primary significance of infection to the formation 

of thrombosis is that inflammation extends over blood vessels, causing pan-phlebitis; 

but thrombosis does not develop till a considerably high degree of inflammation has 

extended to the endothelium of the vessel. 

In the present report also, there seem to be comparath’el：－・fewinstances where 

thrombosis had already been formed solelγby infection before the ligation of the 

hep. aa.. As LuBARSCH asserts, if there is bacterial infection, even when thrombosis 

has not yet been formed, it is at least ready to come out. Under such conditions, 

a sudden stagnation of the portal flow caused l乃’hepaticarterial ligation・・・ ・・another 

favourable condition for formation of thrombosis ・・・・・may well promote development 

of portal thrombosis. This is why thrombosis occurs chiefly in the left inf., middle 

and caudate lobes where portal stagnation is prominent. Moreover, thrombosis, which 

has been caused by circulation impediment, in its turn makes the portal circulation 

impediment more serious, promoting necrosis. The close relationship of existence of 

thrombosis to development of necrosis may be clearly indicated by the fact that 

when circulation impediment occurs in the lobes other than those where necrosis is 

the easiest to occur, for example, in the right lobe as in Nos. 44, 54 and 35 dogs, 

necrosis also develops chiefly there in the right lobe. 

It seems almost imp：】ssibleto ascertain clinically the existence of intrahepatic 

portal thrombosis. However, when the liver shows some symptoms of infection, or 

when there is a strong doubt of infections of the biliary system such as cholelithiasis, 

it is to be presumed that thr明nl＞山isis alway日 there,or at least ready to be, so 

the ligation of the hep. aa. had better be avoided. 
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CHAPTER V CONCLUSION 

The ligation of the hep. aa. was performed on the dogs in which intrahepatic 

portal circulation impediment had been brought about with or without infection. 

Gross and microscopic observations ¥Vere then made. The results are: 

( 1 ) In the liver of each dog with the ligation of the hep. aa., and in 回ch

lobe of the individual liver, the degrees of the 3 changes, that is, infection, throm-

bosis and necrosis went almost parallel. In those dogs which died as a result of 

the ligation, the degrees turned out generally high. 

( 2) 明アhenthrombosis existed in the portal vein, whatever its causes might 

be, postoperative development of liYer necrosis was advanced, resulting in an increase 

in the mortalit~； rate. 

( 3) In the infectious liver, even when no thrombosis has yet been formed, 

the ligation of the hep. aa. should be avoided clinically, because the portal vein is 

under such conditions that thrombosis is ready to develop. 

In concluding my report, I wish to express my deepest gratitude to Dr. CmsATO ARAKI, professor 

of Kyoto UniY., Dr. le旺wHo:-1Jo. professor of Kanazawa Univ. and IKuzo YoKOYAMA, assist. professor 

of Kyoto Univ. for their kind, continuous邑：uidance,encouragement and supervision. Regarding histo-

logical findings, I am greatly indebted to Dr. YASUAK! N raf!!ZUKA, assist. professor of the pathological 

division, KyotοUniv. Medical School for his kind guidance. 

REFERENCES 

1) Andesron，羽T.A.D.:Pathology. 3rd edition. St. Louis, The C.V. Mosby Company, 107-111, 1957. 

2) Chau, A. Y. S., Goldbloom. V. C. & Gurd, F. N. : Clostridial Infection as a Cause of Death after 

Ligation of the Hepatic Artery. Arch. Surg., 63, 390, 1951. 

3) Child, C. G. : The Hepatic Circulation and Portal Hypertension. Philadelphia: W.B. Saunders 

Company, 109, 1954. 

4) Hibi, D.: Experimental Study on Formation of Thrombosis ...... Its Physiochemical Influence 

O¥'er Blood Vessels. Nagoya Igaku (in Japan). 75, 475, 1958. 

5) Hagiwara, Y. : Surgery of Abdominal Organs. Vol. 2. Nanzando 458, 1955. 

6) Hashimoto, Y.: Thrombogenic Embolism. Diagnosis and Treatment (in Japan). 45, 1007, 1957. 

7) Himsworth, H. P.: The Liver and its Diseases. Harvard Univ. Press. 1954. 

8) Kuroda. J. : A St日dyon Ascending Infection of Bile Duct after Choledocho・enterostomy.J.J. 

S.S., 59, 1385, 1958. 

9) Losner, S .. Volk, B. W. and Jacobi, M.: Anemic Infarct of Liver. Arch. Path., 49, 461. 1950. 

10) Matsuzaki, I.: Investigation into Ligation of Hepatic Artery, an Experimental Study. Nagoya 

lgaku (in Japan). 69, 30, 1952. 

11) Markowitz, J.: Experimental Surgery. 618, 1954. 

12) Markowitz, J. & Rappaport, A.M. : The Hepatic Artery. Physiol. Rev., 31, 188, 1951. 

13) Miura, Y., Mimura, A. : An Experimental Study on Embolism of Pulmonary Artery. J.J.S.S., 

59, 2078, 1959. 

14) Mizutani, T.: Experimental Studies on Thrombus Formation with Special Reference to Loca-

lized Bacterial Inf巴ction.Nagoya Igaku (in Japan). 74, 302, 1957. 

15) Mori. S.: General Pathology. Nihon-shoin (in Japan人114,1950. Special Pathology. 391, 395・

16) Nagata, U.: Oesophagial Varices and Thrombosis in Cases with Portal Hypertension. Surgery 
(in Japan). 19, 20, 1957. 

17) Nakase. K. : On the Cause of Li＇’er Necrosis after the Interruption of the Hepatic Artery 
in Dogs. Arch. Jap. Chir .. 29, 157, 1960. 

18) P01河辺r,H.L., Jefferson, N.C. & Necheles, H. : Survival of Dogs after Partial or Total Devas-



INFLUENCE OF PORTAL THROMBOSIS UPON THE HEPATIC :'¥E℃HOS IS 1489 

cularization of the Liver. Ann. Surg., 140, 93, 1954. 

19) Popper, H.L., Jefl'erson, N.C. & Necheles, H.: Liver Necrosis Following Complete Interruption 

of Hepatic Artery and Partial Li邑・ationof Portal Vein. Am. J. Surg., 86, 309, 1953. 

20) Popper and Shaffner: Liver, Structure and Function. 141, 1957. 

21) Sassa, K.: Internal Medicine. Vol. 1, Nanzando, 766, 1954. 
22) Sato, M. & Nakamura, Y. : A Study on Experimental Thrombi Produced by Bacterial Infe-

ction. 1st Report, J.J.S.S. 58, 1659, 1958. 

23) Ibid.: 2nd Report, 59, 1197, 1958. 
24) Tsuchiya, R.: Experimental Study of Cirrhosis of the Li¥'c1" Part [. Evaluation of Hepatic 

Artery Ligation. Arch. Jap. Chir. 28, 1166, 1959. 

25) Diseases of the Gallbladder and Bile Duct. Medical Symposium Part 13. Shindan to Chiryo 

Shya (in Japan). 3, 1957. 
26) Urabe, H. : The Interruption of the Arterial Flow to the Liver, an Experimental Study. 
Arch. Jap. Chir .. 28, 1112, 1959. 

27) Yamabe, I.: Study of Lecithinase C. Activity in the Liver necrosis after Interruption of the 

Arterial Flow to the Liver. Arch. Jap. Chir., 29, 205, 1960. 

和文抄録

肝動脈血流遮断による肝壊死に対する

肝内門脈血栓の影響

京都大学医学部外科学教室第1講座（指導：荒木千里教授）

杉 田

肝動脈遮断により門脈血行にも障碍を来しp この門

脈血行障碍の帰趨如何が肝壊死の発生を左右すること

は，既に当教室で証明したところである．そこでもし

肝動脈遮断前に既に肝内門脈枝に血行障碍のあるよう

な場合p肝動脈遮断は非常に危険視される．この点を

検討するためP 感染其他各種方法で肝内門脈に血行障

碍を作りp 次でペニシリン投与を伴う肝動脈遮断を実

施してpその予後に及ぼす影響を観察した．

I 予備実験ー非感染性門脈血行障害についてー

犬を用h 門脈分枝分岐部の結紫並に粟粒或はむ松

子の門脈内注入によって，肝内門脈の各部に人工的血

行障害を作製しp 感染による複雑な干渉をさけてF 血

行障碍のみによる影響を検討した．これら血行障碍犬

に於ては正常犬に比しP 肝動脈遮断後p 上記の前処置

により血行障害を来した門脈流域等に壊死発生が顕著

に見られP 従って遮断後死亡率はp 正常犬の約30%よ

りも高値を示した．

E本実験 感染性血栓についてー
肝内門脈血栓の形成原因として，臨床上以も重要な

肝の粧菌感慌について仇討するため大腸菌・葡萄状球

太

菌等を使用しP 上行性或は血行性に肝を感染せしめP

血栓形成を計った．

組織学的検索によればp 感染肝に於てはp 肝内門脈

は炎症性変化の波及によってp たとえ血栓形成に至ら

'2る場合でもp 既にその準備状態にあるものとみなさ

れるが，かかる肝に肝動脈遮断を行うとp 血栓の急激

な発達を認めた．それは遮断後の門脈血行障害によっ

て，血栓形成が更に促進されたためと考えられる．又

一般に肝の炎症反応・血栓形成・肝細胞壊死の程度

はp 三者大体比例した．

これら感染犬に於てもp 遮断後死亡率t士，正常犬の

30%に対し57%の高値を示した．

E 総括
以上の諸実験を通してP 如何なる原因によるもので

あれ，肝内門脈に血栓が存在するときp 肝動脈遮断後

の肝ii:死発生を容易にし，従ってその死亡率を増大す

ることは明らかでありp 非感染血行障碍犬8例と感染

犬21例を合して考えるとp 死亡率は61%も正常犬の

死亡率30%の約2倍に三よ：．

i臨床的に肝内門脈の血栓の有無を確証することは殆
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んど不可能と思われるが，肝に何らかの感染症状の認

められるときp 或は胆Li'liE其他胆道系の感染地：高度に

疑われるときにはp ’，；；；；に1(1栓形成或はその準備状態に

あるものと考えて，肝動脈遮断は避けられねばならな

し＼
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