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INTRODUCTION 

It is well known fact that the liver plays an』mportantrole against various surgical 

intervention. Above all, significance of the liver in hemorrhagic shock includes numerous 

problems attracting interests of surgeons in every respect. 

Hepatic resection has been considered to be a principal treatment for surgical diseases 

of the liver since early days, and many reports on this aspect can be seen28＞川. As the 
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marvellous understanding and advancement of physiology23l31>, anatomy32> and hepatic 

regeneration14l3Bl have come to be introduced to the operative techniques, together with 

the advancement in anesthesiology, extensive hepatic resection is positively carried out today 

not only for primary malignant neoplasms of the liver25l 35l m, but for metastatic carcinoma 

of the liver as concomitant removal of the malignant involvement. Accordingly, cases of 

hepatic resection are rapidly increasing in number at present, attracting attention of di-

nicians to pathophysiology in organism with regenerated liver. 

Notwithstanding the residual liver parenchyma encounters serious disturbances in in-

trahepatic circulation, in liver function and in enzymatic system of the liver, showing 

degeneration of liver cells after hepatic resection, the residual liver parenchyma well stands 

against this aggression and comes to exceed preoperative weight several weeks after sur-

gery2i 1i 24J 2n川 36l. On the other hand, however, so-called liver death, as pointed out be 

HYED26l, BOYCE and others8l, implies an extremely delicate aspect of the liver against 

aggressions in some occasions. It is also well noticed that resistance against aggressions 

is smaller in organisms with impaired liver12i 1 si. 

Pathophysiology of the liver in hemorrhagic shock has been investigated by WrGGERS49l, 

FrNE13l, SHORR42l and others from various aspects, and prevailing opinions attribute the 

cause of experimental hemorrhagic irreversible shock to liver anoxia. As decribed in the 

above, the residual liver parenchyma well stands against the temporary serious liver insuf-

ficiency following hepatic resection and regenerates remarkably to restore to normal liver 

in its weight, size and histological findings. When an organism with thus regenerated 

liver encounters hemorrhagic shock which leads to profound liver anoxia, it is an interest-

ing clinical problem to clarify whether this organism shows tolerance by the phenomenon 

of familiarization to aggression, as pointed out by PAREIS and others37l, or it is less re-

sistant as organisms having the impaired liver. 

In the present experiment, the attitude of regenerated liver against hemorrhagic shock 

was studied from such a standpoint, in order to explore an aspect of pathophysiology of 

regenerated liver. 

II. MATERIALS AND METHODS 

1. Materials 
Seventy-two adult mongrel healthy dogs of both sexes weighing from 7.5 to 13.0 kg 

were used in the pr田entexperiment after they were observed at shortest for 3 days feed-

ing with mixed food. Experimental animals were divided into control dogs and those 

with regenerated liver. 

i) First Group; Group of normal dogs: for control study. 

ii) Second Group ; Group of dogs with regenerated liver. 

Fifty per cent of the entire liver was first resected and the dogs were subjected to 

experiment 2 months after surgery. Dogs were fixed in the spine position on the table 

and the abdomen was opened with upper median incision under intravenous anesthesia with 

25 mg/kg body weight of pentothal sodium. The liver hilus was adequately exposed. 

Then, the entire left superior, and entire left inferior lobes of the liver were resected by 

mass ligature, and partial resection of the quadrate lobe and middle lobe was additionally 
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performed. After the resection of the liver, the abdomen was closed. The dogs were 

subjected to observation for 2 months, and the animals looked healthy were used as those 

with regenerated liver. Hepatic resection was carried out so that the weight of resected 

liver might correspond to 50 per cent of the entire liver weight. The entire liver weight 

was assumed to be 3.0 per cent of the body weight according to the result of KAMIMURA, 

in our clinic. 

2. Production of Hemorrahgic Shock 

Both control and experimental dogs kept away from diet for about 1 to 2 hours on 

the very day of the experiment. As shown in Fig. 1, the dogs were fixed in the spine 

position and anesthetized with intravenous injection of 15 to 25 mg/kg body weight of 

pentothal sodium. A polyethylene catheter of 3 mm  in diameter was inserted into the 

femoral artery, and 3 mg/kg body weight of heparin sodium was administered. A three-

way-cock was connected to irrigator and mercurial manometer for artificial bleeding, re-

turning of blood and determination of arterial pressure, and another three-way-cock was 

used for returning of blood and other purposes. All the apparatus used in the experiment 

were strictly sterilized and all the experimental procedures were carried out in aseptic 

condition. 

i) WIGGERS’Method (Western Reserve Method) 49> 

Blood was rapidly withdrawn through the polyethylene catheter inserted into the 

femoral artery. As shown in Fig. 2, when the average arterial pressure reached 50 mmHg, 

arterial presaure was maintained in that level for 90 minutes. Then, blood was further 

withdrawn and arterial pr白sure was held in a level of 30 mmHg for 45 minutes, and 

entire withdrawn blood was returned. 

ii) Modified Method of LAMSON29> 

From the catheter inserted into the femoral artery, blood was withdrawn into an 

Fig. 1 Illu,tration .,f Experiment. l'<"it 
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Fig. 2 Chang問。tArterial I》res.;ureand 

Bleeding Volume in Hemorrhagic 

Shock by Wiggers' Method 
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irrigator which was kept in the height of 68 cm 

from the heart of the animal fixed in the spine 

position. As shown in Fig. 3, by shifting the 

irrigator up and down, arterial pressure was held 

in a level of 50 mmHg, and the entire with-

drawn blood was returned after certain interval 

of time. 
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3. Examinations and Methods 

In WIGGERS’method, maximum bleeding 
volume and survival time were determined both 

, 2 3 4 , 6 1 g q ·o~， in control and experimental animals, and in 

LAMSON’s method, maximum bleeding volume, 
time-span to maximum bleeding volume, spontaneous returning time and survival time 

were determined. Portal pr回sureand hematocrit ratio were determined to disclose an 

aspect of intrahepatic circulation and hemodynamics, and changes in intrahepatic circula-

tion and liver cells were studied histologically. 

i ) Maximum Bleeing Volume 

When WIGGERS’method is used, the term of maximum bleeding volume represents 
the volume of bl田 dingat a moment in which withdrawn blood volume required for the 

production of shock state was the largest, while in modified LAMSON’s method it means 
the volume of bleeding at a moment in which increment of bleeding ceas白・ Fluctuation 

of bleeding volume was represented in a unit of 10 cc and determination was performed 

every 10 minutes. 

ii) Time-span to maximum bleeding volume, spontaneous returning time and time-

span to 15 and 30 per cent spontaneous returning. 

As bleeding is commenced using modified method of LAMSON, volume of blood within 

Fig. 3 Changes of Arterial Pressure and Bleeding Volume in Hemorrhagic 

Shock b、ModifiedMethod of Latll>＜旧
. ..¥rterial Pr田sure(mmHg) 
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the irrigator continues to increase, which ceases, however, after certain interval of time. 

The interval of time between the commencement of bleeding and this moment is defined 

as time-span to maximum bleeding volume. Volume of bleeding does not change for a 
while thereafter (this is called balanced stage), and it begins to decr回 seafter certain in-

terval of time. This moment is called spontaneous returning time. Blood within the ir-
rigator continues to decrease thereafter, the moment, in which already returned blood 

volume reaches 15 or 30 per cent of the maximum bleeding volume, is called time-span 

to 15 or 30 per cent spontaneous returning, respectively. 

Time-span to maximum bleeding volume corresponds to the time required for decreas-
ing blood pressure to 50 mmHg, and spontaneous returning time corresponds to the moment 
in which the compensatory 回 pacityof organism comes to be unable to maintain blood 

pressure of 50 mmHg. As mentioned in the below, time-span to 15 and 30 per cent 
spontaneous returning is considered to correspond to an adequate interval of time to produce 

reversible and irreversible shock, respectively. In the present experiment, it was intended 

to find out some differences between control and experimental dogs, from the difference 
of these intervals of time. Reading of these time was considerably difficult, and it was 
done by the help of movement of small air-bubble in the catheter placed in a horizontal 

plane, which was watched for a while. During the experiment, obstruction was frequently 
observed due to blood clotting, but it was removed by additional administration of heparin, 
aspiration and/or pushing with syringe. 

iii) Survival time 

Interval of time between the commencement of bleeding and death was checked. 
When animals survived over 12 hours, observation was done thereafter every 1 hour, and 
in the survivals of more than 18 hours, it was pursued if the animals were alive or dead. 

iv) Changes in portal pressure 

Hemorrhagic shock was produced in 5 control and 5 experimental dogs using modified 

method of Lamson. The entire blood within the irrigator was returned at 30 per cent 
spontaneous returning stage, and portal pressure was simultaneously determined. Portal 
pressure was determined through the catheter inserted into the portal vein from a branch 
of mesenteric vein by laparotomy prior to the production of shock state. 

v) Changes in hematocrit ratio 

Hemorrhagic shock was produced by modified method of Lamson in 6 control and 

6 experimental dogs. Hematocrit ratio, was determined at the moments of maximum 
bleeding, spontaneous returning time, time of 30 per cent spontaneous returning and 90 

minutes after returning of the entire withdrawn blood. Determination of hematocrit ratio 

was done following the method of Wintrobe using blood taken from the femoral artery. 

vi) Histological Studies 

Histological study was carried out 1 control and 1 experimental dogs. The animals 

were anesthetized as described in the above, and the abdomen was opened with upper 
median incision. Tissue section of the liver was taken from the marginal part of the 

hepatic lobe. The sections were also taken from a dog subjected to the Lamson’s method 
without blood return, at the time of spontaneous returning, time of 30 and 70 per cent 
spontaneous returni 
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immediately fixed in 10 per cent formalin, which were provided for production of paraffin 

section. The microscopic sections were stained with eosin and hematoxylin. 

III. RESULTS 

1. Results in Animals with 50 per cent Liver Resection 

i. Change in red blood cell count 

As shown in Tab. 1, red blood cell count was 434×104土16×104,on the average, 

1 week after hepatic resection, revealing a decrease of 15 per cent compared to preopera-

tive level of 514×104土33×104. Red blood cell count remained in a low level of 480 

×104土21×104, even 4 weeks after surgery, which, however, roughly restored to pre-

operative level to become 514×lQ4士35×104,8 weeks after surgery. 

ii. Rate of hepatic regeneration 

As represented in Tab. 2, rate of hepatic regeneration was from 86 to 111 per cent, 

97土8per cent on the average, of the preoperative entire liver weight, which corresponded 

to 71 to 122 per cent, 94土16per cent on the average, of the resected liver weight, 2 

months after hepatic resection. 

2. Results of Experiments with WIGGERS’Method 
Experiments of hemorrhagic shock following WIGGERS’method was carried out in 

11 control and 9 experimental dogs, during the period from September to December in 

1963, as shown in Tab. 3 and Tab. 4. 

i. Maximum bleeding volume 

As shown in Fig. 4, maximum bleeding volume in control dogs was from 38 to 53 

αkg body weight, 46土3cc/kg body weight on the average, showing considerable in-

dividual difference. Maximum bleeding volume in experimental dogs was from 41 to 54 

cc/kg body weight, 4 7土4cc/kg body weight. Although there was not a small individual 

diference in both of these groups, a significant difference could not be found in these 2 

groups. 

ii. Survival rate 

Twelve hour survival rate in control group was 6 111 (54 per cent), as shown in 

Tab. 3, and 24 hour surv甘alrate was 2/11 (18 per cent), while 12 hour survival rate 

in experimental group was 5. 9 (55 per cent), as shown in Tab. 4, and 24 hour survival 

rate was 2/9 (22 per cent), revealing no significant difference in these 2 groups. 

3. Results of Experiments with Modified Method of LAMSON 
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i. Group of blood returning at the time 

of 15 per cent spontaneous returning 

Entire withdrawn blood was returned at 

the time of 15 per cent spontaneous retruning 

in 3 control and 3 experimental dogs. The ob-

tained results are summarized in Tab. 5. 

Maximum bleeding volume was from 41 

to 50 cc/kg body weight, 45土3cc/kg body 

weight on the average, in control group, while 

in experimental group it was from 42 to 49 

cc/kg body weight, 46土3cc/kg body weight 

on the average, showing no marked difference 

between these 2 groups. 

Spontaneous returning time in control group 

was from 2 to 3 hours, 2 hours and 30 minutes 

土20minutes on the average, and in experi-

mental group it was from 1 hour and 50 minutes 

to 2 hours and 50 minutes, 2 hours and 20 

minutes土20minutes on the average, also re-

vealing no significant difference between these 

2 groups. 

Twenty-four hour survival rate in control 

group was 313 (100 per cent) and it was also 3/3 (100 per cent) in experimental group. 

Thus, there was no significant difference in these 2 groups, all the animals in both groups 

surv1vmg. 

ii. Group of blood returning at the time of 30 per cent spontaneous returning 

The results of blood returning at the time of 30 per cent spontaneous returning in 

16 control and 14 experimental dogs are summarized in Tab. 6 and Tab. 7. 

a. Maximum bleeding volume 

As shown in Fig. 5, maximum bleeding 
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Fig. 4 Maximum Bleeding Volume in Hernor-
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52 cc 1kg body weight, 44土4じck広 body weight on the average, and in experimental 

group it was from 36 to 53 cc/kg body weight, 45土4cc/kg body weight on the average, 

showing no marked difference in these 2 groups. 

b. Time-span to maximum bleeding volume 

人Rshown in Fig. 6, time-span to maximum bleeding volume in control group was 

from 50 minutes to 2 hours and 50 minutes, 1 hour and 40 minutes士 20minutes on 

the average, while in experimental group it was from 1 hour to 2 hours and 50 minutes, 

1 hour and 50 minutes士 30minutes on the average. Although the results of the 2 

groups spread considerably in a wide range, there was no significant difference between 

these 2 groups. 

c. Time-span to spontaneous returning 

As shown in Fig. 6, time-span to spontaneous returning in control group was from 

1 hour and 40 minutes to 4 hours and 10 minutes, 2 hours and 40 minutes土 30minutes 

on the average, and in experimental group it was from 1 hour and 30 minutes to 3 hours 

and 50 minutes, 2 hours and 50 minutes土 40minutes on the average. Although the 

results of the 2 groups were scattered in a wide range, there could not be observed any 

significant difference in these 2 groups. 

d. Time-span to 30 per cent spontaneous returning 

As shown in Fig. 6, time-span to 30 per cent spontaneous returning in control group 

was from 3 hours to 6 hours and 40 minutes, 4 hours and 50 minutes土 50minutes 

on the average, and in experimental group it was from 3 hours and 30 minutes to 7 
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hours and 10 minutes, 5 hours and 30 minutes土 60minutes on the average, revealing 

a slight prolongation in this group. The results in both groups widely spr田 ding,it was 

difficult to notice recognizable marked difference between these 2 groups. 

e. Survival rate 

Twelve hour survival rate in control group was 7 /16 (44 per cent) and 24 hour 

survival rate 0/16 (0 per cent), and in experimental group the former was 7 /14 (50 per 

cent) and the latter also 0/14 (0 per cent). All the animals died until 24 hours after 

surgery in both groups and there was no significant difference in these 2 groups. 

f. Influence of sex on the results 

Since the results of both control and experimental group were scattered in a wide 

range in the experiment following the modified method of LAMSON, some possibility of 

influence of sex on the results was presumed and analysis on this point was attempted. 

Concerning maximum bleeding volume, as shown in Fig. 7, average value of male 

dogs in control group was 43土2cc kg body weight and that of female dogs in the same 

group was 45土2cc/kg body weight, while in experimental group average value of male 

dogs was 46土4cc/kg body weight and that of female dogs in the latter group was 

44土3cc k広・ Thus, even in analysis based on sexes, significant difference could not be 
found between these 2εroups. 

A只日hownin Fig. 8, spontaneous returning time of male dogs in control group was 

2 hours and 50 minutes土 30minutes, on the average, and that of female dogs in the 

Fig. 7 Relaliorship betwεen Maximum Bleed-
in日Volumeand Sex in Hemorrhagic討hocl、
ll¥・ Modified Method of Lamson 
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same group was 2 hours and 30 minutes土 30minutes, on the average, while that of 

male dogs in experimental group was 2 hours and 50 minutes土 30minutes, on the 

average, and that of female dogs of the latter group was 2 hours and 40 minutes土 40

minutes, on the average, showing no obvious difference between both sexes and both 

groups. 

g. Relation to temperature 

During the course of experiments following the modified method of LAMSON, some 

correlation between the results and temperature was infered and it was considered that 

this interference of temperature might be a cause of so much scattered results of experi-

ments. Therefore, from a presumption that some significant difference would be sought 

between control and experimental groups, when the results of experiment are analysed 

excluding the interference of temperature, experimental results were analysed o.n this pre-

sumption. Namely, experiments following modified method of LAMSON carried out during 

the period of 1 year from September 15, 1963 to September 14, 1964 were divided into 

4 groups; experiments done from September 15 to December 14, (Dog No. 1-9, 70-

89) in autumn, experiments done from December 15 to March 14, (Dog No. 10-29) 

in winter, experiments done from March 15 to June 1 I, (Dog No. 30 49) in spring 

and experiments done from June 15 to September 14, (Dog No. 50 69) in summer. 
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Based on this classification, maximum bleeding volume, time-span to maximum bleeding, 

time-span to spontaneous returning, time-span to 30 per cent spontaneous returning and 12 

hour survival rate were studied, as represented in Tab. 8 and Tab. 9. Average tempera-

ture at noon was 12.1℃ in autumn, 5.0°C in winter, 15.5°C in spring and 25.4°C in 

summεr, year round average temperature being 14.5 'C. 

Concerning maximum bleeding volume, as shown in Fig. 9, the values were lower 

in summer to be 38土3cc/kg body weight in control group on the average and 39土2

cc/kg body weight in experimental group on the average, being lower than year round 

average value of 44士4cc/ kg body weight in control group and 45土4cc/kg body weight 

in experimental group. The largest value in this season was close to the smallest value 

in other three seasons. However, significant difference could not be observed between 

these 2 groups, even when the influence of seasons was taken into consideration. 

Spontaneous returning time and time-span to 30 per cent spontaneous returning were 

also obviously shorter in summer in both groups compared with those in other three seasons. 

Twelve hour survival rate in control group was 0/4 (0 per cent) in summer, whereas 

in other three seasons it was 7 /12 (58 per cent), and in experimental group it was 1/4 

(25 per cent) in summer, whereas it was 6/10 (60 per cent) in other three seasons, 

both showin広obviouslylower value in summer. However, there was no significant differ-

ence between control and experimentalεroups, even though the influence of seasons was 

taken into consideration. 

As obvious from these findin停， theresults were worse in summer. Hereupon, the 

Fig. 9 Relationship hetween Temperature an<l 
Maximum Bleeding Volume 
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results obtained during summer season was excluded and those of blood returning 

time of 15 and 30 per cent spontaneous returning in control and experimental groups 

were compared with each other. Maximum bleeding volume in control group was 45土

4 cc/kg body weight on the average and 47土3cc 'kg body weight in experimetal group, 

revealing no marked difference. Time-span to maximum bleeding volume was 1 hour 

and 50 minutes士 20minutes on the average in control group, while it was 2 hours 

士 20minutes on the average in experinental group, and no significant difference could 

be observed. Spontaneous returning time was 2 hours and 50 minutes士 20minutes 

and 3 hours土 30minutes in experimental group, also revealing no marked difference. 

Time-span to 30 per cent spontaneous returning was 5 hours and 20 minutes土 40

minutes in control group and 6 hours士 40minutes in experimental group, showing no 
significant difference between 2 groups. 

Twelve hour survival rate was 7 /12 (58 per cent) in control group and 6/10 (60 

per cent) in experimental group, similarly showing no significant difference. 

From these findings, it is assumed that there existed no significant difference between 

control group and experimental group, even when the influence of the seasen was taken 

into consideration. 

4. Chan広esin Portal Pressure 

Hemorrhagic shock was produced following the modified method of LAMSON in 5 

control dogs and 5 experimental dogs. Blood was returned at the time of 30 per cent 

spontaneous returning, and changes in portal pressure were simultaneously studied. 

As represented in Tab. 10, Tab. 11 and Fig. 11, portal pressure before withdrawal 

of blood was from 111 mmH20 to 138 mmH20, 125土9mmH20 on the average, in 

control group, while it was from 135 mmH20 to 154 mmH20, 146 mmH20 on the 

average, in experimental group, obviously showing higher level in the latter. As the 
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withdrawal of blood was started, portal pr田surebegan to decrease in parallel with rapid 

fall in arterial pressure in both groups, although the degree of decrease was smaller in 

portal pressure. Changes in portal pr白surewere ever resembling to each other in control 

group and experimental group, which reached the lowest level at spontaneous returning 

time, corresponding to 60 per cent and 58 per cent in control group and experimental 

group, respectively. Portal pressure turned to increase in most cases at the time of 30 
per cent spontaneous retruning. By the blood returning at 30 per cent spontaneous return-
ing, arterial pressure mostly restored to 90 per cent of the level before withdrawal of 

第35巻日本外科宝函内8~

Changes of Arterial Pressure in Cases with Meosurement of Porto! Pressure 
in Hemorrhagic Shock hv Modified Method of Lamson 
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blood, whereas portal pressure showed marked increase in both groups, exceeding the 

level before withdrawal of blood. Rate of increase in portal pr回sureafter returning of 

blood in experimental group was slightly higher to 120 per cent compared with the average 

value of 110 per cent in control group. Portal pressure behaved in a similar tendency 

in both groups in parallel with a decrease in arterial pressure thereafter, although the 

former was maintained in relatively high level. 

5. Changes in Hematocrit Ratio 

Hematocrit ratio was determined in 6 control and 6 experimental dogs of blood re-

turning at 30 per cent spontaneous returning in modified method of LAMSON. As shown 

in Tab. 12 and Fig. 12, hematocrit ratio before withdrawal of blood in control group 

was from 38 to 50 per cent, 45土4per cent on the average, and it was from 36 to 51 

per cent, 43士4per cent on the average, in experimental group. The value decreased 

gradually in both groups in parallel with blood withdrawal, which remained in lower level 

at balanced stage and stage of spontaneous returning. Hematocrit ratio began to increase 

again towards the time of 30 per cent spontane-

ous returning. It increased on after returning 

of blood, in most cases showing a tendency of 

blood condensation exceeding the level before 

withdrawal of blood, 4 hours and 30 minutes 

after retunning of blood. 

6. Histological Findings 

As shown in Tab. 13, hemorrhagic shock 

was produced by modified method of LAMSON 

without returning of blood in 1 control and 1 

experimental dogs. Obtained histological find-
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Tab. 13 Case> with Histological Observation of Liver in Hemorrhagic 
Shock by Modified Method of Lamson 
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ings are summarized as described in the below. 

i. Before withdrawal of blood (Fig. 13, 14). 

Slight cell infiltration in Glisson’s sheath and irregularity of acinal structure could be 

observed here and there more frequently in regenerated liver than in control liver. No 

characteristic abnormality could be otherwise observed. 

ii. At the time of spontaneous returning (Fig. 15, 16). 

Congestion around the central veins and central sinusoids could be observed in both 

grou伊 withaccompanying hemosiderin granules in Kupffer cells and vacuole degeneration 

in some central liver cells. In reεenerated liver, considerable infiltration of neutrophiles 

was observed. 

iii. At the time of 30 per cent spontaneous returning (Fig. 17, 18). 

The changes differed little essentially from those at the time of spontaneous return-

ing, although they were slightly accentuated. 

iv. At the time of 70 per cent spontaneous returning (Fig. 19, 20). 

In both groups, atrophy of liver cells in the central area of the hepatic lobules was 

marked, and in some places destruction of small number of liver cells and neutrophile 

infiltration were observed. In the peripheral ar回 ofthe hepatic lobules, hemorrhage was 

observed within Glisson’s sheath frequently, with neutrophile infiltration and liver cell 

destruction around. 

In general, regenerated liver sometimes showed considerably serious congestion and 

infiltration of neutrophiles and small round cells when compared with control liver. How・ 

ever, degeneration and atrophy of liver cells were a little more slight in regenerated liver 

than in control liver. 

IV. DISCUSSION 

Concerning pathophysiology of the liver in hemorrhagic shock, numerous studies have 

been reported and the important role of the liver in such condition has been pointed out. 

In hemorrhagic shock, intrahepatic blood flow decreases remarkab)y22>, and the liver, which 

owes 80 per cent of its blood flow to the portal vein, encounters readily serious anoxia, 

partly due to remarkable decrease in oxygen content in portal blood＇人 Glycogenis released 

from the liver in early stage41>, and with a progressive decrease in oxygen consumption 

in the liver, glycogen content in the liver prominently decr白 sesaccompanied by marked 

decrease in high-energy phosphate of the liver30H0>, disturbance of enzymes and co・enzymes

1ll45>, decrease in production of albumin10> prothrombin11> and fibrinogen18>20, release of 
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kalium41) ann increase in amino-acid content in blood33l. It is widely known that this 

series of these phenomenon progresses closely in parallel with the degree of liver failure 

due to anoxia. SHORR42> pointed out that VDM is produced in the anoxic liver, and 

increase in this substance is a cause of irreversible shock. FJNE13> emphasized, in this 

respect, proliferation of intrahepalic anaerobic bacteria四 usedby liver anoxia and toxin 

produced by this bacteria. CoHN9> increased remarkably survival rate of shock by in-

creasing arterial inflow to the liver, in his experiment using liver perfusion. From these 

observations, it is assumed that the liver is not only so much susceptible to anoxia in 

hemorrhagic shock, but playing decisive role in the development of irreversible shock. 

Now-a-days, liver resection is considered to be a principal therapeutic maneuver for 

surgical diseases of the liver, and it is widely carried out. Accordingly, the patients haト

ing regenerated liver are largely increasing in number, and it is necessarily considered that 

oc白 sion,in which such patients undergo surgical intervention for the second time, is ever 

increasing. It is not only of pathological but of clinical importance to investigate whether 

or not the regenerated liver, which is not less than normal liver in its weight and size, 

shows characteristic response to the large alterations caused by surgery with or without 

some resistance in such occasions, when it is considered that the liver plays an important 

role, as mentioned in the above, against aggressions. From this point of view, experi同

mental regenerative liver was produced in dogs and its response to hemorrhagic shock, 

which is assumed to influence the liver so largely, was investigaled. 

According to the reports of F1scHBACK14>, MANN7J, Grindley et BOLLMAN and others, 

weight of the residual liver parenchyma restor田 topreoperative weight 4 to 6 weeks after 

liver resection of 70 per cent of the entire liver weight. Fisher15> also observed the 

similar results of hepatic regeneration 1 month after hepatic resection of 43 per cent of 

the entire liver weight. In recent years, significance of;portal blood16>, hepatic blood 

flow15> and humoral factor3> has been gradually clarified. Considering these points, liver 

resection was carried out in the present experiment to the extent of 50 per cent of the 

entire liver weight, which scarcely causes stricture of the portal vein and is carried out 

by simple procedures with expectance of getting sufficient amount of liver regeneration. 

Experiment of hemorrhagic shock was performed 2 month after hepatic resection, at which 

period influence of hepatic resection itself回 nbe made negligible as possible. At this 

period, the residual liver parenchyma showed 94 per cent of regeneration rate and decrease 

in red blood cell count observed shortly after liver resection already restored to preopera-

tive level. Accordingly, it was assumed that volume of hepatic resection and interval of 

time between the resection and production of hemorrhagic shock was approximately adequate 

for the purpose of the pr白entexperiment. 

Many methods have been reported on the production of hemorrhagic shock. Among 

these, WIGGERS reported that normovolemic shock state can be produced by inducing 

hypostatic condition in two phases and by returning the entire withdrawn blood after 

maintaining blood pr白；surein a low level for certain period of time. By this method, 

however, it is not always successful to produce irreversible shock and WIGGERS reported 

himself that the rate was 82 per cent. In the present experiment also, 24 hour survival 

rate in control group showed approximately similar result of 2/11 (19 per cent). On 
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the other hand, L主MSONdevised to produce hemorrhagic shock using a bottle for blood 

withdrawal, in which blood pressure can be held in any level of hypotension. Although 
duration of time of hypotensive state differs considerably depending 11pon individuality by 

this method of hemorrhagic shock, withdrawn blood in the bottle begins to return to the 

organism spontaneously as the compensatory capacity of animals is exhausted out after 

certain interval of time. Using this method, FINE observed that irreversible shock αn 
be produced if all the remaining blood within the bottle is returned to the body at the 

moment when the volume of spontaneous ret町 nr回品目 30to 40 per cent of the max-
imum bleeding volume. When this method was employed in the pr白entexperiment, all 

the control animals survived when the blood in the bottle was returned at 15 per cent 
spontaneous returning, and all the animals died when the blood in the bottle was returned 

at 30 per cent spontaneous returning. Hence, it was assumed that this method was the 
most suited to the aim of the present experiment, since by this method reversible and ir-
reversible shock can be produced ad libitu111 and observation can be done preciously during 
the experiment. 

It was pointed out by ALLEN1l, BERGMANNり andothers that shock is closely related 

to temperature and weather. BLALOCK的 observedprolongation of shock state in chilly 
condition, and REMINGTON39' reported that for the production of the identical degree of 

shock state, bleeding volume should be increased in winter. In the present experiment, 
results obtained during summer showed less maximum bleeding volume, shortening of 

spontaneous returning time and decrease in survival rate in control and experimental groups 
compared with those obtained in other three seasons, obviously revealing decrease in shock 

resistance. It is assumed that this should be carefully taken into account at the compari-

son of the experimental results. In this respect, experiment employing VVIGGERs’method 
was carried out during the period from September to December, in which temperatぽe

and weather is considered to have little influence on the experimental results, and analy-

sis of the experimental results by modified method of LAMSON was done with this con-

sideration. 

In the results of experiment of hemorrhagic shock by WIGGERS’method, maximum 
bleeding volume in control dogs was 46土3cc/kg body weight on the average, and that 
of experimental dogs was in the similar level to be 4 7土4cc/kg body weight on the 

average. Twelve hour survival rate in control group was 6/11 (54 per cent), and it 

was 5/9 (56 per cent) in experimental group. Twenty-four hour survival rates were 
2/11 (18 per cent) and 2/9 (22 per cent), respectively in control group and experimental 
group, also showing no marked difference from each other. Principal aim of Wiggers’ 
method consists in producing hemorrhagic shock of identical condition by maintaining cer-

tain hypotensive state for certain length of time taking arterial pressure as an indiαtor. 
It is considered that there exist some occasions in which the state of shock still remains 

in a reversible phase under such conditions without being driven to irreversible phase, 
partly owing to individual difference in compensatory capacity. In fact, in the pr僻 nt
experiment, approximately 20 per cent of the animals still survived 24 hours after produじ’

tion of shock state in control group, despite, on the other hand, animals of as many as 

50 per cent died 12 hours after production of shock state. Accordingly, as was pointed 
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out by WIGGERS’himself, influences of individuality cannot be neglected. Although it 
was difficult to find difference to be mentioned in the experimental results between control 

group and experimental group, as described in the above, conclusion as to the superiority 

or inferiority of experimental animals cannot be readily drawn. 

On the other hand, in the results of experiment by modified method of Lamson, 

significant difference could not be observed between control group and experimental group 

in maximum bleeding volume, spontaneous returning time and time-span to 15 per cent 

spontaneous return, when the blood within the bottle was returned at the time of 15 per 

cent spontaneous return. Significant difference could not be observed also in 24 hour 

survival rate and the animals of both groups invariably survived. This finding is in-

terpreted that the animals preserve the capacity to restore around the time of 15 per cent 

spontaneous return, even if compensatory mechanism of circulatory system is disturbed by 

continuation of hypotensive state caused by withdrawal of blood. It is assumed that, in 

this respect, both control and experimental animals have similar response. When the blood 

within the bottle was returned at the time of 30 per cent spontaneous return, maximum 

bleeding volume in control group was 44土4cc/kg body weight, and it was 45土4cc/kg 

body weight in experimental group, respectively on the average. Time-span to maximum 

bleeding volume was 1 hour and 40 minutes土 20minutes on the average in control 

group, and it was 1 hour and 50 minutes土 30minutes on the average in experimental 

group. Spontaneous returning time in control group was 2 hours and 40 minutes on the 

average, and it was 2 hours and 50 minutes土 40minutes on the average in experi-

mental group. Time-span to 30 per cent spontaneous return was 4 hours and 50 minutes 

士 50minutes on the average in control group, and it was 5 hours and 30 minutes土

60 minutes on the average in experimental group. Although these results are scattered 

in considerably wide range, they show similar tendency to each other revealing no marked 

difference between control and experimental groups, even when the results obtained dur-

ing summer is excluded considering the influence of seasons, as mentioned in the above. 

Twelve hour survival rate in control group was 7 /16 (45 per cent), and 7 /14 (50 per 

cent) in experimental group. Twenty-four hour survival rate was 0 per cent in both 

groups. Namely, animals in both groups showed definitely similar results. Towards the 

time of 30 per cent spontaneous return, hematocrit ratio and portal pressure began to 

show obvious tendency of increase. FRIEDMAN and FrNE20l explained this finding to be 

due to increase in intrahepatic vascular resistance from the findings of hepatic angio-

graphy. Moreover, from the fact that from this stage hepatic Qo2 rapidly decreases, it 

is assumed that hemorrhagic shock becomes irreversible in this stage45>. In this respect 

also, the r田ponsewas similar in control group and experimental group to each other. 

Uncountable studies have been carried out on regeneration of residual liver parenchyma 

after extensive hepatic resection, and it is considered in general that the liver, which has 

accomplished regeneration, has nothing different from normal liver in histological appea-

ranee, cellular constitution and its functi0n27l. However, it is considered that reconstruc-

tion of intrahepatic vascular system is markedly retarded, despite early recovery in liver 

weight and its function43>. This fact is understood from the results of the present ex-

periment that portal pressure in control group was 125土9mmH20 on the average before 
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the withdrawal of blood, whereas it was obviously in a higher level of 146土7mmHρ 
in experimental group, on the average, when the blood within the bottle was returned at 

the time of 30 per cent spontaneous return. Recovery of portal pressure after the blood 
was returned at the time of 30 per cent spontaneous return was slightly higher to be 120 

per cent in experimental group compared with that of 110 per cent in control group, being 

suggestive of larger vascular resistance of the intrahepatic portal system in experimental 

animals than in normal ones. 

As has been discussed, an organism having regenerated liver did not show any re-

cognizable difference in the result of hemorrhagic shock by the modified method of LAMSON 
and WIGGERS’method when compared with normal animals, despite its disadvantageous 
condition in hepatic circulation as presumed from the findings of portal pressure in the 
pr白entexperiment. Accordingly, it is at least assumed that the dogs with regenerated 
liver is in no way inferior to normal ones in the response to hemorrhagic shock, though 

it is a little excessive to say that the dogs with regenerated liver is more resistant to shock 
state of this kind than normal ones. 

V. SUMMARY 

In order to study the attitude of organism having regenerated liver following hepatic 

resection against hemorrhagic shock, hemorrhagic shock was produced by the modified 

method of LAMSON and method of WIGGERS’in dogs having 2 month aged regenerated 
liver after 50 per cent hepatic resection. By the comparison of the results in these animals 

with those of normal ones, the following results were obtained. 

1) In maximum bleeding volume in hemorrhagic shock by WIGGERS’method, sig-
nificant difference could not be observed between control and experimental animals. 
Twelve and twenty-four hour survival rates were 6/11 (54 per cent) and 2/11 (18 per 

cent) in control animals, while they were 5/9 (56 per cent) and 2/9 (22 per cent) 
respectively in experimental animals, revealing no significant difference between these two 

groups. 

2) In the experiment of hemorrhagic shock by modified method of Lamson, all the 

animals of both groups survived more than 24 hours, when the blood was returned at 
the time of 15 per cent spontaneous return, and when the blood was returned at the time 
of 30 per cent spontaneous return, all the animals in both groups died within 24 hours 
after withdrawal of blood. 

3) There was no significant difference between control group and experimental group 

in maximum bleeding volume, time-span to maximum bleeding volume, spont釦回usre-

turning time, time-span to 15 and 30 per cent spontaneous return and 12 and 24 hour 
survival rates, regardless of the time of return of the blood within the bottle either at the 

time of 15 per cent or 30 per cent spontaneous return in the experiment by modified 
method of Lamson. Namely, significant difference could not be found out in the attitude 
of animals between these two groups in reversible and irreversible phase of hemorrhagic 
shock. 

4) Portal pressure in experimental group was higher before withdrawal of blood 
and recovery rate of portal pressure after returning of the blood within the bottle was a 
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litter higher than in control group, suggesting a little larger vascular resistance in the in-

trahepatic portal system. 

5) Changes in hematocrit ratio in experimental group showed similar tendency as 

in control group, revealing no significant difference from each other. 

6) From these findings, it is assumed that the dogs with regenerated liver show 

the similar response to hemorrhagic shock as control dogs without revealing inferiority in 

this respect. 

Accomplishing the pr田町tpaper, the author is deeply indebted to Prof. Dr. Ichio Honjo for his encourage-

ment and valuable advices throughout the cou日eof the present experiment. 
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Fig. 15 At the Time of Spont. Blood Return 

Control H. E. ( x 150) 

Fig. 17 At the Time of 30% Spontaneous Blood 

Return Control H. E. （×150) 

寸限切1記~－~監犠咽，主活葱'F..ll回..，，翁U祉，、，u:馳~~ヨ

Fig. 14 Before Bleeding Regenerated Liver 

H. E. （×150) 

Fig. 16 At the Time of Spont. Blood Return 

Regenerated Liver H. E. （×150) 

Fig. 18 At the Time of 30% Spontaneous Blood 

Return Regenerated Liver H. E. （×150) 
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Fig. 19 At the Time of 70% Spontaneous Blood 

Return Control H. E. （×150) 

和文抄録

肝再生犬の出血ショ ツクに対する態度

金沢大学医学部第2外科学教室（指導：本庄一夫教授）

辻

近年肝悪性彊疹等に対し肝広汎切除が広〈行なわれ

るようになるにつれ，再生肝の病態生理が臨床的にも

一段と注目されるようになった．肝切除後の残存肝は

暫時高度の肝障害に陥るにもかかわらずよくそれに耐

え著しい肝再生を行ない，その重量は急速に切除前値

に接近する．

一方今日では生体に加えられる侵襲に対し肝が最も

重要な役割を演ずる臓器の一つであることは，よく知

られた事実である．されば肝障害に耐え著しい再生を

行なった再生肝は再び侵装が加えられた場合，正常肝

に比し抵抗性の冗進或いは減弱などの特異性を示す

か，否かは興味ある問題である．かかる観点から50%

肝切除により作成した肝再生犬及び正常犬を用い，著

しい肝障害をもたらす出血ショックをWiggers法及び

Lamson変法により作成し，再生肝の病態生理の一面

を窺わんと意図し次の織な結果を得た．

1) Wiggesr法による出血ショックに於てP 肝再生

犬群，対照犬群の聞に最大出血量， 12時間及び24時間

生存率に関して，何ら有意の差異を認めなかった．

2) bmson変法による出血ンョックに於て15%自

然還血期返血を行なった群では，対照群，肝再生犬群

の何れも全て24時間以上生存し， 30%自然還i血期返血

政 彦

を行なった群では，対照群，肝再生犬群の何れも全て

24時間以内に死亡した．

3) Lamson変法に於ける15%自然還血期返血群及

び30%自然還血期返血苦手の何れに関しても，最大出血

量，最大出血到達時間，自然還血開始時間， 15%及び

30%自然選血期到達時間， 12時間及び24時間生存本に

於てp 気温，気候及び性別による影響を考慮しても，

肝再生犬群と対照犬群との間に有意の差を見出すこと

が出来なかった.iWち出血シ司ツクの可逆相，不可逆

相に於ける両群の態度には有意の差異を認めなかっ

fこ．

4) 門脈圧は肝再生犬群に於てはp 出血前値に於て

も，出血により下降した門脈圧の返血後回復率に於て

も，対照群に比しやや高値を示し，門脈系血管抵抗の

やや大なることを示唆した．

5) ヘマトグリット値の推移は肝再生犬群と対照群

とはほぼ同様の傾向を示し有意の差異を認め得なかっ

fこ．

6) 以上により肝再生犬は出血ショックに対し正常

犬と同様の態度を示し，正常犬に比し明らかにショッ

ク耐性を有するとは言えないまでも，決して劣るもの

ではないと言える．


