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I. INTRODUCTION 

Pancreatoduodenectomy was once accomplished as early as in 1935 by WHIPPLE51l 

as a radical operative treatment for malignant tumors in the pancreas and neighbouring 

organs of its head and the duodenum. However, many inoperableαses can be seen still 

today, because of the anatomical construction of this region. As the head of the pancreas 

encircles the stem of the portal vein, an invasion or adhesion of malignant tumors in 

the head of the pancreas spread readily to the portal stem frequently，’even in 回 ses of 
early stage. Transient occlusion of the portal vein, regardless of its duration, is a problem 

of utmost importance surgeons are forced to confront, in order to avoid the eventual 

injury of the portal stem, at surgery of these cases. 

It has been well known that the interruption of the portal vein frequently results 

in fatality, since the experiment made by 0RE33l in 1856 in rabbits. NEUHOF11l, ScHifFrn, 
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ELMAN & CoLE1s)16l and BoYCEo also reported thereafter constant fatality within an hour 

after the interruption of the portal trunk. Although the cause of the death has been 

discussed as toxemia, exsanguination, neurogenic disorder or disturbance of liver function, 

conclusive results are not yet acquired. In 1950, CHIL011> reported many cases of survival 

in monkeys that had undergone the ligation of the portal vein, and he concluded that 

the fatality of the procedure in animals of other species is due to the absence of portal 

collaterals and postulated a difference between mortality due to the ligation of the portal 

vein in primates and that in other animals. CoLP10> and BRUNSCHWIG'n clinically 

reported, on the other hand, the danger of acute ligation of the portal vein. Many 

attempts to lessen the danger of this procedure have been carried out川， thatis MALLET 

Guy et al28l. and ELMAN & CoLE 1 ;> applied blood transfusion, and THoLE m cut o旺the

splanchnic nerve in this aim. Both of these, however, had mere temporary effect. 

Concerning the method of general hypothermia, SMITH & FAY 13l adopted this method 

for the first time in 1939, as a treatment of cancer bearing patient. ALLEN''>, BLALOCK 

& MANSON5l reported beneficence of this method in preventing shock. In 1951, 

LABORIT26l insisted the effectiveness of pharmacological hibernation for treatment of shock. 

Moreover, many reports of experiments on the hypothermia have been published chiefly 

in the field of surgery and physiology, following the application of hypothermia for 

cardio・surgeryby McQursTON"n, Bigelowつ3>J>and others, in which an interruption of 

the circulation is required. Reflecting upon the application of hypothermia to surgery of 

the portal system, GOODALL and others21> reported that the application of the method was 

profitable to some operations which require resection of the liver or ligation of the portal 

vein. In 1953, CsrLLAG et al.12l, for the first time, aquired favorable results in prolong-

ation of survival time in transient ligation of the portal vein by the application of hypo-

thermia in experiment. Thus the applicability of hypothermia has been extended in 

portal surgery. However, only a few reports have been published on the pathophysiology 

of transient interruption of the portal vein under hypothermia. 

The author of the present experiment made a series of experiments with special 

reference to permissible duration of the occlusion of portal flow under hypothermia and 

in自uenceof that at the transient interruption of the portal vein chiefly upon respiration, 

circulation and gas metabolism. 

II. お1ATERIAL AND恥1ETHODS

(I) Material 

Healthy adult mongrel dogs weighing 6.5 to 16.0 kg were employed being divic'.ed 

into normothermic control and hypothermic group. 

(JI) Methods 

(1) Anesthesia, cooling and rewarming. 

Atropin of 0.3 to 0.4 mg was injected intramuscularly 60 minutes before the intro-

duction of anesthesia. Anesthesia was commenccJ with intravenous injection of foczol of 

10 to 15mg/kg. Tracheal tube was inserted and anesthesia was maintained with ether 

and oxygen at the depth of 2nd. phase of 3rd. stadium. The dog was cooled to 30°C 

through the method of so-called indirect immersion, that is essentially consisted in dipping 
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dogs wrapped up with vinyl sheet into ice-water. Degree of after drop of body tempe-

rature was observed to be 0.3 to 2.0°C. Body temperature was measured by the u近 of

electric thermometer in the rectum. After operation, rewarming was performed in room 

temperature or in hot water of 45°C. In both occasions rewarming was carried out until 

body temperature arose to 35.0 to 35.5°C and awakening was intended thereafter. 

(2) Occlusion of the portal vein and survival rate. 

The abdomen was opened with upper median incision and the portal vein was occl-

uded with Blaloclどsclamp between the empting of the pyloric vein and the bifurcation 

of the portal vein. The interruption was released after an interval. The influence of the 

interruption was finally evaluated from 48 hours’survival after the release of the interr-
uption. 

(3) Histological examinations. 

Experimental animals were autopsied immediately after death or slaughter with intr-

avenous rapid injection of Isozol and histological appearance of heart, liYer, spleen and 

intestinal canal was studied by hematoxylin-eosin double staining. 

( 4) Determination of arterial and portal pressure. 

Blood pressure was determined by mercurial manometer connected to a glass canula 

inserted into the femoral artery. Portal pressure was determined from a vinyl tube which 

was inserted into the gastrosplenic vein. 

(5) Observation on electrocardiography. 

Electrocardiograph equipped with heated stylus (Fukuda Co. Ltd.) was used for 

this purpose. Electrocardiogram was taken from the limb and precordial leads both before 

and after the interruption. 

(6) Circulating blood volume and circulation time. 

Two milliliters of 0.5 per cent Evans Blue solution was injected from the right 

femoral vein following the method of GREGERSON川. Blood sample was taken from the 

right femoral artery 5 minutes after the injection. Density of Evans Blue in the plasma 

was estimated by electrophotometer (Shimazu Co. Ltd.). Circulating blood volume and 

circulation time were calculated from following formulas, 

Es ×500×2 
Circulating plasma volume (cc)= Em－一一

_ C.PV(cc）×100 
Circulating blood volume (cc）一 白百三且口先了一

where Es is electrophotometric absorption of the plasma estimated through filter of 624 
c 

A with a control of plasma before the injection of the solution, and Em is electrophoto-

metric absorption of Evans Blue solution in 500 times dilution estimated in the same 

way with a control of 10 times diluted plasma before the injection. 

Circulation time was observed following lobeline method, that is, 0.3 cc of 1 per 

cent lobeline was injected into the femoral vein and the interval required for manifestation 

of tachypnoe (femoral-broncheal time) was determined. 

The determination was carried out in room temperature as well as in hypothermia 

and 30 minutes after the occlusion and release respectively. 

(7) Estimation of oxygen consumption. 
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After insertion of the tracheal tube, it [was connected to the Knipping’s app釘atus
and oxygen consumption was estimated following the method of Knipping. 

(8) Gas analysis. 
Mixed venous blood sample was taken through 8-F heart catheter inserted from the 

right jugular vein to the right atrium under fluoroscopy and arterial blood was taken at 

the same time from the left femoral artery, both of which were immediately enclosed 

with fluid para伍nin test tubes. Blood samples were provided rapidly for analysis, at 

latest within 6 hours. Blood gas analysis was performed following VAN-SLYKE-NEIL's49> 

method, volume percentage of oxygen being estimated after Fu;n's11> simultaneous esti-

mation method, and that of carbon dioxide being estimated following AUSTIN’s method1> 
(9) Calculation of cardiac output, stroke volume and peripheral resistance. 

These were伺 lculatedfrom following formulas based on the results of right heart 

catheterization, 

Cardi即叫utニ OA~Ov (cc) 
Cardiac output 

Stroke volume二 -p頑示五百九一面民「 （α） 

where O, is oxygen consumption due to lung respiration in a minute, 0 A is oxygen 
content of 1.0 cc of arterial blood and Ov is oxygen content of 1.0 cc of mixed venous 

blood in the right atrium. 

Total peripheral resistance was calculated as follows employing C. G. S. units of 

WIGGERS刷，
_ Average arterial pr四SU町（mmHg）×1333 

Total peripheral resistance－一一一一一一
Cardiac output (cc/se氾）

=dyn白.s回./cm5 

(10) Density of Evans Blue injected into the portal vein in the systemic circulation. 

In order to obsεrve the appearan田 offlow of the portal blood into systemic circul-

ation, following experiments were田rriedout. Fifteen milliliters of 76 per cent urografin 

was injected into the gastrosplenic vein for portalography and the absence of the direct 

path to the liver was assured, i. e. the occlusion was complete. Then, 4.0 cc of 0.5 per 

cent Evans Blue was similarly injected into the portal vein 10 minutes after the occlusion. 

Blood was taken cifter certain intervals of time from the right heart catheter and the 

plasma was provided for electrophotometry. The change in density of Evans Blue in 

the blood and interval between the injection and app白 raneewas observed. 

][. Results 

(1) Survival rate and permissible duration of the occlusion. 

Occlusion of the portal vein was performed in 17 dogs, whose rectal temperatぽe

being kept to be 28.5 to 30.0。c.
Four dogs out of五ve(80%) undergone 60 minutes’s interruption, one out of two 

(50%) undergone 75 minutes' interruption and three out of eight (38%) undergone 90 

minutes' interruption survived. Death resulted in all the dogs undergone 120 minutes' 

interruption. No ventricular fibrillation, as Swan reported, could be observed under the 



condition of 26.0 to 30.0。Cof rectal temperature. Hence, it is assumed that hypothermia 
of 26.0 to 30.0。Chas little influence in itself upon survival rate and the upper limit 
of permissible duration of the interruption under the hypothermia of this temperature is 
60 minutes (Fig. 1). 

(2) Macroscopic 

mgs. 

Intestinal surface in hypothermic group 

showed macroscopically fresh red tincture 

even 60 minutes after the interruption and 

bleeding in the intestinal canal and 
mesentery, although accompanied merely 

by a slight edema in the mesentery, in 

brief, far slight macroscopic changes were 

observed compared to that of normothermic 

group. No changes were observed in the 

liver, while the spleen swelled approximately 

two times bigger conceivably due to cons-

picuous congestion of the blood. 

Autopsy of six dogs out of nine revealed 

accumulation of considerable amount of 

bloody exudation in the abdominal cavity, slight bleeding in the canal of the jejunum 
and ileum and mesenterial ecchymoses. Cause of the death could not be clarified in 
three other dogs on autopsy. Particular change of any kind could not be observed in all 
the dogs survived the interruption. 

Histological examination also revealed approximately normal appearance except 
congestion and bleeding in the liver and spleen of the survivors (Plate. 2, 3.), showing 
no remarkable change as was observed in normothermic group such as bleeding in the 
intestinal wall and canal (Plate. 4, 5), and fragmentation, isolation and bleeding in 
fibre of the heart muscle. It is suggested・ from these findings that hypothermia has a 
protective e妊ectagainst irreversible changes of organs叩usedby the interruption of the 
portal vein. 

(3) Arterial and portal pressure. 

Arterial pr白surein normothermic group began rapidly to fall down after the inter-
ruption and about 10 minutes later it但 menear its minimum, while portal pr白surearose 
contrariwise showing the maximal level (540 to 870 mmH20) several minutes after the 
interruption. At that time, portal pr田sureshowed slightly lower level than arterial 
pr田surewith a difference of a few millimeters in mercurial manometer (Fig. 2). This 
finding is accepted to sugg白tthat a plenty amount of blood is pooled in the splanchnic 
ar回.On the contrary, in hypothermic group, descension ’of arterial pr白surewas mild 
and portal pressure, although arose ( 480 to 670 mmH20) , was observed to be lower 

than that of the former group with a di首位enceof 20mmHg between arterial and portal 
(Fig. 3). 

Changes in electrocardiogram. 
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Fig. 2 Arterial and portal pressure, 6 dogs 
averaged. (Normothermic group) 

Fig. 3 Arterial and portal pressure, 7 dogs 
averaged. (Hypothermic group) 

'""'"" mmll" ー－ A>l＂＂＇＇＇ 岨，.，
llJ/) Pmtal pc世＂＂

90 l国

l 封。Rclca兄田 。／／ 71) 80 

τ。

w 60 

｛＂~ 
"" ! 

、、、 〆

回

、，'" 
' ' 

2’＞ I 
岨

10 －・・J回

．’ ‘ ー－． ・祖．』ー．．10 

Rel田辺

!l 

、
、‘
 
、、
、、、
、、．
 

，
 
，
 
，
 
、、
、、
，
 
，
 

。10 剖 :JO 40 国曲 合川 泊’・＇＇’ HI :;1’ro 711 .'ill 剣J !Oil l!U 1曲

＂＇＂’u~ion m>n 

白＂＇＂＂叩 m川 anm ooclu剖un

Fifte~n minutes after the interruption in normothermic group, lowering of ST and 
T was observed, and negative T and low voltage in some cases. In hypothermic group, 

changes in electrocardiogram appeared first more than 30 minutes after the interruption, 
that is, slight lowering of ST, prolongation of QRS-time, negative T or flattening of T. 

It is assumed that in this group also there occurred impairment, though slight, of heart 

muscle due to anemia presumably, as mentioned later, together with decrease in circu・ 

lating blood volume and cardiac output. 

(5) M田surementof circulating blood volume. 

Circulating blood volume was measured in normothermic group to be 86.3 cc/kg 

before the interruption, 51.5 cc/kg 30 minutes after the interruption showing a decrea・ 

se of 40.3 per cent and 54.8 cc/kg after the release showing a decr回 seof 36.5 per cent 

(Tab. 1, Fig. 4). On the other hand in hypothermic group, it decreased from 78.7 

cc/kg before the occlusion to 62.0 cc/kg after that showing a decrease of 21.2 per cent 

and 72.9 cc/kg after the release with a decrease of 7.4 per cent, thus suggesting little 

influence of the occlusion (Tab. 1, Fig. 4). 

Circulating plasma volume in normothermic group also showed a decre泊 eof 37.9 

per cent after the interruption and 30.6 per cent after the release respectively compared 

to those before the interruption, while in hypothermic group the degree of the decrease 

was more slight, being 32.9 per cent and 14.6 per cent respectively (Tab. 2). 

Circulation time was prolonged by the occlusion in both group, i. e. twice as long 

as in normothermic group and thrice as long as in hypothermic group. This sugges脂

that the r白ponseof circulatory system becomes dull and tardy under hypothermia (Tab. 

3, Fig. 5). 

(6) Changes in cardiac output and peripheral resistance. 

Cardiac output decreased by 9D.l per cent from 307.2 cc/kg before the interruption 

to 30.3 cc/kg after it, which still maintained lowered value of 69.8 cc/kg even after the 

rel回seof the interruption, i. e. decrease of 77.3 per cent compared to that before the 

interruption (Tab. 4, Fig. 6). The value was also markedly decreased in hypothermic 

group showing decrease of 80.6 per cent from 292.3 cc/kg before the interruption to 
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Tab. 1 Circulating blood volume. (cc/kg) 

(Normothermic group) 

Dog. No. 30 min. 
operation I ~~te~ i~cc l. after release 

一 一
27 77.0 50.0 48.5 

30 84.2 47.3 49.7 

32 88.7 51.2 57.0 

44 95.3 59.0 63.2 

町、ean 86.3 51.5 54.8 

(Hypothermic group) 

Dog. No. 寸 ~ef~re Hypothermic 30 min. 30 min. 
operat10n after occl. after release 

15 79.1 75.8 65.2 57.2 

16 87.0 80.0 73.1 76.2 

17 94.3 83.4 70.4 

18 95.2 90.5 66.5 91.1 

19 72.0 60.9 45.5 57.4 

2Q. 71.7 65.5 40.0 92.9 

21 89.0 76.3 

22 87.4 74.0 60.2 

28 89.1 65.1 5・1.5 

31 91.5 72.4 80.8 

mean 84.8 78.7 62.0 72.9 

Fig. 4 Circulating~blood volume. Fig. 5 Circulation time. 
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53.7cc/kg after it, the degree of which is less than in normothermic group. ・But the 

value showed no increase after the release remaining within the lowered level after the 

interruption (Tab. 4, Fig. 6.) 
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Tab. 2 Circulating plasma volume. (cc/kg) 
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Tab. 4 Cardiac output. (cc/kg/min) 

(Normothermic group) 

Dog.、No Before I I ~~t min. I. operation 

33 370.6 31.6 

35 187.0 23.2 

37 151.4 

39 350.4 41.5 

42 476.4 24.9 

ロlean 307.2 30.3 

(Hypothermic group) 

Dog.氏、o. Before Hypothermic 30 min. 
operation after occl. 

一一一一
34 160.0 170.0 37.1 

38 272.0 262.0 60.0 

40 426.0 466.7 70.7 

41 333.0 263.0 

43 323.6 300.0 50.5 

πlean 302.9 292.3 53.7 

Tab. 5 Stroke volume. (cc/kg) 

(Normothermic group) 

Dog. No. 
Before 
operation 

33 2.2 

35 1.8 

37 1.3 

39 2.4 

42 3.7 

町Jean 2.3 

(Hypothermic group) 

DoEl. No. [ Befor~ 
0 ··~・ I operat10n Hypothermic 

1.9 

1.7 

3.0 

1.9 

2.5 

2.2 

30 min. 
after occl. 

0.2 

0.3 

0.4 

0.2 

0.3 

30 min. 
aft町民cl.

0.8 

0.8 

0.7 

0.6 

0.7 

30 min. 
after release 

11.9 

106.5 

66.7 

94.1 

69.8 

30 min. 
after release 

60.0 

50.5 

62.5 

41.5 

53.6 

30 min. 
after release 

0.2 

0.6 

0.6 

0.5 

0.5 

30 min. 
after release 

1.0 

0.6 

0.8 

0.8 

0.8 

As to stroke volume, it showed the same tendency as described above in normo-

thermic group, while in hypothermic group the decrease was observed to be slight less 

by the interruption from 2.2 cc/kg to 0.7 cc/kg, that is decrease of two thirds (Tab. 5). 



208 日本外科宝函第31巻第2号

Tab. 6 Peripheral resistance. (dynes. sec/cm5) 

(Normothermic group) 

Dog. No. Before 30 min. 30 min. 
operation after occl. afterrelease 

33 6798.3 11997.0 15196.2 

35 9331.0 9331.0 15996.2 

37 10397.4 

39 6665.0 7998.0 10397.4 

42 4932.1 13330.0 7998.0 

mean 7598.1 10664.0 12396.9 

(Hypothermic group) 

Dog. No. Before Hypothermic 30 min. 30 min. 
operation after occl. af terr elease 

34 6798.3 8664.5 8797.8 7998.0 

38 9331.0 6931.6 10664.0 16662.5 

40 5332.0 5998.5 14263.1 10130.8 

41 7331.5 9064.4 

43 5998.5 6798.3 12663.5 10930.6 

ロ1ean 6931.6 7731.4 11597.1 11463目8

Fig. 6 Cardiac output. Fig. 7 Oxygen consumption. 
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Peripheral resistance increased after the interruption by 40 per cent in normothermic 

group and 50 per cent in hypothermic group. After the release of the interruption, it 

showed a tendency of decrease in hypothermic group, what was not observed in norm伊

thermic group, maintaining higher level. It is suggested from this finding that insu伍ciency

of peripheral circulation is not readily restored in normothermic group after the interru・ 

ption released (Tab. 6). 

(7) Changes in oxygen consumption. 

A remarkable difference between oxygen consumption in normothermic group and 

that in hypothermic group was observed after the interruption, it being 3.4 cc/kg/min. 

in the former (decrease of 41.4%) and 1.4 cc/kg/min (decrease of 80.6%) in the 
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Tab. 7 Uxygen consumption. (cc/kg) 

(Normothermic group) 

Dog. No. I Befor~ 
I operat 

33 4.8 

35 5.2 

37 ' 4.8 

39 i 8.2 

42 ; 6.2 

mean 1 5.8 

(Hypothermic group) 

I 30 min. 
after occl. 

3.8 

3.4 

3.0 

4.0 

2.6 

3.4 

30 min. 
after release 

n
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u
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4

4
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3

5

4

4

 

Deg. No. 30 min'. 
after release 

4

8

0

1

3

 

3

3

4

4

4

 

Before 
operat10n 

6.1 

8.0 

7.9 

8.3 

;).;) 

7.2 mean 

H、p《＞thcrn1ゴ 30 min. 
after occl. 

0.8 

1.2 

2.1 

q
u
n
U
R
U
 

．． 
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U
唱
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ム
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1.5 

latter which is less than one half of the former. After the interruption was released, it 

was estimated to be 4.7cc/kg/min. in normothermic group and 1.5 cc/kg/min. in hypo-

thermic group suggesting less requirement of oxygen in the latter (Tab. 7, Fig. 7.). 

(8) Changes in gas metabolism. 

(A) Oxygen content of arterial and venous blood and its difference. 

Conspicuous decrease in oxygen content of venous blood was observed in normothe-

rmic group after the interruption, that is decrease by 11.2 vol per cent, while in hypo-

thermic group it showed slight decrease by 4 7 vol. per cent which is less than a half 
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Tab. 8 Oxygen content of arterial and venous blood. (vol. %) 

(Normothermic group) 

Dog. '¥o. I i出。 i

工＋%.＋＝＊ド

30 min. I 30 min. 
after occl. after release 

I 18.5 l J.1.8 
9.5 I 9.8 

21.6 ! 23.7 
10.s I 17.9 

13.2 1・ 

5.s I 

19.5 
7.9 

18.2 
8.5 

21.2 
16.2 

18.1 
11.6 

19.5 
13.9 
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(Hypothermic group) 

I I Before I L • i 30 min. 1 30 mm. 
Dog. No. I I operaticn I Hypothermic : after occl. ! after release 

I arterial I 17.7 I 20.9 ・ 18.3 I 15.7 34 I CC' I I I 
I venous I 13.9 I 19.5 , 16.2 I 14.2 

I arter凶 I 19.s 19.1 : 11・7 l 20・8
38 I venous I 16.9 ・ 17.4 15.6 : 18.8 

I arterial ! 20.6 I 21.8 ' 23.1 I 24.2 
40 I i I I I venous i 19.1 ', 20.6 20.1 I 20.2 

41 f arterial i 24.1 I 26.3 [ I 
I venous I 21.6 I 25.5 I I 

I arterial I 18.5 I 15.9 I 10.9 I 12.2 
43 I I I ! I I venous I 16.8 i 14.9 f 7.7 I 8.6 

I arterial I 20.1 I 20.8 I 17.5 I 18.2 
m四n I venous I 17.6 I 19.6 ! 14.9 I 15.5 

Tab. 9 Differでneeof oxygen ccntent l:etween arterial and venous blcod. (vol. %) 

（型肝moth町micgroup〕

Dog. No. I Before operation 
30汀in.
after occl. 
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1.3 

2.8 

3.2 

2.2 

1.3 

2.2 

9.0 

10.8 

30 rr.in. 
after release 

5.0 
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πiean 
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5.0 
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一

3

3

4

4

4

n

0

・
Y
D

一

I

P

－
q

一

叫
一

D

一 1.4 

1.7 

1.2 

0.7 

1.0 

1.2 

30 min. 
after occl. 

2.1 

2.1 

3.0 

30 min. 
after release 

Hypothermic 

1.5 

2.0 

4.0 

3.2 

2.6 

3.6 

2.8 

corrりaredto that in the other group. Moreover, oxygen content of arterial and venous 

blood in hypothermic group decreased in parallel with each other (Tab. 8）・
Accordingly difference of oxygen content between arterial blood and venous one 

increased markedly from 2.2 vol. per cent to 9.7 vol. per cent after the interruption in 

normothermic group, which remained in as high a level as 5 6 vol. per cent after the 

release. On the contrary, the difference in hypothermic group showed only a slight flue・ 

tuation from 1.2 vol. per cent to 2 8 vol. per cent throughout the whole course (Tab. 9, 
Fig. 8). 
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Tab. 10 Carbon dioxide content of arterial and venous blood. (vol. %) 

(Normothermic group) 

Dog. No. I ~；t~：~on I I ；~~i~cl. I ；~ter:1i~~l 
｜認：~· I I ~~：~ I＿ぷ－－

~~－－ I iii －ー－－~－－1 ·~ I ~：~ 
33 

35 

37 記「I ~t~ I I - I 

39 I ~~：~ I I ~g I 
_l~§＝j~I- _I i~~｝ 

(Hypothermic group) 

Dog. No. 

34 

38 

40 

41 

43 

町1ean

Hypothermic 
3('.) min. 
after occl. 

間「：~：~ I ~~：~ I ~~：~ • I 
I ~~：~ I ：~：~ I ~~：~ • I 

~~~~~~ I ~~：5 I ~t~ I ~~x I 

30 min. 
after release 

Tab. 11 Difference of carbon dioxide content between arterial and venous blood. (vol. %) 

(Normothermic group) 

Dog. No. 
Before 30 min. 30 min. 
operation after ocd. after re lease 

33 3.1 12.4 2.0 

35 1.5 9.5 9.5 

37 8.1 

39 1.9 5.9 5.8 

42 1.6 5.7 3.4 

口iean 3.2 8.4 5.1 
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(Hypothermic group) 

Dog. No. 
Befcre 
operaticn 

Hypotherrr.1c 

(B) Carbon dioxide content of arterial 

and venous blood and its di百erence.

Carbon dioxide content fluctuated in a 

resembling attitude as that of oxygen. In 

normothermic group四rbondioxide content 

showed relatively high level when the portal 

vein was interrupted (Tab. 10). While the 

difference of回rbondioxide content incre-

ased by 5 2 vol-:・ per cent-from 3 2 vol. -

per cent to 8 4 vol. per cent by the inter-

ruption in normothermic group, it remained 

in a slight increase of 2 2 vol. per cent 

from 2 3 vol. per cent to 4.5 vol. per cent 

in hypothermic group. Although the diffe-

rence decreased after the release in both 

groups, the degree of decrease being prom-

inent in normothermic group (Tab. 11). 

(C) Oxygen and carbon dioxide content of the portal blood. 

Oxygen content showed marked decrease as early as 15 minutes after the occlusion 

in normothermic group and 60 minutes after the occlusion oxygen in the portal blood 

deemed to have almost vanished away. On the other hand, in hypothermic group, a 

tendency of marked decrease of oxygen content was observed first more than 30 minutes 

after the interruption, suggesting that animals can endure longer the interruption of the 

portal vein under hypothermia, owing to the reduced oxygen requirement of the tissues 

(Tab. 12, Fig. 9). Carbon dioxide content showed a similar tendency of gradual decrease 

after the interruption in both groups (Tab. 12, Fig. 9). 

(D) Oxygen saturation. 

Oxygen saturation decreased more remarkably in normothermic group by 9 1 per 
cent, whereas the decrease being as slight as 4.1 per cent in hypothermic group. After 

the release of the interruption, oxygen saturation showed a tendency to restore to the 

value before the interruption (Tab. 13, Fig. 10). It is assumed, when observed at least 

from a point of oxygen-combining power of the blood, that the animals of both groups 

still possess a reversibility even 60 minutes after the interruption. 

(9) Appearance of flow of the portal blood into systemic circulation after the 
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Tab. 12 Oxygen and carbon dioxide content of the portal blood. (vol. %) 

(Normothenric group) 

I After occlusion (min.）」一

Dog. :'¥o. Before occl. I 5 - I 1~ I 30 I 60 ,, 

37 I C02 48.2 I 46.3 I 40・1 I 39.s I 32.1 
02 13.1 I 12.5 I 10.3 I 2.4 I 

44 I C02 40.2 39.0 37.1 
02 16.1 15.1 ,s.4 I ・3.1 仙

m田n C02 似 I 42.1 I 38.9 I I 31.3 
02 川 I 14.1 i 9.7 I 2.s 

(Hypothumic group) 

Dog. No. I I 

41 

46 

47 

日】ean

C02 
02 

C02 
02 

I C02 
02 

C02 
02 

Before occl. 

43.4 ! 

18.2 

39.2 
25.1 

41.2 
14.5 

41.3 
19.3 

I 15 I 

I - I 3~ ：； i 

_I - I ~~：~ i 
I fr~ ・I i~ ：i i 

Tab. 13 Oxygen saturation. (%) 

(Normothermic group) 

Dog. No. 
I Before 30 min. 30 min. 
operat10n after occl after release 

33 93 85 90 

35 97 85 90 

37 90 

39 90 73 87 

42 92 90 95 

mean 92.4 83.3 90.5 

(H) pothermic group) 

Dug. No. 
Before Hypothermic 30 min. 30 mm. 
operat10n after ocol. after release 

34 90 90 90 93 

38 86 89 84 86 

40 95 95 93 95 

41 97 94 

43 97 100 91 100 

mean 93 93.6 89.5 93.5 
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Fig. 9 Oxygen and carbon dioxide content of 
theportal blood. 

( 11g. 9 J 

η...・n""" 0・rb。n.，.，，.・cont・nt。tth・portalbl。ed.
v。1.% CO,・contcnt of F巾lbl叫
刷 t ___ Normothcrm" group 

・8守。
<O.O 

Sる，O

制。

250 

＼ 
ト

21;.0 I 

ー一一ー－ Hypotherm断Cgroup 
--・ Mean 

0,-content 。I portal blood 

前l、ζ一
哨 lu蜘 司

Bef。同 5 10 20 "" 40 50 60 

。田l m•札

inteπuption. 

。.. 

Fig. 10 Oxygen saturation. 

Normolherm" group 
- Hypothermic 11fOup 
--・ M"n 

l凶

開

械B

70 

llefo問 lly1加th"m』c .!U min. ''O min. 
Occl凶＂＂ after occl afle< 『・cea込

Fig. 11 Photometric concentration of Evans Blue 
injected into the portal vein determinated 
in the blood of systemic circulation after 
the eccl usion of the portal vein. 
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Although there have been many reports 0・1

on the existence of portal collaterals at 
portal interruption in dogs, it was impossible o 10 回 30 40 叫

to clarify this problem in the pr白entexp・ Mm. after inj則。n

eriment. It was, however, at least presumed from the above mentioned observation on 
prominent difference of the relationship between arterial and portal pressure in normo-

and hypothermic groups that there might exist some difference in appe釘anceof flow of 

congested portal blood into systemic circulation in these two groups. Here the ap戸arance
of Evans Blue, injected into the portal vein, into systemic circulation was pursued, taking 

blood samples at certain intervals of time after the injection through the right heart 

catheter in dogs of both groups in which the complete interruption of the portal vein 

had been assured by portalography after the interruption. 

On portalography, no collateral was noticed in both groups (Plate 5, 6). 

Fluctuation of Evans Blue density in the right atrium showed its peak 15 minuteS 
after the injection in hypothermic group, while the peal王appeared20 to 30 minutes after 

the injection in normothermic group, what enables the presumption that the flow of the 
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Tab. 14 Photometric concentration of EVANS-BLUE injected into the 
portal vein determinated in the blood of systemic circulation 
after the occlusion of the portal vein. (-log T) 

(Normothcrmic group) 

Dog. No. 
5 10 40 

A
生

F
O

マd
T

i

A

－
A斗

A
a
H
2
c
u

0.229 

0.242 

0.130 

0.200 

0.224 

0.321 

0.151 

0.2.11 

(Hypothermic group) 

Dog.陥 iつ I 10 

48 I 0.135 I 0.136 

49 I 0.265 I 0.283 

50 I 0.252 I 0.433 

Mi nut疋safter injection 

15 I 20 I 30 50 

0.168 

0.283 

0.156 

0.320 

0.276 

0.386 

0.156 

0.252 

0.278 

0.485 

0.160 

0.360 

0.175 

0.275 

0.157 

0.163 

0.675 

0.225 

0.431 

Mi而函a.1扇子fo-iection
15 20 I 30 

0.200 

0.282 

0.452 

blood from portal system to systemic circulation is delayed in the latter group, namely 

in the former group the congested portal blood rapidly flows into systemic circulation 

(Tab. 14, Fig. 11). 

四. DISCUSSION 

Concerning theαuse of fatality of acute portal occlusion, CLAUDE BERNARDへin1887 
put emphasis on the exsanguination which is caused by the congestion in the intestine, 

and impediment of the liver function was pointed out later by ScHIFF川 SOLOWIEFF1">

reported, on the other hand, favorable results of survival of his experiment in which 

ligation of the portal branches was performed in several stages with intervals of days and 

the ligation of the portal trunk was回rriedout finally. ho and 0MIリJreported the same 

results as SoLOWIEFF’s ones, with a warning that the ligation of those branches and the 
trunk all at once would result in fatality. NEUHOF11J sought an explanation of the ad-

vantage of the ligation in several stages in the establishment of collaterals. THi:iLE"> and 

BoYCEリ madeexperiments from different aspect, that is, the former demonstrated that 

animals undergone the ligation of the portal vein can survive longer without showing 

haemorrhagic infarction or subserous bleeding in the intestine when the splanchnic nerve 

is previously cut off, and the latter attached great importance to the participation of 

neurogenic factor in maintenance of blood pressure after the interruption. PECK and 

GROVERmsought the cause of death in toxemia. 

ELMAN & CoLE15>1u> asserted, thereafter, in 1934, based on their estimation of circul-

ating blood volume, that the cause of fatality of the ligation of the portal vein is attri-

butable to decrease in circulating blood volume which is回 used by acute congestion of 

the blood in splanchnic area, and that this is closely related to bleeding shock. This 

assertion became gradually to be accepted widely. They reported the decr聞記 incirculat-
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ir g blood volume to be 5.2 per cent of body weight, when determined from weights of 

e~~irpated abdominal organs, which is 9.92 per cent acco山広 toEoYcEペandthey both 
asserted the decrease of this extent to be reasonable amount to cause haemorrhagic death. 

Thanks to the recent advance of the method of circulating blood volume determination, 

it has become possible to perform the determination with more accu~acy. MALLET-Gげ 8)
reported the decrease to be 49.3 per cent according to his expenment using Chicago 

blue, JOHNSTONEリ） reported it to be 57.9 per cent using radioactive phosphorus and 

DATE14> noticed a decrease of 44.4 per cent using Evans Blue. The author of the 

present experiment obtained slightly lower value of 40.3 per cent, it is presumably due 

to the fact that the determination was carried out 30 minutes after the interruption of 

the portal vein when the circulation had already been stabilized. 

As to the change of circulating blood volume under hypothermia, there are very 

few reports. The author obtained in hypothermic group as little decrease as 21.2 per cent, 

which is a decrease of one half compared to that of normothermic group, what makes 

it possible to assume that the congestion in splanchnic area is much lessened by hypother圃

m1c treatロlent.

Concerning the permissible duration of portal ligation, DucHINOVA 13> reported in 

1926, the constant fatality of the interruption over 35 minutes, when the hepatic artery 

and portal vein are interrupted temporarily at the hilum of the liver. His study was 

followed by successive experiments on permissible duration of sole interruption of the 

portal vein. NEUHOF31', JOHNSTONE"¥ HATAGOSHI＂＂〕 andY ABUKI53> noticed it to be 20 
minutes, and RAFFUCJ39l to be 30 minutes. 0YANAGI15) in our clinic also reported it to 

be 30 minutes. There are several reports also on permissible duration of the interruption 

under hypothermia. Cs1LLAG et aJ1"l. reported that the dogs survived the portal interru-

ption of 45 to 51 minutes under hypothermia, SHIMIZU'JJ reported 80 per cent survival 

of 60 minutes' interruption and MIKAMI29J asserted that the permissible duration can be 
prolonged as long as 60 minutes. OKAMURA 34l reported a case of his clinical experience 

in which he observed a possibility of portal interruption for one hour and one third 

without life threatening symptoms by employing hypothermia when he unexpectedly 

injured the portal vein at the operation ofαncer infiltrating into the vein. The author 

of the present experiment also obtained survival of 80 per cent of the portal interruption 

for 60 minutes in hypothermic group which abruptly diminished when the interruption 

was prolonged over 60 minutes. Judging from these results, permissible duration of the 

portal interruption under hypothermia might be justifiably assumed to be 60 minutes, 

twice longer than in normothermic group. 

In 1950, CHILD11l reported the results of his experiments of portal ligation in 

monkeys, that is, although 17 monkeys out of 76 died of inadequate return of the portal 

blood into systemic circulation, the remainders survived for long without revealing unfavo-

rable changes of any kind. Thus he postulated a di妊erenceof the mortality between 

monkeys and other mammalians, which is because of the existence of adequate portal 

collaterals in monkeys, enabling the animals to survive the acute and complete occlusion 

of the portal flow even in usual temperature. 

It is obviously assumed from the results of the present experiment that hypothermia 
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has less influence upon organism in respect of permissible duration of the portal interr-

uption as well as of circulating blυod volume, and furthermore it was ascertained that 

in a hypothermic state cardiac function is less influenced by portal occlusion. 

On electrocardiogr,iphic observation, neither lowering of ST and T nor ventricular 

fibrillation was observed under hypothermia, as were observed by T ANTURI "l and RAUL 40l 

in usual temperature. Cs1LL.¥G et al＇οreported that no marked change of electrocardiogram 
was observed following the portal ligation under hypothermia, whereas change of electr-

ocardiographic pattern, although slight, was observed 30 minutes after the interruption in 

the present experiment, suggesting an existence of slight impairment in myocardium. 

Concerning cardiac output, FISCHER＇＂ぅ NIEDER川 andothl'rs conceived a decrease of app-

roximately two thirds following the portal interruption. According to the results of the 

present experiment, the decrease in hypothermic group was observed to be about nine 

tenths, remaining in a slight degree of one hali of that in normothermic group, what 

is accepted to be beneficient in preventing the animals from circulatory collaps together 

with more slight decrease in circulating blood volume. 

RANSOHOF間五rstdirected his attention to the descension of blood pressure after the 

portal ligation. PECK and l~ROVER川 explained the rapidly descending curve of the blood 

pressure after the ligation to be due to the neurogenic reaction and that of gradual des-

cension to be due to decrease in circulating blood volume. They further postulated that 

the initial fall could be prevented by administr<Ition of ACTH and the second fall by 

blood transfusion. KRYMHOLz'5J attributed the cause of the descension to decline of car-

diac activity, and NIEDER et a[l"l. to shortage of returning blood volume to the heart. 

In the present experiment, it was obviously observed that the fall of blood pressure 

develops in hypothermic group more gradually and that difference between arterial and 

portal pressure is larger, mechanism of which was, however, not to be clari五ed. Never-
theless, it might be assumed that the portal blood is situated, under hypothermia, in a 

condition in which it is inclined to return directly to systemic circulation without passing 

through the liver, judging from slight congestion in the splanchnic area, slight decrease 

in circulating blood volume in hypothermic£group and delayed reaction of circulatory sy-

stem, and furthermore based on the fact、thatearly appearance of Evans Blue injected 

into the portal vein in systemic circulation and conspicuous di旺erenceobserved in the 

histological五ndingsof intestinal canal between normothermic group and hypothermic one. 

It has been ascertained by BIGELOW品川 thatin hypothermia oxygen consumption is 

decreased. He observed linear relationship between rectal temperature and oxygen consu-

mption in dog under hypothermia, oxygen consumption being reduced almost to zero, 

when rectal temperature is kept to be刊 to12°c. WATANABE川 alsoobserved decrease 

of 30 per cent in oxygen consumption with rectal temperature of 30°C, decrease of 50 

per cent with 27°C and that of 94 per cent with l6°C, and he drew an interesting 

conclusion that the decrease in oxygen consumption depends solely upon the change of 

temperature if the depth of anesthesia is maintained invariably. In the present experiment, 

the decrease in oxygen consumption was observed in hypothermia to be 46 per cent, 

nearly being similar to those of their reports. Furthermore, the decrease was 80.6 per 

cent at portal interruption in hypothermia, while it being 41.4 per cent at the same 
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procedure in usual temperature, what l回dsto a presumption that the requirement of 

oxygen is reduced in hypothermia and the animalαn endure the portal interruption for 

longer duration under this condition. 
SWAN'4H5J made an experiment of circulatory occlusion in order to perform αrdio・

surgery under hypothermia and observed no increase in carbon dioxide in the venous 

blood after circulatory occlusion for 15 minutes with hypothermia of 23°C. In the pr飽 nt

experiment dealing with portal interruption for 60 minutes, only a slight increase in 

白 rbondioxide in both arterial and venous blood was noticed. 

On the other side, despite the tissue respiration of the organs in the splanchnic area, 

a decrease in四 rbondioxide in the portal blood was observed suggesting no release of 

that into the portal blood. Accordingly, it is readily presumed that carbon dioxide might 

be accumulated within the tissues, which would be represented by metabolic disturbance 

of the organs in this area. 

The difference of oxygen content between arterial and venous blood in hypothermic 

group showed slight change from 1.2 vol. per cent throughout the experimental co町民

while in normothermic group it leapt up from 2.2 vol. per cent to a peak of 9.7 vol. 

per cent and maintained as high a level as 5.7 vol. per cent even after the release. 

Funw ARA isJ observed the di任erenceof oxygen content of 2.85 vol. per cent 30 minutes 

after the interruption in hypothermia, and SHIMIZU16J reported it to be 6.3 vol. per ,cent, 

which are somewhat higher than in the present experiment. This seems to be attributable 

to the fact that oxygen content of mixed venous blood is higher than peripheral venous 

blood as in their experiments. 

Since NEUHOF31J made studies on histological findings in acute portal ligation, there 

have been published detailed reports on this subject by CSILLAG et al1~l. and MoRIN010'-

The similar findings were observed also in the present experiment, animals in the hypo・ 

thermic group showing slight change and those of long survival showing no di妊erent

findings from intact animals. 

Judging from above mentioned results, it is assumed that circulatory system shows 

relatively mild response in hypothermia partly owing to the suppression of metabolism 

and the portal interruption might be回 rriedout without danger, if performed within 

the permissible duration. Moreover, if cooling be carried out safely without causing dan・ 

gerous complications as ventricular fibrillation or after-bleeding, it would be made po：悶ble

to prolong the duration of the interruption by lowering temperature further, being supp・ 

orted by BIGELOW’j〕resultsthat oxygen consumption draws near zero as body temper・ 

ature falls to 10 to 12°C. 

V. SUMMARY AND CONCLUSION 

The influence of acute complete portal interruption were studied under hypothermia, 

employing dogs, and results obtained are as follows ; 

(1) Survival rate was 80 per cent when the portal interruption was performed for 

60 minutes under rectal temperature of 28.5 to 30.0・°C, and the rate rapidly decreased 
when the interruption was carried out longer. Hence, permissible duration of portal inter・ 

ruption is assumed to be around 60 minutes. 
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(2) In hypothermic group, both descension of arterial pressure and elevation of portal 

pressure are gradual after the interruption, showing a di旺erenceof approximately more 

than 20 mmHg during the interruption. Evans Blue injected into the portal vein appears 

more rapidly into the systemic circulation in hypothermic group. These五ndingssugg白 t

the fact that less congestion of the blood in splanchnic area is caused by the portal inter-

ruption under hypothermia. 

(3) Circulating blood volume showed a decr伺 seof 21.2 per cent in hypothermic 

group 30 minutes after the interruption which is a decrease of one half compared to 

normothermic group, what also enables an assumption that animals are less influenced by 

the interruption under hypothermia. 

Circulation time is prolonged 30 minutes after the occlusion in normothermic group 

and hypothermic one as long as twice and thrice, respectively. 

(4) Electrocardiographic changes were slight in hypothermic group. Decrease in car-

diac output was conspicuous in the both groups, but its degree was more slight in hyp-

othermic group compared to normothermic group. 

(5) Oxygen consumption decreased by 80.6 per cent in hypothermic group by the 

interruption, while 41.4 per cent in normothermic group. 

(6) Observing from an aspect of gas metabolism, the difference of oxygen content 

between arterial and venous blood increased from 2.2 vol. per cent to 9.7 vol. per cent 

by the interruption in normothermic group, on the contrary, it showed only a slight inc-

rease from 1.2 vol. per cent to 2.6 vol. per cent in hypothermic group. 

Oxygen saturation in arterial blood showed decr伺 seof 9.1 per cent by the interrup-

tion in normothermic group, whereas it remained within as low a level as 4.1 per cent 

in hypothermic group. 

Accomplishing the experiment, I express my deepest gratitude to Prof. Dr. Ichio Honjo for his enthusiastic 
guide and benevolent advises. I am indebted at the回metime to the members of our clinic for their kind 
assistances throughout the work. 
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和文抄録

低体温下， 門脈暫定的遮断に関する実験的研究

金沢大学医学部第2外科学教室（主任本庄一夫教授）

両 松 情

著者は犬を用いp 低体温下門脈急激完全遜断の許容 の減少と常温群の約 1/2の値を示し，遮断による影響

時間を検討し，門脈一時遮断に際しての低体温の主と はすくない，循環時聞は遮断後30分で常温群では 2

して呼吸，循環動態ならびにガス代謝に及ぼす影響を 倍，低温群では3倍の延長を示す．

実験的に追求し，次の結果を得た． (4) 低温群では心電図上の変化も軽微であり，分時

(1) 直腸湿28.5乃至30.0℃の閣では60分遮断にて80 持出量は常温群低温群共に著滅するが，低温群は常温

%の生存率を得，これを越えると生存率の激減するこ 群に較べ，その度は軽い．

とより，門脈遮断の安全許容時間は60分前後とみなし (5）酸素要求量も遮断時，常温群の41.4%の減少時：

得る． 比し，低温群は80.69五の減少を示した．

(2) 低温群では遮断後，動脈圧の下降，門脈圧の上 (6) ガス代謝の面からみると，動静脈酸素較差は綜

昇ともに緩除であり，遮断中に大略 20皿Hg以上の圧 殺時，常温群は2.2vol.9五より9.7vol.%と上昇を示すの

差を示す．また門脈へ注入した Evans-Blueは低温下 に比し，低温群はl.2vol.%より2.6vol.%と遮断による

では速やかに大循環系へ現われる．これらの事実は低 増減はすくなかった． また動脈血酸素飽和度は遜断

温下では，門脈遮断による門脈領域への血液貯溜のす 後，常温群は9.1%の減少を示すに対し，低温群では

くないことを意味する． 4.1%の減少にと Cまる．

(3）循環血液量は遮断後30分にも低温群は21.2%
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Plate 1 Liver 

Hypothermic group. H. E. x 100 

Plate 3 Small intestine 

Hypotherrr.ic group. H. E. x 100 

明

Plate 2 : Liver 

Normothermic group. H. E.× 100 

Plate 4 . Small intestine 

Normothermic group. H. E. x 100 
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Portalograph 

Plate 5巳 Hypothermicgroup Plate 6 : Normothermic group 


