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I. INTRODUCTION 

Treatment of cancer in the pancreatic head can be pointed out as one of the most 

difficult problems of present medicine. A successful case of pancreatoduodenectomy, which 

was postulated by HALSTED as a treatment for cancer in the pancreatic head, was first 

reported by vVHIPPLE48l in 1935. Resectability, studies on the method and remote result 

of this operative maneuver were reported thereafter by BRUNSCHWIG6•7l CHILD, STAFFORD42l, 
RHOADS38l and others and many enthusiastic studies have been made on this operation. 

The resectability, however, remains to be extremely low and very few cases of 5 year 
survival have been reported. 

Unfavorable result of pancreatoduodenectomy might be firstly due to the fact that early 

diagnosis of cancer in the pancreatic head is utterly difficult and most四sesare not sub-

jected to laparotomy until disclosure of jaundice, and secondly due to the fact that the 

pancreatic head is so closely situated to the portal vein anatomically that adhesive infiltration 

to the latter is commonly observed, which rejects the resection even in cas白 inwhich the 

r白ectionis otherwise considered to be feasible. 

Here, as an attempt to improve the resectability, it is necessarily required to establish 

certain method of pancreatoduodenectomy in which hemorrhageαn be minimized even if 

the portal vein be injured. 

CmLo9・10>, in 1950, devised a method using ma回 ca mulatta monkeys, in which 

operation is carried out in 2 stag白. At the initial operation, the portal ligation is performed, 

which is followed by simultaneous resection of the portal vein with pancreatoduodenectomy 

7 to 10 days later, at which time adequate descension of portal pressure is expected owing 

to development of collaterals. Principal aim of this method consists in minimizing hemorrhage 

during and after the operation caused by congestion of portal blood. He later reported 4 

successful clinical回S白. However, according to the study of HoNJ019>, performance of the 

‘two stage operation ’is difficult, because descension of portal pr田sureis not so pronounced 
as expected and not only hepatofugal but also hepatopetal collaterals are observed at the 

2nd operation and in the respect of preventing hemorrhage, it has not so much advantage 

as was expected. On the other hand, experiments have been carried out on vessel trans-

plantation and synthetic graft transplantation for simultaneous resection of the portal 

vein.1,3, 13, 15,2＜，叫叫川 However,the complexity of this method cannot be denied since it 

requires vessel transplantation for the reconstruction of the portal vein in addition to the 

technically toilsome and largely aggresive operation of pancreatoduodenectomy. 

The author of the present experiment intended to improve resectability of pancreato・

duodenectomy by easy simultaneous resection of the portal vein around the vinyl tube which 

was inserted into the portal vein, and carried out experimental study on the time of portal 

occlusion due to thrombus formation afteτportal tubing, change of arterial and portal pres圃

sure, development of hepatopetal collaterals and histological findings of the liver and portal 

vein following the portal tubing. It was further studied whether there is a dangerous 
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possibility of sliding off of the inserted tube by stripping of the portal wall of the site of 

tubing. Experiment of wrapping with tetoron mesh around the exposed vinyl tube after 

stripping of the portal wall, was carried out for this purpose and some interesting infor-
mations were obtained. 

II. EXPERIMENT OF INSERTION OF VINYL TUBE IN PORT AL VEIN 

1) Procedure of portal tubing 

The abdomen was opened with 

upper median incision and right trans-

verse incision was added. Portal trunk 

was isolated from the surrounding 

tissues for the length of 2 times of 

the to-be-inserted tube. The splenic 

and inferior mesenteric veins were 

ligated and cut at the draining site to 

the portal vein. The spleen was extirpated. The portal vein was temporarily interrupted 

at the liver side of the draining of the gastroduodenal vein together with this vein and 

the intestinal side of the draining of the inferior mesenteric vein. During the interruption, 
a small incision was laid on the portal trunk at the level of the splenic vein draining, 

from which a vinyl tube of suitable size was inserted into the portal vein. Both ends of 

the inserted tube were tightly ligated with silk-thread. Immediately after the fixation of the 
tube, the interruption was released (Fig. 2). 

2) Experiment on influence of severance of gastroduodenal vein and 1st and 2nd 

1. Materials and methods 
A. Materials 

Adult mongrel dogs weighing 6 to 13.5 kg 

Fig. 1. Preparation of vinyl tube. 
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Fig. 2. Insertion of vinyl tube. 

弘、 的nyltube 
① V gastroduodenalis 
② V. mesenterica superior (1 >t and 2nd branch) 

③ V. Ii町出＂＇ l町verance
④ V. m田enteri凶 inferiorJ 
a, b. interruption 

were used. Experiment of vinyl tube 

insertion into the portal vein was叩 r-

ried out under general anesthesia of 

intravenous injection of ravonal of 

13mg/kg body weight and ether in-

halation. Vinyl tubes to be inserted 

had about 3 cm in length and caliber 

of 4, 5 and 6 mm, with wall thick-

n邸 of1 mm. Inside of the both 

ends of the tube was pared in a shape 

of funnel, The tube was immersed 

in 25% silicone solution KF 96 for 

about 5 minutes and dried, which 

was further immersed at use in 70% 

alcohol solution for an hour and then 

in 20 ml of Ringer’s solution contain-
ing 100,000 u. of penicillin for 30 

minutes (Fig. 1). 

B. Methods 
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branches of superior mesenteric vein on collaterals development 

As it was considered in the preliminary experiment that the gastroduodenal vein and 

1st and 2nd branches of the superior mesenteric vein may play an important role concern句

ing collaterals development in experimental dogs of portal tubing as will be described in 

the below, observation was done in the following 3 groups. 
i. Group without severance of the gastroduodenal vein and 1st and 2nd branches of 

the superior mesenteric vein. 
ii. Group with severance of the gastroduodenal vein. 

iii. Group with severance of 1st and 2nd branch白 ofthe superior mesenteric vein. 

3) Experiment of acute portal interruption 

As control of the above mentioned 3 groups, following experiment was carried out 

without portal tubing and severance of the gastroduodenal and superior mesenteric veins. 

i. Acute portal interruption at the liver hilum. 
ii. Acute portal interruption at the intestinal side of the splenic vein draining. 

4) Observations following portal tubing 

Following observations were carried out after portal tubing in experimental animals. 

Anticoagulant was not used pre-and postoperatively. 

i. Time of portal occlusion due to thrombus formation and changes of arterial and 
portal pr白sures

11. Observations on collaterals following portal occlusion due to thrombus formation 

1ii. Experimental studies of development of hepatopetal collaterals 

iv. Cardiac and hepatic function after portal tubing 
v. Body weight after portal tubing 

vi. Histological studies of liver after portal tubing 

vii. Histological studies of portal vein after portal tubing 

2. Results 

1) Time of portal occlusion due to thrombus formation 
Time of portal occlusion due to thrombus formation was observed by portalography 

usmg 50 % urographin and measurement of portal pressure every 5 minut白 througha 

polyethylene tube which was inserted at portal tubing from a branch of the superior 

mesenteric vein to the portal vein and remained after closure of the abdomen. 

i. Change of portal pressure until portal occlusion due to thrombus formation 

Portal pressure gradually elevated as time elapsed after portal tubing as shown in Fig. 

3. With a rapid elevation of portal pressure, the portal vein was occluded. Portal pressure 

descended thereafter and showed slightly higher level than that before occlusion which was, 

however, within normal range, and maintained this level for long. The pr出sureremained 

in the restored level for long. 

ii. Time of portal occlusion due to thrombus formation 
Portal occlusion due to thrombus formation was observed at earliest 20 hours and at 

latest 62 hours after the tubing in the pr白entexperiment, as is shown in Tab. 1 and 

Fig. 4. Portal pr出surewas 10 mmH20 higher immediately after rel田 seof portal inter-

ruption than the initial level. But the pressure was as high as about 3 times of initial 

level immediately after portal occlusion due to thrombus formation. Time of portal thrombus 

formation was pursued by portalography using 50% urographin as mentioned in the above. 
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Table 1. ’rime of portal occlusion caused by thrombus and portal pressu町 afterportal tubing. 

ト
Time of occlusion lni ti al portal Portal pressure Portal pre円当U『ぜ Portal tressure 

due to thrombus immediately after immediately after 1 wee after pressure release of interrup- occlusion occlusion 
(hrs. ) (mm H,0) t1on (mm H,0) (mm H,01 (mm H,0) 

79 25 110 140 342 180 

80 62 110 120 325 190 

81 25 103 115 286 210 

82 :,4 105 112 310 155 

83 20 120 12:i 334 175 

84 35 92 103 297 186 

85 24 105 115 348 170 

f.6 22 75 80 210 132 

Fig. 4. Change of portal pr出sure
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Time of collaterals accomplishment was observed almost simultaneously with portal occlusion 

due to thrombus (Fig. 5). In Fig. 5, a, the portal vein is completely patent, and in Fig. 

5, b, the lumen of the portal vein is slightly narrowed by thrombus formation on the 

portal wall 21 hours after the tubing, at which time portal pressure was as high as 3 times 

of the level before the tubing. In Fig. 5, c, the portal vein is completely occluded by 

thrombus 62 hours after the tubing, at the same time showing development of hepatopetal 

collaterals. 

iii. Long observation on arterial and portal pressures after portal tubing 

Portal and arterial pr回sureswere m回 suredwith laparotomy 1 week, 2 weeks, 3 weeks, 

2 months and 4 months after portal tubing. Portal pressure had already restored to normal 

level and stabilized, and arterial pr回sure was also maintained without marked change 

(Fig. 6). 

2) Observations on collaterals after portal occlusion due to thrombus formation follow旬

ing portal tubing 

i. Observations on collaterals by portalography 

In surYiYing dogs after portal occlusion due to thrombus formation following portal 

tubing, portalography was performed with laparotomy using 50 % urographin 1 week, 2 
weeks, 3 weeks and 8 weeks after the tubing. Hepatopetal and sometimes hepatofugal 

cl.，吋，，.［，・可
( D・l•• IO) 

Fig. a. a. メ1xhours after portal tubing 
r]'<>rtal、e111remained patent.) 
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Fig. 5. b. Twent＼＂ベ川ehours after portal tubing. (Portal Fig. 5. c. 凶xtyーtwohouC' .1ftt"r portal tubing. f Port.il 
vein being slightly 仁川nstrictedby throml川、onthe wall.) vein being 4凡dudedhy・ thrombus. hepatopetal colla-

terals being developed.) 

collaterals were observεd. Portalography in the same dog revealed no particular change 

in the degree and size of collaterals until postoperative remote period (Fig. 7, a, b, c and 

d). 

ii. Anatomical study of collaterals 

The abdomen was opened in surviving dogs which showed collaterals by portalography 

after portal occlusion due to thrombus formation following portal tubing, and hepatopetal 

collaterals were anatomically studied. It was ascertained that the collaterals course as 

follows ; the portal vein-superior mesenteric vein-intestinal vein inferior pancreatoduode-

nal vein← superior pancreatoduodenal vein gastroduodenal veirト portalvein. 

3) Experimental study of hepatopetal collaterals 

As mentioned in the above, as it was considered that the gastroduodenal vein and 

1st and 2nd branches of the superior mesenteric vein play an important role in collaterals 

development in the dogs of portal tubing, experiment was carried out in 3 groups. 

I. Group without severance of the gastroduodenal vein and 1st and 2nd branches of 

the superior mesenteric vein. 

II. Group with severance of the gastr吋uodenalvein. 

Ill. Group with severance of 1st and 2nd branches of the superior mesenteric vein. 
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Fig. 6. Changes of arterial and portal pr田sure、after
戸）rtaltubing in animals with severance of V. 
lienaliち andV. m田ent.inf. with patent V. gastrcト
cluod. and V. m田ent.sup. 
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In the group I, animals survived in 

77% (Tab. 2). Survival rate may be-

come nearly 100%, if the technical error 

is taken into account. 

In the group II and III, portal pres-

sure began to rise as in Fig. 8 and 9 

after release of portal interruption during 

procedure of portal tubing and reached 

the level of 400 to 550 mmH20, while 

arterial pressure gradually fell, which was 

followed by descension of both pr間町・es

thereafter. Finally there appears marked 

[co時四tionin the intestine and all the 

animals were led to death within 4 to 

6 hours. 

From these findings, it was ascertain-

ed that participation of the gastroduodenal 

vein and 1st and 2nd branches of the 

superior mesenteric vein is indispensable 

for an establishment of collaterals in dogs 

after portal tubing. 

4) Acute portal interruption 

As control of the above mentioned 

3 groups, acute portal interruption was performed without severance of the gastroduodenal 

and superior m白entericveins and portal tubing25•29>. 

i. Interruption at liver hilum 

Interruption was perform吋 atthe liver hilum in 5 animals. All the animals died 

of shock due to splanchnic congestion within 40 to 80 minutes. 

ii. Interruption at intestinal side of splenic vein draining 

Interruption was performed at the intestinal side of the splenic vein draining in 8 

animals. All the animals died of shock due to splanchnic congestion within 2 hours and 

40 minutes to 4 hours (Tab. 3). Change of portal and arterial pressures is summarized 

in Fig. 10. 

Thus animals invariably di吋 following acute interruption, the gastroduodenal and 

superior mesenteric veins without being utilized as collaterals, even if these vein were 

preserved. 

5) Cardiac function of surviving animals after portal tubing 

In cardiac function, no marked change was found as is represented in Fig. 11, a and b. 

6) Liver function of surviving animals after portal tubing 

Bromsulphalein of 5 mg/kg body weight was intravenously injected and the retention 

rate was estimated 10 minutes after the injection with colorimeter. From observations 

carried out 1 week, 2 weeks, 1 month, 2 months, 3 months, 4 months and 5 months after 

the portal tubing, impairment of liver function was not found23•43•44> (Fig. 12). 



Fig. 7. a. A week after portal tubing 

Fig. 7. c. Three weeks after portal tubing. 
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Fig. 7. b.’r，、u＼＼＂肘 b after portal tubing 

•. 

J 
Fig. 7. d. Eight weeいafterportal tubing 
1T¥ie州 medog as in Fig. 7. b.) 
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Table 2. I¥作 ulト ofvim・ I tube insertion. (inてanimals"ithnut severance of V. gastrod. and V. m田ent.rnp.'1 

bu rat ion of time of Length of wbe Diameter of tube 
portal interruption. Result Cause of death 
"(min) (mm) Imm) 

61 8. 00 Died after 8 hours 30 s Bleeding 

62 6.00 Died after ~ hou1, 30 s Death a s出 •«ia1c-J
with anesthesia 

63 l. 30 Slaughter at 63rd day 35 6 

fij 6. 00 Slaughter at 1 8~t h day 35 : 》

65 I. 2り Died after 6 hours 35 Bleeding 

hb 1.30 Slaughter at %th day 35 L》

li7 ~. 00 Died after 3 hours 30 5 Meandering of 
portal vein 

68 7. 20 Slaughter at ~己 lth <la、4 28 6 → 

69 6. 00 Slaughter at 189th daY :m J 

70 6.30 Slaughter at 180th da、 )(} ：， 

71 9.1リ Died after 3 hours Bleeding 

72 Y.1111 Slaughter at 1ユ21hday 30 

73 8. 10 Slaughter at hlllh day H 5 

13. 00 Slaughter at 58th da、 :H 5 

同，－、’ 9. ()(J Died afterユhours 、》 El I ceding 

76 6. 00 Slaughter at l lhil1 Ja、 31 よJ

77 7. 30 ,un・iyaJ :ll j 

78 わ.30 ，， :ll 5 

79 IJ.00 ，， 31 ,, 
80 I. 30 ，， 31 、3

81 目。。 ，， 31 J 

82 8. 20 ，， 31 

83 7. 30 ，， 31 

84 5. 00 ，， 
~） 

85 I. 00 ，， :;1 

86 l. 00 ,, .n ‘3 

7) Body weight of surviving animals after portal tubmg 

Body weight was observed until 6 th month every month. Weight loss was not 
observed (Fig. 13). 

8) Histological finding of liver of surviving animals after portal tubing (Fig. 1-l) 
Partict』larchange was not observ吋．

9) Histological finding of portal vein of tubing site after portal tubing 

Slight disorder of arrangement was observed in muscular layer of the portal wall, 

with necrotic change in parts. Both ends of the inserted tube were filled with granulation, 

revealing a finding of foreign body inflammation. Inside of middle portion of the inserted 

tube was filled with slightly fluidy fibrin-like suhstance37人（Fig. 15) 
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Fig. 8. Changes of arterial and portal pr師 ur田 after

releaoe of portal interruption in animals of I刃rtal

tubing with V. gastroduod. seve日nee.
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Table 3. Acute伊 rtalinterruption at intestinal叫ideof splenic vein draining. 
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Fig. 10. Changes of arterial and portal pr凹 uresafter acute 

portal interruption at int白tinalside of splenic vein draining. 
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Fig. 12. B. S. P. retentio日 ie,tJl 10th minute. 
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Fig. 15. Granulation in the both ends of inserted 

tube. (Dog ＼け.72.157d川、 after伊丹altubing l 

IH E×JOO) 

陣，，
n弘、

III. EXPERIMENT OF WRAPPING WITH TETORON MESH AFTER STRIPPING 

OF PORTAL WALL OF TUBING SITE 

Fig 16. Stripping ol p叫 ii、val!around inserted tube and 
wrapping with tetoron mesh 

－－ー
ー→

I. Materials and methods 

A. 恥1aterials

i. Tetoron mesh 

1i. Adhesive paste of Eastman 

910 

B. Methods 

P~s 十色 Ee1.st別問 i10. 

Adult mongrel dogs were sub-

jected to the experiment. Vinyl 

tube was inserted into the portal 

vein under anesthesia of intravenous 

injection of ravonal of 13 mg/kg 

body weight and ether inhalation. 

Fig. 17. Stripping of戸xtalwall around inserted 

tube. 
Fig. 18. Wrapping with tetoron mesh after 

stripping of portal wall. 



Both ends of the tube were fixed with 

sill←thread. 
i. Portal wall was stripped off as in 

Fig. 16. (Group of portal wall 

stripping). 

11. Deficit of portal wall was wrapped 

up with tetoron mesh and coated 

with adhesive paste of Eastman 

910 (Group of tetoron mesh wrap-

ping after stripping of portal wall). 

2. Results 

1) Group of portal wall stripping 

As in Tab. 4, the experiment was 

carried out in 5 animals. Interval of time 

required for interruption was 6 to 11 mi-

nutes. Out of 5 animals, survival was ob-

served in 4 cases and a single lethal case. 

Appearance of site of the tube was observed 

1 week, .'l weeks and 2 months after the stripping. Adhesion to the surrounding tissues 
was inadequate 1 week after the operation, which was so adequate 3 weeks after the opera-

tion as to bleed by violent separation. Two months after the operation, the tube was 

completely embedded in the surrounding tissues, transitional portion of the portal vein and 

the tube was entirely occluded by granulation. Cause of death in one case was clarified 

by autopsy to be hemorrhage occurred 3 hours after the operation due to sliding off of 

the inserted vinyl tube at the end of intestinal side. 

2) Group of wrapping with tetoron 

mesh after stripping of portal wall 

Since there was a case of death due 

to sliding off of the tube in group of portal 

wall stripping, tetoron mesh wa~ wrapped 

around the stripped portion with adherent 

paste of Eastman 910. Experiment was 

carried out in 6 animals Interval of time 

required for interruption was 5 minutes and 

30 seconds to 9 minutes All the animals 

survived. Appearance of wrapping with 

tetoron mesh was slightly unfavorable in 2 

cases and satisfactory in 4 cases. There 

was no possibility of sliding off of the tube 

in all the cases 1 week after the operation. There w川 completeadhesion around the site 

of wrapping 4 weeks after the operation. The site of wrapping was embedded in the 

surrounding tissues. Both ends of the tube was occluded by granulation, and the middle 

of the tube was filled with fibrin-like substance (Tab. 5 and Fig. 19). 

3) Histological finding of portal vein of tubing site in groups of 1) and 2). (Fig. 

Table 4. Stripping of portal wall around 
inserted tube. 
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Table 5 ¥¥"r.1pp11取引thtetoron m白hafter stripping of portal wall around inserted tube. 
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Fig. 20. Finding of granulation in the both ends 
。finserted tube in animal of tetoron mesh 
wrapping after 62 days. (H-E×100) 

Fig. 21. Findingイportalwall in animal of tetoron 
mesh wrapping after 62 d巴1ys. 1 H-E x 100) 

I 制民

Fig. 22. Finding of portal wall in animal of the 
wall stripping after 57 d川下． (H-E×100) 

送肩車

20, 21 and 22). 

Inserted tube was gradually surround-

ed by granulation of foreign body inflam司

mation in both groups. Degeneration of 

muscle fibres and infiltration of granulation 

into muscle layer were observed in portal 

wall close to the tube. Both ends of the 

tube were completely occluded by granula-

tion proliferated from the surroundings and 

the middle of the tube was filled with 

fibrin-like substance 2 months after the 

portal tubing. 

IV. DISCUSSION 

The most difficult problem in pancreatoduodenectomy for cancer of the head of the 

pancreas is the treatment of the portal vein already encountered adhesive infiltration8・16・叫 41).

Bleeding from the portal vein and splanchnic area at isolation of the pancreas should be 



291 

minimized and if portal interruption is inevitable, duration of time of the interruption 

should be shortened as possible in order to lessen the operative aggresion州. In this 

purpose, the author of the present experiment devised a method of pancreatectomy in 

which the portal vein is protected from the inside by an insertion of vinyl tube into the 

vein. By this procedure, bleeding is well minimized even if the portal wall be injured at 

the isolation. Herピ， a vinyl tube was inserted into the portal vein in experimental 

animals11•17•18J and time of portal occlusion due to thrombus formation within the tube was 

examined without using anticoagulant of any kind. Portal occlusion due to thrombus 

formation occurred at the inserted site 20 to 62 hours呂fterthe tubing being accompanied 

by a rapid elevation of portal pressure, and at the same time there developed hepatopetal 

collaterals through the portal vein superior mesentげ icvein一jejunalvein-infenor pancrea-
toduodenal vein--superior pancreatoduodenal vein-gastroduodenal vein-portal vein, which 
was ascertained by portalography and autopsy, It was further clarified that portal pressure 

r白toresto almost normal level and stabilizes after the operation. KrKUCHI26•27l observed 
in experiment that hepatopetal collaterals develops through the venous plexus around the 

common bile duct, inferior pancreatoduodenal vein and pyloric vein and hepatofugal col-

laterals develops sometimes through the esophageal vein and inferior hemorrhoidal vein, 

and sometimes through the inferior mesenteric vein, left spermatic vein and left proper 
renal vein. Date12l observed in dogs that hepatopetal collaterals through the inferior pan-

creatoduodenal vein, superior pancreatoduodenal vein, portal vヒinand liver was invariably 

established and development of hepatofugal collaterals anastomosing to the system of the 
inferior vena cava was not prominent, 

As it was considered that the gastroduodenal and superior mesenteric veins, particularly 

its 1st and 2nd branches, have an important significance in the establishment of hepatopetal 

collaterals caused by portal occlusion due to thrombus formation following the portal tubing, 

experiments were carried out in 3 groups. In the group of severance of the gastroduo司

denal vein and that of the superior mesenteric vein, all the animals died within 4 to 6 

hours. On the contrary, animals survived in 77% in the group without severance of both 

the gastroduodenal and superior mesenteric veins. It was clarified that participation of the 

gastroduodenal vein and 1st and 2nd branches of the superior mヒsentericvein is indispensa-

ble in the establishment of collaterals after portal occlusion due to thrombus formation. 

As control of above mentioned 3 groups, acute portal interruption was carried out at 

the liver hilum and the intestinal side of the splenic vein draining in the animals without 

severance of both the gastroduodenal and superior mesenteric veins. :¥ll the animals died 

within 2 hours and 40 minutes to 4 hours. From these findings, it is assumed that acute 

portal interruption is lethal even in dogs without severance of both the gastroduodenal and 

superior mesenteric veins, while 1st and 2nd branches of the superior mesenteric vein, in『
testinal, pancreatoduodenal and gastroduodenal veins are utilized as collaterals as p~rtal 
pressure reaches a certain level by portal occlusion caused by thrombus formation, since a 

preparative conditi~~ is accomplished in these veins duri噌 theproce鈴 ofgradual occlusion 
following portal tubmg. 

DANIEL11J performed for the first time ‘portal bridging’with a plastic tube in portal 
deficit in dogs with the result of portal occlusion due to thrombus, and he observed deve-

lopment of collaterals just before the thrombus formation. 
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l¥.JKllCHI made an experiment of homotransplantation using polyethylene tube as a 

core and ¥Cnograft presen・ecl in 70% alcohol. Portal occlusion due to thrombus was ob-

sern:'cl in all回 sesand 7 animals out of 12 survived. 

Of course, it 1s clεsirable that the inserted tube remains to be patent for long after 

portal tubimg. Howe¥・er, when Yinyl tube is inserted, permanent patency伺 nnotbe expected 

owing to difference in hardness and elasticity of wall of the tube from those of the portal 

¥・ein and rnrtical blood flow in the inserted tube. lNOUE22J performed Yinyl tube trans-

plantation hy hand suture with silk-thread in the abdominal inferior vena cava and superior 

vena G¥¥.<L He reported that the tube was not occluded by thrombus for more than 6 

months in 2 cases out of 13, and intima formation was also observed. The r回 sonof 

long patピncyof the tube must be attributed to anticoagulant used in his experiment. It 

is wiclelY known that formation of intima cannot be expected unless materials having 

porosit：’ arl' usl'd, such as Tetoron, Teflon, >iylon, Dacron, Orlon or Ivaron2·20·21•28•32·"l 
The principal aim of the present experiment does not consi~t in obtaining the long 

patenc¥' of the portal ¥・ein, but in obtaining patency of the portal ¥・ein, e¥・en though short 

period, in which blood supply is maintained to the liwr, on the other hand development 

of collaterals being prepared. In this respect, the intention resembles that of‘two stage 
operation’postulated lη・ぐHILD. In his operation, the portal vein is occluded in the 1st 
operation in the 、aimof developing collaterab～and at the 2nd operation the portal vein is 

simultaneously resピcted with pancre川oduodenectomv. BRLT'.¥'SCH¥¥'IG and NEUHOF34J also 

reported that the portal interruption can be泊先lycarried out after adequate development 

of coll川ピralsinduced by gradual constriじtionof the portal win. 

It is礼 matterof fact that the portal tubing premises temporary interruption of the portal 
flけ＼＼＇. and in shortening the duration of the interruption technical simplicity of the tubing 

procedure is required. えshas been reported by :¥EUHOF, ORE, EuL'l.N, CoLE14J ,BOYCE5J 

and others, acute portal interruption is invariably fatal in an o弔問ismin which collaterals 

are not established before the interruption. 入ccordinglycertain management is required 

,;uch必市orteningthe duration of the interruption. external shunt or temporan・ interrup-

tion of the arteries draining into the splanchnic area. PEcK36J reported that portal inter-
ruption川崎 safelycarried out h＼＇ピ xternalshunt from the portal trunk to the femoral vein, 

and B .. u~ ＞： ETT4J also succeピdedin safety interruption of portal flow by external shunt from 

the叩leniじ吋into the femoral ¥・ein. Permissible time of portal interruption under inter” 

ruption of the arteries draining into the splanchnic area i示 reportedby :¥ELSON33J to be 2 

hours, by :'dooRE31J to be 95 minutes and h：－・ Qy以叫135ヘinour clinic, to be 60 minutes. 
It is ~ilso reported that the permissible time can be further prolonged by hypothermic <mes-
thesia. 

Permissible time of simple portal interruption without managementιas mentioned in 

the ab刊ピ isreported by DA>:IEL to be shorter than 1-! minutes in his experin淀川 ofportal 

vein trcmsplantation in dぃgs.and D礼TEreported that the interruption w;1s safely carried 

t1Ul until 10 minute,; and if the interruption exceeded this limit, sl)l)ck became irre¥'ersible. 

Pre附 dureof port；、dtubing in the present exr光rimenti戸 wrysimple and duration of time 

required for the tubin日i,;-! to 1-i minutが・ If pancreatoduぽJene<:、tomyis carried out during 

the F口alflow is maintained after rde；刷、 ofthe portal interruption, bleeding from injury 

of the portal ＼＼＇礼 IIcan be minimized and procedure of portal ＼＇ピinisolation can be performed 
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with ease, largely contributing to the improvement of resectability of pancreatoduodenectomy. 

In the present experiment, portal wall around the inserted tube was further stripped 

off, in order to examine the possibility of simultaneous resection of the portal vein with 

pancreatoduodenectom y. 人 weekafter the tubing, adhesion around the inserted tube was 

inadequate. Three weeks after the tubing, adhesion was satisfactory, and the inserted tube 

was completely enclosed with the surrounding tissues 2 months after the tubing. In a case, 

hemorrhagic death was experienced due to sliding off of the inserted tube from the portal 

vem. 

Hereupon, a tetoron mesh was twisted with adhesive paste Eastman 910 around the 

exposed tube after stripping of the portal wall of tubing site. There was no possibility of 

sliding off of the inserted tube, the appearance of the twisted cloth being satisfactory. 

Liver function of long surviving dog after portal tubing showed no abnormality, as 

determined by B. S. P. retention test. No abnormal finding was observed electrocardio-

graphically, and weight loss of experimental dogs was not observed. 

V. SUMMARY 

Pancreatoduodenectomy for cancer of the head of the pancreas is technically com-

plicated and aggresive operation. For the improvement of resectability of pancreatoduo-

denectomy, it is of utmost importance to minimize bleeding from the portal ＼でinand 

splanchnic area and, if necessary, to resect a portion of the portal vein. 

The author of the present experiment studied the possibility of simultaneous resection 

of the portal vein with pancreatoduodenectomy in dogs, in which a vinyl tube being inserted 

into the portal vein for protection of portal flow and prevention of hemorrhage. Results 
obtained are summarized as follows 

1. Portal occlusion due to thrombus formation occurred 20 to 62 hours after insertion 

of vinyl tube into the portal vein. The portal vein was occluded at the site of portal 

tubing with a rapid elevation of portal pressure. Almost simultaneously with the portal 

occlusion due to thrombus, there developed hepatopetal collaterals coursing through the 

portal vein-superior mesenteric vein-jejunal vein - inferior pancreatoduodenal vein -

superior pancreatoduoden呂lvein gastroduodenal vein portal vein. Portal pressure restored 

to almost normal level as the collaterals were established. 

2. The gastroduodenal vein and 1st and 2nd branches of the superior mesenteric vein 

had an important significance in the de＼叶opmentof the collaterals after the portal occlusion 
due to thrombus formation. 

3. Animals invariably died following acute portal interruption, even if the gastroduo-

denal and superior mesenteric veins were preserved. Howevどれ in animals of portal tubing, 

development of collaterals were prepared during the gradual occlusivヒ process in the 

portal 九アein,in 1st and 2nd branches of the superior mesenteric vein, pancreatoduodenal 

and gastroduodenal veins, which worked as collaterals as portal pressure reached to a 

certain level after portal occlusion due to thrombus formation, and the animals did not die. 

』. If a vinyl tube is inserted into the portal vein at pancreatoduodenectomv, and the 
pancreas is isolated from the portal wall, massive hemorrhage may well be pr~~ented at 
injury of the portal wall, and repair of injured wall回 nbe done with ease. 

5. Procedure of the portal tubing being very simple, interval of time of portal inter-



294 日本外科宝函第33巻第2号

ruption required for the tubing is also very short. 

6. After stripping of the portal wall of the tubing site, tetoron mesh was twisted 

around the exposed vinyl tube, and there was no possibility of sliding off of the tube. 

By this procedure, safety bridging of the portal vein will be carried out, largely contributing 

to the improvement of resectability of pancreatoduodenectomy. 

I am deeply indebted to Prof. Dr. Icrno Ho~ ；o for his valuable advice、andkind encouragement throughout 
the experiment, I am also grateful to Dr. NAKAGAMI, Dr. FuKUYA~l 、 and other members of our clinic for their 

kind helps. 

The灯、tof this experiment was reported at 4 9thλnnual Meeting of Gastroenterological Society of Japan. 
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和文抄録

門肱内ビニール管挿入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）

宮

勝頭部癌に対する際頭十二指腸切除術i~，技術的に

も煩惟て山辺、ワ大なる手術である。伴頭十二指腸切除

の切除本を向上せしめんがたようにい，門脈及び門脈領

成からの出血を可及的少くする一方p 門脈の同時切除

も実施されねばならない．

官、はr出荷！日11物犬の門脈内に塩化ピニ－ ，，管を挿入

し，これを支住とする膝頭十二桁開門脈同時切除の可

能性を検討し弘山ある知見を得たので報告する．

11' 門脈内塩化ピニール管挿入後，門脈栓塞の時期

、 ~cil~i℃1101：日ご，管挿人部で門脈圧の%：lJ（な上昇と共

に F主宰を来し門~Ii<栓塞と殆んど同時に門脈，上腸間

膜ilf•山小腸静脈，下勝十二指腸山lへ上梓十二指腸

～一＼胃十二指腸静脈，門脈と経過する求lff'性副＇.Til行

路が発現し，門脈圧は正常域に復帰する。

121 門脈1主塞後の副血行路形成に関し胃十二指腸静

脈， 上W.）問民自］＂~：：＇.~iH, Ir枝が重要なm刊号もって
いる．

131 胃十二指腸静：；~：，上腸間膜静脈を切断 L なくと

j尺 英 夫

もp 門脈急速i¥filli'iをおこなえば実験犬は死亡するがp

塩化ピニール管を挿入することにより上腸間膜静脈第

I, E枝，小I］！，｝節目F，豚十二指腸，＇iJ•C:f:，胃十二指腸静

脈において，挿入管の逐次的栓塞進行中に副血行路形

成の準備状態ができており，門脈栓塞後一定の門脈圧

値に達すると同時に副血行路として働らき動物l士死亡

しない．

¥41 勝頭十二指腸切除に際して，門 ~if'！こ塩化ピニー

ル管を挿入し，これを支柱として勝を門脈府から剥離

すると，門脈壁を誤って損傷しても大出血引，＇ i~こ寸る

ことなし亦管壁の修繕も容易である．

(5）塩化ピニール管挿入の手技は傾めて簡便であ

りp 挿入時にff：七ベ門脈遮断も短時間でよい．

(6) 管挿入部の門1限切除後，テトロン〆ッシユ巻き

つけにより， 11:刊悦の危険もなく， H竿頭十二指腸と門

~If＇.の同時切除に際して門脈の安全なるブリッジングを

おこない得て，勝頭部癌の切除率向上に資するところ

がある．


