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When the pancreas is occasionally injured during the performance of upper 

abdominal operation or b~’ a trauma, diffuse peritonitis caused b~· pancreatic juice 

may ensue. Reports on such instances are innumerable, as published by Vi'ILKS and 

MoxoN, GuLEKE, NOST-KOLB, LEHRNBECHER; POLY A, vV ALZEL, '"ARR EN, N AKA GA w A. 

FunoKA, etc. A search in the recent literature would reveal that only a few, such 

as TRIPODI and ScHERVIN, BRUNSCEWIG, PoPPER, KuBOTA, LEE, and ZEN have exten-

sively studied and discussed on the experimentally produced lesion directly to the 

pancreas. Having carried out a series of experiments of traumatic lesion of the 

pancreas, PoPPER concluded that the intraabdominal changes following the injury 

are more severe in the cases in which medicaments promoting secretion of the 

pancreatic juice or foods are administered prior to and after the trauma than in 
thm;e cases which receive no such administration, and that when the injun・ is rn 

severe as to cause contusion of the pancreas, the subsequent intraabdominal changes 

are, contrary to the expectation, rather mild irrespecth・e of whether foods or med-

icaments are given or not. 

Similar results were obtained b~· KuBOTA, LEE and ZEN when they experimen-

tally studied prognosis and therapy in traumatic lesion of the pancreas. 

The present paper is concerned with the experimental はuc1~－ done systematically 
by the auther in the aim to clarify what kind of traumatic lesion is more harmful, 

how do administration of medicaments promoting secretion of the pancreatic juice 

and feeding make influence on the prognosis, and what is the course of healing of 

the injured part of the pancreas. 

"METHOD OF EXPERil¥JENT. 

The amount of pancreatic juice secreted and that of the ferments may s1gm-

ficantly be varied according to whether or not variable medi£aments or foods are 

given. Secretin, morphine, pilocarpine, and prostigmine promote secretion of the 

pancreatic juice while barbiturates and atropine are inhibitive. After Sugiyama, 

the secretion of the pancreatic juice reaches its maximum 2 hours after intake of 
food. 
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For standardizing the condition of the experimental animals, adult dogs of 
around IO kg in body weight were used, to which, 2 hours after feeding, 0.04 gm 
per kg of sodium irnmital ¥¥・ere given intravenously, ar.d various rnrts of mechanical 
lesions were applied to the pancreas. The operation ended with closure of the atd-
ominal wall in three laJァersafter intraperitoneal administration of 100 000 units of 
penicillin. The mechanical lesion was constantly applied to the tail of the pancreas 
at the part adjacent to the duodenal wall and 0.5 cm distall｝・tothe bifurcation of 
the pancreatic duct into the main and accessory ducts, because at this part hemo-
stasis after the transection seems to be readily performed and seconday changes due 
to injt.iry of the vessels hardly occur. 
According to LrnM and :¥IAnnocK, the intraabdominal changes following expe-

rimental traumatic lesion of the panc四asreach the maximum 48 hours after when 
it is, therefore, the best time for the examination. Accordingly, autopsy was clone, 
as a rule, 24 to 48 hours after the experimental lesion and one ¥Yeck and one to 2 
months after, respectively, for investigation of the postoperative healing process. 
The principal findings of autopsy were ascites, fat necrosis and changes or the 

pancreas, all of which were contrasted with each other, and in long surviving cases, 
it was carefully examined if formation of白stulaor c:i・sthad developed. The pan-
creas was macroscopically examined for presence of necrosis, degree of edematous 
changes, ancl sclerosis of the lobules when the duct was injured. Biopsy pieces 
were taken from the pancreas which were immeclia tcl~· fixed in BuAN’s solution and 
stained with H. E., HEIDENHEIN’s method modified i,_,. MARONEY and GoMORl. 
Experiment I. Superficial Excision of the Pancreas. 
As illustrated in Table 1, a 0.5× 0 5 cm square sized super白cialexcision was 

made. In case the pancreatic duct was gross）~’ injured, the ca£es were excluded 
from the examination. Hemostasis was i1erformed alw何日 b~· pressure tamponade 
and not b~’ ligation, as this might possibly occlude the duct. 
The postoperati＼℃ cour児 W川 u:-uallym1c,・c11tful and the exr:erimental animals 

Tab!. r 1 , Superificial Exc:ision 

:¥Io恥 ofdeath I Ascites ! Fat necrosis I yst or 
I I i 守stula

_i ___ k~竺 ｜ （ア ー ｜ （ー）J ~ ；~ 一一
I killed 1 （ー） ｜ （ー） ｜ （ゴ －

｜ 川 d i ~-=2_J二ーーと） _I － ~~L 

ed （ー）｜（ー~ l ~トkilled I 
killed I 
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were able to stand and walk from the next morning on. Autopy revealed that a 

small amount of nonhemorrhagic ascites and a small number of patches of fat 

necrosis were seen in one case onl~＇ · In 48 hours cases, the greater omentum was 

seen加 adherefibrously to the €xcised ・part of the p~ncreas. In 2 months cases, 
however, no such adhesions were observed and the excised part was converted into 

a thin scar tissue and healed. In 48 hours cases, cell infiltration and necrosis were 

not recognized. 

EXPERilVIENT II. WEDGE-SHAPED EXCISION TOGETHER 

WITH INCISION OF THE PANCREATIC DUCT. 

Tabl. ()[) Wedge-shaded Excision (Pancreatic duct opened) 

I I I I Formation 
Dog No. J Postop. I Mode of death I Ascites I Fat nec附 sJ of cyst or I period ｜｜ ｜｜白stula

一＿.，＿I 48 h. ＿］~ ~竺土 L_c＋~」－－~＋） i ~－~ 
a J 48 h. I killed ｜ （士）｜ （土） ： （二！

9 G竺！一－~l c+) I 5+> ｜一口
10 1 48h. 1 killed I c+) I c+) ~ ~ご ｛

As illustrated in Table (II,) wedge-shaped excision was made so that the panc-

reatic duct was opened at the cut-surface. The opstοperative cour田 inthese cases 

was somewhat more unfavorable but the experimental animal ameliorated at the 

2nd postoperative clay. This group of cases was succumbed to autopsγ48 hours 

aft疋rthe experiments, in 3 of them 10 加 20cc of ascites of which 2 were hemorr-

hagic in nature. In all the cases, patches of fat necrosis were pr℃sent and the 

pancreas appeared markedly edematous, occasionally the pancreatic juice flowing out 

of the opened duct. Histological examination revealed necrosis, hemorrhages and 

infiltration of inflammatory cells in the ver~’ part of the lesion (Fig. I), but these 

changes are less conspicuous the farther the part a wa：－・ fromthe lesion. 

EXPERIMENT III. TRANSECTION. 

As llustrated in Table (III,) a transverse resection of 0.5 cm in length, was made 

in the tail of the pancreas, the pancreatic duct in the duodenal portion being 

ligated and that in the distal remained openen. The postoperative course in this 

group was similar to that of Experiment II. In 48 hours cases, 2 were found to 

have 10 cc of bloody ascites and advanced fat necrosis. Adhesion of the greater 

omentum with the cut ends was unexceptionally present and necrosis, bleeding and 

edema were outstanding. Histologically, necrosis and infiltration of inflammatory 

cells at the cut end were prominent and extended towards the distal part. In the 
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Tabl. (Jil) Transection 立仁コ
Dog :¥'o. I Postop period I Modaば deathI Ascites ド…ros-isI 
2o i－一一 「klll~d－了 下「 I （ー〉 l 

－－－－－－－－；－一一「一九一一｜一一両 J ｜ （ー） ｜ （ー） ｜ 
23 J z4 h. I killed _1 hぷt/hagic¥ ( +) j 

J 48 h. 1 killed I hぷtrhagic¥ (+) J 

zs I 48 h. 1 killed J c±) I c+) I 

F面五玩Ion
of cyst or 
fistula 
（一）
（ー）
（ー）
（一）
戸7
ヒL一一
（ー）
（ー）
戸7
（ー）

cases which survived one week to 2 months, ascites and fat necrosis were no longer 
detectable, although sclerosis of the lobules was quite evident and in the cases of 2 
months, the pancreas turned into a yellowish brown tinged rod. In the one week’s 
ca田， adhesionof the greater omentum to the cut end was firmly established and 
substitution of the parenchymatous tissue b~’ connective tissue was advancing 
(Fig. 2). At the end of 2 months, parenchymal cells were almost disappearing, 
only LANGERHANS islets being observable in the thickenned interstitial tissue (Fig. 3 
and 4). 

EXPERIMENT IV. LONGITUDINAL INCISION 

OF THE PANCREATIC DUCT. 

As illustrated in Table IV, the main pancreatic duct was first looked for, which 
句getherwith the pancreatic tissue was incised longitudinally, the incision being 
directed towards the tail and 2 cm. in length. As the large sized artery and vein 
are coursing in the region where the incision is to be made, care must be taken 
not to injure these vessels. The postoperative course in this group was somewhat 
severe untill 2加 3d叫’日later,when the condition of the experimental animal began 
to improve. Auto1】sicalfindings in 48 hours cases were a small amount of ascites 
and patches of fat necr is which were as many as those seen in the Experiment 
II or III, although edematous changes were slightly more marked. In one to 2 
months' ca田s,ascites and fat necrosis were entirely absent, but compact adhesion 
of the greater omentum to the part of the lesion and prominent atrophy and the 
sclerosis of the distal portion were s白 n. Hypertrophy of the head of the pancreas 
was not present. Histologic features were slightly more advanced as compared with 
those in the Experiment II or III, but not much different therefrom essentially. In 
longer surviving cases, conversion into connective tissue in the distal portion was 
conspicuous and the glandullar cells almost disappeared. 

EXPERIMENT V. GRUSHING OF THE TAIL OF THE PANCREAS. 
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Tabl. CN) Longitudinal Splitting of Pancr’atic Duct 

Pos~~~－ iい fdeat Formation 
Dog l'<o. Ascites Fat necrosis of cyst or per fistula 

11 48 h. killed （土） （＋） （（ ーー） ） 

12 48 h. killed （＋〕 （＋） （（ ーー） ） 

13 48 h. killed （＋） （＋） （（ ーー） ） 

14 48 h. killed （＋） （＋） （（ ーー） ） 

15 killed （ー） （（ ーー） ） 

16 51 d. killed （ー） （ー） （（ ーー） ） 

17 38 d. killed （一） （ー）
（ー）
（ー）

18 60 d. kllied （ー） （一〕 ? ーー） ） 
19 60 d. killed （ー）

｛ー）
（ー｝

Tab!. CV) Crushing of the Tail of the Pancreas. 

Posf~~~ I Mode of deaベ Formation 
Dog No. Ascites Fat necrosis of cyst or per 

白istula

26 48 h. killed （一〕 （ー〉
（ー〉

27 48 h. killed （一） （ー） （（ ーー） ） 

28 48 h. killed （ー） （一）
（ー）

As illustrated in Table (v), the tail of the pancreas was crushed, producing a 2 

cm long wound which extended to all the layer. The postoperative condition of 

the animals was rather unfavorable that they first began to stand and walk three 

days after. At autopsy, neither ascites not patches of fat necrosis were observed 

in the 48 hours cases. Except for edema and hemorrhages in the part experimen-

tally crushed, few changes could be seen in the distal portion. Histological exami-

nation showed that there were marked changes in the part crushed but in its distal 

portion infiltration of immature interstitial cells and of inflammatory cells was 

nearly absent (Fig. 5). In other words, the ver~· location where crushing was 

made revealed conspicuous histopathologic changes, while its distal portion and the 

intraperitoneal cavity demonstrated surprisingly less changes as contrasted with the 

results obtained in the Experiments II and III. 
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EXPERIMENT VI. TRANSECTION ASSOCIATED WITH CRUSHING. 

As illustrated in Table (VI), a 0 5cm long transverse resection was made in.the 

tail of the pancreas, the duct being opened at the cut surface. An additional 

wound b~・ crushing, 2 cm long and extending to all the layer, was made in unci-

form portion. The postoperative course and general condition were like those found 

in the Experiment V. Autopsy made 48 hours after the experimental lesions rev・

ealed that the changes were obviously less marked than those in the cases to which 

transection on！~・ of the pancreas was applied. In no cases were ascites and patches 

of fat necrosis observed. Although necrosis, hemorrhages and edematous changes 

were evident at the cut end and the part crushed, theJア werealmost absent in the 

other part. Histologioally, revealed a relatively heavy degree of necrosis, bleeding 

恥g~o. I ~~~：i!r Iい ofdcath I 
I 48 h. I 
1 ・ 48 h. I 

I 48 h. 〆｜

Ascites I F…c1osis : 
（ー）｜（ー）

｜ （ー〕、，，，，〆，
，
、、

型二コ
ヒi

Tabl. CVD Transetion associated with Crushing. 

) Prostigmi…… 
Posfga・ IM他山hi

Formation 
Dog No. Ascites Fat necrosis of cyst or per 

日stula

32 48 h. killed （土） （＋＋） 
（ー）

33 48 h. killed （＋） （掛）
（一）
（ー）

34 48 h. killed （柵）
（ー）

Table. r.VllD Fastig Cases <with no Prostigmin administration〕

Posfga・ ! Mode of dea川 Formation 
Dog No. Ascites Fat necrosis of cyst or per fistula 

killed （一） （（ ーー） ） 35 48 h. （一）

36 48 h. killed （ー〕 （（ ーー） ） 

37 48 h. killed （ー） （一〕 〔一）
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and edema, which were near!;.: absent in the distal portion, where parenchymal cells 

were normal in appearance, and infiltration of inflammaton・ cells and immature 

connecti,・e tissue cells being devoid of. 

EXPERL¥IENT VIL PROSTIG~VIIN AD::¥IINISTRATION 

AFTER. TRANSECTION. 

As shown in Table (VII), 0.5 cm long transverse resection was made in the tail, 

opening the duct at the cut surface. For promoting s-ecretion of the pancreatic 

juice postoperath'el日 10 cc of prostigmin (vagostigmin) is injected everγ3 hours 
for 3 times. As to the postoperative condition, the animals ¥¥'Cre apparentb’ema-
ciated .and standing and walking were impossible. Autop日：＇－＇ made 48 hou;rs after 
showed that in 3 cases ascites of 5 and 6 cc, respectively, were present. Besides, 

there were innumerable patches of fatty necrosis, and moreover, hemorrhages, 
necrosis and edema were found from the cut end to the distal part. The greater 

omentum was loosely adhered to the end but not occluding the duct. Histologic 
findings were more conspicuous than those found in the Experiments II and III, as 
the inflammatm・3・cellsinfiltrated even to the distal part (Fig. 8). 

EXPERDIENT VIIL FASTING CASES WITH NO 

PROSTIG::¥IIN A D::¥IINISTRATION. 

As illustrated in Tacle (VIII), 0.5cm long resection was made in the tail, con-
firming that the duct was opened. No food but a small amount of water was 
given to the animals prior to and after the experiment. The postoperative general 
conditions were favorable and the animals were able to walk from the next dav 
on. In 48 hours cases, the autopsy findings were necrosis and edema of slight 
degree at the cut end and none of ascites and fatty nocrosis. Histological examin-
ation also revealed slight changes at the cut end and normal findings in the distal 
part. 

EXPERIMENT IX. EXPERIMENT CA USING FA TTY NECROSIS. 

Throughout the experiments stated abO¥・e, an~・ mechanical lesion to the pancreas 
could not produce such a severe difusse peritonitis caused b:; pancreatic juice which 
was fatal. The reason for this is quite obvious, as the greater omentum promptly 
adhered to the cut surface so that the opened duct ¥¥'as occluded, preventing outflow 

of the pancreatic jui巴e. -Should it be possible to let the duct be opened for a fairely 
long time and permitting the pancreatic juice be flowing into the peritoneal caYit~’ 

continually, it ma；.・ besuccessful to deyelop a diffuse peritonitis caused h’ the 
pancreatic juice which is lethal for the animals. For this purpose, the main 
pancreatic duct was cut, it日 duodenalencl ligated and a Yin;. l tube inserted ca. 

one cm long into the pancreatic duct from the cut end, the other end of the tube 
remaining free in the peritoneal ca yit;.・. After the procedure, 100,000 units of 

penicillin was introduced in that cavity, and the operative wound was closed. 
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The postoperative course in these experimental animals was very severe and, 

generally speaking, none of the animals could stand walk. They were in lying pos・

ition and drank little water. 2 cases died 24 hours and 3 days later, respectively. 

The autopsical findings were a large amount of hemorrhagic exsudate in both the 
abdominal and pleural cavity and fatty necrosis extending even to the subcutaneous 
tissue of the abdominal wall. The autopsy findings in the 4 to 5 days cases were 

similarly pronounced a great quantity of hemorrhagic ascites. The pancreas in tho~e 
cases appeared dark reddish brown, markedl~· edematous and containing scattered 

patches of fatty necrosis. Histologic examination revealed advanced inflammatory 

changes, necrosis, hemorrhages and infiltration of inflammatory cells. Invation of 
immature connective tissue cells was also present but lobulation and sclerosis of the 

glandullar tissue were scarce. It was learnt by this experiment that the animal 
would not survive when the pancreatic duct remains opened and the pancreatic 
juice continually flows out into the free perito.neal cavity. 

EXPERIMENT X. COLLECTION OF THE PANCREATIC JUICE. 

It would be quite evident from the experiments as numbered above from I to 
IX that the subsequent pathological changes were slight in dogs in case the main 

pancreatic duct remained unopened. Even this ＂’as kept opened, the changes would 
variabb・ be influenced by different factors, such as administration of food or med-
icaments promoting secretion of pancreatic juice, simultaneous lesion to the pancreas 
other than the purposed experimental trauma. For further investigation of the 
influence of simultaneous lesion, the pancreatic juice was collected and the relation 

of its amount with the lesion was estimated by the experiments which follow : 

I. Production of PAvwv-Dogs. 

The animal underwent a median upper laparotomy. Firstly, orientation was 
made to reach the opening of the major pancreatic duct on the duodenal wall and 

then the pancreatic tissue adhering to the duodenal wall was detouched as far 2 cm 
each above and below that opening, avoiding any lesion to the vessels on the 
way, which, if injured, should be ligated surely. Intestinal forceps were placed both 

above and below, as far as possible away from the opening, and the duodenum was 
cut, and immediately an end-to・endanastomosis was made. One half of the isolated 

duodenum, opposite to the opening-, was cut o宵 andthe remaining half was sutured 

to the abdominal wall in two la~·ers so that the pancreatic juice flew out extraco・
rporally. In such an animal, the pancreatic juice began to flow out, from the 3rd 
to 4th postoperative day, so sufficientl~ア as to be estimated. 

To the longer surviving dogs, enough water, pancreatin and methionine must 
be given as the animals readily’ emaciated owing to outflow of the bodily juice and 

consequent dyspepsie. The following experiment ¥¥"aS done in the dogs which sur-

vived more than one week and were strong enough to overcome the further exper-
iments. 
II. Results of the Experiments. 

(I). Influence of Narcosis upon the Outflow. 
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Table. ( !XJ Experiment Causing Fatty Necrosis. 

I Postoo. I I I I 
Dog No. j ~~；io~ [ M仙 of<leath j Ascites j Fat necrosis j 

I I I abd~i:iinal and thoradc 
59 I 24 h. I peritonitis I 

tissue 
abdominal and 
thoracic cavities 61 3 d. 100 cc. peritonitis 

62 4 d. killed adbominal cavity 

abdominal cavity 
subcutaneous tissue 

20 cc. 

63 5 d. killed 80 cc. 

Table. CX) Influene of Narcosis upon the Outflow 

F面面示而云
of cyst or 
fistula 

（ー）
（ー）

j二j
（ー）
（ー）

（ー）
（ー）

hて..：~ 30 i初 i30 i 30 : 30 30 Imm. mm. 
¥before ・after・ 2 × 3 x 4 x 5 x 6 Narcosis Narcosis 

68 2.30 0.12 I 0.24 0.36 I 0.32 0.38 0.42 

69 2.00 0.10 0.30 0.26 0.35 0.50 0.50 

70 1.80 0.06 0.24 0.37 0.35 0.48 0.45 

71 2.10 0.20 0.42 0.30 0.42 。.66 0.56 
average 

0.12 I 0.30 I 0.39 I 0.36 I 0.51 I 0.48 mm. 
arerage 0.42 0.75 0.99 1 h. 

30130 1 30130 

0.46 I 0.48 

x7lx8 lx9lx10 

o.so I o.60 I 0.82 I 1.0 
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After BAEKIN, l¥IuTO, SuGIYAMA, etc., the amount of the pancreatic juice to be 

secreted in the dog in the hunger period and per hour is 3 cc in average. In my 
PAvLOv-dog, the amount was nearly the same. However, the pancreatic juice sec-

reted in a PAvwv-dog under sodium isomital narcosis (0.04 g per kg of body weight) 

was, as shown in Table (X), nearly null, particularly during the first one hour, after 

which peroid the fluid gradually increased, amounting I cc 4 hours later. 

(2). Influence of Crushing on the Outflow. 

The P AVLOv-dogs were reoperated and the distal part of the pancreas was 

crushed, 2 cm long, reaching all the layers. The pancreas at this time appeared 

normal and an）’ changes derived from the primary operation was not found. 

As shown in Table (XI), the pancreatic juice secreted was little until eleven 

hours after when it tended to increase slowly amounting ca. 1 cc 20 to 24 hours 
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later. The experimental dogs awakened 4-6 hours after the reoperation. 
It has become clear from the Experiment (1) and (2) that both sodium isom-

ital narcosis and traumatic lesion exert their effects prohibitively’ on the secretion 

of the pancreas. Accordingly, the reason for the unexpectedly slight changes at 

autop~ァ in the ExperimentV and VI may be accounted for transient interruption 
or reduction of the pancreatic juice after the crushing. 

CO:dl¥1ENT 

Little changes resulted when a superficial excision was made, not opening the 
duct. The pancreatic juice might flow out of the cut surface of the parenchyma 
but its amount was negligible. The greater omentum promptly adhered to the 
cut surface and healing immediately took place. In the cases of transection, we-
dge-shaped excision or longitudinal incision of the duct, on the contrary, the post-
operative intraabdominal changes were orclinaril~・ severe, because the pancreatic juice 

flew in the free peritoneal cavity’out of the opened main duct when the animal 
awakene(l from the narcosis. The changes were further advancing when prostigmin, 

promoting the secretion, wa日 givento the animal, although none of the animals 
sucumbed at the 48th postoperative hour. During 24 to 48 hours after the opera-
tion, the greater omentum became adhered to lthe part of the lesion, taking the 

course of natural healing. When this process of natural healing was interrupted 

and the pancreatic juice flowing out as in the Experiment IX, the experimental 
animals died, showing acute fatty necrosis which extended even to the pleural 

cavity and the abdominal wall. The pancreatic juice contains inactive trypsinogen 
when it is inside the duct. After NORTHROP and KuNITZ, and MAcDoNALD and 
KuNrTz, however, the trypsinogen outside the duct readily becomes active by cont-
acting with miscellaneous inorganic or organic substances. 

It has been suggested that when the pancreatic tissue underwent mechanical 
lesion, particularly at upper abdominal operation, acute fatt：－，ァnecrosismight develop 

with an unfavorable course by supposedly slight trauma of the pancreas, while 
severe lesion directly to the pancreas might result in comparatively mild changes 
to be found at laparotomy. In either case the pancreatic duct was injured but the 
difference might be due, as pointed out b：－’ PA vwv and BABKIN, to transitory decrease 

in the secretion b~’ severe trauma of the pancreas. In fact, it is described in H. 
L. POPPER’s experimental work that the result of severe lesion to the pancreas is 
abnormally slight irrespective of whether the animal were fed before or after the 

operation. In my Experiments V and VI above described, this was likewise true. 

ScHAFFARZIK, on the other hand, said that acute fatty necrosis in dog is unlikely to 
develop after traumatization of the pancreas, as the organ contain little adipose 

tissue and is well mobile. As has been shown in the experiment here, the greater 

omentum prompt］~’ comes to adhere to the part of the lesion and occludes the opened 

duct, preventing flowing out of the pancreatic juice. It is, therefore, considered 

that the course of healing of the pancreatic lesion in the dog is far quicker than 
that in man. 
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In the Group (II) of the Experiment X, in which a crushing lesion was made, 
se~1・etion of the pancreatic juice was little until 24 hours after the operation, ther-

eafter gradually ghowing a tenclenc~’ to reach the preoperative level. Accordingly, 
when the cut end of the duct is not closed by the greater omentum or the intestinal 
tract, the result as in the ExperimentIX may ensue as the secretory function ret-
urns to normal. The occurrence of peritonitis, formation of abscess or fistula as in 
the case of a man ma~守 surely be accounted for the recovery of the secretion. It 
should, therefore, be stressed that the opened duct must never be neglected and 

untreated. 

By different experiment日asabove mentioned, the postoperative courses in direct 
and mechanical trauma of the pancreas were ob田rvecl. Unless treated especially as 
in the Experiment IX, the experimental dogs would not die, as a rule. To the part 
of the lesion, either it is the parenchyma or the duct, the greater omentum or the 

intestinal tract adhered organically and the glandullar tissue in the distal part was 

alwa~・5 substituted b~・ the connective tissue. The part of the lesion fell in necrosis 

and hemorrhages 24 hours later and the pancreas showed correspondingly edema, 
in日ammatorycell infiltration and intraabdominal fatty necrosis. In 48 hours these 
inflammatory changes reached their peaks when the greater omentum began to adhere 
to the part of the lesion fibrinogenously, thus occluding the opened duct. Immature 
connective tissue cells proliferated in and around the part where the pancreas showed 

inflammatory changes and, one week after, the greater omentum was histologically 
connected ,yjth the part of the lesion, revealing its healing. Howe¥'er, in the distal 

part, substitution b~－ the connective tissue further proceeded owing to closure of the 

duct. One to 2 months later, the grandullar tissue finally disappeased completely, 
the pancreas appearing as a rod and containing only the LANGERHANS’islets. 
In other words, when the pancreas, particularly its duct, is injured, healing may 
be complete first after disappearance of the glandullar tissue belonging to the tra-
umatized duct unless fistula formation is present. 

SU:¥DIARY 

Di百erentkinds of mechanical lesions were applied directly to the pancreas and 
the subsequent change日andthe process of healing were investigated. The results 
of the experiments were as followed : 

(1). Among the different mechanical lesions, the course was quit怠 favorable
and healing took place readily, when the duct was not simultaneously injured. 
(2). In case the duct was at the same time severed, the prognosis was very 

bad. Administration of food or medicaments which promote secretion of the pan-
creatic juice would aggravate the postoperative condition. 

(3). In the四 seof日everelesion, extensive contusion in particular, transitory 
interruption or decrease of the secretion might be encountered, during which period 
the changes used to be mild. 24 hours after, however, the function of the secretion 
would recover and pronounced changes might occur if the opened duct remained 
untreated. 
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(4). When an external or internal fistula is not formed in case of lesion of 

the pancreas, particular！~’ lesion of the duct, the glandullar tissue of the distal part 

would disappear, resulting in healing. 
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PERT II. EXPERIMENTAL STUDY ON THE TREATMENT 
OF CUT-END OF SECTIONED PANCREAS. 

Several operative methods for treatment of the cut-ends of the rest of the 

pancreas have hitherto been reported, which either underwent resection of its head 

in case of a malignant tumor of the head or in the distal portion of the common 
bile duct, or transection of the body of the pancreas in case of a malignant tumor 

in the corresponding part. For preservation of external secretion and prevention from 

formation of external pancreatic fistula, it is the method of choice to make a pan-

creatoenterostomy, should this procedure be possible. 

The great majority of malignant tumor of the head of the pancreas are cancers 

derived from the epithelium of the pancreatic duct which，ぉ thetumor grows, 

falls in a stricture, resulting in stagnation of pancreatic juice. Consequently, the 

cells capable of external pancreatic secretion are compresE:ed and atrophied by the 

connective tissue proliferation so that external secretion can no longer be expected 

even by pancreatoenterostomy. On treatment of the distal end of the pancreas 

after transection, BRUNf.CHWIG, CATTELL, HoNJo and Yo::HIOKA studied both clinically 

and experimentally. Concerning tr℃atmcnt of the duodenal cut-end of the pancreas, 

BRuNSCHWIG and CATTELL likewise published their own methods of the operation, 

which, however, are consider吋， fromthe viewpoint of direction of the flow of 

pancreatic juice, not so important as compared with the treatment of the distal 
cut-end. 

Along with remarkable progress in surgery of the pancreas in recent years in 

JAPAN, various papers dealing with treatment of the cut-end of the transectioned 

pancreas have been published. They are, however, largely reports of clinical cases, 

in a great number of which a massligation only was done. ~－＼s , in some of those 

cases reported, posto11eratfre complication of fistula or q叶 formationwas found to 

have developed, treatment of the duodenal cut-end should be accomplished with 

much caution, as will be described below. The auther has carried out a series of 

experiments and investigated concerning freatment of the cut-ends of the pancreas 

after its resection. 

METHODS OF EXPERIMENTS. 

The following experiments were done under the same condition as those descr-
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ibed in the Part I. 
(I) Treatment of the Distal Cut-end of the Transectioned Pancreas. 

a) Non-treated Cut-end. (Shown in Table III in Part I) 

It was the routine procedure that the pancreatic duct in the duodenal cut~end 

was ligated with silk suture. This procedure seemed to be complete, and sufficient, 

as will be shown in the later experiments. 

A transverse resection, 0.5cm in length, was made, avoiding injury to the 

visible vessels as far as possible, in the tail of the pancreas, where the pancreatic 

duct is not yet bifurcated into the main andaccessory ones. The distal cut-end of 

the pancreas was not treated in any way. 

Autopsy done 24 to 48 hours thereafter revealed 10 cc hemorr・hagicfluid in the 

intraperitoneal cavity in 2 cases, in both of which patches of fatty necrosis were 

evident. 
The pancreas distal to the resection appeared edematous an<l necrosis and hem-

orrhages were found at the cut『end.

In one week cases, that is, in the cases in which autopsy was made one week 

after the experimental resection of the pancreas, the greater omentum’was seen to 

be adhered organically to the cut ends and screlosis of the lobules tended to occur. 

Histologically, immature connective tissue cells infiltrated in the parenchymal cells 

which were compressed and atrophied. 

In 2 months ca田ssuch changes as mentioned above were so proceeded that the 

pancreas apparently became a yellowish brown rod. At this stage, histological ex-

amination showed that the par官lchymalcells complete！）ァ disappearedand only LA-

NGERHANS’islets were to be found remaining in the connective tissue. 

b) Ligation of the Pancreatic Duct (Table b) 

After the transverse resection as describecl in the afore-mentioned Experiment 

a, the pancreatic duct in the distal cut-end was ligated with silk suture. Hemorr・

hages, if present, were preferably controlled l乃’ pressuretamponade but not by 

suture. 
48 hours later, autopsy showed no ascites nor fat necrosis and the greater 

Table. (b) Ligation of the Pancreatic Duct. ~ 
Pos~~~· I Mode of death I 

Formation 
Dog. No・ Ascites of oyst or 

per fistula 

38 48 h. killed （一） （ー〕 （（ 一ー） ） 

39 48 h. killed （一〉 （一〉 （（ ー一） ） 

40 72 h. killed （ー） （一〉 （（ 一ー） ） 

41 I w. killed （一〉 （ー〉 （（ ーー） ） 
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Table. I c ! Crushing of the Cut-end 

（ー）

I<・ormat10n 
of cyst or 
fistula 

（ー）
戸7

i三（ー）
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omentum was seen to adhered to the cut-ends 白brousl~－. Hemorrhages, necrosis and 

edema at the cut-ends of the pancreas were seen only rninirnall.'・. In general, infla-

mmatory proce回 wasquite inconspicuous and histologically no changse other than 

appearance in the distal parf of immature connectiYc tissue cells were ol>s町 ved.

In 72 hours cases, adhesion of the greater omentum became more compact and 

the distal part of the pancreas was coarsely surfaced and more hard in consistency, 

showing sclerosis of the lobules. Histologically, an increasing number of immature 

interstitial cells were seen to infiltrate in the parenchyma, the lobules being comp-

ressed from the surrounding, and the glanclullar cells to.show morphological changes. 

In same cases, enlargement of the lumen of the pancreatic duct might be recognized 

but abnormalit~・ like rupture of the ,,・all of the duct "・as absent entirel~· . 

One week after, the cut四encbwere firmly connected with the omen tum, showing 

histologically a healing. Substitution of the parenchymatous tissue in the distal 

part by interstitium ＇＇’m more quikly clone thcin that in the .. former Experiments 
(Fig. 7). 

c) Crushing of the Cut-encl (Table c). 

Transection was made as in the Experiment a, and the pancreatic duct at the 

distal cut-end ¥YaS not ligated but, instead, the end, 1 cm long and throughout the 

entire layers, ＇＇’a只crushed＇＇’ith a KornER’s forceps. 
Autops~· done 48 hours later revealed a few patches of fat necrosis in one case 

but in the other case wa日thereobserved neither fatty necrosis 1101・ ascites. Littl~ 

changes were seen in the distal part, that is, infiltration of few inflammator~・ cells

and negligible invasion of immature connective ti:.:sue cells (Fig. 8). .:¥.t the part 

severed, necrosis, hemorrhages and edema ¥¥'ere more i1romine11t than those cccn m 

the Experiments a and b. 

In 72 hours cases, inflammat01下 changescould be e¥・iclcncect around the cut-encl 

and immature connective tissue cells appeared in the surrounding of the necrotic 

tissue. Derangement of the glandullar tissue of the distal portion ¥¥'a日 somewhat

retarded if compared with that of Experiment b. 
In one week case, ad heト；ionof the greater omentum to the surrounding part of 

the cut end became organized and the surface of the pancreas appeared rough. 

Histologically, process of connectiYe ti~~ue proliferation ¥YaS advancing, ~・ct retarded 



722 日本外科宝函第27巻第3号

Table. (d) Mass-ligation of the Cut-end 込阪2
~~；f~~· [Mode山 t

Formation 
Dog No. Ascites Fat necrosis of cyst or 

自stula

42 24 h. killed 1 20 cc. I （＋＋） abscess一一一
hemor・I・hagic （ー）

43 48 h. killed 20 cc. I （＋＋） abscess 
hem on・hag-ic （ー）

44 6 days killed little （＋＋） 
abscess 
(-) 

45 7 days killed I so cc. I hemorr・hagic （掛） 「 伽（ーes)γ一

46 8 days killed l山｜ (tit) 
cyst 

hemorrhagic （ー）

when compared with that in Experiment b. 

d) Mass Ligation of the Cut-end (Table d). 
Transection was made in the same part as in the Experiment a. A mass 
ligation was ・made with silk suture at a distance of 0.5 cm from the cut-end, the 
duct being not ligated separated！~·.ムs this ma田 ligationoccluded the duct and, 
at the same time, the blood flow, the cut-end proximal to the ligation became pale 

instantly. Autopsical findings in the 24 hours cases were 20 cc of hemorr・hagic
ascites, numerous fatty necrosis, autolysis of the cut-end proximal to the mass Jig-
何ちtionand opening of the duct at a newly established surface. 

The pancreatic tissue distal to the mass ligation appeared remarkably edematous 

and infiltration of inflammator~· cells were evident histologically. 
In 48 hours ca田s,the changes mentioned above became more pronounced, the 
greater omentum coverecl the cut-end, and an abscess was formed around the diss-
olved pancreatic tissue. 

In 6, 7 or 8 days cases, hemorrhagic ascites, 30 cc. in average, advanced fatty 
necrosis and abscess formation were discovered. At this stage, the pancreas showed 
a tendency of sclerosis of the lobules. Histologically, inflammatory cells, such as 

leucocytes and round cells, were still observal】leand connective tissue was prolifer-
ating in the parenchyma. The reason for the abnormally severe autopsical findings 
as shown in the foregoing ma~’ be explained by that the pancreatic duct became 
opened on the newly established s1:1rface resulted from autolysis of the part proximal 
to the mass ligation. For confirming this hypothetical interpretation, the following 
experiment was done: An aseptically removed liver and pancreas were placed on a 

distilled disk which were preserved with a constant temperature of 37 degree C. 

They were put on the gauze wet with ph~·siologic saline solution to prevent from 

dryness. The cut piece of the pancreas became deformed 24 hours after and com-
pletely dissolved 48 hours after. The liver, on the other hand, decreased its size 

while increasing its consistency. The di町erencemay be due初 thepresence of 
proteolytic ferments in the pancreatic tissue which cause antolysis of the tissue 
itself. 
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Dog No・ Posfg~· per I Mode of的 thI Accites 

64 48 h. killed （ー）

65 48 h. killed （ー）

66 72 h. killed 〔ー）

67 I w. killed （ー）

Table. 2-a Non-Treated Cut-end (Tail was resected) 

Dog No. 間 IMode of deaベ加ites
51 48 h. I killed I c +) 
52 48 h I killed 1 cー）
53 48 h. I ki刷｜（ー）

54 12 h I killed I cー）

世主J
Formation 

Fat necro哩is 。fcyst or 
fistula 

（一） (- ) 

－一一 一 一一一

！ （ー） ！
(-; 

(-) 
｜ 〔ー） I (-) 

（ー）
(-) 

~＼γ 、己4ジ

（十） I ~二j
（＋） ！ ｛二j

－－－－~~－－」一ーロ
( +) ; ~ =5 

e) Ligation of the Pancreatic Duct and 2・3Sutures (Table e). 

Transection was made at the same part as in the Experiment a and the panc-

reatic duct was immediately ligated. For prevention from leakage of the pancreatic 

juice out of the cut surface, 2・3additional sutures were supplemented rn that the 
duct was covered thereby. 

Autopsy performed 48 hours later disclosed none of the ascites or fatty necrosis 
but edema and necrosis around the cut end which were more pronounced than those 

seen in the Experiment b. The changes in the peripheral part were slight edema, 
nearly the same in degree as in the Experiment b, and appearance of immature 

connective tissue cells. In 72 hours cases, the necropsical findings were similar to 

those of the Experiment b. Histologically, proliferation of the connective ti日ucand 

atrophy of the parenchyma were seen to commence. However, Necrosis of the cut 

end was conspicuous. In one week’s cases, the greater omentum was organically 
united with the cut end and the distal part showed sclerosis of the lobules (Fig. 9), 

reducing its size as in the Experiment b. In summarising, the results and the 

course were not much different from those of b, though necrosis at the cut end 

was somewhat more marked. 

(II) Treatment of the Duodenal (proximal) Cut-end of the transectioned 
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Table. 2・bLigation of the Pancreatic Duct. t）
 

og '-;o. f Pos~~~· I Mode of death i Ascites i Fat necrosis I 
I penoa 1 1 ! 

12 I 48 h. I killed r cー）｜（ー）

73 I 48 h. I killed ！（ー） J （ー〉

74 l 川 1 killed ］－τ）＇~－－，τァ－｜
75 I w. l刷 ed I cー）｜（ー）

7可子示五loll
。fcyst or 
f'sL;!a 

(-) 

（ー）
（ー）
t一）
(-) 

(-) 

Table. 2・C Mass-ligation 電三：
（ー） （＋） 

J:<ormat10n 
of cyst or 
fistula 
Abscess 
（ー）
Abscess 
（ー）
瓦bsCeSS
己2
Abscess 
（ー）

I Post叩 I : DoσNo. i uμ ! Mode of death i 
υ。 ！ perioi i ! 

55 I 48 h. I killed 

56 i 48 h. i_ killed I 

57 ¥ 12 h. I killed 

58 I w. l 山 d I 

（＋） （＋） 

（ー） ＜＋〕

（ー） （＋〕

Pancreas. 
The same transection as done in the Experiment (I) was made and the pancreas 

distal to the section, or the tail, was removed. 

a) Non-treated Cut-end. (Table 2・a)

After the transection, the duodenal cut-end was left untouched. The bleeding 

could sufficiently be controlled b~’ tamponade. Autopsy done 48 hours after revealed 

5 cc of ascites and a few patches of fatty necrosis on the greater omentum, and 

the wall of the intestinal tract near the cut-end. On the cut-end, the greater 

omentum was seen to loosely adhere fibrously and there were necrosis and edema. 
Histologic examination disclosed that inflammatory cells had infiltrated. In 72 hours 

cases, ascites was no longer present but patches of fatty necrosis and immature 

connective tissue cells were to be observed. 
b) Ligation of the Pancreatic Duct (Table 2-b) 

Transection was made in the same part as in the Experiment a and the pan-

creatic duct on the duodenal cut-end was immf'diately ligated, avoiding an>・ additi-
onal lesions. 

Autopsy 【lone48 hours later disclosed in all the cases that patches of fatty 

necrosis were entirely absent but slight inflammatory changes were present on the 

cut-end. The autopsical findings obtained 72 hours after were much resembling, i, 
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e., adhesion of the greater omentum to the cut encl, inflammatory changes, and 
initial appearance of immature connective tis呂田 cells under microscopic obserγ北ion.
In one week’s cases, the greater omentum was organically united with the cut-end, 
the inflammatory changes were subsiding, the cut-end showed a complete healing 
histologically and in任ammatorycells were almost disappearing. Immature connective 
tissue cells were still more or less proliferating but these cells were not found in 
the part awaJ・fromthe cut-end. 

c) Mass Ligation (Table 2・c)

Transection was made in the same part as in the Experiment a. Mass ligation 
was done at the point 0.5 cm apart from the cut-end of the duodenal side of the 
pancreas. 48 hours later, autopsy revealed 5.0cc of ascites, patches of fatty necrosis 
of moderate degree in all the cases and fibrous adhesion of the greater omentum 

to the cut-end. The part distal to the mass ligation, howe,・er, showed autolJァsisand 
a newly established surface, on which the pancreatic duct was seen to open. An<l 
owing to the autolysis of the pancreatic tissue and flowing back of the pancreatic 
juice the changes seemed to have doubtless aggravated. The part distant from the 
cut-end showed no such prominent changes. Histologically, edema and necrosis were 
slightly more marked than those observed in the Experiment a and b. Invasion of 
the connective tissue cells was restricted in the woun<l and the glandullar fr'.sue in 
the distant part was normal at all. 

(III) Pancrea toen terostomy. 

The operatiw method of pancreatoenterostomy was in resemblance with that of 
entero-enterostom~· in general. When the pancreatic duct was abnormally dilated, 
anastomosis bet＂’cen the duct and the intestinal tract maγbe carried out. 
It has, however, not been made clear if the pancreas which underwent a pat:-
creatoenterostomy actually preserve the function of the external secretion 01・not.
For clarifying this point, the auther has accomplished several different methods of 
pancreatoenterostomy. 

In this experimental pancreat回 nterostomyin dogs, the tail of the pancreas ''"s 

used for the anastomosis, so that the procedure may simulate and be reproduc€d in 
men. In this case, the pancreas being anastomosed ma~ア possibly lo:≪:' its function, 
become sclerosed and atrophied, as the pancreatic duct on the sicle of the normal 
pancreas is opened in the intestinal tract. In order to avoid this possibility, the 
pancreas other than the part to be used for the anastomosis is free from the inte-
stinal tract and then, the opened ends of the duct are ligated and the greater om-
entum is interposed b9tween them, interrupting any connection with the tract. The 
pancreas of a dog is far more friable as contrasted with that of a man and readil~・
crushed by mere finger pressure. It is, therefore, conceivable that too many sutures 
at pancreatoenterostomy in dogs v:ould easilJ’cause necrosis of the pancreas where 
the anstomosis was placed, resulting in insufficiency of the anastomosis, which tog-
ether with exposure intraperitoneally of mucosae of the small intestine were olJ~·c-r,·ecl 

in most of the non-survi,・ed cases. Consequently, circular excision of the mucosa of 
the small intestine to be anastomosed was first made, the bleeding vessels ligated, 
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then the pancreas inserted in that intestine and one layer sutures were made bet-
ween the capsule of the pancreas and the intestinal tract, thus completing the 

anastomosis. The small intestine to be anastomosed was divided at the point some 

10 cm anal to the flexura duodenojejunalis. The in-coming loop was rr ace rn that 
it was 10 cm in length away from the Roux’s anastomosis. In that way, contam-
ination of the pancre出 withthe content of the intestinal tract could be avoided as 

far as possible. 

The experimental dogs were killed for necropsy a certain periode after. The 

intraperitoneal changes were carefully observed and microscopic spesimens of the 

pancreas were made. 
Anastomosis (I). Mass Ligation and Anastomosis of the Proximal Portion of 

the Pancreas. 

Transection was made at the tail of the pancreas and the anastomosis was 

performed between the distal pancreas and the small intestine, after mas sligation 

was placed at the part 1 cm distant from the cut-end of the pancreas. 
Autopsical and histological白ndings:In case No. I autopsy was performed on 

the 4th postoperative day which showed that the greater omentum and the intes-
tinal tract adhered to the part of the anastomosis and to each other, covering that 
part. When the adhesion was bluntly separated, abscess was uncovered and the 
ligate〔ltip disappeared completely, the cut end of the anastomosed small intestine 

being opened therein. The pancreas, on the other hand, was adhered to the wall of 
the abscess, revealing unpurposed and unsuccessful anastomosis. The distal part of 
the pancreas anastomose〔lswelled edematously and histological examination disclosed 
infiltration of inflammatory cells and edema. 

Cases No. 2 and 3 were killed for necropsy 6 and 7 days, respectively, after the 

experimental operation. The pancreas in both cases was at the first glance revealed 

an successful pancreatoenterostomy. After loosening of the omentum and the con-
glomerated small intestine, however, it was found to adhered to the wall of the 
intestine other than that anastomosed, that is to say, the anastomosis failed. His-

tologically, the peripheral part of the pancreas anastomosed showed derangement of 
the lobules as the result of invasion of connective tissue cells. Besides, inflamma-
加rycells had also infiltrated, though only a few. 

Anastomosis (II). Mass Ligation and Anastomosis of the Distal Portion of the 
Pancreas. 

After transection the cut-end which was mass-ligated with silk sutures was 
inserted into the lumen of the small intestine and the anastomosis was made at the 
part more distal to the ligation. Such procedure was done for controlling the hem-
orrhages from the cut-end and for preventing leakage of the pancreatic juice, expe-

cting that the tip of the pancreas would fall in autolysis 24 to 48 hours after and 
the pancreatic duct out-opens on this newly established surface. 2 to 3 days after, 
2 of the experimental dogs excreted black-coloured feces, which gradually changed 

to normal tinged one in one week. The observed findings might be the result of 
bleeding successive to the autolysis. 
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Necropsical and Histological Findings: The autopsy done 32【layslater revealed, 

in all the 6 cases, successful anastomosis. Adhesion at the part of the patent ana-

stomosis was either quite slight or none. The anastomosed pancreas showed that 
in 2 cases were there slight infiltration of inflammatory cells and moderate substi-

tution by the connective tissue in the pancreatic tissue which projected into the 
intestinal lumen. In the more distal part such changes were absent and the lobules 
and the duct likewise showed no abnormalitv. In other 4 cases, there were no 
findings to be mentioned, suggesting that function of the external secretion was 

well preserved. (Fig 10) 

Anastomosis (III). Anastomosis after Cautherisation of the Cut-encl of the 

pancreas with Paquelin. 

After transedion, the bleeding from the cutモndwas controlled by cautherisation 

with Paquelin. After secured hemostasis, the cut-end was anastomosed to the small 
intestine. One of the 5 cases treated in such way continued to excrete black-colo-
ured feces, which was confirmed to be due to formation of peptic gastric ulcer. In 

the remaining 4 cases excretion of black-coloured feces was not observed. 
Autopsical and Histological Findings : The autopsy made about one month 

after showed that in all the cases in this series the anastomosis was patent, devo-
iding of any adhesion to the surrounding. The anastomosed pancreas was also 

normal in appearance. 

In the only one case which excreted black tinged feces, there were several 

ulcers, the size :of a rice grain, on the stomach but no other changes worthy of 

note. Histologically, the pancreatic tissue inside the small intestine was covered 

with its mucosa, the duct being opened. In some parts, there were infiltration of 
inflammatory cells and scar tissue. In one case, slight proliferation of the connective 

tissue was found, although invasion of the inflammatory cells was absent in the 

pancreas distal句 theanastomosis and no abnormalities in the glandullar tissue, the 
duct and the LANGERHANS’islets (Fig. 11 and 12). 

The pancreatic duct on the cut-surface underwent cautherisation also became 

patent as the function of the external secretion recovered, and the pancreatic juice 
seemed to flow normally through the duct. 
Anastomosis (N) . Anastomosis between the Pancreas, the Duct of which was 
ligated; and the Intestine. 

It may happen that the pancreatic duct is inattentively ligated at the time 
when ligatures of the bleeding vessels on the cut-end are made after the transection 
and the removal of the head. When the duct is obviously dilated, such a failure as 
to ligate the duct would hardly occur, but when the duct is not yet dilated, it would 
undoubtedly be very difficult to identify the duct, giving rise to unawared ligation 
of the duct. The result will be that the anastomosed pancreas become interstiti-

ally sclerosed and atrophied and function of normal external secretion can not be 
expected, as has be said in the item, ligation of the pancreatic duct. 
After the transection, the duct and the bleeding vc;.:;.:els as well were looked for 

and ligated with silk sutures and then the anastomosis was carried out. The pos・
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toperative course was uneventful and there was no case in 'vhich excretion of black 
tinged fece日＼Vasobserved. Anorexia would recover usually in one week but the 
stools excreted increase the amount and reduce the consistency. 

Necropsical and Histological Findings: Autopsy performed about I month after 

the opetraion showed that the anastomosis between the pancreas and the intestinal 
tract was grossly patent and adhesion to the surrounding or other abnormality were 
absent. However, the pancreas was generally sclerosed and atrophied, markedly 
reducing its size. Histologically, the pancreas inside the intestinal tract was covered 
by the mucosa, although the glandullar tissue hacl almost entirely disappeared. 
(Fig. 13, 14) 

COJ¥BIENT 

As described above，日everaldifferent operative methods were used for treatment 
~ （.＇）~ the Clルenclafter removal of the head of the pancreas or its transection, the 
/superiorit~； of the method was compared with e:i.ch other. It is needless to say that 
in the case of transection of the pancreas the tail of the pancreas should be rem-
oveまiftime allows and there is sufficiently enough pancreatic tissue in the duodenal 
side. 
However, in case there are severe adhesion to the surrounding at the transection 
a;1d removal of the tail is improbable, or in case of a cancer of the head or in the 
region of the VA TER’s papilla, the tail must be left untouched and not removed. 
In the latter cases, a pancreatoenterostomy should be done from the viewpoint of 
digestion and absorption, when the rest of the pancreas is presumed to have normal 
function of external secretion. When sclerosis and atrophy of the tail is pronounced, 
it is thought that a pancreato・enterostomyis not always nece田ary. Concerning 
treatment of the cut-end without a pancreato・enterostomy,the three methods which 
follow are for the present in use. 

1) Mass Ligation. 
2) Ligation of the Duct. 
3) 2) plus Interrupted Mattress Sutures. 

A Comparatively large number of successful cases of mass ligation have recently 
been reported in this country. In some of these cases, postoperative formation of 
cγst or fistula was found. As shown in the results of Experiment (1) d, it is 
thought to be clue to that the ligated tip falls into necrosis causing insufficiency of 
the cut-end. 

In the Experiment (1) c, the cut-end, 2 cm in length and throughout all the 
layers, was crushed with KocHER’s forceps, but then resaltant intraabdominal chages 
were little and the inflammatory changes of the distal pancreatic tissue were also 
inconspicuous. This fact was, as already pointed out in the ex11erimental study on 
traumatic lesion of the pancreas, due to postoperative reduction in secretion of the 
pancreatic juice and prom1〕tadhesion of the greater omentum and intestinal tracts 
to the part of the lesion, preventing leakage of the juice intraabdominally. 
In regard to the operative method, successful clinical cases were published by 



EXPEBIMENTAL STUDY ON TRAUMATIC LEヨIONOF THE ;PANCREAS 729 

BRUNSCHWIG and CATTELL. YosttIOKA also contributed there-to with a similar oper-

ative method. In all of them, it was recommended that mattress sutures should 

be added to ligation of the cluct for the purpose of preventing leakage of the pan-

creatic juice or bleeding out of the cut surface. 

In the Experiment (I) e, in which the operative method simulated the above-

ones, autopsy performed 48 hours after re,・ealed abnormally severe lesion of the 

cut-end treated and somewhat more conspicuous edema on the side of the tail. The 

results were apparently less superior if contrasted with those of the Experiment 

(I) b, in which ligation of the duct and hemostasis of the bleeding vessels only 

were carried out. However, the findings in the Experiment (I) e obtained one week 

later also showed that inflammatory changes of the part of the ligation at the 

cut-end were disappearing and the pancreatic tissue in the per匂herywas substituted 
by connective tissue, manifesting the cou問 ofhealing. Vi, 
Re.:;rarding the treatment of the cut-end of the duodenal side of the section哉f

pancrea日， BRUNCHWIN,and CATTELL have also published their own methods. They‘ 

said in this connection that a mere mass ligation would be sufficient because the 

intraductal pressure is ordinarily low. But as shown by the results of the Exper-

iment (Il) c, the part underwent mass ligation may be necrotized, the duct opened 

on the newly established surface and fatty necrosis e11日ueclowing to back flow of 

the pancreatic juice as in the ca日esof Experiment (ff) a. A mass ligation with 

additional mattress sutures has also been reportE:d ,in which cafe, how’ever, there is 
a possibility that the cut-end becomes necrotic, as shown in the Experiment (I) c. 

乱foreligation of the duct showed the most favorable re:-;ults. Concequently, at 

treatment of the cut-end after transection of the pancreas in man, it should ther-

efore be avoided to place too many sutures and unnecessary lesions. 

In the experiments of pancreato・enterostomy,what kind of operatiYe methods 

can best keep the function of the pancreas in its normal condition was studied with 
the histologic specimens. 

As illustrated in the Fig 15, the normal pancreas is subdivided in glandullar 

lobules by thin connective tissues and the individual glandullar cells has a thin 

interstitial membrane at the base. The cell bocl:-・ is nearlJア triangularin form, 

has a round nucleus and contain secretory granules which are visible bγ ：＇.＼fARONEY’s 
medification of HEIDENHEIN’s stain. The pancreatic ducts differ each other in size 
but the epithelium is rectangular-formed and arranged in one la:-・cr. Should the 

function of external secretion of the cells be interrupted as by ligation of the duct, 
connective tissue cells begins加 proliferatein 24 hours, surrounding the glandullar 

cells, causing derangement, the glandullar cells being deformed and atrophied, all of 
which final!~’ will disappear, the pancreas becoming a connecti,・e tissue rod and 
LANGERHANS’islets only remain. It is, accordingly, possible to judge by the histolo-
gical findings whether the function of external secretion of the anastοmosed panc-

reas is preserved or not. In the experimental dogs, this was examined b>' autopsy 
done usuall>・ about one month after the operation. 

In anastomosis (I), autopsy was performed on the 4, 5 and 8th postoperative 
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day, respectively, for early examination. In all the cases, the anastmosis was not 

successful. In ana日tomosis(W), in which the duct was ligated, all the 4 cases 

revealed histologically complete disappearance of cells capable of external secretion. 

In 2 cases with anastomosis OD and in one case with anastomosis （皿）, slight 
proliferation of connective tissue was observed in the distal pancreas. But, in other 

cases, glandullar tissue appeared wholly normal and the operation was considered 

satisfactory. 

Poth was the first who, made an anastomosis between the pancreatic duct and 

the intestestinal tract when the former was abnormally dilated in the case of a 

cancer of the head of the pancreas. Y osHIOKA performed the anastomosis with 

insertion of a sm;;i.11-sized metallic canule into the duct. These methods seem to 

have been accomplished in the aim to keep the duct widely opened, rendering no 

influence on the glandullar tissue by stasis of the pancreatic juice. Such methods, 

however, seem to be not available in the case of normal pancreas or a cancer in 

the beginninis s~age when the pancreatic duct is not yet dilated. In such cases, 

(Il) and （目） should be made, as the procedures are more simple and less harmful 

to the pancreatic tissue. It should be avoided to search for the duct and thus 

traumatized the pancreatic tissue. 

SUMMARY AND CUNCLUSIONS 

Several different methods were・ used in treatment of the cut-end at transection 

of the pancreas and what kind of method is suitable was experimentally studied. 

The following were the results. 

1) When an panceato・enterostomyis not done, it is the method of choice only 

to make ligation of the pancreatic duct both on the duodenal and distal cut-end. 

2) Ligation of the duct with additional 2加 3mattress sutures will cause 

rather markeヨnecrosisof the corresponding part. Healing process of the peripheral 
part, however, is as favorable as in the case of mere ligation of the duct. 

3) Mass ligation may occasionally give rise to formation of fistula or cyst, as 

the result of autolysis of the ligated tip of the pancreas. 

4) When the pancreatic duct is not dilated, it seems to be impot:sible to 

anastomose the duct with an intestinal tract. For anastomosis between the cut-end of 

the pancreas and intestine, the anastomosis (II) and (III) may be of simplicity 

and safe in view of postoperative preservation of the function of external secretion. 
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和文抄録

勝損傷並に勝断端処置に関する実験的研究

京都大学医学部外科第一講座（主任荒木千里教授）

西国茂樹

第｝部棒鋼傷実験に就て い場合u，末檎側の腺組織は完全に消失して、冶癒す
勝に直接間接に損傷が加わり，其の俄放置される る．

とF 多くの場合急性腹膜炎を生ずる．この急性腹膜炎 第二部隊断端処置に就て

は解液によって生ずるもので勝液分泌に影袴を与える 牌断端処置に就てはp 種々なる方法があるがp 如何

娯食p薬物の投与の有無，損傷の種類p 程度で色々と なる方法が適当であるか，勝腸吻合をも合せて実験的

相違する．此等の点を明にする為に直接正常犬の障 にしろベ，次の結果を得た．

に，種々なる器械的損傷を加えp 其の変化3 治癒過程 (1）勝腸吻合が不能な場合は，十二指腸側p 尾側断

をしらべて次の結果を得た． 端共に自家管給殺のみに止めたものが以も結果がよい．

(1）器械的損傷の中，勝管に損傷のないものは経過 (2) 際管紡紫に2～3の縫合を加える方法はp 断端

が甚だ良好で，容易に損傷部は治癒する． に多少と も壊死を来す．然し：末梢側の治癒進行は際管

(2）梓管損傷のある場合1±，予後甚だ不良で，豚液 結紫単独の場合と等しいー

分泌を促進する食物，薬物投与は更に予後を重篤にす (3) 集束結紫は先端部の自家融解によって凄孔，褒

る． 腫を形成する．

(3）損傷，特に広範囲の挫減創の場合協一時的に (4）勝管が拡張していない場合は，豚管腸吻合は不

弊液分泌の停止乃至分泌量の減少がある．従ってP 此 能である．此の場合は集束結実舎をこえて宋楠、側で勝腸

の時期の変化はん下変であっても， 24問時後やがて分泌 吻合を行うかp 又改断端をパクランで焼切して豚腸町

機能が聞「更しp 若し破慣厚手管が処置されない場合はp 合を行う方法がp 吻合豚の機能保存，吻合豚よりの出

高度の変化を惹起するものと考えられる． 血がない為に優れた方法と考える．

(4）勝損傷p 特に勝管損傷の場合，若し内外凄がな


