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INTRODUCTION 

PRt.iFACE 

The main purpose of this investlgation was to determine whether 

a difference between the pancr~atic duct system in male and female 

may explain the higher incidence of pancreatitis in the female and, 

1. 

on the contrary, the higher frequency of pancreatic tumours in the 

male. faxten and ~ayne ('48); Morse and Achs l 1 49) and Edlund ('50) 

have statistically shown that pancreatitis is seen two to three times 

more often in the female than in the male, while carcinoma of the 

pancreas is twice as colJllllon in males as in females, (~lillis, 148; 

Anderson, 1 51). !turthermore, this study will proviue a precise account 

of the basic anatomy of the pancreatic duct pattern. 

The pancreatic duct system of twenty foetuses, twenty infants 

and one hundred and forty fvur adults, was therefore examined by 

eosin injection, radiological and dissection techniques. ::ipecial 

attention was given to the J:Jreseuce oî the aecessory pancreatic ùuct 

(santorini), patency or the minor papilla, and the relatiou of the 

colillllon bile duct to the duct of .iirsun;. The data collected were 

corre la ted wi th age and se x of the subje c ts from whum the s1,ecimens 

were obtained. 

ti L:l Tu .ii Y 

The original descriptioa of the pancreatic duct bas been 

accredi ted to iiirsung, who outlineli the duct system of the human 

pancreas in 1642. fhough he was honoureu for this diseovery by 

having his name connected to it (ductus •iirsungianus), he had to 

pay for it with his life. Shortly after publication of his findings, 

ri ir sun,; was assassina Led, apparently as a re sul t of a quarre l wi th 
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Uoffman as to priority in discovery of the duct. It is re1Jorted 

that Uoffman (1641), working on the rooster, was the first to find 

the main pancreatic duct. However, after having mentioned this 

to 'ii ir sung, the latter im,;ledia te ly dis sec ted a human pancreas and 

published the findings as his own. 

Following the description of the ~ancreatic duct by Jirsung, 

Regner de Graaf (1671) observed that the pancreas bad two or even 

three large collccting ducts. He concluded however, that a 

pancreas wi th more than one duct was abnormal. Further work by 

Bidloo (1685), showed that the ductus pancreaticus \iirsungianus and 

the ductus choledochus entered into the duodenum through a large 

cornmon papi1la • 

.,.),. century la ter, Giovanni Vome"lico "antorini ( 1775), l ro fessor 

of Anatomy and Medicine at Ve .ice, described the 1;ancreatic duct 

system in detail. He re ported the presence of an addi tional 

pancreatic duct, draining the head of the pancreas and counecting 

the ductus pancre a ticus uïrsungianus wi th the minor papilla. This 

second duct is now known as the Duct of dantorini, or the accessory 

pancreatic duct. 

to verify Santorini's findings, Claude Bernard (1856) injected 

metallic mercury throu,;h the main _pancreatic d.uct, and, indeed, was 

able tv 1.iemonstrate the regular occurrence of the accessory duct. 

further Ülpetus to research on the pancreas was given by Langerhans 

(1867), who described clumps of epithelium-like cells, rich in 

protoplasm and located in the interalveolar tissue of the r,ancreas. 

::>ince Langerhans did not know the function of these cells, he 

considered them to be nerve endinJs. 



The possible existence of a sphincter around the duodenal en­

trance of the bile duct was first suggested by Glisson as early as 

lü54. This structure, however, was not clearly demonstrated until 

Oddi (1887), identified it in ilisto1ogical sections of the major 

papilla as a smooth muscle surrounding the bile duct at its entry 

into the duodenum. Later, in 1898, Hendrickson gave a detailed 

description of this sphincter and, in addition, reported the pre­

sence of ruuscular fiures surrounding the extra hepatic ducts in 

man. 

At the beginning of the century, the pancreas was considered 

to consist of two parts: an exocrine or externally secreting al­

veolar tissue, forming the bulk of the gland and producing approxi­

mately one litre of pancreatic juice per day, and an endocrine por­

tion consisting of the islets of Langerhans. Although the islets, 

whieh Lane ('07) showed to consist of two types of cells, A & B, 

were known to be important for carbohydrate me tabo li sm, the ir pre­

cise funetion was not known. 

E.MBRYOLOGY. 

Phisalix (1888) and limmerman (1889) were the first to examine 

the formation of the pancreas in rabbits, guinea pigs, pigs, cats, 

dogs and birds. By studying lOJU horizontal histological sections 

of embryos and fully formed organs, and reconstructing modela, fifty 

to one hundred times the original size, using wax plates, they found 

that the adult pancreas in these animais is formed by the fusion of 

two ventral pancreatic primordia and a dorsal primordium. lt was, 

therefore, suggested that the numan pancreas was probab.ly formed in 

a similar manner. 
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Later embryologists, examining the pancreas from human foetuses 

varying in size from 3 to 45 mm. C-R length, showed considerable 

variation in their descriptions of development of the ventral 

pancreatic tissue. In man, the investigators agree that the dorsal 

pancreas is formed at the 2.5 - 3mm. stage by a proliferation of 

endodermal cella on the dorsal aspect of the intestinal tract, 

slightly cephalic to the hepatic diverticulum. A little la ter 

{3.5 - 4mm stage), the ventral pancreatic tissue grows out of the 

caudal aspect of the cournon bile duct {see Fig. 1). 

According to Hamburger (1892), and Thyng { 107), who described 

eighteeu ruo<i.els based on the studies of human embryos varying in 

size from 7.5 mm. up to 24mm., the ventral pancreas is a small solid 

mass of cella with no suggestion of independent lateral parts. 

Helly { 1 01), exaruining an llmm. human ellbryo, found double ventral 

outgrowths but the left anlage was small, rudimentary and showed 

degenerative changes. However, Felix (1892), Jankelowitz (1895), 

Ingalls ('07) and ;:liwe (1927), studyin.,:; specimens prior to the 8mm. 

s ta . .;;e, have all shown th at the re are two ventral anlagen wi th 

separate lum;~. Histologically, the two parts are at first widely 

separated but, as the sections progress cauùally, the separation is 

narrower and, in still more distal sections, there is fusion with a 

common lumen for the two ventral out~rowths entering the bile duct. 

Odgers ( 1930) describeu a bilobed ventral 1mncreas in the 5mm. 

sta,~e, but in larger embryos (7.1 mm.and 11.4 mm. C-R len,;th) he 

found the ventral outgrowth to be a single solid aulaJe containing 

two ducts, whicn Luse to enter the hepatic diverticulum as a single 

structure. He co ne ludes tha t the two vent ra 1 aalagen fuse at the 
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7mm. stage. 'l'his explanation would account for the varying 

descriptions by the previous investigators. 

lluring the 4 - 7mm. C-R length 1~riod, the dorsal anlage grows 

ra~idly upwards into the dorsal mesentery, whilst the ventral 

pancreas remains small. At the 7mm. stage, the ventral anlage of 

the Jlancreas, and the common bile duct, start to rotate around the 

duodenum in a clockwise direction, probably because of differentiai 

growth in the various parts of the duodenum. By the 12mm. stage, 

when rotation is completed and the ventral pancreas is located 

posterior to the dorsal pancreas, fusion of the two anlagen commences. 

The larger, dorsal outgrowth, forms the oody, tail and anterior 

surface of the head, whilst the ventral outgrowth accounts for the 

uncinate process, preduodenal tubercle and the dorsal aspect of the 

head in the adult organ. Anas tomosis o.f the duc t systems usually 

oecurs as well as the interlocking of the glandular tissue. Delmas 

( '40) demonstrated that the main panereatie duct or ;Virsung's duct 

formed, at the 17 mm. sta~e, by the fusion of the distal and middle 

portion of the dorsal pancreatie duct with the duct of the ventral 

pancreas. 'l'he adult configuratio.1 of the 1•ancreatic ducts was 

shown as early as the 22 run. stage of development. 

A:·JATUMY 

MAC..tLOSCUl' IC 

In the adult, the pancreas is loeated retroperitoneally at the 

level of the second and third lumbar verteürae, and runa transversely 

across the posterior abdominal wall, from the second part of the 

duodenum on the right to the hilum of the spleen on the left. Due 

to its typical form, the gland is divided in four different parts. 
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'fhat part in which fusion of ventral and dorsal _pancreas is found, 

and whicb. is located within the loop of the duodenum, is referred 

to as the head (ea1Jut pancreatis). A partieular part of the head, 

whieh forma a small vrojection from the left posterio-inferior 

aspect, is known as the uncinate process. The body of the gland 

forming the bulk of the organ is eonnected with the head by a 

narrow bridge of tissue called the neck. The final part of the 

gland, located close to the hilum of the spleen and becoming much 

narrower, is referred to as the tail (cauda pancreatis). 

'l'he vascular supply to the pancreas is generally cons Lant 

(Woodburne and Ulsen, 151). 'l'wo arterial arcades are formed by ,_ 
branches of superior and inferior pancreatic duodenal vessels, which 

respectively originate from the gastro-duodenal and superior 

mesenteric arteries. The aplenic artery provides arteria pancreatica 

magna and caudal pancreatic arteries to the left part of the boùy 

and tail of the pancreas. It is apparent ou dissection, aceording 

to Kleitsc11 ('55), that the vortion of the glanù formed by the dorsal 

pancreatic outgrowth receives its blood supply from the coeliac axis, 

by way of the spleuic and hepatogastroduodenal systems. L'he veatral 

component, on the otb.er hanJ, receives its blood supply from the 

superior mesenteric artery, by way or the inferior pancreatico-

duodenal artery. ;:,i~nificaut collaterals develop between the two 

systems. l'he pancreas derives it.s irwervatioa from the autonomie 

nervous system, by way o.t the coeliac J:olexus and the vagus nerves. 

DUCTS 

fhe pancreatic ducts, responsible for transport of the exocrine 

secretion products oi the acinar cells toward the duodenum, begin 
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in the form of minute channels - intercalary ducts - which join to 

form the intra-lobular ducts. 'rhese duets in turn join, to form 

/ the so-called intra-lobular due ts which drain into the main pancreatic 

channel. This main pancreatie duct, or duct of 1Hrsung, begins in 

the tai 1 of the pancreas and runs a tortuous course through the body. 

In the head it curves dorsally, caudally and to the right, and 

terminates by opening on to the ma,jor papilla, or into the common 

bile duct to form the ampulla of Vater. .l!'requently, there is an 

additional system which receives the ducts of the anterior and lower 

portion of the head. This duct is known as the accessory duct, or 

the duc t of ::;antorini. l'his audi tional drainage runs upwards, in 

front of the main pancreatic duct, to which it is connected by a 

eommunicating duct, and may enter the duodenum by way of the minor 

papilla. 

Though the anatomy of the main pancreatic duct is generally 

accepted, this is not the case with the duct of ciantorini. Helly 

(1898), Opie ('30), Baldwin ('IlL H.einhoff & Pickrell ('45) and 

Kleitseh ('55), using dissection and latex injection methods, showed 

the accessory duct to be present iu all the specimens they e.xamined. 

Other authors, however, as Millbourn ('50), Cordier and Arsac ('52) 

and Birnstinr,;l ('59) applying ·radiogra -hic methods, were able to 

demonstrate an accessory duct in only 51% to 75% of their cases. 

Not only in regard to the existence of the accessory duct of 

ciantorini, but also in regard to the patency of the minor papilla, 

exis ts some c ;afusion. Loclrhart, Hamilton and .l:''yfe \'59); Gardner, 

Gray and O'liahilly ( 1 60); w'ooaourne ( 1 57) and Hafferl ('53) report 

that the accessory duct drains into tile duodenum at the minor papilla. 



Braus ('34.), on the contrary, states that usually it drains into 

the main pancre a cie (lUet, and only rare ly into the duodenum. 

8. 

None of these autüors, however, makes any reference to a sex 

difference. ~hen Hjorth ('47), in addition to examining the 

existence of tne duct and patency of minor papilla, examined the 

sex of tüe S!Jecimens, he discovered that in the male the accessory 

duct of Santorini openeu into the duodenum in twenty two of the 

fifty examined specimens, but in the female only in seven of the 

fifty cases. Millbourn, however, repeating Hjorth's experimenta, 

was unable to confirm these findings, tüus adding to the general 

controversy. 

PATHULOGY 

::>ince the present study was undertaken to examine whether a 

difference between the pancreatic duct system in male and female 

could ex1ilain the higher frequency of pancreatitis in the female, 

and the higher incidence of pancreatic cysts and tumours in the male, 

the general pattlology and aetiology of these ùiseases is discussed 

in the following paragraphs. 

a. Acute llaemorrhagic faucreatitis is an acute, diffuse, 

inflammatory disease of the pancreas, accompanied by focal areas of 

fat necrosis, oedema and haemorrhage in and about the gland and 

abdominal cavity. The underlying mechaniS•·l of the necrosis is the 

destructive lytic effect of pancreatic eûzymes, either activated in 

situ, or relaased into the interstitial tissue of the pancreas by 

rupture of cells or ducts. ·rhe exact manner in which the se enzymes 

escape aud produce the disease is, however, sti 11 subject of much 

discussion. ~ix theories are suggested in regard to the pathogenesis 



of pancreatitis: 

I. Bacterial or viral infections. According to Joske ('55), it 

is generally accepted that virus diseases, auch as mumps, hepatitis, 

infections mononucleosis and infections with Coxsackie virus, as 

well as patno~enic bacteria giving rise to typuoid fever and scarlet 

fever, may cause pancreatitis. No sex difference was reported in 

the casea of pancreatic necrosis associated with acute infections. 

As an alternative, Dragstedt, 1taymond and .i:!lllis ( 1 34) stated that 

bacteria present in the normal pancreas in 75 - lOO,o of all cases, 

if not the primary cause of pancreatitis, might produce the severe 

toxaemia observed in pancreatic necrosis. 

II. dpecific pancreatic poiaons. H.ecent studies by .li'arber and 

Popper ('50) and De Almeida and Grossman ( 1 52) demonstrate that 

specifie pancreatic poisons sueh as eth.ionine may produce pancreatitis. 

Administration of ethionine, an inhibitor mf methionine, produces a 

protein deficiency leading to pancreatic cell damage. '!'his would 

also explain the occurrence of pancreatitis in metabolic diseases 

and dietary deficiencies. .1\.iyers and Keeffer ( 1 34) and Doubilet and 

Mulholland ( 1 48) suspected that alcohol may also act as a pancreatic 

poison. Dreiling, ltichmond and Fraukin ('52) showed, however, that 

intravenous ethyl alcohol did not have any effect on the serum 

amylase level in normal patients, or in those with chronic pancreatitis. 

III. Vascular lesions. Saint ( 1 54) and ~robstein, Joshi and 

Blumenthol ( 1 57), suggest that vascular lesions may oe considered as 

an imfortant cause in pancreatitis. ~orphyria, malignant hypertension, 

myocardial infarction, dissecting aortic aneurysm and atberJmatous 

embolization, may all interfere with the blood sup~ly, giving rise 
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to pancreatic infarcts, subsequently leading to disruption of the 

duct system. 

IV. Increased fJressure in duct system. Wangenstein, Lever and 

~anson ('31) advanced the theory of raised intraductular fressure, 

and showed that ligation of the pancreatic duct following a fatty 

meal produced a high incidence of pancreatitis in experimental 

animais. The work of Luim, !Jortsirrouth and Maddock ('48) indeed 

supports this ex;üanation, as the se wo rkers were a ble to produce 

pancreatitis, by ligating the pancreatic duct and stimulating 

pancreatic secretion by injection of secretin, acetylcholine, 

pilocarpine and stimulation of the vagus. fhe most severe reaction 

was produced by ligation of the main pancreatic duct when the gland 

was at its height of secretion, that is, approxi~ately two hours 

after a large meal. !Jfeffer, Stephenson and Hinton ('53) added 

to this .theory, by ûemonstrating that secretin given after a 

subcutaneous injection of morphine (causin~ sphincter spasm), 

resulted in a high serum amylase leve! (200 units) in six out of 

twelve patients examined. .Morphine, or secretin alone, however, 

had no effect on the serum amylase level. ~reviously, ùoubilet 

( 147) had demonstrated that morphine not only caused a spasm of 

the sphincter of Oddi, but also of the musculature of the duodenal 

wall. l'his spasm was shown to prevent a reflux of radiopaque 

iodized oil frorn the eommon bile duct into the main pancreatic duct, 

therefore the serum amylase elevation could not be due to a flow of 

biliary products into the pancrea~. Surgery of the stomach as 

reported by killbourn ( 149) or an alcoholie spree both giving rise 

to oedema, hyperaemia and s~hincteric spasm would in humans have a 



similar effect as experimental duct ligation. At present this 

concept is considered the most plausible. 

V. Common channel theory. In 1901 Upie described ei;oi;ht cases 

of acute pancreatitis accompanied by cholelithiasis. Based on 

these observations and a detailed study of pancreatic anatomy, he 

postulateri ('03) that a commun channel between the common bile 

duct and ':Ürsung 's duct, as shown in 89P, of his specimens, would 

11. 

permit a free flow of bile into the pancreatic duct system. l'his 

woulri subsequently lead to activation of the pancr~atic enzyme, 

resulting in destruction of pancreatic tissue. rhough this theory 

is still the most popular and has survived severe criticism over 

the last aixty years, a number of valid oojections may be raised 

against it. Hjorth ('47), ~illoourn ('44) and Liedberg ('41) 

have shown that reflux of contrast medium into tue pancreatic duct 

occurs in operative cholangiography in 40~ to 47~ of patients 

without any ill effect on the pancreas, indicating that reflux of 

bile into the pancreatic duct system may be a physiological process. 

Furthermore, Drag;stedt, .~aymond and ~llis ( 134) have demonstrated 

pancreatitis in a number of cases in wnich the main duct entered 

the duodenum through the minor papilla, while 11arren and Catell 

('58) have showJ pancruatitis in aberrant pancreatic tissue. 

Another discrepancy in this theory is the anatomical relation 

between the J-Bilcreatic and colllliloa bile duct. \/hile numerous studies 

have been carried out on this aspect, the resulta are not consistent 

and soma even contradict each other. Opie ('03), ~aldwin ('11), 

Cameroil and 1~oble ( '24), rmboer ( '31), .tijorth ( '47) and :,üllbourn 

l'50) state that reflux would oe possihle in the majority of cuses 



(76% to 86~), while others sueh as Job ('26), Judd ('31) and 

::itirling ('54) found a eommou channel of sufficient length to 

permit reflux in only 3% to 5~-b of the ir specimens. Howard and 

12. 

Jones ( '47), who blocked the major papilla with a gall stone, 

reported that reflux of biliary products into the pancreatic duct 

system occurred only in 54~ of their cases, and was dependent on 

the length of the common channel. It was suggested by tiienhoff 

and .l ickrell ( 
1 45)' that reflux could only occur in those cases 

in which the le nu, th of the COlDlliOll chan.1.1el was grea ter thau 2mm. 

11..ltbough the length of the common channel is i:nown to vary from 

Imm. to 14mm., comparative data on a series of female and male 

specimens to determine whether a morphological difference between 

the sexes occurs in this regard, have not been reported. 

VI. Open accessory duct. another anatomical factor suggested 

as an explanation for the higher incidence of pancreatitis in the 

female bas been advanced by rljorth \ '47). l'his author found a 

significant difference between males and females in regard to the 

patency of the accessory duct, and suggested that an occlusion of 

the main pancreatic duct at the level of the major papilla in the 

majority of fewale cases would prevent the outflow of pancreatic 

secretory products. This stagnation would subsequently lead to 

inflammatory processes in the pancreas. Under similar conditions 

in the male, however, the aecessory duct would act as a situnt between 

the main llancrea tic duc t and the duodenum, tüus permi tting drainage 

of the gland by way of the minor papilla. 

(b) 'fumours of the 1-ancreas. 

~illis ('48) and Clifton ('56) report that the frequency of 



carcinoma of the pancreas is twice as high in males as in females, 

while the ratio of neoplasms in the head to the body and tail of 

the gland is approximately 7 : 2. 

13. 

Since the majority of pancreatic tumours originate from 

cylindrical duct cella, and a relatively greater number of such 

cells are present in the head than the i.lody of the pancreas, Willis 

('48) suggests that this may be the reason for the higher incidence 

of neoplasme in the head of the gland. Another possible reason for 

location of the carcinoma is the high incidence of duct metaplasia 

and cysts formed in the head of the gland. 

(c) Cysts. A variety of pathological cystic structures 

differing in size, from minute cysts detectable only on histological 

section to large swellings up to 40 centimeters in diameter, may be 

found in the pancreas. 

f'ancreatic cysts may be classified in the following order: 

(I) .t:.:>~UDOCYSTS 

The aetiology of this type of cyst, usually found in solitary 

state and being large, is considered to be of post-inflammutory origin. 

'l'rauma to the pallcreas, however, may also cause this type of cyst. 

(II) .till'r.t:a'll'ION CY:::ll'S 

'l'his lesion develops as a dilation of the duci...s behind an 

obstruction. While H.ndersou ( 1 51) reports that these cysts are 

most frequently fouud in the body and tail, Hirnstingl l 1 59) 

demonstrated radio~raphically that these paucreatic cysts and sacculated 

dilations of the secoHdary and tertiary üuc ts are more common in the 

head of the gland. 

In fibroeystic disease or the pancreas in infants, cysts are 
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formed in a similar man.üer to retention cysts. l'he ducts are 

obstructed tilroughout the pancreas by its aiJnormal secretion • 

.\ccording to HobiJins ~'57), tuis condition may occur with equal 

frequency in ~ale or female. 

These lesions are multilobular solitary cysts and are 

considere~ to ori~inate as cystic neoplasms from tue pancreatic 

ducts. l'he incidence of this type of cyst, however, is low, 

(IV) CONG.è:!H1'AL CYSTS 

This type of cyst is usually found in multiple form and is 

closely associated with congenital cysts which occur in the liver 

and kidney. 

Four of these cysts, demonstrated by Birnstingl ('59), showed 

squamous metaplasia of their epithelial lining, but whether this 

condition is precancerous is still doubtful. Jillis ('48) reports 

that squamous metaplasia is rare in pancreatic carcinoma. dirnstingl 
-

('59),examining the sex of ·the specimens with pancreatic cysts and 

findinc..:: a üi;her incidence of pancre&tic car.cinoma in males than 

females, does nol-, 111ention whetner these cysts were a;-;sociated with 

a particular duct pattern. 

Purpose of the l'resent InvestL,ation 

The present investigation was undertaken to clarify the 

confusion existing on the pancreatic ciuc~ system in regard to its 

development, precise morpholo;.;ical description and 1Jossible relation 

to pancreatic diseases sucll as pancreatitis and neoplasm, which show 

such a remarkable sex preference for the female and male respectively. 

1'o achieve this goal the fo llowing points were carefully investifba ted: 
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1. 'fhe precise anatomy of the pancreatic ùuct system, to determine 

wi1ether a difference exista in the presence and patency of the 

accessory duct and minor papilla between male and female. 

2. 'fhe precise relationship be tweeu the co!lllilOn bile duct and the 

main pancreatic duct, and the correlation of the length of the common 

channel witn the sex of the specimen and tile patency of the accessory 

duct. 

3. A precise comparison between the lJancreatic duct system found 

by means of dissection and by way of radiological exauination. 

M.d.'l'~RIALS _.l'il) ... ~ I'HülJS 

l'he J:iancreatic duct system of one hundred and forty four adult 

human specimens, twenty infants and twenty foetuses was carefully 

examined. The adult specimens, consistins of pancreas, duodenum 

and common bile duct, were obtained from autopsy cases varying in 

age from twenty nine to ninety five years. fhe pancreases of twenty 

infants, rangin.; in age from birth to four and a half years, were 

likewise obtained from autopsy cases. While the adul t s.t.ecimens 

were examined without fixation, the infant specimens were fixed in 

5 1~ formalin, wldle the tweuty foetal cases, varying in C-11. lcngth 

from 130 to 300 mm., werc fixed in 85i"o alcohol. ;ihenever a gland 

showed gross macros..;opic changes caused by pathological processes, 

the specimen was discarded. Sex and a.;e of the specimens were unknown 

until the end of the investigation. 

The f ollowinJ me thods were used for examina ti on of the l;ancreatic 

system: 

Injection llethod. 

In one hundred adul t s l;ecimens and twenty infants, the main 
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pancreatic duct was first located in the oody of the gland, and 

dissected towards the tail end of the pancreas. ;:)ubsequently, a 

needle varyin6 in size from 16 - 27 gauge was inserted in the end 

of the duct and an eosin solution injected with a 10 cc. syringe 

in the direction of the head of the gland. The appearance of the 

dye in the duodenum was studied by observing the major and minor 

pajJilla under the dissecting microsco.i,e, and was considered to be 

an indication of the patency of the ducts. \ihen the rninor pa11illa 

did not show the outflow of eosin, the minor papilla and terminal 

portion of the accessory duct were excised after the gland was 

dissected, fixed in ilouiu' s solution, eut into 10~ sections, 

stained with haematoxylin-eosin, and finally examined microscovically 

to verify our previous findings. 

Radiological Method. 

The techni•1ue for injecting the pancreatic duct system with 

micropaque was originally described by Birnstingl ('59). By 

passing a blunt probe down the collillion bile duct, the major papilla 

was located and JrasjJed with a toothed forceps. Subsequently, a 

small incision was made on the inferior aspect of the papilla, and 

the mucosa dissected back approximately one centimeter. ..'ir sung' s 

duct could then be isolated with little di.t'ficulty and a cannula 

inserted and tied in position. Jith a lOcc. syringe, a microcrystalline 

suspension of barium sul~hate (micropaque) was subsequently injected 

into the pancreatic duct. 'fhe duc t in the body of the gland could 

be seen distending as the fluid courserl towards the tail. Usually 

two, or two and a half, cc. of solution were required tv fill the 

entire duct system. In sorne specimens, however, only 0.5 cc. of 



micropaque could be introduced into the duct system, while no 

distension of the duct in the body of the gland was noticed. 

i~hen this occurred, it was assumed tha t anastomosis between the 

duct of the ùorsal and ventral vancreatic buds had failed to 

occur. W~en this was found to be the case on the radiograph, 

micro:paque was injecteù through the uuct in the tail of the 

pancreas and a second exposure made. 

'l'he best results were obtained by usin,g an ordinary medical 

type 508 XTil.A-fast film, and exposure of 46 K.V. (at three quartera 

of a second), lOO hlilli-amps and a small focus. 

Dissection. 

After application of the eosin injection method, the main 

pancreatic duct was located in the body of the ~land and dissected 

in the direction of the major papilla. ~pecial attention was thereby 

given to the relation between tile paucreatic duct and the common 

bile duct. Subsequently, the large branches and the accessory 

duet ot Santorini were carefully followed in order to confirm the 

observations obtained by the injection method. rrecise drawings 

were made of each case. l'he aùult cases were dissected under the 

magnifying glass (2x) while the duct systeL of the infants and 

foetuses was dissected under the binocular microscope (6x). !'he 

dissections were finally completed by opening the ducts, and 

measuring the diameter of the accessory duct at varions places along 

i ts course, and the length of the common channel be tween the col.ll1llon 

bile duct and ~irsung's duct. 
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•r;:;ml!.~OLOGY 

As the nomenclature of the pancreatic ducts is based on findin~JS 

in the adults and does not refer to its developmen t, the presently 

used terminology was found to be inaufficient in a number of cases. 

Therefore, the J:'ollowing terminology was used:-

( I) DOB.dAL l'A..:WHJ;.;,~ll'IC UUCT, indic a ting the du ct of the dorsal 

pancreatic bud in the erulJryo, entering the duodenum at the minor 

papi! la. 

(II) V.C:N'rU.AL .o.A"'CH.;.:}.c~.L'IC Du CI', inuic a ting tlle duc t of the ventral 

pancreatic bud in the embryo, enterin~ the duodenum at the major 

vapilla. 

The se terms were also appl~ed for those adul t speciwens in 

which the ducts hall failed to fuse and which bad retained their 

embryonic pattern. 

(III)COMBIN~D ~ANCRJaTIC DUGT (main panereatic duct - duct of 

Wirsun;- ductus pancreaticus), indicating the duct formed by 

fusion of the distal, and middle portion, of the dorsal pancreatic 

duct and the ventral pancreatic duct. 

duodenum at the ma,jor papilla. 

This duct entera the 

(IV) ACC.i!}SSOliY 1-'.A.\fCH.c;.iù'IC DUGT (accessory Ciuct of Santorini), 

indicating the proximal part o1' the dorsal pancreatic duct, which 

forma a shunt between the combined pailCreat.ic duct and the duodenum. 

It entera the intestinal tract at the minor papilla. 

(V) dU x ;;;n.IU": n..ül Ir~.FL~.tLIOH. B.tl.A..l;CH of the dorsal and ventral 

pancreatic ducts, indieating the branches of dorsal and ventral 

panereatic ducts coursing in su1;erior or inferior directions. 
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lk:SUL'l'S 

Since the p<mcreatic duct system in the adult specimens 

showed considera~le variation it was classified in the following 

four groups:-

GROUJ:' I 

EMBH.YONIC TY.k'E (13 cases). 

This group is characterised by the failure of the ventral 

and dorsal pancreatic ducts to fuse (fig. 2). 

1Yhen eosin was injected into the tai l end of the duct, i t 

became visible in the duodenum at the minor vapilla, but not at the 

major papilla. JubstHfUent injection of micropaque at the major 

pa~illa, revealed that the ùuct entering the duodenum at this 

papilla - under normal conditions formin~ part of the ttuct of 

Wirsung - had failed to fuse with the duct courain;; from the tail 

towards the minor papilla. 

As this duct pattern is similar to that found in the early 

embryo, i t has be en cal led "e:.lbryonic type". Figure 3 shows a 

datiograpb of the ventral ~ancreatic duct with its two branches, a 

ramus superior coursing upwards in the direction of the tuber 

omeutale and te ruina tin~ in a ne twork of small branches, and a 

ramus inferior running downwards and in its terminal part curving 

in the direction of the second 11art of the duodenum. This 1.a t te rn 

was found consistently i11 the seven cas2s of the grou1: examined 

radiologically. Figure 4 representa the duct system after 

additional injection of micrïi'<Hlüe in the tail enü of tae ,.,;la.1d. 

It shows clearly tha..., r..,e superior branch of the ventral }ancreatic 

duct oy-passes the dorsal pancreatic duct and suggests that under 
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normal conditions fusion between the two duct systems is established 

by the superior branch of the ventral _lJancreatic duct. In regard 

to the draina.<;e of the lower part of tue he ad, ir, can lJeen se en in 

Fi5-ure 4 that this 1Jart is drained by two inferior branches. 'fhe 

anterior surface is drained by tue inferior urancn of the dorsal 

pancreatic duct, wh.1.le the inferior branch of the ventral duct 

supplies the posterior surface. ••hile the inferior branch of the 

ventral lJancreatic duct cau be clearly seen in l''i~ure 3, the inferior 

branch of the dorsal system is represented in Figure 5. 

'rhe resulta ol.>taineo. by injection and radiological techniques 

were suils~antiated by dissection of the specimens. ~· ... 11 thirteen 

specimens snowed clearly the presence of the superior and inferior 

branch of the ventral pancr~as anu a constant inferior branch of the 

dorsal pancreatic duct. fhe stem of the ventral tiuct had an average 

length of 2.7 cm. bcfore dividing, and the inferior branch of the 

dorsa.~. duct was found on the average to arise 2.0 cm. from the minor 

pa pilla. 

GROUl:' II. 

l'A'rEN·r ACC!!!S;;:;Oli.Y DUC1' (57 cases). 

In this group, the accessory duc t and the combined pancreatic 

duct are bot.b. present and patent (fig.6). t'he two ducts a 1,parently 

have joined to form a functioning anastomosis. 

Bosin injected into the tail end of the duct entered the duodenum 

at the major as well as the minor papilla. ~imilarly, when in tweuty 

cases of this group micropaque was injected through the maJor papilla, 

it was found to enter the intestine by way of the minor papilla, thus 

indicating the presence of the combined pancreatic duct (Jirsung) and 
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the patency of the accessory pancreatic duct. Careful dissection 

of the sneciuens confirmed this observation for all cases. 

during dissection the distance between the two papillae was measured, 

it was found to vary from 3.5 to 0.7 cm. 

between the two papillae was 2.2 cm. 

The averflge distance 

In addition to the above described pattern it was noticed that 

in two cases an extra duct wfls present forming a loop in the lower 

part of the head of the pancreas, connecting the dorsal and ventral 

pancreatic ducts. 'l'his additional con11ectin;;; loOJ? was formed by 

fusion of the inferior branches of the ventral and ùorsal vancreatic 

duc ts. hS this loop bas not been described previously, it was 

called the "ansa pancreatica" (Fig.7). 

GlWU.P III. 

ACCE6Sù .. H.Y bU-IC&;_-,~.'f.iC .üUCT ii.Bl LAC.lilD BY 11ANSA :t·ANCH..clrl.'l'ICA n ( 24 cases) 

The main characteristie of this particular group is obliteration 

of the accessory pancreatic duct at its place of connectioa with the 

combined pancreatic duct, and its replacement by the ansa pancreatica. 

As can be seen from 1•·igure 7, this loop is formed by the most proximal 

part ot' the accessory duct, the inferior braneh of the original dorsal 

pancreatic duct, and the inferior branch of the ventral pancreatic 

duct. fhis particular duct pattern was most readily seen by 

dissection, out it was also visible on the radiograph (Fig.8). 

rhough the ansa paucreatica morphologically seemed to replace 

the direct com.rüunication between the COiübined. pancreatic <luet and 

the duodenum, functionally it was not able to uo so. \ihen eosin 

was injected into the tail end of the duct, it appeared at the ;ninor 

papilla in seven of the twenty four cases. ln the remaining cases, 
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the minor papilla was clearly visible, but the entrance of the ùuct 

was obliterated, tnus l'reventing outflow of pancreatic products into 

the duodenum. 

GlWU1' IV. 

ACCi:;::);:>OH.Y t>r~..·W.~.i..c:ld.'IC .ùUC i' .l.~aH.TLY liri. l:w .• J:>.ut:.i'~.LY UuLl'r.I5.1:\.Ariim (50 cases) 

1ihen eosin was injected into the tail end of the duct, it became 

visible in the duodenum at the major papilla, but not at the minor 

papilla. Likewise when wicropaque was injected through the major 

papilla it did not enter the duodenum at the minor papilla. Inùeed, 

careful disseeti on of the duc t system confirrlled th at sorne degree of 

obliteration of the accessory duct was present in all cases. In 

forty five of the fifty cases this ouliteration was foun,' to be 

restricted to the entrance of the duct into the duodenum (fig.9). 

~heu the diameter of the rewaininJ part of the accessory duct was 

measured at varions places~ong its course an average diameter of 

1.4 mm was found at the entrance in the combinecl paucreatic duct, 

while in the direction of the duodenum it became narrow, finally 

obliteratin~ in the intestinal wall. Only in one case was a complete 

obliteration of the accessory paucreatic duct obscrved. In the 

remaining four cases, the accessory duct had lost its contact with 

the cowbined pancreatic duct (f .lu). 

Comparisou of dissection aud radiolo~ical methoJs 

fhe dissection method showed the presence of the accessory duct, 

either complete or partially in one hundred anu thirty specimens, 

while thirteeu of the remainin,; cases wer~~ fcund to be ol the embryonic 

type. He nee, the accessory duct or part of i t was present in all 

except one specimen. l'he radiographie me thod, however, revealed 
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the presence of the aceessory duct of ~antorini in only forty 

six of the fifty cases studied by this method. Dissection of 

the four specimens in which the accessory duct could not be 

detected on the radiogra1:ü, showed th<tt these glands belonged 

in Group III and Group IV. ~~rthermore, the dissection method 

showed the inferior branch of the dorsal pancreatie duct to be 

present in eighty six percent of the cases examined, while the 

inferior branch of the ventral pancreatic duet was found in all 

specimens dissected. By radiographie means, however, these two 

branches could be identified with certainty in eighty to ninety 

percent of the cases. 

Though comparison of the two methods applied showed the 

dissection technique to be superior to the radio;;raphic technique 

in regard to a precise description of the duct pattern, the latter 

method revealed some features overlooked during; the dissection. 

In eight of the twenty two cases in whicG. the accessory duct 

was found obliterated ('l'able I) tue injection of micro.i:Jaque, showed 

the presence of multiple cysts at the duodenal termiuation of the 

accessory duct (Fig.ll). When the sex of these eight cases was 

determined, six of them were fuund to be of male origin (see raole 

I n.) • Likewise eighteen cases showed cystic formations wilieh 

av1•eared along the path of the small ducts anù at the acinar 

termination (Fig. 12). The terminal duct dilations were usually 

solitary and bad a smooth, regul<tr configuration, whereas disrupted 

acinat1 with extravasations of hlicropaque, due to excessive pressure 

on injection or tissue lysis, hari variegated, irregular outlines. 

In one case a hard concretion one centiuetre in diameter was found 

in the accessory tluet at the minor papilla. 



Difficul ty was encountered L1 dissection of tl1e tertiary 

pancreatic ,:ucts and no defini te ihea could be obtained of the 
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minute ductular detail. , .. adioGra;,hs, however, demonstra ted tha t 

tertiary ducts differ in a~~earance from gland to gland. .::iome of 

the radiographs showed a ~aucity of collectin~ ducts (fig.l3), while 

in other specimens the ducts were well defined down to their 

smallest ramifications. 

Dighteen (36/b) of the S!•ecimens examined radiologically 

l·emons tru ted a narrowin~ of the combined .t'ancre a tic tiuct in the 

neck of the ~land. l'his isthmus was located in the region of the 

junction of the accessory aud combined Fancreatic duct (fig,l3). 

The dissecting method revealed this constriction only in fourteen 

of the cases. 

tilis area. 

No evidence of patholo~ical lesions was found in 

une gland showed on "~-ray, and later at dissection, consideraole 

dilatation of the co :bined IJancreatic duct and tl1e inferior bra,lCh 

of the ventral }ancreatic duct in tue head. fhe combined duct in 

the body was not grossly dis tenue à and the ac ce ssory duc t a1; yeared 

sligntly larger than normal. I~ this specimen, the minor ~a~illa 

was freely patent (fig.l4). 

~ancrcatic duct pattern and sex. 

After the pancreatic duct system in all specimeas was dissected 

and classified, the sex of the cases was de'termined. It was found 

that seventy seven were of male and sixty seven of female origin. 

When subsequently the sex distribution for each particular ~roup was 

studied (see table II) it a~peared that only in Jroul II (patent 

accessory duct) the number of fe,.ale sl;eci.Jens was higher than that 

of the male cases. fhe probability value for this ~roup was between 
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• Od and .02, thus making; the J.ifference in _patency of the accessory 

duct between male and female statistically significant. l'his, 

however, does not automaticélly imply that the safety valve meehanism 

in the form of a patent accessory duct and open minor papillu., is 

more frequently present in the female than in the male. An open 

minor papilla was also found in a number of cases of .:irou1 III (ansa 

pancreatica), in which this duetular loop may function as a safety 

valve when the accessory duct is partly obliterated. In addi ti ou, 

it is thou;:;ht justifiable also to include the specimens oZ 'rroup I 

(...:,;hlbryonic type), as in these cases occlusion of the major papilla 

will not affect the drainage of the tail and body of the gland. It 

was tnus found that the minor papilla can act as a safety valve in 

fifty eight percent of the female and forty nine percent of the 

male cases. This difference, uoweve~ with a probability value 

between .90 and .80 is not SLatistically sig;nificant. 

PA'fBNCY OB' ACCE0d0ü.Y ùUC'l' If.; .l.I.G.LA.l'Iu.< 1'ù AG~ A.;:; S!.:;X.. 

'ro examine whether the accessory duc t iu the female clos es 

earlier in life than in the male, thus possibiy providin, an 

anatomical basis for the higher frequency of pancreatitis in the 

female, the age of the patients from which the specimens were 

obtained was recorderi. l'able III s.1ows the age of the cases 

correlated with sex ana patency of the accessory duct. It shows 

that open accessory uucts caa be found at any a;;e, and the resulta 

do not indicate that the accessory duct in the female ol.>literates 

earlier than in the oale. 

'l'able IV re~·resents the I'atency of the accessory auct in 

twenty foetuses and twenty Ld·ants, vary in:S in age from birth to 
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four and a half years. It shows that ooliteratio.a of the a.ccessory 

duct and minor papilla rarely occurs during foetal life. After birth, 

however, the numûer of cases wi th an obli terated a.ccessory duct appears 

to gradually increase. One of the infants showing an obliterated 

duct was three months old, while the other two cases were three and 

four years old. 
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~LA'l' Iul'i U F' CUtillviVli .lH.i.u:.: liUC 1' 'rll btNG.i:l..i:;ATIG DUC 'l'. 

1'o study the re1ation between the common bile duct a.nd tue 

duct of ••irsung, the examined specimeJ.lS were classified into three 

ty1es (Fig.l5). 

I) 'l'he comwon bile duct and pancreatic duct eacn have a sevarate 

outlet into the duodenum. 

II) The two ducts have a common channel of 2 mm or less. 

III)'l'he length of the common channel is 3 mm. or more. 

Table V shows the se.x of the specimens and the relation between 

the common bile duct and .iirsung's duct. It inûicates that no 

significant difference exists between male and fe:.ale specimens in 

re~ard to possible reilu.x of biliary products into the ~ancreatic 

ducts. 

ln the study of the relationshi!J of the ducts in tne re~ion of 

the ampull a of Va ter, only ni ne ty fi ve of the one lmndred and forty 

four cases were considered, for in forty .,ine of the fift.1 specimens 

injected with ;;J.icro,t"aque, 1:.he needle was inserted t.hroug11 a 

s Phinc tero tomy, disru_1,tinJ ti,e normal arran,~ement of t~e ma in pancre a t.ic 

duct and co1.unon bile duct. •t'hen the chance of reflux and the pa te ney 

of tile accessory ùuc L were CJ.lSidered, a further nine cases were 

excluded, as these belonged to the "embryonic" type, in which the 

duct arrangement is such ;_,hat reflux of biliary products into the 

body and tail of the gland is impoAsible, 

duct is present in tnis type. 

r'urthermore, no accessory 

l'able VI shows the sex oî the specimens, the possibility of 

reflux and the patency of the accessory duct. LLe.tlu.x of biliary 

products was considered to be possible when the leni5th of the common 



T~._.BLE I. 

PA'l't.:~-ICY Of' .rl..CC.l!!SSuRY DiJCT b A.DULTS 

OBLI'l'Bltd..l'ED 

50 28 22 

56;h 

'fAilŒ I A. 

Mr.:THOD OP üBLI'i'.::.:& .. 'riON o:r, 1JINO .. ~ l'Af ILLA 

Male 

E'emale 

8 

7 

CYSTIC. 

6 

2 



TABLi:: II 

C L a S S I F I C A T 1 0 N 

G.d.OUr I TvT.à.L 

EMBRYU.HC TYF.cl 13. 8. 5. 

7.46% 

P. Value .95 - .90 

GROU!J II 

.I:'ATENT ACCi!L::>::WltY DUCT 57. 25 • 32. 

GROUl? III 

GROUl' IV 

AGClil..:iôURY DUCT 

24. 

16.66;~ 

50 

34.7 ~~ 

47.75;~ 

f. Value .05 - .02 

5 patent 
6. 49;& 

2 patent 
2.9fo 

16. 8. 

28 

11. 9;k> 

Il not patent G not patent 
14.7~ 9.0% 

36.4;~ 

f. Value .95 - .90 

22 

32.8% 

r. Value .98 - .95 

TOT.ü.L NUhlB.d.i.i vF P.ü'ENI' bi.ii.L.C.:;:; ••••••• 38. 
49.29ïb 

TO'l'AL Nmm.r.:.d. OF PA1'i:.:N'r FJ:a! .. ALJ:;;:5 ••••• 39 
58.11;~ 

P. Value - .90 - .80 



TABLE III 

AGE, SE.X A.!\{D P.àTENCY OF T.ID.: ACC.Ii:3ciORY DUCT 

20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-95 TOTAL 

liALE 
OPEN 

MALE 
CLOciBD 

FE~;.JlLE 

Ol'El'J" 

F.C:1iAk... 
CLO.Sl!JD 1 

l 

1 

2 

4 5 

4 6 

2 12 

1 

11 26 

12 13 38 

8 18 1 39 

8 12 5 39 

8 9 6 28 

36 52 14 1 144 



FOETUS.c;S 

INl!'.d .. NTS 

TABLE IV 

FOKTGS.8::3 Al.'J'D TIH'.ANTS 

P.d . .'flli..J'CY 01'' TH:~ ACCl'JSSOil.Y iJUCT 

20 19 

20 17 

1 

85~ 15;0 
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TABLE V • 

.rl.EL.i\.!'J.Œ'l' OF CO.MMON BILE DUCT TO THE 

P.ANCRMTIC DUCT 

CUHlvlON CHA.'J J.C.:L 

1 - 2 mm 3-llmm 

Il 13 13 26 21 

24.4~ 



TABLli: VI. 

C01IMON CHAN.NEL ..:i.ND P.a.'l'.C:NCY OF ACCE:3:::Wi\Y DUC'f 

:FAI'.BNCY NU lWFLUX l'OSSIHLlè.! ~1-.:;FLUX l'O.:>SIHLt: 

MALl:iS F;:;!.:lt!..LillS 

20 19 26 21 

41. s;; 

ACCESSORY DUC'f. 

l'A'l'~NT 6 11 12 12 

13% 27.5 ~~ 26fo 30~; 

CLO!:;BD 14 8 14 9 

30% 20~ 30% 22. 5i' 



channel was more than 2 mm. It shows that of the twenty six 

(56.5~) male and twenty one (47 percent) female cases in which 

reflux was possible, twl:llve (26;o) male and twelve (30 1a) female 

specimens are accomvanied by an open accessory duct able to act 

as a safety valve, w.lile fourteen males (30~) and niue females 

(22.5~) have a c1osed accessory duct present. 

28. 

Bence, no statistically significant difference exista between 

male and female cases which have a patent accessory duct and reflux 

possibility. 

IH::;CVSSION 

i' .c.a:t.\i IN U LOGY. 

Though ~illbourn ('50) aduits that the existing teruinology 

offers some di:i::'ficulty in describing tne various duct patterns, he 

suggests retaining tue conventional terms - duct of Jirsung and duct 

of dantorini - as a chan;~e in nomenclature would lead to confusion. 

Consequently, when descrL>ing a specÜiten of the embryonic type, he 

applies the term ''small system of 1iirsun:J;" and il large system of 

dantorini" for the ventral and dorsal duct system reRpectively. 

Hollingshead l'56) refers to Jirsung's duct as the "chief pancreatic 

duct" and, when describing a case of the embryonic type, uses the 

term 11 large accessory duct" for the duct of the dorsal pancreas. 

Letulle anu ~attan-Larrier (1898), reporting a similar cuse, state 

that the main pancreutic dueL of .• irsung terminates at the minor 

papilla, whereas the accessory duct of >:)antorini enters the duodenum 

at t:1e major pa pi lia. fllercfore, the terminolo;;;y used by the 
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auove mentioned anthors in üescril.ling the embryonic ùuct arrange.c.ent 

is confusin,; aad incorrect, and saould oe replaced by "dorsal and 

ventral pancreatic ducts", as useu for the ducts in the embryo 

('fhyng, '07 and ~~aatanen, '42). Similarly, as the term "main 

pancreatic uuct" bas been Bl'Plied as a synonym for the duct of 

1ùrsuu,.~ as well as to inuicaLe the dorsal pancreatic duct in the 

embryo, it is suggested that this term be replaced by "combined 

paucreatic duct". fhis term clearly indicates that it is formed 

by a comoination of the dorsal and ventral pancreatic duct and will 

prevent confusion witn the dorsal pancreatic duct • 

. ii&i1 rec4arü to the secondary dncts, Gordier ami .-Lrsac ('52) 

re.fer to the branch drainin:,; the uncinate process and the head of 

the pailcreas !Je low the duct of .iirsung as "the inferior tiuct of 

the head of the pancreas". Figures 2 and 4 however, show clearly 

the presence of two such branches: a) the ini'erior branch of the 

dorsal _pancreatic auct drainin the anterior aspect of the head; 

b) the inL'erior branci1 of the ventral ]Jallcreatic uuct draining 

the pos ... erior suri ace of tHe he aû anü the une ina t-e :t>rocess. 

lihile the iuferior brn.ncn 01. the dorsal pancreatic tluct was 

found in eighty six percent of the c<:Lses examined by dissection, the 

inferior brancn of tne ventral pancreatic uuct was found consistently. 

~aenever tne two inferior branches fused, thus establishing a ~ew 

contuct be tween tue dorsal and ventral duc t system, the ter;.J. "ansa 

pancreatica" was applieu. 

Opie l. 1 03; first desc:d1Jed the inferior oranch of the dorsal 

paacreatic bud, and this brunch is shown in most anatomical text 

books. Rienho f and Pickrell ('45), however, were unable to show 
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the presence of tnis duct in their series and criti!!ised the former 

authors for showing the inferior branch of the dorsal pancreatic 

duct in their illustrations. From t.1is study it is evident that 

a large secondary duct, the inferior branch of the dorsal duct 

(figs. ) is present in the majori ty of adul t human sr,ecLr.ens 

and is readily demonstrated by dissection and radiogra1:1hy • 

.:-:..s the main 1mrpose of this investigation was to study whetuer 

or not the duct enterinA; the duodenuw at the minor lla can act 

as a safety valve in case of occlusiou of the major papilla, s~ecial 

attention was given to the minor papilla a~d the accessory duct. 

The classification of the various types was made with this in wind. 

It cad be seen in fi~ures 2 and 3, representing Groups I and II, 

that obstruction of the ùuct system at the major J:la lla would cause 

stagnation mainly in the lower part of the head. 'l'he open minor 

papilla, however, would secure the cont.inuous flow of secretory 

products frou the tail, body, superior and antero-inferior lower 

part of the head, into the duodenwn. Group III - ansa pancreatica -

can be considered an intermediate gr~up. Of the twenty four cases 

in this group, eigbt (thirty three percent) showed an open minor 

pa.pilla, while in the remainin,s cases the seconàary outlet was closed. 

In all cases of .Jrou_p IV the accessory duct was partly or completely 

obliterated, thus preventing the outflow of pancreatic products into 

the duodenum in case of occlusion of the major .. PaFilla. 

~revious classifications of tne pancreatic duct pattern have 

mainly been made on a mor1.hological lJasis, wit:1out givinJ attention 
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to the functional a~;1ec ts. 'rhe first systelùatic arrangement of 

the pancreatic ducts was reported by lieyl ('25) who divided the 

system into five groups~ collllllencing with the e111bryonic form and 

progressing to the case in which the accessory duct is absent. 

Cases wi~h a partial or totally obliterated accessory duct were, 

depending on the degree of obliteration, divided into two separate 

grou_ps. fhough this is correct from a morphological aspect, from 

a functional standpoint it does not hold, since in both cases the 

accessory channel is unable to act as a safety valve when the major 

lHipilla becomes ovstructed. l'he same applies to the classification 

proposed by .i'~aatanen ( '42) and Millbouru ( 1 51}). None of the above 

mentioned autilors describe the ansa pancreatica Group III, which in 

our series was introduced as the interuediate form between a closed 

and open Santorini duct. rhough i~ has beeu impossible for us to 

trace these cases in their illustrations, most probably this 

particular duct arrangement was found, but divided over the various 

groups. l'he only'indication of the existence of the ansa pancreatica 

was fou1u1 in the wor.ii of Cordier and Arsac ( 152). These authors, 

in makinJ a classification based ou pancreatography, have given 

particular attention to fusion of secondary ducts. 'l'bey mention a 

common channel betweeu secoudary ducts, com;;arable wi th the "ansa 

pancreatica", and consider this pattern in a special group. AS our 

classification is based on the anatomical pattern of the duets as 

well as on a functional aspect (the possibility of the minor ~apilla 

acting as a saiety valve), it bas been impossible to compare the 

resulta oi this work witb classifications provided by otber autilors. 
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ANAT011Y Or' l'lili 1'.d.i~GH..t;A'1'Il: DUCT.S. 

'rhirteen of the specimens examined showed a duc t pattern in 

which apparently the dorsal and ventral pancreatic buds had failed 

to fuse. lu .r'igure 1 i t can be se en tha t the ventra 1 vaucreatic 

duct consista of a main stem, entering the duodenum at the major 

yapilla, and two branches, called the inferior auu su.l?erior oranch 

of the ventral pancreatic duct. ....s this pattern was foun<i in all 

thirteen cases, it most likely reflects the duct system in the 

ventral pancreas of the embryo. 

Indeed, Jankelowitz (1895), describin;.; the ventral pancreatic 

bud in the emoryo, states that iL consista of two loiJes of which 

the 1eft is 1ocated s1ightly 1ower than the rijht. l'hese two lobes 

were shown to fuse during the 7 to 10 n~ staKe (~elmas, 1 40). 

Udgers ( '30), examinin, cm 11.4 mm embryo in which the two ventral 

lobes hau fused, showed tue presence of two ûuc ~Js, of whicu one 

coursed to the right in a s1ightly uvwards direction, wnile the 

other coursed to the left in a downwards direction. It i~ therefore, 

assumed that, after rotation of the ventral ~aucreas into its final 

position, the cranially courain~ duct of the right lobe is represented 

by superior brunch of the ventral duct, while the cauuully cour~ing 

duct is cum~araole to the inferior brunch. .ihile in the emoryonic 

ty~e the su~erior brunch of the ventral pancreatic duct by-passes 

the dorsal pancreatic duct, it su~gests strongly that un~er normal 

c.,Hditions this branch fuses with the dorsal duct and participates 

in the formation of the combined :1ancreatic duct or duct of iiirsung. 

Indeed, in none of the specimens in w:dch the combined pancre a tic 

duct was formed, could any trace be fouurl of the su~erior branch of 
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i'heoretically, i t se ems possible tha t und er certaL1 co11di ti ons 

the right lobe of the ventral bud rotates normally, while the left 

lobe do es not ruove. 1'he annular pancreas se ems to be the re sul t 

of such a fa il ure. Baldwin ~ '10), .: . .d llbourn ('50) and Anderson 

and ;vaf!Shaw ( 1 51) describing the annular pancreas, re port tha t the 

duct of •/irsung is normal, indicatin-.~, that the superior brancn of 

the ventral duct system has fused with the dorsal system. rhe 

duct draining the lobe located in front and on the right side of the 

duodenum, starts at the tip of this lobe, courses arounù the posterior 

as1Ject of the duodenum and entera into the duct of dirsung or opens 

direc tl y into the common bile duc t shortly be fore i t entera into 

the duodenum. .i"rom the re sul ts: of this work i t a ,,pears tha t this 

duct representa the inferior branch of the left lobe of the ventral 

bud, which has failed to rotate dorsally. rhus, under normal 

conditions, the superior branch of the ventral pancreatic duct fuses 

with the dorsal pancreatic duct, and participates in the formation 

of the combined duct, while the inferior braneh representing the 

left lobe of the ventral ùUd, drains the posterior surface of the 

lower part of the head. 

The inferior branch of the dorsal pancreatic duct found in 92% 

of our adul t specimens see;1s to be formed by the j oining of a number 

of small colleeting ducts in the anterior part of the head of the 

pancreas. l'his channel drains upwards and terulnates in the 

accessory duct, or - in the embryonic ty.?e - the duct of the dorsal 

pancreas. Originating from the dorsal pancreas, the position of 

this duct indicates that in at !east 92% of the adult cases, the 
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anterior aspect of the head of the pancreas, that is, those 

parts in contact with the first, second and third part of the 

duodenum, is formed from the dorsal outgrowth. fhis corresponds 

with the findings of Delwas ('40) and Hossy ('59), whd both suggest 

that the anterior portion of the head of the pancreas originates 

from the dorsal anlage, while the posterior surface of the head 

finds its origin in the ventral anlage. On the contrary, Baldwin 

('10) and Russa and Vaida ( 159) have shown that the dorsal pancreas 

did not completely cover the anterior aspect of the ventral pancreas. 

~ince tneir findings were based on observations of subjects suowing 

multiple congenital defects, includin~ non-fusion of the pancreas, 

it is thou~ht possible that in these cases the development of the 

dorsal pancreas was not com~letely normal. 

It was su~gested by hleitsch ( 1 55) that the adult pancreas 

be considered as a bilobed organ, eacn part being more or less a 

separate unit with an in,ependent duct sy>Jtem and a separat.e arterial 

supply. In audition, he reported that both parts in the adult co~ld 

be easily separated. !ndeed Charpy ll898) and Gpie ('03) have 

previously shown that this plane of cleava~e exista in fixed or 

macerated specimens. .dlile in our s1;ecimens representing the 

embryonic type (uroup I), the dorsal and ventral anlage could be 

se!Jarated easily, thus confirming the observations of Bossy ('59) 

and daldwiu ( 1 10), in none of the sreeimens of the other groups 

could t~is plane of cleava~e be found. Not only was fusion of 

the parenchymal tissue intimate~ but the inferior iJranch of the 

ventral pancreatic duct was a~le to vass from the posterior side 

towards the anterior surface, while the inferior branch of the 



dorsal duct penetrated towards the }JOSterior surface. rhe 

interlacing of the secondary ducts and parenchyw,a, as well as 

the close relationship of this region to the portal vein, would 

make a surgical separatioa of either one of the embryological 

anlagen extremely difficult. 

iJonsidering the ease with which two ducts in an embryo may 

fuse, it is not surJ;rising to find a fusion between the inferior 

branches forming a new conüecting loo!J, the ansa pancreatica. 

It is, however, sur1;rising that the ansa pancreatica was found 

mainly in those cases in which the accessory pancreatic duct bad 

partly obliterated, and lost its connectioa with the combined 

pancreatic duct. Only two cases were seen in which the ansa 
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pancre a tic a and an o 1;en accessory duct were present s imultaneously. 

'l'his observation suggests that the ansa paücreatica bas been 

formed in an attempt to compensate for loss of the direct shunt 

(duct of ~antorini) between the combined duct and the duodenum. 

Though, morphologically this seems to be possible, functionally 

the ansa pancreatica bas not been able to replace the accessory 

duct. Analysis of the minor papilla showed that in fourteen of 

the twenty one cases of this grouiJ, the papilla was non-patent 

and the flow of secretion products was in the direction of the 

combined duct. It may, however, be chat, at an earlier ag;e, the 

ansa pancreatica, while opening at the minor papilla, bas been 

functioning as a replacement of the accessory duct. 

as the ansa panereatica forms a conneetion between the veatral 

and dorsal ducts, theoretically it should be able to replace the 

normal connection between the two systems~ in case the superior 
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branch of the ventral duct bypasses the dorsal duct, thua failing 

tu form the normal combined pancreatic duct, as seen in the 

11 embryonic '' type. Indeect, four specimens wer~ found in waich 

the ansa pancreatica formed the main connection Lletween the two 

duct systems. In the se cases the ansa showed a loo1J' wi tlt i ts 

convexity towards tüe duodenum. 1'his duc cul ar ''ring" bas been 

previously re;Jorted by Baldwin ('11), H.einhoff and l'ickrell ( 1 45) 

and ~illbourn ( 1 50), but no explauation for this abnormal duct 

pattern bas been orfered. 

Co.w.parison Between :..tesul ts obtained by Dissection and 

H.adiography. 

The apj~arance of the combined pancreatic ~uct in a radiogravh 

usually corresronded witb the findings at dissection, except in 

reé,ard to the "Steüosing lsthmus 11 
- a narrowiœ~ of the combined 

pancreatic duct in the neck of the glanu. fhis narrow part in 

the combined pancreatic duct was found in ~o; of the s,ecimens 

examined radiologically, and in 28~ of the dissected cases. l'his 

difference seems rather high when comrared witb the resulta of 

Ledger ( 152) who :found it only occasionally and the findings of 

.Uirns tingl ( 1 59) who showed thJ. t i t was a normal finding in 3ib of 

his cases. Though no reasouable explaJ.ation can be offered for 

this difference, the faet remains that a stenosis ma:' occur in the 

combined pancreatic duct of a normal gland. fhe frequent visualising 

of the stenosin~ isthmus radiologieally, iu this series, suggests 

that ,.;reat care shoulà be givea to tnis re:;ion wheLl studyin'-" an 

Ol;erative pancreato·,;ram, as a tumour or cystic lesion in the neck 

of the ~land could possibly result in a similar narrowing oi the 
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combined ~ancreatic duct. 

After investigation bad shawn that the ~ancreas was develoveù 

from a dorsal and ventral outgrowth, it was surprising to find that 

the accessory duct was absent in one of the hundred and forty four 

cases exawined by dissection. Although this corresponds with the 

results of Charpy (1898) who located the accessory duct in all 

exce)t one SI,ecimen, Baldwin ('11), .d.einhoff and .t'ickrell ( '45) and 

Kleitsch ('55), who, likewise usinJ dissection to examine their 

specimens, found an aceessory duct in all the cases in which they 

sought it. Un the other band, it can indeed readily be accepted 

that the accessory duct was found in only 92~ of the cases, wheu 

examined radiologically. The duct of dantorini may not be in 

direct contact with the combined ~ancreatie duct or, as ilirnstingl 

('59) reported, may be obstructed by ins~issated ~ucinous material 

or calcified concretions, so that the flow of micropaque into the 

aecessory system is ~revented. 

îihen comparin.; the inferior branches of the dorsal and ventral 

}ancreatic ducts, they were found to be present in 86,~ and lOO;b 

respectively, of the specin.ens examined by dissection, and 80,o and 

90~ of the cases studied radiolo~ically. This difference, between 

the techniques, may be ex.lained by severa! factors. In some 

s 1Jecimens the inferior ducts al tilou;_;h present, are extremely .fine 

and difficult to identi.fy on a radiograph. In a number of cases 

the duct systems avpeared to be su~erimposed, that is, the accessory 

duct may be located over the combined ~ancreatic duct and the 

inferior branch of the aorsal -uct over the inferior brauch of the 

ventral pancreutic duct. This sin~le image effect is partly due 
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to the eiose ~roximity of the ducts in the ~land, and partly due 

to rotation of the su~erior aspect of the pancreas forward during 

posi tioninJ for radiograrJ1y. The gland in situ may not show this 

ower lapping of ducts, but on the other band, this congruent 

apposition may oecur with greater frequency in the body. Ail these 

variations eontribute to the decreased nwuber of relevant ducts 

seen on the radiograph. 

The radio:;ra.1.•hs not only differ from the dissected specimens, 

but also individual films show marked variation. ;/hile the 

accessory duct in one case stood out clearly, in another case it was 

very small. ::>imilarly, the racdfications would show in one Sz'ecimen, 

while in others they wouh. not be visible at ali. rhese differences 

most likely del'end on the resistance of the ducts, and the volume 

and pressure with which thu micropaque was injected. Patency of 

the minor papilla and possible leai,;:age of the radio_t;aque media, 

ei ther from around the cannula inserted iu the corubined pa .• creatic 

duct or into the l'ancreatic tissue which was oceasionally trau .. Jatised 

in removal from the oody, are the maia factors controlling the amount 

of micropaque distending the duct system. 

rhe volume of micropaque required to fill the .l:'ancreatic duct 

syste,_ was usually 2cc., whereas 0.5cc. would distend the ventral 

pancreatic ducts in the 11 erabryonic" form. Obviously, 1.1ann and 

Giordano ('23) experimentally producing pancreatitis by injecting 

lOcc. of sterile bile into the pancreatic duct system, disrupted the 

ducts, thus allowing pancreatic enzymes and bile to penetrate into 

pancreatic tissue resulting in acute ~ancreatic necrosis. 

Nil lis ( '48) suggested that the freq_uency of the tumours, as 
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seen in t.i:le hi,;her ratio of carcinom.a occurring in the head of 

the pancreas than in the body or the tail, would be found to be 

nearly proportional to the relative amounts of paucreatic tissue 

in the different parts of the ~land (fig. i ) • .Another ex 1,lauation 

for the possible origiu of the neoplasm is found in the presence 

of cystic structures. Although ... nderson ( '48) states tnat Llore 

cysts of the pancreas occur in the body and tail than the head, 

the results of this series as well as those of Jirnstingl ('59) 

show clearly that more retention cysts are found in the head of 

the pancreas than in other parts. This latter author also 

observeu, histologically, "adenonatoid hyperplasia 11 of the duct 

epithelium in the cysts at the araprlla of the accessory duct. 

Furthermore, in the present study, since six of the eight cases 

L1 which multiple small cysts were demonstrated at the termination 

of the accessory duct in the duodenum, were of male origin the 

possibility arises that there is a relation betw('en the presence 

of pancreatic cysts, carcinoma of tile head of the pancreas and 

the sex of ti1e patient. 

l'axten and l'ayne ( 148), .r.:torse und Aschs ( '49), Edlund ( 150), 

Fallis ( 1 51) and Bell ('58) found that the frequency of pancreatitis 

in the female is higher than in the male, the ratio varying from 

three to one or three to two. dearching for a l,ossible eX11lanation, 

Hjorth ( 1 47) examined the pancreatic duct system in one hundred 

s~ecimens and found the aecessory duct of dantorini ovenin~ into 

the duodenum in 44 ! 7% of the male and in only 14 ! 4~ of the 

female cases. l'hus, an occlu.sion of the main pancreatic duct at 



the leve 1 of the major ,!)a pilla would in the maj ori ty of the female 

cases, completely ülocK the outflow of pancreatic secretory products, 

favouring inflamraatory processes, while in the uale the accessory 

;luc t would act as a shunt and permit drainage of the gland by way 

of the minor papilla. It is clear froo this work, however, that 

tàis o.,servation could not be confirmed, as t .. irty niue (58;~) of 

the female and thirty eight (49 1~) of the male cases showed a safety 

valve mechanis1a in the form of au open minor papilla a.ntl patent 

accessory duc t. Thus, whatever the reason for occlusion may be 

there is no indication in our material that stagnation in the duct 

system leading to inflahunatory 11rocesses will occur more frequently 

in female thau iu the male. 

fhe numoer of cases of pancreatitis gradually increaseû over 

the first four decades and reached a maximum in the fifth to the 

seventh ctecades. ~heu Hell ('58) studied the incidence of 

pancreati tis, he found that in 78}o of his cases the disease occurred 

after the a~e of forty years. Tho the higher incidence of 

pancreatitis in the older age groups might be explained by an 

increasing number of cases with a closed minor papilla, resulting 

in the loss of the "safety valve" shunt mechanism su ,gested by 

Hjorth ('47), the results oc this work (table III) demoustrate 

that in adults no change in the patency of the minor l.iapilla occurs 

with increasing years in eitber sex. cixamination of the tweuty 

foetal cases sz1owed that the mino.c papilla was patent in all except 

one. In the infants, likewise, the ruinor papilla was found to be 

patent in the majority of cases (851~) but O•Jliteration is com:u1encing; 

and by the age of forty years, the ratio of obJiterated minor pa~illa 



41. 

to patent ones is constant. This indicates that the increase in 

incidence of pancreatitis after the age of forty is not associated 

with an increase in the nui:iber of ooliterated minor papilla. 

Another possible cause of paacreatitis is the reflux of 

biliary products into the pancreatic duct syste~. Baldwin ( 1 11), 

Cameron and Noble ( '24), Nuboer ( 1 31), blehnan ( 1 38), Naatanen ( 1 42), 

Millbourn ( '44), Hjorth ( 1 47 ), ;:>ingh ('56) Judy and 'l'hompson ('58) 

examined, therefore, the relation betwee~ the common bile duct and 

the duct of \iirsung. It wus found that the number of specimens witll 

a separate outlet for each duct varied from 38; to 8~. 

agreement with the resulta of this work {see Table V). 

'rhis is in 

'l'he mL" ber 

of cases in wuich the ducts entered the duodenum as a common channel, 

varied from 81;~ to 6lj~, while in our ma teri al this was found to be 

the case in 73; of the 95 specimens. As this classification does 

not give any information concerning tile length of the cowJon channel, 

it does not precisely indicate whether or not reflux of biliary 

products into the paucreatic duct system will occur. 

The other wor.t>:ers who thought reflux possible in only 3 - 57~ 

of their speciuens have used a far strioter criteria. Sterling 

('54) states that the reflux is possi~le only in those cases in 

which the commoa channel commences in the proxinal third of the 

ampulla of Vater; Job ('26) suggests that the common channel has 

to be larger than 5mm. to make reflux possible. Howard and Jones 

( 1 47) found that reflux of bile is dependent on the length of the 

common channel and B.einhoff and .dckrell ( 1 45) suggested that the 

reflux cail only take place when the length of the common channel i:s 

more than 2mm. n. calculus with a diameter of 4 mm. O.Jstructing the 
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major papilla 1...ay well prevent reflux if the lengt.1. of the corumon 

channel is only one to two mm. Tnis materia1 was, thereiore, 

classified in those with: (a) separate o.penings, {b) a cor:1mon 

channel of 2mm. or less, ( c) a comruon channel of 3mm. or more. 

Considerin,; those specimens in which reflux of biliary products 

is assumed to ue possible (Table V), it a~peared that 52~ of the 

male and 46.6,:, of the female cases showed such un anatomical 

arrangement. 'fhis shows that when strict criteria applied to the 

present study there is no siguificant d.ifference hetween the male 

and female cases. Even including these cases in which the length 

of the corumon channel was less tl.ïan 2 mm., indicating that it is 

douiJtful whether reflux would occur when these specimens are in 

situ, no sex difference was revealed. Thus, there is no indication 

that reflux of bl~~ary products will occur more frequently in the 

female than in the male. 

'fhough a corumo" channel will facilitate reflux of biliary 

products into the pancreas, i t will similarly allow pancreatic 

products to flow into the bile duct and gall bladder, when the 

pressure of the pancreatic ducts is higher than in the bile duct. 

Indeed, 1Yestphal ( 1 23), Wolfer ('31), Bisgard and ilaker ('40) and 

Hjorth ('47) have demonstrated that paucreutic ~roducts may flow 

into the gall bladder and stimulate the formation of cholelithiasis. 

There was no significant difference found between the sexes, neither 

with regard to the length of the common channel between the bile 

and pancreatic ducts {Table V), nor to closure of the minor 

papilla, which may result in a hiJher pressure in the ~ancreatic 

duct system. Therefore, our material shows that this reflux of 
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pancreatic proùuets should ùot occur more frequently in the feuale 

than in the male. 

Another ~ossible way oi explainin. the higher frequency of 

pancreatitis in the female would be the existence of a special 

relation between the ~atency of the accessory uuct and the length 

of the common channel. If, in the male specimens, a coiiü;;.on channel 

of more than 2.!lllli. (reflux i)Ossible) is aL:com1Janied by a safety valve 

uechanism (open accessory duct and patent minor ~apilla), while in 

the feruale this safety mechanism wo~ld not exist, the female specimens 

might weil siow a aigher incidence of inflammatory processes. It 

appeared, however, from this series (Table VI) that in twenty six 

(56.5,;) of the male and twenty one (52.5i~) of the female specimens 

in which reflux was possi~le, respectively twelve (26~) and twelve 

(30~) cases were accompanied by a safety mechanism. ~tatistical 

analysis showed that this difference is not significant. 

Surmaarizing, it can be stated that no significant di.i"ference 

betweea the male and female duct patterns was found, neither in 

re.~ard to an open accessory duct, nor to the relation of common bile 

duet and combined pancreatic duct, nor to the relation of an open 

accessory duct and a commou channel in the ampulla of Vater. 
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BIGUB.E I. 

DIAûH.At<l OF Tû~ HUlu.A.1~ t'ANCH.C.:A::i Bt:FUH • .ë: lWT.'I.'l'lON ( 6 mm. ::i'l'AGJ:;.) 

'rHl:; IJOW::iAL 1'.ANC.i;îC;AS IS s.o;;~N A.i.Œ:HNu FRùM TH.ë: DUODENUM, AND 

THE VEN'rH.AL ulJTGliOI'i'ffi .r'1W:M l'HE COMMUN B !lili DUCT. 



BE FORE ROTATION 



FIGU.I:LE 2. 

Tllli bu~CRt:Â.TIC DUC'f .:>YB'r~M IN DIAG.tl.AMATIC FUlW. Tllli 

DO.d.SAL Al'JD VBNT.I:lAL .PA.NCH.clA'riC DUCTS Ail .. cl D.81W.i'l.:>'l1Rà'fl1!D 

WITH THEIH. À>!AIN l:Ul.d...i.~Clllici. 



INFERIOR BRANCH OF DORSAL 
PANCREATIC DUCT 

SUPERIOR AND INFERIOR BRANCH 
OF THE VENTRAL PANCREATIC DUCT 



FIGURE 3. 

H.ADIOùH .. 'li'H OF THi V.îi:NTl~L J:rll:~C"~·".._TIC DUCl' SYSrEM. Tllli 

MAIN ST.i1,;!1 IS SV.:NN ..C.:N'l'i:iH.HlG 1'HS DUODi:NUM A'l' THr.: .MAJOR 

PAPILLA, Tllli SU.PE~UOR Ht!.AJ.\JCH U.li' 'l'Hi:! V.BNTH..'lL DUC'f COUR.::!ING 

U:i:'\YAH.DS AND 'l'dE INFERl UH. .B.ti.l: .. d CH RUi'>llHrHi IXhiN ;lARDS. (RALF 

NO.dr.I.ti.L ::;IZE). 





FIGURE 4. 

H.ADIOGf1Al'H OF VENTli.AL A.i.'<'D DO.Rti.AL DUCT SYSf.l!.IMS IN TH!:: ADUL'l' 

HUluA.N ' S .fANC 1ili.AS • TH.t; SUJ.'El.UO.l:i. WW'J'CH OF TH~ VEl-J'TliAL DUCT 

IS SHmt'J DY' l'ASSING 'llŒ.l DOR::>AL lANCIU:.:A.'riC DUCT, '!'.dE INE'E.i:LIOR 

BH.ANCH 01<' ·rru:: DOH.SAL DUC'1' DH.AINING Tllli Al'>l''!'ElaOH. ASPEC'f OF 

Tl!E LOW.;i;H. PAB.T OF 'fll.l5 HEAD AND TJ:E INFERIOH. BRANCH 01<' 'L'HE 

VENTRAL DUC'l' SYSTEM IS VISLUL.t: DH.ALHNG 'illE .I::'OSl'E..I.UOH. ASl'.DCT 

OF 'l'HE ~AD. (HALl'' NOltîliAL ::>IZE). 





FIGUHJ5 5. 

H.ADIOGRA1JH OF THE .ù0K3aL 1-'A.NGR...:..A.TIC DUC'l' SYS'fEM IN Ttlli ADULT 

TH.i!! DOH..:::iA.L ùUCT IS DEl·,ON3f.<i.Al'.C:D D.H.ADHNG 'fHE TAIL, 

HODY AND Hi.:.:aD OF l'Hl!. GL..lliD, AND I~ JO INI;.;D BY I .CS IN.Ft;;J.UO.!.i. 

BlWiiCH B.C.:FOlt.8 Ti;;RMINAl'ING IN ~mr.; DUODl!.:NUM AT 1'H~ lvliNOR I'AJ: ILLA.. 

(HALF NOfl.i,iAL SIZE). 





FIGURE 6. 

PANCR.EATIC DUCT &YSTEM IN WHICH DORSAL AND VJ!.ltHRAL 

}'ll.l>{CID:ATIC DUCTS HAVE FUSED TO FORM THB COMBIN.ED 

}'ANCR..;,ATIC DUCT (WIRSUNG) AND TIU ACCESSORY PANCR..c:ATIC 

DUCT (SANTORIN!) ENTERING Tilt: DUODENUM AT '!HE MINOR 

PAPILLA. 

• 



ACCESSORY PANCREATIC DUCT 

COMBINED PANCREATIC DUCT 



FIGUH...IS 7. 

LINE DIAGRA.l! 01<, THE PANCREATIC DUCT SYSTEM. T.ID.: "ANSA 

PANCRJMTICA" IS SHOWN FO.RM.ED .BY THE PRO.AIMAL PART OF l'HE 

ACCESSORY DUCT, THE IN~~RIOR BRANCH OF TH~ DOaSAL DUCT 

AND THE INFERIOR BH.ANCH OF 'fHE VENTrlAL DUCT. 



COMBINED PANCREATIC DUCT 



PIGJDYI 8 

TBE DUCT SYSTEM OF tHE PANCREAS SBOWN BADIOLOGICALLY ü'TEB 

INJECTION OF TWO CUBIC CENTIMBT~S OF MICBOPAQUB. THIS FILM 

SHOWS THE ANSA PANCREATICA ARISING PROU !RE INFERIOR ASPECT 

OF THE COMBIDD PANCBEA.TIC DUCT IN TBE IŒAD AND TEBM INATING 

At A :t'ATEHT MINOil PAPILLA.. (BALP HOIUIAL SlZB). 





FIGtlB.IS 9. 

PANCfulA'fiC DUCT SYSTEM SHOWING OBLI'rt.:RA.TION OF Tfu: ACCESSORY 

DUCT AT ITS ENTRANGE INTO THE DUODENUM. 



ACCESSORY DUCT PARTLY · 
OBLITERATED 



FIGUIU!} 10. 

REPRESENTATION OF Tllil DUCTS Of<' THE l'ANCREAS. THE 

ACCESSORY DUCT IS SHOWN OBLITERATED AT ITS BNTBANCE 

INTO WIRSUNG'S DUCT. 



ACCESSORY DUCT PARTLY 
OBLITERATED 



FIGUl:IE 11. 

RADIOGRA.PH OF 'fHE PANCR.l!:ATIC DUCT SYST~M FIL.LED Wl'fH A hliCROPAI.ll!E 

SOLUTION. THIS SPECIMEN SHOWS AN OBLITl!lRATED ML~OR PAPILLA 

SURI:lOUNDED BY S.MALL DILATED CYSTS. THE INFERIOR DUC·r OF THl!l 

VENTRAL PAl'JCR.I!lAS IS ALSO SE.EN DRA.INING THE UNCINATE 1-'ROCESS AND 

CURVING BACK TOWARDS Tllli DUODENUM. (HALF NORMAL SIZfl). 





FIGURE 12. 

RADIOG~H OF THE PANCR&ATIC DUCT SYSTEM AFTKR IT IS DISTENDED 

WITH HADIOPAQUE MATERIAL (MICROPAQUE). THIS SHOWS THB ACCESSORY 

DUCT AND COM.BINgD PAJ:JC!hlATIC DUCT ASSOCIA'rKD WI TH SM.ALL UNILOCULAR 

AND MULTILOCULAR CYS'fS IN TH~ HEAD 01<' Tllli PANC&gAS. (HALF NORMAL 

SIZE). 





FIGURE 13. 

RA.DIOüRAl'H OF A PANCRI.!:ATIC DUCT SYSTEM AFTER INJ.15CTION OF 

MICROPAQUE. THE INFERIOR DUCT OF THE VENTRAL PANCREAS IS SHOWN 

TOGI:;THER WITH A COMBINED DUCT WHICH H.àS Al'l ISTHhUS PRESENT IN 

THE NECK. A PAUCITY OF SMALL DUCTS IS NOT~D THROUGHOUT THE 

GLAND. ( HALF NORMAL SI ZE). 
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FIGURE 14. 

RADIOGRAPH OF THE PANCRNATIC DUCT SYSTEM IN MAN. THIS FILM 

SHOWS A DILATATION OF THE COMBIN~D DUCT AND INFERIOR DUCT OF 

THE VENTRAL P ANCllJ!.:AS IN THE HEAD. THE ACCESSORY DUCT WAS 

SLIGHTLY LARGER THAN NORMAL AND THE MINOR PAPILLA FREELY 

PATENT. (RALF NORMAL SIZE). 





FIGURE 15. 

Scheme to show the relationship of the common bile duct to 

the pancreatic duct. 

Type I. {a) Embryonic type; (b) pancreatic and common bile 

ducts enter the duodenum separately. 

Type II. The pancreatic and common bile duct have a common 

channel of 1-3 mm. in length. 

Type III. Common channel of 4-11 mm. in length. 
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