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1.

INTRUDUCTIUN

PREFACE

The main purpose of this investigation was to determine whether
a difference between the pancrcatic duct system in male and female
may explain the higher incidence of pancreatitis in the female and,
on the contrary, the higher frequency of pancreatic tumours in the
male, raxten and Payne ('48); Morse and achs ('49) and &dluad ('50)
have statistically shown that pancereatitis is seen two to three times
more often in the female than in the male, while carcinoma of the
pancreas is twice as common in males as in females, (willis, '48;
Anderson, '51). Furthermore, 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 four adults, was therefore examined by
eosin injection, radiological and dissection techniques., Special
attention was given to the presence oi the zccessory pancreatic duct
(Santorini), patency oi the minor papilla, and the relutiou of the
comumon bile duct to the duct of JWirsun:. The data collected were
correlated with age and sex of the subjects from whom the sjecimens
were obtained.

HISTURY

The original descriptioa of the pancreatic duct has been
accredited to wirsung, who outlined the duct system of the human
pancreas in 1642, Though he was honoureu for this discovery by
having his name connected to it (ductus Wirsungianus), he had to
pay for it with his life. Shortly after publication of his findings,

Wirsun: was assassinated, apparently as a result of a quarrel with



Hoffman as to priority in discovery of tie duct. It is reported
that Hoffman (1641), working on the rooster, was the first to find
the main pancreatic duct. However, after having mentioned this
to Wirsung, the latter imcediately dissected a human pancreas and
published the findingzs as his own.

Following the description of the pancreatic duct by irsung,
Legner de traaf (1671) observed that the pancreas had two or even
three large collecting ducts. He concluded however, that a
pancreas with more than one duct was abnormal, Fur ther work by
Bidloo (1685), showed that the ductus pancreaticus \irsungianus and
the ductus choledochus entered into the duodenum through a large
common papilla.

A century later, Giovanni Yomeaico wantorini (1775), irofessor
of Anatomy and Medicine at Ve..ice, described the pancreatic duct
system in detail. He reported the presence of an additional
pancreatic duct, draining the head of the pancreas and connecting
the ductus pancreaticus .Jirsungianus with the minor papilla. This
second duct is now known as the Duct of Santorini, or the accessory
pancreatic duct.

To verify Santorini's findings, Claude Bernard (1856) injected
metallic mercury through the main pancreatic duct, and, indeed, was
able to demonstrate the regular occurrence of the accessory duct.
further impetus 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 pancreas,
3ince Langerhans did not kanow the function of these cells, he

considered them to be nerve endings,



The possible existence of a sphincter around the duodenal en-
trance of the bile duct was first suggested by Glisson as early as
1654, This structure, however, was not clearly demonstrated until
0ddi (1887), identified it in uistological 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 muscular fibres 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, forminz 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,
which Lane ('07) showed to consist of two types of cells, A & B,
were known to be important for carbohydrate metabolism, their pre-
cise function was not kunown,

EMBRYOLOGY,

Phisalix (1888) and Zimmerman (1889) were the first to examine
the formation of the pancreas in rabbits, guinea pigs, pigs, cats,
dogs and birds., By studying lqu horizontal histological sections
of embryos and fully formed organs, and reconstructing models, fifty
to one hundred times the original size, using wax plates, tuey found
that the adult pancreas in these animals is formed by the fusion of
two ventral pancreatic primordia and a dorsal primordium. It was,
therefore, suggested that the nuuian pancreas was probabiy formed in

a similar manner,



Later embryologists, examining the pancreas from human foetuses
varying in size from 3 to 45 mm. C-i 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 cells on the dorsal aspect of the intestinal tract,
slightly cephalic to the hepatic diverticulum, 4 little later
(3.5 - 4mm stage), the ventral pancreatic tissue grows out of the
caudal aspect of the coumon bile duct (see Fig, 1).

According to Hamburger (1892), and Thyng ('07), who described
eighteen models 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 cells with no suggestion of independent lateral parts.

Helly ('01), examining an llmm. human erbryo, found double ventral
outgrowths but the left anlage was small, rudimentary and showed
degenerative changes. However, iFeiix (1892), Jankelowitz (1895),
Ingalls ('07) and siwe (1927), studyin; specimens prior to the 8mm,
sta.e, have all shown that there arc¢ two ventral anlagen with
separate 1um';;1. Histologically, the two parts are at first widely
separated but, as the sectious progress caudally, the separation is
parrower and, in still more distal sections, there is fusion with a
common lumen for the two ventral out,.;rowths enterinyg the bile duct.

Odgers (1930) described a bilobed ventral pancreas in the 5um.
staze, but in larger embryos (7.1 wm.and 11.4 mm., C~-R lensth) he
found the ventral outgrowth to be a single solid anlaze containing
two ducts, whicn ruse to enter the hepatic diverticulum as a single

structure. He concludes that the two ventral anlagen fuse at the



Tmm, stage. This explanation would account fer the varying
descriptions by the previous investigators.

During the 4 - 7Tmm, C~R length period, the dorsal anlage grows
rapidly upwards into the dorsal mesentery, whilst the ventral
pancreas remains small, At the 7Tmm. stage, the ventral anlage of
the pancreas, and the common bile duct, start to rotate around the
duodenum in a clockwise direction, probably because of differential
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 body, tail and anterior
surface of the head, whilst the ventral outgrewth accounts for the
uncinate process, preduodenal tubercle and the dorsal aspect of the
head in the adult orzan. anastomosis of the duct systems usually
occurs as well as the interlocking of the glandular tissue. Delmas
('40) demonstrated that the main pancreatic duct or Wirsung's duct
formed, at the 17 mm. stage, by the fusion of the distal and middle
portion of the dorsal pancreatic duct with the duct of the ventral
pancreas. The adult configuratio.. of the pancreatic ducts was
shown as early as the 22 mm. stage of development.

AJATUMY

MACROSCUXIC

In the adult, the pancreas is located retroperitoneally at the
level of the second and third lumbar verteurae, and runs 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.



That part in which fusion of ventral and dorsal pancreas is found,
and which is located within the loop of the duodenum, is referred
to as the head (caput pancreatis). A particular part of the head,
whicii forms a small projection from the left posterio-inferior
aspect, is known as the uncinate process. The body of the gland
forming the bulk of the organ is connected 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).

The vascular supply to the pancreas is generally consiant
(Woodburne and Ulsen, '51). i'wo arterigl arcades are formed by
branches of superior and inferior pancreaticohuodenal vessels, which
respectively originate from the gastro-duodenal and superior
mesenteriec arteries. The splenic artery provides arteria pancreatica
magna and caudal pancreatic arteries to the left part of the body
and tail of the pancreas. It is apparent oun dissection, according
to Kleitscn ('55), that the portion of the gland formed by the dorsal
pancreatic outgrowthh receives its blood supply from the coeliac axis,
by way oi the splenic and hepatogastroduodenal systems. I'he veutral
component, on the otuer hand, receives its blood supply from the
superior mesenteric artery, by way of the inferior pancreatico-~
duodenal artery. oignificaut collaterals develop between the two
systems. The pancreas derives its inunervatioin frowm the autonomic

nervous system, by way oi the coeliac plexus and the vagus nerves,

DUCTS

The pancreatic ducts, responsible for transport of the exocrine

secretion products oi the acinar cells toward: the duodenum, begin



in the form of minute channels - intercalary ducts - which join to
form the intra-lobular ducts. These ducts in turn join, to form

the so-called int{a-lobular duc ts which drain into the main pancreatic
channel, This main pancreatic duet, or duct of wWirsung, begins in
the tail 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 major papilla, or into the commen
bile duct to form the ampulla of Vater. Frequently, 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 duct of Santorini, 1This auditional drainage runs upwards, in
front of the main pancreatic duct, to which it is connected by a
communicating 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 Santorini. Helly
(1898), Upie ('30), Baldwin ('11), iteinhoff & Pickrell ('45) and
Kleitsch ('55), using dissection and latex injection methods, showed
the accessory duct to be present in all the specimens they examined.
Other authors, however, as Millbourn ('50), Jordier and arsac ('52)
and Birnstingl ('59) applying radiogra, hic methods, were able to
demonstrate an accessory duct in only 51% to 75% of their cases.

Not oniy in regard to the existence of the accessory duct of
Santorini, but also in regard to the patency of the minor papilla,
exisis some c:anfusien. Lockhart, Hamilton and Fyfe ('59); Gardner,
Gray and O'Rahilly ('60); Woodburne ('57) and Hafferl ('53) report

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



Braus ('34), on the contrary, states that usually it drains into
the main pancreavic duct, and only rarely into the duodenum,
None of these autnors, however, makes any reference to a sex
difference. when Hjorth ('47), in addition to examining the
existence of tne duct and patency of minor papilla, examined the
sex of the specimens, he discovered ﬁhat in the male the accessory
duct of bSanterini openeu into the duedenum in twenty two of the
fifty examined specimens, but in the female only in seven of the
fifty cases. Millbourn, however, repeating Hjorth's experiments,
was unable to confirm these findings, tiaus adding to the general
controversy.
PATHULOGY

Since the present study was undertaken to examine whether a
difference between the pancreatic duct system in male and female
could explain the higher frequency of pancreatitis in the female,
and the higher incidence of pancreatic cysts and tumours in the male,
the general patunology and aetiology of these uiseases is discussed
in the following paragraphs.

a, Acute Haemorrhagic Fancreatitis 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 mechanisii ol the necrosis is the
destructive lytic effect of pancreatic euzymes, either activated in
situ, or released into the interstitial tissue of the pancreas by
rupture of cells or ducts, The exact wmanner in which these enzymes
escape and produce the disease is, however, still subject of much

discussion. 5ix theories are suggested in regard to the pathogenesis
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of pancreatitis:

I. Bacterial or virai infections. according to Joske ('55), it

is generally accepted that virus diseases, such as mumps, hepatitis,
infectious mononucleosis and infections with Coxsackie virus, as
well as pathogenic bacteria giving rise to typnoid fever and scarlet
fever, may cause pancreatitis. No sex difference was reported in
the cases of pancreatic necrosis associated with acute infections,
As an alternative, Dragstedt, Haymond and Bllis ('34) stated that
bacteria present in the normal pancreas in 75 - 100, of all cases,
if not the primary cause of pancreatitis, might produce the severe
toxaemia observed in pancreatic necrosis,

II, Specific pancreatic poimons. Recent studies by ifarber aand

Popper ('50) and De Almeida and Grossman ('52) demonstrate that
specific pancreatic poisons such as ethionine may produce pancreatitis.
Administration of ethionine, an inhibitor of methionine, produces a
protein deficiency leading to pancreatic cell damage. This would

also explain the occurrence of pancreatitis in metabolic diseases

and dietary deficiencies. Myers and Keeffer ('34) and Doubilet and
Mulholland ('48) suspected that alcohol may also act as a pancreatic
poison. Dreiling, Hichmond 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 chromnic pancreatitis.

I11, Vascular lesions, Saint ('54) and irobstein, Joshi and

Blumenthol ('57), suggest that vascular lesions may be considered as
an important cause in pancreatitis. Porphyria, malignant hypertension,
myocardial infarction, dissecting aortic aneurysm and athervmatous

embolization, may all interfere witn the blood supply, giving rise
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to pancreatic infarcts, subsequently leading to disruption of the
duct system,

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

manson ('31) advanced the theory of raised intraductular pressure,
and sihiowed that ligation of the pancreatic duct following a fatty
meal produced a high incidence of pancreatitis in experimental
animals, The work of Luim, Portsuwouth and Maddock ('48) indeed
supports this explanation, as these workers were able to produce
pancreatitis, by ligating the pancreatic duct and stimulating
pancreatic secretion by injection of secretin, acetylcholine,
pilocarpine and stimulation of the vagus. 'he 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. Pfeffer, Stephenson and Hinton ('53) added

to this theory, by demonstrating that secretin given after a
subcutaneous injection of morphine (causing sphincter spasm),
resulted in a high serum amylase level (200 units) in six out of
twelve patients examined. Morphine, or secretin alone, however,
had no effect on the serum amylase level, Yreviously, voubilet
('47) bad demonstrated that morphine not only caused a spasm of

the sphincter of 0Oddi, but also of the musculature of the duodenal
wall. This spasm was shown to prevent a reflux of radiopaque
iodized 0il from the common bile duct into the main pancreatic duct,
therefore the serum amylase elevation could not be due to a flow of
biliary products into the pancreas. surgery of the stomach as
reported by killbourn ('49) or an alcoholic spree botih giving rise

to oedema, hyperaemia and sphincteric spasm would in humans have a



11,

similar effect as experimental duct ligation. At present this
concept is considered the most plausible.

V. Common channel theory. In 1901 Opie described eight cases

of acute pancreatitis accompanied by cholelithiasis. Based on
these observations and a detailed study of pancreatic anatomy, he
postulated ('03) that a common chanuel between the common bile
duct and wirsung's duct, as shown in 89% of his specinmens, would
permit a free flow of bile into the pancreatic duct system. This
would subsequently lead to activation of the pancrcatic enzyme,
resulting in destruction of pancreatic tissue. Though this theory
is still the most popular and has survived severe criticism over
the last sixty years, a number of valid objections may be raised
against it. Hjorth ('47), sillvourn ('44) and Liedberg ('4l)
have shown that reflux of contrast wmedium into tne pancreatic duct
occurs in operative cholangiography in 40% to 475 of patients
without any ill effect on the péncreas, indicating that reflux of
bile into the pancreatic duct system may be a physiological process.
Furthermore, Draystedt, iaymond and £1lis ('34) have demonstrated
pancreatitis in a number of cases in wiich the main duct entered
the duodenum through the minor papilla, while warren and Catell
('58) have show.. pancrcatitis in aberrant pancreatic tissue,
Another discrepancy in this tieory is the anatomical relation
between the jpancreatic and common bile duct, while numerous studies
have been carried out on this aspect, the results are not consistent
and some¢ even coatradict each other, Opie ('03j, Baldwin ('11),
Camerou and woble ('24), ~uboer ('31), djorth ('47) and .iillbourn

('50) state that rerflux would be possible in the majority of cuses



12,

(76% to 865%), while others such as Job ('26), Judd ('31) and
Stirling ('54) found a common channel of sufficient length to
permit reflux in only 3% to 5% of their specimens. Howard and
Jones ('47), who bleocked the major papilla with a gall stone,
reported that reflux of biliary products into the pancreatic duct
system occurred oniy in 54% of their cases, and was dependent on
the length of the common channel, It was suggested by Rienhoff
and iickrell ('45), that reflux could only occur in those cases
in which the 1ength of the common chaniel was greater than Zmm,
#lthough the length of the common channel is known to vary from
Imm, to 14mm., comparative data on a series of female and wmale
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 has been advanced by Hjorth ('47). This author found a
significant difference between males and females in regzard 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 cuases 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 accessory duct would act as a snunt between
the main pancreatic duct and the duodenum, thus permitting drainage -
of the gland by way of the minor papilla,

(b) 'fumours of the kancreas.

willis ('48) and Clifton ('56) report that the frequency of
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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,

Since the majority of pancreatic tumours originate from
cylindrical duct cells, and a relatively greater number of such
cells are present in the head than the body of the pancreas, Willis
(’48) suggests that this may be the reason for the higher incidence
of neoplasms in the head of the yland. Another possible reason for
location of the carcinoma is the high incidence of duct metaplasia
and cysts formed in the head of the gland.

(e¢) Cysts. a variety of pathological cystic structures
differing in size, from minute cysts detectable only on histological
gsection to large swellings up to 40 centimeters in diameter, may be
found in the pancreas,

Pancreatic cysts may be classified in the following order:

(I) ksSuUDOCYSTS

The aetiology of this type of cyst, usually found in solitary
state and being large, is considered to be of post-inflaumatory origin,
frauma to the pancreas, however, may also cause this type of cyst,

(II) SETuNTION CYSIS

This lesion develops as a dilation of the ducis behind an
obstruction. While anderson ('51) reports that these cysts are
most frequently found in the body and tail, Birnstingl ('59)
demonstrated radioygraphically that these pancreatic cysts and sacculated
dilations of the secoudary and tertiary ducts are more common in the
head of the gland.,

In fibrocystic disease of the pancreas in infants, cysts are
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formed in a similar manaer to retention cysts. the ducts are
obstructed throughout the pancreas by its abiormal secretion.
According to Hobwins ('57), tuis conditiou may occur with egual
frequency in male or female.

(I1I)CYS inuiivoMAS

fhese lesions are multilobular solitary cysts and are
considered to originate as cystic neoplasmws irowm tue pancreatic
ducts, The incidence of this type of cyst, however, is low,

(IV) CONGBNIiaL 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,. #illis ('48) reports
that squamous metaplasia is rare in pancreatic carcinoma. dirnstingl
('59),examining thé sex of the specimens witi pancreatic cysts and
findin: a i cher incidence of pancreatic carcinoma in males than
females, does not mention whether these cysts were associated with
a particular duct pattern.

Purpose of the Present Investi.ation

The present investigation was undertaken to clarify the
confusion existing on the pancreatic duct system in regard to its
development, precise morpholeozical description and possible relation
to pancreatic diseases such as pancreatitis and neoplasm, which show
such a remarkable sex preference for the female and male respectively,

To achieve this goal the following points were carefully investigated:
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1. The precise anatomy of the pancreatic duct system, to determine
winether a difference exists in the presence and patency of the
accessory duct and minor papilla between male and female,

2, The precise relationshijp between the common bile duct and the
main pancreatic duct, and the correlation of the length of the common
channel witn the sex of the specimen and tiie patency of the accessory
duct,

3. A precise comparison between the pancreatic duct system found

by means of dissection and by way of radiological examination.

MaTuRIALS ND s THODS

The pancreatic duct system of one hundred and forty four adult
human specimens, twenty infants and twenty foetuses was carefully
examined. The adult specimens, consisting of panereas, duodenum
and common bile duct, were obtained from autcpsy cases varying in
age from twenty nine to ninety five years. The pancreases of twenty
infants, ranging in age from birth to four and a half years, were
likewise obtained from autopsy cases, tYhile the adult sgecimens
were examined without fixation, the infant specimens were fixed in
50 formalin, while the twenty foetal cases, varying in C-i length
from 130 to 300 mm., were fixed in 85% alcohol. iWhenever a gland
showed gross macroscopic changes caused by pathological processes,
the specimen was discarded. Sex and ase of the specimens were unknown
until the end of the investigation.

The followinz methods were used for examination of the pancreatic
system:

Injection lMethod.

In one hundred adult specimens and twenty infants, the main
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pancreatic duct was first located in the body of the gland, and
dissected towards the tail end of the pancreas. subsequently, a
needle varying 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
papilla under the dissecting microscoje, and was considered to be
an indication of the patency of the ducts. when the minor papilla
did not show the outflow of eosin, the minor papilla and terminal
portion of the accessory duci were excised after the gland was
dissected, fixed in Bouin's soiution, cut into lQ}x sections,
stained with hpematoxylin-eosin, and finally examined microscopically
to verify our previous findings.

dadiological Method.

The technigue for injecting the pancreatic duct system with
micropaque was originally described by Birnstingl ('59). By
passing a blunt probe down the common bile duct, the major papilla
was located and srasped 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. Wwirsung's
duct could then be isolated with little difficulty and a cannula
inserted and tied in position,. #ith a 10c¢ce. syringe, a microcrystalline
suspension of barium suljhate (micropaque) was subsequently injected
into the pancreatic duct. The duct in the body of the gland could
be seen distending as the fluid coursed towards the tail. Usually
two, or two and a half, cec., of solution were required to fill the

entire duct system. In some specimens, however, only 0.5 cc. of
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micropague could be introduced into the duct system, while no
distension of the duct in the body of the gland was noticed.
wWhen this occurred, it was assumed that anastomosis between the
duct of the aorsal and ventral pancreatic buds had failed to
occur. Wiien this was found to be the case on the radiograjyph,
micropaque was injected through the aduect in the tail of the
pancreas and a second exposure made,

I'he best results were obtained by using an ordinary medical
type 508 XTRA-fast film, and exposure of 46 K.V. (at three quarters
of a second), 100 silli-amps and a small focus.

Dissection.

After application of the eosin injection method, the main
pancreatic duct was located in the body of the gland and dissected
in the direction of the major papilla. Special attention was thereby
given to the relation between tae paucreatic duct and the common
bile duct. Subsequently, the large branches and the accessory
duct oi sSantorini were carefully followed in order to confirm the
observations obtained by the injection method. rrecise drawings
were made of each case. the adult cases were dissected under the
magnifyins glass (2x) while the duct systeir. of the infants and
foetuses was dissected under the binocular microscope (6x), the
dissections were finally completed by opening the ducts, and
measuring the diameter of the accessory duct al various places along
its course, and the length of the common channel between the coummon

bile duct and Jirsung's duct.



18,

TuRIN0LOGY

As the nomenclature of the pancreatic ducts is based on fiudings
in the adults and does not refer to its development, the presently
used terminology was found to be insufficient in a number of cases,
Therefore, the following terminology was used:-

(I) DURSAL ¥ANCKEATIC DUCT, indicating the duct of the dorsal

pancreatic bud in the embryo, entering the duodenum at the minor
papilla.

(II) VENTRAL i4.CRsadIC DUCT, inuicating the duct of the ventral

pancreatic bud in the embryo, entering the duodenum at the major
papilla,

These terms were also applied for those adult specimens in
which the ducts had failed to fuse and which had retained their
embryonic pattern.

(III)COMBINLD FANCRSATIC DUCT (main pancreatic 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. This duct enters the
duodenum at the major papilla,

(IV) ACCESSORY PANCKualIC DUCT (accessory duct of santorini),

indicating the proximal part oi the dorsal panereatic duct, which
forms a shunt between the combined pancreatic duet and the duodenum.
It enters the intestinal tract at the minor papilla.

(V) 8Usrinlyl aiD INFIRIOR BiaiCH of the dorsal and ventral

pancreatic ducts, indicating the branches of dorsal and ventral

pancreatic ducts coursing in sugerior or inferior directions,
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RESULTS
Since the pancreatic duct éystem in the adult specimens
showed consideranle variation it was classified in the following
four groups:-
GROUF I

EMBRYONIC TYrE (13 cases).

This grouj is characterised by the failure of the ventral
and dorsal pancreatic ducts to fuse (fig. 2).

i/hen eosin was injected inte the tail end of the duct, it
became visible in the duodenum at the minor papilla, but not at the
major papilla. wubseguent injection of micropaque at the major
papilla, revealed that the duct entering the duodenum at this
papilla - under normal conditions forming part of the duct of
Wirsung - had failed to fuse with the duct coursing from the tail
towgrds the minor papilla,

As this duct pattern is similar to that found in the early
embryo, it has been caulled "embryonic type". Figure 3 shows a
datiograph of the ventral _ancreatic duct witih its two branches, a
ranus superior coursing upwards in the direction of the tuber
omeutale and teriiinating in a network of small brauches, and a
ramus inferior running dowanwards and in its terminal part curving
in the direction of the second part oi the duodenum, This jattern
was found consistently in the seven cascs of the group examined
radiologically. Figure 4 represents the duct system after
additional injection of micrispaque in the tail enu of tue slaad,

It siiows clearly that¢ ct.e superior branch of the ventral pancreatic

duet by-passes the dorsal pancreatic duct and suggests that under
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normal conditions fusion netween the two duct systewus is established
by the superior branch oifi the ventral pancreatic duct, In regard

to the drainaze of the lower part of tue head, it can been seen in
Figure 4 that this part is drained by two inferior branches. ‘fhe
anterior surface is drained by tihe inferior wvrancin of the dorsal
pancreatic duct, while the inferior branch of the ventral duct
supplies the posterior surface. while the inferior branch of the
ventral pancreatic duct can be clearly seen in figure 3, the inferior
branch of the dorsal system is represented in Figuare 5.

The results ootainea by injection and radiological techniques
were substantliated by dissection of the specimens. 411 thirteen
specimens sinowed clearly the presence of the superior and inferior
branch of the ventral pancrcas and a constant inferior branch oi the
dorsal pancreatic duct. The stem of the ventral duct had an average
length of 2.7 cm, before dividing, and the inferior branch of the
dorsai duct was found on the average to arise 2,0 cm. from the minor
papilla.

GROUY II,

PATENT ACCESS0LY DUCT (57 cases).

In this group, the accessory duct and the combined pancreatic
duct are both present and patent (fig.6). fhe two ducts a,parently
have joined to form a functioning anastomosis,

iosin injected into the tail end of the duct entered the duodenum
at the major as well as the minor papilla, Similarly, when in twenty
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 (:./irsung) and
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the patency of the accessory pancreatic duct. Careful dissection
of the speciinens confirmed this observation for all cases. when
duriny dissection the distance between the two papillae was measured,
it was found to vary from 3.5 to 0.7 cm, The average distance
between the two papillae was 2,2 cm.

In addition to the above described pattern it was noticed that
in two cases an extra duct was present forming a loop in the lower
part of the head of the pancreas, conunecting the dorsal and ventral
pancreatic ducts. This additional conuectinz loop was formed by
fusion of the inferior branches of the ventral and dorsal pancreatic
ducts, »8 this loop has not been described previously, it was
called the "ansa paucreatica" (Fig.7).

GROUY III,

ACCESSUAY ¥raWCRsATIC DUCT REFLACSD BY "ANSA tANCRSATICA"™ (24 cases)

The main characteristie of this particular group is obliteration
of the accessory pancreatic duct at its place of conunectioi with the
combined pancreatic duct, and its replacement by the ansa paancreatica.
As can be seen from iIigure 7, this loop is formed by the most proximal
part of the accessory duct, the inferior branch of the original dorsal
pancreatic duct, and the inferior braich of the ventral pancreatic
duct. This particular duct patteri was most readily seen by
dissection, but it was also visible on the radiogragch (Fig.S).

Ihough the ansa paucreatica morphologically seemed to replace
the direct communication between the couwbined pancreatic duct and
the duodenum, functionally it was not able to do so. iihen eosin
was injected into the tail end of the duct, it appeared at the iainor

papilla in seven of the twenty four cases. In the remaining cases,
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the minor papilla was clearly visible, but the entrance of the duct
was obliterated, tius preventing outflow of pancreatic products into
the duodenun,

GRoUP IV,

ACCuSSORY PANCiuaLIC DUCT yARTLY U Cuidig f8uY UBLITEmATSD (50 caees)

when 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 wmicropaque was injected through the major
papilla it did not enter the duodenum at the miner papilla. Indeed,
carcful dissection of the duct system confirmed that some degree of
obliteration of the accessory duct was present in all cases. In
forty five of the fiftv cases this obliteration was found to be
restricted to the entrance of the duct into the duodenum (fiyg.9).
when the diameter of the remaininz part of the accessory duct was
measured at various placesalong its course an average diameter of
1.4 mm was found at the entrance in the combined pancrcatic duct,
while in the direction of the duedenum it became narrow, finally
obliterating in the intestinal wall, Only in one case was a complete
ovliteration of the accessorv pauncreatic duct observed. In the
remaining four cases, the accessory duct had lost its contact with
the combined pancreatic duct (fig.l0),

Comparisou of dissection and radiolozical methods

The dissection wmethod showed the presence of the accessory duct,
either complete or partially in one hundred and thirty specimens,
while thirteen of the remainin: cases were found to be oi the embryonic
type. Hence, the accessory duct or part of it was present in all

except one specimen, ihe radiographic me thou, however, revealed
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the presence of the accessory duct of Santorini 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 radiograji, showed that these glands belonged
in Group III and Group IV. Farthermore, the dissection method
showed the inferior branch of the dorsal pancreatic duct to be
present in eighty six percent of the cases e¢examined, while the
inferior branch of the ventral pancreatic duct was found in all
specimens dissected, By radiographic 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 technigue to be superior to the radiosraphic techanique
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 whici the accessory duct
was found obliterated (Table I} the injection of microgaque, showed
the presence of multiple cysts at the duodenal termination of the
accessory duct (Fig.11). iwhen the sex of these eight cases was
determined, six of thew were found to be of male origin (see lavnle
Ia). Likewise eighteen cases showed cystic formations which
appeared along the path of the small ducts and at the acinar
termination (#ig. 12). The terminal duct dilations were usually
solit§ry and had a smooth, regular configuration, whereas disrupted
acinaE;with extravasations of umicropaque, due to excessive pressure
on injection or tissue lysis, had variegated, irregular outlines,

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

in the accessory duct at the minor papilla.
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Difficulty was encountered i. dissection of the tertiary

pancreatic ducts and no definite iuea could be obtained of the

minute ductular detail. ~adiogra hs, however, demonstrated that
tertiary ducts differ in apjearance from gland to gland. Some of

the radiographs showed a jaucity of collecting duets (fig.13), while
in other specimens tie ducts were well defined down to their
smallest ramifications.

usighteen (36%) of the specimens examined radiologically
cemonstrated a narrowing of the cowmbined pancreatic duct in the
necik of the gland., Tthis isthmus was located in the region of the
junction of the accessory aud combined pancreatic duct (fig.13).

The dissecting method revealed this constriction only in fourteen
of the cases. No evidence of patholozical lesions was found in
this area,

Une gland showed on .l-ray, and later at dissection, consideraple
dilatation of the co.:bined pancreatvic duct and tiie inferior bra.ich
of the ventral pancreatic duct in tue head. The combined duct in
the body was not grossly distended and the accessory duct appeared
siigiutly larger than normal. Ia this specimen, the minor pajpilla
was freely pateat (fig.l4).

Fancreuatic duct pattern and sex.

After the pancreatic duct system in all speciiuens was dissected
and classified, the sex of the cases was determined. 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 appeared that only in uroup II (patent
accessory ductj the number of fe .ale speci.iens was higher than that

of the male cases. ‘fhe probability value for this sroup was between
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«0o and .02, thus making the difference in patency of the accessory
duct between male and female statistically significant. rhis,
however, does not automatically imply that the safety valve mechanism
in the form of a patent accessory duct and open minor papilla, is
more frequently present in the female than in the male, An open
minor papilla was also found in a number of cases of udrouy III (ansa
pancreatica), in which this ductular loop may function as a safety
valve when the accessory duct is partly obliterated. In additiou,
it is thought justifiable also to include the specimens ol <iroup I
(wwbryonic type), as in these cases occlusioan of the major papilla
will not affect the drainage of the tail and body of the gland. It
was thus 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, however, with a probability value
between .90 and .80 is not statistically significant.

PATENCY O0F ACCEs50uY DUCT I WebATIuq 10U AGEH AL Sud,

)

To examine whether the accessory duct in the female closes
earlier in life than in the male, thus possibly providin: an
anatomical basis for the higher frequency of pancreatitis in the
female, the age of the paticents from which the snrecimens were
obtained was recorded. iable II1 suows the agze of the cases
correlated with sex and patency of the accessory duct, It shows
that oepen accessory uucts cai be found at any age, and the results
do not indicate that the accessory duct in the female obliterates
earlier than in the mnale,

Table IV re resents the patency of the accessory auct in

twenty foetuses and twenty iufants, varying in age frowm birth teo
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four and a half years. It shows that obliteratioan of the accessory
duct and minor papilla rarely occurs during foetal life. After birth,
however, the number of cases with an obliterated accessory duct appears
to gradually increase. One of the infants showing an obliterated

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

four years old.
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AU LATIUN OF COlMui BILs VUCT Ty FANCREATIC oUCT.

To study the reiation between the common bile duct and tae
duct of wirsung, the examined specimeus were classified into three
tyyes (Fig.15).

I) The comuwon bile duct and pancreatic duct eacit have a separate
outlet into the duodenum,

I1) The two ducts have a common channel of 2 mm or less,

111)The length of the common channel is 3 mm, or more.

Table V shows the sex of the specimens and the relation between
the common bile duct and .irsung's duct. It indicates that no
gsignificant difference exists between male and fe.ale specimens in
recard to possible reiflux of biliary products into the pancreatic
ducts.

In the study of the reiationship of the ducts in tie region of
the ampulla of Vater, only ninety five of the one hundred and forty
fuur cases were considered, for in forty ..ine of the fifty specimens
injected with microjaque, the needle was inserted througu a
suvhincterotomy, disruj ting tiie normal arran.ement oif the main pancreatic
duct and cowmmon bile duct. when the chance of reflux and the patency
of the accessory duct were cousidered, a further nine cases were
excluded, as these belonged to the "embryonie" type, in which the
duct arrangement is such that reflux of biliary products into the
body and tail of the glawd is impossible, f'ur thermore, no accessory
duct is present in tnis type.

ifable VI shows the sex of the specimens, the possibility of
reflux and the patency of the accessory duct. itetlux of bijliary

products was considered to be possible when the lenygth oi the comuon



TaBLE I.
1

PATHACY OF ACCESSURY DUCT IN _ADULTS

NUMBEA OF Casis PATENT 0BLITSRATED
50 28 22
565 44%

TAdLE T A.

METHOD OF UBLITURATION OF WINGa PaPILLA

SEX GiaDUal aTHOLSY CYSTIC.
Male 8 6

Female 7 2




TaBLs II

CLauSSIFICATION
GA0UP I TOTAL HALS FuMALE
EMBRYUAIC TYEL 13, 8. 5.
9,0% 10.4% 7.46%

P. Value ,95 - .90

GROUY II

PATENT ACCESSORY DUCT

57, 25, 32.
39,6% 32,45 47,75%
¥, Value .05 -~ .02

GRCUP ITI

ANSA FANCHuATICA

5 patent 2 patent

6.49% 2.9
24, 16. 8.
16,66 20,8 11.9%
11 not patent 6 not patent
14.7% 9.0%

. Value .95 -~ .90

GROUL IV

OBLITERATED
ACCESSURY DUCT

50 28 22
34,75% 36.45% 32.8%
P, Value .98 - .95

TOTAL NUMBoii UF PaTENT MaLsS..... ..38.
49.29%

TOTAL NUMBoid UOF PATuNT FullAlibs..e...39
58.11%

P, Value - .90 ~ .80



TABLi III

AGE, SEX AND PATENCY OF THit ACCESSURY DUCT

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

MALE

OPEN - 1 4 5 12 13 3 - 38
MALE

CLOSED - 2 4 6 8 18 - 1 39
FEHALE

OFEN - - 2 12 8 12 5 - 39
FuliALs

CLOSED 1 - 1 3 8 9 6 - 28

1 3 11 26 36 52 14 1 144




TABLE IV
FOETUSES AND INIFANTS

PATuNCY OF Tl ACCESSORY uUCT

NUMBER OF Casus tATENT 0BLITERATED
FOETUSuS 20 19 1

95 5%
INPANTS 20 17 3

85% 15




TABLiE V,

RisLariON OF CUOMMON BILE DUCT TO THE

PANCHLATIC DUCT

SEFARATE OraNINGS CUMMON CHANJ&L COMs10N CHANNEL
1 -2 mm 3 - 11 mm
MALR FiEwALD MALsS FlivALs MAL FisMA LD
11 11 13 13 26 21

22/ 24.4, 267 28.8% 5245  46.6%




TABLE VI.

COMMON CHANNBL AND PaTuNCY OF ACCEssuiY DUCT

PATENCY NU RsFLUX POSSIBLE LuFLUX POSSIBLE
MALES FiMALES MALES FulaLis
20 19 26 21
43,5% 47.,5% 56.55 52.5%

4CCE350RY DUCT.

PATUNT 6 11 12 12
13% 27.55 26%  30%
CLOSED 14 8 14 9

30% 20% 30%  22,5%
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channel was more than 2 mu, It shows that of the tweanty six
(56.5,) male and twenty one (47 percent) female cases in which
reilux was possible, twelve (265) male and twelvg (300) female
specimens are accompanied by an open accessory duct able to act
as a safety valve, wiile fourteen males (30%) and nine females
(22.5%) have a ciosed accessory duct present,

Hence, no statistically signilicant difference exists between
male and female cases which have a patent accessory duct and reflux

possibility.

DISCUSSION

Tuih INOLOGY .,

Though ikillbourn ('50) aduits that the existing teruinology
offers some diificulty in describing tne various duct patterns, he
suggests retaining tne conventional terms - duct of VWirsung and duct
of sSantorini - as a change in nomenclature would lead to confusion.
Consequently, when descrioing a specimen of the embryonic type, he
applies the term "small system of wirsuns" and " large system of
santorini" for the ventral and dorsal duct system respectively.
Hollingshead ('56) refers to iirsung's duct as the "chief pancreatic
duct” and, when describing a case of the embryonic type, uses tie
term "large accessory duct" for the duct of the dorsal pancreas.
Letulle anu Jattan-Larrier (1898), reporting a similar case, state
that the main pancreatic duct of wirsung terminates at the minor
papilla, whereas the accessory duct of Santorini enters tne duodenum

at tae major papilla. Inerefore, the terminolosy used by the
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avove mentioned authors in describing the embryonic auct arrange..ent
is confusing and incorrect, and siould be replaced by "dorsal and
ventral pancreatic ducts”, as used for the ducts in the embryo
(Thyng, '07 and Naatanen, '42), Similarly, as the term "main
pancreatic duct" has been anplied as a synonym for the duct of
wirsung; as well as to indicace the dorsal pancreatic duct in the
embryo, it is suggested that this term be replaced by "combined
paucreatic duct”. This ﬁerm clearly indicates that it is formed
by a comoination of the dorsal and ventral pancreatic duct and will
irevent confusion wito the dorsal pancreatic duct.

+itu rezard to the secondary ducts, vordier and arsac ('52)
refer to the branch drainin: the uncinate process and the head of
the pauncreas beiow the duct of .Jirsung as "the inferior duct of
the head of the pancreas'. Figures 2 und 4 however, show clearly
the presence of two such branches: a) the inferior branch of the
dorsal pancreatic duct drainin. the anterior aspect oi the hcad;
b) the inierior branci of the ventral paacreatic duct draining
the posiverior suriace oi tne heau an. the uncinate process,

while the inferior brancia o: the dorsal pancreatic duct was
found in eighty six percent of the cases examined by dissection, the
inferior brancih oi the ventral pancreatic cuct was found consistently.
Wiaenever tne two inferior branches fused, thus estabiishing a unew
contauct between tue dorsai and ventral duct system, the ter. "ansa
pancreatica" was applied,

Opie ('03; first descrined the inierior branch of the dorsal
pancreatic bud, and this branch is shown in most anatomical text

books. Rienho:f and Fickrell ('45), however, werc unable to show
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¢

the presence of tnis duct in their series and critiéised the foruwer
authors for showing the inferior branch of the dorsal pancreatiec
duct in their illustrations. From thiis study it is evident that

a large secondary duct, the inferior branch of the dorsal duct
(figs. ) is present in the majority of adult human speciuziens
and is readily Jdemonstrated by dissection and radiography.

CLad33IFICATIUN

48 the main purpose of this investigation was to study whether
or not the duct enterins the duodenum at the minor papilla can act
as a safety valve in case of occlusion of the major papilla, special
attention was given to the minor papilla aad the accessory duct.
The classification of the various types was made with this in mind,.
It cau be seen in figures 2 and 3, representing Groups I and II,
that obstruction of the duct system at the major papilla would cause
stagnation mainly in the lower part of the head. The open minor
papilla, however, would secure the continuous flow of secretory
products from the tail, body, superior and antero-inferior lower
part of the head, into the duodenunm. group III - ansa puancreatica -
can be considered an intermediate group, Of the twenty four cases
in this group, eight (thirty three percent) showed an open minor
papilla, while in the remaining cases the secondary outlet was closed,
In all cases of Group IV the accessory duct was partly or completely
obliterated, thus preventing the outflow of jancreatic products into
the duodenum in case of occlusion of the major papilla,

Frevious clasgifications of the pancreatic duct pattern have

mainly been made on a morphologicual basis, without giving attention
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to the functional asnects. The first systematic arrangement of

the pancreatic ducts was reported by kKeyl ('25) who divided the
systewm into five groups, commencing with the embryonic form and
progressing to the case in whicih the accessory duct is absent.

Cases witih a partial or totally obliterated accessory duct were,
depending oun the degree of ovbliteration, divided into two separate
groups, Though 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
papilla becomes oostructied. Lhe same applies to the classification
proposed by Naatanen ('42) and wmillbourn ('50). None of the above
mentioned authors describe the ansa pancreatica uroup I1I, which in
our series was introduced as the interuediate form between a closed
and open Santorini duct. Though it has been impossible for us to
trace these cases in their illustrations, most probably this
particular duct arrangement was found, but divided over the various
groups. ‘he only indication of the existence of the ansa pancreatica
was found in the work of Cordier and Arsac ('52). These authors,
in makins a classification based on pancreatography, have given
particular attention to fusion of secondary ducts. Ihey mention a
common channel between secondary ducts, comjarable with the "ansa
pancreatica", and consider this pattern in a special group. A8 our
classification is based on the anatomical pattern of the duets as
well as on a functional aspect (the possibility of the minor papilla
acting as a safety valve}, 1t has been impossible to compare the

results of this work with classifications provided by other autuors.
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ANATOMY OF i FANCRsATIC DUCTS.

Thirteen of the specimens examined showed a duct pattern in
which apparently the dorsal and ventral pancreatic buds had failed
to fuse. In rigure 1 it can be seen that the ventral pauecreatic
duct consists of a main stem, entering the duodenum at the major
papilla, and two branches, called the inferior auu superior branch
of the ventral pancreatic duct. a8 this pattern was founc in all
thirteen cases, it most likely reflects the duct sysiem in the
ventral pancreas of the embryo.

Indeed, Jankelowitz (1895), describiny the ventral pancreatic
bud in the embryo, states that iiL consists of two lobes of which
the left is located siightly lower than the ri:ht. ihese two lobes
were shown to fuse during the 7 to 10 m. stase (velmas, '40).

Udgers ('30}, examining an 11,4 mm embryo in which the two ventral
lobes hau fused, showed tue presence of two ducts, of whica one
coursed to the right in a siightly upwards direction, wnile the

other coursed to the left in a downwards direction. It is, therefore,
assumed that, after rotation of the ventral paucreas into its final
position, the cranially coursinyg duct of the right lobe is represented
by superior branch of the ventral duct, while thc caudally coursing
duct is cumparable to the inferior branch. ihile in the emoryonic
tyve the superior branch of the ventral pancreatic duct by-passes

the dorsal pancreatic duct, it sugests strongly that unuer normal
c.iditions this branch fuses with the dorsal duct and participates

in the formation of the combined wancreatic duct or duct of wirsung.
Indeed, in none of the specimens ian wiich the combined pancreatiec

duct was formed, could any trace be fouud of the superior branch of
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the ventral duct as a separate duct.

d iheoretically, it seems possible that under certaia counditions
the right lobe oi the ventral bud rotates normally, while the left
lobe does not move, the annular pancreas seems to be the result
of such a failure, Baldwin ('10), willbourn ('50) and Anderson
and Wapshaw ('51) describing the annular pancreas, report that the
duct of virsung is normal, indicatin: that the superior branch of
the ventral duct system has fused with the dorsal system. The
duct draining the lobe located in front and on the right side of the
duodenum, starts at the tip of this lobe, courses around the posterior
aspect of the duodenum and enters into the duct of JWirsung or opens
directly into the common bile duct shertly before it enters into
the duodenum, from the results of this work it a.pears that this
duct represents the inferior branch of the left lobe of the ventral
bud, which has failed to rotate dorsally. lhus, 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 branch representing the
left lobe of the ventra! oud, drains the posterior surface of the
lower part of the head,

The inferior branch of the dorsal pancreatic duct found in 92%
of our adult specimens seeiis to be formed by the joining of a number

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

pancreas., ifhis channel drains upwards and teru.inates in the
accessory duct, or - in the embryonic type - the duct of the dorsal
pancreas. Originating from the dorsal pancreas, the position of

this duct indicates that in at least 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 aand third part of the
duodenum, is formed from the dorsal outgrowth. I'his corresponds
with the findings of Delwas ('40) and Bossy ('59), who 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. Un the contrary, Baldwin
('10) and Hussa and Vaida ('59) have shown th,t the dorsal pancreas
did not completely cover the anterior aspect of the ventral pancreas,
since tineir findings were vased on observations of subjects suowing
multiple congenital defects, includin_; non-fusion of the pancreas,
it is thoucht possible that in these cases the develojpment of the
dorsal pancreas was not completely normal,

It was surgested by bhleitsch ('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 system and a sebarate arterial
supply. In audition, he reported Lhat both parts in the adult could
be easily separated. = indeed Charpy (1393) and upie ('03) have
previously shown that this plane of cleavage exists in fixed or
macerated specimeas, #hile in our specimens representling ihe
embryonic type (Uroup 1), the dorsal and ventral anlage could be
separated easily, thus confirming the observations of Bossy ('59)
and daldwin ('10), in none of the sjpecimens of the other groups
could tuis plane of cleavase be found. Not only was fusion of
the parenchymal tissue intimate, but the inferior branch of the
ventral pancreatic duct was anle to pass from the posterior side

towards the anterior surface, while the inferior branch of the
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dorsal duct penetrated towards the posterior surface. The
interlacing of the secondary ducts and parenchywma, 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,

Consideriny the ease with which two ducts in an embryo may
fuse, i1t is not surprising tq find a fusion between the inferior
braiches forming a new coniecting loop, the ansa pancreatica.

It is, however, suryrising that the ansa pancreatica was found
mainly in those cases in which the accessory pancreatic duct had
partly obliterated, and lost its connectioun with the combined
pvancreatic duct. Only two cases were seen in which the ansa
pancreatica and an opgen accessory duct were present simultaneously.
This observation suggests that the ansa pancreatica has been
formed in an attempt to compeunsate for loss of the direct shunt
(duct of sSantorini) between the combined duct and the duodenum,
Though, morpholopgically this seems to be possible, functionally
the ansa pancreatica has not been able to replace the accessory
duct. Analysis of the minor papilla showed that in fourteen of
the twenty one cases of this group, the papilla was non-patent
and the flow of secretion products was in the directiou of the
combined duct. It may, nowever, be that, at an eariier age, the
ansa pancreatica, while opening at the minor papilla, has been
functioning as a replacement of the accessory duct,

AS the ansa pancreatica forms a connection between the veutral
and dorsal ducts, theoretically it should be able to replace the

normal counncection between the two systems, in case the superior
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branch of the ventral duct bypasses the dorsal duct, thus failing
to form the normal combined pancreatic duct, as seen in the
"embryonic" type. Indeed, four specimens were found in waich
the ansa pancreatica formed the main connection between the two
duct systems, In these cases the ansa showed a loop, with its
convexity towards tae duodenum. +‘his ducvular "ring" has been
previously reported by Baldwin ('1l), ieinhoff and rickrell ('45)
and Millbourn ('50), but no explanatiou for this abunormal duct
pattern has been oifered.

Comparison Between :esults obtained by Vissection and

Hadiography.

The appearance ot the combined pancreatic duct in a radiograph

usually corresponded witn the fiudings at dissection, except in

rejard to the “stenosing isthmus” - a narrowing oi the combined
pancreatic duct in the neck of the glanu. This parrow part in

the combined pancreatic duct was found in 96, oi the snecimens
examined radiologically, and in 285 of the dissected cases. This
difference seems rather high when compared with the results of
Ledger ('52) who found it only occasionally and the findings of
Birnstingl ('59) who showed that it was a normal finding in 3% of
his cases, Though no reasounable expla.aation can be offered for
this difference, the fact remains that a stenosis mar occur in the
combined pancreatic duct of a normal gland. the frequent visualising
of the stenosing isthmus radiologically, in this series, suggests
that jreat care should be given to this region wheu studying an
operative pancreatosram, as a tumour or cystic lesion in the neck

of the gland could possibly result in a similar narrowing of the



37,

combined jancreatic duct.

After investigation had shown that the pancreas was developed
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 examined by dissection. aAlthough this corresponds with the
results of Charpy (1898) who located the accessory duet in all
exce t one specimen, Baldwin ('l1l), deinhoff and rickrell ('45) and
Kleitsch ('55), who, likewise usinz dissection to examine their
specimens, found an accessory duct in all the cases in which they
scught it, Un the other hand, it can indeed readily be accepted
that the accessory duct was found in only 92, of the cases, when
examined radiologically. The duct of santorini may not be in
direct contact with the combined pancreatic duct or, as Birnstingl
('59) reported, may be obstructed by inspissated wucinous material
or calcified concretions, so that the flow of micropague into the
accessory system is prevented.

wWhen comparing; the inferior branches of the dorsal and ventral
pancreatic ducts, they were found to be present in 86, and 100%
respectively, of the specirens examined by dissection, and 80, and
90 of the cuses studied radiolozically. This difference, between
the techniques, may be ex,lained by several factors. In somne
specimens the inferior ducts although present, are extremely fine
and difficult to identify on a radiograph. In a number of cases
the duct systems agpeared to be superimposed, that is, the accessory
duct may be located over the combined pancreatic duct and the
inferior branch of the corsal .uct over the inferior brausch of the

ventral pancreatic duct. This single image effect is partly due
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to the close proximity of the ducts in the zland, and partly due

to rotation of the superior aspect of the pancreas forward during
positioning for radiography. The gland in situ may not show this
over lapping of ducts, but on the other hand, this congruent
apposition may occur with greater frequency in the body. All these
variations contribute to the decreased number of relevant ducts

seen on the radiograph.

The radiograjhs not only differ from the dissected sjpecimens,
out also individual films show marked variation. ihile the
accessory duct in one case stood out'clearly, in another case it was
very small, similarly, the ramifications would show in one s ecimen,
while in others they wouli not be visible at all. ihese differences
most likely dewend on the resistance of the ducts, and the volume
and pressure witih which the micropaque was injected. Patency of
the minor papilla and possible leawage of the radiopaque media,
either from around the cannula inserted in the combined pa:creatic
duct or into the jpancreatic tissue which was occasionally trausatised
in removal from the body, are the main factors controlling the amount
of micropaque distending the duct system,

The volume of micropaque required to fill the jancreatic duct
syste.. was usually 2c¢c., whereas 0.5cc. would distend the ventral
pancreatic ducts in the "embryonic" form, Ubviously, :iann and
Giordano ('23) experimentally producing pancreatitis by injecting
10ce. of sterile bile intc the pancreatic duct system, disrupted the
ducts, thus allowing pancreatic enzymes and bile to penetrate into
pancreatic tissue resulting in acute pancreatic necrosis,

¥illis ('48) suggested that the frequency of the tumours, as
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seen in tne higher ratio of carcinoma 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 pancreatic tissue
in the different parts of the zland (fig.{ ). Another explanation
for the possible origin of the neoplasm is found in the presence
of cystic structures, Although ..nderson ('48) states tunat ore
cysts of the pancreas occur in the body and tail than the head,
the results of this series as well as those of lirnstingl ('59)
show clearly that more retention cysts are found in the head of
the pancreas than in other parts. This latter author also
observed, histologically, "adenomatoid hyperplasia" of the duct
epitineliwn in the cysts at the ampulla of the accessory duct.
Farthermore, in the present study, since six of the eight cases

in 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 relaticn betwcoen the presence
of pancreatic cysts, carcinoma of tie head of the pancreas and

the sex of tie patient,

BislnTI0N OF aNalTUuY W0 PATIIOLUGY

Paxten and rayne ('43), iorse and aschs ('49), Bdlund ('50),
Fallis ('51) and Bell ('58) found that tue frequency of pancreatitis
in the female is higher than in the male, the ratio varying from
three to one or three to two. Searching for a possible explanation,
Hjorth ('47) examined the pancreatic duct system in one hundred
specimens and found the accessory duct of Santorini opening into
the duodenum in 44 & 7% of the male and in only 14 I 4, of the

female cases. Thus, an occlusion of the main pancreatic duct at
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the level of the major papilla would in the majority of the female
cases, completely ulocx the outfiow of pancreatic secretory products,
favouring inflammatory processes, while in the male the accessory
duct would act as a shunt and permit drainage of the gland by way
of the minor papilla, It ig clear from this work, however, that
tois ovservation could not be confirmed, as tiirty nine (587) of
the female and thirty eight (495) of the male cases showed a safety
valve mechanism in the form of an open minor papilla and patent
accessory duct. Thus, whatever the reason for occlusion may be
there is no indication in our material that stagnation in the duct
system leading tc inflammatory processes wiil occur more fregquently
in female than in the male,

The number of cases of pancreatitis gradually increased vver
the first four decades and reached a maximum in the fifth to the
seventh decades. When Bell ('58) studied the incidence of
pancreatitis, he found that in 78% of his cases the disease occurred
after the aze of forty years. Thougih the higher incidence of
pancreatitis in the older age groups might be explained by an
inereasinz 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 ot this work ([lable 111} demounstrate
that in adults no change in the patency of the minor papilla occurs
with inereasinyg years in either sex, wxamination of the twenty
foetal cases sihowed that the minoi papilla was patent in ail except
one, In the infants, likewise, the minor papilla was found to be
patent in the majority of cases (85@) but owlitergtion is comzencing;

and by the age of forty years, the ratio of obliterated minor pa,illa
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to patent ones is constant. This indicates that the increase in
incidence of pancreatitis afler the age of forty is not associated
with an increase in the nuitber of obliterated minor papilla.
Another possible cause of paincreatitis is the reflux of
biliary products into the pancreatic duct systeu. Baldwin ('11),
Cameron and Noble ('24), Nuboer ('31), Mehnan ('38), Naatanen ('42),
Nillbourn ('44), Hjorth ('47), »ingh ('56) Judy and Thompsen ('58)

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

the duct of wirsunz. It was found that the number of specimens with
a separate outlet for each duct varied from 38% to 8. This is in
agreement with the results of this work (see Table V). ‘The nuwber

of cases in waich the ducts entered the duodenum as a common channel,
varied from 915% to 617, while in our material this was found to be
the case in 734 of the 95 specimens., As this classification does
not give any information concerning tue length of the comumon channel,
1t does not precisely indicate whether or not reflux of biliary
products into the pancreatic duct system will occur.

The other worsers who thought reflux possible in only 3 - 5%
of their speciuens have used a far stricter criteria. Sterling
('54) states that the reflux is possiile only in those cases in
which the common channel commences in the proximal third of the
ampulla of Vater; Job ('26) suggests that the common channel has
to be larger than 5mm, to make reflux ;ossible, Howard and Jones
('47) found that reflux of bile is dependent on the length of the
common channel and Reinhoff and rickrell ('45) suggested that the
reflux caa only take place when the lengtih of the cowmmon channel is

more than 2mm, A calculus with a diameter of 4 mm. oostructing the
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major papilla i.ay well prevent reflux if the lengti of the common
channel 1is only one to two mum, Tais material was, thereiore,
classified in those with: (a) separate openings, (b) a common
channel of 2mm. or less, (¢) a common channel of 3mm. or more.
Considering those specimens in whieh reflux of biliary products

is assumed to ve possible (Table V), it appeared that 52% of the
male and 46.6,> of the female cases showed such an anatomical
arrangenent, This shows that when strict criteria applied to the
present study there is no significant difference between the male
and female cases, Bven including these cases in whicio the length
of the common channel was less tuan 2 mm.,, indicatings that it is
doubtful whether reflux would occur when these specimens are in
situ, no sex difference was revealed. Thus, there is no indication
that reflux of biisiary products will occur more frequently in the
female than in the male,

Though a commo.. channel will facilitate reflux of biliary
products into the pancreas, it 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, iwestphal ('23), wWolfer ('31), Bisgard and Baker ('40) and
Hjorth ('47) have demonstrated that pancreatic products 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 tihie common channel between the bile
and pancreatic ducts (Table V), nor to closure of the minor
papilla, whici may result in a higher gressure in the pancreatic

duct system, Therefore, our material shows that thais reflux of
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pancreatic products should unot occur more frequently in the feiiale
than in the male,

4nother jossible way of explainin:; the higher freguency of
pancreatitis in the female would be the existence of a special
relation between the patency of the accessory duct and the length
of the common channel. If, in the male specimens, a comuon chaninel
of more than 2mm. (reflux possible) is accompanied by a safety valve
mechanism (open accessory duct and patent minor papilla), while in
the female this safety mechanism would not exist, the female specimens
might well siow a aigher incidence of inflammatory processes. It
appeared, however, from this series (Table VI) that in twenty six
(56.5,5) of the male and twenty one (52.55) of the female specimens
in which reflux was possible, respectively twelve (265 ) and twelve
(30@) cases were accompanied by a safety mechanism. Statistical
analysis showed that this difference is not significant.

Summarizing, it can be stated that ne significant diiference
between the male and female duct patterns was found, neither in
re ;ard to an open accessory duct, nor to the relation of common bile
duect and combined pancreatie duct, nor to the relation of an open

accessory duct and a common channel in the ampgulla of Vater.
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EIGURE I.
DIAGRAL OF THE HUMAN PANCRuUAS BEFORE ROTATION (6 mm, STAGE. )
THt: DORSAL FANCRBAS IS SudN AiIsINu FRUM THi DUODENUM, AND

THE VENTRAL VUTGROWTH FROM TH& COMMON BILe DUCT.



cBD DORSAL PANCREAS

BEFORE ROTATION



FIGURE 2.
THis FANCRSATIC DUCT SYSTiM IN DIAGRAMATIC FOURM, THE
DUASAL AND VENTRAL PANCRsATIC DUCTS Ads DoMUNSTRATBD

WITH THEIR MAIN BRANCHIES,



INFERIOR BRANCH OF DORSAL
PANCREATIC DUCT

l | SUPERIOR AND INFERIOR BRANCH
OF THE VENTRAL PANCREATIC DUCT



FIGURE 3.
HADIO0uiAPH OF THi VeNTRAL rahNC.i.aTIC DUCY SYSIEM, THE
MAIN STiM IS SulN oNTuRING THZ DUUDuNUM AT THY HAJOR
PAPILLA, Tith SUPEITIOR BRANCH OF Tii VENTHAL DUCT COURSING
UPWALDS AND Td8 INFERIUR BRASCH RUNNING DGWNWARDS, (HALF

NORuaL SIZE).






FIGURE 4.
RADIOGHAFH OF VENT®AL AND DORsSAL pUCT SYsTuMS IN THE ADULT
HULAN'S PANCHEAS. THH SUYERIOK BZANCH OF THe VENTRAL DUCT
I3 SHUWN BY FASSING TdE DORSAL FANCREATIC DUCT, Idi INFEHIOR
BHANCH O THE DORSAL DUCT DRAINING THE ANTELRIOR AsSPECT OF
THE LUWUR PAQRT OF THE HBAD AnD T48 INFERIOR BHANCH OF THE
VENTRAL DUCT SYSTEM IS VISISLE DRAI&NING ThkE FOSTERIUR ASksCT

OF THE HSaD,  (HALF NORMAL sIZE).






FIGURE 5,
HADIOGRArH OF THE DORSAL PANCHGATIC LUCT SYSTeM IN THis ADULT
HURAN, THi DORSAL vUCT IS DELMONSTHATED DRAINING THE TAIL,
BODY AND HsaD OF fHi GLAND, AND Is JOINuD BY ITS INFURIOK
BRANCH BeFORe ToRMINATING IN THi DUODENUM AT THE MINOR PAFILLA,

(HALF NORMAL SIZE).






FIGURE 6.
PANCREATIC DUCT SYSTEM IN WHICH DORSAL AND VENTRAL
PANCREATIC DUCTS HAVE FUSED TO FORM THi COMBINED
PANCRLATIC DUCT (WIRSUNG) AND THZ ACCESSORY PANCRZATIC
DUCT (SANTORINI) ENTERING THH DUODENUM AT THE MINOR

PAPILLA.
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FIGURE 7.
LINE DIAGRAM OF THE PANCREATIC DUCT SYSTEM. THis "ANSA
PANCRBEATICA"™ IS SHOWN FORMED BY THE PRUAIMAL PART OF THE
ACCESSORY DUCT, THE INFERIOR BRANCH OF TH¢ DOASAL DUCT

AND THE INFERIOR BRANCH OF THE VENTHAL DUCT,
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ZIGURE ¢
THE DUCT SYSTEM OF THE PANCREAS SHOWN RADIOLOGICALLY AFTER

INJECTION OF TWO CUBIC CENTIMETRES OF MICROPAQUE. THIS FILM
SHOWS THE ANSA PANCREATICA ARISING FROM THE INFERIOR ASPECT
OF THE COMBINED PANCREATIC DUCT IN THE HEAD AND TEBM INATING

AT A YATENT NINOR PAPILLA, (HALP NORMAL SIZE).






FIGURE 9.
PANCRuATIC DUCT SYSTEM SHOWING OBLITHURATION OF THE ACCESSURY

DUCT AT ITS ENTRANCE INTO THi DUODENUM.
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OBLITERATED




FIGURE 10.
REPRiISSENTATION OF THi DUCTS OF THE PANCREAS. THE
ACCESSORY DUCT IS SHUWN OBLITERATED AT ITS ENTRANCE

INTO WIRSUNG'S DUCT.
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FIGURE 11.
RADIOGRAPH OF THE PANCRUATIC DUCT SYSTEM FILLED WITH A MICROFAQUE
SOLUTION. THIS SPECIMEN SHOWS AN OBLITHRATED MINOR PAPILLA
SURROUNDED BY SMALL DILATED CYSTS. THE INFERIOR DUCT OF THE
VENTRAL PANCREAS IS ALSO SEEN DRAINING THE UNCINATE YROCESS AND

CURVING BACK TOWARDS THE DUODENUM. (HALF NORMAL SIZE).






FIGURE 12,
RADIOGRAPH OF THE PANCREATIC DUCT SYSTEM AFTER IT IS DISTENDED
WITH RADIOPAQUE MATERIAL (MICROPAQUE). THIS SHOWS THE ACCESSORY
DUCT AND COMBINED PANCRZATIC DUCT ASSOCIATED WITH SMALL UNILOCULAR
AND MULTILOCULAR CYSTS IN THE HEAD OF THE PANCR#AS. (HALF NORMAL

SIZE).






FIGURE 13,
RADIOGRAFH OF A PANCRUATIC DUCT SYSTEM AFTER INJuCTION OF
MICROPAQUE. THE INFERIOR DUCT OF THE VENTRAL PANCREAS IS SHOWN
TOGETHER WITH A COMBINED DUCT WHICH HAS AN ISTHMUS PRESENT IN
THE NECK. A PAUCITY OF SMALL DUCTS IS NOTED THROUGHOUT THE

GLAND. (HALF NORMAL SIZE).






FIGURE 14.
RADIOGRAPH OF THE PANCREATIC DUCT SYSTEM IN MAN, THIS FILM
SHOWS A DILATATION OF THE COMBINED DUCT AND INFERIOR DUCT OF
THE VENTHAL PANCkuAS IN THE HEAD. THE ACCESSORY DUCT WAS
. SLIGHTLY LARGER THAN NORMAL AND THE MINOR PAPILLA FREELY

PATENT. (HALF 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 11, 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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