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Abstract

 

To clarify the anatomy of the pancreatic duct system and to investigate its embryology, we reviewed 256 pancreato-
grams with normal pancreatic head, 81 with pancreas divisum and 74 with pancreaticobiliary maljunction.
Accessory pancreatograms were divided into two patterns. The long-type accessory pancreatic duct forms a straight
line and joins the main pancreatic duct at the neck portion of the pancreas. The short-type accessory pancreatic
duct joins the main pancreatic duct near its first inferior branch. The short-type accessory pancreatic duct is less
likely to have a long inferior branch arising from the accessory pancreatic duct. The length of the accessory
pancreatic duct from the orifice to the first long inferior branch was similar in the short- and long-type accessory
pancreatic ducts. The first long inferior branch from the long-type accessory pancreatic duct passes though the
main pancreatic duct near the origin of the inferior branch from the main pancreatic duct. Immunohistochemically,
in the short-type accessory pancreatic duct, the main pancreatic duct between the junction with the short-type
accessory pancreatic duct and the neck portion was located in the ventral pancreas. The long-type accessory pancreatic
duct represents a continuation of the main duct of the dorsal pancreatic bud. The short-type accessory pancreatic
duct is probably formed by the proximal main duct of the dorsal pancreatic bud and its long inferior branch.
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Introduction

 

The human pancreas develops embryologically from the
dorsal and ventral pancreatic buds, with fusion occurring
at 78 weeks of gestation. The dorsal pancreatic bud gives
rise to the anterior part of the head of the pancreas, in
addition to the body and tail, while the ventral pancreatic
bud develops into the posterior part of the head of the
gland. Fusion of the pancreatic buds is accompanied by
anastomosis of the ducts. The main drainage duct of the
ventral pancreatic bud communicates with the main duct
of the dorsal pancreatic bud, with the point of union lying
between the isthmus and head of the pancreas; this
becomes the dominant and more constant pancreatic duct
(main pancreatic duct, MPD) (Adda et al. 1984; Skandalakis
et al. 1993; Kamisawa et al. 1999, 2001; Kamisawa, 2004).
Under normal conditions, the superior branch of the main
ventral pancreatic duct fuses with the main dorsal pancreatic
duct, while the inferior branch of the ventral pancreatic
duct drains the posterior surface of the lower part of the
head (Dawson & Langman, 1961; Kamisawa et al. 1999). The

proximal part of the main dorsal pancreatic duct partially
regresses to form the accessory pancreatic duct (APD, San-
torini’s duct), which opens into the minor duodenal papilla.

Pancreas divisum is a common congenital anomaly of the
pancreas; it results from an abnormal fusion between the
ventral and dorsal pancreatic ducts during fetal develop-
ment (Lehman & Sherman, 1995; Kamisawa, 2004; Klein &
Affronti, 2004). It is divided into complete and incomplete
pancreas divisum. Complete pancreas divisum is defined as
a completely separate pancreatic duct system in a grossly
undivided gland. Incomplete pancreas divisum is a pancreatic
anomaly with inadequate communication between the
ventral and dorsal pancreatic duct (Tulassay et al. 1986;
Sugawa et al. 1987). Based on the embryology and radio-
logical findings, Hirooka et al. (1994) proposed the con-
cept of branch fusion between the ventral and dorsal
pancreatic ducts; this concept had previously been con-
firmed pathologically (Suda et al. 1991a,b).

Pancreaticobiliary maljunction is a congenital anomaly
defined as the union of the pancreatic and biliary ducts
outside of the duodenal wall. A common channel longer
than 15 mm is usually present in pancreaticobiliary maljunc-
tion (Kimura et al. 1985; Kamisawa et al. 2005; Kamisawa
& Okamoto, 2006). Several studies have reported on the
pathogenesis of pancreaticobiliary maljunction during
embryogenesis (Tanaka, 1995; Oi, 1996; Matsumoto et al.
2001), but the conclusions remain controversial.

 

Correspondence

 

Dr Terumi Kamisawa, Department of Internal Medicine, Tokyo 
Metropolitan Komagome Hospital, Bunkyo-ku, Tokyo 113-8677, Japan. 
T: 

 

+

 

81 3 3823 2101; F: 

 

+

 

81 3 3824 1552; E: kamisawa@cick.jp

 

Accepted for publication 

 

8 November 2007



 

Pancreatic duct system, T. Kamisawa and A. Okamoto

© 2008 The Authors
Journal compilation © 2008 Anatomical Society of Great Britain and Ireland

 

126

 

Most embryological studies of the pancreatic duct system
have been assessed by the direct injection of material into
the pancreatic duct in resected or post-mortem specimens.
We have prospectively examined the anatomy of the
pancreatic duct of the head based on endoscopic retro-
grade pancreatography (ERP) and classified the accessory
pancreatograms (Kamisawa et al. 1998a,b). We also
examined the function of the APD using dye-injection ERP
(Kamisawa et al. 1997, 1998a,b). Finally, we divided the
accessory pancreatograms into two types (long and short
type) based on their course and shape and the distance of
the MPD from the orifice at the major duodenal papilla
to the junction with the APD (Kamisawa et al. 1999). To
clarify the anatomy of the pancreatic duct system of the
head and to investigate the embryology of the normal
pancreatic duct system and pancreaticobiliary malformation,
all pancreatographic studies performed in our department
up to the present time were reviewed.

 

Materials and methods

 

Materials

 

Between 1982 and 2005, we prospectively studied the
anatomy of the pancreatic duct system using ERP. To
achieve optimal visualization, several pancreatograms of
the head of the pancreas were taken with the patient in
the prone or slightly oblique position. When an adequate
pancreatogram was not achieved via the major duodenal
papilla, pancreatography via the minor duodenal papilla
was tried. Among 3210 ERPs that were performed for
evaluation of pancreatic diseases (

 

n

 

 

 

=

 

 2130) such as pancreatic
cancer, pancreatic cyst and chronic or acute pancreatitis,
and biliary diseases (

 

n

 

 

 

=

 

 1080) such as biliary cancer and
biliary stones, there were 40 cases of complete pancreas
divisum, 41 cases of incomplete pancreas divisum and 74
cases of pancreaticobiliary maljunction.

In total, 256 pancreatograms of normal pancreatic head
with satisfactory imaging of the entire APD were
reviewed, focusing on the long inferior branches arising
from the APD and the MPD. The accessory pancreatograms
are divided into two types [long type (171 cases) and short
type (85 cases)] based on the distance of the MPD from the
orifice to the junction with the APD. The long-type APD
forms a straight line and joins the MPD at the neck portion
of the pancreas (Fig. 1A). The short-type APD joins the
MPD near its first inferior branch (Fig. 1B) (Kamisawa et al.
1999).

Complete pancreas divisum was diagnosed when filling
of the entire dorsal pancreatic duct from the tail to the
anterior part of the head was observed on pancreatography
via the minor duodenal papilla, which was not connected
to the ventral pancreatic duct. Incomplete pancreas
divisum was diagnosed when the APD ran straight from
the upstream dorsal pancreatic duct and one of the following

was found: the presence of a long ventral pancreatic duct
that ran toward the dorsal pancreatic duct, suggesting the
involvement of the extreme end of the upper branch of
the ventral pancreatic duct (Type 1, Fig. 2A); or the
presence of a branch running toward the ventral pancreatic
duct in a circuitous (Type 2, Fig. 2B) or a direct path (Type
3, Fig. 2C), suggesting the involvement of a branch from
the dorsal pancreatic duct. The one characteristic common
to all types was that the dorsal and ventral pancreatic
ducts ran parallel to each other (Hirooka et al. 1994;
Kamisawa et al. 2007).

Patients with a long common channel (usually 

 

≥

 

 15 mm)
in which the sphincter muscle of Oddi lacked effect on the
pancreaticobiliary junction, even during sphincter con-
traction, were diagnosed as having pancreaticobiliary
maljunction (Kimura et al. 1985; Kamisawa et al. 2005;
Kamisawa & Okamoto, 2006). The accessory pancreatograms

Fig. 1 Retrograde pancreatography of normal cases (A) with the 
long-type accessory pancreatic duct which joined the main pancreatic 
duct in the neck portion and ran straight from the upper dorsal 
pancreatic duct (long arrow: the first long inferior branch from the 
accessory pancreatic duct; short arrow: inferior branch from the main 
pancreatic duct) and (B) with the short-type accessory pancreatic duct 
(long arrow) which joined the main pancreatic duct near the inferior 
branch (short arrow) and ran a descending course.
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of pancreaticobiliary maljunction cases were also classified
into long-type (22 cases, Fig. 3), short-type (25 cases), ansa-
type (ten cases) (Dawson & Langman 1961), incomplete
pancreas divisum (ten cases) and halfway (seven cases).

Pancreatograms of cases of pancreas divisum and
pancreaticobiliary maljunction were also reviewed.

 

Measurement of lengths and diameters on 
pancreatograms

 

The number of long inferior branches (

 

≥

 

 20 mm) arising
from the APD and passing through the MPD to the caudal
portion, and the presence of a long inferior branch
(

 

≥

 

 10 mm) arising from the MPD were determined.
In cases with a normal pancreatic duct system and

incomplete pancreas divisum, the entire length of the APD
(Fig. 4, a) was measured using a manual goniometer
(Digital Map-meter, Comcurve-9, Koizumi Sokki Mfg Co.
Ltd, Tokyo, Japan). In cases with long inferior branches
arising from the APD, the length of the APD from the
orifice at the minor duodenal papilla to the first long inferior
branch (Fig. 4, b) was measured. In Type 1 incomplete
pancreas divisum, the entire length of the MPD from the
orifice at the major duodenal papilla to the junction with
the APD (Fig. 4, c) was measured. In cases with a long
inferior branch from the MPD, the length of the MPD from
the orifice to the long inferior branch (Fig. 4, d) was measured.
In Type 2 and 3 incomplete pancreas divisum, the length of
the MPD from the orifice to the junction with the com-
municating branch (Fig. 4, e) was measured. In all cases,

Fig. 3 Retrograde cholangiopancreatogram of pancreaticobiliary 
maljunction with the long-type accessory pancreatic duct (long arrow) 
(short arrow: inferior branch from the main pancreatic duct).

Fig. 2 Retrograde pancreatogram of (A) incomplete pancreas divisum 
(Type 1) showing fusion of the extreme end (arrow) of the upper branch 
of the ventral pancreatic duct to the dorsal pancreatic duct, 
(B) incomplete pancreas divisum (Type 2) showing fusion of the lower 
branch (short arrow) of the dorsal pancreatic duct with the lower branch 
(long arrow) of the ventral pancreatic duct, and (C) incomplete pancreas 
divisum (Type 3) showing fusion of the lower branch (short arrow) of the 
dorsal pancreatic duct with the slender ventral pancreatic duct (long arrow).
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the maximum diameters of the APD (Fig. 4, x) and the MPD
(Fig. 4, y) were measured. The maximum diameters of the
MPD at the junction with the APD (Fig. 4, z) were measured
in Type 1 incomplete pancreas divisum, along with the
communicating branch in Types 2 and 3 (Fig. 4, z).

In complete pancreas divisum cases, the length of the
dorsal pancreatic duct from the orifice to the first long
inferior branch (Fig. 4, b), the length of the entire ventral
pancreatic duct (Fig. 4, c), the length of the ventral pan-
creatic duct from the orifice to the first long inferior
branch (Fig. 4, d), and the maximum diameters of the dorsal
pancreatic duct (Fig. 4, x) and the ventral pancreatic duct
(Fig. 4, y) were measured.

In cases of pancreaticobiliary maljunction with the
long-type or short-type APD, the length of the common
channel (Fig. 4, f), the MPD from the proximal portion of
the common channel to the first inferior branch (Fig. 4, g)
and the MPD from the first inferior branch to the junction
with the APD (Fig. 4, h) were measured.

Data were corrected for radiological magnification
(O’Dwyer et al. 1981). Data were analysed statistically
using the Mann–Whitney 

 

U

 

-test. Values of 

 

P < 

 

0.05 were
considered statistically significant. Results are expressed as
mean 

 

±

 

 SD.

 

Studies in autopsied pancreases

 

Eight pancreases that were not included in the 3210 ERP
cases were obtained from routine autopsies of cases without
pancreatic diseases. Barium sulphate (approximately 50%)
was injected into the MPD in the body of the pancreas, and
pancreatograms of the head were taken in several directions.
The pancreases were fixed in 10% neutral buffered formalin.
Each tissue section crossed the MPD, the APD and the
common bile duct in the same plane. Blocks of the head
and body of the pancreas (width, 0.5 cm) parallel to this
plane were examined. Serial sections were stained with
haematoxylin and eosin; they were immunostained with

Fig. 4 Schematic illustration of the pancreatic duct of normal cases with the long-type and short-type accessory pancreatic duct, complete pancreas 
divisum, incomplete pancreas divisum (Type 1–3), and pancreaticobiliary maljunction showing the portions whose length and diameter were measured. 
a, the entire length of the accessory pancreatic duct; b, length of the accessory pancreatic duct from orifice to the first long inferior branch; c, the 
entire length of the main (ventral) pancreatic duct from orifice to junction with the accessory pancreatic duct; d, length of the main (ventral) pancreatic 
duct from orifice to the long inferior branch; e, length of the main pancreatic duct from orifice to junction with the communicating branch in Type 2 
and 3; x, maximum diameter of the accessory (dorsal) pancreatic duct; y, maximum diameter of the main (ventral) pancreatic duct; z, maximum 
diameter of the main pancreatic duct at junction with the accessory pancreatic duct in Type 1, and maximum diameter of the communicating branch 
in Types 2 and 3; f, length of the common channel in pancreaticobiliary maljunction; g, length of the main pancreatic duct from the proximal portion 
of the common channel to the inferior branch in pancreaticobiliary maljunction; h, length of the main pancreatic duct from the inferior branch to the 
junction with the accessory pancreatic duct.
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anti-pancreatic polypeptide antibody (Milab, Malmo, Sweden)
using the ABC method. The pancreatic head tissue was
mapped for pancreatic polypeptide-immunoreactive cells
(Fiocca et al. 1987; Suda et al. 1991b).

 

Results

 

Results of pancreatographic analysis of the normal pancreatic
duct system, complete and incomplete pancreas divisum,
and pancreaticobiliary maljunction, and immunohisto-
chemical studies of autopsied pancreas are given in Table 1.

 

Pancreatographic analysis of the normal pancreatic 
duct system and complete pancreas divisum

 

Both the long-type and the short-type APDs had consistent
findings on pancreatography. Long inferior branches
arising from the long-type APD were observed in 133 of

171 cases (78%; one branch, 

 

n

 

 = 102; two branches, 

 

n

 

 = 30;
three branches, 

 

n

 

 = 1). The length of the long-type APD
from the orifice to the first inferior branch was
19.4 

 

±

 

 4.0 mm. Long inferior branches from the dorsal
pancreatic duct of complete pancreas divisum cases were
observed in 29 of 40 cases (73%; one branch, 

 

n

 

 = 23; two
branches, 

 

n

 

 = 6). The length of the dorsal pancreatic duct
from the orifice to the first inferior branch was
18.1 

 

±

 

 3.9 mm, similar to the length in the long-type APD.
A long inferior branch from the short-type APD was

observed in 19 of 85 cases (22.4%; one branch, 

 

n

 

 = 19). The
length of the short-type APD from the orifice to the long
inferior branch (18.8 

 

±

 

 4.2 mm) was similar to the length of
the long-type APD from the orifice to the first long inferior
branch.

A long inferior branch arising from the MPD was
observed in 118 (69%) of 171 cases with the long-type
APD, and the length of the MPD from the orifice to the
long inferior branch was 17.4 

 

±

 

 2.8 mm. A long inferior
branch arising from the MPD was observed in 55 (65%) of
85 cases with the short-type APD, and the length of the
MPD from the orifice to the long inferior branch was quite
similar in the long-type and short-type APD cases
(17.8 

 

±

 

 4.5 mm) (Table 2).
The short-type APD is less likely than the long-type APD

to possess a long inferior branch arising from the APD.
Although two long inferior branches arising from the
long-type APD were detected in 18% of cases, only one
long inferior branch was detected arising from the short-
type APD. Furthermore, the length of the short-type APD
from the orifice to the long inferior branch was similar to

Table 1 List of results of this study

Pancreatographic analysis
Normal pancreatic duct system

Long-type accessory pancreatic duct
Short-type accessory pancreatic duct

Complete pancreas divisum
Incomplete pancreas divisum

Type 1
Type 2
Type 3

Pancreaticobiliary maljunction
Immunohistochemical study of autopsied pancreases

Table 2 Length and diameter of each factor in normal control, incomplete pancreas divisum (Type 1–3), and complete pancreas divisum (mm)

a b c d e x y z

Normal control
Long-type APD 28.1 ± 8.9 19.4 ± 4.0 29.2 ± 9.9 17.4 ± 2.8 1.4 ± 0.4 3.1 ± 0.7 2.4 ± 0.8
(n = 171) (n = 133) (n = 118)
Short-type APD 26.5 ± 5.6 18.8 ± 4.2 15.6 ± 5.4 17.8 ± 4.5 1.1 ± 0.6 3.1 ± 0.9 3.1 ± 0.9
(n = 85) (n = 19) (n = 55)

Incomplete pancreas divisum
Type 1 31.1 ± 10.1 17.5 ± 1.5 41.1 ± 17.4* 17.8 ± 4.2 1.8 ± 0.9 2.1 ± 0.9** 1.4 ± 1.2**
(n = 16) (n = 14) (n = 6) (n = 13)
Type 2 17.2 ± 2.7** 18.3 ± 4.2 2.0 ± 1.4 2.5 ± 0.8 2.2 ± 0.8
(n = 10) (n = 10)
Type 3 23.1 ± 4.2* 18.0 ± 1.6 19.6 ± 3.3 23.9 ± 6.8 2.7 ± 1.1** 1.8 ± 0.9** 1.7 ± 0.6
(n = 15) (n = 15) (n = 4) (n = 15)

Complete pancreas divisum 18.1 ± 3.9 29.8 ± 21.0 19.1 ± 4.4 2.3 ± 0.9 1.7 ± 0.8**
(n = 40) (n = 29) (n = 15)

*P < 0.05, **P < 0.01 compared with normal control. APD, accessory pancreatic duct.
a, the entire length of the accessory pancreatic duct; b, length of the accessory pancreatic duct from orifice to the first long inferior 
branch; c, the entire length of the main (ventral) pancreatic duct from orifice to junction with the accessory pancreatic duct; d, length of 
the main (ventral) pancreatic duct from orifice to junction with the inferior branch; e, length of the main pancreatic duct from orifice to 
junction with the communicating branch; x, maximum diameter of the accessory pancreatic duct; y, maximum diameter of the main 
(ventral) pancreatic duct; z, maximum diameter of the main pancreatic duct at junction with the accessory pancreatic duct in Type 1, and 
maximum diameter of the communicating branch in Type 2 and 3.
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the length of the long-type APD from the orifice to the
first long inferior branch. The length of the MPD from the
orifice to the long inferior branch was similar in long-type
APD and the short-type APD cases. The first long inferior
branch from the long-type APD passes though the MPD
near the origin of the inferior branch from the MPD, and
the short-type APD joins the MPD near its inferior branch.

 

Pancreatographic analysis of incomplete pancreas 
divisum

 

The entire length of the MPD in Type 1 incomplete
pancreas divisum cases was 41.1 

 

±

 

 17.4 mm, which was
significantly longer than that of normal cases with the
long-type APD (

 

P < 

 

0.05). This implies that, embryologically,
the extreme end of the upper branch of the ventral duct
fuses with the dorsal pancreatic duct.

The length of the APD from the orifice to the first long
inferior branch in normal cases with the long-type APD
was similar to the length in Type 1 (17.5 

 

±

 

 1.5 mm) and
Type 3 (18.0 

 

±

 

 1.6 mm) incomplete pancreas divisum cases,
as well as the entire length (17.2 

 

±

 

 2.7 mm) of the APD in
Type 2 incomplete pancreas divisum cases. The entire
length of the APD was significantly shorter in Type 2
(17.2 

 

±

 

 2.7 mm, 

 

P < 

 

0.01) and Type 3 (23.1 

 

±

 

 4.2 mm,

 

P < 

 

0.05) incomplete pancreas divisum cases than in
normal cases with the long-type APD (28.1 

 

±

 

 8.9 mm). The
length of the MPD from the orifice to the inferior branch
in normal cases with the long-type APD was similar to the
length in Type 1 (17.8 

 

±

 

 4.2 mm) and Type 3 (19.6 

 

±

 

 3.3 mm)
incomplete pancreas divisum cases, as well as to the length
of the MPD from the orifice to the junction with the com-
municating branch in Type 2 incomplete pancreas divisum
cases (18.3 

 

±

 

 4.2 mm). No long inferior branch from the
MPD was seen in Type 2 incomplete pancreas divisum
cases. These data suggest that the long inferior branch
from the dorsal pancreatic duct and the inferior branch
from the ventral pancreatic duct fuse embryologically in
Type 2 incomplete pancreas divisum cases.

The length of the APD in Type 3 incomplete pancreas
divisum cases was intermediate between the length of the
APD from the orifice to the first inferior branch and entire
length of the APD in normal cases with the long-type APD.
Furthermore, four Type 3 incomplete pancreas divisum
cases had a long inferior branch from the APD. These
findings suggest that a second long inferior branch might
have fused with the ventral pancreatic duct in some Type
3 incomplete pancreas divisum cases.

APD diameters were significantly grater in Type 3
incomplete pancreas divisum cases (2.7 

 

±

 

 1.1 mm) than in
normal cases with the long-type APD (1.4 

 

±

 

 0.4 mm;

 

P < 

 

0.01). MPD diameters were significantly smaller in
Type 1 (2.1 

 

±

 

 0.9 mm) and Type 3 (1.8 

 

± 0.9 mm) incomplete
pancreas divisum cases, as well as in complete pancreas
divisum cases (1.7 ± 0.6 mm), than in normal cases with the

long-type APD (3.1 ± 0.7 mm; P < 0.01). MPD diameters at
the junction with the APD were significantly smaller in
Type 1 incomplete pancreas divisum cases (1.4 ± 1.2 mm)
than in normal cases with the long-type APD (2.4 ± 0.8 mm;
P < 0.01) (Table 1). The diameter of the communicating
branch was greater than that of the MPD in six Type 3
incomplete pancreas divisum cases. This suggests that this
branch is derived from the dorsal pancreatic duct. A
dominant APD, with diameter exceeding that of the MPD,
was observed in seven Type 1 incomplete pancreas divisum
cases, four Type 2 cases and 12 Type 3 cases. Marked
hypoplasia of the MPD (maximum diameter less than
1 mm) was observed in three Type 1 incomplete pancreas
divisum cases, one Type 2 case and six Type 3 cases (Table 2).

Pancreatographic analysis of pancreaticobiliary 
maljunction

In pancreaticobiliary maljunction cases, a long inferior
branch from the MPD was detected in 15 (68.2%) of the 22
long-type APD cases and in 11 (44.0%) of the 25 short-type
APD cases. In cases of pancreaticobiliary maljunction with
the long-type APD, the length of the MPD from the
proximal portion of the common channel to the inferior
branch was 9.2 ± 5.1 mm, which was significantly shorter
than the length of the MPD from the orifice to the inferior
branch in normal cases with the long-type APD (P < 0.01).
Furthermore, the length from the orifice to the inferior
branch was 31.2 ± 9.9 mm, which was significantly longer
than the length of the MPD from the orifice to the inferior
branch in normal cases with the long-type APD (P < 0.01).
In cases of pancreaticobiliary maljunction with the
short-type APD, the length of the MPD from the proximal
portion of the common channel to the inferior branch was
10.9 ± 3.8 mm, which was significantly shorter than the
length of the MPD from the orifice to the inferior branch
of normal cases with the long-type APD (P < 0.01); the
length from the orifice to the inferior branch was
31.1 ± 7.8 mm, which was significantly longer than the
length of the MPD from the orifice to the inferior branch
in normal cases with the long-type APD (P < 0.01).

In cases of pancreaticobiliary maljunction with the
long-type APD, the length of the MPD from the orifice to
the junction with the APD was 44.5 ± 8.8 mm, which was
significantly longer than the length of the MPD from the
orifice to the junction with the APD in normal cases with
the long-type APD (P < 0.01). In cases of pancreaticobiliary
maljunction with the short-type APD, the length of the
MPD from the orifice to the junction with the APD was
31.9 ± 6.8 mm, which was significantly longer than the
length of the MPD from the orifice to the junction with the
APD in normal cases with the short-type APD (P < 0.01).

In cases of pancreaticobiliary maljunction with the
long-type APD, the length of the MPD from the inferior
branch to the junction with the APD was 13.3 ± 6.8 mm,
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which was similar to the length of the MPD from the
inferior branch to the junction with the APD in normal
cases with the long-type APD (11.8 ± 3.4 mm). In cases of
pancreaticobiliary maljunction with the short-type APD,
the length of the MPD from the inferior branch to the
junction with the APD was 2.1 ± 2.7 mm, which was similar
to the length of the MPD from the inferior branch to the
junction with the APD in normal cases with the short-type
APD (1.8 ± 3.0 mm) (Table 3).

Immunohistochemical studies of autopsied pancreases

In five pancreases with the long-type APD, the APD and
the MPD above the junction with the APD were always
located in the dorsal pancreas with pancreatic polypeptide-
poor islets, while the MPD from the orifice to the junction
with the APD was located in the ventral pancreas with
pancreatic polypeptide-rich islets. By contrast, in three

pancreases with the short-type APD, the portion of the
MPD located in the ventral pancreas was not confined to
the area located from the orifice to the junction with the
APD, but the neck portion was still located in the ventral
pancreas, as indicated by the surrounding pancreatic
polypeptide-rich islets (Figs 5 and 6).

Discussion

We have prospectively examined the anatomy of the
pancreatic duct of the head of the pancreas by ERP and
classified the accessory pancreatograms into long-type
and short-type according to the distance of the MPD from
its orifice to the junction with the APD. The long-type APD
forms a straight line and joins the MPD at the neck portion
of the pancreas. The short-type APD joins the MPD near its
first inferior branch (Kamisawa et al. 1999, 2004). We also
examined the function of the APD using dye-injection

Table 3 Length (mm) of the main pancreatic duct to the first inferior branch and the junction with the accessory pancreatic duct in controls and cases 
of pancreaticobiliary maljunction

Length Long type Short type

MPD to the first inferior branch (controls) 17.4 ± 2.8 17.8 ± 4.5
MPD to the first inferior branch (PBM) 31.2 ± 9.9* 31.1 ± 7.8*
MPD from proximal portion of the common channel to the first inferior branch (PBM) 9.2 ± 5.1** 10.9 ± 3.8**
MPD to junction with APD (controls) 29.2 ± 5.6 15.6 ± 5.4
MPD to junction with APD (PBM) 44.5 ± 8.8* 31.9 ± 6.8*
MPD from proximal portion of the common channel to junction with APD (PBM) 30.8 ± 11.7** 11.8 ± 4.8**
MPD from the first inferior branch to junction with APD (controls) 11.8 ± 3.4 1.8 ± 3.0
MPD from the first inferior branch to junction with APD (PBM) 13.3 ± 6.8 2.1 ± 2.7
Common channel (PBM) 20.3 ± 7.6 20.8 ± 6.5

MPD, main pancreatic duct; PBM, pancreaticobiliary maljunction; APD, accessory pancreatic duct.
*P < 0.01, significantly longer than in controls.
**P < 0.01, significantly shorter than in controls.

Fig. 5 Immunostaining of the autopsied pancreas with the short-type 
accessory pancreatic duct using anti-pancreatic polypeptide antibody. 
The main pancreatic duct in the neck portion, in addition to the portion 
from the orifice to the junction with the accessory pancreatic duct, was 
still located in the ventral pancreas as indicated by the surrounding 
pancreatic polypeptide-rich islets.

Fig. 6 Schematic illustration of the pancreas head with the short-type 
accessory pancreatic duct, showing embryonic components by 
immunohistochemical study using anti-pancreatic polypeptide antibody. 
MIP, minor duodenal papilla; MAP, major duodenal papilla.
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ERP as follows: after injecting 23 mL of contrast medium
containing indigocarmine through a catheter selectively
cannulating the MPD, excretion of the dye from the minor
duodenal papilla was observed endoscopically (Kamisawa
et al. 1997, 1998a,b). Based on dye-injection ERP, the
patency of the long-type APD was 75% (38/51), which was
significantly greater than the patency of the short-type
APD [36% (21/58); P < 0.01] (Kamisawa et al. 1999).

In this study, we clarified the anatomy of the pancreatic
duct system of the head of the pancreas focusing on the
long inferior branches arising from the APD and the MPD
and investigated the embryology of the pancreatic duct
system. The shape of the long-type APD was similar to that
of the dorsal pancreatic duct of complete pancreas
divisum. The long-type APD appears to represent an
embryonic dorsal pancreatic duct, which is a persistent
main duct of the dorsal pancreatic bud.

The short-type APD is less likely than the long-type APD
to possess a long inferior branch arising from the APD. The
first long inferior branch from the long-type APD passes
through the MPD near the origin of the inferior branch
from the MPD, and the short-type APD joins the MPD near
its inferior branch. Based on these findings, we postulated
a new embryological theory of pancreatic duct system
development. It is likely that the short-type APD is formed
by the most proximal part of the main duct of the dorsal
pancreatic bud and its long inferior branch; the main duct
of the dorsal pancreatic bud at the point of connection
with the main duct of the ventral pancreatic bud is
obliterated and replaced by this additional communica-
tion (Kamisawa et al. 1999, 2004) (Fig. 7). The connecting
branch with the duct of the ventral pancreatic bud is the
first inferior branch arising from the duct of the dorsal
pancreatic bud in most short-type APDs, but the second
inferior branch in cases with the short-type APD possessing
a long inferior branch. On immunohistochemical study of

autopsied pancreases with the short-type APD, the MPD
from the orifice to the junction with the APD, as well as
the MPD between the junction with the APD and the neck
portion of the pancreas, was located in the ventral
pancreas. This implies that the MPD between the junction
with the APD and the neck portion originated from the
ventral pancreatic duct, and that the duct of the dorsal
pancreatic bud connected with the duct of the ventral
pancreatic bud at two points. The immunohistochemical
findings support our embryological hypothesis of the
development of the short-type APD.

Incomplete pancreas divisum is a pancreatic anomaly
with inadequate communication between the ventral and
dorsal pancreatic ducts (Tulassay et al. 1986; Sugawa et al.
1987). Under the concept of branch fusion (Hirooka et al.
1994), we evaluated the pancreatographic findings in
incomplete pancreas divisum cases and confirmed branch
fusion via detailed pancreatogram measurements.
Interestingly, some incomplete pancreas divisum cases had
a dominant APD (n = 23) or marked MPD hypoplasia
(n = 10).

Pancreaticobiliary maljunction is a congenital anomaly
characterized by a long common channel (Kimura et al.
1985; Kamisawa et al. 2005; Kamisawa & Okamoto 2006).
As small radicles of the pancreas derived from a long
common channel have been demonstrated in some
patients with pancreaticobiliary maljunction (Matsumoto
et al. 2001; Miyazaki &Ikeda, 2002), it has been suggested
that the origin of a long common channel is the ventral
pancreatic duct (Suda et al. 1991a,b; Matsumoto et al.
2001). According to Odgers (1930), the ventral pancreas,
which fuses with a pair of ventral buds in the 5th week of
fetal life, is connected by two ducts (W1 and W2) to the
hepatic diverticulum; the left ventral duct (W1) usually
regresses in the 6th week. One of the major hypotheses
dealing with the pathogenesis of pancreaticobiliary
maljunction suggests that pancreaticobiliary maljunction
is related to the W1 remnant and regression of the terminal
bile duct (Fig. 8) (Tanaka, 1995; Oi, 1996). Another hypothesis
suggests that pancreaticobiliary maljunction results from a
misarrangement, in which the terminal bile duct joins with
one of the ducts of the ventral pancreas (Matsumoto et al.
2001). According to both of these hypotheses, the length
of the MPD from the orifice to the inferior branch or the
junction with the APD in pancreaticobiliary maljunction
should be similar to that in normal cases. However, in the
present study, cases of pancreaticobiliary maljunction with
both the long-type and the short-type APD had a signifi-
cantly shorter MPD length from the proximal portion of
the common channel to the inferior branch, compared
with the MPD length from the orifice to the inferior
branch in normal cases. Likewise, the length from the
orifice to the inferior branch was significantly greater in
pancreaticobiliary maljunction cases than in normal cases.
As the length of the MPD between the inferior branch and

Fig. 7 Schematic illustration of embryology of a pancreatic duct system. 
(A) Long-type accessory pancreatic duct, continuation of the main duct 
of the dorsal primordium. (B) Short-type accessory pancreatic duct, 
formed by the proximal main duct of the dorsal primordium and its long 
inferior branch, with the main duct of the dorsal primordium at the point 
of connection with the main duct of the ventral primordium being 
obliterated and replaced by this additional communication.
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the junction with the APD was approximately equivalent
in pancreaticobiliary maljunction and normal cases, these
differences are probably due to a long common channel.
If a long common channel in pancreaticobiliary maljunction
is the result of embryological adhesion of the right ventral
pancreatic duct and the terminal portion of the bile duct,
the length of the MPD from the orifice to the inferior
branch in pancreaticobiliary maljunction is longer than in
normal cases due to the length of the terminal bile duct.
Furthermore, the length of the MPD from the proximal
portion of the common channel to the junction with the
APD is shorter than in normal cases due to the length of
the ventral pancreatic duct. Small radicles of the pancreas
may be derived from the long common channel, which is
composed of the pancreatic and bile ducts.

In conclusion, there are two embryological types of
APD. The long-type APD represents a continuation of the
main duct of the dorsal pancreatic bud. The short-type
APD is probably formed by the proximal main duct of the
dorsal pancreatic bud and its long inferior branch. Branch
fusion in incomplete pancreas divisum was confirmed by
pancreatogram measurements. A long common channel
in pancreaticobiliary maljunction cases might be due to
embryological adhesion of the right ventral pancreatic
duct and the terminal portion of the bile duct.
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