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Abstract
Pancreaticobiliary maljunction (PBM) is a congenital ano
maly defined as a junction of the pancreatic and bile 
ducts located outside the duodenal wall, usually forming 
a markedly long common channel. As the action of 
the sphincter of Oddi does not functionally affect the 
junction in PBM patients, continuous pancreatobiliary 
reflux occurs, resulting in a high incidence of biliary 
cancer. PBM can be divided into PBM with biliary dila
tation (congenital choledochal cyst) and PBM without 
biliary dilatation (maximal diameter of the bile duct ≤ 
10 mm). The treatment of choice for PBM is prophy
lactic surgery before malignant changes can take place. 
Endoscopic retrograde cholangiopancreatography 
(ERCP) is the most effective examination method for 
close observation of the pattern of the junction site. 
When the communication between the pancreatic 
and bile ducts is maintained, despite contraction of 
the sphincter on ERCP, PBM is diagnosed. In these 
patients, levels of pancreatic enzymes in the bile are 
generally elevated, due to continuous pancreatobiliary 
reflux via  a long common channel. Magnetic resonance 
cholangiopancreatography and 3Dcomputed tomo
graphy can diagnose PBM, based on findings of an 
anomalous union between the common bile duct and 

the pancreatic duct, in addition to a long common 
channel. Endoscopic ultrasonography and intraductal 
ultrasonography can demonstrate the junction outside 
the duodenal wall, and are useful for the diagnosis of 
associated biliary cancer. Gallbladder wall thickness on 
ultrasonography can be a screening test for PBM.
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INTRODUCTION
The main pancreatic duct and the common bile duct open 
into the duodenum, where they frequently form a com
mon channel, the incidence of  which is reported to be 
from 55%[1] to 82%[2]. The length of  the common channel 
ranges from 1 mm to 12 mm, with an average length of  4.4 
mm[3]. The sphincter of  Oddi is located at the distal end 
of  the pancreatic and bile ducts; it regulates the outflow 
of  bile and pancreatic juice. A common channel can be 
so long that the sphincter action does not functionally 
affect the junction, resulting in twoway regurgitation 
(pancreatobiliary reflux: regurgitation of  pancreatic juice 
into the common bile duct, and biliopancreatic reflux: 
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regurgitation of  bile juice into the pancreatic duct). Pan
creaticobiliary maljunction (PBM) forms a markedly long 
common channel, and is divided into PBM with, and 
without, biliary dilatation[47]. Pancreatobiliary reflux has 
been shown to induce carcinogenesis in the biliary tract; 
similarly, biliopancreatic reflux can induce pancreatitis[46]. 

PANCREATICOBILIARY MALJUNCTION
PBM is a congenital anomaly defined as a junction of  the 
pancreatic and bile ducts located outside the duodenal 
wall, usually forming a markedly long common channel. 
PBM occurs predominantly in females, and is often found 
in Asian populations. PBM can be divided into PBM 
with biliary dilatation (congenital choledochal cyst (CCC) 
(Figure 1) and PBM without biliary dilatation (Figure 
2)[47]. CCC is an anomaly in which the extrapancreatic bile 
duct, or the extra and intrahepatic bile ducts, are dilated 
in various ways. The AlonsoLej classification[8] , which 
is based on the shape of  the dilated bile duct, is notable, 
and includes a cystic type (Type Ⅰ), a diverticular type 
(Type Ⅱ), and a cyst in the duodenum (choledochal cyst, 
Type Ⅲ). Type Ⅰ is almost always associated with PBM, 
but Type Ⅱ and Ⅲ rarely have PBM. Bile duct diameter 
greater than 10 mm on a cholangiogram is the most 
commonly used definition of  dilatation[7]. 

In PBM patients, since the action of  the sphincter of  
Oddi does not functionally affect the junction, continuous 
reciprocal reflux between pancreatic juice and bile occurs, 
resulting in various pathological conditions in the biliary 
tract and pancreas. As the hydro pressure within the pan
creatic duct is usually greater than that in the bile duct, 
pancreatic juice frequently refluxes into the biliary duct 
in PBM patients, which results in a high incidence of  
cancer in the biliary tract[47]. In our previous study, bile 
duct and gallbladder cancers were seen in 14% and 22% 
of  49 CCC patients, respectively, but, in 70% of  53 PBM 
patients without biliary dilatation, only gallbladder cancer 
was detected. 

Once PBM is diagnosed, prophylactic flow-diversion 
surgery (bile duct resection and bilioenteric anastomosis) 
is performed for CCC. On the other hand, any treatment 
of  PBM without biliary dilatation and without cancer is 
controversial. Prophylactic cholecystectomy is performed 
in many institutes, as most biliary cancers that develop 
in PBM patients without biliary dilatation are gallbladder 
cancers. However, some surgeons propose excision of  the 
extrahepatic bile duct, together with the gallbladder, for 
PBM patients without biliary dilatation, because of  the 
risk of  bile duct cancer[9,10].

ENDOSCOPIC RETROGRADE CHOLANGI
OPANCREATOGRAPHY 
Endoscopic retrograde cholangiopancreatography (ERCP) 
is the most effective examination method for close obser-
vation of  the pattern of  the junction site. When the 
communication between the pancreatic and bile ducts is 

maintained despite contraction of  the sphincter on ERCP, 
PBM is diagnosed (Figure 3A and B). The finding can also 
be assessed with cholangiography, via the biliary drainage 
tube or during operation[47]. 

Pancreatography via the minor duodenal papilla can 
also demonstrate pancreatobiliary reflux in PBM patients. 
When injected endoscopically via the minor duodenal 
papilla, the contrast medium is refluxed into the bile duct 
through a long common channel without outflow into the 
duodenum[5].

Biliary levels of  pancreatic enzymes, especially amylase, 
are generally elevated due to continuous pancreatobiliary 
reflux via a long common channel in PBM patients. There 
are some cases with a relatively long common channel that 
are not classified as PBM because the sphincter of  Oddi 
includes the pancreaticobiliary ductal junction. We defined 
a high confluence of  pancreaticobiliary ducts (HCPBD) as 
a common channel length ≥ 6 mm, in which the commu
nication was occluded when the sphincter was contracted 
(Figure 4A and B), and investigated the clinical signifi
cance of  a relatively long common channel[57]. In HCPBD 
patients, the amylase level in the bile was frequently elevat
ed, and hyperplastic change of  the gallbladder epithelium 
was frequently observed. Gallbladder cancer occurred in 
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Figure 1  Magnetic resonance cholangiopancreatography showing pan
creaticobiliary maljunction with biliary dilatation (congenital choledochal 
cyst.

Figure 2  Endoscopic 
retrograde cholangiopa
ncreatographyshowing 
pancreaticobiliary mal
junction without biliary 
dilatation.
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11% of  the 84 HCPBD patients. These findings suggest 
that pathophysiological changes similar to PBM occur 
in HCPBD. However, in HCPBD patients, there was no 
difference between the sexes, whereas in PBM there was 
(male:female ratio, 1 : 0.7 in HCPBD and 1 : 3.4 in PBM), 
and the average age at the time of  diagnosis was signifi
cantly older in HCPBD patients than in PBM patients 
without biliary dilatation (average age, 62.0 years vs 56.7 
years, respectively). The elevated amylase level in the bile 
in HCPBD patients was lower than that of  PBM patients 
(average 48 665 IU/L vs 250 025 IU/L, respectively) and 
the rate of  associated gallbladder cancer was lower in 
HCPBD patients than in PBM patients. These differences 
in sex, age at diagnosis, bile amylase level, and rate of  as
sociated gallbladder cancer between HCPBD and PBM 
patients appear to be related to whether pancreatobiliary 
reflux occurs consistently or intermittently[57]. 

MAGNETIC RESONANCE 
CHOLANGIOPANCREATOGRAPHY AND 
3D-COMPUTED TOMOGRAPHY
Magnetic resonance cholangiopancreatography (MRCP) 

has become a common noninvasive method for obtaining 
high quality images of  the pancreaticobiliary tree.

Reconstruction images on 3D-computed tomography 
(CT) can also show pancreaticobiliary images. MRCP 
and 3D-CT can diagnose PBM, based on findings of  an 
anomalous union between the common bile duct and 
the pancreatic duct, in addition to a long common chan 
 nel. However, in some cases in which a common chan
nel is not so long and cannot be depicted on MRCP, 
the MRCP diagnosis of  PBM is not possible[11]. For a 
definite diagnosis of  PBM, ERCP is necessary in order 
to exclude various false positive or negative results on 
MRCP or 3D-CT. Diagnostic accuracy can be increased 
with dynamic MRCP with secretin stimulation or three
dimensional MRCP. Although a large amount of  contrast 
must be injected to evaluate the whole image of  CCC on 
ERCP, it can be achieved with MRCP and 3D-CT.

Pancreaticobiliary reflux in PBM patients can be visu-
alized radiologically using secretinstimulated dynamic 
MRCP. In normal pancreaticobiliary dynamics, the ex-
trahepatic and intrahepatic bile ducts show no change 
following secretin injection. On the other hand, in PBM 
patients, the volume of  the extrahepatic bile duct and 
the gallbladder increases, due to the regurgitation of  pan
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A B
Figure 3  Endoscopic retrograde cholangiopancreatography 
of a pancreaticobiliary maljunction patient. A: Showing 
a long common channel; B: The communication between 
pancreatic and bile ducts was maintained despite contraction of 
the sphincter.

A B
Figure 4  Endoscopic retrograde cholangiopancreatography 
of a patient with high confluence of pancreaticobiliary 
ducts. A: A common channel of 9 mm in length; B: The 
communication between pancreatic and bile ducts was 
destroyed by sphincter contraction.
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creatic fluid secreted after the injection of  secretin into 
the bile duct[12]. 

ENDOSCOPIC ULTRASONOGRAPHY
In PBM, endoscopic ultrasonography (EUS) can detect 
the confluence of  pancreatic duct and bile duct in the pro- 
ximal portion of  the duodenal wall, the so-called com-
mon channel (Figure 5A). Therefore, EUS allows definite 
diagnosis of  PBM. When PBM is known about in ad
vance, it may be relatively easy to depict the confluence. 
PBM often shows a thickness of  the inner low echoic 
layer of  the gallbladder (Figure 5B), which means histo
logically mucosal hyperplasia. Therefore, when we find 
that sonographic finding by means of  EUS, we have to 
keep the presence of  PBM in mind. In fact, several inves
tigators have reported that EUS could confirm the PBM 
in 4 (2.9%) of  137 patients who underwent screening 
US[13].  

Bile duct and gallbladder cancers are often seen in 
PBM. The efficacy of  EUS for the diagnosis of  gallbla-
dder cancer is well known[14]. However, it is often difficult, 
even when using EUS, to distinguish mucosal hyperplasia 
from early gallbladder cancer to indicate whether the 
depth of  invasion of  the cancer is mucosa or muscularis 
propria of  the gallbladder. 

EUS is also useful for the diagnosis of  bile duct can
cer. Since, in particular, congenital bile duct dilation is 
wellknown as a high risk condition for bile duct cancer 
in the dilated bile duct (Figure 6A), in these cases, EUS 
should be preoperatively performed for the diagnosis of  
tumor spreading and staging.

INTRADUCTAL ULTRASONOGRAPHY 
Intraductal ultrasonography (IDUS) is performed over-
theguidewire during the ERCP, and is useful for the 
depiction of  the confluence of  pancreatic duct and bile 
duct. 

IDUS is also useful for the diagnosis of  bile duct can
cer (Figure 6B)[15,16]. However, IDUS has limitations for 
the diagnosis of  bile duct and gallbladder lesions because 
of  shallow US penetration (< 2.0 cm) and maneuverability 
of  passage of  probe in case of  bile duct stricture or a nar
row cystic duct. 

Direct choledochoscopy with or without biopsy is use-
ful to confirm the diagnosis of  bile duct cancer.

ULTRASONOGRAPHY
Mark dilatation of  the common bile duct on ultrasono
graphy (US) suggests CCC. The epithelium of  the gallbla
dder frequently becomes hyperplastic due to exposure to 
refluxed pancreatic juice. Gallbladder wall thickness on 
US during medical checkups may serve as an indication of  
PBM without the need for biliary dilatation, and can serve 
as a screening test for PBM[17].

CONCLUSION
When the communication between the pancreatic and bile 
ducts is maintained despite contraction of  the sphincter 
on ERCP, PBM is diagnosed. MRCP and 3D-CT can be 
used to diagnose PBM, based on the discovery of  an ano 
malous union between the common bile duct and the 
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Figure 6  Ultrasonography of 
a congenital choledochal cyst 
patient with bile duct cancer 
in the dilated bile duct. A: En
doscopic ultrasonography; B: 
Intraductal ultrasonography.
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Figure 5  Endoscopic ultrasonography of 
a pancreaticobiliary maljunction patient. A:
The confluence of pancreatic duct and bile duct 
in the proximal portion of the duodenal wall; B: 
thickness of inner low echoic layer of the gall
bladder. BD: bile duct; PD: pancreatic duct; C: 
common channel.
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pancreatic duct, in addition to a long common channel. 
EUS and IDUS can demonstrate the junction outside the 
duodenal wall, and they are useful for the diagnosis of  
associated biliary cancer. Gallbladder wall thickness on US 
can be a screening test for PBM.
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