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Fig. 2 Pancreaticobiliary
maljunction without biliary
dilatation was suspected by
magnetic resonance
cholangiopancreatography
(MRCP) (a) and confirmed on
endoscopic retrograde
cholangiopancreatography
(ERCP) (b). Ultrasonography in
this patient showed gallbladder
wall thickening (c)

Treatment of PBM

Once a diagnosis of PBM has been established, immediate
prophylactic surgery is recommended before the onset of
malignant changes. Cholecystectomy and resection of the
extrahepatic bile duct (flow-diversion surgery) is an
established standard for the surgical treatment of congen-
ital biliary dilatation [3, 22]. Internal drainage operations
have been abandoned because of the high risk of postop-
erative carcinogenesis.

On the other hand, 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 bili-
ary dilatation are gallbladder cancers [38, 39]. However,
some surgeons propose excision of the extrahepatic bile
duct together with the gallbladder for PBM patients with-
out biliary dilatation [23], because the frequency of bile
duct cancer in PBM patients without biliary dilatation is
higher compared to that in the general population [2], and
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K-ras and/or p53 gene mutations are also reportedly seen
in the bile duct of PBM patients without biliary dilatation
[23, 40].

Strategy for early diagnosis of PBM

Compared to congenital biliary dilatation, PBM cases
without biliary dilatation rarely evoke symptoms, and most
patients are not diagnosed until the onset of advanced stage
gallbladder cancer [1, 38]. Detecting PBM before the
development of biliary cancer is important in order to allow
for prophylactic surgery. Epithelial hyperplasia of the
gallbladder induced by longstanding continuous stasis of
the bile intermingled with refluxed pancreatic juice is a
characteristic pathological change in PBM patients [41-
43]. To achieve early detection of PBM without biliary
dilatation, MRCP is warranted in patients showing thick-
ening of the gallbladder wall on screening US under sus-
picion of PBM (Fig. 2c) [44].
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Fig. 3 Mechanism of biliary carcinogenesis in pancreaticobiliary
maljunction [1]

High confluence of pancreaticobiliary ducts

The frequency of common channel formation ranges from
55 % to 91 % [17], and the mean length of the common
channel has been reported as 4.5 mm [45]. To investigate
the clinical significance of a relatively long common
channel, we defined high confluence of pancreaticobiliary
ducts (HCPBD) as a disease state in which the common
channel length is =6 mm and communication is occluded
when the sphincter of Oddi is contracted (Fig. 4a, b) [17].
In our series of 95 HCPBD patients, reflux of contrast
medium into the pancreatic duct was detected in 86 % of
patients who underwent postoperative T-tube cholangiog-
raphy. Elevated amylase levels in bile were observed in all
patients, although the mean levels were significantly lower
than those in PBM patients. Gallbladder cancer was identi-
fied in 11 HCPBD patients (12 %). Similar to PBM patients,
hyperplastic changes with increases in both the proliferative
activity of epithelial cells and K-ras mutations were also
detected in the noncancerous epithelium of the gallbladder
in HCPBD patients [1, 18, 19]. A relatively long common
channel also appears to represent an important risk factor for
the development of gallbladder cancer. However, several
differences exist between HCPBD and PBM without biliary
dilatation in terms of other features, such as gender predi-
lections, age at diagnosis, incidence of concomitant gall-
bladder cancer, and biliary amylase levels. HCPBD appears
to represent an intermediate clinical condition that is both
morphologically and functionally difficult to differentiate
clearly from PBM. We consider that HCPBD should cur-
rently be managed as a disease entity independent of PBM in
terms of the appropriate therapeutic strategies [1, 22].

Conclusions

Biliary cancers occur frequently through proliferative
processes provoked by chronic inflammation resulting from

Fig. 4 Images from endoscopic retrograde cholangiopancreatogra-
phy of high confluence of pancreaticobiliary ducts (HCPBD) [3]. The
bile and pancreatic ducts form a common channel (arrows) 8 mm
long during sphincter relaxation (a). Communication between these
two ducts is interrupted during contraction of the sphincter of
Oddi (b)

the persistence of pancreatic juice refluxed through a long
common channel. Once PBM is diagnosed, immediate
prophylactic surgery is recommended before malignant
changes develop. It is important to diagnose PBM before
the onset of biliary carcinogenesis. To achieve early
detection of PBM without biliary dilatation, MRCP is
recommended for patients showing gallbladder wall
thickening on screening US under suspicion of PBM.
Further investigations and surveillance studies are also
needed to clarify appropriate surgical strategies for PBM
without biliary dilatation.
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Abstract

Background In the revised diagnostic criteria for
pancreaticobiliary maljunction (PBM), PBM can be diag-
nosed from a long common channel by magnetic resonance
cholangiopancreatography (MRCP). However, it is neces-
sary to differentiate from high confluence of pancreati-
cobiliary ducts (HCPBD) with a relatively long common
channel (=6 mm) and effect of the sphincter in the
pancreaticobiliary junction. This multicenter study aimed to
explore definite value of the length of an abnormally long
common channel, which enables to distinguish PBM from
HCPBD on MRCP.

Methods 1In 184 PBM patients and 22 HCPBD patients
who were diagnosed by direct cholangiography and under-
went MRCP, the length of the common channel was
measured.

Results  The length of the common channel was 16.2 £
6.9 mm on direct cholangiography and 13.9 4+ 6.2 mm on
MRCP in PBM patients, and 7.7+ 1.5 mm and 6.6 £ 1.4 mm
in HCPBD patients. The optimal cut off value of the length
of the common channel to distinguish PBM from HCPBD
was identified to be 9 mm.

Conclusions Pancreaticobiliary maljunction can be diag-
nosed from an abnormally long common channel on MRCP,
but in cases of the common channel <9 mm on MRCP,
direct cholangiography is needed to confirm PBM.

Keywords Common channel - Magnetic resonance
cholangiopancreatography - Pancreaticobiliary maljunction

Introduction

Pancreaticobiliary maljunction (PBM) is a congenital mal-
formation in which the pancreatic and bile ducts join ana-
tomically outside the duodenal wall, usually forming a
markedly long common channel [1-4]. The action of the
sphincter of Oddi does not affect the pancreaticobiliary
junction, reflux of pancreatic juice into the bile duct can
easily occur, resulting in injury to the biliary epithelium,
which develops to carcinogenesis in the biliary tract [2—4].
As PBM is a high-risk factor for biliary cancer, prophylactic
surgical procedure is performed once PBM is diagnosed.
Early and accurate diagnosis of PBM is necessary before
biliary cancer develops [3].

In the initial diagnostic criteria for PBM [2], the pancre-
atic and bile ducts connect with an obviously long common
channel showing the lack of effect of the sphincter muscle
on the pancreaticobiliary junction should be confirmed by
direct cholangiography such as endoscopic retrograde
cholangiopancreatography (ERCP), percutaneous trans-
hepatic  cholangiography (PTC), or intraoperative
cholangiography for the diagnosis of PBM. The criteria for

PBM were revised in 2013, 23 years to the day since the
initial version, taking the recently advanced diagnostic
imaging modalities [4]. In the criteria [4], PBM can be
diagnosed from an abnormally long common channel and/or
an abnormal union between the pancreatic and bile ducts by
magnetic resonance cholangiopancreatography (MRCP) or
three dimensional drip infusion cholangiography computed
tomography (3D-DIC-CT) by direct cholangiography.

Endoscopic retrograde cholangiopancreatography can
visualize pancreatic and biliary anatomy in detail, and is a
gold standard for diagnosis of PBM. However, due to com-
plications such as pancreatitis in ERCP, MRCP is currently
becoming one of the first choices for examining pancrea-
ticobiliary diseases in a noninvasive manner. In typical cases
with an abnormally long common channel, PBM can be
diagnosed only by MRCP. However, in cases with a rela-
tively long common channel, it is necessary to confirm that
the effect of the papillary sphincter does not extend to the
junction by direct cholangiography and differentiate from
high confluence of pancreaticobiliary ducts (HCPBD)
[3-5], which has a relatively long common channel
(26 mm) and the effect of the sphincter reaches the
pancreaticobiliary junction. In contrast to ERCP, MRCP
cannot determine the action of sphincter to pancrea-
ticobiliary junction. In which cases can we diagnose PBM
only by MRCP? What is the minimum length of an abnor-
mally long common channel specific to PBM on MRCP?

This multicenter study aimed to explore the definite
value of the length of an abnormally long common channel,
which enables us to distinguish PBM from HCPBD on
MRCP.

Patients and methods
Patients

A retrospective, multicenter study was carried out during the
period from 1996 to 2012 in 21 institutions in Japan. The
study subjects included 184 patients with PBM (M/F:
48/136; age 41.2 £ 26.2, range 0-89 years) and 22 patients
with HCPBD (M/F: 9/13; age 61.7 £ 10.9, range 42-79
years) diagnosed by direct cholangiography (ERCP,
PTC, intraoperative cholangiography, and T- or C-tube
cholangiography). All patients also underwent MRCP. PBM
was diagnosed by an abnormal long common channel and/or
confirmation that the effect of the papillary sphincter does
not extend to the junction. HCPBD was defined as a
common channel 26 mm in length in which the communi-
cation between the pancreatic and bile ducts occluded while
the sphincter contracted. The longest length of the common
channel was measured on ERCP and MRCP. The length was
measured manually using a goniometer or ruler on the films
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Fig. 1 (a) Endoscopic retro-
grade cholangiopancreato-
graphy (ERCP) and

(b) magnetic resonance
cholangiopancreatography
(MRCP) imaging showing an
abnormally long common
channel in a pancreaticobiliary
maljunction (PBM) patient
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Fig. 2 The age distribution of pancreaticobiliary maljunction (PBM)
and high confluence of pancreaticobiliary ducts (HCPBD)

or by counting the pixels in digital images by a practician in
each institute (Fig. 1). Length of the common channel could
not be measured in 49 PBM patients on MRCP.

The age distribution of PBM and HCPBD is shown in
Figure 2.

Statistical analysis

All analyses were performed with SAS software, JMP 9.0
(SAS Institute, Cary, NC, USA). The Wilcoxon rank sum test
was used as a non-parametric statistic to compare the length
of common channel in each MRCP and direct cholan-
giography. The Spearman’s rank correlation coefficient (p)
was used for correlation analysis of both length of common
channel. Logistic regression and receiver operator character-
istic (ROC) curves were used to determine the optimal cut-off

MRCP

50 50

Direct cholangiography

Length of the common channel (mm)

T T

T T T T T T T T T T
5 10 15 20 25 S 10 15 20 25
Na. No.

13.9 = 6.2 mm 16.2 £ 6.9 mm

Fig. 3 The length of common channel of pancreaticobiliary
maljunction (PBM) measured by direct cholangiography and magnetic
resonance cholangiopancreatography (MRCP)

value of the length of the common channel to distinguish
PBM from HCPBD. A P-value of less than 0.05 was regarded
to indicate a statistically significant difference.

Results

Length of the common channel of PBM on direct
cholangiography and MRCP

In PBM patients, the length of the common channel was
16.2 £ 6.9 mm (mean + SD) on direct cholangiography and
13.9 £+ 6.2 mm on MRCP, respectively (Fig. 3), and it was
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Fig. 5 The correlation between the length of common channel mea-
sured by direct cholangiography and magnetic resonance cholangio-
pancreatography (MRCP) in high confluence of pancreaticobiliary
ducts (HCPBD) patients

significantly shorter on MRCP (P < 0.0001). In PBM
patients, there is a correlation between the length of the
common channel measured by direct cholangiography and
on MRCP (Fig. 4).

On the other hand in HCPBD patients, the length of the
common channel was 7.7 £ 1.5 mm on the direct cholan-
giography and 6.6 * 1.4 mm on MRCP, and there were no
significant correlations between them (Fig. 5). The length of
the common channel showed a significant difference
between PBM patients and HCPBD patients (P < 0.0001).

Fig. 6 The correlation between age and length of common channel
measured by direct cholangiography in pancreaticobiliary maljunction
(PBM) patients

50
P=0.196

Length of the common channel (mm)

Age (years)

Fig. 7 The correlation between age and length of common channel
measured by magnetic resonance cholangiopancreatography (MRCP)
in pancreaticobiliary maljunction (PBM) patients

Age and length of the common channel of PBM

There was no relationship between age and length of the
common channel in PBM patients on direct cholangio-
graphy (Fig. 6) or on MRCP (Fig. 7).

Exploring the definite value of the length of the common
channel to distinguish PBM from HCPBD on MRCP

On the basis of the logistic regression and ROC curve data,
the optimal cut-off value of the length of the common
channel to distinguish PBM from HCPBD was 9 mm. Using
this cutoff value, sensitivity was 79.3%, specificity was
95.4%, and the area under the curve was 0.89 (Figs 8,9).
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optimal cutoff value of the common channel to distinguish pan-
creaticobiliary maljunction (PBM) from high confluence of
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pancreatography (MRCP)

Diagnostic rate of PBM on MRCP

Of the 184 patients with PBM, 124 (67%) were diagnosed
on MRCP as having PBM based on findings of an abnor-
mally long common channel (Fig. ). Reasons unable to
diagnose as PBM on MRCP were poor visualization of the
main pancreatic duct (n = 16), poor MRCP image status
(n = 14), short common channel (n = 12), obscure by large

choledochal cyst (n = 9), suboptimal depiction of pancreati-
cobiliary junction (n = 8), complex union (n = 3), and others
(n=>5).

Discussion

In PBM, pancreatic juice continuously refluxes into the
biliary tract via a long common channel, and this
pancreatobiliary reflux provokes high rates of biliary tract
cancer [2-5]. According to the nationwide survey in Japan,
biliary tract cancers occurred in 433 (28.6%) of 1511 adult
patients with PBM [6]. Therefore, a prophylactic operation
is recommended, once a patient is confirmed to suffer from
PBM [3]. Early and accurate diagnosis of PBM is necessary.
On the other hand, pathophysiological conditions similar to
PBM including pancreatobiliary reflux can occur also in
cases with a relatively long common channel [5, 7]. To
clarify clinical significance of a relatively long common
channel, HCPBD was defined as a common channel 26 mm
in length in which the communication between the pancre-
atic and bile ducts occluded while the sphincter contracted
[3-5]. Bile amylase levels (average 47774 IU/L) were
elevated in all HCPBD cases, and gallbladder cancer was
associated with 8% HCPBD cases [8]. Lower bile amylase
levels in HCPBD cases compared to average 255,950 IU/L
in PBM cases and lower incidence of associated gallbladder
cancers than PBM appear to be attributed to intermittent
pancreatobiliary reflux in HCPBD [8]. A relatively long
common channel also appears to be an important risk factor
for the development of gallbladder cancer, but currently
most HCPBD cases do not undergo prophylactic operation
but are vigilantly followed up with or without endoscopic
sphincterotomy for the purpose of diversion of the pancre-
atic and bile ducts [3, 8].

In the diagnostic criteria for PBM revised in 2013 [4],
PBM can be diagnosed only from an abnormally long
common channel by MRCP. However, cases with a rela-
tively long common channel should be distinguished from
HCPBD by confirming that the effect of the papillary
sphincter does not extend to the junction by direct
cholangiography. To explore the definite value of the length
of an abnormally long common channel, which enables
differentiation of PBM and HCPBD only on MRCP, we
compared the length of common channel of HCPBD and
PBM by the direct cholangiography and MRCP.

In PBM patients, there is a correlation between the
length of common channel measured by direct imaging
and MRCP, and the length of common channel as mea-
sured by MRCP was significantly shorter that measured by
direct cholangiography. This phenomenon is also reported
in the literature {9-11]. As reasons for these facts, it is
suspected the longest length of common channel at the
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relaxed phase of the papillary sphincter can be measured
dynamically on direct cholangiography, but the length of
the common channel depicted on MRCP is not always
the longest due to the static nature of MRCP. Another
reason might be lower spatial resolution to visualize the
narrow distal segment created by the sphincter of Oddi on
MRCP.

In the study, the optimal cut-off value of the length of the
common channel to distinguish PBM from HCPBD on
MRCP was 9 mm. The length of the common channel is not
included in the diagnostic criteria for PBM because various
factors such as age, stature, and taking position in examina-
tion should be considered {2]. However, the length of the
common channel on MRCP was not different in ages in this
study and MRCP is routinely taken on a prone position, the
length of the common channel on MRCP may be used as a
diagnostic tool for PBM.

In this study, PBM could be diagnosed in 67% of 184
PBM patients on MRCP. Major reasons unable to diagnose
as PBM on MRCP were poor visualization of the main
pancreatic duct, poor quality image, short common channel,
obscure by large choledochal cyst, and suboptimal depiction
of pancreaticobiliary junction. Detection rates for PBM on
MRCP reportedly were 40% (4/10) [12], 44% (12/27) [13],
57% (41/72) [14], 60% (12/20) [15], and 82% (9/11) [9]. As
additional reported reasons, MRCP is limited by small-
caliber ducts and patient motion creating artifacts in pediat-
rics. A small-caliber duct is not easily-delineated on MRCP
compared with direct cholangiography, which dilates
caliber of duct by injection of contrast material [12, 13, 15].
Although secretin is not available in Japan currently,
secretin stimulation appears to be useful for the improve-
ment of depiction of duct confluence [16, 17].

Overall, about half of PBM cases can be diagnosed only
on MRCP. However, in the cases of the common channel of
less than 9 mm on MRCP, direct cholangiography is needed
to confirm PBM.

Our study has a number of limitations. First, the number
of HCPBD cases is small. HCPBD is a recently proposed
concept and direct cholangiography is essentially necessary
for diagnosis of PBM. Many HCPBD cases are diagnosed as
a by-product by ERCP performed for examination of biliary
stones or malignancy. It is necessary to improve the accu-
racy by increasing the number of samples of HCPBD in the
future. Second is the nature of a retrospective and multi-
center study over 16 years. The MRCP imaging protocols
are different in centers and the period. However, as PBM
and HCPBD are rare diseases, multicenter study during a
long period is necessary.

In conclusion, PBM can be diagnosed from an abnor-
mally long common channel on MRCP, but in the cases
of the common channel €9mm on MRCP, direct
cholangiography is needed to confirm PBM.
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