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Abstract

Background/purpose Gallbladder cancer occurs fre-

quently in patients with pancreaticobiliary maljunction due

to pancreatobiliary reflux. Pancreatobiliary reflux is also

detected in some patients with a relatively long common

channel. This study aimed to clarify the correlation between

pancreatobiliary reflux and the length of a common channel.

Methods Two hundred and three patients, in whom both

the length of a common channel and amylase level in the

bile were measured, were enrolled from nine centers.

Results Bile amylase level was correlated with the length

of a common channel (P \ 0.01). The minimum length of a

common channel that could induce a markedly elevated

amylase level in the bile ([1,000 mg/dl) was determined as

5 mm. We redefined high confluence of pancreatobiliary

ducts (HCPBD) as cases with a common channel C5 mm, in

which the communication between the pancreatic and bile

ducts was occluded with the sphincter contraction. Gall-

bladder cancer was found in 20% of 56 redefined HCPBD

patients. Bile amylase level[1,000 mg/dl and biliopancre-

atic reflux were detected in 79 and 95% of the patients,

respectively.

Conclusions Patients with a common channel C5 mm

(redefined HCPBD) should be monitored for the develop-

ment of gallbladder cancer, as they frequently showed

significant pancreatobiliary reflux.
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Introduction

The main pancreatic duct and the common bile duct

open into the duodenum either separately or via a

common channel. The incidence of common channel

formation ranges from 55% [1] to 82% [2, 3]. In regard

to the length of the common channel, Dowdy et al. [4]

reported a range from 1 to 12 mm, with an average

length of 4.4 mm. Sterling [1] reported that it varied

from 1.2 to 8.4 mm, averaging 4.4 mm. Rienhoff and

Pickrell [5] reported that 92 (53%) of 173 cases had a

common channel of 2 mm, 62 (36%) had a common

channel ranging from 3 to 5 mm, and 19 (11%) had a

common channel [6 mm.

The sphincter of Oddi is located at the distal end of

the pancreatic and bile ducts and regulates the outflow of

bile and pancreatic juice. A common channel can be so

long that junction of the pancreatic and bile ducts is

located outside of the duodenal wall, as occurs in pan-

creaticobiliary maljunction (PBM). In such cases, the

action of the sphincter does not have a functional impact

on the junction. Thus, biliopancreatic and pancreatobil-

iary reflux occurs, resulting in various pathological

conditions in the biliary tract and the pancreas [6, 7].

Biliopancreatic reflux is confirmed by operative or

postoperative T-tube cholangiography, and pancreatobil-

iary reflux is diagnosed by elevated amylase levels in the

bile [7].

Apart from PBM, it is unknown whether the anatomy

of the pancreaticobiliary ductal drainage into the duode-

num has any significant association with the development

of pancreatobiliary disease. There are some cases with a

relatively long common channel that are not classified as

PBM because the sphincter includes the pancreaticobiliary

ductal junction. To investigate the clinical significance of

a relatively long common channel, we defined high con-

fluence of pancreaticobiliary junction (HCPBD) as a

common channel C6 mm based on the previously repor-

ted data [1, 4, 5], in which the communication was

occluded when the sphincter was contracted (Fig. 1) [7, 8].

However, there are no data available regarding correlation

between pancreatobiliary reflux and the length of a com-

mon channel. To clarify the definition of HCPBD, we

performed a multicenter study investigating the relation-

ship between the length of a common channel and pan-

creatobiliary and biliopancreatic reflux, and the clinical

implications.

Methods

A retrospective, multicenter study was conducted using a

questionnaire in nine centers in Japan. Major referral

centers with established expertise in the diagnosis and

management of pancreatobiliary diseases participated in

the study. In the nine centers, the relationship between

pancreatobiliary reflux and occurrence of gallbladder can-

cer has been prospectively studied independently.

To clarify the correlation between pancreatobiliary

reflux and the length of a common channel, 203 patients, in

whom both the length of a common channel and amylase

level in the bile were measured, were enrolled in this study.

The longest length of the common channel was measured

from several cholangiograms during the sphincter relaxa-

tion period by endoscopic retrograde cholangiopancrea-

tography (ERCP, n = 186), T-tube cholangiography (n =

15), and intraoperative cholangiography (n = 2) using a

goniometer. Reflux of contrast medium into the main

pancreatic duct was determined while a small amount of

contrast medium was gradually injected under the least

possible pressure during intraoperative cholangiography

(n = 24) and T-tube cholangiography (n = 24). Amylase

level was measured in the bile of the common bile duct

(n = 138) and gallbladder (n = 65). Bile in the gallbladder

was obtained intraoperatively, and bile in the common bile

duct was collected through an indwelling T-tube or during

ERCP. When the bile amylase level was B10 IU/l, it was

regarded as 0 in the calculation of the values.

Eighty-one patients with a long common channel, in

which the communication between the pancreatic and bile

ducts was maintained during contraction of the sphincter of

Oddi, were diagnosed as having PBM. Patients were

Fig. 1 Endoscopic retrograde cholangiopancreatography of a patient

with high confluence of pancreaticobiliary ducts and a common

channel of 9 mm in length (a). The communication between

pancreatic and bile ducts was destroyed with sphincter contraction (b)
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divided into a group with biliary dilatation (maximum

diameter of the bile duct [10 mm; n = 47) and a group

without biliary dilatation (n = 34).

Correlation between the length of a common channel

and bile amylase level was analyzed using Kendall’s rank

correlation coefficient under the normal upper limit of

bile amylase level (150 mg/dl) based on the normal upper

limit of serum amylase level (150 mg/dl). Since bile

amylase level was elevated more than 1,000 mg/dl in 34

(97%) of 35 gallbladder cancer patients with bile amylase

level [150 mg/dl, we defined 1,000 mg/dl as a cutoff

level of markedly elevated amylase in the bile. To

determine the length of a common channel cutoff value

that could induce the markedly elevated amylase level in

the bile, receiver operator characteristic (ROC) curves

were used.

For other statistical analyses, Mann–Whitney U test and

Fisher’s exact test were employed, and P \ 0.05 was

considered significant. When repeated comparisons were

made, the significant level was adjusted by the Bonferroni

method.

Results

Correlation between amylase level in the bile

and the length of a common channel

In 122 non-PBM patients, amylase level in the bile was

correlated with the length of a common channel (Fig. 2,

P \ 0.01). According to the ROC curve, the minimum

length of a common channel that could induce a markedly

elevated amylase level in the bile (more than 1,000 mg/dl)

was 5 mm. Using this cutoff value, sensitivity was 75.8%,

specificity was 77.8%, and the area under the curve was

0.82 (Fig. 3).

Comparison between patients with common channel

C5 mm (redefined HCPBD), PBM patients

with or without biliary dilatation, and controls

Clinical features

Based on the data from the ROC curve, we redefined

HCPBD as cases with a common channel C5 mm, in which

the communication between the pancreatic and bile ducts

was occluded when the sphincter was contracted. Fifty-six

patients were diagnosed as having redefined HCPBD. The

other 66 patients without redefined HCPBD or PBM were

used as controls. Age at the diagnosis was significantly

older in redefined HCPBD patients than in patients with

PBM with biliary dilatation (P \ 0.01). There was no

difference between genders in redefined HCPBD patients,

while PBM occurred predominantly in females (Table 1).

Biliary and pancreatic complications

Gallbladder cancer was associated in 11 (20%) patients

with redefined HCPBD, while the incidence of gallbladder

cancer was significantly higher in those with PBM without

biliary dilatation (P \ 0.01). Gallbladder stones and acute

pancreatitis were detected in 23 (41%) and 11 (20%) of

redefined HCPBD patients, being more frequent than in

PBM (Table 1).

Radiological features, and pancreatobiliary

and biliopancreatic reflux

Length of a common channel was significantly shorter in

redefined HCPBD patients than in PBM (P \ 0.01).

Diameter of the common bile duct was similar in redefined

Fig. 2 Correlation between length of a common channel and bile

amylase level

Fig. 3 The receiver operating characteristic curve determining the

minimum length of a common channel that could induce a markedly

elevated amylase level in the bile (more than 1,000 mg/dl)
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HCPBD patients and patients with PBM without biliary

dilatation. In redefined HCPBD patients, amylase level in

the bile[150 mg/dl was detected in 50 (89%) patients and

amylase level in the bile [1,000 mg/dl was detected in 44

(79%) patients. However, mean amylase level in the bile

(26,635.8 ± 49,970.5 mg/dl) in redefined HCPBD patients

was significantly lower than in PBM patients (P \ 0.01).

Biliopancreatic reflux assessed by intraoperative or T-tube

cholangiography was observed in 95% of redefined

HCPBD patients (Table 2).

Gallbladder cancer associated with redefined HCPBD

and PBM with and without biliary dilatation

Gallbladder cancer associated with redefined HCPBD and

PBM was rarely associated with gallstones. Bile amylase

level in cases of gallbladder cancer associated with rede-

fined HCPBD was significantly lower than that of

gallbladder cancer associated with PBM without biliary

dilatation (P \ 0.05) (Table 3).

Discussion

Pancreaticobiliary maljunction is generally accepted as a

condition that predisposes patients to the development of

gallbladder cancer due to pancreatobiliary reflux via a

markedly long common channel in which the action of the

sphincter of Oddi does not affect the pancreaticobiliary

junction [6, 7]. Prophylactic cholecystectomy is recom-

mended for patients with PBM without biliary dilatation

before malignant change can take place in the gallbladder

[9]. However, little is known about the clinical significance

of a relatively long common channel.

To investigate the clinical significance of a relatively

long common channel, we defined HCPBD as a common

Table 1 Clinical features of

redefined HCPBD, PBM, and

controls

P values were data of redefined

HCPBD compared with a PBM

with biliary dilatation, b PBM

without biliary dilatation, and
c controls

NS not significant

Redefined

HCPBD

PBM with

biliary

dilatation

PBM without

biliary

dilatation

Controls P value

Number of patients 56 47 34 66

Age at diagnosis (years, mean ± SD) 58.5 ± 16.5 47.8 ± 18.4 54.1 ± 15.3 59.8 ± 17.1 0.001a

Male/female 27/29 13/34 9/25 30/36 0.042a

0.048b

Gallbladder cancer 11 (20%) 8 (17%) 16 (47%) 5 (8%) 0.004b

Bile duct cancer 0 3 (6%) 0 4 (7%) NS

Gall stones 23 (41%) 6 (13%) 6 (18%) 22 (33%) 0.001a

0.026b

Bile duct stones 10 (18%) 3 (6%) 4 (12%) 16 (28%) NS

Acute pancreatitis 11 (20%) 2 (4%) 1 (2%) 1 (2%) 0.033a

0.026b

0.001c

Chronic pancreatitis 2 (4%) 1 (2%) 0 1 (2%) NS

Table 2 Radiological features and pancreatobiliary and biliopancreatic reflux

Redefined

HCPBD

PBM with biliary

dilatation

PBM without biliary

dilatation

Controls P values

Length of common channel (mm, mean ± SD) 7.8 ± 3.1 16.3 ± 8.4 12.6 ± 7.4 2.1 ± 1.4 \0.001a,b,c

Diameter of common bile duct (mm, mean ± SD) 9.4 ± 3.0 24.3 ± 11.7 8.4 ± 1.7 8.5 ± 2.8 \0.00la

Bile amylase level [150 mg/dl 50 (89%) 46 (98%) 31 (91%) 17 (30%) \0.001c

Bile amylase level [1,000 mg/dl 44 (79%) 46 (98%) 31 (91%) 14 (25%) 0.002a

\0.001c

Bile amylase level (mg/dl, mean ± SD) 26,635 ± 49,970 172,988 ± 295,932 93,898 ± 143,224 13,077 ± 37,910 \0.001a,b,c

Biliopancreatic reflux 20/21 (95%) 10/10 (100%) 6/6 (100%) 0/11 (0%) \0.001c

P values were data of redefined HCPBD compared with a PBM with biliary dilatation, b PBM without biliary dilatation, and c controls
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channel length C6 mm, in which the communication was

occluded when the sphincter was contracted [7, 8]. In our

recent study of 65 HCPBD patients in a single center,

gallbladder cancer was found in 7 (11%). Reflux of contrast

medium into the pancreatic duct was detected in 12 (86%)

of 14 patients with HCPBD who underwent postoperative

T-tube cholangiography. Amylase level of the bile in seven

HCPBD patients was elevated to an average 47,774 IU/l.

Hyperplastic change in the gallbladder mucosa with

increased epithelial cell proliferative activity was detected

in HCPBD patients. Furthermore, K-ras mutations of the

noncancerous epithelium of the gallbladder were detected

in 5 (28%) of 18 patients with HCPBD [10, 11].

By demonstrating elevated levels of pancreatic enzymes

in bile sampled from the common bile duct or gallbladder,

or by MRCP evidence of biliary duct dilatation after

secretin injection, it has been recently recognized that

pancreatobiliary reflux can occur with a normal pancre-

aticobiliary junction [12–14]. A high bile trypsin level was

also reported in patients with bile duct stones [12]. Hor-

aguchi et al. [13] reported that high biliary amylase level

was observed in 46 (26%) of 178 patients with a normal

pancreaticobiliary junction, and the prevalence of elevated

biliary amylase level was high in patients with gallbladder

cancer. Sai et al. [14] demonstrated enhanced visualization

of the intrahepatic and extrahepatic bile ducts and gall-

bladder with increased maximum diameter of the extra-

hepatic bile duct and short axis of the gallbladder on

secretin-stimulated dynamic MRCP in 4 (5%) of 74

patients who had a normal pancreaticobiliary junction on

ERCP. The bile amylase level was markedly elevated in all

four patients, and three of these four patients had gall-

bladder cancer. These reports would suggest that there is a

relationship between pancreatobiliary reflux in individuals

with a normal pancreaticobiliary junction and gallbladder

cancer.

In this study, it became clear that bile amylase level was

correlated with the length of a common channel. The most

significant problem in these cases with a relatively long

common channel is the association with cancer of the

gallbladder. Since bile amylase level was elevated more

than 1,000 mg/dl in 97% of gallbladder cancer patients

with bile amylase level[150 mg/dl, we defined 1,000 mg/dl

as a cutoff level of markedly elevated amylase in the bile.

Therefore, using ROC curves, we determined that 5 mm is

the minimum length of a common channel that induces

marked elevation of bile amylase levels. Subsequently, we

redefined HCPBD as a length of the common channel

C5 mm, in which the communication was occluded when

the sphincter was contracted. In redefined HCPBD patients,

gallbladder cancer was found in 20%, and pancreatobiliary

and biliopancreatic reflux was observed in 89 and 95%,

respectively. Although it is reported that 40–70% of gall-

bladder cancers are generally associated with gall stones

[15], the incidence of gall stones in conjunction with

cancer of the gallbladder associated with both redefined

HCPBD and PBM was lower.

Although the degree or incidence was different, patho-

physiological conditions due to pancreatobiliary and

biliopancreatic reflux appear to occur in both PBM and also

in redefined HCPBD. However, as shown in our previous

data [7, 8], there were several differences in gender, age at

diagnosis, bile amylase level, and incidence of associated

gallbladder cancer between redefined HCPBD and PBM

patients. Pancreatobiliary reflux can also occur in cases of

sphincter dysfunction [16], periampullary diverticula [17],

as well as after endoscopic sphincterotomy [18] or endo-

scopic papillary balloon dilatation [19]. Itokawa et al. [20]

reported that the amylase level in the bile obtained during

ERCP was higher than the serum amylase level in 22

(26%) of 86 patients with a normal pancreaticobiliary

junction, and the incidence of an elevated amylase level in

the bile was significantly higher in patients who were

elderly, had a dilated common bile duct, and in those who

had choledocholithiasis. Pancreatobiliary reflux in some

cases of normal pancreaticobiliary junction seems to be

caused by dysfunction of the sphincter of Oddi. Anderson

et al. [21] reported that the bile amylase level obtained

through an indwelling T-tube was higher than the serum

amylase level in 21 (81%) of 26 patients with biliary tract

disease, and the bile amylase level fluctuated considerably

in the same patient. According to Paulino-Netto et al. [22],

Table 3 Gallbladder cancer associated with redefined HCPBD and PBM with or without biliary dilatation

Redefined

HCPBD

PBM with biliary

dilatation

PBM without

biliary dilatation

Number of patients 11 8 16

Age at diagnosis (years, mean ± SD) 66.8 ± 9.0 63.0 ± 3.5 60.5 ± 11.5

Male/female 5/6 3/5 2/14

With gall stones 1 (9%) 1 (13%) 1 (6%)

Bile amylase level (mg/dl, mean ± SD) 17,922 ± 27,105* 62,716 ± 62,449 72,543 ± 92,359

* P = 0.038 compared with PBM without biliary dilatation
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biliopancreatic reflux during T-tube cholangiography was

detected when the sphincter was relaxed in instances with

high confluence of the pancreatic and bile ducts. It would

seem that, unlike in PBM, pancreatobiliary reflux in cases

with a normal pancreaticobiliary junction occurs not con-

tinuously but transiently. Apart from the degree of reflux of

pancreatic enzymes, another factor that induces cell injury

and resultant carcinogenesis appears to be the long-term

local stasis of bile intermingled with refluxed pancreatic

juice. In cases with a relatively long common channel, the

pancreatic juice refluxes into the common bile duct and is

cleared rapidly without stasis; therefore the occurrence of

cancer of the gallbladder where bile stasis occurs poses a

problem in these cases. Although the incidence of associ-

ated gallbladder cancer in HCPBD is lower than that in

PBM, a relatively long common channel appears to be an

important risk factor for the development of gallbladder

cancer. We think that redefined HCPBD should currently

be treated as a separate entity from PBM, but clinicians

should be vigilant regarding the development of gallblad-

der cancer in redefined HCPBD patients.

There are some limitations in this study. First, this is a

retrospective multicenter study. The method of measure-

ment of a common channel may differ somewhat among

centers. Second, amylase level was measured in the bile of

the common bile duct or gallbladder. Some investigators

[20, 23] reported a difference in amylase level in the

gallbladder or the common bile duct; however, in this

study, amylase levels in the common bile duct were higher

than those in the gallbladder in 9 (56%) of 17 cases and

were lower in 7 cases (44%). Third, there was bias in the

cases enrolled in this study, as subjects chosen for the study

were patients who underwent ERCP or intraoperative or

T-tube cholangiography. In redefined HCPBD patients,

there were many patients with gall stones and acute biliary

pancreatitis, which may have been induced by this bias. To

clarify the clinical significance of redefined HCPBD

including the place of prophylactic cholecystectomy in

these cases, further prospective studies are needed.

In conclusion, patients with a common channel C5 mm

(redefined HCPBD) should be monitored for the develop-

ment of gallbladder cancer, as they frequently showed

significant pancreatobiliary reflux as indicated by marked

elevation of bile amylase levels.
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