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INTRODUCTION
It is well known that pancreatobiliary reflux is an important 
risk factor for the carcinogenesis of  the biliary system in 
patients with pancreaticobiliary maljunction (PBM)[1,2], 
which is a congenital anomaly defined as an abnormal 
union of  the common bile duct and pancreatic duct that is 
located outside the duodenal wall where a sphincter system 
is not present and pancreatic juice freely regurgitates into 
the biliary tract through the communication[3].

Recently, we reported that pancreatobiliary reflux with 
extremely high biliary amylase levels can occur not only 
in patients with PBM, but also in those without PBM[4,5], 
although the latter condition is not well known yet. In 
the present study, we tried to detect the patients, who had 
pancreatobiliary reflux with extremely high biliary amylase 
levels, and examined the clinicopathological findings of  
those patients.

MATERIALS AND METHODS
Subjects
Between March 2002 and February 2006, 96 patients, 
w h o h a d d i f f u s e t h i ck n e s s o f  t h e g a l l b l a d d e r 
wa l l above 3 mm and were suspected of  hav ing 
pancreaticobiliary maljunction on ultrasonography, 
were prospectively subjected to endoscopic retrograde 
cholangiopancreatography (ERCP). Bile in the common 
bile duct was sampled as follows and biliary amylase 
levels were measured in those patients. After selective 
insertion of  an ERCP catheter into the bile duct, bile was 
aspirated from the common bile duct at a depth of  5 cm. 
To avoid contamination with pancreatic juice, the first 5 
mL of  the aspirated bile was not used to measure biliary 
amylase levels, and another sample of  bile was obtained 
for the measurement. In all patients, serum amylase was 
measured within 48 h before cholecystectomy. Amylase 
in the serum and bile was measured by an enzymatic 
method using 3-ketobutylidene-2-chloro-4-nitrophenyl- 
maltopentaoside (Diacolor Neonate, Toyobo, Osaka, 
Japan) as the substrate[6]. The normal range for serum 
amylase in our institution is 130 to 400 IU/L. We defined 
extremely high biliary amylase levels as those above 
10 000 IU/L, and patients with extremely high biliary 
amylase levels were indicated for cholecystectomy. Patients 
having bile duct stenosis, filling defect in the bile duct, 
including choledocholithiasis on ERCP, were excluded 
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Abstract
AIM: To detect the patients with and without pan-
creaticobiliary maljunction who had pancreatobiliary 
reflux with extremely high biliary amylase levels.

METHODS: Ninety-six patients, who had diffuse 
thickness (> 3 mm) of the gallbladder wall and were 
suspected of having a pancreaticobiliary maljunction 
on ultrasonography, were prospectively subjected to 
endoscopic retrograde cholangiopancreatography, and 
bile in the common bile duct was sampled. Among them, 
patients, who had extremely high biliary amylase levels 
(>10 000 IU/L), underwent cholecystectomy, and the 
clinicopathological findings of those patients with and 
without pancreaticobiliary maljunction were examined.

RESULTS: Seventeen patients had biliary amylase levels 
in the common bile duct above 10 000 IU/L, including 
11 with pancreaticobiliary maljunction and 6 without 
pancreaticobiliary maljunction. The occurrence of 
gallbladder carcinoma was 45.5% (5/11) in patients with 
pancreaticobiliary maljunction, and 50% (3/6) in those 
without pancreaticobiliary maljunction.

CONCLUSION: Pancreatobiliary reflux with extremely 
high biliary amylase levels and associated gallbladder 
carcinoma could be identified in patients with and 
without pancreaticobiliary maljunction, and those 
patients might be detected by ultrasonography and bile 
sampling.
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from the present study, because their biliary amylase 
levels in the common bile duct would not correctly reflect 
pancreatobiliary reflux.

Patients were divided into those with PBM and without 
PBM (non-PBM). On ERCP images, the two ducts were 
always communicated in PBM patients, but not in non-
PBM patients due to the sphincter contraction. The length 
of  the common channel was measured on ERCP images 
corrected for magnification using the diameter of  the 
endoscope as a reference.

Informed consent was obtained from all the patients. 
The study protocol was approved by the ethics committee 
of  our institution.

Tissue specimens and histologic analysis
All specimens were fixed in 10% buffered formalin. 
The gallbladder tissues embedded in paraffin were cut 
into 4-μm serial sections, and the gallbladder mucosa 
was histologically examined using sections stained 
with hematoxylin and eosin (HE). All specimens were 
diagnosed based on light microscopic findings. Carcinoma 
of  the gallbladder was diagnosed according to the criteria 
reported by Albores-Saavedra et al[7].

RESULTS
Serum amylase was within 600 IU/L in all patients. 

Among the 96 patients who underwent ERCP, bile 
was successfully sampled in 87 patients; four patients 
underwent unsuccessful ERCP, two had bile duct stenosis, 
three had choledocholithiasis, and these patients were 
excluded from the present study. Consequently, 17 patients 
had extremely high biliary amylase levels in the common 
bile duct above 10 000 IU/L, including 11 PBM patients 
and 6 non-PBM patients. Among the PBM patients, 4 had 
a choledocal cyst. All patients with biliary amylase levels 
above 10 000 IU/L underwent cholecystectomy. The main 
clinical characteristics of  PBM and non-PBM patients are 
shown in Tables 1 and 2. The occurrence of  gallbladder 
carcinoma was 45.5% (5/11) in PBM patients, and 50% 
(3/6) in non-PBM patients. PBM patients included 1 
carcinoma limited within the mucosa, while non-PBM 
patients included 2 (Table 1, Figure 1). 

DISCUSSION
Gallbladder carc inoma is known to car r y a poor 
prognosis[8]. It is therefore essential to identify patients at 
a high risk for developing gallbladder carcinoma[9]. The 
risk of  gallbladder carcinoma associated with PBM is 
substantial; it was reported that the occurrence of  biliary 
cancer in 388 PBM patients without biliary dilatation 
was 37.9%, including 93.2% with gallbladder carcinoma 
and 6.8% with bile duct cancer, while that in 1239 PBM 

Table 1A  Clinical characteristics of patients with non-pancreaticobiliary maljunction

GB: Gallbladder; m: Tumor invades the mucosa; ss: Tumor invades the subserosa; ca: Adenocarcinoma.

Table 1B  Clinical characteristics of patients with pancreaticobiliary maljunction

GB: Gallbladder; m: Tumor invades the mucosa; ss: Tumor invades the subserosa; se: Tumor perforates serosa; chr-it is: Chronic cholecystitis; 
ADM: Adenomyomatosis; ca: Adenocarcinoma.

 Age Sex Biliary Common Pathology Depth of GB Choledocal
amylase channel invasion stone cyst

　 　 　 (IU/L) length (mm) 　 　 　 　

1 56 M 47 190 7 Hyperplasia  +  -
2 69 F 27 038 8 Hyperplasia  +  -
3 63 F 61 710 4 Hyperplasia  -  -
4 53 F 52 600 8 ca m  -  - 
5 68 F 84 700 9 ca m  -  -
6 70 F 64 260 4 ca ss  -  -

Age Sex Biliary Common Pathology Depth of GB Choledocal
amylase channel invasion stone cyst

　 　 　 (IU/L) length (mm) 　 　 　 　

1 65 F   12 030 18 chr-itis  +  + 
2 74 F 153 000 16 chr-itis  +  -
3 63 M 136 400 48 ADM   -  + 
4 34 F 145 000 15 Hyperplasia  +  -
5 46 F 103 500 26 Hyperplasia  -  -
6 40 F 126 900 28 Hyperplasia   +  + 
7 47 M   95 400 19 ca m  -  -
8 54 F 132 180 27 ca ss  -  -
9 64 F 177 520 24 ca ss  -  -
10 75 F   26 510 20 ca ss  -  - 
11 57 F   21 100 19 ca se  -  -
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patients with choledocal cyst was 10.6%, including 
33.6% with extrahepatic bile duct cancer and 64.9% with 
gallbladder carcinoma[10]. Numerous studies have shown 
that pancreatobiliary reflux is a major risk factor for biliary 
carcinogenesis in patients with PBM; the mixture of  bile 
and pancreatic juice can induce chronic inflammation and 
genetic alterations and increase cellular proliferation of  the 
biliary tract epithelium, leading to hyperplasia, dysplasia 
and ultimately carcinoma of  the biliary tract mucosa[11,12]. 

Pancreatobiliary reflux with extremely high biliary 
amylase levels was also identified in non-PBM patients 
in the present study, and 50% of  those patients had 
gallbladder carcinoma. Furthermore it included gallbladder 
carcinoma limited within the mucosa, and thus detection 
of  pancreatobiliary reflux with extremely high biliary 
amylase levels might allow management for gallbladder 
carcinoma at an early stage. 

In order to identify pancreatobiliary ref lux pre-
operatively, secretin-injection magnetic resonance 
cholangiopancreatography (MRCP) is an option that has 
proved useful as we have previously reported[4,5], although 
high amylase levels in the bile sampled during ERCP is 
a direct evidence of  pancreatobiliary reflux. One of  the 
characteristic findings of  ultrasonography associated with 
pancreaticobiliary maljunction was reported as diffuse 
thickness of  the gallbladder wall above 3 mm, that might 
reflect mucosal change associated with pancreatobiliary 
reflux including chronic inflammation and increased 
cellular proliferation of  the gallbladder mucosa[13]. In the 
present study, ultrasonographic finding also proved useful 
to diagnose non-PBM patients with extremely high biliary 
amylase levels, although the finding was non-specific and 
was seen in other diseases including chronic cholecystitis 
with or without gallstone, adenomyomatosis, and liver 
cirrhosis[13]. 

Reflux of  pancreatic juice into the biliary tract is 
influenced by the function of  Oddi’s sphincter and the 
form of  the junction of  the pancreaticobiliary duct[14]. One 
of  the mechanisms of  pancreatobiliary reflux in non-PBM 
patients could be a long common channel. Actually, 67% 
(4/6) of  non-PBM patients had a long common channel 
more than 7 mm in the present study. Misra et al reported 
that a common channel more than 8 mm in length was 
seen more frequently in patients with gallbladder carcinoma 
(38%) compared with normal subjects (3%) or patients 
with gallstones (1%)[15]. Kamisawa et al also reported that 
the occurrence of  gallbladder carcinoma in non- PBM 
patients with a common channel of  more than 6 mm 
in length was 12%, being significantly higher than that 
in controls[16]. They speculated that the longer common 
channel could be associated with a higher occurrence and 
a more significant degree of  pancreatobiliary reflux, which 
might be the cause of  gallbladder carcinoma, although 
they did not measure the biliary amylase levels in their 
study. Another mechanism of  pancreatobiliary reflux in 
non-PBM patients, especially in our two patients with a 
common channel of  4 mm, might be the dysfunction of  
the sphincter of  Oddi, however, the precise mechanism 
of  pancreatobiliary reflux in non-PBM patients should be 
further clarified in future studies. 

In conclusion, pancreatobiliary reflux with extremely 
high biliary amylase levels and associated gallbladder 
carcinoma could be identified in patients with and without 
pancreaticobiliary maljunction, and those patients might be 
detected by ultrasonography and bile sampling.
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Figure 1  The 52-year old woman who had extremely high biliary amylase level 
without pancreaticobiliary maljunction and gallbladder carcinoma limited within 
the mucosa. A: Ultrasonography, showing diffuse thickness of the gallbladder 
wall above 3 mm; B: ERCP shows no pancreaticobiliary maljunction and common 
channel of 7 mm. Biliary amylase levels in the common bile duct was 52 600 IU/L; C: 
Gallbladder carcinoma limited within the mucosa (HE, x 40).

Table 2  Clinicopathological findings in patients with and 
without pancreaticobiliary maljunction

PBM: Pancreaticobiliary maljunction; CBD-Amy: Amylase levels in the 
common bile duct; SD: Standard deviation.

    non-PBM        PBM
　     (n  = 6)      (n  = 11)

Age (mean ± SD)     63.2 ± 7.2       54.1 ± 12
Female (number)     5/6 (83%)      9/11 (82%)
CBD-Amy (mean ± SD) IU/L 56 250 ± 19 246 102 686 ± 57 660
Cholecystolithiasis (number)     2/6 (33%)      4/11 (36%)
Length of the common 
  channel (mean ± SD) mm       6.7 ± 2.2       23.6 ± 9.2
Gallbladder carcinoma (number)     3/6 (50%)      5/11 (46%)
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