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Purpose: Pancreatic enzyme reflux into the biliary tract is associated with chronic inflammation and increased cellular 
proliferation in the biliary epithelium, leading to biliary carcinoma. We evaluated the relationship between high bile juice 
amylase levels and biliary microflora in patients with malignant gallbladder lesions.
Methods: In this retrospective study, 25 gallbladder specimens were obtained from patients with gallbladder cancer to 
evaluate amylase levels and perform bacterial culture. The samples were divided into high and low amylase groups and 
culture-positive and negative groups for analysis. Bile juice amylase 3 times higher than the normal serum amylase level 
(36–128 IU/L) was considered high.
Results: The number of positive cultures was higher in the high amylase group than in the low amylase group, but the 
difference was insignificant. There were no differences in other clinicopathological factors. Sixteen patients showed 
positive culture results; Escherichia coli and Klebsiella spp. were the most common gram-negative bacteria, whereas 
Enterococcus and Streptococcus spp. were the most common gram-positive bacteria. Age and bile juice amylase 
levels were significantly higher in the culture-positive group than in the culture-negative group. The incidence of 
bacterial resistance to cephalosporins was 6.25%–35.29%, and this incidence was particularly high for lower-generation 
cephalosporins.
Conclusion: Bacteria in gallbladder were identified more frequently when the amylase level was high. High amylase 
levels in the gallbladder can be associated with caused chronic bacterial infections with occult pancreaticobiliary reflux, 
potentially triggering gallbladder cancer.
[Ann Surg Treat Res 2022;102(3):125-130]
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INTRODUCTION
Pancreatic juice reflux into the biliary tract usually occurs 

in patients with an anomalous pancreaticobiliary ductal 
union (APBDU), and a mixture of pancreatic and bile juices 
in the gallbladder is associated with a high incidence of 
gallbladder cancer (GBC) [1]. Occult pancreaticobiliary reflux 
(OPBR) is characterized by high levels of biliary amylase in a 
morphologically normal pancreaticobiliary duct due to pressure 
differences between the sphincter of Oddi and the duodenum. 
A spastic sphincter of Oddi and the lack of sphincter function 
are associated with pancreatic juice reflux [2,3]. In our previous 
study, we found that a high amylase level in the gallbladder 
was a risk factor for inflammation and degeneration of the 
gallbladder mucosa [4]. Pancreatic enzyme reflux into the 
biliary tract is also associated with chronic inflammation 
and increased cellular proliferation of the biliary epithelium, 
leading to biliary carcinoma. Chronic bacterial infections in the 
bile leading to the production of carcinogenic precursors may 
be an etiologic factor in GBC pathogenesis [5-8]. However, little 
research has been conducted on clinicopathological factors in 
patients with OPBR and bacterial infections. Therefore, our 
study aimed to determine the prevalence of pancreatic juice 
reflux in patients with GBC and its association with chronic 
bacterial infections.

METHODS
This study was approved by the Institutional Review Board 

of Pusan National University Hospital (No. 2110-005-107) 
and followed the guidelines of the Declaration of Helsinki. 
All patients provided written informed consent prior to 
participation. All patients also provided written consent for the 
publication of their data.

Patients
From 2013 to 2019, 117 patients with GBC (including 

carcinoma in situ) who underwent elective laparoscopic 
cholecystectomy or radical cholecystectomy at Pusan National 
University Hospital were identified. Patients who underwent 
preoperative endoscopic retrograde cholangiography or 
percutaneous transhepatic gallbladder drainage, patients 
who showed bile duct dilatation of >1.0 cm, or patients with 
choledochal cysts or other malignancies were excluded. 
Bile samples were obtained from the resected gallbladder 
specimens, and amylase and lipase levels were measured. 
Patients were categorized into high and low amylase groups. 
Bacterial cultures were also performed, and patients were 
divided into culture-positive and culture-negative groups. The 
clinicopathological factors of patients were evaluated. During 
follow-up, one patient died of cancer recurrence.

Bile juice analysis
Immediately after cholecystectomy, bile and blood samples 

were collected. A gallbladder amylase level more than 3 times 
higher than the serum amylase level (normal range, 36–128 
IU/L) was considered high. Bile juice amylase levels could 
be measured in the range of 3–5,250 IU/L. Intraoperative 
biliary samples were collected under aseptic conditions at the 
time of bacteriological examinations during the operation. 
The cultures were evaluated for prevalence of aerobic, 
anaerobic, and fungal organisms using routine biochemical 
tests. Different antimicrobial panels were used depending 
on the isolated organism, and the isolates were classified as 
susceptible, intermediate, or resistant, according to the Clinical 
and Laboratory Standards Institute document M47-A (2007; 
https://clsi.org/media/1448/m47a_sample.pdf) principles and 
procedures for blood cultures.

Statistical analyses
All data are presented as mean values. The groups (low vs. 

high amylase and culture-positive vs. culture-negative) were 
compared using the Mann-Whitney U-test, and categorical 
data were compared between groups using the chi-square test. 
Statistical significance was defined as a P-value of <0.05. IBM 
SPSS Statistics ver. 23 (IBM Corp., Armonk, NY, USA) was used 
for all statistical analyses.

RESULTS

Patient demographics
A total of 25 patients were enrolled in this study. The mean 

patient age was 65.9 years in the low amylase group and 70.1 
years in the high amylase group. Overall, 12 patients had 
gallbladder stones. Abdominal pain was the most common 
symptom (10 patients), but it was not a symptom of acute 
cholecystitis. There were no patients with acute cholecystitis. A 
high amylase level was more frequent in GBCs with tumor stage 
of >T2, but the difference between the high and low amylase 
groups was not significant (88.9% vs. 56.2%, P = 0.093). The 
high amylase group had a higher number of positive cultures 
than the low amylase group (88.9% vs. 50.0%, P = 0.052), but 
this difference was also insignificant. There were no significant 
differences in other clinicopathological factors (Table 1).

Culture analyses
Sixteen patients showed positive culture results (64.0%). 

Escherichia coli and Klebsiella spp. were the most common 
gram-negative bacteria, whereas Enterococcus and Streptococcus 
spp. were the most common gram-positive bacteria. Two or 
more strains were detected in 4 patients, all of whom were 
from the high amylase group, and 3 of these 4 patients had 
both gram-positive and gram-negative bacteria. There was no 



 Annals of Surgical Treatment and Research 127

difference in the frequency between the 2 groups (Table 2).

Clinicopathological factors according to culture 
results
When differences in clinicopathological factors between the 

culture-negative and culture-positive groups were analyzed, 
age (72.6 years vs. 58.2 years, P = 0.005) and the proportion of 
patients with high amylase levels (50.0% vs. 11.1%, P = 0.048) 
were higher in the culture-positive group than in the culture-
negative group. But there were no significant differences in the 
other clinicopathological factors (Table 3).

Antimicrobial resistance of the isolated bacteria
E. coli and Klebsiella spp. were the most common gram-

negative bacteria, whereas Enterococcus and Streptococcus 
spp. were the most common gram-positive bacteria. For 
ampicillin, penicillin, and first-generation cephalosporin 
families, the incidence of resistance was greater than 30%. 
The incidence of resistance to the cephalosporin series of 
antibiotics ranged between 6.25% and 35.29%. They had 
a high rate of antimicrobial resistance to first- or second-
generation cephalosporins. Amikacin, ertapenem, imipenem, 
and trimethoprim/sulfamethoxazole are the most suitable 
antibiotics.

DISCUSSION
Cellular proliferation of the biliary epithelium is facilitated 

by the regurgitation of pancreatic juice into the bile duct in 
patients with APBDU, and it caused genetic alterations in the 
bile duct. Repetitive regurgitation of pancreatic juice into the 
bile duct can induce a hyperplastic or dysplastic state in the 
biliary tract, potentially leading to cancerous changes in the 
mucosa [9,10]. Previous studies have indicated that changes in 
the biliary mucosa also occur in patients with an anatomically 
normal pancreaticobiliary junction; this condition is called 
OPBR [11-16]. High biliary amylase levels can be observed in 
patients with OPBR; these are sometimes associated with 
biliary malignancies, similar to that noted in patients with 
APBDU [11,17,18].

With respect to APBDU and OPBR, there is a limitation 
regarding preoperative diagnosis; therefore, researchers are less 
interested in such studies. According to Itokawa et al. [17], the 
bile juice amylase level in the gallbladder is equal to or higher 
than that in the common bile duct. Thus, the amylase level in 
the gallbladder may indicate OPBR, which would imply that the 

Table 1. Comparison of clinicopathological factors between 
the high and low amylase groups

Variable Low amylase 
group

High amylase 
group P-value

No. of patients 16 9
Sex 0.432
   Male 6 (37.5) 2 (22.2)
   Female 10 (62.5) 7 (77.8)
Age (yr) 65.9 ± 13.3 70.1 ± 11.9 0.270
Symptom 0.610
   No 9 (56.3) 6 (66.7)
   Yes 7 (43.7) 3 (33.3)
Stone 0.341
   No 7 (43.7) 6 (66.7)
   Yes 9 (56.3) 3 (33.3)
Differentiation 0.219
   Well 6 (37.5) 2 (22.2)
   Moderate/poor 5 (31.3) 7 (77.8)
T stage 0.093
   Tis/T1 5/2 (31.2/12.5) 1 (11.1)
   T2 9 (56.3) 8 (88.9)
Culture 0.048
   Negative 8 (50.0) 1 (11.1)
   Positive 8 (50.0) 8 (88.9)
LN metastasis 0.133
   Negative 8 (50.0) 8 (88.9)
   Positive 2 (12.5) 0 (0)
LVI 0.065
   Negative 10 (62.5) 6 (66.7)
   Positive 1 (6.2) 3 (33.3)
PNI 0.155
   Negative 9 (56.3) 8 (88.9)
   Positive 2 (12.5) 1 (11.1)

Values are presented as number only, number (%), or mean ± 
standard deviation.  
Gallbladder amylase level more than 3 times higher than the 
serum amylase level (normal range, 36–128 IU/L) was considered 
high. 
LN, lymph nodes; LVI, lymphovascular invasion; PNI, perineural 
invasion.

Table 2. Isolated bacteria from bile cultures

Isolated bacteria Data
High 

amylase 
group

Low 
amylase 
group

P-value

Gram-negative 17
   Escherichia coli 6 (35.3) 3 3 0.696
   Klebsiella spp. 4 (23.5) 3 1 0.285
   Enterobacter spp. 3 (17.6) 3 >0.999
   Proteus spp. 1 (5.9) 1 0.500
   Citrobacter spp. 2 (11.8) 2 0.233
   Raoultella spp. 1 (5.9) 1 0.500
Gram-positive 6
   Enterococcus spp. 3 (50.0) 3 >0.999 
   Streptococcus spp. 2 (33.3) 2 0.233
   Staphylococcus spp. 1 (16.7) 1 >0.999 

Values are presented as number only or number (%). 
A gallbladder amylase level more than 3 times higher than the 
serum amylase level (normal range, 36–128 IU/L) was considered 
high.
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mechanism underlying APBDU also causes GBC. 
However, the definition of OPBR is potentially controversial, 

and no cutoff values have been established. Itokawa et al. [17] 
reported an OPBR frequency of 26% in patients with various 
pancreaticobiliary diseases, and the incidence of OPBR in 
patients with GBC was 36.0% (9 of 25), according to their OPBR 
definition. Beltrán et al. [18] defined OPBR as a higher amylase 
level in the gallbladder than that in the serum and reported the 
incidence of OPBR as 84.2% in patients with benign gallbladder 
diseases and 100% in patients with GBC. In our study, OPBR 
was defined as a gallbladder amylase level more than 3 times 
higher than the serum amylase level, based on the definition 
for postoperative pancreatic fistulas.

The incidence of APBDU in patients with biliary disorders 
who underwent endoscopic retrograde cholangiography is 
1.5% in Japan, 8.7% in Taiwan, and 1% in Europe. In the last 
decade, the incidence of APBDU-associated bile duct cancer 
in patients with and without biliary dilatation was 5.2% and 
4.0%, respectively. Several studies have reported that biliary 
cancer is detected in 21.6% of adult patients with congenital 
biliary dilatation (bile duct cancer, 32.1% vs. GBC, 62.3%) and in 
42.4% of patients with pancreaticobiliary maljunction without 
biliary dilatation (bile duct cancer, 7.3% vs. GBC, 88.1%) [19-
22]. In our previous study, we recommended that patients 
with high bile amylase levels after cholecystectomy should be 
carefully followed up for cholangiocarcinoma [4]. However, 
there were no remarkable changes in these groups during 
the follow-up period. We speculated that this was because 
of the low incidence of bile duct cancer among patients with 
APBDU without bile duct dilatation. Additionally, the risk 
of bile duct cancer decreased after cholecystectomy; similar 
to a decrease in the risk of intrapancreatic bile duct cancer 
after choledochal cyst operation. However, the incidence of 
GBC in patients with APBDU without bile duct dilatation was 
high (88.1%) in our study, which could not be explained by 
pancreatic juice reflux alone. And we could not evaluate the 
presence of APBDU separately, so it was necessary to identify 

other clinicopathological factors related to GBC in patients with 
APBDU or OPBR without bile duct dilatation.

If OPBR presents with a functional problem related to the 
sphincter of Oddi, it may cause chronic bacterial infections 
owing to bile contamination caused by reflux from the 
duodenum into the biliary tract. Therefore, chronic bacterial 
infection in the bile has been suggested as a trigger for GBC. 
Several studies have reported that infection caused by specific 
organisms, such as Salmonella typhi, is a leading cause of 
GBC [5-8]. The reported bacterial infection rate is 9%–42% 
during elective cholecystectomy, 35%–65% in the presence of 
symptomatic acute cholecystitis, and 30%–90% during biliary 
drainage treatment [23]. In our study, the incidence of bacterial 
infection was 64%, which is higher than the 25.1% incidence 
during elective cholecystectomy for benign gallbladder disease 
reported in our previous study. In our present study, in the 
low amylase group, the positive culture rate was 50%. We could 
not identify exactly the reason for the positive culture rate in 
the low amylase group, but we can assume the possibilities of 
contamination. The patients with GB stone in the low amylase 
group were 56.3%. So we could guess the chronic inflammation 
with bacterial infection in these patients even if they had not 
OPBR. Bacterial infections were also more frequent in the high 
amylase group than in the low amylase group, indicating an 
association between OPBR and chronic bacterial infections (P 
= 0.048). Considering that OPBR can be a risk factor for GBC, 
we suggest a correlation between GBC and chronic bacterial 
infection in the gallbladder. Further, because the incidence 
of bile culture positivity was higher in patients with a high 
amylase level and in older patients, we hypothesize that 
alterations in the gallbladder mucosa due to chronic bacterial 
infections in patients with OPBR increase the risk of cancer.

In our study, the most commonly identified bacteria were 
E. coli, Klebsiella spp., and Enterococcus spp. (same as those 
detected during elective cholecystectomy). The frequency 
of gram-positive bacteria was higher in the high amylase 
group than in the low amylase group, but the difference 

Table 3. Clinicopathological factors according to culture results

Variable Culture-negative group (n = 9) Culture-positive group (n = 16) P-value

Sex, male:female 4:5 (44.4:55.6) 4:12 (25:75) 0.394
Age (yr) 58.22 ± 14.39 72.56 ± 8.88 0.005
Symptom 4 (44.4) 6 (37.5) >0.999
Bile amylase level (IU/L) 610.37 ± 1,740.21 815.40 ± 1,338.17 0.744
High amylase level 1 (11.1) 8 (50.0) 0.048
T stage (Cis +T1:T2) 4:5 (44.4:55.6) 4:12 (25.0:75.0) 0.317
LVI 0 (0) 4 (25.0) 0.267
PNI 1 (11.1) 2 (12.5) >0.999

Values are presented as number (%) or mean ± standard deviation. 
A gallbladder amylase level more than 3 times higher than the serum amylase level (normal range, 36–128 IU/L) was considered high. 
LVI, lymphovascular invasion; PNI, perineural invasion.
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was not significant. The role of prophylactic antibiotics in 
cancer surgery remains controversial. Antibiotic susceptibility 
studies have suggested that amikacin, ertapenem, imipenem, 
and trimethoprim/sulfamethoxazole are the most suitable 
antibiotics, but their use is limited in clinical applications. 
When considering antibiotic administration in the perioperative 
period, first- or second-generation cephalosporins should be 
avoided owing to their high rate of antimicrobial resistance.

This study has some limitations. The objective was to 
demonstrate the relationship between high bile amylase levels 
and chronic bacterial infections in patients with GBC. The study 
had a retrospective design and included only 25 patients with 
GBC. The degree of inflammation surrounding the cancer tissue 
was not evaluated, and the groups were not balanced according 
to the cancer stage. Furthermore, we could not determine 
the appropriate antibiotic treatment for patients because the 
bacterial status in the bile duct after surgery was not evaluated. 
The antimicrobial resistance of the isolated bacteria depends on 
several factors, including community differences and hospital 
antibiotic policies, and consequently, the antibiotic management 
should be adjusted considering these environmental factors.

However, chronic bacterial infections associated with OPBR 
may be correlated with GBC, and future studies, including 
biochemical and bacterial gallbladder bile fraction evaluation, 
are warranted for confirmation. 

In patients with GBC, the clinicopathological factors did 
not differ according to the bile juice amylase levels. However, 
bacteria in gallbladder were identified more frequently 
when the amylase level was high. High amylase levels in the 
gallbladder can be associated with caused chronic bacterial 

infections with OPBR, potentially triggering GBC.
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