
BASIC KNOWLEDGE OF INTEREST

Biliopancreatic reflux—pathophysiology and clinical implications
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Abstract The common bile duct and the main pancreatic

duct open into the duodenum, where they frequently form a

common channel. 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. In patients with a

pancreaticobiliary maljunction, the action of the sphincter

does not functionally affect the junction. Therefore, in

these patients, two-way regurgitation (pancreatobiliary and

biliopancreatic reflux) occurs. This results in various path-

ological conditions of the biliary tract and the pancreas.

Biliopancreatic reflux could be confirmed by: operative or

postoperative T-tube cholangiography; CT combined with

drip infusion cholangiography; histological detection of

gallbladder cancer cells in the main pancreatic duct; and

reflux of bile on the cut surface of the pancreas. Biliopan-

creatic reflux occurs frequently in patients with a long

common channel. Although the true prevalence, degree, and

pathophysiology of biliopancreatic reflux remain unclear,

biliopancreatic reflux is related to the occurrence of acute

pancreatitis. Obstruction of a long common channel easily

causes bile flow into the pancreas. Even if no obstruction is

present, biliopancreatic reflux can still result in acute pan-

creatitis in some cases.
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Introduction

The common bile duct and the main pancreatic duct open

into the duodenum where they frequently form a common

channel. 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. In patients with pancreaticobil-

iary maljunction (PBM), the common channel can be so

long that the junction of the pancreatic and bile ducts is

located outside of the duodenal wall. Since the action of the

sphincter does not functionally affect such a junction, two-

way regurgitation (pancreatobiliary and biliopancreatic

reflux) occurs. This results in various pathological condi-

tions of the biliary tract and the pancreas [1–3].

Given that the hydropressure within the pancreatic duct

is usually greater than the hydropressure within the bile

duct, pancreatic juice frequently refluxes into the biliary

duct (pancreatobiliary reflux) [4–6]. The stagnation of

activated pancreatic juice mixed with bile may injure the

epithelium of the biliary tract and induce metaplasia or

promote cancer progression. The biliary mucosa of PBM

patients can be considered to be a premalignant region,

given the high incidence of biliary cancer and increased

cell proliferation with K-ras mutations in such patients [7].

Once PBM is diagnosed, it is recommended that prophy-

lactic biliary surgery be done before malignant changes

occur in the biliary tract [8, 9].

On the other hand, biliopancreatic reflux was previously

noted as an etiological factor related to acute pancreatitis

[10]. However, the relationship between biliopancreatic
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reflux and acute pancreatitis is controversial [4–6, 11, 12].

This paper reviews the recent advances in the diagnosis of

biliopancreatic reflux, as well as its pathophysiology and

clinical implications.

Anatomy of the pancreaticobiliary junction

There are three ways that the main pancreatic duct and

common bile duct open into the duodenum: separate

openings, one opening without a common channel; and one

opening with a common channel [13, 14]. The incidence of

common channel formation ranges from 55 [15] to 82%

[13, 14]. Dowdy et al. [16] reported that the length of the

common channel ranged from 1 to 12 mm, with an average

length of 4.4 mm; Sterling [15] reported that the length of

the common channel ranged from 1.2 to 8.4 mm, with an

average of 4.4 mm. Rienhoff and Pickrell [17] reported

that 92 (53%) of 173 cases had a common channel up to

2 mm long, 62 (36%) had a common channel ranging from

3 to 5 mm long, and 19 (11%) had a common channel that

was [6 mm long.

The sphincter of Oddi, which is composed of the

sphincter choledochus, the sphincter pancreaticus and

the sphincter ampullae, is located at the distal end of the

pancreatic and bile ducts. It regulates the outflow of bile

and pancreatic juice [13, 14]. The common channel can be

so long that the junction of the pancreatic and bile ducts is

located outside of the duodenal wall; this occurs in PBM.

In such patients, the action of the sphincter does not

functionally affect the junction, and this results in two-way

regurgitation.

Diagnosis of biliopancreatic reflux

Pancreatobiliary reflux is diagnosed based on the presence

of an elevated amylase level in bile obtained intraopera-

tively, through an indwelling T-tube, or during endoscopic

retrograde cholangiopancreatography (ERCP). The bile

amylase level in PBM patients is usually markedly elevated

[1, 18]. On secretin-stimulated dynamic magnetic resonance

cholangiopancreatography (MRCP), pancreatobiliary reflux

in PBM patients can be visualized as preferential filling of

the long common channel and the biliary tract with minimal

duodenal filling [19, 20]. Biliopancreatic reflux occurs in

many patients who have pancreatobiliary reflux.

Operative or postoperative T-tube cholangiography

The reflux of dye or contrast medium into the pancreatic

duct during operative cholangiography in patients with a

normal pancreaticobiliary junction has been known for a

long time. Several published studies have dealt with this

subject [21, 22]. However, they have not examined the

effect of variables, such as the rate of injection, the pres-

sure of the injection, the type of anesthesia, and the use of

premedicating drugs. Under fluoroscopic observation, a

small amount of contrast medium is gradually injected

using the least possible pressure. After the lower common

bile duct is filled, several spot films of the periampullary

regions are taken. Reflux of contrast medium into the

pancreatic duct can only occur when the sphincter of Oddi

is relaxed when there is a common channel, and, at the

same time, the medium flows into the duodenum. When-

ever there is increased flow through the common channel

and the amupulla, the duodenum will be filled and there

will be reflux into the pancreatic duct, provided that the

sphincter of Oddi is relaxed and the intraampullary pres-

sure is high. Contraction of the sphincter makes pancreatic

reflux more difficult due to the local anatomy (Fig. 1) [23].

However, in patients with PBM with confluence of the

pancreatic and bile duct high above the sphincter, pancre-

atic reflux can occur also when the sphincter contracts.

In general, no stasis of contrast fluid is noted in the

pancreatic duct. There is considerable individual variation

in the length of reflux down the pancreatic duct. In patients

with a normal pancreaticobiliary junction, the incidence of

pancreatic reflux has been reported to be 12.5% (15/120)

[24], 13.3% (13/98) [25], 15.4% (31/211) [26], 18.7%

(115/614) [27], and 27.6% (69/250) [28].

CT combined with drip infusion cholangiography

Multidetector row computed tomography (CT) combined

with drip infusion cholangiography (DIC) can be used to

Fig. 1 Schematic illustration showing mechanism of biliopancreatic

reflux, usual out-flow, pancreatobiliary reflux, and duodenopancreatic

reflux [23]
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demonstrate more details of the anatomy of the biliary tract.

After intravenous injection, meglumine iotroxate, the con-

trast medium used in DIC, is absorbed by hepatocytes and

excreted into the bile. Bile duct imaging using this method is

considered to reflect the dynamic and physiological bile flow

better than operative cholangiography. On DIC-CT, reflux of

the contrast medium into the main pancreatic duct can be

demonstrated in patients with PBM [29]. Sugiyama et al.

[30] demonstrated that, on DIC-CT, biliopancreatic reflux in

a patient with mild acute pancreatitis associated with PBM

was enhanced by gallbladder contraction that occurred after

yolk ingestion. Fumino et al. [31] reported that biliopan-

creatic reflux was observed on DIC-CT in 6 (40%) of 15

patients with PBM. We noted biliopancreatic reflux on

DIC-CT in a 17-year-old male with recurrent mild acute

pancreatitis and an 8-mm-long common channel; in this

patient, the communication of the pancreatic and bile ducts

was occluded when the sphincter contracted (Figs. 2 and 3).

Histopathological detection of gallbladder cancer cells

in the main pancreatic duct

Suda and Miyano [32] noted squamous cancer cells in the

main pancreatic duct in a patient with adenosquamous cell

cancer of the gallbladder who had PBM; they suspected the

possibility that bile refluxed into the pancreatic duct.

Reflux of the bile on the cut surface of the pancreas

Dohke et al. [33] reported a pancreatic cancer case in

whom reflux of bile was observed spontaneously on the cut

surface of the pancreas during distal pancreatectomy;

biliopancreatic reflux was detected on operative cholangi-

ography, but the patient had a very short common channel.

Pathophysiology and clinical implications

of biliopancreatic reflux

The clinical implications of biliopancreatic reflux in

patients with a normal pancreaticobiliary junction remain

unclear. Nevertheless, it has been proposed that biliopan-

creatic reflux is related to acute pancreatitis.

Gallstone migration through the major duodenal papilla

sometimes causes acute pancreatitis [34]. However, the

mechanism whereby biliary calculi trigger acute pancrea-

titis is not known. As early as 1901, Opie [10] detailed the

pathological findings of two patients who died from hem-

orrhagic necrosis of the pancreas; both had a gallstone

impacted in the major papilla. Opie [10] suggested that the

formation of a communication between the bile duct and

the pancreatic duct at the papilla was the triggering event;

bile could thus flow from the biliary tract into the pancreas

and this would result in disease. In addition, experimental

studies have documented that bile aspirated from the

canine gallbladder and injected into the main pancreatic

duct produces severe hemorrhagic necrosis of the pancreas.

This hypothesis was referred to as the ‘‘common channel

Fig. 2 Multidetector row CT combined with drip infusion cholangi-

ography of a 17-year-old male with recurrent mild acute pancreatitis,

showing reflux of contrast medium into the main pancreatic duct. [8]

On ERCP, high confluence of pancreatobiliary ducts with an 8-mm-

long common channel was observed in this patient

Fig. 3 Post operative T-tube cholangiography of the same patient as

Fig. 2. a The pancreatic duct was demonstrated through the common

channel (arrow) when the sphincter of Oddi was relaxed. b The

communication between the bile and pancreatic ducts was destroyed

when the sphincter was contracted
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theory’’, and it became quite popular. However, Opie’s

conclusions were challenged based on the following: (1)

pancreatic duct pressure is normally higher than chole-

dochal pressure, so that pancreatic juice would be expected

to flow into the biliary tract rather than bile to flow into the

pancreatic duct [4–6]; (2) many cases have a common

channel that is too short to permit bile to flow into the

pancreas behind an impacted stone; and (3) injection of bile

into the pancreatic duct does not initiate hemorrhagic

necrotizing pancreatitis [35].

As reflux of the bile into the pancreatic duct can

sometimes take place and yet the incidence of pancreatitis

was very low, reflux of the bile into the pancreatic duct

under normal anatomical system might be a physiologic

process and seldom productive of inflammatory changes

within the pancreas. However, Armstrong and Taylor [26]

reported a high incidence of biliopancreatic reflux on

operative cholangiography of patients with previous acute

gallstone pancreatitis (62.3% (33/53) with a history of

acute gallbladder pancreatitis vs. 14.6% (82/561) in those

with no previous history of acute gallbladder pancreatitis;

P \ 0.0001). It is also of interest that 72% of the patients

with a history of pancreatitis and biliopancreatic reflux

were found to have a common channel that was 5 mm or

longer, while only 20% of those without pancreatitis had a

common channel that was 5 mm or longer. Howel and

Bergh [36] found a positive correlation between biliopan-

creatic reflux of contrast medium and subsequent serum

amylase elevations following cholecystectomy and opera-

tive cholangiography. They noted that injection of the bile

into the pancreatic duct produced marked hyperamylase-

mia. Based on experiments that mimicked different

patterns of stone impaction at the choledochoduodenal

junction in rabbits, Arendt et al. [37] reported that bilio-

pancreatic reflux and acute pancreatitis might be due to a

combination of stone migration effects, such as biliary

hypertension, temporary pancreatic duct obstruction, and

bacterial infection of bile. Given these findings, biliopan-

creatic reflux may be considered a potential pathogenic

mechanism that initiates acute biliary pancreatitis in

patients who have both a common channel and a bacterial

infection of their choledochal secretions.

Acute pancreatitis associated with pancreaticobiliary

maljunction

Since fluid pressure is usually higher within the pancreatic

duct than within the bile duct, pancreatic juice frequently

refluxes into the bile duct [4–6]. However, bile may reflux

into the pancreatic duct via PBM under some circum-

stances, such as during bile stasis in a choledochal cyst or a

common channel, as well as in patients with cholangitis

[38]. Refluxed bile may activate pancreatic enzymes,

particularly phospholipase A2, which may result in cause

acute pancreatitis [39, 40].

The frequency of acute pancreatitis in children with a

choledochal cyst is reportedly as high as 68% [41] and

ranges from 18 [42] to 23% [43] in adults. Among our 107

PBM patients [44–46], four had acute pancreatitis; two of

the patients were children, and the other two were elderly.

On cholangiography, three of these four patients were

found to have a congenital choledochal cyst. Although in

three patients the acute pancreatitis was mild and in one

patient it was severe, all cases resolved with conservative

treatment. Three of the patients who had excision of the

extrahepatic bile duct with biliary diversion did not

develop further episodes of pancreatitis. In the one patient

with acute relapsing pancreatitis, a small radiolucent defect

was seen in a dilated long common channel on ERCP

during injection of contrast medium. Kaneko et al. [47]

reported that radiolucent filling defects composed of pro-

tein plugs were detected in a long common channel in 40%

of 55 patients with a choledochal cyst; in 82% of cases, the

protein plugs disappeared spontaneously or after flushing.

During an attack of acute pancreatitis, a transient increase

in intraductal pressure in the pancreatic duct may occur.

This increased pressure is probably due to the presence of

bile reflux into the pancreatic duct that may occur when a

long common channel is temporarily obstructed by plugs.

Acute pancreatitis associated with high confluence

of pancreaticobiliary ducts

There are cases that have a relatively long common

channel that are not classified as having PBM, because

their sphincter of Oddi includes the pancreaticobiliary

ductal junction. To investigate the clinical significance of a

relatively long common channel, high confluence of pan-

creaticobiliary ducts (HCPBD) was defined as a common

channel C6 mm, in which the communication was occlu-

ded when the sphincter was contracted [48–50]. Among

3,300 patients who had ERCP in our hospital, 62 patients

were diagnosed as having HCPBD. Reflux of contrast

medium into the pancreatic duct was detected in 86% of

HCPBD patients who had postoperative T-tube cholangi-

ography. The bile amylase level in all HCPBD patients

examined was markedly elevated, and 10% of these

HCPBD patients also had gallbladder cancer. Thus, in

HCPBD patients, as in PBM patients, pancreatobiliary, and

biliopancreatic reflux appears to occur sometimes.

Among our patients, acute pancreatitis occurred in 17

(27%) of 62 HCPBD patients. Acute pancreatitis was

attributed to biliary tract stones in 10 patients and to

alcohol abuse in three patients. Given Opie’s common

channel theory [10], in which obstruction of outflow below

the common bile duct and the pancreatic duct would permit
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bile flow into the pancreas, acute biliary pancreatitis would

seem to occur more readily in HCPBD patients with a

relatively long common channel. In the remaining four

HCPBD patients with no history of excessive alcohol

intake or biliary stones, acute pancreatitis might have been

induced in a manner similar to that which occurs in PBM

patients, that is due to biliopancreatic reflux via a relatively

long common channel (Figs. 2 and 3). The rate of pan-

creatitis was different in patients with PBM (4%) and

HCPBD (28%). PBM was suspected based on the findings

of imaging modalities such as magnetic resonance chol-

angiopancreatography or computed tomography. However,

HCPBD could only be diagnosed on ERCP that was done

to elucidate certain cholangiopancreatic features. There-

fore, the highly selective nature of this HCPBD patient

population is likely to have affected our results; the actual

risk of acute pancreatitis in HCPBD patients may actually

be less than that noted in our patients.

Conclusions

Biliopancreatic reflux can be examined using various

methods. Biliopancreatic reflux can occur frequently in

PBM or HCPBD patients; it can also occur in some indi-

viduals without these conditions. The true prevalence,

degree, and precise pathophysiology of biliopancreatic

reflux remain unclear. Nevertheless, biliopancreatic reflux

is thought to be related to the occurrence of acute pan-

creatitis. The obstruction of a long common channel can

easily result in bile flowing into the pancreas. In some

cases, even with no obstruction, biliopancreatic reflux can

still induce acute pancreatitis.
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