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Abstract

Background Pancreaticobiliary maljunction (PBM) is

often associated with congenital choledochal cyst, protein

plugs and pancreatitis. Early diagnosis and timely treat-

ment largely depend on imaging. We assessed a series of

PBM in children, comparing imaging procedure with his-

tological and pathological findings with regard to

diagnosis.

Methods A retrospective analysis was conducted in 75

pediatric patients with PBM. PBM was defined as common

channel at[5 mm. Two radiologists assess the shape of the

bile duct and gallbladder, pancreatitis, surgical pathology,

symptom profiles, operative notes and pathological records

were compared with the imaging findings.

Results Dilatation of the bile duct was detected in 45

subjects out of the 46 subjects who underwent computed

tomography (CT) and nine was diagnosis as PBM. Forty

out of 41 subjects were revealed bile duct dilatation in

ultrasonography (US). Bile duct dilatation was seen in 59

out of 60 subjects receiving magnetic resonance cholan-

giopancreatography (MRCP) and 39 were diagnosed as

PBM. Seventy-four out of 75 subjects successfully under-

went intraoperative cholangiography (IOC); a diagnosis of

PBM was established in 60 cases based on IOC alone. The

diagnosis rate of pediatric PBM varied significantly among

the four groups (P \ 0.0001). Pair-wise comparison

showed a significant difference between the groups of

MRCP and CT (P \ 0.0001), MRCP and US (P \ 0.0001),

IOC and CT (P \ 0.0001), IOC and US (P \ 0.0001), CT

and US (P = 0.0027), and there is no significant difference

between the groups of IOC and MRCP (P = 0.0502).

Conclusion US, IOC, CT and MRCP are valuable in

showing dilatation of the bile duct and complications in

pediatric PBM. MRCP is non-invasive, gives clear views of

the pancreaticobiliary junction and should be the first

choice for the diagnosis of PBM in children.
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Introduction

Pancreaticobiliary maljunction (PBM) is a rare anomaly,

caused by the union of pancreatic duct and bile duct outside

the duodenal wall. Under this condition, the sphincter of

Oddi can not regulate the outflow of bile and pancreatic

juice, leading to two-way regurgitation [1, 2]. Frequent

passage of pancreatic juice into the bile duct damages the

epithelium of the biliary tract [3]. Bile reflux into the

pancreatic duct could lead to pancreatitis.

The clinical presentation of PBM varies considerably,

and may include abdominal mass, jaundice, vomiting,

pancreatitis, and recurrent abdominal pain. Imaging plays

an important role in the diagnosis. The aim of this study

was to review a series of clinical and imaging findings in

pediatric PBM patients.
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Materials and methods

This study was approved by the Institutional Review Board

of our Hospital. Informed consent was signed by the

guardians of each child. We retrospectively reviewed the

medical records of 75 patients with PBM (24 males; 51

females; age range 2 months to 13 years) who were hos-

pitalized between January 2002 and December 2011. The

gold standard for the selection of PBM patients was defined

as [5 mm common channel as detected by MRCP, intra-

operative cholangiography and CT [4]. PBM was classified

based on Komi’s method [5] to the following three types:

type I joining of common bile duct with pancreatic duct at

approximately 90�, type II joining of pancreatic duct with

common bile duct usually at 90�, type III complex

arrangement of pancreatic duct and terminal portion of

common bile duct.

All patients underwent intraoperative cholangiography.

Computed tomography (CT; Philips, Amsterdam, Nether-

lands) was performed using the anteroposterior projection

with the child lying supine. The CT protocols and technical

parameters included 5 mm collimation at 10 mm intervals.

Ultrasonography (US) (LOGIQ 5 PRO; GE Healthcare,

Little Chalfont, UK) was carried out with 5–12 MHz curved

and linear abdominal transducers. Magnetic resonance

cholangiopancreatography (MRCP) was performed (under

sedation for subjects at\10 years of age) on a Symphony 1.5

T scanner (Siemens, Erlangen, Germany) with an abdominal

phased array coil under the following modes: T1-weighted

and T1-weighted fast spin series (field of view 24–28 cm,

repetition time [TR] 173 ms, echo time [TE] 2.64 ms, flip

angle 70, matrix 256 9 128, radiofrequency (RF) bandwidth

260 Hz/Px) and a T2-weighted sequence (TR 1,000 ms, TE

60 ms, RF bandwidth 230 Hz/Px). For MRCP, half fourier

acquisition single shot turbo spin echo (HASTE) was used

with multilayer thin coronal and axial T2-weighted imaging

(TR 1,200 ms, TE 80 ms, slice thickness 4 mm). Oblique

thick slabs were acquired in the planes of the common bile

duct and pancreatic duct. For multi-angle imaging, TR was

4,500 ms, TE 950 ms and slice thickness 60 mm.

Two radiologists who were unaware of the pathological

findings independently reviewed the images and reached

consensus through discussion. A diagnosis of PBM was

established if the common channel is longer than 5 mm.

They also assess the shape of the intrahepatic bile duct and

gallbladder, pancreatitis, surgical pathology, symptom

profiles, operative notes and pathological records were

compared with the imaging findings.

Statistical analysis

Data are presented as number (n) and percentage. Uni-

variate comparisons were made using Chi-squared (v2), or

Fisher’s exact tests, dependent on statistical distributions,

with statistical analysis software (SAS) 8.1. Probability

values of P \ 0.05 were considered statistically

significant.

Results

The morphological type of bile duct dilatation was cystic in

64 patients and fusiform in ten. The bile duct was not

dilated in the remaining one subject. Based on Komi’s

classification [5], the type of PBM was pancreatic-biliary

(type I) in 58 cases, one was type III and biliary-pancreatic

(type II) in the remaining 16 cases. Seventy cases under-

went surgical resection and five cases underwent secondary

cyst excision after external drainage.

Gallbladder and choledochal cyst specimens were

stained with hematoxylin and eosin, and examined under a

microscope in all 75 subjects. Subserosal fibrosis was seen

in all subjects, cirrhosis in four, chronic cholecystitis in 44

and chronic cholangitis in 46.

The most common symptom was abdominal pain

(80.0 %), followed by jaundice (20.0 %), abdominal mass

(9.3 %), fever (9.3 %), vomiting (9.3 %), and clay-colored

stool (6.7 %). One case had biliary rupture and ten had

acute pancreatitis. Amylase level in the bile was deter-

mined in 51 subjects, and ranged from 2,558 to 148,854 U/

L, with an average of 47,373 U/L. Clinicopathological

characteristics and the correlation of different types with

clinical manifestation are summarized (Tables 1, 2).

Imaging studies

Seventy-four of the 75 subjects underwent successful

intraoperative cholangiography. A diagnosis of PBM

(Fig. 1) could be established based on cholangiography

results alone in 60 subjects. Protein plugs in common bile

duct were seen in ten cases. In one subject, bile leakage

was found during the procedure.

Sixty subjects underwent MRCP. Dilatation of the bile

duct was seen in 59 subjects. Dilatation of both common

bile duct and intrahepatic bile duct were observed in ten

subjects. The main pancreatic duct and PBM (Fig. 2) were

seen in 39 subjects. Protein plugs in common bile duct

were seen in seven cases. One case of non-dilated PBM

was not revealed by either CT or US, but clearly visible in

MRCP.

Forty-six subjects underwent CT; dilatation of the bile

duct was seen in 45 subjects. Dilatation of the intrahepatic

and common bile duct was seen in nine cases. Six patients

had cholecystitis; three had protein plugs in the gallblad-

der, three had protein plugs in the common bile duct.
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Convergence of the pancreatic and common bile ducts was

seen in CT (Fig. 3) in nine cases.

Forty-one subjects underwent US; dilatation of the

common bile duct was seen in 40. The gallbladder wall was

thickened in 24 cases; protein plugs in the dilatation

common bile duct was identified in three case (Fig. 4).

The diagnosis rate of pediatric PBM varied significantly

among the four groups (P \ 0.0001). Pair-wise comparison

showed a significant difference between the groups of

MRCP and CT (P \ 0.0001), MRCP and US (P \ 0.0001),

IOC and CT (P \ 0.0001), IOC and US (P \ 0.0001), CT

and US (P = 0.0027), and there is no significant difference

between the groups of IOC and MRCP (P = 0.0502)

(Table 3).

Fig. 1 Intraoperative cholangiography shows the junction of the bile

and pancreatic ducts located outside the duodenal wall. The common

bile duct joins pancreatic duct (type I)

Table 1 Clinicopathological

characteristics of 75 pediatric

patients with PBM

Variable Total Infant group

(B1 year,

n = 22)

Classical pediatric

group ([1 year,

n = 53)

P value

Age (2 months to 13 years) (2 months to 1 year) (1.2 to 13 years) –

Sex (male/female) 75 6/16 19/35 0.5055

PBM type

Type I 58 16 42 0.5393

Type II 16 10 6 \0.001

Type III 1 – 1 1.0000

Clinical manifestation

Abdominal pain 60 14 46 0.0303

Jaundice 15 10 5 0.0012

Fever 7 2 5 1.0000

Vomiting 7 3 4 0.4116

Abdominal mass 7 3 4 0.4116

Clay-colored stool 5 3 2 0.1469

Complication

Chronic cholecystitis 44 9 35 0.0442

Acute pancreatitis 13 5 8 0.4266

Protein plugs 10 3 7 0.9604

Biliary rupture 1 1 – 0.2933

Table 2 The correlation of different types with clinical manifestation

Symptoms (Type I,

n = 58)

(Type II, III,

n = 17)

P value

Abdominal pain 47 (81.0 %) 13 (76.5 %) 0.7340

Jaundice 11 (18.9 %) 4 (23.5 %) 0.7340

Abdominal mass 5 (8.6 %) 2 (11.7 %) 0.6533

Vomiting 6 (10.3 %) 1 (5.8 %) 1.0000

Fever 5 (8.6 %) 2 (11.7 %) 0.6533

Clay-colored

stool

4 (6.8 %) 1 (5.8 %) 0.6131

Acute

pancreatitis

13 (22.4 %) 0 (–) 0.0321

Protein plugs 7 (12.0 %) 3 (17.6 %) 0.6855

Fisher’s exact test is used
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Discussion

Establishing a diagnosis of PBM is very challenging prior

to dilatation of the bile duct. Also, dilatation of the bile

duct must be differentiated from choledochal cysts (CCC),

in which either extrahepatic bile duct or extrahepatic with

intrahepatic bile ducts could be dilated [6]. Imaging results

could help in differential diagnosis by identifying the union

of the pancreatic duct and bile duct.

Pancreatic sphincter deficiency in PBM could lead to

reflux of pancreatic juice into bile duct [7]. High level of

amylase in the bile is suggestive of PBM in children. In this

series of pediatric PBM patients, biliary amylase was ele-

vated in all cases (51 out of 75) receiving such examina-

tion. Recurrent reflux of pancreatic juice into the bile duct

causes chronic inflammation of the bile duct and may

contribute to the formation of protein plugs. In this study,

all subjects had hyperplasia, 44 had chronic cholecystitis

and 46 had chronic cholangitis. These findings are con-

sistent with an earlier report by Noda [8]. No cancer in the

gallbladder or bile duct was identified despite of increased

risk of carcinogenesis, possibly due to young age.

The most common symptom in our series was abdomi-

nal pain (80.0 %), followed by jaundice (20.0 %),

abdominal mass (9.3 %), fever (9.3 %), vomiting (9.3 %),

and clay-colored stool (6.7 %). Some of the clinicopatho-

logical characteristics is different between infant group and

classical pediatric group (Table 1). Pediatric patients with

such symptoms should be suspected of having PBM and

Fig. 2 Magnetic resonance cholangiopancreatography. Coronal

4 mm-thick half fourier acquisition single shot turbo spin echo image

shows the pancreatic duct joining the common bile duct outside the

duodenal wall (type II)

Fig. 3 Abdominal enhanced computed tomography, showing con-

vergence of the dilatation of the common bile duct and pancreatic

duct

Fig. 4 Transverse ultrasonography shows the common duct dilated

with protein plugs

Table 3 Diagnosis rate of pediatric PBM

IOC

(n = 75)

MRCP

(n = 60)

CT

(n = 46)

US

(n = 41)

Diagnosis rate

of PBM

60/75

(80.0 %)

39/60

(65.0 %)

9/46

(19.6 %)

–

Chi-squared revealed an overall difference in diagnosis rate of PBM

among the four groups (P \ 0.0001). Pair-wise comparison showed a

significant difference between the groups of MRCP and CT

(P \ 0.0001), MRCP and US (P \ 0.0001), IOC and CT

(P \ 0.0001), IOC and US (P \ 0.0001), CT and US (P = 0.0027),

and there is no significant difference between the groups of IOC and

MRCP (P = 0.0502)
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should be examined with imaging or endoscopic retrograde

cholangiopancreatography (ERCP).

PBM is classified into three types (I, II and III) by Komi

[5]. Forty-one cases of choledochal cyst complicated by

PBM were reported by Onogawa [9]—58 % type I, 25 %

type II and 17 % type III. In our series, 58 cases were type

I; 16 cases were type II. One is type III PBM. The small

size in type III may be caused by the young age in this

series. Type I is more easily to cause acute pancreatitis than

the other types (Table 2). Similar to a reported by Kimura

[10], all but one cases in our series had CCC on the

background of PBM, suggesting a close and interacting

etiology of the two conditions.

ERCP is the golden standard for the diagnosis of PBM

[11], but requires anesthesia. For pediatric patients, the

procedure is much more difficult. As a result, the rate of

complications secondary to ERCP is as high as 13.5 % in

children [12].

US has clear advantages over other imaging modalities: it

is non-invasive and free from irradiation [13]. US could be

used to measure the diameter of common bile duct cysts, and

can detect cholecystitis and protein plugs. Sugai et al. [14]

reported that PBM is often indicated by gallbladder wall

thickening measured by US in pediatric patients. Chapuy

et al. [13] reported MRCP and US studies in four pediatric

patients with PBM; they concluded that although common

pancreaticobiliary channel can be identified by US, the

method is limited because it does not provide accurate

measurement of the common channel since the coronal plane

is not visualized. Also, reflux could not be detected by US.

CT has higher resolution than MRCP. Contrast-

enhanced CT can differentiate hepatic cyst and intrahepa-

tic/extrahepatic bile duct and pancreatic duct dilatation. In

addition to establishing a diagnosis of PBM [15], CT is also

sensitive modality to detect potential carcinoma. Conver-

gence of the pancreatic and common bile ducts was clearly

manifested and PBM was correctly diagnosed under con-

trast-enhanced helical computed tomography in nine cases

in this series. Conventional CT, however, can not demon-

strate the common pancreaticobiliary channel clearly [9].

Watanabe et al. [16] reported the use of infusion cholan-

giography spiral CT (helical CT during drip infusion

cholangiography, DIC-CT) in the diagnosis of PBM. Using

an intravenous hepatobiliary agent (iodipamide meglu-

mine) and 3-D CT, high-resolution images were obtained.

The pancreaticobiliary channel and two-way regurgitation

of pancreatic juice and bile were clearly visible. This

technique has not been widely used in children due to

exposure to ionizing irradiation.

MRCP is a non-invasive, low risk technique widely used

in the diagnosis of pancreatic and biliary anomalies [17,

18]. It provides high-resolution 3-D images of the bile tree

and pancreatic duct at multiple positions and from multiple

angles. In our series, MRCP could reveal the extrahepatic

bile duct, gallbladder, protein plugs and bile duct stenosis,

and as such, is helpful in differentiating PBM from CCC.

MRCP gives clear views of the pancreaticobiliary junction

than CT and US. Its value in diagnosing pediatric PBM is

as high as IOC (Table 3). The length of the pancreaticob-

iliary channel could also be reliably measured by MRCP.

Children with PBM maybe have some non-dilated ducts

that cannot be found by US or CT. Compared with US and

CT, MRCP could provide improved visualization of non-

dilated ducts in PBM accompanied by common channel

protein plugs [19], although the body and tail of the pan-

creatic duct are often not clear. Chu et al. [20] found that

lemon/orange juice can improve the view of the pancreatic

duct. Reflux of pancreatic juice into the bile duct could be

observed by dynamic MRCP when pancreatic exocrine

secretion is stimulated with secretin [21, 22]. Increasing

evidence suggest that MRCP is almost equivalent to ERCP

in terms of the information it could provide [23].

Intraoperative cholangiography is used during surgery to

observe the anatomy of the pancreaticobiliary system and

the function of Oddi sphincter. It could also be used to

assess distal bile duct patency [24]. The technical success

rate of cholangiography was 98.7 % in our series. PBM

was seen in 60 out of 75 cases. However, the common

channel was not clearly visible in some patients who may

have had a large choledochal cyst or a forwardly placed

duodenum.

In summary, all four imaging modalities (US, IOC, CT

and MRCP) are valuable in showing dilatation of the bile

duct and complications in pediatric PBM. MRCP is non-

invasive, gives clear views of the pancreaticobiliary junc-

tion and should be the first choice for the diagnosis of PBM

in children.
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