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Abstract

AIM: To demonstrate the imaging findings of biliopan-
creatic and pancreatico-biliary reflux in patients with
anomalous union of the pancreatico-biliary duct (AUPBD)
on gadoxetic acid-enhanced functional magnetic reso-
nance cholangiography (fMRC).

METHODS: This study included six consecutive patients
(two men and four women; mean age 47.5 years) with
AUPBD. All subjects underwent endoscopic retrograde
cholangiopancreatography (ERCP); one subject also un-
derwent bile sampling of the common bile duct (CBD) to
measure the amylase level because his gadoxetic acid-
enhanced fMRC images showed evidence of pancre-
atico-biliary reflux of pancreatic secretions. Of the five
patients with choledochal cysts, four underwent pylorus-
preserving pancreaticoduodenectomy.
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RESULTS: The five cases of choledochal cysts were
classified as Todani classification I . In three of the six
patients with AUPBD, injected contrast media reached
the distal CBD and pancreatic duct on delay images,
suggesting biliopancreatic reflux. In two of these six
patients, a band-like filling defect was noted in the CBD
on pre-fatty meal images, which decreased in size on
delayed post-fatty meal images, suggesting pancreati-
co-biliary reflux of pancreatic secretions, and the bile
sampled from the CBD in one patient had an amylase
level of 113 000 IU/L. In one of the six patients with
AUPBD, contrast media did not reach the distal CBD
due to multiple CBD stones.

CONCLUSION: Gadoxetic acid-enhanced fMRC success-
fully demonstrated biliopancreatic reflux of bile and pan-
creatico-biliary reflux of pancreatic secretions in patients
with AUPBD with and without choledochal cysts.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Functional hepatocytes uptake a maximum of 50% of
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the intravenous (IV) dose of gadoxetic acid (gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid Primov-
ist, Bayer Schering Pharma) administered. Gadoxetic acid
is excreted into the bile ducts, allowing visualization of
the bile ducts on hepatobiliary phase T1-weighted images.
In patients with normal hepatic function, the hepatobili-
ary phase usually occurs within 20 min of gadoxetic acid
administration .

Hepatocyte-specific agents can be used in a wide range
of hepatobiliary applications, and gadoxetic acid-enhanced
T1-weighted magnetic resonance cholangiography (MRC)
provides additional information to T2-weighted MRC™,

At our institution, we previously evaluated the time
sequence of gadoxetic acid-enhanced MRC in 40 normal
healthy subjects in 2009; the study was approved by the
Korea Food and Drug Administration and our institu-
tional review board. In this previous study, we performed
gadoxetic acid-enhanced MRC 60 min after contrast ad-
ministration and then another 30 min after a fatty meal.
In all subjects, we found complete filling of the distal
common bile duct (CBD) with contrast on 30-min de-
layed pre-prandial images, while 50- and 60-min delayed
images showed better image quality of bile ducts than
early images due to increasing signal-to-noise ratio of
extrahepatic bile ducts and bile duct-to-liver contrast-to-
noise ratio, and post-prandial images showed gall bladder
contraction and more extension of contrast excretion
into the small bowel. We found no evidence of contrast
media in the pancreatic duct in any subjects (unpublished
data). In light of these results, 50- and 60-min delay im-
ages after gadoxetic acid administration and 10-, 20- and
30-min delayed images after fatty meal oral uptake were
included in the gadoxetic acid-enhanced MRC protocol
when requested by the gastroenterologist majoring in
pancreatico-biliary disorders. In our experience, these
images can help verify bile excretion and flow after gall-
bladder contraction. We were able to evaluate normal or
pathological physiology of bile excretion of the liver and
bile flow along the biliary tract. These experiences indi-
cated that gadoxetic acid-enhanced functional magnetic
resonance cholangiography (fMRC) could reveal the phys-
iology of bile excretion in certain pathologic conditions,
including biliopancreatic and pancreatico-biliary reflux. In
this study, we present six patients with anomalous union
of the pancreatico-biliary duct (AUPBD) who exhibited
biliopancreatic bile reflux and pancreatico-biliary pancre-
atic juice reflux on gadoxetic acid-enhanced fMRC.

The purpose of this study was to investigate the value
of gadoxetic acid-enhanced fMRC in the evaluation of
AUPBD, with emphasis on the detection of biliopancre-
atic bile reflux and pancreatico-biliary pancreatic reflux.

MATERIALS AND METHODS

Patients

Our institutional review board approved this retrospec-
tive study and waived the requirement to obtain informed
consent. AUPBD was diagnosed radiologically as a long
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common channel (> 1.5 cm) or a perpendicular conflu-
ence of the CBD and the main pancreatic duct on T2-
MRC images and endoscopic retrograde cholangiopan-
creatography (ERCP). Choledochal cysts were diagnosed
when T2-MRC images and ERCP showed typical dilation
of the CBD without an obstructive lesion®”.

After reviewing 176 patients who underwent gadox-
etic acid-enhanced fMRC at our institution for evalua-
tion of biliary pathology due to increased serum bilirubin
level, incidental detection of bile duct dilatation on other
imaging studies, and right upper quadrant pain between
March 2009 and May 2010, we enrolled 6 patients with
AUPBD. Of these participants, five had a choledochal
cyst. The study group consisted of four women and two
men (mean age, 47.5 years; range, 35-64 years), all six of
whom underwent ERCP.

We reviewed participant medical records for pertinent
clinical features, including medical history, presenting
symptoms, results of other imaging studies, and operative
records. Of the five patients with both AUPBD and cho-
ledochal cysts, four underwent pylorus-preserving pan-
creaticoduodenectomy. We reviewed these path- ology
reports and correlated them with imaging findings. One
subject underwent bile sampling of the CBD to evaluate
the amylase level because his gadoxetic acid-enhanced
fMRC showed evidence of pancreatico-biliary reflux of
pancreatic secretions.

Imaging techniques

All magnetic resonance imagings (MRIs) were performed
on a 3-Tesla MRI machine (Achieva; Philips Medical
Systems, Best, the Netherlands). Patients underwent ga-
doxetic acid-enhanced fMRC with hepatocyte-specific
contrast agents; we obtained both contrast-enhanced and
un-enhanced fat-saturated 3D gradient-echo T1-weighted
images during the arterial, portal venous, and equilibrium
phases. We obtained images 50 and 60 min after adminis-
tration of gadoxetic acid (Primovist, Bayer Schering Phar-
ma, Betlin, Germany) at a dose of 0.025 mmol/kg of body
weight at a flow rate of 1 mL/s, followed by a 10-mL
saline flush at the same flow rate, using a IV power in-
jector (Spectris Solaris; MedRad, Indianola, PA, United
States). Patients then consumed a fatty meal, and post-
prandial images were obtained at 10, 20 and 30 min. We
used the enhanced-T1 High Resolution Isotropic Volume
Examination technique to obtain 3D gradient-echo T1-
weighted images. We performed 3D reconstruction using
the Maximum Intensity Projection technique 60 min after
gadoxetic acid administration and 30 min after the fatty
meal. We obtained T2-MRC images as axial and coronal
T2 single-shot sequences and maximum intensity projec-
tion (MIP) reconstruction images in all patients (Table 1).

Image review

Two radiologists reviewed the image sequences of all six
patients and classified choledochal cysts according to the
Todani classification and AUPBD according to Kimura’s
classification (B-P type: a right angle between the bile duct
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Table 1 Protocol for gadoxetic acid-enhanced functional magnetic resonance cholangiography at our institution

T2-MRC (single shot, SPAIR) Gadoxetic acid-enhanced MRC (3D-T1-TFE, eTHRIVE)
Axial Coronal MRCP slab Axial Coronal MiIP

TR/TE (ms) 1475/80 2415235 10 695,/920 3/2 3/2

Flip angle (°) 90 90 90 10 10

Field of view (mm) 300 x 350 350 x 350 250 x 250 304 x 330 350 x 350 315 x 315
Matrix 276 x 203 256 x 254 256 x 256 220 x 222 292 x 292 292 x 292
Thickness (mm) 4 2 40 4 2.4

Gap (mm) 1.2 1 2 1.2

MRC: Magnetic resonance cholangiography; SPAIR: Spectral attenuation with inversion recovery; THRIVE: T1-weighted high-resolution isotropic volume
excitation; MIP: Maximum intensity projection; TR: Repetition time; TE: Echo time; MRCP: Magnetic resonance cholangiopancreatography.

Table 2 Study results

T2-MRC Gd-EOB-DTPA-enhanced MRC

Sex Age Type of choledochal cyst' Type of AUPBD? Surgery CBD stone BP PB Travel extent of contrast Travel extent of contrast
on pre-prandial images® on post-prandial images*

F 52 Ta B-P Yes No Yes NI MPD MPD
M 64 Ia B-P Yes No Yes NI CBD MPD
M 46 None B-P No No NI  Yes CHD’ CBD
F 35 Ta P-B Yes Yes NI NI CHD CHD
F 48 Ia B-P Yes No Yes NI CBD MPD
F 40 Ic P-B Yes No NI  Yes CHD* CBD

'"Todani classification of choledochal cyst; *Kimura classification of anomalous union of pancreatico-biliary duct (AUPBD); “extent of contrast material on
gadoxetic acid-enhanced magnetic resonance cholangiography (MRC) 60 min after administration; *Extent of contrast material on gadoxetic acid-enhanced
MRC 30 min after a fatty meal; filling defect of contrast material in common bile duct (CBD); “filling defect of contrast material in CBD. Biliary amylase lev-
el: 133 000 (IU/L). Gd-EOB-DTPA: Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acidBP: Biliopancreatic reflux; PB: Pancreatico-biliary reflux;
MPD: Main pancreatic duct; CHD: Common hepatic duct; NI: Not identified.

and pancreatic duct or the bile duct inserted into the pan- ni classification I (four patients with [ a and one patient
creatic duct; P-B type: an acute angle between the bile with [ ¢), with confined dilation of the extrahepatic bile
duct and pancreatic duct or the pancreatic duct inserted duct.
into the bile duct)”". In three of the six patients with AUPBD, injected con-
The radiologists evaluated by consensus the extent trast media reached the distal CBD and pancreatic duct,
of injected contrast media and recorded the presence of suggesting biliopancreatic reflux. We observed extension
biliopancreatic and pancreatico-biliary reflux on all image of contrast to the pancreatic duct on images taken 20 min
sequences. The radiologic diagnosis of biliopancreatic after a fatty meal in two patients (Figure 1). In one patient,
bile reflux was made when biliary-excreted contrast me- we observed contrast extending to the pancreatic duct
dia was visible in the main pancreatic duct on gadoxetic on images taken 50 min after contrast administration;
acid-enhanced fMRC. The diagnosis of pancreaticobiliary later images showed contrast extending to the more distal
reflux of pancreatic secretions was made when a filling  portion of the pancreatic duct (Figure 2). These three

defect was present on pre-prandial images, which decreas- patients all had Todani type T a choledochal cysts and B-P
ed in size or was absent on post-fatty meal images. Based type AUPBD. The one patient with AUPBD without a

on an unpublished study we conducted on normal volun-  choledochal cyst had a history of recurrent acute pancre-
teers, which found that the CBD was filled with excreted atitis with no history of alcohol abuse.

gadoxetic acid 30 min after contrast administration and a In two patients, we observed a band-like filling defect
fatty meal uptake can make more extension of biliary ex-  in the central portion of the distal CBD on pre-fatty meal
creted contrast media by contraction of the gallbladder, images. The filling defect decteased in size on post-fatty
we therefore considered a filling defect in the distal CBD meal images, which we considered evidence of pancre-
on 50 and 60 min delayed images as evidence of reflux atico-biliary reflux of pancreatic secretions. One of these
of pancreatic secretions. two patients had B-P type AUPBD with no combined

bile duct dilatation, and the other had P-B type AUPBD
with a Todani type I ¢ choledochal cyst. A bile amylase
RESULTS level of 113 000 IU/L was measured from the CBD in
The results of our study are summarized in Table 2. Of the latter patient (Figure 3). In one patient with a chole-
the six patients, four had B-P type AUPBD and two had dochal cyst (Todani I a and Kimura P-B), contrast did
P-B type AUPBD. All five choledochal cysts were Toda- not reach the distal CBD and did not appear to enter the
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Figure 1 A 52-year-old woman with anoma-
lous union of the pancreatico-biliary duct
and a type I a choledochal cyst. A: Fusi-
form dilation of the common hepatic and cys-
tic ducts with a focal stricture in the common
bile duct (arrow) on T2-magnetic resonance
cholangiography (MRC); B: Maximum inten-
sity projection (MIP) reconstruction image
of 60-min delayed gadoxetic acid-enhanced
MRC shows the main pancreatic duct (ar-
rowhead), indicating biliopancreatic reflux; C:
MIP reconstruction image of 30-min delayed
gadoxetic acid-enhanced MRC after a fatty
meal shows progression of contrast media
(arrowhead) along the main pancreatic duct;
D: Gadoxetic acid-enhanced MRC coronal
image taken 30 min after a fatty meal shows
visualization of the main pancreatic duct (ar-
rowhead) using contrast material.

Figure 2 A 64-year-old man with anoma-
lous union of the pancreatico-biliary duct
and a type I a choledochal cyst. A: Endo-
scopic retrograde cholangiopancreatography
shows cystic dilation of the extrahepatic bile
duct with a focal stricture in the distal com-
mon bile duct. The end of the long ventral
pancreatic duct (duct of Wirsung, arrows) is
fused with the dorsal pancreatic duct (duct
of Santorini, arrowhead). The common bile
duct inserts into the ventral pancreatic duct;
B: Sixty-minute delayed gadoxetic acid-en-
hanced magnetic resonance cholangiogra-
phy (MRC) coronal image does not visualize
the main pancreatic duct (arrow); C and D:
Gadoxetic acid-enhanced MRC coronal im-
ages taken 30 min after a fatty meal show
the duct of Santorini (arrowhead) and duct
of Wirsung (arrow), indicating biliopancreatic
reflux of contrast material; E: Gadoxetic acid-
enhanced MRC maximum intensity projec-
tion reconstruction images taken 30 min
after a fatty meal show major and minor pan-
creatic ducts.
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duodenum. We noted multiple CBD stones in this patient
(Figure 4).

DISCUSSION

AUPBD is defined as an anomalous union of the bile
and pancreatic ducts outside the duodenal wall proximal
to the sphincter of Oddi. The diagnostic criteria for
AUPBD include the radiological and anatomical detec-
tion of the extramural location of the junction of the
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Figure 3 A 40-year-old woman with anoma-
lous union of the pancreatico-biliary duct
and a type I c choledochal cyst. A: T2-
magnetic resonance cholangiography (MRC)
shows a long common channel (arrow), with
diffuse bile duct dilation; B: Sixty-minute de-
layed gadoxetic acid-enhanced MRC coro-
nal image; C: Maximum intensity projection
(MIP) reconstruction image show a filling
defect (arrow heads) in the central portion
of the distal common bile duct (CBD); D:
Gadoxetic acid-enhanced MRC coronal im-
ages taken 30 min after a fatty meal; E: MIP
reconstruction images show a decreased
filling defect (arrow heads) in the distal
CBD, indicative of pancreatico-biliary reflux.

Figure 4 A 35-year-old woman with a
type I a choledochal cyst and multiple
common bile duct stones. A: Fusiform dil-
atation of the extrahepatic bile duct is seen
on T2-magnetic resonance cholangiography
(MRC) and multiple nodular filling defects
(arrows) are seen in the common bile duct
(CBD) which represent CBD stones; B:
Contrast media did not pass through the
ampulla of Vater until 30 min after fatty meal
ingestion and multiple CBD stones are not
seen due to masking by contrast media with
high signal intensity.

pancreatic and biliary ducts in the duodenal wall, as well
as radiological detection of a long common channel (>
1.5 cm). Detection of the extramural location is diffi-
cult in AUPBD patients with a short common duct (less
than 1 cm in length)”. The sphincter of Oddi, which
regulates the outflow of bile and pancreatic secretions,
is deficient in AUPBD due to the long common chan-
nel, allowing two-way regurgitation: Pancreatico-biliary
reflux of pancreatic secretions and biliopancreatic bile
reflux. This reflux can result in various pathological condi-
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tions including choledocholithiasis, cholangitis, gallstones,
acute pancreatitis, bile duct cancer, gallbladder cancer,
and pancreatic ductal carcinoma'”'"”. 1t is known that
choledochal cysts are embryologically associated with
AUPBD, and their various clinical signs and symptoms
have been shown to be closely related to the presence of
AUPBD",

Various methods have been reported to confirm bil-
iopancreatic reflux, including operative or postopera-
tive T-tube cholangiography, computered tomography
combined with drip infusion cholangiography, histo-
logical detection of gallbladder cancer cells in the main
pancreatic duct, and bile reflux on the cut surface of the
pancreas' "', Furthermore, pancreatico-biliary reflux
of pancreatic secretions has been confirmed by measure-
ment of bile amylase in the bile duct, secretin-stimulated
dynamic MRC, and pancreatography iz the minor duo-
denal papilla“im. However, these methods are limited
by their levels of invasiveness, the time required, patient
discomfort, and adverse effects of contrast materials™ .

Gadoxetic acid is widely used because of its diagnos-
tic efficacy in focal lesions of the liver and its safety121 2
In our study, there were no setious adverse effects related
to the use of contrast material that required medical man-
agement. Although our protocol for functional MR chol-
angiography to detect biliary reflux in AUPBD patients
required an additional 90 min and 70 min when compared
with non-contrast enhanced T2-MRC and Gd-enhanced
T1-MRC, respectively, it is easy to perform and does not
augment the risk of contrast agent-related adverse effects.

As previously described, AUPBD was diagnosed by
identifying biliopancreatic bile reflux and pancreatico-bil-
iary pancreatic reflux on gadoxetic acid-enhanced fMRC
in addition to the detection of a long common channel
on T2-MRC or the customary 20-min delayed gadoxetic
acid-enhanced MRC. Delayed hepatobiliary MRC (greater
than a 30 min delay) after contrast administration, and
MRC of gallbladder contraction induced by a fatty meal
were required to detect both types of reflux.

Some researchers report that, if the passage of con-
trast material through the ampulla of Vater takes longer
than 30 to 60 min, it can be considered delayed. In com-
parison, excretion of contrast material past the ampulla
in less than 20 to 30 min is considered normal”. There
have been many reports on gadoxetic acid-enhanced
MRC which showed that bile excretion could be visual-
ized by capturing images during the hepatobiliary phase
approximately 20 or 30 min after contrast administra-
tion**>* . Images taken one hour after contrast adminis-
tration and again after a fatty meal allow bile to travel fur-
ther along the normal or anomalous pathway, providing
additional information about the patient’s biliary system.
Since there are no studies which looked into the optimal
phase to observe AUPBD, further study is warranted to
simplify the study protocol.

Our fMRC protocol requires additional time for de-
layed images compared with contrast enhanced T1-MRC.
However, gadoxetic acid-enhanced fMRC allows the as-
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sessment of bile excretion and pancreas secretion physiol-
ogy in addition to visualization of bile duct and pancreatic
duct morphology, thus obviating the need for additional
imaging studies such as hepatobiliary scan and ERCP.

It is difficult to generalize the results of our study due
to its small sample size. Nonetheless, one patient in our
study was found to have a filling defect in the distal CBD
along with an abnormally high amylase level (113 000 TU/
L) in the CBD. One study reported the biliary amylase
levels of patients with biliopancreatic disease to range
widely from less than 10 to 300 000 TU/L"”". Sai ez a/*
reported a mean biliary amylase level of 238 IU/L in pa-
tients with no reflux of pancreatic secretions into the bile
duct, while Horaguchi ez al™" adopted 168 TU/L as the
upper limit of a normal biliary amylase level. Our previ-
ous study of gadoxetic acid-enhanced MRC in 40 normal
volunteers found no filling defects in the distal CBD up
to one hour after contrast administration or after a fatty
meal (unpublished data). Taken together, we used these
data to presume pancreatico-biliary reflux in the case of
a central filling defect in the CBD that diminished after a
fatty meal.

In normal physiology, the pressure in the pancreatic
duct exceeds the choledochal pressure, allowing pancre-
atic secretions to flow into the biliary tract rather than re-
flux into the pancreatic duct where they can cause biliary
complicationsmmoj, In the case of AUPBD, however, bile
can reflux into the pancreatic duct under conditions such
as increased pressure in the bile duct due to bile stasis in
a choledochal cyst or cl'lolangitisl31J

A study of 2980 patients undergoing ERCP found
a 1.7% prevalence of a long common channel. In that
study, 13 patients underwent intraoperative cholangiog-
raphy, 11 of whom were found to have biliopancreatic
reflux with an elevated biliary amylase level™. In our
study, all three patients with biliopancreatic reflux were
found to have B-P type AUPBD as well as Todani type [
a choledochal cysts. We hypothesize that bile duct stasis
in the dilated bile duct resulted in elevated choledochal
pressure, resulting in biliopancreatic bile reflux. Of the
two patients with pancreatico-biliary reflux of pancreatic
secretions, one had B-P type AUPBD and the other had
P-B type AUPBD.

Our study had several limitations. First, the sample
size is too small to allow for generalization. Second, the
type of choledochal cysts in our study were limited to To-
dani classification type I, meaning a cystic or fusiform
dilation of the extrahepatic bile duct. Further studies that
include larger sample sizes and several types of chole-
dochal cysts are required to generalize the imaging find-
ings of biliopancreatic and pancreatico-biliary reflux, as
well as to evaluate the diagnostic accuracy of these find-
ings for AUPBD in patients with choledochal cysts.

In conclusion, gadoxetic acid-enhanced fMRC can
show biliopancreatic bile reflux and pancreatico-biliary
reflux of pancreatic secretions in patients with AUPBD
with and without combined Todani type I choledochal
Cysts.
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COMMENTS

Background

Gadoxetic acid has both properties of extracellular contrast media, which make
dynamic study possible, through the organic anion-transporting polypeptide and
is excreted into the bile ducts, allowing visualization of the bile ducts on hepato-
biliary phase T1-weighted images. In patients with normal hepatic function, the
hepatobiliary phase usually occurs within 20 min of gadoxetic acid administra-
tion. From a previous study in normal healthy patients, we know that images
obtained after a delayed time period and after a fatty meal allow bile to travel
further along the normal or anomalous pathway, providing additional information
about the patient’s biliary system.

Research frontiers

Gadoxetic acid has hepatobiliary properties which mediate specific uptake of
the agent into the hepatocytes. Gadoxetic acid-enhanced magnetic resonance
cholangiography (MRC) can visualize the physiology of bile excretion directly, in
contrast to conventional T2-weighted MRC which can visualize fluid filled space
by heavily T2-weighted and fat-suppressed images. The usefulness of gadox-
etic acid-enhanced MRC was demonstrated in many reports in a wide range
of hepatobiliary applications including evaluation of biliary tract anomalies,
the diagnosis of acute cholecystitis, assessment of postsurgical anatomy and
complications, and to determine whether fluid collections communicate with the
biliary tree.

Innovations and breakthroughs

The present study clearly showed that biliopancreatic bile reflux and pancre-
atico-biliary reflux of pancreatic secretions in patients with anomalous union
of the pancreatico-biliary duct (AUPBD) could be easily diagnosed using the
convenient and safe imaging method of gadoxetic acid-enhanced MR cholangi-
ography.

Applications

The present study revealed that biliopancreatic bile reflux and pancreatico-
biliary reflux of pancreatic secretions in patients with AUPBD could be diag-
nosed with gadoxetic acid-enhanced MRC. Further studies which include larger
sample sizes and several types of choledochal cysts are required to generalize
the imaging findings of biliopancreatic and pancreatico-biliary reflux, as well as
to evaluate the diagnostic accuracy of these findings.

Peer review

Although gadoxetic acid-enhanced functional MRC is not a new method to
observe the bile system, it is reasonable and interesting to use it to detect bilio-
pancreatic and pancreatico-biliary reflux in patients with AUPBD.
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