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Abstract
AIM: To investigate gadolinium-ethoxybenzyl-
diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA)-
enhanced magnetic resonance imaging (MRI) of 
intraductal papillary mucinous neoplasms of the bile 
duct (IPMN-B). 

METHODS: The imaging findings of five cases of 
IPMN-B which were pathologically confirmed at our 
hospital between March 2012 and May 2013 were 
retrospectively analyzed. Three of these cases were 
diagnosed by duodenal endoscopy and biopsy pathology, 
and two cases were diagnosed by surgical pathology. All 
five patients underwent enhanced and non-enhanced 
computed tomography (CT), magnetic resonance 
cholangiopancreatography, and Gd-EOB-DTPA-enhanced 
MRI; one case underwent both Gd-EOB-DTPA-enhanced 
MRI and positron emission tomography-CT. The clinical 
data and imaging results for these cases were compared 
and are presented.

RESULTS: Conventional imaging showed diffuse 
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dilatation of bile ducts and multiple intraductal polypoid 
and papillary neoplasms or serrated changes along 
the bile ducts. In two cases, Gd-EOB-DTPA-enhanced 
MRI revealed dilated biliary ducts and intraductal 
tumors, as well as filling defects caused by mucin in 
the dilated bile ducts in the hepatobiliary phase. Gd-
EOB-DTPA-enhanced MRI in one case clearly showed 
a low-signal tumor in the hepatobiliary phase, similar 
to what was seen by positron emission tomography-
CT. In two patients, routine inspection was unable 
to discern whether the lesions were inflammation 
or tumors. However, Gd-EOB-DTPA-enhanced MRI 
revealed a pattern of gradual enhancement during 
the hepatobiliary phase, and the signal intensity of 
the lesions was lower than the surrounding liver 
parenchyma, suggesting tissue inflammation in both 
cases, which were confirmed by surgical pathology.  

CONCLUSION: Gd-EOB-DTPA-enhanced MRI reveals 
the intraductal mucin component of IPMN-B in some 
cases and the extent of tumor infiltration beyond the 
bile ducts in invasive cases.
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Core tip: Gadolinium-ethoxybenzyl-diethylenetriamine-
pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic 
resonance imaging (MRI) can be used to demonstrate 
the filling defects due to mucin secreted by intraductal 
papillary mucinous neoplasms of the bile duct (IPMN-B) 
and to display the extent of tumor infiltration beyond 
bile ducts in cases with invasive IPMN-B. It also 
has the potential to differentiate tumor tissue from 
inflammatory lesions. Therefore, Gd-EOB-DTPA-
enhanced MRI may improve the clinical management of 
IPMN-B.
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INTRODUCTION
Intraductal papillary mucinous neoplasms of the bile 
duct (IPMN-B) are a subtype of intraductal papillary 
neoplasms of the bile duct with macroscopically 
visible mucin secretion[1-7]. The clinical manifestations, 
histopathologic features, and immunohistochemical and 

biologic behaviors of this bile duct subtype are similar 
to IPMNs of the pancreas[1-6]. IPMN-B originates from 
biliary epithelial cells, and can be pathologically defined 
as papillary adenoma, papillomatosis, carcinoma in 
situ, or invasive adenocarcinoma. Imaging findings 
of IPMN-B include: papillary or polypoid growth of 
the tumor along the bile duct or serrated inner lining 
of the bile duct; expansive and significant dilation 
of the bile duct upstream and downstream of the 
tumor; or aneurysmal dilation of the bile duct at the 
site of the tumor[8-10]. However, confirmation of a 
diagnosis requires the use of endoscopic retrograde 
cholangiopancreatography (ERCP) to determine 
the presence of mucin secreted by the tumor[4]. In 
addition, malignant IPMN-Bs can invade the liver and 
form a mass, although conventional ultrasonography 
(US), computed tomography (CT), and dynamic 
enhancement magnetic resonance scans cannot 
define the scope of tumor invasion, or distinguish the 
accompanying inflammation from the tumor[11,12]. 

Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) is a double-specific 
contrast agent that provides enhancement effects 
similar to Gd-DTPA in dynamic enhanced scans. 
With Gd-EOB-DTPA, 50% of the contrast injection 
is absorbed by hepatocytes and drained via the 
bile duct in the hepatobiliary phase. Although this 
contrast agent has been used for the diagnosis of 
hepatogenic tumor lesions[11], only two reports (four 
cases) describe the use of Gd-EOB-DTPA-enhanced 
magnetic resonance imaging (MRI) for the diagnosis 
of IPMN-B[13,14]. In those reports, Gd-EOB-DTPA-
enhanced MRI not only revealed the dilated bile duct 
and the enhanced tumor tissues within it, but also 
confirmed that the filling defect of the bile duct at 
the hepatobiliary phase was mucus secreted by the 
tumors[13,14], thus demonstrating its unique value for 
tumor diagnosis. The present study describes the 
application of Gd-EOB-DTPA-enhanced MRI in five 
cases of IPMN-B. In addition to displaying the features 
of IPMN-Bs, this method reveals the extent of invasion 
into the extrahepatic bile duct in malignant cases. 
Furthermore, Gd-EOB-DTPA-enhanced MRI can discern 
tumor tissue from surrounding inflammation, which 
has not previously been reported. 

MATERIALS AND METHODS
Study subjects
Five cases of IPMN-B in our hospital during the period 
from March 2012 to May 2013 were retrospectively 
analyzed (Table 1). Two cases were confirmed by 
surgical pathology. Three cases underwent thick-
needle biopsy, and 3-5 pieces of cord-like tissue were 
obtained for each case; diagnoses were confirmed by 
two senior pathologists.
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Hepatic CT examinations
CT images were acquired by a 16-slice CT scanner 
(Aquilion; Toshiba, Tokyo, Japan) using the following 
scan parameters: 120 kV; 250 mA; reconstruction 
thickness, 5 mm; layer spacing, 5 mm. CT scans were 
obtained before and after intravenous administration 
of 80-100 mL contrast agent (300 mg I/mL Ultravist; 
Bayer Healthcare, Berlin, Germany) at a speed of 3.0 
mL/s. CT scan delays after the injection of contrast 
agent were 25-30 s, 65 s, and 120 s for the arterial, 
portal venous, and delayed phases, respectively. 

Hepatic MRI examinations
MRI was performed using a 3.0 T scanner (Signa 
HDxt 3.0 T; GE Healthcare, Little Chalfont, United 
Kingdom) with a corresponding eight-channel phase-
array abdomen coil system. MRI sequences included 
axial T2- and diffusion-weighted imaging, magnetic 
resonance cholangiopancreatography (MRCP) and 
fat suppression T1-weighted three-dimensional liver 
acquisition with volume acceleration (LAVA)-enhanced 
imaging. The parameters for MRI sequences used in 
this study are listed in Table 2.

The LAVA-enhanced MRI was conducted via 
bolus i.v. injection of Gd-DPTA (Magnevist; Schering, 
Berlin, Germany) at 0.1 mmol/kg body weight and a 
speed of 2 mL/s. Pre-contrast and dynamic contrast-
enhanced multi-phase MRI scans were acquired. 
The MRI scan delays were 25-30 s, 85 s, and 180 s 
for the arterial, portal venous, and delayed phases, 
respectively. The same sequence and parameters 
were used for dynamic Gd-EOB-DPTA-enhanced MRI 
following a bolus i.v. injection of EOB (Primovist; Bayer 

Healthcare) at 0.025 mmol/kg body weight and a 
speed of 2 mL/s. Fat suppression T1-weighted three-
dimensional LAVA was performed 20 min after contrast 
injection and the images of the initial hepatobiliary 
phase were obtained, and repeated after 42-52 min 
for the delayed scans of the hepatobiliary phase. The 
image of the hepatobiliary phase was visualized with 
maximum intensity projections or multiple planar 
reconstructions to observe the filling condition of the 
intra- and extrahepatic bile ducts[11,12,15]. 

US and PET-CT
All US studies were performed using a color ultrasound 
(Sequoia 512; Siemens Medical Solutions, Munich, 
Germany) with a 1.0- to 4.0-MHz convex probe. One 
patient received a whole-body PET/CT scan performed 
on an integrated PET/CT scanner (Biograph 16; 
Siemens Medical Solutions) after the injection of 350 
MBq 18F-FDG.

RESULTS
General imaging findings
US, CT/MRI, and MRCP depicted extensive intra- 
and extrahepatic bile duct dilatation in cases 1-4, 
including upstream and downstream of the tumor and 
at the segmental bile duct (Figures 1, 2, 3 and 4). In 
contrast-enhanced CT and MRI examinations, multiple 
polypoid or papillary tumors which were distributed 
along the bile ducts showed mild to medium 
enhancement. In case 2, partial right intrahepatic bile 
ducts were seen as aneurysm-like dilatations (Figure 
2). In case 4, a slightly higher-signal nodule was also 
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Table 1  Clinical data of five patients with intraductal papillary mucinous neoplasms of the bile duct

No. Sex Age 
(yr)

History and 
symptoms

Laboratory findings 
(normal range)

Imaging

US CT + C Gd-DTPA MRI MRCP ERCP PET-CT Gd-EOB-DTPA-
enhanced MRI

1 Female 59 Recurrent upper 
abdominal pain with 
nausea and vomiting 

for 6 mo

No significant 
abnormalities

A A NA A A NA A

2 Male 52 Physical examination 
revealed liver tumor

CEA: 7.5 ng/mL 
(0.0-8.0)

A A NA A A NA A

3 Female 72 Jaundice CEA: 9.8 ng/mL A A NA A A NA A
CA199: 715.1 U/mL 

(0.0-37.0)
Total bilirubin: 611 

mmol/L (0-21)
4 Male 66 Jaundice CEA: 44.0 ng/mL A A NA A NA NA A

CA199: > 12000 U/mL
Total bilirubin: 424 

mmol/L
5 Male 56 8-yr history of liver 

contusion; liver pain 
for 6 mo

CA199: 217.3 U/mL A A A A NA A A
CRP: 34.5 mg/L 

(0.0-8.0)

A: Applied; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CRP: C-reactive protein; CT + C: Contrast enhanced-CT; ERCP: Endoscopic 
retrograde cholangiopancreatography; Gd-DTPA MRI: Gadolinium-diethylenetriamine pentaacetic acid magnetic resonance imaging; Gd-EOB-DTPA-
enhanced MRI: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance imaging; MRCP: Magnetic resonance 
cholangiopancreatography; NA: Not applied; PET: Positron emission tomography; US: Ultrasound.
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of fluorodeoxyglucose (FDG) around the dilated 
bile duct in the posterior segment of the liver (the 
maximum standard uptake value was 6.5), indicating 
a malignant tumor (Figure 5). Therefore, the tumor in 
this patient was considered to be an invasive IPMN-B.

Gd-EOB-DTPA-enhanced MRI 
Dilated bile ducts and tumors on the bile duct walls 
in the five cases were also observed with plain MRI 
and dynamic triple-enhanced EOB scans. In addition, 
some specific signs were seen in ≥ 20 min delayed 
scans, namely the hepatobiliary phase. Cases 1 and 2 
showed irregular columnar filling defects, and the edge 
of the contrast reagent appeared in a cupped or half-

seen at the edge of the dilated left intrahepatic bile 
ducts in T2- and diffusion-weighted imaging, which 
was enhanced slightly during all three phases of the 
contrast-enhanced CT scan (Figure 4). In this case, 
the tumor lesions were considered to penetrate into 
the liver via the bile duct wall. In case 5, CT/MRI scans 
depicted right hepatic atrophy surrounding the right 
dilated intrahepatic bile duct (Figure 5). Enhanced 
CT and Gd-DPTA-enhanced MRI in both the arterial 
and portal venous phases depicted marked, although 
ill-defined, patchy enhancement around the dilated 
bile duct, which was isodense in the delayed phase. 
Positron emission tomography (PET)-CT in case 5 
revealed a mass of 6.5 cm × 6.0 cm with high uptake 
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Table 2  Parameters for magnetic resonance imaging sequences

Sequence TR (ms) TE (ms) Section thickness 
(mm)

Gap 
(mm)

Matrix size 
(pixels)

Flip angle 
(degrees)

Field of view 
(cm)

T2WI 6000-10000   91 6 2 320 × 224 90 40 × 32
DWI (b = 1000) 8000   65 6 2 128 × 128 90 40 × 32
MRCP 6000-10000 800    2.4 0 384 × 224 90 40 × 32
Gd-DTPA-enhanced MRI 2.84 1.34 5 0 384 × 256 10 40 × 32
Gd-EOB-DTPA-enhanced MRI 2.84 1.34 5 0 384 × 256 10 40 × 32

DWI: Diffusion-weighted imaging; DTPA: Diethylenetriamine pentaacetic acid; EOB: Ethoxybenzyl; Gd: Gadolinium; MRCP: Magnetic resonance 
cholangiopancreatography; MRI: Magnetic resonance imaging; T2WI: T2-weighted imaging; TE: Echo time; TR: Repetition time. 

A B C

D

Figure 1  Fifty-nine-year-old female patient with intraductal papillary mucinous neoplasm of the bile duct (case 1). A: Axial contrast-enhanced computed 
tomography in the portal phase; B: Magnetic resonance cholangiopancreatography showed extensive intra- and extrahepatic bile duct dilatation and multiple hydra-
like protrusions (arrows) in the markedly dilated left intrahepatic bile duct (arrow); C: Endoscopic retrograde cholangiopancreatography showed extensive intra- and 
extrahepatic bile duct dilatation, particularly in the left intrahepatic and common bile ducts. Bile ducts in the liver hilar appeared more transparent due to the local 
aggregation of mucin (arrow); D: Multiple planar reconstruction of gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance 
imaging in the hepatobiliary phase showed dilatation of the bile duct and filling defects in the left intrahepatic and common bile ducts, with a cup-shaped contrast filling 
edge (arrows). The filling defects were caused by mucus retention, which was confirmed by endoscopy.
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ring distribution (Figures 1 and 2).
Cholangiectasis was apparent in cases 3 and 4, 

and a high signal of contrast filling was not seen in the 
dilated bile ducts in the hepatobiliary phase (Figures 3 
and 4). Total bilirubin levels were markedly elevated in 
these two cases (Table 1). Routine inspection showed 
an abnormal signal and low-strengthened focal area 
in the edge of the left intrahepatic bile duct in case 4, 

and the edge of the lesion was enhanced in the 20-min 
delayed EOB-enhanced MRI. In the 45-min delayed 
scan, most of the area showed isointensity, with the 
exception of the low signal in the lesion center, which 
is a pattern of gradual enhancement (Figure 4). These 
findings suggest decreased hepatic uptake of contrast 
agent, indicative of inflammation. No signs of tumor 
invasion were seen in the EOB-enhanced scans of 
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Figure 2  Fifty-two-year-old male patient with cystic intraductal papillary mucinous neoplasm of the bile duct (case 2). A: Coronal image of contrast-enhanced 
computed tomography; B: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance imaging (Gd-EOB-DTPA-enhanced MRI) in 
the portal venous phase showed extensive biliary and aneurysmal dilatations of the right intrahepatic bile duct, with multiple significantly enhanced masses within the 
lumen (black arrows); C: Gd-EOB-DTPA-enhanced MRI also showed a contrast-filling defect within the common bile duct (white arrows), suggesting the presence 
of mucin; D: Multiple planar reconstruction of images acquired in the hepatobiliary phase showed a dilated left intrahepatic bile duct with good contrast filling (black 
arrows). The contrast filling was incomplete in the right intrahepatic and common bile ducts (white arrows). 

A B C D

Figure 3  Seventy-two-year-old female patient with malignant intraductal papillary mucinous neoplasm of the bile duct (case 3). A: Axial image of enhanced 
computed tomography in the portal venous phase showed extensive intra- and extrahepatic bile duct dilatation with multiple hydra-like protrusions (arrows); B: Dilation 
appeared hyperintense (arrows) with diffusion-weighted imaging; C: Hypointense (arrows) with T2-weighted imaging; D: Gadolinium-ethoxybenzyl-diethylenetriamine-
pentaacetic acid-enhanced magnetic resonance imaging in the hepatobiliary phase revealed no hyperintense bile with distribution of the contrast agents in the dilated 
bile duct, indicating a large amount of mucin retention, which was confirmed by endoscopy.
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cases 1-4. 
Although there was no high signal of contrast filling 

in the dilated bile duct on the inferior right liver in case 
5, the 20-min delayed scan showed a well-defined 
massive (6.5 cm × 6.0 cm) lesion with low-signal 
intensity around the dilated bile duct, indicating a lack 
of EOB uptake in the adjacent region of the liver (Figure 
5). This was in accordance with the tumor extent 
seen on PET-CT. The signal in the liver parenchyma in 
front of the tumor was slightly lower than the normal 
liver tissue, but higher than the mass tissue in the 
hepatobiliary phase of EOB-enhanced MRI. A low 
signal vessel with normal direction can be seen within 
it, suggesting that this area is not tumor tissue, but 
inflamed liver tissue with reduced uptake ability for the 
contrast agent (Figure 5). 

Pathology and treatment
Cases 1-3 underwent duodenal endoscopy to drain 
mucus from the duodenal papilla within 3 d. In case 
4, EOB-enhanced MRI showed tumor distribution 
in the left and right hepatic ducts, but no signs of 
extra-biliary tumor invasion, therefore, biliary tumor 
enucleation and T tube drainage were performed. 
During the procedure, the dilated bile duct was filled 
with mucus, and multiple nodular or papillary tumors 

were observed in the bile duct.
Microscopic examination of the biopsies from 

cases 1-4 showed cuboidal or columnar epithelial cells 
around the fibers and vessels growing within the bile 
duct, with no tumor invasion beyond the bile duct. 
Immunohistochemical results were: mucin (MUC)1-, 
MUC2+, MUC5AC+, MUC6-, and p53-.

Based on the findings from imaging, endoscopy, 
and biopsy or surgical pathology, cases 1 and 3 were 
pathologically diagnosed as papillary adenoma, and 
cases 2 and 4, which showed obvious tumor nuclear 
atypia in the focal lesions, were diagnosed as papillary 
adenoma accompanied by focal cancer. In case 4, 
lesions beyond the left dilated bile duct were removed, 
and the pathology showed infiltration of inflammatory 
cells without tumor cells, thus, these were diagnosed 
as inflammatory lesions. Lesions in cases 1 and 2 
were confined to the left or right lobe, suggesting lobe 
resection, although the patients refused surgery. Case 
3 involved the left and right intrahepatic bile ducts and 
lobe resection could not be performed. Hence, cases 
1-3 underwent endoscopic nasobiliary drainage and/
or percutaneous transhepatic cholangial drainage to 
alleviate the symptoms. 

Case 5 underwent a right hepatic resection. The 
EOB-enhanced MRI indicated that the anterior right 
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Figure 4  Sixty-six-year-old male patient with malignant intraductal papillary mucinous neoplasm of the bile duct (case 4). A: Axial image of contrast-
enhanced computed tomography in the portal venous phase showed a patchy hypointense area abutting the dilated bile ducts in the front edge of the left liver lobe (white 
arrow), and multiple small nodules distributed along the bile duct wall within the lumen (white long arrows); B: These nodules were hyperintense (white arrowheads) 
with diffusion-weighted imaging; C: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance imaging (Gd-EOB-DTPA-enhanced 
MRI) in the portal venous phase also showed a patchy hypointense area abutting the dilated bile ducts (white arrow); D: The patch (white arrow) appeared smaller 
with Gd-EOB-DTPA-enhanced MRI in the hepatobiliary phase, due to the gradual filling of contrast agent, which suggests the presence of functional liver cells. The 
patchy area was thought to be an inflammatory change secondary to the tumor. 
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liver was inflamed, so the middle hepatic vein was 
completely retained. During surgery, a mass (6.5 cm 
× 6.5 cm × 6.0 cm) was seen in the posterior right 
liver, showing extra-biliary infiltration with dilated 
bile ducts filling with mucus. Postoperative pathology 
showed cuboidal or columnar epithelial cells in the 
tumor tissues growing around the fibers and vessels 
inside the bile duct. The tumor cells had obvious 

nuclear atypia, which invaded outward to the bile duct 
wall. Immunohistochemistry showed that the cells 
were MUC1+, MUC2+, MUC5AC+, MUC6-, and p53+, 
confirming the diagnosis of infiltrating intraductal 
papillary mucinous adenocarcinoma of the bile duct. 
The right anterior liver parenchyma showed interstitial 
fibrous tissue hyperplasia with chronic inflammatory 
cell infiltration, which was diagnosed as chronic 
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Figure 5  Fifty-six-year-old male patient with infiltrative intraductal papillary mucinous neoplasm of the bile duct (case 5). A: Diffusion-weighted imaging 
showed a hyperintense area in segment VI of the liver (white arrow); B: Gadolinium (Gd)-diethylenetriamine-pentaacetic acid (DTPA)-enhanced magnetic resonance 
imaging (MRI) in the portal venous phase showed marked enhancement in the anterior subsegment (black arrow) and a slightly hypointense area in the posterior 
subsegment of segment Ⅵ (white arrow); C: Gd-ethoxybenzyl (EOB)- -DTPA-enhanced MRI in the hepatobiliary phase revealed bile duct dilatation in the posterior 
subsegment of segment Ⅵ without contrast filling. The hypointense area around the dilated bile duct indicated tumor infiltration to the surrounding tissue (white 
arrows). The anterior subsegment of segment Ⅵ with a slightly decreased low signal intensity suggested an inflammatory change (black arrow); D: Positron emission 
tomography-computed tomography (CT) confirmed the tumor in the posterior subsegment of segment Ⅵ with substantial uptake of fluorodeoxyglucose (white arrow), 
suggesting active tumor metabolism; E: Coronal Gd-DTPA-enhanced MRI in the equilibrium phase showed serrated changes in the bile duct wall of the posterior 
subsegment of segment Ⅵ, and the extra-biliary tumor infiltration was not well identified (white arrow); F: Gd-EOB-DTPA-enhanced MRI in the hepatobiliary phase 
showed bile duct dilatation in the posterior subsegment of segment Ⅵ without contrast filling. The tumor infiltration surrounding the dilated bile duct was hypointense 
and well defined (white arrows); G: Fluorodeoxyglucose uptake by the tumor (white arrow) was also shown in the posterior subsegment of segment Ⅵ during positron 
emission tomography-CT.

A B

C D

E F G
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inflammation with fibrous tissue hyperplasia. 

DISCUSSION
Surgery is the preferred treatment for IPMN-B. Partial 
hepatectomy can be performed for localized tumors, 
whereas bilateral bile duct involvement may require 
liver transplantation, duodenal papilla dissection, 
endoscopic nasobiliary drainage, and/or percutaneous 
transhepatic cholangial drainage[16-19]. Biliary tumor 
enucleation can be performed for tumors that do 
not invade into the bile duct[6,20-23]. Thus, accurate 
preoperative diagnosis, with determination of the 
extent of tumor involvement, is crucial for treatment 
decisions. 

Reports by Lim et al[8-10] describe the typical im
aging findings of IPMN-B. The disease can be clearly 
diagnosed when imaging findings are indicative of 
IPMN-B, and the presence of mucin within the dilated 
bile duct is confirmed. Although duodenal endoscopy, 
ERCP, biliary tract endoscopy, and endoscopic US can 
be used to clearly identify the tumor and mucus[13,24-27], 
these are invasive examinations, the success of which 
is associated with the proficiency of the operator, and 
are accompanied by a risk of pancreatitis. Moreover, 
it is difficult to evaluate upstream of the bile duct 
obstruction and extra-biliary conditions with these 
methods[28-30].

Takanami et al[13] and Oki et al[14] used EOB-
enhanced MRI to study four patients with IPMN-B, 
and found that Gd-EOB-DTPA-enhanced MRI shows 
the dilated bile duct and tumor, but also the bile duct 
filling defects caused by mucin retention. Therefore, 
Gd-EOB-DTPA-enhanced MRI is an alternative to ERCP 
for the diagnosis of IPMN-B. Indeed, the performance 
of EOB-enhanced MRI in cases 1 and 2 in the present 
study is in agreement with the previous reports[13,14]. 
Although biliary sludge and stones can also appear as 
filling defects in EOB-enhanced MRI, they show a low 
signal in T2-weighted images that can be differentiated 
from mucus, as shown in cases 1 and 2. Although the 
cystic appearance of the IPMN-B in case 2 is similar 
to cystadenoma or cystadenocarcinoma, these cystic 
lesions are not connected with the bile duct. Moreover, 
contrast agent was seen in both the cystic lesion and 
the bile duct in case 2 during the hepatobiliary phase 
of Gd-EOB-DTPA-enhanced MRI.

A large amount of mucin in the bile duct was 
confirmed during ERCP/operation in cases 3 and 4, 
which resulted in marked bile duct dilatation and 
obvious impaired liver function (indicated by elevated 
total bilirubin levels). Furthermore, liver cell uptake 
and secretion of EOB into the bile duct was obviously 
decreased, with none observed in the hepatobiliary 
phase in the 42-52-min delayed scan. Mucin within 
the bile duct can be distinguished from bile based on 
the similarity with signals in the downstream bile duct, 
lobe, or segmental bile duct where the tumor is not 
located.

Case 4 showed a long T2-signal nodule with hypo-
enhancement at the edge of the left intrahepatic bile 
duct, which was considered to be focal. However, EOB-
enhanced imaging during the hepatobiliary phase 
showed gradual enhancement of the lesion area, 
consistent with chronic inflammation. Therefore, the 
patient underwent biliary tumor enucleation and T 
tube drainage, a procedure that could accelerate 
the disease if the tumor had invaded tissue outside 
of the bile duct. Therefore, when multifocal IPMN-B 
occurs in intrahepatic bile ducts, EOB-enhanced MRI 
in the hepatobiliary phase can be used to select the 
appropriate treatment. 

Importantly, case 5 describes imaging results from 
an invasive IPMN-B, which cannot be discerned with 
conventional-enhanced CT or Gd-DTPA-enhanced 
MRI[1,6,16]. With similar cases, it is difficult to judge the 
extent of tumor invasion into the extrahepatic bile 
duct by routine inspection, as demonstrated in this 
patient. The extent of the infringement was clear by 
PET-CT examination, and the FDG uptake suggested 
that the tumor was malignant, although it is difficult to 
distinguish this tumor type from cholangiocarcinoma 
and other malignant liver tumors. Takanami et al[31] 
also reported PET-CT manifestations of invasive 
IPMN-B, observed as high intake of FDG. Despite 
its advantage, PET-CT should be used very carefully 
due to the relatively high cost and risk of radioactive 
damage to patients. Case 5 further demonstrates 
that normal liver cells uptake Gd-EOB-DTPA, whereas 
tumor cells do not, thus more clearly defining the 
extent of liver invasion. Moreover, case 5 shows that 
the signal intensity of the right anterior liver in the 
hepatobiliary phase is intermediate between normal 
liver parenchyma and tumor, representing the nature 
of inflammatory tissue with decreased liver function 
(EOB uptake). In this case, the tumor, inflammation, 
and normal liver tissues were clearly demarcated, thus 
we decided to retain the middle hepatic vein during 
the right liver resection, and were confident in the 
negative cut edge of the tumor. 

In conclusion, patients with suspected IPMN-B 
based on imaging findings would benefit from EOB-
enhanced MRI for determination of the presence of 
mucus and extent of extra-biliary invasion.
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