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Trans-abdominal ultrasound features of the newly named 
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Background: Intraductal papillary neoplasm of the bile duct (IPMN-B) is a rare cystic neoplasm of the 
liver. This study retrospectively reviewed a relatively large sample of IPMN-B cases for diagnostic clinical or 
trans-abdominal ultrasound features.
Methods: The medical records of 20 pathologically confirmed IPMN-B cases were reviewed. Serum 
concentrations of carbohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), and alpha-
fetoprotein (AFP) were evaluated, and images of conventional trans-abdominal ultrasound. According to the 
relationship between the hepatic mass and the dilated bile duct, we classified cases as type I–IV: I, non-tumor; 
II, asymmetrical; III, symmetrical; and IV, aneurismal dilation. The clinical and trans-abdominal ultrasound 
characteristics of these types were compared.
Results: The clinical features were non-specific; only malignant cases showed CA19-9 or CEA elevation. 
Three, 9, 3, and 5 cases were types I, II, III, and IV, respectively, and the diameters of the dilated common 
bile ducts were 2.27±1.08, 1.82±0.79, 0.57±0.15, and 0.68±0.08 cm. The dilations of the common bile duct 
of types I and II were significantly larger than that of III and IV. Pathologically, 15, 3, and 2 cases were 
adenocarcinoma, benign, and two border adenomas. The pathological distribution among the four types 
differed significantly for all of the benign cases and 50% of the border adenomas were type I or II; types III 
and IV more aggressively progressed to adenocarcinoma.
Conclusions: In patients with IPMN-B, the elevation of serum tumor markers may indicate malignant 
potential. The typical trans-abdominal ultrasound feature of IPMN-B was significant diffuse dilation of 
the intrahepatic and extrahepatic bile ducts, especially for benign cases. Some malignant cases only showed 
serious local bile duct dilation with IPMN. After exclusion of extrahepatic bile duct obstructive disease, 
IPMN-B should be suspected in patients with significant dilation of the bile duct.
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Introduction 

Intraductal papillary mucinous neoplasm (IPMN) of the bile 
duct (IPMN-B) is a newly recognized disease, added to the 
World Health Organization (WHO) disease classification in 
2010 (1). IPMN-B is considered a type of IPMN specific to 
the bile duct.

IPMN-B derives from an IPMN of the pancreas 
(IPMN-P) first reported by Ohashi et al. (2). in 1982 and 
named by the WHO in 1996. IPMN-P was described as 
papillary epithelial tumors originating from the pancreatic 
duct with macroscopically visible mucin hyper-secretion. 
IPMN-B is similar to IPMN-P in clinical and pathologic 
behavior (3,4), but IPMN-B originates from the epithelial 
cells of the bile duct and has the potential to progress into 
malignant lesions. IPMN-B constitutes precancerous lesions 
of bile duct carcinoma. Because trans-abdominal ultrasound 
is the first choice for characterizing bile duct disease, 
describing the ultrasound features of this new disease is 
important to aid early diagnosis, surgical resection, and 
improve prognosis.

To our knowledge, the only previous reports of 
IPMN-B have been retrospective analyses with a small 
sample, or case reports. Tsuyuguchi et al. (5) conducted a 
retrospective analysis concerning the clinical features and 
endoscopic diagnostic strategy for eight cases. Lim et al. (6) 
analyzed six patients with IPMN-B that manifested only 
as dilation of the segmental or lobar hepatic duct. Guo  
et al. (7) reported a case of IPMN-B in the left hepatic 
lobe diagnosed via endoscopic ultrasonography. There 
have been no preoperative diagnoses of IPMN-B, due to 
its relative rarity and the lack of specific known clinical 
and imaging manifestations. Therefore, studies with larger 
populations are needed to discern the diagnostic clinical 
features of IPMN-B. As the preferred imaging alternative 
for biliary disease, it is important to determine the imaging 
characteristics of IPMN-B gained from conventional trans-
abdominal ultrasound. 

To determine possible diagnostic features on trans-
abdominal ultrasound, we retrospectively categorized types 
of IPMN-B based on trans-abdominal ultrasound findings 
in a relatively large sample of 20 patients, and compared 
them for clinical and pathological features. 

Methods

Patients

We collected the records of all cases of intrahepatic cystic 

lesions with papillary tumor from 2002 to 2016 that were 
confirmed by the Pathology Department of Peking Union 
Medical College Hospital, the First Affiliated Hospital 
of PLA General Hospital, and Tsinghua Chang Gung 
Hospital. The slides were reviewed again by two senior 
experienced hepatic-biliary pathologists at Peking Union 
Medical College Hospital. By consensus, 28 cases were 
diagnosed as IPMN-B, among which 20 had complete TAU 
data and were selected for this study.

All procedures performed in studies were in accordance 
with the ethical standards of The Institutional Review 
Board (IRB) of Peking Union Medical College Hospital 
(PUMCH).

Trans-abdominal ultrasound examinations

After fasting for 8 hours, each patient was subjected to 
conventional TAU using a color Doppler ultrasound device 
(Philips iU22 or GE Logiq 9) with a 2.0–5.0 MHz convex 
probe. The obtained ultrasound results were retrospectively 
reviewed by two doctors with 20 years of experience in 
abdominal ultrasound. All 20 patients were evaluated based on 
the location and structure of the mass, the relationships between 
the mass and the bile duct, the dilation of the bile duct. 

Each case was classified as one of four types (I–IV) of 
IPMN-B, based on the ultrasound imaging features and 
the previous experience of Lim et al. (8) regarding the 
relationships between the dilated bile duct and the mass 
(Table 1; Figures 1-4).

Also collected for each patient were the clinical features, 
pathological results, and serum concentrations of the 
tumor markers carbohydrate antigen 19-9 (CA19-9), 
carcinoembryonic antigen (CEA), and alpha-fetoprotein (AFP).

Statistical analysis

The serum concentrations of each of the tumor markers 
and the pathological results of the different IPMN-B types 
were evaluated by Fisher’s exact test. One-way analysis of 
variance was used to compare the sizes of the common 
bile duct. P<0.05 was considered a statistically significant 
difference. SPSS 16.0 was used for all data analyses.

Results

Clinical and pathological features 

The 20 patients with IPMN-B were 9 men and 11 women, 
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and the number of each gender was comparable (Table 2). 
The average age was 60±12 years (range, 26–73 years). 

The average time from first self-conscious symptom to 
surgery was 46 months (range, 0.5–240 months). The most 
common clinical symptom observed was abdominal pain  
(14 patients), which was accompanied by fever or jaundice 
in five patients. Of the 6 remaining patients without 
abdominal pain, 3 had fever or jaundice and 3 had no 
significant symptoms. Of the 20 patients in this study,  
12 had records for serum concentrations of tumor markers. 
Of those 12, 6 showed elevated results: 5 with elevated 

CA19-9, and 1 with elevated CEA. These 6 cases were all 
malignant. The remaining 6 patients with serum marker 
results included 3 benign and 3 malignant cases, each with 
normal levels (P=0.046).

A l l  pa t i ent s  underwent  hepa tec tomy,  tha t  i s ,  
18 underwent left lobectomy, and one each were given 
right lobectomy or caudate lobectomy. Pathological results 
showed that 15, 3, and 2 cases were adenocarcinoma, 
atypical hyperplasia, and border adenoma, respectively. 
Due to lack of knowledge of IPMN-B at the time of 
presentation, 12 of the 20 patients were originally given 

Table 1 Ultrasound features of the four types of IPMN-B

Types of IPMN-B Ultrasound features 

Type I: non-tumor Diffuse dilation of both intrahepatic and extra-hepatic bile duct without any visible tumors

Type II: asymmetrical Tumor is located in one limited lobe only, with diffuse bile duct dilation

Type III: symmetrical Bile duct dilation caused by obstruction of the tumor, with significant correlation between them

Type IV: aneurismal dilation Local bile duct dilation caused by the tumor, similar to an aneurysm

IPMN-B, intraductal papillary mucinous neoplasm of the bile duct.

A B C

D E

Figure 1 Type I, non-tumor. (A) Schematic; (B-D) representative images of a woman, aged 59 years: (B) trans-abdominal ultrasound showed 
diffuse dilation of the bile duct (arrow), not only in the left liver but also the extrahepatic bile duct. The bile ducts were obstructed by a large 
amount of mucin without any visible mass; (C) color Doppler ultrasound showed no blood flow signal (the white arrow indicates dilated bile 
duct and thick mucin within it ); (D) the pathological results indicated border adenoma (×150); (E) dilated bile ducts showed by MRI. MRI, 
magnetic resonance imaging.
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a diagnosis of mucinous cystic neoplasm (MCN), 7 were 
considered IPMN-B, and one as cholangiocarcinoma.

Ultrasound findings 

The conventional trans-abdominal ultrasound findings 
showed no hepatic mass in three patients (type I; Table 3). 
Of the 17 patients with a hepatic mass (types II–IV), there 
were 15 in the left lobe, and one each in the right lobe 
and caudate lobe. All benign atypical hyperplasia cases, 
and 50% of the border adenoma cases, belonged to types 
I or II. Types III and IV more aggressively progressed to 
adenocarcinoma. 

The diameters of the common bile duct of the I–IV 
ultrasound types were 2.27±1.08, 1.82±0.79, 0.57±0.15, and 
0.68±0.08 cm, respectively, with types I and II significantly 
larger than types III and IV. The distribution of malignant 
cases among the four ultrasound types differed significantly 
(P=0.008, Table 4). 

The ultrasound images revealed a dilated biliary duct in 
15 cases: 3, 9, and 3 cases of types I, II, and III, respectively. 
In the type I group, the three patients showed only diffuse 
dilation of both the intrahepatic and extrahepatic bile duct, 
without any visible tumor. In the type II group, the 9 cases 
were both intrahepatic and extrahepatic, without obstruction 
caused by tumors located in the left lobe. In the type III 
group, the 3 cases were all intrahepatic, with complete or 
partial obstruction caused by tumors of the left lobe. 

The 5 cases of type IV comprised 3, 1, and 1 tumor in 
the left lobe, right lobe, and caudate lobe, respectively. 
These cases showed only aneurysmal masses and intra-
cystic papillary neoplasm, without any visible proximal or 
distal bile duct dilation. 

Discussion

This retrospective study investigated trans-abdominal 
ultrasound findings for correlations between predominant 

A B

C D

Figure 2 Type II, asymmetrical. (A) Schematic. Mass within the dilated bile duct (yellow arrow head); (B-D) representative images of a 
woman, aged 67 years: (B) trans-abdominal ultrasound and (C) computed tomography showed asymmetrical diffuse dilation of the bile duct 
(arrows), both intrahepatic and extrahepatic. The bile ducts were obstructed mainly by the large amount of mucin and secondarily by the 
mass; (D) the pathological results showed adenocarcinoma in the left liver (×150).
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IPMN-B types  and pathological  d iagnoses ,  with 
consideration of presenting symptoms and serum 
concentrations of tumor markers. Thus, the clinical, 
pathological, and trans-abdominal ultrasound findings of  
20 patients with IPMN-B were reviewed. To our knowledge, 
this study has the largest number of IPMN-B patients 
who underwent conventional trans-abdominal ultrasound 
examination, with a review of the complete results. The 
average age of our patients was 60 years, with a similar 
number of men and women. This is consistent with 
previous reports (8,9). 

IPMN-B is an uncommon biliary tumor, recently 

recognized, that manifests as an intraductal papillary tumor 
with mucin hyper-secretion. It is pathophysiologically 
similar to IPMN of the pancreas (4,10). Studies by Lim 
et al. (6,8) described four radiological imaging types of 
biliary dilation caused by IPMN-B, and our present 
study included 20 cases of IPMN-B with reference to 
that classification. Combined with the TAU features we 
determined, we stratified the 20 cases as types I–IV, that 
is, non-tumor, asymmetrical, symmetrical, and aneurismal 
dilation, respectively. We then compared the clinical and 
pathological data of each type. 

Our findings showed that the most common clinical 

Figure 3 Type III, symmetrical. (A) Schematic; (B-D) representative images of a man, aged 60 years: (B) trans-abdominal ultrasound and (C) 
magnetic resonance imaging showed symmetrical diffuse dilation of the bile duct (arrows) in the left liver. The bile ducts were obstructed 
mainly by the mass and secondarily by the mucin; (D) the pathological results showed border adenoma in the left liver (×150); (E-G) 
representative images of a woman, aged 62 years: (E,F) mass within the dilated bile ducts (yellow arrowheads); (G) dilated bile duct (white 
arrow) and thick mucin within it; (H) dilated bile duct (white arrow) and thick mucin within it.

A B C

D E

G H

F
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presentation was abdominal pain, occurring in 14 of the  
20 patients (70%). This is similar to previous reports (11,12). 
The next most common symptoms were jaundice and fever, 
which are related to cholangitis and obstruction of the 
biliary tract caused by huge amounts of mucin. However, 
these manifestations are similar to many other kinds of 
biliary disease, including recurrent pyogenic cholangitis 
caused by bile duct stone, cholangiocarcinoma, and MCN. 
Since the clinical features of IPMN-B lack specificity, for 
many patients the time from onset of first self-conscious 
symptom to diagnosis was prolonged. 

In this series of 20 cases, there were 3 of adenocarcinoma 
with no symptoms, comprising one with type II with only 
mild dilation of the common bile duct (1.4 cm), and 2 with 
type IV without any bile duct dilation. This indicates that 
asymptomatic cases of IPMN-B disease require careful 
attention and examination. 

We also reviewed serum levels of CA19-9, CEA, and 
AFP in 12 of the 20 cases, and elevated CA19-9 or CEA was 
detected only when malignancy was present. This may be 
valuable for the diagnosis of malignancy. 

Pathology of the surgical specimens revealed that all  
20 cases had intraluminal masses of the bile duct, with large 
amounts of mucin. Most of our cases had been originally 
diagnosed as MCN, prior to the recognition of IPMN-B 
as a specific entity by Zen et al. (4) in 2006. The earliest 
presentation in the current study was 2002. Compared 
to IPMN of the pancreas, the pathological diagnosis of 
malignancy in IPMN-B was much higher reached 75% (9), 
which is similar to the result of this study. The preferred 
recommendation for treatment of IPMN-B is surgical 
resection. Therefore, an accurate preoperative diagnosis is 
important. 

Conventional trans-abdominal ultrasound is usually 

A B

C D

Figure 4 Type IV, aneurismal dilation. (A) Schematic; (B-D) representative images of a man, aged 40 years: (B) trans-abdominal ultrasound 
showed that the tumor caused local bile duct dilation of the left liver similar to an aneurysm (arrows); (C) the nodular enhancement within 
the local dilated bile duct (arrows) was shown by contrast-enhanced ultrasound; (D) the pathological results indicated adenocarcinoma in the 
left liver (×150). 
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Table 2 Clinical and pathological data of 20 patients of IPMN-B

Patient 
number

Types Gender Age (years) CBD (cm) Clinical features Tumor markers Pathology

1 I F 59 3.5 Abdominal pain, fever AFP, CA19-9, CEA(−) Border adenoma

2 I F 62 1.5 Abdominal pain AFP, CA19-9, CEA(−) Moderate dysplasia*

3 I F 63 1.8 Abdominal pain, fever – Moderate dysplasia*

4 II M 45 1.4 No abnormalities AFP, CA19-9, CEA(−) Adenocarcinoma

5 II F 67 2.1 Abdominal pain, fever, jaundice AFP, CA19-9(−), CEA(+) Adenocarcinoma

6 II F 69 3.2 Fever, jaundice AFP, CA19-9(+), CEA(−) Adenocarcinoma

7 II M 63 3.0 Abdominal pain AFP, CA19-9(+), CEA(−) Adenocarcinoma

8 II F 65 1.1 Abdominal pain AFP, CA19-9, CEA(−) Severe dysplasia*

9 II M 72 1.2 Abdominal pain, fever, jaundice AFP, CA19-9, CEA(−) Adenocarcinoma

10 II M 67 1.4 Jaundice AFP, CA19-9(+), CEA(−) Adenocarcinoma

11 II F 26 1.2 Abdominal pain – Adenocarcinoma

12 II M 73 1.8 Abdominal pain – Adenocarcinoma

13 III F 71 0.6 Fever, jaundice AFP, CA19-9(+), CEA(−) Adenocarcinoma

14 III M 60 0.4 Abdominal pain – Border adenoma

15 III F 62 0.7 Abdominal pain AFP, CA19-9(+), CEA(−) Adenocarcinoma

16 IV F 47 0.6 Abdominal pain AFP, CA19-9, CEA(−) Adenocarcinoma

17 IV M 71 0.7 No abnormalities – Adenocarcinoma

18 IV M 53 0.6 No abnormalities – Adenocarcinoma

19 IV F 55 0.7 Abdominal pain – Adenocarcinoma

20 IV M 45 0.8 Abdominal pain, jaundice – Adenocarcinoma

*, atypical. CBD, common bile duct. F, female; M, male; AFP, alpha-fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, 
carcinoembryonic antigen.

Table 3 Lobe locations of the tumor and bile duct dilation among the ultrasound types

Types 
Location of the tumor (n) Bile dilation types (n)

Left Right Caudate None Symmetrical Asymmetrical None

I – – – 3 – 3 –

II 9 – – – – 9 –

III 3 – – – 3 – –

IV 3 1 1 – – – 5

the first choice for abdominal imaging examination. 
Ultrasound is especially sensitive for biliary disease with 
bile duct dilation, and it can be performed under any 
condition without invasion or radiation exposure. Our 
research showed that ultrasound could clearly show the 

biliary dilation caused by IPMN-B. Unlike a pathology 
report, ultrasound could correctly locate the position of 
the involved lobe caused by IPMN-B, and the region and 
the degree of bile duct expansion. In previous studies, 
the involved lobe was usually the left (10,11), which is 
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consistent with our findings here.
However, in the present study, in three cases of type I 

on ultrasound, masses were not detected, but only diffuse 
remarkable dilation of both the intrahepatic and extrahepatic 
bile duct. In these cases, small, flat, and superficially spread 
intraductal papillary tumors were revealed macroscopically. 
The pathological results showed that all of these cases were 
benign, and the border intraluminal tumors functioned to 
secrete large amounts of mucin. Therefore, it is possible to 
suggest a diagnosis of benign IPMN-B for a patient with 
significant dilation of the intrahepatic and extrahepatic bile 
duct that has no visible obstruction. On the other hand, all 
of the five cases of type IV were malignant adenocarcinoma 
with local bile duct dilation and solid nodules within it due 
to early invasion into bile duct and the mucin retention, 
which may on behalf of poorly differentiated. 

Due to the lack of specific clinical features and rarity, 
IPMN-B is difficult to diagnose accurately before surgery. 
Trans-abdominal ultrasound should be the first choice for 
imaging examination, and the characteristics of IPMN-B 
on trans-abdominal ultrasound images should be kept in 
mind to differentiate it from similar diseases such as biliary 
MCN, recurrent pyogenic cholangitis, and mass-forming 
cholangiocarcinoma (8,13,14). Biliary MCN is a closed sac, 
and while the intra-sac tumor secretes mucin, the mucin 
is confined and does not usually communicate with the 
biliary tree. Diffuse proximal and distal dilation of the bile 
duct will not show on ultrasound images. Even if the bile 
duct is obstructed by the large MCN sac, only the proximal 
dilation of the bile duct may be revealed. 

Recurrent pyogenic cholangitis caused by bile duct 
stone is the most difficult to differentiate from IPMN-B. 
Images of the former may also show diffuse biliary dilation 
and intraductal masses (15), and mucin plugs are usually 
confused with stone on ultrasound images. Therefore, a 
multimodality assessment via different imaging techniques 
and clinical experience is necessary. 

Regarding mass-forming type of cholangiocarcinoma, 
hypersecretion of mucin causes biliary dilation both 
upstream and downstream. However, in IPMN-B, 
ultrasound images will show a single solid or cystic mass, 
with only the upstream bile duct dilated due to obstruction. 

In conclusion, IPMN-B is a rare and newly recognized 
biliary disease, and a good understanding of its clinical, 
imaging, and pathological features is needed. Based on the 
present review, an elevation of serum tumor markers may 
indicate a malignancy. The most typical trans-abdominal 
ultrasound feature of IPMN-B was significant diffuse 
intrahepatic and extrahepatic bile duct dilation, especially 
for benign cases. Some malignant cases only showed serious 
local bile duct dilation with intraductal papillary neoplasm. 
Conventional trans-abdominal ultrasound sensitively shows 
bile duct dilation. The images should be carefully evaluated 
for useful diagnostic clues, especially for asymmetric 
significant diffuse biliary dilation due to intraductal tumors 
of IPMN-B. Our report is expected to contribute to the 
accumulative and progressive understanding of this new 
disease entity (16). A possible diagnosis of IPMN-B should 
be suspected when there is significant dilation of the bile 
duct, after exclusion of extrahepatic bile duct obstructive 
disease. 
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