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SA-CME Learning Objectives
After completing this journal-based SA-CME
activity, participants will be able to:
■■Identify and describe the imaging and
histopathologic features of the uncommon
intraluminal tumors of the bile duct.
■■Recognize

and describe the imaging ap‑
pearance of some mimics of the uncom‑
mon intraluminal tumors of the bile duct.

■■Discuss

and describe the imaging ap‑
pearance of uncommon intraluminal tu‑
mors of the gallbladder and their mimics.
See rsna.org/learning-center-rg.

Intraluminal pathologic conditions of the bile ducts and gallbladder
are common, most frequently consisting of calculi and adenocar‑
cinoma. In recent years, intraductal papillary neoplasm of the bile
ducts (IPN‑B), which is analogous to intraductal papillary muci‑
nous neoplasm of the pancreas, has been recognized as a distinct
pathologic entity and a precursor lesion to adenocarcinoma of the
bile ducts. Intraductal tubulopapillary neoplasm (ITPN) of the bile
duct was subsequently described as a distinct pathologic entity.
With increased awareness and advances in imaging techniques,
these lesions are diagnosed with increased frequency at preoperative
imaging. A similar neoplasm in the gallbladder is referred to as in‑
tracholecystic papillary neoplasm. These lesions are often diagnosed
at a preinvasive stage and have a better prognosis than invasive
cholangiocarcinoma when treated with curative resection, under‑
scoring the importance of an accurate imaging diagnosis. The most
common causes of polypoid lesions of the gallbladder are choles‑
terol polyps and adenomyomatosis. These lesions need to be differ‑
entiated from the less common but clinically important adenocar‑
cinoma of the gallbladder. Imaging is crucial to identify polyps that
are at high risk for malignancy so that the appropriate management
choice between imaging follow-up and cholecystectomy can be
made by the treating physicians. Other less common gallbladder tu‑
mors, such as gallbladder adenomas, lymphoma, and metastases to
the gallbladder, can manifest as intraluminal tumors; and awareness
of these lesions is also important. In this article, the recent literature
is reviewed; and the imaging appearances, histopathologic findings,
and management of uncommon intraluminal tumors of the bile
ducts and gallbladder and their mimics are discussed.
©
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Introduction

Intraluminal pathologic conditions of the bile ducts and gallbladder
are commonly encountered in clinical practice. Calculi and intra‑
ductal cholangiocarcinomas are the two most common benign and
malignant pathologic conditions, respectively, that manifest as intra‑
luminal lesions of the bile duct. Intraductal papillary neoplasm of
the bile ducts (IPN‑B) accounts for about 10%–15% of cases of bile
duct tumors (1). Intraductal neoplasms of the bile duct are classified
into preinvasive lesions and invasive lesions. The World Health Or‑
ganization has described three preinvasive biliary lesions: (a) biliary
intraepithelial neoplasia, (b) IPN‑B, and (c) mucinous cystic neo‑
plasm (2–4). IPN‑B is described as a distinct pathologic entity and
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Teaching Points
■■

Intraductal neoplasms of the bile duct are
preinvasive lesions and invasive lesions. The
Organization has described three preinvasive
(a) biliary intraepithelial neoplasia, (b) IPN‑B,
nous cystic neoplasm.

classified into
World Health
biliary lesions:
and (c) muci‑

■■

At US, an intraductal hypoechoic or hyperechoic mass can
be identified in up to 41% of cases of IPN‑B. The presence of
mucin may not be detected at US because mucin is equally
anechoic as bile. Contrast-enhanced US can be helpful by
showing enhancement in the lesion and therefore excluding
more common causes of biliary dilatation such as sludge or
nonshadowing stones. Contrast-enhanced US cannot be used
to distinguish benign lesions from malignant lesions; howev‑
er, malignant lesions tend to be larger. Endoscopic US and
intraductal US are useful for evaluating the depth of invasion
of the tumor beyond the bile duct wall, as well as lymph node
involvement, which helps predict the prognosis and tumor
resectability, even in cases in which direct cholangioscopy is
inadequate owing to the presence of thick mucin. At CT, the
intraductal mass is generally either iso- or hyperattenuating
compared with the surrounding hepatic parenchyma. On T1weighted MR images, IPN‑B appears iso- or hypointense; and
on T2-weighted MR images, IPN‑B is generally hyperintense.
IPN‑B typically demonstrates iso- or hyperintensity during the
late arterial phase but does not remain hyperintense during
the portal venous and delayed phases.

■■

Surgical resection with a tumor-free resection margin is
the treatment of choice for patients with IPN‑B. The na‑
ture and extent of surgery may depend on the location of
the lesion and the extent of involvement. IPN‑B involving a
single intrahepatic duct may be treated with partial hepatec‑
tomy with resection of the CBD. IPN‑B involving the extra
hepatic bile duct may be treated with resection of the CBD.
Pancreatoduodenectomy is needed with CBD resection if the
intrapancreatic portion of the CBD is involved. IPN‑B has a rel‑
atively high recurrence rate of 20%, which can be up to 60%
if an invasive component is associated. This high recurrence
rate of IPN‑B necessitates follow-up imaging with MRCP.

■■

Biliary ITPN usually manifests with a larger intraductal softtissue component than IPN‑B. Because biliary ITPN does not
produce mucin, the presence of gross mucin or dilatation of
the downstream duct is not seen. The soft-tissue component
enhances after administration of contrast material. Retraction
of the overlying liver capsule may be seen in peripherally lo‑
cated intrahepatic lesions. Enhancement of the liver paren‑
chyma surrounding the dilated ducts is a common feature.

■■

Intracholecystic papillary neoplasms or intracholecystic papil‑
lary-tubular neoplasms are preinvasive lesions of the gallblad‑
der that are composed of dysplastic cells forming clinically
detectable masses (≥1.0 cm). These lesions are analogous to
IPN‑B, as well as intraductal papillary mucinous neoplasm of
the pancreas and ITPN of the pancreas.

a precursor lesion to adenocarcinoma of the bile
duct (2). Intraductal tubulopapillary neoplasm
(ITPN) of the bile duct, which is analogous to
ITPN of the pancreas, is another preinvasive
biliary intraductal lesion and is increasingly being
recognized as a distinct pathologic entity (5,6).
Invasive biliary tract epithelial neoplasms are usu‑
ally adenocarcinomas; and when they manifest as
an intraluminal mass, they are referred to as chol‑
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angiocarcinoma, intraductal growing type. Biliary
intraepithelial neoplasia, IPN‑B, and ITPN can
sometimes be found in specimens of invasive ad‑
enocarcinoma (7). Similarly, intraluminal papil‑
lary neoplasm in the gallbladder is referred to as
intracholecystic papillary neoplasm.
Intraluminal pathologic conditions of the
gallbladder primarily include calculi and poly
poid lesions. Gallbladder polyps are most com‑
monly nonneoplastic (8) and include cholesterol
polyps and adenomyomatosis. These lesions
need to be differentiated from less common but
clinically important malignant polypoid lesions
of the gallbladder, most commonly gallbladder
adenocarcinoma. Other less common gallblad‑
der tumors, such as intracholecystic papillary
neoplasms, sarcomas, lymphomas, and metas‑
tases to the gallbladder, can also manifest as
intraluminal masses.
In this article, the imaging appearance, histo‑
pathologic findings, and management of uncom‑
mon intraluminal tumors of the bile ducts and
gallbladder are discussed, as well as their mimics.
More common entities, such as biliary calculi,
cholangiocarcinoma, and gallbladder adenocarci‑
noma, are extensively discussed in the literature
and will not be covered in detail in this article.

Intraductal Neoplasms of the Bile
Ducts: Biliary Intraepithelial Neoplasia

The concept of biliary intraepithelial neoplasia
is proposed on the basis of its morphologic re‑
semblance to pancreatic intraepithelial neoplasia
(9). Biliary intraepithelial neoplasia represents
a premalignant lesion in the multistep carci‑
nogenesis of cholangiocarcinoma (10). Biliary
intraepithelial neoplasia is characterized by flat
or low papillary proliferation of atypical cells,
multilayering of nuclei, and micropapillary
projections in the lumen of the bile duct (2).
Biliary intraepithelial neoplasia is classified into
three grades according to the degree of cyto‑
logic and architectural atypia: (a) grade 1 biliary
intraepithelial neoplasia (low-grade lesions),
(b) grade 2 biliary intraepithelial neoplasia (in‑
termediate-grade lesions), and (c) grade 3 bili‑
ary intraepithelial neoplasia (high-grade lesions,
carcinoma in situ) (11). Biliary intraepithelial
neoplasia cannot be detected at imaging, and it
is typically not visible at the gross pathologic ex‑
amination, or it may appear as subtle granularity
or velvetlike texture of the mucosa (12). The ex‑
act incidence of biliary intraepithelial neoplasia
is not known. It is most commonly identified in
specimens of invasive cholangiocarcinoma and is
incidentally detected in 1%–3.5% of the speci‑
mens from cholecystectomy, especially in cases
that have an associated calculus (1).
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Figure 1. Histopathologic features of IPN‑B. (a) Low-power photomicrograph of IPN‑B shows papillary projections with a
central fibrovascular core (arrow), as well as mucinous cells (arrowheads). (Hematoxylin-eosin [H-E] stain; original magnifica‑
tion, 34.) (b) High-power photomicrograph shows well-differentiated mucinous epithelium (arrows), as well as moderately
dysplastic cells (arrowheads) with irregular overlapping nuclei and mucin depletion. (H-E stain; original magnification, 320.)

Intraductal Papillary Neoplasm
of the Bile Duct
Pathology
Microscopically, IPN‑B is characterized by
intraductal papillary proliferation of neoplastic
cells with a distinct fibrovascular core (Fig 1a).
The lining cells usually show intracellular mucin
production of varying degrees. Mucin may be
detectable macroscopically or microscopically.
When IPN‑B is associated with abundant mucin
production, it may cause dilatation of the bile
duct distal to the lesion, which is described as a
characteristic feature of IPN‑B (13).
IPN‑B is analogous to intraductal papillary mu‑
cinous neoplasm of the pancreas (1,14,15). Both
IPN‑B and intraductal papillary mucinous neo‑
plasm of the pancreas show intraluminal growth,
an association with mucin hypersecretion, and the
same four histologic subtypes: pancreatobiliary,
intestinal, gastric, and oncocytic (16,17). Among
these subtypes, the intestinal and pancreatobiliary
subtypes account for the majority of the cases of
IPN‑B. However, some notable differences exist
between intraductal papillary mucinous neoplasm
of the pancreas and IPN‑B. Mucin production
is detected macroscopically in almost all cases of
intraductal papillary mucinous neoplasm of the
pancreas but in only about one-third of cases of
IPN‑B (18). Controversially, some researchers
have found that the detection of malignancy is
significantly more common (P < .0002) in patients
with IPN‑B than in those with intraductal papil‑
lary mucinous neoplasm of the pancreas (19), and
others have found no significant difference (20).
The pancreatobiliary subtype of IPN‑B is seen
more often in Western countries and is more

commonly associated with high-grade dysplasia
or invasive carcinoma (21). The intestinal subtype
is reported more often from Asian countries (1)
and more commonly demonstrates gross mucin
production (22). The clinical and histopathologic
characteristics of the different histologic subtypes
of IPN‑B are listed in Table 1 (1,17,21–23). The
pancreatobiliary subtype is more commonly as‑
sociated with expression of the mucin core protein
MUC1 (21,22), which has been shown to have an
association with a worse survival outcome (14,21).
At gross examination, IPN‑B manifests as a
solitary papillary lesion or multiple papillary le‑
sions within the bile duct lumen. Multiple lesions
can be found in up to 50% of cases (24). IPN‑B
tends to spread along the mucosal surface.
Unlike biliary intraepithelial neoplasia, which
is categorized into three distinct groups, IPN‑B is
graded into two groups on the basis of the degree
of dysplasia: (a) IPN‑B with low- or intermedi‑
ate-grade dysplasia (Fig 1b), and (b) IPN‑B with
high-grade dysplasia (2). About half of all cases of
IPN‑B are associated with an invasive component
at diagnosis (4,21). Localized low-grade IPN‑B
and high-grade IPN‑B were previously called
biliary papillary adenoma and noninvasive papil‑
lary carcinoma of the biliary tract, respectively.
Diffuse IPN‑B was previously known as biliary
papillomatosis (2,14).

Clinical Features and Risk Factors
IPN‑B is often seen in patients between the ages
of 40 and 80 years, with a male predominance
(4,15,17,25). IPN‑B may be asymptomatic in
5%–30% of cases (25); however, symptoms do
occur and are related to biliary obstruction by
the tumor or thick intraductal mucin, leading to
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Table 1: Clinical and Histopathologic Characteristics of Different Histologic Subtypes of IPN-B
Characteristic
Incidence (%)*
Histopathologic
findings

Pancreatobiliary Subtype

Intestinal Subtype

34–36
Columnar cells with eosino‑
philic cytoplasm and round
nuclei; usually characterized
by the formation of thin
branching complex papillae

39–47
Resembles in‑
testinal villous
neoplasms with
moderate to
severe dysplasia

Immunophenotype
MUC1
+
–
MUC2
–
+
MUC5AC
–
+
Invasive compo‑
Most common
Less common
nent
Most commonly invasive tubu‑ Invasive tubular
Histopathologic
lar carcinoma
carcinoma; some
findings of the
cases of invasive
malignant com‑
colloid carci‑
ponent
noma
Mucin production Less common
More common
Five-year survival Worst (47%)
Moderate (75%)
(rate)
Recurrence (rate) Most common (45%)
Less common
(18%)

Gastric Subtype

Oncocytic Subtype

15–17
3–8
Columnar cells re‑ Abundant in‑
sembling gastric
tensely eosino‑
foveolae
philic granular
cytoplasm

+ or –
–
+
Less common

+ or –
+ or –
+
Not reported

NA
Both invasive tu‑
bular carcinoma
and invasive col‑
loid carcinoma
Most common
Highest (84%)

Limited data
Limited data

Rare

Extremely rare

Sources.—References 1, 17, and 21–23.
Note.—MUC = mucin core protein, NA = not available, + = present, – = absent.
*Percentage among reported cases of IPN-B.

recurrent abdominal pain, jaundice, elevated liver
enzyme levels, and, in some cases, cholangitis
(15,26). IPN‑B can involve the intrahepatic bili‑
ary tree and/or the extrahepatic biliary tree. The
intrahepatic location is more commonly reported
in Asian countries; whereas in the literature from
Western countries, investigators commonly report
IPN‑B in extrahepatic locations (27,28) (Fig 2).
The difference in location in different demo‑
graphic groups may be related to the difference
in the reported risk factors. In Asian countries,
the major risk factors associated with IPN‑B are
hepatolithiasis and Clonorchis infection (17,29);
whereas in Western countries, primary sclerosing
cholangitis, choledochal cyst, and antecedent or
current cholangiocarcinoma are reported to be
risk factors. Investigators have observed that the
intrahepatic lesions are more commonly found in
the left hepatic lobe (30,31), for unknown reasons.

Imaging Appearance
The morphologic structure of IPN‑B depends
on the balance between the degree of papillary
proliferation and mucin production, and this
factor influences the imaging appearance. With
a predominant papillary proliferation and little
mucin production, IPN‑B can appear at imaging
as an intraductal mass causing upstream biliary

dilatation. With extensive mucin production and
minimal papillary proliferation, IPN‑B causes
diffuse dilatation of the bile ducts without any
detectable mass at imaging. In such cases, severe
dilatation of the lobar or segmental bile ducts
may be noted, with crowding of the bile ducts
and hepatic parenchymal atrophy (32).
However, most commonly, IPN‑B manifests as
an intraductal mass with proximal and sometimes
distal biliary dilatation (Fig 3). Proximal biliary
dilatation is due to obstruction of the bile flow by
the viscous mucin, rather than to direct obstruc‑
tion by the tumor (23).
Biliary dilation may be tubular, fusiform, or
cystic in nature. Cystic or aneurysmal dilatation
of a bile duct associated with IPN‑B can be due
to production of excessive mucin resulting in
increased intraductal pressure and ballooning of
the involved bile duct (Fig 4). Cystic dilatation
may also be related to the fact that some cases of
IPN‑B originate from peribiliary glands within or
just outside the bile duct wall, and these glands
dilate with the excess mucin to give such an ap‑
pearance (33). Aneurysmal dilatation of a bile
duct branch is considered a characteristic sign of
IPN‑B by some authors (34).
Ying et al (35) have classified IPN‑B into seven
morphologic types: (a) type I, upstream–duct
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Figure 2. IPN‑B involving the common bile duct (CBD) in a 45-year-old man after he underwent a liver transplant and Roux-en-Y
choledochojejunostomy. (a) Coronal T2-weighted MR image shows multiple faintly hypointense polypoid lesions (arrows) in the native
CBD. (b) Coronal contrast-enhanced reformatted CT image shows the dilated CBD (arrows). The filling defects are not as well depicted
with CT as with MRI. (c) Endoscopic US image shows a heterogeneously hypoechoic mass (arrowheads) in the CBD, as well as the
pancreatic duct (PD). The findings at histopathologic examination of the specimen from biopsy disclosed IPN‑B involving the CBD.

ectatic type; (b) type II, typical type; (c) type III,
superficial-spreading type; (d) type IV, non–massforming type; (e) type V, intrahepatic-cystic type;
(f) type VI, extrahepatic-cystic type; and (g) type
VII, infiltrating type. The typical type represents
an intraductal cauliflower-like papillary tumor
with proximal as well as distal biliary dilatation.
In type VII, the tumor infiltrates into the liver
parenchyma for a depth of more than 5 mm (Fig
5). Ying et al (35) suggested that IPN‑B may be
classified into non–mucin-secreting IPN‑B and
intraductal papillary mucinous neoplasm of the
bile ducts (mucin secreting), depending on the
evidence of mucin secretion found at endoscopy
or histopathologic examination. Non–mucinsecreting IPN‑B manifests more commonly with
morphologic type I, and intraductal papillary
mucinous neoplasm of the bile ducts manifests
more commonly with the other six morphologic
types (35). Less frequently, IPN‑B is associated
with lymph node metastasis (9%) (23).
A malignant component can be found in
31%–83% of cases of IPN‑B (15,30,36,37).
Cases of malignant IPN‑B usually show an obvi‑
ous intraductal mass at imaging (38,39). Obvious
extraductal invasion is found in 28% of cases of
IPN‑B (Fig 5), and invasion of the adjacent organ
can be seen in up to 8% of cases (23).
At US, an intraductal hypoechoic or hyper‑
echoic mass can be identified in up to 41% of
cases of IPN‑B (37) (Figs 2, 5). The presence
of mucin may not be detected at US because
mucin is equally anechoic as bile (15). Contrastenhanced US can be helpful by showing en‑
hancement in the lesion and therefore excluding
more common causes of biliary dilatation such
as sludge or nonshadowing stones. Contrast-en‑
hanced US cannot be used to distinguish benign
lesions from malignant lesions; however, malig‑
nant lesions tend to be larger (40). Endoscopic
US and intraductal US are useful for evaluating

the depth of invasion of the tumor beyond the
bile duct wall, as well as lymph node involvement,
which helps predict the prognosis and tumor
resectability, even in cases in which direct cholan‑
gioscopy is inadequate owing to the presence of
thick mucin (38,41). At CT, the intraductal mass
is generally either iso- or hyperattenuating com‑
pared with the surrounding hepatic parenchyma.
On T1-weighted MR images, IPN‑B appears
iso- or hypointense; and on T2-weighted MR
images, IPN‑B is generally hyperintense. IPN‑B
typically demonstrates iso- or hyperintensity dur‑
ing the late arterial phase but does not remain hy‑
perintense during the portal venous and delayed
phases (42) (Fig 3). This pattern is in contrast
to that of intraductal cholangiocarcinoma, which
shows progressive enhancement in the portal
venous and delayed phases (15). Diffusion re‑
striction may be seen within the solid component
of the mass. Diffusion-weighted MRI improves
tumor conspicuity and may help show tumor
invasiveness but not tumor extent (43) (Fig 6).
At CT and MRI, the presence of mucin in
cases of IPN‑B is usually difficult to identify,
because it has the same appearance as bile (34).
Sometimes, intraluminal mucin may be seen as
stringlike filling defects at endoscopic retrograde
cholangiopancreatography or MR cholangiopan‑
creatography (MRCP); these stringlike filling de‑
fects are also known as the “thread sign” (13,44).
Similar filling defects may be observed in the
hepatobiliary phase of MRI performed after
the administration of gadoxetic acid (Gd-EOBDTPA) (45). It is important to review the source
axial and coronal MRCP images, as well as the
three-dimensional reformatted images, to iden‑
tify filling defects and to differentiate them from
extrinsic abnormalities, including clips, lymph
nodes, and pulsation artifacts from adjacent ves‑
sels. The presence of restricted diffusion helps to
distinguish IPN‑B from stones or sludge.
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Figure 3. IPN‑B and distal biliary dilatation in a 61-year-old man. (a) Axial T1-weighted fat-saturated
MR image show a lobulated mass lesion (arrow) in the proximal left hepatic duct. (b, c) Axial gadoliniumenhanced T1-weighted fat-saturated MR images obtained in the arterial phase (b) and the portal venous
phase (c) show mild persistent enhancement of the lesion (arrow). Note the equivalent enhancement
in both the arterial and venous phases. (d) Coronal T2-weighted MR image shows dilatation of the left
hepatic duct and the distal CBD, as well as a mass lesion depicted as a filling defect within the left hepatic
duct (arrow). (e) High-power photomicrograph of a section of the biopsy specimen shows a papillary
structure (arrow) and cells with abundant oncocytic cytoplasm. IPN‑B, oncocytic type, was diagnosed.
(H-E stain; original magnification, 320.)

suggested by an area of peribiliary enhancement
during the arterial and portal venous phases,
with isoenhancement compared with the back‑
ground liver in the delayed phase (45). The
morphologic types of IPN‑B are summarized
in Table 2 (35), and the imaging features of the
different components of IPN-B are described in
Table 3 (37,42–44).
IPN‑B has a tendency toward superficial
spread and often manifests as multifocal lesions
(Fig 8). This appearance can make early diag‑
nosis of IPN‑B difficult, because cholangitis can
manifest similarly with impeded diffusion. Mul‑
tifocal lesions have a higher risk of recurrence
owing to incomplete surgical resection (15).
At PET, uptake of fluorine 18 fluorodeoxy‑
glucose (FDG) is typically observed in cases
of IPN‑B with malignant change (Fig 7) (46).
PET may also demonstrate the extent of disease
in cases of IPN‑B with an invasive component
(35). At MRI, macroscopic invasion may be

Mimics of IPN‑B
Focal Biliary Dilatation.—Because IPN‑B

manifests with focal dilatation of the bile ducts,
diseases that cause focal biliary dilatation may
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Figure 4. IPN‑B, oncocytic subtype, in a
40-year-old man presenting with a cystic
liver lesion found at US performed at an‑
other institution. Axial T2-weighted MR
image shows a cystic lesion that communi‑
cates with the bile duct and demonstrates
a hypointense mural nodule (arrow). The
findings at histopathologic examination of
the specimen from biopsy disclosed IPN‑B,
oncocytic subtype, with carcinoma in situ.

Figure 5. Infiltrating type of IPN‑B in a 50-year-old man with focal biliary dilatation. (a, b) Axial T2-weighted (a) and contrastenhanced T1-weighted fat-saturated (b) MR images of the liver show a small faintly enhancing T2-hypointense lobulated mass lesion
(arrowhead) with a cystic component medially (open arrow) and dilated left hepatic ducts (solid arrow). (c) Endoscopic US image
shows the cystic component (arrow) and the iso- to hypoechoic mass (arrowhead). (d) Photograph of the gross specimen shows
en bloc resection of the liver, with the cystic component (*) and a mass filling the left intrahepatic duct (arrows). The mass is clearly
infiltrating into the liver parenchyma (arrowheads). (e) Low-power photomicrograph shows papillary growth (arrows) in the dilated
bile duct and stromal invasion (arrowheads). Note the cystic component (*). (H-E stain; original magnification, 34.)

mimic IPN‑B and must be distinguished from
it. With focal biliary dilatation, it is important to
exclude an intrahepatic stone or mass, such as
cholangiocarcinoma, causing biliary obstruction.
Caroli disease, a congenital disorder, may also
manifest as a focal abnormality and can cause
fusiform dilatation of the bile duct. The “central
dot sign” is sometimes seen at contrast-enhanced
CT or MRI in patients with Caroli disease. This
sign appears as a small focus of intense contrast

enhancement from a portal venous branch within
the dilated intrahepatic ducts, and the sign is sug‑
gestive of Caroli disease (47) (Fig 9).
Primary sclerosing cholangitis and recurrent
pyogenic cholangitis are also commonly associ‑
ated with focal biliary dilatation. Primary scle‑
rosing cholangitis is characterized by randomly
distributed intrahepatic biliary dilatation and
saccular dilatation associated with short-segment
strictures producing a “beaded” appearance of
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Figure 6. IPN‑B in a 24-year-old woman with abdominal pain. (a) Axial contrast-enhanced fat-sup‑
pressed T1-weighted MR image of the liver shows mildly enhancing mass lesions within the left hepatic
ducts (arrow). (b) Axial diffusion-weighted MR image (b = 400 sec/mm2) shows diffusion restriction
within the mass (arrow). The findings at surgery revealed a multifocal papillary growth involving the bile
ducts. The results at histopathologic examination disclosed IPN‑B.

Figure 7. IPN‑B with malignant change in a 76-year-old man with obstructive jaundice. (a) Axial con‑
trast-enhanced CT image shows a dilated intrahepatic radicle with an isoenhancing mass lesion (arrows)
at the hilar confluence of the right hepatic ducts. (b) Axial PET/CT image obtained after a biliary stent
procedure shows a diffusely FDG-avid lesion (arrows) in the same location. The findings at histopatho‑
logic examination of the specimen from biopsy disclosed IPN‑B.

the ducts. Dominant strictures in the setting of
primary sclerosing cholangitis should raise suspi‑
cion for other causes of stenosis, especially chol‑
angiocarcinoma. Recurrent pyogenic cholangitis
is characterized by biliary dilatation dispropor‑
tionate to the biliary strictures, with intraductal
pigmented calculi of variable density, typically
in the absence of gallbladder calculi (48). Other
causes of secondary cholangitis and biliary dilata‑
tion, such as ascending infection, AIDS-related
cholangitis, postoperative trauma, and ischemic
injury, can also demonstrate biliary dilatation
with strictures.
Intraductal Filling Defect.—Hepatolithiasis and
choledocholithiasis are differentiated from IPN‑B
by their lack of contrast enhancement and low
signal intensity on T2-weighted MR images.
Stones may show high or low signal intensity
on T1-weighted MR images, depending on the

constituents of the stone. Other less common
nonneoplastic causes of intraductal filling defects
include parasitic infestation, biliary casts, and
inflammatory pseudotumor (49).
Biliary cast syndrome is a complication of liver
transplants and is estimated to affect 4%–18%
of patients with orthotopic liver transplants. The
syndrome is believed to be caused by biliary
ischemia and is characterized by hardened mass‑
like collections of biliary sludge and sloughed
ductal mucosa filling the intrahepatic and/or
extrahepatic bile ducts (50,51). The addition of
nonenhanced T1-weighted MR images to MRCP
sequences improves the diagnostic sensitivity for
the identification of biliary casts, which tend to
demonstrate T1 hyperintensity (51) (Fig 10).
Inflammatory pseudotumor involving the
CBD is extremely rare. Inflammatory pseudo‑
tumor is composed of fibrous tissue containing
spindle cells and inflammatory infiltrate. These
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Table 2: Morphologic Types of IPN-B
Imaging Component
Morphologic Type

Intraductal Mass

Upstream–duct ectatic
Typical
Superficial-spreading

Cystic Component

Bile Duct Dilatation

None
None
None

Upstream only
Both upstream and downstream
Upstream and/or downstream

Non–mass-forming

Polypoid mass
Polypoid or castlike mass
No polypoid mass, may be
castlike
No visible mass

None

Intrahepatic-cystic

Polypoid mass

Extrahepatic-cystic

Polypoid mass

Infiltrating

Mass with extraductal
spread

Cystic lesion with
mural nodule
Cystic lesion with
mural nodule
None

Extensive, upstream and/or down‑
stream; liver atrophy
Cystic dilatation of intrahepatic
bile duct
Cystic dilatation of extrahepatic
bile duct
Upstream and/or downstream

Source.—Reference 35.

Table 3: Imaging Features of Different Components of IPN-B
Imaging
Modality
US

CT
MRI

Intraductal Mass

Cystic Component

Commonly hyperechoic to
bile

Anechoic with or
without mural
nodule
lso- to hyperattenuating pol‑ Hypoattenuating
ypoid mass
lesion
T1-hypointense, T2-hyperin‑ T2-hyperintense
tense mass
lesion

ContrastHyperenhancement in late
enhanced
arterial phase, less en‑
study
hancement in later phases

No enhancement

Bile Duct Dilatation
Dilated bile duct, upstream and/or down‑
stream; may be associated with liver atrophy
Dilated bile duct, upstream and/or down‑
stream; may be associated with liver atrophy
Dilated bile duct, upstream and/or down‑
stream; may be associated with liver atro‑
phy; may show mucin as thread sign
Dilated bile duct, upstream and/or down‑
stream; may be associated with liver atrophy

Sources.—References 37 and 42–44.

findings are most likely to be the result of past
infection and cholangitis. These patients pres‑
ent with painless jaundice, abdominal pain, and
fever. It is difficult to differentiate inflammatory
pseudotumor from cholangiocarcinoma at pre‑
operative imaging (49). The radiologic features
are not well described. These lesions are iso- to
hyperattenuating on CT images, hypointense on
T1-weighted MR images, and hyperintense on
T2-weighted MR images. At contrast-enhanced
studies, variable, heterogeneous, and delayed
enhancement is noted (52) (Fig 11).
Tumors such as cholangiocarcinoma, hepato‑
cellular carcinoma (Fig 12), or bile duct metas‑
tases can also manifest as focal biliary dilatation.
Cholangiocarcinoma usually demonstrates pro‑
gressive enhancement in the portal venous and
delayed phases and does not show dilated ducts
downstream from the tumor (Fig 13). Chol‑

angiocarcinoma can be difficult to distinguish
from IPN‑B on the basis of imaging alone. The
presence of a large extrabiliary component and
the absence of mucin production are suggestive
of the diagnosis of cholangiocarcinoma, but the
results of histopathologic examination may ulti‑
mately be needed to distinguish the two entities.
Cystic Lesion.—IPN‑B can often manifest as a

predominantly cystic lesion with or without a vis‑
ible mural nodule (Fig 4). Hepatobiliary cystic le‑
sions such as mucinous cystic neoplasms, simple
cysts, peribiliary cysts, and choledochal cysts may
be mistaken for IPN‑B. Mucinous cystic neo‑
plasms also produce mucin, similar to IPN‑B, but
unlike IPN‑B, they contain ovarian-type subepi‑
thelial stroma and rarely show communication
with the bile ducts (53). Mucinous cystic neo‑
plasm usually manifests as a large unilocular or
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Figure 8. Multifocal IPN‑B in a 35-year-old woman. (a) Coronal T2-weighted MR image
shows multiple hypointense filling defects (arrows) in the entire dilated CBD. (b) Endoscopic
retrograde cholangiopancreatographic image also shows multiple filling defects (arrows).

Figure 9. Central dot sign in a
22-year-old woman with autosomal
recessive polycystic kidney disease
and upper abdominal pain. Axial con‑
trast-enhanced CT image obtained in
the portal venous phase shows fusi‑
form and cystlike dilatation of the bile
ducts of both lobes of the liver, with
an enhancing portal radicle at the
center of the cystic lesion—the central
dot sign (arrow), a finding suggestive
of Caroli disease.

multilocular cystic lesion with enhancement and/
or calcification of the septa. A solid component
is sometimes depicted within a mucinous cystic
neoplasm (Fig 14).

Management
Although IPN‑B is a preinvasive lesion and is
frequently associated with an invasive compo‑
nent, the overall survival of patients with IPN‑B,
even when it is associated with invasive compo‑
nents, is better than that of patients with invasive
cholangiocarcinoma (5). Patients with IPN-B
have been reported to have a 5-year survival rate
of 47%–84% after curative resection (25). In
contrast, the 5-year survival rate of patients with
cholangiocarcinoma, even after surgical resection,
is about 10%–40% (54). Survival rates depend
on the degree of invasion, the presence of lymph
node involvement, and the completeness of
surgical resection (15). Because IPN‑B tends to
spread superficially along the walls of the bili‑
ary tract, the completeness of resection depends
on the accurate delineation of the entire extent
of the lesion at preoperative imaging (15,34).
Preoperative MRCP or direct cholangioscopy can
be helpful in the accurate preoperative mapping
of the lesion (15).

Surgical resection with a tumor-free resection
margin is the treatment of choice for patients with
IPN‑B (55). The nature and extent of surgery may
depend on the location of the lesion and the extent
of involvement. IPN‑B involving a single intra
hepatic duct may be treated with partial hepatec‑
tomy with resection of the CBD. IPN‑B involving
the extrahepatic bile duct may be treated with
resection of the CBD. Pancreatoduodenectomy is
needed with CBD resection if the intrapancreatic
portion of the CBD is involved.
IPN‑B has a relatively high recurrence rate of
20%, which can be up to 60% if an invasive com‑
ponent is associated. This high recurrence rate
of IPN-B necessitates follow-up imaging with
MRCP (15,16,55).

Intraductal Tubulopapillary Neoplasm
Pathology
Analogous to the tubulopapillary neoplasm
of the pancreas, ITPN of the bile duct is an
increasingly recognized entity. To our knowl‑
edge, the first case of biliary ITPN was reported
in 2010 by Park et al (56). Biliary ITPN is an
intraductal mass-forming preinvasive neoplasm.
Histopathologically, biliary ITPN shows tubu‑
lar architecture with no or minimal papillary
growth and a lack of mucin production (5,6,13)
(Fig 15). Most cases of biliary ITPN are of the
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Figure 10. Biliary cast in a 54-year-old woman after a liver transplant. (a) Axial fat-suppressed T2weighted MR image shows focal dilatation of a segment 7 duct, with a hypointense filling defect within
the duct (arrow). Edema of the surrounding liver parenchyma is also depicted. (b) Coronal fat-suppressed
MR image obtained with a volumetric interpolated breath-hold examination (VIBE) sequence shows a T1hyperintense elongated filling defect (arrow). The presence of a T1-hyperintense filling defect in a patient
who had undergone a transplant prompted the diagnosis of a biliary cast.

Figure 11. Inflammatory pseudo
tumor in a 32-year-old woman with
obstructive jaundice. (a) Thin-slab
MRCP image shows a well-defined hy‑
pointense mass (arrow) in the proxi‑
mal CBD, with proximal biliary dilata‑
tion. (b) Axial contrast-enhanced T1weighted fat-suppressed MR image in
the equilibrium phase shows strong
enhancement of the mass (arrow).
(c) High-power photomicrograph
shows spindle cells with elongated nu‑
clei and areas of lymphocytes (arrow).
No mitotic activity or atypia is de‑
picted. The findings at histopathologic
examination helped confirm a diagno‑
sis of inflammatory pseudotumor. (H-E
stain; original magnification, 320.)

pancreatobiliary subtype and show high-grade
dysplasia (6). Approximately 70%–80% of cases
of biliary ITPN can be associated with invasive
carcinoma (5,6). Immunophenotypically, ITPN
is characterized by expression of MUC1 and
MUC6 and the absence of MUC2 and MU‑
C5AC (5,6,13).

Clinical and Imaging Features
Biliary ITPN is a rare tumor, and its exact in‑
cidence is not known (5). It is more commonly
found in women, with a median age of 62–65
years (3,6,56). No risk factors for biliary ITPN
have been described (5). The most common
clinical features include abdominal pain and
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Figure 12. Hepatocellular carcinoma in a
56-year-old man with jaundice. Axial contrastenhanced CT image in the late arterial phase
shows a poorly circumscribed mass lesion (ar‑
row) in the left lobe of the liver that is invading
the left bile duct, causing upstream biliary dila‑
tation (arrowheads). The findings at histopatho‑
logic examination of the specimen from biopsy
disclosed hepatocellular carcinoma.

Figure 13. Cholangiocarcinoma in a 45-year-old man with obstructive jaundice. (a) Coronal T2weighted MR image shows a hypointense mass (arrow) in the distal CBD. Note the proximal biliary
dilatation. (b) Coronal contrast-enhanced T1-weighted fat-suppressed MR image in the delayed venous
phase shows strong enhancement of the mass (arrow). The findings at histopathologic examination of
the specimen from biopsy disclosed cholangiocarcinoma.

Figure 14. Mucinous cystic neoplasm in a 56-year-old man with abdominal pain. (a) Axial T2-weighted
MR image shows a cystic lesion in the right lobe of the liver, with multiple hypointense mural nodules
(arrow). The mass did not communicate with the biliary system. (b) Axial contrast-enhanced fat-saturated
T1-weighted MR image in the venous phase shows enhancement of the mural nodules (arrow). The find‑
ings at histopathologic examination of the specimen from biopsy disclosed malignant mucinous cystic
neoplasm. Mucinous cystic neoplasms are less common in male subjects.

jaundice. The lesion is located in the intrahe‑
patic and perihilar bile ducts in 70%–87% of
cases (3,36).
Biliary ITPN usually manifests with a larger
intraductal soft-tissue component than IPN‑B

(13). Because biliary ITPN does not produce
mucin, the presence of gross mucin or dilatation
of the downstream duct is not seen (3,13). The
soft-tissue component enhances after administra‑
tion of contrast material (Fig 16). Retraction of
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Figure 15. Histopathologic features
of ITPN of bile duct. Low-power pho‑
tomicrograph shows the characteristic
tubular pattern (arrow), with no intra‑
cellular mucin (compare with Fig 1a).
(H-E stain; original magnification, 34.)

Figure 16. Biliary ITPN in a 36-year-old man with abdominal pain and jaundice. (a) Axial T2-weighted
MR image shows dilated right and left hepatic ducts, with an intraductal mildly T2-hyperintense mass
(arrow) in a hilar location. (b) Axial contrast-enhanced T1-weighted MR image in the portal venous phase
shows mild diffuse enhancement of the mass (arrow). The findings from histopathologic examination of
the specimen from biopsy disclosed biliary ITPN.

the overlying liver capsule may be seen in periph‑
erally located intrahepatic lesions. Enhancement
of the liver parenchyma surrounding the dilated
ducts is a common feature (13). The reason for
this finding is not well described.
The lesion is generally diagnosed at histopath‑
ologic examination, and it is challenging to dis‑
tinguish biliary ITPN from cholangiocarcinoma.
Unlike biliary cystadenoma and cystadenocar‑
cinoma, which tend to not communicate with
the bile duct, biliary ITPN tends to have visible
intraductal tissue. Although invasive biliary ITPN
cannot be adequately distinguished from non
invasive biliary ITPN at imaging, invasive tumors
tend to be larger (3).
Synchronous metastases can be found in some
cases of biliary ITPN (13). Metastases can also
develop many years after surgery. Metastases,
when present, are commonly described in the
lung, duodenum, peritoneum, and retroperito‑
neum (5,56).

Management
The amount of literature on biliary ITPN is ex‑
tremely limited, and no detailed management strat‑
egies have been described. In most cases, manage‑
ment with complete surgical resection is described,
which includes hepatectomy with or without bile
duct resection and/or a liver transplant (36). Con‑
sidering the relatively high incidence of associated
invasive components and metastases, close imaging
follow-up after surgery is necessary (13). Although
biliary ITPN is described histopathologically as
a higher-grade tumor and has been shown to be
associated with invasive carcinoma more often
than IPN‑B, the reported survival rate is variable.
In the results of a comparative study, Schlitter et al
(36) showed that patients with biliary ITPN have
a better 5-year survival rate than those with IPN‑B
(90% vs 64.7%, respectively); however, in the find‑
ings from a similar study, Wu et al (13) showed a
lower 3-year survival rate in patients with biliary
ITPN, compared with that in patients with IPN‑B
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(40% vs 58%, respectively). On the other hand,
patients with biliary ITPN have been shown to
have a better survival rate than that of patients with
intraductal cholangiocarcinoma (6).

Intraluminal Masses
of the Gallbladder

A mass in the gallbladder wall that projects into
the lumen is called a gallbladder polyp. The esti‑
mated prevalence of gallbladder polyps depicted
at US of the abdomen is approximately 0.3%–9%,
and that detected in specimens from cholecystec‑
tomy is approximately 2%–12% (57,58). A gall‑
bladder polyp can be neoplastic in nature, or it can
be a pseudotumor related to calculus, cholesterol
osis, adenomyomatosis, or inflammation. Some
investigators suggest using the term true polyps for
polyps of neoplastic etiology (8,58). Polyps and
polypoid lesions can be benign, such as adenoma,
or malignant, such as adenocarcinoma, lymphoma,
or metastasis. An adherent gallstone and tumefac‑
tive sludge can also mimic a gallbladder polyp.
Clinical, histopathologic, and imaging features
of polypoid lesions of the gallbladder are summa‑
rized in Table 4 (57,59–69,70–78). It is important
to ascertain the risk of malignancy in each polyp
so that a decision about follow-up imaging and/
or cholecystectomy can be made, because only
0.6% of these polyps turn out to be malignant (8).
Although the incidence of cancer is relatively low,
cholecystectomy is often recommended for polyps
larger than 1 cm in diameter (8).

Nonneoplastic Gallbladder Polyps
Cholesterol polyps are the most common polypoid
lesion found in the gallbladder, accounting for
approximately 50% of all polypoid lesions in the
gallbladder (59). A cholesterol polyp is character‑
ized by the deposition of cholesterol esters within
the macrophages in the lamina propria of the gall‑
bladder wall, resulting in the formation of polyp‑
oid lesions that are covered by normal epithelium.
Cholesterol polyps are more commonly found in
middle-aged women and have no malignant po‑
tential. These polyps typically manifest as multiple
small (usually 1–2 mm, always <10 mm) smoothwalled lesions that are adherent to the wall. At
US, cholesterol polyps are hyperechoic intralumi‑
nal round or slightly lobulated polypoid lesions
with no posterior acoustic shadowing that stay
in a fixed mural position with changes in patient
positioning (60). At contrast-enhanced harmonic
gray-scale US, these polyps display isoenhance‑
ment compared with the adjacent gallbladder wall
during the arterial phase (61).
Gallbladder adenomyomatosis is a fairly com‑
mon condition that has a characteristic imaging
appearance. It is identified in about 5%–9% of
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specimens from cholecystectomy and accounts
for approximately 25% of polypoid lesions of
the gallbladder (57,62). Gallbladder adenomyo‑
matosis is the result of hyperplastic thickening
of the mucosa and muscularis propria of the
gallbladder wall, associated with deposition of
cholesterol crystals or calculi in the intramural
diverticula or Rokitansky-Aschoff sinuses. These
sinuses appear as anechoic cystic spaces around
the gallbladder lumen at US. When these si‑
nuses contain cholesterol crystals, calculus, or
sludge, they appear hyperechoic with twinkling
or a comet-tail artifact at US. At MRI, these
spaces appear as multiple round foci around the
gallbladder lumen that are hyperintense on T2weighted MR images, creating a pearl necklace
sign (Fig 17) (63).
Three morphologic types of adenomyomatosis
are identified: focal, segmental, and diffuse. Focal
adenomyomatosis causes focal polypoidal thick‑
ening of the wall of the fundus of the gallbladder
and often mimics a gallbladder cancer, which can
be difficult to distinguish on the basis of CT (64).
Identification of Rokitansky-Aschoff sinuses as
cystic spaces within the focal thickening at MRI or
contrast-enhanced CT may help in their differen‑
tiation; however, the diagnosis is easier to make
with MRI than with CT (64). The segmental form
results in thickening of the body of the gallbladder
and results in the appearance of a characteristic
hourglass gallbladder. Diffuse adenomyomato‑
sis is characterized by involvement of the whole
gallbladder.
Inflammatory polyps account for approximately
10% of gallbladder polyps and result from granu‑
lation and fibrous tissue secondary to chronic
inflammation; inflammatory polyps are often asso‑
ciated with chronic cholecystitis (65). It is difficult
to differentiate inflammatory polyps from other
polypoid lesions at imaging.

Gallbladder Adenoma
Gallbladder adenoma is uncommon. It accounts
for 3%–7% of intraluminal polypoid lesions of the
gallbladder and can display premalignant behavior
(Fig 18). An association with Gardner syndrome
and Peutz-Jeghers syndrome has been described
(2). Histologically, gallbladder adenomas can be
tubular (most prevalent), papillary, or tubulopapil‑
lary. Adenomas are usually detected incidentally.
They are most often single lesions that can be ses‑
sile, pedunculated, or polypoid. Adenomas range
in size from 5 mm to 20 mm and may be associ‑
ated with gallstones and chronic cholecystitis (65).
At US, a gallbladder adenoma appears as a
hypoechoic polyp with internal vascularity at
color Doppler imaging and no posterior acoustic
shadowing (Fig 19). It has been reported that at

Histopathologic Features

Typical
Age (y)

More commonly metastat‑ >50
ic; primary gallbladder
melanoma is extremely
rare
Low- or high-grade tumor Variable

Sources.—References 57, 59–69, and 70–78.

Lymphoma

Malignant
melanoma

Intracholecystic Preinvasive, dysplastic cells >60
papillary
forming polypoid mass
neoplasm
Metastases to Most common primaries: >60
the gallblad‑
malignant melanoma,
der
gastric carcinoma, and
renal cell carcinoma
Adenocarci‑
Polypoid mass in 15%–
>60
noma
25% of cases

Deposition of cholesterol
40–50
esters within the lamina
propria of the gallblad‑
der wall
Adenomyoma‑ Deposition of cholesterol
40–50
tosis
esters within the Roki‑
tansky-Aschoff sinuses,
thickening of the mucosa
and muscularis propria
Gallbladder
Tubular (most common), >60
adenoma
papillary, or tubulopapil‑
lary type; pedunculated
or sessile polypoid mass

Cholesterol
polyp

Lesion

Usually >10

Female

None

Single or
multiple

Single

Single or
multiple

Single or
multiple

>10; sometimes Single or
only focal wall
multiple
thickening

Variable

Variable

None

None

>10

Female

5–20

Female

Single

<10; associated Multiple
with focal wall
thickening

Female

Multiple

No. of
Lesions

<10

Size (mm)

Female

Sex Predi‑
lection
May be difficult to detect
at CT

CT Features

T2-hyperintense foci
around the gallbladder
lumen, “pearl neck‑
lace” sign

T2-hypointense filling
defects associated with
the gallbladder wall

MRI Features

Polypoid mass, enhance‑
ment in the arte‑
rial phase, persistent
enhancement in the
venous phase
T2-hypointense mass,
restricted diffusion
may be present
Parallels primary neo‑
plasm, early wash-in
and washout of con‑
trast material
Heterogeneous echogenici‑ Hypoattenuating mass with T2-hyperintense mass,
ty, associated calculus,
hepatic or biliary invasion
early and progressive
infiltrating margin
enhancement
No associated calculus,
Solitary mass or multiple
Can be T1 hyperintense,
focal irregular wall thick‑
masses
depending on the
ening, polypoid masses
melanin content; more
commonly variable
Wall thickening or gall‑
Wall thickening with intact T1 hypointensity and T2
bladder fossa mass
mucosa, gallbladder mass, hypointensity
portal and retroperitoneal
lymphadenopathy

Wall thickening, cystic
Wall thickening, cystic
spaces around the wall,
spaces around the gall‑
“comet-tail artifacts,”
bladder wall
segmental form causes
hourglass gallbladder
Hypoechoic mass, no pos‑ Polypoid mass, enhance‑
terior acoustic shadow‑
ment in the arte‑
ing, vascular at Doppler
rial phase, persistent
imaging
enhancement in the
venous phase
Polypoid mass, no wall
Polypoid mass, strong en‑
thickening
hancement in the arterial
phase
Polypoid lesion or wall
Parallels primary neoplasm,
thickening
early wash-in and wash‑
out of contrast material

Hyperechoic, no posterior
acoustic shadowing

US Features

Table 4: Clinical, Histopathologic, and Imaging Features of Polypoid Lesions of the Gallbladder
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Figure 17. Adenomyomatosis of the gallblad‑
der in a 55-year-old woman. (a) US image of the
gallbladder shows irregular thickening of the gall‑
bladder wall, which is marked in the region of the
fundus (calipers) and is associated with intramural
hyperechoic foci with comet-tail artifacts (arrows).
(b) Axial contrast-enhanced CT image shows focal
thickening of the gallbladder fundus, with multiple
cystic spaces within the thickened wall (arrow).
(c) Coronal thick-slab MRCP image shows the cystic
spaces as multiple small T2-hyperintense foci (ar‑
rows), giving the appearance of the pearl necklace
sign that is typical of adenomyomatosis.

Figure 18. Gallbladder adenoma in a 40-year-old woman with a gallbladder polyp at follow-up. (a) Coro‑
nal follow-up T2-weighted MR image shows a tiny polyp (arrow) in the gallbladder wall. (b) Coronal T2weighted MR image obtained 1 year after the image in a shows a striking increase in the size of the lesion
(arrow), and the lesion was suspicious for cancer. The findings at histopathologic examination of the speci‑
men from biopsy disclosed a tubular adenoma with areas of high-grade dysplasia and carcinoma in situ.

contrast-enhanced harmonic gray-scale US, these
polyps demonstrate enhancement in the arterial
phase (61,66). The width of the stalk of the polyp
is wider than that of cholesterol polyps, a finding
that may serve as an independent differentiating
variable (61). At CT and MRI, the enhancement
characteristics of gallbladder adenoma mimic
those of adenocarcinoma of the gallbladder, mak‑
ing differentiation of these two entities difficult
with imaging studies alone (57).

Intracholecystic Papillary Neoplasm
Intracholecystic papillary neoplasms or intracho‑
lecystic papillary-tubular neoplasms are preinva‑
sive lesions of the gallbladder that are composed
of dysplastic cells forming clinically detectable
masses (≥1.0 cm) (67,68). These lesions are anal‑
ogous to IPN‑B, as well as intraductal papillary
mucinous neoplasm of the pancreas and ITPN of
the pancreas. Intracholecystic papillary neoplasm
is a rare entity that accounts for only about

404 March-April 2019

radiographics.rsna.org

Figure 19. Gallbladder adenoma in a 61-year-old man with nonspecific abdominal pain. (a) Color Dop‑
pler US image of the gallbladder shows a 4.4-cm sessile polypoid mass in the gallbladder lumen, with in‑
ternal vascularity within the lesion. (b) Coronal contrast-enhanced CT image in the venous phase shows
the polypoid mass (arrow) with mild persistent enhancement. On the basis of the large size of the mass
and a concern that it might be gallbladder cancer, the mass was removed. The findings at histopatho‑
logic examination of the surgical specimen disclosed that the mass was a gallbladder adenoma.

Figure 20. Intracholecystic tubulopapillary neoplasm associated with invasive adenocarcinoma in a 66-year-old
woman with abdominal pain. (a) US image of the gallbladder shows a sessile polypoid mass (arrow) in the gallbladder
lumen. (b) Coronal contrast-enhanced CT image shows the polypoid mass (arrow) with mild enhancement. The find‑
ings at histopathologic examination of the specimen from biopsy disclosed a well-differentiated invasive adenocarci‑
noma associated with intracholecystic tubulopapillary neoplasm.

0.5%–0.6% of gallbladder neoplasms (4,67,68).
It is more common in female subjects, with a
mean age of 60 years at diagnosis (4,68,69).
There is no strong association with gallstones (4).
Gallstones are found only in 20%–22% of cases
of intracholecystic papillary neoplasm (67,68).
It is most commonly detected incidentally with
imaging studies, but in some cases, patients may
present with abdominal pain (14).
Microscopically, most cases of intracholecystic
papillary neoplasm show a papillary or tubulo‑
papillary pattern, and up to 75%–100% of cases
show high-grade dysplasia (68). An associated
invasive component is demonstrated in up to
56%–88% of cases (2,14,67,68) (Fig 20). Most
cases are positive for MUC1 expression (67,68).

Histopathologically, the differentiation of
intracholecystic papillary neoplasm from gallblad‑
der adenoma is difficult and not well defined
(2,68). According to some investigators, these
two entities should be unified under the same
terminology of “intracholecystic papillary-tubular
neoplasm” (67). Low-grade and high-grade types
of intracholecystic papillary neoplasm were previ‑
ously designated as “papillary adenoma” and
“noninvasive papillary carcinoma,” respectively
(2). However, findings in the current literature
suggest that intracholecystic papillary neoplasm
should be differentiated from the conventional
pancreatobiliary type of adenocarcinoma of the
gallbladder, because the former shows better sur‑
vival. Intracholecystic papillary neoplasm without
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Figure 21. Intracholecystic papillary neo
plasm in a 24-year-old woman (same patient
as in Fig 6). (a) Color Doppler US image
of the gallbladder shows a heterogeneous
iso- to hyperechoic lesion within the gallblad‑
der lumen that shows some internal vascular‑
ity. (b) Axial T2-weighted MR image shows
intraluminal hypointense filling defects in
the gallbladder (arrow). (c) Axial contrastenhanced fat-suppressed T1-weighted MR
image shows mild enhancement within the
intraluminal mass lesions (arrow). The find‑
ings at histopathologic examination of the
specimen from biopsy helped confirm the
diagnosis.

an invasive component, intracholecystic papil‑
lary neoplasm with an invasive component, and
conventional adenocarcinoma of the gallbladder
showed 3-year survival rates of 90%, 60%, and
27%, respectively (67).
Imaging features of intracholecystic papillary
neoplasm are not well described, being limited
to features described in case reports and small
series of cases (69,79). At US, intracholecystic
papillary neoplasm manifests as polypoid lesions.
At CT and MRI, the mass is hypointense on
T2-weighted MR images and appears as a filling
defect or filling defects (Fig 21). Strong enhance‑
ment is seen in the early phases of the contrastenhanced study. A hypointense stalk may be
identified on T2-weighted MR images (69).
Diffusion-weighted MRI usually shows restricted
diffusion (79). No thickening or deformity of the
gallbladder wall is usually observed (69).
Because most lesions are diagnosed after
surgery and are not suspected before surgery,
no specific management strategy is described. In
most cases, cholecystectomy or radical cholecys‑
tectomy was performed when the suspicion of
adenocarcinoma of the gallbladder was raised on
the basis of the imaging studies (69).

Mucinous Cystic Neoplasm
of the Gallbladder
Unlike mucinous cystic neoplasms of the biliary
tract and pancreas, mucinous cystic neoplasm of
the gallbladder is extremely rare, and the litera‑
ture is limited to case reports (80,81). Mucinous
cystic neoplasm of the gallbladder is histologi‑
cally similar to mucinous cystic neoplasm found
elsewhere in the body and shows mucin pro‑
duction and subepithelial ovarian-type stroma.
Mucinous cystic neoplasm of the gallbladder
is most commonly described in middle-aged
women (81). The most common presenting
feature is right upper quadrant pain. Mucinous
cystic neoplasm of the gallbladder can occur
within the gallbladder lumen, as well as outside
the gallbladder, causing luminal obstruction
(81). At US, mucinous cystic neoplasm of the
gallbladder appears as an anechoic well-defined
mass containing septa and low-level echoes. The
septa are also identified at CT and MRI (Fig
22). Mucinous cystic neoplasm of the gallblad‑
der does not show communication with the
gallbladder lumen (81). Treatment is usually by
resection of the mass or by resection of the gall‑
bladder when the lesion is intraluminal.
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Figure 22. Mucinous cystic neoplasm of the gallbladder
in a 57-year-old man with a history of sarcoidosis. Axial T2weighted MR image shows a multiloculate cystic lesion (arrow)
within the lumen of the gallbladder. The findings at histopath‑
ologic examination of the specimen from biopsy disclosed mu‑
cinous cystic neoplasm of the gallbladder.

Figure 23. Metachronous metastasis to the gallblad‑
der from renal cell carcinoma in a 56-year-old man. Axial
contrast-enhanced CT image in the portal phase shows a
strongly enhancing polypoid lesion (arrow) in the body of
the gallbladder. Note that the left kidney is surgically absent
(arrowheads).

Metastases to the Gallbladder

(40%–65%), (b) focal or diffuse gallbladder wall
thickening (20%–30%), and (c) an intraluminal
polypoid mass (15%–25%) (73). Gallbladder
carcinomas usually manifest as a large solid
mass in the gallbladder fossa obscuring the gall‑
bladder, with extension into the liver or adjacent
organs. Gallbladder carcinomas manifest with
irregular margins and a heterogeneous echotex‑
ture at US. Hyperechoic foci with acoustic
shadowing within the tumor may reflect coexist‑
ing tumor calcifications, gallstones, or gallblad‑
der wall calcifications (porcelain gallbladder).
Advanced tumors are better evaluated with CT
and MRI, because they may manifest with inva‑
sion of the adjacent liver and biliary tree, biliary
obstruction at the level of the porta hepatis, and
lymph node metastases (73,74).
Squamous cell carcinomas of the gallbladder
are rare and account for 0.5%–3% of all malignant
gallbladder tumors (73). The clinical manifesta‑
tions and the pathophysiologic and radiologic
characteristics of these neoplasms have not been
well described because of their low incidence. The
mean patient age at presentation is 65 years, and
patients are typically asymptomatic in the early
stages and present with abdominal pain and right
upper quadrant discomfort in the advanced stages.
Risk factors for these tumors are gallstones and
parasitic infection. At US, squamous cell carcino‑
mas of the gallbladder manifest as a large hetero‑
geneous hyperechoic motionless mass centered
within the gallbladder fossa, either replacing the
gallbladder or circumferentially infiltrating the
gallbladder wall. Doppler US usually shows blood
flow with low-resistance arterial waveforms within
the mass. At contrast-enhanced CT, the lesions

According to the Western literature, metastases
to the gallbladder most commonly result from
malignant melanoma. However, in the Asian
literature, gastric carcinoma is reported to be
the most common source of metastases to the
gallbladder, likely related to the higher incidence
of gastric cancer. Metastases to the gallbladder
are usually asymptomatic but may manifest with
acute cholecystitis if there is obstruction of the
cystic duct by the mass. The imaging features
of the metastases generally parallel those of the
primary malignancy. Metastases from malignant
melanoma, hepatocellular carcinoma, or renal
cell carcinoma (Fig 23) may manifest as polypoid
lesions with early enhancement and early wash‑
out of contrast material at contrast-enhanced CT.
Metastases from gastrointestinal tract adenocarci‑
nomas usually manifest as infiltrative gallbladder
wall thickening and persistent enhancement in
the delayed phase (70).

Other Gallbladder Cancers
Almost 90% of cases of primary gallbladder
cancer are adenocarcinomas; the remainder of
them include melanoma, lymphoma, sarcoma,
squamous cell carcinoma, small cell carcinoma,
and neuroendocrine tumor (71,72). These rare
tumors are often asymptomatic, and the diag‑
nosis is based on the results of histopathologic
analysis after surgery (60). All malignant histo‑
logic subtypes demonstrate a female predilection,
with a female-to-male ratio of 3:1 (73).
Adenocarcinomas of the gallbladder dem‑
onstrate three major patterns at cross-sectional
imaging: (a) a mass replacing the gallbladder
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Figure 24. Sarcomatoid carcinoma of the gallbladder in a 79-year-old woman. (a) Coronal contrastenhanced reformatted CT image shows a distended gallbladder with a heterogeneous solid mass (arrow)
with soft-tissue attenuation and areas of necrosis. (b) Photograph of the gross specimen shows en bloc
resection of hepatic segments IVB and V, with the gallbladder mass (arrow) measuring approximately
20 cm in diameter, with invasion of the hepatic flexure (arrowheads) of the colon. The findings at histo‑
pathologic examination disclosed a sarcomatoid carcinoma with focal squamous differentiation.

Figure 25. Primary melanoma of the gallbladder in a 31-yearold man with abdominal pain and jaundice. Axial contrastenhanced CT image shows a mildly enhancing polypoid mass
(arrow) in the gallbladder fundus, with focal wall thickening.
The findings at histopathologic examination of the specimen
from biopsy disclosed primary melanoma of the gallbladder.

may manifest as a hypo- or isoattenuating mass in
the gallbladder fossa, with invasion of the liver or
other adjacent organs. Both CT and MRI are used
to evaluate for biliary and bowel obstructions,
which are commonly seen because of direct exten‑
sion of the primary mass (73).
Sarcomatoid carcinomas of the gallbladder are
rare, with an incidence of less than 1% of all ma‑
lignant gallbladder tumors, with only a few cases
reported in the literature (75,76). These tumors
contain malignant epithelial and sarcomatous
components, occasionally with heterologous sar‑
comatous elements. Both abdominal US and CT
can help identify the mass lesions (Fig 24). At
US, the lesions manifest as a hyperechoic mass,

with or without areas of necrosis, in the gallblad‑
der lumen; and there may be associated localized
or diffuse irregular wall thickening. These lesions
demonstrate similar features to those of adeno‑
carcinomas of the gallbladder, making distinction
between these tumors difficult (75). Surgical
resection is recognized as the only treatment for
these neoplasms (75,76).
Primary gallbladder melanoma is extremely
rare, with slightly more than 30 cases published
to date in the literature, and with controversy
about its existence evident in the published
descriptions of such cases. Metastatic melanoma
is more frequent than primary melanoma (77).
In contrast to gallbladder cancer, these lesions
are not associated with cholelithiasis. US is the
most useful imaging modality for evaluating the
gallbladder for primary or metastatic melano‑
mas. These melanomas may manifest as focal
wall thickening of the gallbladder, with either a
single or multiple intraluminal mural masses. At
CT and MRI, melanomas of the gallbladder also
manifest with focal irregular wall thickening or
with one or more enhancing intraluminal polyp
oid masses (Fig 25). In cases of biliary tree in‑
volvement, imaging studies may demonstrate in‑
traluminal mural masses and dilatation of the bile
duct. Primary or metastatic melanomas usually
show high signal intensity on T1-weighted MR
images and low signal intensity on T2-weighted
MR images because of the T1-shortening effect
of melanin. However, signal intensity varies for
these lesions because the amount of melanin
varies and because of the presence of other ele‑
ments, such as hemorrhage or necrosis (78).
Lymphoma of the gallbladder (Fig 26) accounts
for 0.1%–0.2% of the malignant neoplasms of the
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Figure 26. Lymphoma of the gallbladder
in a 41-year-old man with a history of HIV
infection who was receiving highly active
antiretroviral therapy (HAART). US image
of the gallbladder shows a solid heteroge‑
neous mass (arrows) in the lumen of the
gallbladder, which is associated with gall‑
bladder wall thickening. The findings at his‑
topathologic examination of the specimen
from biopsy disclosed diffuse large B-cell
lymphoma. (Image courtesy of Manohar
Roda, MD, University of Mississippi Medical
Center, Jackson, Miss.)

Figure 27. Tumefactive sludge in a 40-year-old woman with abnormal findings at abdominal US examination. (a, b) Axial MR
image obtained with a true fast imaging with steady-state precession sequence (TrueFISP; Siemens Healthineers, Erlangen, Ger‑
many) (a) and axial nonenhanced T1-weighted fat-saturated MR image (b) show a mildly T1-hyperintense mass (arrow) within the
lumen of the gallbladder. (c) Axial contrast-enhanced T1-weighted fat-suppressed MR image shows no enhancement within the
lesion (arrow). The findings at follow-up imaging showed stability, and the lesion was presumed to represent tumefactive sludge.

gallbladder and, therefore, is also extremely rare.
The radiologic features depend on the pathologic
classification. Low-grade lymphomas manifest
as mild thickening of the gallbladder wall, and
high-grade lymphomas manifest as a solid mass
within the gallbladder or irregular wall thicken‑
ing. At MRI, compared with the signal intensity
of the normal liver parenchyma, lymphomas of
the gallbladder demonstrate lower signal intensity
on fat-suppressed T1-weighted MR images and
higher signal intensity on T2-weighted MR im‑
ages. A characteristic finding is an intact mucosa
with infiltration of the submucosal layer of the
gallbladder. Lymphomas of the gallbladder may
be associated with periportal and para-aortic le‑
sions (73,74).

Mimics of Gallbladder Polyps
Tumefactive sludge consists of a suspension of
cholesterol monohydrate or calcium bilirubinate
in mucus that forms a tumorlike lesion. In con‑
trast to gallbladder calculi, tumefactive sludge
does not show posterior acoustic shadowing at
US. Unlike polyps or polypoid cancers, tume‑

factive sludge does not show any vascularity
at color Doppler US. However, color Doppler
US may not be used to exclude an underlying
neoplasm, because up to 14% of cases of sono‑
graphically diagnosed tumefactive sludge may
have an underlying gallbladder malignancy (82).
A repeated US examination to ensure resolution
of tumefactive sludge or a careful search for an
underlying mass with contrast-enhanced CT
or MRI may, therefore, be beneficial. At MRI,
tumefactive sludge can be hyperintense on T1weighted MR images (Fig 27). No enhancement
or diffusion restriction is demonstrated, which
helps in the differentiation of tumefactive sludge
from tumor (83).
An adherent calculus or hemorrhage may be
mistaken for a more clinically important polyp‑
oid lesion of the gallbladder. Hemorrhage can be
depicted as an area of high attenuation on CT
images and as an area of high signal intensity on
T1-weighted MR images and may be found in
the setting of trauma and after biopsy (Fig 28).
Gangrenous cholecystitis is a complicated
advanced form of acute cholecystitis that is as‑
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Figure 28. Hematoma in a 50-year-old man with abdominal pain after a liver biopsy. (a) Axial non‑
enhanced CT image shows hyperattenuating material (arrow) within the lumen of the gallbladder.
(b) Coronal T1-weighted MR image shows that the material (arrow) demonstrated T1 hyperintensity. A
presumptive diagnosis of hematoma was made on the basis of the imaging characteristics, and the imag‑
ing findings spontaneously resolved at follow-up.

Figure 29. Gangrenous cholecystitis in a 32-year-old man with elevated results of liver function tests.
(a) Axial CT image shows a distended gallbladder containing high-attenuation material (arrow), which
may represent hemorrhage (given its high attenuation), sludge, or stones, but is difficult to visualize.
(b) Longitudinal US image shows a distended gallbladder with thickened walls, sludge, and intraluminal
membranes (arrow), findings consistent with gangrenous cholecystitis.

sociated with high morbidity (84) and mortality
and requires emergency surgery (84,85). The
incidence of gangrenous cholecystitis varies from
10% to 40% of all patients with acute cholecysti‑
tis (86). Gangrenous cholecystitis is determined
by the histopathologic findings of acute trans‑
mural inflammation and ischemic necrosis of
the gallbladder wall (84). Clinical findings are
nonspecific (85), and distinguishing between gan‑
grenous and nongangrenous acute cholecystitis is
difficult (86). US features that are suggestive of
gangrenous cholecystitis are (a) coarse, non‑
layering intraluminal echoes from intraluminal
membranes related to strands of fibrous exudate
and desquamated mucosa; (b) marked asymmet‑
ric gallbladder wall thickening because of hemor‑
rhage (Fig 29) or microabscess formation; and
(c) complex pericholecystic fluid collections with
debris, usually because of microperforations of
the gallbladder (85).

Conclusion

IPN‑B is a mucin-producing preinvasive lesion of
the bile duct that can be depicted at imaging. Even
when IPN‑B is associated with invasive compo‑
nents, patients with IPN‑B usually have a better
prognosis than those with nonpapillary invasive
cholangiocarcinoma. IPN‑B can be multifocal and
has a tendency for superficial spread along the bili‑
ary tract. Therefore, early detection and accurate
preoperative delineation of the entire lesion are
crucial. The finding of an intraductal enhancing
mass with proximal and distal biliary dilatation
should raise suspicion for IPN‑B. ITPN is also
a preinvasive lesion that has a larger intraductal
soft-tissue component and does not produce mu‑
cin; therefore, ITPN does not demonstrate distal
biliary dilatation. Both IPN‑B and ITPN can be
confused with intraductal cholangiocarcinoma
and with other causes of focal biliary obstruction.
Although the finding of an obvious extraductal
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invasive component of tumor usually indicates the
diagnosis of invasive cholangiocarcinoma, histo‑
pathologic examination is often needed to distin‑
guish between these entities.
A true neoplastic polyp of the gallbladder is
characterized by an intraluminal mass lesion with‑
out any posterior acoustic shadowing or comet-tail
artifact at US. The finding of a comet-tail artifact
indicates the diagnosis of adenomyomatosis. The
most common nonneoplastic polyps of the gall‑
bladder are cholesterol polyps and adenomyoma‑
tosis. Benign neoplastic polyps are less common
and include adenoma and intracholecystic papil‑
lary neoplasm. Both of these lesions can demon‑
strate premalignant behavior and can be associated
with a invasive component. Patients with these le‑
sions usually present with sessile or pedunculated
masses larger than 1 cm without posterior acoustic
shadowing at US. Vascularity at color Doppler
US or enhancement at contrast-enhanced CT or
MRI is usually demonstrated. Obvious infiltra‑
tion extending outside the wall of the gallbladder
usually indicates malignancy. Adenocarcinoma of
the gallbladder is the most common malignancy of
the gallbladder. It usually manifests as an irregu‑
lar mass in the gallbladder fossa, with infiltration
into the liver and/or surrounding structures. Other
less common malignant gallbladder tumors, such
as lymphomas, sarcomas, and metastases, can
manifest as intraluminal tumors. Care must be
taken to differentiate neoplastic causes from other
conditions that may show intraluminal lesions at
imaging, such as tumefactive sludge, hematoma,
and gangrenous cholecystitis.
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