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Abstract

Imaging features of biliary tree and primary liver tumors
are extremely diverse. Magnetic resonance imaging
(MRI) of the liver and MR cholangiopancreatography
(MRCP) provide a solid understanding of imaging
manifestations useful for accurate detection, character-
ization, and tumor assessment. Knowledge of tumor
characteristics and mimickers is essential for tumor
diagnosis and appropriate management. In this chapter,
we will discuss the imaging features of biliary tree,
gallbladder, and primary liver tumors.

1 Introduction

Magnetic resonance imaging (MRI) is a comprehensive
imaging modality with multiplanar capability to assess the
liver parenchyma, gallbladder, and biliary tree. MRI provides
a comprehensive assessment of the tissue characteristics and
vascularity of different pathologies with excellent soft tissue
contrast resolution. The addition of magnetic resonance
cholangiopancreatography (MRCP) to the MR protocol can
help delineate the fluid-filled lumen of the biliary tree and the
gallbladder. The diagnostic accuracy of MRCP is compara-
ble to endoscopic retrograde cholangiopancreatography
(ERCP) in the diagnosis of biliary pathologies [1–7].

2 Magnetic Resonance Imaging
Techniques

Liver MRI protocol typically includes a T1-weighted turbo
field-echo in-phase and opposed sequence or a multi-echo
Dixon sequence to separate water and fat as well as tissue
iron, a breath-hold or respiratory-triggered multishot T2-
weighted sequence, diffusion-weighted imaging either
respiratory-triggered or breath-held with at least two b val-
ues, and unenhanced and contrast-enhanced gradient-echo
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(GRE) T1-weighted imaging sequences, which can be either
acquired at predetermined time points, i.e., arterial phase
(20–25 s), portal venous phase (60 s), delayed phase
(3 min), or using a bolus-tracking technique to determine the
patient-specific timing of the different post-contrast phases.
This protocol provides comprehensive overview, which
allows the detection of hepatic or biliary malignancies, with
diffusion and contrast-enhanced sequences providing a
noninvasive assessment of the vascularity, viability, and cell
density of the tissue and suspected malignancy.

MRCP is performed using breath-hold (using a single-
shot approach) or non-breath-hold techniques (with respira-
tory triggering) two-dimensional (2D) or three-dimensional
(3D) T2-weighted sequences. A 3D technique provides a
higher signal-to-noise ratio (SNR), which is traded off for
thinner contiguous slices. Acquiring images with near iso-
tropic voxels allows improved post-processing manipulation
of the images with multiplanar reconstruction, maximum
intensity projection (MIP), and volume rendering. The
introduction of faster gradients and a parallel acquisition
technique has resulted in even greater spatial resolution and
faster acquisition times. Often, patients fast for at least 4 h in
order to reduce fluid secretions within the stomach and
duodenum, reduce bowel peristalsis, and promote gallblad-
der distension. Sometimes, a negative oral contrast agent
(e.g., iron oxide or blueberry juice) is used to reduce the
signal intensity of overlapping fluid within the stomach and
duodenum. Recently, functional assessment of biliary
excretion has become possible with the use of hepatobiliary
contrast media by T1-weighted sequences for MRCP.

Hepatobiliary contrast agents include, historically,
mangafodipir trisodium (Teslascan; Nycomed Amersham),
gadobenate dimeglumine (Gd-BOPTA, MultiHance; Bracco
Imaging), and gadolinium ethoxybenzyldiethylenetriamine
penta-acetic acid (Gd-EOB-DTPA, Eovist; Bayer Health-
care). These contrast agents can provide standard arterial,
portal venous, and equilibrium phase images with an added

hepatobiliary phase 10–20 min after contrast injection for
Gd-EOB-DTPA and 1 h after contrast injection for Gd-
BOPTA. Furthermore, delayed imaging in the axial and
coronal planes, 10–120 min after contrast administration,
results in hyperintense bile on T1-weighted fat-saturated
images. The advantages of functional MRCP compared to
classical T2-weighted MRCP are effective in evaluation of
biliary anatomy [8], improved visibility communications
between cystic lesions and draining bile ducts in the diag-
nosis of congenital biliary disorders [9, 10], differentiation
of biliary from extrabiliary lesions [8], improved diagnostic
accuracy of true obstruction in a dilated biliary system
compared pseudo-obstruction [11], and better detection of
post-operative complications including depiction of active
extravasation of contrast in suspected bile leaks [10, 12].

3 Cholangiocarcinoma

Cholangiocarcinomas are a distinct type of tumors that
originate from the biliary epithelium either within the liver
or within the biliary tract (Fig. 1). Grossly, cholangiocar-
cinoma is a firm hypovascular tumor with predominantly
fibrous stroma, and, histologically, it is a well-differentiated
adenocarcinoma with desmoplasia. There are various rec-
ognized risk factors for cholangiocarcinoma; infections with
liver flukes and hepatolithiasis are considered common in
endemic areas. Endogenous and dietary nitrosamine com-
pounds associated with parasitic infections act as cofactors
in carcinogenesis owing to the carcinogenic effect of
nitrosamine compounds on the proliferation of epithelial
cells of the bile duct [13, 14]. In the western world, most
common risk factors for cholangiocarcinoma include pri-
mary sclerosing cholangitis, hepatic cirrhosis, chronic
hepatitis C infection, alcoholic liver disease, chronic
inflammatory bowel disease, and diabetes [15, 16]. MR
imaging and MRCP are very useful in the diagnosis and

a b c

Fig. 1 a–b T1- and T2-weighted images show multiple hepatic masses throughout the liver, with a more confluent area of tumor within the
inferior right hepatic lobe consistent with metastatic cholangiocarcinoma. These lesions demonstrate rim enhancement on c arterial phase
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Fig. 2 A 73-year-old male diagnosed with cholangiocarcinoma.
There is a heterogeneous mass of approximately 8 9 5.5 cm to the
left of the falciform ligament involving the left and anterior right
hepatic lobes. The left and middle hepatic veins are occluded. The

mass demonstrates irregular borders predominantly hypointense in
a T1- and b T2-weighted images. There is rim irregular enhancement
of the mass after contrast administration in c arterial and d venous
phases with presence

PD
EHD

a b

Fig. 3 a MRCP shows marked intrahepatic biliary dilatation or the
right and left ducts (arrows); the pancreatic duct (PD) and the
extrahepatic biliary duct (EHD) are normal. b Delayed contrast-

enhanced image depicts an abrupt transition point at the porta hepatis
showing a nodular area of enhancement (circle) due to a small tumor
demonstrated by brushing
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assessment of resectability in cholangiocarcinoma and to
visualize surrounding bile ducts, vessels, and hepatic
parenchyma owing to its intrinsic high tissue contrast and
multiplanar capability [17, 18]. MR imaging consists of
axial and coronal T2-weighted images, fat-sat T1-weighted
images, dynamic contrast-enhanced T1-weighted images
(DCE-MR), and MRCP. T2-weighted images and T1-
weighted MR images are useful in detection and charac-
terization of the tumor (Fig. 1), DCE-MR is useful in dif-
ferentiating benign from malignant strictures, and MRCP is
useful in evaluating periductal-infiltrating or intraductal-
growing-type cholangiocarcinoma (Figs. 2 and 3) .

Cholangiocarcinoma is broadly classified into (1) extra-
hepatic and (2) intrahepatic cholangiocarcinoma (ICC).

3.1 Intrahepatic Cholangiocarcinoma

ICC is the second most common primary malignancy of the
liver behind hepatocellular carcinoma (HCC). Based on the
morphology and growth patterns, cholangiocarcinoma has
been classified into three types: (1) mass-forming (2) intra-
ductal-growing, and (3) periductal-infiltrating types [19].

Dynamic contrast-enhanced MR imaging findings in
cholangiocarcinoma, in general, include early rim enhance-
ment, characteristic delayed and persistent enhancement of
the tumor. These findings reflect the characteristic fibrous
content in the tumor and delayed diffusion of the contrast
through the tumor interstitium [20]. On Gd-EOB-DTPA-
enhanced MRI (Eovist), ICC presents as a hypointense lesion
in delayed phase. Images in the hepatobiliary phase dem-
onstrate highest lesion conspicuity with high contrast-to-
noise ratio (CNR), and there will be no liver-specific contrast
uptake since there will be negligible increase in SNR from
late venous to hepatobiliary phases [21].

3.2 Intrahepatic Cholangiocarcinoma:
Mass-Forming Type

Mass-forming cholangiocarcinoma presents as a homoge-
nous mass with irregular, well-defined margins often asso-
ciated with dilatation of the biliary trees in the periphery
(Fig. 4). On MR imaging, the mass demonstrates irregular
margins with high signal intensity on T2-weighted imaging
and low signal intensity on T1-weighted imaging. On T2-
weighted images, there may be a central hypointense area,
which probably reflects severe fibrosis. On post-contrast
MR images, there will be irregular peripheral enhancement
with concentric filling of contrast material [22]. Significant
central enhancement can be seen in delayed phase MR
imaging, and this may be, again, due to the fibrous stroma

of the tumor. Atypical presentations such as homogenous
hypervascular enhancement, strong hyperintensity, and
centripetal enhancement on T2-weighted MR images can be
seen in mucinous carcinoma, but it presents with continuous
ragged rim enhancement, which can help differentiate it
from a hemangioma.

3.3 Intrahepatic Cholangiocarcinoma:
Periductal-Infiltrating Type

Periductal-infiltrating type of cholangiocarcinoma usually
presents as a growth along a dilated or narrowed bile duct
without mass formation and as an elongated or branchlike
abnormality. Early diagnosis of periductal-infiltrating type of
cholangiocarcinoma may be difficult since it may appear to be
a benign looking stricture in the early stages. It is important to
differentiate a benign from a malignant stricture and findings
such as stricture with an irregular margin, asymmetric
narrowing, lymph node enlargement, enhancing ducts,
and periductal soft tissue lesion should raise strong suspicion
for a malignant stricture [6]. On MR imaging, periductal-
infiltrating type of cholangiocarcinoma presents with diffuse
periductal thickening and increased enhancement due to tumor
infiltration with abnormally dilated or irregularly narrowed
duct and peripheral ductal dilatation [23] (Figs. 5 and 6).

3.4 Intrahepatic Cholangiocarcinoma:
Intraductal-Growing Type

Intraductal-growing-type cholangiocarcinoma has a signif-
icantly better prognosis than mass-forming-type or peri-
ductal-infiltrating-type cholangiocarcinoma (Fig. 7). MR
imaging features suggestive of intraductal-growing-type
cholangiocarcinoma include (1) papillary or irregular pol-
ypoid shape, (2) lack of constriction of the tumor-bearing
segment, (3) hypoenhancement of the tumor to the liver
during the equilibrium phase, (4) tumor multiplicity, (5)
upstream and downstream bile duct dilatation, and (6) no
bile duct wall thickening adjacent to the tumor. Kim et al.
suggested that the presence of at least two of these six
imaging features, when used in combination, has a sensi-
tivity and specificity in the diagnosis intraductal-growing-
type cholangiocarcinoma of 95 and 70 %, respectively.
Intraductal-growing-type cholangiocarcinoma has a ten-
dency to spread superficially along the mucosal surface,
resulting in multiplication. Intraductal-growing-type chol-
angiocarcinoma more often showed washout, whereas
mass-forming cholangiocarcinoma more often showed
gradual persistent or progressive enhancement, which will
help in differentiating between the two [24] (Figs. 8 and 9).
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3.5 Extrahepatic Cholangiocarcinoma

Extrahepatic cholangiocarcinoma arises from the ductal
epithelium of the extrahepatic bile duct. The most important
factors in evaluating patients with extrahepatic cholangio-
carcinoma are to determine tumor location and its longitu-
dinal extent since these factors have greatest influence on
surgical method and survival [13]. MRI is one of the most
important diagnostic imaging modalities of choice used in
assessing the longitudinal and lateral spread of a tumor when
determining resectability. Perihilar cholangiocarcinomas
have been categorized into four types by the modified Bis-
muth–Corlette classification adapted from the original clas-
sification [25]. On MR imaging, the enhancement pattern of

extrahepatic cholangiocarcinomas is similar to that of ICCs.
The tumors are hypovascular and enhance slowly and grad-
ually to a peak on delayed imaging. These tumors are less
heterogeneous than ICC since they present as small infil-
trating tumors. Satellite nodules and central scars are unusual
compared to ICC. Extrahepatic cholangiocarcinoma typi-
cally presents as abnormal circumferential extrahepatic bile
duct wall thickening and enhancement best visualized
1–5 min after gadolinium administration [26].

On diffusion-weighted imaging, extrahepatic cholangio-
carcinoma demonstrates differential levels of high signal
intensity and low signal intensity in apparent diffusion
coefficient maps and has great sensitivity in detection of
extrahepatic cholangiocarcinoma comparable to MRCP [27].

LHL LHL

LHL

*
*

*

a b

c d

Fig. 4 a T1-weighted and b T2-weighted images demonstrate atrophy
of the left hepatic lobe (LHL) with intrahepatic biliary dilatation (*).
The biliary dilatation terminates at the level of an enhancing mass

(arrows) in the left lobe as shown in the arterial c and venous phases
d consistent with cholangiocarcinoma
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3.6 Hilar Cholangiocarcinoma/Klatskin
Tumors

Hilar cholangiocarcinoma, also known as Klatskin tumors,
are adenocarcinomas that arise at the confluence of the right
and the left hepatic bile ducts. MRI and MRCP can provide
accurate preoperative staging of biliary tree, liver, and
vascular involvement, and this is crucial in choosing the

most appropriate treatment option in patients with
cholangiocarcinoma.

Hilar cholangiocarcinoma demonstrates circumferential
growth and spreads along the bile ducts with poor con-
spicuity on non-contrast MR images [28]. Hilar cholangi-
ocarcinoma presents with the same signal intensity as
peripheral tumors on both T1- and T2-weighted images.
On post-contrast images, hilar cholangiocarcinomas do not

+ ++

a b c

Fig. 6 A 66-year-old female diagnosed with intrahepatic cholangio-
carcinoma. There is a large heterogeneously infiltrating mass involving
the right and left hepatic lobes. a–c after contrast administration

enhanced images showed peripheral enhancement (arrows) and central
hypointense region probably associated with necrosis (+)

a c

b

Fig. 5 There is a hypointense ill-defined 9.4 9 6.2 cm mass within
the left hepatic lobe associated with atrophy of the left hepatic lobe.
After contrast administration, there is heterogeneously rim

enhancement in a portal and b delayed phases. c MRCP shows
intrahepatic biliary ductal dilatation in the right and left hepatic lobes
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always show a unique enhancement pattern. Most of the
lesions are hypovascular compared to the adjacent liver
parenchyma, with a heterogeneous enhancement that
gradually peaks on delayed phase images, which is due to
the fibrous nature of the tumor [29]. Some lesions show
periductal enhancement, whereas very few hilar cholangi-
ocarcinoma are hypervascular, but they do not demonstrate
immediate diffuse enhancement unlike other hypervascular
lesions.

3.7 Mixed Hepatocellular carcinoma–
Cholangiocarcinoma

Mixed hepatocellular carcinoma–cholangiocarcinoma
(HCC-CC) contributes to a small but significant proportion
of primary liver malignancies, and they are comprised of
cells with histopathological features of both cholangiocar-
cinoma and HCC [30].

On MRI, mixed hepatocellular carcinoma–cholangio-
carcinoma usually presents with a single mass, moderately

high signal intensity on T2, tumor demonstrating progres-
sive enhancement or contrast retention, and frequent lack of
capsule. Enhancement patterns include early rim enhance-
ment and diffuse heterogeneous enhancement [31]. Hwang
et al. demonstrated that on Gadoxetic acid-enhanced MRI,
irregular shape, strong rim enhancement during early
dynamic phase MRI, and absence of target appearance on
hepatobiliary phase were more suggestive of hepatocellular
carcinoma–cholangiocarcinoma (HCC-CC), whereas the
findings of a lobulated shape, weak peripheral rim
enhancement, and presence of complete target appearance
on the hepatobiliary phase were more of suggestive ICC
[32].
• Differential Diagnosis:

Variety of neoplastic and non-neoplastic conditions can
mimic the findings of cholangiocarcinoma and, thus,
poses significant challenges in the diagnosis and man-
agement of these patients.

• Neoplastic Conditions:
A tumors that should be considered in the differential
diagnosis of cholangiocarcinoma includes HCCs. Patients

M M 

a b

c d

Fig. 7 A 73-year-old female with history of metastatic cholangiocar-
cinoma. a T1 image shows a dark infiltrative mass with irregular
border on the right hepatic lobe. On b T2-weighted image, the mass
looks heterogeneously hyperintense. After contrast administration,

c portal and d delayed images showed peripheral enhancement. The
mass appears contiguous with the gallbladder fundus with associated
thickening of the fundus (arrows) and gallbladder stones
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Fig. 8 Shrinkage of left hepatic lobe is noticed. a T1-weighted image
shows a hypointense mass (M), which nearly replaces the entire left
lobe of the liver, and it measures 8 9 7 cm. There is mild intrahepatic

biliary duct dilatation (arrows). After contrast administration (c–e),
there is late and heterogeneously enhancement of the mass. There is
ascites seen in abdomen (*)

L

a b c

d e f

Fig. 9 A 33-year-old male with diagnosis of cholangiocarcinoma.
There is a (a) T1 hypointense (b) T2, and (c) diffusion hyperintense
infiltrative lesion (L) with (d–f) delayed enhancement near to the porta

hepatis extending to the right hepatic lobe. There is severe intrahepatic
biliary ductal dilatation proximal to the lesion involving the entire
right hepatic lobe (arrows)
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where clinical background of cirrhosis, hepatitis B/C
positive serology, and/or high levels of alpha feto protein
(AFP) should alert toward the suspicion of HCC.
According to the American Association for the Study of
Liver Diseases (AASLD), diagnosis of HCC is to be
considered in a mass larger than 2 cm with typical fea-
tures of hypervascularity in the arterial phase and wash-
out in the venous phase on a contrast-enhanced computed
tomography or magnetic resonance (MR) imaging. A
mass measures 1–2 cm is also considered suspicious for
HCC if it shows these features at both CT and MRI. Park
et al. demonstrated that a target appearance, with central
enhancement and a hypointense rim on diffusion-weigh-
ted imaging (DWI), proved to be a reliable imaging
marker indistinguishing small mass-forming an ICC from
a small HCC [33].
Other neoplastic conditions to be considered in the dif-

ferential diagnosis include intrabiliary metastases. Although
rare, if suspected, metastasis from colonic adenocarcinoma
tops the list since it shows increased predilection for biliary
ducts [34]. Biliary tract melanoma can either be a primary
melanoma arising from the biliary epithelium or metastasis
from elsewhere. Owing to its own melanin content, this
mass may demonstrate high signal intensity on T1-weighted
images and low signal intensity on T2-weighted images
[35]. Lymphoma of the bile ducts is very rare and usually a
secondary manifestation of systemic disease. Most biliary
lymphomas are non-Hodgkin’s lymphomas. Carcinoid
tumors of the bile ducts are rare and account for less than
2 % of gastrointestinal carcinoid tumors. Imaging findings
vary and are non-specific, including biliary strictures with
associated wall thickening or a large exophytic mass, thus
mimicking the periductal-infiltrating or mass-forming types
of cholangiocarcinoma.
• Non-neoplastic Conditions:

Various conditions that mimic cholangiocarcinoma on
imaging include primary and secondary sclerosing cho-
langitis (SSC) and Mirizzi syndrome. MR cholangio-
pancreatography (MRCP) is considered the best initial
approach in the diagnosis of primary sclerosing cholan-
gitis (PSC) and characteristic imaging findings sugges-
tive of PSC include multifocal strictures, irregular
beading of the intra- and extrahepatic bile ducts, seg-
mental ectasia, and ductal wall thickening [36]. SSC
represents various disorders that are similar to PSC
resulting from distinct pathologic process and include
recurrent pyogenic cholangitis, which presents in the
setting of biliary obstruction by stones or biliary stric-
tures with recurrent episodes of acute pyogenic cholan-
gitis and usually affects the extrahepatic duct, lateral
segment of the left lobe, and posterior segment of the
right lobe. MR imaging findings characteristic of recur-
rent pyogenic cholangitis include biliary strictures,

intraductal pigmented stones, and ductal wall thickening
due to fibrosis [37]. Mirizzi syndrome occurs due to the
obstruction of the common hepatic duct due to com-
pression by a gallstone impacted at the gallbladder neck
or cystic duct, and it is considered that a low insertion of
the cystic duct into the common hepatic duct is a pre-
disposing factor for Mirizzi syndrome [38]. MRCP is a
useful imaging modality in detecting gall stones and bile
duct stenosis. Although imaging findings may not be
specific, MRCP imaging findings suggestive of Mirizzi
syndrome include presence of gallstone in the cystic
duct, extrinsic narrowing of the common hepatic duct,
dilatation of the intrahepatic and common hepatic ducts,
and a normal common bile duct. In some cases, there
will be strictures secondary to inflammation around the
common bile duct and, thus, can resemble cholangio-
carcinoma of the periductal-infiltrating type [39].
Another condition that resembles periductal-infiltrating-

type cholangiocarcinoma is autoimmune pancreatitis–
cholangitis. It presents with focal or diffuse strictures of
the pancreatic ducts and the bile ducts. Narrowing of the
intrapancreatic bile duct and bile duct strictures with
upstream ductal dilatation can be seen resembling the
periductal-infiltrating-type cholangiocarcinoma on MRI.
The presence of pancreatic abnormalities, which include
focal/diffuse/sausage-shaped diffuse enlargement of the
pancreas with a peripheral hypoattenuating halo, should
favor the diagnosis of autoimmune pancreatitis [40].

MRCP has been demonstrated to be a useful noninvasive
imaging modality comparable to ERCP in differentiating
extrahepatic bile duct cholangiocarcinoma from benign
stricture. Based on cholangiographic criteria described by
Park et al. [6] for malignant biliary strictures, irregular
margins, and asymmetric narrowing were more commonly
found in cholangiocarcinomas than in biliary strictures.

4 Periampullary Tumors

Periampullary tumors are neoplasms that arise within 2 cm
of the major duodenal papilla and include pancreatic head
carcinoma, intrapancreatic bile duct carcinoma, and pe-
riampullary duodenal carcinoma. While they share an
anatomic location and clinical presentation, each malig-
nancy has a different prevalence and outcome. While
obstructive jaundice is the most common clinical symp-
tom, the major changes seen on cross-sectional imaging
are pancreaticobiliary duct dilatation, double duct sign,
three-segment sign, four-segment sign, and shape and wall
thickness of the distal margins of the common bile duct
and the main pancreatic duct [41–43]. Periampullary
tumors appear as low signal intensity masses in the region
of the ampulla on T1-weighted fat-suppressed MRI. Most
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lesions are hypovascular with low signal intensity relative
to adjacent normal tissue on contrast-enhanced T1-
weighted images; however, a thin rim of peripheral
enhancement can often be found on these fat-suppressed
images. MRCP helps determine the precise location and
organ of origin of these tumors. MR imaging can not only
be used to differentiate these lesions, but also to assess
resectability [44].

5 Ampullary Carcinoma

Ampullary carcinoma is often considered part of the group
of periampullary tumors. They are small tumors arising in
the ampulla of Vater that often cause biliary outflow
obstruction. Diagnosis can be difficult because these small
tumors mimic the appearance of benign causes of biliary
outflow obstruction such as papillitis, papillary stenosis, and
sphincter of Oddi dysfunction [41, 45–47]. Classical signs
of ampullary carcinoma seen on MRI with MRCP are the
presence of an ampullary mass, papillary bulging, irregular
and asymmetric common bile duct narrowing, and propor-
tional biliary dilatation [41, 46, 47]. MRCP can detect

ampullary carcinoma with a high sensitivity (100 %), but
limited specificity (59.1–63.6 %) [45]. The addition of
diffusion-weighted MRI has been shown to improve
detection in a recent study [48].

6 Gallbladder Carcinoma

Primary carcinoma of the gallbladder is the fifth most com-
mon tumor of the gastrointestinal tract [49]. Gallbladder
carcinoma is a highly malignant tumor with a poor 5-year
survival rate of less than 5 % [50]. Gallbladder carcinoma is
more common in women than in men; this predilection is
thought to be associated with a higher incidence of choleli-
thiasis. Up to 80 % of gallbladder carcinomas are associated
with gallstones, and the risk seems to be associated with stone
size [51]. Stones with diameter greater than 3 cm are detected
more frequently in gallbladder carcinoma, suggesting a
pathogenic role in the gallbladder epithelium carcinogenesis
(Fig. 10) [50]. Chronic inflammation of the gallbladder by
biliary components such as bile acids, bilirubin, and cho-
lesterol also plays a pathogenic role in gallbladder malignant
transformation [52].

GB

GB

* 

a b c

d e

Fig. 10 A 69-year-old male with diagnosis of metastatic gallbladder
adenocarcinoma. Contrast-enhanced MRI demonstrates (a–c) extensive
intrahepatic ductal dilatation (arrowheads) with abrupt truncation at
the hilar region related to an infiltrating mass measuring 4.2 9 2.6 cm
(circle). On the delayed image (c), there is enhancement of the mass at

the hilar level. MRCP (d) shows a distended gallbladder (GB) with
intrahepatic ductal dilatation of the biliary tree. e There is diffuse wall
thickening more pronounce at the fundus (arrows) and presence of
choleithiasis (*)
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Other risk factors are polypoid lesions ([10 mm), an
anomalous junction of pancreaticobiliary ducts (AJPBD),
especially without choledochal cyst, and aa porcelain gall-
bladder in up to 25 % of cases [51]. Gallbladder polyps are
predisposing factors for gallbladder carcinoma with a
prevalence of 3–6 %. This prevalence increases with polyp
size ([15 mm, 46–70 %), number (solitary, 80–100 %),
shape (sessile, 30 %), and echogenicity (isoechoic or ec-
hopenic) of the polypoid lesion [50]. AJPBJ is a congenital
defect in the union of pancreatic and biliary ducts; this
condition is associated with gallbladder cancer in approxi-
mately 10 % of patients, particularly in patients without
cystic dilatation of the common bile duct [53]. Calcification
of the gallbladder wall, known as ‘‘porcelain gallbladder,’’
is associated with approximately 20 % of gallbladder car-
cinomas. Patients with incomplete calcification of the
gallbladder will be at higher risk than those with complete
mucosal calcifications. However, the relationship of calci-
fication to malignancy has not been well established.

Less important associated conditions are chronic bacte-
rial infections (Escherichia coli, Opisthorchis viverrini),
typhoid carrier state (Salmonella typhi or paratyphi),
occupational environmental carcinogens, hormonal changes
in women, and familial factors. Clinical presentation in
patients with gallbladder carcinoma is non-specific includ-
ing abdominal pain, weight loss, jaundice, and fever [54].
Carcinoembryogenic antigen values higher than 4 ng/mL in
the appropriate clinical setting are 93 % specific but 50 %
sensitive for diagnosis [55]. Clinical and radiological
diagnosis of gallbladder carcinoma is essential in patients
with increased risk of developing tumors and in surgical
planning. Gallbladder carcinoma is typically classified
according to its appearance as (1) intramural polypoid mass,
(2) focal or diffuse asymmetrical gallbladder wall thicken-
ing, and (3) occupying the gallbladder fossa [56].

6.1 Intramural Polypoid Mass

Intramural polypoid mass is the least common form, rep-
resenting 15–25 % of gallbladder carcinomas [54]. Usually
well-differentiated and confined to the muscular layer, this
variety tends to expand into the lumen of the gallbladder
before invading the wall. Lesions are usually C1 cm in size
and can be mistakenly considered adenomatous or hyper-
plastic cholesterol polyps, adenomas, non-shadowing
stones, or metastases from melanoma. T1-weighted images
demonstrate polypoid mass with intermediate signal inten-
sity arising from the thickened wall of the gallbladder. On
T2-weighted images, the mass demonstrates high signal
intensity. Polypoid lesions show moderately early
enhancement, which persist through the portal phase, while
benign lesions usually wash out [57].

6.2 Focal or Diffuse Asymmetric Gallbladder
Wall Thickening

Focal or diffuse asymmetric gallbladder wall thickening
represents 20–30 % of the gallbladder carcinomas. Focal or
diffuse thickening of more than 10 mm is highly suspicious.
This variant is difficult to differentiate from acute or chronic
cholecystitis, xanthogranulomatous cholecystitis, adenomy-
omatosis, hepatitis, portal hypertension, and congestive
heart failure [58]. The tumor is usually seen on MRI as a
diffuse asymmetric, extensive irregular thickened wall het-
erogeneously hyperintense relative to the liver on T2-
weighted and iso- or hypointense in T1-weighted images.
All gallbladder tumors show conspicuous arterial enhance-
ment after contrast administration, which is irregular in the
early phase [59] and persists or becomes isointense to the
liver during portal venous phase [60]. However, these
characteristics may overlap with benign conditions.

6.3 Subhepatic Mass Occupying
the Gallbladder Fossa

Subhepatic mass occupying the gallbladder fossa is the
most common form, representing 40–65 % of gallbladder
carcinomas [56]. This variant tends to occupy nearly the
entire lumen of the gallbladder, often invading the sur-
rounding liver parenchyma, which is highly suggestive of
gallbladder carcinoma. MRI usually shows hypo- to isoin-
tense signal intensity on T1-weighted and heterogeneously
hyperintense signal intensity on T2-weighted images [56]
(Fig. 11). Tumors show avid irregular enhancement on the
periphery of the lesion during arterial phase and tend to
maintain the enhancement throughout the portal and
delayed phase, which facilitates differentiation from HCCs.
Post-contrast fat-suppressed T1-weighted images are useful
for tumor extent and vascular invasion.

6.4 Lymphoma of the Gallbladder

Lymphomas of the gallbladder are extremely rare. To date,
there are only 50 cases of primary lymphoma of the gall-
bladder reported in the literature [61]. Of these, most
reported cases of gallbladder lymphoma are diffuse large B
cell or mucosa-associated lymphoid tissue types. Chronic
lymphocytic leukemia, small lymphocytic lymphoma, and
follicular lymphoma are exceedingly rare. Cases are
reported in elder patients, and the majority of patients
present clinical symptoms of cholecystitis or cholelithiasis.
Radiological findings in previous reports have shown wall
thickening associated with intramural mass formation [62].
Differentiation between lymphoma of the gallbladder and
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gallbladder cancer is difficult. T1-weighted images showed
low signal intensity on fat-suppression images and high
signal intensity on T2-weighted fat-suppression sequence.
T2-weighted images show homogenous signal slightly
hypointense compared to gallbladder carcinoma with pres-
ence of enlarged lymph nodes.

7 Conclusion and Future Directions

The role of MRCP for the diagnosis of biliary malignancies
will further expand due to technological advances both in
acquisition and in post-processing software. Functional
MRCP using hepatobiliary contrast agents and MRI-based
assessment of tumor angiogenesis will further progress.
Image resolution and SNR will increase with the develop-
ment of dedicated MR coils. These current developments
will provide a unique opportunity for excellent depiction of
anatomic and pathophysioplogical information using MRI.
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