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Abstract

Preoperative imaging with MRI/MRA/MRCP is an accurate non-invasive method for staging cholangiocarcinoma,
and determining resectability. It provides information regarding tumor size, extent of bile duct involvement, vascular
patency, extrahepatic extension, nodal or distant metastases, and the presence of lobar atrophy. MRCP is better for
demonstrating bile ducts distal to the stricture, although with ERCP, therapeutic intervention such as stent placement
and biopsy can be performed.
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Introduction

Cholangiocarcinomas are tumors that arise from the bile
duct epithelium. They may occur anywhere along the
intrahepatic or extrahepatic bile ducts, from the liver
to the ampulla of vater[1–5]. Cholangiocarcinoma is a
rare tumor that comprises less than 2% of all cancer[6] .
Intrahepatic cholangiocarcinoma accounts for 5–30% of
all primary malignant hepatic tumors, and is the second
most common primary malignant tumor of the liver after
hepatocellular carcinoma (HCC)[5,7].

Etiology

Cholangiocarcinoma is more common in men than
women, occurring most frequently between the 6th and
7th decades[1,5,8–11]. Most patients have no predisposing
risk factors, but the presence of the following risk factors
may lead to development of the tumor at a younger
age[9,12]: primary sclerosing cholangitis (PSC) (5–15%
lifetime risk); choledochal cysts (5% will transform
and risk increases with age); Caroli disease (7%
lifetime risk); hepatolithiasis; chronic intraductal stones;
bile duct adenoma; biliary papillomatosis; Clonorchis

sinensis infection; and Thorotrast (thorium dioxide)
exposure[2,12–14]. The occurrence of cholangiocarcinoma
in association with chronic inflammatory conditions
suggests that inflammation and glandular regeneration
may be the precursors to carcinoma[15].

With liver transplantation resulting in reduced mortal-
ity from hepatic failure, cholangiocarcinoma has become
a leading cause of death in patients with PSC[12,16,17].
The occurrence of cholangiocarcinoma has not been
shown to relate to the duration or histologic stage of PSC;
both diseases may be diagnosed simultaneously, and
cholangiocarcinoma may occur before PSC progresses
to cirrhosis[12,17]. Due to the strong association between
PSC and ulcerative colitis (UC), it has been suggested
that the incidence of cholangiocarcinoma is higher in
patients with PSC associated with UC[12,17].

Classification and pathology

Anatomically, cholangiocarcinomas are classified into
three broad groups: (1) intrahepatic; (2) perihilar; and
(3) distal extrahepatic[18,19]. These categories correlate
with the anatomic distribution of the tumor and imply
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Figure 1 Intrahepatic cholangiocarcinoma in a 35-year-old female who presented with right upper quadrant
abdominal pain and no prior medical history. There is a large lobulated mass (arrow) in the right lobe of the
liver, which, compared to liver parenchyma, is hypointense on the (a) axial T1-weighted (T1W) in-phase spoiled
gradient-echo (SGRE) image, and mildly hyperintense on the (b) axial T2-weighted (T2W) fast spin echo (FSE)
with fat saturation image. The mass shows heterogeneous rim enhancement on the (c) arterial-dominant phase
gadolinium-enhanced axial T1W 3D SGRE image with fat saturation, and fills in heterogeneously on the (d)
delayed (15 min) gadolinium-enhanced axial T1W SGRE image. A presumed metastatic nodule (white open
arrow) is seen in the lateral segment of the left lobe on an (e) axial T2W FSE with fat suppression image. CT
guided biopsy of the dominant mass revealed a cholangiocarcinoma.

preferred treatment. More detailed classification systems
have been used whereby the intrahepatic cholangiocarci-
nomas have been classified into four types[5] : peripheral
(intrahepatic); hilar or Klatskin tumor[20] (involves

bifurcation of common hepatic duct); hepatic duct
(involves a major hepatic duct near the liver hilum); and
intraductal (pure intraductal growth). In this review, we
will use the former three group classification; intrahepatic
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Figure 2 Perihilar cholangiocarcinoma (Klatskin tumor) in a 62-year-old female presenting with painless
jaundice. There is mass (arrow) at the junction of the main right and left hepatic ducts. The mass is seen on
(a) an MRCP image as a focal stricture involving the duct bifurcation with dilatation of the intrahepatic ducts,
left more than right, due to the presence of a right intrabiliary stent. In (b) T1W in-phase SGRE, the mass
is hypointense relative to liver parenchyma, and mildly hyperintense on (c) T2W FSE with fat suppression.
A susceptibility artifact from the right intrahepatic stent is demonstrated (asterisk). The mass enhances
progressively (d–g) following gadolinium administration: in (d) the arterial-dominant phase, (e) portal-venous
phase, (f) interstitial phase (2 min post-gadolinium), and is best depicted on (g) the 15 min post-gadolinium
image as a hyperintense mass relative to adjacent liver parenchyma.
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cholangiocarcinoma will indicate the peripheral form,
and perihilar cholangiocarcinoma will encompass the
hilar and hepatic duct forms.

Intrahepatic cholangiocarcinoma arises from small
intrahepatic bile duct branches and invades adjacent liver
parenchyma[1,7,9,14,15,19]. Perihilar cholangiocarcinoma
or Klatskin tumor is the most common type and accounts
for 50–60% of tumors. The distal extrahepatic type
includes tumors that arise from extrahepatic ducts from
the level of the upper border of the pancreas to the
ampulla of vater[8,12]. The intrahepatic and distal extra-
hepatic types comprise 20–25% of cholangiocarcinomas
each[14]. Fewer than 10% of patients have multifocal or
diffuse involvement of the biliary tree[9,14,19].

Macroscopically, three types of cholangiocarcinoma
growth have been described[21,22]: (1) mass-forming
(exophytic) type, which results in a definite mass in the
liver parenchyma (Fig. 1); (2) infiltrating (periductal)
type, which extends longitudinally along the bile duct,
often resulting in dilatation of the peripheral ducts
(Fig. 2), and is either nodular or diffusely infiltrating[12];
and (3) polypoidal (intraductal) growth type, which
proliferates towards the lumen of the bile duct in the
form of papillae or tumor thrombus (Fig. 3). Intrahepatic
cholangiocarcinomas are typically mass-forming, peri-
hilar and extrahepatic cholangiocarcinomas are mostly
infiltrating, and any of the cholangiocarcinomas may
rarely have a polypoidal growth pattern. Combined
cholangiocarcinoma encompasses more than one growth
type, and is more commonly seen with intrahepatic
tumors[22].

More than 90% of cholangiocarcinomas are ade-
nocarcinomas. Other tumor types include squamous
cell carcinoma, adenosquamous carcinoma, small cell
carcinoma, and undifferentiated types. The histological
grade of tumors varies from well-differentiated to
undifferentiated[19]. Most tumors consist of clusters
of cells, surrounded by desmoplastic stroma, which
can be extensive. The latter feature makes it diffi-
cult to distinguish between reactive tissue and well-
differentiated cholangiocarcinoma[19,23]. Furthermore,
intrahepatic cholangiocarcinomas may be confused
with metastatic scirrhous carcinoma of the breast or
pancreas on liver biopsy[24]. Therefore, a primary
adenocarcinoma as a source for metastases should be
excluded when considering an intrahepatic cholangio-
carcinoma[14,25–27].

Diagnosis, treatment, and prognosis

Patients with perihilar cholangiocarcinoma (Klatskin
tumor) usually present with signs and symptoms related
to bile duct obstruction. Jaundice is often the first
sign; if not, it begins shortly after the onset of
right upper quadrant pain. Less common presenting
symptoms include pruritus, fatigue, anorexia, and weight
loss[12]. Conversely, intrahepatic cholangiocarcinoma

does not cause jaundice and patients usually present with
abdominal pain, weight loss, or a palpable mass later
in the course of the disease[3,7,12]. Advanced disease
may result in massive ascites due to diffuse hepatic
involvement or carcinomatosis[27].

Liver function tests often show an obstructive pic-
ture with elevated bilirubin, alkaline phosphatase, and
gamma-glutamyltransferase. Aminotransferases are rela-
tively normal or minimally elevated, but may be markedly
raised in acute obstruction or cholangitis[12,14].

(a)

(b)

Figure 3 Intraductal cholangiocarcinoma in a 70-
year-old male who presented with jaundice. An intra-
ductal mass was found on ERCP. There is a minimally
enhancing mass within the right main hepatic duct
(arrow) on the (a) axial gadolinium-enhanced T1
SGRE image. The mass extends to the bifurcation
of the ducts, and has resulted in intrahepatic ductal
dilatation. The intraductal cholangiocarcinoma is
seen as a filling defect (arrow) on the (b) coronal
T2W SSFSE MRCP images. Cytology and brushings
revealed a cholangiocarcinoma.
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Figure 4 Schematic diagram of the Bismuth–
Corlette classification scheme for perihilar tumors.
Type I: tumor confined to CHD duct, obstructing
the duct within 2 cm of the hilum. Type II: tumor
of the CHD bifurcation involving both main right
and left hepatic ducts, and causing obstruction at the
hilum with no communication between the main right
and left hepatic ducts. Type IIIa and IIIb: tumors
extending into right and left secondary intrahepatic
ducts, respectively, with absence of ductal obstruction
on the contralateral side. Type IV: tumor involves
the secondary and tertiary intrahepatic ducts in both
lobes causing bilateral obstruction.

Carbohydrate antigen 19-9 (CA19-9) levels with or
without carcinoembryonic antigen (CEA) levels may be
elevated in patients with cholangiocarcinoma, and can be
used for screening high-risk patients for the development
of cholangiocarcinoma[28,29]. However, not all patients
with cholangiocarcinoma have elevated CA19-9, and the
specificity of this marker is low[28].

Tissue diagnosis of cholangiocarcinoma can be estab-
lished using percutaneous fine-needle aspiration (FNA),

brush and scrape biopsy, and cytological examination
of bile[12]. Bile obtained from a percutaneous catheter
will be positive for malignant cells in approximately
30% of cases. This yield can be improved to 40% by
brush cytologic techniques and to 67% by percutaneous
FNA. Nevertheless, as many as one-third of patients with
cholangiocarcinoma have negative biopsy or cytology
results. If surgery is contemplated, a preoperative tissue
diagnosis is not essential, and prolonged efforts to obtain
tissue diagnosis are only indicated if the patient is not a
surgical candidate[12].

The prognosis of cholangiocarcinoma is poor with an
overall 5-year survival rate of 1%[8,30], and a median
survival of approximately 6 months without treatment[4] .
Radiation and chemotherapy have shown no benefit,
with the only possibility of cure being complete surgical
resection or transplantation[8,12,13].

With newer surgical techniques, the 5-year survival
rate has improved to 11–31%[2,8,12]. The likelihood
of unresectability is higher for perihilar than intrahep-
atic or distal extrahepatic cholangiocarcinoma[12]; the
resectability rate of hilar cholangiocarcinoma is usually
15–20%, and the surgical mortality rate is high, usually
20–30%[2,30], even in specialized centers[31,32]. The
reported 5-year survival rates for resected intrahepatic,
perihilar, and distal extrahepatic tumors are 44, 11,
and 28%, with median survival rates of 26, 19,
and 22 months, respectively[18]. Preoperative staging
is therefore crucial to prevent unnecessary high-risk
surgery. Palliative surgery is often performed to relieve
symptoms of obstruction. Currently, percutaneous and
endoscopic palliative techniques are commonly used for
biliary drainage.

Staging

Tumor staging is performed according to the tumor, node,
metastasis (TNM) classification of the American Joint
Commission on Cancer (Table 1).

Perihilar cholangiocarcinoma is further classified
according to its anatomic location and longitudinal
extension along the bile ducts using the Bismuth–Corlette
scheme (Fig. 4)[31,33]. This classification has therapeutic
and prognostic implications, and is as follows:

• Type I: tumor confined to common hepatic duct
(CHD), obstructing the duct within 2 cm of the hilum.

• Type II: tumor of the CHD bifurcation involving
both main right and left hepatic ducts, and causing
obstruction at the hilum with no communication
between the main right and left hepatic ducts.

• Type IIIa and IIIb: tumors extending into right
and left secondary (second order) intrahepatic ducts,
respectively, with absence of ductal obstruction on the
contralateral side.
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Table 1 TNM staging classification of cholangiocarcinoma

TNM classification
of extrahepatic bile
ducts[61]

T stage Primary tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Ductal wall involvement
T2 Tumor invades beyond the wall of the bile duct
T3 Tumor invades the liver, gallbladder, pancreas, and/or unilateral tributaries of the portal vein (right or left)

or hepatic artery (right or left)
T4 Tumor invades any of the following: main portal vein or its tributaries bilaterally, common hepatic artery,

or other adjacent structures, e.g. colon, stomach, duodenum, abdominal wall

N stage Regional nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis in the hepatoduodenal ligament including: cystic duct, pericholedochal,

and hepatic hilar nodes

M stage Distant metastasis
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Staging
Stage 0 Tis, N0, M0
Stage IA T1, N0, M0
Stage IB T2, N0, M0
Stage IIA T3, N0, M0
Stage IIB T1, T2, T3, N1, M0
Stage III T4, any N, M0
Stage IV Any T, any N, M1

• Type IV: tumor involves the secondary and tertiary
intrahepatic ducts in both lobes causing bilateral
obstruction.

Preoperative assessment of
resectability

Once cholangiocarcinoma is suspected, comprehensive
staging must be carried out to screen for metastatic
disease. Up to 50% of patients are lymph node
positive, and 10–20% have peritoneal involvement at
presentation[14,19]. The preoperative screening requires
evaluating the local extent of disease, and the pres-
ence of distant metastases. Locally, the level of bil-
iary obstruction, intrahepatic tumor spread, vascular
involvement, and lobar atrophy/hypertrophy should be
assessed[8] . Chest X-ray for lung metastasis, and in some
centers, laparoscopy, to exclude peritoneal metastasis
in those patients considered resectable on imaging, is
performed[14].

Criteria for tumor unresectability include[4,8–10,31,34]:

• Infiltration beyond the second order bile duct
branches in both lobes of the liver.

• Invasion of major vessels including the main portal
vein or main hepatic artery (Fig. 5), both right and

left main branches of the portal vein, involvement of
the main portal vein branch in one lobe combined
with involvement of the main hepatic artery in the
contralateral lobe.

• A combination of extensive vascular involvement in
one lobe and bile duct involvement to the second
order branches in the other lobe.

• Lymph node metastases beyond N1 station nodes.

• Hepatic or distant metastases.

Nodal involvement is most common with perihilar
cholangiocarcinoma, usually involving the hepatoduo-
denal ligament lymph nodes[27]. Regional lymph node
involvement (N1) does not make the tumor unresectable,
as these nodal metastases are resected along with the
primary tumor.

Lobar resection is attempted only if there will be
sufficient functioning liver parenchyma left after surgery.
To ensure potential survival of the remaining liver, in
addition to non-diseased adequate volume parenchyma,
the remaining lobe should have an uninvolved main
hepatic artery, main portal vein branch, and an uninvolved
first order bile duct for anastomosis to a loop of
bowel for biliary drainage. Therefore, assessment of the
degree of tumor extension in the less involved lobe,
and the search for nodal and distant metastasis are
crucial.
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Figure 5 Inoperable perihilar cholangiocarcinoma in a 64-year-old female who presented with painless
jaundice and had focal stenosis of the common bile duct on ERCP. There is a perihilar mass (arrow), which is
hypointense to liver on (a) axial T1W in-phase SGRE, mildly hyperintense on (b) T2W FSE with fat saturation,
has little to no arterial enhancement on (c) the arterial-dominant phase gadolinium-enhanced axial T1W 3D
SGRE, mild enhancement on the (d) 2 min post-gadolinium image, and the tumor becomes mildly hyperintense
to liver on the (e) 15 min post-gadolinium image. The tumor surrounds and narrows the main portal vein (white
open arrow), and the right main hepatic artery (black open arrow) on a (f) higher slice. (g) Coronal thick slab
T2W single shot fast spin-echo (SSFSE) MRCP image demonstrates long segment narrowing of the common
hepatic and proximal common bile duct, with a stent traversing the stenotic segment as well as dilation of
the intrahepatic bile ducts. (h) A corresponding minimum intensity projection (Min IP) reformatted image
demonstrates the mildly enhancing mass surrounding the narrowed segment of common hepatic duct (curved
arrow).
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Imaging

The main role of imaging is to determine the resectability
of cholangiocarcinoma. Staging has been performed
using a combination of visceral angiography, conven-
tional cholangiography and computed tomography (CT).
However, a comprehensive magnetic resonance (MR)
protocol combining magnetic resonance angiography
(MRA) and magnetic resonance cholangiopancreatog-
raphy (MRCP) can non-invasively provide all the
information obtained by angiography, cholangiography
and CT.

Unresectability of cholangiocarcinoma, especially
advanced cases, is easily predicted by imaging, but
predicting resectability is less accurate[2,27]. Up to 60%
of perihilar cholangiocarcinoma considered resectable
preoperatively by CT and cholangiography are unre-
sectable at surgery, because of underestimation of the
extent of tumor, invasion of the hepatoduodenal ligament,
lymph node metastases, and parenchymal infiltration[27].
A study by Nakeebet al.[18] reported that 45% of
patients with perihilar cholangiocarcinoma were found at
exploration to have peritoneal or liver metastasis (15%),
or extensive tumor involvement of the porta hepatis
(30%), precluding surgical resection.

Magnetic resonance imaging (MRI)

Good quality gadolinium-enhanced MRI with MRCP is
the optimal imaging examination for suspected cholan-
giocarcinoma[14]. It provides information regarding liver
and biliary anatomy, local extent of tumor, extent of duct
involvement by tumor, degree of vascular involvement,
presence of lymph node enlargement, liver metastases,
and adjacent organ invasion. The technique of MRI is
described below.

Morphology

Intrahepatic cholangiocarcinomapresents as a large
solitary liver mass, usually between 1 and 14 cm
in diameter, with irregular, lobulated or smooth mar-
gins[1–3,35–39]. It does not typically cause biliary obstruc-
tion like Klatskin tumor[38], but satellite lesions are
more common with peripheral cholangiocarcinoma, due
to its late presentation (Fig. 1).Perihilar and extrahepatic
cholangiocarcinomasmost commonly demonstrate an
infiltrating periductal growth pattern, which appears as
moderate irregular thickening of the bile duct wall
(≥5 cm), narrowing of the duct lumen at the level of
the tumor, usually with asymmetric upstream dilatation
of the intrahepatic ducts (Fig. 2)[8] . A nodular infiltrating
periductal tumor results in protuberant-shaped end mor-
phology of the bile duct, whereas a diffusely infiltrating
periductal growth pattern results in a stretched, narrow-
lumen duct. Occasionally, focal stenotic periductal tumor
can be difficult to differentiate from the intraluminal

type[8] . It is necessary to describe the extent of the
infiltrating and exophytic components of the tumor to
determine the appropriate treatment.

Signal intensity and enhancement patterns

Similar signal changes are seen on MRI withintrahep-
atic, perihilar, and extrahepatic cholangiocarcinomas.
Typically, the tumor is hypointense on T1-weighted
(T1W), and hyperintense on T2-weighted (T2W) imag-
ing relative to liver parenchyma (Figs 1, 2 and
5)[1–3,8,10,27,35,36,38–40]. The degree of hyperintensity on
T2W imaging is variable and has been described as mild,
moderate, or marked[2,3,10,27,36,38–41]. This variability is
mostly due to the amount of fibrosis, necrosis, and
mucin within the tumor[2] , and is influenced by the
subtype of the tumor: well-differentiated adenocarcinoma
shows higher signal intensity on T2W imaging compared
to the scirrhous subtype, which has more fibrosis,
less mucin and necrosis[2,3,42]. Occasionally, tumors
can be isointense to the liver on T1W and T2W
imaging[2,8,27,39,40,43].

Cholangiocarcinoma is a hypovascular tumor, and
following the intravenous administration of gadolin-
ium chelates, the classic enhancement pattern of
intrahepatic cholangiocarcinomais heterogeneous or
homogeneous with progressive and prolonged delayed
enhancement[2,3,25,36,38,41,44,45]. The tumor may become
isointense or mildly hyperintense compared to the
surrounding liver parenchyma on delayed gadolinium-
enhanced imaging (Fig. 1)[46]. Four patterns of enhance-
ment of cholangiocarcinoma have been described on
early (30 s), late (1 and 3 min) and delayed (5 min) post-
gadolinium imaging[2,36,37]:

1. Early peripheral enhancement with progressive and
concentric filling in, which is the most common
enhancement pattern.

2. Early peripheral enhancement with non-filling of
the central area of the tumor (central scar).

3. Progressive and complete enhancement.

4. Early, marked, and complete enhancement, fol-
lowed by heterogeneous washout of contrast,
usually from the periphery of the tumor; this is the
least common enhancement pattern.

The variable enhancement pattern of cholangiocarci-
noma is related to the amount and distribution of tumor
cells and fibrous tissue in the tumor[37]. Progressive
and prolonged enhancement is seen in areas of fibrosis
where there is decreased arterial blood supply, and
large interstitial spaces[36,37]. Early enhancement and late
phase peripheral washout has been shown to correspond
to regions of tumor cells, and reflect hypervascularity
and increased perfusion. Occasionally, a thin rim of
enhancement is seen around the tumor on late phase
gadolinium-enhanced imaging, which reflects decreased
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arterial inflow and washout in a region of congested liver
with dilated sinusoids around the tumor[37].

Incomplete filling of the central areas of the tumor, or
the central scar, is occasionally seen on post-gadolinium
imaging but no corresponding tissue scar has been
found on histology[2,3,15,25,41,44,47]. Such “scars” are
hypointense on T1W and T2W imaging and correspond
to areas of fibrosis, hyalinization and/or coagulation
necrosis[2,37]. Although they do not enhance on late and
delayed post-gadolinium imaging, ultra-delayed images
may demonstrate enhancement within the scar, due to its
fibrous content[36,45].

The pattern of peripheral enhancement and delayed
filling-in is not specific for cholangiocarcinoma, and
a similar enhancement pattern can be seen with
metastatic liver tumors[44]. Secondary signs that are
more commonly associated with cholangiocarcinoma
include bile duct dilation distal to the tumor[44],
segmental or lobar atrophy associated with the tumor,
vascular encasement[15], central scars, and capsular
retraction[2,3,25,41,47,48].

The enhancement pattern ofperihilar and extrahepatic
cholangiocarcinomasis similar to that of intrahepatic
cholangiocarcinomas. The tumors are hypovascular and
enhance slowly and gradually to a peak on delayed imag-
ing (Figs 2 and 5). Because the tumors are usually smaller
and typically infiltrating, they are less heterogeneous
than intrahepatic tumors. A small percentage of perihilar
cholangiocarcinomas are hypervascular and enhance
heterogeneously in the arterial-dominant phase[8] . Satel-
lite nodules are less commonly seen with perihilar
cholangiocarcinoma compared with the intrahepatic
form[8,43], probably due to the earlier presentation of
perihilar tumors with biliary duct obstruction. The central
scar described with intrahepatic cholangiocarcinoma is
an unusual finding in perihilar cholangiocarcinoma[8] .
Perihilar and extrahepatic cholangiocarcinomasare
typically seen as abnormal circumferential extrahepatic
bile duct wall thickening and enhancement[38,39], and
are best visualized on images obtained 1–5 min after
gadolinium administration. Tumor conspicuity increases
with fat suppression, which, together with gadolinium
enhancement, acts in a complementary fashion[39].

Duct wall enhancement alone may not be a predictor
of tumor involvement, and has been demonstrated in
normal subjects[39]. It may result from fibrosis or
inflammation secondary to bile duct obstruction, and
may be particularly prominent following the placement
of a biliary stent[37,39,49]. Duct wall thickness≥5 mm
has been suggested as a sign of tumor[39]. However,
Worawattanakulet al.[39] found that in three of their
six patients with circumferential extrahepatic cholan-
giocarcinomas, the duct wall thickness was≤5 mm.
High-grade intrahepatic biliary ductal dilatation distal
to the region of minimal duct wall thickening was
present in all three patients. The authors suggested that
high-grade biliary obstruction, out of proportion to the

degree of the duct wall thickening, may be a feature of
cholangiocarcinoma. Distal extrahepatic cholangiocarci-
nomas are frequently mistaken for adenocarcinoma of
the pancreatic head[9] . Evaluation with MRCP, as with
endoscopic cholangiopancreatography (ERCP), may help
demonstrate the biliary origin without involvement of the
pancreatic duct[9] .

Associated findings

Lobar or segmental atrophy seen in association with
the presence of cholangiocarcinoma is thought to be
secondary to tumor encasement of the portal venous
branches to the tumorous lobe[2] and/or biliary obstruc-
tion[39], and can be seen with intrahepatic and perihilar
cholangiocarcinoma[4,9,39].

Occasionally, a high signal intensity on pre-gadolinium
T1W images is seen in the periphery of the segments
or lobes in which the tumor is present without portal
obstruction, usually around areas of duct dilatation distal
to the tumor[50]. These areas show persistent increased
enhancement compared to the liver parenchyma in all
phases of enhancement following gadolinium adminis-
tration. No tumor has been shown in these areas on
pathology and the delayed enhancement is probably
associated with periportal fibrosis secondary to duct
dilatation, but the etiology of the high signal intensity on
pre-gadolinium T1W images is unclear. It is important
not to confuse these areas with foci of metastatic
tumor, or the arterial buffer response (transient hepatic
intensity difference, THID) caused by portal venous
obstruction[50].

Biliary dilatation and duct wall enhancement is
commonly seen distal to cholangiocarcinomas[39]. Some-
times, there is abnormal thickening and enhancement
of the duct walls, which may represent periductal
tumor extension[39], or excessive fibrosis with abundant
interstitial space due to cholangitis distal to the tumor[37].
In these cases, it is impossible to accurately determine
the degree of periductal tumor extension. Duct wall
enhancement with or without wall thickening can also be
seen in the presence of intrabiliary stents[39,49].

Lymph node enlargement is common with cholan-
giocarcinoma, especially the perihilar type. The porto-
caval and porta hepatis are the ones most commonly
involved[39]. Enlarged lymph nodes are best seen on T2W
fat suppressed, and T1W fat suppressed gadolinium-
enhanced images[39]. Generally, a short axis diameter
greater than 1 cm is used to indicate the increased likeli-
hood of malignant involvement of the node. This criterion
is neither sensitive nor specific, and we suggest reporting
all visible nodes in the expected regions of metastases,
regardless of their size, so they can be examined during
surgery. Intrahepatic metastases should be carefully
looked for, as they may preclude surgical excision.

MRI has been shown to be useful in detecting peri-
toneal metastases as small as 1 cm[51,52]. Peritoneal
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metastases manifest as peritoneal thickening and enhan-
cement, and are best detected on coronal delayed
(5 min) post-gadolinium spoiled gradient-echo (SGRE)
images[52]. Using double doses of gadolinium, and
oral barium to suppress the signal from bowel lumen,
improves the detection of peritoneal metastases[52].
Although MRI has the potential, its accuracy for the
detection of peritoneal metastasis from cholangiocarci-
noma has not been assessed.

Vascular involvement and MRA

Vascular encasement or compression can be seen with
both intrahepatic and perihilar cholangiocarcinoma. Its
incidence approaches 50% in hilar tumors[39,53] and
has been described in 82% of peripheral cholangio-
carcinomas in a study by Soyeret al.[41]. Unlike
HCC, it is more common for cholangiocarcinoma to
encase than invade vessels[2,54], usually the thin-walled
portal veins more commonly than the hepatic arteries.
Tumor encasement of large vessels such as the hepatic
veins, portal veins, or the inferior vena cava without
luminal invasion can be well depicted on gradient-echo
MRI (Fig. 5)[15]. Encasement of the portal vein or its
branches results in an autoregulatory increase in the
hepatic arterial supply, which causes a transient increased
enhancement of the affected segment or lobe in the
hepatic arterial-dominant phase, also known as “transient
hepatic intensity difference, THID”[39,48].

Because of the tendency of cholangiocarcinoma to
encase vessels, evaluation of the vasculature is necessary
to assess the resectability of the tumor. Conventional
angiography is considered more sensitive than MRI
for detecting arterial, but not venous involvement[27,55].
Narrowing of the vessel lumen, abrupt vessel cut-off,
and focal irregular indentation are features of vascular
invasion on MRA[55]. The reported sensitivity and
specificity of MRI assessing involvement of the hepatic
venous confluence are 75 and 98%, respectively[56].
With state-of-the-art MRI techniques, such as parallel
imaging, high-resolution MRA studies can be obtained,
which will improve depiction of arterial involvement
(Fig. 5).

MRCP

MRCP plays an important role in the assessment of
perihilar cholangiocarcinoma, and in many institutions,
it has replaced ERCP and percutaneous transhepatic
cholangiography (PTC) for the preoperative staging
of the tumor[9,34]. MRCP can non-invasively evaluate
the biliary tree proximal and distal to an obstruction,
adding accuracy to the preoperative staging[39,57–59]. The
main advantage of MRCP over ERCP, when assessing
perihilar tumors, is its ability to evaluate suprahilar
tumor extension which is difficult to assess by ERCP,
because of insufficient contrast filling of ducts distal

to a constricting tumor[8,10]. The main drawback of
MRCP when compared to ERCP is that it is solely
diagnostic.

Perihilar cholangiocarcinoma appears on MRCP as
irregular narrowing of the bile duct involved by tumor,
with asymmetric upstream dilation of the intrahepatic
bile ducts. Information regarding the extent of tumor
extension along the bile ducts, whether to one or both
lobes, whether the tumor involves first or second order
branches, and the presence of concomitant disease, such
as hepatolithiasis[57], can be obtained from the MRCP
images[10].

The reported sensitivity and specificity of MRCP
compared to ERCP for the detection of bile duct
malignancy are 81 and 100% compared to 93 and
94%, respectively[4,58]. MRCP can accurately depict
the presence and level of obstruction[34], and has been
shown to be more effective than ERCP in delineating
the anatomic extent of the cancerous infiltration[34,57].
Manfredi et al.[8] found that the level and extent of
bile duct involvement with cholangiocarcinoma using the
Bismuth–Corlette classification was accurately depicted
on MRCP in 84% (10 of 12) of their patients.

The combination of parenchymal and vascular infor-
mation obtained from the T1W, T2W, and gadolinium-
enhanced images, and bile duct information obtained
from the MRCP images, can be used to accurately
stage cholangiocarcinoma. In the study by Yehet al.[57],
the authors found that MRCP was more effective than
ERCP in identifying causes of the biliary obstructions
and delineating the anatomical extent of the cancerous
infiltration. The authors identified 84.6% (22 of 26) of
cholangiocarcinomas by the presence of an enhancing
mass on delayed gadolinium-enhanced MRI, obtained
5 min after gadolinium injection, but found that in the
absence of an enhancing mass, it may be difficult to
characterize the etiology of a stricture[60]. Thus, MRCP
images alone are inadequate for identifying the cause of
biliary strictures as they provide luminal images only, and
gadolinium-enhanced imaging is essential for complete
evaluation of biliary strictures.

In addition to the standard T2W MRCP images,
we have found that using the minimum intensity
projection (Min IP) post-processing algorithm to create
projectional images of the bile ducts from the 2 min
delayed post-gadolinium 3D SGRE images is helpful
for additional evaluation of the biliary tree. This
allows direct correlation of parenchymal abnormalities
with biliary duct abnormalities. With recent technical
advances in MRI, in particular the introduction of
parallel imaging techniques and newer sequences, high-
resolution isotropic 3D MRCP can be obtained with
a pixel dimension of 0.7 × 0.7 mm. Such advances
may further improve the accuracy of MRI for staging
cholangiocarcinoma.



114 K A Vanderveen and H K Hussain

Summary

In patients with suspected cholangiocarcinoma, a combi-
nation of MRI, MRA, and MRCP can be used to evaluate
the liver parenchyma, vasculature, and bile ducts. The
typical MR signal characteristics of cholangiocarcinoma
are hypo- and occasionally isointense signal intensity on
T1W, and mild–moderate hyperintense signal intensity
on T2W imaging compared to liver parenchyma. Tumors
show delayed homogeneous or heterogeneous enhance-
ment, and occasionally early peripheral enhancement of
the tumor is seen. The secondary signs of cholangiocarci-
noma on MRI, MRA, and MRCP vary depending on the
location and stage of the tumor.

Intrahepatic cholangiocarcinomatypically occurs as
a large mass, which is difficult to differentiate from
a metastatic focus of adenocarcinoma or abscess, and
causes biliary duct dilatation peripheral to the tumor.

Perihilar cholangiocarcinomais the most common
subtype, and is typically associated with biliary obstruc-
tion, the level and extent of which can be demonstrated
on MRCP. This subtype of cholangiocarcinoma can be
differentiated from other liver tumors in the majority of
patients. A well-defined mass centered on the central
hepatic ducts, which shows inhomogeneous and pro-
gressive enhancement following gadolinium, prominent
intrahepatic duct dilatation distal to the tumor, atrophy
of the lobe involved by tumor, and portal venous
occlusion, is strongly suggestive of the diagnosis of
cholangiocarcinoma.

Extrahepatic cholangiocarcinomausually presents as
circumferential thickening and delayed enhancement of
the bile duct wall. It can be difficult to differentiate from
pancreatic head cancer.

Preoperative imaging with MRI/MRA/MRCP is an
accurate non-invasive method for staging cholangio-
carcinoma, and determining resectability. It provides
information regarding tumor size, extent of bile duct
involvement by tumor, vascular patency, extrahepatic
extension, nodal or distant metastases, and the presence
of lobar atrophy. MRCP is better for demonstrating
bile ducts distal to the stricture, although with ERCP,
therapeutic intervention such as stent placement and
biopsy can be performed.

We recommend the following imaging protocol for
cholangiocarcinoma:

• T1W dual-echo SGRE (breath-hold). T1W spin-echo
can also be used.

• T2W fast spin-echo (FSE) with fat suppression and
respiratory triggering. Alternative sequences can be
used such as the breath-hold T2W fast recovery fast
spin echo sequence (FRFSE), and the breath-hold
short tau inversion recovery (Turbo STIR). The single
shot fast spin echo (SSFSE or HASTE) sequence
should not be used as the only T2W sequence as solid
tumors may not be depicted on this sequence.

• Dynamic gadolinium-enhanced 3D SGRE, acquired
in the arterial-dominant, portal venous (sinusoidal),
interstitial (2 min), and delayed (15 min of
enhancement). The arterial-dominant phase is used to
assess for patency of hepatic arteries; portal-venous
and interstitial phases to assess patency of portal
and hepatic veins, and evaluate liver parenchyma,
extrahepatic disease, lymph node involvement, and
location and extent of primary tumor; 15 min delayed
phase for assessment of tumor extent, and metastatic
disease in the liver.

• MRCP: 3D FRFSE respiratory triggered MRCP, or
standard SSFSE (HASTE) multiplanar thin slice and
thick slab MRCP.
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