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Abstract

The role of MR imaging in hilar cholangiocarcinoma is
to confirm/reach a diagnosis and to assess resectability.
Hilar cholangiocarcinoma shows the same signal inten-
sity pattern of peripheral tumors both on T1- and T2-
weighted images. On magnetic resonance cholangiopan-
creatography (MRCP) images, hilar cholangiocarcinoma
appears as a moderately irregular thickening of the bile
duct wall (5 mm) with symmetric upstream dilation of
the intrahepatic bile ducts. The aim of preoperative
investigation in Klatskin tumors typically requires the
evaluation of the level of biliary obstruction, the intra-
hepatic tumor spread, and the vascular involvement; it
also needs to show any atrophy–hypertrophy complex.
Because of its intrinsic high tissue contrast and multi-
planar capability, MR imaging and MRCP are able to
detect and preoperatively assess patients with cholan-
giocarcinoma, investigating all involved structures such
as bile ducts, vessels and hepatic parenchyma. The main
reason for surgical/imaging discrepancy is represented by
the microscopic diffusion along the mucosa and in the
perineural space.
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Introduction

Hilar cholangiocarcinoma, or Klatskin tumors, were
initially defined as adenocarcinoma of the hepatic duct at
the bifurcation within the porta hepatis. Now, they
usually include cancers of the common hepatic duct
(CHD) [1, 2].

Although surgery offers the only chance of cure, the
majority of these tumors-because of their poor prognosis
and advanced stage at the time of diagnosis have been
managed with nonsurgical treatment such as percutane-
ous biliary drainage for palliation of jaundice [3].

Currently however, more patients may be candidates
for extensive curable or palliative surgery because of rapid
advances in surgical technique and diagnostic imaging.

The primary goal of preoperative examinations is to
first exclude the established criteria for unresectable tu-
mors, and then to define the tumor spread, to identify the
level of obstruction, and to show any other combined
findings. Extensive biliary and vascular involvements are
considered the most important factors in determining
unresectability [4]. For this reason the staging of hilar
cholangiocarcinoma has depended on direct cholangi-
ography, and in some cases, angiography.

In recent years, dynamic contrast medium-enhanced
magnetic resonance (MR) imaging has proved to be
useful in the characterization of liver lesions and MR
cholangiopancreatography (MRCP) has proved to be
very accurate in depicting various biliary and pancreatic
disease entities [5–7].

In this article we discuss the role of MR and MRCP
in the staging and treatment planning of hilar cholan-
giocarcinoma.

Role of MRI/MRCP in staging

The role of imaging is to differentiate benign from
malignant causes of biliary structure, to determine
resectability in patients with malignant disease, and to
preoperatively stage those patients with potentially
resectable tumors [8]. Thickening of the bile wall with
obstruction at the hilum level is not pathognomonic of
Klatskin tumor, because various other bile duct lesions
may also appear with similar findings, e.g., neuroendo-
crine tumors, metastases, PSC or secondary sclerosing
cholangitis resulting from autoimmune pancreatitis and
recurrent cholangitis [9].Correspondence to: Gabriele Masselli; email: gabrielemasselli@libero.it
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For futher characterization of benign or malignant
stenoses, the morphology is important. While benign
stenoses usually appear as regular, symmetrical and
smooth-shaped luminal strictures, malignant biliary
obstruction is suggested by the presence of an abrupt,
irregular and uneven luminal narrowing. However, the
clinical presentation and the medical history have to be
taken into consideration in the differential diagnosis and
a biopsy is requested to confirm the diagnosis.

If hilar cholangiocarcinoma is diagnosed, a correct
local staging of the tumor is crucial for further patient
treatment.

A pathological staging system has been developed by
the American Joint Committee on Cancer Staging
(AJCCS; Table 1) [10]. The major drawback of this
staging system is that it does not correlate with resect-
ability. On the other hand, the Memorial Sloan-Ketter-
ing staging system (Table 2) is based on the extent of
biliary and vascular involvement, and correlates to
resectability and survival [11]. However, the goals of
diagnostic staging for hilar cholangiocarcinoma should
be to determine the local and distant extent of disease for
its impact on surgical resectability.

Prior to discussing the role of MR/MRCP in staging
hilar cholangiocarcinoma it is important to know the
macroscopic appearance and the characteristic ways that
this tumor spreads.

Hilar cholangiocarcinoma produces a localized stric-
ture, giving rise to its descriptive terms: focal stenosis or
infiltrating stenosis. The frequent mode of spread is local
extension from the biliary tree invading the liver. This
appearance has implications for radiologic diagnosis and
prognosis given the difficulty to obtain a surgical cure
after transductal spread.

The Liver Cancer Study Group of Japan has pro-
posed a new classification of cholangiocarcinoma based
on growth characteristics, with tumors being identified as
mass-forming, periductal-infiltrating, and intraductal-
growing types [12]. This classification is considered to be
the most useful because it describes the gross appearance,
the growing characteristics, the biologic behavior, and
the prognostic implications for patients.

The periductal infiltrating type is most prevalent in
the hilar portion of biliary tree, which has a characteristic

growth pattern that infiltrates along the main and int-
rahepatic bile ducts [13].

Therefore, the exact evaluation of longitudinal tumor
extension on the biliary duct is extremely important.

Less CBD carcinomas developing in the CBD appear
as a rounded intraluminal mass, usually within the mid
extrahepatic biliary tree at the distal CHD or at the CBD
[12]. This polypoid of papillary variety should bring the
patient to medical attention relatively early, thus
improving the prognosis.

Microscopically, cholangiocarcinoma represents an
adenocarcinoma with glandular appearance arising from
the epithelium of the bile ducts. These tumors have a
tendency to spread between the hepatocyte plates, along
the duct walls, and adjacent to the nerves. Perineural
invasion is frequent, found in as many as 81% of re-
ported cases [13]. Results of mucin are nearly always
positive, and mucin production is often abundant. The
neoplastic cells provoke a variable desmoplastic reaction,
therefore the tumor mass most often lies in a connective
tissue stroma, but the degree of desmoplastic reaction
among the cholangiocarcinomas varies considerably. The
sclerosis and fibrosis of surrounding tissue may be dif-
ficult to differentiate from tumor, and even surgical
exploration cannot always reveal the true extent of the
tumor especially regarding bile and liver parenchyma [11,
14]. Satellite nodules are less commonly seen in hilar
cholangiocarcinoma, compared to intrahepatic cholan-
giocarcinoma, which is in keeping with the much earlier
manifestation of lesion situated at the hilum [14].

The radiological analysis should always include the
tumor extent, presence or absence of liver infiltration,
vascular involvement (especially hepatic artery and por-
tal vein), lymph node metastases as well as distant
metastasis, especially liver metastasis.

The imaging evaluation of patients with hilar cho-
langiocarcinoma has traditionally included computed
tomography and sonography or a combination of the
two techniques for diagnosis and preoperative assess-
ment for resectability [18, 19]. However the final
diagnosis usually relied on direct cholangiographies, such
as endoscopic retrograde cholangiopancreatography

Table 1. Staging of hilar ductal biliary cancers

TNM Extent of tumor spread

Stage
T1a Bile duct mucosa I
T1b Muscular layer of bile ducts II
T2 Periductal connective tissue III
T3 Vessel or organ invasion IVA
M1 Distant metastases IVB
N1a Lymph node involvement:hepatic, cystic,

common duct and hepatoduodenal ligament
N1b Distant lymph node involvement

Table 2. Memorial Sloan-Kettering T stage for hilar cholangiocarci-
noma

Stage Criteria

T1 Tumor involving biliary confluence ± unilateral
extension to second-order biliary radicals

T2 T1 + ipsilateral portal vein involvement ± ipsilateral
hepatic lobar atrophy

T3 Tumor involving biliary confluence + bilateral extension
to second-order biliary radicals;

Or unilateral extension to second-order biliary radicals with
contralateral portal vein involvement;

Or unilateral extension to second-order biliary radicals
with contralateral hepatic lobar atrophy;

Or main or bilateral portal venous involvement
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(ERCP) and percutaneous transhepatic cholangiography
(PTC). Direct cholangiography has been regarded as the
most accurate preoperative diagnostic modality for
assessing the longitudinal extension of hilar cholangio-
carcinoma [20]. However, injection of contrast medium
through high-grade stenoses and subsequent drainage
failure may result in severe complications, such as cho-
langitis and/or sepsis, associated with a significant mor-
bidity rate up to 7% and mortality rate up to 1% [21].
Moreover direct cholangiographies are not able to assess
the infiltrative growth pattern along bile ducts. For in-
traductal papillary type cholangiocarcinoma, cholangi-
ography can lead to overestimating bile duct involvement
because of intraductal necrotic material.

In recent years, magnetic resonance (MR) imaging, in
conjunction with magnetic resonance cholangiopancrea-
tography (MRCP), has proved helpful in diagnosing hi-
lar cholangiocarcinoma and in determining resectability
[22–24]. This is due to MR imaging and MRCP being
able to investigate all different components: bile ducts,
vessels, and invasion of adjacent liver parenchyma.

Two recently introduced technical improvements
have contributed to further increasing the diagnostic
value of MRI, including MRCP [22]. The first is parallel
imaging (iPAT), and the second is respiratory indepen-
dent sequences navigator triggering, which have sub-
stantially increased the spatial resolution as a critical
parameter in biliary imaging.

Single-shot pulse sequences, such as half Fourier ac-
quired single-shot turbo spin echo (HASTE), often suffer
from image artefacts, which are related to their long echo
trains with apparent blurring due to the off-resonances

during the readout of the echo train. This problem can be
reduced by applying iPAT to shorten the length of the
echo train without loss of spatial resolution, resulting in
decreased signal decay and reduced blurring.

It is important to use sequences with thin-slice
thickness (3–4 mm) that provide sufficient signal to ob-
tain good quality images and are sufficiently thin to de-
tect subtle abnormalities.

For MRCP, the latest developments are 3D-triggered
T2-weighted FSE sequences with a voxel size of
approximately 1.5 mm, by which high quality MPR and
maximum intensity projections can be obtained.

Hilar cholangiocarcinoma often shows circumferen-
tial growth and spreads along bile ducts with poor con-
spicuity on noncontrast MR images [22, 24].

Lobar atrophy of the liver combined with marked
biliary dilatation should raise suspicion of cholangio-
carcinoma, but this feature is not pathognomonic.

On T1-weighted MR images with or without fat
suppression, cholangiocarcinomas appear mildly to
moderately hypointense but may also be isointense rel-
ative to liver parenchyma (Fig. 1). On T2-weighted
images, they are isointense or mildly hyperintense
(Fig. 1).

Thickening of bile duct walls greater than 5 mm is
highly suggestive of cholangiocarcinoma. However this
measurement is not sensitive and at least 50% of tumors
show thinner wall diameters [22].

Hilar cholangiocarcinomas do not show a unique
enhancement pattern. The majority of the lesions are
typically hypovascular tumors, compared to adjacent li-
ver parenchyma, showing a heterogeneous enhancement

Fig. 1. A Axial T1-weighted Spoiled Gradient Echo image
shows a bulky mass of low signal intensity (arrow) located at
the porta hepatis. B–C Axial and coronal T2-weighted FSE
images show the high intensity of the lesion (arrows) with
marked intra-hepatic bile duct dilatation extending into the left
hepatic duct. D CPRM image demonstrates an abrupt ste-

nosis of the primary biliary confluence (arrow) with interrup-
tion of the left secondary biliary confluence (short arrow) and
dilatation of intra-hepatic bile ducts. E–F Axial T1-weighted,
dynamic gadolinium-enhanced images. The lesion appears
hypointense during the arterial phase (E) and hyperintense at
delayed phase (F) (arrows).
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that gradually increases to a peak on delayed images
(Fig. 1) [5]. This pattern is consistent with the fibrous
nature of the tumor. Other tumors show periductal
enhancement, whereas a small percentage of hilar cho-
langiocarcinomas are hypervascular; note however that
the immediate diffuse enhancement, seen with other hy-
pervascular liver lesions, is rarely seen [24].

Bile duct invasion

The most common staging system describes the extent of
tumor spread within the biliary system according to
Bismuth and Corlette classification [25]. Both MRCP
and direct cholangiography provide similar projectional
images, and they demonstrate the tumor as a signal void
or contrast-filling defect within the bile duct. However
compared to ERCP, MRCP has the advantage of
determining the suprahilar tumor extension more accu-
rately, which may be difficult to assess with ERCP, be-
cause of insufficient contrast filling of the proximal bile
duct system, due to severe stenosis of the confluence.

Furthermore, the combination of cross-sectional and
projectional imaging (MRCP) allows the presence and
the size of extraluminal extension of the tumor and liver
parenchyma invasion to be evaluated, leading to a
greater accuracy to preoperative staging. The presence of
bile duct obstruction can be diagnosed with accuracies
far greater than 90% [26].

The level of obstruction and extent of biliary duct
involvement according to the classification of Bismuth-
Corlette can be predicted with accuracies from 88% up to
96% [26–28] (Fig. 2).

In an article [29] comparing ERCP, PTC and MRCP
in evaluating tumor extent, the statistical analysis
showed PTC to be significantly superior to ERCP, but
not to MRCP. The most common mistake for each
imaging modality was an overestimated tumor extent,
which may exclude patients from potentially curative
surgery [29]. One cause of error in staging hilar cholan-
giocarcinoma is represented by lack of recognition of
submucosal spread, resulting in understaging of the dis-
ease and consequent planning errors in treatment,
resulting in unnecessary laparotomies [13]. The identifi-
cation of submucosal spread is difficult and may be
underestimated by both noninvasive and invasive diag-
nostic imaging modalities, representing a frequent cause
of treatment failure.

A recent article evaluated the combined use of CT
and direct cholangiography for preoperative assessment
of hilar cholangiocarcinoma [30]. Despite the improved
assessment achieved by using both imaging modalities,
tumor invasion of the intrahepatic bile ducts was
underestimated in 13% of the patients and overestimated
in 4%. The underestimation of diffuse tumor infiltration
extending to the hepaticoduodenal ligament was a com-
mon cause of prediction failure, using helical CT in this

study [30]. This can be explained by the infiltrative
growth pattern and the propensity of cholangiocarcino-
ma to grow axially along segmental ducts.

In our experience, the presence and the extent of bile
duct wall enhancement on delayed images, can be an
indicator of spread along the bile duct walls via the nerve
and perineural tissue of Glisson�s capsule toward the
porta hepatic (Fig. 3) [31]. Biliary stent placement results
in mild inflammation of bile duct walls, which appears as
an increased gadolinium enhancement with an appear-
ance indistinguishable from superficial spread of cho-
langiocarcinoma.

For this reason, it is recommended to image patients
suspected of biliary tumor before stent placement to
avoid the problem of misstaging the tumor because of

Fig. 2. A Axial Half Fourier RARE T2-weighted image
shows a hypointense infiltrating tissue at the primary biliary
confluence (arrow). B CPRM image shows bilateral extension
of the segmental branches of the intra-hepatic bile duct with
involvement of both the right and left secondary confluences
(arrows).
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inflammatory changes secondary to the presence of the
stent. In addition, when patients with biliary drainage are
referred for MRI, the biliary tree has often collapsed and
the evaluation of biliary pathologies is virtually impos-
sible by MRCP. Ideally, therefore MR and MRCP
should be performed before biliary drainage and stent
whenever possible.

Vessel invasion

Precise evaluation of the hepatic artery and portal vein is
important in the preoperative planning.

Conventional X-ray arteriography has been largely
performed for this purpose, but its well-known disad-
vantages, like invasiveness and the use of iodinated
contrast materials, work against its use, as does the
inherent difficulty in documenting the relationship of a
mass to adjacent vessels if the tumor is avascular [32].

Dynamic contrast enhanced MR imaging is compa-
rable to angiography in assessing the portal vasculature
invasion in patients with cholangiocarcinoma (Fig. 4).

With MR angiography, narrowing of the vessel wall,
abrupt cut-off, and focal irregular indentation were well
visualized.

In general, MR angiography suppresses, either par-
tially or completely, the signal from the background
tissue; consequently, it provides little information about
primary cancer surrounding the vessels. We recommend
visualizing MR enhanced axial and coronal images as
well as MR angiography to determine serosal invasion or
tumor adhesion.

In particular dynamic imaging in the coronal oblique
plane is particularly useful for distinguishing vessels from
bile ducts and for showing the relationship of the lesion
to the portal veins, because the whole of the portal veins
are typically seen on one or two sections, hilar lesions are
more easily localized, and the coronal anatomy is similar
to that seen on surgery (Fig. 4).

3D steady state sequences (FIESTA, True FISP,
Balanced FFE) were accurate in determining the extent
of portal vein infiltration but were inferior in specificity
in distinguishing hepatic arterial invasion [33].

Liver parenchyma invasion

Invasion of adjacent liver parenchyma is important in
determining tumor resectability. Cross sectional MR
images are able to detect a mass that frequently grows
beyond the duct, and invades the adjacent liver paren-
chyma (Fig. 5).

A combination of early and late fat-suppressed gad-
olinium-enhanced images is very helpful to identify liver
parenchimal invasion and the presence of liver metastasis
[23]. Fat suppression also reduces the signal of fatty tis-
sue in the porta hepatis, which improves the conspicuity
of cholangiocarcinomas and facilitates the evaluation of
the extent of tumor and infiltration into adjacent tissues
and organs.

Lobar atrophy, due to longstanding severe biliary
obstruction and/or severe portal vein occlusion, is an
important predictive factor for unresectability, but does
not affect the overall patient prognosis proportionately

Fig. 3. A Axial Half Fourier RARE T2-
weighted image shows a hyperintense
infiltrating tissue at the primary biliary
confluence (arrow). B Coronal Half Fourier
RARE MRCP shows abrupt stenosis below
the primary biliary confluence (arrow) and at
the level of the secondary left biliary
confluence (short arrow). C–D Coronal and
axial delayed contrast-enhanced FSPGR T1-
weighted images show extent of bile duct wall
enhancement along the primary biliary
confluence and the left hepatic and
intrahepatic ducts, indicative of periductal
spread (arrows).
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[34]; the assessment of the atrophy/hypertrophy complex
helps in surgical treatment planning, considering that no
liver resection should be performed that leaves an atro-
phic remnant (Fig. 6).

Other findings

Lymphadenopathy with portocaval and porta hepatis
nodes is an associated finding in up to 73% of patients
with cholangiocarcinoma [14]. This aspect is best dem-
onstrated with a combination of T2-weighted fat sup-
pressed and T1-weighted post gadolinium images on a
late phase. On these delayed postgadolinium images, fine
tumor strands are frequently observed and 5 mm or
smaller lymph nodes are consistent with tumor extension

if three or more of them are clustered in the tumor re-
gion.

In advanced cholangiocarcinoma, intraperitoneal tu-
mor spread may occasionally be found and is also best
seen on late postgadolinium fat suppressed images [23].

Role of MR and MRCP in treatment
planning

Approximately 40% of patients with hilar cholangiocar-
cinoma may undergo surgical resection with a curative
intent, which has increased 5-year survival rates overall
from 1% to 20% after surgery [34, 35].

Hepatectomy for cholangiocarcinoma can be a chal-
lenging procedure and has a long convalescence period.
Morbidity rates are rather high, with 44% of patients
suffering a major postoperative complication and nearly
10% overall mortality rate [35].

Fig. 4. A Normal appearance of portal vein normal anatomy
on T1 contrast-enhanced FSPGR coronal imaging. B Coronal
T1-weighted, dynamic gadolinium-enhanced image, in the
portal phase delineates the abrupt cut-off of the portal trunk
indicative of neoplastic invasion (arrow).

Fig. 5. Gadolinium-enhanced axial T1-weighted Spoiled
Gradient-Echo (FSPGR) shows the tumor (arrow) and the
invasion of liver parenchyma and infiltration of the gallbladder.

Fig. 6. Axial T2 image shows the overcrowding of the intra-
hepatic ducts of the left lobe, a characteristic finding of lobar
atrophy (arrow).
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Surgical exploration should only be performed when
preoperative examination has shown curative resection
to be possible, because the risks of palliative surgery for
malignant obstructive jaundice are high, with surgical
mortality rates of 20–30% [35].

The prognosis for mass-forming and periductal-infil-
trating cholangiocarcinomas is generally unfavorable,
whereas the prognosis for intraductal-growing cholan-
giocarcinoma is much better (or excellent) after surgical
resection. MR can differentiate between the different
appearances of growth patterns of cholangiocarcinoma
[22].

Percutaneous and endoscopic biliary drainage are the
preferred methods for palliation of jaundice in these
patients, because of their lower morbidity and mortality
rates, compared to those for palliative surgery. The cri-
teria for unresectability include involvement of the main
portal vein, of both branches of the portal vein, of the
portal vein of one lobe of the liver combined with
involvement of the hepatic artery to the contralateral
lobe, combination of vascular involvement of one lobe of
the liver with extensive ductal involvement of the con-
tralateral lobe, bilateral neoplastic extension to the seg-
mental branches of the intrahepatic bile ducts, and
hepatic or nodal metastases [36].

Since MR and MRCP are able to obtain an accurate
preoperative staging of biliary, liver, vascular involve-
ment, this aspect is critical in choosing the best treatment
option, in terms of radical surgery or palliative biliary
drainage.

The precise localization and the level of the involved
duct determine the choice of treatment modality; for
instance, infiltration beyond the secondary branches on
both sides of the liver was generally considered unre-
sectable. Recently, it has been demonstrated that com-
plete resection inclusive partial hepatectomy and regional
lymphadenectomy might be the surgical treatment of
choice for selected patients. Since there is great vari-
ability in bile duct anatomy—that is, the secondary
confluence of the bile duct is only a few millimeters from
the hepatic hilum in some patients, while it is several
centimeters from the hepatic hilum in others—not all
Bismuth type IV cholangiocarcinomas are surgically
unresectable [37].

Simultaneous extended hepatectomy, removal of ex-
tra hepatic bile ducts with or without resection, and
anastomosis of the portal vein are considered potentially
curative even for Bismuth type IV hilar cholangiocarci-
noma.

Consequently, defining the extent of biliary duct
invasion and constructing the exact road map of the
biliary tree in such patients are crucial for planning and
choosing the appropriate treatment.

The MRCP can be very useful in visualizing the exact
biliary tree map, in a non-invasive manner.

Moreover delayed periductal enhancement is useful in
assessing perineural spread and this sign can improve
diagnostic accuracy in identifying resectable tumors.

In conclusion, MRCP and dynamic MRI are able to
provide all informations for pretherapeutic staging of
hilar cholangiocarcinomas, because of their intrinsic high
soft tissue contrast and multiplanar capability, and
should be considered a real one-stop-shop noninvasive
technique.
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