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Core tip: Hilar cholangiocarcinoma is a rare malignant 
tumor arising from the epithelium of the bile ducts. 
Surgery is still the only chance of potentially curative 
treatment in patients with perihilar cholangiocarcinoma. 
Multidetector computed tomography, magnetic reso-
nance imaging and magnetic resonance cholangiogra-
phy are useful tools, both to diagnose and stage hilar 
cholangiocarcinoma.
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INTRODUCTION
Carcinomas of  the extrahepatic biliary tree, commonly 
known as hilar cholangiocarcinoma (HCCA), Klatskin tu-
mors or perihilar cholangiocarcinomas, are rare malignan-
cies that account for up to 3% of  all gastrointestinal can-
cers. With an incidence rate of  0.5-2.0 cases per 100000, 
it is estimated that there are between 2500 and 4000 new 
cases per year in the United States[1].

Although this tumor may potentially affect any lo-
cation of  the biliary tree, tumors involving the biliary 
confluence, left-hand drive (LHD) and right-hand drive 
(RHD) (true Klatskin tumors) are most common and 
account for 40%-60% of  all cases. Around 2/3 of  chol-
angiocarcinomas are hilar or extrahepatic and originate 
from the bile duct epithelium at the level of  confluence 
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Abstract
Hilar cholangiocarcinoma is a rare malignant tumor 
arising from the epithelium of the bile ducts. Surgery 
is still the only chance of potentially curative treatment 
in patients with perihilar cholangiocarcinoma. However, 
radical resection requires aggressive surgical strategies 
that should be tailored optimally according to the loca-
tion, size and vascular invasion of the tumors. Accurate 
diagnosis and staging of these tumors is therefore criti-
cal for optimal treatment planning and for determining a 
prognosis. Multidetector computed tomography (MDCT), 
magnetic resonance imaging (MRI) and MR cholangi-
ography are useful tools, both to diagnose and stage 
hilar cholangiocarcinoma. Modern imaging techniques 
allow accurate detection of the level of obstruction and 
the longitudinal and radial spread of the tumor. In ad-
dition, high-resolution MDCT and MR provide specific 
radiographic features to determine vascular involvement 
of anatomic structures, such as the hepatic artery or 
the portal vein, which are critical to decide the surgical 
strategy. Finally, radiological staging allows detection of 
patients with distant metastasis in the liver or perito-
neum who will not benefit from a surgical approach.
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of  the right and left ducts, whereas 30% are distal or 
intrapancreatic and 5%-10% are intrahepatic[2]. Due to 
recent improvements in radiological techniques, there is 
a wide range of  imaging tools available for diagnosis and 
staging HCCA, such as multidetector computed tomog-
raphy (MDCT), magnetic resonance (MR), endoscopic 
ultrasonography, endoscopic retrograde cholangio pan-
creatography (ERCP) and angiography. However, to date, 
there is no consensus as to the best staging algorithm. 
The aim of  this paper is to review the results in the pre-
operative staging of  HCCA with modern non-invasive 
imaging techniques, including MDCT, magnetic reso-
nance imaging (MRI) and MR cholangiopancreatography 
(MRCP).

PATHOLOGICAL AND CLINICAL 
FEATURES
Cholangiocarcinoma is a malignant tumor arising from 
bile duct epithelium of  any portion of  the biliary tree. It 
is the second most common primary liver cancer in the 
world, except for certain areas where it is more common 
than hepatocellular carcinoma (HCC). Traditionally, it has 
been classified as an intrahepatic and extrahepatic tumor 
according to its location with respect to the liver; this 
last category has been subdivided into upper, middle and 
distal by its location. However, recent literature classifies 
extrahepatic cholangiocarcinoma into perihilar and distal 
cancer, due to the relatively low incidence of  middle bile 
duct cancer[2], and the correlation of  these categories with 
anatomic distribution and preferable treatment. Perihilar 
cholangiocarcinoma, also called Klatskin tumors[3], can be 
defined as tumors originating on the right or left duct, near 
their junction or in close vicinity to the bile duct conflu-
ence, and represent two-thirds of  cholangiocarcinomas[4].

Pathology
Most cholangiocarcinomas are adenocarcinomas with 
variable differentiation grades and fibroplasia. According 
to the last World Health Organization (WHO) histologi-
cal classification, different types of  adenocarcinoma are 
considered, and precursor lesions such as biliary intraepi-
thelial neoplasia and intraductal papillary neoplasms 
are also included[5]. Macroscopically, carcinomas of  the 
extrahepatic bile ducts have been divided into polypoid, 
nodular, scirrhous constricting and diffusely infiltrating 
types. These categories can provide a guide to the opera-
tive procedure, extent of  resection and prognosis. How-
ever, except for the polypoid type, this division is rarely 
possible due to overlapping on gross features. However, 
the nodular and scirrhous types which tend to coexist are 
prone to infiltrate surrounding tissues, while the diffusely 
infiltrating type tends to spread linearly along the ducts. 

Epidemiology and risk factors
Cholangiocarcinoma occurs with a highly varying fre-
quency in different areas of  the world[6]. There are 
several recognized risk factors for cholangiocarcinoma, 

such as primary sclerosing cholangitis (PSC), although 
the vast majority of  cancers are seen in patients with no 
readily identifiable predisposing condition. PSC is an au-
toimmune condition that causes bile duct inflammation 
resulting in scarring and fibrosis. This chronic inflam-
mation is thought to lead to dysplastic and ultimately 
neoplastic changes in the bile ducts. The risk of  chol-
angiocarcinoma in patients with PSC is thought to be 
over a 1000-fold higher than in the general population 
and is thought to be 0.5%-1.0% per year or 10%-40% 
lifetime risk[7]. While both intrahepatic and extrahepatic 
cholangiocarcinoma are well-known complications of  
PSC in Western countries, hepatolithiasis, infections due 
to liver flukes and bile stasis are risk factors strongly 
associated with cholangiocarcinoma in Eastern Asia. 
However, approximately 90% of  patients diagnosed with 
cholangiocarcinoma do not have a recognized risk factor 
in Western countries[8]. Other risk factors include an ab-
normal choledochopancreatic junction, choledocal cyst, 
ulcerative colitis, cirrhosis, alcoholic liver disease, type Ⅱ 
diabetes, thyrotoxicosis, pancreatitis and possibly duode-
nal ulcer disease[9].

Clinical features
Obstructive jaundice is the main clinical feature and can 
appear relatively early, even with small neoplasms. It may 
progress rapidly or fluctuate. Other symptoms may in-
clude weight loss, pruritus, right-upper quadrant pain or 
fever and chills if  cholangitis develops.

DIAGNOSIS OF HCCA 
Imaging techniques
The majority of  patients with HCCA present with severe 
painless jaundice as the initial clinical presentation. How-
ever, not every patient with jaundice and biliary obstruc-
tion at the hepatic hilus will eventually be confirmed as 
HCCA. In fact, almost 25% of  cases turn out to have 
other benign conditions (such as lymphoplasmacytic 
cholangitis or Mirizzi syndrome) or other malignant dis-
ease (such as gallbladder cancer or nodal metastasis) that 
has obstructed the hepatic confluence[10].

Initial radiological assessment is performed with 
sonography in most patients with perihilar biliary tract 
malignancies. Ultrasound rarely allows direct demonstra-
tion of  perihilar biliary cancer, although indirect signs 
such as isolated intrahepatic dilatation can be useful in 
suggesting the diagnosis. However, in most cases, addi-
tional diagnostic procedures are necessary to confirm the 
diagnosis. The main goals of  imaging in that setting will 
be to differentiate HCCA from other conditions leading 
to obstructive jaundice with intrahepatic dilatation and 
to perform an accurate preoperative evaluation of  tumor 
resectability, focusing on vascular and biliary invasion as 
well as invasion and distant metastasis to the liver and 
lymph nodes. In the past, direct cholangiography com-
bined with angiography was used to assess tumor exten-
sion. More recently, the advent of  MDCT and MRCP has 
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dramatically changed the imaging evaluation of  patients 
with hilar cholangiocarcinoma. 

The role of  cholangiography in the evaluation of  
hilar cholangiocarcinoma is two-fold: to assess tumoral 
extension to identify potentially resectable patients and 
to help in planning palliative biliary drainage in non-
resectable patients. In this clinical setting MRCP has a 
number of  potential advantages over ERCP and tran-
shepatic cholangiography (THC). MRCP allows rapid 
non-invasive evaluation of  the biliary tract without in-
strumentation and therefore without the risk of  inducing 
sepsis in patients with ductal obstruction. Additionally, 
MRCP depicts tumoral extension along the intrahepatic 
branches of  the biliary tree more consistently than 
ERCP and THC, especially in high grade stenosis[11]. In 
Fulcher’s series[12], MRCP allowed a more detailed visu-
alization of  the bile ducts than direct cholangiography 
in 3 of  4 patients who underwent both techniques. In 
another study, Holzknecht et al[13] performed a prospec-
tive comparison of  MRCP and ERCP in 61 patients 
who underwent ERCP for a variety of  clinical indica-
tions. ERCP demonstrated 36 stenosis in 33 patients 
(15 malignant and 21 benign). MRCP diagnosis was 
correct in 89% of  the cases (32/36) and there were 4 
false negative findings. However, MRCP was correct in 
all 15 patients with high-grade malignant stenosis. On a 
patient-by-patient basis, statistical analysis to compare 
the grade of  stenosis indicated that differences between 
MRCP and ERCP were not significant. In a recent study 
by Yeh et al[14], the efficacy of  MRCP and ERCP in 40 
patients with malignant perihilar obstruction, including 
26 patients with Klatskin tumor, were compared. ERCP 
was unsuccessful in 2 patients. In this series, MRCP was 
superior to ERCP in delineating the anatomic extent of  
the tumoral lesions: 34/40 vs 24/38. Therefore, direct 
cholangiography, either endoscopic or percutaneous, 
has been definitively abandoned as a diagnostic tool and 
substituted by MRCP.

MDCT allows for faster scanning with thinner col-
limation and results in an improved diagnosis and staging 
hilar cholangiocarcinoma. CT is usually performed to 
assess the level of  biliary obstruction (longitudinal ex-
tension) as well as involvement of  liver parenchyma and 
vascular hilar structures (radial extension). High resolu-
tion CT allows for accurate depiction of  a thickened bile 
duct wall and tumor spread into liver parenchyma or hilar 
vessels and therefore plays a key role in the diagnosis and 
staging of  HCCA. Previous results of  conventional CT 
in the diagnosis and staging of  hilar cholangiocarcinoma 
have been limited. The advent of  helical technology has 
dramatically improved the results of  CT in the detection 
and diagnosis of  Klatskin tumors, although its ability to 
perform an accurate staging is still limited. In the series 
by Tillich et al[15], HCT correctly detected all hilar cholan-
giocarcinomas using a biphasic technique. However, its 
overall accuracy for predicting resectability was only 60%. 
In Feydy’s series[16], HCT correctly detected and localized 
the mass in 91% of  the cases.

Diagnostic features
Diagnostic features of  HCCA include intrahepatic seg-
mental biliary dilatation, periductal thickening, endolumi-
nal lesions and direct tumor spread to the liver or adja-
cent vessels. Biliary dilatation is usually intrahepatic and 
often segmental and located proximally to an ill-defined 
biliary mass near the hepatic hilus. The transition be-
tween dilated and non dilated bile ducts is usually abrupt 
and this is a key feature for diagnosis. Therefore, these 
patients should not be drained before an adequate imag-
ing study is performed.

On the basis of  the Japanese Liver Cancer Group[17] 
classification, cholangiocarcinomas are classified into 
three types: mass-forming, intraductal growing and peri-
ductal infiltrating. The latter is the most prevalent in the 
hilar portion of  the biliary tree and forms the majority of  
perihilar cholangiocarcinomas.

Mass-forming cholangiocarcinoma: In some cases, 
HCCA presents as a mass-forming lesion (Figure 1). 
This pattern of  presentation includes periductal thicken-
ing and a solid tumor lesion involving the adjacent liver 
parenchyma[18]. Mass-forming intrahepatic cholangiocar-
cinoma is usually a bulky lesion with infiltrating features 
around the adjacent peripheral branches of  the portal 
vein. On CT and MRI, mass-forming HCCA are usually 
heterogeneous hypovascular masses with rim-like periph-
eral enhancement in the arterial and portal phase and 
delayed enhancement in the equilibrium phase. These 

A

B

Figure 1  Mass forming cholangiocarcinoma. Axial computed tomography 
scan in the portal phase (A) and in delayed phase (B) shows a heterogeneous 
hypovascular mass (arrow) with rim-like peripheral enhancement. The lesion is 
associated with ductal infiltration and biliary dilation.
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enhancement features reflect the nature of  the tumor, 
which is mainly desmoplastic. The bile ducts peripheral 
to the tumor are usually dilated because of  obstruction 
by the tumor.

Intraductal growing cholangiocarcinoma: In intra-
ductal growing cholangiocarcinoma, bile ducts can be 
dilated because of  tumoral obstruction, increased mucin 
secretion or sloughed tumor debris. This pattern of  chol-
angiocarcinoma is frequently found in papillary cholan-
giocarcinomas (Figure 2). On imaging, the involved bile 
ducts are asymmetrically dilated. Typically, an endolu-
minal mass is found in the segment with more intense 
dilatation. Intraductal cholangiocarcinoma is confined in 
the lumen of  the dilated bile duct without direct tumoral 
extension to the surrounding liver parenchyma. This pat-
tern of  spread is radically different from mass-forming 
or periductal infiltrating cholangiocarcinoma that typically 
shows marked infiltration. This is related to the different 
histological patterns of  the tumors. Intraductal growing 
cholangiocarcinoma appears as a nodular, well defined 
mass on CT or MR and typically shows intense enhance-
ment after contrast injection. The mass is confined within 
the bile ducts and therefore there is preservation of  the 
bile duct wall[18].

Periductal infiltrating cholangiocarcinoma: This pat-
tern of  cholangiocarcinoma is frequently found in perihi-
lar cholangiocarcinoma. Periductal infiltrating cholangio-
carcinoma typically shows marked dilatation on imaging 
of  the biliary tree proximal to the tumoral lesion. On CT, 
the involved bile ducts are diffusely narrowed or obliter-
ated. With conventional helical or incremental CT it was 
extremely difficult or impossible to depict the tumor 

mass on imaging studies. However, with the advent of  
MDCT, thin-collimation tumoral periductal involvement 
is almost always detectable. High-resolution CT shows 
tumoral involvement as an irregular periductal thickening 
completely obstructing or narrowing a short segment of  
the biliary tree around the biliary bifurcation or common 
hepatic duct (Figure 3).

Periductal thickening is usually iso-hypo enhancing 
in arterial and portal phases and shows marked enhance-
ment on delayed phase imaging (Figure 4). Occasionally 
periductal thickening may show brisk hyperenhancement in 
the arterial phase, mimicking endobiliary HCC (Figure 5). 
On MRCP, non union of  the right and left hepatic ducts 
is a typical finding of  infiltrating hilar cholangiocarci-
noma.

Differential diagnosis
There is a wide variety of  benign and neoplastic lesions 
at the liver hilum that may cause biliary stricture. In par-
ticular, inflammatory lesions may present with the same 
radiological features as those from malignant tumoral 
causes.

The most frequent benign lesions that may mimic 
cholangiocarcinoma include lymphoplasmacytic cholangi-
opathy (IgG4 sclerosing cholangitis), endobiliary metasta-
ses, endobiliary HCC and Mirizzi Syndrome.

Several studies have noted that approximately 14% to 
25% of  resected patients for cholangiocarcinoma (HCCA) 
prove to have a benign lesion at histopathology[19,20]. Dif-
ferentiation between malignant and benign strictures in 
patients with suspicion of  cholangiocarcinoma is often 
impossible before laparotomy due to overlapping of  ra-
diological and clinical features. In addition, there are no 
specific radiological or laboratory tests that may distin-

A B
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Figure 2  Intraductal growing cholangio-
carcinoma. A: Axial computed tomography in 
the portal phase in a 52-year-old male shows 
a heterogeneously enhancing endoluminal 
lesion with dysmorphic calcifications (arrow). 
Note biliary dilatation upstream; B: Coronal 
thin-slab (echo spacing 4.2 ms, effective echo 
time 183 ms, image matrix 272 x 512, FOV 
385 mm) T2-W sequence shows marked 
dilatation of the common hepatic duct and a 
hypointense endoluminal mass (arrow); C: 
Axial thin-slab (echo spacing 4.2 ms, effec-
tive echo time 183 ms, image matrix 272 x 
512, FOV 385 mm) T2-W sequence shows 
a hypointense filling defect consistent with 
polypoid cholangiocarcinoma in the common 
hepatic duct (arrow).
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guish HCCA from benign proximal bile duct lesions.
Malignant stricture is characterized by bile-duct wall 

thickening greater than 1.5 mm, arterial and venous hy-
perenhancement of  the stricture, and greater extent of  
proximal dilatation compared with benign lesions[21]. Dif-
ferent imaging studies have shown that only one feature, 
vascular involvement, was significantly different in benign 
and malignant lesions[22].

Lymphoplasmacytic cholangiopathy
IgG4-sclerosing cholangitis is considered part of  IgG4 
systemic-related diseases and is commonly associated 
with autoimmune pancreatitis[23]. The occasional absence 
of  pancreatic involvement in these patients has been pre-
viously reported. No strict diagnostic criteria have been 
described to date and diagnosis relies on a combination 
of  clinical and histopathological findings. A typical diag-
nostic feature of  IgG4-sclerosing cholangitis is elevation 

of  serum immunoglobulin G4. IgG4-sclerosing cholangi-
tis shows clinical response to steroid therapy. Prompt ini-
tiation of  steroid treatment in these patients could greatly 
improve outcomes, at least in part by avoiding unneces-
sary surgery. Both the intrahepatic and extrahepatic seg-
ments can be involved by lymphoplasmacytic infiltration 
characterized by transmural fibrosis which may extend to 
the periportal area of  the liver, causing biliary stricture[24]. 

A stricture of  the distal CBD is the most common 
abnormality of  IgG4 sclerosing disease, reported in 
54%-79% cases[25,26]. Associated imaging findings of  au-
toimmune pancreatitis, such as focal or diffuse pancreatic 
enlargement with a peripheral ring of  low attenuation and 
a diffusely narrowed pancreatic duct, are useful features 
in pointing the diagnosis of  autoimmune cholangitis[26]. 

However, accurate preoperative diagnosis of  lym-
phoplasmacytic cholangitis and differentiating this condi-
tion from hilar cholangiocarcinoma is still very difficult 

Figure 3  Periductal cholangiocarcinoma multidetector computed tomography. A: Multidetector computed tomography (MDCT) in the portal phase at the level of 
the hepatic hilus shows an irregular periductal thickening completely obstructing the common hepatic duct consistent with periductal cholangiocarcinoma (arrow). The 
lesion is hypoenhancing in the portal phase; B: Delayed phase MDCT at the same level shows marked hyper-enhancement of the tumoral lesion (arrow).
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Figure 4  Periductal cholangiocarcinoma 
multidetector computed tomography 
and magnetic resonance cholangiopan-
creatography. A: Multidetector computed 
tomography in the portal phase shows peri-
ductal cholangiocarcinoma (arrow) produc-
ing complete biliary obstruction and atrophy 
of the right liver; B: Coronal reconstruction 
shows to a better advantage the scirrhous 
infiltrating cholangiocarcinoma slightly hy-
perenhancing (arrow) and the dilated bile 
ducts upstream; C: Coronal thick-slab (echo 
spacing 8.3 ms, effective echo time 1000 ms, 
image matrix 512 x 512, FOV 350 mm) 
MRCP T2-W sequence in the same patient 
shows marked dilatation of intrahepatic bile 
ducts and a signal void (arrow) at the level 
of the hepatic convergence and common 
hepatic duct consistent with malignant ob-
struction by cholangiocarcinoma; D: Matrix 
(272 x 512, FOV 385 mm) T2-W sequence 
shows marked dilatation of the intrahepatic 
ducts and a narrow stenosis at the hepatic 
bifurcation (arrow).
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because of  the overlapping imaging features of  both 
conditions (Figures 6 and 7). Both HCCA and LC have 
a similar gross macroscopic appearance related to their 
fibrous nature.

Endobiliary metastases: Neoplastic intraductal filling 
defects are usually considered primary intraductal biliary 
neoplasms until they are proved otherwise pathologically. 
Nevertheless, it is also well-known that extrabiliary ma-
lignant tumors, such as lung, breast, gallbladder, colon, 
testis, prostate, pancreas, melanoma and lymphoma, can 
metastasize to the bile duct and manifest as an intraductal 
mass too. When an intraductal lesion is found in a patient 
with extrabiliary malignancy, the presence of  a contigu-
ous parenchymal mass, an expansible nature of  the in-
traductal lesion, and a history of  colorectal cancer may 
suggest the presence of  intraductal metastasis rather than 
double primary intraductal cholangiocarcinoma[27].

However, occasionally endobiliary metastases can be 
isolated without associated liver metastases and only the 
clinical setting may help in the differential diagnosis (Fig-
ure 8).

HCC with endobiliary growth: Obstructive jaundice 
as the main clinical feature is uncommon in patients 
with HCC. Only 1%-12% of  HCC patients present with 
obstructive jaundice as the initial complaint. HCC may 
involve the biliary tract in several different ways: tumor 
thrombosis, hemobilia or endoluminal tumor extension. 
Jaundice in patients with HCC is usually related to dif-
fuse tumoral intrahepatic extension with hepatic insuffi-
ciency. Filling defects in the biliary tree in a patient with 

HCC may be related to blood clots, sludge or intrabiliary 
tumoral growth. In the absence of  gallbladder stones, 
the most frequent cause of  intrabiliary filling defects is 
HCC.

Intrabiliary growth of  HCC shows the same enhance-
ment pattern as the primary tumor and is hyperenhancing 
in the arterial phase with wash-out in portal and delayed 
phases. Occasionally, endobiliary growth of  HCC may 
be found in patients without a definite hepatic mass[28]. 
In that setting, the differential with intraductal growing 
cholangiocarcinoma may be very difficult with imaging, 
although a clinical setting of  chronic liver disease may 
suggest the diagnosis.

Mirizzi syndrome: Mirizzi syndrome is a form of  ob-
structive jaundice caused by a bile duct stone impacted 
in the neck of  the gallbladder or in the cystic duct. The 
stone and surrounding inflammation compress the 
common hepatic duct and results in dilation of  the bile 
ducts upstream[29]. This is a rare complication of  cho-
lelithiasis. An accurate diagnosis is essential for proper 
management of  a patient. From a pathophysiological 
point of  view, Mirizzi syndrome may have two causes. 
In Mirizzi type Ⅰ there is chronic inflammation of  
the gallbladder with marked contraction of  the fibrous 
gallbladder wall that adheres to the common bile duct, 
resulting in fibrous stenosis of  the biliary lumen. In 
Mirizzi type Ⅱ there is a direct cholecysto-biliary fistula 
secondary to direct compression of  large stones on the 
wall of  the common hepatic duct. Imaging reveals di-
lated intrahepatic bile ducts with a normal common bile 
duct. The gallbladder is usually collapsed. The diagnosis 

A B Figure 5  Hypervascular periductal cholangiocarci-
noma. A: Multidetector computed tomography shows 
periductal cholangiocarcinoma with brisk arterial en-
hancement in the arterial phase (arrow); B: Portal phase 
multidetector computed tomography at the same level 
shows mild tumoral enhancement (arrow).

A B Figure 6  Lymphoplasmacytic cholangiopathy multidetector com-
puted tomography. A: Multidetector computed tomography (MDCT) in the 
portal phase shows marked intrahepatic dilatation and marked irregular 
thickening of the common hepatic duct; B: MDCT in the same patient more 
caudally shows abrupt stenosis and obliteration of the bile duct lumen. 
Surgical exploration confirmed lymphoplasmacytic cholangiopathy.
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may be suspected on CT when calcified bile stones are 
detected. However, in most cases stones are radiolucent 
and not detectable with CT. MRCP is the most efficient 
imaging technique in this setting, allowing detection of  
impacted stones at the gallbladder neck with compres-
sion of  the hepatic duct and upstream biliary dilatation. 
The treatment of  Mirizzi’s syndrome may be a simple 
cholecystectomy with or without hepaticojejunostomy 
in case of  fistula.

PREOPERATIVE STAGING AND 
ASSESSEMENT OF RESECTABILITY
Cholangiocarcinoma is one of  the most difficult tumors, 
both to stage and treat. Surgery remains the only cura-
tive treatment for HCCA. However, surgical treatment 
of  this malignant tumor is impaired by the lack of  an 
effective adjuvant treatment. In addition, the specific ana-
tomic location of  these tumors usually involving critical 

A B C

D E

Figure 7  Lymphoplasmacytic cholangiopathy multidetector computed tomography and magnetic resonance cholangiopancreatography. A, B: Coronal re-
constructed and axial multidetector computed tomography in the portal phase show periductal thickening of the common hepatic duct and hepatic bifurcation (arrows); C: 
Coronal thin-slab (echo spacing 4.2 ms, effective echo time 183 ms, image matrix 272 x 512, FOV 385 mm) T2-W sequence shows marked intrahepatic biliary dilata-
tion and an abrupt stenosis of the coronary heart disease and biliary bifurcation (arrows); D: Coronal thick-slab (echo spacing 8.3 ms, effective echo time 1000 ms, im-
age matrix 512 x 512, FOV 350 mm) magnetic resonance cholangiopancreatography T2-W sequence in the same patient shows marked dilatation of intrahepatic bile 
ducts and a signal void in the hepatic bifurcation mimicking Klatskin tumor. Surgical exploration and histological study confirmed lymphoplasmacytic cholangiopathy.

A B C

Figure 8  Endobiliary metastases. Sixty eight-year-old patient with obstructive jaundice. The patient had been operated on for liver metastases of colorectal cancer 
3 years ago (right hepatectomy). A, B: Portal phase computed tomography shows left intrahepatic biliary dilatation (arrowheads) and a solid slightly hyperenhancing 
endoluminal mass in the left hepatic duct; C: Coronal reconstruction shows to a better advantage the fluid density of dilated bile ducts and the solid density of the en-
dobiliary tumor (arrows). Percutaneous fine-needle aspiration biopsy confirmed endobiliary metastasis.

Valls C et al . Radiological diagnosis and staging of hilar cholangiocarcinoma
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vascular structures makes complete resection extremely 
challenging. This is a critical point because long-term 
survival in patients with HCCA depends on complete 
tumor resection. Due to the infiltrative growth pattern 
of  HCCA, thorough preoperative evaluation of  the ex-
tent of  tumor along the biliary tree and major vessels at 
the hepatic hilum is needed in order to plan adequate 
surgical treatment. Initial reports on surgical resection 
of  cholangiocarcinoma involved only patients treated 
with biliary resection with hepaticojejunostomy with 
poor survival benefits[30]. Experience over recent years 
has shown a dramatic increase of  radical surgical pro-
cedures with extended right or left hemi-hepatectomies, 
reporting 5-year survival rates between 25% and 40%[31]. 
In addition, development of  sophisticated preoperative 
imaging techniques with multiplanar, biliary and vascular 
reconstructions has improved the depiction of  both di-
rect radial hepatic invasion and longitudinal intraductal 
extension of  cholangiocarcinoma. The main problem un-
til now has been the poor results of  preoperative staging 
methods in order to separate potentially resectable from 
non-resectable patients and to avoid unnecessary surgical 
procedures, because benefits in terms of  survival are only 
achieved if  the tumor is completely resected.

The cornerstone of  oncological resection in the liver 

is to resect the whole tumor with free margins but still 
leave enough liver to maintain hepatic function. This is 
particularly difficult in HCCA due to its infiltrating na-
ture. Preoperative staging should focus on biliary, vascu-
lar, hepatic, lymph node and extrahepatic extension.

Unresectability criteria generally include liver metasta-
sis, distant lymph node metastasis, bilateral arterial or por-
tal invasion, unilateral vascular invasion and contralateral 
lobar atrophy and distant metastases. Parenchymal inva-
sion is not considered an unresectability criterion because 
a right or left hepatectomy can be performed. Bismuth 
stage Ⅳ is also not always considered an unresectability 
criterion because with an extra-Glissonian approach and 
hepatectomy some lesions can be safely resected.

Longitudinal extension of cholangiocarcinoma: Biliary 
staging
Biliary extension is usually assessed with MRCP. MRCP 
can confidently classify cholangiocarcinoma according to 
the Bismuth-Corlette Classification in stagesⅠ, Ⅱ, Ⅲa, 
Ⅲb and Ⅳ (Figure 9). StageⅠ includes tumor confined 
to the common hepatic duct. Stage Ⅱ includes tumor in-
volving the confluence of  the right and left hepatic ducts 
without proximal biliary involvement. Stage Ⅲa includes 
tumor involving the confluence of  the right and left he-
patic ducts with proximal extension to the confluence 
of  the anterior and posterior right segmental bile ducts. 
Stage Ⅲb includes tumor involving the confluence of  the 
right and left hepatic ducts with proximal extension to 
the confluence of  bile ducts for segments Ⅳ and Ⅱ-Ⅲ.

Bismuth stage Ⅳ includes tumor involving the con-
fluence of  the right and left hepatic ducts with proximal 
extension to both secondary confluences of  the right and 
left hepatic ducts.

In the paper by Maselli et al[32], fifteen patients with hi-
lar cholangiocarcinoma underwent radical surgery and pre-
operative MR imaging. MRCP and gadolinium-enhanced 
dynamic T1-W images were correlated with surgical find-
ings in the evaluation of  the extent of  biliary infiltration 
according to the Bismuth-Corlette classification.

Radiological-pathological correlation disclosed that the 
assessment of  the bile duct stenosis by MRCP alone was 
correct in 80% of  the patients (12/15). MRCP underesti-
mated tumor spread in two patients who were considered 
preoperatively type Ⅱ and type ⅢA and turned out to be 
type ⅢA and Ⅳ respectively at surgical exploration.

MRCP overestimated the neoplastic biliary extent in 
another patient who was considered type Ⅲa preopera-
tively and was proven to be type Ⅱ at histology. Overall 
accuracy for MRCP to classify tumor according to the Bis-
muth Classification was 80%. In the series by Lee et al[33], 
longitudinal biliary involvement was accurately predicted 
with MDCT in 84% of  the patients. 

Radial extension of cholangiocarcinoma: Vascular 
staging
Vascular extension is either assessed with MDCT or gad-
olinium-enhanced dynamic MRI. Accurate preoperative 
assessment of  HCCA requires thorough evaluation of  

Ⅰ Ⅱ

Ⅲa Ⅲb

Ⅳ

Figure 9  Bismuth-Corlette classification.
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the hepatic artery (right, left and common hepatic artery) 
and portal veins (right, left and main portal vein) (Figures 
10 and 11).

MDCT and MRCP are useful techniques to delineate 
the extent of  the tumor and to rule out vascular inva-
sion and locoregional lymph node extension. Helical CT 
should be performed to rule out liver and lymph node 
metastasis as well as vascular encasement but proximal 
tumor extent along bile ducts is often underestimated. 

On the other hand, helical CT also plays a key role 
in the management and staging of  cholangiocarcinoma. 
HCT allows assessment of  tumor spread to the liver or 
regional lymph nodes, as well as arterial or portal involve-
ment

[15]
. Previous results of  conventional CT in the diag-

nosis and staging of  hilar cholangiocarcinoma have been 
limited. The advent of  helical technology has dramatically 
improved the results of  CT in the detection and diagnosis 
of  Klatskin tumors, although its ability to perform an ac-
curate staging is still limited. In the series by Tillich et al

[15]
, 

HCT correctly detected all hilar cholangiocarcinomas 
using a biphasic technique. However, its overall accuracy 
for predicting resectability was only 60%. In a study by 
Cha et al

[34]
,
 
21 patients with perihilar cholangiocarcinoma 

were studied with MDCT. CT correctly detected that 
the tumor was unresectable in 8 cases (PPV: 100%), due 
to vascular involvement in 8 cases and distant lymph-
node metastases in 1 case. However, in 12 patients with 
suspected resectable disease by CT, 6 cases turned out to 

be unresectable (NPV: 50%), although none of  them was 
related to vascular invasion (lymphadenopathy, metastasis, 
intraductal extension and anatomic variants).

In Maselli’s series[32], MRI correctly predicted vascular 
involvement in 73% of  the cases. MR correctly showed 
arterial involvement in 88% of  the cases (8/9) and had 
false positive findings in 12% (1/9). Portal invasion was 
correctly assessed in 73% of  the cases (11/15) and un-
derestimated in 20% of  the cases (3/15). In 7% of  the 
patients (1/15), portal vein invasion was overestimated 
and not confirmed by histology.

In the series by Lee et al[33], the accuracy of  MDCT in 
the prediction of  portal vein and hepatic artery invasion 
was 85.5% and 92.7% respectively. Overall accuracy of  
resectability was 74.5%.

In Chryssou’s series[35], preoperative dynamic MRI 
with gadolinium was fully concordant with surgical 
data in the assessment of  tumoral invasion in 77% of  
the veins studied (63/82) and in 58% (43/74) arter-
ies. Concordance was better concerning the assessment 
of  venous invasion but several cases with discordance 
were reported in that series. MRI showed no tumoral 
involvement in 5 cases but surgical exploration suggested 
tumoral infiltration. These veins were resected but final 
histological study showed no tumor infiltration.

In addition, only 60% of  the veins with suspected tu-
mor infiltration on MR and survival exploration showed 
definite microscopic wall invasion at histological study. 
However, those lesions would probably not have been 

A

B

Figure 11  Portal infiltration of cholangiocarcinoma. A: Axial computed to-
mography in the portal phase shows a periductal mass in the portal confluence 
(arrowheads) producing biliary dilatation (arrows); B: The mass extends crani-
ally and shows encasement and infiltration of the left portal vein.
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Figure 10  Liver infiltration of cholangiocarcinoma. A: Coronal reconstruct-
ed multidetector computed tomography shows a periductal mass at the hepatic 
confluence consistent with cholangiocarcinoma (arrow); B: Axial computed 
tomography of the same patient shows a hypoenhancing mass involving the 
liver parenchyma and hilar vessels (arrow) consistent with tumoral infiltration by 
cholangiocarcinoma.
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resectable without vascular resection.
Some surgical studies[36] have reported that tumoral 

involvement of  portal veins may be overestimated by sur-
gical exploration compared with histology because there 
was no adventitial tumoral invasion. These studies reflect 
the challenges of  vascular staging of  hilar cholangiocar-
cinoma. In most cases, there is close contact between 
the tumor and the venous or arterial structure and it is 
difficult to determine if  it is invaded or not. In our expe-
rience, only complete tumor encasement (tumor contact 
with the vessel of  more than 50%) is an adequate sign 
to predict tumor invasion. Despite the fact that in some 
cases the wall of  the vein is actually not invaded micro-
scopically by tumor, the fact is that the tumor cannot be 
resected without resecting the vessel. In cases of  minor 
tumoral abutment, the patient should not be considered 
unresectable and surgery should be performed.

In Chryssou’s series[35], 80% of  non-stented patients 
with tumor-to-portal vein contact of  more than 90% but 
without stenosis on MR had invasion of  the adventitia 
confirmed histologically. This may be a useful criterion 
for predicting invasion of  the portal vein or its segmental 
branches in non-stented patients. In the same series[35], 
the excellent correlation between MRI and surgery was 
associated with a weaker correlation between MRI and 
pathology. These results reflect that both MRI and sur-
gery have limitations in differentiating true microscopic 
invasion from adherent perivascular fibrosis. This kind 
of  fibrosis is especially frequent in patients with previ-
ous biliary drainage because at the hepatic hilus there is 
close anatomic contiguity between the vessels and the 
biliary tree. Therefore, in patients with suspected perihilar 
cholangiocarcinoma it is critical that biliary intervention 
should be avoided before an adequate preoperative stag-
ing is performed. Invasion of  adjacent liver parenchyma 
is also critical in order to assess resectability of  cholan-
giocarcinoma. In mass forming cholangiocarcinoma, 
parenchymal infiltration is readily seen because tumor 
has an eccentrical location related to bile ducts. However, 
in periductal cholangiocarcinoma, parenchymal infiltra-
tion may be subtle and high-resolution thin collimation 
scanning is needed. Imaging with MDCT or MRI shows 
a hypovascular infiltrating tumoral mass growing beyond 
the duct and invading the adjacent liver parenchyma. In 
Masseli’s series[32], MRI accurately showed a local paren-
chymal invasion in 80% of  the patients (Figure 12).

Distant extension of cholangiocarcinoma: Distant 
staging
Different imaging techniques are currently used for the 
preoperative staging of  hilar cholangiocarcinoma. How-
ever, accurate staging remains a challenge. Distant staging 
is usually performed with CT or MR at the same time as 
doing local vascular and biliary staging, yet most evidence 
is available from CT. Although the quality of  imaging has 
improved in recent years, a substantial proportion of  tu-
mors are still found to be unresectable during laparotomy 
despite extensive pre-operative work and only 50% of  
the tumors surgically explored are eventually resectable[31]. 

Recently, with the advent of  functional imaging such 
as positron emission tomography computed tomography 
(PET-CT) that allows the study of  the whole body, the 
need for additional imaging in patients with cholangio-
carcinoma has arisen, in order to rule out distant metas-
tases before radical treatment. The utility of  18F-fluo-
rodeoxyglucose (FDG) positron emission tomography 
(PET scan) in the diagnosis and staging of  HCCA is un-
certain. Anderson et al[37] showed that PET can accurately 
detect nodular cholangiocarcinomas as small as 1 cm with 
a sensitivity of  85%. However, infiltrating tumors which 
are more frequent are only detected in 18% of  the cases. 
The addition of  PET-CT changed the initial management 
in 30% of  the cases by detecting unexpected distant me-
tastasis. This study is relatively old and the results should 
be interpreted cautiously, especially in patients with PSC 
or biliary stents in place.

In a recent meta-analysis by Ruys et al[38], data of  
the literature concerning diagnosis and staging of  hilar 
cholangiocarcinoma during the period 1966-2011 were 
reviewed. The initial search yielded 766 articles but only 
16 papers, which included 448 patients, met the inclusion 
criteria and were actually analyzed. Most data concerned 
CT as the primary diagnostic tool and therefore compari-
son with MRI and PET-CT was not possible. Only data 
on CT were sufficient for pooling the findings. Pooled 
accuracy of  CT for assessment of  ductal extent of  the 
tumor was 86%, whereas pooled sensitivity and specific-
ity for assessment of  portal vein involvement was 89% 
and 92% respectively. Pooled sensitivity and specificity 
in the assessment of  hepatic artery tumoral involvement 
was 84% and 93% respectively. Concerning regional 
lymph node metastasis, pooled sensitivity and specificity 
were 61% and 88%. Only one study that met the inclu-
sion criteria reported the results of  PET-CT for the as-
sessment of  lymph node metastasis with a sensitivity and 
specificity of  42% and 80%, respectively[39].

Concerning distant metastases, the results of  the me-
ta-analysis are somewhat limited because only one study 
reported on the sensitivity and specificity of  incremental 
non helical CT on metastasis (67% and 94% respectively). 

Valls C et al . Radiological diagnosis and staging of hilar cholangiocarcinoma

Figure 12  Arterial infiltration of cholangiocarcinoma. Multidetector com-
puted tomography in the arterial phase shows a periductal mass in the hepatic 
hilus completely surrounding the right hepatic artery consistent with tumor infil-
tration.
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The same study reported a sensitivity and specificity of  
56% and 88%, respectively for PET/CT in the detection 
of  distant metastasis. The series by Ruys et al[40] evaluated 
retrospectively the additional value of  FDG-PET/CT 
in staging of  hilar cholangiocarcinoma after extensive 
conventional preoperative work-up with CT or MR. 
The primary tumor was 18F-FDG-positive in 88% of  
patients. However, all benign lesions in the series were 
also FDG-positive. Sensitivity and specificity for the 
detection of  regional lymph node metastases and dis-
tant metastases were 67% and 68%, and 33% and 96%, 
respectively.

To summarize, the data in the literature concerning 
accuracy of  imaging techniques in the diagnosis and stag-
ing of  hilar cholangiocarcinoma are still very limited and 
most studies have important methodological limitations 
precluding direct head-to-head comparison of  different 
imaging modalities. The only evidence available concerns 
staging with CT, which has acceptable accuracy for both 
longitudinal and radial staging, with sensitivity and speci-
ficity ranging between 84% and 90%. 

However, no solid evidence is available concerning 
distant staging. The sensitivity of  CT regarding lymph 
node involvement seems to be low (61%) but this is 
probably not very relevant in the planning of  surgical 
resection since lymphadenectomy is systematically per-
formed in these patients. There are still no solid data 
concerning the results of  the different imaging modalities 
in the distant staging of  hilar cholangiocarcinoma.
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