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Abstract

Hilar cholangiocarcinoma is a common malignant tumor of the biliary tree. It has poor prognosis with very low 5-year survival rates. Various imaging modalities are available for detection and staging of the hilar cholangiocarcinoma. Although ultrasonography is the initial investigation of choice, imaging with contrast enhanced computed tomography scan or magnetic resonance imaging is needed prior to management. Surgery is curative wherever possible. Radiological interventions play a role in operable patients in the form of biliary drainage and/or portal vein embolization. In inoperable cases, palliative interventions include biliary drainage, biliary stenting and intra-biliary palliative treatment techniques. Complete knowledge of application of various imaging modalities available and about the possible radiological interventions is important for a radiologist to play a critical role in appropriate management of such patients.We review the various imaging techniques and appearances of hilar cholangiocarcinoma and the possible radiological interventions.
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INTRODUCTION

Cholangiocarcinoma (CC) is a malignant tumor of the biliary tree, originating from the bile duct epithelium. It is the second most common biliary tract malignancy, after carcinoma of gall bladder and second most common primary hepatic malignancy after hepatocellular carcinoma. The occurrence of the disease is increasing worldwide with an incidence of 1-2/100000[1]. The symptoms at presentation are mostly non-specific and occur late in the course of the disease. Further, hilar massesinvade adjacent vascular structures early and curative surgery is possible in less than half of the cases[2]. The tumorhas very poor prognosis with 5-year survival of about 5%[3]. Hence, early diagnosis and curative surgery is needed to improve survival in these patients. We describe the various imaging modalities used in the diagnosis of CC and its appearances in these modalities. We further discuss various interventional radiological procedures playing role in management of patients with CC.

Cholangiocarcinoma can arise from any part of the biliary tree and depending on the location, they have been classified in to three types -peripheral CC (or intrahepatic CC), hilar CC (or Klatskin tumor) and distal CC[4]. Hilar CC is the most common variety forming about 40%-60% of all cases; distal CC forms 30%-42% and intrahepatic CC forms 5%-10%[5,6]. Intrahepatic CC typically arise from beyond second order bile ducts whereas distal CC arise from extrahepatic common bile duct. Bismuth has classified hilar cholangiocarcinoma into four types depending on the location and extent of involvement bile ducts[7]. Involvement of common hepatic duct (CHD) alone is defined as type 1, involvement of CHD and primary biliary confluence (PBC) as type 2, involvement of CHD, PBC and right or left hepatic ducts as type 3a or 3b respectively and involvement of CHD, PBC and both hepatic ducts or multifocal tumor as type 4.

Hilar cholangiocarcinoma (HiCC) is the most common anatomical type of CC. Although it can involve both intrahepatic and extrahepatic bile ducts, it is considered as a type of extrahepatic CC according to WHO classification[8]. The tumor may arise from primary biliary confluence, right or left hepatic ducts, secondary biliary confluence or distal second order bile ducts (which together form the hilum) (Figure 1)[9]. Although, the lesion is mostly extrahepatic, it may also extend intrahepatically and thus some use the term perihilar CC for the same.Macroscopically, HiCC has been classified into three types based on the growth pattern on gross specimen[10]. They include nodular, periductal infiltrating and papillary types, of which the periductal infiltrating variety is the most common type (Figure 2). The nodular type begins as a small mucosal nodule and grows beyond the walls of the bile ducts to form a mass[11]. The bile duct is obstructed at an early stage. Periductal-infiltrating type grows along the walls of the bile ducts causing its thickening and irregular luminal narrowing. Associated desmoplastic reaction may show smooth stenosis of the bile ducts adjacent to the tumor. Papillary tumor arises as a mucosal polypoidal or sessile lesion remains limited to the bile duct wall till late stages. This variety has better prognosis compared to the other two types. Histologically, about 90% of HiCC are adenocarcinomas, which range from well differentiated to poorly differentiated glands[9]. Microscopically, the tumor consists of glands or tubules with fibrous stroma and inflammatory cells. Perineural, perilymphatic and perivenous invasion may be seen, of which the former is characteristic.
CLINICAL FEATURES

Due to the location of the tumor, even small masses produce biliary obstruction at an early stage and most patients present with obstructive jaundice. Other symptoms at presentation include anorexia, weight loss, right upper quadrant pain and pruritus. Patients may present with high-grade fever asso​ciated with chills and rigorsdue to cholangitis. Vari​ous risk factors predispose to the development of CC. These include primary sclerosing cholangitis, hepatolithiasis, liver fluke infection (Opisthorchis viverrini and Clonorchis sinensis), choledochal cyst and inflammatory bowel disease[12]. Hepatitis B and C viruses have also been associated with increased risks of CC.

RADIOLOGICAL IMAGING

Imaging evaluation of HiCC is very important for accurate staging of the tumor and possible curative surgical resection. Assessment of longitudinal and extra-ductal extent of the tumor is critical as it defines treatment planning. However, varying morphologies of HiCC may result in over or under​estimation of the tumor extent along the ducts and result in failure of curative treatment[13]. Local extension of the tumor which suggest non-resectability on imaging include involvement of bilateral secondary biliary confluence, portal vein of one lobe and hep​atic artery of other lobe, proper hepatic artery, main portal vein, hepatic artery or portal vein of one lobe with atrophy of other lobe. Ultrasonography, computed tomography (CT) and magnetic resonance imaging (MRI) are the most common non-invasive imaging modalities which are used in the diagnosis and staging of HiCC. Other less commonly used techniques are invasive and include percutaneous transhepatic cholangiography (PTC) and endoscopic retrograde cholangiography (ERC).

ULTRASONOGRAPHY

Sonography is the initial investigation which is performed in most patients presenting with obstru​ctive jaundice or abdominal pain. In addition to detection of CC, it helps in excluding other causes of obstructive jaundice, primarily gall stones. The most common finding is dilatation of intrahepatic bile ducts[14]. The union of right and left hepatic ducts is usually not visualized. At the site of obstruction, tumormay be seen with the currently available equipments. The primary tumor is most commonly isoechoic on ultrasonography (USG) (65%), but may be hypoechoic (21%) or hyperechoic (15%) (Figure 3)[15]. Thenodular and papillary varieties can be seen as ill-defined lesions at the primary biliary confluence. The infiltrating variety may be seen as irregular isoechoic wall thickening of the right or left hepatic or proximal common hepatic ducts (Figure 3C). Lobar atrophy is a less common finding and is suggested by crowding of the dilated ducts and smaller size of the lobe (Figure 3D). This occurs when there is dominant involvement of one duct than the other. Lobar atrophy is seen in about 14% of patients with CC[16]. Sonography also helps in evaluation of vascular structures, regional nodes and liver.The accuracy of lesion detection on USG is about 82% and the sensitivity and specificity of portal vein involvement is 75%-83% and 93%-100%, respectively[15,17]. USG has low accuracy for hepatic artery involvement. Contrast enhanced USG is an additional technique which can be performed in arterial, venous and delayed phases for better visualization and characterization of the tumor[18,19]. Administration of USG contrast agents variably improves detection of primary lesion, the sensitivity of which may reach up to 100%[20].
Endoscopic ultrasonography (EUS) is a technique where a high-frequency ultrasound probe is attached to the end of the endoscope. This helps in better visualization of hilar masses through stomach or duodenum[21]. The benefits of EUS include no inter​ference due to bowel gas (as seen with trans-abdominal USG), better visualization of mass and loco-regional lymph nodes and ability to obtain fine needle aspiration (FNA) or biopsy from the mass and nodes. The sensitivity and specificity of EUS in diagnosing and staging cholangiocarcinoma is 94% and 85% respectively[22]. The diagnostic sensitivity and specificity of EUS with the use of FNAC for suspected HiCC is 89% and 100% respectively[23]. Intraductal USG (IDUS) is another technique of using a high-resolution USG probe through either ERC or percutaneous transhepatic biliary drainage (PTBD) route[24]. Hilar lesions are seen as hypoechoic masses around the biliary channels with irregular outline. This technique, when used with ERC has a sensitivity and specificity of 90% and 93%[25]. However, visualization of deeper structures like vessels and nodes is difficult.

CT

CT scan is the most common widely used modality used for detection and staging of HiCC. Multidetector CT (MDCT) scan offers excellent spatial resolution and fast scanning and optimally depicts relation of the tumor with hepatic artery and portal vein[26,27]. Multiplanar reformats (MPR) and maximum and minimum intensity projections are useful in accurately demonstrating ductal and vascular invasion (Figure 4). MDCT has an accuracy of about 86% in assessment of ductal extent of HiCC[28]. The sensitivity and specificity of MDCT in evaluation of portal vein, hepatic artery and lymph node involvement are 89% and 92%, 84% and 93%, and 61% and 88%, respectively.
The routine protocol for performing a CT scan in patients with suspected HiCC includes an arterial phase (25-35 s after beginning of contrast injection), portal venous phase (70-80 s) and delayed phase (180 s). Oral contrast is usually neutral or negative. Positive oral contrast is not given as it interferes with formation of MPRs. The arterial phase, dem​onstrates involvement of arteries (importantly main, right or left hepatic artery) by the tumor and also any variations in the arterial anatomy, which is useful for the surgeon.Portal venous phase reveals involvement of main portal vein or its first order branches. Further, this phase also better demonstrates primary tumor, liver metastases and extrahepatic spread (nodes, peritoneum) (Figure 5)[29]. Delayed phase is useful in demonstration of primary mass which shows enhancement in delayed phase due to its scirrhous nature (Figure 6)[30]. Oblique and curved MPRs show involvement of biliary tree and vessels better than the axial images and improve diagnostic accuracy[29]. An additional and important role of MDCT is in assessment of volume of future liver remnant (FLR) prior to surgery. The volume of FLR can be calculated either automatically or manually (Figure 7). Depending on the FLR volume in relation to body weight, either surgery can be planned directly or portal vein embolization may be performed to increase its volume. MDCT cholangiography without administration of biliary contrast agent can be done with volume rendering after adjusting the rendering parameters[26]. This technique has a sensitivity and specificity of about 94% each in diagnosis of malignant biliary obstruction.

Nodular or mass-forming CC typically show thick irregular peripheral or heterogeneous enhancement in the arterial phase images with gradual centripetal enhancement in portal venous and delayed phase images (Figure 8)[31]. However, very often the mass is small and may be difficult to visualize. Periductal infiltrating lesions typically show wall thickening and enhancement, which may completely obliterate the lumen. The lesion is usually hypoenhancing and may show enhancement in the delayed phase(Figure 9); occasionally it can enhance in arterial phase[30]. Intraductal papillary lesions show single or multiple intraluminal polypoidal soft tissue which show contrast enhancement and distend the lumen of the bile duct (Figure 10). Extension beyond the bile duct wall and lymph node involvement is uncommon. In addition to the primary lesion, CT scan also shows dilatation of the bile ducts upto the lesion and atrophy or hypertrophy of the lobes or segments (Figure 11). As with any other malignant tumors, vascular invasion is suggested by the presence of soft tissue encasing the vessel, large area of contact, narrowing of the calibre and complete luminal obstruction (Figure 12).

MRI

Magnetic resonance cholangio-pancreatography (MRCP) is a heavily T2-weighted sequence used for demonstration of biliary channels and is as accurate as ERCP[32]. Its advantages over ERCP include its non-invasiveness, its ability to visualize ducts proximal to the obstruction and better visualization of the mass and non-requirement of contrast. Thin sections of MRCP and 3D-MRCP sequence further improve accuracy of lesion demonstration. MRI with gadolinium based contrast agents accurately depicts the mass, local extension, vascular involvement and regional metastases[13,33]. The benefits of MRI over CT scan include no radiation, higher soft tissue contrast which helps in better demonstration of tumor extent and better demonstration of biliary tree. MRI has its own share of limitations including longer acquisition times, motion artifacts, lower spatial resolution and lower accuracy in the presence of stents[29]. The accuracy of MRI with MRCP in the prediction of involvement of biliary confluence, hepatic artery, portal vein and lymph node is 89%, 86%, 96% and 74%, respectively[13].

Routine evaluation requires MRCP and MRI with contrast in multiple phases, similar to that of multiphase CT scan. On MRCP, the lesions cause irregular narrowing of the bile ducts, with or with​out obstruction, asymmetric luminal narrowing, abrupt luminal narrowing and as intraluminal filling defects (Figure 13). The appearance of the three morphological types of HiCC on contrast enhanced MRI is similar to that seen on CT scan (Figures 14 and 15). As in CT scan, the lesion shows peripheral or heterogeneous arterial enhancement with gra​dually increasing enhancement in the venous and delayed phases. Enhancement of ductal wall and periductal infiltration is often better seen on MRI than on CT scan due to inherent higher contrast resolution of MRI. Diffusionweighted imaging (DWI) is useful in detecting smaller lesions (Figure 16). The b-values routinely used are 0, 500 and 800 s/mm2. The technique has higher sensitivity and accuracy than MRI in detection of lesions and has high positive predictive value[34]. Some inflammatory and benign lesions may mimic HiCC on MRI, but short segment involvement, irregular margins,asymmetric narrowingand diffusion restriction on DWI may point towards HiCC[35]. The presence of stent affects evaluation of the tumor due to difficulty in assessing the level of obstruction as the bile ducts are deco​mpressed after stenting and due to secondary sub-clinical cholangitis which cause wall thickening (Figure 17). Thus, imaging should be done prior to biliary decompression for accurate evaluation of the tumor.

POSITRON EMISSION TOMOGRAPHY CT

Cholangiocarcinomas express glucose transporter in higher concentration and take up 18Fluoro-deoxy Glucose (FDG). The sensitivity of detection depends on the morphological type and location of the tumor with lower rates of sensitivity seen in infiltrating types and extrahepaticcholangiocarcinoma[36]. Nodular lesions show better uptake but infiltrating lesions are seen as streak-like uptake, which is sometimes difficult to detect. In the detection of primary tumor, FDG positron emission tomography CT (PET-CT) has a sensitivity, specificity and accuracy of 84%, 79% and 83%, respectively[37]. However, for HiCC, sensitivity of PET-CT is lower than CT scan[38]. Hence, routine use of PET-CT does not offer advantage over CT scan or MRI in the detection of HiCC. However, it has higher accuracy in the detection of metastatic regional lymph nodesand distant sites than other imaging modalities.
DIRECT CHOLANGIOGRAPHY

PTC and ERC are invasive techniques which involves injection of contrast directly into the bile ducts[29]. In PTC, the dilated bile ducts are directly punctured under fluoroscopic or USG guidan​ce through transhepatic route and contrast is injec​ted antegradely to define the level and type of obstruction (Figure 18). In ERC, the duodenal ampulla is canulated endoscopically and contrast is injected retrogradely to fill the bile ducts distal to the obstruction; proximal ducts may be visualized if obstruction is partial. Presence of short segment involvement, irregular stricture, asymmetric narrowing and nodularity suggests malignancy. Nodu​lar type is usually seen as complete obstruction at primary biliary confluence[39]. Short segment irregular or smooth narrowing is seen in case of periductal infiltrating variety and polypoidal or plaque like filling defect in case of papillary type of HiCC. Additional benefits of PTC and ERCP include drainage of the obstructed system and ability to obtain brush cytology/biopsy.

Cholangioscopy is a technique of direct visuali​zation of the tumor either thorough ERC route or PTBD route. It can help in differentiation of benign and malignant biliary strictures on the basis of presence of nodularity and irregularity of the mucosa and mucosal vessels[40]. It has good accuracy in detection and evaluation of extent of HiCC which can be improved with the use of biopsy. 

CLASSIFICATION AND STAGING

Bismuth-Corlette classified cholangiocarcinoma based on the longitudinal extent of the tumor[41]. MRCP has high accuracy in classification of HiCC with an accuracy of 95% when compared to findings at surgery[42]. The classification has been described in Table 1. This classification alone is not sufficient for assessing resectability of the tumor as it does not define lateral extension and it has little prognostic value[43].

American Joint Committee on Cancer uses TNM classification for staging HiCC which is useful for selecting surgical candidates[44]. “T” stands for primary tumor stage, “N” for nodal disease and “M” for metastases. The classification is as follows: (1) T stage: T1 - Tumor confined to bile duct, T2 - Tumor extending beyond the bile duct, this is further divided into T2a where there is involvement of periductal fat and T2b where there is involvement of adjacent liver, T3 - Tumor involving unilateral portal vein or hepatic artery branches, T4 - Tumor involving one lobar portal vein branch and other lobar hepatic artery branch, main portal vein or common hepatic artery, second order bile ducts; (2) N stage: N0 - No lymph node involvement, N1 - Regional lymph nodes involvement (periductal or periportal nodes), N2 - Retroperitoneal nodes involvement; (3) M stage: M0 - No distant metastasis, M1 - Distant metastasis; and (4) Stages: Ⅰ - T1 N0 M0, Ⅱ - T2a-b N0 M0, ⅢA - T3 N0 M0, ⅢB - T1-3 N1 M0, IVA - T4 N0-1 M0, ⅣB - Any T N2 M0 or Any T Any N M1.

Imaging with multiphase CT scan and/or contrast enhanced MRI is helpful in accurately staging HiCC[28]. Staging laparoscopy may rarely be needed when imaging findings are inconclusive.

RADIOLOGICAL INTERVENTIONS

Various radiological interventions are available in the management of HiCC, which could be either pre-operative (prior to definitive surgery) or palliative (in inoperable cases). Often the tumors are un-resectable at the time of presentation and palliation is the only treatment possible to improve patients’ quality of life[2]. The main aim of palliation is to create a communication between the biliary system and small intestine to allow physiological drainage. This procedure reduces pain and relieves biliary obstruction and thus significantly decreases the incidence of cholangitis and prepares the patient to receive chemotherapy. If it is done as a pre-operative procedure, it improves the liver function so that the patient can be treated surgically[45]. 

Several safe and effective percutaneousradiological interventions are available in the management of HiCC. Although endoscopic drainage has the advan​tages of causing less pain, absence of an uncomfortable external drainage tube and less risk of biliary peritonitis, its success rate in too high obstructions is less and hence percutaneous technique is preferred[46]. Cholangitis is seen in significantly higher number of patients as compared to percutaneous intervention as some of the obs​tructed ducts may not be drained[45]. Various radiological interventional procedures include PTBD, biliary stenting (BS), intrabiliary tumor therapyand portal vein embolization (PVE). After the initial imaging, optimal further management is planned at the gastrointestinal-radiology meeting involving surgeons, gastroenterologists and radiologists.

PTBD

PTBD is the most common and well established interventional procedure performed in the mana​gement of HiCC. This is done either as a pre-oper​ative procedure to improve liver functions or as a palliative procedure. Drainage of a single lobe (or atleast 20% of liver parenchyma) is sufficient to relieve jaundice and improve liver functions[47]. The primary biliary confluence is most often blocked in patients with HiCC and draining either the right or left lobe is adequate. The factors determining the selection of lobe to be drained are the size of the lobe and involvement of secondary biliary confluence. Prior imaging plays a crucial role in assessing the extent and severity of biliary dilatation and location of stricture. The larger lobe and one with patent secondary biliary confluence is preferred to allow maximum drainage. However, any dilated system could be a source of infection due to sta​sis and an attempt must be made to drain it, espe​cially if it is infected. When unilateral drainage, which has lower incidence of complications, is planned, cholangiogram must be carefully done to avoid filling of the non-drainable biliary system and thus subsequent infection[48]. If the primary biliary confluence is patent, either left or right sided drainage can be done depending on the local practice, patient comfort and radiologist’s expertise. Bilobar or multiple system drainage may also be done. In cases where there is atrophy of a lobe due to chronic biliary obstruction, the system may not need drainage as improvement in liver function is unlikely[49]. But it needs drainage if this lobe is the source of cholangitis. No absolute contraindication exists for PTBD. Relative contraindications include bleeding diathesis, contrast allergies and ascites.

Prior to the procedure, patient preparation is needed. This includes correction of coagulation profile, if deranged and administration of a dose of broad spectrum antibiotic. Ascites should be drained before PTBD. The segmental duct (preferably segment 3 for left sided and segment 6 for right sided drainage) is punctured, using ultrasonography as guidance. The puncture needle is exchanged for a dilator over a guidewire, and check cholangiogram is performed to define the biliary anatomy (Figure 24A). Subsequently a guidewire is manipulated across the stricture following which the tract is dilat​ed and an 8.3 F internal-external drainage catheter (Ring biliary catheter, Cook, Bloomington, IN) is placed across the stricture (Figure 24B). In cases where there is difficulty in crossing the stricture, an external drainage catheter is placed in situ (Figure 24C) and internal drainage is attempted two-four days later. This approach often helps in reducing the inflammation and edema and increases the chances of negotiating the stricture. Küçükay et al[50], in their study (n = 256) on percutaneous treatment of malignant biliary obstructions found that suprahilar lesions and lesions with flat or ovoid shape had higher failure rates. They suggested that an external drainage should be done after five unsuccessful attempts of internal drainage. Mueller et al[51], reported easier catheterization of a stricture in a delayed second session due to straightened course of the guide wire directing into the lumen by decreased duct calibre above the obstruction, resolution of reactive edema at the site of obstruction and development of a tract around the catheter enabling the use of large-caliber catheters. An additional advantage of PTBD is the ability to obtain endobiliary tissue sample for histopathology using brush (for cytology) or forceps (for biopsy)[52]. 

BILIARY STENTING

Biliary stenting is done in inoperable cases as a palliative measure. It can be done as a primary procedure or after PTBD. In primary stenting, once the stricture is crossed with guide-wire, stent can be deployed over the guide-wire across the obstruction. This reduces the incidence of procedure related complications compared to stenting done after PTBD[53]. Self-expandablemetallic stents are preferred. Metallic stents have higher patency rates, lower overall cost and shorter hospital stay than plastic stents (Figure 25)[54]. Pre-stent balloon dilatation is usually avoided as it increases the risk of bleeding[53]. The stent usually expands completely within 24-48 h and allows decompression of the biliary tree. If it does not adequately expand after 48 h, balloon dilatation of the stent may be done subsequently for adequate drainage. For masses involving the primary biliary confluence, two metallic stents (right and left side) can be placed in “Y” shape to drain both the systems (Figure 25B).

The biliary stent may get blocked by internal biliary sludge or by the tumor. Tumor ingrowth occurs when the tumor grows into the stent lumen through the gaps between the struts of the stent. This may be dealt with endoscopically or percutaneously. Endoscopic placement of plastic stent through the blocked primary stent is often successful[55]. Otherwise, percutaneous intervention in the form of balloon dilatation or placement of a smaller calibre coaxial stent or ring biliary catheter is done (Figure 26)[55]. Use of covered metallic stents prevents tumor ingrowth and thus improves stent patency rates and reduces the incidence of re-intervention[56]. Progression of the tumor may result in involvement of more proximal ducts and the stent may become ineffective. Such cases may need further drainage which is often is difficult to achieve. Stent migration, a very rare complication, may require repeat procedure. 

INTRA-BILIARY PALLIATIVE THERAPY

Intra-biliary brachytherapy or photodynamic therapy prior to stenting improves the life expectancy of patients with HiCC and also stent patency[57]. The primary advantage of intraluminal brachytherapy over external beam radiotherapy is that higher doses of irradiation can be given without damaging adjacent normal tissues[58]. This procedure is usually done through PTBD route, preferably after metallic stent placement. The iridium-192 strands are intraluminally placed at the site of the tumor or stricture through PTBD catheter. Chen et al[59], found 98% success rate of intraluminal brachytherapy using Iridium-192 in 34 patients of malignant bilia​ry obstruction and concluded that intraluminal brachytherapy is a safe palliative therapy and imp​roves patient survival. In photodynamic therapy, a photosensitizer is injected intravenously followed by application of light to the tumor, endoscopically or through PTBD route. The photosensitizer interacts with the light releasing free radicles and causing cell death. Lee et al[60] in their study (n = 33) found that photodynamic treatment prior to metallic stenting resulted in significantly longer stent patency and longer survival, with low risk of complications (17%). 

RADIOFREQUENCY ABLATION

Radiofrequency ablation (RFA), a technique which causes coagulation necrosis of tissue, is well known in the treatment of hepatic tumors. Its use as a palliative procedure in unresectable HiCC has prod​uced promising results[61]. The procedure can be done either through transhepatic route with routine probes used for liver tumors or through endoscopic or PTBD route with the use of special endobiliary probe (Figure 27)[62,63]. RFA in unresectable cases is a safe procedure and it improves stent patency and survival.

PVE

This procedure is done to induce hypertrophy of non-involved lobe of liver by HiCC if the remnant liver volume is insufficient to maintain normal body function. Although it is not specific for HiCC, it is done in a few such patients so that a curative sur​gery can be performed. Embolization of the portal vein branch of the lobe which is involved by the lesion and which would be subsequently resected is done to induce hypertrophy of the other lobe[64,65]. Hypertrophy normally occurs in 2-4 wk after which surgery can be done. Various embolizing materials are used including polyvinyl alcohol particles, gelatin sponge (gelfoam) and n-butyl cynacrylate (glue)[66]. Vascular plugs can also be used in addition to these materials to increase the chance of hypertrophy.

The procedure can be performed puncturing either ipsilateral or contralateral portal vein branch under USG guidance. Once within the system, the puncture needle is exchanged for a catheter over a guide-wire. With the tip of the catheter sufficiently distal to the bifurcation, the embolizing material is injected till the flow slows down significantly (Figure 28). After embolization, the needle tract either can be left alone or can be embolized with a coil or gelatin sponge. Imaging is then usually performed after 3-4 wk and the volume of future liver remnant is measured. If it is adequate, curative surgery can be performed. The procedure has a technical success rate of 99.3%, clinical success rate of 96.1% and mean liver hypertrophy rate of 38%[66].

CONCLUSION

HiCC is a common malignancy of the biliary tract and imaging with various modalities play an important role planning appropriate management. Selection of appropriate imaging modality is important to obtain complete information needed for management. Multiphase CT scan and MRI are comparable in pre-operative diagnosis and staging. Additional modalities like EUS, IDUS, cholangioscopy and DWI are complementary. Surgery, wherever possible, is the only curative treatment available. Various percutaneous interventions are available including PTBD, stenting, intra-biliary palliation and PVE as either pre-operative or palliative procedure in such patients.
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Figure 1  Schematic diagram showing structures forming hilum. chd: Common hepatic duct; ll: Left lateral segmental duct; lm: Left medial segmental duct; ls: Left secondary confluence; p: Primary biliary confluence; ra: Right anterior segmental duct; rp: Right posterior segmental duct; rs: Right secondary confluence.
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Figure 2  Schematic diagram showing three morphological types of hilar cholangiocarcinoma. A: Nodular variety; B: Periductal infiltrating; C: Intraductal papillary.
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Figure 3  Ultrasonographic appearances of hilar cholangiocarcinoma. A: Isoechoic lesion (arrow) involving primary biliary confluence; B: Hyperechoic mass (arrow) involving hilum; C: Infiltrative lesion (arrow) with periductal wall thickening; D: Atrophy of left lobe with crowding of bile ducts (arrow) due to isoechoic hilar mass (arrow head).
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Figure 4  Post processing of computed tomography scan. A: Coronal reformat showing ill-defined enhancing mass (arrow) in relation to hilum and common hepatic duct; B: Coronal thick maximum intensity projection showing same mass as in A (short arrow) with irregularity of right posterior hepatic artery (long arrow); C: Minimum intensity projection showing the extent of biliary involvement by the mass (arrow).
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Figure 5  Axial contrast enhanced venous phase images. A: Showing hilar mass (white arrow) with multiple liver metastases (black arrows); B: Showing multiple metastatic retroperitoneal nodes (n).
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Figure 6  Axial contrast enhanced computed tomography scan in arterial (A), venous (B) and delayed (C) phases showing mild enhancement of the lesion (arrow) in arterial phase with persistence of enhancement in venous and delayed phases suggesting scirrhous nature of the lesion.
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Figure 7  Axial venous phase computed tomography images (A and B) showing automated volumetry map with colour coding indicating the volume of future liver remnant (arrow).
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Figure 8  Axial contrast enhanced computed tomography scan in arterial (A), venous (B) and delayed (C) phases of nodular variety of hilar cholangiocarcinoma (arrow) showing mildly enhancing ill-defined mass lesion in arterial phase with increasing enhancement in venous and delayed phases.
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Figure 9  Axial (A) and coronal (B) images of venous phase of computed tomography scan of periductal infiltrating type of hilar cholangiocarcinoma showing wall thickening and enhancement of proximal common hepatic duct (arrow) causing luminal obstruction.
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Figure 10  Axial contrast enhanced computed tomography scan in venous phase of papillary type of hilar cholangiocarcinoma showing minimally enhancing intraductal polypoidal lesion (arrow) causing distension of the duct.
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Figure 11  Axial computed tomography images showing atrophy of right lobe (r) due to hilar mass (arrow) in A, and atrophy of left lobe (l) caused by a mass (arrow) in B.
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Figure 12  Axial computed tomography scan images showing vascular invasion. A: Small hilar mass (white arrow) abutting right hepatic artery posteriorly; B: Hilar mass (white arrow) encasing right hepatic artery causing irregularity in outline; C: Ill-defined hilar mass (white arrow) encasing portal vein and causing its narrowing (black arrow); D: Multiple collaterals (white arrows) seen in periportal and perigastric location due to portal vein obstruction.
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Figure 13  Magnetic resonance cholangio-pancreatography images showing various appearances of hilar cholangiocarcinoma. A: Smooth luminal narrowing (arrow); B: Complete hilar obstruction (arrow); C: Irregular asymmetric complete obstruction (arrow); D: Intraluminal filling defect (arrow).
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Figure 14  Case of nodular type of hilar cholangiocarcinoma. A: Axial T2-weighted magnetic resonance image show hypointensehilar mass (arrow) with biliary dilatation; B and C: Axial T1-weighted magnetic resonance images in arterial (B) and venous (C) phases showing mildly enhancing ill-defined mass lesion (arrow) encasing right hepatic artery and left portal vein.
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Figure 15  Axial contrast enhanced T1-weighted magnetic resonance images in arterial (A), venous (B) and delayed (C) phases of periductal infiltrating variety of hilar cholangiocarcinoma showing mildly enhancing thick walled proximal hepatic duct in arterial phase (arrow) with increasing contrast enhancement in venous and delayed phases.
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Figure 16  A case of periductal type of hilar cholangiocarcinoma. A: Axial T1-weighted contrast enhanced magnetic resonance (MR) image in delayed phase showing enhancing periductal lesion (arrow); B and C: Axial diffusion weighted b-800 MR images (B) and ADC map (C) showing diffusion restriction of the lesion.
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Figure 17  Axial (A) and coronal (B) computed tomography scan of a case of hilar cholangiocarcinoma after endoscopic stenting showing circumferential wall thickening of common hepatic duct around the stent. It would be difficult to differentiate this from reactive thickening.
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Figure 18  Percutaneous cholangiograms showing complete obstruction of common hepatic duct with patent primary biliary confluence (arrow, A), blocked primary biliary confluence with irregular outline (arrow, B) and intraluminal polypoidal filling defect (arrow, C).
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Figure 19  Schematic diagram and magnetic resonance cholangio-pancreatography image of type 1 hilar cholangi​ocarcinoma.
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Figure 20  Schematic diagram and magnetic resonance cholangio-pancreatography image of type 2 hilar cholang​iocarcinoma.
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Figure 21  Schematic diagram and magnetic resonance cholangio-pancreatography image of type 3A hilar cholangiocarcinoma.
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Figure 22  Schematic diagram and magnetic resonance cholangio-pancreatography image of type 3B hilar cholangiocarcinoma.
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Figure 23  Schematic diagram and hilar cholangiocarcinoma image of type 4 hilar cholangiocarcinoma.
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Figure 24  Types of biliary drainages. A: Initial cholangiogram showing dilated intrahepatic bile ducts with hilar obstruction; B: Cholangiogram after placement of ring biliary catheter (Internal-External drainage) showing opacification of bile ducts and duodenum; C: Cholangiogram after placement of external drainage pig-tail catheter.
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Figure 25  Types of biliary stenting. A: Cholangiogram after placement of unilobar (right sided) biliary metallic stent; B: Cholangiogram after bilobar stent placement showing free flow of contrast into duodenum across the stricture.
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Figure 26  Percutaneous biliary drainage through ring biliary catheter after obstruction of biliary metallic stent due to tumor ingrowth.
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Figure 27  Percutaneous radiofrequency ablation for hilar cholangiocarcinoma. A: Pre-radiofrequency ablation (RFA) image with probe in situ (arrow); B: Cholangiogram after RFA showing opening of obstruction (arrow).
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Figure 28  Right portal vein embolization with ipsilateral (A and B) and contralateral (C and D) approaches. A: Right portal venogram with ipsilateral approach. percutaneous transhepatic biliary drainage catheter is seen (arrow); B: Portal venogram after embolization of right portal vein with PVA and glue; C: Right portal venogram with contralateral approach; D: Portal venogram after embolization of right portal vein with glue and vascular plug.
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Table 1  Bismuth-Corlette classification of hilar cholangiocarcinoma


  Stage


�
Description


�
�
  Ⅰ


�
Tumor involving common hepatic duct without involvement of primary biliary confluence (confluence of right and left hepatic ducts) (Figure 19)


�
�
  Ⅱ


�
Tumor involving primary biliary confluence (Figure 20)


�
�
  Ⅲa


�
Tumor involving primary biliary confluence and right secondary biliary confluence (confluence of right anterior and posterior sectoral ducts) (Figure 21)


�
�
  Ⅲb


�
Tumor involving primary biliary confluence and left secondary biliary confluence (confluence of left medial and lateral sectoral ducts) (Figure 22)


�
�
  Ⅳ


�
Tumor involving primary and both secondary biliary confluence (Figure 23)


�
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