i{{® MedCrave

Step into the Wonld of Research

International Journal of Radiology & Radiation Therapy

Research Article

a Open Access @

CT evaluation of disease pattern in hilar

cholangiocarcinoma

Abstract

Purpose: The objectives of our study were to map the various imaging patterns of
hilar cholangiocarcinoma and identify commonest pattern.

Material and methods: In this retrospective study a search of the case records of the
hospital using the key word cholangiocarcinoma in hospital information system and
morphology code M-8160/3 yielded 288 patients of cholangiocarcinoma in the period
April 2001 to June 2016. One hundred and fifty nine patients of intrahepatic and distal
cholangiocarcinoma were excluded. Out of the remaining 129 patients with diagnosis
of hilar cholangiocarcinoma, nine patients were excluded because available records
were not complete. The remaining 120 patients formed the study sample.

Results: All the 120(100%) patients showed dilated intrahepatic biliary radicals.
Periductal-infiltrating tumor was present in 117(97.50%) cases. According to Bismuth-
Corlette classification on imaging, type I tumor was present in three(02.50%), type
II in 13(10.83%), type Illa in 32(26.66%), type I1Ib in 39(32.50%), and type IV in
33(27.50%) patients. The involvement of adjacent liver parenchyma was present in
60(50.00%) patients. Atrophy of a lobe was present in 75(62.50%) patients. Portal
vein was involved in 91(75.83%) patients. These findings were common in mass-
forming tumor.

Conclusion: Diagnosis of this rare entity can be done on imaging by identifying its
typical pattern. In the majority cases tumor appears to be centered on the right or left
hepatic duct with involvement of the ipsilateral portal vein, atrophy of hepatic lobe on
that side and invasion of adjacent liver parenchyma. Periductal-infiltrating tumor was
commonest morphological form and type IIIb was the commonest pattern.
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Introduction

Incidence of cholangiocarcinoma varies worldwide. Most of
studies of hilar cholangiocarcinoma are in the surgical literature'
and no large study has focused on the imaging aspects of the disease.
This retrospective study mapped the various imaging patterns of hilar
cholangiocarcinoma presenting to a tertiary referral center in a high
incidence zone in southwestern India. Patients were imaged with
single slice spiral CT and multiphase MDCT was used in the later
part of the study.

Cholangiocarcinoma is the commonest primary bile duct cancer.
It comprises of 10%-15% of hepatobiliary neoplasms.® It is a rare
disease accounting for <2% of all human malignancies.® Its cause
is unknown and most cases are sporadic. There are numerous
predisposing conditions that cause chronic biliary inflammation
and subsequtly increase the risk of cholangiocarcinoma. They are
primary sclerosing cholangitis, hepatobiliary flukes like Opisthorchis
viverrini and Clonorchis sinensis, caroli disease, choledochal cyst,
bile duct adenoma, biliary papillomatosis, chronic intraductal calculi,
viral infections like human immunodeficiency virus, hepatitis B and
C virus and Epstein-Barr virus, liver cirrhosis and chemicals like

thorotrast, dioxin and vinyl chloride.® It is classified as intrahepatic or
extrahepatic; an intrahepatic cholangiocarcinoma is further classified
as either peripheral or hilar. In the surgical literature, a tumor that
arises peripheral to the secondary bifurcation of the left or right hepatic
duct is considered to be peripheral cholangiocarcinoma. Extrahepatic
tumor arises from hilar plate and common bile duct. A tumor that
arises from right or left hepatic ducts or the bifurcation of the common
hepatic duct is hilar cholangiocarcinoma(Klatskin tumor).”

Hilar cholangiocarcinoma was first described by Klatskin.* It is
categorized using Bismuth classification in to:

a) Type I: Tumors below the bifurcation of common hepatic duct;

b) Type II: Tumors involving the bifurcation; but not extending in to
the main right and left duct;

¢) Type III: Tumors infiltrating the right(IIla) or the left(I1Ib) hepatic
duct;

d) Type IV: Tumors involving both the right and left hepatic duct
(Figure 1).2

On the basis of classification scheme proposed by Japanese Liver
Cancer Group, cholangiocarcinomas are classified into three types
according to macroscopic appearance of the tumor: mass forming,
intraductal growing, and periductal infiltrating; the last type is more
prevalent in the hilar portion of the biliary tree.*’ This classification
is considered to be the most reasonable because it describes the
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gross appearance, growing characteristics and biologic behavior.
It has prognostic implication for patients and helps radiologic
interpretation.!® Cholangiocarcinoma is a slow-growing tumor which
spreads along the bile ducts. Perineural and subepithelial extension
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is common. Regional lymph node involvement has been reported to
occur in about 50% of patients while hematogenous metastasis is rare.
Patients with advanced disease have a poor prognosis with very few
surviving for more than one year.!!

Type lllb TypelV

Figure | Schematic sketch of bismuth-corlette classification of ductal involvement in hilar cholangio carcinoma.

Aims and objective
A. To map the various imaging patterns of hilar cholangiocarcinoma.

B. To identify the commonest disease pattern.

Materials and method

Study design is descriptive. Case records of the hospital in the
period April 2001 to June 2016 was searched using the key word
cholangiocarcinoma in hospital information system and morphology
code M-8160/3. Retrospective evaluation of case records of all
patients with a diagnosis of hilar cholangiocarcinoma, which were
radiologically and histologically proven was done. The clinical,
imaging and histopathological records of the total 288 patients
were evaluated. One hundred and fifty nine patients of intrahepatic
and common bile duct cholangiocarcinomas were excluded. Of the
remaining 129 patients of hilar cholangiocarcinoma four patients
were excluded because available imaging study were not optimal
and other five patients were excluded because histopathology was
not available. Imaging of the remaining 120 patients which forms
the study group was evaluated in detail. No informed consent was
obtained from these patients as the study was retrospective. Following
criteria was used to diagnose hilar cholangiocarcinoma: presence
of enhancing periductal infiltrating or mass forming or intraductal
growing mass at the hilum, presence of disproportionately dilated
intrahepatic bile ducts with or without vascular and liver parenchymal
invasion and atrophy-hypertrophy complex. Histologic confirmation
of malignancy is not mandatory before exploration. In the absence
of previous biliary tract surgery, the finding of focal stenotic lesion
combined with the appropriate clinical presentation is sufficient for a
presumptive diagnosis of hilar cholangiocarcinoma, which is correct

in most instances.'?

Out of 120 patients, scan was performed on 39 patients using
single slice scanner(Somatom Plus 4, Siemens, Germany) before
August 2007 and 81 patients were evaluated using 64 slice helical
CT scanner(Sensation 64 slice CT, Siemens, Germany) after August
2007. All the patients were scanned using a standard protocol (Table
1). Delayed scan were obtained after 6 to 10minutes in only 100
patients. The reason of not routinely obtaining the delayed scan was
the difficulty in making a diagnosis of cholangiocarcinoma in all
patients at the time of imaging.

All images were retrieved from picture archiving and
communication system and viewed on a workstation. The presence of
intrahepatic biliary dilatation, confluence involvement, morphology
of mass, enhancement pattern, involvement of liver parenchyma
and lobe involved in atrophy were recorded. Images were evaluated
for vascular involvement of portal vein, hepatic artery, hepatic vein
and inferior vena cava. Differential enhancement of the lobe on
arterial phase in patients with portal vein invasion was also recorded.
Involvement of liver parenchyma was considered when there is direct
invasion of the liver tissue by tumor mass. The vessel was considered
infiltrated if is stenosed, occluded, deformed due to adjacent tumor
mass and/or more than 180 degree of its circumference was involved.
Lobar atrophy was diagnosed when ductal crowding was present.
Infiltration of liver parenchyma around the hilar mass was assessed.
Presence of metastasis to the lymph node or distant organ was also
recorded. Based on the above findings the imaging patterns were
analyzed.

Interpretation of the images was done by two authors who had
9years and 2 lyears experience, respectively, in CT interpretation.

Table | Multi-detector computed tomography protocol used for scanning patients

Number Parameter Comment
Plain scan — Domes of diaphragm to iliac crest.
Arterial phase — Domes of diaphragm to iliac crest.
| Area scanned
Delayed phase — Domes of diaphragm to iliac crest.
Venous phase — Domes of diaphragm to ischial tuerosities.
2 Scan direction Craniocaudal
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Number Parameter Comment

3 Peak voltage (kVp) 120

4 Tube current (mAs) 230

5 Section thickness (mm) Arterial: 5,Venous: 8, Delayed: 5

6 Reconstruction interval (mm) Arterial: 5,Venous: 8, Delayed: 5

7 Table movement (mm/rotation) 7.5mm for arterial phase; 12mm for venous phase and 7.5mm for delayed phase.
8 Pitch 1.2

9 Rotation time (sec) |

10 Contrast material injection

a.Volume (ml)

b. Rate (ml/sec) 2.3
c.Scan delay (sec)

Il Three dimensional technique

80ml + 20 ml saline.

30sec for arterial phase followed by venous phase at 70sec and delayed phase at 6
to |0minutes from the start of injection.

Multiplanar reconstruction.

kVp, kilovoltage peak; mAs, milliamperage second; mm, millimeter; sec, second; ml, milliliter

Results

We studied 120 patients ranging between 41 to 98years of age,
out of which 75(62.50%) were males and 45(37.50%) were females.
Overall mean age of presentation was 63.5+13.7. For males it was
62.2+£14.9 and for females it was 65.7£11.3. Majority of patients
presented between 61 to 70years of age.

All the 120 patients had total bilirubin level done. It was raised
in 114 patients(95%). Alkaline phosphatase was done in 120 cases
and was elevated in all(100%) the patients. All the studied patients
showed dilated intrahepatic biliary radicals(100%). Left lobe biliary
radicals were dilated in all 120 patients. Right lobe showed IHBRD in
118 patients(98.33%).

Primary confluence was involved in 116(96.66%) patients and
secondary confluence was involved in 104(86.66%) patients. Right
secondary confluence was isolated in 65 cases and left secondary
confluence was isolated in 72 patients. On imaging, total number of
patients according to Bismuth type are shown in Table 2 & Figure
2-4.

Figure 2 Coronal CT image of 68years old male shows periductal infiltrating
type Il hilar cholangiocarcinoma as concentric enhancing mass in common
hepatic duct involving primary confluence (white arrow).

Figure 3 Type llla well differentiated hilar cholangiocarcinoma treated with
right hepatectomy - coronal CT image reveals tumor mass in common hepatic
duct (white arrow) extending to right hepatic duct (black arrow).

Figure 4 Type llIb intraductal-growing hilar cholangiocarcinoma—expansion of

common (white arrow) and left hepatic duct (black arrow) due to lobulated

intraductal growing tumor is well seen on coronal CT image.
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The tumor was categorized according to its morphological types
in to mass-forming, periductal-infiltrating, and intraductal-growing
(Table 3). Periductal-infiltrating tumor was the commonest form. Out
of 120, triple phase scan was performed in 100 patients. Out of 100,
only six (6%) patients showed early enhancement of the tumor and
in one patient the tumor was non-enhancing (1%). 50 patient (50%)
showed enhancement of the tumor in portal phase and 43 patients
(43%) showed delayed enhancement of tumor. Only portal phase was
performed in the remaining 20 patients and all showed enhancement
of the tumor (Table 4).

Liver parenchymal involvement adjacent to the mass lesion
was present in 60(50.00%) patients (Figure 5). Liver invasion
was present in 39(41.48%) patients, and 21(91.30%) patients in
periductal-infiltrating and mass-forming tumor respectively. None
of the patient of intraductal-growing tumor showed liver invasion.
Seventy five(62.50%) patients had atrophy of the lobe, out of which
45(60.00%) patients had left lobe atrophy and 30(40.00%) patients had
right lobe atrophy(either anterior or posterior segment or both). Lobar
atrophy was present in one(33.33%), three(23.07%), 24(75.00%),
29(74.35%), and 18(54.54%) patients in Bismuth-Corlette type I, 11,
IIa, I1Ib, and IV respectively (Figure 6). Lobar atrophy was present
in 56(59.57%) patients, 18(78.26%) patients, and 1(3.33%) patient in
periductal-infiltrating, mass-forming, and intraductal-growing tumor
respectively.

Portal vein involvement was subcategorized as involvement of
the main vein, left branch, right branch, and anterior and posterior
division of right branch (Figure 5). In 91(75.83%) patients, the portal
vein was involved (Table SA & Table 5B). In 27 out of 32 patients
of type Illa, portal vein was involved. Ipsilateral(right side) branch
involvement was seen in 24 cases whereas contralateral branch
involvement was seen in two cases and main branch involvement was
seen in one case without right branch invasion. In 32 out of 39 patients
of type Illb, left branch was involved and in two cases right branch
was involved without left branch invasion. In type 1V, invasion of
main portal vein or it’s right or left branch, or all three were seen in
24 patients. Two patients of type I and only four patients of type Il
showed portal venous invasion. Portal vein involvement was present
in 70(74.46%) patients, 20(86.95%) patients, and 1(33.33%) patient in
periductal-infiltrating, mass-forming, and intraductal-growing tumor
respectively. Either main hepatic artery or its branches were involved
in 57(47.50%) cases. Inferior vena cava was found to be involved in
six (05.00%) cases and hepatic veins were involved in 12(10.00%)
cases. Out of 91 patients with portal vein involvement, differential
enhancement of the lobes was seen in 44(48.35%) patients (Figure 6).

Table 2 Division of patients according to bismuth-corlette classification

Bismuth-corlette

classification No. of patients(n=120) Percentage
: 3 2.50%

I 13 10.83%

Illa 32 26.66%

b 39 32.50%

v 33 27.50%
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Table 3 Number of patients according to morphology of mass

Morphology of mass

lesion No. of patients(n=120)  Percentage
Mass-forming 23 19.16%
Periductal-infiltrating 94 78.33%
Intraductal-growing 3 2.50%

Table 4 Distribution of patients according to enhancement pattern

Enhancement pattern No. of patients Percentage

No enhancement 01 out of 100 1.00%

Early enhancement 06 out of 100 6.00%

Portal enhancement 70 out of 120 58.33%

Delayed enhancement 44 out of 100 44.00%
Table 5A Patients with involvement of portal vein

Portal vein .

involvement No. of Patients(n=120) Percentage

Present 91 75.83%

Absent 29 24.16%

Table 5B Distribution of patients with portal vein involvement

- No. of

Portal vein involvement patients(n=91) Percentage
Main portal vein 33 36.26%

Left branch of portal vein 65 71.42%
Right branch of portal vein 44 48.35%

Both main portal vein and its 5

left branch 29 31.86%

Both main portal vein and its 2% 26.37%

right branch

All three (main portal vein, its 23 2527%

left and right branch)

Figure 5 Type IV hilar cholangiocarcinoma - Infiltrating tumor (white arrow)
involving the portal vein, its bifurcation and branches (black arrows) indicative

of inoperable disease.
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Enlargement of lymph nodes in the pericystic duct, pericholedochal,
hilar, periportal, periduodenal, peripancreatic, celiac, and superior
mesenteric locations was assessed. In patients who underwent
surgical resection, even lymph nodes less than 10mm size were found
to have metastatic deposit on histopathology. Hence we did not use
size criteria for diagnosing nodal involvement. Any visible lymph
node on imaging was documented. Distant metastasis was present in
18(15.00%) patients.

Figure 6 Atrophy (white arrow) and differential enhancement (black
arrow) of the left lobe due to portal vein involvement in type llIb hilar
cholangiocarcinoma.

Discussion

Cholangiocarcinoma is an adenocarcinoma that arises from
the bile duct epithelium.” It is more common in men, occurring
commonly between the 6" and 7" decades.!* The prognosis has been
considered worse for lesions affecting the confluence of the bile ducts
and better for lesions close to the papilla.'? The yield of percutaneous
needle biopsy or biliary brush cytology is poor and one may miss
the opportunity to resects an early cancer.’> Hence the mainstay of
preoperative diagnosis in hilar cholangiocarcinoma is imaging. To
determine the operability and in order to select the appropriate surgical
procedure, an accurate preoperative evaluation of both longitudinal
spread and vertical invasion is a prerequisite.’* Complete resection
with or without partial hepatectomy and regional lymphadenectomy
is the treatment of choice in selected patients.® Therefore, imaging
also plays an important role in determining whether a patient is
a candidate for curative resection and in planning management.'s
Helical CT and MRCP are the best imaging techniques to diagnose the
disease, delineate the extent of the tumor and rule out liver metastasis
and enlarged lymph nodes.!”” MDCT allows for faster scanning with
thinner collimation and can result in an improved diagnosis and
evaluation of hilar cholangiocarcinoma.’ Our study aimed to map
the different patterns of hilar cholangiocarcinoma and to identify the
most common pattern of the disease. Knowledge of these patterns will
help the radiologist to recognize the tumor early and look for findings
which will impact therapeutic decision making. Most of the studies in
the literature are surgical series which have not recorded the imaging
findings in detail. The few series available on the imaging of hilar
cholangiocarcinoma have included only small number of patients.
Our retrospective analysis represents one of the largest series focusing
on the imaging patterns of hilar cholangiocarcinoma.
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Our patients ranged between 41 to 98years. The mean age for ma-
les was 62.2+14.9years and for females 65.7+11.3years. Majority of
the patients presented in seventh decade. The age range was between
26-87years; mean age, 62years, in a study of Kim N R et al on 84
patients.'® Males to females ration in our study was 1.66:1. Poom-
phakwaen K et al.'” also recorded sex ratio of 2:1.

In patients with malignant biliary obstruction due to cholangiocar-
cinoma, the serum bilirubin level often achieves levels greater than
10mg/dl and averages 18mg/dl, whereas patients with obstruction
from choledocholithiasis have lower bilirubin levels.'? One hundred
and fourteen patients in our series showed elevated total bilirubin le-
vel. Out of these, 90 patients had level more than 10mg/dl.

Periductal-infiltrating tumor was the most common morphological
type found in our study. This was followed by mass-forming tumor
and intraductal-growing tumor. Longlin Y et al.*?! in their study also
found that the periductal-infiltrating tumor was commonest and intra-
ductal-growing umor was rarest morphological forms.

Early enhancement was present in only six patients out of 100
in our series whereas a study by Chryssou et al.?! observed arterial
enhancement in four of their 26 patients. Seventy patients out of 120
showed enhancement in portal phase. Of the total hundred cases in
which delayed scans were performed, retention of contrast was seen in
forty three cases. Takayasu K et al.? in their study found that delayed
enhancement was present in all patients of hilar cholangiocarcinoma.
Chryssou et al.?! also observed delayed enhancement of the tumor in
84.61% of the patient. The variability in the observed incidence of
delayed enhancement in the literature may be related to the different
delay times employed by the investigators for delayed scans and
variation in the sample size.

Invasion of adjacent liver parenchyma is important in determining
tumor respectability.® Our study revealed that involvement of liver
parenchyma adjacent to mass lesion was present in 50% patients.
In a study of Manfredi R et al.®® MR imaging studies accurately
showed local parenchymal invasion in nine(75%) of 12 patients
and underestimated in three(25%) of 12 patients. Liver parenchymal
invasion was common in mass-forming tumors in our study. Exact
incidence of the liver invasion according to the morphological type
of the tumor is not mentioned in the literature to the best of our
knowledge.

Segmental or lobar atrophy may result from a portal venous
occlusion or biliary obstruction. One or both of these findings
are often present in patients with hilar cholangiocarcinoma. Long
standing biliary obstruction itself can cause parenchymal atrophy.
When portal vein branch is also obstructed, the atrophy becomes
severe. Identification of lobar atrophy at imaging has implications
for management.'?> No liver resection should be performed that leaves
an atrophic remnant.® Our series showed atrophy in 75(62.50%)
cases. It was commonly observed in mass-forming tumors. In a
study by Feydy A et al.>* on eleven patients, helical CT showed lobar
atrophy in six(54.54%) patients. We observed more frequent left
lobe atrophy(60%) than right lobe involvement(40%)(either anterior
or posterior segment or both). None of the patients had atrophy of
both right and left lobes. The reason for preferential involvement of
left lobe is unclear. Exact incidence of lobar atrophy according to the
morphological type of the tumor is not mentioned in the literature to
the best of our knowledge.

Portal venous involvement is a distinctive feature of
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cholangiocarcinoma in late stages.?* Amongst the three morphological
types, portal vein involvement was frequently present in mass-forming
tumor. Sasaki A et al in their study of 37 patients also showed common
involvement of portal vein in mass-forming tumor.?® This hilar
neoplasm can involve main portal vein or its right or left branches.
Majority of the patients in our study showed ipsilateral involvement
of portal vein branch in type Illa and IIIb (75.00% in type Illa and
82.05% in type I1Ib). Atrophy of the lobe was commonest on the side
of involvement of secondary confluence and portal vein branch. This
pattern suggests that, the tumor may originate in the left or the right
hepatic duct and then spreads to involve the ipsilateral secondary
confluence and portal vein branch, then the primary confluence,
the common hepatic duct and finally the opposite side secondary
confluence. Hyperperfusion of the lobe on arterial phase on the side
of portal vein branch involvement was also a common feature.

The study was retrospective and included only patients with a
diagnosis of hilar cholangiocarcinoma. It was not possible to derive
the sensitivity and specificity of the imaging criteria to diagnose the
disease prospectively. Both MDCT and MRCP were not performed
in all the patients of the study group, hence comparison between
these modalities were not made. Moreover the performance of a test
changes according to prevalence of a disease. It is possible that a
typical imaging pattern described here would warrant consideration of
alternative diagnosis also when encountered in a low incidence area.

Differential diagnosis

Many neoplastic and non-neoplastic diseases can be misdiagno-
sed as hilar cholangiocarcinoma on imaging. Common differentials of
the hilar cholangiocarcinoma are gall bladder carcinoma, Mirrizi syn-
drome, primary sclerosing cholangitis, and RPC. Uncommon condi-
tions includes inflammatory pseudotumor of the bile duct, intrabiliary
metastasis, benign biliary tumors, lymphoma and carcinoids of the
bile duct. Dilated biliary radical is common in infiltrating gall blad-
der carcinoma which commonly presents as a mass replacing the gall
bladder. The tumor infiltrates along the cystic duct to the extrahepatic
bile duct and this intraductal spread of the tumor results in biliary
obstruction and dilatation.”’” Mirrizi syndrome consists of common
hepatic duct obstruction due to compression by the stone impacted
in the gall bladder neck or cystic duct. In type I syndrome inflamma-
tion around common bile duct leads to stricture formation and thus
mimics periductal-infiltrating type of cholangiocarcinoma. In type II
syndrome there is cholecysto-biliary fistula.?® Primary sclerosing cho-
langitis is characterized by diffuse cholangitis and progressive fibro-
sis of both intrahepatic and extrahepatic bile ducts. Common findings
are multifocal strictures, duct wall thickening and irregular beaded
appearance of involved ducts. Rarely, focal segmental involvement
is difficult to distinguish from mimic’s periductal-infiltrating type of
cholangiocarcinoma. Recurrent pyogenic cholangitis is characterized
by repeated attacks of acute pyogenic cholangitis on the backgrou-
nd of biliary obstruction by pigmented calculi or biliary strictures.
Segmental distribution in RPC has predilection for lateral segment
of left lobe, posterior segment of right lobe and the extrahepatic bile
ducts.?” Inflammatory pseudotumor is rare condition that often resem-
bles aggressive malignancy. Imaging features of this benign entity are
nonspecific and indistinguishable from those of mass-forming type
of cholangiocarcinoma. A repeated negative frozen section margin is
the helpful indicator of benign disease.?®*° Intrabiliary metastasis is
very rare. Common tumors that metastasize to bile ducts are cancers
of lung, breast, gall bladder, colon, testis, prostate, pancreas and me-
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lanomas. Lymphoma of the bile duct is rare and is usually secondary
to systemic disease.?"!

Conclusion

Periductal-infiltrating tumor was most common morphological
form. Liver parenchymal invasion, lobar atrophy, and portal vein
involvement was frequently observed in mass-forming tumor. Liver
parenchymal invasion, portal vein involvement, lobar atrophy and
hyperperfusion of the lobe on the side of the involved hepatic duct
were frequent finding in type Il tumor. These findings were uncom-
mon in type I and type II tumors. The commonest pattern of hilar
cholangiocarcinoma in our series was involvement of left secondary
confluence with invasion of ipsilateral portal vein, adjacent liver pa-
renchymal infiltration, and lobar atrophy. Awareness of these common
findings will aid the prospective imaging diagnosis this rare disease.
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