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biliary tract can be seen to occur in any part of  biliary tree. 
Accurate pre-operative assessment of  these tumors by the 
radiologist is of  paramount importance, since the entire 
therapeutic management is dependent on it. Unnecessary 
major surgeries can be avoided if  non-operability factors 
can be accurately identified and these patients can be 
diverted to other palliative therapeutic options which are 
more suitable in these advanced stages.

Our study also aims to assess suitability for endoscopic 
retrograde cholangiopancreatography (ERCP) or percutaneous 
transhepatic biliary drainage (PTBD) in non-operable tumors 
and assess, whether it is possible to predict non-feasibility of  

INTRODUCTION

Cancers of  the biliary tract are one of  most common 
malignancies of  hepatobiliary system being second most 
common after hepatocellular carcinoma. Cancers of  the 
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Abstract
Introduction: Role of cross-sectional imaging in biliary tract malignancies in therapeutic decision-making plays an very 
important role.

Materials and Methods: Ethical committee clearance and informed consent were taken from 57 patients of suspected 
biliary tract malignancies who underwent Triphasic computed tomography (CT) and in whom these malignancies were 
histopathologically confirmed. Based on imaging findings and clinical parameters, the tumors were deemed operable and non-
operable by experienced radiologists and operating oncosurgeons. In operable cases, the CT findings were compared with the 
intraoperative findings and the correlation was studied. Inoperable tumors were considered for palliative stenting with either 
endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic biliary drainage (PTBD). A prediction 
of feasibility or non-feasibility for successful ERCP was done based on imaging findings. A reasonable follow-up of the patients 
was done following surgery, ERCP, or PTBD to ascertain the effectiveness of these measures on the overall patient’s outcome.

Results: We found that the CT findings were accurate in predicting operability in patients with biliary tract malignancies and 
CT findings correlated with intraoperative findings in majority of the operable cases. CT had sensitivity of 81.25%, specificity of 
100%, positive predictive value (PPV) of 100%, negative predictive value (NPV) of 93.18%, and diagnostic accuracy of 94.74% 
in predicting operability. We also observed that the accuracy of CT in predicting feasibility or non-feasibility of successful ERCP-
guided stenting was satisfactory in cases of non-operable tumors. CT had sensitivity of 71.43%, specificity of 84.62%, PPV of 
90.91%, NPV of 57.89%, and diagnostic accuracy of 75.61% in predicting ERCP feasibility.

Conclusion: CT imaging findings were very helpful in deciding operability and non-operability in cases with hepatobiliary 
malignancies. CT imaging findings were further very useful in deciding feasibility of ERCP-guided stenting in non-operable 
tumors. Overall, cross-sectional imaging played a key role in imaging of patients with hepatobiliary malignancies in deciding 
the best therapeutic options for the patients.
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ERCP in certain situations. This can be helpful in avoiding 
unnecessary procedures and proceeding directly to the relevant 
therapeutic option, minimizing patient discomfort.

MATERIALS AND METHODS

•	 The ethical committee of  VIMS and RC gave the 
ethical clearance and informed consent was obtained 
from all the patients

•	 The study population included 57 patients with 
obstructive jaundice with suspected biliary tract 
malignancies and in whom these malignancies were 
histopathologically confirmed

•	 Triphasic CT was performed on all the patients 
with Siemens Somatom Definition AS 128 slice 
multi-detector CT scanner with 5 mm collimation and 
a gantry speed of  0.05 s and pitch of  1.2 s, 120kvP, 
and 345 effective mAs [Figure 1]. First, a non-contrast 
axial cuts were obtained; thereafter, contrast was 
administered (Omnipaque (Iohexol) – 350 mg I/ml), 
typical doses of  1.5 mg/kg (60–90 ml) through pressure 
injector (Imaxeon, SW version – 1.5–0.12) using smart 
prep software (RCU manager) [Figures 2 and 3] and 

arterial, venous, and delayed phase were obtained. The 
typical scan parameters involved 5 mm and 1 mm slice 
thickness, coronal, axial, and sagittal reconstruction, 
with 120 MA and 60-80 Kvp

•	 The CT examinations were analyzed on dedicated work 
stations, this included Aquarius systems or Syngovia 
dedicated work station.

Inclusion Criteria
All patients with obstructive jaundice who present for CT 
imaging in department of  radiology with suspected biliary 
tract malignancies and in whom these malignancies were 
ultimately confirmed.

Exclusion Criteria
The following criteria were excluded from the study:
•	 Cases in whom histopathological confirmation could 

not be done or in whom it is repeatedly negative
•	 Cases which were not ready for any further treatment 

following imaging diagnosis
•	 Patients without obstructive jaundice
•	 Patient allergic to contrast media
•	 Patients with high creatinine value secondary to renal 

failure.

The following details were analyzed:[1-4]

1. The size and location of  the lesion
2. Level of  biliary obstruction
3. Type of  block: The block was classified according to 

Bismuth Corlette classification into type I, II, IIIa, 
IIIb, and IV

4. Extent of  involvement of  liver parenchyma
5. Involvement of  adjacent structures or organs
6. Vessel encasement or abutment (to be mentioned in 

degrees)
7. Presence of  locoregional or distant lymph nodal 

involvement
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Figure 1: Siemens Somatom Definition AS 128 slice Multi-detector 
CT scanner – Pie diagram showing sex distribution of subjects
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Figure 2: Smart prep software (RCU manager) – Bar diagram 
showing Age distribution of subjects
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Figure 3: Pressure injector (Imaxeon, SW version – 1.5-0.12) – Bar 
diagram showing diagnosis distribution
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8. Presence of  peritoneal deposits
9. Presence of  any distant metastases or metastatic lesions 

within the liver.

Histopathological confirmation of  malignancy was 
obtained in all patients. Operability was assessed jointly 
by experienced radiologists and operating oncosurgeons 
in a multidisciplinary team meeting taking into the account 
the imaging findings and the other clinical parameters.[5-8]

In presence of  following parameters, the tumor was 
deemed inoperable -
•	 Presence of  metastatic lesions within or outside liver
•	 Presence of  metastatic lymph nodes apart from 

locoregional lymph nodes in porta hepatis or Para 
duodenal region

•	 Type IV block with tumor extending into intrahepatic 
segmental ducts

•	 Encasement of  hepatic artery: Minor degrees of  
abutment were considered equivocal and an operative 
exploration will be needed in such cases

•	 Encasement or obstruction of  portal vein (minimal 
focal abutment is not a contraindication)

•	 Extensive contiguous infiltration of  liver parenchyma 
with involvement of  two or more segments precluding 
liver resection due to inadequate liver FLR

•	 An advanced block such as type IIIa or IIIb 
was considered inoperable in case of  certain 
patient’s factors such as – advanced age with poor 
performance status in presence of  inadequate FLR 
precluding an extensive liver resection or in non-
compliant patients who are unwilling for an extensive 
liver resection.

Based on above criteria, the lesions were classified as 
operable or inoperable. In operable cases, the findings on 
CT were compared with the intraoperative findings and 
the correlation was studied.[9,10]

Inoperable tumors were considered for palliative stenting 
with either ERCP or PTBD. A prediction of  feasibility or 
non-feasibility for successful ERCP was done based on 
imaging findings. A non-feasibility or failure of  ERCP was 
predicted based on following imaging findings:
•	 Type IV Block
•	 Large bulky tumor masses which will preclude 

endoscopic passage of  guide wire through the lesions. 
This was based on size criteria and any bulky lesion 
greater than 2 cm in the region of  the biliary tract was 
a contraindication

•	 Extensive duodenal stenosis or anatomical distortion 
of  duodenal or ampullary region by lesions which will 
preclude passage of  endoscope

•	 Irrespective of  the predictivity of  feasibility, all patients 

were first subjected to ERCP and the success and 
failure of  ERCP was observed. Correlation was done 
of  the predictivity from cross-sectional imaging and 
the outcome from ERCP.

A reasonable follow-up of  the patients was done following 
surgery, ERCP, or PTBD to ascertain the effectiveness of  
these measures on the overall patient’s outcome.

Statistical Analysis
Data were entered into Microsoft Excel data sheet and 
were analyzed using SPSS 22 version software. Categorical 
data were represented in the form of  frequencies and 
proportions. Chi-square test was used as test of  significance 
for qualitative data. Continuous data were represented as 
mean and standard deviation. P-value (Probability that 
the result is true) of  <0.05 was considered as statistically 
significant after assuming all the rules of  statistical tests. 
Statistical software: Microsoft Excel and SPSS version 22 
(IBM SPSS Statistics, Somers NY, USA) were used to 
analyze data.[11-13]

RESULTS

A total of  57 patients who presented with obstructive 
jaundice and underwent triphasic CT scanning and in whom 
malignant causes of  biliary obstruction were ultimately 
proved by histopathology were analyzed.

This included 22 males and 35 females [Figure 1]. The age 
range of  the patients was from 30 to 79 years and mean 
age was 54. The age range in male patients was 30–79 
and in female patients from 39 to 71 years and the mean 
age of  male patients was 51 and of  female patients was 
54 [Figure 4]. The average duration of  symptoms was of  
2 months and ranged from 2 weeks to 1 year.

The chief  complaints of  the patients were pain abdomen, 
yellowish discoloration of  sclera, loss of  weight, and loss of  
appetite. The deranged LFTs were noted in all patients and 
the serum total bilirubin levels ranged from 1.5 to 26.5 and 
mean was 14. There was conjugated hyperbilirubinemia in all 
patients with raised direct bilirubin. There were associated 
liver enzyme derangements (AST/ALT/ALP) in all patients.

The size and location of  the lesion are detailed in Figure 3. 
Liver parenchymal infiltration by the lesions was seen in 
eight patients, this was mainly by carcinoma of  gallbladder 
in seven cases or mass forming cholangiocarcinoma in one 
case. A case of  HCC was arising from the liver parenchyma 
itself  and secondarily infiltrating the common bile duct 
(CBD). The segments involved by the tumors were mainly 
V and IV in seven cases with tumor extending into segment 
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VII as well in one case. With respect to involvement 
of  adjacent structures or organs, there was additional 
infiltration of  duodenum by carcinoma of  head/uncinate 
process of  pancreas in five cases and an infiltration from 
the adjacent duodenal bulb into the biliary system in three 
cases.

There was complete hepatic artery encasement in eight 
cases, partial hepatic artery encasement (< 180°) in three 
cases, superior mesenteric artery encasement in four 
cases, superior mesenteric vein encasement in three cases 
and significant portal vein encasement (more than 180°) 
in twelve cases. The vascular encasement was maximum 
in cases with carcinoma of  head/uncinate process of  
while periampullary carcinomas had minimal vascular 
involvements.

The presence of  locoregional lymph nodal involvement 
defined as enlarged nodes (more than 5 mm in short axis) 
in the porta hepatis, paraduodenal, or precaval region which 
were present in 22 cases. A distant nodal metastatic disease 
(defined as enlarged nodes, more than 5 mm in short axis 
in para-aortic regions or beyond) was noted in 25 cases. 
All these distant nodes were evaluated using CT-guided 
fine-needle aspiration cytology (FNAC) and proven to 
be containing metastatic deposits. There was presence of  
peritoneal deposits, noted as containing small enhancing 
nodules or frank omental thickening or caking in nine 
cases. There was presence of  liver metastases in 11 cases 
and distant metastases (involving bones or lungs) in one 
case [Figure 5].

The type of  block seen is detailed in Figure 4. The 
malignant etiology responsible for the lesions is highlighted 
in table. The details of  histopathological confirmation 
obtained are enlisted in Figure 6. After detailed analysis of  
the imaging features and the histopathogical confirmation, 
the operability was discussed in a multidisciplinary team 
consisting of  operating surgical oncologists specializing 
in liver resections and hepatobiliary surgeries. Based 
on the criteria listed above, 16 tumors were considered 
operable and 41 tumors were inoperable [Figure 7]. The 

details of  factors which rendered the tumors inoperable 
either present alone or in combination are listed in 
Figures 7 and 8.

For the tumors considered operable, a comparison of  
intraoperative findings was done with the CT findings. 
The CT findings were accurate in predicting operability in 
13 cases and correlated. There was non-correlation noted 
in three cases [Figure 9]. Overall, the predictive value of  CT 
in predicting operative feasibility for hepatobiliary tumors 
was found to be as detailed in [Figure 10]. In the study, 
type of  block, vascular involvement, and distant metastasis 
in imaging determined operability.

Parameter Estimate (%) Lower–Upper 95% CIs
Sensitivity 81.25 56.99, 93.41
Specificity 100 91.43, 100
Positive predictive value 100 77.19, 100
Negative predictive value 93.18 81.77, 97.65
Diagnostic accuracy 94.74 85.63, 98.19

CT had sensitivity of  81.25%, specificity of  100%, positive 
predictive value (PPV) of  100%, negative predictive value 
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Figure 4: Bar diagram showing type of block
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Figure 5: Bar diagram showing imaging findings
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(NPV) of  93.18%, and diagnostic accuracy of  94.74% 
in predicting operability. The major factors for non-
operability were advanced level of  block, presence of  
metastatic disease, or vascular encasements precluding 
resections.

Of  the non-operable cases, 40 cases were considered 
for a palliative biliary stenting through either ERCP or 

PTBD. One case was not considered for any stenting as 
their performance status was too low to tolerate such 
procedures and a best supportive care plan was considered 
for them.

Based on the CT criteria listed above, a feasibility of  ERCP 
was predicted in 22 cases, while ERCP was considered 
non-feasible in 19 cases. Of  the cases, in which ERCP 
was considered feasible based on CT features, a successful 
ERCP could be performed in 20 cases, while ERCP was 
unsuccessful in two cases. In the cases, in which ERCP was 
considered not feasible based on CT criteria, the ERCP 
failed in 11 cases, while it was successful in eight cases 
[Figure 11].

Overall, the accuracy of  CT in predicting successful 
ERCP-guided retrograde cannulation across stricture 
and a successful stenting is detailed in Figure 12. In 
cases of  failed ERCP, the patients underwent PTBD 
and stenting and a PTBD was successful in all cases 
with successful negotiation of  guide wire across the 
stricture, followed by balloon angioplasty and metallic 
stenting. CT had sensitivity of  71.43%, specificity 
of  84.62%, PPV of  90.91%, NPV of  57.89%, and 
diagnostic accuracy of  75.61% in predicting ERCP 
feasibility.
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ILLUSTRATIVE CASES

Case 1
Cholangiocarcinoma.

CT findings
There was obstruction at the biliary confluence with 
extension across the confluence into the right and left hepatic 
ducts suggestive of  type IV block [Figures 13 and 14]. 
There was extensive obstruction on the right side with 
extension up to the third order biliary branches. The 
obstruction on the left was lesser with extension up to the 
secondary confluence. There was associated mild atrophy 
of  the right lobe of  liver.

MRCP findings
Suggests dilated IHBR and hepatic ducts with obstruction 
at the region of  common duct- likely by soft-tissue stricture. 
Since the lesions were stricturous, but there was extensive 
type IV block; hence, a ultrasound (USG)-guided FNAC 
from the stricturous lesions causing ductal separation in 
the right lobe was done.

Figure 9: Bar diagram showing correlation of computed 
tomography findings with operability
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Figure 10: Bar diagram showing comparison of computed 
tomography findings with operability

Figure 11: Pie diagram showing endoscopic retrograde 
cholangiopancreatography feasibility distribution among non-

operable subjects
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Figure 13: Type IV block

Figure 14: Type IV block
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USG-guided FNAC (HPE report)
Adenocarcinoma and suggestive of  cholangiocarcinoma.

Operability
The lesion was considered inoperable due to advanced 
type IV block. ERCP was considered not feasible due to 
type IV block. Plan was palliative stenting.

ERCP was not successful and failed and wire could not 
be negotiated across the stricture. The patient underwent 
PTBD and biliary stenting. The left PTBD was done and a 
metallic stent was placed across the stricture, since the right 
lobe was atrophic due to segmental blocks and most of  the 
drainage was from the left lobe [Figure 15]. Post-stenting 
results were excellent with subsidence of  jaundice and 
excellent results were noted up to a follow-up period of  
6 months.

Case 2
Carcinoma Gallbladder.

CT findings
Necrotic mass arising from fundus of  gallbladder with 
extension into subcapsular region and adjacent omental 
and pericolic fat stranding.  The lesion shows indistinct fat 
planes with hepatic flexure and is causing Type I Block 
[Figures 16 and 17 ].

USG-guided biopsy (HPE)
Adenocarcinoma and carcinoma gallbladder.

Operability
Tumor was deemed operable.

Name of procedure
Radical Cholecystectomy.

Operative details
Tumor gallbladder involving segment IVb and V of  liver. 

Case 3

Carcinoma head of  Pancreas.

CT findings
Multicystic well-defined lesion with enhancing internal 
septations within involving the head of  pancreas with 
extensions, lesion is seen compressing 1st and 2nd part 
of  duodenum, and focally abutting right kidney and 
gallbladder, superiorly lesion is abutting the left renal 
vein and causing mild compression of  IVC type I block 
[Figures 18 and 19].

Intraoperative surgical specimen (HPE report)
Adenocarcinoma and carcinoma head of  pancreas.

Operability
Operable.

Figure 15: Stent in place

Figure 16: Hypervascular enhancing gallbladder mass

Figure 17: Infiltration in segment IV b and V of liver
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Operative findings
Operative findings showed bulky nodular lesion in the head 
of  pancreas with solid and cystic components causing type 
I block.Operative findings correlated with the CT findings.

DISCUSSION

Our study analyses the cross-sectional imaging findings 
in a large subset of  patient population presenting with 
obstructive jaundice due to malignant causes. Obstructive 
jaundice due to malignant biliary obstruction is an 
important and common presentation in tertiary care referral 
cancer center such as ours and this study helped us to gain 
insights into different facets of  this important clinical entity 
with regard to its imaging, which ultimately plays a crucial 
role in the entire subsequent patient management.

CONCLUSION

Our study aimed to evaluate the role of  the role of  
cross-sectional imaging in biliary tract malignancies in 
therapeutic decision-making. With the study group of  

Figure 18: Enhancing lesion involving the head of pancreas

Figure 19: Type I block

57 patients with suspected, biliary tract malignancies 
undergoing triphasic CT scanning and the malignancies 
confirmed histopathologically. We observed that triphasic 
CT imaging was very accurate in deciding operability and 
non-operability in biliary tract malignancies and was also 
very useful in predicting feasibility or non-feasibility of  
successful ECRP-guided stenting in non-operable tumors.

Our goal of  the study to assess the role of  cross-sectional 
imaging in biliary tract malignancies was achieved. We 
found that triphasic CT imaging played a very key role in 
in deciding the best therapeutic management options for 
the patients.
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