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Abstract 

 
Background: Magnetic resonance cholangiopancreatography (MRCP) has evolved over the past decades to evaluate the biliary 

tract and diagnose pancreato-biliary disease. Diffusion-weighted imaging (DWI) is an auxiliary method utilized to assess the 
molecular functionality and micro-architecture of the body of a human.  

Objectives: To evaluate the supplementary benefit of DWI to magnetic resonance cholangiopancreatography (MRCP) for 
diagnosing bile duct obstruction, whether malignant or benign.  

Patients and methods: This research was performed on 100 cases of obstructive jaundice who underwent MRCP between 
January 2022 and May 2023. Cases have been recruited from the Radiology Department, National Liver Institute, Menoufia 
University.  

Results: According to the ADC value of malignant bile duct obstruction, the mean of ADC value was 1.34 ± 0.20, and the 
median was 1.35 (1.25 – 1.44). According to diffusion restrictions a statistically significant variance was observed among 
examined groups regarding diffusion restriction, which was positive and negative. Regarding the final diagnosis method, a 
statistically significant variance has been observed among examined groups regarding CNB, MRCP + Clinical picture and 
medical history, and ERCP.  

Conclusion: The use of diffusion-weighted imaging in conventional MRCP significantly enhanced the diagnostic precision in 
distinguishing between malignant and benign biliary strictures. 
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1. Introduction 

 
    RCP has advanced in recent decades for  

    the assessment and diagnosis of 

pancreatic-biliary disorders.1 The clinical 

indications for conducting magnetic resonance 

cholangiopancreatography involve disorders of 

the gallbladder, liver, pancreas, bile ducts, and 

porta hepatis. Potential causes can involve 

stones, tumors, infection, or inflammation. 2 

Diffusion-weighted imaging (DWI), a 

technique for signal production predicated on 

variations in Brownian motion, serves as an 

extra instrument for assessing the molecular 

function and micro-architecture of the human 

body.3 The diffusion-weighted imaging signal can 

be measured using apparent diffusion coefficient 

maps, serving as an instrument for evaluating 

various lesions. 4 Diffusion-weighted imaging 

can enhance morphological data acquired by 

standard magnetic resonance 

cholangiopancreatography by providing 

supplementary functional insights into tissue 

cellularity and cell membrane integrity.5 

Additionally, diffusion-weighted imaging may 

serve as a viable alternate method for evaluating 

the biliopancreatic tract when there are 

contraindications to contrast agents, such as 

renal insufficiency or contrast allergy.6 
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The clinical applications of diffusion-

weighted imaging for assessing bile duct 

dilation involve the following groups.7 

Complications associated with gallstones, 

including acute cholangitis, the most observed 

benign inflammatory lesion, and hepatic 

abscesses. Lesions of the gallbladder, including 

gallbladder empyema, cholecystitis, and 

gallbladder cancer.8 intra-hepatic biliary 

lesions; the most prevalent case is intra-hepatic 

Cholangiocarcinoma, which arises from second-

order or more distal peripheral branches of the 

intra-hepatic bile duct. 9 extra-hepatic biliary 

lesions; around two-thirds of extra-hepatic bile 

duct carcinoma occur at the hepatic hilum 

(termed hilar Cholangiocarcinoma or Klatskin 

tumor), while roughly one-third arise from the 

distal common bile duct. 10 

The aim of this research was to evaluate the 

supplementary benefit of DWI to magnetic 

resonance cholangiopancreatography (MRCP) 

for diagnosing bile duct obstruction, whether 

malignant or benign. 

 

2. Patients and methods 

This research has been performed on 100 

cases with obstructive jaundice underwent MRCP 

in the period between January 2022 and May 

2023. Cases have been recruited from the 

Radiology Department, National Liver Institute, 

Menoufia University. 

Approval of the study protocol has been 

obtained by the Ethical Scientific Committee of 

the National Liver Institute; Menoufia University 

was obtained. 

Inclusion criteria: 

Patients with bile duct dilatation due to 

obstruction, either benign causes (like cholangitis, 

cholecystitis, and gallbladder empyema) or 

malignant causes (like gallbladder carcinoma, 
Intra-hepatic Cholangiocarcinoma or hilar 

Cholangiocarcinoma [Klatskin tumor]). 

Exclusion criteria: 

Metallic medical prothesis: Implantable 

neurostimulation systems, Cardiac implantable 

electronic device (CIED), Cochlear implants/ear 
implants, Drug infusion pumps (analgesic 

medications, chemotherapy pumps, or insulin 

delivery) & Catheters with metallic components 

(Swan-Ganz catheter) & Metallic fragments (like 

metal shrapnel, shotgun pellets, and bullets) & 
Cerebral artery aneurysm clips & Artificial limb & 

Magnetic dental implants & Hearing aid and 

claustrophobia.   

Methods: 

All cases in the research have been exposed to 

the following: Full history taking, clinical 

examinations, laboratory investigations: Serum 

bilirubin (Total and direct), Complete blood count 

(CBC), Liver function profile, Tumor markers, C-

reactive protein (CRP) & erythrocyte sedimentation 

rate (ESR) and radiological investigations: 

Abdominal and pelvic ultrasonography & Magnetic 
resonance cholangiopancreatography (MRCP) 

MR imaging protocol: 

Cases underwent examination using a 3-T 

superconducting MRI system (1.5T; GE 

Healthcare) equipped with an 8US phased-array 
surface coil. The technique comprised T2-weighted 

sequence, heavy T2-weighted sequence, T2 with fat 

saturation sequence, three-dimensional (3D) thin-

section MRCP, and DWI sequence. An apparent 

diffusion coefficient (ADC) map has been computed 

utilizing a mono-exponential function with b values 
of zero and one thousand square millimeters per 

second. 

Findings that were detected by the 

examination: 

Caliber and course of the biliary tree and 

pancreatic duct, presence or absence of stones, 
strictures, and/or mass lesions, assessment of 

liver, pancreas, duodenum, and abdominal lymph 

nodes (if present) and assessment of the 

obstructive lesion: Site & size (in maximum 

dimensions) & Presence or absence of restricted 
diffusion (for masses). 

 

3. Results 
According to demographic data between benign 

and malignant bile duct obstruction, a statistically 

significant has been observed among examined 

groups regarding gender and age (Table 1). 
Table 1. Comparative analysis among benign and 

malignant bile duct obstruction according to 
demographic data 

 TYPE OF BILE DUCT 

OBSTRUCTION 

TEST 

OF 
SIG. 

P 

DEMOGRAPHIC 

DATA 

Benign 

(n = 50) 

Malignant 

(n = 50) 
 No. % No. % 

GENDER       
MALE 19 38.0 29 58.0 χ2= 

4.006* 

0.045* 

FEMALE 31 62.0 21 42.0 

AGE (YEARS)     
MIN. – 

MAX. 

22.0 – 72.0 39.0 – 85.0 t= 

5.140* 

<0.001* 

MEAN ± 

SD. 

48.58 ± 

12.72 

59.80 ± 

8.74 
MEDIAN 

(IQR) 

49.0 (38.0 – 

58.0) 

60.0 (54.0 – 

64.0) 

IQR: Inter quartile range, SD: Standard 

deviation, 2:  Chi square test, t: Student t-test, p: 

p value for comparing between Benign and 

Malignant bile duct obstruction, *: Statistically 

significant at p ≤ 0.05  
According to serum bilirubin level, a statistically 

significant has been observed among examined 

groups regarding total serum bilirubin level and 

direct serum bilirubin level (Table 2) 
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Table 2. Comparative analysis among benign 

and malignant bile duct obstruction according to 
serum bilirubin level 

SERUM 

BILIRUBIN 
LEVEL 

(MG/DL) 

TYPE OF BILE DUCT 

OBSTRUCTION 

T P 

Benign 

(n = 50) 

Malignant 

(n = 50) 
TOTAL     

MIN. – 
MAX. 

4.90 – 14.0 5.90 – 24.30 10.983* <0.001* 

MEAN ± 
SD. 

7.86 ± 2.0 13.96 ± 3.37 

MEDIAN 
(IQR) 

7.75 (6.30 – 
8.80) 

13.6 (12.7 – 
15.6) 

DIRECT     

MIN. – 
MAX. 

4.0 – 12.80 4.20 – 22.10 9.964* <0.001* 

MEAN ± 
SD. 

6.98 ± 1.94 12.49 ± 3.39 

MEDIAN 
(IQR) 

7.0 (5.50 – 
7.60) 

12.1 (10.6 – 
14.2) 

Regarding to etiology of benign bile duct 
obstruction, 78% of patients had stone, 10.3% 

had intra-hepatic stones, 56.4 % had extra-

hepatic stones and33.3 had combined intra- and 

extra-hepatic stones. 22%of patients had 

Stricture, 81.8%had iatrogenic stricture, 9.1% 

had post inflammatory stricture, 9.1% had 
previous bile duct stone passage (Table 3). 

Table 3. Distribution of the examined cases 
regarding etiology of benign bile duct obstruction (n 
= 50) 

ETIOLOGY NO. % 

STONE 39 78.0 

INTRA-HEPATIC STONES 4 10.3 
EXTRA-HEPATIC STONES 22 56.4 

COMBINED INTRA- AND EXTRA-
HEPATIC STONES 

13 33.3 

STRICTURE 11 22.0 
IATROGENIC STRICTURE 9 81.8 

POST INFLAMMATORY 
STRICTURE 

1 9.1 

PREVIOUS BILE DUCT STONE 
PASSAGE 

1 9.1 

 

According to pathological type of the lesion of 

malignant bile duct obstruction, the most 

pathological type of the lesion was 

Cholangiocarcinoma represented 32%, Pancreatic 

cancer18% divided into 16% pancreatic head 
carcinoma, 2% pancreatic head metastasis, 

Hepatocellular carcinoma (HCC) was 2%, Liver 

metastasis was 14%, Duodenal cancer was 4%, 

Gall bladder cancer was 6%, Porta-hepatis 

malignant lymph nodes was 14%, Mixed types of 
cancers was 10% (Table 4) 

 

 

 

 

 
 

 

 

 

 

 
 

 

Table 4. Distribution of the examined cases 

according to pathological type of the lesion of 
malignant bile duct obstruction (n = 50) 

PATHOLOGICAL TYPE OF THE 

LESION 

NO. % ADC 

VALUE  
(×10–

3 MM2/S) 

CHOLANGIOCARCINOMA 16 32.0 1.27 ± 

0.20 
PANCREATIC CANCER 9 18.0 1.14 ± 

0.19 
PANCREATIC HEAD 

CARCINOMA 

8 16.0 – 

PANCREATIC HEAD 
METASTASIS 

1 2.0 – 

HEPATOCELLULAR 
CARCINOMA (HCC) 

1 2.0 1.11 

LIVER METASTASIS 7 14.0 1.31 ± 
0.24 

DUODENAL CANCER 2 4.0 1.20 ± 
0.02 

GALL BLADDER CANCER  3 6.0 1.27 ± 
0.11 

PORTA-HEPATIS MALIGNANT 
LYMPH NODES 

7 14.0 1.23 ± 
0.21 

MIXED TYPES OF CANCERS 5 10.0 1.28 ± 
0.12 

PANCREATIC 
NEOPLASM + HEPATIC 

NEOPLASM 

2 4.0 – 

HCC + PORTA-HEPATIS 

LYMPH NODES 

3 6.0 – 

According to anatomical level of the obstruction 

of malignant bile duct obstruction, 20% was 
parenchymal, 22% was Hilar, 58% was Distal CBD 

obstruction (Table 5) 

Table 5. Distribution of the examined cases 
regarding anatomical level of the obstruction of 
malignant bile duct obstruction (n = 50) 

ANATOMICAL LEVEL OF THE 
OBSTRUCTION 

NO. % 

PARENCHYMAL 10 20.0 
HILAR 11 22.0 

DISTAL CBD OBSTRUCTION 29 58.0 

According to diffusion restriction, a statistically 

significant variation has been observed among 

examined groups regarding Diffusion restriction 

positive and negative (Table 6).   
Table 6. Comparative analysis among benign and 

malignant bile duct obstruction according to 
diffusion restriction 

 TYPE OF BILE DUCT 
OBSTRUCTION 

ꭓ2 P 

DIFFUSION 

RESTRICTION 

Benign 

(n = 50) 

Malignant 

(n = 50) 
 No. % No. % 

NEGATIVE 50 100.0 0 0.0 100.0* <0.001* 

POSITIVE 0 0.0 50 100.0 

2:  Chi square test, p: p value for comparing 

between Benign and Malignant bile duct 

obstruction, *: Statistically significant at p ≤ 0.05  

According to ADC value of malignant bile duct 

obstruction, the mean of ADC value was 1.34 ± 

0.20 and median was 1.35 (1.25 – 1.44) (Table 7) 
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Table 7. Descriptive analysis of the examined 

cases regarding ADC value of malignant bile duct 
obstruction (n = 50) 

 MIN. – MAX. MEAN ± SD. MEDIAN 
(IQR) 

ADC VALUE ( ×10–

3 MM2/S) 
0.94 – 1.94 1.34 ± 0.20 1.35 (1.25 – 

1.44) 

 
Regarding the method final diagnosis, a 

statistically significant variation has been 

observed among examined group regarding CNB, 

MRCP + Clinical picture & Medical history and 

ERCP (Table 8) 

Table 8. Comparative analysis among 
malignant and benign bile duct obstruction 
regarding the method final diagnosis 

 TYPE OF BILE DUCT 

OBSTRUCTION 

ꭓ2 P 

FINAL 

DIAGNOSIS 

Benign 

(n = 50) 

Malignant 

(n = 50) 
 No. % No. % 

CNB – – 25 50.0 – – 
MRCP + 

CLINICAL 
PICTURE 

& 
MEDICAL 

HISTORY 

18 36.0 50 100.0 47.059* <0.001* 

ERCP 50 100.0 27 54.0 29.870* <0.001* 

 
 

4. Discussion 
Demographic data indicated a statistically 

significant variation has been observed among 

malignant and benign bile duct obstruction for 

age and gender. 

In accordance with Yoo et al.11 who aimed to 

evaluate the efficacy of involving DWI in 

conventional MRCP for the differentiation of 

benign and malignant distal biliary strictures, 

their research involved sixty cases with 

suspected distal biliary strictures. The possibility 

of malignancy was assessed by two independent 

reviewers who analyzed 3 image sets: 1) 

magnetic resonance cholangiopancreatography 

alone; 2) magnetic resonance 

cholangiopancreatography combined with DWI; 

and 3) MRCP, DWI, and contrast-enhanced T1-

weighted imaging (T1WI) combined. They 

discovered a statistically significant variation in 

age and gender observed among the examined 

groups. 

According to serum bilirubin level, our results 

demonstrated that a statistically significant has 

been observed among examined groups 

regarding total serum bilirubin level and direct 

serum bilirubin level. 

In accordance with Saluja et al.,12 revealed that 

total bilirubin (mg/dl) was 8.6±8.8 and 17.4±9.1, 

respectively, with p value 0.001. This revealed 

that statistical significance was observed among 

examined groups regarding total serum bilirubin 

level. Malignant tumors often cause total 

blockage, resulting in elevated bilirubin 

concentrations in these cases. 

Regarding to etiology of benign bile duct 

obstruction, our results demonstrated that 78% 

of patients had stone, 10.3% had intra-hepatic 

stones, 56.4 % had extra-hepatic stones and33.3 

had combined intra- and extra-hepatic stones. 

22%of patients had StrictureStricture, 81.8%had 

iatrogenic StrictureStricture, 9.1% had post 

inflammatory StrictureStricture, and 9.1% had 

previous bile duct stone passage. 

Kim et al.13 showed that cases with benign 

strictures had bile duct or gallbladder stones 

(number = thirteen), while malignant strictures 

were much thicker (5.0 ± 2.0 millimeters) and 

longer (27.0 ± 13.6 millimeters) compared to 

benign strictures. 

According to pathological type of the lesion of 

malignant bile duct obstruction, our results 

found that the most pathological type of the 

lesion was Cholangiocarcinoma represented 32%, 

Pancreatic cancer18% divided into 16% 

pancreatic head carcinoma, 2% pancreatic head 

metastasis, Hepatocellular carcinoma (HCC) was 

2%, Liver metastasis was 14%, Duodenal cancer 

was 4%, Gall bladder cancer was 6%, Porta-

hepatis malignant lymph nodes was 14%, Mixed 

types of cancers was 10%. 

Rabie et al.14 identified the following malignant 

conditions: hepatic and extra-hepatic 

Cholangiocarcinoma, pancreatic adenocarcinoma, 

gallbladder cancer, pathological lymph nodes 

infiltrating the common bile duct, peri-ampullary 

carcinoma, infiltrative hepatocellular carcinoma, 

and hepatic deposits exhibiting biliary invasion. 

According to the anatomical level of the 

obstruction of malignant bile duct obstruction, 

our results demonstrated that 20% was 

parenchymal, 22% was Hilar, and 58% was Distal 

CBD obstruction. 

According to Yoo et al.,11 malignant strictures 

comprised ampulla of Vater adenocarcinomas 

(number = twenty-one), distal CBD carcinomas 

(number = eighteen), and peribiliary metastasis 

from progressed stomach cancer. The 

identification of a case with peribiliary metastases 

from advanced gastric cancer has been validated 

by the malignant cell’s detection of the aspirated 

bile. A definitive diagnosis in a case with hepatic 

lesions and malignant ampulla of Vater stricture 

has been established using ultrasound-guided 

core-needle biopsy of the hepatic metastases. 

Our results indicated a statistically significant 

distinction among the examined groups 

concerning diffusion restriction, both positive and 

negative.   

Rabie et al.14 demonstrated that positive 

diffusion restriction was significantly greater in 
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malignant lesions than in benign lesions, with a 

p-value less than 0.001. 

According to ADC value of malignant bile duct 

obstruction, our results showed that mean of 

ADC value was 1.34 ± 0.20 and median was 1.35 

(1.25 – 1.44). 

Girometti et al.15 aimed to compare the 

accuracy of DWI visual analysis (VA) and 

apparent diffusion coefficient quantification 

(ADC-Q) in evaluating the malignancy of solid 

focal liver lesions (FLLs). They reported mean 

ADC values of 0.87±0.25 (range 0.45–1.26) for 

metastases and 1.19±0.38 for hepatocellular 

carcinoma (range 0.67–2.16). 

Regarding the final diagnosis method, our 

results demonstrated that there was statistically 

significant variance among studied groups 

regarding CNB, MRCP + Clinical picture and 

medical history, and ERCP.  

Tsai et al.16 aimed to evaluate the 

supplementary benefit of DWI in conjunction 

with conventional T2WI and MRCP for the 

identification of bile duct dilatations. The 

incorporation of DWI with T2-weighted magnetic 

resonance and MR cholangiopancreatography 

sequences greatly enhances sensitivity and 

diagnostic accuracy in the assessment of bile 

duct dilatations, especially malignant ones. 

In contrast to Garcea et al.,17 indicated that a 

statistically insignificant distinction had been 

observed among the examined groups 

concerning MR cholangiopancreatography, with 

a p-value of 0.96. 

 
4. Conclusion 

Adding diffusion weighted imaging into 

standard MR cholangiopancreatography 

significantly enhanced the diagnostic precision for 

distinguishing among malignant and benign 

biliary strictures. 
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