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ABSTRACT T 

Objective:Objective: To evaluate the clinical application value of MR cholangiopancreatography 
(MRCP)) in diagnosis of pancreaticobiliary duct disease. 

Methods:Methods: MRCP was performed in fifty-eight subjects, including sixteen volunteers 
ass comparison and forty-two patients with various pancreaticobiliary duct diseases. 
MRCPP uses non-breath-hold heavily T2-weighted Turbo Spin-Echo (TSE) sequence 
withh respiratory-triggering and fat-suppression techniques. Three-dimensional (3D) 
reconstructionn was used for post-processing with a maximum-intensity-projection 
(MIP)) algorithm. 

Results:Results: MRCP examination was succeeded in all 58 cases. In sixteen persons as 
comparison,, gallbladder, extrahepatic bile duct and partial intrahepatic bile duct or 
mainn pancreatic duct were visualized clearly. In forty-two patients with 
pancreaticobiliaryy duct disease, MRCP can exhibit the imaging characteristic of 
variouss pancreaticobiliary duct diseases and the total diagnostic accuracy was 85.7%. 
Thee accuracy of MRCP in the detection of the degree and location of bile duct 
obstructionn was 100%. The accuracy of MRCP for evaluating the causes of 
obstructionn was 83. 8%. In the diagnosis of choledocholithiasis and malignant bile 
ductt obstruction, the diagnostic accuracy of MRCP was 90.9% and 80.0%, 
respectively. . 

Conclusion:Conclusion: MRCP examination has a high success rate and can depict 
pancreaticobiliaryy duct clearly. Because of reliable value in diagnosing 
pancreaticobiliaryy duct diseases, MRCP may provide an efficient alternative to direct 
cholangiopancreatography,, especially when the diagnostic endoscopic retrograde 
cholangiopancreatographyy (ERCP) and percutaneous transhepatic cholangiography 
(PTC)) are unsuccessful or inadequate. 

KeyKey Words: pancreaticobiliary duct disease MR imaging 
cholangiopancreatography y 
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INTRUCTION N 

Recently,, magnetic resonance cholangiopancreatography (MRCP) is one of the new 
clinicall  applications of MR imaging techniques and offers a new method for 
diagnosingg pancreaticobiliary system disorders. Compared with frequently used 
imagingg techniques, such as ultrasonography (US), computed tomography (CT) and 
directt cholangiopancreatography including endoscopic retrograde 
cholangiopancreatographyy (ERCP) and percutaneous transhepatic cholangiography 
(PTC),, MRCP combines many obviously advantages of noninvasive, simple, safe and 
withoutt the administration of contrast agents. The perspective of clinical application 
off  MRCP is very wide. To evaluate the technical utility and diagnostic value of MRCP, 
wee carried out a clinical trial in 16 volunteers as comparison and 42 patients with 
variouss pancreaticobiliary duct diseases. 

MATERIALSS AND METHODS 

Patientt population 

Thiss study population included 58 subjects who were divided into two groups. Group 
11 had 16 volunteers without pancreaticobiliary duct diseases served as comparison (9 
malee and 7 female; mean age 49.4 years, range 20-75 years). 

Groupp 2 had 42 patients with clinical symptoms of pancreaticobiliary duct diseases, 
includingg 17 cholelithiasis, 10 other benign duct diseases and 15 malignant bile duct 
obstructionss (Table 1). The patients in the group 2 included 19 male and 23 female 
andd the mean age was 54.5 years old (range 19-78 years). All patients in the group 2 
weree scheduled to undergo MRCP examination from September 1997 to March 1998. 
Thee inclusion criterion was that the patient had detailed clinical data and definitely 
finalfinal diagnoses. 

Inn the group 2, all patients underwent US and 15 patients underwent CT examination 
beforee the completion of MRCP. In addition, 21 patients had undergone direct 
cholangiopancreatographyy (18 ERCP and 3 PTC). However, 3 direct 
cholangiopancreatographyy were unsuccessful due to difficult cannulation (2 ERCP) 
andd sick patient (1 PTC). 3 other ERCP were incomplete because only the pancreatic 
ductt could be demonstrated and the biliary tree was not opacified. Furthermore, 1 
patientt had complication of acute pancreatitis after the incomplete ERCP. The final 
diagnosess in the group 2, 31 pancreaticobiliary duct diseases were confirmed by 
surgicall  findings and pathology (1 patient underwent laparoscopic cholecystectomy). 
Thee remaining 11 disorders were diagnosed based on imaging findings and clinical 
data. . 
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Tablee 1. Patients with various pancreaticobiliary diseases in Group 2 (n=42) 

Pancreaticobiliaryy duct diseases No. of cases 
CholelithiasisCholelithiasis 17 

Gallbladderr stone 5 

Intrahepaticc bile duct stone 1 

Choledocholithiasis**  11 

OtherOther benign duct diseases 10 
Postcholecystectomyy 3 

Choledochitiss 2 

Sclerosingg cholangitis 1 

Choledochall  cyst 1 

Bilee duct injury 1 

Chronicc pancreatitis 2 

MalignantMalignant bile duct obstruction 15 
Cholangiocarcinomaa 4 

Pancreaticc head carcinoma**  4 

Ampullaryy carcinoma 2 

Gallbladderr carcinoma 2 

Metastaticc carcinoma 3 

**  5 patients associated with gallbladder stone, 4 with intrahepatic duct stone 

***  1 patient associated with choledocholithiasis 

Techniques s 

MRR imaging was performed with a LOT superconductive unit (Philips Gyroscan 
T10-NT,, software version 4.5.3) with a body coil. Al l MR examinations were 
performedd after the patients had fasted for 8-1 Oh. The patients were examined in the 
supinee position, quiet breathing and abdominal band compression. The routine upper 
abdomenn axial T1WI, T2WI and coronal T2WI MR examination with Turbo 
Spin-Echoo (TSE) sequence were performed first. In some patients with more 
abdominall  fat tissue, the additional axial T2WI fat-suppressed sequence was 
performed. . 

Thee routine axial images served as guides with which to locate the MRCP 
examination.. MR cholangiopancreatography was performed with coronal, multi-slices, 
heavilyy T2-weighted TSE sequence. A non-breath-hold, respiratory-triggering 
techniquee was used to decrease the respiratory motion artifact. The scan duration per 
respirationn was 2s. Fat suppression spectral pre-saturation with inversion recovery 
(SPIR)) sequence was also used to eliminate the signals on the background more 
completely.. The main imaging parameters were: repetition time 2000ms and echo 
timee 700ms (TR=2000ms, TE=700ms), field of view 355-405mm; matrix 190 x 256, 
slicess 50, slice thickness 2mm, gap 0mm, number of signals averaged (NSA) 2, TSE 
factorr 101. For MRCP, the total scan time was 6min 40 seconds and the average 
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imagingg time was approximately 11 min. The source images were three-dimensional 
(3D)) reconstructed by using a maximum-intensity-projection (MIP) algorithm to 
createe a rotating radial display of 13-16 projections at 6° intervals. 

Imagingg analysis 

MRCPP images were separately reviewed by two radiologists. When there was a 
disagreementt between readers, a consensus was achieved by discussion. By detailedly 
analyzingg MRCP findings, the study protocol included observing the dilatation and/or 
stricturee of pancreaticobiliary ducts, detecting the obstructive degree and location, and 
calculatingg the accuracy of MRCP in diagnosing various pancreaticobiliary duct 
diseases. . 

Thee diagnostic analysis for MRCP was identical to those for ERCP, but in MRCP it 
wass more important to carefully review both the source images and the MIP 
reconstructedd images. Dilatation of the common bile duct was defined as larger than 8 
mmm in maximal diameter in patients without histories of cholecystectomy and 10 mm 
inn patients with prior cholecystectomy. Dilatation of the intrahepatic bile duct and 
mainn pancreatic duct was defined as larger than 3 mm in maximal diameter. 

RESULTS S 

Imagee quality 

MRR cholangiopancreatography was successfully performed in all 58 subjects and the 
imagess of MRCP were similar to those of direct cholangiopancreatography. 
Satisfactoryy MRCP images were obtained in 57 of the 58 subjects. In the remaining 1 
patientt with pancreatic head carcinoma, the presence of ascitic fluid in the upper 
abdomenn obscured visualization of the distal common bile duct and degraded the 
qualityy of the MRCP image. In 6 patients in whom direct cholangiopancreatography 
wass unsuccessful or incomplete, MRCP examinations were all succeeded. On MRCP 
images,, the fluid-containing organs including spinal cord, gastrointestinal tract and 
renall  pelvis were also exhibited high signal intensity, but they may not impact the 
imagee interpretation and diagnostic analysis due to the rotation in any direction of the 
3DD reconstructed images by MIP postprocessing algorithm. 

Normall anatomic structures 

Inn 16 subjects with normal pancreaticobiliary duct in the group 1, the pancreatic duct 
andd biliary tree were shown clearly. The gallbladder and extrahepatic bile ducts (left 
andd right hepatic ducts, common hepatic duct and common bile duct) were visualized 
inn 100% (16/16). The cystic ducts were seen in 93.8% (15/16). The First segment of 
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intrahepaticc bile ducts could be seen in 62.5% (10/16). The main pancreatic ducts in 
thee head and body/tail of the pancreas were visible in 62.5% (10/16) and 43.8% (7/16), 
respectively.. In the group 1, the normal pancreaticobiliary ducts were all nondilated. 
Thee mean diameter of the common bile duct was 5.1mm (range 3-7mm) and that of 
thee main pancreatic duct was 1.7mm (range l-2mm). 

Imagingg analysis of various pancreaticobiliary duct diseases 

Thee overall diagnostic accuracy with MRCP in 42 patients with pancreaticobiliary 
ductt diseases was 85.7% (36/42) (Table 2). MRCP could exhibit the imaging 
characteristicc of various pancreaticobiliary duct diseases, especially the dilatation and 
stricturee of the pancreaticobiliary ducts. Except 5 patients with gallbladder stone, the 
remainingg 37 cases all displayed the dilatation and/or stricture of biliary and 
pancreaticc ducts with different degree. The accuracy of MRCP in the detection of the 
degreee and location of pancreaticobiliary duct obstruction was 100% (37/37). The 
accuracyy of MRCP for evaluating the causes of obstruction was 83.8% (31/37). 

Tablee 2. Diagnostic accuracy with MRCP 

Finall  diagnosis 

Cholelithiasis s 

Otherr benign duct disease 

Malignantt bile duct obstruction 

Total Total 

No.. of patients 

17 7 

10 0 

15 5 

42 42 

No. . off  correct 

16 6 

8 8 

12 2 

36 36 

diagnosis s Accuracy y 

94.1% % 

80.0% % 

80.0% % 

85.7% 85.7% 

1.. Cholelithiasis (17 cases) 

Thee criterion for the diagnosis of stones was the presence of a round, oval or 
multiangularr signal void in the gallbladder, intra- or extra-hepatic bile ducts (Fig 1). 
Onn MRCP reconstructed images, stones in 11 patients were shown clearly, and partial 
orr total stones in 5 other patients were obscured by the surrounding hyperintense bile, 
butt all be depicted on source images. In 1 patient with choledocholithiasis, no stone 
couldd be seen on MRCP. This patient had muddy stone confirmed later by ERCP 
papillosphincterotomy.. Biliary ductal dilatation with different degree was visualized 
inn all 11 patients with choledocholithiasis on MRCP. 5 associated gallbladder stones 
andd 4 associated intrahepatic duct stones in these patients were also discovered by 
MRCP.. Therefore, the total accuracy in diagnosing cholelithiasis with MRCP was 
94.1%% (16/17) and the diagnostic accuracy in detecting choledocholithiasis was 
90.9%% (10/11). 
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Figg 1 Choledocholithiasis 

MRCPP showed dilated intra- and extra-hepatic ducts and enlarged gallbladder. 
AA stone obstructed at the distal common bile duct. 

2.. Other benign pancreaticobiliary duct diseases (10 cases) 

Inn 3 postcholecystectomy and 2 inflammatory stenosis of the common bile duct, 
MRCPP demonstrated a mild dilated common bile duct that tapers at the level of the 
ampulla,, and the cystic duct stumps were also seen in 3 patients with 
postcholecystectomy.. The intra- and extra-hepatic ductal strictures were shown on 
MRCPP as focal stenotic segments in 1 patient with sclerosing cholangitis. 1 
choledochall  cyst, MRCP demonstrated cystic dilatation of common bile duct, having 
thee shape of "calabash". 1 patient with bile duct injury had undergone 
cholecystectomy,, MRCP depict the dilatation of the intrahepatic ducts and the 
extrahepaticc duct was abruptly obstructed at the level of the porta hepatis. In 2 
patientss with chronic pancreatitis, MRCP showed the dilated, tortuous and irregular 
pancreaticc duct and the mild dilatation of distal common bile duct. In all 10 patients 
withh benign pancreaticobiliary duct diseases, 1 bile duct injury and 1 inflammatory 
stenosiss of common bile duct could not be identified by MRCP. 

3.. Malignant bile duct obstruction (15 cases) 

Thee level of obstruction was at the porta hepatis in 7 patients, at the proximal 
commonn bile duct or the junction of cystic duct and common hepatic duct in 2 
patients,, and at the distal common bile duct in 6 patients. MRCP could depict the 
dilatedd bile ducts proximal to the obstruction as well as the normal bile ducts distal to 
thee obstruction in patients with incomplete obstruction. The malignant obstruction 
presentedd as intraductal, irregular signal void or abrupt termination. 1 
cholangiocarcinomaa showed the focal stricture at the proximal common bile duct. In 1 
patientt with pancreatic head carcinoma, the distal common bile duct and main 
pancreaticc duct were seen unclearly due to the ascitic fluid obscuring. In 3 other 
pancreaticc head carcinoma and 1 ampullary carcinoma, MRCP demonstrated dilated 
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commonn bile duct and pancreatic duct, namely "double duct" sign (Fig 2). In addition, 
associatedd choledocholithiasis in 1 patient with pancreatic head carcinoma was also 
correctlyy diagnosed by MRCP. The other ampullary carcinoma showed asymmetric 
stricturee at the distal common bile duct. In 2 patients with gallbladder carcinoma 
invasionn into the porta hepatis, 1 had the irregular signal void at the bottom of 
gallbladder,, and the other had the atrophic gallbladder. 1 patient with 
cholangiocarcinomaa had undergone postendoscopic placement of biliary stent, and the 
stentt in common bile duct was well depicted on MRCP. In this patient and 2 patients 
withh pancreatic head carcinoma, the routine MRI examination also showed the 
multiplee metastases in the liver. 

Too summarize, MRCP detected the location of obstruction in all 15 patients with 
malignantt bile duct obstruction, with an overall diagnostic accuracy of 100% (15/15). 
Moreover,, the type of tumors was characterized with MRCP in 12 of 15 patients 
(80.0%). . 

Figg 2 Pancreatic head carcinoma 

MRCPP demonstrated dilated common bile duct and pancreatic duct, 

"doublee duct sign". 

DISCUSSION N 

MRCPP principle, technique and method 

Thee principle used by MRCP, MR myelography (MRM) and MR urography (MRU) is 
thee same, which all be called MR hydrography. The MR hydrography is based on 
heavilyy T2-weighted pulse sequences. As a result, stationary fluid (such as bile, 
pancreaticc secretions, cerebrospinal fluid and urine) exhibit a high signal intensity, 
whilee solid organs have a low signal intensity and the flowing blood has littl e or no 
measurablee signal. This combination of imaging characteristics means that MR 
hydrographyy provides optimal contrast between the hyperintense signal of 
fluid-containingg organs and the hypointense signal of the background[1]. 
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MRCPP was advocated by German researchers, Wallner BK et al, in 1991l J. Since then, 
manyy studies have been reported to date. With continued technologic advancements, 
thee imaging quality and the diagnostic ability to detect the pancreaticobiliary duct 
diseasess with MRCP have been improved increasingly[38]. We perform all MRCP 
examinationn with coronal, multislices, Turbo Spin-Echo (TSE) sequence 
(TR/TE=2000/700ms)) and three-dimensional MIP postprocessing algorithm. 
Furthermore,, the addition of respiratory-triggering and SPIR fat-suppression 
techniquess are also used. Our study shows, MRCP was successfully performed in all 
588 patients and the images of MRCP were similar to those of direct 
cholangiopancreatography.. Satisfactory MRCP images were obtained in 57 cases. 
Withh our imaging protocol, the normal anatomic structures of pancreatic duct and 
biliaryy tree can be demonstrated clearly in 16 subjects served as comparison. The 
visualizationn rate of pancreaticobiliary duct and caliber measurement of common bile 
ductt and main pancreatic duct conform to the results of pertinent studies [3'4]. 
Macaulayy et al [3*  pointed out that in most cases, the MRCP measurements of 
pancreaticobiliaryy duct caliber were slightly smaller than those obtained with direct 
cholangiopancreatography.. MRCP imaged the pancreatic duct and biliary system in 
theirr native state without the duct distention due to contrast material injection. 

MRCPP examination is simple and no special patient preparation is required. Although 
thee fluid-containing organs including spinal cord, gastrointestinal tract and renal 
pelviss can also be exhibited on MRCP images, in general, they may not impact the 
imagingg diagnosis due to the rotation in any direction of MIP reconstructed images. 
Recently,, it has been reported that the signal intensity in the gastrointestinal tract was 
almostt completely eliminated with the negative oral contrast agent. Differences in 
imagee quality between pre- and post-contrast images were statistically significantt9]. 

Clinicall application value of MRCP 

Forr a long time, direct cholangiopancreatography obtained through ERCP or PTC has 
playedd an important role in diagnosing the pancreaticobiliary duct diseases. However, 
directt cholangiopancreatography has some remarkable drawbacks, such as ionizing 
radiationn and injection of contrast agent. ERCP is associated with a morbidity of 
l%-7%% and a mortality of 0.2%-1%, as reported in a recently published trial[1]. This 
techniquee is also highly operator dependent, with unsuccessful cannulation and 
incompletee examination occurring in 3%-9% and 6% of cases, respectively [I] . 
Generally,, PTC examination could not exhibit the dilated biliary tree at one time. 
Moreover,, direct cholangiopancreatography could not opacify the whole 
pancreaticobiliaryy duct system in patients with severe or complete obstruction. 

Recently,, MRCP examination is a newly introduced imaging modality for evaluating 
thee biliary and pancreatic ductal systems. It is a noninvasive, safe, simple method 
withoutt the ionizing radiation and injection of contrast agent. Our study shows, 
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MRCPP examination has extensive indication and reliable value in diagnosing 
pancreaticobiliaryy duct diseases. It can exhibit the morphological characteristics of 
variouss pancreaticobiliary system disorders and the total diagnostic accuracy was 
85.7%% (36/42). The accuracy of MRCP in the detection of the degree and location of 
pancreaticobiliaryy duct obstruction was 100% (37/37) and the accuracy for evaluating 
thee causes of obstruction was 83.8% (31/37), which conformed to the results of 
pertinentt studies [1,5]. In addition, in 6 patients in whom direct 
cholangiopancreatographyy was unsuccessful or incomplete, MRCP were all succeeded 
andd could depict the pancreaticobiliary duct satisfactorily. Therefore, MRCP may 
providee an efficient alternative to direct cholangiopancreatography when the 
diagnosticc ERCP and PTC are unsuccessful or inadequate[5]. 

Cholelithiasiss is the most common disease that involves the biliary system. US and 
CTT technique are most frequently used in the initial evaluation of patients with 
cholelithiasiss and both have a high accuracy in diagnosing gallbladder and 
intrahepaticc duct stones. In diagnosing choledocholithiasis, the specificity of US or 
CTT examination is high, but the sensitivity is low. The literature indicates that MRCP 
diagnosess the presence of choledocholithiasis with a sensitivity of 81%-90%, a 
specificityy of 98%-100%, and an overall diagnostic accuracy of 94%-97%[1]. In our 
studyy of 17 patients, the total accuracy in diagnosing cholelithiasis with MRCP was 
94.1%% (16/17) and the diagnostic accuracy in detecting choledocholithiasis was 
90.9%% (10/11). It must be noted that on MIP reconstructed images, partial or total 
stoness in 5 patients with cholelithiasis are obscured by the surrounding hyperintense 
bile,, but all be depicted on MRCP source images. Therefore, the importance of a 
carefull  review of the source images in diagnosing the cholelithiasis cannot be 
overemphasizedt6].. In 1 patient with gallbladder stone who underwent laparoscopic 
cholecystectomy,, MRCP depicted the whole anatomic structures of biliary tree and 
helpp to ensure the success of laparoscopic cholecystectomy. Before surgical dissection, 
too identify the anatomic variants of the biliary tree with MRCP results in a decreased 
riskrisk of bile duct injury during laparoscopic cholecystectomy.̂ 

Bilee duct obstruction is a common disease involving the biliary system. The literature 
indicatess that the sensitivity, specificity, and accuracy in distinguishing malignant 
fromfrom benign pancreaticobiliary diseases are 81%, 92%, and 87%, respectively, for 
MRCP.. The differences between MRCP and ERCP are not statistically significant [1\ 
MRCPP diagnoses the presence of malignant bile duct obstruction with a sensitivity of 
86%,, specificity of 98%, and accuracy of 97% [S\ In our study, MRCP characterized 
thee type of tumor in 12 (80.0%) of 15 patients with malignant bile duct obstruction. 
MRCPP can demonstrate the location, morphological characteristics and range of 
malignantt bile duct obstruction. Combined with routine MRI examination, MRCP 
exhibitss the pancreaticobiliary duct system and pertinently surrounding structures, 
whichh provides valuable information and improves the diagnostic ability [ . 
Additionally,, in patients with multiple metastases and unresectable tumors, MRCP can 
helpp to determine the best approach for palliative drainage. 
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