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ABSTRACT T 

Aim:Aim: To evaluate the clinical value of various imaging methods in diagnosing the 
pancreaticobiliaryy diseases and to seek the optimal procedure. 

Methods:Methods: Eighty-two cases of pancreaticobiliary diseases confirmed by surgery or 
otherr operation were analyzed. There were 38 cases of cholelithiasis, 34 cases of 
pancreaticobiliaryy tumors and 10 other cases. The imaging methods included US, CT, 
ERCP,, PTC, cross-sectional MRI and MR cholangiopancreatography (MRCP). 

Results:Results: The accuracy rate of MRCP in detecting the location of pancreaticobiliary 
obstructionn was 100%. In differentiating malignant from benign obstruction, the 
sensitivityy of the combination of MRCP and cross-sectional MRI was 82.3%, the 
specificityy was 93.8%, and the accuracy rate was 89.0%. The accuracy rate for 
determiningg the nature of obstruction was 87.8%, which was superior to that of US 
(P=Q.000Q)(P=Q.000Q) and CT (i*=0.0330), but there was no significant difference between direct 
cholangiopancreatographyy and the combination of MRCP and conventional MRI 
(/M).6666). . 

Conclusion:Conclusion: In most cases, MRCP can substitute direct cholangiopancreatography for 
diagnosis.. The combination of MRCP and cross-sectional MRI should be considered 
ass an important means in diagnosing the pancreaticobiliary diseases, pre-operative 
assessmentt and post-operative follow-ups. 

KeyKey words: Pancreaticobiliary disease Imaging Diagnose Control study 
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INTRODUCTION N 

Pancreaticobiliaryy disorders are common diseases that often involve the biliary system 
too produce the symptom of obstructive jaundice. The precondition for treatment is to 
investigatee the obstructive location and causes of pancreaticobiliary diseases. The 
aimss of the present study were to evaluate the clinical value of various imaging 
methodss in diagnosing the pancreaticobiliary diseases and to discuss the imaging 
examinationn procedures. 

MATERIALSS AND METHODS 

Patients s 

Thee study subjects included 82 patients (54 men and 28 women, mean age 60.0 years, 
rangee 11-82 years), 67 (81.7%) cases had the symptom of obstructive jaundice. All 
patientss underwent US, MR cholangiopancreatography (MRCP) and cross-sectional 
MRR imaging. Fifty-seven patients underwent enhanced or un-enhanced CT scan. In 
addition,, 48 patients had undergone direct cholangiopancreatography (41 ERCP and 7 
PTC).. However, direct cholangiopancreatography was unsuccessful in 4 cases due to 
difficul tt cannulation (2 ERCP), post-gastroenterostomy (1 ERCP) and sick patient (1 
PTC).. ERCP was incomplete in another 4 cases because only the pancreatic duct 
couldd be demonstrated and the biliary tree was not opacified. Therefore, 40 direct 
cholangiopancreatographiess (34 ERCP and 6 PTC) were performed in all 82 cases, 1 
patientt had complication of acute pancreatitis after ERCP. All patients with 
pancreaticobiliaryy diseases were scheduled to undergo MRCP examination between 
Septemberr 1997 and March 1999, who were confirmed by surgical findings or other 
operationss in our hospital, among them including 12 by laparoscopic cholecystectomy 
(LC),, 6 by endoscopic sphincter tenotomy (EST) and 1 by PTC drainage (PTCD). 
Amongg the 82 cases, 38 were diagnosed as cholelithiasis, 34 as pancreaticobiliary 
tumorss and 10 as other diseases (Table 1). 

Techniques s 

MRR imaging was performed with a LOT superconductive unit (Philips Gyroscan 
T10-NT,, software version 4.5.3 or 4.6.2) containing a body coil. The patients were 
examinedd in the supine position, quiet breathing and abdominal band compression. 
Thee routine upper abdominal axial T1WI, T2WI and coronal T2WI MR examinations 
withh Turbo Spin-Echo (TSE) sequence were performed first, and followed by the 
additionall  axial T2WI and/or T1WI fat-suppressed spectral pre-saturation with 
inversionn recovery (SPIR) sequence. The routine axial images served as guides to 
locatee the MR cholangiopancreatography (MRCP). 
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MRCPP was performed with coronal, multi-slices, heavily T2-weighted TSE sequence 
(TR=2000ms,, TE=700ms). A non-breath-hold, respiratory-triggering technique was 
usedd to decrease the respiratory motion artifact. The MRCP source images were 
three-dimensionallyy (3D) reconstructed using a maximum-intensity-projection (MIP) 
algorithm.. The total imaging time, including cross-sectional MR imaging and MRCP, 
wass approximately 30min. 

Computedd tomography (CT) used a whole body CT scan unit (Picker PQ-2000). All 
CTT examinations were performed after the patients had fasted for 4-8 hours and took 
500-10000 ml oral contrast (0.5%-l% Meglumine Diatrizoate) before CT scanning. 
Enhancedd CT scan used 80-100ml non-ion intravenous contrast agents injected 
throughh anecubital vein in a bolus at the rate of 2-3ml/s. Enhanced CT imaging 
comprisedd arterial phase and delay phase. 

Directt cholangiopancreatography (ERCP and PTC) was performed with a digital 
imagingg unit (Philips Diagnost 93). 

Tablee 1. Pancreaticobiliary diseases (n = 82) 

Pancreaticobiliaryy diseases 
CholelithiasisCholelithiasis a 

Gallbladderr stone 

Intrahepaticc bile duct stone 

Choledocholithiasis s 

PancreaticobiliaryPancreaticobiliary tumor 
Gallbladderr carcinoma 

Cholangiocarcinoma a 

Ampullaryy carcinoma 

Pancreaticc head carcinoma 

Bilee papilla carcinoma 

OtherOther diseases 
Bilee duct injury 

Choledochall  cyst 

Sclerosingg cholangitis 

Chronicc pancreatitis 

No.. of cases 

38 38 
14 4 

7 7 

17 7 

34 34 
6 6 

9 9 

3 3 
11 1 

5 5 

10 10 
2 2 

2 2 

2 2 

4 4 

aa Gallbladder stone mixed with intra- or extra-hepatic stone 15, 

Mirizzii  syndrome 2 

Hepaticc invasion or metastasis 5, lymphadenectasis 3 

44 1 



Chapterr 5 Pancreaticobiliaryy imaging - control study 

Imagingg analysis 

Imagee data of 82 cases were separately reviewed by two radiologists. When there was 
aa disagreement between readers, a consensus was achieved by discussion. The study 
protocoll  included detecting the obstructive locations, distinguishing the malignant 
fromfrom benign causes and evaluating the clinical value of various imaging methods 
(includingg US, CT, MRCP, ERCP/PTC) in diagnosing the pancreaticobiliary diseases. 
SASSAS software was used for all statistical analyses. 

Thee diagnostic principles and evaluating criteria for direct cholangiopancreatography 
andd MRCP were identical, but in MRCP it was more important to carefully review 
bothh the source images and the MIP reconstructed images. According to the findings 
off  the dilatation or stricture of pancreaticobiliary tree and gallbladder, the obstructive 
locationss of pancreaticobiliary duct were divided into three parts: intra-hepatic or 
extra-hepaticc bile duct and main pancreatic duct. Normal gallbladder was 7-10 mm in 
lengthh and 3-4 mm in width. Dilatation of the common bile duct was defined as larger 
thann 8 mm in maximal diameter in patients without histories of cholecystectomy and 
100 mm in patients with prior cholecystectomy. Dilatation of the intra-hepatic bile duct 
andd main pancreatic duct was defined as larger than 3 mm in maximal diameter[1_4]. 

Thee cause of pancreaticobiliary abnormality was evaluated using a five-point scale to 
assignn a confidence level: 1. definitely benign, 2. probably benign, 3. indeterminate, 4. 
probablyy malignant, and 5. definitely malignant[5]. If the cause of pancreaticobiliary 
abnormalityy was assumed to be malignant, the reasons were chosen from the 
followingg findings: visualization of tumor, double duct sign, abrupt obstruction of bile 
duct,, irregularity of obstructed margin, or asymmetric obstruction of the distal margin 
off  the dilated bile duct. Receiver operating characteristic (ROC) curve analysis was 
performedd to compare the results among of MRCP images, combination of MRCP and 
routinee MR images, and ERCP images. Binormal ROC curves were fitted using 
ROCKITROCKIT 0.9B software. The diagnostic capability was determined by calculating the 
areaa under the ROC curve (Az). Ratings of 1 or 2 indicated a reading of a benign 
lesion,, ratings of 4 or 5 indicated a rating of a malignant lesion. Ratings of 3 were 
consideredd to indicate an indeterminate diagnosis. Sensitivity, specificity and accuracy 
off  ERCP, MRCP and the combination of MRCP and routine MR imaging in 
differentiatingg malignant from benign causes of pancreaticobiliary tract obstruction 
weree calculated. 
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RESULTS S 

MRCPP image quality 

MRR cholangiopancreatography was successfully performed in all 82 patients and the 
imagess of MRCP were similar to those of direct cholangiopancreatography. 
Satisfactoryy MRCP images were obtained in 79 (96.3%) subjects with fine contrast 
betweenn the pancreaticobiliary structure and the surrounding background. In the 
remainingg 3 patients with pancreaticobiliary tumor, the presence of ascitic fluid in the 
upperr abdomen and the fluid-containing organs due to gastrointestinal obstruction 
obscuredd visualization of the pancreaticobiliary tree and degraded the quality of the 
MRCPP image. In 8 (16.7%) patients in whom direct cholangiopancreatography was 
unsuccessfull  or incomplete, MRCP examinations all succeeded. 

Diagnosiss of obstructive location 

Amongg the 82 patients with pancreaticobiliary diseases, 8, 60 and 21 cases had 
pancreaticobiliaryy obstructive locations in intra-hepatic, extra-hepatic bile duct and 
mainn pancreatic duct, respectively (totally 89 locations). MRCP could clearly 
visualizee the dilation of pancreaticobiliary ducts above the obstructive level in their 
nativee state, and was more suitable for demonstrating the extra-hepatic bile duct 
obstruction.. The total accuracy of MRCP in detecting the location of 
pancreaticobiliaryy obstruction was 100%, which was superior to that of US (i*=0.0002) 
andd CT (.P=0.0422), but there was no significant difference between MRCP and direct 
cholangiopancreatographyy (i*=0.1487) (Table 2). 

Tablee 2. Accuracy of pancreaticobiliary obstruction level (%) 
byy different imaging methods 

Level l 

US S 

CT T 

ERCP/PTC C 

MRCP P 

Intra-hepatic c 

100.0(8/8) ) 

100.00 (4/4) 

100.00 (5/5) 

100.0(8/8) ) 

Extra-hepatic c 

81.7(49/60) ) 

93.00 (40/43) 

96.77 (29/30) 

100.00 (60/60) 

Mainn pancreatic 

90.55 (19/21) 

100.0(19/19) ) 

100.00 (8/8) 

100.0(21/21) ) 

Total l 

85.44 (76/89) 

95.55 (63/66) 

97.77 (42/43) 

100.00 (89/89) 
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Differentiationn of malignant from benign obstruction 

Thee sensitivity, specificity and accuracy of MRCP in distinguishing malignant from 
benignn causes of pancreaticobiliary obstruction were 64.7%, 81.2% and 74.4%, 
respectively,, while those of ERCP/PTC were 77.8%, 86.4% and 82.5%, respectively. 
Thee difference was not significant between MRCP and ERCP/PTC in Az area under 
thee ROC curve (i*=0.4590). The combination of MRCP and routine MR imaging 
couldd obviously improve the diagnostic capability of differentiating the causes of 
pancreaticobiliaryy obstruction with a sensitivity of 82.3%, a specificity of 93.8% and 
ann accuracy of 89.0%. The difference was significant between MRCP and the 
combinationn of MRCP and routine MR imaging (^=0.0489) (Table 3 and Figure 1). 

Tablee 3. ROC analysis of pancreaticobiliary obstruction 

True-positive e 

True-negative e 

False-positive e 

False-negative e 

Sensitivityy (%) 

Specificityy (%) 

Accuracyy (%) 

A zz ValuesiSD 

ERCP/PTC C 

(«=40) ) 

14 4 

19 9 

3 3 

4 4 

77.8 8 

86.4 4 

82.5 5 

5 5 

MRCP P 

(«=82) ) 

22 2 

39 9 

9 9 

12 2 

64.7 7 

81.2 2 

74.4 4 

0 0 

MRCP+MRI I 

(w=82) ) 

28 8 

45 5 

3 3 

6 6 

82.3 3 

93.8 8 

89.0 0 

8 8 

.22 0.8 
o o 
re re 

0.6 6 

88 0.4 
Q. . 
O O 

££ 0. 2 

0 0 

w w 
MRCP+MRI I 

MRCP P 

P P 

0.0055 0.04 0.08 0. 12 0.2 0.5 0.9 

Falsee positive fraction 

Figuree 1. ROC curve analysis of differentiation between malignant 
andd benign causes of pancreaticobiliary obstruction. 
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Diagnosiss of obstructive causes 

Thee total accuracy of MRCP in diagnosing the causes of pancreaticobiliary 
obstructionobstruction was 75.6%, which was similar to that of direct cholangiopancreatography 
(ERCP/PTC)) (P=0.2345) and CT CP=0.7970), but superior to that of US (P=0.0131). 
Thee combination of MRCP and routine MR imaging significantly improved the 
clinicall  diagnostic ability with an accuracy of 87.8%, which was superior to that of 
CTT (J>=0.0330) and US (ZM).0000). 

Thee diagnostic rate by the combination of MRCP and routine MR imaging was 92.1% 
andd 94.1%, for cholelithasis and choledocholithiasis, respectively, which was superior 
too that of CT (^=0.0428) and US (^=0.0049). But the difference between ERCP/PTC 
andd the combined MRCP and routine MR imaging was not significant (P=0.6445). 
Thee accuracy of CT, ERCP/PTC, MRCP and the combined MRCP and routine MR 
imagingg in distinguishing the various pancreaticobiliary tumors was significantly 
higherr than that of US (/*=0.0002) (Table 4). 

Tablee 4. Accuracy of diagnosis of obstructive causes (%) 

USS CT ERCP/PTC MRCP MRCP+MRI 

Cholelithiasis Cholelithiasis 

Gallbladderr stone 

Intrahepaticc bile duct stone 

Choledocholithiasis s 

PancreaticobiliaryPancreaticobiliary tumor 

Gallbladderr carcinoma 

Cholangiocarcinoma a 

Ampullaryy carcinoma 

Pancreaticc head carcinoma 

Bilee papilla carcinoma 

OtherOther diseases 

Bilee duct injury 

Choledochall  cyst 

Sclerosingg cholangitis 

Chronicc pancreatitis 

Total Total 

1\A 1\A 

85.7 7 

52.9 9 

50.0 0 

33.3 3 

33.3 3 

63.6 6 

40.0 0 

50.0 0 

100.0 0 

0.0 0 

75.0 0 

573 573 

75.0 0 

100.0 0 

63.6 6 

75.0 0 

75.0 0 

50.0 0 

81.8 8 

66.7 7 

100.0 0 

50.0 0 

75.0 0 

7373 J 

80.0 0 

100.0 0 

87.5 5 

60.0 0 

83.3 3 

100.0 0 

100.0 0 

100.0 0 

100.0 0 

100.0 0 

0.0 0 

100.0 0 

85.0 85.0 

78.5 5 

71.4 4 

88.2 2 

50.0 0 

77.8 8 

66.7 7 

90.9 9 

60.0 0 

100.0 0 

100.0 0 

0.0 0 

50.0 0 

75.6 75.6 

92.9 9 

85.7 7 

94.1 1 

66.7 7 

88.9 9 

66.7 7 

100.0 0 

80.0 0 

100.0 0 

100.0 0 

50.0 0 

75.0 0 

87.8 87.8 
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DISCUSSION N 

USS or CT examination has been regarded as the first choice in diagnosing the 
pancreaticobiliaryy diseases [6"9]. Direct cholangiopancreatography obtained through 
ERCPP or PTC has served as "golden standard" in pancreaticobiliary imaging. 

Magneticc resonance cholangiopancreatography (MRCP), advocated by German 
researcherr Wallner BK and his group in 1991[10], has offered a new imaging modality 
forr diagnosing pancreaticobiliary system disorders110"151. In the present study, MRCP 
wass successfully performed in all 82 patients and the images of MRCP were similar to 
thosee of direct cholangiopancreatography. Satisfactory MRCP images were obtained 
inn 79 cases (96.3%), including 8 (16.7%) in which direct cholangiopancreatography 
weree unsuccessful or incomplete. Therefore, MRCP might provide an efficient 
alternativee to direct cholangiopancreatography when diagnostic ERCP and PTC were 
unsuccessfull  or inadequatetl,16]. 

Inn our study, the accuracy of MRCP in detecting the location of pancreaticobiliary 
obstructionn was 100%, which was superior to that of US and CT, but was not 
significantlyy different between MRCP and direct cholangiopancreatography. 
Comparedd with ERCP/PTC examination, the noninvasive MRCP could exhibit the 
wholee pancreaticobiliary duct system and demonstrate the level, degree and range of 
obstructionn as well as morphological characteristics. In addition, MRCP could provide 
aa plenty of valuable imaging information and help determine the best approach for 
palliativee drainage and other interventional treatment for the patients with 
unresectablee tumors[17,18]. 

Inn pancreaticobiliary system imaging, it is very important in diagnosing and 
differentiatingg malignant from benign causes of pancreaticobiliary obstruction. The 
combinedd MRCP and routine MR imaging could significantly improve the clinical 
diagnosticc capability by exhibiting the pathological changes of the surrounding 
structuress [19"22l For pancreaticobiliary tumors, MRCP could define the location and 
morphologicall  characteristics of pancreaticobiliary obstruction, and evaluate the range 
off  tumors involvement and the surgical resectability. Furthermore, with the 
advantagess of both CT and direct cholangiopancreatography examination, the 
combinedd routine MR imaging and MRCP might exhibit the pertinent surrounding 
structuress and raise the clinical diagnostic accuracy l17'23-24!. 

USS and CT techniques are most frequently used in the initial evaluation of patients 
withh cholelithiasis and both have a high accuracy in diagnosing gallbladder and 
intrahepaticc duct stones. The sensitivity of MRCP in diagnosing gallbladder and 
intrahepaticc duct stones varied with the size, number and location of the stones and 
MRCPP being more suitable for the diagnosis of choledocholithiasis. In summary, 
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MRCPP could mainly detect the stones in common bile duct and exclude other 
pancreaticobiliaryy obstructive diseases [ " . 

Withh the development of laparoscopic technique, laparoscopic cholecystectomy (LC) 
andd endoscopic sphincter tenotomy (EST) have been widely used in the biliary 
surgery[28].. MRCP can depict the whole anatomic structure of biliary tree and help 
guaranteee the success of laparoscopic cholecystectomy. Before surgical dissection, to 
identifyy the anatomic variants of the biliary tree with MRCP could result in a 
decreasedd risk of bile duct injury during laparoscopic cholecystectomy [29\ Now, 
ERCPP may be no longer the routine examination in diagnosing choledocholithiasis. 
ERCPP is chiefly used for treatment purpose with endoscopic sphincter tenotomy to 
removee stones in common bile duct. 

Ass to the benign strictures, due to cholangitis, surgical injury or chronic pancreatitis, 
MRCPP may have some difficulties in showing the mini-changes of pancreaticobiliary 
ductt because of the low level of spatial resolution while compared with ERCP. But the 
literaturee indicates that the use of dynamic MRCP with secretin stimulation might be 
usefull  for diagnosing pancreatic papillary stenosis or dysfunction, and helpful for 
detectingg reduced pancreatic exocrine reserve l30-321. In addition, MRCP could be used 
initiall yy in evaluating choledochal cyst[33]. 

Inn conclusion, in recent imaging procedures of diagnosing the pancreaticobiliary 
diseases,, US is still the first choice for evaluation. The combination of MRCP and 
routinee MR imaging provides an efficient method to diagnose various 
pancreaticobiliaryy obstructions, differentiate malignant from benign causes and carry 
outt post-operative follow-ups. Cross-sectional MR imaging and CT are 
complementaryy modalities for pre-operative diagnosis and assessment of 
pancreaticobiliaryy tumors. Direct cholangiopancreatography (ERCP/PTC) for 
diagnosticc purpose is chiefly used in difficult cases and simultaneously combined with 
otherr interventional treatment, including EST or PTCD (Figure 2). 

44 7 



Chapterr 5 Pancreaticobiliaryy imaging - control study 

Clinicall history & Medical examination 

Ultrasonography y 

MRCPP + cross-sectional MR imaging 

Cholelithiasis s 
I I 

Pancreaticobiliaryy tumor 

ERCP/PTC C 

LC,, Laparotomy |EST| pperation, intervention, palliative drainage! |follow-ups 

Figuree 2. Imaging examination procedure 
off  pancreaticobiliary diseases. 
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