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Abstract
AIM: To assess the role of magnetic resonance 
cholangiopancreatography (MRCP) in detection of 
pancreatic duct stones (PDS) in patients with chronic 
pancreatitis (CP). 

METHODS: Clinical data of 78 CP patients who were 
treated at the First Affiliated Hospital of Xi’an Jiaotong 
University (China) between January 2004 and July 
2008 were retrospectively analyzed. A predictive 
model of pancreatic duct stones was established 
through logistic regression and its effectiveness was 
verified. Among these patients, MRCP was performed 
in 60 patients who served as a control group, while 
44 patients with a higher predictive value than the 
entry threshold of the predictive model served as an 
experimental group.

RESULTS: The positive rate of PDS in the 78 patients 
with CP was 19.2% (15/78). The predictive entry 
threshold of the predictive model was 5% (P < 0.05). 
The possibility of existence of PDS could be predicted 
according to the following 4 indexes: gastrointestinal 
symptoms, intermittent abdominal pain, diabetes 
mellitus (DM)/impaired glucose tolerance (IGT) and 
positive B-mode ultrasound results. The incidence of 
PDS in the experimental group was higher than that in 
the control group (P < 0.05). 

CONCLUSION: MRCP is strongly suggested for the 
detection of PDS in patients with gastrointestinal 
symptoms, intermittent abdominal pain, DM/IGT and 
positive B-mode ultrasound results.
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INTRODUCTION
Pancreatic duct stone (PDS) is a severe complication 
of  patients with chronic pancreatitis (CP)[1]. It has been 
reported that 30% of  CP patients are complicated by 
PDS[2]. Conventional examinations are not conclusive for 
the diagnosis of  PDS. To confirm the existence of  PDS, 
imaging examinations, including B-mode ultrasound, 
computed tomography (CT), endoscopic retrograde 
cholangiopancreatography (ERCP) and magnetic 
resonance cholangiopancreatography (MRCP) have been 
extensively used in the diagnosis of  PDS[3-7]. Among them, 
MRCP is most widely used in clinical practice for the 
differentiation diagnosis of  PDS, pancreatitis, pancreatic 
tumor, pancreatic cyst and congenital diseases due to its 
non-invasiveness, high accuracy and repeatability[8-10]. It 
has been reported that MRCP has a sensitivity of  91.6%, 
an accuracy of  95.6%, and a specificity of  100% for the 
detection of  PDS[11]. In this study, 78 patients with CP 
were analyzed retrospectively through a predictive model 
of  PDS based on logistic regression for the rational 
application of  MRCP in detection of  PDS.

Magnetic resonance cholangiopancreatography for the 
detection of pancreatic duct stones in patients with chronic 
pancreatitis

Zhen-Hua Ma, Qing-Yong Ma, Huan-Chen Sha, Sheng-Li Wu, Jun Wen

 BRIEF ARTICLES

www.wjgnet.com

Online Submissions: wjg.wjgnet.com                   			                     World J Gastroenterol  2009 May 28; 15(20): 2543-2546
wjg@wjgnet.com                                                                                               World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.15.2543                                                                                          © 2009 The WJG Press and Baishideng. All rights reserved.



MATERIALS AND METHODS
Patients 
This study included 78 CP patients at the age of  13-66 
years (42 males, 36 females, with a median age of  42 
years) who were treated at the First Affiliated Hospital of  
Xi’an Jiaotong University (China) between January 2004 
and July 2008. Among them, 60 patients who underwent 
MRCP served as a control group, while 44 patients with 
a higher predictive value than the entry threshold of  
our predictive model served as an experimental group. 
The study was approved by the Review Board of  Xi’an 
Jiaotong University and written informed consent was 
obtained from each patient to participate in this study.

Clinical assessment  
Clinical data of  the 78 patients at admission were 
analyzed, including gender, age, history of  drinking, 
clinical symptoms (intermittent abdominal pain with or 
without back pain, progressive emaciation, steatorrhea, 
cholelithiasis, abdominal distention, anorexia, nausea, 
vomiting, fever and jaundice), laboratory findings (blood 
glucose, serum and urine amylase), and the results of  
B-mode ultrasound examination (pancreatic duct stones 
or pancreatic duct dilation). The results of  MRCP 
(PHILIPS Intera 1.5T MR scanner) of  the 60 patients in 
experimental group were also collected. 

Age over 65 years and less than 65 years was defined 
as elderly and non-elderly, respectively. History of  drinking 
included alcoholism (> 1 year and > 150 g/d) and non-
alcoholism. Hypoglossal temperature over 37.4℃ was 
defined as fever. Pancreatic duct dilation was diagnosed if  
the main pancreatic duct diameter was greater than 3 mm 
in the head and 2 mm in the body or tail of  pancreas.

Statistical analysis
Stepwise logistic regression was used to evaluate the 
factors concerned using SPSS 13.0 for windows. PDS was 
defined as a dependent variable. “Gender, age, history 
of  drinking, clinical symptoms, laboratory findings and 
the result of  B-mode ultrasound examination” were 
defined as independent variables. The relative risk was 
used to express the relation between PDS and each 
factor (95 % CI). A multivariate logistic regression model 
was established to obtain the forecasting indexes of  
PDS. Then a predictive model was established and the 
prominence of  each independent variable was verified 
with the Wald method.

Primary screening for PDS was performed in the 
78 patients using the predictive model. Patients with a 
higher predictive value than the entry threshold of  the 
predictive model were included in experimental group. 
Differences in the diagnostic value of  MRCP for PDS 
between experimental and control groups were analyzed 
by binomial distribution test.

RESULTS
Fifteen of  the 78 patients were finally diagnosed with 
PDS. PDS was found in 10 of  the 60 patients who 

underwent MRCP. The false positive rate of  MRCP in 
the 60 patients was 0% as confirmed at intraoperative 
examination. Among the other 5 PDS patients diagnosed 
with B-mode ultrasound or CT (pancreatic dilation or 
stones) and verified during operation, no PDS was found 
in 1 at MRCP.

Relation between PDS and indexes 
Binary logistic regression revealed that there were a 
significant relation and a high relative risk between the 
occurrence of  PDS and the 4 indexes including positive 
result of  B-mode ultrasound examination, diabetes 
mellitus (DM)/impaired glucose tolerance, progressive 
emaciation and jaundice (Table 1). 

Multivariate logistic regression analysis showed that 
PDS was closely related with the 4 indexes including 
gastrointestinal symptoms (abdominal distention, 
anorexia, nausea and vomiting), intermittent abdominal 
pain, DM/IGT and the positive result of  B-mode 
ultrasound (Table 2). The incidence of  PDS was 
2%-95% (negative vs positive indexes), and increased to 
16% when the result of  B-mode ultrasound was positive. 
If  the result of  B-mode ultrasound was not taken into 
account, the corresponding incidence of  PDS would be 
11%-16% for the other two positive indexes and 5%-7% 
for the single positive index, suggesting that a threshold 
of  5% could be recommended as the predictive entry 
threshold for the selection of  patients serving as a 
experimental group (Table 3). The relation between the 
predictive model and the final diagnosis is shown in 
Table 4.

Incidence of PDS in different groups
The 44 patients including 15 PDS patients with a 
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Table 1  Correlation between each factor and PDS

Index Odds ratio (95% CI) P

Sex 2.47 (1.19, 5.01) < 0.05
Age 0.54 (0.13, 1.69)    0.95
Drinking history 2.81 (1.25, 6.04)    0.54
Intermittent abdominal pain   6.42 (3.09, 13.72) < 0.01
Aggravated emaciation 10.62 (4.92, 26.24) < 0.01
Steatorrhea 1.31 (0.58, 2.78)    0.65
Cholelithiasis 3.54 (1.72, 6.29) < 0.01
Gastrointestinal symptoms   5.20 (2.63, 12.44) < 0.01
Fever 0.67 (0.20, 1.98) < 0.96
Jaundice   9.84 (4.31, 23.47) < 0.01
DM/IGT 11.24 (6.58, 25.63) < 0.01
Serum and urine amylase 1.26 (0.53, 2.42)    0.72
Result of B-mode ultrasound 13.64 (6.36, 28.63) < 0.01

Table 2  Correlation between 4 indexes and PDS

Index Odds ratio (95% CI) Wald P

Intermittent abdominal pain 3.83 (1.37, 8.06) 20.23 < 0.05
Gastrointestinal symptoms   4.78 (2.26, 10.14) 23.18 < 0.05
DM/IGT 4.34 (1.85, 8.47) 24.56 < 0.01
The result of B-mode 
ultrasound examination

12.64 (5.72, 22.39) 29.81 < 0.01
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higher predictive value than the entry threshold of  the 
predictive model served as the experimental group (Table 
4). Considering the high sensitivity and accuracy of  
MRCP, we assumed that the 4 PDS patients who did not 
undergo MRCP would have positive results of  MRCP, 
thus increasing the accuracy and reliability of  statistical 
results. Under such conditions, the positive diagnostic 
rate of  MRCP for PDS was significantly different in 
experimental and control groups (31.8% vs 16.7% or 
14/44 vs 10/60) according to the binomial distribution 
test.

DISCUSSION
CP, a kind of  segmental or diffuse inflammation induced 
by various causes in pancreatic tissue, presents with 
recurrent or persistent abdominal pain and progressive 
dysfunction of  pancreas, leading to permanent loss of  
endocrine and exocrine pancreatic function[12-14]. Early 
pathological changes in pancreatic tissue include focal 
fat necrosis, fibrosis of  leaflet and duct, and protein 
thrombus or stones in side branches of  the main 
pancreatic duct. Dilated or obstructed pancreatic duct, 
eosinophilic protein thrombus and stones can be found in 
the progressive stage of  PDS in the main pancreatic duct.

The incidence of  PDS is less than 1% in normal 
population, while it is about 30% in CP patients [2]. 
PDS can lead to the damages of  pancreatic tissues and 
corresponding clinical symptoms[15-18]. It was reported that 
12%-22.2% of  PDS patients finally develop pancreatic 
adenocarcinoma[19,20]. Therefore, early diagnosis of  PDS is 
of  very important clinical significance. 

Traditionally, biliary tract disease is the main cause 
of  CP in China[21,22]. With the improvement in living 
standard, alcoholism is the exceeding biliary tract disease 
and has become the primary cause of  CP. Actually, 
alcoholism in many countries, especially in developed 
countries, is the most frequent cause of  CP. It has been 
shown that 70%-80% of  CP patients have chronic 
alcohol drinking history [23-26], and the mortality of  
alcoholic CP patients has increased to approximately 
50% in the past 20 years [25]. However, in our present 
study, the incidence of  alcoholism-related CP (25.8%) 
was lower than that of  biliary tract disease-related 
CP (38.1%). We assumed that it might be due to the 
relatively lower living standard in local areas. 

In our study, 100% of  patients with PDS had 
abdominal pain, 66.7% had abdominal distention and 
nausea, 53.3% had DM/IGT. The relation between 
these clinical manifestations and PDS was confirmed by 
multivariable logistic regression analysis. On the other 

hand, as a primary screening method for PDS,  B-mode 
ultrasound has a relatively high sensitivity and specificity. 
Thus, a predictive model based on the above indexes 
was established and the predictive entry threshold was 
set at 5%, and MRCP was recommended as a routine 
examination for patients with a higher predictive value 
than the entry threshold.

By analyzing the data through our predictive model, 
we found that PDS was closely correlated with the 
4 indexes (gastrointestinal symptoms, intermittent 
abdominal pain, DM/IGT and the result of  B-mode 
ultrasound examination). Due to the existence of  PDS 
and calcification, pancreatic duct pressure increases and 
the pancreatic secretion decreases or loses. Therefore, 
clinical symptoms such as gastrointestinal symptoms, 
intermittent abdominal pain, and DM/IGT occur in 
patients with PDS. Also, direct and/or indirect signs of  
PDS could be roughly detected by B-ultrasonography. 
If  only one of  the indexes is positive, the damage to 
pancreatic tissue is not serious, and the incidence of  
PDS is low.

In conclusion, MRCP is strongly recommended for 
the final diagnosis of  PDS in patients with gastrointestinal 
symptoms, intermittent abdominal pain, DM/IGT and 
positive B-ultrasonography result. 
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