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Magnetic resonance cholangiopancreaticography (MRCP) 
is a new, noninvasive imaging technique for visualizing the 
intra- and extrahepatic bile ducts and the pancreatic duct. 
Many studies have conÞ rmed the value of MRCP in bile duct 
disease. The literature reports an accuracy of between 90% 
and 97% for MRCP in the diagnosis of common bile duct 
(CBD) calculi,[1,2] but poor spatial resolution still limits its 
performance in the diagnosis of small CBD calculi. Some 
authors have reported that MRCP shows poor results for 
stones less than 3 mm in diameter.[3,4] 

MRCP typically employs heavily T2W images of the biliary 
tree and pancreatic duct, in which bile, pancreatic juices, or 
other stationary or slowly moving ß uids appear hyperintense 
relative to the abdominal tissues. The use of T1W imaging 
in detecting bile duct system diseases, especially for the 
diagnosis of bile duct stones, has been neglected up to 

now. Our study combines MRCP and T1W images for 
detecting CBD micro-stones in 56 cases; the findings 
being conÞ rmed by surgery or an endoscopic retrograde 
cholangiopancreatography (ERCP) sphincterotomy probe. 
The aim of this study is to assess the value of adding T1W 
images to MRCP in diagnosing CBD micro-stones.

Materials and Methods

A series of 104 patients with choledocholithiasis was 
hospitalized and routine MRI and MRCP were performed 
preoperatively between January 2005 and December 2006. 
Of these, 56 patients had CBD stones measuring less 
than 5 mm (referred to as CBD micro-stones), which was 
conÞ rmed by surgery or an ERCP sphincterotomy probe, 
following MRCP, within one to Þ ve days (mean 2.8 days). 
Of these, 21 patients were men and 35 were women, their 
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Abstract
Objective: To assess the role of adding T1W images to MR cholangiopancreatography (MRCP) in detecting common bile duct 
(CBD) micro-stones. Subjects and Methods: From January 2005 to December 2006, a total of 104 patients with CBD stones 
were preoperatively studied by routine MRI and MRCP. Micro-stones, measuring less than 5 mm, were proven at surgery or ERCP 
following the MRI scans, within one to fi ve days in 56/104 patients. Routine MRI scans included RF-FAST axial T1W images (TR/TE 
155 ms/3.4 ms) and EXPRESS axial T2W (15000 ms/81 ms) as well as coronal T2W (15000 ms/81 ms) images. Features of CBD 
micro-calculi on T1W and MRCP images and the sensitivities of T1W images and MRCP for the diagnosis of CBD micro-stones 
were analyzed. Results: Among these 56 patients, gallbladder stones coexisted with choledocholithiasis in 30 patients and 7 
patients had a past history of cholecystectomy for gallstones. The signal intensities of CBD micro-calculi on T1W images were high, 
relative to the low signal intensity of the bile in 47 patients. Filling defects on MRCP images were shown in 33 patients. Both T1W 
images alone and a combination of MRCP with T1W images had a higher sensitivity in detecting CBD micro-calculi than MRCP 
alone. Statistical analysis showed signifi cant differences between the combination of MRCP with T1W images and MRCP alone 
in the ability to detect micro-stones (Fisher’s exact test, P<0.01). Conclusion: For MRCP, adding a T1W sequence is helpful in 
increasing the sensitivity for diagnosing micro-calculi of the common bile ducts.
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ages ranging from 15�85 years (mean age 57 ± 16 years). 
Clinical Þ ndings included jaundice in 48 patients, abdominal 
pain or discomfort in 36, and abnormal liver function test 
results in 43.

Routine MRI and MRCP were performed on a 1.5-T scanner 
(Picker Eclipse; Marconi Medical System) using the VIA 2.0E 
soft ware (Marconi). A body coil was used in all patients. 
Routine MRI included an RF-Fourier acquired steady-state 
technique (RF-FAST) axial T1W (TR/TE155/3.4) sequence 
and an extended phase-conjugate symmetric rapid spin-
echo T2W (15000/81) sequence (EXPRESS) in the axial and 
coronal planes. Breath-hold T2W EXPRESS fat-suppressed 
imaging was performed for MRCP, using the following 
parameters: TR/eff ective TE, 18,000/80; matrix, 256 × 256; 
acquisitions, 1; scanning time, 16 s. EXPRESS is a rapid spin-
echo sequence and a single-shot acquisition technique that 
collects all the data in one TR period in a single 16 s breath-
hold and uses half-Fourier acquisition. Axial images were 
acquired Þ rst with 6 mm slice thickness and 1 mm gap. Five 
45 mm sections were then acquired in the oblique coronal 
planes along the course of the bile duct (as seen on the axial 
images), using a Þ eld of view of 36 cm. The scanning time 

for each thick section was 8 s. Next, 4 mm thick coronal 
images without a gap were obtained. Three-dimensional 
images were generated from the coronal source images 
using maximum intensity projection (MIP) algorithms and 
multiplanar reformatt ing techniques. The total scanning 
time in all patients was about 15 min. 

Routine MRI and MRCP images were analyzed by two 
senior doctors who have worked in MRI for more than 5 
years; they were not aware of the results of surgery or ERCP. 
If there was a controversy about the diagnosis, a consensus 
decision was reached. The criterion for judging bile duct 
dilation was based on a report writt en by Kim et al., in which 
dilatation of the biliary tree was deÞ ned as a CBD with a 
maximum diameter of more than 7 mm in patients younger 
than 60 years and without a history of cholecystectomy, 9 
mm in patients who were 60 years of age or older, and 10 
mm in patients with a prior cholecystectomy.[5]

SPSS VIA 13.0 soft ware was used for statistical analysis. 
All data were expressed as mean ± SD and results between 
groups were compared with the Fisher�s exact test; P< 
0.05 was taken to be indicative of a statistically signiÞ cant 
diff erence.

Results

A total 56 patients with CBD micro-stones were found. The 
sizes of the calculi were between 1 and 5 mm, averaging 
3 ± 1 mm. Gallstones coexisted with choledocholithiasis 
in 30 patients and seven patients had a past history of 
cholecystectomy for gallstones. On MRCP, mild bile duct 
dilation was found in 31 patients and moderate to high 
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Figure 1 (A, B): MRCP (A) in a 49-year-old man with right upper abdo-
men pain and jaundice shows the signal void of a micro-stone in the 
distal end of the dilated CBD duct (arrow). The T1W image (B) in the 
same patient shows a small hyperintense nodule (arrow)

dilation in 7. Relative hypointense Þ lling-defects were seen 
in the CBD on MRCP in 33 patients [Figures 1A and 2A]. 
Twenty-three patients showed normal Þ ndings [Figures 3A 
and 4A]. On T1W imaging, the signal intensities of CBD 
micro-calculi were high, relative to the low signal intensity 
of bile in 47 of 56 patients. The CBD micro-calculi showed 
spot hyperintensities in 15 patients [Figures 3B and 4B] 
and small nodular hyperintensities in 20 [Figure 1B], with 
sand-like hyperintensities in 12 [Figure 2B]. The residual 

stones were invisible or isointense. 

Among these 56 patients, CBD micro-calculi were diagnosed 
in 83.9% (47/56) on T1W images as against 58.9% (33/56) on 
MRCP alone. The sensitivity for detecting micro-stones was 
as high as 91.9% (51/56) when T1W imaging was added to 
MRCP. A combination of MRCP and T1W imaging for the 
diagnosis of micro-calculi in the CBD was more sensitive 
than MRCP alone, with a statistically signiÞ cant diff erence 
(P<0.01) (Table 1). 
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Discussion

Biliary lithiasis is the most common biliary tree disease, 
and it is reported that at the time of cholecystectomy for 
symptomatic cholelithiasis, 8�15% of patients less than 

60 years and 15�60% of patients over 60 years have CBD 
stones.[6] ERCP has long been considered the gold standard 
for diagnosing bile duct stones. However, diagnostic ERCP 
may be associated with signiÞ cant morbidity and mortality[7] 
and, moreover, has a technical failure rate of approximately 
4%.[8] The diagnostic accuracy of MRCP is now comparable 
to that of ERCP in the evaluation of choledocholithiasis. 
MRCP has, therefore, gained acceptance as an alternative to 
ERCP for imaging the biliary tract and the pancreatic duct. 
ERCP is now mainly performed to withdraw calculi and 
diagnose diffi  cult biliary and pancreatic tract disease. 

On MRCP, the diagnosis of bile duct stones is based on the 
visualization of round, ovoid, or irregularly-shaped signal 
voids within the hyperintense bile duct lumen. MRCP is 
negative mainly in small CBD stones, especially those less 
than 5 mm.[3,4,9�11] Our investigation shows only a 58.9% 
sensitivity and 41.1% speciÞ city for detecting micro-stones 

Figure 2 (A, B): MRCP (A) in a 49-year-old man with jaundice after 
cholecystectomy for gallstones shows fi lling defects at the distal end 
of the dilated CBD. The T1W image (B) in the same patient shows 
sand-like hyperintense micro-calculi

Figure 3 (A, B): MRCP (A) in a 67-year-old woman with pain below the 
xiphoid process shows a fi lling defect in the gallbladder, but a normal 
CBD. The T1W image (B) shows a spot hyperintensity at the level of 
the pancreatic head (arrow)
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Table 1: MRCP with and without TIW in detecting CBD micro-
stones
CBD Micro-Stones (56 cases) 

Imaging Type Positive/ Negative 

MRCP 33/ 23

T1W images 47/ 9 
Combined* 51/ 5 

*includes MRCP and T1W images. Fisher’s exact test: T1W images or combined shows 
statistically significant differences compared to single MRCP, with P values of 0.006 and 0.000, 
respectively.
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in the CBD. This may be due to poor spatial resolution 
or due to the presence of pigment, with a large fluid 
component, or due to the stones being poorly outlined by 
hyperintense bile. A recent report suggests that adding T1W 
imaging to MRCP increases its sensitivity for diagnosing 
CBD stones. The sensitivity of this combination of MRCP 

and a T1W sequence was signiÞ cantly bett er than that of 
MRCP alone for detecting intrahepatic stones whose signal 

intensities on the T1W axial images were high, relative to 
the adjacent bile or liver parenchyma, in 134 of 158 stones 
(84.8%).[12] In our study, CBD micro-calculi were invisible on 
MRCP alone in 23/56 (41.9%) patients, but on T1W imaging, 
micro-stones could be delineated in 47/56 (83.9%) patients. 
Only in nine patients were the micro-calculi not visible. The 
sensitivity for detecting micro-stones increased to 91.9% 

(51/56) when a T1W sequence was added to MRCP. Our 
results show that it is bett er to combine MRCP and a T1W 
sequence for diagnosing CBD micro-stones rather than 
using MRCP alone.

CBD stones are classiÞ ed into two types: primary and 
secondary. Secondary CBD stones are due to gallstones 
passing into the common duct. Previous reports show that 
gallstones were complicated by biliary tract stones in 15�
20% of patients.[13,14] Our results show that this may occur in 
up to 53.6% (30/56) of patients. It may be hypothesized that 
the smaller the CBD stone, the more it is likely to be of gall 
bladder origin. In some cases, the stones form in the common 
duct itself (primary stones); these are mostly pigment 
calculi and are seen in Chinese and Asian populations. The 
treatment of primary and secondary stones diff ers. Various 
clinical, biochemical, and investigative procedures may be 
used to identify ductal calculi.[15] Biochemical tests have 
poor sensitivity and speciÞ city. USG is an easily available, 
noninvasive, and a low-cost investigation, which does not 
entail exposure to ionizing radiation. However, it is highly 
operator dependent,[6] can fail to detect stones in two out of 
three patients, and USG imaging is subject to interference 
from bowel gas. It is particularly poor in detecting smaller, 
partially obstructing calculi. The distal CBD may not 
routinely be examined if there is no extrahepatic biliary 
dilatation, and this may further diminish the sensitivity. 

To the best of our knowledge, a combination of MRCP and 
T1W imaging can increase the sensitivity for diagnosing 
CBD micro-stones and help in improving the clinical 
decision-making process.
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