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ABSTRACT 

 

Optimal MR cholangiography in evaluation of hilar branching anatomy 

of living adult liver donors 

 

Joon Seok Lim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Myeong-Jin Kim) 

 

PURPOSE: The purpose of our study was to evaluate the clinical feasiblility of 

recently developed Gd-BOPTA enhanced MR cholangiography and T2 weighted 

three dimensional volumetric RARE sequence for hilar branching ductal anatomy 

evaluation of donor candidates for living-related liver transplantation and assess 

systematically the optimal cholangiography with the aim of developing a tailored 

approach for preoperative donor evaluation. 

MATERIALS AND METHODS:  

Part 1. Comparison of the efficacy of Mangafodipir trisodium (Mn-DPDP)-

enhanced MR cholangiography and Gadobenate dimeglumine (Gd-BOPTA)-

enhanced MR cholangiography in visualizing a non-dilated biliary system: 
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Eighty-eight healthy liver donor candidates underwent contrast-enhanced T1-

weighted MRC. Mn-DPDP and Gd-BOPTA was used in 36 and 52 patients, 

respectively. Two radiologists reviewed the MR images and rated the visualization of 

the common duct, the right and left hepatic ducts, and the second-order branches 

using a 4-point scale. The contrast-to-noise ratio (CNR) of the common duct to the 

liver in the two groups was also compared. 

Part 2. Clinical application of Gd-BOPTA-enhanced MR cholangiography in 

preoperative evaluation of hilar branching anatomy for living donor-related liver 

transplantation: Eleven right hepatic lobe donors underwent MRI examinations 

using T2-weighted MR cholangiography (MRC) and Gd-BOPTA-enhanced MR 

cholangiography. One radiologist and one surgeon prospectively reviewed all the 

images for biliary abnormalities and compared them with the surgical findings and 

intraoperative cholangiograms. In addition, two blinded reviewers evaluated the two 

sets of MRC (T2-weighted MRC set and T2-weighted MRC plus CE-T1-weighted 

MRC set) retrospectively and recorded the anatomic types of the hilar biliary 

branching pattern along with their confidence in the interpretation.  

Part 3. Biliary Tract Depiction: Comparison of T2 weighted single section single 

shot RARE sequence, T2 weighted volumetric RARE sequence, and Gd-BOPTA 

enhanced MR cholangiography: Between April 2003 and July 2006, 33 consecutive 

healthy candidates underwent right lobectomy for the living adult– to-adult right-lobe 

liver transplantation. All candidates underwent three kinds of MR cholangiography 

(T2 weighted single section single shot RARE sequence, T2 weighted volumetric 
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RARE sequence, and Gd-BOPTA enhanced MR cholangiography). Three radiologists 

recorded the visualization score of biliary ducts and the degree of artifacts in each 

modality. Tests for significant differences in mean visualization scores of the biliary 

tracts of three examinations were performed using analysis of variance (ANOVA). 

The least significant difference test was used for multiple post hoc comparisons. The 

same statistical process was applied for the comparison of degree of artifacts in the 

three examinations. 

Part 4.  Prediction of the number of orifices during harvesting right lobe with 

combination T2 weighted single section single shot RARE sequence,  T2 

weighted volumetric RARE sequence, and Gd-BOPTA enhanced MR 

cholangiography: Three radiologists independently reviewed the uncombined set 

(T2 weighted single section single shot RARE sequence) and the three kinds of 

combined sets (combined set of T2 weighted single section single shot RARE 

sequence and T2 weighted volumetric RARE sequence, combined set of T2 weighted 

single section single shot RARE sequence and Gd-BOPTA enhanced MR 

cholangiography, combined set of all three examinations) in random order. They 

recorded the predicted number of ductal orifices during right lobe harvesting and the 

diagnostic confidences on each imaging set. The MRI definitions of the predicted 

number of ductal orifices during right lobe harvesting were compared with the 

surgical findings and operative cholangiography. The Mean accuracies and mean 

confidences of three reviewers about predicting the number of orifices were compared 

between four imaging sets using least significant difference test. 
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RESULTS:  

Part 1: Mn-DPDP MRC and Gd-BOPTA MRC both showed similar visualization 

grades in the common duct (p = .380, Mann-Whitney U test). In the case of the 

proximal bile ducts, the median visualization grade was significantly higher with Gd-

BOPTA MRC than with Mn-DPDP MRC (right hepatic duct: p = 0.016, left hepatic 

duct: p = 0.014, right secondary order branches: p = 0.006, left secondary order 

branches, p = 0.003). The common duct-to-liver CNR of the Gd-BOPTA MRC group 

was significantly higher (38.90±24.50) than that of the Mn-DPDP MRC group 

(24.14±17.98) (p = .003, Student’s t test). 

Part 2: Prospective analysis detected the biliary variants in two patients. All the MRI 

findings on the biliary anatomy were corroborated intraoperatively. Retrospective 

analysis showed that the mean diagnostic confidence in the combined set was 

significantly higher than that of the T2-weighted MRC alone by both reviewers (p < 

0.05). 

Part 3: Mean visualization scores of common duct, branching ducts and overall ducts 

were significantly different on the basis of ANOVA test (common duct, p=0.0045; 

branching duct, p<0.0001 and overall ducts, p<0.0001). Mean visualization scores of 

branching ducts and overall ducts both for T2 weighted single section single shot 

RARE sequence and T2 weighted volumetric RARE sequence demonstrated 

significant higher results in comparison with Gd-BOPTA enhanced MR 

cholangiography. Mean visualization score of T2 weighted volumetric RARE 

sequence for overall duct and common duct was significantly higher with that of T2 
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weighted single section single shot RARE sequence.  

Part 4: Mean accuracies of predicting the number of orifices in the four sets of 

imaging modalities were significantly different on the basis of ANOVA test 

(p=0.0029). No significant difference was observed within the comparison of the 

combined sets (modality 2, 3, and 4) (p>0.05). In comparison between three 

combined sets and T2 weighted single section single shot RARE sequence, all 

combined sets  showed significant higher accuracy than T2 weighted single section 

single shot RARE sequence (p<0.05). Mean confidences of the four modalities were 

significantly different on the basis of ANOVA test (p<0.0001). No significant 

difference was observed within the comparison of combined sets (modality 2, 3, and 

4) (p>0.05). ). In comparison between the combined sets and T2 weighted single 

section single shot RARE sequence, all combined sets showed significant higher 

confidence than T2 weighted single section single shot RARE sequence (p<0.05) .  

CONCLUSION:  

Part 1: Gd-BOPTA, as a biliary contrast agent, may be a potential substitute for Mn-

DPDP. 

Part 2: Obtaining both MRA and CE-T1-weighted MRC is feasible using a single 

dose of gadobenate dimeglumine. Therefore, gadobenate dimeglumine–enhanced 

MRI might play a role as a preoperative imaging technique for the vascular and 

biliary evaluation of potential living donors. 

Part 3: T2 weighted volumetric RARE sequence demonstrated significantly the 

highest mean visualization score for overall biliary ducts. However, Gd-BOPTA 
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enhanced MR cholangiography showed significantly the lowest degree of artifacts. 

Part 4: The combined sets of all three examinations may be an excessive and the 

combined sets of two modalities (modality 2: T2 weighted single section single shot 

RARE sequence and T2 weighted volumetric RARE sequence, and modality 3: T2 

weighted single section single shot RARE sequence and Gd-BOPTA enhanced MR 

cholangiography) may be optimal choices for preoperative evaluation of hilar 

branching anatomy of living adult liver donors.  

 

Key words: liver transplantation, bile ducts, cholangiography, magnetic resonance, 

contrast
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Optimal MR cholangiography in evaluation of hilar branching anatomy of living 

adult liver donors 

 

Joon Seok Lim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Myeong-Jin Kim) 

 

ⅠⅠⅠⅠ. INTRODUCTION 

The evaluation of the biliary anatomy of donor candidates for adult-to-adult 

right lobe transplantation is essential. Ductal anomalies such as anomalous drainage 

of the right anterior or posterior segmental duct or trifurcation can preclude single 

duct-to-duct biliary anastomosis and require an additional biliary anastomoses, which 

that might increase the risk of biliary complications in the transplant recipient 1, 2. Two 

dimensional T2 weighted MR cholangiography has been used to assess the 

intrahepatic biliary anatomy in liver donors 3-5. However, previous studies have 

reported difficulties in depicting the biliary anatomy in potential living donors using 

two dimensional T2 weighted MR cholangiography 3, 4. The spatial resolution of two 

dimensional T2 weighted MR cholangiography might be suboptimal owing to the use 

of thick sections. In addition, the images can be blurred as a result of the use of 
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multiecho techniques with long echo trains. Because of the relatively low spatial 

resolution, a depiction of the intrahepatic biliary anatomy is often inadequate in 

individuals without a dilated biliary system. A new approach for MR cholangiography 

is needed for an accurate delineation of the intrahepatic biliary anatomy. 

    The recent development of liver-specific contrast agents which excrete into the 

biliary tree and three dimensional T1 or T2 weighted pulse sequence has renewed 

interest in MR imaging of the biliary tree, procedures that may counter the limitations 

of two dimensional T2 weighted MR cholangiography. Some authors used 

manganese-enhanced MR cholangiography in addition to the gadolinium-enhanced 

MR examination for making a better evaluation of the hilar bile duct anatomy 6-8. 

However, this approach requires the combined use of two different contrast agents 

(manganese agent for MR cholangiography and gadolinium based agent for MR 

angiography). The use of both contrast agents increases the cost of an examination 

and causes inconvenience to the patient. Gadobenate dimeglumine (Gd-BOPTA), 

which is another intrabiliary contrast agent, is a gadolinium-based contrast agent for 

MR imaging. This agent combines the properties of a gadolinium-based extracellular 

agent with those of a hepatocyte-directed agent 9. Therefore, a single dose of Gd-

BOPTA can potentially provide a comprehensive evaluation of the hepatic 

parenchyma, vasculature, and the bile ducts. However, three dimensional volumetric 

acquisition has been known to minimize motion artifacts and permits the acquisition 

of thinner (eg, 1-3mm) sections 10. With such thin sections, the spatial resolution can 

be potentially improved. And then, one can better detect and characterize hilar 
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branching ductal variants. Moreover, the data may be reconstructed in various planes 

to more clearly depict variant. These volumetric acquisition method can be introduced 

into T2 weighted MR cholangiography as well as Gd-BOPTA enhanced T1-weighted 

gradient echo cholangiography.  

Therefore, the use of Gd-BOPTA enhanced volumetric T1 MR cholangiography 

and volumetric T2 MR cholangiography may counter the limitations of two 

dimensional T2 weighted MR cholangiography. The purpose of our study was to 

evaluate the utility of Gd-BOPTA enhanced MR cholangiography and volumetric T2 

MR cholangiography for hilar branching ductal anatomy evaluation of donor 

candidates for living-related liver transplantation and assess systematically the 

optimal cholangiography with the aim of developing a tailored approach for 

preoperative donor evaluation.  

 

ⅡⅡⅡⅡ. MATERIALS AND METHODS 

Part 1. Comparison of the efficacy of Mangafodipir trisodium (Mn-DPDP)-

enhanced MR cholangiography and Gadobenate dimeglumine (Gd-BOPTA)-

enhanced MR cholangiography in visualizing a non-dilated biliary system 

Eighty-eight healthy liver donor candidates underwent contrast enhanced T1-

weighted MRC. Between April 2001 and June 2003, liver donor candidates (age 

range, 19-54 years; mean age, 34.1 years) (21 women and 67 men) underwent an 

evaluation with MR imaging. Mn-DPDP was used as an intrabiliary T1 contrast agent 

in 36 patients between April 2001 and April 2002, and Gd-BOPTA was used in 52 
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patients between May 2002 and June 2003. None of the subjects had known or 

suspected biliary abnormalities at the time of the examination.  

 

MR Imaging Technique 

Both Mn-DPDP MRC and Gd-BOPTA MRC examinations were performed 

with a 1.5-T imaging system, using a torso phased array coil at one of the two MR 

systems (Horizon, GE Medical Systems, Milwaukee, WI; Philips Medical Systems, 

Best, the Netherlands). Thirty five Mn-DPDP MRC examinations were performed 

using the former and one Mn-DPDP MRC examination and all Gd- BOPTA MRC 

examinations were performed using the latter. 

Mn-DPDP MRC was obtained following an IV injection of mangafodipir 

trisodium (Teslascan; Nycomed, Princeton, NJ) at the standard dose of 5 µmol/kg (0.5 

mL/kg) administered via a slow injection for 1-2 min followed by a 10-mL saline 

flush. Fifteen to 30 min after the injection, axial and coronal volumetric 3D spoiled 

gradient-echo acquisitions of the liver and biliary system were performed, using the 

following parameters: TR range/TE, 5-8/minimum; flip angle, 20°; matrix, 256×160; 

field of view, 34 cm using a rectangular field of view; and 4 mm slice thickness with 

a 2-mm reconstruction interval. In the case of Gd-BOPTA MRC, three-dimensional 

(3D) breath-hold T1-weighted fast-field-echo acquisitions were performed 60-90 

minutes after the intravenous administration of the Gd-BOPTA (Multihance, Bracco, 

Milan) at a dose of 0.2 mmol/kg of body weight. The contrast agent was infused using 

an automated injector for 12 seconds at a volume-adjusted rate ranging between 2.5 
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and 3.5 mL/s. The axial and coronal images were obtained using the following 

parameters: TR range/TE, 5.1/1.47; flip angle, 40°; matrix, 512×160; field of view, 34 

cm using a rectangular field of view; and a 2 mm slice thickness with a 1-mm 

reconstruction interval.  

Qualitative and Semiquantitative Image Analysis  

Two experienced gastrointestinal radiologists analyzed the images 

retrospectively. They independently reviewed the Mn-DPDP MRC images and Gd-

BOPTA MRC images randomly. Each observer recorded visualization grades of the 

biliary tree, based on a four-point confidence rating scale, with one representing no 

visualization and four representing excellent visualization. The following structures 

were evaluated: the common duct, the right and left hepatic ducts, and the right and 

left second-order division of the intrahepatic ductal branches. For the semiquantitative 

analysis, one radiologist performed the operator-defined region-of-interest (ROI) 

measurements of the mean signal intensity of the common duct, the hepatic 

parenchyma, and the background noise on the coronal 3D spoiled gradient-echo 

image of the Mn-DPDP MRC images and Gd-BOPTA-MRC images, using a local 

picture archiving and communication system (PACS) monitor and Digital Imaging 

and Communications in Medicine (DICOM) image viewing software π-view version 

4.0.1.1; Mediface, Seoul). In order to measure the common duct signal intensity, 

either circular or ovoid ROIs were drawn to encompass as much of the common duct 

as possible. For the hepatic parenchyma, the ROIs were set in the area that is devoid 

of focal changes in signal intensity, large vessels, and prominent artifacts at the same 
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level. The noise was measured on each image using the ROIs positioned just lateral to 

the abdominal wall. The areas with the most prominent ghost artifacts were not 

included. The signal-to noise ratio (SNR) of the common duct and liver was 

calculated by SIcommon duct/Nsd and SIliver/Nsd, respectively, where the SIcommon duct and 

SIliver are the signal intensities of the common duct and the liver, respectively, and the 

Nsd is the standard deviation of the noise. The contrast-to-noise ratio (CNR) between 

common duct and liver was calculated by (SIcommon duct - SIliver)/Nsd.  

Statistical Analysis 

The Mann-Whitney U test was used to compare the subjective ratings of the 

visualization of each segment of the biliary tree between the Mn-DPDP and Gd-

BOPTA MRC groups. The mean of the visualization grades for two reviewers in each 

segment was used as a single score. The weighted kappa (κ) test was used to measure 

the interobserver agreement in the ductal visualization. The degrees of agreement 

were categorized as follows: κ value of 0.00-0.20, poor agreement; κ of 0.21-0.40, 

fair agreement; κ of 0.41-0.60, moderate agreement; κ of 0.61-0.80, good agreement; 

and κ of 0.81-1.00, excellent agreement. The student’s t test was used to examine the 

statistical significance in the differences between the SNRs and CNRs of the two 

methods. A p value < 0.05 was considered statistically significant. 

 

Part 2. Clinical application of Gd-BOPTA-enhanced MR cholangiography in 

preoperative evaluation of hilar branching anatomy for living donor-related liver 

transplantation 
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Patients 

Between May 2002 and June 2003, 43 (13 women and 30 men) consecutive 

potential living liver donors (age range, 16–52 years; mean age, 31.6 years) 

underwent an MRI evaluation using a single dose of gadobenate dimeglumine as both 

a biliary and angiographic contrast medium. No other imaging tests such as 

conventional angiography and endoscopic retrograde cholangiography were 

performed in any of the candidates. Nine candidates were excluded as donors because 

of the anatomic variants on the MRI findings (Table 1). Although most anatomic 

vascular and biliary variants can be managed safely with the recent advances in 

reconstruction techniques [10], potential donors with a concomitant vascular and 

biliary variant were excluded at our institution. Multiple large accessory hepatic veins 

in a potential donor can substantially increase the complexity of the surgical 

procedure and these candidates also were excluded. In the case of multiple donor 

candidates for a recipient, the donor candidate with the most favorable anatomy was 

selected for the MRI examination. Other candidates were excluded based on factors 

unrelated to an anatomic variant (insufficient volume, n = 7; large hemangioma in the 

liver, n = 1; recipient’s issues, n = 5; psychosocial issues, n = 10). Finally, 11 

candidates underwent a successful, uncomplicated, right hepatectomy and were 

enrolled in the study. 

Imaging Techniques 

All the MRI examinations were performed using a 1.5-T imaging system (Gyroscan 

Intera, Philips Medical Systems) using a surface phased-array coil. Fasting was 
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recommended before the examinations, but this rule was not strictly enforced. 

Antiperistaltic agents or oral contrast agents were not used. Breath-hold T2-weighted 

MRC was performed with a rapid acquisition and relaxation enhancement sequence 

(TE = 830–1,050 msec; section thickness, 30 mm; field of view, 24 cm) in nine 

coronal oblique orientations (−30° through 30°) using a single-section thick-slab 

technique. The acquisition time was 9 sec per section (total, 81 sec). However, the 

candidates were brought back for contrast-enhanced T1-weighted cholangiography 60 

min after the IV administration of gadobenate dimeglumine for MRA. Three-

dimensional volumetric breath-hold T1-weighted fast-field-echo acquisitions of the 

liver and biliary system were performed in the coronal plane. The scanning 

parameters for the high-resolution sequences that were performed with a limited 

coverage included TR/TE, 5.1/1.47; flip angle, 40°; matrix, 512 × 160; field of view, 

34 cm using a rectangular field of view; and slab thickness, 40 mm with 20 partitions 

and section thickness of 2 mm, interpolated to 40 slices at 1-mm intervals.  

Intraoperative cholangiography 

Intraoperative cholangiography was performed by the transplant surgeons in all 

donors who underwent a partial hepatectomy. After the cystic duct had been 

cannulated, approximately 5–10 mL of meglumine ioxithalamate (Telebrix, Guerbet) 

was injected by hand under fluoroscopic control before the right hepatic lobe 

resection. A minimum of two images were obtained. Although surgical planning was 

based on the preoperative imaging, the transplantation surgeons made the final 

decision as to the type of ductal anastomosis to be performed after reviewing the 
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intraoperative cholangiograms in all donors.  

Image Analysis 

Prospective image evaluation on biliary anatomy 

All the images, including the source images and 2D or 3D postprocessed 

images, were sent to a PACS workstation, which allows interactive analysis. One 

radiologist and one surgeon prospectively evaluated the images with consensus. They 

defined what would be considered a classic anatomy for the biliary abnormalities. The 

biliary anatomy bifurcation patterns were characterized into the patterns previously 

described in the literature 11. Most notably, an emphasis was placed on discerning 

whether there was a right hepatic duct. The junction of the anterior segmental duct 

and the posterior segmental duct to form the right hepatic duct, and the right hepatic 

duct, in turn, joining the left hepatic duct in the hilar confluence, were considered to 

be normal anatomy. There were three anatomic variations where the anterior and 

posterior segmental bile ducts did not form a right hepatic duct: the posterior 

segmental duct joined the left hepatic duct, there was a three-branch-type hilar 

confluence (trifurcation), and the anterior segmental duct joined the left hepatic duct. 

The presence and location of any accessory hepatic ducts were noted. The MRI 

definition of the vascular anatomy was compared with the surgical findings. However, 

the MRI definition of the biliary anatomy was compared with the surgical findings 

and operative cholangiography.  
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Retrospective image evaluation on hilar biliary branching anatomy 

Two experienced radiologists independently reviewed the T2-weighted MRC 

and a combined set (T2-weighted MRC and gadobenate dimeglumine–enhanced T1-

weighted MRC) to verify the utility of gadobenate dimeglumine–enhanced MRC. 

First, the T2-weighted MRC images were analyzed independently by two radiologists. 

Second, the same radiologists reviewed the combined sets 2 weeks later. To limit 

reviewer bias, none of the reviewers was involved in the preoperative donor 

evaluation. Each reviewer recorded the anatomic types of the hilar bile duct anatomy 

for the branching pattern and the diagnostic confidence was graded using a 5-point 

scale (from 1 [very low] to 5 [very high]). A paired Wilcoxon’s signed rank test was 

used to assess the differences in the diagnostic confidence, and a p value < 0.05 was 

considered significant. The typing accuracy of the T2-weighted MRC and the 

combined set was evaluated based on the operative cholangiographic findings and the 

surgical findings, respectively. 

 

Part 3 Biliary Tract Depiction: Comparison of T2 weighted single section single 

shot RARE sequence, T2 weighted volumetric RARE sequence, and Gd-BOPTA 

enhanced MR cholangiography. 

Patients 

Between April 2003 and July 2006, 33 consecutive healthy candidates 

underwent right lobectomy for the living adult– to-adult right-lobe liver 

transplantation. There were a total of 23 men and 10 women (mean age, 30.7 years; 
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age range, 18– 51 years). All candidates underwent MR imaging performed at 1.5 T 

using a torso phased array coil at one of the two MR systems (Gyroscan intera or 

Intera achieva, Milwaukee, WI; Philips Medical Systems, Best, the Netherlands). 

Twenty five MRC examinations were performed using the former and Eight MRC 

examinations were performed using the latter. The donor candidates were instructed 

to fast for 4 hours before the MR imaging examination. In addition to undergoing MR 

cholangiography (described in subsequent paragraphs), the subjects underwent 

routine MR imaging before and after administration of Gd-BOPTA (Multihance, 

Bracco, Milan) at a dose of 0.2 mmol/kg of body weight. The contrast agent was 

infused using an automated injector for 12 seconds at a volume-adjusted rate ranging 

between 2.5 and 3.5 mL/s for assessment of the hepatic vasculature and parenchymal 

disease. During laparotomy, intraoperative cholangiographys were performed in 22 

donors among 33 donors.  

MR imaging protocols 

Three methods for evaluation of the biliary anatomy were used, and no oral 

contrast agent was administered. First, before the administration of any contrast 

material, a breathhold axial- and coronal 2D balanced turbo fieldecho sequence 

(TR/TE, 3.5/1.4 msec; flip angle, 80°; field of view, 32–36 × 25–36 cm; matrix, 256 × 

256; section thickness, 5 mm; intersection gap, 0 mm; one signal acquired; number of 

slices, 32 in axial imaging and 20 in coronal imaging). A breath-hold T2-weighted 

MRC was performed with a rapid acquisition and relaxation enhancement sequence 

(TE = 830–1,050 msec; section thickness, 40 mm; field of view, 240 mm) in coronal 
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oblique orientations (−45° through 45°) using a single-section thick-slab technique. 

The acquisition time was 9 sec per section (total, 63 sec).  

Second, immediately before the gadolinium-enhanced portion of the MR 

imaging examination, a respiratory triggering 3D T2-weighted RARE sequence was 

acquired in the coronal plane with the following parameters: TR (msec)/TE 

(msec)/refocusing flip angle 1600/650/90°, FOV 240 mm with rectangular FOV, 

matrix 256, echo train length 128, slab thickness, 70 mm with 35 partitions and 

section thickness of 2 mm, interpolated to 70 slices at 1-mm intervals, and acquisition 

time approximately 170 seconds. In addition, 30 coronal oblique MIP images (-75° 

through 75°) were reconstructed.  

Third, the donors were brought back for contrast-enhanced T1-weighted 

cholangiography 60 min after the IV administration of gadobenate dimeglumine for 

MRA. Three-dimensional volumetric breath-hold T1-weighted fast-field-echo 

acquisitions of the liver and biliary system were performed in the coronal plane. The 

scanning parameters for the high-resolution sequences that were performed with a 

limited coverage included TR/TE, 5.1/1.47; flip angle, 40°; matrix, 512 × 160; field 

of view, 340 mm using a rectangular field of view; and slab thickness, 40 mm with 20 

partitions and section thickness of 2 mm, interpolated to 40 slices at 1-mm intervals. 

In addition, 18 coronal oblique MIP images (0° through 180°) were reconstructed. 

 

Intraoperative cholangiography 

Intraoperative cholangiography was performed by the transplant surgeons in 22 
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donors. After the cystic duct had been cannulated, approximately 5–10 mL of 

meglumine ioxithalamate (Telebrix, Guerbet) was injected by hand under 

fluoroscopic control before the right hepatic lobe resection. A minimum of two 

images were obtained. The transplantation surgeons made the final decision as to the 

type of ductal anastomosis to be performed after reviewing the intraoperative 

cholangiograms and the surgical findings in these 22 donors. In remaining 11 donors, 

surgical planning was based only on the preoperative imaging findings and surgical 

findings.  

Imaging analysis 

Three radiologists with subspecialty training in abdominal imaging 

independently review all source and reconstructed MR images at a picture archiving 

and communication system, or PACS, workstation. The T2 weighted single section 

single shot RARE sequence, T2 weighted volumetric RARE sequence, and Gd-

BOPTA enhanced MR cholangiography are first evaluated separately at different 

sessions to reduce recall bias (with a 2-week time difference between the reading 

session). A total of 5 biliary segments are scored for each examination as follows: The 

common (one segment), first-order branch (two segments), and right second-order 

branch (two segments) bile duct segments are scored by using a four-point scale in 

which a score of 1 indicates that the segment is not seen; a score of 2, that the 

segment is faintly seen; a score of 3, that the segment is well seen but the confluence 

or a portion of the duct is not seen; and a score of 4, that there is excellent 

visualization of the segment from its proximal commencement to its distal confluence. 
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The degrees of artifact are also scored in each examination as follows: 1,none; 

2,minimal; 3, present but not affecting the diagnostic evaluation; 4, present and 

affecting the diagnostic evaluation. 

 

Statistical analysis 

Statistical analyses were performed by using using the SAS software (V 9.1; 

Statistical Analysis System, Cary, NC). Interobserver agreement for biliary tract 

visualization scores was determined with the weighted κ statistic. Interobserver 

agreement was classified as follows: A κ value of 0.00-0.20 was considered to 

indicate poor agreement; a κ value of 0.21-0.40, fair agreement; a κ value of 0.41-

0.60, moderate agreement; a κ value of 0.61-0.80, good agreement; and a κ value of 

0.81-1.00, excellent agreement. Tests for significant differences in mean visualization 

scores of three examinations for common bile ducts, branching ducts including 

bilateral first-order branches and right second-order branches, overall ducts were 

performed using analysis of variance (ANOVA). The Least significant difference test 

was used for multiple post hoc comparisons. The same statistical process was applied 

for the comparison of degree of artifacts in the three examinations. A P value of less 

than 0.05 was considered to indicate a statistically significant difference.  

 

Part 4. Prediction of the number of orifices during harvesting right lobe with 

Combination T2 weighted single section single shot RARE sequence,  T2 

weighted volumetric RARE sequence, and Gd-BOPTA enhanced MR 
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cholangiography 

Patients and MR imaging protocols 

Including patients and MR imaging protocols are the same in part 3 study. 

Reference standard of the number of orifices during harvesting right lobe were 

obtained by reviewing the operative records. Acquisitions of a single lumen were 

performed in 24 donors, but dual lumen acquisitions were performed in 9 donors due 

to aberrant biliary ducts.  

 

Imaging analysis 

Three radiologists independently reviewed the uncombined set (T2 weighted 

single section single shot RARE sequence) and the three kinds of combined sets 

(combined set of T2 weighted single section single shot RARE sequence and T2 

weighted volumetric RARE sequence, combined set of T2 weighted single section 

single shot RARE sequence and Gd-BOPTA enhanced MR cholangiography, 

combined set of all three examinations) in random order. They recorded the predicted 

number of ductal orifices during right lobe harvesting (One or 2; at our institution, 

living donor transplantation is performed even if dual orifices are acquired during 

right lobe harvesting). The number of ductal orifices was determined according to 

hilar branching anatomy and presence of significantly large accessory duct of right 

lobe draining into left biliary duct (>5mm). The biliary anatomy bifurcation patterns 

were characterized into the patterns previously described in the literature11. Most 

notably, an emphasis was placed on discerning whether there was a right hepatic duct. 
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The junction of the anterior segmental duct and the posterior segmental duct to form 

the right hepatic duct, and the right hepatic duct, in turn, joining the left hepatic duct 

in the hilar confluence, were considered to be normal anatomy. This type was 

regarded as the case which the single duct to duct anastmosis would be possible. 

However, there were three anatomic variations where the anterior and posterior 

segmental bile ducts did not form a right hepatic duct: the posterior segmental duct 

joined the left hepatic duct; the anterior segmental duct joined the left hepatic duct 

and a three-branch-type hilar confluence (trifurcation). The former two types were 

regarded as the case required the acquirement of dual orifices. In the case of 

trifurcation pattern, the distinction between single and dual orifices was challenging, 

but the distinction was required for our reviewers to determine it according to 

dominant similarity to normal anatomy or aberrant insertion of right segmental branch.  

Each reviewer also recorded the diagnostic confidence degrees about the 

prediction of the number on a scale of 1-5, on which 1 meant not confident; 2, mildly 

confident; 3, moderately confident; 4, highly confident; and 5, completely confident. 

The MRI definitions of the predicted number of ductal orifices during right lobe 

harvesting were compared with the surgical findings and operative cholangiography. 

Statistical analysis 

Interobserver agreement for diagnostic confidence of predicting the number of 

orifices on total four imaging sets was determined with the weighted κ statistic. 

Interobserver agreement was classified as the above mentioned criteria in part 3 study. 

Mean accuracies and mean confidences of three reviewers about predicting the 
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numbers of orifices were compared between four imaging sets using least significant 

difference test. A p value of less than 0.05 was considered a statistically significant 

difference.  

 

ⅢⅢⅢⅢ. RESULTS 

Part 1. Comparison of the efficacy of Mangafodipir trisodium (Mn-DPDP)-

enhanced MR cholangiography and Gadobenate dimeglumine (Gd-BOPTA)-

enhanced MR cholangiography in visualizing a non-dilated biliary system 

The median visualization grades for the qualitative analysis are shown in Table 

1.  

Table 1. Median visualization grades according to the qualitative analysis 

Structure Mn-DPDP Gd-BOPTA 

Common duct 4.0 4.0 

Right hepatic duct* 3.5 4.0 

Left hepatic duct* 4.0 4.0 

Right second-order bile ducts* 2.5 3.0 

Left second-order bile ducts* 2.0 2.8 

*Statistically significant (p < 0.05) 

Mn-DPDP MRC and Gd-BOPTA MRC groups both showed similar 

visualization grades in the common duct (p = .380, Mann-Whitney U test). In the case 

of the proximal bile ducts, the median visualization grade was significantly higher in 

the Gd-BOPTA MRC group than in the Mn-DPDP MRC group (right hepatic duct: p 
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= 0.016, left hepatic duct: p = 0.014, right secondary order branches: p = 0.006, left 

secondary order branches, p = 0.003) (Figs. 1, 2).  

Figure 1. Mn-DPDP MRC serial images from the anterior to posterior (A→D) 

(TR/TE, 5.1/1.47; flip angle, 20°; 4 mm slice thickness) shows a left lateral and 

medial segment duct (short black arrow and long black arrow in A), right and left 

hepatic duct (short white arrow and black arrow in B), common duct (long white 

arrow in B), right anterior segmental duct (white arrow in C) and right posterior 

segmental duct (white arrow in D). 

 

 

A   B   C    D 
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Figure 2.  Gd-BOPTA MRC serial images from the anterior to posterior (A→D) 

(TR/TE, 5.1/1.47; flip angle, 40°; 2 mm slice thickness) shows a left lateral and 

medial segment duct (short black arrow and long black arrow in A), right and left 

hepatic duct (white arrow and black arrow in B), right anterior segmental duct (white 

arrow in C), right posterior segmental duct (short white arrow in D) and common duct 

(long white arrow in D). 

 

A   B   C    D 

 

The reviewers’ agreement for the degree of ductal visualization was fair to 

moderate (Table 2).  

 

Table 2. Interobserver agreement according to kappa analysis 

Structure Mn-DPDP Gd-BOPTA 

Common duct 0.550 0.658 

Right hepatic duct 0.431 0.252 

Left hepatic duct 0.293 0.404 

Right second-order bile ducts 0.393 0.425 

Left second-order bile ducts 0.349 0.242 
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Semiquantitative analysis showed that the mean SNR of the common duct and 

the liver were 69.92±32.34 and 45.78±19.57 for Mn-DPDP MRC, 93.65±34.00 and 

54.75±21.83 for Gd-BOPTA MRC, respectively. The mean common duct-to-liver 

CNR was 24.14±17.98 for the Mn-DPDP MRC group and 38.90±24.50 for the Gd- 

BOPTA MRC group. The mean SNR of the common duct and the common duct-to-

liver CNR were significantly higher in the Gd-BOPTA MRC group than in the Mn-

DPDP MRC group (p = .002 and p = .003, respectively, Student’s t test). 

 

Part 2. Clinical application of Gd-BOPTA-enhanced MR cholangiography in 

preoperative evaluation of hilar branching anatomy for living donor-related liver 

transplantation 

Prospective Image Evaluation on Vascular and Biliary Anatomy 

MRI identified biliary variants in 2 of 11 patients (trifurcation and right 

posterior to left duct pattern) (Fig. 3 and 4). These findings were confirmed by the 

surgical findings and intraoperative cholangiography. Dual orifices were acquired in 

both cases. 
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Figure 3. 40-year-old man with ductal trifurcation. 

A and B, T2-weighted single-shot fast spin-echo MR cholangiography (TR/TE, 

∞/1,088 [effective], 30-mm thickness) (A) was interpreted as ductal trifurcation with 

low diagnostic confidence grades by both reviewers, but serial-enhanced T1-weighted 

MR cholangiography (coronal 3D T1-weighted gradient-echo MRI [TR/TE, 5.1/1.47; 

flip angle, 40°]) (B) accurately depicts trifurcation pattern (right anterior segmental 

branch: long black arrow, left hepatic duct: short black arrow, right posterior 

segmental branch: white arrows) (anterior to posterior). 

A    B 
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Figure 4. 40-year-old woman with right posterior segmental duct draining into left 

hepatic duct. A-C, T2-weighted single-shot fast spin-echo MR cholangiography 

(TR/TE, ∞/1,088 [effective], 30-mm thickness) (A). T1-weighted coronal-enhanced 

MR cholangiography serial images from anterior to posterior (TR/TE, 5.1/1.47; flip 

angle, 40°) (B) and intraoperative cholangiogram image (C) accurately shows right 

posterior segmental duct (short white arrow) draining aberrantly into proximal left 

hepatic duct (black arrow). Right anterior segmental duct is also well-depicted (long 

white arrow). 

A    B 

 

 C 
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Retrospective Image Evaluation on Hilar Branching Anatomy 

In retrospective analysis of the diagnostic confidence of the T2-weighted MRC 

and the combined set, the mean diagnostic confidence in the combined set (4.55 and 

4.45 in reviewers 1 and 2, respectively) was significantly higher than that of the T2-

weighted MRC alone (3.45 and 3.27) in both reviewers 1 and 2 (paired Wilcoxon’s 

rank sum test, p = 0.0078 and 0.0098 in reviewers 1 and 2) (Fig. 3). The accuracies of 

the T2-weighted MRC and the combined set for determining the anatomic types of 

the hilar branching pattern were estimated based on the operative cholangiographic 

and surgical findings. The anatomic types of the hilar ductal branching pattern on the 

T2-weighted MRC alone interpreted by reviewers 1 and 2 were concordant with the 

operative cholangiographic and surgical findings in 11 (100%) and 10 (90.9%) donors, 

respectively. The interpretation of the combined set matched in 11 (100%) and 11 

(100%) donors for reviewers 1 and 2, respectively (Fig. 3, 4 and 5).  
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Figure 5. 27-year-old male liver donor with short right hepatic duct. A-C, T2-

weighted MR cholangiography (TR/TE, ∞/1,088 [effective], 30-mm thickness) (A) 

shows biliary anatomy closely resembling trifurcation pattern. Reviewer 1 interpreted 

this case as trifurcation pattern. However, gadobenate dimeglumine-enhanced MR 

cholangiography (TR/TE, 5.1/1.47; flip angle, 40°) (B) shows short right hepatic 

duct (white arrow) (anterior to posterior). Intraoperative cholangiogram (C) 

confirmed finding on enhanced T1-weighted MR cholangiography. Single orifice was 

obtained while harvesting right lobe. 

A    B 

  

C 
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Part 3. Biliary Tract Depiction: Comparison of T2 weighted single section single 

shot RARE sequence, T2 weighted volumetric RARE sequence, and Gd-BOPTA 

enhanced MR cholangiography. 

In the evaluation of biliary tract depiction, the kappa values for the 

interobserver agreement (Table 3) ranged from fair to good for T2 weighted single 

section single shot RARE sequence, T2 weighted volumetric RARE sequence, and 

Gd-BOPTA enhanced MR cholangiography. The acquired kappa values for degrees of 

artifacts also ranged from fair to good for three modalities.  

Table 3. Weighted kappa values for interobserver agreement regarding biliary branch 

visualization scores 

 Kappa for Visualization score Kappa for Artifact 

Imaging modality R1/R2 R1/R3 R2/R3 R1/R2 R1/R3 R2/R3 

Modality 1 0.655 0.289 0.454 0.494 0.437 0.373 

Modality 2 0.753 0.403 0.416 N/A N/A 0.216 

Modality 3 0.63 0.393 0.330 N/A 0.788 N/A 

Note—Data are kappa values. R = reviewer; R1/R2, R1/R3, R2/R3 = comparison of 

reviewers. 

Note-  Modality 1: T2 weighted single section single shot RARE sequence, 

Modality 2: T2 weighted volumetric RARE sequence,  

Modality 3: Gd-BOPTA enhanced MR cholangiography. 

* NA=not applicable (that is, kappa values were not reliable owing to a heavy 

concentration of artifact scores in one category. 
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Mean visualization scores of common duct,   branching ducts and overall 

ducts were significantly different on the basis of ANOVA test (common duct, 

p=0.0045; branching duct, p<0.0001 and overall ducts, p<0.0001). The scores for 

visualization of biliary ducts are summarized in Table 4 (figure 6 and 7). 

 

Table 4. Mean visualization scores for readers 1, 2 and 3 for biliary tract visualization 

at T2 weighted single section single shot RARE sequence, T2 weighted volumetric 

RARE sequence, and Gd-BOPTA enhanced MR cholangiography. 

  Biliary branch  

Imaging modality Common duct Branching 

ducts* 

Overall 

Modality 1 3.77 3.51 3.56 

Modality 2 3.98 3.68 3.75 

Modality 3 3.88 3.01 3.19 

Note-  The definitions of modalities are the same as Table 3. 

* Branching ducts includes bilateral first-order branches and right second-order 

branches.  
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Figure 6. 46-year-old male liver donor with normal right hepatic duct. 

A.       B.    C. 

 

A-C) MIP images of T2 weighted single section single shot RARE sequence (A), T2 

weighted volumetric RARE sequence (B), and Gd-BOPTA enhanced MR 

cholangiography (C) shows normal biliary anatomy. 
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Figure 7. 35-year-old male liver donor with aberrant biliary anatomy. 

A.         B.  

C.         D.  

(A-D) MIP images of T2 weighted single section single shot RARE sequence (A) and 

T2 weighted volumetric RARE sequence (B) shows aberrant biliary anatomy with 

right posteior duct draining into left hepatic duct. Anterior and posterior segmental 

braches are well delineated in both sequences, but right segmental branches are not 

delineated on Gd-BOPTA enhanced MR cholangiography. Intraoperative 

cholangiogram (D) confirm aberrant biliary anatomy. 

 

Table 5 summarizes the results of the least significant difference test for 
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multiple comparisons of mean visualization scores. Mean visualization scores of 

branching ducts and overall ducts both for T2 weighted single section single shot 

RARE sequence and T2 weighted volumetric RARE sequence demonstrated 

significant higher results in comparison with Gd-BOPTA enhanced MR 

cholangiography. Mean visualization score of T2 weighted volumetric RARE 

sequence for overall duct and common duct was significantly higher with that of T2 

weighted single section single shot RARE sequence.  

 

Table 5.  Comparison of mean visualization scores in three modalities 

 Biliary branch 

Common duct Branching ducts* Overall  

Imaging 

modality 

Mean score 

difference 

 

p 

Mean score 

difference 

 

P 

Mean score 

difference 

 

p 

Modality 1 vs. 2 -0.202 <0.05 -0.177 >0.05 -0.182 <0.05 

Modality 1 vs. 3 -0.101 >0.05 0.500 <0.05 0.369 <0.05 

Modality 2 vs. 3. 0.101 >0.05 0.677 <0.05 0.551 <0.05 

Note-  The definitions of modalities are the same as table 3. 

* Branching ducts includes bilateral first-order branches and right second-order 

branches. 

 

Degrees of artifact were also statistically evaluated. Mean degree of artifacts of 

the three modalities were significantly different on the basis of ANOVA test (T2 
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weighted single section single shot RARE sequence, 1.949; T2 weighted volumetric 

RARE sequence, 1.808, and Gd-BOPTA enhanced MR cholangiography, 1.475; 

p=0.0031). Gd-BOPTA enhanced MR cholangiography showed significantly lesser 

degree of artifacts in comparison with T2 weighted single section single shot RARE 

sequence or T2 weighted volumetric RARE sequence. No significant difference was 

observed between T2 weighted single section single shot RARE sequence and T2 

weighted volumetric RARE sequence (Table 6).  

 

Table 6. Comparison of Degree of mean artifacts for the three modalities 

Imaging modality Mean degree 

difference 

 

p 

Modality 1 vs. 2 0.141 >0.05 

Modality 1 vs. 3 0.474 <0.05 

Modality 2 vs. 3. 0.333 <0.05 

Note-  The definitions of modalities are the same as table 3. 

 

Part 4. Prediction of the number of orifices during harvesting right lobe with 

Combination T2 weighted single section single shot RARE sequence,  T2 

weighted volumetric RARE sequence, and Gd-BOPTA enhanced MR 

cholangiography 

Mean accuracies of predicting the number of orifices in the four sets of imaging 

modalities were significantly different on the basis of ANOVA test (p=0.0029). Table 
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7 summarizes the results of the mean accuracies in four imaging sets. 

 

Table 7. Mean accuracies of four sets of imaging modalities. 

Imaging modality Mean accuracy 

Modality 1  94.95 % 

Modality 2 98.99 % 

Modality 3 100 % 

Modality 4 100 % 

Note- Modality 1: T2 weighted single section single shot RARE sequence, 

Modality 2: Combined set of T2 weighted single section single shot RARE sequence 

and T2 weighted volumetric RARE sequence. Modality 3: Combined set of T2 

weighted single section single shot RARE sequence and Gd-BOPTA enhanced MR 

cholangiography, Modality 4: Combined set of all three examinations.  

Least significant difference test for multiple comparisons of mean accuracies 

showed the following results (Table 8).  
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Table 8. Comparison of mean accuracies for four sets of imaging modalities 

Imaging modality Difference of mean accuracies p 

Modality 1 vs. 2 -4.040 <0.05 

Modality 1 vs. 3 -5.050 <0.05 

Modality 1 vs. 4 -5.050 <0.05 

Modality 2 vs. 3 -1.010 >0.05 

Modality 2 vs. 4 -1.010 >0.05 

Modality 3 vs. 4 0.000 >0.05 

Note-  The definitions of modalities are the same as table 7. 

No significant difference was observed within the comparison of combined sets 

(modality 2, 3, and 4) (p>0.005) (figure 8, 9). 
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Figure 8.  30-year-old male liver donor who underwent the single lumen acquisition 

during harvesting of right lobe. 

A.      B.    C.    

 

 

 

D.      E.    F.    

 

(A-F) MIP image of T2 weighted single section single shot RARE sequence (A), MIP 

image of T2 weighted volumetric RARE sequence (B), source image of T2 weighted 

volumetric RARE sequence (C), MIP image of Gd-BOPTA enhanced MR 
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cholangiography (D), and source image of Gd-BOPTA enhanced MR 

cholangiography shows the normal anatomy which the junction of the anterior 

segmental duct and the posterior segmental duct forms the right hepatic duct (arrow). 

All reviewers predicted that the acquisition of single lumen would be possible during 

harvesting of right lobe on the sets of all 4 modalities. Intraoperative cholangiogram 

(F) confirmed the normal anatomy (arrow) and the acqisition of single lumen was 

perfromed.   

 

Figure 9.  38-year-old male liver donor who underwent the dual lumens acquisition 

during harvesting of right lobe. 

A.         B.       C.    

    

(A-C) Right anterior and posterior segmental branches does not seem to be separated 

on MIP image of T2 weighted single section single shot RARE sequence (A). Two 

reviewers incorrectly interpreted that the single lumen acqusition would be possible. 

However, MIP images of T2 weighted volumetric RARE sequence (B) and Gd-

BOPTA enhanced MR cholangiography (C) depicted well the absence of common 
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right hepatic duct (arrowhead: right anterior segmental duct, arrow: right posterior 

segmental duct). All reviewers correctly interpreted that acqusition of dual lumens 

would be necessry on the two kinds of combined sets (modality 3: T2 weighted single 

section single shot RARE sequence and Gd-BOPTA enhanced MR cholangiography 

and modality 4: combined sets of all three examinations). Only one reviewer 

incorrectly interpreted on the combined set of T2 weighted single section single shot 

RARE sequence and T2 weighted volumetric RARE sequence (modality 2). The 

acqisition of dual lumens was performed during harvesting of right lobe. 

In comparison between three combined sets (modality 2,3, and 4) and T2 

weighted single section single shot RARE sequence, all combined sets  showed 

significant higher accuracy than T2 weighted single section single shot RARE 

sequence (p<0.005). 

The scores of diagnostic confidences in each imaging set were also statistically 

evaluated. The acquired kappa values ranged from fair to moderate (Table 9). 
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Table 9. Weighted kappa values for interobserver agreement regarding grades of 

diagnostic confidences 

 Kappa for confidences 

Imaging modality R1/R2 R1/R3 R2/R3 

Modality 1 0.309 0.230 N/A 

Modality 2 0.203 N/A N/A 

Modality 3 N/A N/A N/A 

Modality 4 N/A N/A N/A 

Note—Data are kappa values. R = reviewer; R1/R2, R1/R3, R2/R3 = comparison of 

reviewers. 

The definitions of modalities are the same as table 7. 

* NA=not applicable (that is, kappa values were not reliable owing to a heavy 

concentration of confidence scores in one category (score 5: completely confident). 

Mean confidences of the four modalities were significantly different on the 

basis of ANOVA test (p<0.0001). Mean confidences are summarized in Table 10.  
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Table 10. Mean confidences of four sets of imaging modalities 

Imaging modality Mean confidence 

Modality 1  4.51 

Modality 2 4.93 

Modality 3 4.89 

Modality 4 4.95 

Note-  The definitions of modalities are the same as table 7. 

 

Least significant difference test for multiple comparisons of mean confidences 

showed the following results (Table 11). No significant difference was observed 

within the comparison of combined sets (modality 2, 3, and 4) (p>0.005). In 

comparison between the combined sets and T2 weighted single section single shot 

RARE sequence, all combined sets showed significant higher confidence than T2 

weighted single section single shot RARE sequence (p<0.005) (figure 10).  
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Table 11. Comparison of mean confidences in four sets of imaging modalities 

Imaging modality Difference of mean confidences p 

Modality 1 vs. 2 -0.424 <0.05 

Modality 1 vs. 3 -0.383 <0.05 

Modality 1vs. 4 -0.444 <0.05 

Modality 2 vs. 3 0.040 >0.05 

Modality 2 vs. 4 -0.060 >0.05 

Modality 3 vs. 4 -0.060 >0.05 

Note-  The definitions of modalities are the same as table 7. 
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Figure 10.  21-year-old male liver donor with normal biliary anatomy. 

A.        B.     C.    

   

D.        E.     

   

(A-E) On MIP image of T2 weighted single section single shot RARE sequence (A), 

the right ductal anatomy is not well delineated. All three reviewers’s confidence were 

relatively lower, but the combined modalities (modality 2,3,4) showed relatively 

higher confidence grade about prediction of single lumen acqusition (B, MIP image 

of T2 weighted volumetric RARE sequence; C, source image of T2 weighted 

volumetric RARE sequence; D, source image of Gd-BOPTA enhanced MR 

cholangiography) (arrowhead: anterior segmental branch, short arrow: posterior 
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segmental branch, long arrow: right hepatic duct).  Intraoperative cholangiogram (E) 

confirmed the normal anatomy (arrowhead: anterior segmental branch, short arrow: 

posterior segmental branch, long arrow: right hepatic duct) and the acqisition of 

single lumen was perfromed. 

 

ⅣⅣⅣⅣ. DISCUSSION 

Part 1. Comparison of the efficacy of Mangafodipir trisodium (Mn-DPDP)-

enhanced MR cholangiography and Gadobenate dimeglumine (Gd-BOPTA)-

enhanced MR cholangiography in visualizing a non-dilated biliary system: Mn-

DPDP is the first clinically available hepatocyte-directed agent that is mostly 

eliminated through the biliary system and enhances the liver signal intensity on the 

T1-weighted images 12-14. Approximately 50-60% of the injected dose was found in 

the feces, and approximately 15-20% was found in the urine 15. Several reports have 

confirmed its efficacy as a biliary contrast agent 6, 7, 16, 17. Recently, Kapoor et al. 6 and 

Lee et al. 7 suggested that Mn-DPDP MRC may facilitate the definition of the 

intrahepatic bile duct anatomy in healthy liver transplant donor candidates. However, 

this agent cannot be used for dynamic imaging, which is important for evaluating the 

vascular anatomy and characterizing focal hepatic lesions. 

Gd-BOPTA can be used as a conventional extracellular agent for dynamic MR 

imaging as well as a hepatocyte-directed agent producing a prolonged enhancement 

of the liver. A pharmacokinetic study showed that approximately 2–4% of the injected 

dose is taken up into the functioning hepatocytes and is eliminated through the biliary 
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system 18. Because of this property, Gd-BOPTA has a potential as a biliary contrast 

agent. However, to the best of our knowledge, the clinical utility of Gd-BOPTA as a 

biliary contrast agent has not been evaluated.  

This study showed that Gd-BOPTA MRC might be used for an anatomic 

assessment of the non-dilated biliary tree and was comparable or superior to Mn-

DPDP in terms of the ductal visualization. This may be an intriguing result because 

the proportion of Gd-BOPTA excreted into the biliary system is substantially lower 

than Mn-DPDP 15. The relaxivity of Gd-BOPTA is higher than that of Mn-DPDP in 

liver tissue (30 vs. 21.7 (mmol-1 S-1)) 19. Macromolecular binding, with the resultant 

increase in relaxivity, may compensate for the lower hepatocellular uptake of Gd-

BOPTA as compared with Mn-DPDP. 

There were some limitations to this study. First, a direct comparison of both 

contrast agents in the same patient was not performed, because our study was a 

retrospective study. In addition, the depiction of the biliary tree on the contrast 

enhanced MRC may show a different result according to the liver function regardless 

of the administered contrast agents. However, this study included the only healthy 

liver donor candidates with a normal liver function. Second, the Mn-DPDP-enhanced 

and the Gd-BOPTA-enhanced MRC were obtained from approximately 15 minutes to 

30 minutes and from 60 minutes to 90 minutes, respectively, after injecting the 

contrast media. We are not sure whether our delayed images provided best scan 

window for the biliary tree depiction, since we did not obtain serial images both at the 

Mn-DPDP and Gd-BOPTA MRC. However, it was reported that the optimal time 
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window for evaluating the liver parenchyma and the bile duct after injection range 

from 15 to 20 minutes for Mn-DPDP MRC 7, 16, 20 and 60 to 120 minutes for Gd-

BOPTA MRC 21. Fourth, the MR scanners and the pulse sequence parameters were 

not the same in the two different contrast-enhanced techniques. Most of the Gd-

BOPTA-enhanced MRC was performed in a newer version of the MR system using a 

thinner section thickness. This was because the new MR system was installed during 

this study. Therefore, the superior result of Gd-BOPTA MRC for intrahepatic duct 

visualization might be due in part to the more optimized scan parameters. However, 

our results showed that the Gd-BOPTA-enhanced MRC obtained with updated MR 

system can be comparable to MnDPDP-enhanced MRC obtained by a less updated 

MR system. 

Part 2. Clinical application of Gd-BOPTA-enhanced MR cholangiography in 

preoperative evaluation of hilar branching anatomy for living donor-related liver 

transplantation: Before transplantation, potential donors undergo an extensive 

evaluation with the intent of minimizing the number of complications in the healthy 

donor and optimizing the graft function in the recipient. Although the donor 

evaluation protocols vary among institutions, the preoperative assessment of the 

donor generally is conducted in a series of steps beginning with simple and 

noninvasive examinations and progressing to more complex and invasive procedures 

2. Recently, several studies reported that an MRI examination using gadolinium-based 

extracellular agents can be used as the sole imaging technique for making a 

preoperative evaluation of a potential living donor 3, 22, 23. However, there is difficulty 
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in evaluating the hilar bile duct anatomy in the nondilated biliary tree. Therefore, an 

intraoperative cholangiography is necessary for making a precise evaluation of the 

biliary tree 1. Some authors used manganese-enhanced MRC in addition to the 

gadolinium-enhanced MRI for making a better evaluation of the hilar bile duct 

anatomy 6-8. However, this approach requires the combined use of two different 

contrast agents (manganese agent for MRC and gadoliniumbased agent for MRA). 

Gadobenate dimeglumine can be used for dynamic imaging as an extracellular space 

agent in the early phase and a biliary contrast agent in the delayed phase. Therefore, 

this study evaluated the utility of gadobenate dimeglumine–enhanced MRI for both a 

vascular and biliary anatomy evaluation of donor candidates for living-donor-related 

liver transplantation. 

An evaluation of the biliary anatomy in donor candidates for a living-donor-

related liver transplant is essential. Ductal anomalies such as aberrant drainage of the 

right posterior segmental duct into the left hepatic duct or at the level of the 

bifurcation (trifurcation) preclude the performance of a single duct-to-duct biliary 

anastomosis and require an additional biliary anastomosis, which might increase the 

risk of biliary complications 1, 2. T2-weighted MRC has been used to assess the 

intrahepatic biliary anatomy in liver donors 3, 5, 23. However, previous studies have 

reported difficulties in depicting the biliary anatomy in potential living donors using 

T2-weighted MRC 3, 11. The spatial resolution of T2-weighted single-section single-

shot rapid acquisition with relaxation enhancement MRC might be suboptimal owing 

to the use of thick sections. In addition, the images can be blurred as a result of the 
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use of multiecho techniques with long echo trains. Because of the relatively low 

spatial resolution, a depiction of the intrahepatic biliary anatomy often is inadequate 

in individuals without a dilated biliary system. A new approach for MRC is needed 

for an accurate delineation of the intrahepatic biliary anatomy. Some studies suggest 

that a new approach will need to rely on contrast agents that are excreted into the bile 

ducts in order for these approaches to be useful in delineating the intrahepatic biliary 

anatomy 7, 20. The spatial resolution potentially can be improved using rapid 3D T1-

weighted gradient-echo techniques with contiguous or overlapping thin sections 

where the bile has been enhanced by the administration of a suitable biliary contrast 

media. Kapoor et al. 6 and Lee et al. 7 reported that mangafodipir trisodium–enhanced 

MRI, especially when performed using a high-resolution volumetric T1-weighted 

gradient sequence, can facilitate the definition of the intrahepatic bile duct anatomy in 

healthy liver transplant donor candidates. Gadobenate dimeglumine also might be 

used to depict the biliary anatomy in a delayed phase, because 2–4% of the injected 

gadobenate dimeglumine dose is excreted into the biliary system 18. In this study, all 

the MRC findings about the hilar ductal branching pattern were matched with the 

operative cholangiography in the prospective evaluation using the combined set. In 

particular, the acquisition of dual orifices during right lobe harvesting was accurately 

predicted (trifurcation: n = 1 and right posterior to left duct pattern: n = 1). In addition, 

diagnostic confidence in the combined set was significantly improved over that of T2-

weighted MRC alone in both reviewers on retrospective analysis, although the 

accuracy of the combined set was improved only in one donor by one reviewer. These 
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results suggest that a combination of images obtained from the standard T2-weighted 

MRC and gadobenate dimeglumine–enhanced T1-weighted MRC may confer 

improved diagnostic confidence and accuracy in determining the anatomic types of 

the hilar branching pattern. This study has some limitations. First, the gadobenate 

dimeglumine–enhanced T1- weighted cholangiography was obtained approximately 1 

hr after the injection. Therefore, the 1-hr delay in the gadobenate dimeglumine–

enhanced T1-cholangiography might increase the imaging time and cost. In addition, 

it has been reported that the optimal time for evaluating the liver parenchyma and the 

bile duct is between 60 and 120 min after the injection 21. Because serial images were 

not obtained at the gadobenate dimeglumine–enhanced MRC, it is unclear whether 

the delayed images provided the best scan window for acquiring the contrast-

enhanced T1-weighted cholangiographic images. Second, the study sample was 

relatively small; only 11 donors underwent surgery and intraoperative 

cholangiography. Therefore, the statistical significance of comparing the T2-weighted 

MRC alone with the combined set of T2- and T1-weighted cholangiography in terms 

of the accuracy in classifying the bile duct anatomy could not be determined. 

Although these results showed that the addition of the contrastenhanced T1-weighted 

cholangiography using a single injection of the gadobenate dimeglumine can improve 

the radiologists’ confidence, the expected bias toward more images (in this case, the 

combined set) could not be excluded. A larger and more randomized study will be 

needed to verify the benefits of adding contrast- enhanced T1-weighted 

cholangiography. 
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Part 3. Biliary Tract Depiction: Comparison of T2 weighted single section single 

shot RARE sequence, T2 weighted volumetric RARE sequence, and Gd-BOPTA 

enhanced MR cholangiography: The results of our study show that T2 weighted 

volumetric RARE sequence enables significantly better visualization of overall bile 

ducts than conventional T2 weighted single section single shot RARE sequence or 

Gd-BOPTA enhanced MR cholangiography. We also found that Gd-BOPTA enhanced 

MR cholangiography could produce the better imaging quality for artifacts than 

conventional T2 weighted single section single shot RARE sequence or T2 weighted 

volumetric RARE sequence.  

Excretory T1 weighted MRC using mangafodipir trisodium or Gadobenate 

dimeglumine and volumetric T2 weighted RARE sequence has renewed interest in 

MR imaging of the non dilated biliary tree that may counter the limitations of 

conventional MRC. Three-dimensional MR techniques of these MRCs have potential 

advantages over 2D imaging including the capacity to provide thinner sections 

without interslice gaps and a higher SNR. Postprocessing manipulation of the images 

using techniques such as multiplanar reconstruction, maximum intensity projection 

and volume rendering can be performed, and with these tools, unlimited projectional 

views in any arbitrary plane can be obtained to clarify anatomic relationships. These 

advantages of volumetric T2 weighted RARE sequence may be the reason that it 

showed the better visualization of overall bile ducts, but Gd-BOPTA enhanced MR 

cholangiography showed the lesser visualization grade than conventional MRC in 

spite that the same three dimensional acquisitions were performed. This result is is 
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curious and seemingly contradictory to the previous report 17 that there was no 

difference in biliary visualization between excretory T1 weighted MR 

cholangiogrgraphy and conventional T2 weighted single section single shot RARE 

sequence. This discrepancy may be result in the difference of contrast agents. 

Papanikolaou et. al. used the mangafodipir trisodium for excetory MR 

cholangiography 17, but we used gadobenate dimeglumine. Although 50-60% of the 

injected mangafodipir trisodium showed biliary excretion, only 2-4 % of the injected 

gadobenate dimeglumin is eliminated through the biliary system 15, 19. This relatively 

lower biliary excretory proportion of gadobenate dimeglumine may be one reason of 

our result. However, Lim et. al. reported that gadobenate dimeglumine showed the 

comparable visualization of biliary ducts despite of lower proportion of biliary 

excretion thabn mangafodipir trisodium 24. Therefore, our discrepant result cannot be 

fully explained only difference of contrast agents.  

However, Gd-BOPTA enhanced MR cholangiography showed significantly 

lesser degree of artifacts in comparison with T2 weighted single section single shot 

RARE sequence or T2 weighted volumetric RARE sequence. This lesser degree of 

arfitacs in Gd-BOPTA enhanced MR cholangiography may be due to lesser degree of 

respiration artifacts in comparison with T2 weighted imaging which requires longer 

acqusition time. In comparison between T2 weighted single section single shot RARE 

sequence and volumetric T2 weighted RARE sequence, there was no significant 

difference in spite that we used breath-holding techniuqe for aqusition of single 

section single shot RARE sequence and volumeteric T2 weighted RARE sequence 
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requires the longer acquisition time. This result may be proboked becaused we used 

respiratory triiggering method to decrease the respiration artifacts.  

Part 4.  Prediction of the number of orifices during harvesting right lobe with 

Combination T2 weighted single section single shot RARE sequence,  T2 

weighted volumetric RARE sequence, and Gd-BOPTA enhanced MR 

cholangiography: Our study results show that the combination of two imaging 

modalities (T2 weighted single section single shot RARE sequence and T2 weighted 

volumetric RARE sequence / T2 weighted single section single shot RARE sequence 

and Gd-BOPTA enhanced MR cholangiography) leads to significantly improved 

prediction of orifice number during right lobe harvesting.  

The advantages of three dimensional imaging such as T2 weighted volumetric 

RARE sequence or Gd-BOPTA enhanced MR cholangiography included higher 

spatial resolution in comparison with conventional T2 weighted single section single 

shot RARE sequence. The complex orthogonal relationships between the right 

anterior duct, right posterior duct, left hepatic duct, and common hepatic duct are 

often difficult to predict the orifice number with confidence on conventional two-

dimensional MR images. Use of volume-rendering algorithms for reconstruction 

facilitates definition of these relationships for surgical planning. This difference can 

be critical when, for example, distinguishing between biliary trifurcation (with which 

single lumen acquisition  might still be performed in a donor) and right anterior or 

posterior duct draining into the left hepatic duct (which requires dual lumen 

acqusition during right lobe harvesting) and consequently to appropriate patient 
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selection and surgical planning. 

Several studies reported that the utility of the combination of conventional T2-

weighted imaging and mangafodipir trisodium-MR cholangiography for making a 

better evaluation of the hilar bile duct anatomy because of the previously mentioned 

reasons 7, 8, 25. However, this approach requires the combined use of two different 

contrast agents (manganese agent for MRC and gadolinium based agent for MRA). 

The added imaging modalities in our study (T2 weighted volumetric RARE sequence 

and Gadobenate dimeglumine MR cholangiography) does not require the additional 

contrast agent for MR angiography. Though Gadobenate dimeglmine MRC is 

excretory T1-weighted MRC like mangafodipir trisodium-MRC, the ductal 

enhancement uses just the delayed biliary excretion of gadobenate dimeglumine as 

MR angiographty agent. Therefore, the additional contrast agent for T1-weighted 

biliary imaging is not essential.  Furthermore, the addition of T2 weighted 

volumetric RARE sequence and Gadobenate dimeglumine MR cholangiography 

significantly improved the accuray and the diagnostic confidence than conventional 

T2 weighted imaging in our study.  

Nevertheless, the use of the added imaging modalities is not without potential 

disadvantages. The addition of imaging modalities inevitably requires the additional 

acusition time. Particulary, the Gadobenate dimeglumine MRC requires 60-90 minute 

dely for biliary contrast agent excretion before imaging. Within comparison of the 

combined sets, there was no significant difference between the added sets of T2 

weighted volumetric RARE sequence and Gadobenate dimeglumine MR 
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cholangiography. In addtion, the combination of all three modalities did not 

signficantly superior accuracy and diagnostic confidence in comparsion with the 

combination sets of two modalities.  

Therefore, we suggests that the combination sets of conventinal T2-MRC and T2 

weighted volumetric RARE sequence may be optimal in preoperative donor 

evaluation of biliary anatomy for right lobe harvesting although the addtion of 

Gadobenate MRC may be helpful in case which both T2-imaging showed the poor 

imaging quality with severe artifacts.  

 

ⅤⅤⅤⅤ. CONCLUSION 

Part 1: Gd-BOPTA, as a biliary contrast agent, may be a potential substitute for Mn-

DPDP. 

Part 2: Obtaining both MRA and CE-T1-weighted MRC is feasible using a single 

dose of gadobenate dimeglumine. Therefore, gadobenate dimeglumine–enhanced 

MRI might play a role as a preoperative imaging technique for the vascular and 

biliary evaluation of potential living donors. 

Part 3: T2 weighted volumetric RARE sequence demonstrated significantly the 

highest mean visualization score for overall biliary ducts. However, Gd-BOPTA 

enhanced MR cholangiography showed significantly the lowest degree of artifacts. 

Part 4: The combined sets of all three examinations may be an excessive and the 

combined sets of two modalities (modality 2: T2 weighted single section single shot 

RARE sequence and T2 weighted volumetric RARE sequence, and modality 3: T2 
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weighted single section single shot RARE sequence and Gd-BOPTA enhanced MR 

cholangiography) may be optimal choices for preoperative evaluation of hilar 

branching anatomy of living adult liver donors.  
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ABSTRACT (IN KOREAN) 

 

생체 부분 간이식 공여자의 술전 담문계 해부학적 변이 진단을 위한 적정 

자기공명영상 기법 

 

<지도교수 김명진> 

 

연세대학교 대학원 의학과 

 

임준석 

 

연구목적연구목적연구목적연구목적:::: 이 연구의 목적은 생체 부분 간이식 공여자의 술전 담문계 

해부학적 변이 진단에 위해, Gd-BOPTA 조영증강 자기공명담관 

조영술 (Gd-BOPTA MRC)과 T2 강조 삼차원 

자기공명담관조영술(volumetric T2-MRC)의 임상적 유용성을 

검증하고, 생체부분 간이식에 특화된 적정 자기공명영상기법을 

정립하기 위해서이다.  

연구대상연구대상연구대상연구대상    및및및및    방법방법방법방법: : : :     

Part1: 확장되지 않은 담도 조영에 관한 Mn-DPDP 자기공명담관조영술 

(Mn-DPDP MRC)과 Gd-BOPTA MRC 비교: 88 간이식 

후보자들이 조영증강 MRC 를 시행 받았다 (Mn-DPDP MRC: 

n=36 과 Gd-BOPTA MRC: n=52). 질적 평가를 위해 두명의 
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영상의학과 의사가 MR 영상을 판독하였으며 총담관, 우담관, 

좌담관, 그리고 이차분지 별로 4 점 척도로 점수를 기록하였다. 

또한 양적 평가를 위해 Contrast to Noise 비를 간실질과 

총담관에서 측정하였다.   

Part2: 생체 부분 간이식 공여자의 술전 담문계 해부학적 변이 진단을 

위한 Gd-BOPTA MRC의 임상적 적용: 우간엽 절제술을 시행받은 

11 명의 공여자를 대상으로 한명의 영상의학과 의사와 한명의 

외과의사가 모든 MR 영상을 판독하였고 그소견을 수술 소견과 

수술 담도조영술과 비교하였다. 또한 두명의 다른 영상의학과 

의사가 두가지 영상 조합 (기존의 T2-single section single shot 

RARE sequence (conventional T2-MRC)와 기존의 검사에 Gd-

BOPTA MRC 를 같이 판독)을 후향적으로 분석하였으며 각각의 

해석에서 간문계 해부학적 변이와 그 진단신뢰도를 기록하였다.  

Part 3: 담도계 조영에 있어서 conventional T2-MRC, volumetric T2-

MRC 그리고 Gd-BOPTA MRC 의 비교 분석: 본 연구는 33 명의 

생체부분 간이식을 위해 우간엽 절제술을 시행받은 공여자를 

대상으로 하였으며 모든 공여자는 세종류의 자기공명담도조영술을 

시행받았다 (conventional T2-MRC, volumetric T2-MRC그리고 

Gd-BOPTA MRC). 세명의 영상의학과 의사가 각각의 검사에서 

담도관의 visualization score와 artifact의 정도를 기록하였다.  

Part  4: 우간엽 절제시 얻어지는 담관구의 수 예측에 있어서 

conventional T2-MRC, volumetric T2-MRC 그리고 Gd-
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BOPTA MRC 의 비교 분석: Part 3 와 동일한 환자군을 대상으로 

세명의 영상의학과 의사가 비조합형 영상 (conventional T2-

MRC)과 조합형 영상 (conventional T2-MRC 와 volumetric 

T2-MRC, conventional T2-MRC 와 Gd-BOPTA MRC, 그리고 

모든 검사의 조합)을 판독하였고, 각각의 영상에서 예상되는 

담관구의 수와 진단 신뢰도를 기록하였다. 예상되는 담관구의 수는 

수술소견과 비교하였으며 또한 각 영상의 평균 정확도와 그 

신뢰도를 비교하였다.  

연구결과연구결과연구결과연구결과: : : :     

Part 1: 확장되지 않은 담도 조영에 관한 Mn-PDP자기공명담관조영술 

(Mn-DPDP MRC)과 Gd-BOPTA MRC 비교: Mn-DPDP MRC와 Gd-

BOPTA MRC는 총담관에서 통계학적으로 차이없는 visualization score를 

보였다 (p = .380, Mann-Whitney U test). 또한 branching duct에서는 

Gd-BOPTA MRC가 Mn-DPDP MRC에 비해 유의하게 높은 점수를 

보였다 (우담관: p = 0.016, 좌담관: p = 0.014, 우측 이차분지: p = 

0.006, 좌측 2차 분지, p = 0.003). 양적분석에서도, Gd-BOPTA MRC 

총담관/ 간실질의 CNR (38.90±24.50) 이 Mn-DPDP MRC의 

CNR(24.14±17.98)보다 유의하게 높았다(p = .003, Student’s t test). 

Part 2: 생체 부분 간이식 공여자의 술전 담문계 해부학적 변이 진단을 

위한 Gd-BOPTA MRC 의 임상적 적용: 전향적 분석에서 두 

공여자에서 담도계 병이를 확인하였고 이는 수술 소견과 

일치하였으며 후향적 분석에서는 조합영상의 진단신뢰도가 
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conventional T2-MRC보다 유의하게 높았다 (p < 0.05). 

Part 3: 담도계 조영에 있어서 conventional T2-MRC, volumetric T2-

MRC 그리고 Gd-BOPTA MRC 의 비교 분석: 전체 담도의 평균 

visualization score 는 conventional T2-MRC 와 volumetric 

T2-MRC 가 Gd-BOPTA MRC 보단 유의하게 높은 점수를 

보였으며 의 conventional T2-MRC 와 volumetric T2-

MRC 비교에 있어서는 volumetric T2-MRC 가 유의하게 높았다. 

한편 Gd-BOPTA MRC 는 다른 두검사기법에 비해 유의하게 적은 

artifact를 보였다.  

Part 4: 우간엽 절제시 얻어지는 담관구의 수 예측에 있어서 conventional 

T2-MRC, volumetric T2-MRC 그리고 Gd-BOPTA MRC 의 

비교 분석: 조합영상간의 담관구의 수 예측에 있어 정확도와 

진단신뢰도는 유의한 차이는 없었으나, 모든 조합형 검사는 

conventional T2-MRC 만을 시행한 경우보다는 높은 정확도와 

진단신뢰도를 보였다.  

결론결론결론결론: : : :     

Part 1: 확장되지 않은 담도 조영에 관한 Mn-PDP 자기공명담관조영술 

(Mn-DPDP MRC)과 Gd-BOPTA MRC 비교: Gd-BOPTA 

MRC 는 담도 조영을 위한 기존의 Mn-DPDP MRC 를 대체할 수 

있다.  

Part 2: 생체 부분 간이식 공여자의 술전 담문계 해부학적 변이 진단을 

위한 Gd-BOPTA MRC 의 임상적 적용: Gd-BOPTA 를 이용한 
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자기공명 영상은 간공여 후보자의 술전 진단에 있어서 혈관과 

담관의 해부학을 같이 파악할 수 있는 포괄적 영상 기법이다.  

Part 3: 담도계 조영에 있어서 conventional T2-MRC, volumetric T2-

MRC 그리고 Gd-BOPTA MRC 의 비교 분석: volumetric T2-

MRC 는 담도계 조영에서 가장 높은 visualization score 를 보이고 

반면 Gd-BOPTA MRC는 가장 적은 artifact를 보인다.  

Part 4: 우간엽 절제시 얻어지는 담관구의 수 예측에 있어서 conventional 

T2-MRC, volumetric T2-MRC 그리고 Gd-BOPTA MRC 의 

비교 분석: 기존의 conventional T2-MRC 와 다른 두 영상기법의 

조합은 생체부분간이식을 위한 공여자의 담도계 해부학의 술전 

검사에서 적정 자기공명 영상기법으로 여겨 진다.    

 

핵심되는 말: 자기공명영상, 간이식, 담관, 담도조영술, 조영제 
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