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Magnetization-Prepared Rapid Gradient-Echo (MPRAGE) in the Preoperative 

Evaluation of Living Liver Donor Candidates: Comparison with Conventional 
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ABSTRACT 

Objective—To compare the diagnostic performance of non-contrast-enhanced magnetic 

resonance venography using magnetization-prepared rapid gradient-echo 

(MPRAGE-MRV) and conventional computed tomography venography (CTV) in 

preoperative evaluation of venous tributaries for living donor liver transplantation. 

Materials and Methods—Institutional review board approval and written informed 

consent were obtained for this prospective study of 73 donor candidates. Of these, 23 

underwent right-sided graft hepatectomy without middle hepatic vein. One or more 

tributaries, other than the right hepatic vein, were reconstructed for 20 of the 23 grafts. 

For these 20 grafts, the number and location of the tributaries requiring reconstruction 

were evaluated based on venography, and diagnostic performance was analyzed using 

surgical records as a reference standard. For each candidate, the number of small 

tributaries directly joining the inferior vena cava was counted in each venographic 

image; a paired-sample t-test was used to assess differences. The severity of respiratory 

artifacts in MPRAGE-MRV was qualitatively evaluated, and compared using 

Wilcoxon’s rank-sum test. 

Results—All reconstructed venous tributaries were prospectively identified using both 

methods. MPRAGE-MRV tended to provide a greater number of small tributaries than 

conventional CTV (mean: 2; 95% CI: [1.66, 2.34], and 1.74; [1.44, 2.04], respectively), 

although the difference was not significant (p = 0.10); MPRAGE-MRV was superior or 

equal to CTV in 52 subjects (71.2%), and inferior in 21 subjects (28.8%). Respiratory 

artifacts were significantly less severe in the former patients (p < .0001). 

Conclusions—MPRAGE-MRV has the potential to replace conventional CTV in the 

preoperative evaluation of living liver donor candidates.  
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Introduction 

 Living donor liver transplantation (LDLT) is currently a potent therapeutic option 

for patients with end-stage liver disease. LDLT using the right lobe graft (RL-LDLT), 

which offers a larger graft volume than the left lobe graft, can overcome the issue of 

graft size insufficiency. To ensure donor safety, the middle hepatic vein (MHV) trunk is 

usually preserved in the donor during RL-LDLT.  

 Hepatic venous congestion, however, can occur in recipients after RL-LDLT 

without MHV, when tributaries of the MHV—hepatic veins draining segment 5 (V5) 

and 8 (V8)—and accessory right hepatic veins (ARHVs) are not adequately 

reconstructed. This can lead to severe graft dysfunction and an unfavorable outcome [1]. 

Experts agree that ensuring sufficient venous drainage is required to alleviate the risk, 

although the indication criteria and the technique for outflow reconstruction vary among 

different institutions [2-5]. In our institution, the drainage territories and volumes 

corresponding to hepatic vein tributaries are calculated preoperatively based on 

volumetric contrast-enhanced multi-detector computed tomography (CT) images, using 

dedicated software (MeVis AG, Bremen, Germany) in order to estimate the risk of 

hepatic venous congestion. 

 For successful graft acquisition and donor safety, preoperative imaging evaluation 

of the donor is essential. Nowadays, contrast-enhanced CT venography (conventional 

CTV) is the imaging modality most widely used to delineate hepatic venous anatomy 

[6]. However, during preoperative imaging evaluation of the donor, every effort should 

be made to avoid unnecessary harm. The administration of contrast media should be 

avoided or kept to a minimum if possible, because of its potential risk (e.g., 

anaphylactic shock, renal damage, nephrogenic systemic fibrosis). Radiation exposure 
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by CT should be avoided as well. Non-contrast-enhanced MR venography (NCE-MRV) 

would therefore be the most favorable modality for preoperative evaluation of living 

liver donor candidates, if its technical feasibility can be established.  

 With current technical development and challenges, the diagnostic potential of 

several NCE-MR angiography methods for selective liver vessel visualization has been 

established [7-10]. The most common technique for NCE-MR angiography for liver 

vessel depiction is based on the application of steady-state free-precession sequences 

(SSFP) and time-spatial labeling inversion pulses (Time-SLIP) [7, 8]. However, despite 

the tendency for a better signal-to-noise ratio (SNR) with the 3T MR scanner, which 

increases the resolution compared to that of the 1.5T scanner, Ohno et al. have 

demonstrated that visualization of hepatic veins with NCE-MRV using SSFP and 

Time-SLIP technique at 3T was inferior to that at 1.5T, because of increased artifacts 

such as banding artifacts, unlike with MR portography [11]. To overcome this issue of 

the 3T scanner, we proposed a completely novel NCE-MRV method, which uses a 

magnetization-prepared rapid gradient-echo (MPRAGE) technique, termed 

MPRAGE-MRV. 

 The aim of this study was to compare the diagnostic performance between 

MPRAGE-MRV and conventional CTV in the preoperative evaluation of hepatic vein 

tributaries for preoperative evaluation of LDLT. 

 

Materials and Methods  

Subjects  

This prospective study was conducted under the ethical principles of the 

Declaration of Helsinki. Approval for this study was obtained from the Institutional 
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Review Board, and written informed consent was obtained from all subjects.  

Inclusion criteria were that living liver donor candidates had undergone MR 

imaging (MRI) between July 2014 and April 2016. Subjects who did not undergo 

preoperative contrast-enhanced CT evaluation, who had metallic devices inside their 

bodies, and who had claustrophobia, were excluded from the study. In total, 73 

consecutive living liver donor candidates (28 males and 45 females; mean age: 42.4 

years ± 12.7 [standard deviation (SD)]; range: 21–67 years) were enrolled for this study. 

All candidates underwent both MPRAGE-MRV and conventional CTV during 

preoperative evaluation. Donations were made by 58 subjects (21 male, 37 female; 

mean age: 42.0 years ± 13.1; range: 21–67 years) of the 73 candidates. From 23 (8 male, 

15 female; mean age: 48.3 years ± 15.2; range: 21–67 years) of the 58 subjects, right 

lobe grafts without the MHV were obtained. For 20 (6 male, 14 female; mean age: 49.4 

years ± 14.9; range: 21–67 years) of the 23 right lobe grafts without MHV, one or more 

venous tributaries other than the right hepatic vein (RHV) were reconstructed (Figure 

1). 

 

MRI Acquisition  

 All the MRI examinations were performed in the supine position with a 3T MR 

scanner (MAGNETOM Skyra; Siemens Healthcare GmbH, Erlangen, Germany) with 

an 18-channel body-array coil in combination with a posterior spine coil. The 

three-dimensional (3D) MPRAGE sequence was acquired in the coronal plane with the 

imaging parameters detailed in Table 1. The voxel size was 1.4 × 1.4 × 1.3 mm. The 

field-of-view covered the whole liver in all subjects. The inversion time (TI) was 

arranged empirically so as to achieve an approximately null signal from the liver 
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parenchyma—yielding good background suppression—and optimal vein-background 

contrast. Respiratory-triggering was conducted using the navigator-triggered 

prospective acquisition correction (PACE) technique. The acquisition time was variable 

(median: 244 seconds; range: 115–751 seconds), depending on the respiratory cycle and 

rhythm. 

 

CT Acquisition  

 All examinations were performed in the supine position with a 64-, 80-, or 320-row 

multi-detector CT scanner (Aquilion 64, Aquilion PRIME, or Aquilion ONE; Toshiba 

Medical Systems, Otawara, Japan). Images were acquired with a 0.5-mm slice thickness, 

a 0.5-second rotation time, a beam pitch of 0.828 (64-row) or 0.813 (80-, 320-row), and 

120 kVp X-ray tube voltage. Automatic exposure control was used for dose reduction.  

 CT scans were conducted with intravenous injection of at least 600 mgI/kg of 

body-weight-tailored volume of nonionic iodinated contrast medium (Iopamidol, Bayer, 

Osaka, Japan; Iomeprol, Eisai, Tokyo, Japan, Iohexol, Daiichi Sankyo, Tokyo, Japan) at 

a rate of 4 ml per second via a commercially available power injector (Dual shot GX7; 

Nemoto-kyorindo, Tokyo, Japan).  

Scan areas covered the entire liver during a single breath-hold in all subjects. A 

bolus-tracking program (Real Prep; Toshiba Medical Systems) was used to initiate the 

diagnostic scans after contrast material injection. The region-of-interest cursor for bolus 

tracking was placed over the aorta at the level of the celiac axis. Real-time low-dose 

(120 kVp, 50 mA) serial monitoring scans were initiated 7 seconds after the start of 

contrast material injection. The trigger threshold was set at 200 HU. In all patients, 

portal venous (25 seconds after the trigger) and hepatic venous phase (60 seconds after 
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the trigger) images were obtained. Pre-contrast and arterial phase images were also 

obtained in all patients; however, these images were not evaluated in this study. 

Transverse and coronal images were reconstructed at a section thickness of 1 mm and 

an interval of 1 mm, using a soft tissue kernel (FC13 for 64-row; FC13 Standard for 80- 

and 320-row).  

 

Image Evaluation 

 MPRAGE-MRV images and conventional CTV images (in Digital Imaging and 

Communications in Medicine format) were anonymized and presented in random order 

to two assessors: board-certified abdominal radiologists (S.A., A.O.; with 14 and 7 

years of experience in interpretation of MR examinations, respectively). Images were 

evaluated in consensus between the two assessors. Assessors were provided with the 

preoperatively planned resection planes, but were blinded to any other information, 

including surgical records.  

 For MPRAGE-MRV, coronal source images and axial images reconstructed from 

the coronal source images using a workstation (AquariusNET Viewer; TeraRecon, San 

Metao, CA, USA) were used for the evaluation. For conventional CTV, transverse and 

coronal 1-mm-thick images of either the hepatic venous or portal venous phase were 

used for the evaluation; assessors chose the better phase in terms of venous contrast for 

each case. To minimize recall bias, evaluations of MPRAGE-MRV and conventional 

CTV were performed at an interval of at least 1 month. 

Venous tributaries requiring reconstruction in RL-LDLT without MHV 

 To assess the diagnostic performance of the two approaches for visualizing hepatic 

vein tributaries that would require reconstruction in RL-LDLT without MHV, the 
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tributaries with a diameter of ≥ 3mm crossing the preoperatively planned resection 

plane of the donor liver were identified. The number and location of these tributaries 

were summarized schematically for each of the 20 donors (Figure 1), individually, in 

MPRAGE-MRV and conventional CTV. 

Venous tributaries directly flowing into the IVC 

 With computer-assisted operative planning using dedicated software, the 

mathematical model-based approximation (e.g. Nearest Neighbor approximation, 

Laplacian approximation) enabled calculation of individual venous territories [12]. The 

more venous tributaries depicted on imaging, the more precise territorial approximation 

could be achieved theoretically. To compare the ability for visualizing small venous 

tributaries by MRPAGE-MRV and by conventional CTV, the hepatic vein tributaries 

directly flowing into the IVC, regardless of their diameter, were identified. The total 

number of these tributaries—other than the RHV, MHV, and left hepatic vein 

(LHV)—was counted for each of the 73 living liver donor candidates (Figure 1), on 

both MPRAGE-MRV and conventional CTV images. In order to assess the influence of 

respiratory artifacts on visualizing small tributaries on MPRAGE-MRV, the severity of 

respiratory artifacts in MPRAGE-MRV was also evaluated for each subject, using a 

four-point grading scale: 4, no artifact; 3, mild artifact (not interfering with diagnostic 

assessment); 2, moderate artifact (affecting diagnostic assessment); 1, severe artifact 

(rendering the image nondiagnostic). 

 

Statistical Analysis 

 All statistical analyses were performed using JMP pro 12.2.0 software (SAS 

Institute Inc., Cary, NC). A two-tailed P-value of less than 0.05 was considered 
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statistically significant. 

Analysis 1: Diagnostic performance for visualizing venous tributaries requiring 

reconstruction in RL-LDLT without MHV 

 To analyze the diagnostic performance of each type of venography 

(MPRAGE-MRV and conventional CTV), surgical records were consulted to determine 

the number and location of the venous tributaries actually reconstructed. If the number 

and location of reconstructed hepatic venous tributaries were expressed 

comprehensively in the schematic summary (with 100% of coverage), the venography 

was evaluated as “Success”, and if not, as “Failure”. The details of the results for each 

case are descriptively summarized and tabulated. 

Analysis 2: Quantitative assessment of the number of venous tributaries directly flowing 

into the IVC 

 A paired-sample t-test was used to compare the number of venous tributaries 

directly flowing into the IVC between MPRAGE-MRV and conventional CTV for each 

subject. Mean, SD, and 95% confidence interval (CI) of the number of the tributaries for 

each venography method were computed. The subjects were divided into two groups 

according to the comparison of the number of the tributaries visualized by each 

venography approach: “MPRAGE-MRV ≥ Conventional CTV” group and 

“MPRAGE-MRV < Conventional CTV” group. The nonparametric Wilcoxon’s 

rank-sum test was used to compare the severity of respiratory artifacts between the two 

groups. 

 

Results 

Surgical Procedures 
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In every donor, the resection plane adopted was in accordance with the 

preoperatively planned resection plane. Details of the reconstructed venous branches are 

shown in Table 2. 

 

Analysis 1: Diagnostic performance for visualizing venous tributaries requiring 

reconstruction in RL-LDLT without MHV 

The results of image evaluation are summarized in Table 2. All reconstructed 

venous tributaries were prospectively identified in the 20 subjects by both 

MPRAGE-MRV and conventional CTV (Figure 2). 

 

Analysis 2: Quantitative assessment of the number of venous tributaries directly 

flowing into the IVC 

 The number of the branches directly flowing into the IVC tended to be greater in 

MPRAGE-MRV (mean: 2; SD: 1.46; 95% CI: [1.66, 2.34]) than in conventional CTV 

(mean: 1.74; SD: 1.29; 95% CI: [1.44, 2.04]) (Figure 3), but there was no statistically 

significant difference (P = 0.10; 95% CI [-0.06, 0.58]). The number of venous 

tributaries directly flowing into the IVC on MPRAGE-MRV was greater than or equal 

to that on conventional CTV in 52 (71.2%) (“MPRAGE-MRV ≥ Conventional CTV” 

group), and smaller in 21 (28.8%) (“MPRAGE-MRV < Conventional CTV” group) of 

the 73 subjects. Respiratory artifacts were significantly less severe in the 

“MPRAGE-MRV ≥ Conventional CTV” group (P < .0001; Table 3). 

 

Discussion 

In this study, we demonstrated the feasibility of using MPRAGE-MRV for 
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preoperative evaluation of living liver donor candidates. MPRAGE-MRV offered 

venography that allows accurate preoperative evaluation of hepatic venous tributaries 

requiring reconstruction in RL-LDLT without MHV, and its diagnostic performance 

was similar to that of conventional CTV. Furthermore, MPRAGE-MRV tended to 

depict more venous tributaries than did conventional CTV, which may lead to more 

accurate territorial volume approximation of venous tributaries, using a dedicated 

software program. The subjects, in whom MPRAGE-MRV provided a greater or equal 

number of venous tributaries than did conventional CTV, presented significantly less 

severe respiratory artifacts. 

 By optimizing parameters empirically, we developed a unique way of obtaining 

NCE-MRV using MPRAGE, although it is not a method dedicated to angiography, and 

is generally used in brain and carotid plaque imaging to obtain high-resolution 

T1-weighted images. The high vein−background contrast on MPRAGE-MRV 

sequences can probably be attributed to the combined usage of non-selective inversion 

recovery pulses and steady-state effects. The inversion recovery pulses make it possible 

to achieve an approximately null liver parenchymal signal, resulting in clear 

visualization of veins, with sufficient background suppression. We assume that the 

T1-relaxation time of venous blood is well-matched with the TI (= 400 msec) that we 

chose in this study, revealing high venous signal intensities, along with steady-state 

effects. As the vein−background contrast in conventional CTV is occasionally 

insufficient because of the background parenchymal enhancement, the method we 

proposed has an advantage in terms of vein−background contrast. 

 One drawback of MPRAGE-MRV is the relatively long acquisition time required, 

as it uses the respiratory-triggering method. This may lead to low patient throughput 
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and vulnerability to respiratory artifacts. Recently, compressed sensing (CS) theory has 

been introduced to the MRI community as an image reconstruction technique for use 

with undersampled data [13]. It has already been applied to various MR sequences to 

accelerate data acquisition with higher acceleration factors [14-17]. Although not yet 

applicable, MPRAGE-MRV using a CS technique could overcome the issue of long 

acquisition time, with marked advantages.  

MPRAGE-MRV requires neither contrast media administration nor radiation 

exposure of the subject, unlike conventional CTV. This new method will allow the 

harm-free preoperative evaluation of venous tributaries in living liver donor candidates 

who were healthy until the day of transplantation. With further technical advancements 

in future, MPRAGE-MRV along with various previously reported NCE-MR sequences, 

such as SSFP/Time-SLIP-based MR arteriography [8, 18], SSFP/Time-SLIP-based MR 

portography [11, 19, 20], and three-dimensional MR cholangiopancreatography with CS 

acceleration in a single breath-hold [17], will make it possible to set up an “all-in-one” 

NCE-MRI-based preoperative evaluation for living liver donor candidates within an 

acceptable total scan time at 3T. 

There were several limitations to our study. First, we were not able to perform any 

formal statistical analysis, e.g., noninferiority tests and binominal tests, for “Analysis 1” 

because there was no “Failure” result. Instead, we tabulated the whole results of 

“Analysis 1”, in which all results were scored as “Success” in both MPRAGE-MRV 

and conventional CTV, suggesting that they had similar diagnostic performance. 

Second, we used surgical records as the standard of reference for “Analysis 1”. The 

actual surgical procedure for living liver donors was performed in accordance with the 

preoperative planning based on conventional CTV data using dedicated software. 
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Therefore, the potential influence of conventional CTV on the standard of reference 

could not be excluded. Third, the indication criteria for venous outflow reconstruction 

in RL-LDLT without MHV vary among different institutions. In one institution, venous 

tributaries appearing on the resection plane are reconstructed if they are larger than 5 

mm in diameter [2, 21-23], while in another institution, reconstruction is performed if 

tributaries have more than 10% territorial volume of the whole graft volume [24]. 

Indication criteria for venous outflow reconstruction different from our institution could 

alter the results of “Analysis 1”. Fourth, we chose the TI value empirically, and did not 

determine the best TI value for MPRAGE-MRV sequence. However, our results seem 

to indicate the validity of our TI value. 

 

Conclusions 

MPRAGE-MRV demonstrated perfect diagnostic accuracy in the preoperative 

evaluation of hepatic venous tributaries requiring reconstruction in RL-LDLT without 

MHV that was comparable to that of conventional CTV. The number of small hepatic 

venous tributaries identified in MPRAGE-MRV tended to be greater than those in 

conventional CTV. MPRAGE-MRV can potentially replace conventional CTV for 

preoperative evaluation of living liver donor candidates. 
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Tables 

 

Table 1 

 Sequence parameters for MPRAGE-MRV 

Sequence Parameter MPRAGE-MRV 

Dimension 3D 

Orientation Coronal 

Phase encoding direction R >> L 

Flip angle (◦) 15 

Field of view (mm) 320 × 320 

Matrix 224 × 224 

Section thickness (mm) 1.3 

Intersection gap (%) 10 

TR (msec) 680 

TE (msec) 2.75 

TI (msec) 400 

Echo spacing (msec) 6.2 

Fat suppression Water excitation 

Number of signals acquired 1 

Parallel imaging GRAPPA 

Acceleration factor 2 

Respiratory-triggering PACE 

Acquisition time Variable (median: 244 sec; range: 115–751 sec) 
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Note. MPRAGE, magnetization-prepared rapid acquisition gradient-echo; MRV, MR 

venography; TR, repetition time; TE, echo time; TI, inversion time; GRAPPA, 

generalized autocalibrating partially parallel acquisition; PACE, prospective acquisition 

correction 
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Table 2 

Diagnostic performance of venography methods for visualizing venous tributaries 

requiring reconstruction (n = 20 donors) 

Age Sex 

Reconstructed tributaries 

except RHV* MPRAGE-MRV Conventional CTV 

�  �  V8 V5 ARHVs �  �  

33 F 1 1 1 Success Success 

50 F 0 1 1 Success Success 

64 F 1 0 0 Success Success 

64 M 0 1 0 Success Success 

54 F 1 1 0 Success Success 

62 M 1 1 0 Success Success 

21 M 1 0 0 Success Success 

67 F 1 1 1 Success Success 

57 F 1 2 2 Success Success 

41 F 0 1 0 Success Success 

47 F 1 0 0 Success Success 

22 F 0 2 1 Success Success 

21 M 0 1 0 Success Success 

44 F 1 2 0 Success Success 

64 F 0 1 0 Success Success 

51 F 1 1 0 Success Success 

52 F 1 0 0 Success Success 
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53 F 0 1 2 Success Success 

63 M 1 1 0 Success Success 

58 M 0 0 1 Success Success 

Note. MPRAGE, magnetization-prepared rapid acquisition gradient-echo; MRV, MR 

venography; CTV, CT venography; V8, hepatic vein draining segment 8; V5, hepatic 

vein draining segment 5; ARHVs, accessory right hepatic veins 

* Data represent the number of tributaries actually reconstructed in living donor liver 

transplant. 
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Table 3 

    Difference in the scores of respiratory artifact between the "MPRAGE-MRV ≥ 

Conventional CTV" group and "MPRAGE-MRV < Conventional CTV" group 

 

Respiratory Artifact Scores 

�  4 3 2 1 

"MPRAGE-MRV ≥ Conventional CTV" 

group (n = 52)* 19 (37) 23 (44) 8 (15) 2 (4) 

"MPRAGE-MRV < Conventional CTV” 

group (n = 21)* 0 (0) 5 (24) 13 (62) 3 (14) 

Note. Data represent the number of subjects, with percentage in parentheses. A score of 

4 means no artifact, and 1 means a severe artifact. MPRAGE, magnetization-prepared 

rapid acquisition gradient-echo; MRV, MR venography; CTV, CT venography 

* Difference between the two groups was statistically significant (P < .0001) by 

Wilcoxon’s rank-sum test. 

 

   



 
 

24 

Figure Captions 

 

Fig. 1—Study flowchart. 

 

 

Fig. 2—A 22-year-old female living liver donor. 
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A 5-mm-thick MIP coronal MPRAGE-MRV image (a), 5-mm-thick MIP coronal 

conventional CTV image (b), 5-mm-thick MIP axial MPRAGE-MRV image (c), 

5-mm-thick MIP axial conventional CTV image (d), VR of MPRAGE-MRV (e, g), and 

VR of conventional CTV (f, h). 

RL-LDLT without MHV was performed, and two V5 tributaries and one IRHV were 

reconstructed in the recipient. Two V5 tributaries (red arrows) are clearly seen on both 

MPRAGE-MRV (a, e) and conventional CTV (b, f). One IRHV (green arrow) is also 

clearly visible on both MPRAGE-MRV (c, g) and conventional CTV (d, h). 

RL-LDLT, living donor liver transplantation using the right lobe graft; MHV, middle 

hepatic vein; V5, hepatic vein draining segment 5; IRHV, inferior right hepatic vein; 

MPRAGE, magnetization-prepared rapid gradient-echo; MRV, magnetic resonance 

venography; CTV, computed tomography venography 

 

Fig. 3—A 30-year-old female living liver donor. 
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A 6-mm-thick MIP coronal MPRAGE-MRV image (a), 6-mm-thick MIP coronal 

conventional CTV image (b), 3-mm-thick MIP axial MPRAGE-MRV image (c), 

3-mm-thick MIP axial conventional CTV image (d), VR of MPRAGE-MRV (e, g), and 

VR of conventional CTV (f, h). 

Three small venous tributaries directly joining the IVC (red arrows) are clearly seen on 

MPRAGE-MRV (a, c), although the corresponding tributaries are unclear on 

conventional CTV (b, d). V1 (yellow arrow) is clearly visible on both methods (a, b). 

On VR images, more tributaries directly joining the IVC (shown in orange) are 

visualized on MPRAGE-MRV (four tributaries are detectable; e, g) than on 

conventional CTV (one tributary is barely detectable; f, h). 

MIP, maximum intensity projection; MPRAGE, magnetization-prepared rapid 

gradient-echo; MRV, magnetic resonance venography; CTV, computed tomography 

venography; VR, volume rendering; IVC, inferior vena cava; V1, hepatic vein draining 

segment 1  
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