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OBJECTIVE. The objective of our study was to determine whether gadobenate dimeglu-
mine—enhanced MRI is practical as the sole preoperative imaging technique for the examina-
tion of living liver donors.

SUBJECTS AND METHODS. Forty-four consecutive living donor candidates under-
went liver MRI on a 1.5-T MR unit. The MR examination included in- and opposed-phase T1-
weighted gradient-echo imaging, T2-weighted MR cholangiography, MR angiography (MRA)
and parenchymal phase imaging after the administration of gadobenate dimeglumine, and 60-
minute delayed T1-weighted MR cholangiography. Two abdominal radiologists analyzed the im-
ages regarding the depiction of the biliary duct anatomy and the hepatic vascular anatomy and for
the presence of focal or diffuse liver disease. The findings were compared with intraoperative cho-
langiographic and surgical findings in 24 patients who underwent partial hepatectomy.

RESULTS. In the 24 patients who underwent liver harvesting, 10 had biliary anatomic vari-
ants confirmed by intraoperative cholangiography. T2-weighted MR cholangiography allowed a
correct diagnosis in 75% (n = 18/24) and T1-weighted MR cholangiography in 79% (n = 19/24)
of these patients. When we evaluated the bile duct anatomy using the combined findings of T2-
and T1-weighted MR cholangiographic images, the diagnostic accuracy increased to 92%
(n =22/24), but the difference was not statistically significant (p > 0.05). MRA showed a diag-
nostic accuracy of 79% (n = 19/24) for the hepatic arterial anatomy, 100% (n = 24/24) for the por-
tal venous anatomy, and 96% (n = 23/24) for the hepatic venous anatomy.

CONCLUSION. Gadobenate dimeglumine—enhanced MRI allows comprehensive as-
sessment of the biliary and hepatic vascular systems and the hepatic parenchyma and can serve

as the sole preoperative imaging test for living liver donor candidates.

ecent improvements in surgical

transplantation techniques have

led to a rapid increase in the

number of living donor liver
transplantations [1]. However, partial hepa-
tectomy carries the risks of various compli-
cations including biliary leakage or obstruc-
tion and vascular stenosis or bleeding in
both donors and recipients [2]. For success-
ful graft acquisition and decreased surgery-
related complications in living donors, care-
ful preoperative evaluation of the liver anat-
omy and parenchyma is required.

Complete preoperative imaging of a donor
typically includes conventional sonography to
evaluate the hepatic steatosis, digital subtrac-
tion angiography (DSA) or CT angiography
(CTA) to depict the hepatic vascular system,
and ERCP or intraoperative cholangiography
to assess the biliary anatomy [3, 4]. This type
of imaging workup using several different

techniques is time consuming and expensive
and is also very tiring for the donors.

Recently, there have been many literature
reports indicating that contrast-enhanced MRI
has the potential to simplify this complex pro-
cess [1, 5, 6]. However, existing MR angiogra-
phy (MRA) and cholangiography techniques
have several limitations—that is, their limited
temporal and spatial resolution compared with
direct DSA and intraoperative cholangiogra-
phy and defining the optimal contrast agent to
obtain the best image quality [7, 8].

Based on previous studies, the use of ga-
dobenate dimeglumine for liver MR exami-
nations as a preoperative workup for a living
donor transplantation seems to be attractive
because of its twofold T1 relaxation effects
and biliary excretion property [1, 9, 10]. The
motivation for our study was from the pos-
sibility for gadobenate dimeglumine to in-
crease the signal-to-noise ratio (SNR) of
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MRA due to its twofold T1 relaxation effect
and its biliary excretion property to be used
for 3D cholangiography.

The purpose of this study was to determine
the clinical practicability and the diagnostic
accuracy of gadobenate dimeglumine—en-
hanced MRI for the preoperative evaluation
of living adult liver donors.

Subjects and Methods
Subjects

At our center, a potential liver donor must be be-
tween the ages of 16 and 60 years, be willing to do-
nate, have an identical or compatible blood type
and no significant medical or psychologic prob-
lems, and have normal findings on liver function
tests and negative results for cytotoxic antibody. If
the donors have no obvious contraindications to do-
nation in this step, they can undergo radiologic
evaluation: sonography, CTA, and T2-weighted
MR cholangiography. During a 12-month period
(January—December 2004), 44 potential liver donor
candidates (15 women, 29 men; age range, 16-58
years; average age, 29 years) were referred for ra-
diologic evaluation. They underwent unenhanced
liver MRI, MRA, and T1-weighted MR cholang-
iography with gadobenate dimeglumine enhance-
ment in addition to the routine radiologic studies
mentioned earlier, including sonography, CTA, and
T2-weighted MR cholangiography.

All imaging findings were analyzed prospec-
tively in the 44 candidates before the transplanta-
tion surgeons assessed surgical candidacy. Finally,
24 candidates underwent partial hepatectomy, and
the surgical and intraoperative cholangiographic re-
sults were used for comparison with the MRI find-
ings. This study was performed in accordance with
institutional review board guidelines, and written
informed consent was obtained from all patients.

MR Examination

We obtained images on a 1.5-T MR scanner
(Magnetom Vision, Siemens Medical Solutions)
using a maximum gradient strength of 25 mT/m
with a torso phased-array coil. A 220- to 340-cm
field of view was used. Before the start of the
study, a 22-gauge I'V catheter was placed in an an-
tecubital or forearm vein and was attached to an
MR-compatible power injector (Spectris, Med-
Rad). Gadobenate dimeglumine (MultiHance,
Bracco Imaging) was injected IV at a dose of 0.1
mmol/kg of body weight. According to the
method detailed by Earls et al. [11], a timing im-
age was then obtained with a test dose of 1 mL of
gadobenate dimeglumine followed by 20 mL of
saline solution, both injected at a rate of 2 mL/s.
This allowed estimation of patient circulation
time (bolus transit time from arm vein to abdom-
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inal aorta) that was used to ensure acquisition of
optimal arterial phase images.

MR Sequences and Parameters

For evaluation of liver parenchyma, breath-
hold axial T1-weighted in-phase and opposed-
phase 2D fast low-angle shot (FLASH) imaging
(TR, 128 milliseconds; TE for opposed-phase im-
aging, 2.7 milliseconds; TE for in-phase imaging,
5.3 milliseconds; flip angle, 70°; slice thickness,
7 mm; and matrix, 131 X 256) and T2-weighted
HASTE imaging (TR/TE, 4,400/90; flip angle,
150°; slice thickness, 7 mm; and matrix, 131 X
256) were performed.

For T2-weighted MR cholangiography, a mul-
tislice HASTE imaging sequence (infinite/95.0;
flip angle, 150°; slice thickness, 3 mm with no in-
terval gap; and matrix, 240 x 256) and oblique
coronal heavily T2-weighted thick-slab turbo
spin-echo (TSE) imaging sequence (2,800/1,100;
flip angle, 150°; 60-mm-thick slice in coronal ob-
lique planes [-45°, —25°, —15°, 0°, 15°, 25°, 45°]
and 40-mm-thick slice in axial plane; and matrix,
240 x 256) were performed.

For MRA, a coronal 3D interpolated fat-sup-
pressed spoiled gradient-echo sequence was per-
formed before and after IV administration of ga-
dobenate dimeglumine. The imaging parameters
for the sequence were as follows: 4.6/1.8; flip an-
gle, 25°; matrix, 140 x 256; field of view, 400—-450
mm; slab thickness, 80 mm with 40 partitions in-
terpolated to 80 for an effective slice thickness of
1 mm; and an intermittent fat-saturation pulse.
The first data set after enhancement, which was
timed to show the hepatic arteries using a test dose
of gadobenate dimeglumine, was collected an av-
erage of 10 seconds after the injection. The second
and third data sets for visualization of the portal
and hepatic venous systems were collected 60 and
120 seconds after the injection, respectively. For
evaluation of incidental focal liver lesions, a sec-
ond 3D interpolated fat-suppressed spoiled gradi-
ent-echo sequence (4.5/1.9; flip angle, 12°) was
acquired in the axial plane and included coverage
of the entire liver. The acquisition was performed
approximately 2-3 minutes after injection. Imag-
ing parameters for the sequence were as follows:
matrix, 140 x 256; field of view, 320-350 mm; and
slab thickness, 160200 mm with 3240 partitions
interpolated to 64—80 for an effective slice thick-
ness of 2.5 mm. All acquisition times were kept to
less than 25 seconds to facilitate breath-holding at
end expiration.

For T1-weighted MR cholangiography, 3D inter-
polated fat-suppressed spoiled gradient-echo se-
quences were performed, one in the coronal plane
and one in the axial plane, with a time delay of 60
minutes after the administration of gadobenate di-

meglumine. This timing was based on our prior ex-
perience (unpublished data) because, to our knowl-
edge, there are no documented studies on optimal
timing for this agent in this setting. The imaging pa-
rameters for the coronal 3D gradient-echo sequence
were as follows: 4.5/1.9; flip angle, 12°; matrix, 140
X 256; slab thickness, 81 mm with 27 partitions in-
terpolated to 54 for an effective slice thickness of 1.5
mm; and an intermittent fat-saturation pulse. The im-
aging parameters for the axial 3D gradient-echo se-
quence were identical to those used for equilibrium
phase MR images, as described earlier.

Image Processing

All images were reviewed on a workstation (Vir-
tuoso, Siemens Medical Solutions), a satellite con-
sole of the MR unit. One experienced technician
performed reformations of the data sets before and
after contrast administration. Coronal multiplanar
reconstruction images and maximum-intensity-
projection (MIP) images for MRA and T2- and T1-
weighted MR cholangiography were generated in-
teractively from the source images.

Image Interpretation

All MR images—including source, volume-ren-
dered, and MIP images—were evaluated by con-
sensus of two MR-fellowship-trained abdominal
radiologists at a PACS monitor regarding anoma-
lies of the biliary tract; vascular anomalies; focal
hepatic masses; diffuse disease of the hepatic pa-
renchyma, such as steatosis; and those diseases that
might complicate partial hepatectomy [5]. At the
time of this interpretation, the observers had no in-
formation regarding correlative findings from other
imaging studies. The consensus interpretations per-
formed by the two reviewers of all the MR images
were used as the reference standard for the overall
assessment of the accuracy of each MR angio-
graphic and MR cholangiographic technique.

Initially, the biliary system was analyzed regard-
ing the anatomic variants. To avoid memory-recol-
lection bias, a minimum of 2 weeks separated the
reviews of T2- and T1-weighted MR cholangiogra-
phy examinations with randomization of the order.
In addition to separate analyses of T2- and T1-
weighted MR cholangiography, a combined analy-
sis of images obtained with the two sequences was
performed at a 2-week interval. The observers were
unaware of the findings from other sequences.

Normal biliary anatomy was defined when the
right posterior duct (from posterior segments VI
and VII) drained into the right hepatic duct, and
both the right and left hepatic ducts converged into
the common hepatic duct. Variants included trifur-
cation (right posterior duct draining into the junc-
tion of the right anterior duct and the left main
duct); abnormal right configuration (right posterior

AJR:187, November 2006



duct draining into a left hepatic duct or to the com-
mon hepatic duct); accessory hepatic ducts; and
other rare variants.

The diagnoses yielded during these three re-
view sessions were later correlated with the intra-
operative cholangiographic findings. As the stan-
dard reference, intraoperative cholangiography
was interpreted by two experienced radiologists
who had not participated in the analysis of the
MR images. Although we excluded 20 patients
who did not undergo liver harvest in analysis of
the accuracy due to the lack of a standard of ref-
erence, two reviewers determined the findings in
accordance between T1- and T2-weighted MR
cholangiography in those patients.

The arterial and venous hepatic vascular anat-
omy was assessed using 3D MRA data sets that in-
cluded MIP images and source images. Hepatic ar-
tery anatomy was classified according to the origins
of the right and left hepatic arteries and the pres-
ence and the origins of any accessory hepatic arter-
ies [12]. We determined the origin and course of he-
patic arteries supplying segment I'V. The portal vein
anatomy was categorized as normal bifurcation, tri-
furcation, or abnormal origin of the right anterior
portal vein from the left portal vein. Hepatic venous
anatomy was evaluated for inferior accessory right
hepatic veins and anomalous unions of three he-
patic veins [1, 5, 6].

Evaluation of liver parenchymal abnormalities
included assessment of fatty infiltration on the basis
of signal loss relative to the spleen on opposed-
phase T1-weighted gradient-echo images versus in-
phase images [13, 14]. For quantitative analysis of
hepatic steatosis, an abdominal radiologist, with 7
years of experience in abdominal MRI who did not
participate in qualitative MR analysis, performed
quantitative measurements of signal intensities of
the spleen and liver. Region-of-interest (ROI) mea-
surements (100-400 mm?) were made of an area as
large as possible to contain only hepatic or splenic
parenchyma with no large vessels or biliary trees.
At least five ROIs were placed on liver and spleen
on five axial slices, and the ROI values were aver-
aged as a mean liver signal intensity. Based on our
previous study [15], the percent decrease in the nor-
malized liver signal on the opposed-phase sequence
relative to the in-phase sequence was calculated us-
ing the following formula and defined as the rela-
tive signal decrease:

100X [Ly, / Sy = Lop ! Sppl / Liy 1 S,

op in>

where L;, and §;, represent signal for liver and
spleen on in-phase images, respectively, and L,
and S, represent signal for liver and spleen on op-
posed-phase images. Based on a previous study
[15], the cutoff value of relative signal decrease in
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the liver indicating an inappropriate level of hepatic
steatosis was 20.

The detection and characterization of masses re-
lied on T1- and T2-weighted imaging and dynamic
contrast-enhanced T1-weighted imaging. The re-
sults of MRI regarding fatty infiltration and focal
liver lesions were compared with pathologic results
of biopsy from the transplanted liver and the results
of combined interpretation of sonography and CT
by two radiologists who had not participated in the
analysis of the MR images.

Intraoperative Correlation

Twenty-four subjects underwent laparotomy
and had successful right hepatic lobectomy for do-
nation to liver transplant recipients. Intraoperative
findings were compared with MRI findings in all
24 patients who underwent intraoperative cholan-
giography. As part of the surgical procedure, the
hepatic artery and portal vein were dissected only
in the hepatic hilum, and before the operation, the
transplantation surgeons were informed of the re-
sults of CTA regarding vascular variants. Intraop-
erative cholangiography was used as the reference
standard examination for evaluation of biliary
variants. In the cases in which the intraoperative
cholangiographic and MR cholangiographic find-
ings were discordant, the MR and intraoperative
images were compared side by side to assess the
causes of the discrepant findings.

Statistical Analysis

To compare the diagnostic performances, in-
cluding sensitivity, specificity, and overall accu-
racy, of the two individual MR cholangiographic
techniques and a combination of T1- and T2-
weighted MR cholangiographic images with that
of intraoperative cholangiography, the McNemar
test was used (SPSS software [version 11.0], Sta-
tistical Package for the Social Sciences). A p
value of less than 0.05 was considered to indicate
statistical significance.

Results

Of the 44 subjects who were included in our
study, 20 (45%) were excluded as transplanta-
tion candidates because of the following rea-
sons. In two patients, macrovesicular steatosis
of more than 60% was confirmed at biopsy; at
our institution, donors with greater than 30%
histologically determined macrovesicular ste-
atosis are generally rejected. Other reasons for
exclusion of the donor candidates were a rela-
tively small volume of liver for transplantation
in one, incidentally detected stomach cancer in
one, asthma in one, diabetes mellitus in one,
change of recipient to another donor candidate
in one or to a cadaver in three, death of recipi-

ent in five, resignation of donation in four, and
transfer to other hospital in one patient. None
of the patients was excluded from being a
transplantation candidate due to biliary anom-
alies. Finally, 24 candidates (eight women, 16
men; age range, 20-58 years; average age, 28
years) ultimately underwent partial hepatec-
tomy (right hepatectomy in 17 patients, left
hepatectomy in three patients, left lateral seg-
mentectomy in four patients) with intraopera-
tive cholangiography.

None of the donors who underwent partial
hepatectomy experienced biliary ductal or
vascular complications related to harvesting.
The results of imaging and operative findings
are described next according to their ana-
tomic divisions—namely, biliary, vascular,
and parenchymal findings. The quality of the
MR images was satisfactory to interpret these
findings except in one patient with somewhat
early venous phase MRA. The results from
surgery are summarized in Table 1.

Biliary Ductal System

In the 24 patients who underwent liver har-
vesting, 10 had biliary anatomic variants that
were confirmed by intraoperative cholangiog-
raphy and surgical findings (Figs. 1 and 2).
MRI findings and intraoperative cholangio-
graphic findings are summarized in Table 2.

Compared with interpretation of the intra-
operative cholangiographic images as the ref-
erence standard, T2-weighted MR cholang-
iography correctly depicted the biliary
anatomy in 18 (75%) of the 24 subjects, in-
cluding 12 of 14 with normal biliary anatomy
and six of 10 with biliary anatomy variants.
These results represented an overall sensitiv-
ity of 60% and an overall specificity of 86%
for the detection of biliary anatomy variants.

When considered separately, gadobenate
dimeglumine—-enhanced T1-weighted MR
cholangiography correctly depicted the bil-
iary anatomy in 19 (79%) of the 24 subjects,
including all 14 of the subjects with normal
anatomy and five of 10 with variants, for a
sensitivity of 50% and a specificity of 100%
for the detection of variants. In contrast, com-
bined interpretation of both MR cholangio-
graphic image sets resulted in an accurate def-
inition of the biliary anatomy in 22 (92%) of
the 24 candidates, including 13 of the 14
donors with normal biliary anatomy and
nine of the 10 donors with variants, for a sen-
sitivity of 90% and a specificity of 93%
for the detection of variants. Gadobenate
dimeglumine—enhanced T1-weighted MR
cholangiography was more accurate than
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TABLE I: Vascular and Biliary Anatomy in 24 Patients Who Underwent Partial Hepatectomy

Patient
No. | Sex [Age(y) Graft Bile Duct Hepatic Artery Portal Vein Hepatic Vein | Parenchyma
1 M 23 Right hemihepatectomy Trifurcation of RAD, RPD,
and LHD
2| M 24 Right hemihepatectomy RPD draining to LHD
3| F 35 Left lateral Replaced LHA from LGA
segmentectomy
41 M 25 | Right hemihepatectomy RIHV
5| M 25 Left lateral Segment VIl bile duct Early branching segment
segmentectomy draining to LHD IV artery
6| F 58 | Left hemihepatectomy
71 M 27 Modified right Common cloaca of | RIHV
hemihepatectomy right PV
8| M 24 | Right hemihepatectomy Replaced LHA from LGA
9| M 24 | Right hemihepatectomy RPD draining to LHD Accessory RHA from SMA
0| M 29 | Left hemihepatectomy RPD draining to LHD
" F 25 Left lateral Accessory LHA from LGA; | Right anterior PV RIHV
segmentectomy replaced PHA from SMA arising from left PV
12| F 43 | Right hemihepatectomy RIHV
13| M 20 | Right hemihepatectomy Segment V bile duct
draining to CHD
14| F 34 | Leftlateral RPD draining to LHD; Accessory LHA from LGA
segmentectomy bile duct hypoplasia
15| M 20 Right hemihepatectomy RAD draining to CHD Trifurcation
16| M 22 Right hemihepatectomy Trifurcation RIHV
17| M 31 Right hemihepatectomy Early branching segmentV RIHV
artery
18| M 24 Right hemihepatectomy Accessory LHA from LGA; RIHV, RMHV
early branching segment V
artery
19| F 36 | Right hemihepatectomy SHV
20| M 22 | Right hemihepatectomy
21| M 23 | Right hemihepatectomy Segment VI bile duct
draining to CHD
2| M 30 Left hemihepatectomy Bifurcation of segment Il Trifurcation
and segment Il bile duct
23| F 22 Right hemihepatectomy Replaced LHA from LGA
24| F 33 Right hemihepatectomy Accessory LHA from LGA; RIHV Hemangioma
replaced RHA from SMA in segment
VI

Note—RAD =right anterior duct, RPD =right posterior duct, LHD =lefthepatic duct, LHA = left hepatic artery, LGA = left gastric artery, RIHV =rightinferior accessory hepatic
vein, PV = portal vein, RHA = right hepatic artery, SMA = superior mesenteric artery, PHA = proper hepatic artery, CHD = common hepatic duct, RMHV = right middle
accessory hepatic vein, SHV = superior accessory hepatic vein.

T2-weighted MR cholangiography for depict-
ing biliary anatomy, although differences did
not reach statistical significance (p = 1.00).
However, when we evaluated the bile duct
anatomy by combined interpretations of the
T2- and T1-weighted MR cholangiographic
images, the diagnostic accuracy increased to
92%. However, the McNemar test failed to
show a statistically significant increase com-
pared with each T1-weighted (p = 0.248) and
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T2-weighted (p=0.134) MR cholangio-
graphic technique.

The differences in sensitivity and speci-
ficity among the three interpretation meth-
ods for determining the presence of biliary
anatomic variants were not statistically sig-
nificant according to the McNemar test
(p =0.13 for T1-weighted versus combined
T1- and T2-weighted MR cholangiography,
p =0.25 for T2-weighted versus combined

T1- and T2-weighted MR cholangiography).
In the 24 patients who underwent liver har-
vest, the accordance between T1- and T2-
weighted MR cholangiography was 79%
(n =19/24). In addition, in the 20 patients
who did not undergo liver harvest and were
excluded from analysis of the accuracy of
MR cholangiography, T1- and T2-weighted
MR cholangiography showed concordant re-
sults in 15 patients (75%).
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Vascular System

More than half of our patients (n = 14/24,
58%) were found to have normal hepatic ar-
tery anatomy. Thirteen arterial anatomic
variants were observed in 10 patients from
surgery: an accessory left hepatic artery
originating from the left gastric artery
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hepatic duct.

(n =4,31%); aleft hepatic artery originating
from the left gastric artery (n =3, 23%); a
right hepatic artery from the superior mesen-
teric artery (n =1, 8%) (Fig. 3); an acces-
sory right hepatic artery from the superior
mesenteric artery (n =1, 8%); a proper he-
patic artery from the superior mesenteric ar-

Fig. 1—25-year-old man with anomaly of right posterior duct draining to left

A and B, Coronal thick-slab turbo spin-echo T2-weighted MR cholangiography (A)
and 3D T1-weighted MR cholangiography with gadobenate dimeglumine
enhancement (B) show anomaly of right posterior duct draining into left hepatic duct.
C, Intraoperative contrast-enhanced cholangiography confirms this anomaly.

tery (n=1, 8%); and early branching seg-
mental arteries (n =3, 23%). The artery to
segment IV arose from the left hepatic artery
in 21 donors and from the right hepatic ar-
tery in three. In these three donors, the dis-
tance from the hepatic artery bifurcation to
the origin of the artery supplying segment [V
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was less than 1.5 cm. MRA revealed the or-
igin of the artery to segment IV correctly in
all cases. However, MRA did not reveal two
accessory left hepatic arteries and three early
branching segmental arteries. Therefore, the
diagnostic accuracy of MRA was 79%
(n=19/24).

1228

Portal venous variants were confirmed in
21% of our patients (n =5/24) during sur-
gery: trifurcation of the right anterior portal
vein, the right posterior portal vein, and the
left portal vein in three patients (Fig. 4); com-
mon cloaca of right portal vein in one patient;
and a right anterior portal vein originating

Fig. 2—23-year-old man with biliary trifurcation.

A and B, Coronal thick-slab T2-weighted MR cholangiography (A) and 3D T1-
weighted MR cholangiography with gadobenate dimeglumine enhancement (B)
show anomaly of trifurcation of bile duct at conjugation level.

C, Intraoperative contrast-enhanced cholangiography confirms this anomaly.

from the left portal vein in one patient. In all
patients (n =24/24), MRA in the portal
venous phase produced the correct diagnosis.

Hepatic accessory veins greater than 5 mm
in diameter were identified in 38% of our pa-
tients (n = 9/24) during surgery (Fig. 5). Of
these patients with a right accessory hepatic
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TABLE 2: MR Findings and Intraoperative Cholangiographic Findings in 24 Patients Who Underwent Partial Hepatectomy

Patient Combined Interpretation
No. T2-Weighted Images Only T1-Weighted Images Only of T2- and T1-Weighted Images Intraoperative Cholangiography
1 Trifurcation of RAD, RPD, and LHD | Trifurcation of RAD, RPD, and LHD | Trifurcation of RAD, RPD, and LHD | Trifurcation of RAD, RPD, and LHD
2 | RPD draining to LHD RPD draining to LHD RPD draining to LHD RPD draining to LHD
3
4
5 | Trifurcation of RAD, RPD, and LHD | RPD draining to LHD RPD draining to LHD Segment VIl bile duct draining to LHD
6
7
8
9 RPD draining to LHD RPD draining to LHD RPD draining to LHD RPD draining to LHD
10 RPD draining to LHD RPD draining to LHD RPD draining to LHD RPD draining to LHD
1
12
13 Segment V bile duct draining to CHD
14 RPD draining to LHD RPD draining to LHD; bile duct

15 | RAD draining to CHD

19 | Accessory segment Il bile duct
20 Trifurcation of RAD, RPD, and LHD

21 Segment VI bile duct draining to
CHD

22

23
2%

RAD draining to CHD

CHD

segment Ill bile duct

Trifurcation of RAD, RPD, and LHD
Segment VI bile duct draining to

Bifurcation of segment Il and

hypoplasia
RAD draining to CHD

Segment VI bile duct draining to CHD

Bifurcation of segment Il and segment
11l bile duct

Note—RAD = right anterior duct, RPD = right posterior duct, LHD = left hepatic duct, CHD = common hepatic duct.

vein, eight underwent right hepatectomy dur-
ing which the vessel was successfully reim-
planted in the transplant recipient. We missed
the vessel in one patient because the quality of
the hepatic venous phase MRA images was
inadequate. Therefore, the diagnostic accu-
racy of MRA was 96% (n = 23/24).

Hepatic Parenchyma

Of the 44 patients who underwent gado-
benate dimeglumine—enhanced MRI before
donation, we diagnosed fatty liver in seven
(16%) by relative signal decrease measured
from liver signal intensity on in- and op-
posed-phase MR images (> 20 images). Two
patients were eliminated because of
advanced hepatic steatosis seen on in- and
opposed-phase T1-weighted gradient-echo
images and confirmed by biopsy (macroste-
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atosis of more than 60%) (Fig. 6). Their rel-
ative signal decreases were 62 and 66, re-
spectively. Three other patients with fatty
liver (relative signal decrease: 23, 27, 22)
were eliminated for other reasons and did
not undergo biopsy. The remaining two pa-
tients (relative signal decrease: 31, 28) un-
derwent harvesting after fatty liver improve-
ment was proven by repeated biopsy and the
normal range of macrosteatosis was proven
by pathologic results of biopsy from the
transplanted liver.

The remaining 22 patients who showed
no evidence of advanced hepatic steatosis
on in- and opposed-phase images (mean rel-
ative signal decrease = 1.3 = 14) underwent
harvesting and were confirmed to have no
steatosis or minimal steatosis (< 5%) by bi-
opsy from transplanted liver. Two patients

had developed hemangioma, as shown on
MR images and confirmed by dynamic CT;
however, this finding did not affect the deci-
sion about whether to harvest. T1-weighted
MR cholangiography revealed numerous
peribiliary cysts in one patient; that patient
underwent successful harvesting, and
peribiliary cysts were confirmed by biopsy.
However, CT and T2-weighted MR cholan-
giography could not be used to differentiate
peribiliary cysts from choledochal cysts in
that patient (Fig. 7).

Discussion

Recently, MRI has proven to be adequate for
providing the parenchymal, ductal, and vascu-
lar information required to optimize the harvest
procedure of living liver donors. By replacing
CT with MRI for donor assessment, we can

1229



An et al.

Fig. 3—33-year-old woman with replaced right hepatic artery. Coronal maximum-
intensity-projection image obtained from arterial phase 3D MR angiography with
gadobenate dimeglumine enhancement shows anomaly of right hepatic artery
arising from superior mesenteric artery (arrow).

Fig. 5—43-year-old woman with right inferior accessory hepatic vein. Coronal
maximum-intensity-projection image obtained from hepatic venous phase 3D MR
angiography with gadobenate dimeglumine enhancement shows anomaly of right
inferior accessory hepatic vein (arrow) draining directly into inferior vena cava.
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Fig. 4—22-year-old man with portal vein trifurcation. Coronal maximum-intensity-
projection image obtained from portal venous phase 3D MR angiography with
gadobenate dimeglumine enhancement shows anomaly of trifurcation of right
anterior portal vein, right posterior portal vein, and left portal vein.

avoid exposing the potential donor to ionizing radiation and nephrotoxic
contrast agents. Furthermore, the MR-based strategy eliminates the need
for invasive catheter angiography and ERCP, thus considerably reducing
the cost of the workup and the associated pain and potential risk of com-
plications [1, 5, 6].

However, MRA and cholangiography have limited temporal and spa-
tial resolution compared with direct DSA and intraoperative cholangiog-
raphy. From this point of view, we speculate that the twofold T1 relaxation
afforded by gadobenate dimeglumine provides a higher SNR of the vas-
cular structure on MRA than other gadolinium chelates and its biliary ex-
creting feature contributes to improving the evaluation of the biliary anat-
omy by allowing delayed 3D T1-weighted MR cholangiography [9, 10].

Indeed, in our study, combined T2- and T1-weighted MR cholang-
iography increased the diagnostic accuracy to 92% from 75% on T2-
and from 79% on T1-weighted MR cholangiography. Many previous
studies have shown that MR cholangiography, using either the T2-
weighted TSE or HASTE sequence, clearly shows the biliary anatomy,
but some biliary anomalies are not easily revealed because of the limited
resolution and 2D character of T2-weighted MR cholangiography
[16-18]. In addition, given that the complex orthogonal relationships be-
tween the right anterior duct, right posterior duct, left hepatic duct, and
common hepatic duct are often difficult to define with confidence on
conventional 2D MR images, the use of volume-rendering algorithms
for reconstruction of gadobenate dimeglumine—enhanced 3D data sets
facilitates definition of these relationships for surgical planning [19].
Furthermore, gadobenate dimeglumine—enhanced T1-weighted MR
cholangiography can provide information about the differentiation of
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cystic structures near bile ducts and bile duct
lumen. For example, in one patient with nu-
merous peribiliary cysts, no communication of
the cysts with a bile duct was confirmed on de-
layed T1-weighted contrast-enhanced MR
cholangiography. Moreover, CT and normal
T2-weighted MR cholangiography could not
be used to differentiate peribiliary cysts from
choledochal cysts.

Recently, several studies using mangafo-
dipir trisodium—enhanced 3D T1-weighted
MR cholangiography have reported increased
SNR and a greater depiction rate of the ductal
anatomy than T2-weighted MR cholangiog-
raphy and 2D gradient-echo images [7, 19,
20]. In our study, T1-weighted 3D gradient-
echo images that were obtained 1 hour after
injection of gadobenate dimeglumine re-
vealed contrast excretion into the biliary tree
and provided cholangiographic images. How-
ever, given that only 2-5% of injected gado-
benate dimeglumine was excreted into a bile
duct but approximately 50% of mangafodipir
trisodium was excreted into a bile duct, the
SNR of bile on mangafodipir trisodium—en-
hanced cholangiography could be much
higher than that on gadobenate dimeglu-
mine—enhanced cholangiography. Neverthe-
less, gadobenate dimeglumine—enhanced
MRI could have potential advantages over
mangafodipir trisodium—enhanced imaging
because of its utility for dynamic first-pass
imaging. Indeed, given that preoperative eval-
uation of liver donor candidates includes pre-
cise anatomic information about hepatic vas-
culature, parenchymal abnormalities, and
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biliary anomalies, the capability of gado-
benate dimeglumine to allow simultaneous
acquisition of T1-weighted MR cholangiog-
raphy and parenchymal and vascular imaging
has additional value over mangafodipir triso-
dium. In addition, gadobenate dimeglumine is
easier of use than mangafodipir trisodium,
which needs to be infused slowly over 10-20
minutes, and is less expensive than mangafo-
dipir trisodium.

Several recent reports show CT cholang-
iography with iodipamide meglumine enables
good visualization of biliary tract anatomy
[21, 22]. Wang et al. [21] reported that biliary
tract anatomy depicted on CT cholangiogra-
phy was concordant with findings at surgery
in 96% of 24 subjects who underwent right
lobe retrieval. However, despite the fact that
IV cholangiography with iodipamide meglu-
mine has high accuracy in biliary tract imag-
ing, it also has some risks of contrast material
reactions and additional iodinated contrast
agent needs to be administered to provide ad-
equate hepatic vascular angiography and pa-
renchymal imaging. In our institute where
more than 200 living liver donor transplanta-
tions have been performed without a donor
death to date, we always give the first priority
to the safety of the liver donor. Furthermore,
our result in diagnostic accuracy of combined
T2- and T1-weighted MR cholangiography
(92%) is comparable with the results of Wang
et al. Therefore, considering that gadobenate
dimeglumine is safer than iodipamide meglu-
mine, use of additional contrast agent for vas-
cular and parenchymal evaluation is not

needed, and diagnostic accuracy is compara-
ble, a combined approach of T2-weighted
MR cholangiography and gadobenate dimeg-
lumine—enhanced MRA and MR cholangiog-
raphy could have reasonable standing as a
valuable diagnostic imaging tool for liver do-
nor evaluation.

Our results showed an accuracy of 79%
for diagnosis of hepatic arterial anatomy,
100% for portal venous anatomy, and 96%
for hepatic venous anatomy. Although the
spatial resolution of MRI for the evaluation
of hepatic arterial anatomy remains inferior
to that of DSA, MRA has, in our experience,
proven to be an accurate preoperative test for
the definition of the portal and hepatic
venous anatomy. Several studies have found
that CT or MRI can show the anatomy of the
hepatic vasculature of a liver donor before
transplantation [23-25]. Winter et al. [23]
and Chan et al. [24] showed that in liver
transplantation candidates, successful 3D
CT arteriography was as accurate as catheter
angiography for assessing hepatic arterial
anatomy. Although the risk of radiation ex-
posure and of a reaction to iodinated contrast
material is probably low enough to justify
the use of CT for the evaluation of the he-
patic vasculature of a living liver donor, the
superior safety profile of gadolinium-based
agents compared with that of the iodinated
contrast agents must be considered one merit
of MRI [26, 27]. In addition, when measured
using a test dose of contrast material, arterial
phase 3D MR images can be obtained reli-
ably and reproducibly [11].

Fig. 6—16-year-old boy with uneven fatty infiltration of liver.
A and B, In-phase (A) and opposed-phase (B) T1-weighted gradient-echo images show signal drop in liver, suggesting fatty liver with focal sparing in segment IV and segment I.
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Regarding the assessment of hepatic
masses, the unsurpassed soft-tissue contrast
inherent to MRI permits assessment of the
liver parenchyma using a variety of contrast
mechanisms of which the T2- and contrast-
enhanced T1-weighted images have been
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shown to be the most relevant [1]. The 3D
data sets of MRA were also valuable for the
characterization of focal liver lesions in our
study. Based on classic enhancement pro-
files, in the present study, two hemangiomas
were diagnosed with certainty in two pa-

Fig. 7—22-year-old man with peribiliary cysts.

A, Minimum-intensity-projection image of MDCT shows lobulating, contoured
structures with low attenuation along portal vein; this finding can be dilated bile
ducts or peribiliary cystic lesions.

B, Coronal thick-slab T2-weighted MR cholangiography shows multiple round
structures with high signal intensity. CT and T2-weighted MR cholangiography
cannot differentiate peribiliary cysts from choledochal cysts.

C, Three-dimensional T1-weighted MR cholangiography with gadobenate
dimeglumine enhancement shows normal bile duct; therefore, cystic structures are
peribiliary cysts. Segmental nonvisualization of common hepatic duct was due to
compression by one of the peribiliary cysts (arrow).

tients, thereby obviating biopsy. In addition,
chemical shift MRI has been regarded as the
best diagnostic approach for detecting fatty
liver [13]. For a quantitative MR assessment
for fatty liver, researchers have studied us-
ing in- and opposed-phase MR sequences
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[28, 29]. If additional larger studies confirm
the accuracy of MRI for the quantification
of steatosis, MRI may render the perfor-
mance of liver biopsy unnecessary for that
purpose [5, 15].

Our study was clearly limited. First, our
study sample was relatively small. Second, as
CT and the surgical findings provided confir-
mation of our study, DSA was not performed
primarily because of the reluctance of the
transplant surgeons to subject otherwise
healthy individuals to additional testing not
deemed necessary. However, two experienced
transplantation surgeons interpreted the vas-
cular anatomy in the surgical field, and the
possibility that a surgically important vascu-
lar variant was missed is very low. Last, the
MR examinations were evaluated in consen-
sus and, therefore, observer variability could
not be assessed.

‘We conclude that a comprehensive assess-
ment of the hepatic parenchymal; biliary duc-
tal system; and hepatic arterial, portal, and
venous systems can be accomplished with the
outlined MR protocol using gadobenate di-
meglumine. On the basis of our results, we
conclude that MRI can potentially serve as
the sole preoperative imaging test for living
liver donor candidates.
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