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Table 3

Enhancement levels of FLLs in different vascular phases (N=100)

Enhancement Arterial phase Portal phase Late phase

level Hyper Iso Hype No Hyper Iso Hypo No Hyper Iso Hypo No
HCC 10 (100) ~ - - - 220 8(80) -~ - 10 (100) -

IcC 2(100) -~ - - - 2(100) - - - 2100y -~
MLC 5(100) - 5100y ~ - - 5(100) -
Hemangioma 30 (100) - - - 28(93.3) 2(6.7) - - 27 (90) 2(6.7) 1(3.3)

FNH §(100) - - - 3(37.5) 5(72.5) - - 3(37.5) 4(50) 1 (12.5)

Focal fatty sparing lesions ~ 40 (95.2) -~ 2(48) - 40(95.2) - 2(48) -~ 39929 1(23) 2@48)
Abscess 2(100) - - - = 2(100) - - 2 (100)

SNN - - - 1 (100) - 1 (100) 1 (100)
Note. Data are numbers of lesions; data in parentheses are percentages.

3.4. Hemangioma 3.5. FNH

Apart from 3 (10%) hyperechoic lesions, 27 (90%)
hemangiomas were heterogeneously hypoechoic, with round
shape and sharp margins on baseline gray-scale ultrasound.
After injection of the UCA, enhancement of lesions appeared
earlier than enhancement of the liver parenchyma in 28
(93.3%) lesions and appeared simultaneously with enhance-
ment of the liver parenchyma in 2 (6.7%) lesions. There were
28 (93.3%) lesions with peripheral nodular enhancement
with progressive centripetal fill-in, 1 (3.3%) lesion with
homogeneous enhancement, and 1 (3.3%) lesion with
heterogeneous centrifugal radiating enhancement. As to the
enhancement level, all lesions exhibited hyperenhancement
in the arterial phase. In the late phase, 27 (90%) lesions
remained hyperenhanced, 2 (6.7%) lesions washed out to
isoenhancement, and | (3.3%) lesion washed out to
hypoenhancement with respect to the surrounding liver
parenchyma (Fig. 3).

When peripheral nodular enhancement with progressive
centripetal fill-in in the arterial phase (with or without
washout of contrast agent in the portal and late phases) was
regarded as a positive finding of hemangioma, the
sensitivity, specificity, PPV, NPV, and accuracy of real-
time CEUS were found to be 93.3% (28 of 30), 98.6% (69 of
70), 96.6% (28 of 29), 97.2% (69 of 71), and 97% (97 of
100), respectively.

All FNHs were heterogeneously hypoechoic, with round
shape and sharp margins on baseline gray-scale ultrasound.
No wheel-like blood vessels were depicted by color
Doppler ultrasound. On CEUS, all lesions showed
homogeneous hyperenhancement, with earlier time of
initial enhancement compared to the liver parenchyma.
There were seven (87.5%) lesions with centrifugal
radiating enhancement and one (12.5%) lesion with
immediately homogeneous enhancement. Wheel-like feed-
ing arteries were shown in four (50%) lesions at the
beginning of the arterial phase. No central scar was shown
on CEUS imaging in the present study. As to the
enhancement level, all lesions exhibited hyperenhancement
in the arterial phase, and three (37.5%) of them remained
hyperenhanced in the portal and late phases. Five (62.5%)
lesions washed out to isoenhancement in the portal phase,
and only one (12.5%) lesion appeared as hypoenhancement
in the late phase with respect to the surrounding liver
parenchyma (Fig. 4).

When centrifugal radiating hyperenhancement, com-
bined with wheel-like feeding blood vessels in the arterial
phase (with or without washout of contrast agent in the
portal and late phases), was regarded as a positive finding
of FNH, the sensitivity, specificity, PPV, NPV, and
accuracy of real-time CEUS were found to be 87.5% (7

Table 4

Diagnostic performance of CEUS in different FLLs in fatty liver

Entity Sensitivity Specificity PPV NPV Accuracy

HCC 100% (10 of 10) 95.6% (86 of 90) 71.4% (10 of 14) 100% (86 of 86) 96% (96 of 100)
MLC 60% (3 of 5) 100% (95 of 95) 100% (3 of 3) 97.9% (95 of 97) 98% (98 of 100)
Icc 0% (0 of 2) 100% (98 of 98) NA 98% (98 of 100) 98% (98 of 100)
Hemangioma 93.3% (28 of 30) 98.6% (69 of 70) 96.6% (28 of 29) 97.2% (69 of 71) 97% (97 of 100)
FNH 87.5% (7 of 8) 97.8% (90 of 92) 77.8% (7 of 9) 98.9% (90 of 91) 97% (97 of 100)
Focal fatty sparing lesions 92.6% (39 of 42) 100% (58 of 58) 100% (39 of 39) 95.1% (58 of 61) 97% (97 of 100)
Abscess 100% (2 of 2) 100% (98 of 98) 100% (2 of 2) 100% (98 of 98) 100% (100 of 100)
SNN 100% (1 of 1) 98.0% (97 of 99) 33.3% (1 of 3) 100% (97 of 97) 98% (98 of 100)

Numbers in parentheses are the numbers of lesions used to calculate percentages.

NA, not applicable.
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of 8), 97.8% (90 of 92), 77.8% (7 of 9), 98.9% (90 of 91),
and 97% (97 of 100), respectively.

3.6. Focal fatty sparing lesions

All of the 42 focal fatty sparing lesions were
homogeneously hypoechoic, with round shape and sharp
margins on baseline gray-scale ultrasound. Except for 2
{(4.8%) lesions with no obvious enhancement (Fig. 5), the
remaining 40 (95.2%) lesions showed homogeneous
isoenhancement during the arterial and portal phases of
CEUS. Only one lesion washed out to hypoenhancement
with respect to the surrounding liver parenchyma at 4 min
after UCA administration.

When homogeneous isoenhancement during the vascular
phase was regarded as a positive finding of focal fatty
sparing lesions, the sensitivity, specificity, PPV, NPV, and
accuracy of real-time CEUS were found to be 92.6% (39 of
42), 100% (58 of 58), 100% (39 of 39), 95.1% (58 of 61),
and 97% (97 of 100), respectively.

(5]
'7

3.7. Pyogenic hepatic abscess

On baseline gray-scale ultrasound, both abscesses were
heterogeneously hypoechoic, with a central anechoic area
and irregular margins. CEUS showed irregular rim
enhancement with nonenhanced areas and enhanced septa
inside lesions. No transient hyperenhanced liver parenchy-
ma around lesions was depicted in the early arterial phase.
As to the enhancement level, both lesions exhibited
hyperenhancement in the arterial phase and hypoenhance-
ment in the portal and late phases. Both lesions were
correctly characterized as abscess because of specific
enhancement patterns.

3.8. SNN

The solitary lesion appeared homogeneously hypoe-
choic, with round shape and sharp margins on baseline
gray-scale ultrasound. After administration, the lesion
showed no enhancement during the vascular phases of

Fig. 1. A 59-year-old female patient with liver metastasis from breast carcinoma. (A) Baseline ultrasound image shows a hypoechoic lesion (3.5 cm in diameter)
in Segment 111 of the liver. (B) Arterial-phase image obtained 22 s after contrast agent administration shows rim hyperenhancement of the lesion (arrow). (C) The
lesion is hypoenhanced (arrow) compared with the surrounding liver parenchyma in the portal phase (52 s). (D) Late-phase image (180 s) shows complete

washout of contrast agents (amrow).
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Fig. 2. A 52-ycar-old male patient with ICC. (A) Baseline ultrasound image shows a hypoechoic lesion (5.8 cm in diameter) in Segment V11 of the liver. (B)
Arterial-phase image obtained 22 s after contrast agent administration shows heterogeneous hyperenhancement of the lesion. (C) The lesion appears to be
hypoenhancement with respect to the surrounding liver in the portal phase (50 s). (D) Late-phase image (150 s) shows complete washout of the contrast

enhancement of the lesion.

CEUS. We made the correct diagnosis of SNN according to
CEUS findings.

4, Discussion

FLLs on diffuse liver disease background are quite
common on clinical ultrasound examination. Although the
presence of liver cirrhosis may alter the sonographic
appearance of FLLs, it is also an important diagnostic
clue for radiologists in their diagnosis of HCC or
regeneration of nodules. Hepatic steatosis will not only
make the characterization of FLLs more difficult by
increasing parenchyma echogenicity and altering the typical

appearance of the lesion but also make the detection of
FLLs insufficient by increasing the attenuation of ultra-
sound beam and causing poor visualization of the deep
areas of the liver [6,7].

The poor diagnostic performance of conventional gray-
scale ultrasound in FLLs with diffuse liver disease
background has greatly improved with the help of high-MI
CEUS [8.9]. Kim et al. [9] reported that the diagnostic
performance of high-MI CEUS has greatly improved
compared with conventional gray-scale ultrasound after a
receiver operating characteristic (ROC) analysis of 75 FLLs
in patients with diffuse liver disease (liver cirrhosis in 30,
steatosis in 23, chronic hepatitis in 16, and both steatosis and
liver cirrhosis in 6). The correctly specific diagnosis

Fig. 3. A 52-year-old male patient with hemangioma. (A) Baseline ultrasound image showed a hypoechoic lesion (7.2 cin in diameter) in Segment VI of the
liver. (B) Arterial-phase image obtained 20 s after contrast agent administration shows centrifugal radiating enhancement of the lesion. (C) The lesion is
homogeneously hyperenhanced in the portal phase (76 s). (D) The lesion is hypoechoic compared with the surrounding liver parenchyma in the late phase
(2005s). (E) Plan CT scan shows a slightly low-attenuation lesion in the right lobe of the liver. (F) There is no obvious enhancement of the lesion on arterial-phase
CECT image. (G) Portal-phase image of CECT shows hyperenhancement in the center part of the lesion. (H) The Jesion is homogeneously hyperenhanced

compared with the surrounding liver parenchyma in the late phase.
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Fig. 5. A 42-year-old male patient with focal fatty sparing lesions. (A) Baseline ultrasound image shows a hypoechoic lesion (2.0 cm in diameter: arows) in
Segment V of the liver. (B-D) The lesion (arrows) shows no obvious enhancement during the vascular phases of CEUS (24, 81, and 168 s after administration of

contrast agent).

improved from around 40% on baseline ultrasound to almost
80% on high-MI CEUS.

The newly developed low-MI CEUS techniques using the
second generation of UCA showed CEUS more advance
than high-MI CEUS in real time and an accurate demon-
stration of vascularity in FLLs [1]. As expected, satisfactory
performance on the characterization of FLLs with real-time
CEUS and second-generation UCA has been reported not
only in normal liver background but also in fatty liver
background [1-5,10]. Bartolotta et al. [10] reported that
areas under ROC curves improved from 0.706 for baseline
ultrasound to 0.999 for real-time CEUS on 105 FLLs in
patients with fatty liver background. The correctly specific
diagnosis improved from 28% on baseline ultrasound to 90%
on CEUS.

The basic principles of contrast-specific ultrasound
techniques are cancellation and/or separation of linear
ultrasound signals from tissues and utilization of nonlinear
response from UCA microbubbles [1,14]. Even though
low-MI contrast-specific techniques may suppress tissue
harmonic signals effectively, nonlinear harmonic ultra-
sound signals may still arise in tissues, especially in deep or
fat tissues, and cause an erroneous interpretation of the
imaging [1,14,15].

Wilson et al. [15] reported that the CEUS enhancement
pattern of some fat-containing FLLs disagreed with CECT/
contrast-enhanced MRI findings, which showed hyper-
echogenicity on CEUS compared with its low attenuation
on CT and low signal intensity on MRI. It was presumed
that the enhancement caused by the contrast agent is added

Fig. 4. A 29-year-old female patient with FNH. (A) Baseline ultrasound image shows a well-defined hypoechoic lesion (2.2 cm in diameter; arrow) in the right
lobe of the liver. (B) Arterial-phase image obtained 10 s after contrast agent administration shows wheel-like blood vessels in the center of the lesion (arrow). (C)
Arterial-phase image (17 s) shows homogeneous hyperenhancement of the lesion (arrow). (D) The lesion shows obvious washout of contrast enhancement
(arrow) in the late phase (200 s). (E) Plan CT scan shows a slightly high-attenuation lesion in Segment VI of the liver (arrow). (F) Arterial-phase image of CECT
shows hyperenhancement of the lesion (arrow). (G) The lesion is hyperenhanced (arrow) compared with the surrounding liver parenchyma in the portal phase.
(H) There is no washout of contrast enhancement of the lesion on a late-phase CECT image (arrow).
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to the baseline echogenicity of the FLLs containing fat and
produced an erroneous interpretation of the level of
enhancement of the lesion. On the other hand, it may
also be possible that fatty liver background presents some
difficulties in the correct interpretation of the level of
enhancement on CEUS. Bartolotta et al. [10] reported that
three hemangiomas, four FNHs, and four focal fatty sparing
lesions in fatty liver appeared to be hypoechoic in the
portal and late phases of low-MI CEUS using SonoVue,
which should be hyperechoic or isoechoic according to the
well-known appearances of benign FLLs on CEUS [1-5].
Lin et al. [16] also reported that three FNHs in fatty liver
showed hypoenhancement, while all FNHs with normal
liver background showed isoenhancement in the late phase
of CEUS. In the present study, one hemangioma, one FNH,
and one focal fatty sparing lesion also appeared as
hypoenhancement with respect to the surrounding liver
parenchyma in the late phase, which maybe an erroneous
interpretation caused by the hyperbaseline echogenicity of
the fatty liver background.

According to a quantitative study, the signal intensity of
fatty liver (15.194£2.90 dB) was significantly higher than that
of normal liver (10.91£3.15 dB) on baseline ultrasound.
There were no significant differences between the signal
intensity of normal liver and the signal intensity of fatty liver
at 25 and 60 s after Levovist administration, while the signal
intensity of normal liver (20.55+3.58 dB) was statistically
higher than that of fatty liver (15.05£3.12 dB) at 120 s after
UCA administration, which means that the contrast en-
hancement of liver parenchyma lasts longer in normal liver
than in fatty liver [17]. We presume that fast contrast
enhancement washout and harmonic signals from fatty liver
parenchyma should be the reasons for the hypoenhancement
appearance of some benign FLLs in the late phase.

Since the enhancement level of FLLs in fatty liver may be
altered especially in the late phase, it is very important to
depend on the enhancement pattern of FLLs for correct
characterization. The enhancement patterns of several kinds
of FLLs on CEUS are very characteristic and well known by
radiologists; specific diagnoses of HCC, FNH, hemangioma,
focal fatty infiltration, or sparing and hepatic abscess using
CEUS showed a very high accuracy [1-5,18,19]. In the
present study, all of the primary malignant FLLs (HCC and
ICC) showed homogeneous or heterogeneous enhancement,
40% of MLC lesions showed homogeneous enhancement,
and 60% showed typical rim enhancement. As to benign
FLLs, 93% of hemangiomas showed a characteristic
enhancement pattern (peripheral nodular enhancement)
with progressive centripetal fill-in. For FNH, all lesions
showed homogeneous hyperenhancement, 88% of FNH
lesions showed centrifugal radiating enhancement, and 50%
showed typical wheel-like feeding arteries in the arterial
phase. Over 95% of focal fatty sparing lesions showed
homogeneous isoenhancement during the vascular phases of
CEUS. All abscess lesions showed irregular rim enhance-
ment with nonenhanced areas and enhanced septa inside the

lesion. The only SNN showed no enhancement during the
vascular phase of CEUS. According to specific enhancement
patterns on CEUS, we achieved satisfactory results in the
characterization of FLLs in fatty liver, with a diagnostic
accuracy greater than 96%.

In the present study, 40% of MLC and 100% of ICC
lesions were misdiagnosed as HCC because the reviewers
were blinded to clinical history and laboratory information. It
is well known that homogeneous enhancement and rim-like
hyperenhancement in the arterial phase are the two common
manifestations of MLC on CEUS, depending on the origin of
the primary tumor [1-5]. The latter is specific for liver
metastasis, whereas the former is hard to discriminate from
the enhancement pattern of HCC. As to ICC, it mainly shows
irregular peripheral rim-like or heterogeneous hyperenhance-
ment in the arterial phase and hypoenhancement in the portal
and late phases. Although we reported that about 94% of
ICCs were correctly characterized by combining baseline
and CEUS findings [20], the fatty liver background altered
the baseline appearance of the lesion, which made correct
characterization difficult in the present study. We believe
that the diagnostic ability of CEUS for MLC and ICC will
improve with clinical history and laboratory information.

Two focal fatty sparing lesions were misdiagnosed as
SNN because of the absence of obvious enhancement during
all vascular phases of CEUS, and the other one lesion was
undetermined because of atypical baseline ultrasound
appearance and contrast washout in the late phase. We
consider that the nearly avascular appearance of focal fatty
sparing lesions may be attributed to compression from
surrounding swollen hepatocytes because of accumulation of
triglycerides in hepatocytes [21,22].

We also failed to perform correct characterization of one
FNH and two hemangiomas. The FNH and one of the
hemangiomas were small in size (less than 2.5 cm in
diameter) and showed immediately homogeneous enhance-
ment after administration of UCA. The other hemangioma
only showed centrifugal radiating enhancement, which was
misdiagnosed as FNH.

One of the limitations of this study was that the final
diagnoses of fatty liver and FLLs were not totally confirmed
with pathological examination because of ethical concerns.
However, we think that the final diagnoses of fatty liver and
FLLs in our series should be sufficiently appropriate
according to well-established clinical diagnostic criteria
based on patient history, laboratory data, multiple imaging
findings, and follow-up. The other limitation of this study
was that we did not make further analysis of the relationship
between the enhancement patterns of FLLs on CEUS and the
grade of fatty liver or the location of the lesion, which may
also fail CEUS examination in some cases.

In conclusion, CEUS can depict the typical enhancement
pattern of FLLs in fatty liver. Although some benign FLLs
showed contrast enhancement washout in the late phase of
CEUS, correct characterization based on the typical
enhancement pattern is possible.
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Background: The changes in liver blood flow associated with living donor liver transplantation (LDLT)

S ion; . h . . 3 N y 5
Fra? " plantathn in children have not yet been studied. The aim of the present study was to investigate changes in hepatic
Living donor liver B o o ;
< hemodynamics before and after pediatric partial liver transplantation.
transplantation;

Methods: In 7 pediatric recipients with congenital cholestasis and native liver Child-Pugh classes B and
C. portal vein flow (PVF) and hepatic arterial flow (HAF) were measured using an ultrasonic transit
time flow meter before removal of the native liver and after transplantation and compared with donor
left PVF and donor left HAF.

Results: The mean portal contribution to total hepatic blood flow was markedly decreased in the
recipient native liver compared with that in the donor (69% + 3% vs 32% + 15%; P = .0003) and after
reperfusion changed to almost the same ratio as that in the donor liver (73% £ 18%; P <.0001).
Conclusion: The extreme imbalance between PVF and HAF that is common in implanted partial liver in
adult LDLT recipients was not observed in pediatric LDLT. After transplantation of an appropriately
sized liver graft, the portal contribution to total liver blood flow normalized to the value for normal liver.
€ 2010 Elsevier Inc. All rights reserved.

Hepatic blood flow;
Portal contribution

Reduced size liver transplantation is a technique by which
only one lobe or segment of the liver is used as a graft. When
adults receive segmental grafts, significant disparity between
the size of the graft and the native liver is almost universal
[1]. On the other hand, reduced size liver transplantation in
children rarely causes a size discrepancy problem, and
generally, there is sufficient hepatic mass for the metabolic
demand of the pediatric recipient [2,3]. Living donor liver
transplantation (LDLT) in children was started simulta-

* Corresponding author. Tel.: +81 3 3813 3111; fax: +81 3 3818 7589,
E-mail address: ishizaki@juntendo.ac.jp (Y. Ishizaki).

0022-3468/8 - see front matter © 2010 Elsevier Inc. All rights reserved.
doi: 10.1016/. jpedsurg.2009.06.015

neously in Chicago and Japan in the late 1980s [4,5]. The
technique involves resection of the left lateral segment of the
liver of a living donor and transplanting it into the pediatric
patient. The changes in hepatic hemodynamics after LDLT in
adults are much more pronounced than those occurring in
cadaveric donor liver transplantation [6,7]. However, the
changes in liver blood flow associated with LDLT in children
have not yet been reported. The aim of the present study was
to quantify liver blood flow to the lateral segment of the liver
before and after LDLT in pediatric recipients, focusing
particularly on the relationship between arterial and portal
blood flow and its association with graft mass and function.
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1. Materials and methods

Between July 2003 and Januwary 2009, 11 LDLTs in
children were carried out at our hospital. Among the
11 recipients, there were 7 girls and 4 boys, with ages
ranging from 7 to 16 months (mean, 11 months) and body
weights ranging from 6.7 to 10.9 kg (mean, 8.4 kg), with
biliary atresia (n = 10) and Alagille syndrome (n = 1) as
underlying disease. Among the 11 recipients, 8 had Child-
Pugh class C disease and 3 had class B disease. The living
donors comprised 6 mothers and 5 fathers. For evaluation of
graft size, the standard liver volume (SV) of recipients was
calculated according to the formula of Urata et al {8], which
yield the optimal liver volume for the recipient’s metabolic
demand, can be calculated from the body surface area as:
SV (mL) = 706.2 x body surface area (m?) + 2.4. Estimated
graft volume (GV) was predicted from the results of
computed tomography (CT) volumetric analysis. Actual GV
was measured at the back table. In all recipients, the
technique involved resection of the left lateral segment of
the parent’s liver and its transplantation into the child. After
venoplasty, end-to-end anastomosis of the hepatic veins was
performed, the donor left portal vein was anastomosed to
the recipient left portal vein, and the graft was reperfused.
The donor left hepatic artery was anastomosed to either the
recipient right hepatic artery or the left hepatic artery,
depending on the size match, under direct observation with
an operating microscope. All LDLTs were carried out
without any modification of the graft portal inflow using
techniques such as splenectomy, splenic arterial ligation,
and portosystemic shunt.

1.1. Hepatic hemodynamics

In the 7 most recent cases, intraoperative blood flow
measurements were taken with an ultrasonic transit time flow
meter (Transonic System, Ithaca, NY) in both the donor and
recipient and expressed as milliliter per minute. Donor left
portal vein flow (PVF) and donor left hepatic artery flow
(HAF) were measured before starting dissection of the liver
parenchyma. In the recipient, before removal of the native
liver PVF and HAF were measured. Hepatic artery flow in
the native liver was calculated as the sum of right HAF,
middle HAF, and left HAF. Finally, after anastomosis of all
the vessels and 15 minutes of equilibration, but before biliary
reconstruction, the recipient PVF and recipient HAF were
measured. The probes were applied just distal to the
anastomosis. Total hepatic blood flow was calculated as
the sum of PVF and HAF.

1.2. Postoperative care

The initial immunosuppressive regimen consisted of FK
506 and prednisone. Intensive anticoagulant treatment was
carried out for more than 2 weeks after LDLT. Dalteparin

sodium (50 IU/kg per day) was routinely administered
until postoperative day 14. Antithrombin Il concentrates
were administered intravenously to maintain an activity of
at least 100%. Fresh frozen plasma containing protein C
and S was transfused at a rate of 0.5 to 1.0/kg per hour, so
that hematocrit was maintained within the range 20% to
30%. Postoperative ascites accumulation was relieved by
removal via indwelling drains, and this was balanced by
infusion of fresh frozen plasma according to the protein
level in the ascites to maintain the serum protein level
within the normal range.

1.3. Statistical analysis

Values are presented as mean = SD unless stated
otherwise and were compared by using Student’s 7 test.
Calculations were made using JMP computer software (SAS
Institute Inc, Cary, NC). Differences at P < .05 were
considered to be statistically significant.

2. Results

2.1. Liver grafts

Overall mean real GV was 285 + 58 g (range, 190-360g),
which was equivalent to 99.9% =+ 26.7% (range, 66.2%-
147.0%) of the recipient SV. The mean ratio of graft weight
to recipient body weight (graft weight/recipient’s body
weight x 100 [%]) was 3.52% =% 1.04% (range, 2.39%-
5.19%). The relationship between GV/SV ratio and graft
weight/recipient’s body weight is shown in Fig. 1.

2.2. Hepatic hemodynamics

The mean HAF of the left hepatic artery in the donors did
not differ from the HAF in the recipient native livers. In the
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Fig. 1  Graft volume/SV and graft weight/recipient’s body weight
of the liver grafls.

—287—



Hepatic blood flow during living donor liver transplantation 547
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could not be obtained and the patient died on postoperative
day 7. Steroid-resistant acute rejection was encountered in
one patient, which was treated successfully by administra-
tion of muromonab-CD3 (OKT3). Overall patient and graft
survival rates at 5 years (n = 11) were 90%.

3. Discussion

Available data for Doppler sonography in children with
chronic liver disorders indicate lower portal flow velocities
and higher hepatic arterial resistance indices than those in
healthy control subjects [9,10]. It has been reported that
there is a significant difference in portal venous velocity
between Child-Pugh A class, and Child-Pugh B and C
classes of liver cirrhosis in patients with biliary atresia [11].
Although Doppler sonography has become widely avail-
able, reports of direct measurements of hepatic hemody-
namics in pediatric patients with liver disease are scarce.
The portal vein is normally responsible for 70% to 75% of
blood flow to the liver. However, the present study revealed
that in Child-Pugh B and C class native livers with
congenital cholestasis the portal contribution to total hepatic
blood flow was markedly decreased compared with the
normal liver of the donor (69% vs 32%).

The cirrhosis-associated rarefaction of sinusoids and the
structural changes in sinusoidal endothelia result in dete-
rioration of nutritive blood supply to the liver, increased total
hepatic vascular resistance, and hence, portal hypertension
and portosystemic collateralization [12,13]. Large portosys-
temic collaterals, which develop spontaneously in some
patients, may present a lower resistance to flow and drain
large amounts of blood from PVF. In pediatric biliary
cirrhosis, reduction of PVF is compensated by an increase of
HAF, and this hepatic arterial buffer response probably has a
beneficial effect on hepatic circulation, thereby, counter-
acting the impairment of nutritive blood supply of the
cirrhotic liver [14].

Although there was no significant difference of PVF
between that of the donor and the recipient, HAF and PVF of
the donor were almost twice that of the recipient after
reperfusion. These differences may result from the differ-
ences in hepatic blood flow between a large adult and a small
baby. Moreover, blood flow in the left lobe of the donor
before dissection of the liver parenchyma does not accurately
reflect the blood flow of the lateral segment graft and could
be overestimated because of the influence of the blood flow
supply from segment IV.

When adults receive small segmental grafis, these grafts
presumably receive all of the native portal inflow, and thus,
the hemodynamic consequences of transplantation are
exaggerated. After adult LDLT, an extreme imbalance of
donor-recipient PVF characterized by an increased PVF and
a relatively reduced supply from the hepatic artery has been
observed [6,15]. Data from adult LDLT using left lobe grafts

have revealed a marked increase in the mean portal
contribution to the graft to 89% [7]. Exposure of the graft
to portal hyperperfusion results in hepatocyte ballooning,
centrilobular necrosis, and parenchymal cholestasis. On the
other hand, the left lateral segments from an adult are always
of sufficient size for children younger than 2 years. In the
present series, the mean GV/SV ratio was 99.9%, ranging
from 66% to 147%, which was considered adequate. After
transplantation of an appropriately sized liver graft, the portal
contribution to total liver blood flow normalized to a value
equivalent to that for a normal liver (32%-73%). These
changes after pediatric LDLT appear similar to those
observed after cadaveric liver transplantation in adults [16].
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400%400 | 400%400 | 400400 | 400x400 | 400X 400 | 400X 400 | 400X 400 | 400x400 | 400x400
320 384 256 512 384 384 384 256 256
75% 70% 90% 53% 97% 75% 81% 75% 75%
- 70% 64% - 75% s 80% s e
émm/ | 3mm/ 3mm/ 4mm/ 2mm/ 5mm/ 2mm/ 5mm/ Smm/
1.5mm Omm Omm 1mm Omm Omm Omm 1.5mm 1.5mm
- - - 9 153 13 135 = -
CHESS | SPAIR | SPAR | CHESS | SPAR | CHESS | SPAR -~ —-
#20 20 #20 | #9240 | #300 | #240 | #0300 | #20 #1720

FHEE 37T MRI: MAGNETOM Trio, A Tim System Version syngo MR B15 (& — X 211 8Y)

1.5T MRI - MAGNETOM Avanto, Version syngo MR B15 (3= % > X31 l)
<{EEaJv 3T MRI: body matrix coil  1.5T MRI | body array coil
CETAREE  ATHIC22GOZESHCTUNESBRE SICBRS 1 2 RELTH BHTARERBVT, MBEMEGHERA (0.2mLkg) £3mL/s TR
EWEAE, 40mLOLBBIEKTHELLTLS, GA-EOB-DTPA (0. 1mL/kg) 2, BRICEEIEASRIITI ~2ml/s TREZAL, 40mL D
EIMEEATHBL LTS, SPIO (0.45mg/kg) IX, RIGBRPTRESOLICTRRIGHEAVTEKIHET .

CEEEAE D B0

* T2345H%I3 PACE £ B TIRELTWA D, TRET(EL—ELTVEW, &, TEREMDTETHS,
#8853 CHESS : chemical shift selective SPAIR : spectral attenuated with inversion recovery

DAHERBL, H3TRIFHALR
LT 5, double arterial phase i,
BEH O —2H2 BOTRGEOPHIZHE
REE, REOMK Y8/ FHET 5T
REMEDSD B 72D B TILIT - Thiw,
3T MRIWE, SNRBXU2Y 7R}
*#EE I (contrast to noise ratio:
CNR) 2’1 5T MRI & Y &<, HWAT
A R EAI|FATTEET, BVEHSHE
WBEET S, $/2, 77 bAERIX
h RSN GA A OE 5 AR
BEELI-EZA, 3T MRITIZ,
1.5T MRIWZH L TH 2 oMM R
T Gd A OE SHHEMRIZDHON
72 (B@1), ZoZEds, 3T MRIIZS
WTRSRECRES R, K0E
WIY FFAMCHIB IS0, FIE
BOMEERE L) HRICERT S,
—%, RFORH~HICLBEFT LTI,
BRI~ EREEI B REETEL
238, 2D-FLASH % 3D-VIBE Ti
Bii7-d, BBOAQRGLREEZETY
bo FO0, URETIRRF2H IR

DIDIZHWAEE Ny FrLEERL
Tz,

Gd-EOB-DTPA ICHTH
dynamic MRI EjiRE{I4H

Gd-EOB-DTPA IZFF Il RIEER
AThHH, KSERSMBINELE G
ERH L OB &2 R LM RS HBR
WA H$ 5728, dynamic MRIIZL A
MRZHBT R THD. LoLeds,
GA-EOB-DTPA O#E5-&EIX, #iflg
NEEGIEZAICH LTI/ 4DENVE
BEEDin, F0z%, GI-EOB-DTPA
IIBT A BIRERATO T LERRD
BETFTAFEENLD, FULEETHRE
SnFE—-BEOMANENEGIER
#& Gd-EOB-DTPA 2 & 2B REA 4B
FREMIEETIE, BIFEEDaY
PFAMEOND, FOEBL LTI,
Gd-EOB-DTPA RIMEF TS » 237 L4
GELTHEEL, FORBHNE (r, 18, r.f8)
AR GA A L Y REWTE

—291—

WEZLND,

Gd-EOB-DTPAIC L A EEHED.
MBAEEGIEEHRRICLI ST
MRIXH 3T MRITHEIZEL (&A1),
EIREMAHTHSNR, CNRHEWY,
—%T, GA-EOB-DTPA 25V 28l
BEUARTE, ESEEFESS RV
DIEARERZ LB E, My
Gd #E¥#| £ b i#v truncation 7—5
TFyMELA, SHUL, (ARSI
WCELABRDT—F7 727 FTHY,
ERRNERBNCBITAEEHNIZLS
AELEFELE, 7 ERIIBY
TIEMISEMTERWZOICELS Y,
3T MRITit, 1.5T MRI &Y SNR#®
BWIEHEIOR LR, ZOT—F
777 MPBEEICAELS, BRTR
dynamic MRIDY—4# AL LT, 4
#M3D-VIBEZ iWVT\wiz3t, BAER
truncation 7—F7 7 7 MR L/,
3DY—Fr AL, HORATAATHFyy
TORNEEEONEA, (A A
ASEMNT AT & T, truncation 7—F7 7
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—- 1.5T 2D-FLASH Gd-EOB-DTPA

-+~ 1.5T 2D-FLASH Gd-DTPA
1.5T 3D-VIBE Gd-EOB-DTPA

-+- 1.5T 3D-VIBE Gd-DTPA

—— 3.0T 2D-FLASH Gd-EOB-DTPA

-+ - 3.0T 2D-FLASH Gd-DTPA

—— 3.0T 3D-VIBE Gd-EOB-DTPA

3.0T 3D-VIBE Gd-DTPA

6 8 10 12
mmol/L

1 1.5TMRI & 3T MRICEIT 5 MAOMIRN B G EXR LU GI-EOB-DTPAD
BVBRE LESERE LOBE
3T MRITIR2D-FLASH 8L U 3D-VIBEOWThD S —5 X TH, HERAKMGIENH &
Gd-EOB-DTPANESRE RTINS 1.5T MRIDK 2EF,

72D Y= AL DB BETS
oL LTDE, 20z, BRI
dynamic study {2t 2D-FLASH # Hw
Twb,

truncation 7—F 7 7 7 b &
FEE LTk, OBEAOEAEER
BKLT3, QFFEHNEHFRLTEAT
329 @EFNERMTEMT S,
@k-space DFEIE % centric order-
ingiZTAaT R ENEILNTVS, B
7, 3D-VIBE Tb truncation 7—7
7 7 7 vy dynamic MRIZSE S
NBEHC, BEFFAOEARECHE
AR THS,

Gd-EOB-DTPA (1%
FriffaEfoMa

Gd-EOB-DTPA X, #5E#IHIM
NEEGIERA EABOBELZRL,
ZO%, EFTFEROMIEE EICRHL
TVAERT=F VYTV AR—=FEHL
THRMICEYAEhG, 5 205%
K TIERBAEREZRET 5L, EEFIZR
R sh, BEFELTHEERS
DXL, BRMEFEECEE MR
BEEL RV (OB AL LR
BESLLTHESE, EEFLH
EBEORIFRIY PIR MELNBTD,
Gd-EOB-DTPA \ZB\T A IR & &
DBEERIEIEV Y, L Lads, —&
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DR AMIBET=F ¥ T VAR~
FEBERLTBY YO, ZholxBEE
EEEHRERL LRI, FHEE
EHTERDREZDDLIENH BT,
FEOBOIEENLETH A,

3T MRI COFAfRERMETIZ, 1.5T
MRI X h &V SNR, CNR#55605 1,
e A CIHE T INERBATD
FEEEPPnizd, 3D-VIBE #H
W truncation 7—F7 7 7 FEL
124y EHIZ3T MRITIE, 1.5T
MRI & Y WA T A A TORMRAT] 687
Zihh, BUMNREOKIMEDLE,

SPIOER &R T2 &
HEUT2* A

SPIO &, IEFHF® Kupffer MIAZICE
Hih, T2BIUT2*EHREEICBVT
FOEE#ET 8¢5, T2HMARTE,
F12 SPIO @ Kupffer #lFE~DELY A4
DEFEFRBTH2, T2*@mABK.
VEEFREOE Vi ¢ 3 v 4t ¥
Zi6hTna 7, SPIOR, ORI
RFHrTRLESATHELIL,
@ AP shunt 2 EHIC & A BREND
Bzl @CAEXFIRBNOBEIC
EHTELZE, OFMaERMETO
Gd-EOB-DTPA O RFMRE~DHLY :AH
PETFTTAEEYNE Y MENEZIMHE
HT&E2ZL, OFRBETOHLE

=292 —

HIHLTOHERATERZ LR EPHIA
L LTS5, GAd-EOB-DTPA X
BOLFEEZHICBWITEELNEY
EDLEEHD1IOTHS.
SPIOEH# T2 EICBVT, 3T
MRIZ, 1.5T MRI X SNRBLU
CNR2SE\\®, 72, 3T MRITH T2*
AR, v TE CHa2RbEshE
ZERICRML LI AT EET, 15T
MRIE W BVSNREB LI LATES,
LA L%A%%, 3T MRIE, 1.5T MRI
TP EBLRT—F 77y MIEB
EEDHLATENY, BEETIE, T2%
FBoBWTR, BFREHEO—E
(Prospective Acquisition Correction :
PACE) #HW(8E&DT7—F777 b
BEHLTw5, b, BILRHRI,
3T MRIIZBWT1.5T MRIL X h EEIF
DBAMEEET IO LKELDaY
FIA M ERBICHESTAHY, BR HA
WL BRALERT—F7 7 7 b ORI
Fehav, T0D, B, HAEEISE
ETABAORENRETERNI LN
Y, AEOBIREENLETHS,
3T MRITHTSE L X5 T25R31&
TiE, 1.5T MRID 41275 RF £
BB L AT A AEHEIME) SARD
BIMIx57:%, 1.5T MRILIZE
RHHBISTA—IDRENERINE
BENDHH. SARDERIZIX, parallel
imaging # ¥ 52 &, SPACE xHw



=50 LA (EB2)

BT ERENBTONS, FTSPACE I,
WRSWADFA 2E#T5Z £ TSAR
RRAOSEHELBIT, T2aYF5A L
AR LM WAT A ADHEFE /R ON
BIlds, BUNREOKERLRERM
BYEROEHECHELTHEMATH S,

EFIRT

SESI 1 FFfRESA ®m2)

T0%A8, B, A R#ICHE
BLAFHARBRSBACHLTEDEL
TAE%2HATLTwWA, 3T MRIEEIZ
BIT BN EE G EER T AW
dynamic MRIBIIREEQAR (B2 ¢, d)
T, WSsiciFllADRERENE
HREES2ELTVS, 1EHNOME
N Gd EEHFAW1.5T MRID
dynamic MRIBIAREEAZAH (B2 a, b)
Th, AREZFELTNED¥DD5,

FEFDL.5T MRI X 3T MRI®
dynamic MRIBJARBEMIAHE YA
LRV ESA Y FORR EDRFRFEE
FAZTHRETAE, 3T MRITE, &

ERMEIVFRIHES L LTHE SN,
BEILL DI TR MIE,

®ED 2 | FrllasrA @)

80, ik, FFHARSAMN I
BLAFS, OB HREICHT2HE
#HA9Z, 3T MRIZE B TGd-EOB-
DTPA % Fw/: dynamic MRI Z 47 L
=, FFS; DmEE, T2HWMABRICTE
5, ZEAEHIHE TIEREG TR
BEFEFLEESEEL TS (B3 a, b)),
3D-VIBE (3mm/E) I X 2B IREALAR
Tt g% #H570 (B3 ¢). trunca-
tion 7—F7 77 ML O REHBEZENS
TR, EREHEATE, BBEFE
WIEESTHAY (3 d), HHEEE
TR, T2HRBABRCTHETEZRELLE
SEBEEEZEL, TOFBEEES
BARHLA (H3 e), REMIGL
BEORRABRSVRELTBY, T2H
RAEBLCTEESE2ETA841E, Gd-
EOB-DTPA % AIZELh sATriRE R
BHLTWBI Lhdb,

3D-VIBEIZ& 5 dynamic MRIZ#
WATA AR THRET 5720, MNIED

—293 =

M2 fEM1:1.5TMRIE3TMRICES

st G B RA A U A DIREE

a: 1.5T MRI BiAREBAABOHKER %

b:1.5T MRIBRBEHEOEERR. HFS:RACEESET
THREERDS (1),

¢ : 3T MRI B EREGIABOMBR R

d: 3T MRIBREMBOBEIR. FS-REICEESERT
B EKED SIS (§). TAERARBORTIERSS
ELTHEINTVS (A),

a, b, ¢, dO1EFCRWIRS NN, TAENF TOMICHE

FENTVEY, FSsDRTIBNSES L LTHESN,

BERTELDH UL, a b&ce, dRELYA L FILANL,

M1 L FOBTRRANTSY, 3T MRIKE, 1.5T MRI&Y)

BEPMENELDRIEL, FEFLNILFIX DR,

BT ETHLD, BREMSHET
truncation 7—F 7 7 7 bz L b BB
RSB E 2B ED DS

@/EH 3 - FHllRS A =a)

5084, B, 2R TAHMBEFA
LT, BEICEBE TAE AT
NTwh, FRBEOEBEER, 3T
MRI# & & Gd-EOB-DTPA # W
dynamic MRIWC & hiTbii, BHIRE
ART, SeFRICEBEZRTHEIER
EHEDLN, BREBENHOL,EE-
7> (E4 b)o 1ER® 3T MRIZETH
B bt Gd B ¥ #% Bv7z dynamic
MRIBIARBEMARCTH, [ CEBALIC RS
ZRTRBRESROLNI: (B4 a),

w¥Fhd dynamic MRI S, 2D-
FLASH # FiwCw»5, BIREAIHETO
T1EHEHRIMENEE G ERAD
FHEBWEEbhad, TOEFTE,
HAETTHESCLPR, DEORHE
PHEFLOI Y FIA MIKRERED
Lz,
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E=5e FrfiahiA (B3)

3 FEBI2: 3T MRIZE D Gd-EOB-DTPAEE MRI
a: JERSIDEY T2 24BN R. S, CBESE2T38HEB035 ().
b ER ARG T 1 MIBHEER (3D-VIBE) . F S, RECEABERLVEEEESLLTHEEIATVS (§).
c : BEREAIHE (3D-VIBE), FS/REREEFLVEES22LTVS (). tuncation P—F 77 7 MO LW EROELHEEC

Roh, RECEESOBEITHETSS,

d: EREAE (3D-VIBE). IS AZELEABRLUERESEELTVWS (1),
e FFARRERAR (3D-VIBE), S,/ MER T2HMBREMES2TIBELRKVBEATEESHE L THHEATLS ($). T2
BRRICTSESEELLEER, FERABEOESL2LTHY, GH-EOB-DTPAOBIASN $5EEA 503,

=60 FHliEhA (EB4)

®ER 4 BCISTSRFER
(®@5)
50t Btt. B GIST P& RAFE
BIIHLT, 7Ry JHREERFOS
EThHbo SPIOI L BEHEMRIIZTE
BEBINTVS, 3T MRIZEBTHIT
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SN/ SPIO &R T 258 (B5 o,
T2*5&RME (5 d) & Hiz, 1ERIC
MATENA21.5T MRI (B®5a, b) XD
BFEFLRENDIL I A MIEY, —
B, BLEBETAIHEENAER TR,
3T MRIICBWTERE BBV %,
CHIRHMLR Y —F7 7 7 Mo X AREE,

—294—

B4 fEM3:3T MRIKCKZ MBS HMEGAERR &

Gd-EOB-DTPA BhIRE(I48

a MBS Gd A & 3 BRI ABORIT R, FFSs
ICEESESTIRMIBHINSG (§),

b : Gd-EOB-DTPA L 2 BBRIEMIBOMETR. aD 1 F1%
CRRENS, TOBICTAES R Sh, FSATR
BALTVANBESEELTSY, BERTEEAS
nr (1)

BRTREMETSATa bEAMTSE, BE, NEOHE

¥ RS2 MIREMICR AR L EEREDEL,

FEZEN XA EEOP L ES
BlDIlE L2 RFORE—HICL A%
BEZONS, 72, 3T MRIT®
SPIO ;&8 SPACE # - T 254 ¥ %
2mm/E) TiE, IlmmUTFTOKREDH
EloHH SN TWA (BS5e),



