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Figure. 1. Preoperative image findings for the de novo liver tumor in the graft. (A,B) Enhanced CT and 3-dimensional CT revealed that
the tumor was located just above the umbilical portion. (C) Endoscopic retrograde cholangiography findings. The white and black
arrowheads indicate the biliary stricture caused by the tumor and the distal bile duct dilation, respectively. (D) *®F-fluorodeoxy glucose

positron emission tomography findings.

Zen et al.* suggested that hepatic IPTs could be
classified as lymphoplasmacytic or fibrohistiocytic on
the basis of the results of immunoglobulin G4 (IgG4)
immunohistochemistry. They reported that lympho-
plasmacytic IPTs were associated with IgG4-related
diseases. In contrast, the pathogenesis of the fibrohis-
tiocytic type remained speculative, but it could repre-
sent the end stage of a heterogeneous and destructive
inflammatory process. The lymphoplasmacytic IPTs
showed some similarities to hepatic malignant lym-
phoma,® a posttransplant lymphoproliferative disor-
der. Notably, lymphoplasmacytic IPTs were more
frequent in patients with Epstein-Barr virus mis-
match, excess immunosuppression, and muromonab-
CD3 exposure.’ Our patient had none of these risk
factors, and the pathological analyses indicated that
the IPT was the fibrohistiocytic type.

Here we have reported the first case of a de novo IPT
occurring in a liver graft after LDLT. This case sug-
gests that an IPT could be considered in the differen-
tial diagnosis of a de novo liver tumor after LDLT. The

prognosis of an IPT is good with or without hepatec-
tomy. Detailed clinical examinations, including
biopsy, are important if the preoperative diagnosis is
unclear.
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Figure. 2. Pathological analyses of the liver biopsy sample.
(A,B) Hematoxylin and eosin staining revealed that the inflam-
matory lesion was necrotic with a neutrophilic infiltrate, focal
fibroblastic proliferation, and lymphoplasmacytic infiltrate. There
was no evidence of neoplastic tissue. (C) Immunohistochemi-
cally, the plasma cells were negative for IgG4 [original magnifica-
tion: (A) X100 and (B,C) X400].
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Abstract

Background & Aims: The microvascular invasion of cancer cells (mvi) is a
good prognostic factor after hepatic resection (HR) and liver transplantation
for hepatocellular carcinoma (HCC). This study aimed to predict mvi in
patients with HCC. Methods: We studied 63 hepatectomized patients with
HCC who had HCC without any extrahepatic metastases and vascular inva-
sion, which were detected during preoperative evaluation. The preoperative
clinicopathological data of these patients were analysed to predict presence
of mvi. A scoring system was designed using significant risk factors. This sys-
tem was applied to another series of 34 patients with HCC who underwent
HR, and was evaluated for validation. Results: Tumour size, serum des-
gamma-carboxy prothrombin (DCP) levels and the maximum standardized
uptake value (SUVmax) on 2-[18F]-fluoro-2-deoxy-D-glucose positron
emission tomography were independent clinical predictors for mvi after mul-
tivariate analyses. Tumour size, serum DCP levels, and values of SUVmax
were used to plot a receiver operating characteristic curve for predicting mvi.
Areas under the curve of tumour size, serum DCP levels and SUV max val-
ues, were 0.8652, 0.8027 and 0.7848 respectively. Maximal sensitivity and
specificity were obtained when the tumour size was 3.6 cm, SUVmax was
4.2, and the serum DCP level was 101 mAU/ml. A scoring system was
designed using these three variables. The sensitivity and specificity of our
scoring system were 100% and 90.9%, respectively, in the validation
test. Conclusion: Our scoring system for mvi, consisting of tumour size,
serum DCP levels, and SUV max, provides a precise prediction of mvi.

Vascular invasion is a major determinant of outcome
after hepatic resection (HR) and liver transplantation
(LT) in patients with hepatocellular carcinoma (HCC)
(1, 2). In patients treated with HR and LT, evidence sug-
gests that not only macrovascular invasion, but micro-
vascular invasion (mvi), is a major determent of
outcome in most studies. According to a systematic
review, the presence of mvi affects disease-free survival at
3 (relative risk = 1.82) and 5 years (relative risk = 1.51)
after HR. After LT, the presence of mvi shortens disease-
free survival at 3 years (relative risk = 3.41) and overall
survival at 3 (relative risk = 2.41) and 5 years (relative
risk = 2.29) (3).

Although magnetic resonance imaging and ultraso-
nography can detect tumour thrombus in major
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branches of the portal vein or hepatic veins, the presence
of mvi cannot be diagnosed before surgery (4). There-
fore, precise preoperative prediction of the presence of
mvi would be helpful for patient selection before HR
and LT.

We previously proposed a scoring system, which con-
sisted of tumour size, serum des-gamma-carboxy pro-
thrombin (DCP) levels and histological tumour
differentiation (5). Our previous scoring system pro-
vided precise predictions of the presence of mvi. Never-
theless, tumour biopsy was necessary for the evaluation
of histological differentiation of cancer cells. In some
candidates for LT with decompensated liver function,
tumour biopsy is a contraindication for the risk of
intra-abdominal bleeding.
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In HCC, the maximum standardized uptake values
(SUVmax) on 2-[18F]-fluoro-2-deoxy-D-glucose positron
emission tomography (FDG-PET) have been reported to
be a useful diagnostic tool for the preoperative evalua-
tion of histological differentiation of cancer cells (6, 7).

Therefore, in the current study, we proposed a new
scoring system to predict the presence of mvi, using
quantitative factors.

Patients and methods
Patients

Between April 2010 and March 2013, 88 patients who
underwent HR and nine living related donor LTs for
HCC at Kyushu University Hospital were enrolled in
this study. In the first 63 patients, independent risk fac-
tors for mvi were examined. In 34 patients who later
underwent HR, the resected specimens were examined
to warrant the accuracy of our scoring system.

Methods

The following variables were examined: age and gender
of the patients, Child-Pugh score, tumour size, tumour
number, serum alpha fetoprotein (AFP) and DCP levels,
and SUVmax on FDG-PET. Measurements of serum
DCP levels were described previously (5).

8p_FDG PET/computed tomography (CT)

2-[18F]-fluoro-2-deoxy-D-glucose positron emission
tomography studies were performed with Discovery ST
Flite (GE Healthcare, Milwaukee, WI, USA) and Bio-
graph mCT (Siemens AG, Erlangen, Germany) PET/CT
scanners. All patients fasted for at least 4 h before FDG
administration, and 185 MBq of FDG was intravenously
administered to each patient. Approximately 60 min
after the FDG injection, whole-body PET images were
acquired from thigh to head with 7-10 bed positions.
The Discovery ST Elite scanner consists of a 16-slice
multidetector CT and bismuth germanate crystal. Unen-
hanced CT was performed first with the following
parameters: 5-mm slice thickness, 120 kV, and 30—
250 mAs with auto mode (Smart mA; GE Healthcare,
Waukesha, WI, USA). PET images were then obtained
in 3D mode for three minutes per bed position with a
3.27-mm slice thickness, at 70 cm field of view in a
128 x 128 matrix. Based on the CT data, transmission
maps were created and used for attenuation correction
of the PET images. The PET data were reconstructed
using a 3D ordered subsets expectation maximization
algorithm (VUE Point Plus; GE Healthcare) with two
iterations and 28 ordered subsets. A six-millimeter post-
filter of full-width at half maximum was applied. The
Biograph mCT scanner was equipped with a 128-slice
multidetector CT and lutetium oxyorthosilicate crystal.
Unenhanced CT was performed at 120 kV with auto-
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matic mAs adjustment (Care Dose 4D; Siemens Health-
care, Malvern, PA, USA) and the slice thickness was
3 mm. The PET emission time was 2 min per bed posi-
tion. The PET images were acquired with a 2-mm slice
thickness, at 70 cm field of view in a 256 x 256 matrix.
The concomitant CT data were used for attenuation
correction. The PET data were reconstructed using a 3D
ordered subsets expectation maximization algorithm
with two iterations and 21 subsets. Time of flight and
point spread function techniques were also used for
image reconstruction (ultra HD-PET; Siemens Health-
care). A 3D Gaussian filter of 6-mm full-width at half
maximum was applied. The SUVmax values in the
tumour were qualitatively evaluated (6).

Histological study

All of the partial hepatectomized specimens and the ex-
planted liver for HCC after living donor LT were cut
into 5-mm thick slices and fixed in 10% formalin. After
a macroscopic examination, the slice with the greatest
dimension and other slices containing areas of possible
metastases or mvi were trimmed for paraffin blocks and
cut into 4-pm microscopic sections. Sections were then
stained with haematoxylin and eosin (H&E). Mvi was
considered present when clusters of cancer cells were
observed in the portal vein, intracapsular vessels and
hepatic vein. We then divided sections into two groups
according to mvi: the mvi (+) group and the mvi (—)
group. Microscopic examination of these sections was
performed by pathologists (Y. M. and S.A.), and a con-
sensus was reached.

Statistical methods

We analysed the associations between continuous and
categorical clinicopathological variables and mvi using
the Student’s t-test and chi-square test respectively.

Univariate prediction factors for mvi (P < 0.05) were
entered into a logistic regression model to identify the
independent mvi predictors. Statview software was
simultaneously used for the multivariate adjustment of
all covariates by means of logistic regression analysis on
an IBM computer. In addition, the diagnostic value of
liver stiffness for prediction of mvi was assessed by cal-
culating the areas under the receiver operating charac-
teristic (ROC) curves. The ROC curve is a plot of
sensitivity vs 1-specificity for all possible cut-off values.
A P value was considered statistically significant if it was
less than 0.05.

Results
Univariate predictors of microvascular invasion

The univariate predictors of mvi were examined in 63
patients (Table 1). Twenty-three patients had mvi
(36.5%). Tumour size, preoperative serum DCP levels
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Table 1. Clinicopathological background

mvi(—) mvi(+)
Factors (n = 40) (n=23) P-value
Age 65+ 9 65 4 14 0.9169
Gender (male/female) 19:21 15:8 0.1995
Child-Pugh score 35:4:1 18:2:3 0.2552
(A:B:C)
Tumour size (cm) 25413 6.3+ 4.0 <0.0001
Tumour number 33/7 19/4 0.999
(single/multiple)
AFP (ng/ml) 76 & 177 59158 £ 217389  0.0888
DCP (mAU/ml) 122 + 331 19775 4 55263 0.0272
SUVmax 2.7 434 92 %85 <0.0001
Histological 5/31/4 0/14/9 <0.0001
differentiation (well/
moderate/poor)

AFP, alpha fetoprotein; DCP, des-gamma-carboxy prothrombin; SUVmax,
the maximum standardized uptake value, mvi, microvascular invasion.

and SUVmax on FDG-PET were statistically significant
predictors for mvi. The mean tumour size (cm) in the
mvi (—) group was significantly lower than that in the
mvi (+) group (2.5 £ 1.3 vs 6.3 == 4.0, P < 0.0001). Pre-
operative serum DCP (mAU/ml) levels in the mvi (—)
group were significantly lower than those in the mvi (+)
group (122 = 331 vs 19775 = 55263, P = 0.0272). SUV-
max on FDG-PET in the mvi (—) group was signifi-
cantly lower than that in the mvi (+) group (2.7 = 3.4
and 9.2 £ 8.5, P < 0.0001). No other factors were
significant predictors for mvi.

Independent predictors of microvascular invasion after
logistic regression analysis

Univariate predictors (P < 0.1) were entered into a
logistic regression model to identify the independent
predictors of mvi (Table 2). Independent predictors of
mvi were tumour size, preoperative DCP levels and
SUVmax on FDG-PET. The odds ratios for tumour size,
preoperative DCP levels and SUVmax were 2.390, 2.131
and 1.999 respectively.

Determination of cut-off values for tumour size, DCP
levels and SUV max using a ROC curve

Tumour size, serum DCP levels and values of SUVmax
were used to plot an ROC curve for predicting mvi. The

New scoring system for prediction of microvascular invasion

results of the ROC curve are shown in Fig. 1. Areas
under the curve of tumour size, serum DCP levels and
SUV max values, were 0.8652, 0.8027 and 0.7848 respec-
tively. Maximal sensitivity and specificity were obtained
when the tumour size was 3.6 cm, SUVmax was 4.2,
and the serum DCP level was 101 mAU/ml.

Scoring system for the prediction of mvi

The frequency distribution of mvi according to tumour
size, preoperative serum DCP levels and SUVmax on
FDG-PET was examined in the resected specimens of 34
patients who underwent HR for HCC. Mvi was present in
none of the patients with a score of less than 2. The per-
centage of patients who had mvi rose to 90.9% in patients
with a score equal to or greater than 2 (P < 0.0001). A
scoring system was designed using these three variables.
The sensitivity and specificity of our scoring system were
100% and 90.9%, respectively, in a validation test.

Discussion

The presence of mvi in HCC is a significant prognostic
factor after HR and LT (3). In our study, the incidence
of recurrence after curative resection of HCC within
1 year after HR was significantly higher in patients with
mvi (+) HCC than in those with mvi (—) HCC (data
not shown). Furthermore, the prediction of mvi before
treatment of HCC is important. If the presence of mvi is
expected, the patient might not be a good candidate for
LT, considering the high incidence of HCC recurrence
after LT (3). In patients with small HCC and a high risk
of mvi, local treatment, such as radiofrequency ablation
(RFA) and percutaneous ethanol injection therapy (8),
are not recommended as an initial treatment because of
a high local recurrence rate. HR may be recommended
for prevention of local recurrence, instead of RFA and
percutaneous ethanol injection therapy. Ueno et al. (9).
showed that the effect of anatomical resection was more
prominent in the subgroup with nonboundary type
nodules (single nodular type with extranodular growth,
confluent multinodular type and invasive type) than in
the subgroup with the boundary type (vaguely nodular
and single nodular type). They found that the incidence
of mvi in patients with the nonboundary type of HCC
was significantly higher than that in those with the
boundary type of HCC. A high incidence of mvi in the

Table 2. Logistic regression for independent predictors for microvascular invasion

Predictor OR Regression coefficient 95% Cl SE P-value
SUVmax 1.999 1.202 1.004-1.440 0.092 0.0456
DCP 2.131 1.002 1.000-1.003 0.001 0.0331
Tumor size 2.390 1.848 1.117-3.059 0.257 0.0168
AFP 0.395 1.001 0.997-1.004 0.002 0.6927

AFP, alpha-fetoprotein; Cli, confidence interval; DCP, des-gamma-carboxy prothrombin; OR, odds ratio; SE, standard error; SUVmax, maximum stan-

dardized uptake value.
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Table 3. Scoring system for the prediction of microvascular inva-
sion

Predictors Point 0 Point 1
SUVmax <4.2 >4.2
DCP (mAU/ml) <101 >101
Tumour size (cm) <3.6 >3.6

DCP, des-gamma-carboxy prothrombin; SUVmax, maximum standard-
ized uptake value.

Table 4. Prediction of the presence of mvi in another series of 34
patients with HCC who underwent hepatic resection

Presence of mvi Prediction score for mviScore >2 Score <2
+) 12 0
=) 2 20

HCC, hepatocellular carcinoma; mvi, microvascular invasion.

nonboundary type of HCC has been reported compared
with that in the boundary type of HCC (9-11). This is
because anatomical resection is more favourable than
non-anatomical resection and RFA in eradicating
micrometastasis, including mvi. Therefore, the study by
Ueno et al. (9). showed that if the presence of mvi is
expected, anatomical resection should be used instead
of non-anatomical resection and RFA. From this point
of view, prediction of mvi is important in determining
therapeutic modalities, such as RFA, HR and LT.

In this study, we proposed a new scoring system for the
prediction of mvi, using significant predictors of tumour
size, serum DCP levels and SUV max on FDG-PET.

In previous studies, several clinicopathological factors
have been reported to be predictors for mvi. These fac-
tors include tumour size, number, histological differen-
tiation, gross classification of tumours, serum DCP, the
value of diffusion-weighted magnetic resonance imag-
ing, portal perfusion defect area on CT during arterio-
portography and SUVmax on FDG-PET (9-17).

Some reports have shown that serum DCP levels can
predict the presence of mvi (12-15). DCP is reported to
be a unique tumour marker, reflecting HCC progres-
sion. Kim et al. (14). showed that elevated DCP levels

Shirabe et al.

are closely associated with mvi, even in small HCC. Fu-
jiki et al. (15). showed that the incidence of portal vein
invasion in patients with high DCP levels >400 mAU/
ml, tumour size >5 cm, and a tumour number >10 was
significantly higher than in those without these criteria.

2-[18F]-fluoro-2-deoxy-D-glucose positron emission
tomography could be a promising tool for prediction of
mvi. In a retrospective study, a positive preoperative
FDG-PET scan was an independent predictive factor for
vascular invasion. Positive and negative predictive val-
ues were 87.5% and 88.5% respectively. However, the
definition of vascular invasion in this previous study
included the involvement of lobar portal vein branches,
which is macrovascular invasion (16). Another recent
study using dual traces (*FDG and ''C acetate)
reported predictive values of 60-64% for FDG-PET in
predicting mvi, and this did not improve (*'C acetate
PET 17). In this study, the cut-off value of SUVmax was
determined and this may be related to a better predictive
power of FDG-PET scans. ‘

Other modalities, which can be used to determine the
presence of mvi, are histological differentiation and gross
classification (11, 12, 18, 19). Nevertheless, preoperative
diagnosis of histological differentiation and gross classifi-
cation involves practical problems (11, 20). Tumour
biopsy is inevitable for diagnosis of tumour differentia-
tion. Nevertheless, histological variation within a HCC
nodule can be so considerable that a single biopsy does
not represent the whole tumour. Cabibbo et al. (21).
stressed the possibility of massive bleeding, but did not
touch on the concept that HCC is rarely biopsied because
of a rich blood supply and the possibility of the tumour
spreading within the peritoneal cavity and along the
biopsy needle tract. Hui, et al. (11). showed that gross
classification of the tumour is related to the incidence of
mvi, although it is difficult to obtain an objective diagno-
sis of gross classification by preoperative CT. Unfortu-
nately, the rate of correct diagnosis for gross classification
by preoperative CT is only 46%.

With regard to portal perfusion defects on CT during
arterio-portography, our previous study showed that
the sensitivity was 58% and specificity was 91% (22).
Although the specificity of CT during arterio-portogra-
phy is high, the sensitivity is relatively low, and the

(A) Tumor size (B) SUV max (C) PIVKA-II
1.0 1.0 1.0
2 08 2 08 2 08
206 Z 0.6 £ 061
2 04 2 0.4 2 04
Q o Q
“ 02 “ 024 “ 024
o|_AUROC: 08652 o|_AUROC: 07848 o |_AUROC: 0.8027

0 020406 0810
1-specificity

0 020406 081.0
1-specificity

0 0.2 0.4 0.6 08 1.0
1-specificity

Fig. 1. Receiver operating characteristic (ROC) curves of tumour size, serum DCP levels and values of SUVmax for predicting mvi. The areas
under the curve (AUC) of tumour size (1A), serum DCP levels (1B) and SUV max values (1C), were 0.8652, 0.8027 and 0.7848 respectively.
DCP, des-gamma-carboxy prothrombin; SUVmax, the maximum standardized uptake value.
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discriminative power may be inferior to other diagnostic
modalities in precise diagnoses. Nishie et al. (23). also
reported that in a similar examination, tumour diameter
was less than 3 c¢m, and positive and negative predictive
values were 71.4% and 75.0% respectively. They sug-
gested that this discriminative power may not be suffi-
cient for prediction of mvi. Furthermore, this method
can be applied to portal vein invasion, but not to hepa-
tic vein invasion.

In the current study, the OR for each factor ranged
from 1.999 to 2.390. Therefore, precise prediction for
mvi cannot be achieved only by a single parameter. Con-
sequently, a scoring system consisting of three factors is
necessary. The present study established a scoring system
for prediction of mvi with high discriminative power.

In conclusion, our scoring system consisting of
tumour size, DCP levels and SUVmax on FDG-PET
provided a precise preoperative diagnosis of the pres-
ence of mvi. This scoring system is important for selec-
tion of candidates of HR and LT for HCC.
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The Apelin-APJ System Induces Tumor Arteriogenesis
in Hepatocellular Carcinoma
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Abstract. Aim: The apelin-APJ system regulates angiogenesis,
and is overexpressed in several types of cancer. The aim of this
study was to clarify the role of the apelin-APJ system in the
angiogenesis of hepatocellular carcinoma (HCC). Materials
and Methods: Expressions of angiogenic factors and vascular
markers were investigated in specimens from 90 HCC patients.
A subcutaneous HCC tumor mouse model was treated with the
APJ antagonist, FI3A, and tumor growth and vascular
development were assessed. Results: APJ expression was
observed in arteriole-smooth muscle. Higher amounts of APJ*-
arteriole and apelin were detected in tumors (p<0.001 for
both). APJ"-arteriole and apelin expression were more
commonly observed in moderately- and poorly-differentiated
than in well-differentiated HCC (p<0.003). HCC with irregular
dilated arteries expressed higher levels of apelin (p=0.012).
Tumor growth was inhibited by treatment with FI3A
(p<0.001), and arterioles were decreased in the treated group
(p=0.047), in vivo. Conclusion: Apelin-APJ is overexpressed,
and works as a signal for arteriogenesis in HCC.

Abbreviations: Ang-1, Angiopoietin-1; ang-2, angiopoietin-2; AVD,
arterial vessel density; CASMC, coronary artery smooth muscle cell;
ERK, extracellular signal-regulated kinase; H&E, hematoxylin and
eosin; HCC, hepatocellular carcinoma; GAPDH, glyceraldehyde 3-
phosphate dehydrogenase; IHC, immunohistochemistry; MAPK,
mitogen-activated protein kinase; MEK, MAPK extracellular signal-
regulated kinase; MVD, microvessel density; gRT-PCR, quantitative
reverse transcriptase-polymerase chain reaction; VEGF, vascular
endothelial growth factor.
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Hepatocellular carcinoma (HCC) is a highly vascular tumor
characterized by neoangiogenesis, which contributes to the
high rate of metastasis and dismal prognosis (1-5). A recent
study by Matsui et al. reported that the intranodular portal
supply decreases during the early stages of
hepatocarcinogenesis, whereas the intranodular arterial
supply initially decreases and subsequently increases in
parallel with increasing grade of malignancy of the nodules
(6). This can be demonstrated using contrast-enhanced
computed tomography (CT) scanning or angiography, in
which hyperattenuation is observed in the arterial phase and
hypoattenuation in the portal phase. Thus, the inhibition of
neoangiogenesis represents a promising approach in treating
HCC (7). Tumor cells have been widely shown to affect
tumor angiogenesis, and several angiogenic proteins have
been identified, including vascular endothelial growth factor
(VEGF), angiopoietin-1 (ang-1) and angiopoietin-2 (ang-2)
(8-10). However, the molecular mechanisms underlying
tumor-associated neoangiogenesis in HCC are still unclear.

Apelin, a secreted peptide, was identified as the
endogenous ligand of the G-protein-coupled cell-surface
apelin receptor (APJ) (11, 12). Apelin and APJ mediate a
wide range of physiological actions, including angiogenesis
(13, 14), heart contractility (15) and blood pressure
regulation (16). Apelin and APJ are expressed on endothelial
cells of newly-developing blood vessels during angiogenesis
(14). APJ has also been detected on vascular smooth muscle
cells and affects proliferation (17). APJ mediates
phosphorylation of the myosin light chain (18). Kidoya et al.
reported apelin-deficient mice to have narrow blood vessels,
whereas apelin-overexpressing mice had enlarged blood
vessels (19), which were stable, with reduced vascular
permeability.

Previous studies have reported that expression of apelin is a
poor prognostic factor in both non-small cell lung cancer (20)
and oral squamous cell carcinoma (21); overexpression of
apelin is also observed in breast cancer (22). Overexpression
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of apelin was shown to enhance vascularization and encourage
tumor growth in murine tumor models (23, 24).

Herein, we analyzed expression and function of the apelin-
APJ system in HCC, and examined the therapeutic effects of
inhibiting the apelinergic system in a HCC murine tumor
model.

Materials and Methods

Human tissue samples. Tissue specimens were obtained from 90
patients who had undergone liver resection for HCC without
preoperative treatment, at the Department of Surgery and Science,
Kyushu University Hospital, between January 2004 and December
2009. Samples were collected after obtaining informed consent,
according to an established protocol approved by the Ethics
Committee of the Kyushu University.

Animal model of HCC. Experimental procedures were approved by
the Kyushu University Institutional Animal Care and Use
Committee and conformed to the guidelines outlined in the Guide
for the Care and Use of Laboratory Animals prepared by the
National Academy for Sciences and published by the National
Institutes of Health.

A previously established subcutaneous HCC mouse model was
used (25). Mice were treated with F13A (American Peptide
Company, Vista, CA; 2000 pg/kg daily) via intraperitoneal injection,
and tumor development was monitored.

Immunohistochemistry (IHC) and quantification of angiogenesis.
IHC images were scanned using a confocal microscope (Radiance
2100; BioRad) and digitally processed with the Image J software
(NIH image), as previously established (26). Images from three
marker-positive areas were analyzed. The mean count of three hot
spots was used for statistical analysis. All data were analyzed by
two pathologists who had no prior knowledge of the
clinicopathological findings.

Statistical analysis. Data are expressed as the meanz=the standard
error of the mean (SEM). Statistical evaluations of numerical
variables between different groups were mainly performed using the
Mann-Whitney U-test. Differences in tumor growth were
statistically analyzed using one-way ANOVA. Significant
differences were determined by post-hoc Fisher’s exact probability
test. Differences were considered statistically significant at p<0.05.
Analyses were performed using JMP (version 8.0.1, SAS, Inc.,
Cary, NC) or GraphPad Prism 4 software (version 5.0d, GraphPad
Software Inc, La Jolla, CA).

Results

Tumor vascularity in patients with HCC. The microvessel
density (MVD) was calculated in tissue samples by IHC
staining for the vascular endothelial marker, CD34 (Figure
1A). The mean MVD of tumor tissues was 2.1-fold higher
than in non-tumor tissues (p<0.001) (Figure 1B, left). In
addition, the MVD of moderately- and poorly-differentiated
HCCs was significantly higher than well-differentiated HCCs
(p=0.020 and p=0.012, respectively; Figure 1B, right). We
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next investigated the arterial vessel density (AVD) by
immunohistochemical analysis of an arterial smooth muscle
cell marker, high-molecular-weight caldesmon (h-caldesmon;
Figure 1C). AVD was significantly higher in tumors
(p<0.001; Figure 1D, left), and AVD of moderately- and
poorly-differentiated HCCs was also significantly higher
than well-differentiated HCCs (p=0.012 and p=0.012,
respectively; Figure 1D, right). APJ expression was also
examined (Figure 1E). APJ expression was clearly detected
in tumor arteries, and the incidence of APJ* vessels was
higher in tumors than in non-tumorous tissues (p<0.001;
Figure 1F, left). Similar to MVD and AVD patterns, APJ*
arteries were more commonly observed in moderately- and
poorly-differentiated HCCs than in well-differentiated HCCs
(p=0.003 and p=0.002, respectively; Figure 1F, right). Co-
expression of CD34 with APJ (Figure 1G) was next
investigated by double immunohistochemical staining. We
observed that APJ was expressed on arterial smooth muscle
cells, but not endothelial cells. The incidence of APJ* vessels
was more strongly correlated with h-caldesmon™ vessels in
tumors (r=0.793, p<0.001; Figure 1H, right) than in non-
tumorous tissues (r=0.251, p=0.019; Figure 1H, left).

Expression of angiogenic factors in HCC. We next examined
the expression of several key angiogenic factors by qRT-
PCR. Expression of ang-1 was 2.1-fold higher in tumor
tissue than in normal liver tissue (p<0.001; Figure 2A, left).
Although ang-1 expression did not significantly vary with
histological differentiation, there was a trend towards higher
expression in moderately- and poorly-differentiated HCCs
than in well-differentiated HCCs (p=0.570, p=0.222,
respectively; Figure 2A, right). Similar to ang-1, expression
of ang-2 was 2.1-fold higher in tumor tissue (p<0.001;
Figure 2B, left). Furthermore, expression of ang-2 was
significantly greater in moderately- and poorly-differentiated
HCCs (p=0.005 and p=0.003, respectively; Figure 2B,
right). In contrast, we observed no significant difference in
VEGF expression between tumor and non-tumor specimens
(p=0.707; Figure 3C, left), and no significant differences
could be associated with histological differentiation
(p=0.465, p=0.829; Figure 2C, right). Apelin mRNA
expression was 5.7-fold higher in tumor than in non-
tumorous tissue (p<0.001; Figure 2D, left). Expression of
apelin was also elevated in moderately- and poorly-
differentiated HCCs compared with well-differentiated HCCs
(p=0.002 and p=0.002, respectively; Figure 2D, right).

Angiogenic factors and preoperative radiological images.
The ratio of ang-2 and ang-I mRNA (ang-2/ang-1) was
shown to be high in tumors with CTHA enhancement
(p=0.039, Figure 3A, B left), whereas apelin mRNA
expression was not correlated with tumor enhancement
(p=0.859; Figure 3B right).
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Figure 1. Neoangiogenesis and APJ expression in HCC. (A) CD34 immunostaining. (B) Mean MVD calculated using CD34 was greater in
moderately- and poorly-differentiated HCCs than in well-differentiated HCC (p=0.020, p=0.012, respectively). (C) h-Caldesmon immunostaining.
(D) Mean AVD calculated using h-caldesmon was greater in moderately-and poorly-differentiated HCCs than in well-differentiated HCC (p=0.012
and p=0.012, respectively). (E) APJ immunostaining. (F) APJ* vessels were greater in moderately- and poorly-differentiated HCCs than in well-
differentiated HCC (p=0.003 and p=0.002, respectively). (G) CD34 (blue) and APJ (brown) double immunohistostaining. (H) Although APJ and h-
caldesmon expression was positively correlated in non-tumor tissue (r=0.251, p=0.019), this correlation was much stronger in HCCs (r=0.793,

p<0.001).

Irregular dilatation of tumor-feeding arteries was also
observed by digital subtraction angiography (Figure 3C).
Tumors displaying irregular dilated feeding arteries expressed
significantly higher levels of apelin than tumors with no
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feeding artery dilatation (p=0.012; Figure 3D right). In
contrast, other angiogenic factors did not correlate with feeding
artery dilatation, including the ratio of ang-2/ang-1, and tumor-
feeding artery enlargement (p=0.115; Figure 3D left).
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Figure 2. gRT-PCR analysis of ang-1, ang-2, apelin and VEGF expression in clinical specimens. (A) Ang-1 expression was 2.1-fold higher in tumors
than in normal liver tissues (p<0.001), but did not significantly differ between differentiation stages (B) Ang-2 expression was 2.1-fold higher in
tumors than in normal liver tissue (p<0.001), and was expressed at higher levels in moderately- and poorly-differentiated tumors than in well-
differentiated tumors (p=0.005, p=0.003, respectively). (C) VEGF expression did not significantly differ between tumor and non-tumor tissues or
among differentiation stages. (D) Apelin expression was ~5.7-fold higher in tumor than in non-tumor tissues (p<0.001), and was higher in
moderately- and poorly-differentiated tumors than in well-differentiated tumors (p=0.002, p=0.002).

F13A inhibits tumor growth in a HCC subcutaneous tumor
mouse model. To investigate the effect of antagonizing APJ
in vivo, we generated HCC subcutaneous tumors by injection
of MH134 cells into C3H mice. Treatment of mice with the
APJ antagonist, F13A, led to significant inhibition of tumor
growth compared to control mice (Figure 4A). Inhibition of
tumor size was observed at day 7 post-injection of MH134
cells (p=0.007), and this difference continued until the end
point. Pathological analysis of tumors was assessed 14 days
after MH134 cell transplantation. Analysis of the percentage
of necrotic tissue area by H&E staining revealed no
difference between the F13A group (Figure 4C) and control
(Figure 4B), despite tumors from control mice being
significantly larger than those in F13A-treated mice
(p=0.917; Figure 4D). MVD was examined by IHC for
CD34 (Figure 5A). The MVD in F13A-treated mice was
significantly less than in the control group (p=0.009; Figure
5B). We also examined AVD by IHC for caldesmon (Figure
5C). The AVD was also significantly less in F13A-treated
mice (p=0.047; Figure 5D, left). Apelin acts not only as a
neoangiogenic factor, but also dilates arteries (18); therefore,
we assessed the number of arteries =10 pm in diameter. We
observed a significant decrease in the number of arteries
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=10 pm in diameter in F13A-treated mice (p=0.008; Figure
5D, right). Taken together, these data indicate that F13A
blocks both the apelinergic effects on neoangiogenesis and
the dilation of arteries.

No significant differences in body weight and serum
chemistry were observed in F13A-treated mice versus
control mice (data not shown), and there were no obvious
adverse effects associated with F13A treatment at the dose
used (data not shown).

Discussion

HCC displays marked vascular abnormalities; aberrant
microvasculature in the form of arteriogenesis and
capillarization is typically observed (1, 5). Arteriogenesis is
the growth of functional collateral arteries covered with
smooth muscle cells from pre-existing arteries (4).
Sinusoidal capillarization involves the transformation of
fenestrated hepatic sinusoids into continuous capillaries, and
is characterized by the expression of CD34, a marker absent
in normal sinusoidal endothelium (1). As a result of these
pathological changes, the hemodynamic status of HCC
differs from that of non-tumorous liver (6). Whereas non-
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Figure 3. Apelin is overexpressed in tumors with irregular dilation of feeding arteries. (A) HCC with CTHA enhancement. (B) Ang-2/ang-1 ratio was
higher in tumors with positive CTHA enhancement (p=0.039). Apelin was not overexpressed in tumors with enhanced CTHA (p=0.859). (C) HCC
with irregular dilatation of tumor feeding arteries on digital subtraction angiography. (D) Ang-2/ang-1 ratio did not correlated with tumors with
irregular artery dilatation (p=0.115). Tumors with irregular dilatation of feeding arteries expressed higher levels of apelin than tumors without

artery dilatation (p=0.012).

tumorous liver has a dual supply of blood by arterial and
portal flow, HCC receives arterial blood supply only (27).
In the present study, we used IHC to show that the apelin
receptor, APJ, is expressed on arterial smooth muscle cells
in HCC, and is overexpressed in HCC compared with non-
tumorous tissue. Apelin mRNA was also overexpressed in
HCC. Treatment with apelin is reported to increase the
proliferation of smooth muscle cells (17). We observed a
positive correlation between APJ and h-caldesmon* vessels
especially in HCC tumor. These results suggest that the
apelin-APJ system affects HCC arteriogenesis by promoting
arterial smooth muscle cell proliferation. We also observed
that tumors with irregular dilatation of feeding arteries
expressed greater amounts of apelin than tumors without
dilatation of the arteries. Apelin not only affects
proangiogenesis, but also dilates vessels (14, 18). Both
functions of apelin—dilating tumor-feeding arteries and
promoting development of arterioles in HCC—are
compatible with our result from clinical specimen. In vivo,
treatment of HCC model mice with the APJ antagonist,
F13A, significantly decreased AVD and the number of thick

arteries. Tumor growth was also significantly decreased
following F13A treatment. These results indicate that apelin-
APJ affects HCC tumor growth via dilating tumor-feeding
arteries and promoting development of arterioles.

Several angiogenic factors, including VEGF, ang-1 and
ang-2, have been shown to regulate neovascularity in HCC
(1, 9, 28), and reportedly affect vascular endothelial cells
(29). Taken together, these reports imply that these
angiogenic factors predominantly affect HCC capillarization.
During arteriogenesis, proliferation of both smooth muscle
cells and vascular endothelial cells are required to generate
arterial structures. Therefore, other factors are required to
develop vascular smooth muscle cells during arteriogenesis.

In a study of apelin hyperexpression in a subcutaneous
colon cancer mouse model (30), enlargement and maturation
of tumor vessels were seen in apelin-hyperexpressing tumor.
Normalization of tumor vasculature helps combination
antitumor therapies, because mature vasculature and
increased blood flow to tumors can promote delivery of
antitumor therapeutics to tumor cells. HCC is highly
vascularized and is characterized by a high incidence of
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AVD, not observed in other tumors, such as colon cancer (6).
These characteristic high-density arterioles enable a supply
of fresh arterial flow to the HCC and are reported to predict
poor prognosis (31). These phenomena may suggest that
mature arterioles may develop more frequently in HCC
compared to other types of cancers, and that preventing
angiogenesis could be a good therapeutic target in HCC. The
difference in apelin production between colon cancer and
HCC may account for the differences in arteriole density and
differences underlying tumor growth.

In the present study, we have shown that Apelin-APJ is
overexpressed, and can work as a signal for arteriogenesis in
HCC. However, the mechanism by which APJ expression is
specifically increased on smooth muscle cells of HCC
tumors remains unclear. Further studies investigating the
apelinergic system in HCC are required.
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Use of Living Donor Liver Grafts With Double
or Triple Arteries

Hideaki Uchiyama,"” Ken Shirabe," Tomoharu Yoshizumi,' Toru Ikegami,! Yuji Soejima,’ Yoichi Yamashita,’
Hirofumi Kawanaka,' Tetsuo Ikeda,' Masaru Morita," Eiji Oki,' and Yoshihiko Maehara

Background. Hepatic grafts used in living donor liver transplantation (LDLT) sometimes have two or more arteries,
in which surgeons are required to perform complex arterial reconstruction. The aim of the current study was to
demonstrate whether selecting living donor liver grafts with double or triple arteries yielded the same outcomes as
grafts with a single artery.

Methods. We retrospectively investigated the outcomes of LDLT focusing on the numbers of arteries on grafts. Four
hundred forty-six cases of LDLT performed between October 1996 and October 2012 were retrospectively analyzed.
The cases were divided into the following three groups according to the number of arteries on a graft: the single
(n=331), the double (n=108), and the triple (n=7) groups.

Results. Artery-related complications occurred in five cases in the single group, two cases in the double group, and
no case in the triple group. Although the overall graft survival was comparable among the three groups, there was a
tendency of worsened graft survival and increased incidence of anastomotic biliary stricture after liver transplanta-
tion in right hepatic grafts with double arteries.

Conclusions. The use of grafts with double or triple arteries yielded favorable outcomes with minimum artery-related
complications compared with grafts with a single artery. However, the use of right hepatic grafts with double arteries

is discouraging in the current study.

Keywords: Hepatic artery reconstruction, Living donor liver transplantation, Microvascular surgery.

(Transplantation 2014;97: 1172-1177)

Despite the recent advancements in surgical techniques
in living donor liver transplantation (LDLT), hepatic
artery reconstruction still remains to be one of the most dif-
ficult procedures in LDLT because arteries on grafts to be re-
constructed are relatively thin and short compared with
deceased liver transplantation (1-4). Preoperative evaluations
for candidate donors in LDLT sometimes reveal that a hepa-
tic graft will have two or more arteries (4). These arteries are
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usually thinner and shorter compared with single arteries,
which makes arterial reconstruction much more difficult
(3, 5-7). Furthermore, the use of such grafts requires surgeons
to perform complex arterial reconstruction or compromise
with incomplete reconstruction, that is, abandon reconstruct-
ing all graft arteries. Selective arterial reperfusion may result
in relative arterial ischemia in the graft leading to biliary com-
plication, such as biliary stricture or cholangitis (3).

We had attempted to reconstruct all graft arteries since
the implementation of our LDLT program if technically fea-
sible (4). It remains to be elucidated whether the use of such
grafts yields the same outcomes, as grafts with a single artery.
If selecting hepatic grafts, which would have two or three ar-
teries, might affect the outcomes of LDLT, such grafts would
have a lower priority than grafts with a single artery. There-
fore, we retrospectively investigated the outcomes of LDLT
using grafts with double or triple arteries.

RESULTS

Operative Results of Living Donor Liver
Transplantation According to the Number
of Arteries on Grafts

Table 1 summarizes the numbers of arteries on a graft
and the numbers of reconstructed arteries. Ninety-four of
the 262 left grafts had two arteries, and both arteries were

Transplantation * Volume 97, Number 11, June 15, 2014

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

- 213 -



© 2014 Lippincott Williams & Wilkins

TABLE 1. Summary of the number of arteries on the
graft and the number of reconstructed arteries

Graft  No. of hepatic No. of the
type arteries n reconstructed arteries n
Left One artery 161 One reconstruction 161
Two arteries 94 One reconstruction 32
Two reconstructions 62
Three arteries 7 One reconstruction 1
Two reconstructions 3
Three reconstructions 3
Right One artery 133 One reconstruction 133
Two arteries 8 One reconstruction 0
Two reconstructions 8
Lateral One artery 31 One reconstruction 31
One reconstruction 3
Two arteries 6 Two reconstruction 3
Posterior One artery 6 One reconstruction

reconstructed in 62 grafts (66%). Seven left grafts had three
arteries, and two of the three arteries were reconstructed in
three grafts (43%), and all the three arteries were reconstructed
in three grafts (43%). Eight of 141 right grafts had two arter-
ies, and both arteries were reconstructed in all the eight grafts
(100%). Six of the 37 left lateral grafts had two arteries, and
beth arteries were reconstructed in three grafts (50%).

The patient characteristics and operative results con-
sidering all types of liver grafts (left grafts, right grafts, left
lateral grafts, and posterior grafts) are summarized com-
paring each factor among the three groups (see Table S1,
SDC, http://links.Iww.com/TP/A925). The grafts from male
donors had a tendency to have multi-arteries compared with
the grafts from female donors. The mean outer diameter of the
reconstructed graft arteries in the double group (2.35+0.06
mm) was significantly thinner than that in the single group
(2.82+0.04 mm). Furthermore, the diameter of graft arteries in
the triple group (1.88+0.18 mm) was thinner than the double
group (P<0.01). Although the more arteries liver grafts had the
longer the operation times, the factor did not reach statistical
significance. Five and two hepatic artery complications were
observed in the single group and the double group, respec-
tively, whereas there was no hepatic artery complication in the
triple group.

The patient characteristics and operative results
considering only left grafts are summarized comparing
each factor among the three groups (see Table S2, SDC,
http://links.lww.com/TP/A925). The grafts from the male
donors had a tendency to have double and triple arteries
compared with the grafts from female donors. The mean
outer diameter of the reconstructed graft arteries in the
double group (2.39+0.07 mm) was significantly thinner
than that in the single group (2.79+0.06 mm). Further-
more, the diameter of graft arteries in the triple group
(1.88£0.18 mm) was thinner than the double group
(P<0.01). The more hepatic arteries liver graft had, the
longer the operation time. The increase of intraoperative
blood loss was observed in the double and the triple groups,
although there was no statistical significance. Artery-
related complications were observed in three cases (two
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hepatic artery thromboses and one aneurysm formation) in
the single group and in one case (pseudoaneurysm forma-
tion) in the double group.

The patient characteristics and operative results
considering only right grafts are summarized comparing
each factor between the two groups (see Table $3, SDC,
http://links.lww.com/TP/A925). The mean of the recon-
structed arterial diameters was significantly thinner in the
double group (2.3240.19 vs. 2.96£0.06 mm) (P<0.01). How-
ever, the mean operative times and the mean intraoperative
blood losses were comparable between the single and the
double group. Artery-related complications were observed
in two cases (hepatic artery dissection and inflow insuffi-
ciency) in the single group and one case (hepatic artery
dissection) in the double group.

The patient characteristics and operative results con-
sidering only left lateral grafts are summarized comparing
each factor among the three groups (see Table S4, SDC,
http://links.lww.com/TP/A925).

The mean of the reconstructed arterial diameters in the
double group (1.75£0.19 mm) was significantly thinner than
that in the single group (2.4240.11 mm) (P<0.01). The mean
operation time in the double group was significantly longer
than that in the single group. There was more blood loss in the
double group than in the single group. There was no hepatic
artery complication in LDLT using left lateral grafts.

The seven hepatic artery complications were summa-
rized in Table S5 (see SDC, http://links.lww.com/TP/A925).

Graft Survival According to the Number
of Hepatic Arteries on a Graft

Figure 1 shows the comparisons of the graft survival
in each group. The survival curves of left grafts, right grafts,
and left lateral grafts were individually compared (Fig. 1B-D),
which revealed there were no significant difference among
the single, double, and triple groups when considering the
all grafts (Fig. 1A), when considering only left grafts (Fig. 1B),
and when considering only left lateral grafts (Fig. 1D). There
was a tendency to worse graft survival in the double group.
However, it did not reach statistical significance (P=0.11)
(Fig. 1C).

Incidence of Anastomotic Biliary Stricture
According to the Number of Hepatic Arteries
on a Graft

Arterial ischemia is thought to be one of the main
causes for anastomotic biliary stricture after living donor liver
transplantation (3). As shown in Figure 2, there were no sig-
nificant difference among the single, the double, and the triple
groups when considering all grafts (left grafts, right grafts, left
lateral grafts, and posterior grafts) (Fig. 2A), when considering
only left grafts (Fig. 2B), and when considering only left lateral
grafts (Fig. 2D). However, there was a statistically significant
difference between the single and the double groups when
considering only right grafts (P=0.02) (Fig. 2C).

DISCUSSION

The major disadvantages in the use of living donor liver
grafts are anatomic complexities and small graft volumes
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Graft survival after living donor liver transplantation according to the number of arteries on the grafts: (A)
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considering only right grafts, and (D) considering only left lateral grafts. Solid black line, the single group; solid gray line,

the double group; dotted black line, the triple group.

(8-10). The anatomic diversity of the hepatic arteries
sometimes causes difficulty in reconstructing graft hepa-
tic arteries. In our experience, approximately one third of
hepatic grafts in LDLT had two or three hepatic arteries
as shown in Table 1. Especially, approximately 40 % of left
grafts had two or three arteries. The more arteries a he-
patic graft had, the more technically demanding the he-
patic artery reconstruction was. In our initial experience,
a candidate left graft, which was expected to have triple
arteries, was not selected because of the complexity of he-
patic artery reconstruction. However, with cumulative expe-
rience, we have accustomed to reconstruct thin and tiny graft
hepatic arteries. As a result, a graft with triple arteries have
no longer been considered as a contraindication and have
yielded comparable outcomes as observed in using hepatic
grafts with a single artery. Microvascular surgical technique
broadened the selection of hepatic grafts, which may increase
the safety of living liver donors, that is, we can preferentially
select left grafts (11, 12). If two candidate donors, one for a
left lobe graft with triple arteries and another for a right lobe
graft with a single artery, are available, we will select the donor
for a left lobe graft, although longer operation time and in-
creased blood loss are expected. Nonetheless, recipient hepatic
arteries should be divided as peripherally as possible to make
candidate recipient inflow arteries for reconstructing tiny graft
hepatic arteries, which needed longer operation time as evi-
denced in the current study.

The question of whether all hepatic arteries on a graft
have to be reconstructed is still a matter for debate. Some
surgeons reported only one hepatic artery reconstruction would
suffice in most cases because there are sufficient intrahepatic
arterial networks (5, 13, 14). There is usually a pulsatile back-
flow from the other artery after the first graft artery have been
reconstructed, which suggests there are sufficient intrahepatic
arterial networks, and the second arterial reconstruction is not
necessarily mandatory. However, how do we define the ade-
quate strength of the backflow at which level we can safely aban-
don the second arterial reconstruction? The decision about
whether the second arterial reconstruction should be per-
formed is apparently subjective. Surgeons cannot quantify it
at the present time. When the left hepatic artery nourishes
segments 2 and 3 and the middle hepatic artery nourishes the
segment 4, only a reconstruction of the left hepatic artery
will result in arterial ischemia in segment 4 unless there are
sufficient intrahepatic arterial networks between the segment
2/3 and 4. We previously reported only one hepatic artery
reconstruction resulted in the increased incidence of anasto-
motic biliary stricture presumably because of relative arterial
ischemia in hepatic grafts (3). Furthermore, we experienced
an infarcted medial segment probably caused by not recon-
structing the middle hepatic artery (unpublished data). With
the aforementioned experience, we have tried to reconstruct
all arteries on a hepatic graft even if the effort was time con-
suming. The decision about whether the second hepatic artery

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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needs to be reconstructed should be objective. With cumula-
tive experience, we have become capable of safely reconstruct-
ing almost all hepatic arteries. We strongly advocate that all
hepatic arteries should be reconstructed if technically feasible
because there is no objective measure to decide whether the
second or the third hepatic artery reconstruction is necessary.

Some authors reported manipulation of donors’ he-
patic artery to simply reconstruct graft hepatic arteries (6, 7).
However, the safety of living liver donors is of paramount
importance. Surgical interventions to living donors should
be as minimal as possible. If a surgeon is capable of safely
reconstructing multiple arteries on hepatic grafts, there is no
need for additional intervention to donors whose liver graft
will expect to have two or more arteries.

One presumed reason why right grafts with double
arteries had a poorer graft survival and a high incidence of
anastomotic biliary stricture is that a right graft with double
arteries often has anatomic anomalies of the portal branches
and the hepatic ducts. We identified a significant correlation
between the number of arteries and the number of portal
veins. Three of eight grafts with double arteries had two
portal veins (the anterior branch of the right portal vein and
the posterior branch of the right portal vein), whereas only
three of 133 grafts with a single artery had two portal veins.
Liver transplants using grafts with not only double hepatic
arteries but also double portal veins were extremely complex
procedure, which might explain the worse graft survival in
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patients who received a right graft with double arteries. There
was no significant correlation between the number of arteries
and the number of bile duct orifices. The presumed reason
why the incidence of biliary stricture was high in patients who
received a right graft with double arteries was that recipient
hepatic arteries had to be extensively isolated in order to re-
construct both two arteries, which resulted in disruption of
tiny nourishing arteries into the bile duct, leading to the bile
duct ischemia.

The introduction of microvascular surgery to hepatic
artery reconstruction was one of the greatest innovations in
LDLT (15-17). We introduced microvascular surgery to he-
patic artery reconstruction in LDLT in the beginning of our
LDLT program and almost all hepatic artery reconstructions
were done under a microscope. Mastering reconstructing he-
patic arteries under a microscope is time-consuming for many
reasons. First, there are constant movements of the operative
field caused by heart beats and respiration. Second, the opera-
tive field is deep in the abdominal cavity, which needs long
forceps and a needle holder. Third, there are a lot of embarras-
sing collateral vessels around candidate recipient inflow arteries,
which makes isolation of these arteries difficult. However,
once a surgeon masters the procedure, almost all graft hepatic
arteries can be reconstructed as long as there is a recipient in-
flow artery.

In conclusion, the presence of double or triple hepatic
arteries on a hepatic graft did not necessarily increase the
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FIGURE 3. Representative schematic diagrams of hepatic arterial reconstruction using (&) a graft with a single artery and
(B) a graft with double arteries and (C) a graft with triple arteries. gA2, graft hepatic artery into the segment 2; gA3, graft
hepatic artery into the segment 3; gA4, graft hepatic artery into the segment 4; gLHA, graft left hepatic artery; gMHA, graft
middle hepatic artery; rAB-RHA, recipient anterior branch of the right hepatic artery; rLHA, recipient left hepatic artery;
rMHA, recipient middle hepatic artery; rPB-RHA, recipient posterior branch of the right hepatic artery; tRHA, recipient right
hepatic artery.
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FIGURE 4. Doppler sonography (&) after only the left hepatic artery was reconstructed and (B) after the middle hepatic
artery was also reconstructed. Only weak pulsatile arterial flow in the segment 4 was recognized when only the left hepatic
artery was reconstructed. After the middle hepatic artery was reconstructed, the pulsatile arterial flow in the segment 4
became stronger. gLHA, graft left hepatic artery; gMHA, graft middle hepatic artery; rLHA, recipient left hepatic artery;
rMHA, recipient middle hepatic artery.
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