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Abstract Objective To assess mor-
phological vascular changes due to
an increase in liver fibrosis by using
micro-flow imaging (MFT) of con-
trast-enhanced ultrasound. Methods
MFI was performed in 47 patients
who underwent liver biopsy, and in
10 normal cases. For 27/57 cases, we
performed MFI twice in order to
assess the reproducibility of the
examination, thus yielding a total of
84 examinations. Seven physicians
interpreted each case individually by
assigning confidence levels for the
presence or absence of three imaging
features that were related to alteration
of portal vein morphology: angle
widening, tapering/interruption and
tortuosity. Results Pearson’s correla-

Introduction

tion coefficient between the average
rating scores based on tortuosity and
the histological fibrosis stage was
0.806 (p<0.001). The diagnostic
accuracy of the average area under
the ROC curve, which was estimated
by use of the confidence levels of
tapering/interruption, tortuosity and
angle widening, was 0.964 for F1 vs.
F2—4, 0.968 for F1-2 vs. F3—4 and
0.910 for F1-3 vs. F4. The average
correlation coefficient between the
ratings on different images from the
same patients was 0.838. Conclusion
Assessment of morphological intra-
hepatic vascular changes on MFI
may be useful for grading liver
fibrosis.
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Some studies were performed to radiologically and

The definition of cirrhosis remains based on morphology,
described by a working party for the World Health
Organisation (WHO) in 1978 as “a diffuse process
characterized by fibrosis and the conversion of normal
liver architectures into structurally abnormal nodules” [1].
Nodularity is a prerequisite for the definition. However,
intrahepatic vascular changes associated with cirrhosis are
also an important component of the pathophysiology and
progression of cirrhosis.
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pathologically investigate intrahepatic vascular changes of
chronic liver disease [2, 3]. However, to the best of our
knowledge, there has been no report correlating small
portal vein branch morphologic changes as shown by
contrast-enthanced ultrasound (CEUS) with the degree of
liver fibrosis.

CEUS is a dynamic real-time examination performed
with intravascular microbubble contrast agents. A new
technical advancement in CEUS, micro-flow imaging
(MFL;, Toshiba, Otawara, Japan) known as maximum



intensity projection (MIP) imaging, much like time-
lapse photography, integrates information about the
microbubble pathway between frames and thus allows
one to observe lesional vessels in exquisite detail, with
the potential to show both their morphology and their
direction of filling [4-6]. Moreover, microbubbles for
ultrasound are purely intravascular [7]. Regardless of
when the liver and liver lesions are visualised, the
microbubble signal is a reflection of the relative
volume of blood within the field of view. Small-
molecule contrast agents for CT and MR imaging, in
comparison, diffuse through the vascular endothelium
into the tumour interstitium. Thus, CEUS with MFI
can be a useful imaging tool for depicting vascular
morphology.

On the basis of the above considerations, we hypoth-
esised in the current study that the number of imaging
features derived from our clinical experience would be
related to the vascular morphological changes due to an
increase in liver fibrosis. First, this study aimed to
demonstrate this hypothesis by use of an observer
performance study; second, if it was correct, to assess
the diagnostic accuracy for the prediction of fibrosis stage
(according to the new Inuyama classification [8]) by use
of the imaging features on MFI of CEUS, which were
provided by physicians.

Materials and methods

This study was approved by the research ethics boards of
our institutions; informed consent was obtained from each
patient for the use of US data for research purposes, and
from each observer for participating in the observer
performance study.

Patients

Between December 2007 and December 2008, we
included 60 consecutive patients in this study who had
undergone liver biopsy in our institution. A flow diagram
of the patients included in this study is shown in Fig. 1.

Patients had a liver biopsy either because they were
scheduled for introduction of interferon therapy in our
institution and needed assessment of the liver fibrosis
stage before treatment (n=49), or they were suspected of
having chronic liver disease (n=11). All CEUS with MFI
were performed just before liver biopsy.

After study inclusion, three patients were removed from
the investigation because of insufficient liver enhancement
(defined as no or only slight enhancement of the liver) due
to severe fatty liver, and six were removed because their
liver biopsy findings were not suitable for fibrosis staging.
Thus, the study group comprised 51 patients. The most
common causes of liver disease were hepatitis C virus
infection, unclassified, and hepatitis B virus infection
(Table 1).

Clinical reference standard and control subjects

Between December 2007 and December 2008, 11 con-
secutive patients who were all followed as having liver
haemangioma, and met the following criteria, were also
included as control subjects (i.e. they had normal livers):
CEUS with MFI was performed during the study period
for indications other than hepatocellular carcinoma sur-

+ veillance or assessment of diffuse liver disease (e.g. non-

alcoholic fatty liver disease; non-alcoholic steatohepatitis).
Informed signed consent was obtained from all patients;
there was no documentation of active or past liver disease;
there were no risk factors for liver disease (i.e. consump-
tion of two or more alcoholic drinks daily, viral hepatitis

Fig. 1 Flow diagram of
patients who underwent liver Evaluated with liver histology Control subjects
biopsy and control subjects and CEUS with MFI, N= ul ’
during the 12-month study N=60
period. The numbers in
parentheses represent the
numbers of cases for which : 1
MFIs were obtained twice on . . .
N Liver biopsies unsuitable Inadequate images
the same day by the same for fibrosis staging N=3
operator N=6
Subtotal Subtotal
N=51 N=11
Test cases Training cases Test cases Training cases
N=47(22) N=4 N=10(5) N=1
L ] | ]
1
Total training cases Total test cases
N=§ N=5727)




Table 1 Causes of liver disease

No. of patients
36 (70.6%)

Cause

Hepatitis C virus

Hepatitis B virus 4 (7.8%)
Alcohol intake 2 (3.9%)
Alcohol intake, hepatitis B virus 1 (2.0%)
Autoimmune hepatitis 2 (3.9%)
Hepatitis C virus, autoimmune hepatitis 1 (2.0%)
Unclassified 5 (9.8%)
Total 51 (100%)

Numbers are based on 51 patients in our study with histopathological
analysis as the reference standard

and/or drug abuse); liver function test results obtained
within 1 month of the CEUS examination were normal;
and viral serology test results were negative.

Training cases for the observer study and second bolus
injection cases for CEUS with MFI examination

To train observers to become familiar with the catego-
rization of images, five of the 62 cases (four biopsy cases
and one control subject) were selected based on the
following criterion, namely, the cases were the most
illustrative of the three imaging features on MFT (Figs. 1,
2, 3, 4). Thus, we enrolled 57 patients: 47 biopsy cases
(35 men, 12 women; mean age, 64.2+14.3 years) and 10
control subjects (five men, five women; mean age, 42.2+
10.8 years) in this study.

In order to assess the reproducibility of CEUS with
MFI images, we used two CEUS examinations which
were performed on the same patients for 22 of the 51
patients and 5 of the 11 control subjects (total 27 cases).
These two examinations were performed on the same day
on the same patients by the same operator, but from

different right intercostal spaces. Finally, we included 84
(57 patients and 27 second bolus injection cases) different
cine loops in this observer study.

US examination technique

Micro-flow imaging is a novel image-processing tech-
nique that is accompanied by high mechanical index
(MI >1.0) disruptive flash frames and the MIP tech-
nique [4, 5]. The MIP processing is initiated after an
ultrasound flash frame disrupts bubbles in the field of
view. MFI was performed by an experienced hepatol-
ogist who was aware of the patients’ clinical histories,
but was blinded to the other imaging findings and
laboratory data.

The contrast agent we used was DD723/NC100100
(Sonazoid; Daiichi Sankyo, Tokyo, Japan), which consists
of perflubutane-based microbubbles surrounded by phos-
pholipids with a median diameter of 2—3 um. The agent
was injected as a 0.5-ml bolus into an antecubital vein
with a 2]-gauge peripheral intravenous cannula, followed
by injection of 10 ml saline solution at a rate of 1.0 ml/s.
The US equipment used was an SSA-790A (AplioXG;
Toshiba, Otawara, Japan) with a 3.75-MHz convex trans-
ducer (PVT-375BT). The imaging mode was wideband
harmonic imaging (commercially called pulse subtraction)
with transmission and reception frequencies of 3.75 and
7.5 MHz, respectively.

The examination was performed on the right lobe of the
liver through the intercostal space in all patients at a site as
close as possible to a liver biopsy spot, because liver
fibrosis is not homogenous over the organ. Before the
examination, all of the patients underwent an overnight
fast. The detailed US settings were as follows: depth, 5 cm
beneath the surface of the skin; focus position, 4 cm
beneath the surface of the skin; frame rate, 15 frames per

Fig.2 These contrast-enhanced US images with micro-flow imaging (MFI) show the sign of angle widening of portal vein branching. The
angle of the portal veins with F2 disease (b) is wider than that of the portal veins with normal liver (a)



Fig. 3 This contrast-enhanced US image with micro-flow imaging
(MFI) shows signs of the tapering (arrowheads) and tortuosity
(arrows) of portal vein branches

second; and dynamic range, 35 dB. Note that we used the
same US settings especially when we performed a second
bolus examination. We selected a low MI (<0.20) to avoid
the disruption of microbubbles. High MI disruptive flash
frames were triggered manually at the peak of parenchy-
mal enhancement, and MFI was initiated with a fixed
transducer position. Patients were instructed to hold their
breath during MFI (10-12 s) to lessen the effects of tissue
motion that results in blurring. Image acquisition was
performed during 20 s after high MI disruptive flash
frames. The cine loops were recorded on the hard disk of
the ultrasound imaging system and were used for off-site
analysis.

Histopathological analysis

In each of 47 patients, liver biopsy specimens were
obtained from the anterior segment of the right lobe,
with US guidance, by use of an 18-gauge needle
(TruCore®; Angiotech, FL, USA). All biopsy specimens
were analysed by an experienced pathologist who was
blinded to the US results and the biological and clinical
data. The new Inuyama scoring system for chronic
hepatitis was proposed by the Japanese Liver Study
Group in 1994 [8]; it is similar to the classification of
chronic hepatitis determined by Desmet et al. [9] and
Ludwing [10].

We used the new Inuyama scoring system to assess the
fibrosis stage as follows: score 0, no fibrosis; score 1,
fibrous portal expansion; score 2, bridging fibrosis; score
3, bridging fibrosis with lobular degeneration; and score 4,
cirthosis. The liver biopsy specimens had to contain at
least 10 portal tracts or obvious regenerating nodules to be
included in the analysis.

Image characteristics

We derived three imaging features that could be related to
the vascular morphological changes due to the increase in
liver fibrosis:

A Angle widening of portal vein branching
B Tapering and interruption of portal vein branches
C Tortuosity and meandering of the portal vein branches

Some examples of imaging features that are related
to alterations of portal vein morphology are shown in
Figs. 2, 3, 4.

Observer study

The MFI cine loops were interpreted independently by seven
physicians with 7, 10, 20, 10, 9, 6 and 15 years’ experience
with liver US imaging. Each physician had at least 5 years’
experience with CEUS of the liver. Each physician was
blinded to the biopsy results, clinical information and other
radiological findings. Each physician was asked to rate a
confidence level for each imaging feature by using a
continuous rating scale displayed on the monitor [11]. This
method allowed observing physicians to mark freely any
point on the scale based on their own criteria.

All images were interpreted by use of a colour LCD
monitor (Flex scan S1961-S; EIZO, Ishikawa, Japan). In
order to maintain the observers’ attention and avoid their
fatigue during the reading session, we divided the 84 cases
into three sets (28 casesx3 sets), so that one session
would not take longer than 60 min.

In this study, no definitive written criteria for the three
imaging features (i.e. angle widening; tapering/interrup-
tion; and tortuosity) were given to interpreting physicians

Fig. 4 This contrast-enhanced US image with micro-flow imaging
(MFT) shows a sign of the interruption of portal vein branches
(arrow)



at the observer study. We, instead, presented five training
cases to interpreting physicians before the observer study
in an attempt to standardise the physicians’ criteria for
subjective judgement.

Statistical analyses

Pearson’s correlation coefficients were used for assess-
ment of the correlation between the rating of the
confidence level for each imaging feature of MFI and
the new Inuyama score as well as a group of normal
subjects. The diagnostic performance of each imaging
feature of MFI for the distinction between two groups
divided by the new Inuyama score was assessed by
receiver operating characteristic (ROC) analysis. In this
ROC analysis, the average rating of a confidence level
for each case among all readers was used as input data
for estimating an ROC curve for each imaging feature.
The areas under the ROC curves (AUCs) and the 95%
confidence intervals (CIs) were calculated by use of a
maximum-likelihood estimation program (ROCKIT
0.9B; Charles E. Metz, University of Chicago, Chicago,
IL). Finally, sensitivity, specificity and positive and
negative predictive values were computed with exact
95% Cls.

Two types of intraclass correlation coefficients, ICC
(2,1) and ICC(2,7) [12], were used for assessment of inter-
reader reliability among the seven observers for each
imaging feature. Here, ICC(2,1) meant the intraclass
correlation among the ratings of which the raters were
deemed as a random effect, and the unit of analysis was
the individual rating. On the other hand, ICC(2,7) meant
the intraclass correlation among the ratings of which the
raters were deemed as a random effect, but the unit of
analysis was the average rating among the seven raters.

Pearson’s correlation coefficients were also used for
assessment of the reproducibility of MFI images for each
imaging feature, with use of the average ratings obtained
from the same case groups, but from different imaging
planes.

Intraclass correlation coefficients and Pearson’s corre-
lation coefficient values of 0.00-0.20 indicated poor
agreement; 0.21-0.40, fair agreement; 0.41-0.60, moder-
ate agreement; 0.61-0.80, good agreement; and 0.81—
1.00, excellent agreement. All statistical analyses except
the ROC curve calculation were performed by use of a
computer software package (SPSS 11.0; SPSS, Tokyo,
Japan).

Results
Fibrosis staging

None of the 47 patients had a new Inuyama score of FO; 9
(19.1%), a score of Fl1; 15 (31.9%), a score of F2; 9
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Fig. 5 Scatter diagrams of a imaging feature A (angle widening of
portal vein branching), b imaging feature B (tapering and interruption
of portal vein branches), ¢ imaging feature C (tortuosity and
meandering of portal vein branches), and for each new Inuyama
fibrosis stage. Line between the error bars shows the average, and the
error bars indicate standard deviation. Each plot shows the average
rating score among the seven observers

(19.1%), a score of F3; and 14 (29.8%), a score of F4. In
order to evaluate the relationship between imaging
features described by the MFI and the new Inuyama
scores, we regarded the cases in the control group as



Fig. 6 Contrast-enhanced US images with micro-flow imaging
(MFT1) in a 39-year-old healthy man. See also cine loop S in the
“Electronic supplementary data”. a MFI image oblained 1 s after

normal. The second bolus injection cases were as follows:
normal; 4 (14.8%) of the 27 patients, F1; 4 (14.8%), F2; 7
(25.9%), F3; 2 (71.4%), F4; 10 (37.0%). As shown in
Fig. 5, the confidence level for each imaging feature of
MFI increased according to the increase in the liver
fibrosis stage, and the correlation with each imaging
feature of MFI and the histopathological liver fibrosis
stage was relatively high: imaging feature A (angle
widening of portal vein branching; »=0.794, p<0.001),
imaging feature B (tapering and interruption of portal vein
branches; r=0.784, p<0.001), and imaging feature C
(tortuosity and meandering of portal vein branches; r=
0.806, p<0.001) correlated with fibrosis stage. Figures 6,
7 and 8 (see also cine loops S1, S2, S3 in the “Electronic
supplementary data”) show that the degrees of angle
widening; tapering/interruption; and tortuosity of the
portal veins increased with increasing stage of liver
fibrosis.

the flash shows regularly and continuously branching portal
veins. b MFI image obtained 6 s after the flash shows spatial
homogeneity enhancement of the liver

ROC analysis

For each new Inuyama fibrosis score threshold without
normal (i.e. Fl vs. F2—4, F1-2 vs. F3—4, F1-3 vs. F4), the
AUC for each imaging feature of MFI is shown in Table 2.
The most discriminating AUC value was 0.964 for F1 vs.
F2—4 by use of imaging feature B, 0.968 for F1, 2 vs. F3,
4 by use of imaging feature C, and 0.910 for F1-3 vs. F4
by use of imaging feature A.

Sensitivities, specificities and positive and negative
predictive values based on the optimised. cut-off value are
shown in Table 3.

Interobserver agreement among seven observers

The results of the interobserver agreement analysis among
the seven raters of the MFI images are shown in Table 4.

Fig. 7 Contrast-enhanced US images with MFI in a 68-year-old
woman with F2 disease. See also cine loop S2 in the “Electronic
supplementary data™. a MFI image obtained 2 s after the flash
shows slight tortuosity and meandering of the portal vein

branches compared with Fig. 6a. b MFI image 6 s alter the
flash shows slight spatial heterogeneity of the liver parenchymal
enhancement compared with Fig. 6b



Fig. 8 Contrast-enhanced US images with MFI in a 65-year-old shows chaotic vascular changes. b MF1 image 6 s afler the flash
woman with F4 disease. See also cine loop S3 in the “Electronic ~ shows severe spalial heterogeneity of the liver parenchymal
supplementary data”. a MFI image obtained 2 s after the flash  enhancement compared with Figs. 6b and 7b

Table 2 Average AUC values of each imaging feature of MFI according to the new Inuyama score

Imaging feature F1 vs. F2-F4 Fl, F2 vs. F3, F4 FI-F3 vs. F4

A 0.951 (0.859, 0.987) 0.955 (0.890, 0.985) 0.910 (0.820, 0.962)
B 0.964 (0.899, 0.990) 0.950 (0.881, 0.982) 0.905 (0.814, 0.958)
C ‘ 0.952 (0.845, 0.990) 0.968 (0.913, 0.991) 0.905 (0.811, 0.960)

Numbers in parentheses are 95% confidence intervals
A angle widening of portal vein branching, B tapering and interruption of portal vein branches, C tortuosity and meandering of portal vein branches

Table 3 Diagnostic accuracy of MFI with optimised cut-off values

F1 vs. F2-F4

F1, F2 vs. F3, F4

F1-F3 vs. F4

Sensitivity (%)
Specificity (%)

87.7 (82.8, 89.2)
92.3 (70.9. 98.6)

91.4 (82.5, 96.0)
91.4 (82.5, 96.0)

95.8 (83.1, 99.2)
80.4 (73.8, 82.2)

Positive predictive value (%) 98.0 (92.6, 99.6) 91.4 (82.3, 96.0) 71.9 (62.3, 74.4)
Negative predictive value (%) 63.2 (48.5, 67.5) 91.4 (82.5, 96.0) 97.4 (89.3 99.5)

Numbers in parentheses are 95% confidence intervals

Table 4 Inter-reader agreement in confidence ratings among the seven observers for each imaging feature

Imaging feature A B C
ICC(2,1) 0.560 0.641 0.578

(0.472, 0.862) (0.530, 0.698) (0.483, 0.672)
ICC(2,7) 0.899 0917 0.873

(0.887, 0.942) (0.862, 0.929) (0.824, 0.911)

Numbers in parentheses are 95% confidence intervals. Agreement was graded as poor (ICC <0.20), moderate (ICC 0.20 to <0.40), fair (0.40 to <0.60), good
(0.60 to <0.80), or very good (0.80-1.00)

ICC intraclass correlation coefficients, 4 angle widening of portal vein branching, B tapering and interruption of portal vein branches, C tortuosity and
meandering of portal vein branches



ICC(2,1) (i.e. the unit of analysis was the individual
rating) showed relatively low interobserver agreement
(0.560-0.641). Conversely, ICC(2,7) (i.e. the unit of
analysis was the average rating among the seven raters)
showed high values (0.873-0.917), which indicated the
reliability of the MFI examination when the average rating
score of the seven observers was high.

Reproducibility of MFI images

For each MFI feature, the correlation coefficients of the
average rating scores between different images from the
same cases were 0.831 for A; 0.828 for B and 0.854 for C
(mean, 0.838+0.01 [standard deviation]), which indicated
the high reproducibility of MFI images.

Discussion

The results of our study demonstrated that the image
characteristics described on the MFI showed good corre-
lation with the degree of liver fibrosis, and thus, the MFI of
CEUS may be useful for non-invasive staging fibrosis. In
our study, CEUS with MFI enabled us to clearly separate
the intermediate fibrosis stages (i.e. F1 vs. F2-4). With an
optimised cut-off value for F1 vs. F2—4, the sensitivity was
87.7% at a specificity of 92.3%. This high accuracy is
clinically important because, according to the American
Association for the Study of Liver Diseases, patients with
hepatitis C genotype 1 infection should be treated only
when substantial fibrosis (F>F2) is observed [13].

In our study, advanced fibrosis and cirrhosis were also
diagnosed accurately (i.e. F1-2 vs. F3-4). With an
optimised cut-off point for F1-2 vs. F3—4, a sensitivity
of 91.4% was at a specificity of 91.4%. This high
accuracy in the diagnosis of advanced fibrosis is also
important because patients with advanced fibrosis should
be screened for portal hypertension and hepatocellular
carcinoma [14, 15].

Our results also showed that, as the degree of liver
fibrosis increased, the rating score of each imaging feature
on MFI (e.g. angle widening, tapering/interruption and
tortuosity) tended to be high in a stepwise fashion. Kelty
et al. [16] reported that intrahepatic vascular morpholog-
ical changes within the cirrhotic liver were caused mainly
by the pressure of growth and expansion of the regener-
ative nodule against the rather rigid connective tissue
surroundings. The results of our study, however, suggest
that those vascular disorders might already have existed in
the intermediate and advanced fibrosis stages.

We investigated the relationship between intrahepatic
vascular morphological changes and pathological liver
fibrosis stage in the study. However, as we described in
the figure captions (Figs. 6, 7, 8), heterogeneity of the
liver parenchymal enhancement tended to be observed
according to the increase in the liver fibrosis stage, and it

could be also one of the important image features. Thus, it
would affect the results of our study.

The development of non-invasive biomarkers of liver
fibrosis would reduce biopsy-related risk and costs and
thus facilitate earlier diagnosis and improved monitoring
of the progression of chronic liver disease. A number of
serological markers of liver fibrosis have been developed
in chronic viral hepatitis. The techniques include simple
tests such as the aspirate transaminase-to-platelet ratio
index (APRI) [17], platelet count, the prothrombin index,
and more complex tests, such as the FibroTest (Biopre-
dictive, Paris, France) [18], which were based on a
combination of basic serum markers. However, previous
reports [19, 20] showed that these serum scoring systems
provided accurate differentiation of only two stages of the
fibrosis spectrum (i.e. minimal and advanced fibrosis).
Thus, these scoring systems are less effective for differ-
entiating the intermediate stages of fibrosis. Moreover, the
main weakness of these tests is that some parameters can
be influenced by extrahepatic diseases.

Several liver imaging methods have also been used for
the diagnosis and staging of liver fibrosis. Most of these
methods, including conventional US, transient US elas-
tography, double-contrast material-enhanced MR imaging,
perfusion MR imaging and diffusion MR imaging, are
limited to the detection of advanced fibrosis [21-25]. The
effectiveness of these methods in the detection of
significant fibrosis (F>F2) remains to be seen. MR
elastography, however, may potentially enable significant
fibrosis (F>F2) to be diagnosed [26].

Our study had several limitations. First, because we are
reporting our initial experience, the results were limited by
a small sample size, and the study population of each
category was also imbalanced. In particular, there were no
patients with histopathologically proven FO. Although we
regarded a control group as normals, there might have
been contamination of liver fibrosis changes among the
cases in the control group. Second, there were large
overlaps in the ratings of each imaging feature among the
different levels of fibrosis, and this may limit the clinical
applicability of this study. Third, we eliminated patients
who had severe steatosis from our study subjects. In
patients with severe steatosis, it is difficult to obtain good-
quality images because of its deep attenuation, especially
when we use low MI harmonic imaging. Fourth, our
results were based on subjective ratings of seven physi-
cians. It is therefore unavoidable that inter- and intra-
observer agreements are relatively low. We will develop a
computer-aided diagnosis (CAD) scheme designed to
discriminate among liver fibrosis stages in future work.
Fifth, histopathological findings can be an imperfect
reference standard. It is known that the fibrosis scores of
biopsy specimens may cause underestimations of the
severity of fibrosis [27-29]. Sixth, whilst the ROC-
generated sensitivity and specificity are acceptably good,
the potential problem is in standardizing the categories of
vascular changes used in this study. In this study, no
definitive written criteria for the rating of the imaging
features were provided to interpreting physicians in the



observer study. Instead, we tried to have interpreting
physicians acquire common criteria for their judgement by
training them with the use of five instructive cases before
the observer study, which might have given rise to greater
inter- and intraobserving physician variations. However,
there was indeed a possibility that definite criteria, if
established, might have minimised the influence of
physicians’ subjectivity, but the interpretation process
might have been more complicated. Moreover, it is
unclear at the moment how detailed the criteria for the
rating of the imaging features should be. We consider it an
important future issue to define the criteria precisely.

In conclusion, our preliminary findings suggest that
assessment of morphological intrahepatic vascular
changes on MFI can be used for quantifying liver fibrosis.
MFI can easily be incorporated into a routine CEUS
protocol. It may be possible to use MFI findings to
determine the indication for antiviral treatment and for
follow-up of patients with chronic liver disease.
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introduction

Abstract

Background and Aim: Balloon-occluded retrograde transvenous obliteration (B-RTO) is
a new alternative treatment for gastric varices (GVx), but the long-term efficacy is not
known. We investigated the long-term effects of B-RTO on rebleeding, prevention of first
bleeding, mortality and occurrence of risky esophageal varices (EVx).

Methods: B-RTO was performed in 68 cirrhotic patients with GVx. Twenty patients had
recent bleeding, transiently treated by endoscopic Histoacryl injection or balloon tampon-
ade. Forty-eight patients had varices likely to bleed, but no bleeding. After B-RTO, the
recurrent bleeding, occurrence of EVx and mortality over the long-term were evaluated.
Results: B-RTO was successfully performed in 63 of 68 patients (92.6%). Varices eradi-
cation was confirmed by endoscopy in 61 ol 63 patients (96.6%). During lollow up, GVx
bleeding occurred in two patients (3.2%). The 8-year cumulative rebleeding rates of
patients with bleeding and risky GVx were 14% and 0%, respectively. Risky EVx occurred
in 10 patients (17%) and the cumulative occurrence rate was 22% in 8 years. The cumu-
lative occurrence rate of risky EVx was higher in GVx with EVx (GOV2-GVx) compared
to GVx without EVx (IGV I, P < 0.05). No ectopic variceal bleeding occurred. No patients
dicd from variceal bleeding. Hepatocellular carcinoma was the only significant prognostic
factor (P <0.05).

Conclusion: B-RTO is beneficial over the long-lerm, despite worsening EVx in some
palients, because of excellent treatment efficacy and improved mortality. We believe that
B-RTO can become a first-choice radical treatment following hemostasis for gastric
variceal bleeding and prophylactic treatment for risky GVx.

Advances in non-endoscopic techniques, such as surgical pro-
cedures or transjugular intrahepatic portosystemic shunt (TIPS),

Although the incidence of bleeding from gastric varices (GVx) is
relatively low (10-36%), when it does occur, it is massive and
increases patient mortality.'™ The treatment of esophageal variceal
(EVx) bleeding is highly differentiated with several effective treat-
ments available > In contrast. bleeding from GVx continues to be
a therapeutic challenge. A number of investigators have reported
that endoscopic injection sclerotherapy (EILS) is ineffective for the
reatment of GVx, particularly isolated GVx."™"" GVx generally
exist as a part of a gastrorenal shunt or gastroinferior phrenic caval
shunt, resulting in outflow into the systemic circulation.'? Because
(hese anatomical characteristics create a higher blood flow volume
through the shunt, causing a rapid escape of sclerosing solution
into the systemic circulation during EIS, conventional EIS is not
effective for the wreatrnent of GVx.
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have had a significant impact on the management of portal hyper-
tension. Most such treatments, however, are not ideal as first-
choice therapies for GVx, because ol their technical requirements
or level of invasiveness.'>'* Balloon-occluded retrograde trans-
venous obliteration (B-RTO) was developed and established as a
superior effective treatment for fundal GVx and hepatic encepha-
lopathy.'>" Two Japanese groups recently demonstrated the long-
term effectiveness of B-RTO for the treatment of risky GVx.'*" [n
most of the cascs examined, however, the treatment was prophy-
lactic; thus, the long-term efficacy of B-RTO against gastric bleed-
ing has not been demonstrated. More delinitive evidence of the
long-term effectiveness of B-RTO is required to obtain the accep-
tance of medical groups in other countries. Therefore, the aim of
this study was to evaluate the long-term results of the B-RTO
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procedure in paticnts with GVx bleeding or risky GVx and to
clarify its role in the treatment of GVx.

Methods

Patients

Between August 1994 and August 2004, 912 patients with portal
hypertension were admitted to Kyushu University because of
variceal bleeding or risky large esophageal or gastric varices. Of
912 patients, 90 (9.8%) were diagnosed with large isolated
gastric varices (IGV1) or large gastric varices with esophageal
varices (GOV2).! In 68 ol 90 patients (75.6%), gastrorenal
shunts were confirmed by computed tomography and angiogra-
phy (Fig. la), and B-RTO was then performed to weat the
GVx.

There were 44 men and 24 women in the study with ages
ranging 32-74 years (mean age. 56.6 * 10.2 years; Table 1). Of
the 68 cases. 20 had an endoscopically confirmed episode of GVx
bleeding. In 14 patients with active bleeding, hemoslasis was
achieved by injection sclerotherapy of N-butyl-2-cyanoacrylate
(histoacryl, Braum, Melsungen, Germany) or a Sengstaken—
Blakemore tube. Six patients had an episode of recent bleeding as
evidenced by the presence of GVx with fibrin clots. Of the 68
cases, 48 had no bleeding episodes, but endoscopic examination
indicated the presence of risky GVx based on form, location and
color, as described previous] y.?

Concomitant esophageal varices were all treated by endoscopic
variceal ligation or endoscopic injection sclerotherapy during the
same administration period.

B-RTO

Balloon-occluded -retrograde (ransvenous oblileration was per-
formed accnrding- to thc mecthod reported by Kanagawa et al."?
A catheter for B-RTO (6.5-Fr; Create Medic, Tokyo, Japan) was
introduced into the gastrorenal shunt via the nght femoral vein.
The gastrorenal shunt was visualized using 10-20 mL iopamidol
to judge whether shunt occlusion was achieved and to estimate the
amount of sclerosant to be used. If accumulation could not be
achieved due to other outflow routes (e.g. cardiac-phrenic vein,
umbilical vein), absolute ethanol, 50% glucose and/or coils were
used to embolize these small outflow vessels. After confirming the
accumulation of iopamidol in the GVx, a 5% solution of ethano-
lamine oleate with iopamidol (EOI) was injected slowly until there
was sufficient accumulation in the GVx (Fig. 1b). Simultaneously,
4000 units of haptaglobin (Yoshitomi, Osaka, Japan) was admin-
istered i.v. for protection against renal damage from the ethanola-
mine oleate sclerosant.'® The balloon was deflated 24 h after
injection of the sclerosant.

Occurrence of risky EVx after B-RTO

Occurrence of risky EVx was evaluated by endoscopic examina-
ion at 3—4-month intervals. Risky EVx was defined by the Japa-
nese portal hypertension guidelines."”

Esophageal varices that werc modcrate or huge in size (F2 or
F3) and had one of several marks (red wale marking, cherry red
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(a) Superior mesenteric arteriography showing a gastrorenal
shunt. Celiac and/or superior mesenteric arteriography can detect the
major shunt (arrow), for which the balloon-occluded retrograde trans-
venous obliteration (B-RTO) procedure is indicated. (b) In most cases,
after controlling the other outflow routes, a sufficient accumulation of
5% ethanolamine oleate with iopamido! (EQI) was obtained in the
gastric varices.

Figure 1

spot or hematocystic spot), were defined as risky EVx, which are
likely to bleed.

Follow up

Complete eradication of the GVx was confirmed 4 weeks later by
endoscopic examination (Fig. 2). The average observation period
after B-RTO was 66.2 * 31.6 months (range, 24—127 months)
with repeated endoscopic examinations at 3—4-month intervals.
Twenty patients (seven patients were bleeding cases from GVx)
were followed for more than 96 months (8 years).
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Table 1 Clinical characteristics of patients with gastric varices

No. patients

No. ot patients (men : women)
Mean age/range (years)
Etiology of gastric varices

68 (44 : 24)
56.6 £ 10.2 (32-74)

Cirrhosis

Viral hepatitis (HCV/HBV) 50 (43/7)
Alcoholism 7
Unknown 4

Primary biliary cirrhosis 2

Primary sclerosing cholangitis 1
Idiopathic portal hypertension 2
Post-living donor liver transplantation 2
Child-Pugh classification (A/B/C) 27/28/13
Association with hepatocelluiar carcinoma 24 {35.3%)
Association with esophageal varices {(GOV2) 31 (45.6%)
Gastric varices with hemorrhage 20 {29.4%)
Form of gastric varices (F1/F2/F3) 0/3/17
Initial treatment

EIS/S-B tube/spontaneous hemostasis 10/4/6
GOV2/IGV1 10/10

High risk gastric varices 48 (70.6%)
Form of gastric varices (F1/F2/F3) 0/18/35
GOV2/IGV1 21/27
Average follow-up term (months) 66.2 + 31.6

EIS, endoscopic injection sclerotherapy; GOV2, gastric varices concomi-
tant with esophageal varices; IGV1, gastric varices without esophageal
varices; S-B tube, Sengstaken—Blakemore tube.

Percutaneous transhepatic portography
assessment

Percutaneous transhepatic portography (PTP) was performed in 17
of 68 palients (25%) during the B-RTO procedure. Portal venous
pressure (PVP) was measured. In addition, the hemodynamic char-
acteristics were asscssed. Special concern was taken to determine
whether the PVP or inflow route dilfered between IGVI and
GOV2. Further, the amount of ethanol required to obstruct the
collaterals and the occurrence of risky EVx were also compared
between IGV1 and GOV2.

Statistics

Cumulative survival curve, recurrent bleeding-{ree time curve and
risky EVx occurrence curve were calculated according to the
Kaplan—-Meier method. A log—rank test was used for the compari-
son between each curve. Data were compared between two groups
and tested using the unpaired Student’s 7-test. Qualitative data
were analyzed by the Fisher’s exact test. P < 0.05 was considered
to be statistically significant.

Results

The B-RTO procedure was successfully performed in 63 of 68
patients (92.1%; Table 2). The average time required for the
B-RTO procedure was 50.1 = 18.4 min (n = 63). Two patients had
large gastrorenal shunts. so the balloon did not sufficiently occlude
the shunt. Three cases had several outflow routes that were not
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Figure 2 (a) Endoscopic image showed tumorous (F3} risky gastric
varices. (b) Endoscopic image obtained 3 months after balloon-occluded
retrograde transvenous obliteration (B-RTO) revealed eradication of
gastric varices.

occluded, despite using ethanol, 50% glucose and/or coils, result-
ing in insufficient accumulation of the sclerosant. These patients
underwent gastric devascularization and splenectomy (Hassab’s
operation) or EIS with Histoacryl combined with ethanolamine
oleate.

The total cradication rate for GVx was 61/63 (96.8%). The
eradication rate was 100% (29/29) in the GOV2 patients and
94.1% (32/34) in the IGV patients. The average amount of 5%
EOI used was 31.8 £ 16.8 mL. Absolute ethanol was used in 26
patients (average amount, 2.4 = 1.4 mL) and 50% glucose was
used in 13 patients (average amount, 11.4 = [3.5mL). Nine
patients had both ethano! and 50% glucose (o occlude small col-
lateral vessels. Coils were used in five patients for obliteration of
outflow collaterals, which were difficult to occlude with ethanol or
50% glucose. Most patients did not require additional treatment,
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Table 2 Balloon-occluded retrograde transvenous obliteration results

No. patients (%)

Success of procedure 63/68 {92.6)
Amount of 5% EOI 31.8 = 16.8mL
Obliteration of outllow routs 26/68 (41.3)
Absolute ethanol 26 (38.2)

50% glucose 13 (19.1)

Coils 5(7.3)

Eradication rate 61/63 (96.8)
Recurrence rate 2/63 (3.2)
Bleeding rate 2/63 (3.2)
Complication

Major

Pulmonary infarction 11(1.6)
Ventricular fibrillation 1(1.6)
Minor

Hematuria 37

Fever (>37.5°C) 25
Ascites 4

EOI, ethanolamine oleate with iopamidol.

but two patients required EIS treatment to eradicale GVx. These
two patients were easily reated with EIS using only ethanolamine
oleate, because the varices were almost thrombosed by B-RTO.

Recurrent bleeding was observed in two patients during the
follow up. Both patients had a previous history ol GVx bleeding.
One patient had hepatocellular carcinoma (HCC) combined with a
portal thrombus 6 yecars after B-RTO. Recurrent bleeding was
controlled by EIS with Histoacryl. The cumulative reblceding rate
of the GVx patients with previous bleeding was 2.4% at | year,
2.4% at 5 years and 14.3% at 8 years (Fig. 3a). [n patients without
previous bleeding, the bleeding rate was 0% during the entire
study period (Fig. 4a). On the other hand, no IGV1-GVx bleeding
occurred in any patients, but GOV2-GVx bleeding occurred in two
patients. The cumulative GOV2-GVx bleeding rate after B-RTO at
1,5 and 8 years was 3.4%. 3.4% and 17.2%. respectively (Fig. 3b).
No patients died after B-RTO due to GVx bleeding during the
follow up.

The cumulative survival rate at 3, 5 and 8 years was 96.5%.
81.7% and 79.0%, respectively (Fig. 4a). To date, 11 patients have
died: four from liver failure, six from HCC and one due to cerebral
infarction. The differences in each survival curve among the three

Child—Pugh classes were not significant (P = 0.952). There were

no significant differences between non-HCC patients of Child—
Pugh A (n = 19) and of Child—Pugh B or C (n = 21) classifications
(P=0.801: Fig.4b). There was a significant difference in the
survival curves of the patients with and without HCC (P =0.021;
Fig. 4c¢).

Complications

Sclerosant-induced pulmonary embolism occurred in one patient.
Blood gas analysis revealed severe hypoxemia and a pulmonary
pertusion scintigram revealed decreased perfusion in the periph-
eral area of both lungs. In that patient, 40 mL of 5% EOI exited to
the systemic circulation due to the collapse of the balloon obstruct-
ing the gastrorenal shunt. Anticoagulant therapy with continuous

Journal of Gastroentsrology and Hepatology 23 (2008} 1702-1709 © 2008 The Authors

Long-term result of BRTO

(a) P=0.016
Prophylactic (n=45)
100 =
& <
il ATETELEE I wesevsssweszwmar
2 s0- Acute/elective (n=18)
T
[/}
2
2 60
]
]
&= 404
o
o
2
201
o
O ¥ T
50 100
Months
(b) P<0.05
IGV1 (n=34)
~ 100 JermrmrmrmT e
2 3
o
£ 80 GOV2 (n=29)
k=1
[
2
2 60
<]
o
E 40
-
c
2
® 20 -
o
0 T v
50 100
Months

Figure 3 Cumulative rebleeding-free rate by Kaplan-Meier analysis. (a)
Solid line, prophylactic cases (patients with risky gastric varices); dotted
line, acute or elective cases (patients with gastric variceal hemorrhage).
(b) Solid line, IGV1 cases (patients without esophageal varices [EVx]);
dotted line, GOVZ2 cases (patients with EVx).

i.v. administration of heparin was initiated immediately and the
clinical condition improved markedly. Ventricular fibrillation,
thought to be due to acute hypertension, occurred in one patient.
The patient was immediately defibrillated by emergency electric
conversion. There were minor complications, such as fever of
more than 37.5°C, hematuria and ascites, but these complications
did not prolong the hospital stay (Table 2).

Occurrence of risky esophageal varices

Risky EVx developed in 10 patients, and three of them bled. Of the
10 patients, seven who developed risky EVx after B-RTO had EVx
before the B-RTO procedure. Their varices were all small and not
indicated for treatment according to the Japanese portal hyperten-
sion guidelines. Episodes of EVx worsening or bleeding in five
patients were noled within 2 months. The patients with worsening
EVx or bleeding EVx were treated with ELS or endoscopic variceal
ligation and their varices were all cradicated. Death duc to EVx
bleeding did not occur. The cumulative occurrence rate of risky
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Figure 4 (a) Cumulative total survival rate after balloon-occluded ret-
rograde transvencus obliteration {B-RTO) (Kaplan—Meier analysis). {b)
Cumulative survival rate after B-RTO in relation to the Child-Pugh clas-
sification (Kaplan—Meier analysis). The difference between the two
groups {non-hepatocellular carcinoma [HCC] patients) was not statisti-
cally significant {P = 0.802}. (¢} Cumulative survival rate after B-RTO with
- o without HCC. The difference between the two groups was statisti-
cally significant (P=10.021).
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Figure 5 Cumulative occurrence rate for risky esophageal varices
(EVx} after balloon-occluded retrograde transvenous obliteration {B-RTO)
{Kaplan-Meier analysis).

EVxai i, 5 and 8 years was 8.6%, 17.6% and 21.2%, respeclively.
The cumulalive occurrence rate ol risky EVx in GOV2 patients
was 19.5%, 35.0% and 35.0% at 1, 5 and 8 years, respectively, and
that in IGV1 patients was 3.1%. 13.9% and 13.9% at [, 5 and 8
years, respectively. There was a significant difference in the rale
of risky EVx occurrence between GOV2 and IGVI patients
(P <0.05) (Fig. 5). '

PTP assessment

Portal venous pressure was measured in 17 of 68 patients (25%) by
PTP during the B-RTO procedure. The average PVP'was 31.3 cm
H:O (range, 21.5-41.0). The patients were classified according to
PVP. The higher PVP group was defined as PVP greater than
30 cm H;0. Of 17 patients, 10 were included in the higher PVP
group. In the B-RTO procedure, patients with higher PVP required
more gthanol (lower PVP of 3.5 vs higherof 9.1 mL; P < 0.05}, but
this was not the case for the EO! procedure (lower PVP of 32.8 vs
higher PVP of 35.8 mL; P = 0.69). As a result, the B-RTO proce-
dure took longer in patients with higher PVP than those with low
PVP (45.5 = 15.1 vs 81.0 * 25.4 min: P < 0.05). Although risky
EVx developed in six of 10 patients with higher PVP after B-RTO,
it developed in only one of seven patients with lower PVP. Impor-
tantly, eight of 10 patients with higher PVP had GOV?2. PTP also
revealed hemodynamic characteristics of IGV1 and GOV2. Of the
17 cases, nine had GOV2 and eight had IGVI. As shown in
Table 3, higher PVP was recognized in six of nine cases (66.7%)
with GOV2 and in two of eight cases (25.0%) with GOVI
(P =0.185). The PTP study also revealed that the main inflow
route of IGV [-GVx tended Lo be the shorl or posterior gasiric vein.
However, there was no significant difference between GOV2 and
IGVL1 in PVP and main inflow route of GVx (Table 3).

Discussion

* Although endoscopic injection of cyanoacrylate (Histoacryl) is not

ideal, it is currently the only effective method recommended for
the weatment of acule gastric variceal bleeding.™ Some investiga-
tors insist that EIS with cyanoacrylate is the best treatment for
GVx bleeding.”* Tn recent reports of the long-term efficacy of
cyanoacrylate for GVx bleeding, the hemostasis rates for GVx
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Table 3 Result of percutanecus transhepatic portography assessment

GOV2 (n=9) IGV1 {(n=8)
PVP
Lower PVYP (n=8} 3 {33.3%) 6 (75.0%}
Higher PVP {n=8) 6 (66.7%) 2 {25.0%)
P=0.185
Main inflow rout .
LGV (=7 5 (55.5%) 2 {25.0%)
SGV or PGV {n=10) 4 (44.5%) 6 (75.0%)
P=0.334

GOV2, gastric varices concomitant with esophageal varices; IGV1,
gastric varices without esophageal varices; LGV, ieft gastric vein; PGV,
posterior gastric vein; SGV, short gastric vein.

bleeding were 94-97% and the recurrence rates were 21-60%.57*
These hemostasis rates secm to be satisfactory; therefore, we pre-
viously performed EIS with cyanoacrylate for the hemostasis of
active bleeding from GVx.™ The recurrence rate remained high,
however, compared with that of EIS treatment lor EVx. Therefore,
effective additional therapy with B-RTO is desirable after achiev-
ing hemostasis. The present study demonstrated a recurrent bleed-
ing rate of 2/18 (3.2%) in cases with previous bleeding and (/45
{0%) -prophylaxis. Therefore, we believe that B-RTO is a more
cffective therapy than conventional therapies for preventing GVx
blecding. The present study also demonstrated that prophylactic
B-RTO can prevent bleeding of risky GVx over the long term.
B-RTO should be used to eradicale risky GVx to avoid bleeding
and subsequent life-threatening events.

Transjugular intrahepatic portosystemic shunts are reported to
be effective as salvage treatment for EVX.%° Encephalopathy and
shunt occlusion, however, are severe complications that can occur
over the long term*¥ PVP of patients with GVx is lower than that
with EVx because they have a lurge gastrorenal shunt;® therefore,
it is likely that TIPS for GVx are less effective than for EVx.'*¥

Some investigators report that Hassab's operation and portosys-
temnic shunt surgery is the definitive therapy for GVx bleeding. Our
previous study also indicated that Hassab's operation for GVx is
an effective treatment to prevent initial and recurrent bleeding of
GVx over the long term.™ The choice of the surgical procedure,
however, depends on the severity of the liver dysfunction, and
patients with GVx bieeding often have poor liver function?

QOur B-RTO techniques differ slightly from those used in other
facilities. We usually retain the B-RTO catheter until the next
morning when the patients are able to walk to the bathroom by
themselves. In other reports of B-RTO, Chikamori ef al.” left the
catheter in for 2 or 3 days in seven patients (13.4%; 7/52) and
Fukuda et al.'® performed repeated B-RTO (two or three times) in
22 patients (44%; 22/50) to obliterate GVx. Our long-term results
indicate that a one-time procedurc and overnight catheter retention
are sufficient to obliterate GVx in most cases. The differences in
the results of these procedures seem (o be due to whether or not
outflow routes were successfully blocked. In the present study,
50% glucose was uscful to obstruct the outflow routes. To enhance
the obstruction of the outflow collaterals using 50% glucose, the
ameunt of ethanol can be reduced.

Ten patients {17.2%) developed EVx after B-RTO, and three
paticnts bled from EVx that devcloped after B-RTO. Because
esophageal bleeding can occur following B-RTO, we provided
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close follow up and endoscopic treatment (EIS or endoscopic
variceal ligation) prophylactically when risky EVx developed.
Therefore, EVx bleeding has not occurred in these palients since
1998. One long-term study of transjugular retrograde obliteration
(an alternative B-RTO method) reported that the cumulative occur-
rence rate of EVx was 36% at | year and 56% at 5 years.!” Another
study reported that eight {16.6%) patients had worsening EVx and
the cumulative occurrence rate was 2% at 1 year and 12.6% at 5
years.'® EVx was not a cause of dcath in these reports. As some
investigators have pointed out, ectopic intestinal varices or severe
reclal varices, which are difficult (o treat, might occur alter major
shunt closure by B-RTO.* [n the present study, however, none of
the patients suffered ectopic variceal bleeding.

In the B-RTO procedure, patients with higher PVP vequired
more ethanol, but not EOL This means thal patients with GV x and
higher PVP have more collaterals requiring ethanol obstruction.
Therefore, the B-RTO procedure took longer in patients with
higher PVP than those with low PVP. The PTP study revealed that
patients with GOV2-Vx tended to have higher PVP and IGV1-Vx
tended to be supplied mainly by the short or posterior gastric vein.
However, there was no significant differcnce in PVP and main
inflow route of GVx between IGV1 and GOV2. The reason is
thought 1o be that the results were oblained [rom a study of only a
small number of patienis. Further hemodynamic swdies are nec-
essary to clucidate that difference in more paticnts.

The cumulative survival rate of patients after B-RTO was 78.1%
at 8 years, which seems relatively high. Interestingly, there was no
significant difference in the survival rate between Child—Pugh A
and B or C classifications. One repott of B-RTO indicated that the
prognosis of patients without HCC is not affected by the severity
of liver dysfunction."” Improvement of hepatic function in 1 week
to 12 months after B-RTO was also reporied.™* Moreover, some
investigators demonstrated the possibility of improved hepatic
function after an increase in portal blood flow using the rabbit
fibrosis model? and isolated perfused human livers.® Taken
together, it is possible that increased portal bjood flow due to
B-RTO may improve or preserve hepatic function in some cir-
rhotic patients.

Because we previously encountered two severe complications
(pulmonary ernbolism and ventricular fibrillation) due to using
absolute ethano] or a large amount of EOI, we have used 50%
glucose 1o obliterate outflow collaterals over the last 5 years.>* As
a result, we have not encountered such severe complications for
the last 5 years.

Balloon-occluded retrograde transvenous obliteration is benefi-
cial, despite worsening EVx, because the effectiveness and
improved mortality are excellent compared (o our previous results
using EIS with Histoacryl.® Therefore, we now perform B-RTO as
the first treatment tor elective and prophylactic treatment (Fig. 6).

In GVx bleeding cascs, most rebiceding occurs within 1 year
after hemostasis obtained with cyanoacrylate injection;?>? thus,
additional therapy such as B-RTO should be performed as soon as
possible after the general condition is improved after hemostasis.

In conclusion, B-RTO treatment for GVx is a highly effective
method to prevent GVx rebleeding and initial bleeding over the
long term. Therefore, we propose that B-RTO might be a first-
choice radical treatment after hemostasis of GVx bleeding or pro-
phylactic treatment for risky GVx. Further conuolled trials,
including cost-benefit analysis, are required.
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Figure 6 Schematic diagram showing our strategy for gastric varices
{GVx) with active bleeding, such as a spurting or cozing bleeding (acute
case), with recent bleeding signs such as clot or fibrin clot (elective
case), and with nodular (F2), tumorous (F3) andfor red color on the
variceal surface, which are likely to bleed (prophylactic case). Computer
tomography or angiography was performed in all patients to determine
the existence of a gastrorenal shunt (GRS) or a gastroinferior phrenic
shunt (GIPS), for which the balloon-occluded retrograde transvenous
obliteration {B-RTO} procedure is indicated.
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Endothelial to Mesenchymal Transition via
Transforming Growth Factor-g1/Smad Activation Is
Associated with Portal Venous Stenosis in Idiopathic

Portal Hypertension
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Idiopathic portal hypertension (IPH) represents non-
cirrhotic portal hypertension of unknown etiology,
mainly due to stenosis of peripheral portal veins. This
study was performed to clarify the mechanism of
portal venous stenosis in IPH from the viewpoint of
the contribution of the endothelial to mesenchymal
transition of the portal vein endothelinm via trans-
forming growth factor-g1 (I'GF-$1)/Smad activation.
In vitro experiments using human dermal microvas-
cular endothelial cells demonstrated that TGF-81 in-
duced myofibroblastic features in human dermal mi-
crovascular endothelial cells, including spindle cell
morphology, reduction of CD34 expression, and in-
duction of $100A4, a-smooth muscle actin, and
COL1A1 expression, as well as the increased nuclear
expression of phospho-Smad2. Bone morphogenic
protein-7 preserved the endothelial phenotype of hu-
man dermal microvascular endothelial cells. Immu-
nohistochemical analysis showed that endothelal
cells of the peripheral portal veins in IPH were char-
acterized by the decreased expression of CD34 and
the enhanced nuclear expression of phospho-Smad2;
these results also confirmed the expression of S100A4
and COL1A1 in the portal vein endothelium. Serum
TGF-$1 levels in patients with IPH were significantly
higher than those of healthy volunteers and patients
with chronic viral hepatitis/liver cirrhosis, while an
elevation of serum bone morphogenic protein-7 lev-
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els was not observed. These results suggest that the
endothelial to mesenchymal transition of the portal
venous endothelium via TGF-$1/Smad activation is
associated with portal venous stenosis in IPH, and
bone morphogenic protein-7 may therefore be a suit-
able therapeutic candidate for IPH. (4dm J Patbol 2009,
175:616—626; DOIL: 10.2353/ajpaih.2009.081061)

|diopathic portal hypertension (IPH}) is a condition of non-
cirrhotic presinusoidal portal hypertension of unknown
stiology, primarily affecting aduits.”™® Clinical presenta-
tions of IPH include splenomegaly, pancytopenia, gas-
troesophageal varices, and subcapsular parenchymal at-
rophy of the liver.! Histologically, phlebosclerosis and
stenosis of peripheral portal veins associated with dense
portal fibrosis are common and characteristic findings of
IPH, accounting for portal hypertension due to presinu-
soidal block.*~® Hepatic function tends to be well pre-
served even at an advanced disease stage, but hepatic
failure can lead to fatal outcome in some patients.” To
date, a radical treatment is not available other than liver
transplantation,®® because the mechanism of portal ve-
nous stenosis of IPH has not been clarified.

IPH in patients is reported 10 be complicated with
collagen vascular diseases such as systemic sclero-
sis. 191 Systemic sclerosis is a disease that causes ex-
cessive collagen production and deposition, vascular
damage, and inflammation in multiple organs including
skin, lung, and the gastrointestinal tracts.'? Patients with
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the disease show an increased deposition of collagen
types | and lIf in various organs, with type | being the
most abundant.’? Transforming growth factor-g (TGF-B)
contributes greatly to the fibrotic processes, and eleva-
tion of circulating TGF-B level has been reported in pa-
tients with systemic sclerosis.*®'* Although excessive
collagen deposition in systemic sclerosis appears to be
mediated by complex networks of various factors, one
possible mechanism of the cutanecus fibrogenesis is that
dermal microvascular endothelial cells transform into
myofibroblastic cells, thereby contributing to the collagen
deposition in the dermis.'>'¢

Recently, it has been described with increasing fre-
quency that vascular endothelial ceils have an ability to
acquire matrix-producing myofibroblastic features, pro-
viding proof of principle for the process of endothelial to
mesenchymai transition (EnaMT)."7~"® EndMT is a phe-
nomenon reported to occur during embryonic cardiovas-
cutar development,®®-2' and also occur under several
pathological conditions including cardiac fibrosis and
carcinoma-associated interstitial fibrosis.””'"® EndMT is a
phenotypic conversion characterized by the down-regu-
lation of vascular endothelial markers such as CD31 and
von Willebrand factor, and the emergence of myofibro-
blastic markers such as S100A4/ffibrablast-specific pro-
tein-1 and a-smooth muscle actin {a-SMA)."8~'8 TGF-g1
acts as a potent inducer of EndMT both in vitro and in
ViVO.17'1e'20

TGF-B binds to TGF-B receptor type il (TBR-11), and it
recruits the TGF-B receptor type 1 (TBR-I). TBR-I subse-
quently phosphorylates Smad2 and Smad3, which form
hetero-oligomers with Smad4. They translocate from the
cytoplasm to the nucleus, where they regulate transcrip-
tion of target genes.?* Bone morphogenic protein-7
(BMP7) is a member of the TGF-g superfamily, and a
promising TGF-g8 antagonist.**#* BMP7 binds and acti-
vates BMP type Il receptor that subsequently form com-
plex with BMP receptor type IA. The receptors activated
by BMP7 phosphorylate Smad1, 5 and 8, which counter-
act Smad2/3 phosphoryiation by TGF-g. Indeed, BMP7
has been shown to inhibit EndMT in a mouse model of
cardiac fibrosis."”

In most types of chronic fiver disease, hepatic fibrosis
is mediated by myofibroblasts, which generally originate
from hepatic stellate cells. Portal fibroblasts and bone-
marrow derived fibrocytes are other candidates of cell
types of myofibroblast precursor in the liver.2® Given the
facts that systemic sclerosis is a clinical complication of
{PH, and EndMT is one of the possible causative mech-
anism of excessive collagen deposition in systemic scle-
rosis, it is plausible that, in IPH, stenosis of peripheral
portal veins with dense collagenous fibrosis around them
is mediated by EndMT of the endothelial cells of portal
vein, and the endothelial cell may be another contributor
of the portal fibrosis.

To clarify this, the invoivement of EndMT in portal
venous stenosis of IPH was examined by the use of
microvascular endothelial cells in vitro, and by means
of histological analysis using liver tissue sections of
IPH. Measurement of the serum TGF-g1 and BMP7
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levels was also performed using samples obtained
from IPH patients.

Materials and Methods

This human study was performed with the approval of the
ethics committee of Kanazawa University Graduate
School of Medicine.

Cell Culture

Human dermal microvascular endothelial ceils (HMVEC)
were purchased from Cell Applications, Inc. (San Diego,
CA), and were maintained with endothelial growth me-
dium (CADMEC growth medium, Cell Applications, Inc.}.
HMVECs were then treated with either TGF-81 (10 ng/mi;
R&D systems, inc., Minneapolis, MN) alone or in combi-
nation with BMP7 (up to 100 ng/mti; R&D systems, Inc.) for
5 days, and phenotypic changes of HMVECs were ex-
amined as described below. Experiments were con-
ducted with HMVECs at passages 2 to 4.

Reverse Transcription-PCR and Quantitative
Real-time PCR

Reverse transcriptase (RT) PCR was performed using total
RANA (1 pg) extracted from HMVECs. Total RNA was ex-
tracted using an RNA extraction kit (RNeasy mini; Qiagen,
Tokyo, Japan) and was used to synthesize cDNA with
reverse transcriptase (ReverTra Ace; Toyobo Co., Osaka,
Japan). The sequences of the primers and conditions for
PCR used are shown in Table 1. The PCR products were
subjected to 2% agarose gel electrophoresis and stained
with ethidium bromide.

Quantitative real-time PCR was performed according
to a standard protocol using the SYBR Green PCR Master
Mix (Toyobo Co.) and ABI Prism 7700 Sequence Detec-
tion System (PE Applied Biosystems, Warrington, UK).
Cycling conditions were incubation at 50°C for 2 minutes,
95°C for 10minutes, and 40 cycles of 95°C for 15 sec-
onds and 60°C for 1 minute. Fold difference compared
with glyceraldehyde-3-phosphate dehydrogenase ex-
pression was calculated.

Western Blot Analysis

Total proteins were extracted from HMVEC using T-PER
protein extraction reagent (Pierce Chemical Co., Rock-
ford, IL). First, 5 ng of the protein was subjected to 10%
SDS-polyacrylamide gel efectrophoresis, and then elec-
trophoretically transferred on to a nitroceilulose mem-
brane. The membrane was incubated with primary anti-
bodies against CD31 (1:200, JC70A, mouse monoclonal;
DakoCytomation, Glostrup, Denmark), CD34 (1:250,
QBEND10, mouse monoclonal; Immunctech, Marseilles,
France), S100A4 (1:200, rabbit polyclonal; Abcam Inc.,
Cambridge, MA), a-SMA (1:200, 1A4, mouse monoclo-
nal; DakoCytomation), pro-COL1A1 (1:200, goat poly-
clonal, Santa Cruz Biotechnalogy, Inc., Santa.Cruz, CA),
and actin (1:3000, AC-15, mouse menoclonal; Abcam
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Table 1. Sequences of the Primers and PCR Conditions Used in this Study
Gene Sequences Annealing temperature (°C) PCR cycles Product size (bp)

TRR-1 5'~GGCCATTTACACTGAATGAG-3' 55 40 386
5'-GGCTTAGAAATGGCCCAAAA-3'

TBR-I 5'-GTGGAGACACTTACAAAGCT-3’ 55 40 250
5'-GAAACTTGGGCTAACTGAGA-3’

BMP-RIA 5’ ~-GGTTTCATAGCGGCAGACAT-3' 55 40 198
5’ - CTTTCCTTGGGTGCCATARA-3'

BMP-Ril 5'-GCTAAAATTTGGCAGCAAGC-3' 55 40 224
5’ - CTTGGGCCCTATGTGTCACT-3'

CD31 5'-CCTGCTAAGTTAATGTTGGG-3" 62 40 269
5'~GAAAAAACCAGCCTCTAACC-3'

CD34 5'-CCAATCTGACCTGAAAAAGC-3' 55 30 216
5'-CCACCGTTTTCCGTGTAATA-3’

S510044 5'-GGTGACAAGTTCAAGCTCAA-3' 55 40 214
5'-CTGGGAAGCCTTCAAAGAAT-3'

a-SMA 5'-GAAATGAACGTTTCCGCTGC-3' 62 40 268
5'-CAGACAGAGTATTTGCGCTC-3"

COL1AT 5'~GTCTTCTGCAACATGGAGAC-3’ 62 40 245
5'-CAGTGGTAGGTGATGTTCTG-3’

GAPDH 5’ -GAGTCAACGGATTTGGTCGT-3" 55 30 240

5’ -TTGATTTTGGAGGGATCTC -3’

Inc.)’ The protein expression was detected using an
EnVision+ system (DakoCytomation) and a HISTOFINE
systern {Nichirei, Tokyo, Japan). 3,3'-diaminobenzi-
dine tetrahydrochloride was used as the chromogen.
Semiquantitative analysis of the results was performed
using NIH J image software (National institutes of Health,
Bethesda, MD). The fold difference compared with actin
expression was calculated.

Immunocytochemistry

HMVECs were fixed with 4% paraformaldehyde for 15
minutes, and permeabilized for 3 minutes with 0.1% Tri-
ton X-100. After blocking, the cells were incubated for 1
hour at room temperature with primary antibodies against
CD34 (1:200, Immunotech), S100A4 (1:100, Abcam Inc.),
a-SMA  (DakoCytomation), pro-COL1A1 (1:100, goat
polycional, Santa Cruz Biotechnology, Inc.), and phos-
pho-Smad?2 (pSmad2) (1:100, Ser465/467, rabbit poly-
clonal; Cell Signaling Techneology, Inc., Danvers, MA).
The protein expression was detected using the alkaline
phosphatase-labeled polymer, the HISTOFINE system
(Nichirei). Color development wag performed using the
Vector Red alkaline phosphatase substrate kit (Vector
Laboratories, Burlingame, CA), and nuclei were stained
with 4’6-diamidino-2-phenylindole. The signals were de-
tected under immunofluorescence confocal microscopy.

Liver Specimens

A total of 44 liver specimens were used. Twenty-four
specimens corresponded to IPH. Clinicopathological fea-
tures of |IPH cases were summarized in Table 2. Both liver
biopsy and autopsy materials were included. The IPH
livers of autopsy cases were collected as previously de-
scribed, and all autopsy livers were obtained at an ad-
vanced disease stage corresponding to Stage Ml or
Stage Iv."7 Histology of the liver confirmed the diagnosis
of IPH, and five cases corresponded to incomplete septal
cirrhosis. Complication of systemic sclerosis was ob-
served in three cases.

As controls, liver specimens obtained from patients
with chronic viral hepatitisfliver cirrhosis (CVH/LC) (n =
10), and histologically normal livers (NL) (n = 10) were
used. The causes of CVH/LC were viral infection of hep-
atitis B (n = 2) and hepatitis C (n = 8). NL specimens
were obtained from patients undergoing a partial hepa-
tectomy for the diseases other than hepatobiliary disor-
ders such as metastatic colon cancer, and macroscopi-
cally and microscopically normal areas were used.

Immunohistochemistry

Liver specimens were fixed with neutral formalin, and
4-pm thick paraffin-ernbedded tissue sections were pre-

Table 2. Clinicopathological Features of IPH Cases Used for Histological Analysis
Age Sex Specimen Esophageal Liver Splenic Liver  Systemic
N (years) (maleifemale} (biopsy:autopsy) Splenomegaly varices weight* (g) weight* (g) fibrosis™ sclerosis
24 59+ 20 717 6:18 22(92%) 17(77%) 779+293 378+ 176 5(21%) 3(13%)

*Liver and splenic weight were the value of autopsy cases.
tLiver fibrosis corresponded to incompiete septal cirrhosis.



