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Fig. 2 Clinical course of a 50-
year-old male patient. He was
an asymptomatic carrier of
HBV with hepatitis B envelope
antibody (HBeAb). He was
treated with surgery and
imatinib for gastrointestinal
stromal tumor. After 6 months
of imatinib treatment, he had
severe exacerbation of chronic
hepatitis B and was transferred .
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In our previous studies, none of the patients with
delayed CS of more than 10 days after the diagnosis of
severe disease recovered, with/without antiviral drugs
including NA being implemented. This might have been
because large numbers of hepatocytes were likely already
destroyed and inhibition of the inflammatory reaction
might not have been effective when the start of the treat-
ment was delayed beyond 10 days. In the present study,
one patient (patient 10 in Table 1) with a high T-Bil level
of more than 30 mg/dl and prolonged PT activity recovered
with ETV and delayed CS introduced 16 days after diag-
nosis (Fig. 2). It was not clear why this patient recovered
regardless of such advanced disease, and a greater number
of such patients should be studied.

Two patients (patients 4 and 6) died even with early
CS and NA. The timing of diagnosing severe disease
was delayed in these patients, although CS and NA were
started within 10 days after this diagnosis. This empha-
sizes the necessity for even earlier diagnosis of severe
disease.

Recently, Matsumoto et al. [25] reported 2 patients with
severe exacerbation of chronic hepatitis B with coagulop-
athy who were treated with a combination of ETV and
early-phase CS, based on our previous report. Although
one patient met our criteria and the other did not, without
jaundice, and the durations from clinical onset to the
administration of the combination therapy were not
described, both patients recovered successfully. This case

report supports our previous studies [14, 15]. Matsumoto
et al. [25] stopped CS after HBV DNA became undetect-
able, and as a result, the periods of immunosuppression
were sufficient, at 10 and 12 weeks, respectively. We
suppose that the periods could be shortened as described
above in order to avoid infectious complications. HBV
DNA levels decreased in both patients during the clinical
course in spite of using CS, which was in accordance with
our present and previous studies.

In summary, our study indicates that more than a few
weeks of CS treatment in combination with an NA is
required in the early stage of severe acute exacerbation of
chronic hepatitis B, whereas a short period of conventional
pulse therapy would be insufficient for this condition.
However, the number of patients in our study was small
and further studies are necessary.
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Abstract

Background Long-term hemodynamic effects and clini-
cal outcomes after balloon-occluded retrograde transve-
nous obliteration (B-RTO) remain unclear. The purpose of
this study was to evaluate long-term clinical results and
effects on portal hemodynamics after B-RTO for the
treatment of gastric varices with spontaneous gastrorenal
shunt.

Methods A total of 21 patients with cirrhosis and gastric
varices treated by B-RTO were evaluated. The cumulative
survival rate was calculated, portal blood flow was mea-
sured by Doppler ultrasonography, and liver function was
estimated on the basis of Child-Pugh classification before
and 1 year after B-RTO.

Results  Gastric varices disappeared or decreased markedly
in size in all patients. Overall cumulative survival rates at 1,3
and 5 years were 90.48, 71.11 and 53.71%, respectively.
Portal blood flow increased significantly from 681.9 +
294.9 to 837.0 &+ 279.1 ml/min (P = 0.0125) after B-RTO.
Child-Pugh score was not significantly changed (P = 0.755)
after obliteration, but serum albumin was elevated signifi-
cantly from 3.49 + 0.49 to 3.75 % 0.53 g/dl (P = 0.0459).
The ascites score was significantly increased (P = 0.0455)
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after B-RTO, but all cases of ascites could be controlled with
medication.

Conclusions Balloon-occluded retrograde transvenous
obliteration is a safe and effective treatment for gastric
varices with gastrorenal shunt. Portal blood flow and serum
albumin parameters are increased, and liver function is
unchanged after B-RTO.

Keywords Balloon-occluded retrograde transvenous
obliteration (B-RTO) - Portal hemodynamics -
Doppler ultrasonography

Introduction

The prevalence of gastric varices in patients with portal
hypertension is approximately 30%, lower than that of
esophageal varices [1-3]. The bleeding frequency of gas-
tric varices is also lower than that of esophageal varices
[4-7], but represents a severe complication in patients with
cirrhosis [1, 2]. Gastric varices are frequently supplied by
the short and posterior gastric veins, and are almost always
associated with a large gastrorenal shunt [3]. Since blood
flow in these collateral veins is fast and abundant, the
mortality rate is very high once bleeding starts, and out-
comes are worse than those for esophageal varices [1].
Balloon-occluded retrograde transvenous obliteration
(B-RTO) is a safe, effective method for embolizing gastric
varices through the gastrorenal shunt that is commonly
used in Japan [8-10]. This technique has not been widely
adopted in other countries. Changes in portal hemody-
namics are achieved because the portosystemic shunt is
embolized. Some reports indicate that B-RTO increases
portal blood flow, but those results were short term, within
4 weeks after B-RTO [9, 11-14]. The present study
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evaluated long-term clinical results and portal hemody-
namics after B-RTO, measuring blood flow in the portal
vein by Doppler ultrasonography.

Methods

We retrospectively evaluated the medical records of all
patients who underwent B-RTO for the treatment of gastric
varices at our hospital between November 1998 and March
2009. The aim of this study was to assess long-term out-
comes following B-RTO, including survival rate and portal
hemodynamics.

Patients

The B-RTO procedure was performed at our hospital for 21
patients (16 men, 5 women) displaying cirrhosis with
gastric varices and gastrorenal shunt between November
1998 and March 2009. Contrast-enhanced CT before
B-RTO showed the presence of gastrorenal shunt in all
patients. In 20 patients, the B-RTO procedure was imme-
diately technically successful. In the remaining patient, the
first B-RTO procedure was unsuccessful, but a repeat
procedure proved successful. Gastric varices were entirely
thrombosed in all patients, as shown by contrast-enhanced
CT after B-RTO.

Patient characteristics are summarized in Table 1. Mean
patient age was 60.2 & 9.0 years (range 42-74 years).
Median duration of follow-up was 1461 days (1740 £+
1161 days; range 196-3787 days). The cause of liver cir-
rhosis was hepatitis B (n = 2), hepatitis C (n = 11) or
chronic alcohol ingestion (n = 8). Child-Pugh classifica-
tion was A in 11 patients and B in 10 patients. The mean
Child-Pugh score was 6.38 & 1.24. All patients showed
gastric varices with acute bleeding or danger of rupture.
The danger of rupture of the varices was determined if it
was markedly increased in size endoscopically. The form
of varices was endoscopically evaluated according to the
general rules proposed by the Japanese Research Society
for Portal Hypertension [15]. The form of varices was
classified as small straight (F1), enlarged tortuous (F2) or
large coil-shaped (F3). Gastric varices were considered as
F2 in 7 patients and F3 in the remaining 14 patients, with
no F1 cases. Gastric varices were located in the fundus in
all patients. Nine patients had a history of previous epi-
sodes of gastric variceal bleeding (urgent cases, n = 9);
among them, two patients had spurting bleeding and were
treated by endoscopic hemostasis, such as injection scle-
rotherapy, and seven patients had only adhesion clots and
had already stopped bleeding at endoscopy, while the
remaining 12 patients had no such history. Endoscopic
follow-up of the 12 patients revealed varices that were

Table 1 Patient characteristics

Sex

Male 16

Female 5
Age (years)

Median 63

Range 42-74
Follow-up (days)

Median 1461

Range 196-3787
Etiology

HBYV infection 2

HCV infection 11

Alcohol 8
Child-Pugh class

A 11

B 10
Form of GV

F2 7

F3 14
Bleeding

Urgent cases 9

Elective cases 12
HCC

Concomitant® 10

Not concomitant 11

GV gastric varices, F2 enlarged tortuous varices, F3 large coil-shaped
varices, HCC hepatocellular carcinoma

* Concomitant or past history of HCC before B-RTO

markedly increased in size and in danger of rupture
(elective cases, n = 12). Ten patients had concomitant or
past history of hepatocellular carcinoma (HCC), but no
patient underwent a treatment for HCC within 1 year after
B-RTO.

B-RTO procedure

All patients were in stable condition. After we confirmed
gastric varices with gastrorenal shunt by endoscopy, com-
puted tomography and ultrasound, we performed B-RTO.
A 6-F balloon catheter (Selecon MP catheter; Clinical
Supply, Gifu, Japan) was inserted into the gastrorenal shunt
via the right jugular vein. Through the balloon catheter,
retrograde venography was performed under balloon
inflation to confirm the demonstration of both gastric var-
ices and the inflow routes. Additional specialized tech-
niques to treat minor collaterals were utilized for collateral
draining veins, such as inferior phrenic veins visualized by
retrograde venography, and microcoil embolization was
performed to prevent leakage of the sclerosing agent into
the systemic circulation [2, 14].
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When the gastric varices were visualized and retention
of contrast medium in the gastric varices was identified, the
sclerosing agent was slowly injected into the gastric varices
from the balloon catheter until feeding veins from the
portal or splenic veins began to be visualized. After infu-
sion of the sclerosing agent, the balloon was kept inflated
overnight, and the catheter was removed the next morning.
The sclerosing agent comprised 5% ethanolamine oleate
with iopamidol (EOI) prepared by mixing equal volumes of
10% ethanolamine oleate and iopamidol. To prevent renal
dysfunction caused by EOI-induced hemolysis, an intra-
venous infusion of 4000 U of haptoglobin was adminis-
tered [2].

Doppler ultrasonography

Portal blood flow was measured before and about 1 year
after B-RTO by Doppler sonography (APLIO SSA 770;
Toshiba, Tokyo, Japan), using a 3.0- to 6.0-MHz convex
probe equipped for color and pulsed-wave Doppler (range
1.8-3.0 MHz). Doppler measurements were obtained by an
expert operator. Doppler sample volume, with a width of
approximately half the lumen, was placed in the middle of
the vessel. Aliasing was avoided by using the best pulse
repetition frequency in relation to velocity in the vessel.
The angle of incidence of the Doppler beam to all vessels
was kept within 60° to minimize intrinsic errors. All
measurements were taken after overnight fasting, with the
patient at rest and during a breath-hold in a supine position.
As two patients died within 1 year after B-RTO, they did
not undergo Doppler ultrasonography 1 year after B-RTO.

Follow-up evaluation

Follow-up evaluation included survival rate, liver function
and portal blood flow as measured by Doppler ultraso-
nography. Survival in the follow-up period was measured
in days from the date of B-RTO until the date of death for
all patients. Liver function reserve was estimated on the
basis of the Child-Pugh classification. According to the
Child-Pugh classification, ascites were scored from 1 to 3
as: 1, no ascites; 2, slight ascites or ascites suppressed by
medication; 3, moderate or refractory ascites. Follow-up
examinations, including gastrointestinal endoscopy, CT
and serum examination, were conducted 1, 3 and 6 months
after B-RTO, then every 3 months. We compared data
from 19 patients before and 1 year after B-RTO, as two
patients died within 1 year after B-RTO.

Statistical analysis

All values are expressed as mean =+ standard deviation,
median or percentage. The Kaplan-Meier method was used

@ Springer

to calculate rates of survival for all patients. Distribution of
survival was analyzed in relation to various factors (age,
sex, cause of liver cirrhosis, presence of previous episodes
of gastric varices, presence of HCC and Child-Pugh clas-
sification). Univariate analyses (log-rank tests) were used
to determine differences in these distributions. Data before
and after B-RTO were compared using the Wilcoxon
signed-ranks test or the paired 7 test. The relationship
between the annual rate of change in portal blood flow and
liver function reserve was analyzed using Student’s ¢ test.
Differences were considered significant for values of
P < 0.05 for all tests. SPSS statistical software (SPSS,
Chicago, IL) was used for all statistical analyses.

Results

In 20 patients, the B-RTO procedure was immediately
technically successful. In the remaining patient, the first
B-RTO procedure was unsuccessful, but a repeat procedure
proved successful. Occlusion of minor collateral vessels
was necessary for three patients, and microcoil emboliza-
tion was performed. No complications were encountered
with B-RTO procedures. Gastric varices disappeared or
markedly decreased in size in all patients by final follow-
up. No recurrence of gastric varices was found.

A total of 11 patients (52.4%) died during follow-up.
Median time to death was 777 days (1015 + 698 days;
range 196-2092 days). One patient died from colorectal
cancer, and the other causes of death were HCC or hepatic
failure. Two patients died within 1 year after B-RTO, with
one patient dying from HCC and hepatic failure 7 months
after B-RTO and the other dying from hepatic failure
6 months after B-RTO. Overall cumulative survival rates at
1, 3 and 5 years were 90.48, 71.11 and 53.71%, respec-
tively (Fig. 1). Univariate analysis failed to identify any
significant prognostic factors related to survival in this
study (Table 2).

Flow in the portal trunk increased significantly from
681.9 £ 294.9 ml/min before the procedure to 837.0 £
279.1 ml/min after 1 year (n = 19, P = 0.0125) (Fig. 2).
The annual rate of change in portal blood flow was a
13.4 £ 22.8% increase in Child-Pugh classification A and
36.4 + 42.7% increase in Child-Pugh classification B, but
the difference was not significant (P = 0.1960).

Child-Pugh score did not change significantly from
6.32 + 1.29 before to 6.16 £ 1.17 (n = 19, P = 0.755) at
1 year after B-RTO (Fig. 3). Total bilirubin did not change
significantly from 1.6 & 1.4 mg/dl before to 1.5 =%
1.1 mg/dl (n = 19, P = 0.3089) at 1 year after B-RTO,
and prothrombin time percentage activity did not change
significantly from 74.8 £+ 11.6% before to 76.7 £ 8.8%
(n =19, P = 0.4716) at 1 year after B-RTO. The ascites
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Cumulative survival after B-RTO

0.0

0 1000 2000 3000 4000
Time after B-RTO (day)

Fig. 1 Cumulative survival rate after B-RTO. Two patients died
within 1 year after B-RTO, and overall cumulative survival rates at 1,
3 and 5 years were 90.48, 71.11 and 53.71%, respectively

Table 2 Univariate analysis of prognostic factors affecting overall
survival after B-RTO

Variable Univariate
analysis
P
Age >60 years 0.294
Male 0.3472
Hepatitis viral infection 0.3498
Previous episode of GV bleeding 0.4511
Concomitant HCC* 0.1216
Child-Pugh B and C 0.1033

The log-rank test was used for univariate analysis

B-RTO balloon-occluded retrograde transvenous obliteration, GV
gastric varices, HCC hepatocellular carcinoma

# Concomitant or past history of HCC before B-RTO

ml/min
1600

1400 B
1200 r
1000 -
800 -

600

400 1

200 -

before B-RTO one year after B-RTO

Fig. 2 Change in portal blood flow. Flow in the portal trunk was
significantly increased from 681.9 & 294.9 to 837.0 & 279.1 ml/min
at 1 year after B-RTO (n = 19, P = 0.0125)

before B-RTO one year after B-RTO

Fig. 3 Change in Child-Pugh score. No significant change in Child-
Pugh (n = 19, P = 0.755) was seen 1 year after B-RTO

o/dl
5-.

4.5 4

4

25-

before B-RTO one year after B-RTO

Fig. 4 Change in serum albumin level. Serum albumin was signif-
icantly elevated from 3.49 £ 0.49 g/dl before B-RTO to 3.75 £+
0.53 g/dl at 1 year after B-RTO (n = 19, P = 0.0459)

score increased significantly from 1.16 &+ 0.38 at baseline
to 1.37 £ 050 (n =19, P =0.0455) at 1 year after
B-RTO. However, all cases of ascites were suppressed by
medication. Serum albumin was significantly elevated from
3.49 + 0.49 g/dl before B-RTO to 3.75 &+ 0.53 g/dl at
1 year after B-RTO (n = 19, P = 0.0459) (Fig. 4).

No patients showed recurrence of gastric varices.
Worsening of esophageal varices was identified in nine
patients at 1 year. While no bleeding of esophageal varices
was identified, two patients needed endoscopic injection
sclerotherapy for enlarged tortuous varices with red color
sign after B-RTO.

Discussion

Ruptured esophagogastric varices represent a life-threat-
ening complication in patients with portal hypertension.
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The bleeding frequency of gastric varices is lower than that
of esophageal varices. However, bleeding from gastric
varices is more serious than that from esophageal varices,
with mortality rates of 45-55% [4, 7, 16, 17]. Kim et al.
[18] reported cumulative bleeding rates from gastric vari-
ces at 1, 3 and 5 years of 16, 36 and 44%, respectively.
Treatment for gastric varices in danger of bleeding is thus
clinically important, but adequate therapeutic options have
yet to be established. B-RTO was recently reported to be an
effective new method [8-10]. Gastric varices thrombosed
by B-RTO usually show marked shrinking and complete
resolution, with recurrence rates of only 0-10% [2, 6, 8, 9,
11, 19, 20]. This represents an excellent outcome. Our
results are consistent with those reports.

For acute bleeding, B-RTO can be performed after any
hemostatic procedure, which is the main limitation of
B-RTO. Some reports described that outcome of B-RTO
was comparable between urgent cases and elective cases
[21] and that a previous episode of bleeding was not a
significant prognostic factor [9, 10, 21]. It is difficult to
treat huge gastric fundal varices by endoscopic injection
sclerotherapy without balloon occlusion of the gastrorenal
shunt [22, 23]. All the urgent cases, including two patients
who underwent endoscopic injection sclerotherapy, were in
stable condition at the time of treatment and encountered
no complications in this study. Because it is desirable to
perform B-RTO after endoscopic hemostatic procedures
with bleeding gastric varices with gastrorenal shunts, these
patients should be referred to an institution in which
B-RTO can be performed immediately after such transient
endoscopic hemostatic procedures [21].

To establish a standard treatment for gastric varices,
detailed evaluation of long-term results after B-RTO is
necessary. Our study showed long-term results after
B-RTO in terms of hemodynamics and liver function.

Some hemodynamic reports have shown increased por-
tal blood flow after B-RTO, but these were short-term
results within 4 weeks after B-RTO [9, 11-14]. The present
findings showed increased portal blood flow 1 year after
B-RTO.

In terms of survival, several reports have shown 5-year
survival rates of 54-67% [9, 10, 19, 21]. Our results are
consistent with those reports. Kim et al. [18] reported that
most deaths occurred within 1 year after bleeding of gastric
varices and that cumulative survival at 1 year was 48%. In
this study, two patients died within 1 year of B-RTO with
one of the patients dying from advanced HCC with portal
vein tumor thrombosis and the other patient dying from
hepatic failure with liver cirrhosis. Although serum albu-
min levels for both patients were low before their deaths,
the levels were 3.3 and 2.5 g/dl, respectively, before
B-RTO and 3.6 and 2.4 g/dl, respectively, 1 month after
B-RTO. The Child-Pugh scores for the two patients were 7
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and 8, respectively, before B-RTO and 7 and 9, respec-
tively, 1 month after B-RTO. Accordingly, we do not
believe that B-RTO contributed to a worsening of their
liver functions. Although the benefit of B-RTO remains
unclear in Child-Pugh class C patients [21], B-RTO can be
used on patients with a poor liver function reserve or
advanced HCC for emergency treatment to control bleed-
ing from gastric varices that are among the most difficult
variceal sites for treatment [9]. We think that the value of
B-RTO in survival is to reduce death due to bleeding of
gastric varices. Some reports have described the presence
or absence of concomitant HCC and Child-Pugh classifi-
cation as prognostic factors related to survival [9, 10].
However, the present study was unable to show any factors
significantly associated with survival. More cases need to
be accumulated.

In this study, serum albumin was significantly increased
1 year after B-RTO. Some reports have indicated that
B-RTO increases portal blood flow to the liver parenchyma
and contributes to improved liver function [9, 11-14].
Accumulation of more cases might reveal correlations
between serum albumin parameters and portal blood flow
changes in the portal trunk.

Growth of collateral veins represents one problem after
B-RTO. Several reports have identified worsening of
esophageal varices in 10—63% of cases [2, 6, 9, 19, 20, 24].
The worsening rate of esophageal varices in the present
study was 43% at 1 year after B-RTO.

Two patients required endoscopic injection sclerother-
apy within 1 year after B-RTO, as the form of esophageal
varices changed from small straight to enlarged tortuous
with red color sign. Esophageal varices tended to worsen
about five times more frequently in patients with esopha-
geal varices before B-RTO than in those without them [13].
Endoscopic examination appears extremely important for
identifying worsening of esophageal varices after B-RTO
[25].

B-RTO can be expected to elevate the portal pressure
gradient because of obstruction of a large gastrorenal shunt.
Ascites thus represents another problem, along with growth
of collateral veins because of the elevated portal pressure
gradient after B-RTO. The ascites score was significantly
increased after B-RTO in this study, but this did not rep-
resent a serious problem, and control was easily achieved
with pharmacotherapy. We propose that ascites should be
dealt with after B-RTO. Although there was no significant
change in the Child-Pugh scores reported in this study,
some reports have indicated an improvement in Child-Pugh
scores after B-RTO [9, 10]. An increase in portal blood
flow from obliteration of large portosystemic shunts might
contribute to an improvement in liver function [21].
Changes in Child-Pugh scores after B-RTO in this study
seemed to depend on an increase in portal blood flow as
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well as complications from the underlying chronic liver
diseases such as ascites and advanced HCC.

In conclusion, we believe that B-RTO offers an effective

method for treating gastric varices with gastrorenal shunt,
although observation of esophageal varices and ascites may
be necessary after obliteration.
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Abstract

Background/aims: Microbubble behaviour from the portal vein to the liver
parenchyma may reflect haemodynamic changes because of hepatic fibrosis.
The aim of this study was to determine the efficacy of contrast-enhanced
ultrasound (US) with Sonazoid™ for the assessment of the grade of hepatic
fibrosis. Methods: This prospective study evaluated 117 patients with chronic
liver disease (chronic hepatitis 85; cirrhosis 32) and 34 controls. All subjects
received both contrast-enhanced US with Sonazoid™ for 1 min after the agent
injection and subsequent liver biopsy. Flow velocity and flow volume in the
right portal vein, onset time of contrast enhancement in the right hepatic
artery and right portal vein, maximum intensity ratio between the intra-
hepatic portal vein and liver parenchyma, and time interval between the onset
time and the time of maximum intensity ratio were compared with the
pathological findings. Results: Among the evaluated parameters, time interval
between the onset time and the time of maximum intensity ratio showed the
closest relationship with the grade of hepatic fibrosis: 4.21 4 1.32 for controls
(n=34),5.58 & 1.39 for F1 (n=31), 6.79 & 1.77 for F2 (n=28), 8.85 4 1.97 for F3
(n=26) and 14.3 + 3.49 for cirrhosis (n=32); controls vs. F2, P=0.0004; F1 vs.
F3, P < 0.0001; F2 vs. F3, P=0.0177; F3 vs. cirrhosis, P < 0.0001. The areas under
the receiver operating characteristic curves of the time interval were 0.94, 0.96 and
0.98 for the diagnosis of marked fibrosis (>F2), advanced fibrosis (>F3) and

cirrhosis respectively. Conclusions: Contrast-enhanced US with Sonazoi

d™ may

be a promising method for the indirect evaluation of hepatic fibrosis.

Chronic liver disease is increasing in prevalence world-
wide and is one of the most important clinical problems
because it is a high-risk factor for the development of
portal hypertension and hepatocellular carcinoma (1-3).
The severity of chronic liver disease depends on the grade
of hepatic fibrosis, whose assessment supports the clin-
ical management of these patients (4, 5). Liver biopsy
remains the gold standard for the evaluation of the grade
of hepatic fibrosis, in spite of its invasiveness in patients
with impaired coagulation (6, 7) and the possibility of
sampling error because of the heterogeneous distribution
of fibrosis (8). Because patients with chronic liver disease
require long-term follow-up, a repeatedly available non-
invasive method is preferable for the assessment of
hepatic fibrosis (9-12).

Thanks to its noninvasiveness and convenience, ultra-
sound (US) is one of the procedures applied most
frequently for the periodic evaluation of diffuse liver
disease. However, as the diagnostic accuracy of US for
cirrhosis is not high, it is not regarded as a reliable
method for the evaluation of the grade of hepatic fibrosis
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(11, 12). In recent times, the development of microbub-
ble contrast agents has increased the diagnostic capability
of US, and harmonic imaging with second-generation
contrast agents confers a stable enhancement effect in the
liver with improved signal-to-noise ratio (13-17). Ana-
lysis of the dynamic behaviour of microbubbles may
enable a noninvasive evaluation of the severity of chronic
liver disease (18-21).

Hepatic fibrosis in the downstream area may affect the
inflow haemodynamics of the upstream portal vein, and
the behaviour of microbubbles between the portal vein and
liver parenchyma may reflect the vascular resistance,
according to the grade of hepatic fibrosis. On this basis,
we measured the changes of intensity ratio between the
intrahepatic portal vein and liver }lgarenchyma during
contrast enhancement with Sonazoid™ (13, 15, 17) and
compared the results with the histological grade of fibrosis
in patients with chronic hepatitis or cirrhosis, and control
subjects. The aim of this study was to determine the
efficacy of contrast-enhanced US with Sonazoid™ for the
assessment of the grade of hepatic fibrosis.
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Patients and methods
Patients

This prospective study was carried out in our department
from December 2007 to December 2009. The inclusion
criteria for patients were as follows: (i) chronic liver
disease patients without history or clinical signs of liver
tumour, (ii) patients for whom liver biopsy was sched-
uled. Healthy volunteers without signs of liver disease
were evaluated as controls. The exclusion criteria for all
the participants included the presence of liver tumours,
portal vein thrombus or vascular abnormalities such as
reversed flow, arterio-portal communication or obstruc-
tion, use of vasoactive drugs, significant alcohol con-
sumption (> 20 g/day) within 2 months, pregnancy and
the presence of egg allergy, which is a contraindication of
Sonazoid™ (GE Healthcare, Oslo, Norway).

There were 161 participants: 127 patients with chronic
liver disease (54 males, age 50.2 £ 13.7 years, 26-78; 73
females, age 56.2 4 11.2 years, 23-76) and 34 controls
(17 males, age 48.2 = 16.9 years, 26-82; 17 females, age
53.5 4 17.5 years, 25-85). The 127 patients underwent
liver biopsy; however, the specimens were inadequate for
fibrosis staging in 7 (5.5%) of them. US examination
before contrast-enhanced US detected focal hepatic le-
sions in two patients and a portal vein thrombus in one
patient. Therefore, 10 patients were excluded and the
remaining 151 subjects were the participants in this
study. There were 85 patients with chronic hepatitis
(34 males, age 49.4 & 15.2 years, 26-78; 51 females, age
55.9 4 10.8 years, 23-73) and 32 patients with cirrhosis
(12 males, age 55.5+ 12.7 years, 37-75; 20 females, age
64.9 1= 8.04 years, 46-76). The mean body mass index of all
subjects was 22.9 =+ 3.78 kg/m* (16-37). Seventeen patients
with cirrhosis were classified as Child~Pugh grade A and 15
were classified as grade B. The causes of chronic liver
disease were as follows: viral in 90 patients (hepatitis C
virus in 74 and hepatitis B virus in 16), alcohol abuse in six
patients, nonalcoholic steatohepatitis in nine patients,
autoimmune hepatitis in eight patients, primary sclerosing
cholangitis in one patient and cryptogenic in three pa-
tients. Laboratory tests, including aspartate transaminase

Table 1. Clinical and biochemical data of subjects

Ishibashi et al.

(AST, IU/L), alanine transaminase (ALT, IU/L) and platelet
count (10°/L), were carried out on all subjects to calculate
the APRI (AST/35 x 100/platelet count) and FIB4
[age X AST/(platelet count x ALT*?)] as indirect markers
of fibrosis (Table 1) (22).

The study protocol was in accordance with the Declara-
tion of Helsinki and was approved by the ethics committee
of our department. Informed written consent was obtained
from all participants.

Ultrasound examination

The equipment was AplioXG (Toshiba, Tokyo, Japan) with a
3.75MHz convex probe. US examinations were performed
under the supine position with more than 4-h fasting.

Firstly, noncontrast grey-scale US was carried out to
screen for focal hepatic lesions or portal vein thrombi.
Then, colour Doppler US was performed to determine
the presence or absence of vascular abnormalities. Next, a
scan plane for the right lobe of the liver was selected to
observe the main branch of the intrahepatic right portal
vein and the right hepatic artery. Pulsed Doppler US was
performed to measure the mean flow velocity and mean
flow volume of the right portal vein. Sampling width was
set according to the diameter of the vessel, and the angle
between the US beam and the vessel was equal to or
< 60° in all measurement procedures.

After that, contrast-enhanced US was performed with
harmonic imaging (15Hz) under the low mechanical
index of 0.25, which has been used for Sonazoid™ in a
published study (17). The depth was set to cover the entire
right lobe of the liver, with a focus point 8 cm below the
skin surface under right intercostal scan. Gain was adjusted
at an optimal level and the dynamic range was set at 55 dB.

We injected the contrast agent Sonazoid™ (0.0075
ml/kg) manually into the antecubital vein at a rate of
1.0 ml/s, followed by a 3.0ml flush of normal saline, and
immediately started the chronometer of US equipment. The
participants were asked to breathe shallowly and gently after
the injection. Contrast-enhanced sonograms were taken for
1 min after the agent injection and all the cine images were
recorded digitally on the hard disc of the US system.

Controls, n=34 Chronic hepatitis, n=85  Cirrhosis, n=32 P
Age, years 50.9 4 17.1(25-85) 53.34+13.1(23-78) 61.4+410.9(37-76) 0.01
Gender, male/female 17/17 34/51 12/20 0.56
Body mass index, kg/m2 21.7+2.78(18-27) 23.24+3.87(16-34) 24.1+4.45(16-37) 0.04
HCV/HBV/alcohol/NASH/AIH/PSC/cryptogenic - 60/15/0/5/5/0/0 14/1/6/4/3/1/3
Presence of ascites 6

Platelet count, 10%/L 245+49.5 (163-340) 1884+ 51.7 (97.0-335) 117 £91.0 (44.0-430) < 0.01
APRI 0.23+£0.08(0.11-0.52) 1.03£1.00(0.20-5.70) 1.76+1.02(0.33-5.07) < 0.01
FiB4 1.02£0.56(0.30-2.57) 2.22+1.53(0.39-7.90) 6.40+3.32(1.04-13.2) < 0.01
Histological staging, FO/F1/F2/F3/cirrhosis - 0/31/28/26/0 0/0/0/0/32

Child-Pugh grade, A/B/C - - 17/15/0

AlH, autoimmune hepatitis; ALT (IUA), alanine transaminase; APRI, (AST/35) x 100/platelet count; AST (IU/L), aspartate transaminase; FIB4, age x AST/
(platelet count/ALT®S); HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; PSC, primary sclerosing cholangitis.
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The US operators were HI in all 151 subjects and MT
in 17 subjects of them, both with a 7-year experience of
US examination. Inter-observer variability was examined
in 17 subjects (controls five, chronic hepatitis three,
cirrhosis nine), with the second US examination being
performed within 7 days (3.6 £2.3) of the initial exam-
ination. Intra-observer variability by operator HI was
examined in 10 subjects (controls two, chronic hepatitis
four, cirrhosis four), with the second US examination
being performed within 6 days (2.6 £1.9) of the initial
examination. The results of the second US examination
were used only to measure inter- or intra-observer
variability. Clinical symptoms and vital signs of blood
pressure, heart rate and oxygen saturation were checked
before and after US examinations.

Liver biopsy and pathological examination

One hundred and seventeen patients (chronic hepatitis
85, cirrhosis 32) received liver biopsy within a week of the
contrast-enhanced US examination. Biopsy specimens
were obtained by percutaneous needle biopsy (16 G
needle; BARD, Tempe, AZ, USA) in 111 patients without
ascites and transjugular liver biopsy (18 G needle; Cook,
Bloomington, IN, USA) in six patients with ascites.
Paraffin-embedded specimens were stained with haema-
toxylin—eosin and Azan. Two experienced hepatologists
(E 1., K. E) evaluated the fibrosis stage according to the
staging scoring system recommended by Desmet et al. (4)
and Scheuer (7).

Data analysis

Contrast analysis was performed using an off-line perso-
nal computer with MaGELAB-avI software (Toshiba, To-
kyo, Japan) by H. M., who was not an operator of US and
was not aware of any information regarding the subjects.
Firstly, we observed the cine images with frame-by-frame
playback to find the first frame showing the arrival of the
contrast agent in the right hepatic artery or right portal
vein. The time between the agent injection and the
first frame of contrast arrival in each vessel was defined
as the onset time of contrast enhancement, which may
reflect the extrahepatic haemodynamics of microbubbles
(Fig. 1). Then, we prepared two circular regions of
interest in the liver at the same depth: one for the right
portal vein and the other for liver parenchyma. These two
regions of interest, which were of an equal diameter, were
set manually on the series of successive images for 1 min
with frame-by-frame advance for analysis after the exclu-
sion of inappropriate, blurred images (Fig. 2). Automatic
calculation of the intensity ratio between the right portal
vein and liver parenchyma in each frame provided a
time-related intensity ratio curve featuring the intrahe-
patic haemodynamics of the microbubbles. The max-
imum intensity ratio between the right portal vein and
liver parenchyma, and time interval from the onset of

Liver International (2010)
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Fig. 1. Contrast-enhanced ultrasound images under right
intercostal scan. (a) Onset time of contrast enhancement in the right
hepatic artery: onset time of contrast enhancement was 14 s after
the injection of Sonazoid™ in the right hepatic artery (arrow).

(b) Onset time of contrast enhancement in the right portal vein:
onset time of contrast enhancement was 16 s after the injection

of Sonazoid™ in the right portal vein (arrowhead).

contrast enhancement in the right portal vein to the time
of the maximum intensity ratio between the right portal
vein and liver parenchyma were measured on this curve
(Fig. 3). Inter- and intra-observer variability of measured
parameters was calculated from the coefficient of varia-
tion obtained by standard deviation/mean x 100.

Statistical analysis

All data were expressed as mean + standard deviation,
range or percentage. Comparison of age, body mass
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Fig. 2. Measurement of the intensity in the right portal vein and
liver parenchyma. Two circular regions of interest were set on the
right portal vein and adjacent liver parenchyma at the same depth.

index, platelet count, APRI, FIB4, mean flow velocity and
mean flow volume in the right portal vein, onset time of
contrast enhancement in the right hepatic artery and
right portal vein, the maximum intensity ratio between
the right portal vein and liver parenchyma, and the time
interval from the onset of contrast enhancement in the
right portal vein to the time of the maximum intensity
ratio, with the grade of fibrosis was performed by
analysis of variance using the Scheffe post hoc test. The
x’-test was used to compare the gender in three groups
(controls, chronic hepatitis and cirrhosis). Areas under
the receiver operating characteristic curves (AUC) with
95% confidence interval were calculated for the predic-
tion of marked fibrosis (>F2), advanced fibrosis ( >F3)
and cirrhosis in the time interval from the onset of
contrast enhancement in the right portal vein to the time
of the maximum intensity ratio, FIB4 and APRI. Sensi-
tivity, specificity, positive predictive value, negative pre-
dictive value and diagnostic accuracy were calculated for
the best cut-off values obtained for each fibrosis stage.
Probability values < 0.05 were considered to be signifi-
cant. All statistical analyses were performed using the spss
package (version 17.0J; SPSS, Chicago, IL, USA). AUC
were obtained using ROCKIT1.1B2 (23).

Results
Results of liver biopsy

The mean length of the liver biopsy specimens was
21.6 £ 3.51 (15-25) mm, and the number of portal tracts
was 13.544.61 (11-30). The fibrosis stages by the
consensus reading of results were FO in 0 (0%), F1 in 31
(26.5%), F2 in 28 (23.9%), F3 in 26 (22.2%) and
cirrhosis in 32 (27.4%) (Table 1).
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Blood flow measurement in the right portal vein

The mean flow velocity (cm/s) of the right portal vein was
11.4 4 2.04 (7.90-19.3) in controls, 10.4 & 1,94 (5.90-15.1)
in chronic hepatitis and 8.96 + 1.84 (5.50—13.3) in cirrho-
sis. The mean flow volume (ml/min) of the right portal
vein was 342+ 101 (160-820) in controls, 318+ 114
(100-760) in chronic hepatitis and 295 £ 136 (90.0-710)
in cirrhosis. There were significant differences in mean flow
velocity (controls vs. chronic hepatitis, P = 0.0259; controls
vs. cirrhosis, P < 0.0001; and chronic hepatitis vs. cirrho-
sis, P=0.0113), showing no significant differences among
F1, F2 and F3. There were no significant differences in
mean flow volume among controls, chronic hepatitis and
cirrhosis (P=0.3134). Interobserver variability was 10%
for mean flow velocity and 15% for mean flow volume,
and intra-observer variability was 8.7% for mean flow
velocity and 14% for mean flow volume.

Relationship between the parameters of contrast
enhancement and the degree of hepatic fibrosis

The onset time of contrast enhancement in the right
hepatic artery was 14.3+2.22s (11-21) in controls,
15.0£3.22s (9-24) in chronic hepatitis and 14.1 +3.15s
(6-23) in cirrhosis and that in the right portal vein was
16.9 4 2.44s (13-22) in controls, 18.4+3.96s (12-29) in
chronic hepatitis and 18.3+3.39s (8-26) in cirrhosis.
There were no significant differences in the onset time of
contrast enhancement in the right hepatic artery and right
portal vein among the three groups (Fig. 4). The maximum
intensity ratio between the right portal vein and liver
parenchyma was 22.2+4+5.84dB (12-34) in controls,
19.2+4.66 dB (13-32) in F1, 17.8 +3.73dB (6-24) in F2,
16.1+£5.27dB (8-30) in F3 and 13.8 +-5.34dB (3-21) in
cirrhosis (controls vs. F2, P=0.0219; controls vs. F3,
P =0.0005; controls vs. cirrhosis, P < 0.0001; F1 vs. cir-
rthosis, P=0.0023) (Fig. 5). The time interval from the
onset of contrast enhancement in the right portal vein to
the time of the maximum intensity ratio was 4.21 4 1.32's
(1-7) for controls, 5.58 + 1.39 s (2-10) for F1, 6.79 + 1.77 s
(4-13) for F2, 8.85+ 1.97 s (6-14) for F3 and 14.3 +-3.49s
(9-21) for cirrhosis, and significant differences were found
between controls and F2 (P=0.0004), F1 and F3
(P < 0.0001), F2 and F3 (P=0.0177), and F3 and cirrhosis
(P < 0.0001) (Fig. 3). Six patients with ascites were
diagnosed with cirrhosis by biopsy specimens obtained
and their time interval from the onset of contrast enhance-
ment in the right portal vein to the time of the maximum
intensity ratio was 12.2 +2.40s (10-14). Inter-/intra-ob-
server variability was 6.1%/5.5% for onset time of contrast
enhancement in the right hepatic artery, 7.1%/6.7% for
onset time of contrast enhancement in the right portal
vein, 7.5%/7.2% for the maximum intensity ratio between
the right portal vein and liver parenchyma and 6.0%/5.7%
for the time interval from the onset of contrast enhance-
ment in the right portal vein to the time of the maximum
intensity ratio. No adverse effect was observed during and
after the US examination.
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Fig. 3. Time-related changes in intensity ratio between the right portal vein and liver parenchyma. (a) Control subject (56 years old, female):
the maximum intensity ratio between the right portal vein and liver parenchyma was 22 dB and time interval from the onset of contrast
enhancement in the right portal vein to the time of the maximum intensity ratio was 6 s. (b) Patient with chronic hepatitis (52 years old, female,
hepatitis C virus, F3): the maximum intensity ratio between the right portal vein and liver parenchyma was 13 dB and time interval from the
onset of contrast enhancement in the right portal vein to the time of the maximum intensity ratio was 9. (c) Patient with cirrhosis (56 years,
female, hepatitis C virus): the maximum intensity ratio between the right portal vein and liver parenchyma was 9 dB and time interval from the
onset of contrast enhancement in the right portal vein to the time of the maximum intensity ratio was 12 's. Arrow, maximum intensity ratio
between the right portal vein and liver parenchyma.

*Time interval from the onset of contrast enhancement in the right portal vein to the time of the maximum intensity ratio between the right
portal vein and liver parenchyma.

Diagnostic value of time interval from the onset of
contrast enhancement in the right portal vein to the time
of the maximum intensity ratio for the grade of fibrosis

The AUC of the time interval from the onset of contrast
enhancement in the right portal vein to the time of
the maximum intensity ratio were 0.94 (0.89-0.97)
for marked fibrosis with the best cut-off value of 6.5s,
0.96 (0.93-0.98) for advanced fibrosis with the best
cut-off value of 8s and 0.98 (0.95-0.99) for cirrhosis
with the best cut-off value of 9.5s. Six patients with
ascites had a time interval from 10 to 14 s, which ranged
over the best cut-off value. These AUC values were
significantly higher than those of APRI and FIB4: 0.86
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(0.79-0.92) and 0.85 (0.79-0.91) for marked fibrosis,
0.85 (0.78-0.90) and 0.89 (0.82-0.94) for advanced
fibrosis and 0.80 (0.71-0.86) and 0.90 (0.82-0.95)
for cirrhosis respectively (Table 2, Fig. 6). Sensitivity,
specificity, positive predictive value, negative predictive
value and diagnostic accuracy were 84, 88, 84, 88
and 87% for marked fibrosis, 83, 93, 89, 90 and 89%
for advanced fibrosis and 95, 92, 77, 98 and 93% for
cirrhosis respectively.

Discussion

The present study revealed that the maximum intensity
ratio between the right portal vein and liver parenchyma
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Table 2. Value of non-invasive parameters for the diagnosis of
marked fibrosis, advanced fibrosis and cirrhosis: comparison of
AUC among time interval, APRI, and FIB4

Marked Advanced

fibrosis (>F2)  fibrosis (>F3) Cirrhosis
Time interval 0.94 (0.89-0.97) 0.96 (0.93-0.98) 0.98 (0.95-0.99)
APRI 0.86 (0.79-0.91) 0.85(0.78-0.90) 0.80 (0.71-0.86)
FIB4 0.85(0.79-0.91) 0.89(0.82-0.94) 0.90 (0.82-0.95)

AUC, areas under the receiver operating characteristic curves; marked
fibrosis, >F2; advanced fibrosis, >F3; time interval, time interval
from the onset of contrast enhancement in the right portal vein to the
time of the maximum intensity ratio between right portal vein and liver
parenchyma.

decreased and the time interval from the onset of
contrast enhancement in the right portal vein to the time
of the maximum intensity ratio was prolonged according
to the progression of hepatic fibrosis, and particularly the
latter, being superior to both APRI and FIB4, had the
closest relationship with the degree of hepatic fibrosis.
Because the flow velocity in the right portal vein in our
study tended to decrease according to the progression
of hepatic fibrosis, as also reported previously (10), the
rate of filling the right portal vein with microbubbles
may be lower. Meanwhile, an arterialization related to
hepatic fibrosis may compensate the rapid parenchymal
enhancement with high blood flow (24). These factors
may explain the decrease of the maximum intensity ratio
between the right portal vein and liver parenchyma and
prolongation of time interval from the onset of contrast
enhancement in the right portal vein to the time of the
maximum intensity ratio, according to the progression of
fibrosis. However, despite the maximum intensity ratio
between the right portal vein and liver parenchyma, time
interval from the onset of contrast enhancement in the
right portal vein to the time of the maximum intensity
ratio did show a close relationship with the progression
of fibrosis. The former parameter represents only the
peak gradient of microbubble distribution between the
portal vein and liver parenchyma, while the latter para-
meter is coupled with time. Although the precise me-
chanism remains unclear, time-related haemodynamics,
linked to the microbubble distribution from the up-
stream vessel to the periphery, might have the advantage
of indicating the degree of hepatic fibrosis. In fact, it is
suggested that several pathophysiological conditions,
such as the presence of intrahepatic shunt and/or hyper-
dynamic circulatory state (11), affected the parameters
measured in this study. However, we believe that time
interval from the onset of contrast enhancement in the
right portal vein to the time of the maximum intensity
ratio may represent an indirect parameter for assessing
the degree of hepatic fibrosis in a comprehensive manner.
Contrast-enhanced US with Sonazoid™ may have the
possibility to reduce the biopsy procedure to examine the
severity of hepatic fibrosis.
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Fig. 4. Onset time of contrast enhancement in the right hepatic
artery and the right portal vein. (a) Onset time of contrast
enhancement in the right hepatic artery (s): there were no significant
differences of the onset time of contrast enhancement in the right
hepatic artery among the three groups (P=0.0929). (b) Onset time
of contrast enhancement in the right portal vein (s): there were no
significant differences of the onset time of contrast enhancement in
the right portal vein among three groups (P=0.1564). Data are
expressed by box-and-whisker plots. The top and bottom of the
boxes indicate upper and lower quartiles, respectively, and the
horizontal line in the bar represents the median value. The two
horizontal lines outside the box (whisker) indicate the smallest and
largest nonoutlier observations.

We also examined the two parameters, onset time of
contrast enhancement in the right hepatic artery and
right portal vein, which did not show significant correla-
tion with the degree of hepatic fibrosis. The previous
study reported similar results, in spite of the usage of
different contrast agents (21). As these parameters may
be affected by general conditions of systemic circulation
as well as specific conditions caused by portal hyperten-
sion such as intrapulmonary shunt, hyperdynamic state,
splenomegaly and development of extrahepatic collateral
vessels, they may not be ideal factors to assess the degree
of hepatic fibrosis.

Liver International (2010)
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Fig. 5. Maximum intensity ratio between the right portal vein and
liver parenchyma and time interval from the onset of contrast
enhancement in the right portal vein to the time of the maximum
intensity ratio in relation to the grade of hepatic fibrosis. (a) Maximum
intensity ratio between the right portal vein and liver parenchyma (dB):
significant differences were found between controls and F2
(*P=0.0219), controls and F3 (+P=0.0005), controls and cirrhosis
(P < 0.0001) and F1 and cirrhosis (§P=0.0023). (b) Time Interval,
time interval from the onset of contrast enhancement in the right
portal vein to the time of the maximum intensity ratio (s): significant
differences were found between controls and F2 (P=0.0004), F1 and
F3 (P < 0.0001), F2 and F3 (P=0.0177), and F3 and cirrhosis

(P < 0.0001).

Initial study for the diagnosis of cirrhosis using a US
contrast agent was performed by Albrecht et al. (18) as a
transit time analysis with Levovist® (Schering, Berlin,
Germany). Similar studies also have reported the useful-
ness of the second-generation contrast agent SonoVue®
(Bracco, Milan, Italy) to diagnose chronic hepatitis and
cirrhosis (19, 20). However, their approach was not
satisfactory in differentiating the severity of fibrosis in
chronic liver disease. The authors speculate that there are

Liver International (2010)
© 2010 John Wiley & Sons A/S
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some limitations in transit time analysis: transit time is
influenced by various changes in the intrahepatic circula-
tion in the progress of liver disease as well as the grade of
hepatic fibrosis, and transit time includes only the time
factor without the distribution factor of microbubble in
the liver parenchyma. Against these backgrounds, we
hypothesized that increased hepatic resistance caused by
fibrosis may affect the inflow haemodynamics of micro-
bubble to the liver, and we focused on the investigation of
the microbubble behaviour, from flowing into the liver to
its distribution in the hepatic periphery. One of the
reasons for the improved diagnostic ability for the degree
of hepatic fibrosis may be that we used the parameter
time interval from the onset of contrast enhancement in
the right portal vein to the time of the maximum
intensity ratio) because it reflects microbubble distribu-
tion as well as time. There is another advantage in our
technique, that is, stable observation for the main branch
of the right hepatic artery and portal vein. As viral
infection is the most common cause of chronic liver
disease in our country, the liver becomes atrophic with
deformity, which makes it difficult to observe both the
hepatic vein and the hepatic artery on the same scan
plane in some cirrhosis patients. Therefore, our metho-
dology was more reasonable than transit time analysis for
patients with chronic liver diseases in our country.

With a vibration-induced mechanical wave, transient
elastography (FibroScan; Echosens, Paris, France) is
attracting considerable attention as a noninvasive tool
for the assessment of hepatic fibrosis (25, 26). A recent
report by Friedrich-Rust et al. (25) provided several lines
of evidence to suggest that FibroScan could predict the
grade of hepatic fibrosis; the mean AUC for the diagnosis
of marked fibrosis, severe fibrosis and cirrhosis were 0.84
(0.82-0.86), 0.89 (0.88-0.91) and 0.94 (0.93-0.95) re-
spectively. However, because the FibroScan is specialized
for the assessment of hepatic fibrosis alone, our techni-
que may have an advantage in this regard, because
patients with chronic liver disease receive regular US
examination for the supervision of hepatocellular carci-
noma, and the additional injection of contrast agent may
not be so complicated a procedure. Furthermore, the
predictive value of our results for the degree of hepatic
fibrosis was almost the same as that of FibroScan. In
addition, FibroScan is not suitable for patients with
ascites, who are clear candidates for our technique. It is
expected that the assessment of hepatic fibrosis by
contrast-enhanced US could be carried out as an exten-
sion of routine US checkup. However, the assessment of
liver fibrosis using noncontrast US might be a goal in the
management of chronic liver disease.

Several factors may affect the intrahepatic microbub-
ble behaviours involved with hepatic haemodynamics:
causes of liver diseases as aetiological factors, and stea-
tosis, ballooning and inflammation as histological fac-
tors. At this point, our study included chronic liver
diseases with different kinds of causes, viral infection,
alcohol abuse, nonalcoholic steatohepatitis, autoimmune
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Fig. 6. Receiver operating characteristic curves of time interval from the onset of contrast enhancement in the right portal vein to the time of
the maximum intensity ratio, APRIand FIB4. (a) For marked fibrosis (> F2): AUC values of time interval from the onset of contrast enhancement
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vein to the time of the maximum intensity ratio, APRI, and FIB4 were 0.98, 0.80 and 0.90. T, time interval from the onset of contrast
enhancement in the right portal vein to the time of maximum intensity ratio between right portal vein and liver parenchyma.

hepatitis, primary sclerosing cholangitis and cryptogenic,
and the patients’ population reflects the epidemiology of
liver disease in our country. Any kind of chronic liver
diseases that met our criteria were included in this study,
because our technique aimed at representing the degree
of hepatic fibrosis in spite of their different causes.
However, as there was a potential bias of patient popula-
tion in the causes of liver disease, our results presented
neither cause-specific validity of contrast-enhanced US
with Sonazoid™™ to assess the grade of hepatic fibrosis
nor relationship between the contrast-enhanced findings
and the some pathological factors other than fibrosis,
which remain to be solved.

There were some limitations in our study. Firstly, our
result was obtained by the observation of only vascular-
phase images induced EKX dynamic microbubble. It is well
known that Sonazoid™ has a property of accumulating
in the liver, and this is the most important difference
between Sonazoid™ and SonoVue® (13-17, 19, 20). In
fact, it has not been clarified when intrahepatic micro-
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bubble accumulation starts after the agent injection, and
whether parenchymal enhancement in vascular phase
might be associated with the accumulated microbubble
in the liver. However, as contrast enhancement because of
circulating microbubble may be dominant in the vascular
phase, our study might not utilize fully the potential
property of this new contrast agent. SonoVue® without
accumulating property in the liver may also be acceptable
in this type of study, which should be done in near
future. Secondly, our study did not include cases with
severe obesity that may limit the US observation, because
they are in a relative minority in Japan. The results of the
present study should be confirmed in different ethnic
groups in different countries. Thirdly, onset time of
contrast enhancement was assessed subjectively by visual
investigation of recorded images. Although the intensity-
based definition of onset time may be reliable, we
thought positioning of the region of interest for intensity
measurement was not always easy, particularly in
the right hepatic artery because of their small caliber.

Liver International (2010)
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Therefore, we defined the first frame showing that the
arrival of the contrast agent in the vessel was the begin-
ning of the contrast enhancement in this study. The first
frame was found in the cine images with frame-by-frame
playback, and interobserver variability for the onset of
contrast enhancement was quite good. However, our
results of the onset time should be confirmed objectively
using the digital judgment method, which may be
improved in the future.

In conclusion, we observed the contrast enhancement
in the liver for 1 min after the injection of Sonazoid™,
and found that time interval between the onset of
contrast enhancement in the right portal vein and the
time of maximum intensity ratio between the intrahepa-
tic right portal vein and liver parenchyma was correlated
significantly with the degree of hepatic fibrosis by the
quantitative analysis of Sonazoid"™-induced sonograms.
Although this technique does not allow direct observa-
tion of hepatic fibrosis, it may be promising as an indirect
evaluation tool for hepatic fibrosis.
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Abstract

Background and aims  Diagnosis of the acute presentation
of autoimmune hepatitis (AIH) is difficult because patients
do not always show typical clinicopathological features of
AIH. Although some of them progress to fulminant hepa-
titis, the survival rate of which is <20% without liver
transplantation, their clinicopathological features have
remained uncertain. We examined them for a better
understanding and improvement of the prognosis of “life-
threatening” severe and fulminant AIH.

Methods Clinical, biochemical and pathological features
of 28 patients with severe or fulminant AIH and treatment
responses were examined retrospectively.

Results At the time of admission, mean immunoglobulin
G was 2479 £ 1170 mg/dl, with 7 (25%) patients showing
normal levels. Anti-nuclear antibody was <1:40 in 8
(29%). Liver histology showed severe activity in 95% and
acute hepatitis in 86% of the patients. Centrilobular
necrosis including submassive and massive necrosis was
characteristic. Of the 25 patients treated with corticoste-
roids, 17 responded and 8 did not. Responders to
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corticosteroids showed younger age and higher prothrom-
bin time (PT) activity than non-responders at the time of
corticosteroid administration. The improvement of PT
activity during 2 weeks and 4 weeks and total bilirubin
level during 4 weeks was statistically significant in
responders, but not in non-responders.

Conclusions We should diagnose and treat acute onset
AIH patients before they develop into severe and fulminant
disease. Performing liver biopsy at the early stage of acute
onset AIH, evaluating the biopsy specimens precisely and
initiating corticosteroid therapy may be essential for
improving the prognosis without liver transplantation.

Keywords Autoimmune hepatitis - Severe hepatitis -
Fulminant hepatitis - Immunosuppressive therapy -
Liver histology

Abbreviations

AIH Autoimmune hepatitis
FH  Fulminant hepatitis
CN  Centrilobular necrosis

Introduction

Autoimmune hepatitis (AIH) is regarded as a chronic
hepatitis, characterized by the presence of interface hepa-
titis and plasma cell infiltration on histological examina-
tion, hypergammaglobulinemia and autoantibodies [1, 2].
An acute presentation of AIH is common [3—6], and severe
and fulminant hepatitis is possible [7].

An AIH scoring system based on the clinicopathological
features has been proposed by the international AIH group
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[8]. There have been some patients who do not show typ-
ical features of AIH. AIH with clinical features of acute,
severe and fulminant hepatitis (acute onset AIH) is one of
these conditions. Patients with acute onset AIH are at risk
of losing the timing for the initiation of immunosuppres-
sive therapy, and it is sometimes resistant to immunosup-
pressive therapy and has a poor prognosis. A nationwide
survey of patients with fulminant hepatitis and late onset
hepatic failure between 1998 and 2003 in Japan revealed
that the prognosis was especially poor in AIH patients,
whose survival rate was 17.1% without liver transplanta-
tion [9]. This is recognized everywhere around the world
[10, 11].

Lefkowitch et al. [12] first reported AIH patients pre-
senting with histologically acute hepatitis. In a Japanese
nationwide survey study, 5.6% of patients with AIH were
found to have a feature of acute hepatitis upon histological
examination [13]. In fact, the actual number of acute onset
ATH patients may possibly have been underestimated, as its
diagnosis is sometimes very difficult using the AIH scoring
system and because exact understanding of the pathologi-
cal features of these patients is sometimes lacking. A major
problem is that there is no gold standard for making the
diagnosis of acute onset AIH.

Recently, we reported that histological examination was
useful for an early diagnosis of acute onset AIH and that
prognosis might indeed be improved by getting a head start
on corticosteroid therapy in clinically non-severe cases
[14]. In the present study, we examined the clinicopatho-
logical features and treatment responses of severe and
fulminant forms of AIH patients, and attempted to deter-
mine the exact requirements for a more precise diagnosis
and the correct time point for switching to liver trans-
plantation after the administration of immunosuppressive
therapy in order to improve their very poor prognoses.

Patients and methods
Selection criteria of patients

Patients with severe and fulminant AIH were enrolled
between 1990 and 2009. A diagnosis of AIH was made
based on the presence of anti-nuclear antibody (ANA) and/
or anti-smooth muscle antibody (ASMA), as well as on the
criteria defined by the International Autoimmune Hepatitis
Group reaching the score for probable or definite AIH [8].

Eligibility criteria of clinically “acute onset” AIH were
as follows, in addition to the AIH criteria described above:
(1) acute onset liver injury, (2) no history of chronic liver
injury, (3) negativity of active viral markers such as hep-
atitis A, B, C and E viruses, Epstein—Barr virus (EBV),
cytomegalovirus (CMV) and herpes simplex virus (HSV),

@ Springer

drug-induced liver injury, toxic and metabolic disorders,
and (4) no signs of chronicity on the basis of physical
examination, laboratory data and abdominal ultrasound
findings.

Eligibility criteria of severe and fulminant AIH, in
addition to the criteria described above, were as follows:
patients with prothrombin time (PT) activity <50% of
control or total bilirubin level more than 20 mg/dl during
the disease course were defined as having severe AIH, and
patients with PT activity <40% of control and hepatic
encephalopathy were defined as having fulminant AIH.
Informed consent was obtained from all patients or
appropriate family members.

Clinical, biochemical and immunoserologic analysis

Data obtained from patients were as follows: sex; age at
diagnosis; time of onset, severe disease and fulminant dis-
ease; complications; serum levels of alanine aminotrans-
ferase (ALT), total bilirubin (T-Bil), alkaline phosphatase
(ALP), PT activity, immunoglobulin G (IgG), immuno-
globulin M (IgM), ANA, anti-smooth muscle antibody
(ASMA), liver kidney microsomal antibody-1 (LKM-1) and
anti-mitochondrial antibody (AMA); human leukocyte
antigen (HLA); types of therapy; and response to therapy.
They were also examined for any history of recent exposure
to drugs and chemical agents as well as heavy alcohol
consumption (>50 g/day). ANA and ASMA were examined
by a fluorescent antibody method, and AMA was examined
by a fluorescent antibody method or an enzyme linked
immunosorbent assay (ELISA), and LKM-1 was examined
by ELISA.

In acute onset AIH, early symptoms including fever,
general malaise, fatigue, nausea, vomiting and right upper
quadrant discomfort are frequently observed, so we defined
the beginning of these symptoms as clinical onset.

Virological analysis

Patients were examined for viral markers such as IgM anti-
hepatitis A virus antibody (IgM-HA), IgM anti-HBc anti-
body (IgM-HBc), HBsAg, anti-HCV antibody, HCV RNA,
HEV RNA, IgM anti-Epstein-Barr virus (EBV) antibody
(IgM-EBV), IgM anti-herpes simplex virus (HSV) anti-
body (IgM-HSV) and IgM anti-cytomegalovirus (CMV)
antibody (IgM-CMV). None of the patients had clinical
or laboratory evidence of acquired immune deficiency
syndrome.

Histological analysis

Histological examination was performed by a percutaneous
or transjugular approach, explanted liver or post mortem.
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Twelve were percutaneous needle biopsy, 2 transjugular
needle biopsy, 2 explanted liver, and 7 post mortem. Three
specialists (M.N., K.F. and O.Y.) independently reviewed
the histopathological changes by evaluating the degrees of
portal and lobular changes and plasma cell infiltrations on
hematoxylin-eosin stained sections. Staging and grading
were evaluated based on the classification of Desmet et al.
[15]. (=), (&), (+), (++) and (+++) represent absent,
very mild, mild, moderate and severe in interface hepatitis,
zonal necrosis, plasma cell infiltration and collapse. (—),
(£), (+) and (++) represent absent, slightly present,
present and prominent in rosette formation and cobblestone
appearance. The scores were averaged and presented in
Table 3.

Treatment response

In this study, we defined responders and non-responders
according to the recovery of liver function (regeneration),
not to the control of liver inflammation, and we judged
them at 2 weeks after the starting of corticosteroid therapy.
We used PT as a marker of liver regeneration, which is
generally used in acute liver failure. We also defined
recovery of liver regeneration and normalization of liver
inflammation as complete response (CR) and non-recovery
of liver regeneration as no response (NR).

Statistical analysis

Differences in proportions among the groups were com-
pared by Fisher’s exact probability test, Student’s ¢ test and
Welch’s 7 test (p < 0.05 was considered significant).

Results
Clinical and biochemical features

Twenty-eight patients, 7 men and 21 women, were enrolled
in the study. Fourteen were cases of fulminant hepatitis
and 14 severe hepatitis. The clinical and biochemical fea-
tures of all patients at admission are provided in Tables 1
and 2. Mean age at the time of diagnosis was 46.9 +
15.8 years. Mean ALT was 527 + 458 IU/], mean highest
T-Bil 23.3 + 11.6 mg/dl and mean lowest PT activity
28 + 15%.

Mean IgG was 2479 + 1170 mg/dl. The IgG level was
normal (<1.0 x upper normal value: UNV) in 7 of 28
(25%), 1.0~-1.5 x UNV in 12 (43%), 1.5-2.0 x UNV in 5
(18%) and >2.0 x UNV in 4 (14%). ANA was positive
(>1:40) in 25 of 28 (89%) patients, <1:40 in 3 (11%), 1:40
in 5 (18%), 1:80in 6 (21%) and >1:80 in 14 (50%). ASMA

was positive (>1:40) in 8 of 27 (30%). One patient was
positive for LKM-1.

The duration from initial symptoms to the admission to
our unit was 484 + 39.9 days (11-176 days). Twelve
patients (43%) had primary complications and histories of
medications, five with hypertension, three with Hashimoto
disease, one with hyperuricemia, one with ischemic heart
disease, one with Sjégren syndrome and one with neurosis.

No patients were positive for HBs Ag, and one patient
was positive for HCV Ab. Although 43% of the patients
had primary complications and histories of medications as
described above, suspected hepatotoxic drugs were exclu-
ded according to the drug-induced liver injury diagnostic
scale of Maria and Victorino [16] in this study.

In AIH, there are two forms according to HLA-DR
differences. In Japan, almost all AIH patients do not have
HLA-DR 3. This suggests the possible benefit of examin-
ing the HLA-DR backgrounds, although we could perform
this analysis in only 13 of the patients because this pro-
cedure is not covered by the Japanese national health
insurance plan. None of the 13 had HLA-DR 3, but 6 had
HLA-DR 4.

Histological features

The pathological characteristics of the patients are sum-
marized in Table 3. Histological examination was per-
formed in 23 of 28 patients, and 22 were appropriate for
evaluation. Nineteen (86%) of 22 showed acute hepatitis,
exhibiting zonal, submassive and massive necrosis with or
without plasma cell accumulation in portal and centrilob-
ular areas. Three (14%) showed chronic hepatitis.

Twenty-one of 22 (95%) patients showed severe activ-
ity, 10 with massive necrosis, 2 with submassive necrosis,
7 with severe acute hepatitis and 2 with severe activity with
fibrosis stage 2-3. Only one showed moderate activity with
fibrosis stage 2.

The duration from onset to histological examination was
85.6 + 47.6 days. That in massive necrosis, submassive
necrosis, severe acute hepatitis and chronic hepatitis was
61.0 & 31.4,135.0 = 79.2,85.7 £ 17.6 and 134.3 & 79.2,
respectively. The difference between the acute and chronic
form was not statistically significant (p = 0.35).

AIH scoring system

The provisional scoring system (AIH score) proposed by
the International Autoimmune Hepatitis Group [8] was
used to score all patients (Table 4). The AJH score ranged
from 12 to 22 (16.3 & 2.8) before the treatment. Fourteen
of 28 patients (50%) were diagnosed as having ‘definite’
ATH and 14 (50%) as having ‘probable.’
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