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Fig. 5 a Guide wire projects
slightly from the catheter tip for
cannulation. b Next, a catheter
is inserted following the guide
wire

Fig. 6 a, b A biliary stent was
placed in the bile duct
(arrowhead) and an endoscopic
sphincterotomy was performed
with a needle knife (arrow).

¢, d A common bile duct stone
was extracted using a
mechanical lithotripter (arrow
in ¢). From Ref. [17], with
permission

we use a catheter having a swing tip that can be curved
upwardly 85° and downwardly 20° (PR-233Q; Olympus
Medical Systems).

Cannulation into the bilio-enteric anastomosis is basi-
cally equivalent to cannulation into the papilla of Vater. If
the bilio-enteric anastomosis is stenosed, the guide wire is
projected slightly from the catheter tip, and after cannula-
tion is performed using the guide wire, the catheter is
inserted following the wire (Fig. 5a, b).

Interventions via double-balloon endoscope (DBE)
Previously reported interventions performed after ERCP
include balloon dilation for the papilla of Vater or the

bilio-enteric anastomosis, sphincterotomy, stone removal
using a basket catheter or a balloon catheter, biliary stent

@ Springer

placement, and pancreatic stent placement [8—13, 15-17].
Because a DBE has a long working length and a small-
diameter working channel, the accessories that can be
used are limited, but if accessories are properly selected,
many interventions can be performed. Figure 6 shows
details of a sphincterotomy performed using a needle
knife in order to perform stone removal. After a 7-French
biliary stent was placed, an incision was made using a
needle knife (KD-441Q; Olympus Medical Systems) in
order to expose the biliary stent (Fig. 6a, b). Because the
cutting needle was assigned to the biliary stent and the
papilla was opened up to expose the biliary stent, safe and
successful endoscopic sphincterotomy could be carried
out. The biliary stent was removed, and the common bile
duct stone was extracted with a mechanical lithotripter
(XEMEX Crusher catheter, Zeon Medical, Tokyo, Japan;
Fig. 6c, d).
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Results

Most previous reports of the use of DBEs for ERCP in
patients with a Roux-en-Y anastomosis are small case
reports, so it is difficult fo state the success rate of the
procedure at present. Limiting our scope to published
articles that include performance of the procedure in at
least five patients [10, 11, 17}, the rate of reaching the
papilla of Vater or the bilio-enteric anastomosis was 86—
94%, and the success rate of ERCP was 67-89%. The rate
of reaching the papilla of Vater or the bilio-enteric anas-
tomosis has improved considerably in comparison to
results with the use of conventional endoscopes, but the
success rate of ERCP is still insufficient. This is largely
because DBEs are forward-viewing endoscopes and are not
provided with an elevator.

Conclusion

The development of the DBE has made pancreatobiliary
endoscopic treatment possible for patients with Roux-en-Y
reconstruction in whom an endoscopic approach was con-
ventionally believed to be difficult. However, no standard
procedure has yet been established, so it is desirable to
accumulate more cases in the future in order to overcome
various problems with such endoscopes and other treatment
devices, and it is hoped this will lead to further improve-
ments in these endoscopes and devices.
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Case—control study for the identification of virological
factors associated with fulminant hepatitis B
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Background: Host and viral factors can promote the devel-
opment of fulminant hepatitis B (FHB), but there have been no
case—control studies for figuring out virological parameters
that can distinguish FHB.

Methods: in a case~control study, virological factors associ-
ated with the development of FHB were sought in 50 patients
with FH developed by transient hepatitis B virus (HBV) infec-
tion (FH-T) and 50 with acute self-limited hepatitis B (AHB) who
were matched for sex and age. In addition, 12 patients with
FH developed by acute exacerbation (AE) of asymptomatic
HBV carrier (ASC) (FH-C) were also compared with 12 patients
without FH by AE of chronic hepatitis B (AE-C).

Results: Higher HBV DNA levels, subgenotype B1/Bj,
A1762TIG1764A, G1896A, G1899A and A2339G mutation
were significantly more frequent (P < 0.05), while hepatitis B
e-antigen was less frequent in the FH-T patients than AHB.
In multivariate analysis, G1896A mutation (odds ratio [OR],

13.53; 95% confidence interval [Cl], 2.75-66.64), serum HBV
DNA more than 5.23 log copies/mL (OR, 5.14; 95% Cl, 1.10-
24.15) and total bilirubin more than 10.35 mg/mL (OR, 7.81;
95% Cl, 1.77-34.51) were independently associated with a
fulminant outcome by transient HBV infection. On the other
hand, in comparison with the patients between FH-C and AE-C
groups, there was no significant difference of virological
factors associated with the development of FHB.

Conclusion: A number of virological factors have been
defined that may distinguish FH-T from AHB in a case-control
study. The pathogenic mechanism of FHB between transient
HBYV infection and AE of ASC would be different.
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INTRODUCTION

N JAPAN, 634 patients with fulminant hepatitis (FH)
were registered from 1998-2003. Of them, 41.8%
were infected with hepatitis B virus (HBV) that is the
most frequent cause of FH there.! HBV is classified into
eight genotypes (A-H) based on a sequence divergence
of more than 8% in the entire genome of approximately

© 2009 The Japan Society of Hepatology
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3200 nucleotides.”™ They have distinct geographical
distributions and are associated with the severity of
liver disease.“” Furthermore, subgenotypes have been
reported for HBV/A, B and C, and they are named Al/Aa
(Asian/African type) and A2/Ae (European type)," B1/Bj
(Japanese type) and B2/Ba (Asian type),” and C1/Cs
(Southeast Asian type) and C2/Ce (East Asian type).'*"
HBYV genotypes/subgenotypes and mutations in the pre-
core region and the core promoter can influence the
viral replication and expression of hepatitis B e-antigen
(HBeAg).5"?

Acute HBV infection in adulthood resolves in the
most cases by far, but can induce FH or go on to become
chronicin some. It has been reported that host and viral
factors may influence the development of fulminant
hepatitis B (FHB), but the pathogenesis of FHB remains
unclear. As for virological factors associated with FHB,
mutations in the core promoter (A1762T/G1764A)"
and the pre-core region (G1896A)''® have been
reported in association with the development of FHB in
Asia and the Middle East. Additional mutations, includ-
ing T1753V, T1754V and A2339G in the core gene are
implicated, also.'™'® In regard of HBV genotypes, sub-
genotype B1/Bj is highly associated with the develop-
ment of FHB in Japan.” In contrast, an association of
HBV genotypes with the fulminant outcome has not
been reproduced in patients from the USA and
Europe.””** Such a discrepancy would be attributed, at
least in part, to distinct geographical distributions of
HBYV genotypes/subgenotypes over the world.

The original definition by Trey et al.”* about fulminant
hepatic failure is widely used all over the world. On the
other hand, in Japan, the diagnosis of FH was contingent
on a slight modification of Trey’s original definition by
the Inuyama Symposium (Aichi, Japan in 1981). Further-
more, the Intractable Liver Diseases Study Group of
Japan modified the criteria for the etiology of FH and
late-onset hepatic failure in 2002. According to the crite-
ria of the Intractable Liver Diseases Study Group of Japan,
there are two clinical entities of FHB that are induced,
respectively, by transient HBV infection and acute exac-
erbation (AE) of an asymptomatic HBV carrier (ASC)."

Recently, FH developing in ASC who undergo AE is
increasing in Japan.' In patients with hematological
malignancy, in particular, rituximab and/or glucocorti-
coid, can reactivate HBV for the development of FHB.*
The outcome is poor for FHB precipitating in ASC who
undergo acute exacerbation,’ but it has been difficult to
identify it by clinical examinations.

As there have been no case-control studies for figur-
ing out virological parameters that can distinguish FHB,
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a case~control study was conducted on the patients with
FH by transient HBV infection and acute self-limited
hepatitis B (AHB) in this study, for the identification of
virological factors that influence a fulminant outcome.
In addition, the patients with FH by AE of ASC, which is
assumed as a different clinical condition from transient
HBV infection, were also compared with the patients
without FH by AE of chronic hepatitis B (CHB) in a
case-control study.

METHODS

Patients

URING 9 YEARS from 1998 to 2006, in twenty-six

hospitals all over Japan, sera were obtained from
the 50 FH patients by transient HBV infection (the FH-T
group) and the 50 patients with AHB (the AHB group)
who were controlled for age and sex. As the elder pati-
ents with FHB were enrolled in this study (mean age,
42.8 years), the mean age of AHB patients became rela-
tively high (42.9 years, Table 1). Furthermore, the 12
FH patients developed by AE of ASC (the FH-C group)
were also compared with the 12 patients without FH by
AE of CHB who were matched by age and sex (the AE-C
group).

All the serum samples tested for this study were col-
lected at hospitalization. All 124 patients had hepatitis B
surface antigen (HBsAg) in serum. Infection with hepa-
titis A virus and hepatitis C virus, as well as alcoholic
hepatitis, were excluded in them.

The diagnosis of acute hepatitis B was based on
sudden manifestation of clinical symptoms of hepatitis
and detection of high-titered immunoglobulin (Ig)M
anti-hepatitis B core (HBC). Patients with initial high-
titered anti-HBC (>90% inhibition by a 1:200 diluted
serum) were excluded. The diagnosis of FH was contin-
gent on a slight modification by Inuyama Symposium
(Aichi, Japan in 1981) of the original definition by
Trey et al.:” (i) coma of grade 11 or higher; and (ii) a
prothorombin time less than 40% developing within
8 weeks after the onset of hepatitis. To exclude AE of
ASC in FH-T and AHB groups, we confirmed the nega-
tivity of HBsAg before onset of FHB or AHB and no
family histories of hepatitis were found among all the
patients. Furthermore, serum HBsAg in all patients with
FH-T or AHB became naturally seronegative within
24 weeks. AE of ASC or CHB was defined as the eleva-
tion of alanine aminotransferase (ALT >300 IU/L) or
total bilirubin (T.bil >3.0 mg/dL).* All 24 patients with
AE of ASC or CHB could be confirmed positive for
serum HBsAg before the onset of acute liver injury.

© 2009 The Japan Society of Hepatology



650 A. Kusakabe er al.

Hepatology Research 2009; 39: 648-656

Table 1 Baseline characteristics between fulminant hepatitis B patients by transient infection (FH-T) and acute self-limited

hepatitis B (AHB) patients

Features FH-T AHB Differences
(n=50) (n=50) P-value
Age (years) 42.8+16.1 429 +14.6 Matched
Men 25 (50%) 25 (50%) Matched
ALT (IU/L) 3788 £ 2856 2170+ 1350 <0.001
AST (1U/L) 3131 £ 3673 1676+ 1851 <0.05
Total bilirubin (mg/dL) 14.8 £ 8.6 9.5+9.8 <0.01
Prothrombin time (%) 16.9+11.2 72.8+26.0 <0.001
HBeAg positive 15 (30%) 28 (56%) <0.01
Core protein {log U/mL) 3.21+1.28 3.01£1.00 NS
HBcrAg (log U/mL) 530+ 1.32 5.95+1.13 <0.01
HBV DNA (log copies/mL) 597 +1.87 4.98+1.17 <0.005
Deceased 19 (38%) 0 (0%) <0.001

AHB, acute self-limited hepatitis B; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FH-T, fulminant hepatitis B by
transient HBV infection; HBcrAg, hepatitis B core related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not

significant.

Serological markers of HBV infection

Hepatitis B surface antigen, HBeAg and the correspond-
ing antibody (anti-HBe) were determined by enzyme
immunoassay (EIA) (AxSYM; Abbott Japan, Tokyo,
Japan) or chemiluminescence enzyme immunoassay
(CLEIA) (Fujirebio, Tokyo, Japan). Anti-HBC of IgM
and IgG classes were determined by radioimmuno-
assay (Abbott Japan). Core protein constituting the viral
nucleocapsid and HBV core-related antigen {HBcrAg),
both of which correlate with HBV DNA in serum, were
measured by CLEIA as described elsewhere.”**

Quantification of serum HBV DNA

Hepatitis B virus DNA sequences spanning the S gene
were amplified by real-time detection polymerase chain
reaction (RTD-PCR)} in accordance with the previously
described protocol® with a slight modification;® it has a
detection limit of 100 copies/mL.

Sequencing and molecular evolutionary
analysis of HBV

Nucleic acids were extracted from serum samples
(100 uL) using the QlAamp DNA extraction kit
(Qiagen, Hilden, Germany) and subjected to PCR for
amplifying genomic areas bearing enhancer Il/core
promoter/pre-core/core regions [nt 1628-2364], as
described previously.”” The target of PCR covered several
mutations which were associated with FHB. Amplicons
were sequenced directly with use of the ABI Prism Big
Dye ver. 3.0 kit in the AMI 3100 DNA automated

© 2009 The Japan Society of Hepatology

sequencer (Applied Biosystems, Foster City, CA, USA).
All sequences were analyzed in both forward and back-
ward directions.

Hepatitis B virus genotypes were determined by mole-
cular evolutionary analysis. Reference HBV sequences
were retrieved from the DDBJ/EMBL/GenBank database
and aligned by CLUSTAL X, then genetic distances were
estimated with the 6-parameter method in the Hepatitis
Virus Database (http://s2as02.genes.nig.ac.jp/).”" Based
on obtained distances, phylogenetic trees were con-
structed by the neighbor-joining (NJ) method with the
mid-point rooting option. To confirm the reliability of
the phylogenetic trees, bootstrap resampling tests were
performed 1000 times.

Statistical analysis

Statistical differences were evaluated by the Mann-
Whitney U-test, Fisher's exact probability test and
x -test, where appropriate. Differences were considered
to be statistically significant at P < 0.05. Multivariate
analyses with logistic regression were utilized to sort
out independent risk factors for FHB. STATA Software
ver. 8.0 was employed for all analyses.

RESULTS
Baseline characteristics of the patients with
FHB by transient HBV infection and AHB

ABLE 1 COMPARES baseline clinical characteristics
of the 50 FH-T patients and the 50 AHB who
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were matched for age and sex. The peak ALT, AST and
T.bil levels were significantly higher (3788 £ 2856 vs
2170+ 1350 IU/L, P<0.001; 3131+£3673 vs 1676
1851 IU/L, P< 0.05; and 14.8 £ 8.6 vs 9.5 + 9.8 mg/dL,
P < 0.01, respectively), while HBeAg was less frequent
(30% vs 56%, P<0.01) in the FH-T patients than
AHB. The level of HBcrAg was significantly lower
(5.30£1.32 vs 595+ 1.13 log U/mL, P <0.01), while
HBV DNA loads were higher (5.97 £1.87 vs 498 &
1.17 log copies/mL, P <0.005), in the FH-T patients
than AHB. The level of core protein in sera tended to be
higher in the FH-T patients than AHB (3.21 £1.28 vs
3.01 £ 1.00 log U/mL). Death occurred more often in
the FH-T patients than AHB (38% vs 0%, P < 0.001).

HBV Genotypes and enhancer ll/core
promoter/pre-core/core Mutations in
Patients with FHB by transient HBV
infection and AHB

Figure 1(a) compares the distribution of HBV
genotypes/subgenotypes between the FH-T and the AHB
patients. The subgenotype C2/Ce was most prevalent
in both patients with FH-T and AHB (66% and 62%,
respectively), whereas B1/Bj was more frequent in
the FH-T patients than AHB (22% vs 6%, P <0.05).
Likewise, mutations in enhancer II/core promoter/pre-
core/core regions are compared between the FH-T and
AHB patients in Figure 1(b). A1762T/G1764A, G1896A,
G1899A and A2339G mutation were more frequent in
the FH-T patients than AHB (48% vs 16%, P < 0.001;
62% vs 6%, P < 0.001; 24% vs 4%, P < 0.001; and 8% vs
0%, P < 0.05, respectively).

Figure 2(a) compares various mutations between
the 11 FH-T patients and the three AHB patients who
were infected with B1/Bj. Only G1896A was signifi-
cantly more frequent (73% vs 0%, P < 0.05), while the
lack of any mutations was less common (0% vs 33%,
P < 0.05) in the FH-T patients than AHB. In comparison
with the 33 FH-T patients and the 31 AHB patients
who were infected with C2/Ce (Fig. 2b}), A1762T/
G1764A (70% vs 19%, P<0.001), G1896A (61%
vs 6%, P<0.001) and the combination of all three
mutations (A1762T/G1764A and G1896A) (45% vs 6%,
P < 0.001) were significantly more frequent, while the
lack of any mutations was less common (9% vs 70%,
P < 0.001) in the FH-T patients than AHB. Interestingly,
all the AHB patients with both G1896A and A1762T/
(G1764A mutations suffered acute severe hepatitis B that
was defined by prothrombin time less than 40% but
without coma of grade II or higher.

Virological characteristics of FHB 651

100 q
90 4 B FH-T (n = 50)
80 4 “ AHB (n = 50)
& 70
& 60-
<
S 50
[0
L 40+
30
20
10+
A1/Aa A2/Ae B1/Bj B2/Ba C1/Cs C2/Ce D
HBV genotypes/subgenotypes
(b)
100 -
90 - @ FH-T (n = 50)
# AHB (n = 50)
80 -
L
Py
2
Q
3
o
o
-

G1764A

Mutations in core promoter, precore and core regions

Figure 1 Genotypes/subgenotypes (a) and mutations in
core promoter, pre-core and core regions (b} between the 50
transient hepatitis B virus infection (FH-T) and the 50 acute
self-limited hepatitis B (AHB) patients.

Factors independently associated with
the development of FHB by transient
HBYV infection

The following independent factors, promoting the
development of FHB, were evaluated by multivariate
analysis: ALT, AST, T.bil, HBeAg, HBV DNA, core
protein, HBcrAg, genotypes/subgenotypes (B1/Bj or
not) and mutations (T1753V, T1754V, A1762T/
G1764A, G1896A, G1899A and A2339G). T.bil more
than 10.35 mg/dL (OR, 7.81 [95% CI, 1.77-34.51],
P=0.0067), G1896A mutation (OR, 13.53 [95% CI,
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Figure 2 Frequencies of core promoter, pre-core and core
mutations compared between the transient hepatitis B virus
infection (FH-T) and the acute self-limited hepatitis B (AHB)
patients who were infected with HBV of subgenotype B1/Bj (a)
or C2/Ce (b).
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2.75-66.64], P=0.0014) and serum HBV DNA more
than 5.23 log copies/mL (OR, 5.14 [95% CI, 1.10-
24.15], P=0.0379) were independent risk factors for
the development of FHB by transient HBV infection
(Table 2). Other mutations (T1753V, T1754V, A1762T/
G1764A, G1899A and A2339G) were not significantly
associated with the development of FHB by transient
HBV infection, however.

Baseline clinical characteristics for
distinguishing between the patients with
FHB by AE of ASC (FH-C) and those without
FHB by AE of CHB (AE-C)

Table 3 compares baseline clinical characteristics
between the 12 FH-C patients and the 12 AE-C patients
who were matched for age and sex. The levels of
T.bil were significantly higher in the FH-C patients
(15.0+£ 7.3 vs 7.3 £8.8 mg/dL, P <0.05), but the peak
ALT and AST levels tended to be slightly higher in the
FH-C patients than AE-C (887 £ 681 vs. 641 + 620 IU/L
and 701 £451 vs 601 £ 753 IU/L, respectively). There
were also no significant differences in levels of sera
HBV DNA, core protein and HBcrAg between these
two groups (7.44 £ 1.51 vs 6.60+1.10 log copies/mL,
5.04 +£1.45vs5.07 £1.07 logU/mL, and 6.35 £ 1.70 vs
6.29 £ 1.95 log U/mL, respectively).

HBV genotypes and enhancer ll/core
promoter/pre-core/core mutations between
the patients with FH-C and those with AE-C

There were no significant differences in the frequencies
of any HBV genotypes between the 12 FH-C patients
and the 12 AE-C patients (Fig. 3a). In addition, there
were also no significant differences in the frequencies

Table 2 Multivariate analysis for factors independently associated with fulminant hepatitis by transient HBV infection

Factors QOdds ratio 95% confidence interval P-value
Total bilirubin (mg/dL)t

<10.35 1

=10.35 7.81 1.77-34.51 0.0067
G1896A mutation

Absent 1

Present 13.53 2.75-66.64 0.0014
HBV DNA (log copies/mL}t

<5.23 1

=523 5.14 1.10-24.15 0.0379

tMedian values. HBV, hepatitis B virus.

© 2009 The Japan Society of Hepatology
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Table 3 Baseline characteristics between patients with FH by AE of ASC (FH-C) and those without FH by AE of CHB (AE-C)

Features FH-C AE-C Differences
(n=12) (n=12) P-value

Age (years) 51.7+14.7 499+5.6 Matched

Male 10 (83%) 9 (75%) Matched

ALT (1U/L) 887 + 681 641 %620 NS

AST (IU/L) 701+ 451 601 +753 NS

Total bilirubin (mg/dL) 15.0+7.3 7.3+8.8 <0.05

Prothrombin time (%) 258+6.6 48.4+21.5 <0.005

HBeAg positive 4 (33%) 3 (25%) NS

Core protein (log U/mL) 5.04%145 5.07£1.07 NS

HBcrAg (log U/mL) 6.35%£1.70 6.29+1.95 NS

HBV DNA (log copies/mL) 7.44£1.51 6.60£1.10 NS

AE, acute exacerbation; ALT, alanine aminotransferase; ASC, asymptomatic HBV carrier; AST, aspartate aminotransferase; CHB, chronic
hepatitis B; HBcrAg, hepatitis B core related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not significant.

of any specific mutations between these two groups
(Fig. 3b).

DISCUSSION

HE MAGNITUDE OF liver injuries depends on the

replication level of HBV and cytotoxic immune
responses of the host raised against viral epitopes in
general.*' Various viral factors have been proposed that
promote the development of FHB, represented by pre-
core (G1896A) and core promoter (A1762T/G1764A)
mutations.”*** Impact of virological factors on the
development of FHB has remained controversial,
however, especially because these mutations are rarely
detected in the patients from the USA and France.””' It
has been argued that the development of FHB is not
promoted by these mutations and is dependent on host
factors including the human leukocyte antigen (HLA)
environment.”?

The expression of HBeAg is terminated by G1896A
mutation in the pre-core region at the translation level,
and downregulated by the A1762T/G1764A double
mutation at the transcription level **** Lamberts et al.
are the first to implicate a negative influence of HBeAg
on the replication of HBV.” Should HBeAg suppress
the replication of HBV, presumably by inhibiting the
encapsidation of pre-genome,” the lack or decrease
of HBeAg would enhance the reproduction of HBV. Fur-
thermore, HBeAg acts as a tollerogen to T cells recog-
nizing epitopes on core protein, thereby, obviating
immune injury of hepatocytes.***” In the absence or
decrease of HBeAg, therefore, hosts would mount vigor
cytotoxic T-cell responses to core epitopes excessively

presented on hepatocytes, and develop severe liver inju-
ries culminating in FHB.*

There is a possibility that influence of viral factors
such as HBV mutants with a HBeAg-negative pheno-
type, on the induction of FHB, may have been con-
founded by host factors and created disagreement.
Therefore, the sheer influence of virological factors
on FHB would need to be evaluated in case-control
studies, as has been attempted to sort out the influence
of HBV genotypes on development of cirrhosis and
hepatocellular carcinoma.® These backgrounds have
instigated us to identify virological factors accelerating
the severity of liver disease in the 50 FHB patients by
transient HBV infection and the 50 AHB patients who
were of the same ethnicity and matched for age as well
as sex.

In this case controlled study, A1762T/G1764A,
G1896A, G1899A and A2339G mutation were sig-
nificantly more frequent in the patients with FH-T
than AHB, providing further corroboration of previous
studies;"*'% these mutations could enhance viral repli-
cation. Interestingly, our recent study using an in vitro
replication model, showed that A2339G mutation in
the core region enhanced viral replication and the effect
of A2339G mutation may be associated with inhibition
of the cleavage of the core protein by a furin-like pro-
tease, resulting in the high expression of the complete
core protein.”® Such enhanced HBV would induce sig-
nificant immune response, resulting in development
of FHB.

In multivariate analysis, higher levels of serum HBV
DNA and G1896A mutation were independent virologi-
cal risk factors for the development of FHB by transient

© 2009 The Japan Society of Hepatology
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Figure 3 Genotypes/subgenotypes (a) and mutations in core
promoter, pre-core and core regions (b) between the 12 tran-
sient hepatitis B virus infection (FH-T} and the 12 acute self-
limited hepatitis B (AHB) patients.

HBV infection (Table 2). In particular, G1896A muta-
tion was the most important factor associated with
the development of FHB. Host responses, represented
by T.bil, contributed to the development of FHB as well.

As for HBV genotypes, B1/Bj alone was significantly
more frequent in the FH-T patients in univariate analy-

© 2009 The Japan Society of Hepatology
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sis. In the patients infected with B1/Bj, G1896A was
more frequent in those with FH-T than AHB. In in vitro
replication analysis, Ozasa et al."” observed extremely
high expressions of intra- and extracellular HBV DNA in
culture transfected with an HBV clone of B1/Bj genotype
having the G1896A mutation; a high replication would
be induced by this pre-core mutation for the induction
of FHB. Our clinical results stand in support of this in
vitro analysis. Taken altogether, chances for developing
severe acute or FH would be high in the patients with
acute hepatitis who are infected with HBV/B1 having the
pre-core mutation. By contrast, in patients infected with
C2/Ce, G1896A or A1762T/G1764A, or both was much
more frequent in the FH-T patients than AHB. Of note,
the co-occurrence of G1896A and Al762T/G1764A
mutations was invariably accompanied by either FHB or
acute severe hepatitis B in this study. Hence, these pre-
core and core-promoter mutations might have addictive
or synergetic effects for exacerbating hepatitis, when
they emerge in the patients infected with C2/Ce. Such
high-risk patients deserve special care and surveillance
for signs and symptoms of fulminant or severe acute
hepatitis B.

In the present study, serum levels of HBV DNA were
significantly higher in the patients with FH-T than AHB.
High serum levels of HBV DNA have been reported in
patients with FHB;* they are followed by rapid decrease
as the sequel of virus elimination operated by vigorous
immune responses. Because of rapid and extensive
elimination of HBV by the host immune system, HBV
DNA in serum, in general, has decreased to low levels in
patients with FHB at the presentation.** HBV DNA levels
may be subject to the time that has elapsed from the
onset of hepatitis to its measurement.** Also, serum
levels of core protein (the product of the C gene) closely
correlate with serum HBV DNA levels in patients with
hepatitis B,”” and they were compared between the FH-T
patients and AHB. The core protein was determined by
the newly developed CLEIA method; it is much easier
and less expensive than the determination of HBV DNA.
The level of core protein has turned out to be marginally
higher in the FH-T patients than AHB (Table 1), and
therefore might not contribute to an early diagnosis
of FHB by transient infection.

Fulminant hepatitis B by AE of ASC is assumed as a
different clinical condition from FHB by transient HBV
infection. In this study, as there was no case-control
study on virological factors associated with FHB for the
patients with AE of ASC, we also attempted to identify
virological factors associated with the development of
FHB in the 12 FH-C and the 12 AE-C patients who were
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matched for age as well as sex. Disappointingly, no
differences of virological factors such as HBV genotypes
and pre-core mutations, which were strongly associated
with the development of FHB by transient infection,
were found between the FH-C and AE-C patients
(Fig. 3a,b). Furthermore, there were also no significant
differences about HBeAg-positive rate and the levels of
serum HBV DNA or core protein (Table 3), suggesting
that several host factors may play a more important role
in the development of FHB in ASC instead of virological
factors. In this case~control study, however, there seems
to be some problems: a small number of patients, dif-
ferent duration of HBV infection, different clinical stage
(ASC or CHB) at the onset of AE, and HBV quasispecies
complexity. Further investigations are needed to identify
factors associated with FHB precipitating in asymptom-
atic HBV carriers.

In conclusion, virological factors associated with
enhancement of viral replication seemed to be impor-
tant for the development of FHB in the patients by
transient HBV infection. But no virological factors were
identified for differentiation of the FH-C patients from
the AE-C patients. Hence, the pathogenic mechanism of
FHB between transient HBV infection and AE of ASC
would be different.
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Abstract

Objective We investigated the usefulness of Sonazoid
contrast-enhanced ultrasonography (Sonazoid-CEUS) in
the diagnosis of hepatocellular carcinoma (HCC). The
examination was performed by comparing the images
during the Kupffer phase of Sonazoid-CEUS with super-
paramagnetic iron oxide magnetic resonance (SPIO-MRI).
Methods The subjects were 48 HCC nodules which were
histologically diagnosed (well-differentiated HCC, n = 13;
moderately differentiated HCC, n = 30; poorly differenti-
ated HCC, n = 5). We performed Sonazoid-CEUS and
SPIO-MRI on all subjects. In the Kupffer phase of Sona-
z0id-CEUS, the differences in the contrast agent uptake
between the tumorous and non-tumorous areas were
quantified as the Kupffer phase ratio and compared. In the
SPIO-MRYI, it was quantified as the SPIO-intensity index.
We then compared these results with the histological dif-
ferentiation of HCCs.
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Results  The Kupffer phase ratio decreased as the HCCs
became less differentiated (P < 0.0001; Kruskal-Wallis
test). The SPIO-intensity index also decreased as HCCs
became less differentiated (P < 0.0001). A positive cor-
relation was found between the Kupffer phase ratio and the
SPIO-MRI index (r = 0.839). In the Kupffer phase of
Sonazoid-CEUS, all of the moderately and poorly differ-
entiated HCCs appeared hypoechoic and were detected as
a perfusion defect, whereas the majority (9 of 13 cases,
69.2%) of the well-differentiated HCCs had an isoechoic
pattern. The Kupffer phase images of Sonazoid-CEUS and
SPIO-MRI matched perfectly (100%) in all of the moder-
ately and poorly differentiated HCCs.

Conclusion  Sonazoid-CEUS is useful for estimating his-
tological grading of HCCs. It is a modality that could
potentially replace SPIO-MRI.

Keywords Sonazoid -
Contrast-enhanced ultrasonography - Kupffer phase -
SPIO-MRI - Hepatocellular carcinoma

Introduction

Ultrasonography (US) is extensively used as a diagnostic
modality for hepatic focal lesions, based on their distinc-
tive echogenicities, the gray-scale morphologic features.
However, detection and characterization of tumor vascu-
larity are important in the differential diagnosis of a liver
mass. For definitive diagnosis, it has been used in combi-
nation with other contrast imaging modalities such as
computer tomography (CT), magnetic resonance imaging
(MRI), and angiography.

Recently, US contrast agents and novel technologies
for ultrasonic imaging have been developed to improve
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diagnostic ability. The first generation contrast agent
Levovist (galactose 99.9%, palmitic acid 0.1%; Bayer,
Osaka, Japan) is commercially available in many countries.
Levovist contrast-enhanced ultrasonography (Levovist-
CEUS) is considered effective for the differential diagnosis
of hepatic tumors [1-3], estimation of histological malig-
nancy [4], evaluation of effectiveness of transcatheter
arterial chemoembolization [5], and guidance in percuta-
neous radiofrequency ablation (RFA) therapy [6, 7] for
hepatocellular carcinomas (HCCs). However, Levovist
microbubbles are fragile and easily collapsed by the sound
pressure of ultrasound. Since ultrasound transmission is
performed intermittently to avoid microbubble collapse,
the real-time properties are poor during the vascular phase.
Another disadvantage is the short observation time due to
the instability of microbubbles during the post-vascular
phase. The Kupffer imaging in the post-vascular phase can
be performed by only a single sweep scan of the liver. In
order to improve the contrast effects, second-generation
agents that use less soluble gases for microbubbles are
being developed.

Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE Health-
care, Milwaukee,WI) is a lipid-stabilized suspension of
perfluorobutane. Its microbubbles are chemically stable in
blood vessels [8-10], and blood flow images can be
obtained in real time. In addition, Sonazoid is markedly
taken up by the Kupffer cells (reticuloendothelial system
components of the liver) more than Levovist [11-14]. This
uniqueness of Sonazoid enhances contrast of the liver
parenchyma during the post-vascular phase (i.e., Kupffer
phase) [8]. The imaging in the Kuptfer phase is stable from
10 to 120 min after infusion, and tolerable for multiple
scanning [8]. Malignant hepatic tumors contain few or no
Kupffer cells [15], which lead to clear negative contrast as
a perfusion defect in the Kupffer phase. Some studies have
used this property and reported on the effectiveness of
Sonazoid contrast-enhanced ultrasonography (Sonazoid-
CEUS) in the detection of metastatic hepatic tumors in
rabbits [16], the clinical detection [17] and differentiation
{18] of human hepatic tumors, and the guidance in RFA
therapy for HCCs {19].

Superparamagnetic iron oxide (SPIO) is a tissue-specific
MRI contrast agent, and like Sonazoid it is phagocytized
by the liver Kupffer cells. SPIO-MRI imaging reflects the
number of Kupffer cells and is useful in not only hepatic
tumor detection but also the estimation of histological
grading in HCCs [20]. Inoue et al. [4] compared the find-
ings of Levovist-CEUS and SPIO-MRI. They found a good
correlation between the findings of these methods in the
delayed parenchymal-phase. However, there has not been a
report comparing the diagnosability using a quantitative
scale between Sonazoid-CEUS in the Kupffer phase and
SPIO-MRL.

@ Springer

In this study, we examined the usefulness of Sonazoid-
CEUS, particularly in the Kupffer phase, in HCCs diagnosis
by quantifying the Sonazoid uptake and comparing the
findings with those of SPIO-MRI. In addition to the detection
of HCC:s in the Kupffer phase, we sought to examine whether
or not histological differentiation can be predicted.

Patients and methods
Patients

The subjects were 43 consecutive patients with HCCs, who
were examined by both Sonazoid-CEUS and SPIO-MRI at
our institution between January 2007 and April 2008. There
were 30 males and 13 females and their mean age was
67 years old (range 57-80 years). Coexisting liver diseases
included hepatitis C virus (HCV)-related cirrhosis in 28
patients, HCV-related chronic hepatitis in 7 patients, hepatitis
B virus (HBV)-related cirrhosis in 3 patients, HBV-related
chronic hepatitis in 1 patient, alcoholic cirrhosis in 2 patients,
and cirrhosis of unknown etiology in 2 patients. All patients
underwent an informed consent process which was approved
by the ethics committee of our hospital.

Diagnosis of HCCs

Forty-eight tumors in 43 patients were detected using
conventional gray-scale sonography. The mean diameter of
these tumors was 2.8 ¢cm (range 0.7-11.0 cm). All tumors
were histologically diagnosed as HCCs. The diagnosis of
HCCs was made by pathologists in a blind manner and
according to the histological criteria of the International
Working Party [21]. The pathological specimens of 29
HCC nodules were obtained from 26 patients by 21-gauge
needle biopsy (Magima needle: Top, Tokyo, Japan). The
pathological specimens of the remaining 19 nodules were
obtained from the other 17 patients by partial hepatectomy.
Of these specimens obtained from 48 HCCs, 39 were
histologically uniform and 9 were composed of 2 different
histological grades of HCCs (well-differentiated HCC with
a minor component of moderately differentiated HCC in 2,
moderately differentiated HCC with a minor component of
well-differentiated HCC in 3, moderately differentiated
HCC with a minor component of poorly differentiated
HCC in 2, and poorly differentiated HCC with a minor
component of moderately differentiated HCC in 2). HCCs
with regions of varying histological grades were classified
as belonging to the predominating histological character-
istic. As the final diagnoses, 13 of the 48 nodules were
diagnosed as well-differentiated HCCs, 30 were diagnosed
as moderately differentiated HCCs, and 5 were diagnosed
as poorly differentiated HCCs.
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Imaging
Sonazoid-contrast enhanced US study

Contrast-enhanced sonography was performed using an
ACUSON Sequoia 512 ultrasound system (Mochida
Siemens Medical Systems, Tokyo). A contrast pulse
sequencing (CPS) mode imaging software program was
used in this contrast enhanced sonographic system. CPS
technology is the latest technology which has high reso-
lution by phase inversion and high sensitivity by power
modulation. The technology can effectively extract con-
trast agent signals and form a highly specific and sensitive
contrast display.

The CPS setup was 0.2-0.3 for the low mechanical
index, —18 to —15 decibels for transmission power, 60-65
decibels for the dynamic range, and 10 frames per second
for the frame rate. The focus point was established at the
lower end of the lesion.

The suspension of the sonographic contrast agent
Sonazoid was prepared by gently shaking and inverting
Sonazoid powder and 2 ml of distilled water for 1-2 min.
The suspension was allowed to stand for 1 min to
homogenize. Then a Sonazoid concentration of 8 pL of
microbubbles/mL. was produced. The suspension was
injected into the antecubital vein using a 21-gauge needle,
and 0.01 ml/kg body weight of the suspension was injected
manually at approximately ! ml/s. Normal saline (10 ml)
was used immediately afterward for flushing.

The tumor vessel and tumor enhancement were
observed in the early vascular phase (10-30 s after the
injection of the contrast agent) and in the late vascular
phase (30-80 s after the injection). Then, echogenicity of
the tumor was observed in the post-vascular phase (we call
it the Kupffer phase) at 30 min after the contrast agent
injection. The reason why we analyzed the Kupffer imag-
ing 30 min after injection is that in some HCC nodules the
contrast of the contrast agent echogenicity was not suffi-
cient for analysis between the tumorous and non-tumorous
areas at 10-20 min after injection (data not shown). The
real-time images in this study were stored on the hard
disk of this device. Furthermore, the images were recalled
from the Cine loop memory and stored on the magnetopic
disk.

We selected three images in the Kupffer phase, and
measured the color signal of the regions of interest (ROIs)
of the tumorous and non-tumorous areas of the liver. The
software Auto-Tracking Contrast Quantification (Mochida
Siemens) was used for measurements. The ROIs of the
non-tumorous areas were established at sites with the same
depths as the tumorous areas., The mean value of the three
images at the Kupffer phase was calculated by the
following formula:

Kupffer phase ratio = postcontrast echogenecity of
tumorous lesion/postcontrast
echogenecity of non-tumorous
liver parenchyma.

We also observed tumor perfusion patterns and visually
classified them as hyperechoic (Fig. 1b), isoechoic (Fig. 1d),
or hypoechoic (Fig. 1f) patterns.

SPIO-enhanced MRI study

Patients underwent MRI with a 1.5-T whole-body imager
(Magnetom Vision; Siemens Medical Systems, Erlangen,
Germany; or Signa CV,; GE Healthcare, Milwaukee, WI).
MR images were obtained in the transverse plane with a
phased-array coil. T2*-weighted images (TR/TE = 150/
12 ms, 30° flip angle or TR/TE = 180/9-10 ms, 20° flip
angle) were obtained by breath-hold gradient echo
sequences. SPIO [Ferucarbotran (Resovist), Bayer, Osaka,
Japan] was administered at a dose of 8 pmol of iron per
kilogram of body weight. SPIO was administered as a rapid
bolus using the hand injection method and was immedi-
ately followed by a saline solution flush of 15-20 mL.,
Post-contrast MR examination was initiated about 30 min
after the SPIO administration. One of the authors read the
signal intensities of the tumor and non-tumorous hepatic
parenchyma directly from a monitor, using a region of
interest (ROI). Visible blood vessels, bile ducts, and arti-
facts were carefully excluded from the ROI measurements
in the hepatic parenchyma. An attempt was made to
maintain a constant ROI area of approximately 1 cm? and
the real sizes of ROI areas ranged from 0.5 to 1.0 cm®. The
mean of the three ROIs was calculated as the signal
intensity of the non-tumorous hepatic parenchyma. Signal
intensity was assessed in the three separate areas of the
image at the level of the main portal vein, and all measured
attenuation values were averaged for each phase. The
signal intensity was measured in three areas: the left lobe of
the liver, and the anterior segment and posterior segment of
the right lobe of the liver. Circular ROIs were drawn to
encompass as much of the lesion of the hepatic tumors as
possible. To accurately evaluate the uptake of SPIO by the
tumorous lesion, we referred to the method of Inoue et al.
[4]. We calculated the relative intensity ratio of the
tumorous lesion to non-tumorous hepatic parenchyma area
on enhanced MR images and SPIO-enhanced MR images
as follows;

Precontrast relative intensity ratio
= precontrast signal intensity of the tumorous
lesion/precontrast signal intensity of the

non-tumorous liver parenchyma.
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Fig. 1 Classification of the
Kupffer phase findings of
Sonazoid-contrast enhanced
ultrasonography (Sonazoid-
CEUS) in hepatocellular
carcinomas (HCCs). b The
hyper echogenecity in the
Kupffer phase (arrows). The
tumor was well-differentiated
HCC and 1.5 cm in diameter on
conventional harmonic gray-
scale ultrasonography (US) (a.
arrows). d The iso echogenecity
in the Kupffer phase (arrows).
The tumor was well-
differentiated HCC and 2.2 cm
in diameter on conventional
harmonic gray scale US (c,
arrows). f The hypo-
echogenecity in the Kuptfer
phase, what is called “perfusion
defect “(arrows). The tumor
was moderately differentiated
HCC and 2.4 ¢m in diameter on
conventional harmonic gray-
scale US (e, arrows)

b Kupff'er'phase ratio: 1.28

SPIO-intensity index:1.32

SPIO-intensity index: 0.961

SPIO-intensity index: 0.354

Fig. 2 Classification of the superparamagnetic iron oxide-magnetic resonance imaging (SPIO-MRUD) findings in HCCs. a Hypointensity

(arrows), b isointensity (arrows), ¢ hyperintensity (arrows)

Postcontrast relative intensity ratio
= postcontrast signal intensity of the tumorous
lesion/postcontrast signal intensity of the

non-tumorous liver parenchyma.

We then defined the ratio of these relative intensity ratios
as the SPIO intensity index, as follows;

@_ Springer

SPIO intensity index = precontrast relativeintensity
ratio/postcontrast relative
intensity ratio.

We also observed the SPIO-MRI images of the tumorous

tissue and visually classified them as hypo- (Fig. 2a), iso-
(Fig. 2b), or hyper- (Fig. 2¢) intensity.
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Fig. 3 Kupffer phase ratio of HCCs. The Kupffer phase ratio
declined as the degree of HCCs differentiation decreased. Well-
differentiated HCCs had significantly higher Kupffer phase ratio than
both moderately and poorly differentiated HCCs (P < 0.0001 and
P < 0.005, respectively). Horizontal bar, the mean of each group

Statistical analysis

The results were expressed as the mean 3 SD. Statistical
analysis was performed using NCSS 2007 software
(Statistical Systems, Kaysville, UT). The Kruskal-Wallis
test and the Mann—Whitney U test were used in the com-
parisons of the Kupffer phase ratios and SPIO-intensity
indices among groups. The Pearson’s coefficient of corre-
lation was used to examine the relationship between the
Kupfter phase ratio and the SPIO-intensity index. Diag-
nostic performance of the tests was evaluated by the
receiver operating characteristic (ROC) curves from each
group’s quantitative measure (ratio or index).

The areas under the ROC curves (AUROCs) and 95%
confidence intervals (CI) were calculated. A P value of
<0.05 was established as statistically significant.

Results

Quantitative analysis of echogenicity
in the Kupffer phase

Figure 3 shows the Kupffer phase ratio of HCCs. The
Kupffer phase ratio declined as the HCCs became less
differentiated. The mean Kupffer phase ratio was 0.836 +
0.174 (range 0.595-1.280) for well-differentiated HCCs,
0.434 £ 0.125 (range 0.213-0.621) for moderately differ-
entiated HCCs, and 0.303 £+ 0.091 (range 0.196-0.447) for
poorly differentiated HCCs, respectively. The Kupffer
phase ratio was significantly greater for well-differentiated
HCCs than moderately differentiated HCCs (P < 0.0001)
or poorly differentiated HCCs (P < 0.005). The Kupffer
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p<0.0001
Fig. 4 SPIO intensity index of HCCs. SPIO intensity index declined
as the degree of HCCs differentiation decreased. Well-differentiated
HCCs had a significantly higher SPIO intensity index than both
moderately and poorly differentiated HCCs (P < 0.0001 and
P < 0.005, respectively). However, there was no significant differ-
ence between moderately and poorly ditferentiated HCCs. Horizontal
bar, the mean of each group

phase ratio was significantly greater for moderately
differentiated HCCs than poorly ditferentiated HCCs
(P < 0.05).

Quantitative analysis of intensity on SPIO-MRI

Figure 4 shows the SPIO intensity index. The SPIO intensity
index declined as the HCCs became less differentiated. The
mean SPIO intensity index was 0.895 4 0.211 (range
0.579-1.320) for well-differentiated HCCs, 0.329 + 0.178
(range 0.112-0.771) for moderately differentiated HCCs,
and 0.227 % 0.065 (range 0.119-0.228) for poorly differ-
entiated HCCs, respectively. The SPIO intensity index was
significantly greater for well-differentiated HCCs than
moderately differentiated HCCs (P < 0.0001) or poorly
differentiated HCCs (P < 0.005). There was no significant
difference in the SPIO intensity index between moderately
and poorly differentiated HCCs.

Correlation between the Kupffer phase ratio
and SPIO intensity index

We examined the correlation between the Kupffer phase
ratio and SPIO intensity index and found a positive cor-
relation between them (r = 0.839, n = 48, P < 0.0001)
(Fig. 5).

Table I shows the findings from the images of the
Kupffer phase and SPIO-MRI in the group into which
moderately and poorly differentiated HCCs were merged.
The images of the Kupffer phase and those of SPIO-MRI
matched perfectly (100%) when these 35 HCCs were
examined.
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1.4 Table 2 Comparison of findings in the Kupffer phase of Sonazoid-
CEUS and in SPIO-MRI (well-differentiated HCCs, 13 nodules)
1.2 1 L
P Kupffer phase
o 14 L
£ Hypo echoic  Iso echoic  Hyper echoic  Total
>
= .8 s
2 SPIO-MRI
% .6 - r High intensity 2 3 0 5
E‘; 4l i Iso intensity i 6 0 7
% ’ Hypo intensity 0 0 1 1
2 " Total 3 9 1 13
0 -+ ————T . ; . S Image consistency of the Kupffer phase and SPIO-MRI was 69.2% (9/
0 2 4 .6 .8 1 1.2 14 13)

Kupffer phase ratio
r=0.839, n=48, p<0.0001

Fig. 5 Correlation between Kupffer phase ratio and SPIO intensity
index for HCCs. There was a positive correlation between them
(r =0.839, P <0.001)

Table 1 Comparison of findings in the Kupffer phase of Sonazoid
contrast-enhanced ultrasonography (Sonazoid-CEUS) and in SPIO-
MRI (moderately + poorly differentiated HCCs, 35 nodules)

Kuptfer phase

Hypo echoic Iso echoic Total
SPIO-MRI
High intensity 35 0 35
Iso intensity 0 0 0
Total 35 0 35

Image consistency of the Kupffer phase and SPIO-MRI was 100%
(35/35)

On the other hand, 13 of well-differentiated HCCs had a
match rate of the Kupffer image and SPIO-MRI image of
69.2% (Table 2). In the well-differentiated HCCs, 3 of 13
cases (23.1%) had a hypoechoic pattern in the Kupffer
phase. The majority of the well-differentiated HCCs, 9 of
13 cases {69.2%), had an isoechoic pattern. In SPIO-MRI,
5 of 13 (38.5%) cases had a decreased SPIO uptake and the
images depicted as hyperintensity. There were 7 cases
(53.8%) in which the images depicted as isointensity and 1
case as hypointensity (Table 2).

Comparison of the diagnostic value of Sonazoid-CEUS
and SPIO-MRI in detection of moderate and poorly
differentiated HCCs from well-differentiated HCCs

We examined the ability to differentiate the degree of
malignancy of two groups: a well-differentiated HCCs
group and a group into which moderately and poorly
differentiated HCCs were merged (i.e., HCCs with high
biological malignancy). We conducted a statistical exami-
nation using ROC curves for the diagnostic found that the
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Table 3 Area under the receiver operating characteristic curves
(AUROCs) and 95% confidence intervals (CI) for the Kupffer phase
of Sonazoid-CEUS and SPIO-MRI in detection of both moderate and
poorly different HCCs from well-different HCCs

Modality AUROCs (95% CI)

Sonazoid-CEUS
SPIO-MRI

0.9956 (0.9529-0.9996)
0.9824 (0.9200-0.9962)

results of Sonazoid-CEUS in the Kupffer phase and SP1O-
MRI were almost identical (Table 3). Sonazoid-CEUS in
the Kupffer phase and SPIO-MRI enabled statistically the
same ability to distinguish both moderately and poorly
differentiated HCCs from well-differentiated HCCs.

Discussion

Sonazoid is a second-generation ultrasound contrast agent
approved in Japan in January 2007 ahead of any other
country in the world. Its recommended dose is 0.015 ml/kg.
However, general image quality is sufficiently good at doses
lower than this recommended dose [19, 22], and thus, the
dose can be decreased. In addition, since Sonazoid is
excreted by exhalation, it can be used in patients with renal
dysfunction. It also has very few serious side effects such as
allergic reactions [23], and it is a contrast agent that can be
used easily in a clinical setting.

Sonazoid-CEUS has a unique Kupffer phase imaging in
addition to vascular imaging, because Sonazoid micro-
bubbles are markedly phagocytosed by the Kupffer cells.
The images of the Kupffer phase provide essential infor-
mation for diagnosis of a liver tumor. In clinical practice, it
has been reported that Sonazoid excels in the detection of
metastatic liver tumors [17] and HCCs [19]. A small liver
tumor of 3 mm in diameter, which cannot be detected by
conventional gray-scale ultrasonography, was depicted as a
perfusion defect by contrast enhanced ultrasonography [16].
Its contrast enhancement and sensitivity are very high.
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Recently, methods using the stability of Sonazoid have
been reported. Numata et al. [19] detected HCCs with a
low ultrasound pressure in the Kupffer phase first, and then
destroyed the bubbles within and around the tumor at once
with a strong sound pressure. This technique enabled to
visualize tumor vessels and the enhancement for backflow
into the tumor vessels and vascular spaces. Kudo et al. [22]
re-administered Sonazoid into HCCs which previously
showed a perfusion defect in the Kupffer phase. They
devised a method called “defect re-perfusion imaging”
which confirms the flow of blood into the defect. Methods
using these two unique characteristics of Sonazoid can be
applied to treatment guidance for recurrence or applied in
the determination of effectiveness after RFA therapy. Such
determination of effectiveness is difficult with methods
such as conventional contrast-enhanced ultrasonography
like Levovist. Sonazoid-CEUS is expected to be a break-
through which drastically changes the diagnosis and
treatment of HCCs [22].

We defined the Kupffer phase ratio as the rate of the
echogenecity of tumorous lesion divided by that of non-
tumorus liver parenchyma merely in the Kupffer phase.
However, the difference in the Sonazoid uptake between
tumorous and non-tumorous areas is not reflected precisely
with this formula, because the post-contrast images
obtained by CPS technology contain not only signals from
the contrast agent but also tissue harmonic signals.
Although these signal levels from tissue as a background
seem to be very low, the Kupffer phase ratio should be
calculated with consideration of the pre-contrast images as
in the SPIO-MRI index. We recalculated the Kupffer phase
ratio by the comparison to the pre-contrast images, in the
25 HCC nodules we could examine. There was little dif-
ference between the two results with pre-contrast images
and without them (the Kupffer phase ratio with pre-contrast
images: 0.439 + 0.164; the ratio without pre-contrast
images: 0.442 £ 0.164). We thus think the Kupffer phase
ratio calculated with only post-contrast images could be
acceptable for our study.

In this study, we showed that the Kupffer phase ratio
decreased along with decreasing of HCCs differentiation,
suggesting that the observations in the Kupffer phase of
Sonazoid-CEUS are useful in the estimation of the differ-
entiation of HCCs. As in the previous reports [4, 20], the
SPIO intensity index also decreased with decreasing HCCs
differentiation.

Inoue et al. {4] used methods similar to those used in our
study. They investigated the post-vascular phase ratio to
examine the differences in the contrast agent uptake
between the turnorous and non-tumorous areas in the post-
vascular phase of Levovist-CEUS. They compared the ratio
with the SPIO intensity index with 49 liver tumors (well-
differentiated HCC, »n = 20; moderately differentiated

HCC, n = 19; poorly differentiated HCC, n = 1; dys-
plastic nodule, n = 9). They found a positive correlation
between the post-vascular ratio and the SPIO-intensity
index. The overall image consistency of the post-vascular
phase and SPIO-MRI was high at 96%. In our study, we
also found a high correlation between the Kupffer phase
ratio and the SPIO intensity index. And, the images of
Kupffer phase and SPIO-MRI matched perfectly in both
moderately and poorly differentiated HCCs. It again
showed the usefulness of observations in the Kupffer phase
of Sonazoid-CEUS.

Numata et al. [19] examined 108 HCC nodules that were
identified as hypervascular using contrast-enhanced CT.
They detected 90 (83%) HCCs using conventional US.
Then, they detected an additional 15 (14%) HCCs using
Sonazoid-CEUS in the Kupffer phase. The remaining 3
HCC nodules were not detected in patients even after using
Sonazoid-CEUS. The reason was speculated to be due to
the locations of these lesions, where the lungs and gastro-
intestinal gas could affect the lesion imaging.

As shown above, the observations in the Kupffer phase
are outstanding for the detection of moderately and poorly
differentiated HCCs. Unless the lesions exist in the blind
spots of ultrasonography, it can be said that the lesions are
almost always detectable by the modality of the Kupffer
phase alone.

For the detection of HCCs, a combination of modalities
with different principles is recommended to increase the
sensitivity and specificity of diagnosis. These modalities
are SPIO-MRI and contrast-enhanced multi-detector-row
CT (MDCT) for hemodynamic assessment [24]. Imai et al.
[25] used a combination of SPIO-MRI and contrast-
enhanced MDCT for the detection of hypervascular HCCs
exceeding 1.5 cm in diameter. They found that this com-
bination resulted in almost the same diagnosability as the
golden standard for HCCs diagnosis—a combination of CT
during hepatic arteriography (CTHA) and CT during arte-
rial portography (CTAP). From the results of our study, we
think that SPIO-MRI with such clinical significance can be
replaced by Sonazoid-CEUS.

In the well-differentiated HCCs, the image consistency
of the Kupffer phase of the Sonazoid-CEUS and SPIO-
MRI was not high. The images of the Kupffer phase did not
correspond to the SPIO-MRI in four tumors (Table 2). All
of these four tumors were hypovascular in the vascular
phase of CEUS, and were under 1.5 ¢cm in diameter: two
tumors were 1.0 cm and the remaining two were 1.4 cm.
The clinical characteristics of these tumors were compati-
ble to those of well-differentiated HCCs, although the
pathological diagnoses were made on biopsied specimens.
We speculate on the reason of the inconsistency between
the Kupffer phase of the Sonazoid-CEUS and SPIO-MRI
as follows. First, this inconsistency may arise from the
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differences in the contrast agent dynamics. Inoue et al. [4]
reported there were two well-differentiated HCCs which
showed the discrepancy between the post-vascular phase of
Levovist-CEUS and SPIO-MRI. They stated that SPIO
accumulates in only the Kupffer cells, but Levovist might
be deposited in the sinusoids and be taken up by the
Kupffer cells. Thus, the microbubbles of Levovist depos-
ited in the tumorous blood space might be increased in
some well-differentiated HCCs which possess blood spaces
similar to normal sinusoids, resulting in the discrepancy.
Some types of ultrasound contrast agent demonstrate con-
trast enhancement of liver parenchyma not through the
uptake of their microbubbles by Kupffer cells but through
mechanical slow down in the sinusoid [26]. Watanabe et al.
[14] observed the Sonazoid microbubble dynamics in a rat
liver by intravital microscopy and confocal laser scanning
microscopy. They concluded that the contrast enhancement
in the Kupffer phase using Sonazoid resulted because of its
uptake by the Kupffer cells and not because it was present
in the sinusoids., Further study might be necessary to
determine whether or not this phenomenon is applicable to
the patients with liver cirrhosis in which complex shunts
are formed via the sinusoids. Second, the inconsistency of
two images may be caused by the sensitivity as a contrast
agent. Most of well-differentiated HCCs contain Kupffer
cells similar in number to the surrounding non-tumorous
tissues [15], and the difference in the contrast agent uptake
should be small between tumorous and non-tumorous areas
in either SPIO-MRI or Kupffer phase. The visual deter-
mination of this small difference could have led to the
difference in findings between SPIO-MRI and the Kupffer
phase shown in Table 2. We did encounter a limitation
pertaining to biopsy site location and actual imaging areas,
because the pathological diagnoses of the four cases which
showed the image inconsistency were obtained by needle
biopsy. To ensure accurate pathological diagnosis, we per-
formed at least two needle core biopsies for each case. How-
ever, the biopsy sites and related areas of the Kupffer images
and SPIO-MRI images could not be precisely correlated.

In well-ditferentiated HCCs, 9 of 13 cases had an iso-
echoic pattern in the Kupffer phase, whereas there were
only 3 cases with a hypoechoic pattern. Kudo et al. [22]
stated that their proposed method called “defect re-perfu-
sion imaging” is applicable to HCCs screening occurring
in liver cirrhosis with rough echogenicity in the liver, in
which tumor detection is difficult by conventional US
alone. This method is indeed very useful in the detection of
moderately or poorly differentiated HCCs which are
depicted as a perfusion defect in the Kupffer phase.
However, the majority of well-differentiated HCCs lesions
are depicted as isoechoic lesions in the Kupffer phase.
Thus, one must keep in mind that relying only on this
method can lead to overlooking well-differentiated HCCs.
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In our study, lesions were confirmed by conventional US in
all well-differentiated HCCs with an isoechoic pattern in
the Sonazoid-CEUS. Thus, we would like to emphasize not
only the importance of contrast-enhanced US, but also that
of basic conventional US. There have been recent reports
on the usefulness of MRI using contrast agents taken up by
hepatocytes such as Gd-EOB-DTPA [27] and Gd-BOPTA
[28]. A combination of other modalities might be desirable
in the detection of well-differentiated HCCs.

Figure | shows the ease of differentiation between well-
differentiated HCCs and other HCCs with high biological
malignancy (moderately or poorly differentiated HCCs).
HCCs with a low Kupffer phase ratio value, which are
clearly depicted as a perfusion defect in the Kupffer phase,
can be predicted as moderately or poorly differentiated
HCCs. Thus, it is possible to efficiently detect highly
biologically malignant HCCs with imaging in the Kupffer
phase. This finding is helpful for making decisions con-
cerning therapeutic strategy and follow-up plans of HCCs.

We examined the ability to differentiate both moder-
ately and poorly ditferentiated HCCs from well-differen-
tiated HCCs by statistically examining the area under the
ROC. We found that SPIO-MRI and Sonazoid-CEUS in the
Kupffer phase were almost the same, but the Kupffer phase
produced better results. Further analysis showed statisti-
cally that a cutoff value of Kupffer phase ratio was 0.6 for
good sensitivity (0.917) and specificity (0.920) in distin-
guishing between well-differentiated HCCs and other
HCCs. Figure | also indicates that distinguishing between
well-differentiated HCCs and moderately differentiated
HCCs is difficult when the Kupffer phase ratio is approxi-
mately 0.6. The determination of hypervascularity or
hypovascularity of tumors is considered important in dif-
ferentiating between these types of HCCs. As is well
known, contrast-enhanced US is useful in the evaluation of
the intratumoral hemodynamics [ |, 2, 29]. In our study, all
of blood flow images of the early vascular phase obtained
by Sonazoid-CEUS corresponded to contrast-enhanced CT
in either hypervascular or hypovascular tumors. We
showed the Kupffer phase imaging is useful in predicting
the histological grading of HCCs. Indeed, Sonazoid-CEUS
may enable us to evaluate the biological malignancy of
HCC from both intratumoral hemodynamics and reticulo-
endothelial function. As a benefit of Sonazoid-CEUS, the
vascular phase imaging and the Kupffer phase imaging can be
obtained in one series of one examination. Furthermore, the
procedure can be performed more easily and with less cost
than SPIO-MRI. We conclude that Sonazoid-CEUS is a useful
modality that can potentially replace SPIO-enhanced MRI.
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