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Abstract

AIM

To assess the usefulness of intra-arterial contrast-
enhanced ultrasonography (IAUS) during transarterial
chemoembolization (TACE) with drug-eluting beads
(DEB) for hepatocellular carcinoma (HCC).

METHODS

Thirty two patients with 39 HCC underwent DEB-TACE
guided with IAUS, and examined by contrast-enhanced
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ultrasonography (CEUS) or dynamic CT after DEB-TACE
were enrolled in this study. CEUS findings before DEB-
TACE and IAUS findings were compared. Treatments
judged to be complete and incomplete for lesions were
appropriate and insufficient, respectively. Findings on
CEUS and/or dynamic CT performed 1, 3 and 6 mo
after DEB-TACE were evaluated using mRECIST (CR/
PR/SD/PD).

RESULTS

The treatments were complete and incomplete in 26
and 13 lesions, respectively. On imaging evaluation
using CEUS and/or dynamic CT one month after
treatment, 25 and 1 lesions were judged to be CR
and PR, respectively, and at 6 mo after treatment, the
results were CR, PR, SD and PD for 24, 1, 0 and 1 of
these lesions, respectively, in the 26 completely treated
lesions. Of the 13 lesions in which treatment was
incomplete, the results on imaging at one month after
treatment were CR, PR, SD and PD for 0, 6, 4 and 3
lesions, respectively. The overall CR rate at 6 mo after
treatment was 61.5% (24/39).

CONCLUSION
A combination of DEB-TACE with IAUS can improve the
therapeutic effects in patients with HCC.

Key words: Hepatocellular carcinoma; Contrast-enhanced
ultrasonography; Drug-eluting beads; Transarterial
chemoembolization; Intra-arterial contrast-enhanced
ultrasonography

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To assess the usefulness of intra-arterial
contrast-enhanced ultrasonography (IAUS) during
transarterial chemoembolization (TACE) with drug-
eluting beads (DEB) for 39 hepatocellular carcinoma
(HCC). Complete and incomplete treatments were
26 and 13, respectively. One month after treatment,
25 and 1 lesions were judged to be CR and PR,
respectively, and at 6 mo after treatment, the results
were CR, PR, SD and PD for 24, 1, 0 and 1 of these
lesions, respectively, in the 26 completely treated
lesions. The overall CR rate at 6 mo after treatment
was 61.5% (24/39). A combination of DEB-TACE
with IAUS can improve the therapeutic effects in HCC
patients.

Shiozawa K, Watanabe M, Ikehara T, Yamamoto S, Matsui
T, Saigusa Y, Igarashi Y, Maetani I. Efficacy of intra-arterial
contrast-enhanced ultrasonography during transarterial
chemoembolization with drug-eluting beads for hepatocellular
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INTRODUCTION

Transarterial chemoembolization (TACE) improves
survival in patients with intermediate-stage (Barcelona
Clinic Liver Cancer™; BCLC classification B) hepato-
cellular carcinoma (HCC)™. Drug-eluting beads (DEB)
are polyvinyl alcohol-based microspheres that can be
loaded with anthracycline drugs, such as doxorubicin®™.
DEB-TACE is now used in catheter-based locoregional
therapy that takes advantage of the arterial supply to
HCC and spares the surrounding hepatic parenchyma,
which receives most of its blood supply from the
portal vein™?!, When injected through a catheter or
microcatheter at the tumor site, DEB act as embolic
material, causing tumor ischemia, and also release
drugs in a sustained and controlled manner™.,

TACE is commonly guided by digital subtraction
angiography (DSA). In DEB-TACE, it is particularly
important to prevent inflow of DEB into normal hepatic
parenchyma and to administer the beads into the
tumor artery because of their effect as a permanent
embolic material”. However, some HCCs are difficult
to visualize on DSA for DEB-TACE due to the complex
blood supply.

Contrast-enhanced ultrasonography (CEUS) enables
tumor visualization without use of ionizing radiation
or the risk of nephrotoxicity associated with contrast-
enhanced computed tomography (CT) and catheter-
based studies®®!. In addition, CEUS is useful for
evaluation of the hemodynamics of hepatic tumors and
surrounding hepatic parenchyma in real time. We have
evaluated the efficacy of HCC treatment with sorafenib
(Nexavar; Bayer Healthcare, Leverkusen, Germany)
and CyberKnife® (Accuray Incorporated, Sunnyvale,
CA, United States) by CEUS using Sonazoid® (Daiichi
Sankyo, Tokyo, Japan)! %,

Transcatheter (intra-arterial) CEUS (IAUS) has
recently been used in DEB-TACE for HCC and metastatic
hepatic tumors, and its safety and efficacy in identifying
the feeding artery have been evaluated**®. However,
the therapeutic effect using IAUS as support for DEB-
TACE in HCC has not been examined. In this study, we
evaluated the usefulness of IAUS using Sonazoid® in
DEB-TACE for HCC.

MATERIALS AND METHODS

Patient characteristics

Of patients who received TACE for HCC at our hospital
between June 2015 and September 2016, 32 patients
(39 lesions) with lesions visualizable by ultrasonography
(US) who gave consent to DEB-TACE and IAUS and
could be examined by CEUS or dynamic CT at 1, 3
and 6 mo after DEB-TACE and every 3-4 mo thereafter
were included in the study. The patients were 28
males and 4 females; the median age was 73 years
old; the underlying liver disease was hepatitis B in 4
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Table 1 Baseline patient and tumor characteristics

Characteristics Al (n = 32)
Age (yr) (median) 72 (range 44-89)
Gender: Male/female 28/4
Etiology

Alcohol/HBV/HCV/NASH 14/4/12/2
Child-Pugh classification A/B 23/9
Previous treatment (y /1) 18/14

39
21 (range 8-50)

Tumor number
Tumor size (mm) (median)
Tumor location

Peripheral / central 26/13
DCBead (100-300 um, mL) (median) 0.6 (range 0.2-1.5)
Vascular lake (y/n) 7/32 (22%)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Non-alcoholic
steatohepatitis.

patients, hepatitis C in 12, alcoholic liver disease in
14, and non-alcoholic steatohepatitis (NASH) in 2;
and the median tumor diameter was 21 mm (Table
1). All patients were diagnosed with HCC using gray-
scale US, dynamic CT and Gd-EOB-DTPA-enhanced
magnetic resonance imaging, based on the new
guidelines of the American Association for the Study of
Liver Diseases!'”). Serum a-fetoprotein (AFP), AFP-L3
fraction, and des-y-carboxyprothrombin (DCP) levels
were referred to for diagnosis, as needed.

We chose all patients based on the Evidence-
based Clinical Practice Guidelines for HCC developed
by the Japan Society of Hepatology!®. All 32 patients
had hepatic cirrhosis with Child-Pugh classification
A or B and an Eastern Cooperative Oncology Group
performance status < 2", The all lesions were single
HCC < 50 mm in diameter or up to 3 HCCs < 30 mm
in diameter. Tumors were selected that were difficult to
treat with radiofrequency ablation, such as those with
the presence of ascites, close to vessels, or on the liver
surface in patients who did not want surgical resection.
Exclusion criteria were non-visualizable lesions on US
in the supine position, advanced-stage HCC in the
BCLC classification, serum total bilirubin > 3 mg/dL,
history of heart or renal impairment, iodine allergy,
and egg allergy.

The study was performed in accordance with the
Declaration of Helsinki, the International Conference
on Harmonization Guidelines for Good Clinical Practice,
and local laws and regulations. The study was
performed after approval by the Ethics Committee
of Toho University Medical Center Omori Hospital. All
patients provided written informed consent for DEB-
TACE and IAUS.

Pretreatment CEUS procedure

Gray-scale US and CEUS using Sonazoid® were
performed within one month before DEB-TACE in all
patients. All CEUS was performed by two sonographers
with 25 and 18 years of experience, respectively, using
an Aplio XG (Toshiba Medical Systems, Tokyo, Japan)
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with a convex probe (PVT-375BT, 3.75-MHz center
frequency). The mechanical index (MI) for the acoustic
output was set to 0.2 and the dynamic range was set
to 60-65 dB. In patients in whom lesions were detected
by gray-scale US, the single focus point was set at
the lower margin of the lesion. An intravenous bolus
injection of Sonazoid® (0.5 mL) was administered via
a left cubital venous line, followed by flushing with 10
mL of normal saline. The dynamics of enhancement of
the lesion were observed in the vascular phase (arterial
phase, 0-40 s; portal venous phase, 40-120 s; late
phase, > 120 s), and in the postvascular phase 10 min
after injection. Subsequently, the feeding blood vessel
was identified by re-injection of Sonazoid®?®” in as
many lesions as possible.

DEB-TACE procedure

Dynamic CT was performed within one month before
DEB-TACE in all patients, a 3D-CT angiogram was
prepared, and abdominal angiography was performed
with reference to the CT findings. DEB-TACE was
performed by an expert interventional radiologist
and hepatologist with 31 years of experience and a
hepatologist with 19 years of experience. The right
groin and upper abdomen were cleansed with iodine
and the patient was draped under sterile cloths with
exposure of the right groin and upper abdomen.
Through a right femoral artery access and after
placement of a 3 Fr shepherd hook catheter (Terumo,
Tokyo, Japan), the celiac trunk was examined through
the arterial and venous phases to define the hepatic
artery anatomy and to assess portal vein patency.
Then, the hepatic artery was selectively catheterized
(segment/subsegment) to study the arterial supply of
the target lesions. A coaxial microcatheter [Haruka® (JMS
Co., Ltd. Tokyo, Japan) or Wonder III® (UTM Co., Ltd.
Aichi, Japan)] was advanced in every feeding artery
to allow embolization of the lesion with drug-eluting
microspheres [DC beads® (Eisai Co., Ltd. Tokyo,
Japan), 100-300 um in diameter, 1 vial loaded with
50 mg of epirubicin® (Nippon Kayaku Co., Ltd. Tokyo,
Japan)] until contrast medium disappeared from the
blood vessel within 5-6 heart beats. At this time, DSA
and IAUS were performed and tumor enhancement
was evaluated. If residual tumor enhancement was
observed in any images, DEB-TACE was repeated and
disappearance of as much tumor enhancement as
possible was confirmed using IAUS, after which the
treatment was considered complete.

IAUS procedure

The lesion location was identified with gray-scale US,
immediately prior to an echo-contrast study. IAUS was
performed by administration of Sonazoid® through the
microcatheter and imaging of the area of the target
lesion with a dedicated, contrast-specific technique.
IAUS was performed by the same expert interventional
radiologist and hepatologist with 31 years of experi-
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Complete treatment"

26
CEUS findings immediately CR PR SD
after DEB-TACE 22 4 0
/ ’
CEUS or dynamic CT findings CR PR SD
1 mo after DEB-TACE 25 1 0
]X\
CEUS or dynamic CT findings CR PR sD  PD

6 mo after DEB-TACE 24 1 0 1

Incomplete treatment®

13
CR PR SD
1 11 1
1\ Z\\i
CR PR Sb PD

Figure 1 Patient flow diagram. In this diagram, treatment response evaluated by contrast-enhanced ultrasonography (CEUS) and/or dynamic computed tomography
(CT) immediately, one month and six months after DEB-TACE for hepatocellular carcinoma (HCC) using mRECIST. Findings on CEUS or dynamic CT were evaluated
using mRECIST criteria. ‘Complete treatment: Disappearance of the tumor enhancement after DEB-TACE by IAUS findings; “Incomplete treatment: Presence of
residual tumor enhancement after DEB-TACE by IAUS findings. CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.

ence using an Aplio 400 (Toshiba Medical Systems,
Tokyo, Japan) with a convex probe (PVT-375BT,
3.75-MHz center frequency). The MI for the acoustic
output was 0.2-0.3 and the dynamic range was 60-65
dB. A single focal point was set at the deep site of
the lesion. Sonazoid® (0.5 mL diluted with 19.5 mL
of distilled water) was used as the contrast medium
in IAUS. The diluted Sonazoid® was introduced into
the feeding artery by intermittent injection of 0.3-0.5
mL through a microcatheter placed in the artery and
flushing with saline at the same flow rate.

The following items were performed in DEB-
TACE using IAUS: (1) Before DEB-TACE, the feeding
arteries were identified and tumor enhancement was
confirmed by IAUS. When a hypoenhanced area was
partially observed in the tumor on IAUS, another
feeding artery was identified when possible; (2) during
DEB-TACE, DSA and IAUS were performed when
contrast medium disappeared from the blood vessel
within 5-6 heartbeats on fluoroscopy, and the presence
or absence of tumor enhancement was evaluated. If
tumor enhancement disappeared on DSA, but was
detected by IAUS, DEB-TACE was repeated until the
tumor enhancement disappeared on IAUS. Treatment
was considered complete after disappearance of as
much of the contrast image as possible; and (3) video
images of all IAUS were stored on the hard disk of
the scanner and transferred to a high-performance
personal computer.

Image analyses

The items below were investigated after completion
of all procedures: (1) In all lesions, CEUS findings
before treatment and stored IAUS video images
were compared, and disappearance of the tumor
enhancement and untreated regions were evaluated.
Treatments to be complete and incomplete for lesions
were appropriate and insufficient, respectively; and (2)
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findings on CEUS and/or dynamic CT performed 1, 3,
6 and 12 mo after DEB-TACE and every 3 mo thereafter
were evaluated using modified Response Evaluation
Criteria in Solid Tumors (mRECIST) criteria [Complete
response (CR), Partial response (PR), Stable disease
(SD), Progressive disease (PD)]®". Normally, mRECIST
is used to evaluate treatment using dynamic CT, but we
applied this method to CEUS findings. In cases judged
as SD or PD on imaging after treatment, TACE (DEB-
TACE or conventional TACE) was repeated within one
month.

Adverse events

Following each procedure, patients were hospitalized
for about 6 d and reevaluated with physical examina-
tions and blood tests on days 1, 5 and 30. Safety
was monitored by recording postprocedure clinical
complications and liver and renal function. The severity
of complications was retrospectively graded according
to the Common Terminology Criteria for Adverse
Events (CTCAE) ver. 4.0 (v4.03; June 14, 2010)"?. An
adverse event was considered to be treatment-related
if it occurred within 30 d after DEB-TACE.

RESULTS

The median duration of observation in all patients was
363 d. Since an enhanced area was noted on IAUS
when the contrast medium was retained in the feeding
vessel on fluoroscopy in all patients, i.e., when contrast
medium disappeared from the blood vessel within
5-6 heart beats, additional DEB-TACE was applied. A
comparison of CEUS findings before treatment and
stored IAUS video images showed that the treatment
was complete and incomplete in 26 and 13 lesions,
respectively (Figure 1). Of 32 lesions judged to have
received complete treatment at the end of treatment,
6 were judged to have received incomplete treatment

January 27, 2018 | Volume 10 | Issuel |



Shiozawa K et a/. Intra-arterial contrast-enhanced ultrasonography during DEB-TACE

Table 2 Adverse events in 32 patients after 39 transarterial

chemoembolization with drug-eluting beads procedures

Adverse event Grade 1-2* Grade 3-4*
Fever = 37.5 C 19 (48.7) 0
Abdominal pain 3(7.7) 0
Nausea and/or vomiting 0 0
Catheterization-site bleeding' 0 0
Transient renal insufficiency 0 0
Groin hematoma® 0 0
Liver decompensation’ 0 0
Hepatic abscess 0 0
Intratumor bleeding 0 0

Data are given as 1 (%). 'Controlled with local compressive medication;
*Both self-limiting and resolved within 2 wk of the procedure; *Mild
ascites treated successfully with oral aldosterone antagonists; *According
to the CTCAE, version 4.0 (v4.03). CTCAE: Common Terminology Criteria
for Adverse Events.

based on evaluation of stored video images; therefore,
combining these two evaluations, complete treatment
was achieved in 26 lesions (Figure 2). On imaging
evaluation using CEUS and/or dynamic CT one month
after treatment, 25 and 1 lesions were judged to be
CR and PR, respectively, in the 26 completely treated
lesions. At 6 mo after treatment, the results were CR,
PR, SD and PD for 24, 1, 0 and 1 of these lesions,
respectively, reflecting changes to PR and PD in one
lesion each of the 25 lesions judged as CR one month
after treatment, and a change to CR in the lesion
judged as PR at one month. Of the 24 CR lesions at 6
mo after treatment, imaging evaluation was possible
in 21 lesions at 12 mo, and 18 and 3 were judged to
be CR and PD, respectively. Of the 13 lesions in which
treatment was incomplete (Figure 3), the results on
imaging at one month after treatment were CR, PR, SD
and PD for 0, 6, 4 and 3 lesions, respectively. No lesion
achieved CR at 6 mo after treatment, and additional
TACE was applied to all 13 lesions. The overall CR rate
at 6 mo after treatment was 61.5% (24/39) (Figure 4).

There was no DEB-TACE-related mortality and
no major adverse events were recorded. Within 7 d
after DEB-TACE, 3/39 lesions (7.7%) showed a mild
transient increase (an increase of more than double
compared to before treatment) in liver enzymes, and
19/39 (48.7%) had fever (= 37.5C) and 3/39 (7.7%)
had abdominal pain, as symptoms of post-embolization
syndrome that were managed with conservative
therapies. The median hospitalization after each course
of treatment was 6 d. All patients were asymptomatic
upon discharge from hospital. There were no adverse
events that were directly due to IAUS (Table 2).

DISCUSSION

IAUS has previously been shown to be safe and
effective in facilitation of TACE to treat malignant liver
tumors such as HCC'*****l, Use of IAUS during TACE
allows accurate identification of feeding blood vessels,
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which is difficult with DSA alone, and the frequency of
DSA during treatment can be decreased, which reduces
the risk of embolization of non-target regions!*. In
addition, IAUS can identify tumors that are not stained
through an artery and are fed by a branch of the portal
vein, which may provide information comparable to that
from CT angiography (CTA)™®.

In DEB-TACE, DEB must be administered selectively
because of its effect as a permanent embolic agent, and
thus identification of feeding arteries is very important”’.
In addition, DEB-TACE can be simply evaluated during
treatment because of the high visibility on CEUS due to
the property of the microspheres, unlike conventional
TACE using Lipiodol® (Laboratoire Guerbet, Aulnay-
Sous-Bois, France). Thus, we evaluated the therapeutic
effect of DEB-TACE in 39 lesions in 32 patients with
HCC, using IAUS with Sonazoid® as treatment support.
The reported CR rate of HCC, including advanced HCC,
to DEB-TACE is 12-27%"7**1, but CR on imaging at 6
mo after treatment in our study was achieved for 24 of
26 completely treated lesions (92.3%), and the overall
CR rate at 6 mo was 61.5% (24/39).

When two blood vessels are present in an
anteroposterior arrangement at the same level, the
positional relationship is difficult to identify using
two-dimensional imaging with DSA. Moreover, small
tumors and tumors with poor blood flow are often
not visualized by DSA, but can be visualized by
IAUSH?*31 JAUS is also sensitive to hemodynamics
and was useful for identification of lesions in our study.
Therefore, use of IAUS may have enabled effective
treatment.

In particular, in all cases in which residual tumor
enhancement was judged to have disappeared on DSA,
TAUS showed a residual enhancement in the tumor, and
DEB-TACE was repeated until this image disappeared
on IAUS. Disappearance of contrast medium within 5-6
heartbeats in fluoroscopy is generally used to indicate
completion of DEB-TACE, but this criterion may be
insufficient. Continuing treatment until disappearance
of the contrast enhancement in the tumor on IAUS is
important, and this may have been one reason for the
high CR rate in this study.

Manini et al®® showed the efficacy of DEB-TACE
for treatment of BCLC A stage HCC patients prior to
liver transplantation based on the Milan criteria™.
The median diameter of the target tumors was 24
mm, similar to that in our study, and achieving CR
with initial DEB-TACE was found to be an important
prognostic factor. Generally, TACE is used for BCLC
B stage (intermediate stage) HCC, and DEB-TACE is
frequently indicated for very large HCC and multiple
HCCs, as an option to improve the outcome™. Our
results suggest that reliable DEB-TACE may also
increase the CR rate for small tumors, and thus may
also improve the therapeutic effect for these tumors.

However, although the effect of intratumoral drug
release in DEB-TACE has been reported®, only one
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Figure 2 The patient was a 59-year-old male with alcoholic liver cirrhosis. DEB-TACE and transcatheter CEUS (IAUS) using Sonazoid for HCC in S5 with a
diameter of 15 mm were performed. A: Dynamic CT in the arterial phase before DEB-TACE showed a hypervascular lesion in S5 (arrow) and ascites (arrow head); B:
CEUS in the arterial phase (40 s) before DEB-TACE showed a hyperenhanced lesion in S5 (arrow) (Right image: Monitor mode); C: Digital subtraction angiography
(DSA) from a branch of A6 (arrow head) before DEB-TACE showed tumor enhancement (arrow). Insert image: A coaxial microcatheter was advanced in the feeding
artery (arrow head); D: IAUS from the branch of A6 before DEB-TACE showed a hyperenhanced lesion (arrow). (Right image: monitor mode); E: DSA from A6 after
DEB-TACE (when contrast medium disappeared from the blood vessel within 5-6 heart beats) eliminated the tumor enhancement; F: IAUS from A6 after DEB-TACE
showed a residual hyperenhanced area in the tumor (arrow) in spite of elimination of tumor enhancement by DSA. Therefore, DEB-TACE for this lesion was performed
repeatedly until the hyperenhanced area disappeared; G: IAUS from the right hepatic artery eliminated the residual area in the tumor (arrow); H: CEUS in the arterial
phase (40 s) showed unenhancement lesion in S5 three days after DEB-TACE (arrow) (Right image: monitor mode); I: Dynamic CT in the arterial phase did not show
the hypervascular lesion six months after DEB-TACE.
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Figure 3 The patient was a 76-year-old female with hepatitis C virus cirrhosis. DEB-TACE and IAUS for HCC in S3 with a diameter of 17 mm were performed.
A: Dynamic CT in the arterial phase before DEB-TACE showed a hypervascular lesion in S3 (arrow); B: CEUS in the arterial phase before DEB-TACE showed a
hyperenhanced lesion in S3 (arrow) and S2 (arrow head). Radiofrequency ablation was performed for the lesion in S3 after DEB-TACE (Right image: monitor mode);
C: DSA from A3 before DEB-TACE showed tumor enhancement (arrow); D: IAUS from A3 before DEB-TACE showed a hyperenhanced lesion (arrow) with a small
hypoenhanced area (arrow head), which was not recognized during the procedure. This small hypoenhanced area was recognized with stored video images after
DEB-TACE procedure; E: DSA from A3 after DEB-TACE (when contrast medium disappeared from the blood vessel within 5-6 heart beats) eliminated the tumor
enhancement; F: The enhanced lesion was disappeared by IAUS from A3 after DEB-TACE (arrow); G: CEUS showed enhancement area in the tumor (arrow head)
and extrahepatic feeding artery (arrow) three days after DEB-TACE. It was thought this artery fed the small hypoenhanced area.

lesion changed from PR at one month after treatment one month after treatment to PR and PD at 6 mo after
to CR at 6 mo on imaging evaluation, suggesting the treatment, respectively, in 25 lesions judged as CR one

importance of ensuring CR just after treatment, i.e., month after treatment. For these lesions, peritumoral
treatment should be completed until enhancement in invasion could not be ruled out before treatment.
the tumor disappears. Two lesions changed from CR at DEB-TACE was repeated until the contrast
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A

59.0 38.5

0.0 20.0 40.0 60.0 80.0 100.0 (%)
CR PR & SD
B
92.3 3.
0.0 20.0 40.0 60.0 80.0 100.0 (%)

CR PR m SD

Figure 4 Treatment response. A: The overall complete response (CR) rate
of all thirty-nine lesions at one month after treatment; B: The overall CR rate of
twenty-six lesions treated completely at six months after treatment. PR: Partial
response; SD: Stable disease; PD: Progressive disease.

enhancement in the tumor disappeared on IAUS, but
there were no cases with severe postembolization
syndrome, such as biloma and liver abscess, and no
other adverse events that extended hospitalization.
Intravenous administration is generally used for contrast
agent for US, but there was no adverse event directly
due to IAUS, which suggests that CEUS can be safely
used with transarterial administration of the contrast
agent Sonazoid®.

Information similar to that provided by IAUS may
be acquired using CTA and cone-beam CT. Oblique
acquisition may also be performed to define the positional
relationship of the tumor on DSA, but the procedure is
complicated and time-consuming, and increases the
exposure dose and contrast medium volume, all of
which are disadvantageous™**?, Also, renal function
is decreased in many patients with hepatic cirrhosis,
and worsens with iodine contrast medium. In contrast,
IAUS may reduce the exposure dose and iodine contrast
medium volume, which is likely to shorten the treatment
time. Furthermore, Sonazoid® can be repeatedly
administered™, which is advantageous when making a
judgment using a first IAUS procedure is difficult.

The limitations of this study include the small
number of cases and short observation period. Similarly
to normal gray-scale US, IAUS may depend on the
experience and skill of operating physicians. Moreover,
IAUS is difficult to apply for lesions that cannot be
visualized in the supine position, for cases with multiple
lesions, in obese patients, and for deep lesions. The
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treatment was incomplete in 13 lesions, even though
IAUS was frequently performed during DEB-TACE to
identify feeding arteries. Since this study was a pilot
study performed early after introduction of IAUS, the
operator had limited experience, and the operator of
DEB-TACE and rater of IAUS was the same physician,
which made the evaluation complex. Thus, the
presence of small regions fed by micro-blood vessels
in the tumor and other tumor blood vessels may not
have been recognized on IAUS, and thus completion
of DEB-TACE may not have been judged appropriately
(Figure 3). We are planning to perform a long-term
study of the effect of IAUS on the therapeutic efficacy
of DEB-TACE in a larger number of patients with HCC.
Further, in the future, we want to run this future
study at multiple centers, and compare conventional
TACE and DEB-TACE using IAUS to make more solid
conclusions with prospective design. In conclusion, a
combination of DEB-TACE with IAUS can improve the
therapeutic effects in patients with HCC.

ARTICLE HIGHLIGHTS

Research background

In transarterial chemoembolization with drug-eluting beads (DEB) (DEB-TACE)
for hepatocellular carcinoma (HCC), it is particularly important to prevent inflow
of DEB into normal hepatic parenchyma and to administer the beads into the
tumor artery because of their effect as a permanent embolic material. However,
some HCCs are difficult to visualize on digital subtraction angiography for
TACE due to the complex blood supply. On the other hand, contrast-enhanced
ultrasonography (CEUS) is useful for evaluation of the hemodynamics of
hepatic tumors and surrounding hepatic parenchyma in real time. Transcatheter
(intra-arterial) CEUS (IAUS) has recently been used in DEB-TACE for HCC,
and its safety and efficacy in identifying the feeding artery have been evaluated.

Research motivation

Generally, the complete response (CR) rate of DEB-TACE for small HCC is
reported to be low. It is thought that DEB-TACE is mainly performed for giant
and multiple HCCs in many facilities. The authors wanted to know the true
therapeutic effect of DEB-TACE for small HCCs less than 50 mm by considering
whether feeding artery can be selected reliably and whether the timing of
completion of treatment is appropriate.

Research objectives

IAUS has recently been used in DEB-TACE for HCCs and metastatic hepatic
tumors, and its safety and efficacy in identifying the feeding artery have been
evaluated. However, the therapeutic effect using IAUS as support for DEB-
TACE in HCC has not been examined. In this study, the authors evaluated the
usefulness of IAUS using Sonazoid®in DEB-TACE for HCC.

Research methods
The authors evaluate the identification of feeding arteries and the appropriate
timing of completion of DEB-TACE for HCC by IAUS using Sonazoid®.

Research results

DEB-TACE with IAUS can improve the therapeutic effects in patients with HCC.
This study includes the small number of cases and short observation period. A
same study with much larger number of patients and much longer observation
period are awaited.

Research conclusions
IAUS is very useful to obtain CR in HCC treatment with DEB-TACE. IAUS is
very useful to obtain CR in HCC treatment with DEB-TACE. In all cases in
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which residual tumor enhancement was judged to have disappeared on Digital
subtraction angiography (DSA), IAUS showed a residual enhancement in the
tumor. Disappearance of contrast medium within 5-6 heartbeats in fluoroscopy
is generally used to indicate completion of DEB-TACE, but this criterion may
be insufficient. The appropriate treatment using IAUS is possible to obtain CR
in DEB-TACE for relatively small HCC. There is a possibility of obtaining CR by
appropriate treatment in DEB-TACE for HCC. The appropriate treatment using
IAUS is possible to obtain CR in DEB-TACE for HCC. The authors treated
HCCs with IAUS using Sonazoid®. In DSA, disappearance of contrast medium
within 5-6 heartbeats in fluoroscopy is generally used to indicate completion
of DEB-TACE, but this criterion may be insufficient. The appropriate treatment
using IAUS is possible to obtain CR in DEB-TACE for HCC. The therapeutic
effect of DEB-TACE for HCC may improve.

Research perspectives

In DSA, disappearance of contrast medium within 5-6 heartbeats in fluoroscopy
is generally used to indicate completion of DEB-TACE, but this criterion may be
insufficient. IAUS is very useful for obtaining CR in DEB- TACE for HCC. The
authors are planning to perform a long-term study of the effect of IAUS on the
therapeutic efficacy of DEB-TACE in a larger number of patients with HCC. The
authors prospectively compare therapeutic efficacy of DEB-TACE with/without
IAUS.
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