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A case of hepatocellular carcinoma successfully

treated by irreversible electroporation

Katsutoshi Sugimoto”*, Fuminori Moriyasu”,

Mayumi Ando”, Takatomo Sano”, Yuki Miyata®,
Junichi Taira’, Yoshiyuki Kobayashi?,
Yasuharu Imai”, Ikuo Nakamura”

We report a woman in her late 60s with hepatocellu-
lar carcinoma in whom the tumor was successfully
treated by irreversible electroporation (IRE). Vascular-
phase contrast-enhanced US (CEUS) with Sonazoid and
dynamic CT at 1 day after treatment showed no tumor
enhancement, but the safety margin of ablation ap-
peared to be insufficient. On the other hand, in Kupffer-
phase CEUS, the ablation zone showed a clear contrast
defect with a sufficient ablation margin, indicating cell
death of hepatocytes, cancer cells, and Kupffer cells in
this area following IRE treatment. Very similar find-
ings were observed in hepatobiliary-phase Gd-EOB-
DTPA-enhanced MRI at 7 days after treatment. These
results suggest that both Kupffer-phase CEUS and
hepatobiliary-phase Gd-EOB-DTPA-enhanced MRI
may be useful for assessing the ablation zone in pa-
tients who have undergone IRE.

Key words: hepatocellular carcinoma, IRE,
contrast-enhanced ultrasound
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KUPFFER-PHASE FINDINGS OF HEPATIC HEMANGIOMAS IN
CONTRAST-ENHANCED ULTRASOUND WITH SONAZOID
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Abstract—The aim of this study was to assess quantitatively the Kupffer-phase enhancement patterns of hepatic
hemangiomas in contrast-enhanced ultrasound (CEUS) with Sonazoid. A total of 46 patients with 46 hepatic
hemangiomas (17.1 + 6.2 mm in diameter, 34 typical type and 12 high-flow type) underwent CEUS in the
Kupffer phase. The lesion-to-liver contrast ratio in the Kupffer phase was quantitatively assessed for both types
of hemangioma. Most of the hepatic hemangiomas, whether or not they were the high-flow type, were iso-
to hypo-echoic relative to the surrounding liver parenchyma. The contrast ratio was —-5.33 + 6.70 dB for the
high-flow hemangiomas and —4.54 + 6.28 dB for the typical hemangiomas. There was no significant difference
in contrast ratio between the two types of lesions (p = 0.73). All of the hemangiomas, whether of typical or
high-flow type, are iso- to hypo-echoic relative to the surrounding liver parenchyma on Kupffer-phase imaging.

(E-mail: sugimoto @tokyo-med.ac.jp)
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INTRODUCTION

Contrast-enhanced ultrasound (CEUS) has markedly im-
proved the diagnosis of hemangiomas because enhance-
ment patterns during the arterial, portal venous and late
phases can be observed, permitting the correct diagnosis
to be obtained in about 95% of cases (Strobel et al
2008). The typical CEUS feature of hemangiomas is pe-
ripheral nodular enhancement in the arterial phase, pro-
gressing in the centripetal direction to partial or complete
fill-in. The fill-in enhancement lasts from seconds to mi-
nutes and is more rapid in smaller lesions. Enhancement
is sustained through the late phases.

On the other hand, high-flow hemangiomas, which
account for 16% of all hemangiomas and 42% of heman-
giomas less than 1 cm in diameter, exhibit rapid homoge-
neous hyper-enhancement in the arterial phase and can be
confused with focal nodular hyperplasia (FNH) or, rarely,
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with hepatocellular adenomas (HCAs) or carcinomas
(Dietrich et al. 2007).

The contrast agents currently used in diagnostic US
examinations of the liver are microbubbles consisting of
gas bubbles stabilized by a shell, such as SonoVue
(Bracco, Milan, Italy), Definity (L.antheus Medical, Bill-
erica, MA, USA) and Sonazoid (Daiichi-Sankyo, GE, To-
kyo, Japan). These contrast agents exhibit similar
behavior in CEUS imaging, with rapid enhancement of
the vascular pool after intravenous injection and slow
dissipation over about 5 min (Cosgrove and Harvey
2009).

An exception to this typical behavior occurs with So-
nazoid. It has an extended late phase (hereinafter termed
the post-vascular phase) in which it persists for several
hours in the liver, long after it has become undetectable
in the vascular pool. Sonazoid can be phagocytosed by
Kupffer cells, and this undoubtedly contributes to its
persistence in the liver. The post-vascular phase is there-
fore also referred to as the Kupffer phase (Yanagisawa
et al. 2007).

To the best of our knowledge, there have been no re-
ports concerning the enhancement patterns of hemangi-
omas in the Kupffer phase, even though there have been
many investigations on their enhancement patterns in
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the vascular phases (i.e., arterial, portal venous and late
phases) (Dietrich et al. 2007: Moriyasu and [toh 2009:
Strobel et al. 2008).

Therefore, the aims of the present study were as
follows: first, to assess quantitatively the Kupffer-phase
enhancement patterns of hepatic hemangiomas in CEUS
with Sonazoid, and second, to assess quantitatively the
differences in enhancement patterns between high-flow
and typical hemangiomas in the Kupffer phase.

METHODS

Patients

This retrospective study was approved by our insti-
tutional review board, and informed consent from the pa-
tients was waived. One author (H.Y.) is a researcher at
Toshiba who provided technical support and advice con-
cerning image analysis.

We identified 1448 consecutive patients who under-
went CEUS with Sonazoid of the liver at our institution
from January 2007 to August 2010. All patients had
been referred for CEUS to evaluate suspected liver dis-
ease. The selection criteria for inclusion in this study
were as follows: first, reliable evidence of a hepatic hem-
angioma was confirmed based on the diagnostic criteria
described below; second, the maximum diameter of the
lesion was 3 cm or less; third, only one tumor per patient
was studied, with the tumor selected on the basis of its
size and site (providing the best acoustic window for im-
age acquisition); and fourth, all patients had normal liver
function, with no underlying chronic liver disease,
including fatty liver.

The diagnosis of hemangioma was established based
on a combination of imaging findings: a classic contrast
enhancement pattern observed on dynamic computed to-
mography and/or CEUS, with peripheral nodular
enhancement or tiny enhancing dots in the early phase
and persistent enhancement or centripetal fill-in enhance-
ment in the delayed phase (Kim et al. 2001; Strobel et al.
2008), or uniform early enhancement observed on
dynamic computed tomography and/or CEUS, hyper-
intensity relative to liver parenchyma in heavily T2-
weighted magnetic resonance imaging (Sasaki et al.
2005), and follow-up image findings showing stability
for at least 6 mo. These two sets of criteria were used
to establish the presence of typical hepatic hemangiomas
and high-flow hepatic hemangiomas, respectively.

A total of 46 hepatic hemangiomas in 46 patients
were evaluated in this study. The lesions measured
19.7 £ 6.2 mm (mean = SD) in diameter. Of the hepatic
hemangiomas studied, 34 were the typical type (mean
diameter = 20.8 mm), with peripheral nodular enhance-
ment progressing centripetally, and 12 were the high-flow

Volume 40, Number 6, 2014

type (mean diameter = 16.7 mm), with uniform enhance-
ment in the arterial phase.

US imaging technique

All US scans were obtained by three sonologists
(K. Sugimoto, Y.I. and EM.) with 10, 11 and 15 y of expe-
rience, respectively, in standard US and CEUS. The US
equipment used was an SSA-790 A (Aplio XG’ Toshiba
Medical Systems, Tochigi, Japan) with a 3.75-MHz
convex transducer (PVT-375 BT, Toshiba). The imaging
mode was wideband harmonic imaging (commercially
called pulse subtraction) with transmission and reception
frequencies of 1.75 and 3.5 MHz, respectively.

First, each lesion was scanned using B-mode US.
The microbubble contrast agent Sonazoid was injected
as a 0.5-mL bolus into an antecubital vein via a 21-
gauge peripheral intravenous cannula, followed by a
10-mL saline flush. When a suspected lesion was identi-
fied, dynamic scanning was performed with the focus
point set at the deeper end of the lesion at the rate of
15 frames/s and with a dynamic range of 45 dB. The me-
chanical index was between 0.2 and 0.3 to preserve the
microbubbles throughout their half-life in the microves-
sels and to permit real-time assessment of the liver vascu-
lature and parenchymal enhancement.

The lesion was observed continuously for about
3 min from the time of contrast injection (observation
in the vascular phase), during which time we did not
perform replenishment (i.e., high-mechanical-index burst
scan mode) to preserve the microbubbles. After 3 min, the
scan was frozen. Then, after a waiting period of approx-
imately 10 min from the injection of contrast agent to
allow pooling of the agent in the liver parenchyma, the
lesion was observed to evaluate enhancement using a
sweep scan (observation in the Kupffer phase).

If a lesion could not be identified in the Kupffer
phase because it was iso-echoic relative to the liver paren-
chyma, dual mode (which permits simultaneous display
of a conventional B-mode image on one screen and
contrast mode on the other) was used. The real-time im-
ages obtained in this study were stored on the hard disk of
the US system. The images were also recalled from the
cine loop memory and stored on a magneto-optical
disk. Two sonologists (K. Sugimoto and Y.I.) each
selected one cine loop per patient recorded in B-mode
and Kupffer-phase images for off-site analysis.

Image analysis

The acquired time sequences of B-mode and
contrast images were saved in Audio Video Interleaved
(AVI) format. In the qualitative analysis, each lesion’s
B-mode appearance was subjectively assessed based on
consensus between two sonologists (K. Sugimoto and
Y.1). The B-mode appearance was classified as follows:
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